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Abstract

Slicing is a widely-used technique with applications in e.g. com-
piler technology and software security. Thus verification of algorithms
in these areas is often based on the correctness of slicing, which should
ideally be proven independent of concrete programming languages and
with the help of well-known verifying techniques such as proof assis-
tants.

After verifying static intraprocedural and dynamic slicing [3], we fo-
cus now on the sophisticated interprocedural two-phase Horwitz-Reps-
Binkley slicer [1], including summary edges which were added in [2].

Again, abstracting from concrete syntax we base our work on a
graph representation of the program fulfilling certain structural and
well-formedness properties. The framework is instantiated with a sim-
ple While language with procedures, showing its validity.

0.1 Auxiliary lemmas
theory AuzLemmas imports Main begin

Lemma concerning maps and @

lemma map-append-append-maps:

assumes map:map f xs = ysQzs

obtains zs’ zs"’ where map f zs’ = ys and map f xs" = zs and zs=xs'Qxs”’
by (metis append-eq-conv-conj append-take-drop-id assms drop-map take-map that)

Lemma concerning splitting of lists

lemma path-split-general:

assumes all:V zs. xs # ysQzs

obtains j zs where xs = (take j ys)Qzs and j < length ys
and Vk > j. Vzs' zs # (take k ys)Qzs’

proof (atomize-elim)
from <V zs. zs # ysQzs»
show 3j zs. xs = take j ys Q zs A j < length ys A

(VEk>j. Vzs'. xs # take k ys Q zs')



proof (induct ys arbitrary:xs)
case Nil thus ?case by auto
next
case (Cons y’ ys’)
note IH = «\ws. Vzs. zs # ys' Q zs =
3j zs. xs = take j ys' @ zs A j < length ys’ A
(Vk.j <k — (Vzs' xs # take k ys’ @ zs"))»
show ?case
proof (cases xs)
case Nil thus ?thesis by simp
next
case (Cons z’ xs’)
with «Vzs. xs # (y' # ys’) @ z9 have 2/ # y' vV (Vzs. zs’ # ys' Q 2s)
by simp
show ?thesis
proof(cases ' = y)
case True
with «z’ # y' vV (Vzs. 28’ # ys’ Q zs)) have V zs. s’ # ys’ Q zs by simp
from [H[OF this| have 3j zs. zs’ = take j ys' @ zs A j < length ys' A
(Vk.j <k — (Vzs' xs’ # take k ys' Q zs")) .
then obtain j zs where zs’ = take j ys’ Q zs
and j < length ys’
and all-sub:Vk. j < k — (Vzs'. xs’ # take k ys' Q zs”)
by blast
from <zs’ = take j ys' Q zs» True
have (z'#u1s’) = take (Suc j) (y' # ys’) Q zs
by simp
from all-sub True have all-impNk. j < k —
(Vzs'. (z'#as’) # take (Suc k) (y' # ys') Q zs’)
by auto
{ fix | assume (Suc j) < |
then obtain k where [simp]:l = Suc k by(cases l) auto
with ((Suc j) < > have j < k by simp
with all-imp
have V zs'. (z'#xs’) # take (Suc k) (y' # ys') Q zs’
by simp
hence V zs'. (z'#xs’) # take | (y' # ys’) Q zs’
by simp }
with «(z'#xs’) = take (Suc j) (y' # ys') Q zs» <j < length ys’» Cons
show ?thesis by (metis Suc-length-conv less-Suc-eq-0-disj)
next
case Fulse
with Cons have Vi zs'. i > 0 — xs # take i (y' # ys') Q zs’
by auto(case-tac i,auto)
moreover
have 3 zs. xs = take 0 (y' # ys’) Q zs by simp
ultimately show ?thesis by(rule-tac t=0 in ezl auto)
qed
qed



qed
qed

end



Chapter 1

The Framework

theory BasicDefs imports AuzLemmas begin

As slicing is a program analysis that can be completely based on the infor-
mation given in the CFG, we want to provide a framework which allows us
to formalize and prove properties of slicing regardless of the actual program-
ming language. So the starting point for the formalization is the definition
of an abstract CFG, i.e. without considering features specific for certain lan-
guages. By doing so we ensure that our framework is as generic as possible
since all proofs hold for every language whose CFG conforms to this abstract
CFG.

Static Slicing analyses a CFG prior to execution. Whereas dynamic slicing
can provide better results for certain inputs (i.e. trace and initial state),
static slicing is more conservative but provides results independent of inputs.

Correctness for static slicing is defined using a weak simulation between
nodes and states when traversing the original and the sliced graph. The weak
simulation property demands that if a (node,state) tuples (n1, s1) simulates
(ng, s2) and making an observable move in the original graph leads from
(n1,s1) to (n},s}), this tuple simulates a tuple (n2, s2) which is the result
of making an observable move in the sliced graph beginning in (nj, s5).

1.1 Basic Definitions

fun fun-upds :: ('a = 'b) = 'a list = 'b list = ('a = 'b)
where fun-upds f [ ys = f

| fun-upds f zs [| = f

| fun-upds f (a#ts) (ybys) = (fun-upds f 35 y3)(o = 1)

notation fun-upds (<-'(- /[:=]/ -'))

lemma fun-upds-nth:
[¢ < length xs; length xs = length ys; distinct xs]



= f(xs [:=] ys)(zsli) = (ysi)
proof (induct zs arbitrary:ys i)
case Nil thus ?case by simp
next
case (Cons z' zs')
note IH = «\ys i. [i < length xs’; length xs' = length ys; distinct zs']
= f(as’ [:=] ys) (zsi) = ys!D
from «distinct (z'#xs')» have distinct zs’ and z’ ¢ set zs’ by simp-all
from «length (z'#xs’) = length ys> obtain y’ ys’ where [simp]:ys = y'#ys
and length xs’ = length ys’
by (cases ys) auto
show ?Zcase
proof (cases 7)
case ( thus ?thesis by simp
next
case (Suc j)
with i < length (z'#xs’)y have j < length zs’ by simp
from [H[OF this <length xs’ = length ys”» <distinct zs"]
have f(zs' [:=] ys) (zs'lj) = ys™j .
with «x’ ¢ set zs’y <j < length zs’
have f((z'#xs’) [:=] ys) ((z'#xs")!(Suc j)) = ys!(Suc j) by fastforce
with Suc show ?thesis by simp
qed
qed

!

lemma fun-upds-eq:
assumes V € set s and length xs = length ys and distinct zs
shows f(zs =] ys) V = f/(ws [:=] ys) V

proof —
from <V € set rs» obtain ¢ where i < length zs and zs!i = V

by (fastforce simp:in-set-conv-nth)

with <length zs = length ys» <distinct s>
have f(zs [:=] ys)(asli) = (ysli) by —(rule fun-upds-nth)
moreover
from <i < length zs) <xsli = V' <length xs = length ys» <distinct s>
have f'(zs [:=] ys)(as!i) = (ysli) by —(rule fun-upds-nth)
ultimately show ?thesis using «zsli = V» by simp

qed

lemma fun-upds-notin:x ¢ set s = f(xs [=] ys) ¢ = fz
by (induct xs arbitrary:ys,auto,case-tac ys,auto)

1.1.1  distinct-fst

definition distinct-fst :: (‘a x 'b) list = bool where
distinct-fst = distinct o map fst



lemma distinct-fst-Nil [simp]:
distinct-fst ||
by (simp add:distinct-fst-def)

lemma distinct-fst-Cons [simp]:
distinct-fst ((k,z)#kzs) = (distinct-fst kxs N (Vy. (k,y) ¢ set kxs))
by (auto simp:distinct-fst-def image-def)

lemma distinct-fst-isin-same-fst:
[(z,y) € set xs; (z,y’) € set xs; distinct-fst xs]
= y=y

by (induct xs,auto simp:distinct-fst-def image-def)

1.1.2 Edge kinds

Every procedure has a unique name, e.g. in object oriented languages pname
refers to class + procedure.

A state is a call stack of tuples, which consists of:

1. data information, i.e. a mapping from the local variables in the call
frame to their values, and

2. control flow information, e.g. which node called the current procedure.

Update and predicate edges check and manipulate only the data information
of the top call stack element. Call and return edges however may use the
data and control flow information present in the top stack element to state
if this edge is traversable. The call edge additionally has a list of functions
to determine what values the parameters have in a certain call frame and
control flow information for the return. The return edge is concerned with
passing the values of the return parameter values to the underlying stack
frame. See the funtions transfer and pred in locale CFG.

datatype (dead 'var, dead "val, dead 'ret, dead 'pname) edge-kind =

UpdateEdge ('var — 'val) = ("var — 'val) («f-)
| PredicateEdge ("var — 'val) = bool «-N)
| CallEdge ("var — 'val) x 'ret = bool 'ret 'pname
(("var — 'val) — "val) list (¢-1-<>_-» 70)

| ReturnEdge ("var — 'val) x 'ret = bool '‘pname
("var — 'val) = (‘var — "val) = (‘var — 'val) (<-<=-- 70)

definition intra-kind :: ("var,’val,’'ret,"pname) edge-kind = bool
where intra-kind et = (3f. et = fif) V (3Q. et = (Q),/)

lemma edge-kind-cases [case-names Intra Call Return]:



[intra-kind et = P; NQ r p fs. et = Q:r—pfs = P;

ANQpf. et =Q«pf = P] =P
by (cases et,auto simp:intra-kind-def)

end

1.2 CFG

theory CFG imports BasicDefs begin

1.2.1 The abstract CFG

Locale fixes and assumptions

locale CFG =

fixes sourcenode :: 'edge = 'node
fixes targetnode :: 'edge = 'node
fixes kind :: 'edge = ('var,’val,’ret,"pname) edge-kind
fixes valid-edge :: 'edge = bool
fixes Entry::'node (<'(’-Entry’-")»)
fixes get-proc::'node = 'pname
fixes get-return-edges::'edge = ’edge set
fixes procs::('pname x 'var list x 'var list) list
fixes Main::'pname
assumes Entry-target [dest]: [valid-edge a; targetnode a = (-Entry-)] = False
and get-proc-Entry:get-proc (-Entry-) = Main
and Entry-no-call-source:

[valid-edge a; kind a = Q:r—pfs; sourcenode a = (-Entry-)] = False
and edge-det:

[valid-edge a; valid-edge a'; sourcenode a = sourcenode a';

targetnode a = targetnode a'] = a = a’

and Main-no-call-target:[valid-edge a; kind a = Q:r— pp4inf] = False
and Main-no-return-source:[valid-edge a; kind a = Q" pypinf] = False
and callee-in-procs:

[valid-edge a; kind a = Q:r—pfs] = Fins outs. (p,ins,outs) € set procs
and get-proc-intra:[valid-edge a; intra-kind(kind a)]

= get-proc (sourcenode a) = get-proc (targetnode a)
and get-proc-call:

[valid-edge a; kind a = Q:r—pfs] = get-proc (targetnode a) = p
and get-proc-return:

[valid-edge a; kind a = Q<—=pf'] = get-proc (sourcenode a) = p
and call-edges-only:[valid-edge a; kind a = Q:r—pfs]

= Va'. valid-edge a’ A targetnode a’ = targetnode a —

(3 Qz rz fsx. kind o’ = Quirz— pfsz)

and return-edges-only:[valid-edge a; kind a = Q' pf’]

= Va'. wvalid-edge a’ N\ sourcenode o’ = sourcenode a —»

(3 Qz fr. kind o’ = Qu<—=pfr)

and get-return-edge-call:



[valid-edge a; kind a = Q:r—pfs] = get-return-edges a # {}
and get-return-edges-valid:
[valid-edge a; o’ € get-return-edges a] = valid-edge a’
and only-call-get-return-edges:
[valid-edge a; o’ € get-return-edges a] = 3 Q r p fs. kind a = Q:r—pfs
and call-return-edges:
[valid-edge a; kind a = Q:r—pfs; a’ € get-return-edges a]
= 3Q' [’ kind o' = Qpf’
and return-needs-call: [valid-edge a; kind a = Q"< pf’]
= 3la’. valid-edge o’ N (3 Q r fs. kind a’ = Q:r—pfs) A a € get-return-edges
a/
and intra-proc-additional-edge:
[valid-edge a; o’ € get-return-edges a]
= Ja’. valid-edge a’’ N\ sourcenode a'’ = targetnode a A
targetnode a' = sourcenode o’ A kind o' = (Acf. False)
and call-return-node-edge:
[valid-edge a; o’ € get-return-edges a]
= Ja”. valid-edge a’’ N\ sourcenode a'’ = sourcenode a N\
targetnode a' = targetnode o’ A kind o' = (Acf. False) ,
and call-only-one-intra-edge:
[valid-edge a; kind a = Q:r— pfs]
= 3la’. valid-edge a’ N\ sourcenode a’ = sourcenode a A intra-kind(kind a’)
and return-only-one-intra-edge:
[valid-edge a; kind a = Q'<pf]
= Jla’. valid-edge a’ N targetnode o’ = targetnode a A intra-kind(kind a’)
and same-proc-call-unique-target:
[valid-edge a; valid-edge a'; kind a = Qi:r1—=pfs1; kind a’ = Qa:ro—pfsa]
= targetnode a = targetnode a’
and unique-callers:distinct-fst procs
and distinct-formal-ins:(p,ins,outs) € set procs = distinct ins
and distinct-formal-outs:(p,ins,outs) € set procs = distinct outs

begin

lemma get-proc-get-return-edge:
assumes valid-edge a and a’ € get-return-edges a
shows get-proc (sourcenode a) = get-proc (targetnode a’)
proof —
from assms obtain ax where valid-edge ax and sourcenode a = sourcenode ax
and targetnode o’ = targetnode ax and intra-kind(kind az)
by (auto dest:call-return-node-edge simp:intra-kind-def)
thus ?thesis by (fastforce intro:get-proc-intra)
qed

lemma call-intra-edge-False:
assumes valid-edge a and kind a = Q:r—pfs and valid-edge o’
and sourcenode a = sourcenode o’ and intra-kind(kind a’)



shows kind a’ = (\cf. False),,
proof —
from (valid-edge a> <kind a = Q:r<—pfs> obtain ax where azx € get-return-edges
a
by (fastforce dest:get-return-edge-call)
with <valid-edge a) obtain o'’ where valid-edge o'’
and sourcenode a'’ = sourcenode a and kind o' = (\cf. Fulse),,
by (fastforce dest:call-return-node-edge)
from (kind o" = (Acf. False) ,» have intra-kind(kind a'’)
by (simp add:intra-kind-def)
with assms <valid-edge a'’y <sourcenode a'’ = sourcenode a»
kind a'" = (Acf. False),
show ?thesis by(fastforce dest:call-only-one-intra-edge)
qed

lemma formal-in-THE:
[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs]
= (THE ins. Jouts. (p,ins,outs) € set procs) = ins

by (fastforce dest:distinct-fst-isin-same-fst intro:unique-callers)

lemma formal-out-THE:
[valid-edge a; kind a = Q<«pf; (p,ins,outs) € set procs]|
= (THE outs. Jins. (p,ins,outs) € set procs) = outs
by (fastforce dest:distinct-fst-isin-same-fst intro:unique-callers)

Transfer and predicate functions

fun params :: (("var — "val) — 'val) list = (‘var — "val) = "val option list
where params || ¢f = ||

| params (f#fs) cf = (f ¢f)#params fs cf

lemma params-nth:
i < length fs = (params fs cf)li = (fs!i) cf
by (induct fs arbitrary:i,auto,case-tac i,auto)

lemma [simp]:length (params fs cf) = length fs
by (induct fs) auto

fun transfer :: ('var,’val,'ret,'pname) edge-kind = (("var — 'val) x 'ret) list =
(("var — 'wval) x 'ret) list
where transfer (1f) (cf#cfs) = (f (fst cf),snd cf)#cfs
| transfer (Q)y (cfiefs) = (cf#e)
| transfer (Q:r—pfs) (cf#cfs) =
(let ins = THE ins. Jouts. (p,ins,outs) € set procs in
(Map.empty(ins [:=] params fs (fst cf)),r)#cf#cfs)



| transfer (Q<=pf )(cf#cfs) = (case cfs of [| = []
| of Ftefs' = (f (fst cf) (fst cf"),snd cf")#cfs)
| transfer et [| = []

fun transfers :: ("var,'val,’ret,'pname) edge-kind list = (('var — 'val) x 'ret) list
=
(("var — 'val) x 'ret) list
where transfers [| s = s
| transfers (et#ets) s = transfers ets (transfer et s)

fun pred :: ("var,’val,'ret,’'pname) edge-kind = (("var — "val) x 'ret) list = bool
where pred (1f) (c¢f#cfs) = True

[ pred (Q)y (cfefs) = Q (fst cf)

| pred (Qir—pfs) (cfcfs) = Q (st cf.r)

| pred (Qe=pf) (cfHcfs) = (Q of A cfs # [)

| pred et [| = False

fun preds :: ("var,’val,’ret,’'pname) edge-kind list = (("var — 'val) x 'ret) list =
bool
where preds [| s = True

| preds (et#ets) s = (pred et s A preds ets (transfer et s))

lemma transfers-split:
(transfers (etsQets’) s) = (transfers ets’ (transfers ets s))
by (induct ets arbitrary:s) auto

lemma preds-split:
(preds (etsQets’) s) = (preds ets s N preds ets’ (transfers ets s))
by (induct ets arbitrary:s) auto

abbreviation state-val :: (("var — 'val) x 'ret) list = 'var — 'val
where state-val s V = (fst (hd 5)) V

valid-node

definition valid-node :: 'node = bool
where valid-node n =
(3 a. valid-edge a N (n = sourcenode a V n = targetnode a))

lemma [simp]: valid-edge a = walid-node (sourcenode a)
by (fastforce simp:valid-node-def)

lemma [simp]: valid-edge a = valid-node (targetnode a)
by (fastforce simp:valid-node-def)

10



1.2.2 CFG paths

inductive path :: 'node = 'edge list = 'node = bool
(<- —-—% - [51,0,0] 80)

where
empty-path:valid-node n = n —[|—=x n

| Cons-path:
[n"" —as—* n'; valid-edge a; sourcenode a = n; targetnode a = n'
= n —aftas—* n’

lemma path-valid-node:
assumes n —as—* n’ shows valid-node n and wvalid-node n'
using «n —as—* n’
by (induct rule:path.induct,auto)

lemma empty-path-nodes [dest|:n —[]—* n' = n = n’
by (fastforce elim:path.cases)

lemma path-valid-edges:n —as—* n’ = YV a € set as. valid-edge a
by (induct rule:path.induct) auto

lemma path-edge:valid-edge a = sourcenode a —[a]—+ targetnode a
by (fastforce intro: Cons-path empty-path)

lemma path-Append:[n —as—* n''; n'' —as’—* n']
= n —asQas’—* n’
by (induct rule:path.induct,auto intro: Cons-path)

lemma path-split:
assumes n —asQa#as'—* n'
shows n —as—* sourcenode a and valid-edge a and targetnode a —as’—* n'
using «n —asQa#tas'—* n’
proof (induct as arbitrary:n)
case Nil case 1
thus ?case by(fastforce elim:path.cases intro:empty-path)
next
case Nil case 2
thus ?case by(fastforce elim:path.cases intro:path-edge)
next
case Nil case 3
thus ?case by(fastforce elim:path.cases)
next
case (Cons az asz)
note IH! = (An. n —aszQa#as'—* n' = n —asz—* sourcenode a>
note [H2 = (A\n. n —aszQa#as’—* n' = wvalid-edge a»
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note IH3 = <A\n. n —aszQa#as'—x n’ = targetnode a —as'—+* n"
{ case 1
hence sourcenode ax = n and targetnode ax —asztQa#as’—+ n’ and valid-edge
ax
by (auto elim:path.cases)
from [HI[OF ¢ targetnode ax —asxQa#tas'—* n')
have targetnode ax —asz—* sourcenode a .
with <sourcenode ax = n» <valid-edge azx> show Zcase by (fastforce intro: Cons-path)
next
case 2 hence targetnode ax —aszQa#as’—+ n' by(auto elim:path.cases)
from IH2[OF this] show ?Zcase .
next
case 3 hence targetnode ax —asxQa#as’—+ n’ by(auto elim:path.cases)
from TH3[OF this| show ?case .

}
qed

lemma path-split-Cons:
assumes n —as—* n’ and as # [|
obtains a’ as’ where as = a’#as’ and n = sourcenode a’
and valid-edge o’ and targetnode a’ —as’—* n’
proof (atomize-elim)
from <as # [> obtain a’ as’ where as = a'#as’ by(cases as) auto
with (n —as—* n’s have n —[|Qa’#as’—* n’ by simp
hence n —[|—* sourcenode a’ and valid-edge o’ and targetnode o’ —as'—x n’
by (rule path-split)+
from <n —[]—# sourcenode o’y have n = sourcenode a’ by fast
with <as = a'#as’y <valid-edge a’y <targetnode o’ —as'—* n’
show Ja’ as’. as = a'#as’ A n = sourcenode a’ A valid-edge a’ A
targetnode a’ —as'—* n’
by fastforce
qed

lemma path-split-snoc:

assumes n —as—* n’ and as # [|

obtains «’ as’ where as = as’Q[a’] and n —as'—* sourcenode a’

and wvalid-edge o’ and n’ = targetnode a’
proof (atomize-elim)

from <¢as # []» obtain a’ as’ where as = as’Q[a’] by(cases as rule:rev-cases)
auto

with (n —as—* n’s have n —as'Qa'#[]—* n' by simp

hence n —as’'—x sourcenode o’ and wvalid-edge o’ and targetnode a’ —[]—* n’
by (rule path-split)+
from <targetnode o’ —[]—+ n’» have n’ = targetnode o’ by fast

with <as = as’Q[a’]y <valid-edge o’y <n —as’—* sourcenode a’y
show Jas’ a’. as = as’Qla’] A n —as’—* sourcenode a’ A valid-edge a’ N
n' = targetnode a’
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by fastforce
qed

lemma path-split-second:
assumes n —asQa#as’—* n’ shows sourcenode a —a#tas’—* n’
proof —
from <n —asQa#tas’—+* n’> have valid-edge a and targetnode a —as’—+* n’
by (auto intro:path-split)
thus ?thesis by(fastforce intro: Cons-path)
qged

lemma path-Entry-Cons:
assumes (-Entry-) —as—+ n’ and n’ # (-Entry-)
obtains n a where sourcenode a = (-Entry-) and targetnode a = n
and n —tl as—+* n’ and valid-edge a and a = hd as
proof (atomize-elim)
from «(-Entry-) —as—* n'y <n’ # (-Entry-)> have as # ||
by (cases as,auto elim:path.cases)
with «(-Entry-) —as—+ n’> obtain a’ as’ where as = a'#as’
and (-Entry-) = sourcenode o’ and valid-edge o’ and targetnode a’ —as'—+ n’
by (erule path-split-Cons)
thus Ja n. sourcenode a = (-Entry-) A targetnode a = n A n —tl as—= n’ A
valid-edge a A a = hd as
by fastforce
qged

lemma path-det:
[n —as—x* n'; n —as—x n'] = n’ =n"
proof (induct as arbitrary:n)
case Nil thus ?case by(auto elim:path.cases)
next
case (Cons a’ as’)
note IH = <An. [n —as’—x n’; n —as’—x n'] = n' = n')
from <n —a'#as’—+* n’s have targetnode a’ —as’—x n'
by (fastforce elim:path-split-Cons)
from «n —a'#as’—* n’’y have targetnode a’ —as’—x n’/
by (fastforce elim:path-split-Cons)
from [H[OF <targetnode a’ —as’'—x n’y this] show ?Zthesis .
qged

definition
sourcenodes :: 'edge list = 'node list
where sourcenodes s = map sourcenode s

definition
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kinds :: 'edge list = ('var,'val,ret,'pname) edge-kind list
where kinds xs = map kind xs

definition
targetnodes :: 'edge list = 'node list
where targetnodes xs = map targetnode xs

lemma path-sourcenode:
[n —as—x n'; as # [|]] = hd (sourcenodes as) = n
by (fastforce elim:path-split-Cons simp:sourcenodes-def)

lemma path-targetnode:
[n —as—% n'; as # []] = last (targetnodes as) = n’
by (fastforce elim:path-split-snoc simp:targetnodes-def)

lemma sourcenodes-is-n-Cons-butlast-targetnodes:
[n —as—* n'; as # [|]] =
sourcenodes as = n#(butlast (targetnodes as))
proof (induct as arbitrary:n)
case Nil thus ?case by simp
next
case (Cons a’ as’)
note IH = «An. [n —as’'—* n'; as’ # (]
= sourcenodes as’ = n#(butlast (targetnodes as’))
from <n —a'#as’'—+* n’> have n = sourcenode a’ and targetnode a’ —as'—* n’
by (auto elim:path-split-Cons)
show ?Zcase
proof(cases as’ = [])
case True
with <targetnode a’ —as’—x n’y have targetnode a’ = n’ by fast
with True <n = sourcenode a’s show ?thesis
by (simp add:sourcenodes-def targetnodes-def)
next
case Fulse
from IH[OF «targetnode a’ —as'—* n's this]
have sourcenodes as’ = targetnode o’ # butlast (targetnodes as’) .
with <n = sourcenode a’y False show ?thesis
by (simp add:sourcenodes-def targetnodes-def)
qed
qed

lemma targetnodes-is-tl-sourcenodes-App-n':

14



[n —as—+* n'; as £ []] =
targetnodes as = (tl (sourcenodes as))Q[n’]
proof (induct as arbitrary:n’ rule:rev-induct)
case Nil thus ?case by simp
next
case (snoc a’ as’)
note IH = <A\n'. [n —as'—x n'; as’ # [|]
= targetnodes as’ = tl (sourcenodes as’) @ [n'])
from (n —as’Q[a’]—* n'y have n —as’—x* sourcenode o’ and n’ = targetnode a’
by (auto elim:path-split-snoc)
show ?case
proof(cases as’ = [])
case True
with <n —as’—* sourcenode a’> have n = sourcenode a’ by fast
with True «<n’ = targetnode a’» show ?thesis
by (simp add:sourcenodes-def targetnodes-def)
next
case Fulse
from TH[OF «n —as'—* sourcenode a’y this
have targetnodes as’ = tl (sourcenodes as’)@[sourcenode a’] .
with «n’ = targetnode a’y False show ?thesis
by (simp add:sourcenodes-def targetnodes-def)
qed
qed

Intraprocedural paths

definition intra-path :: 'node = ’edge list = 'node = bool
(<- ——,x - [51,0,0] 80)
where n —as—,x n' = n —as—* n’ A (Va € set as. intra-kind(kind a))

lemma intra-path-get-procs:
assumes n —as—,* n’ shows get-proc n = get-proc n’
proof —
from «n —as—,* n’y have n —as—x* n’ and Va € set as. intra-kind(kind a)
by (simp-all add:intra-path-def)
thus ?thesis
proof (induct as arbitrary:n)
case Nil thus ?case by fastforce
next
case (Cons a’ as’)
note IH = (A\n. [n —as’—x n'; Va€set as’. intra-kind (kind a)]
= get-proc n = get-proc n'y
from «Vacset (a'#as’). intra-kind (kind a)»
have intra-kind(kind o') and V a€set as’. intra-kind (kind a) by simp-all
from <n —a'#as’—x n’y have sourcenode o’ = n and wvalid-edge a’
and targetnode a’ —as’—+* n' by(auto elim:path.cases)
from IH[OF <targetnode o’ —as'—x n'y ¥ a€set as’. intra-kind (kind a)»)
have get-proc (targetnode a’) = get-proc n’ .
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from <walid-edge a'y <intra-kind(kind o)
have get-proc (sourcenode a’) = get-proc (targetnode a’)
by (rule get-proc-intra)
with (sourcenode o’ = n» «get-proc (targetnode a’) = get-proc n's
show ?Zcase by simp
qed
qed

lemma intra-path-Append:
[n —as—,x n' n' —as’—,x n'] = n —asQas’—,* n’
by (fastforce intro:path-Append simp:intra-path-def)

lemma get-proc-get-return-edges:
assumes valid-edge a and a’ € get-return-edges a
shows get-proc(targetnode a) = get-proc(sourcenode a)
proof —
from <walid-edge ay <a’ € get-return-edges a
obtain o’ where valid-edge o’ and sourcenode a'’ = targetnode a
and targetnode o' = sourcenode o’ and kind a" = (\cf. False),,/
by (fastforce dest:intra-proc-additional-edge)
from <valid-edge o'’ <kind o'' = (Xcf. False), )
have get-proc(sourcenode a'") = get-proc(targetnode a’’)
by (fastforce intro:get-proc-intra simp:intra-kind-def)
with «sourcenode a’’ = targetnode a> <targetnode a'’ = sourcenode a’s
show ?thesis by simp
qed

Valid paths

declare conj-cong|fundef-cong]

fun valid-path-auz :: 'edge list = ’'edge list = bool
where valid-path-auz cs || +— True
| valid-path-auz cs (a#as) +—
(case (kind a) of Q:r—pfs = valid-path-auz (a#cs) as
| Qpf = case cs of [| = wvalid-path-auz || as
| ¢c'#cs’ = a € get-return-edges ¢’ N
valid-path-auz cs' as
| - = walid-path-aux cs as)

lemma vpa-induct [consumes 1,case-names vpa-empty vpa-intra vpa-Call vpa- ReturnEmpty
vpa-ReturnCons]:
assumes major: valid-path-aux xs ys
and rules: Ncs. P cs |]
Aes a as. [intra-kind(kind a); valid-path-auz cs as; P cs as] = P cs (a#as)
Nes aas Q rp fs. [kind a = Q:r—pfs; valid-path-aux (a#cs) as; P (a#cs) as]

16



= P ¢s (a#as)
Acs a as Q p f. [kind a = Q<=pf; cs = [|; valid-path-auz [] as; P [| as]
= P cs (a#as)
Nes aas Qp fc'ces'. [kind a = Q< pf; cs = c'#cs’; valid-path-aux cs' as;
a € get-return-edges ¢’; P cs' as]
= P ¢s (a#as)
shows P zs ys
using major
apply (induct ys arbitrary: xs)
by (auto intro:rules split:edge-kind.split-asm list.split-asm simp:intra-kind-def)

lemma valid-path-aux-intra-path:
Va € set as. intra-kind(kind a) = valid-path-aux cs as
by (induct as,auto simp:intra-kind-def)

lemma valid-path-aux-callstack-prefix:
valid-path-auz (csQcs’) as = wvalid-path-auz cs as
proof (induct csQcs’ as arbitrary:cs cs’ rule:vpa-induct)
case vpa-empty thus Zcase by simp
next
case (vpa-intra a as)
hence walid-path-aux cs as by simp
with <intra-kind (kind a)) show ?case by(cases kind a,auto simp:intra-kind-def)
next
case (vpa-Call a as Q r p fs cs" cs’)
note IH = «\xs ys. aftcs’’Qes’ = zsQys = valid-path-aux zs as
have a#cs""Qcs’ = (aftcs')Qes’ by simp
from [H[OF this| have valid-path-auz (a#tcs’) as .
with (kind a = Q:r—pfs> show Zcase by simp
next
case (vpa-ReturnEmpty a as Q p f cs’ cs’)
hence valid-path-auz cs’ as by simp
with <kind a = Q<=pf> <cs"Qcs’ = [|» show ?case by simp
next
case (vpa-ReturnCons a as Q p f ¢’ cs’ esx csz')
note IH = (\zs ys. ¢cs' = xsQys = wvalid-path-auz zs as
from <csz@Qcsz’ = c'#cs’s

have csz = [| A csz’ = ¢'#es’ V (Fzs. csz = c'#zs N zsQesz’ = cs')
by (simp add:append-eq-Cons-conv)
thus “case
proof
assume csz = [| A csz’ = c'#cs’
hence csz = [| and csz’ = c¢'#cs’ by simp-all
from <csz’ = c¢'#cs’ have cs’ = [|Qtl csz’ by simp
from IH[OF this] have valid-path-auz [| as .
with <csz = [ kind a = Q«>pf> show ?thesis by simp
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next
assume 3 2zs. cst = c'#28 A 2sQcesz’ = cs’
then obtain zs where csz = c¢’#zs and cs’ = 2sQcsz’ by auto
from IH[OF <cs’ = zsQcsz’] have valid-path-auz zs as .
with <csz = c'#z9 <kind a = Q«pf> <a € get-return-edges c’»
show ?thesis by simp

qed

qed

fun upd-cs :: 'edge list = 'edge list = 'edge list
where upd-cs cs [| = c¢s
| upd-cs cs (aftas) =
(case (kind a) of Q:r—pfs = upd-cs (a#cs) as
| Q—pf = case cs of || = upd-cs cs as
| ¢'#cs’ = upd-cs cs’ as
| - = upd-cs cs as)

lemma upd-cs-empty [dest]:
upd-cs cs [| =[] = es =]
by (cases cs) auto

lemma upd-cs-intra-path:
Va € set as. intra-kind(kind a) = upd-cs cs as = cs
by (induct as,auto simp:intra-kind-def)

lemma upd-cs-Append:
[upd-cs cs as = c¢s’; upd-cs cs’ as’ = ¢s'] = upd-cs cs (asQas’) = cs
by (induct as arbitrary:cs,auto split:edge-kind.split list.split)

1

lemma upd-cs-empty-split:
assumes upd-cs ¢s as = [| and cs # || and as # |]
obtains zs ys where as = zsQys and zs # [ and upd-cs cs xs = []
and Vs’ ys'. xs = xs'Qys’ A ys’' # [| — upd-cs cs xs’ # |]
and upd-cs [| ys = []
proof (atomize-elim)

from <upd-cs c¢s as = []» <es # [ <as £ [

show Juzs ys. as = zsQys A zs # [| A upd-cs ¢s xs =[] A
(Vas' ys'. xs = zs'Qys" A ys' # [| — upd-cs cs zs’ # []) A
upd-cs [ ys = ||

proof (induct as arbitrary:cs)
case Nil thus ?case by simp

next
case (Cons a’ as’)
note IH = «\cs. Jupd-cs cs as’ = []; es # []; as’ # []]
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= Jus ys. as’ = xsQys A xs # [] A upd-cs ¢s xs =[] A
(Vas' ys'. xs = xs'Qys’ A ys' # || — upd-cs cs zs" # []) A
upd-cs [} ys = [}
show ?Zcase
proof (cases kind a’ rule:edge-kind-cases)
case Intra
with <upd-cs cs (a'#as’) = []> have upd-cs cs as’ = ]
by (fastforce simp:intra-kind-def)
with (cs # [|» have as’ # [| by fastforce

from IH[OF <upd-cs cs as’ = []» <cs # [|» this] obtain zs ys where as’ =
zsQys
and zs # [| and upd-cs cs s = [| and upd-cs [| ys = []
and Vs’ ys'. xs = xs’Qys’ A ys’ # [| — upd-cs cs xs’ # [| by blast
from <upd-cs cs xs = [|> Intra have upd-cs cs (a'#zs) = []

by (fastforce simp:intra-kind-def)
from Vas’ ys'. xs = xs’Qys’ A ys' # [| — upd-cs cs xs’ # [|» «xs # []» Intra
have Vs’ ys'. a'#xs = xs'Qys’ A ys' # [| — upd-cs cs xs’ # ||
apply auto
apply(case-tac zs’) apply(auto simp:intra-kind-def)
by (erule-tac z=[] in allE,fastforce)+
with (as’ = xsQys» <upd-cs cs (a'#xs) = [ «upd-cs [| ys = [
show %thesis apply(rule-tac x=a'#zs in exl) by fastforce
next
case (Call Q p f)
with (upd-cs cs (a'#as’) = []» have upd-cs (a'#cs) as
with (cs # []» have as’ # [] by fastforce
from IH[OF <upd-cs (a'#cs) as’ = []» - this] obtain zs ys where as’ = zsQys
and zs # [| and upd-cs (a'#cs) xs = [| and upd-cs [ ys = |]
and Vs’ ys'. zs = xs'Qys’ A ys' # [| — upd-cs (a'#cs) xs’ # || by blast
from <upd-cs (a'#cs) xs = []» Call have upd-cs cs (a'#xs) = [| by simp
from Vs’ ys'. xs = xs'Qys’ A ys’' # [| — upd-cs (a'#cs) xs’ # [»
s # []» <es £ [ Call
have Vs’ ys'. a'#xs = xs'Qys’ A ys' # [| — upd-cs cs xs’ # ||
by auto(case-tac zs’,auto)
with (as’ = zsQys» <upd-cs cs (a'#xs) = [ «upd-cs || ys = [
show ?thesis apply(rule-tac =a'#uxs in exl) by fastforce
next
case (Return Q p f)
with <upd-cs cs (a'#as’) = [» <cs # [ obtain ¢’ cs’ where c¢s = ¢'#cs’
and upd-cs cs’ as’ = || by(cases cs) auto
show ?thesis
proof(cases ¢s’ = |])
case True
with «cs = ¢'#cs’y «upd-cs ¢s’ as’ = [|» Return show ?thesis
apply(rule-tac z=[a’] in exl) apply clarsimp
by (case-tac xs’) auto
next
case Fulse
with <upd-cs cs’ as’ = [> have as’ # [| by fastforce

/

= [ by simp
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from IH[OF <upd-cs cs’ as’ = []» False this| obtain zs ys where as’ =
zsQys

and zs # [| and upd-cs cs’ xs = [| and upd-cs [] ys = ||

and Vas' ys'. xs = xs'Qys’ A ys’ # [| — upd-cs c¢s’ xs’ # [] by blast
from <upd-cs cs’ zs = []» <cs = c¢'#cs’y Return have upd-cs cs (a'#xs) = ||

by simp

from Vs’ ys'. xs = xs'Qys’ A ys' # [| — upd-cs cs’ zs’ # [
s # [ <es = c'#es'y Return

have Vs’ ys'. a'#xs = xs'Qys’ A ys' # [| — upd-cs cs xs’ # ||
by auto(case-tac zs’,auto)

with (as’ = xsQysy <upd-cs cs (a'#xs) = [|» <upd-cs || ys = [»

show ?thesis apply(rule-tac x=a'#xs in exl) by fastforce

qed
qed
qed
qed

lemma upd-cs-snoc-Return-Cons:
assumes kind a = Q<pf
shows upd-cs cs as = c¢'#cs’ = upd-cs cs (asQ[a]) = cs
proof (induct as arbitrary:cs)
case Nil
with <kind a = Q< pf> have upd-cs cs [a] = cs’ by simp
thus “case by simp
next
case (Cons a’ as’)
note IH = «\cs. upd-cs cs as’ = c¢'#cs’ = upd-cs cs (as'Q[a]) = ¢sh
show ?Zcase
proof(cases kind a’ rule:edge-kind-cases)
case Intra
with <upd-cs cs (a'#as’) = c'#csh
have upd-cs cs as’ = c'#cs’ by(fastforce simp:intra-kind-def)
from IH[OF this] have upd-cs cs (as'Q[a]) = cs’.
with Intra show %thesis by(fastforce simp:intra-kind-def)
next
case Call
with <upd-cs cs (a'#as’) = c'#csh
have upd-cs (a'#cs) as’ = c¢'#cs’ by simp
from IH[OF this] have upd-cs (a'#cs) (as’Q[a]) = ¢s’.
with Call show ?thesis by simp
next
case Return
show ?thesis
proof (cases cs)
case Nil
with (upd-cs cs (a'#as’) = c'#cs’y Return
have upd-cs cs as’ = c'#cs’ by simp
from ITH[OF this] have upd-cs cs (as'Q[a]) = c¢s’.

/
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with Nil Return show %thesis by simp

next
case (Cons cz csz)
with (upd-cs cs (a'#as’) = c'#cs’y Return
have upd-cs csr as’ = c'#cs’ by simp
from IH[OF this] have upd-cs csx (as’Q[a]) = cs’ .
with Cons Return show ?thesis by simp

qed

qed
qed

lemma upd-cs-snoc-Call:
assumes kind a = Q:r—pfs
shows upd-cs cs (asQ[a]) = a#(upd-cs cs as)
proof (induct as arbitrary:cs)
case Nil
with <kind a = Q:r—pfs) show ?case by simp
next
case (Cons a' as’)
note IH = «\cs. upd-cs cs (as'Q[a)) = a#upd-cs cs as
show Zcase
proof(cases kind a’ rule:edge-kind-cases)
case Intra
with IH[of cs] show ?thesis by(fastforce simp:intra-kind-def)
next
case Call
with IH][of a'#cs] show ?thesis by simp
next
case Return
show ?thesis
proof (cases cs)
case Nil
with IH[of [|]| Return show ?thesis by simp
next
case (Cons cx csz)
with IH[of csz] Return show ?thesis by simp
qed
qed
qed

lemma valid-path-auz-split:
assumes valid-path-aux cs (asQas’)
shows wvalid-path-auz cs as and valid-path-auz (upd-cs cs as) as
using <walid-path-auz cs (asQas’))

/
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proof (induct cs asQas’ arbitrary:as as’ rule:vpa-induct)

case (vpa-intra cs a as as'’)
note IH1 = «\zs ys. as = zsQys = valid-path-auz cs zs
note TH2 = (\xs ys. as = zsQys = valid-path-auz (upd-cs cs xs) ys»
{ case I

from wvpa-intra

have as” = [| A a#tas = as’ V (Jxs. a#xs = as” N as = zsQas’)

by (simp add: Cons-eq-append-conv)
thus ?case

proof
assume as’’ = [| A a#tas = as’
thus ?thesis by simp

next

assume J15. a#zs = as’’ A\ as = 1sQas’
then obtain zs where a#zs = as’’ and as = zsQas’ by auto
from IH1[OF <as = zsQas’] have valid-path-auz cs zs .
with <a#tzs = as’) dntra-kind (kind a)»
show %thesis by (fastforce simp:intra-kind-def)
qed
next
case 2
from wvpa-intra
have as” = [| A a#tas = as’ V (Jas. a#xs = as” N as = zsQas’)
by (simp add: Cons-eq-append-conv)
thus ?case
proof
assume as’’ = [| A a#tas = as’
hence as = [|@Qtl as’ by(cases as’) auto
from IH2[OF this] have valid-path-auz (upd-cs cs []) (tl as’) by simp
with <as” =[] A a#as = asy <intra-kind (kind a)»
show ?thesis by (fastforce simp:intra-kind-def)
next
assume Jzs. a#zs = as’’ N\ as = 1sQas’
then obtain zs where a#zs = as’”’ and as = zsQas’ by auto
from TH2[OF <as = zsQas”] have valid-path-auz (upd-cs cs xs) as’ .
from <a#tzs = as')y <intra-kind (kind a)»
have upd-cs cs xs = upd-cs cs as’’ by(fastforce simp:intra-kind-def)
with <walid-path-auz (upd-cs cs xs) as’s
show ?thesis by simp
qed
}
next
case (vpa-Call cs a as Q v p fs as'’)
note [H1 = «\zs ys. as = xsQys = valid-path-auz (aftcs) s

note IH2 = <A\zs ys. as = xsQys =  walid-path-auz (upd-cs (aftcs) xs) ys»

{ case I
from vpa-Call
have as” =[] A aftas = as’ vV (s, aF#tzs = as”’ A as = zsQas’)
by (simp add: Cons-eq-append-conv)
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thus Zcase

proof
assume as’’ = [| A aftas = as’
thus ?thesis by simp

next

assume J1s. a#zs = as’’ N\ as = 1sQas’

then obtain zs where a#zs = as’’ and as = zsQas’ by auto
from IH1[OF <as = zsQas”] have valid-path-auz (a#cs) xs .
with <a#xs = as”)[THEN sym| <kind a = Q:r—pfs)

show ?thesis by simp

qed
next

case 2

from wpa-Call

have as” = [| A a#tas = as’ V (Fas. a#xs = as” A as = zsQas’)
by (simp add: Cons-eq-append-conv)

thus Zcase

proof
assume as’’ = [| A aftas = as’
hence as = [|Qtl as’ by(cases as’) auto
from TH2[OF this] have valid-path-auz (upd-cs (a#tcs) []) (¢ as’) .
with <as” = [| A a#as = as’ <kind a = Q:r—pfs
show ?thesis by clarsimp

next

assume J15. a#zs = as’’ A\ as = 1sQas’
then obtain zs where a#zs = as’”’ and as = zsQas’ by auto
from TH2[OF <as = zsQas"] have valid-path-aux (upd-cs (a # cs) zs) as’ .
with a#xs = as’’[THEN sym] <kind a = Q:r—pfs
show ?thesis by simp
qed
}
next
case (vpa-ReturnEmpty cs a as Q p f as”)
note IH1 = (A\zs ys. as = zsQys = valid-path-auz [| zs»
note IH2 = «A\zs ys. as = xsQys = valid-path-auz (upd-cs || zs) ys»
{ case I
from wpa-ReturnEmpty

have as” = [| A a#tas = as’ V (Jas. a#xs = as” A as = zsQas’)
by (simp add: Cons-eq-append-conv)

thus ?case

proof
assume as’’ = [| A aftas = as’
thus ?thesis by simp

next

assume 3 1s. a#zs = as’’ A as = 1sQas’

then obtain zs where a#zs = as’”’ and as = zsQas’ by auto
from ITHI[OF <as = zsQas"] have valid-path-aux || zs .

with <a#xs = as")[THEN sym| <kind a = Q<=pf> <cs = [
show ?thesis by simp
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qed

next

case 2

from vpa-ReturnEmpty

have as” = [| A a#tas = as’ V (Fas. a#xs = as” A as = zsQas’)
by (simp add: Cons-eq-append-conv)

thus ?case

proof
assume as’”’ = [| A a#tas = as’
hence as = [|Q# as’ by(cases as’) auto
from ITH2[OF this] have valid-path-auz [] (t as’) by simp
with (as” = [| A a#tas = as"» kind a = Q«=pf> <cs = [
show ?thesis by fastforce

next

assume 3 zs. a#xs = as”’ A as = zsQas’
then obtain zs where a#zs = as’”’ and as = zsQas’ by auto
from TH2[OF <as = zsQas"] have valid-path-aux (upd-cs || zs) as’ .
from <a#xs = as’’)[THEN sym)| <kind a = Q<=pf> <cs = [
have upd-cs [| zs = upd-cs cs as' by simp
with (valid-path-auz (upd-cs [| xs) as’» show ?thesis by simp
qed
}
next

case (vpa-ReturnCons cs a as Q p f ¢’ cs’ as”)

note TH1 = «\zs ys. as = zsQys = valid-path-auz cs’ s

note TH2 = «\zs ys. as = zsQys = valid-path-auz (upd-cs cs’ xs) ys»

{ case I

from wvpa-ReturnCons

have as” = [| A aftas = as’ vV (Jas. aFtzs = as’”’ A as = zsQas’)
by (simp add: Cons-eq-append-conv)

thus ?case

proof
assume as’’ = [| A aftas = as’
thus ?thesis by simp

next

assume 3 zs. a#xs = as’”’ A as = zsQas’
then obtain zs where a#zs = as’”’ and as = zsQas’ by auto
from IH1[OF (as = zsQas"] have valid-path-auz cs’ zs .
with <a#zs = as’y[THEN sym] <kind a = Q«=pf) <cs = c'#cs)
<a € get-return-edges ¢’y
show ?thesis by simp
qed
next
case 2
from wvpa-ReturnCons
have as” = [| A a#tas = as’ V (Fas. a#as = as” A as = zsQas’)
by (simp add: Cons-eq-append-conv)
thus ?2case
proof
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assume as’’ = [| A aftas = as’

hence as = [|Qtl as’ by(cases as’) auto
from IH2[OF this] have valid-path-auz (upd-cs cs'[]) (t as’) .
with <as” =[] A a#as = as’ <kind a = Q<pf> <cs = c'#csh

<a € get-return-edges ¢’y
show ?thesis by fastforce
next
assume 3 1s. a#zs = as’’ A as = 1sQas’
then obtain zs where a#zs = as’’ and as = zsQas’ by auto

from TH2[OF <as = zsQas"] have valid-path-aux (upd-cs cs’ xs) as’ .

from <a#tzs = as’’"[THEN sym| <kind a = Q<=pf> <cs = c'#cs"

have upd-cs cs’ s = upd-cs cs as’’ by simp

with (valid-path-auz (upd-cs cs’ xs) as’» show ?thesis by simp
qed

qed simp-all

lemma valid-path-aux-Append:
[valid-path-auz cs as; valid-path-auz (upd-cs cs as) as’]
= wvalid-path-auz cs (asQas’)

by (induct rule:vpa-induct,auto simp:intra-kind-def)

lemma wvpa-snoc-Call:
assumes kind a = Q:r—pfs
shows wvalid-path-auz cs as = valid-path-auz cs (asQ[a))
proof (induct rule:vpa-induct)
case (vpa-empty cs)
from <kind a = Q:r—pfs> have valid-path-aux cs [a] by simp
thus “case by simp
next
case (vpa-intra cs a’ as’)
from «wvalid-path-auz cs (as'@[a))) <intra-kind (kind a’)
have valid-path-auz cs (a'#(as'@Qal))
by (fastforce simp:intra-kind-def)
thus ?case by simp
next
case (vpa-Call cs a’ as’ Q' v’ p’ fs)
from «valid-path-aux (a'#cs) (as’Q[a])> <kind o’ = Q':r’f—>p/fs’>
have valid-path-auz cs (a'#(as'Qla])) by simp
thus ?case by simp

next
case (vpa-ReturnEmpty cs o’ as’ Q' p’ f')
from <walid-path-auz ] (as’Q[a))> <kind o’ = Q’<—>p/f’> <es = [y

have valid-path-auz cs (a'#(as'Qla])) by simp
thus ?case by simp

next
case (vpa-ReturnCons cs a’ as’ Q' p’ f' ¢’ ¢s’)
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from <(walid-path-auz cs’ (as’'Q[a])y <kind o’ = Q’Hp/fﬁ <cs = c'#esh
<a’ € get-return-edges ¢’
have valid-path-auz cs (a'#(as'Qla])) by simp
thus ?case by simp
qed

definition valid-path :: 'edge list = bool
where valid-path as = valid-path-auz || as

lemma valid-path-auz-valid-path:
valid-path-auz cs as = valid-path as
by (fastforce intro:valid-path-auz-callstack-prefix simp:valid-path-def)

lemma valid-path-split:
assumes valid-path (asQas’) shows valid-path as and valid-path as’
using <valid-path (asQas’))
apply(auto simp:valid-path-def)
apply (erule valid-path-auz-split)
apply(drule valid-path-auz-split(2))
by (fastforce intro:valid-path-auz-callstack-prefix)

definition valid-path’ :: 'node = 'edge list = 'mnode = bool
(¢- ==y - [51,0,0] 80)

where vp-def:n —as— x n' = n —as—* n’ A valid-path as

lemma intra-path-vp:
assumes n —as—* n' shows n —as— s+ n’
proof —
from «n —as—,x n’y have n —as—x* n’ and Va € set as. intra-kind(kind a)
by (simp-all add:intra-path-def)
from «Va € set as. intra-kind(kind a)> have valid-path-aux [ as
by (rule valid-path-auz-intra-path)
thus ?thesis using (n —as—* n’s by(simp add:vp-def valid-path-def)
qed

lemma wvp-split-Cons:
assumes n —as— o+ n’ and as # ||
obtains a’ as’ where as = a'#as’ and n = sourcenode a’
and valid-edge o’ and targetnode o’ —as'— ,* n'
proof (atomize-elim)
from (n —as— s+ n’» <as # [ obtain o’ as’ where as = a'#as’
and n = sourcenode a’ and wvalid-edge a’ and targetnode a’ —as’—x n’
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by (fastforce elim:path-split-Cons simp:vp-def)
from (n —as— s+ n’» have valid-path as by(simp add:vp-def)
from <as = a'#as’» have as = [a/|@as’ by simp
with (valid-path as» have valid-path ([a’]@Qas’) by simp
hence valid-path as’ by(rule valid-path-split)
with «targetnode o’ —as'—* n’s have targetnode a’ —as'— ,* n'by(simp add:vp-def)
with <as = a'#as’ <n = sourcenode a’> <valid-edge a’)
show Ja’ as’. as = a'#as’ A n = sourcenode a’ A valid-edge a’ N

targetnode a’ —as'— s+ n' by blast
qed

lemma vp-split-snoc:
assumes n —as— o+ n’ and as # ||
obtains a’ as’ where as = as'Q[a’] and n —as'— /* sourcenode o’
and valid-edge o’ and n’ = targetnode a’
proof (atomize-elim)
from «n —as— s+ n’ <as # [ obtain o’ as’ where as = as'Q[a’]
and n —as'—* sourcenode a’ and valid-edge o’ and n’' = targetnode a’
by (clarsimp simp:vp-def)(erule path-split-snoc,auto)
from (n —as— s+ n' <as = as’Q[a’]) have valid-path (as'Q[a’]) by (simp add:vp-def)
hence valid-path as’ by(rule valid-path-split)
with (n —as’—x sourcenode o> have n —as'— * sourcenode a' by (simp add:vp-def)
with <as = as’Q[a’]y <valid-edge a’y <n’ = targetnode a’y
show Jas’ a’. as = as'Q[a’] A n —as’— /x sourcenode o’ A valid-edge o’ N
n’ = targetnode a’
by blast
qged

lemma wvp-split:
assumes n —asQa#as'— ,* n'
shows n —as— * sourcenode a and wvalid-edge a and targetnode a —as'— ,* n'
proof —
from «n —asQa#as’— ,* n"» have n —as—* sourcenode a and valid-edge a
and targetnode a —as’—* n’
by (auto intro:path-split simp:vp-def)
from (n —asQa#as’'— ,* n» have valid-path (asQa#as’) by (simp add:vp-def)
hence valid-path as and valid-path (a#as’) by(auto intro:valid-path-split)
from «<walid-path (a#as’)> have valid-path ([a]@Qas’) by simp
hence wvalid-path as’ by(rule valid-path-split)
with «n —as—* sourcenode a) (valid-path as) (valid-edge a) <targetnode a —as'—*
n’s
show n —as— ,* sourcenode a valid-edge a targetnode a —as'— ,x n'
by (auto simp:vp-def)
qed

lemma vp-split-second:

assumes n —asQa#as'— ,* n' shows sourcenode a —a#tas'— s+ n'
proof —

from «n —asQa#as’'— /* n"» have sourcenode a —a#fas'—* n'
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by (fastforce elim:path-split-second simp:vp-def)
from (n —asQa#as'— ,* n» have valid-path (asQa#as’) by (simp add:vp-def)
hence valid-path (a#as’) by (rule valid-path-split)
with (sourcenode a —aftas’—x n’y show ?thesis by(simp add:vp-def)
qged

function wvalid-path-rev-auzx :: 'edge list = 'edge list = bool
where valid-path-rev-auz cs [| «— True
| valid-path-rev-auz cs (asQ[a]) «—
(case (kind a) of Q<=pf = wvalid-path-rev-auzx (a#cs) as
| Q:r—pfs = case cs of [| = walid-path-rev-aux || as
| ¢c'#cs’ = ¢’ € get-return-edges a N
valid-path-rev-auz cs’ as
| - = walid-path-rev-auz cs as)
by auto(case-tac b rule:rev-cases,auto)
termination by lexicographic-order

lemma vpra-induct [consumes 1,case-names vpra-empty vpra-intra vpra-Return
vpra-CallEmpty vpra-CallCons]:
assumes major: valid-path-rev-aux s ys
and rules: Ncs. P cs [
Aes a as. [intra-kind(kind a); valid-path-rev-aux cs as; P c¢s as]
= P c¢s (asQa)])
Nes aas Q p f. [kind a = Q<pf; valid-path-rev-aux (a#cs) as; P (a#cs) as]
= P c¢s (asQ[a))
Nes a as Q rp fs. [kind a = Q:r—pfs; cs = []; valid-path-rev-auz [] as;
P[] as] = P cs (asQla])
Nes aas Qrp fsc'cs' [kind a = Q:r—pfs; cs = c'#cs;
valid-path-rev-aux cs’ as; ¢’ € get-return-edges a; P cs’ as]
= P c¢s (asQ[a])
shows P zs ys
using major
apply (induct ys arbitrary:zs rule:rev-induct)
by (auto intro:rules split:edge-kind.split-asm list.split-asm simp:intra-kind-def)

lemma vpra-callstack-prefiz:
valid-path-rev-auz (csQcs’) as = valid-path-rev-aux cs as
proof (induct csQcs’ as arbitrary:cs cs’ rule:vpra-induct)
case vpra-empty thus ?case by simp
next
case (vpra-intra a as)
hence valid-path-rev-auz cs as by simp
with «intra-kind (kind a)> show Zcase by(fastforce simp:intra-kind-def)
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next
case (vpra-Return a as Q p f)
note IH = «\ds ds’. a#tcsQcs’ = dsQds’ = valid-path-rev-aux ds as»
have a#csQcs’ = (a#cs)Qcs’ by simp
from [H[OF this| have valid-path-rev-aux (a#cs) as .
with (kind a = Q«>pf) show Zcase by simp
next
case (vpra-CallEmpty a as Q r p fs)
hence valid-path-rev-auz cs as by simp
with <kind a = Q:r—pfs) <csQcs’ = [|» show ?case by simp
next
case (vpra-CallCons a as Q r p fs ¢’ csx)

note IH = «A\cs ¢s’. csz = ¢sQcs’ = walid-path-rev-auz cs as
from <csQcs’ = c'#csz>
have (cs =[] A es’ = c¢'#csz) V (Fzs. ¢cs = ¢'#zs N 2sQes’ = csx)
by (simp add:append-eq-Cons-conv)
thus Zcase
proof
assume cs = [| A ¢s’ = c'#esz
hence cs = [| and c¢s’ = c¢'#csz by simp-all
from <cs’ = c'#csx> have csx = [|Qtl cs’ by simp
from IH[OF this] have valid-path-rev-auz [] as .
with (cs = [ <kind a = Q:r—pfs> show ?thesis by simp
next

assume 32s. c¢s = c'#25 N\ 25Qcs’ = csx
then obtain zs where cs = c¢'#zs and csz = 25Qcs’ by auto
from IH[OF <csz = zsQcs"] have valid-path-rev-auz zs as .
with (cs = c'#z9 kind a = Q:r—pfs) ¢’ € get-return-edges a> show ?thesis
by simp
qed
qed

function upd-rev-cs :: 'edge list = 'edge list = 'edge list
where upd-rev-cs cs [| = cs
| upd-rev-cs cs (asQla]) =
(case (kind a) of Q<>pf = upd-rev-cs (a#cs) as
| Q:r—pfs = case cs of || = upd-rev-cs cs as
| ¢'#cs’ = upd-rev-cs cs’ as
| - = upd-rev-cs cs as)
by auto(case-tac b rule:rev-cases,auto)
termination by lexicographic-order

lemma upd-rev-cs-empty [dest]:
upd-rev-cs ¢s [| =[] = ¢s = |
by (cases cs) auto
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lemma valid-path-rev-auz-split:
assumes valid-path-rev-auz cs (asQas’)
shows walid-path-rev-aux cs as’ and valid-path-rev-auz (upd-rev-cs cs as’) as
using <valid-path-rev-auz cs (asQas’)»
proof (induct cs asQas’ arbitrary:as as’ rule:vpra-induct)
case (vpra-intra cs a as as'’)
note [H1 = <A\zs ys. as = xsQys = valid-path-rev-auz cs ys»
note TH2 = (A\zs ys. as = zsQys = valid-path-rev-auz (upd-rev-cs cs ys) s»
{ case I
from wvpra-intra
have as’ = [| A asQ[a] = as”" V (Fas. as = as"’Qus A zsQ[a] = as’)
by (cases as’ rule:rev-cases) auto
thus Zcase
proof
assume as’ = [| A asQ[a] = as
thus ?thesis by simp
next
assume Jzs. as = as'’Qus N 2sQ[a] = as’
then obtain zs where as = as”’Qzs and zsQ[a] = as’ by auto
from IHI[OF <as = as"Quzxs)] have valid-path-rev-auz cs zs .
with «xsQ[a] = as” <intra-kind (kind a)»
show %thesis by (fastforce simp:intra-kind-def)
qed
next
case 2
from wvpra-intra
have as’ = [| A asQ[a] = as”’ V (Fxs. as = as"’Qus A zsQ[a] = as’)
by (cases as’ rule:rev-cases) auto
thus Zcase
proof
assume as’ = [| A asQ[a] = as”’
hence as = butlast as”’Q[] by(cases as) auto
from IH2[OF this] have valid-path-rev-auz (upd-rev-cs cs []) (butlast as”) .

17

with (as’ = [| A asQ[a] = as’y <intra-kind (kind a)»
show ?thesis by (fastforce simp:intra-kind-def)
next

assume Jzs. as = as"’Qzs A zsQ[a] = as’
then obtain zs where as = as”’Qxs and zsQ[a] = as’ by auto
from ITH2[OF <as = as’’Qzxs)] have valid-path-rev-auz (upd-rev-cs cs zs) as’’
from (xsQ[a] = as’ <intra-kind (kind a)»
have upd-rev-cs cs s = upd-rev-cs cs as’ by(fastforce simp:intra-kind-def)
with <valid-path-rev-auz (upd-rev-cs cs zs) as’’
show ?thesis by simp
qed
}
next
case (vpra-Return cs a as Q p f as"’)
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note [H1 = «A\zs ys. as = xsQys = valid-path-rev-aux (a#tcs) ys»
note TH2 = (\zs ys. as = zsQys = valid-path-rev-aux (upd-rev-cs (a#tcs) ys)
xs
{ case I
from wvpra-Return
have as’ = [| A asQ[a] = as’' vV (Fxs. as = as"’Qxs A 2sQ[a] = as’)
by (cases as’ rule:rev-cases) auto
thus Zcase
proof
assume as’ =[] A asQ@Q[a] = as
thus ?thesis by simp
next
assume Jzs. as = as'’Qzs N 1sQ[a] = as’
then obtain zs where as = as”’Qzs and zsQ[a] = as’ by auto
from THI[OF <as = as''Qus»] have valid-path-rev-auz (a#cs) s .
with «zsQ[a] = as’ (kind a = Q<pf>
show ?thesis by fastforce
qed
next
case 2
from wvpra-Return
have as’ = [| A asQ[a] = as’' vV (Fxs. as = as"’Qxs A 2sQ[a] = as’)
by (cases as’ rule:rev-cases) auto
thus Zcase
proof
assume as’ = [| A asQ[a] = as”’
hence as = butlast as”’Q[] by(cases as) auto
from TH2[OF this)
have valid-path-rev-auz (upd-rev-cs (aftcs) []) (butlast as’’) .

17

with <as’ = [| A asQ[a] = as”) kind a = Q<pf>
show ?thesis by fastforce

next
assume Jzs. as = as"’Qzs A zsQ[a] = as’

then obtain zs where as = as”’Qzs and zsQ[a] = as’ by auto
from IH2[OF <as = as"Quzxs)]
have valid-path-rev-auz (upd-rev-cs (a#tcs) xs) as
from «xsQ[a] = as’ (kind a = Q<pf>
have upd-rev-cs (a#tcs) xs = upd-rev-cs cs as’ by fastforce
with <valid-path-rev-auz (upd-rev-cs (a#tcs) zs) as’
show ?thesis by simp
qed
}
next
case (vpra-CallEmpty cs a as Q r p fs as'’)
note IH1 = «A\zs ys. as = xsQys = valid-path-rev-auz || ys»
note IH2 = «A\zs ys. as = xsQys = valid-path-rev-auz (upd-rev-cs [| ys) zs»
{ case I
from wvpra-CallEmpty
have as’ = [| A asQ[a] = as”" V (Fxs. as = as"’Qus A zsQ[a] = as’)

1
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by (cases as’ rule:rev-cases) auto

thus ?case

proof
assume as’ = [| A asQ[a] = as”’
thus ?thesis by simp

next

assume 3 1s. as = as'’Qzs A zsQ[a] = as’
then obtain zs where as = as”’Qzs and zsQ[a] = as’ by auto
from THI[OF <as = as''Qzs)] have valid-path-rev-aux || zs .

with «zsQ[a] = as’ (kind a = Q:r—pfs) «cs = [
show ?thesis by fastforce

qed

next

case 2

from wvpra-CallEmpty

have as’ = [| A asQ[a] = as”’ V (Fxs. as = as’Qzs A zsQ[a] = as’)
by (cases as’ rule:rev-cases) auto

thus “case

proof
assume as’ = [| A asQ[a] = as”’

hence as = butlast as”’Q[] by(cases as) auto
from IH2[OF this]
have wvalid-path-rev-auz (upd-rev-cs || []) (butlast as’’) .

with <as’ = [| A asQ[a] = as”y <kind a = Q:r—pfs) «cs =[]
show ?thesis by fastforce
next

assume Jzs. as = as’’Qzs A zsQ[a] = as’

then obtain zs where as = as”’Qxs and zsQ[a] = as’ by auto
from IH2[OF <as = as"Qzxs)]

have valid-path-rev-auz (upd-rev-cs [ xs) as’’ .

with «zsQ[a] = as’ (kind a = Q:r—pfs) «cs = [
show ?thesis by fastforce
qed
}
next

case (vpra-CallCons cs a as Q r p fs ¢’ ¢s’ as”)
note TH1 = (A\zs ys. as = zsQys = valid-path-rev-auz cs’ ys
note TH2 = «\zs ys. as = xsQys = wvalid-path-rev-aux (upd-rev-cs cs’ ys) xs»
{ case 1
from wvpra-CallCons

have as’ = [| A asQ[a] = as”’ V (Fxs. as = as’Qzs A zsQ[a] = as’)
by(cases as’ rule:rev-cases) auto

thus “case

proof
assume as’ = [| A asQ[a] = as”’
thus ?thesis by simp

next

assume Jzs. as = as"’Qzs A zsQ[a] = as’
then obtain zs where as = as”’Qzs and zsQ[a] = as’ by auto
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from IHI[OF <as = as''Qzs»] have valid-path-rev-auz cs’ xs .
with «zsQ[a] = as’ kind a = Q:r—pfs) <cs = ¢’ # csy ¢’ € get-return-edges

a

show ?thesis by fastforce

qed

next

case 2

from wvpra-CallCons

have as’ = [| A asQ[a] = as”’ V (Fas. as = as’’Qzs A zsQ[a] = as’)
by(cases as’ rule:rev-cases) auto

thus “case

proof
assume as’ = [| A asQ[a] = as”’

hence as = butlast as”’Q[] by(cases as) auto
from TH2[OF this)
have valid-path-rev-auz (upd-rev-cs cs’[]) (butlast as'’) .

with <as’ = [| A asQ[a] = as") kind a = Q:r—pfs) <cs = ¢’ # csh
<c’ € get-return-edges a> show ?thesis by fastforce
next

assume Jzs. as = as"’Qus A 2sQ[a] = as’

then obtain zs where as = as”’Qzxs and zsQ[a] = as’ by auto

from TH2[OF <as = as''Qzs))

have wvalid-path-rev-auz (upd-rev-cs cs’ zs) as

with «zsQ[a] = as’ kind a = Q:r—pfs) <cs = ¢’ # csh
<¢’ € get-return-edges a>

show ?thesis by fastforce

qed

1
.

qed simp-all

lemma valid-path-rev-auz-Append:
[valid-path-rev-auz cs as’; valid-path-rev-aux (upd-rev-cs cs as’) as]
= valid-path-rev-auz cs (asQas’)
by (induct rule:vpra-induct,
auto simp:intra-kind-def simp del:append-assoc simp:append-assoc[ THEN sym))

lemma vpra-Cons-intra:
assumes intra-kind(kind a)
shows wvalid-path-rev-auz cs as = valid-path-rev-auz cs (a#as)
proof (induct rule:vpra-induct)
case (vpra-empty cs)
have valid-path-rev-auz cs [| by simp
with <intra-kind(kind a)> have valid-path-rev-auz cs ([|@Q[a])
by (simp only:valid-path-rev-auz.simps intra-kind-def ,fastforce)
thus “case by simp
qed(simp only:append-Cons[THEN sym|] valid-path-rev-aux.simps intra-kind-def ,fastforce)+
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lemma vpra-Cons-Return:
assumes kind a = Q>pf
shows wvalid-path-rev-aux cs as = valid-path-rev-auz cs (a#as)
proof (induct rule:vpra-induct)
case (vpra-empty cs)
from (kind a = Q< pf> have valid-path-rev-auz cs ([|Q[a])
by (simp only:valid-path-rev-auz.simps,clarsimp)
thus ?case by simp
next
case (vpra-intra cs a’ as’)
from <(walid-path-rev-auz cs (atas’)y <ntra-kind (kind a’)»
have valid-path-rev-auz cs ((a#as’)@Q[a’])
by (simp only:valid-path-rev-auz.simps, fastforce simp:intra-kind-def)
thus “case by simp
next
case (vpra-Return cs a’ as’ Q' p' f)
from «valid-path-rev-auz (a'#cs) (a#as’)y <kind o’ = Q’<—>p/f’>
have valid-path-rev-auz cs ((a#as’)Qla’])
by (simp only:valid-path-rev-auz.simps,clarsimp)
thus ?case by simp
next
case (vpra-CallEmpty cs o’ as’ Q' v’ p’ fs)
from <walid-path-rev-auz [| (a#tas’)) <kind o’ = Q':r’c—>p/f5’> <es = [
have valid-path-rev-auz cs ((a#as’)Qla’])
by (simp only:valid-path-rev-auz.simps,clarsimp)
thus ?case by simp
next
case (vpra-CallCons cs a’ as’ Q' r' p’ fs' ¢’ ¢s’)
from <(walid-path-rev-auz cs’ (aftas’)y <kind o’ = Q’:T’<—>p/f5’> <cs = c'#csh
<c’ € get-return-edges a’y
have valid-path-rev-auz cs ((a#as’)Qla’])
by (simp only:valid-path-rev-auz.simps, clarsimp)
thus ?case by simp
qged

lemma upd-rev-cs-Cons-intra:

assumes intra-kind(kind a) shows upd-rev-cs cs (a#as) = upd-rev-cs cs as
proof (induct as arbitrary:cs rule:rev-induct)

case Nil

from <intra-kind (kind a)»

have upd-rev-cs cs ([|Q[a]) = upd-rev-cs cs ||

by (simp only:upd-rev-cs.simps,auto simp:intra-kind-def)
thus “case by simp

next
case (snoc a’ as’)
note IH = (/\cs. upd-rev-cs cs (a#tas’) = upd-rev-cs cs as’s

show “case
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proof(cases kind a’ rule:edge-kind-cases)
case Intra
from IH have upd-rev-cs cs (a#as’) = upd-rev-cs cs as’ .
with Intra have upd-rev-cs cs ((a#as’)Q[a’]) = upd-rev-cs cs (as'Q[a’])
by (fastforce simp:intra-kind-def)
thus ?thesis by simp
next
case Return
from IH have upd-rev-cs (a'#cs) (a#as’) = upd-rev-cs (a'#cs) as’ .
with Return have upd-rev-cs cs ((a#as’)@Q[a’]) = upd-rev-cs cs (as'@Q[a’])
by (auto simp:intra-kind-def)
thus ?thesis by simp
next
case Call
show ?thesis
proof (cases cs)
case Nil
from [H have upd-rev-cs || (aftas’) = upd-rev-cs [| as’.
with Call Nil have upd-rev-cs cs ((a#as’)@Q[a’]) = upd-rev-cs cs (as'@[a])
by (auto simp:intra-kind-def)
thus “thesis by simp
next
case (Cons ¢’ c¢s’)
from TH have upd-rev-cs cs’ (aftas’) = upd-rev-cs cs’ as’.
with Call Cons have upd-rev-cs cs ((a#tas")Qla’]) = upd-rev-cs cs (as’Qla’])
by (auto simp:intra-kind-def)
thus ?thesis by simp
qed
qed
qed

lemma upd-rev-cs-Cons-Return:
assumes kind a = Q<pf shows upd-rev-cs cs (a#tas) = a#(upd-rev-cs cs as)
proof (induct as arbitrary:cs rule:rev-induct)
case Nil
with <kind a = Q<>pf> have upd-rev-cs cs ([|Q[a]) = a#(upd-rev-cs cs [])
by (simp only:upd-rev-cs.simps) clarsimp
thus ?case by simp
next
case (snoc a’ as’)
note IH = (\cs. upd-rev-cs cs (a#as’) = a#upd-rev-cs cs as”
show ?Zcase
proof(cases kind a’ rule:edge-kind-cases)
case Intra
from IH have upd-rev-cs cs (a#as’) = a#(upd-rev-cs cs as’) .
with Intra have upd-rev-cs cs ((a#as’)Q[a’]) = a#(upd-rev-cs cs (as'Q[a’]))
by (fastforce simp:intra-kind-def)
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thus ?thesis by simp
next
case Return
from IH have upd-rev-cs (a'#cs) (a#tas’) = a#(upd-rev-cs (a'#cs) as’) .
with Return have upd-rev-cs cs ((a#tas"Qla’]) = a#(upd-rev-cs cs (as’Q[a']))
by (auto simp:intra-kind-def)
thus ?thesis by simp
next
case Call
show ?thesis
proof(cases cs)
case Nil
from IH have upd-rev-cs | (a#tas’) = a#(upd-rev-cs || as’) .
with Call Nil have upd-rev-cs cs ((a#as’)Q[a']) = a#(upd-rev-cs cs (as'@Q[a]))
by (auto simp:intra-kind-def)
thus ?thesis by simp
next
case (Cons ¢’ ¢s')
from IH have upd-rev-cs cs’ (atas’) = a#t(upd-rev-cs cs’ as’) .
with Call Cons
have upd-rev-cs cs ((a#tas")Qla’]) = a#(upd-rev-cs cs (as'@Q[a']))
by (auto simp:intra-kind-def)
thus ?thesis by simp
qed
qed
qged

lemma upd-rev-cs-Cons-Call-Cons:
assumes kind a = Q:r—pfs
shows upd-rev-cs cs as = c'#cs’ = upd-rev-cs cs (a#tas) = cs’
proof (induct as arbitrary:cs rule:rev-induct)
case Nil
with «kind a = Q:r—pfs> have upd-rev-cs cs ([|Q[a]) = cs’
by (simp only:upd-rev-cs.simps) clarsimp
thus “case by simp
next
case (snoc a’ as’)
note IH = (/\cs. upd-rev-cs cs as’ = c¢'#cs’ = upd-rev-cs cs (aftas’) = cs’
show ?Zcase
proof(cases kind a’ rule:edge-kind-cases)
case Intra
with «upd-rev-cs cs (as’Q[a’]) = c'#cs’
have upd-rev-cs cs as’ = c¢'#cs’ by(fastforce simp:intra-kind-def)
from IH[OF this] have upd-rev-cs cs (a#tas’) = cs’ .
with Intra show %thesis by(fastforce simp:intra-kind-def)
next
case Return
with <upd-rev-cs cs (as’'Q[a’]) = c'#csh
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have upd-rev-cs (a'#cs) as’ = c¢'#cs’ by simp

from IH[OF this] have upd-rev-cs (a'#cs) (aftas’) = cs’.

with Return show ?thesis by simp

next

case Call

show ?thesis

proof (cases cs)
case Nil
with (upd-rev-cs cs (as’@[a’]) = ¢'#cs’s Call
have upd-rev-cs cs as’ = c'#cs’ by simp
from IH[OF this] have upd-rev-cs cs (a#as’) = cs’ .
with Nil Call show ?thesis by simp

next
case (Cons cz cst)
with (upd-rev-cs cs (as'@Q[a’]) = ¢'#cs’s Call
have upd-rev-cs csx as’ = c'#cs’ by simp
from ITH[OF this] have upd-rev-cs csx (a#as’) = cs'.
with Cons Call show ?thesis by simp

qed

qed
qed

lemma upd-rev-cs-Cons-Call-Cons-Empty:
assumes kind a = Q:r—pfs

shows upd-rev-cs c¢s as = [| = upd-rev-cs cs (aF#as) = []
proof (induct as arbitrary:cs rule:rev-induct)
case Nil

with (kind a = Q:r—pfs> have upd-rev-cs cs ([|Q[a]) = ]
by (simp only:upd-rev-cs.simps) clarsimp
thus “case by simp

next
case (snoc a’ as’)
note IH = «/\cs. upd-rev-cs cs as’ = [| = upd-rev-cs cs (a#as’) = [

show ?case
proof(cases kind a’ rule:edge-kind-cases)

case Intra
with «upd-rev-cs cs (as’Q[a’]) = [
have upd-rev-cs cs as’ = [| by(fastforce simp:intra-kind-def)

from IH[OF this] have upd-rev-cs cs (aftas’) =[] .
with Intra show ?thesis by(fastforce simp:intra-kind-def)
next
case Return
with <upd-rev-cs ¢s (as'Q[a’]) = [
have upd-rev-cs (a'#cs) as’ = [| by simp
from IH[OF this| have upd-rev-cs (a'#cs) (a#as’) =) .
with Return show ?thesis by simp
next
case Call

37



show ?thesis
proof (cases cs)

case Nil
with (upd-rev-cs cs (as’@[a’]) = [» Call
have upd-rev-cs cs as’ = [| by simp

from TH[OF this] have upd-rev-cs cs (a#as’) =] .
with Nil Call show ?thesis by simp

next
case (Cons cx csz)
with (upd-rev-cs cs (as'@[a’]) = [» Call
have upd-rev-cs csx as’ = || by simp

from TH[OF this] have upd-rev-cs csz (a#as’) =] .
with Cons Call show ?thesis by simp
qed
qed
qed

definition wvalid-call-list :: 'edge list = 'node = bool
where valid-call-list cs n =
Ves' ces'. cs = cs'Qcdtes” — (valid-edge ¢ N (3Q rp fs. (kind ¢ = Q:r—pfs)
N
p = get-proc (case cs’ of [| = n | - = last (sourcenodes cs’))))

definition valid-return-list :: 'edge list = 'node = bool
where valid-return-list cs n =
Ves' ces”. cs = cs'Qcdtes’” — (valid-edge ¢ N (3Q p f. (kind ¢ = Q<pf) A
p = get-proc (case cs’ of [| = n | - = last (targetnodes cs’))))

lemma valid-call-list-valid-edges:
assumes valid-call-list cs n shows V ¢ € set cs. valid-edge ¢
proof —
from «(walid-call-list cs n»
have Vs’ ¢ cs. cs = cs'Qc#cs’” — wvalid-edge c
by (simp add:valid-call-list-def)
thus ?thesis
proof (induct cs)
case Nil thus ?case by simp
next
case (Cons cx cst)
note IH = V¢s' ¢ ¢s”. csz = cs'Qc#cs’ — valid-edge ¢ =
Y a€set csx. valid-edge a»
from Vs’ ¢ cs”. cx#cesy = cs’Qe#tcs’’ — wvalid-edge ¢
have valid-edge cx by blast
from Vs’ ¢ cs”. cx#csr = cs’Qce#tcs’’ — wvalid-edge ¢
have Vcs’' ¢ ¢s”. csz = cs'Qc#cs’’ — valid-edge ¢
by auto(erule-tac t=cx#cs’ in allE auto)
from ITH[OF this] <valid-edge cx> show ?case by simp
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qed
qed

lemma valid-return-list-valid-edges:
assumes valid-return-list rs n shows Vr € set rs. valid-edge r
proof —
from «(walid-return-list rs n»
have Vrs' r rs”. rs = rs'Qr#trs’ — wvalid-edge T
by (simp add:valid-return-list-def)
thus ?thesis
proof (induct s)
case Nil thus ?case by simp
next
case (Cons 1z rsz)
note IH = Vrs’ rrs". rsz = rs'Qr#rs"” — wvalid-edge 1 —>
Y a€set rsz. valid-edge a>
from Vrs' rrs'. raftrsy = rs'Qr#trs’’ — wvalid-edge
have valid-edge rx by blast
from Vrs' v rs’. re#trsr = rs'Qr#trs’’ — wvalid-edge 1>
have Vrs' r rs’. rsx = rs'Qr#trs"” — wvalid-edge v
by auto(erule-tac x=rz#trs’ in allE, auto)
from [H[OF this] <valid-edge rx> show ?case by simp
qed
qed

lemma vpra-empty-valid-call-list-rev:
valid-call-list ¢cs n = valid-path-rev-auz [| (rev cs)
proof (induct cs arbitrary:n)
case Nil thus ?case by simp
next
case (Cons ¢’ cs’)
note IH = «An. valid-call-list ¢cs’ n = valid-path-rev-auz [| (rev cs’)»
from «<wvalid-call-list (¢'#cs’) n» have valid-call-list cs’ (sourcenode c’)
apply(clarsimp simp:valid-call-list-def)
apply hypsubst-thin
apply(erule-tac z=c'#cs’ in allE)
apply clarsimp
by (case-tac cs’,auto simp:sourcenodes-def)
from [H[OF this| have valid-path-rev-aux [] (rev cs’) .
moreover
from <valid-call-list (c'#cs’) n» obtain Q r p fs where kind ¢’ = Q:r—pfs
apply(clarsimp simp:valid-call-list-def)
by (erule-tac z=[] in allE) fastforce
ultimately show ?case by simp
qed
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lemma vpa-upd-cs-cases:
[valid-path-auz cs as; valid-call-list ¢s n; n —as—* n’]
= case (upd-cs cs as) of [| = (V¢ € set cs. Ja € set as. a € get-return-edges

c)
| cxt#tcse = valid-call-list (cx#cst) n
proof (induct arbitrary:n rule:vpa-induct)
case (vpa-empty cs)
from «n —[]—x n’» have n = n’ by fastforce
with «wvalid-call-list cs ny show ?case by(cases cs) auto
next
case (vpa-intra cs a’ as’)
note IH = «An. [valid-call-list cs n; n —as'—* n']
= case (upd-cs cs as’) of [ = V c€set cs. Ja€set as’. a € get-return-edges ¢
| catcese = valid-call-list (cx # csz) n'»
from <intra-kind (kind a’)y have upd-cs cs (a'#as’) = upd-cs cs as’
by (fastforce simp:intra-kind-def)
from «n —a'#as’—x n'y have [simp|:n = sourcenode a’ and valid-edge a’
and targetnode o’ —as'—x n’ by(auto elim:path-split-Cons)
from «valid-edge o> <intra-kind (kind a’)»
have get-proc (sourcenode a’) = get-proc (targetnode o) by(rule get-proc-intra)
with (wvalid-call-list cs ny have valid-call-list cs (targetnode a’)
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=cs’ in allE) apply clarsimp
by (case-tac cs’) auto
from IH[OF this <targetnode a’ —as'—* n'y] <upd-cs cs (a'#as’) = upd-cs cs as”
show ?Zcase by(cases upd-cs cs as’) auto
next
case (vpa-Call cs a’ as’" Q r p fs)
note IH = «A\n. [valid-call-list (a'#cs) n; n —as'—+ n’]
= case (upd-cs (a'#cs) as’)
of [| = Vceset (a'#cs). Facset as’. a € get-return-edges ¢
| cx#tcse = walid-call-list (cx # csx) n's
from <kind o' = Q:r—pfs) have upd-cs (a'#cs) as’ = upd-cs cs (a'#as’)
by simp
from «n —a'#as’—x* n’y have [simp]:n = sourcenode a’ and valid-edge o’
and targetnode o’ —as'—x n’ by(auto elim:path-split-Cons)
from <valid-edge o'y <kind o’ = Q:r—pfs
have get-proc (targetnode a’) = p by(rule get-proc-call)
with (valid-edge o’y <kind o’ = Q:r—pfs) <valid-call-list cs n»
have valid-call-list (a'#cs) (targetnode a’)
apply(clarsimp simp:valid-call-list-def)
apply(case-tac cs’) apply auto
apply(erule-tac z=list in allE) apply clarsimp
by (case-tac list,auto simp:sourcenodes-def)
from IH[OF this <targetnode o’ —as'—x n']
cupd-cs (a'#cs) as’ = upd-cs cs (a'#as’)
have case upd-cs cs (a'#as’)
of [| = Vceset (a' # cs). acset as’. a € get-return-edges c
| cx # csz = wvalid-call-list (cx # csz) n' by simp

!
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thus ?case by(cases upd-cs cs (a'#as’)) simp+
next
case (vpa-ReturnEmpty cs a’ as’ Q p f)
note IH = «An. [valid-call-list [ n; n —as’—+* n’]
= case (upd-cs [] as’)
of [| = Vceset [|. acset as’. a € get-return-edges c
| cx#cse = valid-call-list (cx # csx) n'
from <kind o’ = Q<=pf> <cs = [ have upd-cs [| as’ = upd-cs cs (a'#as’)
by simp
from «n —a'#as’—x* n'y have [simp]:n = sourcenode a’ and valid-edge o’
and targetnode a’ —as'—+ n' by(auto elim:path-split-Cons)
have wvalid-call-list [] (targetnode a’) by(simp add:valid-call-list-def)
from IH[OF this <targetnode o’ —as'—x n'y]
<upd-cs || as’ = upd-cs cs (a'#as’)
have case (upd-cs cs (a'#as’))
of [] = Vceset [|. Jacset as’. a € get-return-edges ¢
| cx#csr = wvalid-call-list (cx#csz) n' by simp
with «cs = []» show ?case by(cases upd-cs cs (a'#as’)) simp+
next
case (vpa-ReturnCons cs o’ as’ @ p f ¢’ ¢s’)
note IH = «An. [valid-call-list cs’ n; n —as'—x n']
= case (upd-cs cs’ as’)
of || = Vceset cs’. Jacset as’. a € get-return-edges ¢
| cattcese = valid-call-list (cx # csz) n'
from <kind o' = Q<=pf> <cs = c'#cs"» «a’ € get-return-edges ¢
have upd-cs cs’ as’ = upd-cs cs (a'#as’) by simp
from «n —a'#as’—x* n'y have [simp]:n = sourcenode a’ and valid-edge o’
and targetnode a’ —as'—+ n' by(auto elim:path-split-Cons)
from <wvalid-call-list cs ny <cs = c'#cs’y have valid-edge ¢’
apply(clarsimp simp:valid-call-list-def)
by (erule-tac z=|| in allE,auto)
with <a’ € get-return-edges ¢’> obtain ax where valid-edge ax
and sources:sourcenode axr = sourcenode ¢’
and targets:targetnode ax = targetnode o’ and kind ax = (A\cf. False),,
by (fastforce dest:call-return-node-edge)
from <wvalid-edge axy sources THEN sym] targets| THEN sym) <kind az = (A\cf.
False) />
have get-proc (sourcenode ¢’) = get-proc (targetnode a’)
by (fastforce intro:get-proc-intra simp:intra-kind-def)
with «valid-call-list cs ny <cs = c'#cs’
have valid-call-list cs’ (targetnode a’)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply(erule-tac z=c'#cs’ in allE)
by (case-tac cs’,auto simp:sourcenodes-def)
from IH[OF this <targetnode o’ —as'—x n'y]
<upd-cs cs’ as’ = upd-cs cs (a'#as’)
have case (upd-cs cs (a'#as’))
of [| = Vceset cs’. Jacset as’. a € get-return-edges ¢
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| cx#cse = wvalid-call-list (cx#csz) n' by simp
with <cs = ¢’ # c¢s”» <a’ € get-return-edges ¢’> show ?case
by (cases upd-cs cs (a'#as’)) simp+
qed

lemma vpa-valid-call-list-valid-return-list-vpra:
[valid-path-auz cs cs’; valid-call-list cs n; valid-return-list cs’ n’]
= wvalid-path-rev-auz cs’ (rev cs)
proof (induct arbitrary:n n’ rule:vpa-induct)
case (vpa-empty cs)
from <walid-call-list cs n» show ?case by (rule vpra-empty-valid-call-list-rev)
next
case (vpa-intra cs a as)
from <intra-kind (kind a)» <valid-return-list (a#as) n”
have Fulse apply(clarsimp simp:valid-return-list-def)
by (erule-tac z=[] in allE clarsimp simp:intra-kind-def)
thus ?case by simp
next
case (vpa-Call cs a as Q r p fs)
from <kind a = Q:r—pfs> walid-return-list (a#as) n"
have Fualse apply(clarsimp simp:valid-return-list-def)
by (erule-tac z=[] in allE,clarsimp)
thus ?case by simp

next
case (vpa-ReturnEmpty cs a as Q p f)
from <cs = [|» show ?case by simp
next
case (vpa-ReturnCons cs a as Q p f ¢’ cs’)
note IH = «A\n n’. [valid-call-list cs’ n; valid-return-list as n']

= wvalid-path-rev-auz as (rev cs’)
from <walid-return-list (a#tas) n'» have valid-return-list as (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=a#cs’ in allF)
by (case-tac cs’,auto simp:targetnodes-def)
from <wvalid-call-list cs n> <cs = c'#cs’y
have valid-call-list cs’ (sourcenode ¢’
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=c'#cs’ in allE)
by (case-tac cs’,auto simp:sourcenodes-def)
from <wvalid-call-list cs ny <cs = c'#cs’y have valid-edge ¢’
apply(clarsimp simp:valid-call-list-def)
by (erule-tac z=]| in allE,auto)
with <a € get-return-edges ¢’> obtain Q' v’ p’ f’ where kind ¢’ = Q’:r'<—>p/f’
apply(cases kind ¢’ rule:edge-kind-cases)
by (auto dest:only-call-get-return-edges simp:intra-kind-def)
from [H[OF <valid-call-list cs’ (sourcenode c¢’)»
walid-return-list as (targetnode a)»)
have valid-path-rev-auz as (rev cs’) .
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with <kind a = Q«pf> «cs = c'#cs) «a € get-return-edges ¢ <kind c’
Q/ST'/‘—>p/f/>

show ?case by simp
qed

lemma wvpa-to-vpra:
[valid-path-auz cs as; valid-path-auz (upd-cs cs as) cs';
n —as—* n'; valid-call-list cs n; valid-return-list cs’ n'']
= walid-path-rev-auz cs’ as A valid-path-rev-auz (upd-rev-cs cs' as) (rev cs)
proof (induct arbitrary:n rule:vpa-induct)
case vpa-empty thus ?case
by (fastforce intro:vpa-valid-call-list-valid-return-list-vpra)

next
case (vpa-intra cs a as)
note IH = «An. [valid-path-auz (upd-cs cs as) cs’; n —as—* n',

valid-call-list c¢s n; valid-return-list cs’ n'’]
= wvalid-path-rev-aux cs’ as N
valid-path-rev-aux (upd-rev-cs cs' as) (rev cs)»
from <n —aftas—+* n’y have n = sourcenode a and valid-edge a
and targetnode a —as—* n’ by(auto intro:path-split-Cons)
from <(walid-edge a> <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
with (valid-call-list cs ny <n = sourcenode a>
have valid-call-list cs (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=cs’ in allE) apply clarsimp
by (case-tac cs’) auto
from «wvalid-path-aux (upd-cs cs (a#as)) cs’y <intra-kind (kind a)»
have valid-path-auz (upd-cs cs as) cs’
by (fastforce simp:intra-kind-def)
from [H[OF this <targetnode a —as—* n'> <valid-call-list cs (targetnode a)»
<valid-return-list cs’ n'’)
have wvalid-path-rev-auz cs’ as
and valid-path-rev-auz (upd-rev-cs cs’ as) (rev cs) by simp-all
from <intra-kind (kind a)> <valid-path-rev-auz cs’ as)
have valid-path-rev-auz cs’ (a#tas) by(rule vpra-Cons-intra)
from <intra-kind (kind a)» have upd-rev-cs cs’ (a#as) = upd-rev-cs cs' as
by (simp add:upd-rev-cs-Cons-intra)
with (valid-path-rev-auz (upd-rev-cs cs’ as) (rev cs)»
have valid-path-rev-auz (upd-rev-cs cs’ (a#as)) (rev cs) by simp
with <valid-path-rev-auz cs’ (a#tas)y show Zcase by simp
next
case (vpa-Call cs a as Q r p fs)
note IH = «An. [valid-path-auz (upd-cs (a#tcs) as) cs’; n —as—* n';
valid-call-list (a#cs) n; valid-return-list cs’ n'']
= wvalid-path-rev-auzx cs’ as N
valid-path-rev-auz (upd-rev-cs cs’ as) (rev (a#tcs))
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from <n —aftas—+* n’y have n = sourcenode a and valid-edge a
and targetnode a —as—* n' by(auto intro:path-split-Cons)
from (valid-edge a) <kind a = Q:r—pfs> have p = get-proc (targetnode a)
by (rule get-proc-call THEN sym))
from «<walid-call-list cs ny <n = sourcenode a»
have wvalid-call-list cs (sourcenode a) by simp
with «kind a = Q:r—pfs» «valid-edge a> «<p = get-proc (targetnode a)
have wvalid-call-list (a#cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(case-tac cs’) apply auto
apply(erule-tac z=list in allE) apply clarsimp
by (case-tac list,auto simp:sourcenodes-def)
from (kind a = Q:r—pfs> have upd-cs cs (a#as) = upd-cs (a#cs) as
by simp
with (valid-path-auz (upd-cs cs (aas)) cs’
have valid-path-aux (upd-cs (aftcs) as) cs’ by simp
from [H[OF this <targetnode a —as—* n'y (valid-call-list (a#tcs) (targetnode a)»
<valid-return-list cs’ n'"]
have valid-path-rev-auz cs’ as
and valid-path-rev-auz (upd-rev-cs cs’ as) (rev (aftcs)) by simp-all
show Zcase
proof(cases upd-rev-cs cs’ as)
case Nil
with <kind a = Q:r—pfs
have upd-rev-cs cs’ (a#tas) = [| by(rule upd-rev-cs-Cons-Call-Cons-Empty)
with «walid-path-rev-aux (upd-rev-cs cs’ as) (rev (a#cs))> <kind a = Q:r—pfs
Nil
have valid-path-rev-auz (upd-rev-cs cs’ (aftas)) (rev cs) by simp
from Nil <kind a = Q:r—pfs) have valid-path-rev-auz (upd-rev-cs cs’ as)
(l@[a])
by (simp only:valid-path-rev-auz.simps) clarsimp
with «valid-path-rev-auz cs’ asy have valid-path-rev-auz cs’ ([a]Qas)
by (fastforce intro:valid-path-rev-auz-Append)
with <walid-path-rev-auz (upd-rev-cs cs' (a#tas)) (rev cs)»
show ?thesis by simp
next
case (Cons czx cst)
with «valid-path-rev-aux (upd-rev-cs cs’ as) (rev (a#tcs))> <kind a = Q:r—pfs
have match:cz € get-return-edges a valid-path-rev-auz csx (rev cs) by auto
from <kind a = Q:r—pfs> Cons have upd-rev-cs cs’ (a#as) = csx
by (rule upd-rev-cs-Cons-Call-Cons)
with <valid-path-rev-auz (upd-rev-cs cs’ as) (rev(a#tcs))> kind a = Q:r—pfs
match
have valid-path-rev-auz (upd-rev-cs cs’ (aftas)) (rev cs) by simp
from Cons <kind a = Q:r—pfs> match
have valid-path-rev-auz (upd-rev-cs cs’ as) ([]Q[a])
by (simp only:valid-path-rev-auz.simps) clarsimp
with «valid-path-rev-auz cs’ asy have valid-path-rev-auz cs’ ([a]Qas)
by (fastforce intro:valid-path-rev-auz-Append)
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with <walid-path-rev-auz (upd-rev-cs cs’' (a#tas)) (rev cs)»
show ?thesis by simp
qed
next
case (vpa-ReturnEmpty cs a as Q p f)
note IH = (An. [valid-path-auz (upd-cs || as) cs
valid-call-list || n; valid-return-list cs’ n'’]
= wvalid-path-rev-auzx cs’ as N
valid-path-rev-aux (upd-rev-cs cs’ as) (rev [])
from <n —aftas—+* n’y have n = sourcenode a and valid-edge a
and targetnode a —as—* n' by(auto intro:path-split-Cons)
from (cs = [ <kind a = Q<=pf> have upd-cs cs (a#as) = upd-cs [| as
by simp
with (valid-path-auz (upd-cs cs (afas)) cs’
have valid-path-auz (upd-cs [| as) cs’ by simp
from [H[OF this <targetnode a —as—* n's - «wvalid-return-list cs’ n'"]
have valid-path-rev-auz cs’ as
and wvalid-path-rev-auz (upd-rev-cs cs’ as) (rev [])
by (auto simp:valid-call-list-def)
from <kind a = Q<«=pf> <valid-path-rev-auz cs’ as
have valid-path-rev-auz cs’ (aftas) by(rule vpra-Cons-Return)
moreover

"n —as—x* n’

from <cs = [ have valid-path-rev-auz (upd-rev-cs cs’ (a#as)) (rev cs)
by simp
ultimately show ?case by simp
next
case (vpa-ReturnCons cs a as Q p f cx csz)
note IH = «An. [valid-path-auz (upd-cs csz as) ¢s’; n —as—* n'

valid-call-list csz n; valid-return-list cs’ n'']
= valid-path-rev-aux cs’ as N
valid-path-rev-aux (upd-rev-cs cs' as) (rev csz)»
note match = <cs = cxtcsry <a € get-return-edges c»
from <n —aftas—+* n’y have n = sourcenode a and valid-edge a
and targetnode a —as—* n' by(auto intro:path-split-Cons)
from <cs = cx#csry <wvalid-call-list ¢s n» have valid-edge cx
apply(clarsimp simp:valid-call-list-def)
by (erule-tac =[] in allE) clarsimp
with match have get-proc (sourcenode cx) = get-proc (targetnode a)
by (fastforce intro:get-proc-get-return-edge)
with <valid-call-list cs ny <cs = cx#csx>
have valid-call-list csx (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=cx#tcs’ in allE) apply clarsimp
by (case-tac cs’,auto simp:sourcenodes-def)
from (kind a = Q<«pf» match have upd-cs cs (a#as) = upd-cs csz as by simp
with (valid-path-auz (upd-cs cs (aftas)) cs’
have valid-path-auz (upd-cs csz as) cs’ by simp
from IH[OF this <targetnode a —as—x n'y walid-call-list csz (targetnode a)»
«walid-return-list cs’ n'"]
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have valid-path-rev-auz cs’ as
and wvalid-path-rev-auz (upd-rev-cs cs’ as) (rev csz) by simp-all

from <kind a = Q<«=pf> <valid-path-rev-auz cs’ as

have valid-path-rev-auz cs’ (a#as) by(rule vpra-Cons-Return)

from match <valid-edge cx> obtain Q' r' p’ f’ where kind cx = Q’:r’f—>p/f’
by (fastforce dest!:only-call-get-return-edges)

from <kind a = Q<«pf> have upd-rev-cs cs' (a#fas) = a#(upd-rev-cs cs’ as)
by (rule upd-rev-cs-Cons-Return)

with <valid-path-rev-auz (upd-rev-cs cs’ as) (rev csx)y <kind a = Q«>pf>
<kind cx = Q':r’<—>p/f’> match

have valid-path-rev-auz (upd-rev-cs cs’ (aas)) (rev cs)
by simp

with <valid-path-rev-auz cs’ (a#tas)y show Zcase by simp

qed

lemma wvp-to-vpra:
n —as— sx n' = wvalid-path-rev-auz [| as
by (fastforce elim:vpa-to-vpra| THEN conjunctl]
simp:vp-def valid-path-def valid-call-list-def valid-return-list-def)

Same level paths

fun same-level-path-auz :: 'edge list = 'edge list = bool
where same-level-path-auz cs [| «— True
| same-level-path-auz cs (aFas) +—
(case (kind a) of Q:r—pfs = same-level-path-aux (a#cs) as
| Q—=pf = case cs of || = False
| ¢'#cs’ = a € get-return-edges ¢’ A
same-level-path-auzx cs’ as
| - = same-level-path-aux cs as)

lemma slpa-induct [consumes 1,case-names slpa-empty slpa-intra slpa-Call
slpa-Return]:
assumes major: same-level-path-auzr xs ys
and rules: Ncs. P cs |]
Aes a as. [intra-kind(kind a); same-level-path-auz cs as; P cs as]
= P cs (a#as)
Nes aas Qrp fs. [kind a = Q:r—pfs; same-level-path-aux (a#cs) as; P (a#cs)
as]
= P ¢s (a#as)
Nesaas Qp fc'es' [kind a = Q«pf; cs = c'#cs’; same-level-path-aux cs’
as;
a € get-return-edges ¢’; P cs’ as]
= P ¢s (a#as)
shows P zs ys
using major
apply (induct ys arbitrary: xs)
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by (auto intro:rules split:edge-kind.split-asm list.split-asm simp:intra-kind-def)

lemma slpa-cases [consumes 4 ,case-names intra-path return-intra-path):
assumes same-level-path-auz cs as and upd-cs cs as = ||
and V¢ € set cs. valid-edge ¢ and V a € set as. valid-edge a
obtains Va € set as. intra-kind(kind a)
| asz a asz’ Q p f ¢’ cs’ where as = aszQa#tasz’ and same-level-path-aux cs asz
and kind a = Q«pf and upd-cs cs ast = c'#cs’ and upd-cs cs (aszQ[a]) =
[
and a € get-return-edges ¢’ and valid-edge ¢’
and Va € set asz’. intra-kind(kind a)
proof (atomize-elim)
from assms
show (V a€set as. intra-kind (kind a)) V
(Jasx a asz’ Q p f ¢’ cs'. as = asxQaFtasz’ N same-level-path-aux cs asz A
kind a = Q«=pf A upd-cs cs asx = c'#cs’ N\ upd-cs cs (aszQ[a]) =[] A
a € get-return-edges ¢’ A valid-edge ¢’ N (V a€set asz’. intra-kind (kind a)))
proof (induct rule:slpa-induct)
case (slpa-empty cs)
have V a€set [|. intra-kind (kind a) by simp
thus ?case by simp

next
case (slpa-intra cs a as)
note IH = ([upd-cs ¢s as = [|; V c€set cs. valid-edge c; ¥V a'€set as. valid-edge

a']
= (Va€set as. intra-kind (kind a)) V
(asx a asz’ Q p f ¢’ ¢s’. as = asxQaftasx’ N same-level-path-aux cs ast N
kind a = Q«=pf N upd-cs cs asx = ¢’ # cs’ A upd-cs cs (asz@Q[a]) =[] A
a € get-return-edges ¢’ A valid-edge ¢’ A (Y a€set asz’. intra-kind (kind a)))»
from <V a’eset (a#as). valid-edge a’> have V a’€set as. valid-edge o’ by simp
from <intra-kind (kind a)y <upd-cs cs (a#tas) = [»
have upd-cs cs as = || by(fastforce simp:intra-kind-def)
from [H[OF this <V c€set cs. valid-edge ¢ ¥ a'E€set as. valid-edge a’»] show
Zcase

proof
assume Y a€set as. intra-kind (kind a)
with <intra-kind (kind a)> have V a’€set (aftas). intra-kind (kind a’)
by simp
thus ?case by simp
next

assume Jasz a asz’ Q p fc' cs'. as = asxQa#tasz’ N\ same-level-path-auz cs
asxr N

kind a = Q<«=pf A upd-cs cs asz = c'#cs’ N upd-cs cs (aszQ[a]) = ||
N
a € get-return-edges ¢’ A wvalid-edge ¢’ A
(V a€set asz’. intra-kind (kind a))
then obtain asz a’ Q p f asz’ ¢’ cs’ where as = aszQa'#asz’
and same-level-path-aux cs asz and upd-cs cs (asz@[a’]) = []
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and upd-cs cs asz = c'#cs’ and assms:a’ € get-return-edges ¢’
kind o' = Q<«=pf valid-edge ¢’V a€set asz’. intra-kind (kind a)
by blast
from (as = asz@a'#asz’y have a#as = (a#asz)Qa'#asz’ by simp
moreover
from <intra-kind (kind a)> <same-level-path-auz cs asz»
have same-level-path-auz cs (a#tasz) by(fastforce simp:intra-kind-def)
moreover
from <upd-cs cs asx = c'#cs’s <intra-kind (kind a))
have upd-cs cs (a#asz) = c'#cs’ by(fastforce simp:intra-kind-def)
moreover
from <upd-cs cs (asz@[a’]) = []» <intra-kind (kind a)»
have upd-cs cs ((a#asz)Q[a’]) = [] by(fastforce simp:intra-kind-def)
ultimately show ?case using assms by blast
qed
next
case (slpa-Call cs a as Q v p [s)
note IH = (Jupd-cs (a#tcs) as = [|; V c€set (aftcs). valid-edge c;
Va'eset as. valid-edge o] =
(Va'eset as. intra-kind (kind a’)) V
(Fasx a’ asx’ Q' p' f' ¢’ cs’. as = asxQa'#asx’ N
same-level-path-aux (a#tcs) asz A kind o’ = Q’<—>p/f’ A
upd-cs (a#tcs) asx = c'#cs’ A upd-cs (a#cs) (asz@[a’]) =[] A
a’ € get-return-edges ¢’ A wvalid-edge ¢’ A
(Va'eset asx’. intra-kind (kind a’)))»
from «V a’eset (a#as). valid-edge a’y have valid-edge a
and V a'e€set as. valid-edge a’ by simp-all
from «(V c€set cs. valid-edge ¢) <valid-edge a> have V c€set (aftcs). valid-edge

by simp
from <upd-cs cs (a#as) = [ <kind a = Q:r—pfs
have upd-cs (a#cs) as = [| by simp
from TH[OF this <V c€set (a#cs). valid-edge ¢ ¥ a'Eset as. valid-edge a’y]
show ?Zcase
proof
assume VY a'€set as. intra-kind (kind o)
with <kind a = Q:r—pfs> have upd-cs cs (a#as) = a#cs
by (fastforce intro:upd-cs-intra-path)
with (upd-cs cs (a#as) = [|> have False by simp
thus ?case by simp
next
assume Jasz a’ asz’ Q p f ¢’ cs'. as = asxrQa'#asx’ A
same-level-path-auz (a#tcs) asz A kind o' = Q<=pf N
upd-cs (a#tcs) asx = c'#cs’ A upd-cs (a#cs) (asz@la’]) =[] A
a’ € get-return-edges ¢’ A walid-edge ¢’ N
(V acset asz’. intra-kind (kind a))
then obtain asz a’ Q' p’ f' asz’ ¢’ cs’ where as = asxQa'#asz’
and same-level-path-aux (aftcs) asz and upd-cs (a#cs) (asz@[a’])
and upd-cs (a#cs) asz = c'#cs’ and assms:a’ € get-return-edges ¢

[

!
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kind o’ = Q’<—>prf’ valid-edge ¢’ ¥ a€set asz'. intra-kind (kind a)
by blast
from (as = asz@Qa'#asz’y have a#as = (a#asz)Qa'#asz’ by simp
moreover
from <kind a = Q:r—pfs> <same-level-path-auz (a#cs) asz
have same-level-path-auz cs (a#tasz) by simp
moreover
from <kind a = Q:r—pfs> <upd-cs (a#tcs) asx = c'#csh
have upd-cs cs (a#tasz) = c'#cs’ by simp
moreover
from <kind a = Q:r—pfs> <upd-cs (a#cs) (aszQla’])
have upd-cs cs ((a#asz)@Q[a’]) =[] by simp
ultimately show ?case using assms by blast

IE

qed
next
case (slpa-Return cs a as Q p f ¢’ cs’)
note IH = (Jupd-cs cs’ as = [|; V c€set cs’. valid-edge c;

YV a'eset as. valid-edge a'] =
(Va'eset as. intra-kind (kind a’)) Vv
(Fasz o’ asz’ Q' p’ f' " ¢s". as = aszQa'#asz’ A
same-level-path-auzx cs’ asx A kind a’ = Q’Hp/f’ A upd-cs cs’ asz = c''#cs”’
N
upd-cs cs’ (aszQ[a’]) =[] A o’ € get-return-edges ¢'' A valid-edge ¢'" N
(Va'eset asx’. intra-kind (kind a’)))»
from «V a’eset (a#as). valid-edge a’y have valid-edge a
and V a'e€set as. valid-edge a’ by simp-all
from <V ceset cs. valid-edge ¢ <cs = ¢’ # cs’s
have valid-edge ¢’ and V c€set cs’. valid-edge ¢ by simp-all
from <upd-cs cs (a#as) = [ <kind a = Q«>pf> <cs = c'#cs’
<a € get-return-edges ¢’y have upd-cs c¢s’ as = [| by simp
from IH[OF this <V c€set cs’. valid-edge ¢» ¥V a’Eset as. valid-edge a’y] show
Zcase
proof
assume Y a'€set as. intra-kind (kind a’)
hence upd-cs cs’ as = cs’ by(rule upd-cs-intra-path)

with (upd-cs ¢s’ as = [> have cs’ = [| by simp

with <cs = c'#cs" «a € get-return-edges ¢'v <kind a = Q<«=pf>
have upd-cs cs [a] = [| by simp

moreover

from (cs = c¢'#cs’» have upd-cs cs [| # [] by simp

moreover

have same-level-path-aux cs [| by simp
ultimately show ?Zcase
using <kind a = Q<=pf> Va'€set as. intra-kind (kind a')) <cs = c'#csh
<a € get-return-edges ¢’y «valid-edge ¢’
by fastforce
next
assume Jasz a’ asz’ Q' p’ f' ¢" ¢s". as = asxQa'#asz’ A
same-level-path-auzx cs’ asx A kind a’ = Q’<—>p/f’ A upd-cs cs’ asz = c''#cs”’

!
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upd-cs ¢s’ (asz@Qla’]) = [| A a’ € get-return-edges ¢ A wvalid-edge ¢’ N
(Va'eset asz’. intra-kind (kind a’))

then obtain asz a’ asz’ Q' p’ f' ¢’ cs’” where as = aszQa'#asz’
and same-level-path-auzr cs' asr and upd-cs cs’ asz = c''#cs”’
and upd-cs cs’ (asz@Q[a’]) = [] and assms:a’ € get-return-edges ¢’
kind o' = Q’(—’p/f’ valid-edge ¢'' ¥V a’€set asz’. intra-kind (kind a’)
by blast

from (as = asz@Qa'#asz’y have a#as = (a#asz)Qa'#asz’ by simp

moreover

from <same-level-path-auz cs’ aszy <cs = c'#cs’y <a € get-return-edges c's
<kind a = Q<>pf>

have same-level-path-auz cs (a#tasz) by simp

moreover

from <upd-cs cs’ asx = c'"#cs”y kind a = Q<=pf> (cs = c'#csh

have upd-cs cs (aFtasz) = c¢''#cs”’ by simp

moreover

from <upd-cs cs’ (asx@la’]) = [|» <cs = c'#csy <a € get-return-edges ¢’
<kind a = Q<>pf>

have upd-cs cs ((a#asz)@Q[a’]) =[] by simp

ultimately show ?case using assms by blast

qed
qed
qed

lemma same-level-path-auz-valid-path-auz:
same-level-path-aux cs as = valid-path-auz cs as
by (induct rule:slpa-induct,auto split:edge-kind.split simp:intra-kind-def)

lemma same-level-path-aux-Append:
[same-level-path-aux cs as; same-level-path-auz (upd-cs cs as) as']
= same-level-path-auz cs (asQas’)

by (induct rule:slpa-induct,auto simp:intra-kind-def)

lemma same-level-path-aux-callstack-Append:
same-level-path-auz c¢s as = same-level-path-auz (csQcs’) as
by (induct rule:slpa-induct,auto simp:intra-kind-def)

lemma same-level-path-upd-cs-callstack-Append:
[same-level-path-aux cs as; upd-cs cs as = c¢s']
= upd-cs (csQcs’) as = (cs'@cs”)
by (induct rule:slpa-induct,auto split:edge-kind.split simp:intra-kind-def)

lemma slpa-split:
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assumes same-level-path-auz cs as and as = zsQys and upd-cs cs zs = |]
shows same-level-path-aux cs xs and same-level-path-auz [] ys

using assms

proof (induct arbitrary:zs ys rule:slpa-induct)
case (slpa-empty cs) case 1

from <[] = zsQys> show ?Zcase by simp
next

case (slpa-empty cs) case 2

from «[] = zsQys> show ?Zcase by simp
next

case (slpa-intra cs a as)
note [H! = «\zs ys. [as = zsQys; upd-cs cs xs = [|]] = same-level-path-auz cs
x$
note IH2 = (A\xs ys. [as = zsQys; upd-cs cs xs = [|] = same-level-path-auz ||
ys»
{ case I
show ?Zcase
proof (cases xs)
case Nil thus ?thesis by simp
next
case (Cons ' zs’)
with <a#as = zsQysy have a = z’ and as = zs'Qys by simp-all
with «upd-cs ¢s xs = []» Cons <intra-kind (kind a)»
have upd-cs cs xs’ = [| by(fastforce simp:intra-kind-def)
from THI[OF <as = zs'Qysy this] have same-level-path-aux cs zs’ .
with <a = ' <intra-kind (kind a)» Cons
show ?thesis by (fastforce simp:intra-kind-def)
qed
next
case 2
show ?Zcase
proof (cases xs)
case Nil
with <upd-cs cs zs = [|» have c¢s = [| by fastforce
with Nil <a#as = zsQys) <same-level-path-aux cs as) <intra-kind (kind a)»
show ?thesis by(cases ys,auto simp:intra-kind-def)
next
case (Cons z’ xs’)
with (a#as = zsQys> have a = 2’ and as = zs'Qys by simp-all
with <upd-cs cs s = []» Cons «intra-kind (kind a)»
have upd-cs cs xs’ = [| by(fastforce simp:intra-kind-def)
from IH2[OF <as = zs'Qys) this] show ?thesis .
qed
}
next
case (slpa-Call cs a as Q v p fs)
note IH1 = «\zs ys. [as = zsQys; upd-cs (aftcs) xs = [|]
= same-level-path-auz (aftcs) s
note IH2 = «Azs ys. [as = zsQys; upd-cs (aftcs) xs = [|]
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= same-level-path-auz || ys»
{ case 1

show ?case

proof (cases xs)
case Nil thus ?thesis by simp

next
case (Cons z’ xs’)
with <a#as = zsQys> have a = z’ and as = zs'Qys by simp-all
with <upd-cs cs zs = [y Cons kind a = Q:r—pfs
have upd-cs (a#cs) zs' = [| by simp
from ITHI[OF <as = zs'Qys» this] have same-level-path-auz (a#cs) s’ .
with (@ = 2/ <kind a = Q:r—pfs) Cons show ?thesis by simp

qed

next

case 2

show ?Zcase

proof (cases xs)
case Nil
with (upd-cs ¢s xs = []» have c¢s = [| by fastforce

with Nil (a#as = 15Qys) (same-level-path-auzs (a#cs) as» <kind a = Q:r—pfs
show ?thesis by(cases ys) auto

next
case (Cons z’ xs’)
with <a#as = zsQys> have a = z’ and as = zs'Qys by simp-all
with <upd-cs cs zs = [y Cons <kind a = Q:r—pfs
have upd-cs (a#cs) zs' = [| by simp
from IH2[OF <as = zs'Qys> this] show ?thesis .

qed
}
next
case (slpa-Return cs a as Q p f ¢’ cs’)
note [H! = «\zs ys. [as = zsQys; upd-cs cs’ zs = [|]] = same-level-path-aux
cs’ xsy

note [H2 = (Azs ys. [as = xsQys; upd-cs ¢s’ xs = [|] = same-level-path-auz
0 ys»
{ case I
show ?case
proof (cases xs)
case Nil thus ?thesis by simp
next
case (Cons z’ xs’)
with <a#as = zsQys» have a = z’ and as = zs'Qys by simp-all
with <upd-cs cs zs = [ Cons <kind a = Q<=pf> (cs = c'#csh
have upd-cs cs’ zs' =[] by simp
from IH1[OF <as = xs'Qys) this] have same-level-path-aux cs’ zs' .
with (o = 2" kind a = Q«=pf> <cs = c'#cs’y <a € get-return-edges c’» Cons

show ?thesis by simp
qed
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next

case 2

show ?case

proof (cases xs)
case Nil
with <upd-cs cs zs = [|» have cs = [| by fastforce
with (cs = c¢'#cs”» have False by simp
thus ?thesis by simp

next
case (Cons z’ xs’)
with <a#as = zsQysy have a = z’ and as = zs'Qys by simp-all

with (upd-cs cs xs =[]y Cons <kind a = Q<=pf> <cs = c'#csh
have upd-cs cs’ zs’ = [| by simp
from TH2[OF <as = zs'Qys) this] show ?thesis .
qed
}
qed

lemma slpa-number-Calls-eq-number-Returns:
[same-level-path-aux cs as; upd-cs cs as = [|;
Ya € set as. valid-edge a; ¥V ¢ € set cs. valid-edge ]
= length [a<—asQcs. 3Q r p fs. kind a = Q:r—pfs] =
length [a<—as. 3Q p f. kind a = Q<pf]
apply (induct rule:slpa-induct)
by (auto split:list.split edge-kind.split intro:only-call-get-return-edges
simp:intra-kind-def)

lemma slpa-get-proc:

[same-level-path-aux cs as; upd-cs cs as = [|; n —as—* n';
V¢ € set cs. valid-edge c]
= (if cs = [] then get-proc n else get-proc(last(sourcenodes cs))) = get-proc n’

proof (induct arbitrary:n rule:slpa-induct)
case slpa-empty thus ?case by fastforce
next
case (slpa-intra cs a as)
note IH = (A\n. [upd-cs cs as = [[; n —as—x* n'; Va€set cs. valid-edge a]
= (if cs = [] then get-proc n else get-proc (last (sourcenodes cs))) =
get-proc n's
from <intra-kind (kind a)) <upd-cs cs (aftas) = [»
have upd-cs cs as = [| by(cases kind a,auto simp:intra-kind-def)
from «n —a#as—* n's have n —[|Qa#as—* n' by simp
hence valid-edge a and n = sourcenode a and targetnode a —as—* n'
by (fastforce dest:path-split)+
from «(walid-edge a> ¢intra-kind (kind a)» « n = sourcenode a»
have get-proc n = get-proc (targetnode a)
by (fastforce intro:get-proc-intra)
from TH[OF <upd-cs cs as = []> <targetnode a —as—* n'y ¥ a€set cs. valid-edge
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a)
have (if cs = [] then get-proc (targetnode a)
else get-proc (last (sourcenodes cs))) = get-proc n’ .
with «get-proc n = get-proc (targetnode a)» show ?case by auto
next
case (slpa-Call cs a as Q v p [s)
note IH = <An. [upd-cs (a#tcs) as = []; n —as—x n'; V a€set (a#cs). valid-edge

a]

= (if a#tcs =[] then get-proc n else get-proc (last (sourcenodes (a#cs)))) =
get-proc n's
from <kind a = Q:r—pfs> <upd-cs cs (a#as) = [

have upd-cs (a#tcs) as = || by simp
from «n —a#as—* n’y have n —[|Qa#as—* n’ by simp
hence valid-edge a and n = sourcenode a and targetnode a —as—* n'
by (fastforce dest:path-split)+
from <walid-edge a) <V a€set cs. valid-edge a) have V a€set (a#cs). valid-edge a
by simp
from [H[OF <upd-cs (a#cs) as = []» <targetnode a —as—+ n'y this]
have get-proc (last (sourcenodes (a#tcs))) = get-proc n’ by simp
with «n = sourcenode a> show ?Zcase by(cases cs,auto simp:sourcenodes-def)
next
case (slpa-Return c¢s a as Q p f ¢’ ¢s’)
note IH = «An. [upd-cs cs’ as = [|; n —as—* n'; VaEset cs'. valid-edge a
= (if es’ = || then get-proc n else get-proc (last (sourcenodes cs’))) =
get-proc n's
from <V a€set cs. valid-edge ay <cs = c'#cs’
have valid-edge ¢’ and V a€set cs’. valid-edge a by simp-all
from (kind a = Q<=pf> <upd-cs cs (a#as) = [|» <cs = c'#cs’
have upd-cs cs' as = [| by simp
from «n —a#as—* n’s have n —[|Qa#as—* n’ by simp
hence n = sourcenode a and targetnode a —as—* n'
by (fastforce dest:path-split)+
from <(walid-edge ¢’y <a € get-return-edges ¢’
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (rule get-proc-get-return-edge)
from IH[OF <upd-cs cs’ as = []» <targetnode a —as—* n'y ¥ a€set cs'. valid-edge
]
have (if ¢cs’ = || then get-proc (targetnode a)
else get-proc (last (sourcenodes cs'))) = get-proc n’ .
with «cs = c¢#cs’y «get-proc (sourcenode ¢') = get-proc (targetnode a))
show ?case by(auto simp:sourcenodes-def)
qged

lemma slpa-get-return-edges:
[same-level-path-aux cs as; cs # [|; upd-cs cs as = [J;
Vs ys. as = xsQys A ys # [| — upd-cs cs zs # []]
= last as € get-return-edges (last cs)

proof (induct rule:slpa-induct)
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case (slpa-empty cs)

from <cs # [ <upd-cs cs [| = []» have Fualse by fastforce
thus ?case by simp
next

case (slpa-intra cs a as)
note IH = ([cs # [|; upd-cs cs as = [J;
Vs ys. as = xzsQys A ys # [| — upd-cs ¢s s # [|]
= last as € get-return-edges (last cs)»
show Zcase

proof(cases as = [])
case True
with <intra-kind (kind a)» <upd-cs cs (a#tas) = [> have cs = ||

by (fastforce simp:intra-kind-def)
with (cs # []» have False by simp
thus ?thesis by simp
next
case Fulse
from <intra-kind (kind a)» <upd-cs cs (a#tas) = [ have upd-cs cs as = |]
by (fastforce simp:intra-kind-def)
from <V zs ys. a#as = zsQys A ys # [| — upd-cs cs zs # []» <intra-kind (kind
a))
have Vs ys. as = zsQys A ys # [| — upd-cs cs xs # ||
apply (clarsimp,erule-tac x=a#zs in allE)
by (auto simp:intra-kind-def)
from TH[OF <cs # []» <upd-cs cs as = []» this
have last as € get-return-edges (last cs) .
with False show ?thesis by simp
qed
next
case (slpa-Call cs a as Q v p fs)
note IH = (Ja#tcs # [|; upd-cs (a#cs) as = [|;
Vs ys. as = xsQys A ys # [| — upd-cs (a#tcs) xs # [|]
= last as € get-return-edges (last (a#cs))
show ?case
proof(cases as = [])
case True
with <kind a = Q:r—pfs> <upd-cs cs (a#as) = [|> have a#cs = [] by simp
thus ?thesis by simp
next
case Fulse
from (kind a = Q:r—pfs> <upd-cs cs (a#as) = [|> have upd-cs (a#cs) as = ]
by simp
from Vs ys. a#as = xzsQys A ys # [| — upd-cs cs xs # [|» <kind a =
Q:r—rpfs
have Vs ys. as = zsQys A ys # [| — upd-cs (a#cs) zs # |]
by (clarsimp,erule-tac x=a#txs in allE,simp)
from TH[OF - <upd-cs (a#cs) as = []» this]
have last as € get-return-edges (last (aftcs)) by simp
with False <cs # []» show ?thesis by(simp add:targetnodes-def)
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qed
next
case (slpa-Return cs a as Q p f ¢’ cs’)
note IH = ([cs’ # [|; upd-cs cs’ as = [J;
Vs ys. as = xsQys A ys # [| — upd-cs cs’ xs # [|]
= last as € get-return-edges (last cs’)
show ?Zcase
proof(cases as = [])
case True
with <kind a = Q<«pf> <cs = c'#cs" «upd-cs cs (aftas) = [
have cs’ = [| by simp
with <cs = ¢'#csy <a € get-return-edges ¢’y True
show ?thesis by simp
next
case False
from <kind a = Q<«=pf> <cs = c'#cs" «upd-cs cs (aftas) = [
have upd-cs cs’ as = [| by simp
show ?thesis
proof(cases ¢s' = [])
case True
with <cs = c'#cs" kind a = Q<pf> have upd-cs cs [a] = [| by simp
with «Vzs ys. a#as = zsQys A ys # [| — upd-cs cs zs # [|» False have
False
apply (erule-tac x=[a] in allE) by fastforce
thus ?thesis by simp
next
case Fulse
from <V xs ys. a#tas = xsQys A ys # [| — upd-cs cs xs # [
kind a = Q<=pf> <cs = c'#csh
have Vs ys. as = zsQys A ys # [| — upd-cs cs’ zs # |
by (clarsimp,erule-tac =a#xs in allE,simp)
from TH[OF False <upd-cs cs’ as = [|» this]
have last as € get-return-edges (last cs') .
with <as # [|» False <cs = ¢'#cs’y show Zthesis by (simp add:targetnodes-def)
qed
qed
qed

lemma slpa-callstack-length:
assumes same-level-path-aux cs as and length cs = length cfsz
obtains cfr cfsz’ where transfers (kinds as) (cfszQcf#cfs) = cfsa’Qcfr#cfs
and transfers (kinds as) (cfszQcf#cfs’) = cfsz’Qcfr#tcfs’
and length cfsz’ = length (upd-cs cs as)
proof (atomize-elim)
from assms show 3 ¢fsx’ cfz. transfers (kinds as) (cfsxQcf#cfs) = cfsx’Qcfr#cfs
A
transfers (kinds as) (cfszxQcf#cfs’) = cfsz’Qcfr#tcfs’ A
length cfsz’ = length (upd-cs cs as)
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proof (induct arbitrary:cfsz cf rule:slpa-induct)
case (slpa-empty cs) thus Zcase by(simp add:kinds-def)
next
case (slpa-intra cs a as)
note IH = «\cfsz cf. length cs = length cfst =
Fefse’ cfx. transfers (kinds as) (cfszQcfcfs) = cfsz’Qcfr#cfs A
transfers (kinds as) (cfszxQcf#cfs’) = cfse’Qcfr#cfs’ A
length cfsz’ = length (upd-cs cs as))
from <intra-kind (kind a)»
have length (upd-cs cs (a#as)) = length (upd-cs cs as)
by (fastforce simp:intra-kind-def)
show ?case
proof (cases cfsx)
case Nil
with «length cs = length cfsxy have length cs = length [] by simp
from Nil <intra-kind (kind a)»
obtain cfr where transfer:transfer (kind a) (cfszQcf#cfs) = [|Qcfr#cfs
transfer (kind a) (cfszQcf#cfs’) = [|Qcfr#cfs’
by (cases kind a,auto simp:kinds-def intra-kind-def)
from TH[OF «length cs = length []»] obtain cfsz’ cfx’
where transfers (kinds as) ([|Qcfrtcfs) = cfsa'Qcfr'#cfs
and transfers (kinds as) ([|Qcfx#tcfs’) = cfsx'Qcfr'#cfs’
and length cfsz’ = length (upd-cs cs as) by blast
with <length (upd-cs cs (a#as)) = length (upd-cs cs as)y transfer
show ?thesis by (fastforce simp:kinds-def)
next
case (Cons z xs)
with <intra-kind (kind a))> obtain cfz’
where transfer:transfer (kind a) (cfszQcf#cfs) = (cfr'#xs)Qcf#cfs
transfer (kind a) (cfszQcf#cfs’) = (cfx'#as)Qcf#cfs’
by (cases kind a,auto simp:kinds-def intra-kind-def)
from <length cs = length cfszy Cons have length cs = length (cfx'#xs)
by simp
from IH[OF this] obtain cfs” cf"
where transfers (kinds as) ((cfr'#xs)Qcf#cfs) = cfs''Qcf''#cfs
and transfers (kinds as) ((cfx'#xs)Qcf#cfs’) = cfs”’Qcf ""#cfs’
and length cfs’’ = length (upd-cs cs as) by blast
with <length (upd-cs cs (a#tas)) = length (upd-cs cs as)y transfer
show %thesis by (fastforce simp:kinds-def)
qed
next
case (slpa-Call cs a as Q r p fs)
note IH = «\cfsz cf. length (a#cs) = length cfsx =
Fefse’ cfx. transfers (kinds as) (cfszQcfcfs) = cfsz’Qcfr#cfs A
transfers (kinds as) (cfsz@Qcf#cfs’) = cfsz’Qcfr#cfs’ A
length cfsz’ = length (upd-cs (a#tcs) as)»
from <kind a = Q:r—pfs
obtain cfr where transfer:transfer (kind a) (cfszQcf#cfs) = (cfatcfsx)Qcef#cfs
transfer (kind a) (cfszQcf#cfs’) = (cfr#cfsx)Qcf#cfs’
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by (cases cfsx) auto
from <length cs = length cfszy have length (a#cs) = length (cfr#cfsz)
by simp
from IH[OF this] obtain cfsz’ cfz’
where transfers (kinds as) ((cfr#cfsz)Qcf#cfs) = cfsx'Qefr'#cfs
and transfers (kinds as) ((cfr#tcfsz)Qcf#cfs’) = cfsx'Qcfr'#cfs’
and length cfsz’ = length (upd-cs (a#cs) as) by blast
with (kind a = Q:r—pfs> transfer show ?case by(fastforce simp:kinds-def)
next
case (slpa-Return cs a as Q p f ¢’ cs’)
note IH = «\cfsz cf. length c¢s’ = length cfse =
Fefsa’ cfx. transfers (kinds as) (cfszQcfHcfs) = cfs’Qcfr#cfs A
transfers (kinds as) (cfsz@Qcf#cfs’) = cfsz’Qcfr#cfs’ A
length cfsz’ = length (upd-cs cs’ as))
from <kind a = Q<=pf> <cs = c'#csh
have length (upd-cs cs (a#tas)) = length (upd-cs cs' as) by simp
show ?case
proof (cases cs’)
case Nil
with <cs = c'#cs’y (length cs = length cfsz> obtain cfz
where [simp]:cfsz = [cfz] by(cases cfsz) auto
with <kind a = Q<«pf> obtain cf’
where transfer:transfer (kind a) (cfszQcf#cfs) = [|Qcf '#cfs
transfer (kind a) (cfszxQcf#cfs’) = [|Qcf "#cfs’
by fastforce
from Nil have length cs’ = length [] by simp
from IH[OF this] obtain cfsz’ cfz’
where transfers (kinds as) ([|Qcf'#cfs) = cfsz’Qcfr'#cfs
and transfers (kinds as) ([|Qcf'#cfs") = cfsz'Qcfx'#cfs’
and length cfsz’ = length (upd-cs cs’ as) by blast
with «length (upd-cs cs (atas)) = length (upd-cs cs’ as)> transfer
show ?thesis by(fastforce simp:kinds-def)
next
case (Cons cx csz)
with <cs = c'#cs’y (length cs = length cfsz> obtain z z’ xs
where [simp|:cfsx = z#a'#xs and length zs = length csz
by (cases cfsz,auto,case-tac list,fastforce+)
with <kind a = Q<«pf> obtain cf’
where transfer:transfer (kind a) ((z#tz'#xs)Qcf#cfs) = (cf 'H#as)Qcf#cfs
transfer (kind a) ((xf#tz'#xs)Qcf#cfs’) = (cf '#xs)Qcf#cfs’
by fastforce
from <cs = c¢'#cs’y length cs = length cfsxy have length cs’ = length (cf '#xs)
by simp
from ITH[OF this] obtain cfsz’ cfr
where transfers (kinds as) ((cf '"#xs)Qcf#cfs) = cfsx’Qcfr#cfs
and transfers (kinds as) ((cf '#xs)Qcf#cfs’) = cfsx'Qcfrtcfs’
and length cfsz’ = length (upd-cs cs’ as) by blast
with «length (upd-cs cs (a#as)) = length (upd-cs cs’ as)> transfer
show %thesis by(fastforce simp:kinds-def)
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qed
qed
qed

lemma slpa-snoc-intra:
[same-level-path-auzx cs as; intra-kind (kind a)]
= same-level-path-auz cs (asQa])

by (induct rule:slpa-induct,auto simp:intra-kind-def)

lemma slpa-snoc-Call:
[same-level-path-auz cs as; kind a = Q:r—pfs]
= same-level-path-auz cs (asQ[al)

by (induct rule:slpa-induct,auto simp:intra-kind-def)

lemma vpa-Main-slpa:
[valid-path-auz cs as; m —as—+ m'; as # [|;
valid-call-list cs m; get-proc m’ = Main;
get-proc (case cs of [| = m | - = sourcenode (last cs)) = Main]
= same-level-path-auz cs as A\ upd-cs cs as = []
proof (induct arbitrary:m rule:vpa-induct)
case (vpa-empty cs) thus Zcase by simp
next
case (vpa-intra cs a as)
note IH = «A\m. [m —as—+* m’; as # [|; valid-call-list cs m; get-proc m' = Main;
get-proc (case cs of [| = m | a # list = sourcenode (last cs)) = Main]
= same-level-path-auz cs as N upd-cs c¢s as = []»
from <m —a # as—* m”’» have sourcenode a = m and wvalid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from <walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
show ?case
proof(cases as = [])
case True
with <targetnode a —as—+* m’» have targetnode a = m' by fastforce
with <get-proc (sourcenode a) = get-proc (targetnode a)»
<sourcenode a = m» <get-proc m' = Main»
have get-proc m = Main by simp
have cs = ||
proof (cases cs)
case Cons
with <wvalid-call-list cs m»
obtain ¢ @ r p fs where valid-edge ¢ and kind ¢ = Q:7= get_proc mfs
by (auto simp:valid-call-list-def ,erule-tac =[] in allE,
auto simp:sourcenodes-def)
with (get-proc m = Main» have kind c = Q:r— j1,:nf5 by simp
with (valid-edge ¢) have False by(rule Main-no-call-target)
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thus ?thesis by simp
qed simp
with True <intra-kind (kind a)> show ?2thesis by(fastforce simp:intra-kind-def)
next
case Fulse
from «<walid-call-list cs m» <sourcenode a = my»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-call-list cs (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (erule-tac z=cs’ in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from «get-proc (case cs of [| = m | - = sourcenode (last ¢s)) = Main)
«sourcenode a = my <get-proc (sourcenode a) = get-proc (targetnode a)»
have get-proc (case cs of [| = targetnode a | - = sourcenode (last cs)) = Main
by (cases cs) auto
from [H[OF <targetnode a —as—* m”y False <valid-call-list cs (targetnode a)»
<get-proc m’' = Mainy this]
have same-level-path-aux cs as N upd-cs cs as =[] .
with <intra-kind (kind a)> show ?thesis by(fastforce simp:intra-kind-def)
qged
next
case (vpa-Call cs a as Q r p fs)
note IH = «A\m. [m —as—* m’; as # [|; valid-call-list (a # cs) m;
get-proc m’ = Main;
get-proc (case a # cs of [| = m | - = sourcenode (last (a # c¢s))) = Main]
= same-level-path-auz (a # cs) as A upd-cs (a # cs) as = [»
from <m —a # as—* m’> have sourcenode a = m and valid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from (valid-edge a) <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
show ?Zcase
proof(cases as = [])
case True
with <targetnode a —as—+* m”» have targetnode a = m' by fastforce
with «<get-proc (targetnode a) = p» <get-proc m’ = Mainy <kind a = Q:r—pfs)
have kind a = Q:r—= pj4:nfs By simp
with <walid-edge a)> have False by(rule Main-no-call-target)
thus ?thesis by simp
next
case Fulse
from «get-proc (targetnode a) = p» <walid-call-list cs m» <(wvalid-edge a
kind a = Q:r—pfs> <sourcenode a = m)
have wvalid-call-list (a # cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (case-tac cs’) apply auto
apply (erule-tac z=list in allE)
by (case-tac list)(auto simp:sourcenodes-def)
from «get-proc (case cs of [] = m | - = sourcenode (last ¢s)) = Main)
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<sourcenode a = m»
have get-proc (case a # cs of [] = targetnode a
| - = sourcenode (last (a # cs))) = Main
by(cases cs) auto
from IH[OF <targetnode a —as—+ m’ False <valid-call-list (a#tcs) (targetnode
a)
<get-proc m’ = Main) this]

have same-level-path-aux (a # cs) as A upd-cs (a # ¢s) as =] .
with <kind a = Q:r—pfs> show ?thesis by simp
qged
next

case (vpa-ReturnEmpty cs a as Q p f)
note IH = <A\m. [m —as—x m’; as # [|; valid-call-list [| m; get-proc m’ = Main;
get-proc (case [| of [| = m | a # list = sourcenode (last [])) = Main]
= same-level-path-auz || as A\ upd-cs [] as = [
from <m —a # as—* m’» have sourcenode a = m and valid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from (valid-edge a) <kind a = Q<=pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
from <get-proc (case cs of [| = m | a # list = sourcenode (last cs)) = Main»
<es = [
have get-proc m = Main by simp
with <sourcenode a = m) «(get-proc (sourcenode a) = p» have p = Main by simp
with <kind a = Q<«pf) have kind a = Q< pr,,f by simp
with (valid-edge a> have False by(rule Main-no-return-source)
thus “case by simp
next
case (vpa-ReturnCons cs a as Q p f ¢’ ¢cs’)
note IH = <A\m. [m —as—x m'; as # [|; valid-call-list cs’ m; get-proc m’ =
Main;
get-proc (case c¢s’ of [| = m | a # list = sourcenode (last cs’)) = Main]
= same-level-path-auz cs’ as N\ upd-cs cs' as = []»
from <m —a # as—* m’» have sourcenode a = m and valid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from (valid-edge a) <kind a = Q<=pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
from «wvalid-call-list cs my <cs = ¢’ # cs”
have valid-edge ¢’
by (auto simp:valid-call-list-def ,erule-tac =[] in allE, auto)
from <wvalid-edge ¢’y (a € get-return-edges c’>
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (rule get-proc-get-return-edge)
show ?Zcase
proof(cases as = [])
case True
with <targetnode a —as—+* m’» have targetnode a = m' by fastforce
with «get-proc m' = Main) have get-proc (targetnode a) = Main by simp
from <get-proc (sourcenode ¢’) = get-proc (targetnode a)»
get-proc (targetnode a) = Main»
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have get-proc (sourcenode ¢’) = Main by simp
have cs’ = |]
proof (cases cs’)
case (Cons cx csz)
with (cs = ¢’ # cs’y «walid-call-list cs m»
obtain Qx rz fsz where valid-edge cx

and kind cz = Q:c:mC—)get_pmc (sourcenode C/)fsx

by (auto simp:valid-call-list-def ,erule-tac x=[c’] in allE,
auto simp:sourcenodes-def)
with <get-proc (sourcenode ¢') = Mainy have kind cx = Qu:rz— pj S5t by
stmp
with (valid-edge cx) have False by(rule Main-no-call-target)
thus ?thesis by simp
qed simp
with True <cs = ¢’ # cs"» <a € get-return-edges ¢'» <kind a = Q<pf>
show ?thesis by simp
next
case Fulse
from <wvalid-call-list cs my <cs = ¢’ # cs”
«get-proc (sourcenode ¢') = get-proc (targetnode a)»
have valid-call-list cs’ (targetnode a)
apply (clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply(erule-tac z=c' # cs’ in allE)
by (case-tac cs’)(auto simp:sourcenodes-def)
from <get-proc (case cs of [| = m | a # list = sourcenode (last ¢s)) = Main>
<cs = ¢’ # cs's <get-proc (sourcenode ¢') = get-proc (targetnode a)»
have get-proc (case cs’ of [| = targetnode a
| - = sourcenode (last ¢s’)) = Main
by (cases cs’) auto
from TH[OF «targetnode a —as—* m’y False (valid-call-list cs’ (targetnode a)»
<get-proc m' = Mainy this]
have same-level-path-aux cs’ as A upd-cs ¢s’ as =[] .
with <kind a = Q<pf> <cs = ¢’ # cs"» «a € get-return-edges c»
show ?thesis by simp
qed
qed

definition same-level-path :: 'edge list = bool
where same-level-path as = same-level-path-auz || as A upd-cs [] as = |

lemma same-level-path-valid-path:
same-level-path as = wvalid-path as
by (fastforce intro:same-level-path-auz-valid-path-aux
sitmp:same-level-path-def valid-path-def)
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lemma same-level-path-Append:
[same-level-path as; same-level-path as’] => same-level-path (asQ@as’)
by (fastforce elim:same-level-path-auz-Append upd-cs-Append simp:same-level-path-def)

lemma same-level-path-number-Calls-eq-number-Returns:

[same-level-path as; ¥ a € set as. valid-edge a] =

length [a<—as. 3Q r p fs. kind a = Q:r—ypfs| = length [a<—as. 3Q p f. kind a =
Q<—’pf]

by (fastforce dest:slpa-number-Calls-eg-number-Returns simp:same-level-path-def)

lemma same-level-path-valid-path-Append:
[same-level-path as; valid-path as’] = valid-path (asQas’)
by (fastforce intro:valid-path-auz-Append elim:same-level-path-auz-valid-path-aux
simp:valid-path-def same-level-path-def)

lemma valid-path-same-level-path-Append:
[valid-path as; same-level-path as’] = walid-path (asQas’)
apply(auto simp:valid-path-def same-level-path-def)
apply(erule valid-path-auz-Append)
by (fastforce introl:same-level-path-auz-valid-path-auzx
dest:same-level-path-auz-callstack- Append)

lemma intras-same-level-path:
assumes Y a € set as. intra-kind(kind a) shows same-level-path as
proof —
from Va € set as. intra-kind(kind a)» have same-level-path-auz || as
by (induct as)(auto simp:intra-kind-def)
moreover
from Va € set as. intra-kind(kind a)» have upd-cs || as = |]
by (induct as)(auto simp:intra-kind-def)
ultimately show ?thesis by (simp add:same-level-path-def)
qed

definition same-level-path’ :: 'node = 'edge list = 'node = bool
(¢- —-—gpx - [51,0,0] 80)
where sip-def:n —as— g n' = n —as— n' A same-level-path as

lemma slp-vp: n —as—gx n' = n —as— * n’'
by (fastforce intro:same-level-path-valid-path simp:slp-def vp-def)
lemma intra-path-slp: n —as—,* n’ = n —as—gx n’

by (fastforce intro:intras-same-level-path simp:slp-def intra-path-def)
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lemma slp-Append:
n —as—gx n's n' —as'— gx n'] = n —asQas’— g+ n’
sl sl sl
by (fastforce simp:slp-def intro:path-Append same-level-path-Append)

lemma slp-vp-Append:
[n —as—gx n'; n'" —as'— sy n'] = n —asQas’— s n’
by (fastforce simp:slp-def vp-def intro:path- Append same-level-path-valid-path-Append)

lemma vp-sip-Append:
[n —as— % n's n" —as’'=gx n'] = n —asQas’— ,x n’
by (fastforce simp:slp-def vp-def intro:path- Append valid-path-same-level-path- Append)

lemma slp-get-proc:
n —as— g n’' = get-proc n = get-proc n’
by (fastforce dest:slpa-get-proc simp:same-level-path-def slp-def)

lemma same-level-path-inner-path:
assumes n —as—gpk n’
obtains as’ where n —as’—,x n’ and set(sourcenodes as’) C set(sourcenodes
as)
proof (atomize-elim)
from <n —as—g* n'» have n —as—+* n’ and same-level-path as
by (simp-all add:slp-def)
from <same-level-path asy have same-level-path-auz || as and upd-cs [| as = ||
by (simp-all add:same-level-path-def)
from «n —as—x n’y <same-level-path-auz [| as» <upd-cs [| as = [
show Jas’. n —as'—,x n’ A set(sourcenodes as’) C set(sourcenodes as)
proof (induct as arbitrary:n rule:length-induct)
fix as n
assume [H:V as”. length as'’ < length as —
(Vn". n” —as""—x n' — same-level-path-auz || as
upd-cs [ as’"’ =[] —
(Jas'. n"" —as’—=,x n’ A set (sourcenodes as’) C set (sourcenodes as'’)))
and n —as—x n’ and same-level-path-auz [| as and upd-cs || as = |]
show Jas’. n —as’—,x n' A set (sourcenodes as’) C set (sourcenodes as)
proof(cases as)

1/

case Nil
with <n —as—+* n’» show ?thesis by (fastforce simp:intra-path-def)
next

case (Cons a’ as’)

with <n —as—x* n"» Cons have n = sourcenode a’ and valid-edge a’
and targetnode a’ —as’'—* n’
by (auto intro:path-split-Cons)

show ?thesis

proof (cases kind o' rule:edge-kind-cases)
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case Intra
with Cons (same-level-path-auz || as» have same-level-path-auz [| as
by (fastforce simp:intra-kind-def)
moreover
from Intra Cons <upd-cs [| as = []» have upd-cs [] as’ = ||
by (fastforce simp:intra-kind-def)
ultimately obtain as’’ where targetnode a’ —as’’—,x n'
and set (sourcenodes as'’) C set (sourcenodes as’)
using IH Cons <targetnode a’ —as’—x n's
by (erule-tac z=as’ in allE) auto
from <n = sourcenode a’s <valid-edge a’> Intra <targetnode a’ —as’'—,* n’s
have n —a'#as''— x n’ by(fastforce intro: Cons-path simp:intra-path-def)
with «set (sourcenodes as'’) C set (sourcenodes as’)y Cons show ?thesis
by (rule-tac z=a'#as" in exl,auto simp:sourcenodes-def)
next
case (Call Q p f)
with Cons <same-level-path-auz [| as)
have same-level-path-aux [a'] as’ by simp

/

from Call Cons <upd-cs [| as = [> have upd-cs [a/] as’ = [] by simp
hence as’ # [| by fastforce

with (upd-cs [a'] as’ = []> obtain xs ys where as’ = rsQys and zs # ||
and upd-cs [a'] zs = [| and upd-cs [] ys = []

and Vs’ ys'. xs = xs’Qys’ A ys’ # [| — upd-cs [a] xs’ # ||
by —(erule upd-cs-empty-split,auto)
from «same-level-path-aux [a'] as’y <as’ = xsQysy <upd-cs [a’] xs = []»
have same-level-path-aux [a'] s and same-level-path-auz [] ys
by (auto intro:slpa-split)
from <same-level-path-auz [a'] zs» <upd-cs [a'] zs =[]
Nas' ys'. xs = xs'Qys’ A ys' # [| — upd-cs [a] zs’ # >
have last zs € get-return-edges (last [a'])
by (fastforce introl:slpa-get-return-edges)
with «valid-edge o’y Call
obtain a where valid-edge a and sourcenode a = sourcenode a’
and targetnode a = targetnode (last vs) and kind a = (Acf. False)
by —(drule call-return-node-edge,auto)
from <targetnode a = targetnode (last zs)» <xs # [
have targetnode a = targetnode (last (a'#xs)) by simp
from <as’ = zsQys» «xs # [|» Cons have length ys < length as by simp
from <targetnode a’ —as’—* n'y <as’ = xsQysy «xs £ [
have targetnode (last (a'#xs)) —ys—+ n’
by (cases zs rule:rev-cases,auto dest:path-split)
with TH <length ys < length as» <same-level-path-auz || ys
cupd-cs [] ys = [»
obtain as’’ where targetnode (last (a'#xs)) —as”’—,x n’
and set(sourcenodes as’’) C set(sourcenodes ys)
apply(erule-tac z=ys in allF) apply clarsimp
apply(erule-tac z=targetnode (last (a'#xs)) in allE)
by clarsimp
from <sourcenode a = sourcenode a’y <n = sourcenode a’»
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<targetnode a = targetnode (last (a'#xs))> <valid-edge a»
kind a = (Acf. False) » <targetnode (last (a'#1s)) —as"—,* n'
have n —a#as'’—,* n’
by (fastforce intro: Cons-path simp:intra-path-def intra-kind-def)
moreover
from <set(sourcenodes as'’) C set(sourcenodes ys)y Cons <as’ = xsQys»
<sourcenode a = sourcenode a’s
have set(sourcenodes (a#as’’)) C set(sourcenodes as)
by (auto simp:sourcenodes-def)
ultimately show ?thesis by blast
next
case (Return Q p f)
with Cons <same-level-path-auz || as» have False by simp
thus ?thesis by simp
qed
qed
qed
qed

lemma slp-callstack-length-equal:
assumes n —as— g+ n' obtains c¢f’ where transfers (kinds as) (cf#cfs) =
cf '#cfs
and transfers (kinds as) (cf#cfs’) = cf '#cfs’
proof (atomize-elim)
from <n —as—gx n's have same-level-path-auz || as and upd-cs [] as = |]
by (simp-all add:slp-def same-level-path-def)
then obtain c¢fr cfsz where transfers (kinds as) (cf#cfs) = cfszQcfr#cfs
and transfers (kinds as) (cf#cfs") = cfszQcfr#cfs’
and length cfsx = length (upd-cs || as)
by (fastforce elim:slpa-callstack-length)
with <upd-cs [] as = [> have cfsz = [| by(cases cfsz) auto
with <transfers (kinds as) (c¢f#cfs) = cfszQcfr#tcfs
<transfers (kinds as) (cf#cfs’) = cfszQcfr#cfs”
show Jcf’. transfers (kinds as) (cf#cfs) = cf #cfs A
transfers (kinds as) (cf#tcfs’) = cf '#cfs’ by fastforce
qed

lemma slp-cases [consumes 1,case-names intra-path return-intra-path]:
assumes m —as— gpx m’
obtains m —as—,x m’
| as’ a as" Q p f where as = as'Qa#as” and kind a = Q«pf
and m —as'Q[a]— g+ targetnode a and targetnode a —as”’—,x m’
proof (atomize-elim)
from <m —as— ¢« m’» have m —as—* m’ and same-level-path-auz [] as
and upd-cs || as = [| by(simp-all add:slp-def same-level-path-def)
from (m —as—x* m’ have Va € set as. valid-edge a by(rule path-valid-edges)
have Va € set []. valid-edge a by simp
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with <same-level-path-aux || asy <upd-cs [| as = []» <V a € set [|. valid-edge a
Va € set as. valid-edge a»
show m —as—,x m’'V
(Fas" aas” Qpf. as = as"Qa# as'"" A kind a = Q—pf A
m —as’ Q [a]— ¢+ targetnode a A targetnode a —as''— % m’)
proof(cases rule:slpa-cases)
case intra-path
with «<m —as—* m’» have m —as—,x m’ by(simp add:intra-path-def)
thus ?thesis by blast
next
case (return-intra-path as’ a as’’ Q p f ¢’ cs’)
from (m —as—x* m’ <as = as’ Q a # as’)
have m —as’—* sourcenode a and wvalid-edge a and targetnode a —as'’—+ m
by (auto intro:path-split)
from <m —as'—x* sourcenode a> <valid-edge a>
have m —as'Q[a]—* targetnode a by(fastforce intro:path-Append path-edge)
with <same-level-path-auz [| as’y <upd-cs || as’ = ¢’ # cs’» <kind a = Q«pf>
<a € get-return-edges ¢’y
have same-level-path-auzx || (as'Q[a))
by (fastforce intro:same-level-path-aux-Append)
with «upd-cs || (as’ @ [a]) = [ «<m —as'Q[a]—* targetnode a
have m —as’Q[a]— g+ targetnode a by(simp add:slp-def same-level-path-def)
moreover
from <V a€set as”. intra-kind (kind a)» <targetnode a —as'’—* m”
have targetnode a —as’’—,x m’ by(simp add:intra-path-def)
ultimately show ?thesis using <as = as’ Q a # as”) <kind a = Q<pf> by
blast
qed
qed

/

function same-level-path-rev-auzx :: 'edge list = 'edge list = bool
where same-level-path-rev-auz cs [| «— True
| same-level-path-rev-auz cs (asQla]) +—
(case (kind a) of Q<pf = same-level-path-rev-auz (a#cs) as
| Q:r—pfs = case cs of || = False
| ¢'#cs’ = ¢’ € get-return-edges a N
same-level-path-rev-auzr cs’ as
| - = same-level-path-rev-auz cs as)
by auto(case-tac b rule:rev-cases,auto)
termination by lexicographic-order

lemma slpra-induct [consumes 1,case-names slpra-empty slpra-intra slpra-Return
slpra-Call]:
assumes major: same-level-path-rev-aux xs ys
and rules: Ncs. P cs |]
Aes a as. [intra-kind(kind a); same-level-path-rev-aux cs as; P cs as]
= P c¢s (asQla)])
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Nes aas Qp f. [kind a = Q<=pf; same-level-path-rev-aux (a#cs) as; P (a#cs)
as]
= P ¢s (asQ[a))
Nes aas Qrpfsc'cs' [kind a = Q:r—pfs; cs = c'#cs';
same-level-path-rev-aux cs’ as; ¢’ € get-return-edges a; P cs’ as]
= P c¢s (asQa])
shows P zs ys
using major
apply (induct ys arbitrary: zs rule:rev-induct)
by (auto intro:rules split:edge-kind.split-asm list.split-asm simp:intra-kind-def)

lemma same-level-path-rev-auz-Append:
[same-level-path-rev-auz cs as’; same-level-path-rev-aux (upd-rev-cs cs as’) as]
= same-level-path-rev-auz cs (asQas’)

by (induct rule:slpra-induct,
auto simp:intra-kind-def simp del:append-assoc simp:append-assoc[ THEN sym))

lemma slpra-to-sipa:
[same-level-path-rev-auz cs as; upd-rev-cs cs as = [|; n —as—* n'
valid-return-list cs n']
= same-level-path-auz [| as N\ same-level-path-auz (upd-cs [] as) cs A
upd-cs (upd-cs [] as) ¢s = |]
proof (induct arbitrary:n’ rule:slpra-induct)
case slpra-empty thus ?case by simp

next
case (slpra-intra cs a as)
note IH = «An’. [upd-rev-cs cs as = [|; n —as—x* n'; valid-return-list cs n']
= same-level-path-auz || as A same-level-path-auz (upd-cs [| as) cs A
upd-cs (upd-cs [] as) cs = []»

from (n —asQ@[a]—x* n'» have n —as—* sourcenode a and valid-edge a
and n’ = targetnode a by(auto intro:path-split-snoc)
from «(walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a)
by (rule get-proc-intra)
with «valid-return-list cs n'y «<n' = targetnode a>
have valid-return-list cs (sourcenode a)
apply(clarsimp simp:valid-return-list-def)
apply(erule-tac x=cs’ in allE) apply clarsimp
by (case-tac cs’)(auto simp:targetnodes-def)
from <upd-rev-cs cs (asQ[a]) = []» <intra-kind (kind a)»
have upd-rev-cs cs as = [| by(fastforce simp:intra-kind-def)
from <(walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
from [H[OF <upd-rev-cs cs as = []» <n —as—* sourcenode a)
<walid-return-list cs (sourcenode a)»]
have same-level-path-aux || as
and same-level-path-aux (upd-cs ] as) cs
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and upd-cs (upd-cs [| as) cs = [| by simp-all
from <same-level-path-auz || as» <intra-kind (kind a)»
have same-level-path-auz || (asQ@[a]) by(rule slpa-snoc-intra)
from <intra-kind (kind a)»
have upd-cs || (asQ[a]) = upd-cs || as
by (fastforce simp:upd-cs-Append intra-kind-def)
moreover
from <same-level-path-aux [| as» <intra-kind (kind a)»
have same-level-path-auz || (as@[a]) by(rule slpa-snoc-intra)
ultimately show ?case using <same-level-path-auz (upd-cs [| as) cs
<upd-cs (upd-cs || as) e¢s =[]

by simp
next
case (slpra-Return cs a as Q p f)
note TH = «An' n”. Jupd-rev-cs (a#cs) as = [|; n —as—* n’

valid-return-list (aftcs) n']
= same-level-path-auz [| as A
same-level-path-auz (upd-cs [] as) (aftcs) A
upd-cs (upd-cs [| as) (a#tcs) = [
from «n —as@[a]—* n’> have n —as—* sourcenode a and valid-edge a
and n’ = targetnode a by(auto intro:path-split-snoc)
from <valid-edge a> <kind a = Q<«pf> have p = get-proc (sourcenode a)
by (rule get-proc-return| THEN sym])
from <wvalid-return-list cs n'y «<n’ = targetnode a>
have valid-return-list cs (targetnode a) by simp
with <valid-edge a> <kind a = Q«=pf> <p = get-proc (sourcenode a)
have valid-return-list (af£cs) (sourcenode a)
apply(clarsimp simp:valid-return-list-def)
apply (case-tac cs’) apply auto
apply(erule-tac z=list in allE) apply clarsimp
by (case-tac list,auto simp:targetnodes-def)
from <upd-rev-cs cs (asQla]) = [ <kind a = Qpf>
have upd-rev-cs (a#tcs) as = [| by simp
from [H[OF this <n —as—+ sourcenode a) <valid-return-list (a#cs) (sourcenode
a)]
have same-level-path-aux [ as
and same-level-path-aux (upd-cs || as) (a#cs)
and upd-cs (upd-cs || as) (a#cs) =[] by simp-all
show Zcase
proof(cases upd-cs [] as)
case Nil
with <kind a = Q<«pf> <same-level-path-auz (upd-cs [| as) (a#cs)
have Fulse by simp
thus ?thesis by simp
next
case (Cons cx cst)
with <kind a = Q«pf> <same-level-path-auz (upd-cs || as) (a#cs)
obtain Qz fx
where match:a € get-return-edges cx same-level-path-auz csz cs by auto
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from (kind a = Q<= pf> Cons have upd-cs [| (asQ[a]) = csz
by (rule upd-cs-snoc-Return-Cons)

with (same-level-path-auz (upd-cs || as) (aftcs)»
<kind a = Q<>pf> match

have same-level-path-aux (upd-cs || (asQla])) cs by simp

from <upd-cs [| (asQ[a]) = csz> <kind a = Q«pf> Cons
<upd-cs (upd-cs [] as) (a#tcs) = [»

have upd-cs (upd-cs [| (asQ[a])) cs = [] by simp

from Cons <kind a = Q<«pf> match

have same-level-path-aux (upd-cs || as) [a] by simp

with «same-level-path-auz [| as» have same-level-path-aux [] (asQ[a])
by (rule same-level-path-auz-Append)

with <same-level-path-auz (upd-cs [| (asQ[al)) cs»
<upd-cs (upd-cs || (asQla])) cs = []»

show ?thesis by simp

qged
next
case (slpra-Call cs a as Q r p fs cx csz)
note IH = «An'. [upd-rev-cs csz as = [|; n —as—* n'; valid-return-list csz n']

= same-level-path-auz || as A
same-level-path-auz (upd-cs [| as) csx A upd-cs (upd-cs [] as) csz = []»
note match = <cs = cxffcsry <cx € get-return-edges a»
from «n —asQ[a]—* n'> have n —as—* sourcenode a and valid-edge a
and n' = targetnode a by(auto intro:path-split-snoc)
from <walid-edge a> match
have get-proc (sourcenode a) = get-proc (targetnode cx)
by (fastforce intro:get-proc-get-return-edge)
with (valid-return-list cs n'y <cs = cx#csz>
have wvalid-return-list csz (sourcenode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cx#cs’ in allE) apply clarsimp
by (case-tac cs’,auto simp:targetnodes-def)
from <kind a = Q:r—pfs> match <upd-rev-cs cs (asQa]) = [
have upd-rev-cs csz as = [| by simp
from TH[OF this <n —as—* sourcenode ay <valid-return-list csz (sourcenode a)»]
have same-level-path-aux [] as
and same-level-path-aux (upd-cs || as) csz and upd-cs (upd-cs [] as) csz = []
by simp-all
from (same-level-path-auz || as) <kind a = Q:r—pfs
have same-level-path-auz [| (asQ[a]) by(rule slpa-snoc-Call)
from <valid-edge a> <kind a = Q:r—pfs> match obtain Q' f’ where kind cx =
Qpf’
by (fastforce dest!:call-return-edges)
from (kind a = Q:r—pfs> have upd-cs [| (asQ[a]) = a#(upd-cs [| as)
by (rule upd-cs-snoc-Call)
with <same-level-path-aux (upd-cs [] as) csz> <kind a = Q:r—pfs
kind cx = Q'pf" match
have same-level-path-auz (upd-cs || (asQla])) cs by simp
from <upd-cs (upd-cs || as) csz = [|» <upd-cs [] (asQla]) = a#(upd-cs [] as)>

70



kind a = Q:r—pfs <kind cx = Q'<—=pf"r match
have upd-cs (upd-cs || (asQ[a])) cs = [] by simp
with «same-level-path-auz [] (asQ[a])
«same-level-path-aux (upd-cs || (as@[a])) cs> show Zcase by simp
qed

Lemmas on paths with (-Entry-)

lemma path-Entry-target [dest]:
assumes 1 —as—* (-Entry-)
shows n = (-Entry-) and as = []
using «n —as—x (-Entry-)
proof (induct n as n'=(-Entry-) rule:path.induct)
case (Cons-path n'' as a n)
from «n'' = (-Entry-)» <targetnode a = n'"s <valid-edge a» have False
by —(rule Entry-target,simp-all)
{ case 1
from <False) show ?case ..
next
case 2
from (Falsey show ?case ..

}

qed simp-all

lemma Entry-sourcenode-hd:
assumes n —as—x* n’ and (-Entry-) € set (sourcenodes as)
shows n = (-Entry-) and (-Entry-) ¢ set (sourcenodes (tl as))
using «n —as—+* n’y «(-Entry-) € set (sourcenodes as)»
proof (induct rule:path.induct)
case (empty-path n) case 1
thus ?case by(simp add:sourcenodes-def)
next
case (empty-path n) case 2
thus ?case by(simp add:sourcenodes-def)
next
case (Cons-path n'' as n’ a n)
note IHI1 = ((-Entry-) € set(sourcenodes as) = n'' = (-Entry-)
note IH2 = «(-Entry-) € set(sourcenodes as) = (-Entry-) ¢ set(sourcenodes(tl
as))»
have (-Entry-) ¢ set (sourcenodes(tl(a#as)))
proof(rule ccontr)
assume — (-Entry-) ¢ set (sourcenodes (tl (a#as)))
hence (-Entry-) € set (sourcenodes as) by simp
from IHI[OF this| have n'' = (-Entry-) by simp
with (targetnode a = n'"» <valid-edge a> show False by —(erule Entry-target,simp)
qed
hence (-Entry-) ¢ set (sourcenodes(tl(a#tas))) by fastforce
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{ case 1
with ((-Entry-) ¢ set (sourcenodes(tl(a#tas)))> <sourcenode a = n»
show ?case by(simp add:sourcenodes-def)

next
case 2
with ((-Entry-) ¢ set (sourcenodes(tl(a#tas)))> <sourcenode a = n)
show ?case by(simp add:sourcenodes-def)

}

qed

lemma Entry-no-inner-return-path:
assumes (-Entry-) —asQ[a]—* n and Va € set as. intra-kind(kind a)
and kind a = Q<pf
shows Fulse
proof —
from «((-Entry-) —asQ[a]—* n» have (-Entry-) —as—* sourcenode a
and wvalid-edge a and targetnode a = n by(auto intro:path-split-snoc)
from ((-Entry-) —as—x* sourcenode ay ¥ a € set as. intra-kind(kind a)»
have (-Entry-) —as—* sourcenode a by(simp add:intra-path-def)
hence get-proc (sourcenode a) = Main
by (fastforce dest:intra-path-get-procs simp:get-proc-Entry)
with (valid-edge a) <kind a = Q<«>pf> have p = Main
by (fastforce dest:get-proc-return)
with <valid-edge a> <kind a = Q<>pf> show ?thesis
by (fastforce intro: Main-no-return-source)
qged

lemma vpra-no-sipra:
[valid-path-rev-auz cs as; n —as—x n'; valid-return-list cs n'; cs # [|;
Vs ys. as = zsQys — (= same-level-path-rev-auz cs ys V upd-rev-cs cs ys #
D]
= Ja Q f. valid-edge a N\ kind a = Q< get-proc nf
proof (induct arbitrary:n’ rule:vpra-induct)
case (vpra-empty cs)
from <walid-return-list cs n'> <cs # [> obtain @ f where valid-edge (hd cs)
and kind (hd cs) = Q(_’get—proc n'f
apply (unfold valid-return-list-def)
apply(drule hd-Cons-t][ THEN sym))
apply(erule-tac =[] in allE)
apply (erule-tac x=hd cs in allE)
by auto
from «n —[]—+* n”» have n = n’ by fastforce
with <valid-edge (hd cs)> <kind (hd cs) = Q<—>get_pmc /> show Zcase by blast
next
case (vpra-intra cs a as)
note IH = «A\n'. [n —as—* n'; valid-return-list cs n'; cs # [);
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Vs ys. as = xsQys — — same-level-path-rev-aux cs ys V upd-rev-cs cs ys #

1l
= Ja Q f. valid-edge a N kind a = Q< get-proc nf?
note all = Vs ys. asQ[a] = zsQys
— - same-level-path-rev-auz cs ys V upd-rev-cs cs ys # []»
from <n —asQ[a]—* n'» have n —as—* sourcenode ¢ and valid-edge a
and targetnode a = n' by(auto intro:path-split-snoc)
from «valid-return-list cs n'y <cs # [> obtain @ f where valid-edge (hd cs)
and kind (hd cs) = Qngt_pmc n'f
apply (unfold valid-return-list-def)
apply(drule hd-Cons-t][ THEN sym))
apply (erule-tac =[] in allE)
apply(erule-tac z=hd cs in allFE)
by auto
from «wvalid-edge ay <intra-kind (kind a))
have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
with <kind (hd cs) = nget-pmc o[> <targetnode a = n's

have kind (hd cs) = Q4 get-proc (sourcenode a)f by simp
from <wvalid-return-list cs n'y (targetnode a = n’s
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-return-list cs (sourcenode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cs’ in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from all <intra-kind (kind a)»
have Vs ys. as = zsQys
— = same-level-path-rev-auz cs ys V upd-rev-cs cs ys # [
apply clarsimp apply(erule-tac z=zs in allE)
by (auto simp:intra-kind-def)
from [H[OF «n —as—x sourcenode ay <valid-return-list cs (sourcenode a)»
<cs # []» this] show Zcase .
next
case (vpra-Return cs a as Q p f)
note IH = «A\n'. [n —as—x n’; valid-return-list (a#cs) n'; ates # ||;
Vs ys. as = zs Q ys —»
- same-level-path-rev-auz (a#cs) ys V upd-rev-cs (a#cs) ys # []]
= Jda Q. valid-edge a N kind a = Q< get-proc nf*
from <n —asQ[a]—x n"» have n —as—* sourcenode a and valid-edge a
and targetnode a = n’ by(auto intro:path-split-snoc)
from <valid-edge a> <kind a = Q<«pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
with «kind a = Q<«pf> «walid-return-list cs n'» «valid-edge a> <targetnode a =
n’
have valid-return-list (aftcs) (sourcenode a)
apply(clarsimp simp:valid-return-list-def)
apply(case-tac cs’) apply auto
apply(erule-tac z=list in allE)
apply(erule-tac z=c in allE)
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by (auto split:list.split simp:targetnodes-def)
from Vzs ys. asQla] = zsQys —»
- same-level-path-rev-aux cs ys V upd-rev-cs cs ys # [|» kind a = Q<=pf>
have Vs ys. as = zsQys —
- same-level-path-rev-auz (a#cs) ys V upd-rev-cs (a#cs) ys # ||
apply clarsimp apply (erule-tac z=xs in allFE)
by auto
from [H[OF «n —as—x sourcenode as <valid-return-list (af#tcs) (sourcenode a))
- this] show ?case by simp

next
case (vpra-CallEmpty cs a as Q p [s)
from <«cs = [ <cs # [|» have Fualse by simp
thus ?case by simp
next
case (vpra-CallCons cs a as Q v p fs ¢’ ¢s’)
note IH = «A\n'. [n —as—x n'; valid-return-list cs’ n'; c¢s’ # [|;

Vs ys. as = xsQys —
= same-level-path-rev-auz cs’ ys V upd-rev-cs cs’ ys # [|]
= Ja Q f. valid-edge a N kind a = Q< get_proc nf?
note all = Vs ys. asQ[a] = 2sQys —
- same-level-path-rev-auz cs ys V upd-rev-cs cs ys # [
from <n —asQ[a]—* n'» have n —as—* sourcenode o and valid-edge a
and targetnode a = n' by(auto intro:path-split-snoc)
from <wvalid-return-list cs n'y «cs = c'#cs’» have valid-edge ¢’
apply (clarsimp simp:valid-return-list-def)
apply (erule-tac =[] in allE)
by auto
show ?Zcase
proof(cases cs’ = [])
case True
with <cs = c'#cs' kind a = Q:r—pfs) ¢’ € get-return-edges a»
have same-level-path-rev-auz cs ([|Q[a])
and upd-rev-cs cs ([|Q[a]) = |]
by (simp only:same-level-path-rev-aux.simps upd-rev-cs.simps, clarsimp)+
with all have False by (erule-tac z=as in allE) fastforce
thus ?thesis by simp
next
case Fulse
with (valid-return-list cs n'y <cs = c'#cs”
have valid-return-list cs’ (targetnode c’)
apply (clarsimp simp:valid-return-list-def)
apply (hypsubst-thin)
apply(erule-tac z=c'#cs’ in allFE)
apply(auto simp:targetnodes-def)
apply(case-tac cs’) apply auto
apply(case-tac list) apply(auto simp:targetnodes-def)
done
from <valid-edge a) <c’ € get-return-edges a»
have get-proc (sourcenode a) = get-proc (targetnode c’)
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by (rule get-proc-get-return-edge)
with «valid-return-list cs' (targetnode c'))
have valid-return-list cs’ (sourcenode a)
apply (clarsimp simp:valid-return-list-def)
apply (hypsubst-thin)
apply(erule-tac z=cs' in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from all <kind a = Q:r—pfs <cs = c'#csh <’ € get-return-edges a>
have Vs ys. as = zsQys
— = same-level-path-rev-auz cs’' ys V upd-rev-cs cs’ ys # ||
apply clarsimp apply(erule-tac z=xzs in allE)
by auto
from TH[OF «n —as—x sourcenode ay <valid-return-list cs’ (sourcenode a)»
False this] show ?thesis .
qged
qed

lemma valid- Entry-path-cases:
assumes (-Entry-) —as— ,+ n and as # ||
shows (Fa’ as’. as = as’Q[a’] A intra-kind(kind a')) V
(Fa"as" Qrp fs. as = as'Q[a’] A kind o' = Q:r—pfs) V
(Fas" as’" n'. as = as'Qas” A as” # [| A n’ —as""— g n)
proof —
from <as # []» obtain a’ as’ where as = as’Q[a’] by(cases as rule:rev-cases)
auto
thus ?thesis
proof(cases kind a’ rule:edge-kind-cases)
case Intra with <as = as’Q[a’]> show ?thesis by simp
next
case Call with <as = as’@Q[a’]» show ?thesis by simp
next
case (Return Q p f)
from «(-Entry-) —as— s+ n» have (-Entry-) —as—+ n and valid-path-rev-auz
[ as
by (auto intro:vp-to-vpra simp:vp-def valid-path-def)
from «(-Entry-) —as—x* ny <as = as'Q[a’]
have (-Entry-) —as’—x* sourcenode o’ and valid-edge a’
and targetnode a’ = n
by (auto intro:path-split-snoc)
from <walid-path-rev-auz || as» <as = as’Q[a’]> Return
have valid-path-rev-auz [a'] as’ by simp
from <walid-edge a’y Return
have valid-return-list [a’] (sourcenode a’)
apply(clarsimp simp:valid-return-list-def)
apply (case-tac cs’)
by (auto intro:get-proc-return| THEN sym))
show ?thesis
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proof(cases V xs ys. as’ = zsQys —»
(= same-level-path-rev-auz [a’] ys V upd-rev-cs [a'] ys # []))
case True
with (valid-path-rev-auz [a] as’y <(-Entry-) —as’—* sourcenode a’y
walid-return-list [a'] (sourcenode a’)

obtain ax Qr fr where valid-edge ax and kind ax = Qz+ T

get-proc (—Entry—)f
by (fastforce dest!:upra-no-sipra)
hence Fulse by (fastforce intro: Main-no-return-source simp:get-proc-Entry)
thus ?thesis by simp
next
case Fulse
then obtain zs ys where as’ = 2sQys and same-level-path-rev-aux [a’] ys
and upd-rev-cs [a'] ys = [] by auto
with Return have same-level-path-rev-auz || (ysQ@Q[a])
and upd-rev-cs [] (ys@Q[a']) = [] by simp-all
from <upd-rev-cs [a’] ys = []» have ys # [| by auto
with «(-Entry-) —as’—x sourcenode a’s <as’ = zsQys»
have hd(sourcenodes ys) —ys—* sourcenode a’
by (cases ys)(auto dest:path-split-second simp:sourcenodes-def)
with <targetnode a’ = n) <valid-edge a”s
have hd(sourcenodes ys) —ysQ@Q[a’]—* n
by (fastforce intro:path-Append path-edge)
with (same-level-path-rev-auz || (ys@Q[a’])> <upd-rev-cs [] (ys@[a']) = [
have same-level-path (ysQ[a'])
by (fastforce dest:slpra-to-slpa simp:same-level-path-def valid-return-list-def)
with <hd(sourcenodes ys) —ysQ[a’]—x n»> have hd(sourcenodes ys) —ysQ[a']— gp*

n
by (simp add:slp-def)
with (as = as'Q[a’]y <as’ = zsQys> Return
have Jas’ as’’ n'. as = as’'Qas” N as” # [ A n' —as""=gx n
by (rule-tac x=zs in exl) auto
thus ?thesis by simp
qed
qed
qged

lemma valid- Entry-path-ascending-path:
assumes (-Entry-) —as— * n
obtains as’ where (-Entry-) —as'— /* n
and set(sourcenodes as’) C set(sourcenodes as)
and Va' € set as’. intra-kind(kind a’) V (3 Q r p fs. kind o’ = Q:r—pfs)
proof (atomize-elim)
from ((-Entry-) —as— s* n
show Jas’. (-Entry-) —as'— s+ n A set(sourcenodes as’) C set(sourcenodes as)\
(Va' € set as'. intra-kind(kind o) vV (3Q r p fs. kind o' = Q:r—pfs))
proof (induct as arbitrary:n rule:length-induct)
fix as n
assume [H:V as”. length as' < length as —
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(Vn' (-Entry-) —as""— * n' —
(Fas’. (-Entry-) —as'— ,x n' A set (sourcenodes as’) C set (sourcenodes as'’)
A
(Va'eset as’. intra-kind (kind a’) V (3Q 7 p fs. kind o’ = Q:r—pfs))))
and (-Entry-) —as— x n
show Jas’. (-Entry-) —as'— % n A set(sourcenodes as’) C set(sourcenodes
as)A
(Va' € set as'. intra-kind(kind o) V (3 Q 7 p fs. kind o' = Q:r—pfs))
proof(cases as = [])
case True
with «(-Entry-) —as— s n» show ?thesis by(fastforce simp:sourcenodes-def
vp-def)
next
case Fulse
with ((-Entry-) —as— s+ n)
have ((Fa’ as’. as = as’Q[a’] A intra-kind(kind a’)) V
(Fa"as’ Qrpfs. as = as'Qla’] A kind o' = Q:r—pfs)) V
(Fas" as’" n'. as = as'Qas” A as” # [| A n’ —as""— g n)
by (fastforce dest!:valid-Entry-path-cases)
thus “thesis apply —
proof (erule disjE)+
assume Ja’ as’. as = as’Q[a’] A intra-kind(kind o)
then obtain a’ as’ where as = as'Q[a’] and intra-kind(kind a’) by blast
from ((-Entry-) —as— s+ n> <as = as'Q[a’]
have (-Entry-) —as'— s+ sourcenode o’ and walid-edge o’
and targetnode a’ = n
by (auto intro:vp-split-snoc)
from «(walid-edge a'y <intra-kind(kind a’)»
have sourcenode o’ —[a'|— ¢+ targetnode a’
by (fastforce intro:path-edge intras-same-level-path simp:slp-def)
from IH ((-Entry-) —as'— ,x sourcenode o> <as = as'@[a’]
obtain zs where (-Entry-) —as— ,* sourcenode a’
and set (sourcenodes xzs) C set (sourcenodes as’)
and Va'eset zs. intra-kind (kind o’) vV (3Q r p fs. kind o’ = Q:r—pfs)
apply(erule-tac z=as’ in allE) by auto
from «(-Entry-) —zs— ,* sourcenode a’y (sourcenode a’ —[a']—= gp* targetnode

have (-Entry-) —xsQ[a’]— /* targetnode a’ by(rule vp-slp-Append)
with (targetnode o’ = n) have (-Entry-) —xsQ[a’]— ,* n by simp
moreover
from <set (sourcenodes zs) C set (sourcenodes as’)y <as = as'Q[a’]
have set (sourcenodes (zsQ[a’])) C set (sourcenodes as)

by (auto simp:sourcenodes-def)
moreover
from <V a'eset zs. intra-kind (kind ') V (3 Q r p fs. kind o' = Q:r—pfs)

<intra-kind(kind o)
have V a’eset (zsQ[a’]). intra-kind (kind a’) V

(FQ rp fs. kind o’ = Q:r—pfs)
by fastforce
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ultimately show ?thesis by blast
next
assume Ja’ as’ Q rp fs. as = as'Q[a’] A kind o' = Q:r—pfs
then obtain a’ as’ Q r p fs where as = as'Q[a’] and kind o' = Q:r—pfs
by blast
from «(-Entry-) —as— s+ n» <as = as'Q[a’)
have (-Entry-) —as'— ,x sourcenode a’ and valid-edge a’
and targetnode o' = n
by (auto intro:vp-split-snoc)
from IH ((-Entry-) —as'— /x sourcenode o> <as = as'Q[a’]
obtain zs where (-Entry-) —as— ,* sourcenode a'
and set (sourcenodes xs) C set (sourcenodes as’)
and Va'eset xs. intra-kind (kind o’) vV (3Q r p fs. kind o’ = Q:r—pfs)
apply(erule-tac z=as’ in allE) by auto
from <targetnode a’ = n» walid-edge o’y <kind o' = Q:r—pfs)
((-Entry-) —zs— sx sourcenode a'y
have (-Entry-) —xsQ[a’]— /* n
by (fastforce intro:path- Append path-edge vpa-snoc-Call
simp:vp-def valid-path-def)
moreover
from <set (sourcenodes zs) C set (sourcenodes as’)y <as = as'Q[a’]
have set (sourcenodes (xs@[a’])) C set (sourcenodes as)
by (auto simp:sourcenodes-def)
moreover
from «Va'eset zs. intra-kind (kind a’) V (3 Q r p fs. kind o’ = Q:r—pfs)
kind a’ = Q:r—pfs)
have V a’eset (zsQ[a']). intra-kind (kind o) V
(FQrpfs kind o' = Q:r—pfs)
by fastforce
ultimately show ?thesis by blast
next
assume Jas’ as”’ n’. as = as'Qas”" A as” #[] A n' —as""—gx n
then obtain as’ as” n’ where as = as'Qas” and as’’ # |]
and n’ —as’"— g« n by blast
from ((-Entry-) —as— s+ n> <as = as'Qas’’ <as” # [
have (-Entry-) —as'— s+ hd(sourcenodes as")
by(cases as',auto intro:vp-split simp:sourcenodes-def)
from «n’ —as”—g* n» <as’’ # []» have hd(sourcenodes as’”’) = n
by (fastforce intro:path-sourcenode simp:sip-def)
from <as = as’Qas’y <as” # []> have length as’ < length as by simp
with IH «(-Entry-) —as'— s hd(sourcenodes as'’))
<hd(sourcenodes as'’) = n's
obtain zs where (-Entry-) —as— % n'
and set (sourcenodes xs) C set (sourcenodes as’)
and Va'eset zs. intra-kind (kind o’) vV (3Q 7 p fs. kind o' = Q:r—pfs)
apply(erule-tac z=as’ in allE) by auto
from <n’ —as’’— g+ n» obtain ys where n’ —ys—,x n
and set(sourcenodes ys) C set(sourcenodes as’’)
by (erule same-level-path-inner-path)

/
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from «(-Entry-) —wvs— s+ n'» «n' —ys—,* n) have (-Entry-) —zsQys— ,* n
by (fastforce intro:vp-slp-Append intra-path-sip)
moreover
from <set (sourcenodes zs) C set (sourcenodes as’)
«set(sourcenodes ys) C set(sourcenodes as’’)y <as = as'@Qas’"
have set (sourcenodes (xsQys)) C set(sourcenodes as)
by (auto simp:sourcenodes-def)
moreover
from <V a'eset xs. intra-kind (kind ') V (3Q 7 p fs. kind o’ = Q:r—pfs)
n’ —ys—,x
have V a’cset (25Qys). intra-kind (kind o’) V (3 Q rp fs. kind a’ = Q:r—pfs)
by (fastforce simp:intra-path-def)
ultimately show ?thesis by blast
qed
qed
qged
qed

end

end
theory CFGFEzit imports CFG begin

1.2.3 Adds an exit node to the abstract CFG

locale CFGExit = CFG sourcenode targetnode kind valid-edge Entry

get-proc get-return-edges procs Main

for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node

and kind :: 'edge = ("var,’val,’ret,’pname) edge-kind

and wvalid-edge :: 'edge = bool

and Entry :: 'node (<'(’-Entry’-")») and get-proc :: 'node = 'pname

and get-return-edges :: 'edge = 'edge set

and procs :: (‘pname x 'var list x 'var list) list and Main :: ‘pname +

fixes Exit::'node (<'(’-Exit’-")»)

assumes Ezit-source [dest]: [valid-edge a; sourcenode a = (-Exit-)] = False

and get-proc-Ezit:get-proc (-Ezit-) = Main

and Fxit-no-return-target:
[valid-edge a; kind a = Q<«=pf; targetnode a = (-Exit-)] = False

and Entry-Ezxit-edge: 3 a. valid-edge a N\ sourcenode a = (-Entry-) A
targetnode a = (-Erit-) A\ kind a = (\s. False)

begin
lemma Entry-noteg-Exit [dest]:

assumes eq:(-Entry-) = (-Ezit-) shows False
proof —
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from Entry-FEzit-edge obtain a where sourcenode a = (-Entry-)
and valid-edge a by blast
with eq show Fulse by simp(erule Exit-source)
qed

lemma FEzit-noteq-Entry [dest]:(-Ezit-) = (-Entry-) = False
by (rule Entry-noteq-Ezit| OF sym],simp)

lemma [simp]: valid-node (-Entry-)
proof —
from Entry-FEzit-edge obtain a where sourcenode a = (-Entry-)
and valid-edge a by blast
thus ?thesis by (fastforce simp:valid-node-def)
qed

lemma [simp]: valid-node (-Exit-)
proof —
from Entry-Ezit-edge obtain a where targetnode a = (-Exit-)
and wvalid-edge a by blast
thus ?thesis by(fastforce simp:valid-node-def)
qged

Definition of method-exit

definition method-exit :: 'node = bool
where method-exit n = n = (-Exit-) V
(Fa Qp f. n = sourcenode a N valid-edge a N kind a = Q<pf)

lemma method-ezit-cases:
[method-exit n; n = (-Ezit-) = P;
Aa Q fp. [n = sourcenode a; valid-edge a; kind a = Q<=pf] = P] = P
by (fastforce simp:method-exit-def)

lemma method-exit-inner-path:
assumes method-exit n and n —as—,x n’ shows as = ||
using <method-exit n»
proof(rule method-ezit-cases)
assume n = (-Erit-)
show ?thesis
proof(cases as)
case (Cons a’ as’)
with <n —as—,* n’y have n = sourcenode o’ and valid-edge o’
by (auto elim:path-split-Cons simp:intra-path-def)
with «n = (-Exit-)» have sourcenode o’ = (-Exit-) by simp
with <walid-edge a’y have False by(rule Exit-source)
thus ?thesis by simp
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qed simp
next
fixaQfp
assume n = sourcenode a and valid-edge a and kind a = Q<pf
show ?thesis
proof(cases as)
case (Cons a’ as’)
with <n —as—,* n’y have n = sourcenode o’ and valid-edge o’
and intra-kind (kind a’)
by (auto elim:path-split-Cons simp:intra-path-def)
from <valid-edge a> <kind a = Q<«=pf> <valid-edge a’» <n = sourcenode a
«n = sourcenode a’y (intra-kind (kind a')>
have Fualse by (fastforce dest:return-edges-only simp:intra-kind-def)
thus ?thesis by simp
qed simp
qed

Definition of inner-node

definition inner-node :: 'node = bool
where inner-node-def:
inner-node n = valid-node n A n # (-Entry-) A n # (-Exit-)

lemma inner-is-valid:
inner-node n = valid-node n
by (simp add:inner-node-def valid-node-def)

lemma [dest]:
inner-node (-Entry-) = False
by (simp add:inner-node-def)

lemma [dest]:
inner-node (-Exit-) = Fulse
by (simp add:inner-node-def)

lemma [simp]:[valid-edge a; targetnode a # (-Exit-)]
= inner-node (targetnode a)
by (simp add:inner-node-def ,rule ccontr,simp,erule Entry-target)

lemma [simp]:[valid-edge a; sourcenode a # (-Entry-)]
= inner-node (sourcenode a)
by (simp add:inner-node-def ,rule ccontr,simp,erule Exit-source)

lemma valid-node-cases [consumes 1, case-names Entry Exit inner]:
[valid-node n; n = (-Entry-) = Q; n = (-Ezit-) = Q;
inner-node n —= Q] = @
apply(auto simp:valid-node-def)
apply(case-tac sourcenode a = (-Entry-)) apply auto
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apply(case-tac targetnode a = (-Exit-)) apply auto
done

Lemmas on paths with (-Exit-)

lemma path-Ezit-source:
[n —as—=* n’; n = (-Ezit-)] = n' = (-Exit-) A as = ||
proof (induct rule:path.induct)
case (Cons-path n'' as n' a n)
from «n = (-Ezit-)) (sourcenode a = n» <valid-edge a> have False
by —(rule Ezit-source,simp-all)
thus ?case by simp
qed simp

lemma [dest]:(-Ezit-) —as—* n' = n’ = (-Ezxit-) A as =[]
by (fastforce elim!:path-Exit-source)

lemma Ezit-no-sourcenode[dest]:
assumes isin:(-Ezit-) € set (sourcenodes as) and path:n —as—* n’
shows False
proof —
from isin obtain ns’ ns’’ where sourcenodes as = ns’Q(-Exit-)#ns’’
by (auto dest:split-list simp:sourcenodes-def)
then obtain as’ as’’ a where as = as’Qa#as’’
and source:sourcenode a = (-Exit-)
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
with path have valid-edge a by(fastforce dest:path-split)
with source show ?thesis by —(erule Ezit-source)
qed

lemma vpa-no-sipa:
[valid-path-auz cs as; n —as—* n'; valid-call-list cs n; cs # [|;
Vs ys. as = xsQys — (- same-level-path-auz cs xs V upd-cs cs zs # [])]
= Jda Q r fs. valid-edge a A kind a = Q:r—
proof (induct arbitrary:n rule:vpa-induct)
case (vpa-empty cs)
from <(walid-call-list cs n» <cs # [|» obtain @ r fs where valid-edge (hd cs)
and kind (hd cs) = Q:r= get-proc nfs
apply (unfold valid-call-list-def)
apply(drule hd-Cons-t][ THEN sym))
apply(erule-tac =[] in allE)
apply(erule-tac z=hd cs in allFE)
by auto
from «n —[]—x n’» have n = n’ by fastforce
with <valid-edge (hd cs)> <kind (hd cs) = Q:r= get-proc nfs) show Zcase by blast
next
case (vpa-intra cs a as)

get-proc n'fs
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note IH = «(A\n. [n —as—= n'; valid-call-list cs n; ¢s # [J;
Vs ys. as = xsQys — — same-level-path-auz cs s V upd-cs cs zs # []]
= Ja’ Q' r’ fs'. valid-edge a’ N kind o’ = Q":r'—
note all = Vs ys. a#as = rsQys
— = same-level-path-auz cs xs V upd-cs cs xs # []»
from «n —a#as—* n’y have sourcenode a = n and valid-edge a
and targetnode a —as—x n'
by (auto intro:path-split-Cons)
from «<walid-call-list cs n» <cs # [|» obtain @ r fs where valid-edge (hd cs)
and kind (hd cs) = Q:7= get-proc nf
apply (unfold valid-call-list-def)
apply(drule hd-Cons-ti[ THEN sym))
apply(erule-tac =[] in allF)
apply (erule-tac x=hd cs in allE)
by auto
from <wvalid-edge a> <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
with <kind (hd cs) = Q:r= get_proc nfs) <sourcenode a = n
have kind (hd cs) = Q:r<—>get_pmc (targetnode CL)fs by simp
from «(walid-call-list cs n» <sourcenode a = n»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have valid-call-list cs (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=cs’' in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from all <intra-kind (kind a)»
have Vzs ys. as = zsQys — — same-level-path-aux cs s V upd-cs cs zs # ||
apply clarsimp apply(erule-tac t=a#zs in allFE)
by (auto simp:intra-kind-def)
from [H[OF <targetnode a —as—* n'y <wvalid-call-list cs (targetnode a)»
<cs # []» this] show Zcase .
next
case (vpa-Call cs a as Q r p fs)
note IH = «An. [n —as—x n'; valid-call-list (a#tcs) n; a#cs # [J;
Vs ys. as = zsQys — — same-level-path-auz (a#cs) zs V upd-cs (a#cs) s
# [
= da’ Q' r’ fs'. valid-edge a’ A kind o’ = Q":r'—
note all = «Vzs ys.
aftas = xzsQys — — same-level-path-aux cs xs V upd-cs cs xs # [|»
from <n —a#tas—+* n’y have sourcenode a = n and valid-edge a
and targetnode a —as—* n’
by (auto intro:path-split-Cons)
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with <kind a = Q:r—pfs> have kind a = Q:r%get-proc (targetnode a)fs
with «valid-call-list cs ny <wvalid-edge a) <sourcenode a = n»
have wvalid-call-list (a#cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)

!
get-proc n ifsh

/
get-proc n fsh

by simp
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apply(case-tac cs’) apply auto
apply(erule-tac z=list in allE)
apply(erule-tac z=c in allE)
by (auto split:list.split simp:sourcenodes-def)
from all <kind a = Q:r—pfs
have Vs ys. as = zsQys
— = same-level-path-aux (aFcs) xs V upd-cs (a#cs) zs # ||
apply clarsimp apply(erule-tac z=a#zs in allF)
by auto
from [H[OF <targetnode a —as—* n's <valid-call-list (a#tcs) (targetnode a)»
- this] show ?case by simp

next
case (vpa-ReturnEmpty cs a as Q p fx)
from <cs # []» <cs = []» have False by simp
thus “case by simp

next

case (vpa-ReturnCons cs a as Q p f ¢’ ¢cs’)
note IH = (A\n. [n —as—+ n'; valid-call-list cs’ n; cs’ # [|;
Vs ys. as = xsQys — — same-level-path-auz cs’ xs V upd-cs cs’ xs # [|]
= da’ Q' r’ fs'. valid-edge a’ A kind a’ = Q":r'—
note all = Vs ys. a#as = rsQys
— — same-level-path-auz cs xs V upd-cs cs xs # []»
from <n —aftas—+* n’y have sourcenode a = n and valid-edge a
and targetnode a —as—x n'
by (auto intro:path-split-Cons)
from <wvalid-call-list cs ny <cs = c'#cs’y have valid-edge ¢’
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=[] in allE)
by auto
show ?Zcase
proof(cases cs’ = [])
case True
with all <cs = c'#cs"y kind a = Q«pf) <a € get-return-edges c'» have Fulse
by (erule-tac z=[a] in allE, fastforce)
thus ?thesis by simp
next
case Fulse
with (valid-call-list cs ny <cs = c'#cs’
have valid-call-list cs’ (sourcenode c¢’)
apply (clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply(erule-tac z=c'#cs’ in allFE)
apply(auto simp:sourcenodes-def)
apply(case-tac cs’) apply auto
apply(case-tac list) apply(auto simp:sourcenodes-def)
done
from <wvalid-edge ¢’y <a € get-return-edges c’s
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (rule get-proc-get-return-edge)

!
get-proc n 1fsh
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with <walid-call-list cs’ (sourcenode ¢')»

have valid-call-list cs’ (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)

apply(erule-tac z=cs’ in allF)

apply(erule-tac z=c in allE)

by (auto split:list.split)

from all <kind a = Q<=pf> <cs = c'#cs’ <a € get-return-edges ¢

have Vs ys. as = zsQys — — same-level-path-auz c¢s’ xs V upd-cs cs’ zs # ||
apply clarsimp apply(erule-tac t=a#zs in allE)
by auto

from [H[OF <targetnode a —as—* n'y <valid-call-list cs’ (targetnode a)»
False this] show ?thesis .

qed
qed

lemma valid-Fxit-path-cases:
assumes n —as— * (-Ezit-) and as # ]
shows (Fa’ as’. as = a'#as’ A intra-kind(kind a’)) V
(Fa'as" Qp f. as = a'#as’' A kind o' = Q<pf) V
(Fas" as'" n'. as = as’'Qas"" A as’ # [| A n —as'—gx n’)
proof —
from <as # [> obtain a’ as’ where as = a'#as’ by(cases as) auto
thus %thesis
proof(cases kind o’ rule:edge-kind-cases)
case Intra with <as = a'#as’> show ?thesis by simp
next
case Return with <as = a’#as’» show ?thesis by simp
next
case (Call Q rp f)
from (n —as— s+ (-Ezit-)) have n —as—+* (-Erit-) and valid-path-aux || as
by (simp-all add:vp-def valid-path-def)
from «n —as—x* (-Exit-)) <as = a'#as"
have sourcenode a’ = n and valid-edge o’ and targetnode o’ —as'—* (-Exit-)
by (auto intro:path-split-Cons)
from «walid-path-aux [] as> <as = a'#as’» Call
have valid-path-auz [a’] as’ by simp
from «<valid-edge a’y Call
have valid-call-list [a'] (targetnode a’)
apply (clarsimp simp:valid-call-list-def)
apply (case-tac cs’)
by (auto intro:get-proc-calll THEN sym))
show ?thesis
proof(cases Vs ys. as’ = zsQys —
(= same-level-path-auz [a’] xs V upd-cs [a'] zs # []))
case True
with (valid-path-auz [a'] as’y <targetnode o’ —as'—x (-Exit-)
walid-call-list [a'] (targetnode a’)
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obtain ax Qx rz fsx where valid-edge ax and kind ax = QI:TI(_)get-pToc (-E:m't-)fsx
by (fastforce dest!:upa-no-sipa)
hence Fulse by(fastforce intro: Main-no-call-target simp:get-proc-Exit)
thus ?thesis by simp

next
case Fulse
then obtain zs ys where as’ = 2sQys and same-level-path-auz [a'] xs
and upd-cs [a'] zs = || by auto
with Call have same-level-path (a'#xs) by (simp add:same-level-path-def)
from <upd-cs [a'] zs = [» have zs # [] by auto

with (targetnode o’ —as'—x (-Ezit-)) <as’ = zsQys>
have targetnode o’ —zs—x* last(targetnodes xs)
apply(cases xs rule:rev-cases)
by (auto intro:path-Append path-split path-edge simp:targetnodes-def)
with <sourcenode a’ = n) <wvalid-edge o’y «same-level-path (a'#xs)>
have n —a'#xs— g* last(targetnodes xs)
by (fastforce intro: Cons-path simp:slp-def)
with <as = a'#as’ <as’ = zsQys» Call
have Jas’ as” n'. as = as'Qas” A as’ # [| A n —as'—gpx n’
by (rule-tac x=a'#xs in exl) auto
thus ?thesis by simp
qed
qed
qed

lemma valid- Fxit-path-descending-path:
assumes n —as— ¥ (-Exit-)
obtains as’ where n —as'— ,* (-Eit-)
and set(sourcenodes as’) C set(sourcenodes as)
and Va' € set as’. intra-kind(kind a’) V (3 Q fp. kind o’ = Q<pf)
proof (atomize-elim)
from <n —as— /* (-Exit-)
show Jas’. n —as'— /x (-Exit-) A set(sourcenodes as’) C set(sourcenodes as)A
(Va' € set as'. intra-kind(kind o) V (3 Q f p. kind o’ = Q<pf))
proof (induct as arbitrary:n rule:length-induct)
fix as n
assume [H:V as”. length as' < length as —
(Vo' n' —as""— sx (-Bxit-) —
(Fas". n' —as'— s (-Exit-) A set (sourcenodes as’) C set (sourcenodes as'’)

(Va'eset as’. intra-kind (kind o’) vV (3Q f p. kind o’ = Q<pf))))
and n —as— /x (-Exit-)
show Jas’. n —as'— ,x (-Exit-) A\ set(sourcenodes as’) C set(sourcenodes as)\
(Va' € set as'. intra-kind(kind o) V (3 Q f p. kind o’ = Q<pf))
proof (cases as = [])
case True
with «n —as— ,* (-Ezit-)) show ?thesis by(fastforce simp:sourcenodes-def
vp-def)
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next
case Fulse
with «n —as— /* (-Exit-)
have ((Fa’ as’. as = a’#as’ A intra-kind(kind a’)) V
(Fa'as" Qp f. as = a'#as' A kind o' = Q<pf)) V
(Fas" as'"" n'. as = as’'Qas" A as’ # [] A n —as'—gx n')
by (auto dest!:valid-Exit-path-cases)
thus ?thesis apply —
proof (erule disjE)+
assume Ja’ as’. as = a'#as’ A intra-kind(kind a’)
then obtain a’ as’ where as = a'#as’ and intra-kind(kind oa’) by blast
from <n —as— ,x (-Ezit-)> <as = a'#as"
have sourcenode a’ = n and valid-edge a’
and targetnode o’ —as'— ,x (-Ewit-)
by (auto intro:vp-split-Cons)
from «(walid-edge a'y <intra-kind(kind a’)»
have sourcenode a’ —[a']— g targetnode o’
by (fastforce intro:path-edge intras-same-level-path simp:slp-def)
from IH (targetnode o’ —as'— ,x (-Exit-)» <as = a'#as’
obtain zs where targetnode o’ —xs— ,x (-Ewit-)
and set (sourcenodes zs) C set (sourcenodes as’)
and Va'eset xs. intra-kind (kind o') vV (3 Q f p. kind o’ = Q<=pf)
apply(erule-tac z=as’ in allF) by auto
from (sourcenode o’ —[a']— gp¢ targetnode o’y (targetnode o' —xs— y* (-Erit-))
have sourcenode a’ —[a|Qzs— ,* (-Ezit-) by(rule slp-vp-Append)
with (sourcenode o’ = n) have n —a'#xs— ,x (-Exit-) by simp
moreover
from «set (sourcenodes xs) C set (sourcenodes as’)y <as = a'#as"
have set (sourcenodes (a'#zs)) C set (sourcenodes as)
by (auto simp:sourcenodes-def)
moreover
from <V a'eset xs. intra-kind (kind a’) V (3 Q fp. kind o' = Q«pf)
<intra-kind(kind a')»
have V a'eset (a'#uws). intra-kind (kind a’) V (3 Q f p. kind o' = Q<=pf)
by fastforce
ultimately show ?thesis by blast
next
assume Ja’ as’ Q p f. as = a'#as’ A kind o’ = Qpf
then obtain o’ as’ @ p f where as = a'#as’ and kind o’ = Q< pf by
blast
from (n —as— /* (-Ezit-)> <as = a'#as’
have sourcenode a’ = n and wvalid-edge a’
and targetnode a’ —as'— ,x (-Ewit-)
by (auto intro:vp-split-Cons)
from IH (targetnode o’ —as'— s+ (-Exzit-)» <as = a'#as"
obtain zs where targetnode o’ —zs— ,x (-Ewit-)
and set (sourcenodes zs) C set (sourcenodes as’)
and Va'eset xs. intra-kind (kind o’) vV (3 Q f p. kind o’ = Q<pf)
apply(erule-tac z=as’ in allF) by auto
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from (sourcenode o’ = n» <wvalid-edge o'y <kind o’ = Q<pf>
(targetnode o' —xs— s* (-Erit-))

have n —a'#as— ,* (-Ezit-)
by (fastforce intro: Cons-path simp:vp-def valid-path-def)

moreover

from <set (sourcenodes xs) C set (sourcenodes as’)y <as = a'#as’

have set (sourcenodes (a'#xs)) C set (sourcenodes as)
by (auto simp:sourcenodes-def)

moreover

from <V a'eset xs. intra-kind (kind a’) V (3 Q fp. kind o’ = Q«=pf)
kind a’ = Q«pf>

have V a'eset (a'#xs). intra-kind (kind o’) vV (3 Q fp. kind o' = Q«pf)
by fastforce

ultimately show ?thesis by blast

next

assume Jas’ as”’ n’. as = as'Qas” A as’ # [| A n —as'—px n’

then obtain as’ as” n’ where as = as’'Qas’ and as’ # ||
and n —as'— g+ n’ by blast

from (n —as— /x (-Ezit-)» <as = as'Qas"y (as’ # [

have last(targetnodes as’) —as'"'— ,* (-Exit-)
by (cases as’ rule:rev-cases,auto intro:vp-split simp:targetnodes-def)

from n —as'— g« nsy <as’ # [> have last(targetnodes as’) = n’
by (fastforce intro:path-targetnode simp:slp-def)

from <as = as’Qas’y <as’ # [> have length as'’ < length as by simp

with IH <last(targetnodes as’) —as''— /x (-Exit-))
<last(targetnodes as’) = n'

obtain zs where n' —zs— /* (-Exit-)
and set (sourcenodes xs) C set (sourcenodes as'’’)
and Va'eset xs. intra-kind (kind a’) V (3 Q f p. kind o’ = Q<pf)
apply(erule-tac z=as” in allE) by auto

from <n —as’— g+ n'» obtain ys where n —ys—,* n’
and set(sourcenodes ys) C set(sourcenodes as’)
by (erule same-level-path-inner-path)

from n —ys—,x n’s «n' —ws— ,x (-Ezit-)) have n —ysQus— ,* (-Euit-)
by (fastforce intro:slp-vp-Append intra-path-sip)

moreover

from «<set (sourcenodes zs) C set (sourcenodes as'’))
«set(sourcenodes ys) C set(sourcenodes as’)y <as = as'@Qas’

have set (sourcenodes (ysQus)) C set(sourcenodes as)
by (auto simp:sourcenodes-def)

moreover

from <V a'eset xs. intra-kind (kind a’) V (3 Q fp. kind o’ = Q«=pf)
n —ys—, % n's

have Va'eset (ysQus). intra-kind (kind a’) vV (3 Q f p. kind o’ = Q<=pf)
by (fastforce simp:intra-path-def)

ultimately show ?thesis by blast

qed
qed
qed
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qed

lemma valid- Fxit-path-intra-path:
assumes n —as— * (-Exit-)
obtains as’ pex where n —as’—,* pex and method-exit pex
and set(sourcenodes as’) C set(sourcenodes as)
proof (atomize-elim)
from (n —as— /* (-Exit-)
obtain as’ where n —as'— /% (-Eit-)
and set(sourcenodes as’) C set(sourcenodes as)
and all:Va' € set as’. intra-kind(kind a’) V (3 Q fp. kind o’ = Q«pf)
by (erule valid- Exit-path-descending-path)
show Jas’ pex. n —as’—,* pex A method-ezit pex N\
set(sourcenodes as’) C set(sourcenodes as)
proof(cases Ja’ € set as’. 3Q fp. kind o' = Q< pf)
case True
then obtain asz ax asz’ where [simp]:as’ = aszQaz#asz’
and 3Q f p. kind ax = Q<«pf and Va' € set asz. = (3Q f p. kind o’ =
Q<+ pf )
by (erule split-list-first-propFE)
with all have Va' € set asz. intra-kind(kind a’) by auto
from n fas’%\/* (-Exit-)) have n —asz—* sourcenode ax
and wvalid-edge az by(auto elim:path-split simp:vp-def)
from «n —asz—x sourcenode axy ¥ a' € set asz. intra-kind(kind a’)>
have n —asz—,* sourcenode ax by(simp add:intra-path-def)
moreover
from «(valid-edge ax> <3 Q fp. kind ax = Q<pf>
have method-ezit (sourcenode az) by (fastforce simp:method-exit-def)
moreover
from «set(sourcenodes as’) C set(sourcenodes as)»
have set(sourcenodes asz) C set(sourcenodes as) by(simp add:sourcenodes-def)
ultimately show ¢thesis by blast
next
case Fulse
with all «<n —as’— /* (-Erit-)> have n —as'— x (-Exit-)
by (fastforce simp:vp-def intra-path-def)
moreover have method-ezit (-Ezit-) by(simp add:method-ezit-def)
ultimately show ?thesis using (set(sourcenodes as’) C set(sourcenodes as)»
by blast
qed
qged

end

end
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1.3 CFG well-formedness

theory CFG-wf imports CFG begin

locale CFG-wf = CFG sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main
for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node
and kind :: 'edge = ("var,’val,’ret,’pname) edge-kind
and wvalid-edge :: 'edge = bool
and Entry :: 'node (<'(’-Entry’-")») and get-proc :: 'node = 'pname
and get-return-edges :: 'edge = 'edge set
and procs :: (‘pname x 'var list x 'var list) list and Main :: ‘pname +
fixes Def::'node = "var set
fixes Use::'node = "var set
fixes ParamDefs::'node = "var list
fixes ParamUses::'node = 'var set list
assumes Entry-empty:Def (-Entry-) = {} A Use (-Entry-) = {}
and ParamUses-call-source-length:
[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs]
= length(ParamUses (sourcenode a)) = length ins
and distinct-ParamDefs:valid-edge o = distinct (ParamDefs (targetnode a))
and ParamDefs-return-target-length:
[valid-edge a; kind a = Q<=pf"; (p,ins,outs) € set procs]
= length(ParamDefs (targetnode a)) = length outs
and ParamDefs-in-Def:
[valid-node n; V € set (ParamDefs n)] = V € Defn
and ins-in-Def:
[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs; V € set ins]
= V € Def (targetnode a)
and call-source-Def-empty:
[valid-edge a; kind a = Q:r—pfs] = Def (sourcenode a) = {}
and ParamUses-in-Use:
[valid-node n; V € Union (set (ParamUses n))] = V € Use n
and outs-in-Use:
[valid-edge a; kind a = Q<«pf; (p,ins,outs) € set procs; V € set outs]
= V € Use (sourcenode a)
and CFG-intra-edge-no-Def-equal:
[valid-edge a; V' ¢ Def (sourcenode a); intra-kind (kind a); pred (kind a) s]
= state-val (transfer (kind a) s) V = state-val s V
and CFG-intra-edge-transfer-uses-only- Use:
[valid-edge a; ¥ V € Use (sourcenode a). state-val s V = state-val s’ V;
intra-kind (kind a); pred (kind a) s; pred (kind a) s']
= V'V € Def (sourcenode a). state-val (transfer (kind a) s) V =
state-val (transfer (kind a) s') V
and CFG-edge-Uses-pred-equal:
[valid-edge a; pred (kind a) s; snd (hd s) = snd (hd s');
V'V € Use (sourcenode a). state-val s V = state-val s' V; length s = length s']
= pred (kind a) s’
and CFG-call-edge-length:
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[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs]
= length fs = length ins
and CFG-call-determ:
[valid-edge a; kind a = Q:r— pfs; valid-edge a'; kind o’ = Q’:r’<—>p/fs';
sourcenode a = sourcenode a'; pred (kind a) s; pred (kind o) §]
= a=a'
and CFG-call-edge-params:
[valid-edge a; kind a = Q:r—pfs; i < length ins;
(p,ins,outs) € set procs; pred (kind a) s; pred (kind a) s’;
V'V € (ParamUses (sourcenode a))li. state-val s V = state-val s" V]
= (params fs (fst (hd s)))li = (params fs (fst (hd s")))l4
and CFG-return-edge-fun:
[valid-edge a; kind a = Q<—=pf’; (p,ins,outs) € set procs]
= [/ vmap vmap’ = vmap’(ParamDefs (targetnode a) [:=] map vmap outs)
and deterministic:[valid-edge a; valid-edge a’; sourcenode a = sourcenode a’
targetnode a # targetnode a'; intra-kind (kind a); intra-kind (kind a”)]
= 3Q Q" kinda = (Q)y A kind o' = (Q')/ A
(Vs. (Qs — = Q's) AN(Q's — — @ s))

begin

lemma CFG-equal-Use-equal-call:
assumes valid-edge a and kind a = Q:r—pfs and valid-edge a’

and kind o’ = Q":r'— .fs’ and sourcenode a = sourcenode a’
/

and pred (kind a) s and pred (kind a’) s
and snd (hd s) = snd (hd s') and length s = length s’
and V V € Use (sourcenode a). state-val s V = state-val s’ V
shows a = o’
proof —
from «valid-edge as <pred (kind a) s» <snd (hd s) = snd (hd s')
NV € Use (sourcenode a). state-val s V = state-val s’ V> <length s = length
sh
have pred (kind a) s’ by(rule CFG-edge-Uses-pred-equal)
with «valid-edge a> <kind a = Q:r—pfs> <valid-edge o'y <kind a’ = Q’:r’<—>p/fs’>
<sourcenode a = sourcenode a’y <pred (kind a’) s’
show ?thesis by —(rule CFG-call-determ)
qed

lemma CFG-call-edge-param-in:
assumes valid-edge a and kind a = Q:r—pfs and i < length ins
and (p,ins,outs) € set procs and pred (kind a) s and pred (kind a) s’
and V'V € (ParamUses (sourcenode a))li. state-val s V = state-val s" V
shows state-val (transfer (kind a) s) (insli) =
state-val (transfer (kind a) s') (ins!i)
proof —
from assms have params:(params fs (fst (hd s)))li = (params fs (fst (hd s")))!4
by (rule CFG-call-edge-params)
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from (walid-edge a) <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have [simp|:(THE ins. 3 outs. (p,ins,outs) € set procs) = ins
by (rule formal-in-THE)
from «(pred (kind a) $» obtain cf cfs where [simp|:s = cf#cfs by(cases s) auto
from «pred (kind a) s’» obtain cf’ cfs’ where [simp|:s’ = cf "#cfs’
by (cases s') auto
from <kind a = Q:r—pfs
have egs:fst (hd (transfer (kind a) s)) = (Map.empty(ins [:=] params fs (fst cf)))
fst (hd (transfer (kind a) s')) = (Map.empty(ins [:=] params fs (fst cf’)))
by simp-all
from <valid-edge a> <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have length fs = length ins by (rule CFG-call-edge-length)
from «(p,ins,outs) € set procs) have distinct ins by (rule distinct-formal-ins)
with <i < length ins) <length fs = length ins»
have (Map.empty(ins [:=] params fs (fst cf))) (insli) = (params fs (fst cf))li
(Map.empty(ins [:=] params fs (fst c¢f’))) (insli) = (params fs (fst cf’))li
by (fastforce intro:fun-upds-nth)+
with egs <kind a = Q:r—pfs) params
show ?thesis by simp
qed

lemma CFG-call-edge-no-param:
assumes valid-edge a and kind a = Q:r—pfs and V ¢ set ins
and (p,ins,outs) € set procs and pred (kind a) s
shows state-val (transfer (kind a) s) V = None
proof —
from (walid-edge a) <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have [simp|:(THE ins. 3 outs. (p,ins,outs) € set procs) = ins
by (rule formal-in-THE)
from «(pred (kind a) $» obtain cf cfs where [simpl:s = cf#cfs by(cases s) auto
from <V ¢ set insy have (Map.empty(ins [:=] params fs (fst c¢f))) V = None
by(auto dest:fun-upds-notin)
with <kind a = Q:r—pfs> show ?thesis by simp
qed

lemma CFG-return-edge-param-out:

assumes valid-edge a and kind a = Q< pf and i < length outs

and (p,ins,outs) € set procs and state-val s (outsli) = state-val s’ (outs!?)

and s = cf#cfr#cfs and s’ = cf '#cfz'#cfs’

shows state-val (transfer (kind a) s) ((ParamDefs (targetnode a))!i) =

state-val (transfer (kind a) s’) ((ParamDefs (targetnode a))!i)

proof —

from (valid-edge a) <kind a = Q<=pf> «(p,ins,outs) € set procs

have [simp]:(THE outs. Jins. (p,ins,outs) € set procs) = outs

by (rule formal-out-THE)
from <valid-edge a) <kind a = Q<=pf> «(p,ins,outs) € set procs> <s = cf#cfrfcfs)
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have transfer:fst (hd (transfer (kind a) s)) =
(fst cfz)(ParamDefs (targetnode a) [:=] map (fst cf) outs)
by (fastforce intro: CFG-return-edge-fun)
from <valid-edge a> <kind a = Q«=pf> «(p,ins,outs) € set procs» <s' = cf '#cfr'#cfs’
have transfer’.fst (hd (transfer (kind a) s’)) =
(fst cfz")(ParamDefs (targetnode a) [:=] map (fst cf’) outs)
by (fastforce intro: CFG-return-edge-fun)
from <state-val s (outsli) = state-val s’ (outsli)y <i < length outs)
s = cfftcfr#cfs) <s' = cf '#cfr'#cfs”
have (fst cf) (outs!i) = (fst ¢f’) (outsli) by simp
from <walid-edge a» have distinct (ParamDefs (targetnode a))
by (fastforce intro:distinct-ParamDefs)
from (valid-edge a) <kind a = Q<=pf> «(p,ins,outs) € set procs)
have length(ParamDefs (targetnode a)) = length outs
by (fastforce intro: ParamDefs-return-target-length)
with < < length outsy <distinct (ParamDefs (targetnode a))»
have (fst cfx)(ParamDefs (targetnode a) [:=] map (fst cf) outs)
((ParamDefs (targetnode a))!i) = (map (fst cf) outs)li
and (fst cfzr’)(ParamDefs (targetnode a) [:=] map (fst cf’) outs)
((ParamDefs (targetnode a))li) = (map (fst cf’) outs)!i
by (fastforce intro:fun-upds-nth)+
with transfer transfer’ «(fst ¢f) (outs'i) = (fst ¢f”) (outsli)s i < length outs»
show ?thesis by simp
qed

lemma CFG-slp-no-Def-equal:
assumes n —as— gk n' and valid-edge a and o’ € get-return-edges a
and V ¢ set (ParamDefs (targetnode o)) and preds (kinds (a#as@[a’])) s
shows state-val (transfers (kinds (a#tasQ[a’])) s) V = state-val s V
proof —
from <valid-edge a> <a’ € get-return-edges a>
obtain @ r p fs where kind a = Q:r—pfs
by (fastforce dest!:only-call-get-return-edges)
with «wvalid-edge a) <a’ € get-return-edges a> obtain Q' f’ where kind a’ =
Q/<_,pf/
by (fastforce dest!:call-return-edges)
from <walid-edge ay <a’ € get-return-edges a» have valid-edge a’
by (rule get-return-edges-valid)
from «preds (kinds (a#asQ[a’])) s> obtain cf cfs where [simp]:s = cf#cfs
by (cases s,auto simp:kinds-def)
from <valid-edge a> <kind a = Q:r—pfs> obtain ins outs
where (p,ins,outs) € set procs by(fastforce dest!:callee-in-procs)
from <kind a = Q:r—pfs) obtain cfr where transfer (kind a) s = cfr#cf#cfs
by simp
moreover
from <n —as—gx n'> obtain cfz’
where transfers (kinds as) (cfr#tcf#cfs) = cfr'#cf#cfs
by (fastforce elim:slp-callstack-length-equal)
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moreover
from <kind o' = Q'=pf" <valid-edge a’s «(p,ins,outs) € set procs)
have fst (hd (transfer (kind o) (cfr'#cf#cfs))) =
(fst cf)(ParamDefs (targetnode a’) [:=] map (fst cfr’) outs)
by (simp,simp only:formal-out-THE, fastforce intro: CFG-return-edge-fun)
ultimately have fst (hd (transfers (kinds (a#asQla’])) s)) =
(fst cf)(ParamDefs (targetnode ') [:=] map (fst cfzx’) outs)
by (simp add:kinds-def transfers-split)
with «V ¢ set (ParamDefs (targetnode a’))» show ?thesis
by (simp add:fun-upds-notin)
qged

lemma [dest!]: V € Use (-Entry-) => False
by (simp add: Entry-empty)

lemma [dest!]: V € Def (-Entry-) = False
by (simp add: Entry-empty)

lemma CFG-intra-path-no-Def-equal:
assumes n —as—,* n’ and Vn € set (sourcenodes as). V ¢ Def n
and preds (kinds as) s
shows state-val (transfers (kinds as) s) V = state-val s V
proof —
from <n —as—,x n’y have n —as—x* n’ and Va € set as. intra-kind (kind a)
by (simp-all add:intra-path-def)
from this <V n € set (sourcenodes as). V ¢ Def ny <preds (kinds as) s
have state-val (transfers (kinds as) s) V = state-val s V
proof (induct arbitrary:s rule:path.induct)
case (empty-path n)
thus ?case by(simp add:sourcenodes-def kinds-def)
next
case (Cons-path n'" as n' a n)
note IH = (\s. [V a€set as. intra-kind (kind a);
V neset (sourcenodes as). V ¢ Def n; preds (kinds as) s]
= state-val (transfers (kinds as) s) V = state-val s V>
from <preds (kinds (a#as)) s> have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(simp-all add:kinds-def)
from <V neset (sourcenodes (a#as)). V ¢ Def n
have noDef:V ¢ Def (sourcenode a)
and all:¥ neset (sourcenodes as). V- ¢ Def n
by (auto simp:sourcenodes-def)
from «V acset (a#as). intra-kind (kind a)»
have intra-kind (kind o) and all’.V a€set as. intra-kind (kind a)
by auto
from (walid-edge a> noDef <intra-kind (kind a)» <pred (kind a) $»
have state-val (transfer (kind a) s) V = state-val s V
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by —(rule CFG-intra-edge-no-Def-equal)
with TH[OF all’ all <preds (kinds as) (transfer (kind a) s))] show ?case
by (simp add:kinds-def)
qed
thus ?thesis by blast
qed

lemma slpa-preds:

[same-level-path-aux cs as; s = cfseQcf#cfs; s = cfszQcf#cfs’;
length cfs = length cfs’; ¥ a € set as. valid-edge a; length cs = length cfsz;
preds (kinds as) §]

= preds (kinds as) s

proof (induct arbitrary:s s’ cf cfsx rule:slpa-induct)

case (slpa-empty cs) thus ?case by(simp add:kinds-def)

next

case (slpa-intra cs a as)

note IH = «\s s’ ¢f cfsz. [s = cfszQcf#cfs; s’ = cfszQcf#cfs’;
length cfs = length cfs’; ¥V a € set as. valid-edge a; length cs = length cfsz;
preds (kinds as) s] = preds (kinds as) s’

from <V acset (a#as). valid-edge a» have valid-edge a
and Va € set as. valid-edge a by simp-all

from <preds (kinds (a#as)) $» have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(simp-all add:kinds-def)

show ?Zcase

proof(cases cfsz)
case Nil
with <length cs = length cfszy have length cs = length [| by simp
from Nil <s = cfszQcf#cfsy <8’ = cfszQcf#cfs" <intra-kind (kind a)»
obtain cfr where transfer (kind a) s = [|Qcfr#cfs

and transfer (kind a) s’ = [|Qcfr#tcfs’
by (cases kind a,auto simp:kinds-def intra-kind-def)
from IH[OF this <length cfs = length cfs"y <~V a € set as. valid-edge a>
length cs = length []» <preds (kinds as) (transfer (kind a) s)»)
have preds (kinds as) (transfer (kind a) s') .
moreover
from Nil «valid-edge a> <pred (kind a) $» «s = cfszQcf#cfsr s’ = cfszQcf#cfs’
<length cfs = length cfs”
have pred (kind a) s’ by(fastforce intro: CFG-edge- Uses-pred-equal)
ultimately show ?thesis by (simp add:kinds-def)

next
case (Cons z xs)
with <s = cfszQcf#cfsr s’ = cfszQcfHcfs"s <intra-kind (kind a)»
obtain cfr where transfer (kind a) s = (cfr#xs)Qcf#cfs

and transfer (kind a) s’ = (cfz#xs)Qcf#cfs’
by (cases kind a,auto simp:kinds-def intra-kind-def)
from TH[OF this <length cfs = length cfs’y <V a € set as. valid-edge as -
<preds (kinds as) (transfer (kind a) s)»] «length cs = length cfsx> Cons
have preds (kinds as) (transfer (kind a) s’) by simp

!
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moreover
from Cons (valid-edge a) <pred (kind a) s> <s = cfsxQcf#cfs) <s' = cfsxQcf#cfs
<length cfs = length cfs”
have pred (kind a) s’ by(fastforce intro: CFG-edge-Uses-pred-equal)
ultimately show ?thesis by(simp add:kinds-def)
qed
next
case (slpa-Call cs a as Q v p [s)
note TH = «\s s’ ¢f cfsz. [s = cfsxQcf#cfs; s’ = cfseQcf#cfs;
length cfs = length cfs’; ¥V a € set as. valid-edge a; length (aftcs) = length cfsx;
preds (kinds as) s] = preds (kinds as) s
from <V a€set (a#as). valid-edge a» have valid-edge a
and Va € set as. valid-edge a by simp-all
from «<preds (kinds (a#as)) s> have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(simp-all add:kinds-def)
from <kind a = Q:r—pfs> s = cfszQcf#cfs) s' = cfszQcf#cfs’» obtain cfx
where transfer (kind a) s = (cfr#cfsz)Qcfcfs
and transfer (kind a) s’ = (cfr#cfsz)Qcf#cfs’ by(cases cfsz) auto
from [H[OF this <length cfs = length cfs’y <V a € set as. valid-edge a> -
<preds (kinds as) (transfer (kind a) s)y] <length cs = length cfsx>
have preds (kinds as) (transfer (kind a) s") by simp
moreover
from <(walid-edge ay <pred (kind a) s» s = cfszQcf#cfsy «s' = cfszQcf#cfs’
length cfs = length cfs’s have pred (kind a) s’
by(cases cfsz)(auto intro: CFG-edge- Uses-pred-equal)
ultimately show ?case by(simp add:kinds-def)
next
case (slpa-Return c¢s a as Q p f ¢’ ¢s’)
note TH = «\s s’ ¢f cfsz. [s = cfszQcf#cfs; s’ = cfszQcf#cfs;
length cfs = length cfs’; ¥V a € set as. valid-edge a; length cs’ = length cfsz;
preds (kinds as) s] = preds (kinds as) s
from <V a€set (a#as). valid-edge a» have valid-edge a
and Va € set as. valid-edge a by simp-all
from <preds (kinds (a#as)) s> have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(simp-all add:kinds-def)
show ?Zcase
proof(cases cs’)
case Nil
with (cs = c¢'#cs) «s = cfszQcfH#cfs) s’ = cfszQcf#cfs’
<length cs = length cfsx)
obtain ¢f’ where s = ¢f #cf#cfs and s’ = cf "#cf#cfs’ by(cases cfsx) auto
with <kind a = Q<«pf> obtain cf”” where transfer (kind a) s = [|Qcf"#cfs
and transfer (kind a) s’ = [|Qcf’#cfs’ by auto
from [H[OF this <length cfs = length cfs"y <V a € set as. valid-edge a> -
<preds (kinds as) (transfer (kind a) s)»] Nil
have preds (kinds as) (transfer (kind a) s’) by simp
moreover
from (walid-edge ay <pred (kind a) $» <s = cfseQcf#cfsy «<s' = cfszQcf#cfs’s
length cfs = length cfs’» have pred (kind a) s’
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by(cases cfsx)(auto intro: CFG-edge- Uses-pred-equal)
ultimately show ?thesis by (simp add:kinds-def)
next
case (Cons cx cst)
with <cs = c¢'#cs’y <length cs = length cfszy s = cfszQcf#cfs) <s' = cfszQcfH#cfs’
obtain z 2’ zs where s = (z#x'#xs)Qcf#cfs and s’ = (x#x'#xs)Qcf#cfs’
and length zs = length csx
by (cases cfsx,auto,case-tac list,fastforce+)
with <kind a = Q«pf> obtain cf’ where transfer (kind a) s = (cf '#xs)Qcf#cfs
and transfer (kind a) s’ = (cf "#xs)Qcf#cfs’
by fastforce
from IH[OF this <length cfs = length cfs"y <V a € set as. valid-edge a> -
<preds (kinds as) (transfer (kind a) s)y] Cons <length xs = length csx»
have preds (kinds as) (transfer (kind a) s’) by simp
moreover
from <walid-edge ay <pred (kind a) s» «s = cfsxQcf#cfsy «s' = cfszQcf#cfs’
length cfs = length cfs’» have pred (kind a) s’
by (cases cfsx)(auto intro: CFG-edge- Uses-pred-equal)
ultimately show ?thesis by (simp add:kinds-def)
qed
qed

lemma slp-preds:
assumes n —as— gk n' and preds (kinds as) (cf#cfs)
and length cfs = length cfs’
shows preds (kinds as) (cf#tcfs’)
proof —
from «n —as— g+ n’» have n —as—+ n’ and same-level-path-auz [| as
by (simp-all add:slp-def same-level-path-def)
from «n —as—x n’y have Va € set as. valid-edge a by(rule path-valid-edges)
with (same-level-path-auz [| as» <preds (kinds as) (cf#cfs)
<length cfs = length cfs"
show ?thesis by(fastforce elim!:slpa-preds)
qed
end

end
theory CFGFEzit-wf imports CFGFEzit CFG-wf begin

1.3.1 New well-formedness lemmas using (-Exit-)

locale CFGExit-wf = CFGFExit sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main Exit +
CFG-wf sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main Def Use ParamDefs ParamUses
for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node
and kind :: 'edge = ('var,’val,'ret,’pname) edge-kind
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and wvalid-edge :: 'edge = bool

and Entry :: 'node (<'("-Entry’-")») and get-proc :: 'node = 'pname
and get-return-edges :: 'edge = 'edge set

and procs :: (‘pname x 'var list x 'var list) list and Main :: ‘pname
and Ezit::'node ('(’-Exit’-")»)

and Def :: 'node = 'var set and Use :: 'node = "var set

and ParamDefs :: 'node = "var list

and ParamUses :: 'node = 'var set list +

assumes Frit-empty:Def (-Ezxit-) = {} A Use (-Exit-) = {}

begin

lemma FEzit-Use-empty [dest!]: V € Use (-Exit-) = False
by (simp add: Ezit-empty)

lemma FEzit-Def-empty [dest!]: V € Def (-Exit-) = False
by (simp add: Exit-empty)

end

end

1.4 CFG and semantics conform

theory SemanticsCFG imports CFG begin

locale CFG-semantics-wf = CFG sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main
for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node
and kind :: 'edge = ('var,’val,'ret,’pname) edge-kind
and valid-edge :: 'edge = bool
and Entry :: 'node (<'(’-Entry’-")y) and get-proc :: 'node = 'pname
and get-return-edges :: 'edge = 'edge set
and procs :: (‘pname x 'var list x 'var list) list and Main :: '‘pname +
fixes sem::'com = (‘var — "val) list = '‘com = (‘var — 'val) list = bool
(1)) =/ (1)) 10,0,0,0) 1)
fixes identifies::'node = 'com = bool («- = - [51,0] 80)
assumes fundamental-property:
[n 2 ¢ (cfef]) = (cs0] =
In' as. n —as— x n' A n' £ ¢’ A preds (kinds as) [(cf undefined)] A
transfers (kinds as) [(cf,undefined)] = cfs’ A map fst cfs’ = s’

end

1.5 Return and their corresponding call nodes

theory ReturnAndCallNodes imports CFG begin

98



context CFG begin

1.5.1 Defining return-node

definition return-node :: 'node = bool
where return-node n = 3a a’. valid-edge a A n = targetnode a N
valid-edge a’ N\ a € get-return-edges a’

lemma return-node-determines-call-node:
assumes return-node n
shows 3!n’. Ja a’. valid-edge a N n' = sourcenode a A valid-edge a’ N\
a’ € get-return-edges a N n = targetnode a’
proof(rule ex-ex1I)
from «(return-node n»
show dn’ a a’. valid-edge a N n' = sourcenode a A valid-edge a’ N\
a’ € get-return-edges a A n = targetnode a’
by (simp add:return-node-def) blast
next
fix n’ nx
assume Ja a’. valid-edge a A n’ = sourcenode a N\ valid-edge a’ N
a’ € get-return-edges a A n = targetnode a’
and Ja a’. valid-edge a A nx = sourcenode a N valid-edge a’ A
a’ € get-return-edges a N\ n = targetnode a’
then obtain a o’ ax az’ where valid-edge a and n’ = sourcenode a
and wvalid-edge o’ and a’ € get-return-edges a
and n = targetnode o’ and valid-edge axz and nz = sourcenode ax
and valid-edge ax’ and az’ € get-return-edges ax
and n = targetnode az’
by blast
from <walid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a) <a’ € get-return-edges a> obtain a'’
where intra-edgel:valid-edge a’ sourcenode a'' = sourcenode a
targetnode a' = targetnode o' kind o'’ = (\cf. False),,
by (fastforce dest:call-return-node-edge)
from <walid-edge ax> <ax’ € get-return-edges azx) obtain az'’
where intra-edge2:valid-edge az'’ sourcenode az’’ = sourcenode ax
targetnode az'' = targetnode azx’ kind az’’ = (Acf. False),,
by (fastforce dest:call-return-node-edge)
from <valid-edge a> <a’ € get-return-edges a>
obtain @ r p fs where kind a = Q:r—pfs
by (fastforce dest!:only-call-get-return-edges)
with «valid-edge a> <a’ € get-return-edges a> obtain Q' p f’
where kind o’ = Q"<=pf’ by(fastforce dest!:call-return-edges)
with «valid-edge a’s
have 3!a”. valid-edge o’ N targetnode o'’ = targetnode a’ A intra-kind(kind a'’)
by (rule return-only-one-intra-edge)
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with intra-edgel intra-edge2 <n = targetnode a’y <n = targetnode azx’s
have o’ = az’’ by(fastforce simp:intra-kind-def)
with (sourcenode a’’' = sourcenode a> <sourcenode ax'’ = sourcenode ax»
«n’ = sourcenode a> <nx = sourcenode ax>
show n’ = nz by simp
qed

lemma return-node- THE-call-node:
[return-node n; valid-edge a; valid-edge a'; a’ € get-return-edges a;
n = targetnode a]
= (THE n'. 3a a'. valid-edge a N n’ = sourcenode a A valid-edge a’ N\
a' € get-return-edges a A n = targetnode a’) = sourcenode a
by (fastforce introl:thel-equality return-node-determines-call-node)

1.5.2 Defining call nodes belonging to a certain return-node

definition call-of-return-node :: 'node = 'node = bool
where call-of-return-node n n' = 3 a a’. return-node n A
valid-edge a N\ n' = sourcenode a A valid-edge a’ A
a’ € get-return-edges a A n = targetnode a’

lemma return-node-call-of-return-node:
return-node n = 3!n’. call-of-return-node n n’
by —(frule return-node-determines-call-node,unfold call-of-return-node-def,simp)

lemma call-of-return-nodes-det [dest]:
assumes call-of-return-node n n’ and call-of-return-node n n'’
shows n’ = n’"’
proof —
from <call-of-return-node n n’y have return-node n
by (simp add:call-of-return-node-def)
hence 3!n’. call-of-return-node n n’ by(rule return-node-call-of-return-node)
with <call-of-return-node n n'y <call-of-return-node n n'’»
show ?thesis by auto
qed

lemma get-return-edges-call-of-return-nodes:

[valid-call-list cs m; valid-return-list rs m;

Vi < length rs. rsli € get-return-edges (csli); length rs = length cs]

= Vi<length cs. call-of-return-node (targetnodes rsi) (sourcenode (csli))
proof (induct cs arbitrary:m rs)

case Nil thus ?case by fastforce
next

case (Cons ¢’ cs')
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note IH = «A\m rs. [valid-call-list cs’ m; valid-return-list rs m;
Vi<length rs. rs | i € get-return-edges (cs’! i); length rs = length cs']
= Vi<length cs'. call-of-return-node (targetnodes rs ! i) (sourcenode (cs%))>

from «length rs = length (¢’ # cs’)» obtain r’ rs’ where rs = r’ # rs’
and length rs’ = length cs’ by(cases 1s) auto

with «Vi<length rs. rs | i € get-return-edges ((¢’ # ¢s’) ! i)

have Vi<length rs’. rs' | i € get-return-edges (cs'! i)
and 1’ € get-return-edges ¢’ by auto

from «wvalid-call-list (c¢'#cs’) m» have wvalid-edge ¢’
by (fastforce simp:valid-call-list-def)

from this <r’ € get-return-edges ¢’

have get-proc (sourcenode ¢’) = get-proc (targetnode r’)
by (rule get-proc-get-return-edge)

from «valid-call-list (c¢'#cs’) m»

have valid-call-list cs’ (sourcenode c¢”)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply (erule-tac x=c'#cs’ in allE) apply clarsimp
by (case-tac cs’)(auto simp:sourcenodes-def)

from <valid-return-list rs m»> <rs = v’ # rs’
<get-proc (sourcenode ¢') = get-proc (targetnode r')»

have valid-return-list rs’ (sourcenode c¢”)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=r'#cs’ in allE) apply clarsimp
by (case-tac cs’)(auto simp:targetnodes-def)

from [H[OF <valid-call-list cs’ (sourcenode c¢’)»
<valid-return-list rs’ (sourcenode ¢'))

Ni<length rs’. rs' | i € get-return-edges (cs’! i)y «length rs’ = length cs’]
have all:V i<length cs’.
call-of-return-node (targetnodes rs'! i) (sourcenode (cs’! 7)) .

from <valid-edge ¢’y «r' € get-return-edges c¢'» have valid-edge r'
by (rule get-return-edges-valid)

from <wvalid-edge 'y <valid-edge c¢'» <r' € get-return-edges c’»

have return-node (targetnode r') by(fastforce simp:return-node-def)

with «valid-edge c¢» «r' € get-return-edges ¢’y <valid-edge 1

have call-of-return-node (targetnode r') (sourcenode ¢’
by (simp add:call-of-return-node-def) blast

with all <rs = r’ # rs’» show ?case
by auto(case-tac i,auto simp:targetnodes-def)

qed

end

end

1.6 Observable Sets of Nodes

theory Observable imports ReturnAndCallNodes begin
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context CFG begin

1.6.1 Intraprocedural observable sets

inductive-set obs-intra :: 'node = 'node set = 'node set
for n::'node and S::'node set
where obs-intra-elem:
[n —as—,* n'; Vnz € set(sourcenodes as). nx ¢ S; n' € S| = n’ € obs-intra n

S

lemma obs-intraF:

assumes n' € obs-intra n S

obtains as where n —as—,* n’ and Vnx € set(sourcenodes as). nx ¢ S and
n'esS

using <n’ € obs-intra n S»

by (fastforce elim:obs-intra.cases)

lemma n-in-obs-intra:
assumes valid-node n and n € S shows obs-intra n S = {n}
proof —
from <wvalid-node n» have n —[|—x n by(rule empty-path)
hence n —[|—,* n by(simp add:intra-path-def)
with «(n € S) have n € obs-intra n S
by (fastforce elim:obs-intra-elem simp:sourcenodes-def)
{ fix n’ assume n’ € obs-intra n S
have n’ = n
proof (rule ccontr)
assume n’ # n
from «n’ € obs-intra n S> obtain as where n —as—,* n’
and Vnz € set(sourcenodes as). nx ¢ S
and n' € S by(fastforce elim:obs-intra.cases)
from <n —as—,x n’y have n —as—x* n’ by(simp add:intra-path-def)
from this <V nx € set(sourcenodes as). nx ¢ S» «n’ # n «n € S
show Fulse
proof (induct rule:path.induct)
case (Cons-path n'' as n’ a n)
from <V nz€set (sourcenodes (a#tas)). nx ¢ S» <sourcenode a = n»
have n ¢ S by(simp add:sourcenodes-def)
with <n € §» show Fulse by simp
qed simp
qed }
with «<n € obs-intra n S» show ?thesis by fastforce
qed

lemma in-obs-intra-valid:
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assumes n' € obs-intra n S shows valid-node n and valid-node n’
using <n’ € obs-intra n S»
by (auto elim!:obs-intraE intro:path-valid-node simp:intra-path-def)

lemma edge-obs-intra-subset:
assumes valid-edge o and intra-kind (kind a) and sourcenode a ¢ S
shows obs-intra (targetnode a) S C obs-intra (sourcenode a) S
proof
fix n assume n € obs-intra (targetnode a) S
then obtain as where targetnode a —as— * n
and all:¥ nz € set(sourcenodes as). nz ¢ S and n € S by(erule obs-intraE)
from <(walid-edge ay <intra-kind (kind a)» <targetnode a —as— * n»
have sourcenode a —[a]@Qas—,x n by(fastforce intro: Cons-path simp:intra-path-def)
moreover
from all <sourcenode a ¢ S» have Vnz € set(sourcenodes (a#as)). nx ¢ S
by (simp add:sourcenodes-def)
ultimately show n € obs-intra (sourcenode a) S using «n € S»
by (fastforce intro:obs-intra-elem)
qed

lemma path-obs-intra-subset:
assumes n —as—,x n’ and Vn' € set(sourcenodes as). n' ¢ S
shows obs-intra n’ S C obs-intra n S
proof —
from <n —as—,x n’y have n —as—x* n’ and Va € set as. intra-kind (kind a)
by (simp-all add:intra-path-def)
from this <V n' € set(sourcenodes as). n’ ¢ S» show ?thesis
proof (induct rule:path.induct)
case (Cons-path n'' as n' a n)
note IH = [V a€set as. intra-kind (kind a); V n'€set (sourcenodes as). n' ¢ SJ
= obs-intra n’ S C obs-intra n'' S»
from <V n'e€set (sourcenodes (a#tas)). n' ¢ S»
have all:V n'eset (sourcenodes as). n’ ¢ S and sourcenode a ¢ S
by (simp-all add:sourcenodes-def)
from Va € set (a#as). intra-kind (kind a)»
have intra-kind (kind o) and V a € set as. intra-kind (kind a)
by (simp-all add:intra-path-def)
from IH[OF ¥ a € set as. intra-kind (kind a)) all]
have obs-intra n’ S C obs-intra n’’ S .
from (walid-edge ay <intra-kind (kind a)> <targetnode a = n'"
<sourcenode a = ny (sourcenode a ¢ S»
have obs-intra n”" S C obs-intra n S by(fastforce dest:edge-obs-intra-subset)
with <obs-intra n’ S C obs-intra n’’ S> show ?case by fastforce
qed simp
qed
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lemma path-ex-obs-intra:
assumes n —as—,x n'and n’ € S
obtains m where m € obs-intra n S
proof (atomize-elim)
show Im. m € obs-intra n S
proof(cases ¥V nz € set(sourcenodes as). nx ¢ S)
case True
with <n —as—,* n"» <n’ € S» have n’ € obs-intra n S by —(rule obs-intra-elem)
thus ?thesis by fastforce
next
case Fulse
hence dnz € set(sourcenodes as). nz € S by fastforce
then obtain nz ns ns’ where sourcenodes as = nsQnx#ns’
and nz € Sand Vn' € set ns. n’ ¢ S
by (fastforce elim!:split-list-first-propE)
from (sourcenodes as = nsQnx#ns’» obtain as’ a as’’
where ns = sourcenodes as’
and as = as'Qa#as’ and sourcenode a = nx
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
with (n —as—,* n’y have n —as'—,* nz
by (fastforce dest:path-split simp:intra-path-def)
with <nz € S» «Vn' € set ns. n’ ¢ Sy <ns = sourcenodes as”
have nz € obs-intra n S by(fastforce intro:obs-intra-elem)
thus ?thesis by fastforce
qed
qged

1.6.2 Interprocedural observable sets restricted to the slice

fun obs :: 'node list = 'node set = 'node list set
where obs [| S = {}
| obs (n#tns) S = (let S" = obs-intra n S in
(if (S"={} Vv (3n' € set ns. Inx. call-of-return-node n’ nx A nz ¢ 3))
then obs ns S else (Anz. nz#ns) < S’))

lemma obsl:
assumes n' € obs-intra n S
and Vnz € set nsz’. Anz’. call-of-return-node nx nx’ A nz’ € S
shows [ns = nszQ@Qn#nsz’; Vas © xs’. nsz = xsQx#tazs’ A obs-intra x S # {}
— (Fz” € set (xs'Q[n]). Inz. call-of-return-node x’’ nx A nx ¢ S)]
= n'#nsz’ € obsns S
proof (induct ns arbitrary:nsz)
case (Cons z xs)
note IH = «Ansz. [zs = nszQn#tnsz’;
Vs z xs’. nsx = xs Q x # xs’ A obs-intra ¢ S # {} —
(Fz'"eset (xzs'Q[n]). Inz. call-of-return-node z'"" nz A nz ¢ S)]
= n'#nsz’ € obs s S»
note nsx = Vas x xs’. nsz = xs Q x # xs’ A obs-intra x S # {} —
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(Fz''eset (zs’ Q [n]). Inz. call-of-return-node ' nx A nz ¢ S)»
show ?Zcase
proof (cases nsx)
case Nil
with <z#1s = nstQn#nsz’» have n = x and zs = nsz’ by simp-all
with «n’ € obs-intra n S»
 nxeset nsz'. Anx’. call-of-return-node nz nx’ A nz' € S»
show ?thesis by (fastforce simp:Let-def)
next
case (Cons z zs)
with «x#1zs = nscQn#nsz’y have [simpl:x = z s = zsQn#nsz’ by simp-all
from nszx Cons
have Vs z zs’. 2s = 25 Q z # zs’ A\ obs-intra z S # {} —
(Fz"eset (xzs' @ [n]). Inz. call-of-return-node ¢ nx A nz ¢ S)
by clarsimp(erule-tac x=z#xs in ollE,auto)
from TH[OF «xs = zsQn#tnsz’y this] have n'#nsc’ € obs xs S by simp
show ?thesis
proof(cases obs-intra z S = {})
case True
with Cons (n'#nsz’ € obs xs S) show ?thesis by (simp add: Let-def)
next
case Fulse
from nsx Cons
have obs-intra z S # {} —
(Fz""eset (zs Q [n]). Inx. call-of-return-node z'" nx A nx ¢ S)
by clarsimp
with False have 3z €set (zs Q [n]). Inx. call-of-return-node "' nx A nz ¢

S
by simp
with «zs = zsQn#nsz’
have 3n’ € set zs. Inx. call-of-return-node n’ nx A\ nz ¢ S by fastforce
with Cons «n'#nsz’ € obs zs S> show ?thesis by(simp add:Let-def)
qed
qed
qed simp

lemma 0bsE [consumes 2]:

assumes ns’ € obs ns S and Vn € set (¢ ns). return-node n

obtains nsz n nsz’ n’ where ns = nstQn#nsz’ and ns’ = n'#nsx’

and n' € obs-intra n S

and Vnz € set nsz’. Anz’. call-of-return-node nx nx’ A nz’ € S

and Vs z zs’. nst = zsQu#as’ A obs-intra © S # {}

— (3z" € set (zs’Q[n]). Inz. call-of-return-node ' nz A nz ¢ S)
proof (atomize-elim)

from «ns’ € obs ns S» <~Vn € set (¢l ns). return-node n)

show Jnsz n nsz’ n’. ns = nsx Q n # nst’ A ns’ = n’ # nsz’ A

n’ € obs-intra n S N (Vnz€set nsz’. Inz’. call-of-return-node nz nz' A nz' €
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S) A
(Vas z s’ nszt = s Q x # xs’ A obs-intra z S # {} —
(Fz"eset (zs' Q [n]). Inz. call-of-return-node " nx N nz ¢ S))
proof (induct ns)
case Nil thus ?case by simp
next
case (Cons nz ns'’)
note IH = ([ns’ € obs ns"’ §; V a€set (tl ns”). return-node al
= dnsz n nsz’ n’. ns”’ = nsx Q@ n # nsz’ A ns’' = n’ # nsx’ A
n’ € obs-intra n S A
(V nz€set nsz'. Anz’. call-of-return-node nx nx’ A nz’ € S) A
(Vas x xs’. nsx = xs Q x # xs’ A obs-intra v S # {} —
(z""eset (xs' @ [n]). Inz. call-of-return-node '’ nx A nz ¢ S))»
from «V a€set (tl (nz # ns'’)). return-node a> have Vn € set ns’’. return-node
n
by simp
show ?Zcase
proof(cases ns’’)
case Nil
with «ns’ € obs (nz#ns'’) S» obtain x where ns’ = [z] and = € obs-intra
nx S
by (auto simp:Let-def split:if-split-asm)
with Nil show ?thesis by fastforce
next
case Cons
with «Vn € set ns”. return-node ny have V a€set (tl ns'’). return-node a
by simp
show ?Zthesis
proof (cases In’ € set ns’. Inz’. call-of-return-node n' nz' A nz' ¢ S)
case True
with «ns’ € obs (nz#ns’’) S»> have ns’ € obs ns’”’ S by simp
from [H[OF this <V a€set (tl ns”). return-node a>]
obtain nsz n nsz’ n’ where split:ns’’ = nsz Q n # nsz’
ns' = n' # nsx’ n’ € obs-intra n S
Vnzeset nsz’. Anz’. call-of-return-node nx nx’ A nx' € S
and imp:Vas x xs’. nsx = xs Q x # xs’ A obs-intra x S # {} —
(Fz'eset (xs' Q [n]). Inz. call-of-return-node x'' nz A\ nx ¢ S)
by blast
from True (ns’” = nsx Q n # nsz’
N nzeset nsz’. Anz’. call-of-return-node nx nz’ A nx’ € S»
have (3 nz’. call-of-return-node n nx’ A nz' ¢ S) VvV
(In’eset nsx. Inz’. call-of-return-node n' nz’ A nx’ ¢ S) by fastforce
thus ?thesis
proof
assume 3 nzx’. call-of-return-node n nz’ A nz’ ¢ S
with split show ?thesis by clarsimp
next
assume Jn’'€set nse. Inz’. call-of-return-node n' nz’ A nx’ ¢ S
with imp have Vs © zs’. na#nsx = xs Q xz # zs’ A obs-intra z S # {}
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(Fz""eset (xs’ @ [n]). Inz. call-of-return-node '’ nx A nz ¢ S)
apply clarsimp apply(case-tac zs) apply auto
by (erule-tac z=list in allE,auto)+
with split Cons show ?thesis by auto
qged
next
case Fulse
hence V n'’eset ns”’. Vnz'. call-of-return-node n’ nt’ — nz’ € S by simp
show ?thesis
proof(cases obs-intra nx S = {})
case True
with «ns’ € obs (nz#ns’”’) S» have ns’ € obs ns’’ S by simp
from IH[OF this <V a€set (tl ns”’). return-node a)]
obtain nsz n nsz’ n’ where split:ns’’ = nsx Q n # nsz’
ns’ = n’ # nsz’ n’ € obs-intra n S
YV nz€set nsz'. Inz’. call-of-return-node nx nx’ A nx’ € S
and imp:Vas z xs’. nsz = xs @ z # xs’ A obs-intra z S # {} —
(Fz"eset (zs’ @ [n]). Inz. call-of-return-node ¢ nx A nz ¢ S)
by blast
from True imp Cons
have Vs = xs’. nz#nst = xs Q z # x5’ A\ obs-intra © S # {} —
(Fz'eset (xzs’' Q [n]). Inz. call-of-return-node ¢’ nz A nx ¢ S)
by clarsimp (hypsubst-thin,case-tac xs,clarsimp+,erule-tac z=list in
allE, auto)
with split Cons show ?thesis by auto
next
case Fulse
with «Vn'eset ns’’. Vnz'. call-of-return-node n' nz' — nz’ € S»
ns’ € obs (nz # ns'’) S»
obtain nz’’ where ns’ = nz''#ns’ and nz'’ € obs-intra nx S
by (fastforce simp:Let-def split:if-split-asm)
{ fix n’ assume n’cset ns’’
with <V n € set ns’. return-node n» have return-node n’ by simp
hence 3!n’. call-of-return-node n' n'"
by (rule return-node-call-of-return-node)
from <n'cset ns’’
' n'eset ns”. ¥V nz'. call-of-return-node n' nx’ — nz’ € S»
have V nz’. call-of-return-node n' nxz’ — nz’ € S by simp
with «3!n'. call-of-return-node n’ n'’s
have 3n’". call-of-return-node n’ n'’ A n'" € S by fastforce }
with <ns’ = nz'"#ns’s nz'’ € obs-intra nx S» show ?thesis by fastforce
qged
qed
qed
qed
qed
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lemma obs-split-det:
assumes rsQr#zs’ = ysQy#ys’
and obs-intra © S # {}
and Vz' € set zs’. Az”. call-of-return-node z' "' N z'" € S
and Vzs z zs'. s = 2sQz# 28’ A obs-intra z S # {}
— (32" € set (28'Qlz]). nzx. call-of-return-node 2" nx A nx ¢ S)
and obs-intra y S # {}
and Vy' € set ys'. 3y". call-of-return-node y' y"”’ Ay € S
and Vzs z zs'. ys = zsQz#zs’ A obs-intra z S # {}
— (32" € set (zs'Q[y]). Iny. call-of-return-node z"" ny A ny ¢ S)
shows zs = ys ANz = y A zs' = ys’
using assms
proof (induct zs arbitrary:ys)
case Nil
note impy = «Vzs z zs'. ys = zsQz#zs’ A obs-intra z S # {}
— (32" € set (28'Qly]). Iny. call-of-return-node 2" ny A ny ¢ S)»
show ?Zcase

proof(cases ys = [])

case True

with Nil «[|Qz#zs’ = ysQy#ys"» show ?thesis by simp
next

case Fulse

with «[] @ z # zs' = ys Q@ y # ys)

obtain zs where z#2zs = ys and zs’ = zsQy#ys’ by (auto simp: Cons-eq-append-conv)
from «ax#zs = ys» <obs-intra © S # {}» impy

have 32" € set (zsQ[y]). Iny. call-of-return-node z"’ ny A ny ¢ S

by blast

with «xs’ = 2sQu#ys’ V' € set zs’. ', call-of-return-node ' ="’ N z"' €
Sy
have Fulse by fastforce
thus ?thesis by simp
qed
next
case (Cons w ws)
note TH = «(\ys. [ws Q@ z # xzs' = ys Q y # ys’; obs-intra © S # {};
Vz'eset xs’. Az’ call-of-return-node x' z'' N z'' € S;
Vs z 28 ws =28 Q z # 28" A\ obs-intra 2 S # {} —

(Fz"eset (zs' Q [z]). Inx. call-of-return-node z"’ nx A nx ¢ S);
obs-intra y S # {}; Vy'eset ys'. Fy”. call-of-return-node y' y"' Ny € S;
Vzs z 28 ys = 28 Q@ z # 28’ A obs-intra z S # {} —

(Fz"eset (zs' Q [y]). Iny. call-of-return-node z"’ ny A ny ¢ S)]
= ws=ys ANz =yA s’ = ysH

note impw = Vzs z zs". w # ws = 28 @ z # zs' A\ obs-intra z S # {} —
(Fz"eset (zs" Q [z]). Tnz. call-of-return-node z'"" nx A nx ¢ S)»

note impy = «Vzs z 28" ys = zs Q z # zs’ A obs-intra z S # {} —
(Fz"eset (zs' Q [y]). Iny. call-of-return-node z"’ ny A ny ¢ S)»

show Zcase

proof(cases ys)
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case Nil
with «((w#ws) Q@ z # 28’ = ys Q y # ys’» have y = w and ys’' = ws Q z #
xs'
by simp-all
from «y = w» <obs-intra y S # {}» impw
have 3z"e€set (ws Q [z]). Inzx. call-of-return-node 2" nx A nz ¢ S by blast
with (ys’ = ws Q z # xs)
Ny'eset ys'. Ay’ call-of-return-node y' y"’' A y'' € S»
have Fulse by fastforce
thus ?thesis by simp
next
case (Cons w’ ws’)
with «((w # ws) @ z # zs' = ys Q y # ys» have w = w’
and ws Q z # xs’' = ws' Q y # ys’ by simp-all
from impw have imp1:V zs z zs'. ws = zs Q z # 28’ A obs-intra z S # {} —
(Fz"eset (zs' Q [z]). Inz. call-of-return-node z'" nx A nx ¢ S)
by clarsimp(erule-tac x=w#zs in allE, clarsimp)
from Cons impy have imp2:V zs z 2s’. ws' = 25 Q z # 28’ A obs-intra z S #
{} —
(Fz""eset (zs' Q [y]). Iny. call-of-return-node z"" ny N ny ¢ S)
by clarsimp(erule-tac x=w'#zs in allE clarsimp)
from [H[OF <ws @ x # xzs’ = ws’ Q y # ys”» <obs-intra z S # {}p
N z'eset zs’. Az, call-of-return-node z' "' Nz € Sy impl
<obs-intra y S # {}b «~Vy'€set ys’. Jy". call-of-return-node y' y"" N y'" € S»
imp?2|
have ws = ws' ANz =y A zs' = ys'.
with (w = w’» Cons show ?thesis by simp
qed
qed

lemma in-obs-valid:
assumes ns’ € obs ns S and Vn € set ns. valid-node n
shows Vn € set ns’. valid-node n
using «ns’ € obs ns S» <V n € set ns. valid-node n»
by (induct ns)(auto intro:in-obs-intra-valid simp:Let-def split:if-split-asm)

end

end

1.7 Postdomination
theory Postdomination imports CFGFEzit begin

For static interprocedural slicing, we only consider standard control depen-
dence, hence we only need standard postdomination.
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locale Postdomination = CFGEzit sourcenode targetnode kind valid-edge Entry

get-proc get-return-edges procs Main Exit

for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node

and kind :: 'edge = ('var,’val,ret,’pname) edge-kind

and wvalid-edge :: 'edge = bool

and Entry :: 'node (<'(’-Entry’-")y) and get-proc :: 'node = 'pname

and get-return-edges :: 'edge = 'edge set

and procs :: (‘pname x ‘var list x 'var list) list and Main :: 'pname

and FEzit::'node ('("-Exit’-")y) +

assumes Entry-path:valid-node n = Jas. (-Entry-) —as— % n

and Ezit-path:valid-node n = Jas. n —as— /* (-Erit-)

and method-exit-unique:
[method-exit n; method-exit n’; get-proc n = get-proc n'] = n = n’

begin

lemma get-return-edges-unique:
assumes valid-edge a and a’ € get-return-edges a and o'’ € get-return-edges a
shows a’ = a”
proof —
from <valid-edge a> <a’ € get-return-edges a>
obtain @ r p fs where kind a = Q:r—pfs
by (fastforce dest!:only-call-get-return-edges)
with <walid-edge a) <a’ € get-return-edges a)> obtain Q' f’ where kind o’ =
Q/<_,pf/
by (fastforce dest!:call-return-edges)
from <valid-edge a> <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from this <kind o’ = Q'<—pf" have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <valid-edge o'y <kind o’ = Q"<=pf’s have method-exit (sourcenode a’)
by (fastforce simp:method-exit-def)
from <valid-edge a> <a'’ € get-return-edges a) <kind a = Q:r—pfs)
obtain Q" f" where kind o" = Q"< pf" by(fastforce dest!:call-return-edges)
from <(walid-edge a) <a’’ € get-return-edges a> have valid-edge a'’
by (rule get-return-edges-valid)
from this <kind o' = Q""<=pf'"» have get-proc (sourcenode a'’) = p
by (rule get-proc-return)
from (valid-edge o'’ <kind o = Q'"<=pf"» have method-exit (sourcenode a'’)
by (fastforce simp:method-ezit-def)
with «method-ezit (sourcenode a’)s <get-proc (sourcenode a’) = p»
<get-proc (sourcenode a'’) = p» have sourcenode a’ = sourcenode a"’
by (fastforce elim!:method-ezit-unique)
from <(walid-edge ay <a’ € get-return-edges a
obtain az’ where valid-edge az’ and sourcenode az’ = sourcenode a
and targetnode ax’ = targetnode o’ and intra-kind(kind az’)
by —(drule call-return-node-edge,auto simp:intra-kind-def)
from <valid-edge a> <a’’ € get-return-edges a»
obtain az’’ where valid-edge ax'’ and sourcenode ax’ = sourcenode a
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and targetnode ax'’ = targetnode o' and intra-kind(kind az'’)

by —(drule call-return-node-edge,auto simp:intra-kind-def)
from <valid-edge a> <kind a = Q:r—pfs> <valid-edge ax’>

<sourcenode az’ = sourcenode a» <intra-kind(kind ax’)

<walid-edge az'’y «sourcenode az'' = sourcenode a) <intra-kind(kind az’’)s
have ax’ = az'’ by —(drule call-only-one-intra-edge,auto)
with (targetnode ax’ = targetnode a’y <targetnode az'’ = targetnode a'’y
have targetnode a’ = targetnode a'’ by simp
with «valid-edge a’s <valid-edge a'’y <sourcenode a’ = sourcenode a'’s
show ?thesis by (rule edge-det)

qged

definition postdominate :: 'node = 'node = bool (<- postdominates -» [51,0])
where postdominate-def:n’ postdominates n =

(valid-node n A wvalid-node n' A

(V as pex. (n —as—,* pex A method-exit pex) — n’ € set (sourcenodes as)))

lemma postdominate-implies-inner-path:
assumes n’ postdominates n
obtains as where n —as—,x n’ and n’ ¢ set (sourcenodes as)
proof (atomize-elim)
from <n’ postdominates n)» have valid-node n
and all:V as pex. (n —as—,* pex A method-exit pex) — n' € set (sourcenodes
as)
by (auto simp:postdominate-def)
from (valid-node n) obtain asy where n —asz— / (-Exit-) by (auto dest: Exit-path)
then obtain as where n —as— /* (-Ewit-)
and Va € set as. intra-kind(kind a) V (3 Q f p. kind a = Q<pf)
by —(erule valid- Exit-path-descending-path)
show Jas. n —as—,x n’ A n’ ¢ set (sourcenodes as)
proof(cases Ja € set as. 3Q fp. kind a = Q«pf)
case True
then obtain asz ax asz’ where [simp]:as = aszQaz#asz’
and 3 Q fp. kind ax = Q«>pf and Va € set asz. V Q f p. kind a # Q«pf
by —(erule split-list-first-propE,simp)
with Va € set as. intra-kind(kind a) vV (3 Q fp. kind a = Q«pf)
have Va € set asz. intra-kind(kind a) by auto
from «n —as— s (-Erit-)> have n —asz— /* sourcenode ax
and valid-edge ax by(auto dest:up-split)
from (n —aszr— /* sourcenode ax) <V a € set asv. intra-kind(kind a)
have n —asz—, * sourcenode ax by (simp add:vp-def intra-path-def)
from (valid-edge ax> <3 Q fp. kind ax = Q<pf>
have method-ezit (sourcenode az) by(fastforce simp:method-exit-def)
with «n —asz—,* sourcenode ax» all have n’ € set (sourcenodes asz) by
fastforce
then obtain zs ys where sourcenodes asz = xsQn'#ys and n’ ¢ set xs
by (fastforce dest:split-list-first)
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then obtain as’ a as’”’ where zs = sourcenodes as’
and [simp|:asz = as’Qa#as’ and sourcenode a = n’
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from «n —asz—,* sourcenode ax> have n —as’—,* sourcenode a
by (fastforce dest:path-split simp:intra-path-def)
with <sourcenode a = n'y <n’ ¢ set xs) <xs = sourcenodes as”
show ?thesis by fastforce
next
case Fulse
with Va € set as. intra-kind(kind a) vV (3 Q f p. kind a = Q<=pf)
have Va € set as. intra-kind(kind o) by fastforce
with (n —as— s+ (-Ezit-)> all have n’ € set (sourcenodes as)
by (auto simp:up-def intra-path-def simp:method-exit-def)
then obtain zs ys where sourcenodes as = zsQn'#ys and n’ ¢ set s
by (fastforce dest:split-list-first)
then obtain as’ a as” where zs = sourcenodes as’
and [simp|:as = as'Qa#as’ and sourcenode a = n'
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from «n —as— /x (-Ezit-)) <V a € set as. intra-kind(kind a)> <as = as'Qa#tas’"
have n —as’—,* sourcenode a
by (fastforce dest:path-split simp:vp-def intra-path-def)
with <sourcenode a = n'y <n’ ¢ set xs) <xs = sourcenodes as”
show ?thesis by fastforce
qed
qed

lemma postdominate-variant:
assumes n’ postdominates n
shows Vas. n —as— s+ (-Bzit-) — n' € set (sourcenodes as)
proof —
from «n’ postdominates n»
have all:¥ as pex. (n —as—,* pex A method-exit pex) — n' € set (sourcenodes
as)
by (simp add:postdominate-def)
{ fix as assume n —as— /* (-Exit-)
then obtain as’ pex where n —as’—,* pex and method-exit pex
and set(sourcenodes as’) C set(sourcenodes as)
by (erule valid- Exit-path-intra-path)
from <n —as’—,* pex> <method-exit pex)> «n' postdominates n»
have n’ € set (sourcenodes as’) by(fastforce simp:postdominate-def)
with (set(sourcenodes as’) C set(sourcenodes as)»
have n' € set (sourcenodes as) by fastforce }
thus ?thesis by simp
qed

lemma postdominate-refi:
assumes valid-node n and — method-exit n shows n postdominates n
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using <walid-node n»
proof (induct rule:valid-node-cases)
case Entry
{ fix as pex assume (-Entry-) —as—,* pex and method-exit pex
from «method-exit pex> have (-Entry-) € set (sourcenodes as)
proof (rule method-ezit-cases)
assume pex = (-Euxit-)
with «(-Entry-) —as—,* pex) have as # ||
apply(clarsimp simp:intra-path-def) apply (erule path.cases)
by (drule sym,simp,drule Ezit-noteq-Entry,auto)
with «(-Entry-) —as—,* pex)> have hd (sourcenodes as) = (-Entry-)
by (fastforce intro:path-sourcenode simp:intra-path-def)
with <as # [yshow Zthesis by(fastforce intro:hd-in-set simp:sourcenodes-def)
next
fix a Q p f assume pex = sourcenode a and valid-edge a and kind a = Q< pf
from «(-Entry-) —as—,x pex> have get-proc (-Entry-) = get-proc pex
by (rule intra-path-get-procs)
hence get-proc pex = Main by(simp add:get-proc-Entry)
from (valid-edge a) <kind a = Q<=pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
with <pex = sourcenode ay <get-proc pex = Main> have p = Main by simp
with <valid-edge a> <kind a = Q<>pf> have False
by simp (rule Main-no-return-source)
thus ?thesis by simp
qed }
with Entry show ?Zthesis
by (fastforce intro:empty-path simp:postdominate-def intra-path-def)
next
case FExit
with <= method-ezit n» have False by (simp add:method-exit-def)
thus %thesis by simp
next
case inner
show ?thesis
proof(cases Jas. n —as— sx (-Exit-))
case True
{ fix as pex assume n —as— * pex and method-exit pex
with (- method-exit n> have as # ||
by (fastforce elim:path.cases simp:intra-path-def)
with <n —as—, % pex> inner have hd (sourcenodes as) = n
by (fastforce intro:path-sourcenode simp:intra-path-def)
from <as # [> have sourcenodes as # [| by(simp add:sourcenodes-def)
with <hd (sourcenodes as) = ny[THEN sym]
have n € set (sourcenodes as) by simp }
hence Vas pex. (n —as—,* pex A method-exit pex) — n € set (sourcenodes
as)
by fastforce
with True inner show ?thesis
by (fastforce intro:empty-path
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simp:postdominate-def inner-is-valid intra-path-def)
next
case Fulse
with inner show ?thesis by(fastforce dest:inner-is-valid Exit-path)
qed
qed

lemma postdominate-trans:
assumes n'’ postdominates n and n’ postdominates n'’
shows n’ postdominates n
proof —
from <n'’ postdominates ny <n' postdominates n'’s
have valid-node n and valid-node n’ by (simp-all add:postdominate-def)
{ fix as pex assume n —as— * pex and method-exit pex
with «n'"' postdominates n» have n'’ € set (sourcenodes as)
by (fastforce simp:postdominate-def)
then obtain ns’ ns’’ where sourcenodes as = ns'Qn''#ns'’
by (auto dest:split-list)
then obtain as’ as’ a where sourcenodes as’” = ns'’ and [simpl:as=as'Qa#as”
and [simp]:sourcenode a = n'’
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from <n —as—,* pex> have n —as'Qa#as’’— * pex by simp
hence n'' —a#as’’—, * pex
by (fastforce dest:path-split-second simp:intra-path-def)
with «n’ postdominates n'y <method-exit pex>
have n' € set(sourcenodes (a#tas’)) by(fastforce simp:postdominate-def)
hence n' € set (sourcenodes as) by(fastforce simp:sourcenodes-def) }
with <walid-node ny <valid-node n’s

show ?thesis by (fastforce simp:postdominate-def)
qed

lemma postdominate-antisym:
assumes n’ postdominates n and n postdominates n’
shows n = n’
proof —
from «n’ postdominates n» have valid-node n and valid-node n’
by (auto simp:postdominate-def)
from (valid-node n) obtain asz where n —asz— /* (-Exit-) by (auto dest: Exit-path)
then obtain as’ pex where n —as’—,* pex and method-exit pex
by —(erule valid-Ezit-path-intra-path)
with «n’ postdominates n» have Inz € set(sourcenodes as’). nx = n’
by (fastforce simp:postdominate-def)
then obtain ns ns’ where sourcenodes as’ = nsQn'#ns’
and Vnzr € set ns’. nx # n’
by (fastforce elim!:split-list-last-propE)
from <sourcenodes as’ = nsQn'#ns’y obtain asz a asz’
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where [simp]:ns’ = sourcenodes asx’ as’ = aszQa#tasz’ sourcenode a = n’
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)

from <n —as’—, * pex> have n’ —a#asz’'—, * pex
by (fastforce dest:path-split-second simp:intra-path-def)

with «n postdominates n'y <method-ezit pex)> have n € set(sourcenodes (a#asz’))

by (fastforce simp:postdominate-def)
hence n = n’ VvV n € set(sourcenodes asz’) by(simp add:sourcenodes-def)
thus ?thesis
proof
assume n = n’ thus ?thesis .
next
assume n € set(sourcenodes asz’)
then obtain nsz’ nsz’’ where sourcenodes asz’ = nsz'Qn#tnsz’’
by (auto dest:split-list)
then obtain asi asi’ a’ where [simp]:asz’ = asi@Qa'#asi’ sourcenode o’ = n
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
with «n —as’—, * pex> have n —(aszQa+#asi)Qa'#asi’—,* pex by simp
hence n —(aszQa#asi)Qa’#asi’—+* pex
and Va € set ((aszQa#asi)Qa'#asi’). intra-kind (kind a)
by (simp-all add:intra-path-def)
from «n —(aszxQa#asi)Qa'#asi’—* pex
have n —a'#asi’—* pex by(fastforce dest:path-split-second)
with Va € set ((aszQa#asi)Qa'#asi’). intra-kind (kind a)>
have n —a'#asi’'— * pex by(simp add:intra-path-def)
with «n’ postdominates ny <method-exit pex>
have n' € set(sourcenodes (a'#asi’)) by(fastforce simp:postdominate-def)
hence n’ = n V n’ € set(sourcenodes ast’)
by (simp add:sourcenodes-def)
thus ?thesis
proof
assume n’ = n thus ?thesis by(rule sym)
next
assume n’ € set(sourcenodes asi’)
with <V nz € set ns’. nz # n’y have False by(fastforce simp:sourcenodes-def)
thus ?thesis by simp
qged
qed
qed

lemma postdominate-path-branch:

assumes n —as—* n'’ and n’ postdominates n’’ and — n’ postdominates n

obtains a as’ as’’ where as = as’Qa#as’’ and valid-edge a

and — n’ postdominates (sourcenode a) and n’ postdominates (targetnode a)
proof (atomize-elim)

from assms

show Jas’ a as”. as = as'Qa#as’” A valid-edge a N

= n' postdominates (sourcenode a) A n' postdominates (targetnode a)
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proof (induct rule:path.induct)
case (Cons-path n'' as nz a n)
note IH = ([n’ postdominates nz; = n’ postdominates n'’|
= Jas’ a as”. as = as’Qa#as’’ A valid-edge a N
= n' postdominates sourcenode a A n' postdominates targetnode a
show ?case
proof(cases n' postdominates n'’)
case True
with <= n’ postdominates ny <sourcenode a = n» <targetnode a = n'’
<valid-edge a> show ?thesis by blast
next
case Fulse
from IH[OF «n’ postdominates nx» this] show ?thesis
by clarsimp(rule-tac z=a#tas’ in exl,clarsimp)
qed
qed simp
qed

lemma Ezit-no-postdominator:
assumes (-Ezit-) postdominates n shows False
proof —
from «(-Exit-) postdominates ny have valid-node n by(simp add:postdominate-def)
from <valid-node n> obtain asz where n —asz— /x (-Ezit-) by (auto dest: Exit-path)
then obtain as’ per where n —as’— * pex and method-exit pex
by —(erule valid- Ezit-path-intra-path)
with «(-Exit-) postdominates ny have (-Ezit-) € set (sourcenodes as’)
by (fastforce simp:postdominate-def)
with (n —as’—, x per» show Fualse by(fastforce simp:intra-path-def)
qed

lemma postdominate-inner-path-targetnode:
assumes n’ postdominates n and n —as—,x n’’ and n’ ¢ set(sourcenodes as)
shows n’ postdominates n'’
proof —
from «n’ postdominates n> obtain asx

where valid-node n and valid-node n’

and all:V as pex. (n —as— *x pex N\ method-exit pex) — n' € set (sourcenodes
as)

by (auto simp:postdominate-def)
from (n —as—,x n'’y have valid-node n'"

by (fastforce dest:path-valid-node simp:intra-path-def)
have Vas’ pex’. (n' —as’— * pex’ N\ method-exit pex’) —

n' € set (sourcenodes as’)

proof(rule ccontr)

assume — (Vas’ pex’. (n” —as’—, x pex’ A\ method-exit pex’) —

n' € set (sourcenodes as’))
then obtain as’ pez’ where n'’ —as’—,* pex’ and method-ezit pex’
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and n’ ¢ set (sourcenodes as’) by blast
from <n —as—,* n' «<n’ —as'—,* pex’» have n —asQas’—, * pex’
by (fastforce intro:path-Append simp:intra-path-def)
from «n’ ¢ set(sourcenodes as)y <n’ ¢ set (sourcenodes as’)
have n' ¢ set (sourcenodes (asQas’))
by (simp add:sourcenodes-def)
with (n —asQas’—,* pex’y (method-exit pex’s <n’ postdominates n»
show Fulse by (fastforce simp:postdominate-def)
qed
with <valid-node n'y <valid-node n'"
show ?thesis by (auto simp:postdominate-def)
qed

lemma not-postdominate-source-not-postdominate-target:
assumes — n postdominates (sourcenode a)
and valid-node n and wvalid-edge a and intra-kind (kind a)
obtains ax where sourcenode a = sourcenode axr and wvalid-edge ax
and — n postdominates targetnode ax
proof (atomize-elim)
show Jaz. sourcenode a = sourcenode ax N valid-edge ax A
= n postdominates targetnode ax
proof —
from assms obtain asz pex
where sourcenode a —asz—,* pex and method-exit pex
and n ¢ set(sourcenodes asx) by(fastforce simp:postdominate-def)
show ?thesis
proof (cases ast)
case Nil
with <sourcenode a —asz—,* pexy have pexr = sourcenode a
by (fastforce simp:intra-path-def)
with <method-ezit pex> have method-exit (sourcenode a) by simp
thus ?thesis
proof (rule method-ezit-cases)
assume sourcenode a = (-Exit-)
with (valid-edge a> have Fualse by(rule Exit-source)
thus ?thesis by simp
next
fix a’ Q f p assume sourcenode a = sourcenode a’
and valid-edge o’ and kind o’ = Q«pf
hence Fulse using <intra-kind (kind a)> <valid-edge a)
by (fastforce dest:return-edges-only simp:intra-kind-def)
thus ?thesis by simp
qed
next
case (Cons ax asz’)
with <sourcenode a —asx—, * pex)
have sourcenode o —[|Qaz#asz'—* pex
and Va € set (axftasz’). intra-kind (kind a) by (simp-all add:intra-path-def)
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from <sourcenode a —[|Qaz#asz’—* pex
have sourcenode a = sourcenode axr and wvalid-edge ax
and targetnode ax —asx’'—* pex by(fastforce dest:path-split)+
with Va € set (az#asz’). intra-kind (kind a)»
have targetnode ax —asx’'—,* pex by(simp add:intra-path-def)
with «n ¢ set(sourcenodes asz)y Cons (method-exit pex>
have — n postdominates targetnode ax
by (fastforce simp:postdominate-def sourcenodes-def)
with <sourcenode a = sourcenode ax> <valid-edge azxy show ?thesis by blast
qed
qed
qed

lemma inner-node-Fxit-edge:
assumes inner-node n
obtains a where valid-edge a and intra-kind (kind a)
and inner-node (sourcenode a) and targetnode a = (-Exit-)
proof (atomize-elim)
from <inner-node ny have valid-node n by (rule inner-is-valid)
then obtain as where n —as— * (-Exil-) by(fastforce dest: Exit-path)
show Ja. valid-edge a A intra-kind (kind a) A inner-node (sourcenode a) A
targetnode a = (-Exil-)
proof(cases as = [])
case True
with <inner-node ny <n —as— ,* (-Erit-)) have False by (fastforce simp:vp-def)
thus ?thesis by simp
next
case Fulse
with (n —as— /* (-Ezit-)> obtain o’ as’ where as = as'Q[a/]
and n —as'— s sourcenode o’ and valid-edge o’
and (-Exit-) = targetnode o’ by —(erule vp-split-snoc)
from <walid-edge o’y have wvalid-node (sourcenode a’) by simp
thus ?thesis
proof(cases sourcenode o’ rule:valid-node-cases)
case Entry
with (n —as’— /x sourcenode a’s have n —as'—x (-Entry-) by (simp add:vp-def)
with nner-node n»
have Fualse by —(drule path-Entry-target,auto simp:inner-node-def)
thus ?thesis by simp
next
case Euxit
from <walid-edge o'y this have False by (rule Ezit-source)
thus ?thesis by simp
next
case inner
have intra-kind (kind a’)
proof (cases kind o' rule:edge-kind-cases)
case Intra thus ?thesis by simp
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next
case (Call Q rp fs)
with (valid-edge o’y have get-proc(targetnode a’) = p by(rule get-proc-call)
with «(-Exit-) = targetnode o’y get-proc-Exzit have p = Main by simp
with <kind o’ = Q:r—pfs) have kind a’ = Q:r— pjqnfs by simp
with <valid-edge o’y have False by (rule Main-no-call-target)
thus ?thesis by simp
next
case (Return Q p f)
from (valid-edge o'y <kind o’ = Q«=pf> «(-Ezit-) = targetnode o[ THEN
sym)
have Fulse by(rule Exit-no-return-target)
thus ?thesis by simp
qed
with (valid-edge a's «(-Exit-) = targetnode a’> <inner-node (sourcenode a’)
show ?thesis by simp blast
qed
qed
qed

lemma inner-node-Entry-edge:
assumes inner-node n
obtains a where valid-edge a and intra-kind (kind a)
and inner-node (targetnode a) and sourcenode a = (-Entry-)
proof (atomize-elim)
from <inner-node ny have valid-node n by (rule inner-is-valid)
then obtain as where (-Entry-) —as— ,* n by(fastforce dest:Entry-path)
show 3 a. valid-edge a A intra-kind (kind a) A inner-node (targetnode a) A
sourcenode a = (-Entry-)
proof(cases as = [])
case True
with <inner-node n» «(-Entry-) —as— ,* n)» have False
by (fastforce simp:inner-node-def vp-def)
thus ?thesis by simp
next
case False
with ((-Entry-) —as— s+ n) obtain a’ as’ where as = a'#as’
and targetnode o’ —as’'— ,x n and valid-edge o’
and (-Entry-) = sourcenode o’ by —(erule vp-split-Cons)
from (walid-edge o> have valid-node (targetnode a’) by simp
thus %thesis
proof (cases targetnode o’ rule:valid-node-cases)
case FEntry
from (valid-edge o’y this have False by(rule Entry-target)
thus ?thesis by simp
next
case Erit
with «targetnode a’ —as'— /x n) have (-Erit-) —as'—x n by (simp add:vp-def)

119



with <inner-node n»
have Fualse by —(drule path-Exit-source,auto simp:inner-node-def)
thus ?thesis by simp
next
case inner
have intra-kind (kind o)
proof (cases kind a’ rule:edge-kind-cases)
case Intra thus ?thesis by simp
next
case (Call Q rp fs)
from <valid-edge o’y <kind o’ = Q:r—pfs
«(-Entry-) = sourcenode a"y[THEN sym]
have Fulse by(rule Entry-no-call-source)
thus ?thesis by simp
next
case (Return Q p f)
with <valid-edge o’y have get-proc(sourcenode a’) = p
by (rule get-proc-return)
with «(-Entry-) = sourcenode a’y get-proc-Entry have p = Main by simp
with <kind o’ = Q<=pf> have kind a’ = Q< y1q5nf by simp
with (valid-edge a’» have False by (rule Main-no-return-source)
thus ?thesis by simp
qed
with <valid-edge o’y <(-Entry-) = sourcenode a’y <inner-node (targetnode a’)
show ?thesis by simp blast
qged
qed
qed

lemma intra-path-to-matching-method-exit:
assumes method-exit n’ and get-proc n = get-proc n’ and valid-node n
obtains as where n —as—,* n’
proof (atomize-elim)
from (valid-node n) obtain as’ where n —as'— ,* (-Ezit-)
by (fastforce dest: Exit-path)
then obtain as mex where n —as—,* mer and method-exit mex
by (fastforce elim:valid-Exit-path-intra-path)
from <n —as—,*x mexy have get-proc n = get-proc mex
by (rule intra-path-get-procs)
with «method-exit n"y (get-proc n = get-proc n's <method-exit mez)
have mex = n’ by(fastforce intro:method-exit-unique)
with «n —as—,* mex» show Jas. n —as—,* n’ by fastforce
qed

end

end
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1.8 SDG

theory SDG imports CFGEzit-wf Postdomination begin

1.8.1 The nodes of the SDG

datatype 'node SDG-node =
CFG-node "node
| Formal-in 'node x nat
| Formal-out 'node x nat
| Actual-in 'node x nat
| Actual-out 'node x nat

fun parent-node :: 'node SDG-node = 'node
where parent-node (CFG-node n) = n
| parent-node (Formal-in (m,z)) = m
| parent-node (Formal-out (m,x)) = m
| parent-node (Actual-in (m,z)) = m
| parent-node (Actual-out (m,x)) = m

locale SDG = CFGFEzit-wf sourcenode targetnode kind valid-edge Entry

get-proc get-return-edges procs Main Exit Def Use ParamDefs ParamUses +

Postdomination sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main Fxit

for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node

and kind :: 'edge = ("var,’val,’ret,’pname) edge-kind

and wvalid-edge :: 'edge = bool

and Entry :: 'node (<'(’-Entry’-")») and get-proc :: 'node = 'pname

and get-return-edges :: 'edge = 'edge set

and procs :: ("‘pname x 'var list x 'var list) list and Main :: 'pname

and Ezit::'node (<'(’-Ezit’-")»)

and Def :: 'node = 'var set and Use :: 'node = 'var set

and ParamDefs :: 'node = 'var list and ParamUses :: 'node = 'var set list

begin

fun valid-SDG-node :: 'node SDG-node = bool
where valid-SDG-node (CFG-node n) <— valid-node n
| valid-SDG-node (Formal-in (m,z)) +—
(Fa Q rp fs ins outs. valid-edge a A (kind a = Q:r—pfs) A targetnode a = m A
(p,ins,outs) € set procs A x < length ins)
| valid-SDG-node (Formal-out (m,x)) <—
(Ja Q p fins outs. valid-edge a N (kind a = Q<«>pf) N sourcenode a = m N
(p,ins,outs) € set procs N x < length outs)
| valid-SDG-node (Actual-in (m,z)) +—
(Fa Q rp fs ins outs. valid-edge a N (kind a = Q:r—pfs) A sourcenode a = m
N
(pyins,outs) € set procs A x < length ins)
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| valid-SDG-node (Actual-out (m,x)) —
(Fa Q p fins outs. valid-edge a N (kind a = Q«pf) A targetnode a = m A
(p,ins,outs) € set procs A x < length outs)

lemma valid-SDG-CFG-node:
valid-SDG-node n = walid-node (parent-node n)
by (cases n) auto

lemma Formal-in-parent-det:
assumes valid-SDG-node (Formal-in (m,z)) and valid-SDG-node (Formal-in
(m'"))
and get-proc m = get-proc m’
shows m = m’
proof —
from <wvalid-SDG-node (Formal-in (m,z))> obtain a Q r p fs ins outs
where valid-edge a and kind a = Q:r—pfs and targetnode a = m
and (p,ins,outs) € set procs and z < length ins by fastforce
from <wvalid-SDG-node (Formal-in (m’,z’)) obtain o’ Q' v’ p’ f ins’ outs’
where valid-edge o’ and kind o’ = Q’:r’<—>p/f’ and targetnode a’ = m’
and (p',ins’,outs’) € set procs and z’ < length ins’ by fastforce
from <valid-edge a) <kind a = Q:r—pfs) <targetnode a = m)
have get-proc m = p by (fastforce intro:get-proc-call)
moreover
from <walid-edge a’y <kind o’ = Q’:r’<—>p/f’> <targetnode a’ = m”’
have get-proc m’ = p’ by(fastforce intro:get-proc-call)
ultimately have p = p’ using (get-proc m = get-proc m’» by simp
with «valid-edge a> <kind a = Q:r—pfs> <valid-edge o'y <kind a’ = Q’:r’<—>p/f’>
<targetnode a = my <targetnode a’ = m’
show ?thesis by(fastforce intro:same-proc-call-unique-target)
qed

lemma valid-SDG-node-parent-Entry:
assumes valid-SDG-node n and parent-node n = (-Entry-)
shows n = CFG-node (-Entry-)
proof(cases n)
case CFG-node with <parent-node n = (-Entry-)» show ?thesis by simp
next
case (Formal-in z)
with <parent-node n = (-Entry-)» obtain z
where [simp|:z = ((-Entry-),z) by(cases z) auto
with <valid-SDG-node ny Formal-in obtain a where valid-edge a
and targetnode a = (-Entry-) by auto
hence Fulse by —(rule Entry-target,simp+)
thus ?thesis by simp
next
case (Formal-out z)
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with <parent-node n = (-Entry-)» obtain z
where [simp|:z = ((-Entry-),z) by(cases z) auto
with <valid-SDG-node ny Formal-out obtain a @ p f where valid-edge a
and kind a = Q<=pf and sourcenode a = (-Entry-) by auto
from <valid-edge a> <kind a = Q<«pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
with <sourcenode a = (-Entry-)> have p = Main
by (auto simp:get-proc-Entry)
with <valid-edge a> <kind a = Q«pf> have False
by (fastforce intro: Main-no-return-source)
thus ?thesis by simp
next
case (Actual-in 2)
with <parent-node n = (-Entry-)» obtain z
where [simp]:z = ((-Entry-),z) by(cases z) auto
with «valid-SDG-node ny Actual-in obtain a @ r p fs where valid-edge a
and kind a = Q:r—pfs and sourcenode a = (-Entry-) by fastforce
hence Fulse by —(rule Entry-no-call-source,auto)
thus ?thesis by simp
next
case (Actual-out 2)
with <parent-node n = (-Entry-)» obtain z
where [simp|:z = ((-Entry-),z) by(cases z) auto
with <valid-SDG-node ny Actual-out obtain a where valid-edge a
targetnode a = (-Entry-) by auto
hence Fualse by —(rule Entry-target,simp+)
thus ?thesis by simp
qed

lemma valid-SDG-node-parent- Exit:
assumes valid-SDG-node n and parent-node n = (-Exit-)
shows n = CFG-node (-Ezit-)
proof(cases n)
case CFG-node with <parent-node n = (-Ezit-)> show %thesis by simp
next
case (Formal-in 2)
with <parent-node n = (-Fzit-)» obtain z
where [simp]:z = ((-Fzit-),x) by(cases z) auto
with <valid-SDG-node ny Formal-in obtain a Q r p fs where valid-edge a
and kind a = Q:r—ypfs and targetnode a = (-Exit-) by fastforce
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with <targetnode a = (-Exit-)» have p = Main
by (auto simp:get-proc-Exit)
with <valid-edge a> <kind a = Q:r—pfs) have False
by (fastforce intro: Main-no-call-target)
thus ?thesis by simp
next
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case (Formal-out z)
with <parent-node n = (-FEzit-)» obtain z
where [simp|:z = ((-Ezit-),z) by(cases z) auto
with <valid-SDG-node ny Formal-out obtain a where valid-edge a
and sourcenode a = (-Exit-) by auto
hence Fulse by —(rule Exit-source,simp+)
thus ?thesis by simp
next
case (Actual-in z)
with «parent-node n = (-Exit-)> obtain z
where [simp|:z = ((-Exit-),z) by(cases z) auto
with (valid-SDG-node n> Actual-in obtain a where valid-edge a
and sourcenode a = (-Ezit-) by auto
hence False by —(rule Exit-source,simp+)
thus %thesis by simp
next
case (Actual-out 2)
with <parent-node n = (-FEzit-)» obtain z
where [simp|:z = ((-Ezit-),z) by(cases z) auto
with <valid-SDG-node ny Actual-out obtain a @ p f where valid-edge a
and kind a = Q< pf and targetnode a = (-Exit-) by auto
hence Fulse by —(erule Exit-no-return-target,auto)
thus ?thesis by simp
qed

1.8.2 Data dependence

inductive SDG-Use :: 'var = 'node SDG-node = bool (- € Usegpq -*)
where CFG-Use-SDG-Use:

[valid-node m; V € Use m; n = CFG-node m] = V € Usegpg n

| Actual-in-SDG-Use:

[valid-SDG-node n; n = Actual-in (m,z); V € (ParamUses m)lz] = V €
US@SDG n

| Formal-out-SDG-Use:

[valid-SDG-node n; n = Formal-out (m,z); get-proc m = p; (p,ins,outs) € set
procs;

V = outslz] = V € Usegpg n

abbreviation notin-SDG-Use :: 'var = 'node SDG-node = bool («- ¢ Usegpq

_))

where V ¢ Usespgn=-V € Usegpg n

lemma in-Use-valid-SDG-node:
V € Usegpg n = valid-SDG-node n
by (induct rule:SDG-Use.induct,auto intro:valid-SDG-CFG-node)
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lemma SDG-Use-parent-Use:
V € Usegpg n = V € Use (parent-node n)
proof (induct rule:SDG- Use.induct)
case CFG-Use-SDG-Use thus ?case by simp
next
case (Actual-in-SDG-Use n m x V)
from <walid-SDG-node ny <n = Actual-in (m, z)) obtain a Q r p fs ins outs
where valid-edge o and kind o = Q:r—pfs and sourcenode a = m
and (p,ins,outs) € set procs and x < length ins by fastforce
from «<valid-edge a> <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have length(ParamUses (sourcenode a)) = length ins
by (fastforce intro: ParamUses-call-source-length)
with <z < length ins>
have (ParamUses (sourcenode a))lz € set (ParamUses (sourcenode a)) by simp
with <V € (ParamUses m)!lxy <sourcenode a = m»
have V € Union (set (ParamUses m)) by fastforce
with <valid-edge a) <sourcenode a = my «n = Actual-in (m, z)> show Zcase
by (fastforce intro: Param Uses-in-Use)
next
case (Formal-out-SDG-Use n m x p ins outs V)
from <walid-SDG-node ny <n = Formal-out (m, z)» obtain a Q p’ f ins’ outs’
where wvalid-edge o and kind a = Q<—>p/f and sourcenode a = m

and (p',ins’,outs’) € set procs and z < length outs’ by fastforce
from <wvalid-edge a> <kind a = Q<—>p/f> have get-proc (sourcenode a) = p’
by (rule get-proc-return)
with «get-proc m = p» <sourcenode a = m» have [simp]:p = p’ by simp
with «(p’,ins’,outs’) € set procs) «(p,ins,outs) € set procs) unique-callers
have [simp]:ins’ = ins outs’ = outs by (auto dest:distinct-fst-isin-same-fst)
from <z < length outs’> <V = outs | » have V € set outs by fastforce
with «valid-edge ay» <kind a = Q<—>p/f> «(p,ins,outs) € set procs»
have V € Use (sourcenode a) by (fastforce intro:outs-in-Use)
with <sourcenode a = m» <valid-SDG-node ny <n = Formal-out (m, x)»
show ?case by simp
qged

inductive SDG-Def :: 'var = 'node SDG-node = bool (<- € Defgpq -*)
where CFG-Def-SDG-Def:

[valid-node m; V' € Def m; n = CFG-node m] = V € Defgpa n

| Formal-in-SDG-Def:

[valid-SDG-node n; n = Formal-in (m,x); get-proc m = p; (p,ins,outs) € set
procs;

V =insle] = V € Defgpg n

| Actual-out-SDG-Def:

[valid-SDG-node n; n = Actual-out (m,z); V = (ParamDefs m)lz] = V €
Defspg n

abbreviation notin-SDG-Def :: "var = 'node SDG-node = bool (<- ¢ Defspa
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_))
where V ¢ Defspan=-V € Defgpa n

lemma in-Def-valid-SDG-node:
V € Defgpg n = valid-SDG-node n
by (induct rule:SDG-Def .induct,auto intro:valid-SDG-CFG-node)

lemma SDG-Def-parent-Def:
V € Defgpa n = V € Def (parent-node n)
proof (induct rule:SDG-Def .induct)
case CFG-Def-SDG-Def thus ?case by simp
next
case (Formal-in-SDG-Def n m z p ins outs V)
from <walid-SDG-node ny <n = Formal-in (m, z)> obtain a Q r p’ fs ins’ outs’
where valid-edge a and kind a = Q:T‘—>p/f5 and targetnode a = m
and (p',ins’,outs’) € set procs and x < length ins’ by fastforce
from <valid-edge a) <kind a = Q:rt—>p/fs> have get-proc (targetnode a) = p’
by (rule get-proc-call)
with «get-proc m = p» <targetnode a = m> have [simp|:p = p’ by simp
with «(p’,ins’,outs’) € set procs) «(p,ins,outs) € set procs) unique-callers
have [simp]:ins’ = ins outs’ = outs by (auto dest:distinct-fst-isin-same-fst)
from <z < length ins’y <V = ins! x> have V € set ins by fastforce
with «valid-edge a» <kind a = Q:rC—>p/f5> «(p,ins,outs) € set procs
have V € Def (targetnode a) by(fastforce intro:ins-in-Def)
with (targetnode o = m» <valid-SDG-node ny <n = Formal-in (m, )
show ?case by simp
next
case (Actual-out-SDG-Def n m z V)
from <walid-SDG-node ny <n = Actual-out (m, z)> obtain a @ p f ins outs
where valid-edge o and kind a = Q< pf and targetnode a = m
and (p,ins,outs) € set procs and z < length outs by fastforce
from <valid-edge a> <kind a = Q<«=pf> «(p,ins,outs) € set procs
have length(ParamDefs (targetnode a)) = length outs
by (rule ParamDefs-return-target-length)
with «x < length outs» <V = ParamDefs m | x) <targetnode a = m)
have V € set (ParamDefs (targetnode a)) by(fastforce simp:set-conv-nth)
with «n = Actual-out (m, x)» <targetnode a = m» <valid-edge a>
show ?case by (fastforce intro: ParamDefs-in-Def)
qed

definition data-dependence :: 'node SDG-node = "var = 'node SDG-node = bool
(¢- influences - in - [51,0,0])

where n influences Vin n’ = Jas. (V € Defgpg n) A (V € Usegpg n') A
(parent-node n —as—,* parent-node n') A
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(Vn'". valid-SDG-node n' A parent-node n'’ € set (sourcenodes (tl as))
— V ¢ DefSDG n”)

1.8.3 Control dependence

definition control-dependence :: 'node = 'node = bool
(<- controls -» [51,0])
where n controls n’ = Ja a’ as. n —aFtas—,x n' A n' & set(sourcenodes (a#tas))
A
intra-kind(kind a) A n' postdominates (targetnode a) A
valid-edge a’ A intra-kind(kind ') A sourcenode a’ = n A
- n' postdominates (targetnode a’)

lemma control-dependence-path:

assumes n controls n’ obtains as where n —as—,* n’ and as # ||
using «n controls n’y
by (fastforce simp:control-dependence-def)

lemma Ezit-does-not-control [dest]:
assumes (-Ezit-) controls n’ shows False
proof —
from «(-Exit-) controls n"» obtain a where valid-edge a
and sourcenode a = (-Ezit-) by (auto simp:control-dependence-def)
thus ?thesis by(rule Ezit-source)
qed

lemma Ezit-not-control-dependent:
assumes n controls n' shows n’ # (-Exit-)
proof —
from <n controls n’y obtain a as where n —a#as—,* n’
and n’ postdominates (targetnode a)
by (auto simp:control-dependence-def)
from «n —a#as—,x n’y have valid-edge a
by (fastforce elim:path.cases simp:intra-path-def)
hence wvalid-node (targetnode a) by simp
with «n’ postdominates (targetnode a)» «<n —a#as—,x n’s show ?thesis
by (fastforce elim:Exit-no-postdominator)
qged

lemma which-node-intra-standard-control-dependence-source:
assumes nx —asQa#as'—,* n and sourcenode a = n’ and sourcenode a’ = n’
and n ¢ set(sourcenodes (a#tas’)) and valid-edge o’ and intra-kind(kind a’)
and inner-node n and — method-exit n and — n postdominates (targetnode a’)
and last:V ax az’. ax € set as’ A sourcenode ax = sourcenode ax’ N
valid-edge az’ A intra-kind(kind az’) — n postdominates targetnode ax’
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shows n’ controls n
proof —
from <nz —asQa#as'—,x ny» (sourcenode a = n'y have n’ —a#as'—,* n
by (fastforce dest:path-split-second simp:intra-path-def)
from <nz —asQa#as'—,* ny have valid-edge a
by (fastforce intro:path-split simp:intra-path-def)
show ?thesis
proof(cases n postdominates (targetnode a))
case True
with «n’ —a#as'—,x n» «n & set(sourcenodes (aftas’)))
walid-edge o’y <intra-kind(kind a”)) <sourcenode o’ = n’»
<= n postdominates (targetnode a’)y show ?thesis
by (fastforce simp:control-dependence-def intra-path-def)
next
case False
show ?thesis
proof(cases as’ = [])
case True
with «n’ —a#as’—,* n) have targetnode a = n
by (fastforce elim:path.cases simp:intra-path-def)
with <inner-node ny <= method-exit ny have n postdominates (targetnode a)
by (fastforce dest:inner-is-valid intro:postdominate-refl)
with <— n postdominates (targetnode a)y show ?thesis by simp
next
case Fulse
with «nz —asQa#tas’—,* ny have targetnode a —as’—,* n
by (fastforce intro:path-split simp:intra-path-def)
with <= n postdominates (targetnode a)» <valid-edge a> <inner-node n)
<targetnode a —as'—,x n»
obtain asz pex where targetnode a —asx— * pex and method-exit pex
and n ¢ set (sourcenodes asx)
by (fastforce dest:inner-is-valid simp:postdominate-def)
show ?thesis
proof(cases asz’. asz = as’Qasz’)
case True
then obtain asz’ where [simp|:asz = as'Qasz’ by blast
from <targetnode a —asz—, * pexy (targetnode a —as'— * m»
<as’ # []» «method-exit pexy - method-exit n»
obtain o’ as’’ where asz’ = a''#as’’ N sourcenode o’ = n
by (cases asz’)(auto dest:path-split path-det simp:intra-path-def)
hence n € set(sourcenodes asx) by(simp add:sourcenodes-def)
with «n ¢ set (sourcenodes asz)> have Fulse by simp
thus ?thesis by simp
next
case Fulse
hence Vasz’. asx # as’Qasz’ by simp
then obtain j asz’ where asz = (take j as’)Qasz’
and j < length as’ and Vk > j. Vasz". asx # (take k as’)Qasz"
by (auto elim:path-split-general)
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from <asx = (take j as’)Qasz’s j < length as’s
have Jas’l as’2. asz = as'1Qasz’ A
as’ = as’'1@as’2 A as’2 # [| A as’l = take j as’
by simp(rule-tac x= drop j as’ in ezl simp)
then obtain as’! as’’ where asz = as’1Qasz’
and as’'l = take j as’
and as’ = as'1@Qas’ and as”’ # [| by blast
from <as’ = as’1Qas’y <as” # [> obtain al as’2
where as’ = as’'1Qal#as’2 and as’ = al#as’2
by (cases as') auto
have asz’ # ||
proof(cases asz’ = [])
case True
with <asr = as’1Qasz’) <as’ = as’1Qas’s <as'’ = al#as’2»
have as’ = aszQal+#as’2 by simp
with «n’ —a#as’—,* n» have n’ —(a#tasx)Qal#as’'2— * n by simp
hence n’ —(a#asx)Qal#as'2—* n
and Vaz € set((a#asz)Qal#as’2). intra-kind(kind az)
by (simp-all add:intra-path-def)
from «n' —(a#asx)Qal#as’'2—* n»
have n’ —a#tasz—* sourcenode al and valid-edge al
by —(erule path-split)+
from «Vaz € set((a#asz)Qal#as’2). intra-kind(kind ax)>
have Vaz € set(a#asz). intra-kind(kind ax) by simp
with «n’ —a#asz—* sourcenode als> have n’ —a#asz—,* sourcenode al
by (simp add:intra-path-def)
hence targetnode a —asz—,* sourcenode al
by (fastforce intro:path-split-Cons simp:intra-path-def)
with <targetnode a —asz— * pex)> have pexr = sourcenode al
by (fastforce intro:path-det simp:intra-path-def)
from «Vaz € set((a#asz)Qal#as’2). intra-kind(kind ax)»
have intra-kind (kind al) by simp
from <method-exit per> have Fualse
proof (rule method-exit-cases)
assume pex = (-Exit-)
with (pex = sourcenode als have sourcenode al = (-Exit-) by simp
with (valid-edge a1y show False by (rule Exit-source)
next
fix a @ f p assume pexr = sourcenode a and valid-edge a
and kind a = Q«pf
from <wvalid-edge a> <kind a = Q<>pf> (pex = sourcenode a>
<pex = sourcenode aly <walid-edge al» <intra-kind (kind al)
show Fulse by (fastforce dest:return-edges-only simp:intra-kind-def)
qed
thus ?thesis by simp
qed simp
with <asx = as’1Qasz’y obtain a2 asz’l
where asr = as’'1Qa2+#asz'1
and asz’ = a2#-asz’l by(cases asz’) auto
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from «n’ —a#as’—,x n> <as’ = as’1Qal#as’2>
have n' —(a#as’l)Qal#as’2—,* n by simp
hence n’ —(a#as’'1)Qal#as'2—* n
and Vaz € set((a#tas'1)Qal#as’2). intra-kind(kind ax)
by (simp-all add: intra-path-def)
from «n' —(a#as’'1)Qal#as’2—x n» have n’ —a#as’1 —x sourcenode al
and wvalid-edge al by —(erule path-split)+
from (Vaz € set((a#as'1)Qal#as’2). intra-kind(kind az)»
have V az € set(a#as’'l). intra-kind(kind ax) by simp
with «n’ —a#as’1—x* sourcenode al> have n’ —a#as’'1—,* sourcenode al
by (simp add:intra-path-def)
hence targetnode a —as’1—,* sourcenode al
by (fastforce intro:path-split-Cons simp:intra-path-def)
from <targetnode a —asz—, * pex> <asr = as’'l1Qal2#asz’'l)
have targetnode a —as’1 Qa2#asz’1 —x pex by(simp add:intra-path-def)
hence targetnode a —as’'1 —* sourcenode a2 and valid-edge a2
and targetnode a2 —asz'1—* pex by(auto intro:path-split)
from <targetnode a2 —asx'1—* pexy <asz = as'1Qa24asz’l>
<targetnode a —asx— * pexr>
have targetnode a2 —asx’l—, x pex by(simp add:intra-path-def)
from <targetnode a —as’l—x sourcenode a2»
<targetnode a —as’'l— * sourcenode al>
have sourcenode al = sourcenode a2
by (fastforce intro:path-det simp:intra-path-def)
from <asx = as'1Qa2#asx’1y <n ¢ set (sourcenodes ast)»
have n ¢ set (sourcenodes asz'1) by(simp add:sourcenodes-def)
with <targetnode a2 —asz'l1—,* pex> ¢method-exit pex»
<asr = as'1Qa2+#tasz’1>
have — n postdominates targetnode a2 by(fastforce simp:postdominate-def)
from <asz = as'1Qa24#asz’ly (targetnode a —asz—, * pex)
have intra-kind (kind a2) by(simp add:intra-path-def)
from <as’ = as’1Qal#as’2> have al € set as’ by simp
with (sourcenode al = sourcenode a2» last <valid-edge a2)»
<intra-kind (kind a2)»
have n postdominates targetnode a2 by blast
with <= n postdominates targetnode a2> have False by simp
thus ?thesis by simp
qed
qed
qed
qed

1.8.4 SDG without summary edges

inductive cdep-edge :: 'node SDG-node = 'mode SDG-node = bool
(¢- —¢q - [51,0] 80)
and ddep-edge :: 'node SDG-node = "var = 'node SDG-node = bool
(- ———sqq - [51,0,0] 80)
and call-edge :: 'node SDG-node = "pname = 'node SDG-node = bool
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((— ——call 7 [51,0,0] 80)
and return-edge :: 'node SDG-node = 'pname = 'node SDG-node = bool
(= ———pet - [51,0,0] 80)
and param-in-edge :: 'node SDG-node = 'pname = 'var = 'node SDG-node =
bool
(- —=t-—=4p - [51,0,0,0] 80)
and param-out-edge :: 'node SDG-node = "pname = "var = 'node SDG-node =
bool
(- =i gut - [51,0,0,0] 80)
and SDG-edge :: 'node SDG-node = 'var option =
("pname x bool) option = 'node SDG-node = bool

where

n —oq n' == SDG-edge n None None n’

| n —V—q4q4 n' == SDG-edge n (Some V) None n’

| n —p—q ' == SDG-edge n None (Some(p,True)) n’

| B —p—rpet n' == SDG-edge n None (Some(p,False)) n'

| n —p: V=4, n' == SDG-edge n (Some V) (Some(p, True)) n’

| n —p:V—=,out n' == SDG-edge n (Some V) (Some(p,False)) n'

| SDG-cdep-edge:
[n = CFG-node m; n’ = CFG-node m'; m controls m'] = n — .4 n’
| SDG-proc-entry-exit-cdep:
[valid-edge a; kind a = Q:r—pfs; n = CFG-node (targetnode a);
a’ € get-return-edges a; n’ = CFG-node (sourcenode a’)] = n — .4 n’
| SDG-parent-cdep-edge:
[valid-SDG-node n'; m = parent-node n’; n = CFG-node m; n # n']
= n—yyn
| SDG-ddep-edge:n influences Vinn' = n —V—4q n’
| SDG-call-edge:
[valid-edge a; kind a = Q:r—pfs; n = CFG-node (sourcenode a);
n' = CFG-node (targetnode a)] = n —p— a1 n’
| SDG-return-edge:
[valid-edge a; kind a = Q<«pf; n = CFG-node (sourcenode a);
n’ = CFG-node (targetnode a)] = n —p—rpep 0’
| SDG-param-in-edge:
[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs; V = inslz;
x < length ins; n = Actual-in (sourcenode a,x); n' = Formal-in (targetnode
a,z)]
= n —p: Vo n'
| SDG-param-out-edge:
[valid-edge a; kind a = Q<«=pf; (p,ins,outs) € set procs; V = outs!z;
x < length outs; n = Formal-out (sourcenode a,z);
n’ = Actual-out (targetnode a,z)]
= n —p:V=oun

131



lemma cdep-edge-cases:

n — .1 n'; (parent-node n) controls (parent-node n') = P;

[ cd ™5 (p p ;

a Qropfsa [valid-edge a; kind a = Q:r—pfs; a’ € get-return-edges a;
p.
parent-node n = targetnode a; parent-node n’ = sourcenode o] =
P;
Am. [n = CFG-node m; m = parent-node n’; n # n'] = P] = P

by —(erule SDG-edge.cases,auto)

lemma SDG-edge-valid-SDG-node:
assumes SDG-edge n Vopt popt n'
shows valid-SDG-node n and valid-SDG-node n’
using «SDG-edge n Vopt popt n's
proof (induct rule:SDG-edge.induct)
case (SDG-cdep-edge n. m n’ m’)
thus valid-SDG-node n valid-SDG-node n’
by (fastforce elim:control-dependence-path elim:path-valid-node
simp:intra-path-def)+
next
case (SDG-proc-entry-ezit-cdep a Q v p fn a’ n’) case 1
from <(walid-edge a> <n = CFG-node (targetnode a)> show Zcase by simp
next
case (SDG-proc-entry-exit-cdep a Q r p fn a’ n’) case 2
from <(walid-edge a) <a’ € get-return-edges a» have valid-edge a’
by (rule get-return-edges-valid)
with «n’ = CFG-node (sourcenode a’)y show ?case by simp
next
case (SDG-ddep-edge n V n')
thus valid-SDG-node n valid-SDG-node n’
by (auto intro:in-Use-valid-SDG-node in-Def-valid-SDG-node
simp:data-dependence-def)
qed(fastforce intro:valid-SDG-CFG-node)+

lemma valid-SDG-node-cases:

assumes valid-SDG-node n

shows n = CFG-node (parent-node n) V CFG-node (parent-node n) — .4 n
proof(cases n)

case (CFG-node m) thus ?thesis by simp
next

case (Formal-in z)

from «n = Formal-in 2> obtain m x where z = (m,z) by(cases z) auto

with <valid-SDG-node ny <n = Formal-in 2> have CFG-node (parent-node n)
—2cd M

by —(rule SDG-parent-cdep-edge,auto)

thus ?thesis by fastforce
next

case (Formal-out z)

from «n = Formal-out z> obtain m x where z = (m,z) by(cases z) auto
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with <valid-SDG-node ny <n = Formal-out z» have CFG-node (parent-node n)
—2cd M
by —(rule SDG-parent-cdep-edge,auto)
thus “thesis by fastforce
next
case (Actual-in z)
from «n = Actual-in z> obtain m x where z = (m,z) by(cases z) auto
with <walid-SDG-node ny «<n = Actual-in z» have CFG-node (parent-node n)
—ed M
by —(rule SDG-parent-cdep-edge,auto)
thus ?thesis by fastforce
next
case (Actual-out 2)
from «n = Actual-out z> obtain m z where z = (m,z) by(cases z) auto
with (wvalid-SDG-node ny <n = Actual-out 2> have CFG-node (parent-node n)
—cd M
by —(rule SDG-parent-cdep-edge,auto)
thus ?thesis by fastforce
qed

lemma SDG-cdep-edge-CFG-node: n — g n’ = Im. n = CFG-node m
by (induct n Vopt=None::'var option popt=None::('pname X bool) option n’
rule:SDG-edge.induct) auto

lemma SDG-call-edge-CFG-node: n —p— oo 7' = Im. n = CFG-node m
by (induct n Vopt=None::"var option popt=Some(p,True) n’
rule:SDG-edge.induct) auto

lemma SDG-return-edge-CFG-node: n —p—per n' = Im. n = CFG-node m
by (induct n Vopt=None::'var option popt=Some(p,False) n’
rule:SDG-edge.induct) auto

lemma SDG-call-or-param-in-edge-unique- CFG-call-edge:
SDG-edge n Vopt (Some(p, True)) n’
= Fla. valid-edge a N sourcenode a = parent-node n N
targetnode a = parent-node n’ A (3 Q r fs. kind a = Q:r—pfs)
proof (induct n Vopt Some(p, True) n' rule:SDG-edge.induct)
case (SDG-call-edge a Q r fs n n’)
{ fix o’
assume valid-edge a’ and sourcenode a’ = parent-node n
and targetnode a’ = parent-node n’
from <sourcenode a’ = parent-node ny <n = CFG-node (sourcenode a)»
have sourcenode a’ = sourcenode a by fastforce
moreover from <targetnode a’ = parent-node n'y «<n' = CFG-node (targetnode
a))
have targetnode o’ = targetnode a by fastforce
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ultimately have a’ = a using (valid-edge o’y <valid-edge a>
by (fastforce intro:edge-det) }
with (wvalid-edge a> <n = CFG-node (sourcenode a)) «n’ = CFG-node (targetnode
a)
kind a = Q:r—pfs> show Zcase by(fastforce introl:ex1I[of - a])
next
case (SDG-param-in-edge a @ r fs ins outs V z n n’)
{ fix a’
assume valid-edge a’ and sourcenode a’ = parent-node n
and targetnode a’ = parent-node n’
from <sourcenode o’ = parent-node ny <n = Actual-in (sourcenode a,z))
have sourcenode a’ = sourcenode a by fastforce
moreover from <(targetnode a’ = parent-node n'y <n’ = Formal-in (targetnode
a,z)
have targetnode a’ = targetnode a by fastforce
ultimately have a’ = a using (valid-edge a’s <valid-edge a>
by (fastforce intro:edge-det) }
with <valid-edge a) <n = Actual-in (sourcenode a,z)»
(n’ = Formal-in (targetnode a,x)) <kind a = Q:r—pfs
show ?case by(fastforce introl:ex1I[of - a])
qed simp-all

lemma SDG-return-or-param-out-edge-unique- CFG-return-edge:
SDG-edge n Vopt (Some(p,False)) n'
= dla. valid-edge a N sourcenode a = parent-node n N
targetnode a = parent-node n' A (3 Q f. kind a = Q<pf)
proof (induct n Vopt Some(p,False) n' rule:SDG-edge.induct)
case (SDG-return-edge a Q fn n’)
{ fix a’
assume valid-edge a’ and sourcenode a’ = parent-node n
and targetnode a’ = parent-node n’
from <sourcenode o’ = parent-node ny «n = CFG-node (sourcenode a)»
have sourcenode a’ = sourcenode a by fastforce
moreover from <targetnode a’ = parent-node n'y «<n' = CFG-node (targetnode
a)
have targetnode a’ = targetnode a by fastforce
ultimately have o’ = a using (valid-edge a’y <valid-edge a>
by (fastforce intro:edge-det) }
with (wvalid-edge @) <n = CFG-node (sourcenode a)) «n’ = CFG-node (targetnode
a)
(kind a = Q<=pf» show Zcase by(fastforce introl:ex1I[of - al)
next
case (SDG-param-out-edge a @ fins outs V x n n’)
{ fix a’
assume valid-edge a’ and sourcenode a’ = parent-node n
and targetnode a’ = parent-node n’
from <sourcenode a’ = parent-node ny <n = Formal-out (sourcenode a,x)»
have sourcenode a’ = sourcenode a by fastforce
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moreover from <targetnode o’ = parent-node n'y <n’ = Actual-out (targetnode
a,x)}
have targetnode a’ = targetnode a by fastforce
ultimately have a’ = a using (valid-edge o’y <valid-edge a)
by (fastforce intro:edge-det) }
with <valid-edge a)> <n = Formal-out (sourcenode a,x)»
(n’ = Actual-out (targetnode a,x)) <kind a = Q<=pf>
show ?case by(fastforce introl:ex1I[of - a])
qed simp-all

lemma FEzit-no-SDG-edge-source:
SDG-edge (CFG-node (-Ezit-)) Vopt popt n’ = False
proof (induct CFG-node (-Exit-) Vopt popt n' rule:SDG-edge.induct)
case (SDG-cdep-edge m n' m’)
hence (-Ezit-) controls m’' by simp
thus ?case by fastforce
next
case (SDG-proc-entry-exit-cdep a Q v p fs a’ n’)
from «CFG-node (-Exit-) = CFG-node (targetnode a)»
have targetnode a = (-Exit-) by simp
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with <targetnode a = (-Exit-)» have p = Main
by (auto simp:get-proc-Ezit)
with <valid-edge a> <kind a = Q:r—pfs) have False
by (fastforce intro: Main-no-call-target)
thus ?thesis by simp
next
case (SDG-parent-cdep-edge n' m)
from «CFG-node (-Ezit-) = CFG-node m)
have [simp]:m = (-Ezit-) by simp
with <valid-SDG-node n’y <m = parent-node n's <CFG-node (-Exit-) # n’
have Fulse by —(drule valid-SDG-node-parent-Exit,simp+)
thus ?thesis by simp
next
case (SDG-ddep-edge V n')
hence (CFG-node (-Ezit-)) influences V in n’ by simp
with Ezit-empty show ?case
by (fastforce dest:path-Ezit-source SDG-Def-parent-Def
simp:data-dependence-def intra-path-def)
next
case (SDG-call-edge a Q r p fs n')
from «CFG-node (-Ezit-) = CFG-node (sourcenode a))
have sourcenode a = (-Ezit-) by simp
with <valid-edge a> show ?Zcase by (rule Ezit-source)
next
case (SDG-return-edge a Q p fn')
from «CFG-node (-Ezit-) = CFG-node (sourcenode a)»
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have sourcenode a = (-Ezit-) by simp
with <valid-edge a> show ?Zcase by (rule Ezit-source)
qed simp-all

1.8.5 Intraprocedural paths in the SDG

inductive intra-SDG-path ::
'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢- i—-—qx - [51,0,0] 80)

where iSp-Nil:
valid-SDG-node n = n i—[]—q* n

| iSp-Append-cdep:
[n i—ns—=gx n'; n' — 4 n'] = n i—nsQ[n"]—=g4x n’

| iSp-Append-ddep:
[ni—ns—qx n's n” —V—g4 n’; 0" # 0] = ni—nsQn"]—4x n’

lemma intra-SDG-path-Append:
[n"" i—ns'—g*x n'; n i—ns—gx 0’| = n i—nsQns’—4x n’
by (induct rule:intra-SDG-path.induct,
auto intro:intra-SDG-path.intros simp:append-assoc THEN sym)] simp del:append-assoc)

lemma intra-SDG-path-valid-SDG-node:

assumes n i—ns—q*x n’ shows valid-SDG-node n and valid-SDG-node n’
using «n i—ns—g*x n’
by (induct rule:intra-SDG-path.induct,

auto intro:SDG-edge-valid-SDG-node valid-SDG-CFG-node)

lemma intra-SDG-path-intra- CFG-path:
assumes n i—ns—rg*k n’
obtains as where parent-node n —as—,* parent-node n’
proof (atomize-elim)
from n i—ns—g*x nh
show Jas. parent-node n —as—  * parent-node n’
proof (induct rule:intra-SDG-path.induct)
case (iSp-Nil n)
from <walid-SDG-node ny have valid-node (parent-node n)
by (rule valid-SDG-CFG-node)
hence parent-node n —[|—* parent-node n by (rule empty-path)
thus ?case by(auto simp:intra-path-def)
next
case (iSp-Append-cdep n ns n'’ n')
from <3 as. parent-node n —as—  * parent-node n'"
obtain as where parent-node n —as—,* parent-node n'’ by blast
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from «<n"" — .5 n'» show ?case
proof (rule cdep-edge-cases)
assume parent-node n'’ controls parent-node n'
then obtain as’ where parent-node n'’ —as’'—,* parent-node n’ and as’ # ||
by (erule control-dependence-path)
with <parent-node n —as—  * parent-node n'’s
have parent-node n —asQas’— * parent-node n’ by —(rule intra-path-Append)
thus ?thesis by blast
next
fixa Qrpfsa
assume valid-edge a and kind a = Q:r—pfs and o’ € get-return-edges a
and parent-node n'’ = targetnode a and parent-node n’ = sourcenode a’
then obtain a’’ where valid-edge a’’ and sourcenode a'’ = targetnode a
and targetnode o'’ = sourcenode o’ and kind o'’ = (\cf. False),,
by (auto dest:intra-proc-additional-edge)
hence targetnode a —[a’]—,* sourcenode a’
by (fastforce dest:path-edge simp:intra-path-def intra-kind-def)
with <parent-node n'’ = targetnode a> <parent-node n’ = sourcenode a’s
have Jas’. parent-node n' —as'—,* parent-node n' A as’ # [] by fastforce
then obtain as’ where parent-node n'' —as’'—,* parent-node n’ and as’ # ||
by blast
with <parent-node n —as—,* parent-node n'’
have parent-node n —asQas’— * parent-node n’ by —(rule intra-path-Append)
thus ?thesis by blast

next
fix m assume n’’ = CFG-node m and m = parent-node n’
with <parent-node n —as— * parent-node n'’s show ?thesis by fastforce
qed
next

case (iSp-Append-ddep n ns n'” V n’)

from <3 as. parent-node n —as—  * parent-node n'’y

obtain as where parent-node n —as—,* parent-node n'’ by blast

from «n’ —V—4q n’> have n'"’ influences V in n’
by (fastforce elim:SDG-edge.cases)

then obtain as’ where parent-node n'’ —as’—,* parent-node n’
by (auto simp:data-dependence-def)

with (parent-node n —as—,* parent-node n'"

have parent-node n —asQas’—,x parent-node n’ by —(rule intra-path-Append)

thus ?case by blast

qed
qed

1.8.6 Control dependence paths in the SDG

inductive cdep-SDG-path ::
'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢- ed—-—g% - [51,0,0] 80)

where cdSp-Nil:
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valid-SDG-node n = n cd—[|—q* n

| cdSp-Append-cdep:
[n cd—ns—gqx n'; n" — .4 0] = n cd—nsQ[n"|—4x n’

lemma cdep-SDG-path-intra-SDG-path:
n cd—ns—qgx n' = n i—ns—qx n’
by (induct rule:cdep-SDG-path.induct,auto intro:intra-SDG-path.intros)

lemma Entry-cdep-SDG-path:
assumes (-Entry-) —as—,* n’ and inner-node n’ and — method-ezit n’
obtains ns where CFG-node (-Entry-) cd—ns—4x CFG-node n’
and ns # [| and Vn'' € set ns. parent-node n'' € set(sourcenodes as)
proof (atomize-elim)
from «((-Entry-) —as—,x n'y <inner-node n'y <= method-exit n's
show Jns. CFG-node (-Entry-) cd—ns—qx CFG-node n’ A ns # [] A
(Vn'" € set ns. parent-node n'’ € set(sourcenodes as))
proof (induct as arbitrary:n’ rule:length-induct)
fix as n’
assume [H:V as’. length as’ < length as —
(Vn'". (-Entry-) —as’—,x n”" — inner-node n'"’ — — method-exit n"’ —
(Ins. CFG-node (-Entry-) cd—ns—qx CFG-node n'’' N\ ns # [| A
(V nzeset ns. parent-node nx € set (sourcenodes as’))))
and (-Entry-) —as—,x n’ and inner-node n’ and — method-exit n’
thus Ins. CFG-node (-Entry-) cd—ns—qx CFG-node n’ A ns # [] A
(Vn'eset ns. parent-node n' € set (sourcenodes as))
proof —
have 3 az asz zs. (-Entry-) —ax#asz—,x n' A n' & set (sourcenodes (az#asz))

VAN
as = (arftasx)Qzs
proof(cases n’ € set (sourcenodes as))
case True
hence 3n'"' € set(sourcenodes as). n' = n'' by simp
then obtain ns’ ns’’ where sourcenodes as = ns'@Qn'#ns’’
and Vn'' € set ns’. n’ # n”
by (fastforce elim!:split-list-first-propE)
from <sourcenodes as = ns’Qn’#ns’’y obtain zs ys az
where sourcenodes rs = ns' and as = zsQaz#ys
and sourcenode ax = n’
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from <V n'' € set ns’. n’ # n'’ <sourcenodes xs = ns’s
have n’ ¢ set(sourcenodes xs) by fastforce
from «(-Entry-) —as—,x n's <as = xsQaz#ys> have (-Entry-) —zsQaz#ys—, *
n/

by simp
with (sourcenode ax = n’y have (-Entry-) —xzs—* n’
by (fastforce dest:path-split simp:intra-path-def)
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with <inner-node n'y have xs # ||
by (fastforce elim:path.cases simp:intra-path-def)
with «n’ ¢ set(sourcenodes zs)y «(-Entry-) —zs—,* n'y (as = zsQaz#ys»
show ?thesis by(cases xs) auto
next
case Fulse
with «(-Entry-) —as—,x n’y <inner-node n’
show ?thesis by(cases as)(auto elim:path.cases simp:intra-path-def)
qed
then obtain az asz zs where (-Entry-) —az#asz— * n'
and n’ ¢ set (sourcenodes (azx#asz)) and as = (ax#asz)Qzs by blast
show ?thesis
proof (cases Va' a'. o’ € set asz N sourcenode o’ = sourcenode a'’ N
valid-edge a' A intra-kind(kind a'’) — n’ postdominates targetnode a'’)
case True
have (-Ezit-) —[]—,* (-Exit-)
by (fastforce intro:empty-path simp:intra-path-def)
hence — n' postdominates (-Erit-)
by (fastforce simp:postdominate-def sourcenodes-def method-exit-def)
from «(-Entry-) —az#asz—,x n'y have (-Entry-) —[|Qaz#asz—,* n' by
stmp
from «((-Entry-) —az#asz—,* n's have [simp]:sourcenode ax = (-Entry-)
and wvalid-edge ax
by (auto intro:path-split-Cons simp:intra-path-def)
from Entry-FEzit-edge obtain o’ where sourcenode a’ = (-Entry-)
and targetnode o’ = (-Ezit-) and valid-edge a’
and intra-kind(kind o’) by(auto simp:intra-kind-def)
with «(-Entry-) —[|Qaz#asz—,x n's <= n’ postdominates (-Exit-)
<valid-edge ax) True <sourcenode ax = (-Entry-)
«n' & set (sourcenodes (ax#tasz))) <inner-node n'y <= method-exit n's
have sourcenode az controls n’
by —(erule which-node-intra-standard-control-dependence-source
[of ------ a'],auto)
hence CFG-node (-Entry-) — .4 CFG-node n'
by (fastforce intro:SDG-cdep-edge)
hence CFG-node (-Entry-) cd—[|Q[CFG-node (-Entry-)|—qx CFG-node n'
by (fastforce intro:cdSp-Append-cdep cdSp-Nil)
moreover
from <as = (azftasz)Qzsy have (-Entry-) € set(sourcenodes as)
by (simp add:sourcenodes-def)
ultimately show ?thesis by fastforce
next
case Fulse
hence Ja’ € set asx. Ja’. sourcenode a’ = sourcenode a'’ A valid-edge a'' N
intra-kind(kind a') A = n' postdominates targetnode o’
by fastforce
then obtain ax’ asz’ asz’’ where ast = asz'Qaz'#asz’ A
(a". sourcenode ax’ = sourcenode a’’ A wvalid-edge a’’ N
intra-kind(kind a'") A = n' postdominates targetnode a'") A
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(Vz € set asz”. = (Fa’. sourcenode z = sourcenode o’ A valid-edge a’' N
intra-kind(kind a') A = n’ postdominates targetnode a’’))
by (blast elim!:split-list-last-propE)
then obtain ai where asz = asz’Qaz'#asz'’
and sourcenode ax’ = sourcenode ai
and valid-edge ai and intra-kind(kind ai)
and — n' postdominates targetnode ai
and Vz € set asz’’. = (Fa’". sourcenode z = sourcenode a’’ A
valid-edge o' A intra-kind(kind a'’) A = n’ postdominates targetnode a'’)
by blast
from «(-Entry-) —azx#asz—,x n's <asz = ast'Qaz'#asx’s
have (-Entry-) —(azf#asx’)Qaz'#asz’—,x n’ by simp
from «n’ ¢ set (sourcenodes (az#tasz))y <asz = asz'Qaz'#asz'
have n' ¢ set (sourcenodes (az'#asz’))
by (auto simp:sourcenodes-def)
with «inner-node n’y <= n’ postdominates targetnode ai»
«n’ ¢ set (sourcenodes (ax'#asz’’))s <sourcenode ax’ = sourcenode aiy
Nz € set asz'. -~ (Fa". sourcenode z = sourcenode a'’ N
valid-edge a'' A intra-kind(kind a'’) A = n’ postdominates targetnode a'’)s
walid-edge ai> <intra-kind(kind ai)y <— method-exit n's
«(-Entry-) —(az#asz’)Qaz'#asz'"— * n's
have sourcenode ax’ controls n'
by (fastforce introl:which-node-intra-standard-control-dependence-source)
hence CFG-node (sourcenode az’) — .5 CFG-node n’
by (fastforce intro:SDG-cdep-edge)
from «(-Entry-) —(az#asz’)Qaz'#asz’—,x n's
have (-Entry-) —azf#tasz’— * sourcenode az’ and valid-edge ax’
by (auto intro:path-split simp:intra-path-def simp del:append-Cons)
from <asz = asz'Qaz'#asz’y <as = (az#asx)Qzs)
have length (az#tasz’) < length as by simp
from <wvalid-edge ax’s have valid-node (sourcenode az’) by simp
hence inner-node (sourcenode az’)
proof(cases sourcenode azx’ rule:valid-node-cases)
case Entry
with <(-Entry-) —az#asz’—, x sourcenode az’
have (-Entry-) —az#asx'—x (-Entry-) by(simp add:intra-path-def)
hence Fualse by(fastforce dest:path-Entry-target)
thus ?thesis by simp
next
case FEuxit
with <valid-edge ax’s have Fualse by(rule Ezxit-source)
thus ?thesis by simp
qged simp
from <asx = asx'Qaz'#asx’s «(-Entry-) —ax#asz—,* n'
have intra-kind (kind az’) by(simp add:intra-path-def)
have — method-ezxit (sourcenode azx’)
proof
assume method-exit (sourcenode ax’)
thus Fulse
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proof (rule method-exit-cases)
assume sourcenode ax’ = (-Exit-)
with (valid-edge az’s show Fualse by(rule Ezit-source)
next
fix x Q f p assume sourcenode ax’ = sourcenode x
and valid-edge x and kind z = Q<>pf
from (valid-edge x> <kind x = Q<=pf> <sourcenode ax’' = sourcenode x
<valid-edge ax’s <intra-kind (kind az’)» show False
by (fastforce dest:return-edges-only simp:intra-kind-def)
qged
ged
with IH «length (ax#asz’) < length asy <(-Entry-) —ax#asz'— * sourcenode

<nner-node (sourcenode az'’)»
obtain ns where CFG-node (-Entry-) cd—ns—q+x CFG-node (sourcenode

and ns # [|
and Vn'' € set ns. parent-node n'’ € set(sourcenodes (axtasz’))
by blast
from «CFG-node (-Entry-) cd—ns—gx CFG-node (sourcenode ax’)
«CFG-node (sourcenode ax’) — .4 CFG-node n's
have CFG-node (-Entry-) cd—ns@[CFG-node (sourcenode azx')]|—qx CFG-node
n/
by (fastforce intro:cdSp-Append-cdep)
from <as = (az#asz)Qzs) <asz = asz'Qax'#asz’
have sourcenode ax’' € set(sourcenodes as) by(simp add:sourcenodes-def)
with «Vn'' € set ns. parent-node n'' € set(sourcenodes (axtasz’)))
<as = (ax#asr)Qzs) <asr = asz'Qaz'#asz’)
have Vn'' € set (nsQ[CFG-node (sourcenode az')]).
parent-node n'' € set(sourcenodes as)
by (fastforce simp:sourcenodes-def)
with «CFG-node (-Entry-) cd—nsQ[CFG-node (sourcenode ax’)|— 4% CFG-node
n’
show ?thesis by fastforce
qed
qed
qged
qged

lemma in-proc-cdep-SDG-path:

assumes n —as—,* n’ and n # n’ and n’ # (-Ezit-) and valid-edge a

and kind a = Q:r—pfs and targetnode a = n

obtains ns where CFG-node n cd—ns—qx CFG-node n'

and ns # [ and Vn'' € set ns. parent-node n'' € set(sourcenodes as)
proof (atomize-elim)

show Ins. CFG-node n cd—ns—qx CFG-node n' A

ns # [| A (Y n''€set ns. parent-node n'' € set (sourcenodes as))
proof(cases V az. valid-edge ax A sourcenode ax = n' —
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ar ¢ get-return-edges a)

case True
from n —as—,*x n’y <n # n'y «<n’ £ (-Exit-)»

V az. valid-edge ax N\ sourcenode axr = n' — ax ¢ get-return-edges a>
show Ins. CFG-node n cd—ns—qx CFG-node n' A ns # [| A

(Vn'" € set ns. parent-node n'’ € set(sourcenodes as))
proof (induct as arbitrary:n’ rule:length-induct)

fix as n’

assume [H:V as’. length as’ < length as —

(Vn".n —as’=,xn"" — n #n"" — n' # (-Erit-) —
(V ax. valid-edge ax A sourcenode ax = n' — ax ¢ get-return-edges a)

(3ns. CFG-node n cd—ns—rqgx CFG-node n'' A ns # [] A
(Vn''eset ns. parent-node n'' € set (sourcenodes as’))))
and n —as—,* n’ and n # n’ and n’ # (-Exit-)
and V ax. valid-edge ax N sourcenode ax = n' — ax ¢ get-return-edges a
show Ins. CFG-node n cd—ns—qx CFG-node n' A ns # [| A
(Vn''eset ns. parent-node n'' € set (sourcenodes as))
proof (cases method-exit n’)
case True
thus ?thesis
proof(rule method-ezit-cases)
assume n’ = (-Exit-)
with «n’ # (-Exit-)> have False by simp
thus ?thesis by simp
next
fix o’ Q' f'p
assume n’ = sourcenode o’ and wvalid-edge a’ and kind o’ = Q'+_.f’
from (valid-edge a> <kind a = Q:r—ypfs> have get-proc(targetnode a) = p
by (rule get-proc-call)
from <n —as—,* n’y have get-proc n = get-proc n’
by (rule intra-path-get-procs)
with <get-proc(targetnode a) = p) <targetnode a = n»
have get-proc (targetnode a) = get-proc n’ by simp
from (wvalid-edge a’y <kind o’ = Q’<—>p/f’>
have get-proc (sourcenode a’) = p’ by(rule get-proc-return)
with «n’ = sourcenode a’s <get-proc (targetnode a) = get-proc n's
get-proc (targetnode a) = p» have p = p’ by simp
with <valid-edge a’s <kind o’ = Q’<—>p/f’>
obtain az where valid-edge ax and 3 Q 7 fs. kind ax = Q:r—pfs
and a’ € get-return-edges ax by (auto dest:return-needs-call)
hence CFG-node (targetnode ax) — ;3 CFG-node (sourcenode a’)
by (fastforce intro:SDG-proc-entry-exit-cdep)
with <wvalid-edge ax>
have CFG-node (targetnode az) cd—[|Q[CFG-node (targetnode az)]— g%
CFG-node (sourcenode a')
by (fastforce intro:cdep-SDG-path.intros)
from <valid-edge a> <kind a = Q:r—pfs) <valid-edge ax>
«3Q r fs. kind ar = Q:r—pfs> have targetnode a = targetnode ax
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by (fastforce intro:same-proc-call-unique-target)
from «n —as—,x n’ «n # nh
have as # [| by(fastforce elim:path.cases simp:intra-path-def)
with «n —as—,*x n’y have hd (sourcenodes as) = n
by (fastforce intro:path-sourcenode simp:intra-path-def)
moreover
from <as # [» have hd (sourcenodes as) € set (sourcenodes as)
by (fastforce intro:hd-in-set simp:sourcenodes-def)
ultimately have n € set (sourcenodes as) by simp
with <n’ = sourcenode ay (targetnode a = targetnode ax»
<targetnode a = n»
«CFG-node (targetnode az) cd—[|Q[CFG-node (targetnode az)]— g%
CFG-node (sourcenode a')»
show ?thesis by fastforce
qed
next
case Fulse
from «wvalid-edge a> <kind a = Q:r—pfs> obtain a’
where a’ € get-return-edges a
by (fastforce dest:get-return-edge-call)
with (valid-edge a> <kind a = Q:r—pfs> obtain Q' f’ where kind o’ =
Q'pf’
by (fastforce dest!:call-return-edges)
with (valid-edge a) <kind a = Q:r—pfs» <a’ € get-return-edges a> obtain

a
where valid-edge a’’ and sourcenode a'’ = targetnode a
and targetnode a'’ = sourcenode o’ and kind a" = (\cf. False),,
by —(drule intra-proc-additional-edge,auto)
from <(walid-edge a) <a’ € get-return-edges a» have valid-edge a’
by (rule get-return-edges-valid)
have Jaz asz zs. n —ax#asz—,x n' A n' & set (sourcenodes (ax#asz)) A
as = (arftasx)Qzs
proof(cases n' € set (sourcenodes as))
case True
hence 31" € set(sourcenodes as). n' = n' by simp
then obtain ns’ ns’’ where sourcenodes as = ns’Qn'#ns’’
and Vn'' € set ns’. n' # n'
by (fastforce elim!:split-list-first-propE)
from <sourcenodes as = ns’Qn’#ns’’y obtain zs ys az
where sourcenodes rs = ns’ and as = zsQaz#ys
and sourcenode ax = n'
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from <V n'' € set ns’. n’ # n'’y <sourcenodes s = ns’
have n’ ¢ set(sourcenodes xs) by fastforce
from (n —as—,* n" <as = zsQaz#ys> have n —rsQaz#ys—, * n’ by
simp

with «sourcenode ax = n’y have n —zs—,x n’
by (fastforce dest:path-split simp:intra-path-def)
with <n # n’y have zs # [| by(fastforce simp:intra-path-def)
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with «n’ ¢ set(sourcenodes xs)y <n —xs—,x n'» (as = rsQaz#ys> show
?thesis
by (cases zs) auto
next
case Fulse
with <n —as—,* n’ <n # n’
show ?thesis by(cases as)(auto simp:intra-path-def)
qed
then obtain az asz zs where n —azx#asz— * n’
and n' ¢ set (sourcenodes (ax#asz)) and as = (azx#asx)Qzs by blast
from «n —azf#tasz—,x n'y «n’ £ (-FEzit-)> have inner-node n’
by (fastforce intro:path-valid-node simp:inner-node-def intra-path-def)
from <walid-edge a> <targetnode a = n» have valid-node n by fastforce
show ?thesis
proof(cases Va' a’. a' € set asz N sourcenode a’ = sourcenode a'' A
valid-edge a'' A intra-kind(kind a'') —
n' postdominates targetnode a'’)
case True
from <targetnode a = ny <sourcenode a'’ = targetnode a»
kind o' = (Acf. False)
have sourcenode o’ = n and intra-kind(kind a'’)
by (auto simp:intra-kind-def)
{ fix as’ assume targetnode o’ —as'—,x n’
from «<wvalid-edge a’y <targetnode a'’ = sourcenode a’s
<a’ € get-return-edges a»
V az. valid-edge ax N sourcenode ax = n' — ax ¢ get-return-edges a»
have targetnode a'’ # n’ by fastforce
with (targetnode a’’ —as’—,* n’> obtain az’ where valid-edge az’
and targetnode o' = sourcenode az’ and intra-kind(kind az’)
by (clarsimp simp:intra-path-def)(erule path.cases,fastforce+)
from <valid-edge o' <kind o’ = Q"=pf"> (walid-edge azx’
<targetnode a'’ = sourcenode a’y <targetnode a'’ = sourcenode ax’s
<antra-kind(kind ax’)
have Fualse by (fastforce dest:return-edges-only simp:intra-kind-def) }
hence — n’ postdominates targetnode a'’
by (fastforce elim:postdominate-implies-inner-path)
from «n —az#asz—,* n'» have sourcenode ax = n
by (auto intro:path-split-Cons simp:intra-path-def)
from (n —az#asz—,* n'» have n —[|Qax#asz— ,x n’ by simp
from this <sourcenode a’’ = m» <sourcenode ax = ny True
«n' ¢ set (sourcenodes (az#tasz))y «wvalid-edge o'y <intra-kind(kind a'’)s
<inner-node n'y <— method-exit n"y (= n' postdominates targetnode a’’s
have n controls n'
by (fastforce introl:which-node-intra-standard-control-dependence-source)
hence CFG-node n — .5 CFG-node n’
by (fastforce intro:SDG-cdep-edge)
with <valid-node ny have CFG-node n cd—[|@Q[CFG-node n]—q4x CFG-node

by (fastforce intro:cdSp-Append-cdep cdSp-Nil)
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moreover
from <as = (ax#asz)Qzsy (sourcenode ax = n) have n € set(sourcenodes
as)
by (simp add:sourcenodes-def)
ultimately show #thesis by fastforce
next
case Fulse
hence Ja’ € set asz. Ja’’. sourcenode a’ = sourcenode a’’ A
valid-edge o'’ A intra-kind(kind a'’) A
= n' postdominates targetnode a'’
by fastforce
then obtain az’ asz’ asz’’ where asz = asz'Qaz'#asz’’ N
(Fa”. sourcenode ax’ = sourcenode a' A valid-edge a'' A
intra-kind(kind a'’) A = n’ postdominates targetnode a'’) N
(Vz € set asz’. = (Fa’. sourcenode z = sourcenode o’ A
valid-edge o' A intra-kind(kind a’’) A
- n’ postdominates targetnode a'’))
by (blast elim!:split-list-last-propE)
then obtain ai where asz = asz’Qaz'#asz'’
and sourcenode ax’ = sourcenode ai
and valid-edge ai and intra-kind(kind ai)
and — n' postdominates targetnode ai
and Vz € set asz'’. = (a”. sourcenode z = sourcenode a’' A
valid-edge o' N intra-kind(kind a'’) A
= n' postdominates targetnode a’’)
by blast
from <aszx = aszr’Qazx'#asz’y <n —azx#asz—,* n'
have n —(azf#asz’)Qaz'#asz”—,x n’ by simp
from «n' ¢ set (sourcenodes (az#tasz))> <asx = asz’Qaz'#asz’’
have n’ ¢ set (sourcenodes (azx'#asz'’))
by (auto simp:sourcenodes-def)
with <inner-node n'y <= n’ postdominates targetnode ai»
«n —(az#asz\Qazx'#asz’’—, % n'y <sourcenode ax’ = sourcenode ai
Nz € set asz”. = (Fa". sourcenode z = sourcenode a'’ N
valid-edge o'’ A intra-kind(kind a'’) A
- n’ postdominates targetnode a'’)s
walid-edge ai> <intra-kind(kind ai)» <— method-exit n's
have sourcenode az’ controls n’
by (fastforce introl:which-node-intra-standard-control-dependence-source)
hence CFG-node (sourcenode az') — .4 CFG-node n’
by (fastforce intro:SDG-cdep-edge)
from «n —(az#asz’)Qaz'#asz’"— * n'
have n —az#asz’'—,* sourcenode ax’ and valid-edge az’
by (auto intro:path-split simp:intra-path-def simp del:append-Cons)
from <asz = asz'Qaz'#asz’ <as = (az#asz)Qzs)
have length (ax#asz’) < length as by simp
from <as = (az#asr)Qzs) <asz = asx'Qax'#asz’
have sourcenode az’ € set(sourcenodes as) by(simp add:sourcenodes-def)
show ?thesis
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proof(cases n = sourcenode ax’)
case True
with «CFG-node (sourcenode ax’) — .4 CFG-node n'y (valid-edge az’s
have CFG-node n cd—[|Q[CFG-node n|—q4x CFG-node n'
by (fastforce intro:cdSp-Append-cdep cdSp-Nil)
with <sourcenode az’ € set(sourcenodes as)y True show ?thesis by
fastforce
next
case Fulse
from (walid-edge az’» have sourcenode ax’ # (-Exit-)
by —(rule ccontr,fastforce elim!: Exit-source)
from «n —az#asz’—,* sourcenode ax’y have n = sourcenode ax
by (fastforce intro:path-split-Cons simp:intra-path-def)
show ?thesis
proof(cases V az. valid-edge ax N\ sourcenode ax = sourcenode ax’ —
ar ¢ get-return-edges a)
case True
from <asr = asz'Qaz'#asz’y <n —az#asz— * n'
have intra-kind (kind az’) by(simp add:intra-path-def)
have — method-exit (sourcenode azx’)
proof
assume method-exit (sourcenode ax’)
thus Fulse
proof (rule method-exit-cases)
assume sourcenode ax’ = (-Ezit-)
with (valid-edge az’» show Fualse by(rule Exit-source)
next
fix £ Q f p assume sourcenode ax’ = sourcenode x
and valid-edge x and kind 2 = Q< pf
from <walid-edge x> <kind © = Q<=pf> (sourcenode az’ = sourcenode
@
walid-edge az’y <intra-kind (kind az’)) show False
by (fastforce dest:return-edges-only simp:intra-kind-def)
qed
qed
with IH <length (ax#asx’) < length as» <n —ax#asx’'—,* sourcenode
az’
<n #£ sourcenode ax’y <sourcenode ax’ # (-Exit-)y True
obtain ns where CFG-node n cd—ns—qx CFG-node (sourcenode ax’)
and ns # ||
and YV n''eset ns. parent-node n'’ € set (sourcenodes (az#asz’))
by blast
from <CFG-node n cd—ns—4+x CFG-node (sourcenode az')
«CFG-node (sourcenode az’) — .4 CFG-node n'»
have CFG-node n cd—nsQ[CFG-node (sourcenode az’)]— 4% CFG-node

by (rule cdSp-Append-cdep)

moreover
from <V n''€set ns. parent-node n'’ € set (sourcenodes (ax#asz’))»
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<ast = asz'Qaz'#asz’y <as = (az#asr)Qzs)
<sourcenode az’ € set(sourcenodes as))
have V n''€set (nsQ[CFG-node (sourcenode ax’)]).
parent-node n'’ € set (sourcenodes as)
by (fastforce simp:sourcenodes-def)
ultimately show ?thesis by fastforce
next
case Fulse
then obtain ai’ where valid-edge ai’
and sourcenode ai’ = sourcenode ax’
and ai’ € get-return-edges a by blast
with (valid-edge a) <kind a = Q:r—pfs> (targetnode a = n>
have CFG-node n —.; CFG-node (sourcenode az’)
by (fastforce introl:SDG-proc-entry-exit-cdep|of - - - - - - ai’l)
with (valid-node n»
have CFG-node n cd—[]Q[CFG-node n]— 4+ CFG-node (sourcenode ax’)
by (fastforce intro:cdSp-Append-cdep cdSp-Nil)
with «CFG-node (sourcenode az’) — .4 CFG-node n'»
have CFG-node n cd—[CFG-node n|Q[CFG-node (sourcenode ax’)]— 4%

CFG-node n'
by (fastforce intro:cdSp-Append-cdep)
moreover
from <sourcenode az' € set(sourcenodes as)) «n = sourcenode azx)
<as = (ax#asz)Qzs)
have V n''eset ([CFG-node n]Q[CFG-node (sourcenode az')]).
parent-node n'' € set (sourcenodes as)
by (fastforce simp:sourcenodes-def)
ultimately show ?thesis by fastforce
qed
qed
ged
qed
qed
next
case False
then obtain a’ where valid-edge a’ and sourcenode a’ = n'
and a’ € get-return-edges a by auto
with «valid-edge a) <kind a = Q:r—pfs) <targetnode a = n»
have CFG-node n — .; CFG-node n' by (fastforce intro:SDG-proc-entry-exit-cdep)
with (valid-edge ay <targetnode a = ny[THEN sym]
have CFG-node n cd—[|Q[CFG-node n|—q4x CFG-node n'
by (fastforce intro:cdep-SDG-path.intros)
from (n —as—,x n’» <n # n’y have as # [|
by (fastforce elim:path.cases simp:intra-path-def)
with «n —as—,*x n’y have hd (sourcenodes as) = n
by (fastforce intro:path-sourcenode simp:intra-path-def)
with <as # [> have n € set (sourcenodes as)
by (fastforce intro:hd-in-set simp:sourcenodes-def)
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with «CFG-node n cd—[]Q[CFG-node n)—qx CFG-node n's
show ?thesis by auto
qed
qed

1.8.7 Paths consisting of calls and control dependences

inductive call-cdep-SDG-path ::

'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢- cc—-—gx - [51,0,0] 80)
where ccSp-Nil:

valid-SDG-node n = n cc—[|—q* n

| ccSp-Append-cdep:
[n cc—ns—qx n'; n” — 4 0] = n cc—nsQ[n"|—4x n’

| ccSp-Append-call:
[n cc—ns—qx n'; n" —p— .o 7] = n cc—nsQ[n’|—g* n’

lemma cc-SDG-path-Append:
[n'" cc—ns'—=gx n'; n cc—ns—gx n'] = n cc—nsQ@Qns'—gx n’
by (induct rule:call-cdep-SDG-path.induct,
auto intro:call-cdep-SDG-path.intros simp:append-assoc| THEN sym)]
simp del:append-assoc)

lemma cdep-SDG-path-cc-SDG-path:
n cd—ns—qx n' = n cc—ns—gx n’
by (induct rule:cdep-SDG-path.induct,auto intro:call-cdep-SDG-path.intros)

lemma Entry-cc-SDG-path-to-inner-node:
assumes valid-SDG-node n and parent-node n # (-Exit-)
obtains ns where CFG-node (-Entry-) cc—ns—q* n
proof (atomize-elim)
obtain m where m = parent-node n by simp
from <(walid-SDG-node n» have valid-node (parent-node n)
by (rule valid-SDG-CFG-node)
thus I ns. CFG-node (-Entry-) cc—ns— g n
proof(cases parent-node n rule:valid-node-cases)
case Entry
with <walid-SDG-node ny have n = CFG-node (-Entry-)
by (rule valid-SDG-node-parent-Entry)
with <walid-SDG-node ny show ?thesis by (fastforce intro:ccSp-Nil)
next
case Lrit
with <parent-node n # (-Ezit-)> have False by simp
thus ?thesis by simp

148



next
case inner
with «<m = parent-node n) obtain asr where (-Entry-) —asz— * m
by (fastforce dest: Entry-path inner-is-valid)
then obtain as where (-Entry-) —as— * m
and Va' € set as. intra-kind(kind o') vV (3 Q r p fs. kind o' = Q:r—pfs)
by —(erule valid-Entry-path-ascending-path,fastforce)
from <inner-node (parent-node n)> <m = parent-node n»
have inner-node m by simp
with ((-Entry-) —as— s+ m» «<m = parent-node n) <valid-SDG-node n»
Va' € set as. intra-kind(kind o') vV (3 Q r p fs. kind o' = Q:r—pfs)
show ?thesis
proof (induct as arbitrary:m n rule:length-induct)
fix as m n
assume IH:V as’. length as’ < length as —
(Ym'. (-Entry-) —as'— s+ m' —
(Vn'. m’ = parent-node n’ — valid-SDG-node n' —
(Va' € set as'. intra-kind(kind o) V (3Q 7 p fs. kind o’ = Q:r—pfs)) —
inner-node m' — (I ns. CFG-node (-Entry-) cc—ns—rqx n')))
and (-Entry-) —as— x m
and m = parent-node n and valid-SDG-node n and inner-node m
and Va' € set as. intra-kind(kind o’) vV (3Q r p fs. kind o’ = Q:r—pfs)
show I ns. CFG-node (-Entry-) cc—ns—q* n
proof (cases Va’' € set as. intra-kind(kind a’))
case True
with ((-Entry-) —as— ,+ m» have (-Entry-) —as—,* m
by (fastforce simp:intra-path-def vp-def)
have — method-exit m
proof
assume method-ezit m
thus Fulse
proof (rule method-exit-cases)
assume m = (-Exit-)
with <inner-node m» show False by(simp add:inner-node-def)
next
fix a @ fp assume m = sourcenode a and valid-edge a
and kind a = Q«pf
from «(-Entry-) —as—,x m» have get-proc m = Main
by (fastforce dest:intra-path-get-procs simp:get-proc-Entry)
from <wvalid-edge a> <kind a = Q<pf>
have get-proc (sourcenode a) = p by(rule get-proc-return)
with <get-proc m = Mainy <m = sourcenode a)> have p = Main by simp
with <wvalid-edge a> <kind a = Q<>pf> show Fulse
by (fastforce intro: Main-no-return-source)
qed
qed
with <inner-node m» «(-Entry-) —as—,* m)
obtain ns where CFG-node (-Entry-) cd—ns— % CFG-node m
and ns # [| and Vn'' € set ns. parent-node n'' € set(sourcenodes as)
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by —(erule Entry-cdep-SDG-path)
then obtain n’ where n’ — .; CFG-node m
and parent-node n' € set(sourcenodes as)
by —(erule cdep-SDG-path.cases,auto)
from <parent-node n' € set(sourcenodes as)» obtain ms ms’
where sourcenodes as = msQ(parent-node n')#ms’
by (fastforce dest:split-list simp:sourcenodes-def)
then obtain as’ a as’”’ where ms = sourcenodes as’
and ms’ = sourcenodes as'’ and as = as'Qa#tas’’
and parent-node n’ = sourcenode a
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
with «(-Entry-) —as—,x m» have (-Entry-) —as’—, x parent-node n’
by (fastforce intro:path-split simp:intra-path-def)
from «n’ — .4 CFG-node m» have valid-SDG-node n’
by (rule SDG-edge-valid-SDG-node)
hence n’-cases:
n’ = CFG-node (parent-node n') V CFG-node (parent-node n') — .4 n’
by (rule valid-SDG-node-cases)
show ?thesis
proof(cases as’ = [])
case True
with «(-Entry-) —as’— * parent-node n’y have parent-node n’ = (-Entry-)
by (fastforce simp:intra-path-def)
from n’-cases have Ins. CFG-node (-Entry-) cd—ns—qax CFG-node m
proof
assume n’ = CFG-node (parent-node n’)
with «<n’ — .5 CFG-node m» <parent-node n' = (-Entry-)
have CFG-node (-Entry-) ¢cd—[|Q[CFG-node (-Entry-)|—qx CFG-node m
by —(rule cdSp-Append-cdep,rule cdSp-Nil,auto)
thus ?thesis by fastforce
next
assume CFG-node (parent-node n') — .4 n’
with <parent-node n' = (-Entry-)»
have CFG-node (-Entry-) ¢cd—[|Q[CFG-node (-Entry-)|—q* n’
by —(rule cdSp-Append-cdep,rule cdSp-Nil,auto)
with «n’ — .5 CFG-node m»
have CFG-node (-Entry-) ed—|CFG-node (-Entry-)|Q[n'|— 4% CFG-node

by (fastforce intro:cdSp-Append-cdep)
thus ?thesis by fastforce
qed
then obtain ns where CFG-node (-Entry-) cc—ns—qx CFG-node m
by (fastforce intro:cdep-SDG-path-cc-SDG-path)
show ?thesis
proof(cases n = CFG-node m)
case True
with «(CFG-node (-Entry-) cc—ns—q+x CFG-node m»
show ?thesis by fastforce
next
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case Fulse
with nner-node my <valid-SDG-node ny <m = parent-node n»
have CFG-node m — .4 n
by (fastforce intro:SDG-parent-cdep-edge inner-is-valid)
with «CFG-node (-Entry-) cc—ns—q* CFG-node m»
have CFG-node (-Entry-) cc—nsQ[CFG-node m|— 4% n
by (fastforce intro:ccSp-Append-cdep)
thus ?thesis by fastforce
qed
next
case Fulse
with (as = as’@a#as’» have length as’ < length as by simp
from «(-Entry-) —as’—,* parent-node n’s have valid-node (parent-node n')
by (fastforce intro:path-valid-node simp:intra-path-def)
hence inner-node (parent-node n')
proof(cases parent-node n' rule:valid-node-cases)
case Entry
with «(-Entry-) —as’—,* (parent-node n'))
have (-Entry-) —as’—x (-Entry-) by(fastforce simp:intra-path-def)
with Fulse have Fualse by fastforce
thus ?thesis by simp
next
case Lzit
with «n’ —_.; CFG-node m» have n’ = CFG-node (-Exit-)
by —(rule valid-SD G-node-parent-Ezit,erule SDG-edge-valid-SDG-node,simp)
with «n’ — ;5 CFG-node m) Exit have False
by simp(erule FEzit-no-SDG-edge-source)
thus ?thesis by simp
next
case inner
thus ?thesis by simp
qed
from <walid-node (parent-node n')
have valid-SDG-node (CFG-node (parent-node n')) by simp
from «(-Entry-) —as’—,* (parent-node n')»
have (-Entry-) —as'— /% (parent-node n’)
by (rule intra-path-vp)
from «Va' € set as. intra-kind(kind a’) vV (3 Q 7 p fs. kind o' = Q:r—pfs)
<as = as'Qa#as’
have Va' € set as’. intra-kind(kind o) V (3Q 7 p fs. kind o’ = Q:r—pfs)
by auto
with IH (length as’ < length as) «(-Entry-) —as'— s (parent-node n')
«walid-SDG-node (CFG-node (parent-node n'))> <inner-node (parent-node
n')»
obtain ns where CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node
n’)
apply (erule-tac x=as’ in ollE) apply clarsimp
apply(erule-tac z=(parent-node n') in allE) apply clarsimp
apply(erule-tac z=CFG-node (parent-node n’) in allE) by clarsimp
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from n'-cases have Ins. CFG-node (-Entry-) cc—ns—q% n’
proof
assume n’ = CFG-node (parent-node n")
with «CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node n’)
show ?thesis by fastforce
next
assume CFG-node (parent-node n') — .4 n’
with «CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node n’)»
have CFG-node (-Entry-) cc—nsQ[CFG-node (parent-node n')]—a% n’
by (fastforce intro:ccSp-Append-cdep)
thus ?thesis by fastforce
qed
then obtain ns’ where CFG-node (-Entry-) cc—ns'—q* n' by blast
with «n’ — .5 CFG-node m»
have CFG-node (-Entry-) cc—ns'Q[n'|— 4% CFG-node m
by (fastforce intro:ccSp-Append-cdep)
show ?thesis
proof(cases n = CFG-node m)
case True
with «CFG-node (-Entry-) cc—ns'Q[n'|—4+% CFG-node m»
show ?thesis by fastforce
next
case Fulse
with <nner-node my <valid-SDG-node ny <m = parent-node n»
have CFG-node m — .4 n
by (fastforce intro:SDG-parent-cdep-edge inner-is-valid)
with «CFG-node (-Entry-) cc—ns'Q[n'|—4+ CFG-node m»
have CFG-node (-Entry-) cc—(ns'Q[n'])Q[CFG-node m]—4x n
by (fastforce intro:ccSp-Append-cdep)
thus ?thesis by fastforce
qed
ged
next
case Fulse
hence Ja’ € set as. - intra-kind (kind a') by fastforce
then obtain a as’ as’”’ where as = as’Qa#as’ and - intra-kind (kind a)
and Va’ € set as”. intra-kind (kind a’)
by (fastforce elim!:split-list-last-propE)
from Va' € set as. intra-kind(kind o') vV (3 Q 7 p fs. kind o' = Q:r—pfs)
<as = as'Qatas’y «— intra-kind (kind a)»
obtain @ r p fs where kind a = Q:r—pfs
and Va' € set as’. intra-kind(kind a’) Vv (3 Q r p fs. kind o’ = Q:r—pfs)
by auto
from <as = as’Qa#as’y have length as’ < length as by fastforce
from «(-Entry-) —as— % m» <as = as'Qa#as’
have (-Entry-) —as'— /* sourcenode a and valid-edge a
and targetnode a —as"— % m
by (auto intro:vp-split)
hence valid-SDG-node (CFG-node (sourcenode a)) by simp
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have Ins’. CFG-node (-Entry-) cc—ns'— 4% CFG-node m
proof(cases targetnode a = m)
case True
with <valid-edge a> <kind a = Q:r—pfs>
have CFG-node (sourcenode a) —p— 411 CFG-node m
by (fastforce intro:SDG-call-edge)
have Ins. CFG-node (-Entry-) cc—ns—qx CFG-node (sourcenode a)
proof(cases as’ = [])
case True
with «(-Entry-) —as'— s sourcenode a) have (-Entry-) = sourcenode a
by (fastforce simp:vp-def)
with «CFG-node (sourcenode ) —p—.q1; CFG-node m»
have CFG-node (-Entry-) cc—[|—qx CFG-node (sourcenode a)
by (fastforce intro:ccSp-Nil SDG-edge-valid-SDG-node)
thus ?thesis by fastforce
next
case Fulse
from <walid-edge a) have valid-node (sourcenode a) by simp
hence inner-node (sourcenode a)
proof (cases sourcenode a rule:valid-node-cases)
case Entry
with ((-Entry-) —as'— /x sourcenode a»
have (-Entry-) —as’—+ (-Entry-) by(fastforce simp:vp-def)
with Fulse have Fulse by fastforce
thus “thesis by simp
next
case Ezit
with <valid-edge a) have False by —(erule Exit-source)
thus ?thesis by simp
next
case inner
thus ?thesis by simp
qed
with IH <length as’ < length as> «(-Entry-) —as'— ,* sourcenode a)
walid-SDG-node (CFG-node (sourcenode a))»
Va' € set as’. intra-kind(kind a’) V (3Q 7 p fs. kind a’ = Q:r—pfs)
obtain ns where CFG-node (-Entry-) cc—ns—qx CFG-node (sourcenode

apply(erule-tac x=as’ in allE) apply clarsimp
apply(erule-tac x=sourcenode a in allE) apply clarsimp
apply (erule-tac z=CFG-node (sourcenode a) in allE) by clarsimp
thus ?thesis by fastforce
qed
then obtain ns where CFG-node (-Entry-) cc—ns—qx CFG-node

(sourcenode a)

by blast
with <CFG-node (sourcenode a) —p— 411 CFG-node m»
show ?thesis by(fastforce intro:ccSp-Append-call)
next
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case Fulse
from <targetnode a —as''— ,x my Va' € set as'’. intra-kind (kind a')>
have targetnode a —as’’—,x m by(fastforce simp:vp-def intra-path-def)
hence get-proc (targetnode a) = get-proc m by(rule intra-path-get-procs)
from (valid-edge a) <kind a = Q:r—pfs) have get-proc (targetnode a) = p
by (rule get-proc-call)
from <inner-node m» <valid-edge ay <targetnode a —as’’'—, * m»
<kind a = Q:r—pfs> targetnode a # m»
obtain ns where CFG-node (targetnode a) cd—ns—4x CFG-node m
and ns # ||
and Vn'' € set ns. parent-node n'’ € set(sourcenodes as’’)
by (fastforce elim!:in-proc-cdep-SDG-path)
then obtain n’ where n’ — .; CFG-node m
and parent-node n' € set(sourcenodes as'")
by —(erule cdep-SDG-path.cases,auto)
from «(parent-node n') € set(sourcenodes as’’)> obtain ms ms’
where sourcenodes as” = msQ(parent-node n')#ms’
by (fastforce dest:split-list simp:sourcenodes-def)
then obtain zs a’ ys where ms = sourcenodes xs
and ms’ = sourcenodes ys and as’ = zsQa'#ys
and parent-node n’ = sourcenode a’
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from ((-Entry-) —as— + m» <as = as'Qa#tas’ <as” = 1sQa'#tys
have (-Entry-) —(as'Qa#xs)Qa'#ys— s+ m by simp
hence (-Entry-) —as'Qa#tzs— /* sourcenode a’
and valid-edge o’ by (auto intro:vp-split)
from <as = as’Qa#tas’y <as” = xsQa'#ys
have length (as'Qa#tzs) < length as by simp
from (valid-edge a’s have valid-node (sourcenode a’) by simp
hence inner-node (sourcenode a’)
proof(cases sourcenode o’ rule:valid-node-cases)
case Entry
with ((-Entry-) —as'Qa#trs— /x sourcenode a's
have (-Fntry-) —as'Qa#xs—* (-Entry-) by (fastforce simp:vp-def)
hence Fulse by fastforce
thus ?thesis by simp
next
case Erit
with <wvalid-edge o’y have False by —(erule Ezit-source)
thus ?thesis by simp
next
case inner
thus ?thesis by simp
qed
from <wvalid-edge o’y have valid-SDG-node (CFG-node (sourcenode a’))
by simp
from «Va' € set as. intra-kind(kind a’) vV (3 Q 7 p fs. kind o' = Q:r—pfs)
<as = as'Qaftas’y <as’ = zsQa'#ys»
have Va' € set (as’Qa#zs).
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intra-kind(kind o") vV (3 Q 7 p fs. kind a’ = Q:r—pfs)
by auto
with IH <length (as’'Qa#tzs) < length as)
(-Entry-) —as'Qa#as— ,* sourcenode a’
<walid-SDG-node (CFG-node (sourcenode a’))»
<inner-node (sourcenode a')y <parent-node n' = sourcenode a’y
obtain ns where CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node
n’)
apply (erule-tac x=as'@Qa#uxs in allE) apply clarsimp
apply (erule-tac x=sourcenode o' in allE) apply clarsimp
apply(erule-tac z=CFG-node (sourcenode a') in allE) by clarsimp
from <n’ — .5 CFG-node m» have valid-SDG-node n’
by (rule SDG-edge-valid-SDG-node)
hence n’ = CFG-node (parent-node n') Vv CFG-node (parent-node n')
—cd n'
by (rule valid-SDG-node-cases)
thus ?thesis
proof
assume n’ = CFG-node (parent-node n')
with «(CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node n’)»
' — g CFG-node m) show ?thesis
by (fastforce intro:ccSp-Append-cdep)
next
assume CFG-node (parent-node n') — .4 n'
with «CFG-node (-Entry-) cc—ns—qx CFG-node (parent-node n’)
have CFG-node (-Entry-) cc—nsQ[CFG-node (parent-node n')]—q% n’'
by (fastforce intro:ccSp-Append-cdep)
with «<n’ —.; CFG-node m» show ?thesis
by (fastforce intro:ccSp-Append-cdep)

qed
qed
then obtain ns where CFG-node (-Entry-) cc—ns—q* CFG-node m by
blast
show ?thesis
proof(cases n = CFG-node m)
case True
with «CFG-node (-Entry-) cc—ns—qx CFG-node m» show ?thesis by
fastforce
next
case Fulse
with <inner-node m» <valid-SDG-node ny <m = parent-node n»
have CFG-node m — .4 n
by (fastforce intro:SDG-parent-cdep-edge inner-is-valid)
with «CFG-node (-Entry-) cc—ns—qx CFG-node m) show ?thesis
by (fastforce dest:ccSp-Append-cdep)
qed
qed
qed
qed
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qed

1.8.8 Same level paths in the SDG

inductive matched :: 'node SDG-node = 'node SDG-node list = 'node SDG-node
= bool
where matched-Nil:
valid-SDG-node n = matched n [| n
| matched-Append-intra-SDG-path:
[matched n ns n'"; n' i—ns’—4x n’] = matched n (nsQns’) n’
| matched-bracket-call:
[matched ng ns ny; ny —p— 4 N2; Mmatched no ns' ng;
(ng —=p—rpet Mo V 13 —p: V= oyt Na); valid-edge a; o’ € get-return-edges a;
sourcenode a = parent-node ny; targetnode a = parent-node no;
sourcenode a’ = parent-node ns; targetnode a’ = parent-node ny]
= matched ng (nsQni#ns'Q[ng]) ng
| matched-bracket-param:
[matched ng ns ni; ny —p:V—4, no; matched ng ns’ ns;
ng —p: V'= out na; valid-edge a; a’ € get-return-edges a;
sourcenode a = parent-node ny; targetnode a = parent-node ng;
sourcenode a’ = parent-node ngz; targetnode o’ = parent-node n4]
= matched ng (nsQny#ns'@Q[ns]) ny

lemma matched-Append:

[matched n'' ns' n'; matched n ns n''| = matched n (ns@Qns’) n
by (induct rule:matched.induct,

auto intro:matched.intros simp:append-assoc| THEN sym] simp del:append-assoc)

/

lemma intra-SDG-path-matched:
assumes n i—ns—g*x n’ shows matched n ns n’
proof —
from «n i—ns—4* n’> have valid-SDG-node n
by (rule intra-SDG-path-valid-SDG-node)
hence matched n [| n by(rule matched-Nil)
with «n i—ns— 4+ n’> have matched n ([|@ns) n’
by —(rule matched-Append-intra-SDG-path)
thus ?thesis by simp
qed

lemma intra-proc-matched:
assumes valid-edge a and kind a = Q:r—pfs and a’ € get-return-edges a
shows matched (CFG-node (targetnode a)) [CFG-node (targetnode a)]
(CFG-node (sourcenode a'))
proof —
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from assms have CFG-node (targetnode a) — .4 CFG-node (sourcenode a’)
by (fastforce intro:SDG-proc-entry-exit-cdep)

with <valid-edge a»

have CFG-node (targetnode a) i—[|Q[CFG-node (targetnode a)]— g%

CFG-node (sourcenode a')

by (fastforce intro:intra-SDG-path.intros)

with «valid-edge a»

have matched (CFG-node (targetnode a)) ([|Q[CFG-node (targetnode a)])
(CFG-node (sourcenode a'))
by (fastforce intro:matched.intros)

thus ?thesis by simp

qed

lemma matched-intra-CFG-path:
assumes matched n ns n'
obtains as where parent-node n —as—,* parent-node n’
proof (atomize-elim)
from <matched n ns n’y show 3 as. parent-node n —as—,* parent-node n
proof (induct rule:matched.induct)
case matched-Nil thus ?case
by (fastforce dest:empty-path valid-SDG-CFG-node simp:intra-path-def)
next
case (matched-Append-intra-SDG-path n ns n'' ns’ n’)
from <3 as. parent-node n —as— * parent-node n'’y obtain as
where parent-node n —as—,* parent-node n'’ by blast
from «n'' i—ns’— 4% n’> obtain as’ where parent-node n'’ —as’—,* parent-node

n/

!/

by (fastforce elim:intra-SDG-path-intra-CFG-path)

with <parent-node n —as— * parent-node n'’y

have parent-node n —asQas’— * parent-node n’
by (rule intra-path-Append)

thus ?case by fastforce

next

case (matched-bracket-call ng ns ny p na ns’ ng ngy Va a’)

from <valid-edge a) <a’ € get-return-edges a) <sourcenode a = parent-node ni>
<targetnode a’ = parent-node ny»

obtain o’ where valid-edge o’ and sourcenode a'’ = parent-node nq
and targetnode a' = parent-node ny and kind o'’ = (Acf. False),,
by (fastforce dest:call-return-node-edge)

hence parent-node n; —[a’|—=+ parent-node ny by(fastforce dest:path-edge)

moreover

from (kind a” = (\cf. False),,» have Va € set [a"]. intra-kind(kind a)
by (fastforce simp:intra-kind-def)

ultimately have parent-node ny —[a']—,* parent-node ny
by (auto simp:intra-path-def)

with <3 as. parent-node ng —as—,x parent-node ny> show ?case
by (fastforce intro:intra-path-Append)

next
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case (matched-bracket-param ng ns ny p Vng ns’' ng V' ng a a’)
from <valid-edge a) <a’ € get-return-edges a> <sourcenode a = parent-node ny»
<targetnode a’ = parent-node ny»
obtain o’ where valid-edge o’ and sourcenode a'’ = parent-node nq
and targetnode a' = parent-node ny and kind o'' = (Acf. False),,
by (fastforce dest:call-return-node-edge)
hence parent-node n; —[a"'|—x parent-node ny by(fastforce dest:path-edge)
moreover
from (kind a” = (Acf. False) ,» have Va € set [a"]. intra-kind(kind a)
by (fastforce simp:intra-kind-def)
ultimately have parent-node n1 —[a’]—,* parent-node n4
by (auto simp:intra-path-def)
with <3 as. parent-node ng —as—,* parent-node ni> show ?Zcase
by (fastforce intro:intra-path-Append)
qed
qed

lemma matched-same-level-CFG-path:
assumes matched n ns n'
obtains as where parent-node n —as— g parent-node n’
proof (atomize-elim)
from <matched n ns n’
show Jas. parent-node n —as— gy« parent-node n’
proof (induct rule:matched.induct)
case matched-Nil thus ?case
by (fastforce dest:empty-path valid-SDG-CFG-node simp:slp-def same-level-path-def)
next
case (matched-Append-intra-SDG-path n ns n'' ns’ n’)
from (3 as. parent-node n —as— gp+ parent-node n'"
obtain as where parent-node n —as— gpx parent-node n'' by blast
from «n'' i—ns’— 4% n’> obtain as’ where parent-node n'’ —as’—,* parent-node

n/

by (erule intra-SDG-path-intra- CFG-path)
from <parent-node n' —as’— * parent-node n's
have parent-node n'" —as'— g parent-node n’ by (rule intra-path-sip)
with <parent-node n —as— g+ parent-node n'’
have parent-node n —asQas’— g parent-node n'
by (rule slp-Append)
thus ?case by fastforce
next
case (matched-bracket-call ng ns ny p na2 ns’ ng ng Va a’)
from <valid-edge a) <a’ € get-return-edges a>
obtain @ r p’ fs where kind a = Q:T‘—)I)/fs
by (fastforce dest!:only-call-get-return-edges)
from <Jas. parent-node ng —as— gx parent-node ni»
obtain as where parent-node ng —as— gpx parent-node n; by blast
from <3 as. parent-node ny —as— g parent-node ng»
obtain as’ where parent-node ny —as’'— ¢p¢ parent-node nz by blast
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from <walid-edge ay <a’ € get-return-edges a> <kind a = Q:r<—>p/fs>
obtain Q' f’ where kind o’ = Q’(—’p/f’ by (fastforce dest!:call-return-edges)
from <valid-edge a) <a’ € get-return-edges a> have wvalid-edge a’
by (rule get-return-edges-valid)
from «<parent-node ny —as’'— g parent-node nz» have same-level-path as’
by (simp add:slp-def)
hence same-level-path-auz ([|Q[a]) as’
by (fastforce intro:same-level-path-auz-callstack- Append simp:same-level-path-def)
from <same-level-path as”> have upd-cs ([|@Q[a]) as’ = ([|@Q[a])
by (fastforce intro:same-level-path-upd-cs-callstack-Append
sitmp:same-level-path-def)
with (same-level-path-auz ([|Q[a]) as’y <a’ € get-return-edges a»
<kind a = Q:r<—>p/fs> <kind o' = Q’(—’p/f’>
have same-level-path (a#as'@[a’])
by (fastforce intro:same-level-path-auz- Append upd-cs-Append
sitmp:same-level-path-def)
from <valid-edge a’y <sourcenode a’ = parent-node n3»
<targetnode a’ = parent-node ny»
have parent-node n3 —[a'|—* parent-node ny by(fastforce dest:path-edge)
with <parent-node no —as'— g+ parent-node ngz»
have parent-node ny —as'Q[a’|—* parent-node ny
by (fastforce intro:path-Append simp:slp-def)
with <walid-edge a> <sourcenode a = parent-node ny»
<targetnode a = parent-node no)
have parent-node n1 —a#as'@Q[a’|—* parent-node ny by —(rule Cons-path)
with <same-level-path (a#as'@Qla’])»
have parent-node ny —a#as'Qla’|— g« parent-node ny by(simp add:slp-def)
with <parent-node ng —as— gpr parent-node ny»
have parent-node ny —asQa#as'Qla’|— g+ parent-node ny by (rule slp-Append)
with (sourcenode a = parent-node ni» <sourcenode a’ = parent-node nz>
show ?case by fastforce
next
case (matched-bracket-param ng ns ny p Vng ns’ ng V' nyg a a’)
from <valid-edge a) <a’ € get-return-edges a>
obtain Q r p’ fs where kind a = Q:r(—>p/fs
by (fastforce dest!:only-call-get-return-edges)
from <3 as. parent-node ng —as— gx parent-node ni»
obtain as where parent-node ng —as— gp¢ parent-node n, by blast
from <Jas. parent-node no —as— gx parent-node nz»
obtain as’ where parent-node na —as’— p¢ parent-node ng by blast
from <valid-edge a) <a’ € get-return-edges a> <kind a = Q:r<—>p/fs>
obtain Q' f’ where kind o’ = Q’<—>p/f’ by (fastforce dest!:call-return-edges)
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <parent-node ny —as’— g parent-node ns» have same-level-path as’
by (simp add:slp-def)
hence same-level-path-auz ([|Q[a]) as’
by (fastforce intro:same-level-path-auz-callstack- Append simp:same-level-path-def)
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from <same-level-path as’> have upd-cs ([|@Q[a]) as’ = ([|Q[a])
by (fastforce intro:same-level-path-upd-cs-callstack-Append
sitmp:same-level-path-def)
with (same-level-path-auz ([|Q[a]) as’ <a’ € get-return-edges a»
<kind a = Q:T"—>p/fs> <kind o’ = Q’(—’p/f’>
have same-level-path (a#as'@[a’])
by (fastforce intro:same-level-path-auz- Append upd-cs-Append
simp:same-level-path-def)
from <valid-edge a’y <sourcenode a’ = parent-node n3»
<targetnode a’ = parent-node ny»
have parent-node ny —[a'|—* parent-node ny by(fastforce dest:path-edge)
with <parent-node ny —as'— g+ parent-node ngz»
have parent-node ny —as'Q[a’|—* parent-node ny
by (fastforce intro:path-Append simp:slp-def)
with <walid-edge a> <sourcenode a = parent-node ny»
<targetnode a = parent-node no»
have parent-node n1 —a#as'Q[a’]—* parent-node ny by —(rule Cons-path)
with (same-level-path (a#as'@[a’])>
have parent-node ny —a#as'Qla’|— g« parent-node ny by(simp add:slp-def)
with (parent-node ng —as— p+ parent-node ny»
have parent-node ny —asQa#as'Qla’|— g+ parent-node ny by (rule slp-Append)
with (sourcenode a = parent-node ni» <sourcenode a’ = parent-node nz>
show ?case by fastforce
qed
qed

1.8.9 Realizable paths in the SDG

inductive realizable ::
'node SDG-node = 'node SDG-node list = 'mode SDG-node = bool
where realizable-matched:matched n ns n' = realizable n ns n’
| realizable-call:
[realizable ng ns ni; ny —p— g1 N2 V n1 —p: V—y no; matched ny ns’ ng
= realizable ng (ns@Qny#ns’) ns

lemma realizable-Append-matched:
[realizable n ns n'’; matched n'' ns’ n'] = realizable n (nsQns’) n
proof (induct rule:realizable.induct)
case (realizable-matched n ns n'’)
from <matched n'’ ns’ n’y <matched n ns n'"> have matched n (nsQns’) n
by (rule matched-Append)
thus ?case by(rule realizable.realizable-matched)
next
case (realizable-call ng ns n1 p na V ns' n3)
from <matched n3 ns' n’y <matched ny ns'’ ny> have matched ny (ns’’@Qns’) n
by (rule matched-Append)
with <realizable ng ns ny> <ny —p—=q1 N2 V N1 —p:V—=rip Ny
have realizable ng (ns@Qni#(ns’’@Qns’)) n’

/

/

/
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by (rule realizable.realizable-call)
thus ?case by simp
qed

lemma realizable-valid-CFG-path:
assumes realizable n ns n'
obtains as where parent-node n —as— % parent-node n’
proof (atomize-elim)
from <realizable n ns n'y
show Jas. parent-node n —as— /* parent-node n'
proof (induct rule:realizable.induct)
case (realizable-matched n ns n')
from <matched n ns n’» obtain as where parent-node n —as— gp¢ parent-node
n/
by (erule matched-same-level-CFG-path)
thus ?case by(fastforce intro:slp-vp)
next
case (realizable-call ng ns ny p ng V ns’ ng3)
from (3 as. parent-node ng —as— * parent-node ny>
obtain as where parent-node ng —as— /* parent-node ny by blast
from <matched ny ns’ n3> obtain as’ where parent-node no —as'— g« par-
ent-node ns
by (erule matched-same-level-CFG-path)
from (ny —p— .4 N2 V np —p: V=g no
obtain a @Q r fs where valid-edge a
and sourcenode a = parent-node n, and targetnode a = parent-node nq
and kind a = Q:r—pfs by(fastforce elim:SDG-edge.cases)+
hence parent-node ny —[a]—* parent-node ngy
by (fastforce dest:path-edge)
from «(parent-node ng —as— /x parent-node ni»
have parent-node ng —as—* parent-node ny and valid-path as
by (simp-all add:vp-def)
with (kind a = Q:r—pfs> have valid-path (asQal)
by (fastforce elim:valid-path-auz-Append simp:valid-path-def)
moreover
from <parent-node ny —as—* parent-node ny> <parent-node ny —[a]—* par-
ent-node na»
have parent-node ng —asQ[a]—* parent-node ny by(rule path-Append)
ultimately have parent-node ng —asQ[a]— /* parent-node ny by (simp add:vp-def)
with <parent-node ny —as'— g+ parent-node ns»
have parent-node ny —(asQ[a])@Qas’— ,* parent-node nz by —(rule vp-slp-Append)
with (sourcenode a = parent-node ny1> show ?case by fastforce
qed
qed

lemma cdep-SDG-path-realizable:
n cc—ns—qx n' = realizable n ns n’
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proof (induct rule:call-cdep-SDG-path.induct)
case (ccSp-Nil n)
from <walid-SDG-node ny show ?case

by (fastforce intro:realizable-matched matched-Nil)
next

case (ccSp-Append-cdep n ns n'' n')
from n” — .4 n"» have valid-SDG-node n'’ by (rule SDG-edge-valid-SDG-node)
hence matched n'' [| n'’ by (rule matched-Nil)
from «n"" — 4 n"» «walid-SDG-node n'"»
have n” i—[|@Q[n"]—g% n’
by (fastforce intro:iSp-Append-cdep iSp-Nil)
with <matched n”' [ n'"» have matched n'’ ([|@Q[n"]) n’
by (fastforce intro:matched-Append-intra-SDG-path)
with <realizable n ns n’» show ?case

by (fastforce intro:realizable- Append-matched)
next

case (ccSp-Append-call n ns n' p n’)

from «n"" —p— .,;; n'> have valid-SDG-node n’ by (rule SDG-edge-valid-SDG-node)
hence matched n' || n’ by(rule matched-Nil)
with <realizable n ns n'" «n" —p— .o 7"

show ?case by(fastforce intro:realizable-call)
qged

1.8.10 SDG with summary edges

inductive sum-cdep-edge :: 'node SDG-node = 'node SDG-node = bool

(¢- s—>oq - [51,0] 80)

and sum-ddep-edge :: 'node SDG-node = 'var = 'node SDG-node = bool
(- $———qq - [51,0,0] 80)

and sum-call-edge :: 'node SDG-node = 'pname = 'node SDG-node = bool
(¢~ 5= oqut - 151,0,0] 80)

and sum-return-edge :: 'node SDG-node = 'pname = 'node SDG-node = bool
(¢- 8=t - [61,0,0] 80)

and sum-param-in-edge :: 'node SDG-node = 'pname = "var = 'node SDG-node
= bool

(- s—-1-—vip, - [51,0,0,0] 80)

and sum-param-out-edge :: 'node SDG-node = 'pname = "var = 'node SDG-node
= bool

(= $—i-— gt - [51,0,0,0] 80)
and sum-summary-edge :: 'node SDG-node = 'pname = 'node SDG-node = bool

(<— S—-—>sum -’ [51,0] 80)
and sum-SDG-edge :: 'node SDG-node = "var option =
("pname x bool) option = bool = 'node SDG-node = bool

where

n s—.q n' == sum-SDG-edge n None None False n'
| n s—V—4q n’ == sum-SDG-edge n (Some V) None False n’
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| n s—p—> g 7' == sum-SDG-edge n None (Some(p, True)) False n’

| n s—p—rper n' == sum-SDG-edge n None (Some(p,False)) False n'

| n s—p:V—ip n’ == sum-SDG-edge n (Some V) (Some(p,True)) False n'

| ns—p: V= oyt n' == sum-SDG-edge n (Some V) (Some(p,False)) False n’
| n s—p—sum n' == sum-SDG-edge n None (Some(p,True)) True n’

| sum-SDG-cdep-edge:
n = -node m; n' = -node m'; m controls m'l = n s— g n
CFG-nod ' = OFG-node m' trol an
sum- -proc-entry-exit-cdep:
SDG t jt-cd
valid-edge a; kind a = Q:r—pfs; n = -node (targetnode a);
lid-ed kind Q:r—yp CFG-node (targetnod,
a’ € get-return-edges a; n’ = CFG-node (sourcenode a’)] = n s—> 4 n’
| sum-SDG-parent-cdep-edge:
valid- -node n'; m = parent-node n’; n = -node m; n # n
lid-SDG-node n' t-node n’ CFG-nod
= ns—rn'
| sum-SDG-ddep-edge:n influences Vin n' = n s—V—qq n’
sum- -call-edge:
| sum-SDG-call-edg
valid-edge a; kind a = Q:r—pfs; n = -node (sourcenode a);
lid-ed kind P CFG-nod d
n' = CFG-node (targetnode a)] = n s—p—.q 1’
| sum-SDG-return-edge:
[valid-edge a; kind a = Q<«pfs; n = CFG-node (sourcenode a);
n’ = CFG-node (targetnode a)] = n s—p—rper 0’
| sum-SDG-param-in-edge:
[valid-edge a; kind a = Q:r—pfs; (p,ins,outs) € set procs; V = inslz;
z < length ins; n = Actual-in (sourcenode a,x); n’ = Formal-in (targetnode
a,7)]
= ns—p: V=, n'
| sum-SDG-param-out-edge:
[valid-edge a; kind a = Q<«pf; (p,ins,outs) € set procs; V = outs!z;
x < length outs; n = Formal-out (sourcenode a,z);
n’ = Actual-out (targetnode a,z)]
= ns—p: Voo n’
| sum-SDG-call-summary-edge:
[valid-edge a; kind a = Q:r—pfs; a’ € get-return-edges a;
n = CFG-node (sourcenode a); n' = CFG-node (targetnode a”)]
= ns—p—sum N’
| sum-SDG-param-summary-edge:
[valid-edge a; kind a = Q:r—pfs; a’ € get-return-edges a;
matched (Formal-in (targetnode a,x)) ns (Formal-out (sourcenode a’,z’));
n = Actual-in (sourcenode a,x); n’ = Actual-out (targetnode a’,z");
(p,ins,outs) € set procs; x < length ins; z' < length outs]
== ns—p—sum N’

lemma sum-edge-cases:
[n s—p—sum n';
Na Q r fs a’. [valid-edge a; kind a = Q:r—pfs; o’ € get-return-edges a;
n = CFG-node (sourcenode a); n' = CFG-node (targetnode a')] =
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P;
Na Q prfsa’ nszz’ins outs.
[valid-edge a; kind a = Q:r—pfs; a’ € get-return-edges a;
matched (Formal-in (targetnode a,z)) ns (Formal-out (sourcenode a’,z'));
n = Actual-in (sourcenode a,x); n' = Actual-out (targetnode a’,x");
(pyins,outs) € set procs; © < length ins; ' < length outs] = P]
— P
by —(erule sum-SDG-edge.cases,auto)

lemma SDG-edge-sum-SDG-edge:
SDG-edge n Vopt popt n' = sum-SDG-edge n Vopt popt False n'
by (induct rule:SDG-edge.induct,auto intro:sum-SDG-edge.intros)

lemma sum-SDG-edge-SDG-edge:

sum-SDG-edge n Vopt popt False n’ = SDG-edge n Vopt popt n
by (induct n Vopt popt x=False n' rule:sum-SDG-edge.induct,

auto intro:SDG-edge.intros)

/

lemma sum-SDG-edge-valid-SDG-node:
assumes sum-SDG-edge n Vopt popt b n'
shows valid-SDG-node n and valid-SDG-node n'
proof —
have valid-SDG-node n A valid-SDG-node n’
proof(cases b)
case True
with <sum-SDG-edge n Vopt popt b n’s show ?thesis
proof (induct rule:sum-SDG-edge.induct)
case (sum-SDG-call-summary-edge a Q rp fa' nn')
from (walid-edge a» <n = CFG-node (sourcenode a)»
have valid-SDG-node n by fastforce
from <wvalid-edge a> <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
with «n’ = CFG-node (targetnode a’)> have valid-SDG-node n' by fastforce
with <valid-SDG-node ny show ?case by simp
next
case (sum-SDG-param-summary-edge a Q v p fs a’ z ns x’ n n' ins outs)
from <valid-edge a> <kind a = Q:r—pfs> <n = Actual-in (sourcenode a,z)
«(p,ins,outs) € set procsy «x < length ins)
have valid-SDG-node n by fastforce
from <walid-edge a) <a’ € get-return-edges a> have valid-edge o’
by (rule get-return-edges-valid)
from <valid-edge a> <a’ € get-return-edges a> <kind a = Q:r—pfs
obtain Q' f’ where kind o’ = Q"<=pf’ by(fastforce dest!:call-return-edges)
with (valid-edge o’y <n’ = Actual-out (targetnode a’,z’)»
«(p,ins,outs) € set procs) <z’ < length outs
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have valid-SDG-node n’ by fastforce
with <valid-SDG-node ny show ?case by simp
qed simp-all
next
case Fulse
with <sum-SDG-edge n Vopt popt b n'» have SDG-edge n Vopt popt n’
by (fastforce intro:sum-SDG-edge-SDG-edge)
thus ?thesis by(fastforce intro:SDG-edge-valid-SDG-node)
qed
thus valid-SDG-node n and valid-SDG-node n’ by simp-all
qged

lemma Ezit-no-sum-SDG-edge-source:
assumes sum-SDG-edge (CFG-node (-Exit-)) Vopt popt b n’ shows False
proof(cases b)
case True
with «sum-SDG-edge (CFG-node (-Exit-)) Vopt popt b n’s show ?thesis
proof (induct CFG-node (-Ezit-) Vopt popt b n' rule:sum-SDG-edge.induct)
case (sum-SDG-call-summary-edge a Q r p fa’ n')
from «CFG-node (-Ezit-) = CFG-node (sourcenode a))
have sourcenode a = (-Ezit-) by simp
with <walid-edge a> show Zcase by(rule Exit-source)
next
case (sum-SDG-param-summary-edge a Q v p f a’ z ns &' n’ ins outs)
thus ?case by simp
qed simp-all
next
case Fulse
with <sum-SDG-edge (CFG-node (-Exit-)) Vopt popt b n'
have SDG-edge (CFG-node (-Exit-)) Vopt popt n’
by (fastforce intro:sum-SDG-edge-SDG-edge)
thus ?thesis by/(fastforce intro: Ezit-no-SDG-edge-source)
qed

lemma Ezit-no-sum-SDG-edge-target:
sum-SDG-edge n Vopt popt b (CFG-node (-Ezit-)) = False
proof (induct CFG-node (-Exit-) rule:sum-SDG-edge.induct)
case (sum-SDG-cdep-edge n m m’)
from «m controls m’s «CFG-node (-Ezit-) = CFG-node m"
have m controls (-Ezit-) by simp
hence Fulse by(fastforce dest: Exit-not-control-dependent)
thus ?case by simp
next
case (sum-SDG-proc-entry-exit-cdep a Q r p fn a’)
from <valid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
moreover
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from «CFG-node (-Ezit-) = CFG-node (sourcenode a'))
have sourcenode a’ = (-Exit-) by simp
ultimately have Fulse by(rule Exit-source)
thus “case by simp
next
case (sum-SDG-ddep-edge n V) thus Zcase
by (fastforce elim:SDG-Use.cases simp:data-dependence-def)
next
case (sum-SDG-call-edge a Q r p fs n)
from «CFG-node (-Erit-) = CFG-node (targetnode a)»
have targetnode a = (-Exit-) by simp
with (valid-edge a) <kind a = Q:r—pfs> have get-proc (-Exit-) = p
by (fastforce intro: get-proc-call)
hence p = Main by(simp add:get-proc-Exit)
with <valid-edge a> <kind a = Q:r—pfs) have False
by (fastforce intro: Main-no-call-target)
thus ?case by simp
next
case (sum-SDG-return-edge a Q p fn)
from «CFG-node (-Exit-) = CFG-node (targetnode a)»
have targetnode a = (-Exit-) by simp
with «valid-edge a) <kind a = Q<=pf» have False by(rule Exit-no-return-target)
thus ?case by simp
next
case (sum-SDG-call-summary-edge a Q r p fs a’ n)
from <valid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from (walid-edge a) <kind a = Q:r—pfs> <a’ € get-return-edges a
obtain Q' f’ where kind o’ = Q' pf’ by(fastforce dest!:call-return-edges)
from <CFG-node (-Exit-) = CFG-node (targetnode a’)»
have targetnode o’ = (-Ezit-) by simp
with <valid-edge o'y <kind o’ = Q"<=pf" have False by (rule Exit-no-return-target)
thus ?case by simp
qed simp+

lemma sum-SDG-summary-edge-matched:
assumes n s—p—rgym N’
obtains ns where matched n ns n’ and n € set ns
and get-proc (parent-node(last ns)) = p
proof (atomize-elim)
from «n s—p—rgym nh
show I ns. matched n ns n’ A n € set ns A get-proc (parent-node(last ns)) = p
proof (induct n None::"var option Some(p,True) True n'
rule:sum-SDG-edge.induct)
case (sum-SDG-call-summary-edge a Q r fs a’ n n')
from <valid-edge a> <kind a = Q:r—pfs> <n = CFG-node (sourcenode a)>
have n —p—.,;; CFG-node (targetnode a) by(fastforce intro:SDG-call-edge)
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hence valid-SDG-node n by(rule SDG-edge-valid-SDG-node)
hence matched n [| n by(rule matched-Nil)
from <walid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a>
have matched:matched (CFG-node (targetnode a)) [CFG-node (targetnode a)]
(CFG-node (sourcenode a')) by(rule intra-proc-matched)
from «valid-edge a> <a’ € get-return-edges a> <kind a = Q:r—pfs
obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)
with <valid-edge o’s have get-proc (sourcenode a’) = p by(rule get-proc-return)
from <valid-edge oy <kind o’ = Q"=pf"r «<n’ = CFG-node (targetnode a')
have CFG-node (sourcenode a) —p—s et n' by (fastforce intro:SDG-return-edge)
from <matched n [| n» <n —p— .41 CFG-node (targetnode a)> matched
«(CFG-node (sourcenode a’) —p—pet 1’y <a’ € get-return-edges a»
«n = CFG-node (sourcenode a)) <n' = CFG-node (targetnode a’)> <valid-edge
a
have matched n ([|Qn#[CFG-node (targetnode a)|Q[CFG-node (sourcenode a’)])
n/
by (fastforce intro:matched-bracket-call)
with «get-proc (sourcenode a’) = p» show ?case by auto
next
case (sum-SDG-param-summary-edge a Q v fs a’ z ns ' n n' ins outs)
from (valid-edge a) <kind a = Q:r—pfs> «(p,ins,outs) € set procs
x < length ins) «<n = Actual-in (sourcenode a,z)>
have n —p:insla—;, Formal-in (targetnode a,z)
by (fastforce intro:SDG-param-in-edge)
hence valid-SDG-node n by (rule SDG-edge-valid-SDG-node)
hence matched n [| n by(rule matched-Nil)
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a> <a’ € get-return-edges a> <kind a = Q:r—pfs
obtain Q' f’ where kind o’ = Q"—=pf’ by(fastforce dest!:call-return-edges)
with <wvalid-edge a’y have get-proc (sourcenode a’) = p by(rule get-proc-return)
from «valid-edge o'y <kind o’ = Q"=pf"s «(p,ins,outs) € set procs
x’ < length outsy «n' = Actual-out (targetnode a’,x’)
have Formal-out (sourcenode a’,x") —p:outsla’'— o4 n'
by (fastforce intro:SDG-param-out-edge)
from «matched n [| n» <n —p:inslz— ;y, Formal-in (targetnode a,z)»
<matched (Formal-in (targetnode a,x)) ns (Formal-out (sourcenode a’,x’))
«Formal-out (sourcenode a’,x") —p:outslz’— o3 1"
<a’ € get-return-edges ay <n = Actual-in (sourcenode a,z))
«n' = Actual-out (targetnode a’,x")> <valid-edge a>
have matched n ([|Qn#nsQ[Formal-out (sourcenode a’,z")]) n
by (fastforce intro:matched-bracket-param)
with «get-proc (sourcenode a’) = p» show ?case by auto
qed simp-all
qed

/
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lemma return-edge-determines-call-and-sum-edge:
assumes valid-edge a and kind a = Q«pf
obtains a’ Q' v’ fs’ where a € get-return-edges o’ and wvalid-edge o’
and kind o' = Q":r'—pfs’
and CFG-node (sourcenode a’) s—p—sym CFG-node (targetnode a)
proof (atomize-elim)
from «valid-edge a> <kind a = Q<=pf>
have CFG-node (sourcenode a) s—p—spet CFG-node (targetnode a)
by (fastforce intro:sum-SDG-return-edge)
from <valid-edge a> (kind a = Q<pf>
obtain a’ Q' r' fs' where valid-edge o’ and kind o' = Q":r'— pfs’
and a € get-return-edges a’ by(blast dest:return-needs-call)
hence CFG-node (sourcenode a') s—p— .41 CFG-node (targetnode a’)
by (fastforce intro:sum-SDG-call-edge)
from <valid-edge o'y <kind o’ = Q":r'—=pfs" «valid-edge a> <a € get-return-edges
a”
have CFG-node (targetnode a’) — .4 CFG-node (sourcenode a)
by (fastforce intro!:SDG-proc-entry-exit-cdep)
hence valid-SDG-node (CFG-node (targetnode a'))
by (rule SDG-edge-valid-SDG-node)
with «CFG-node (targetnode a’) — .4 CFG-node (sourcenode a)»
have CFG-node (targetnode o') i—[|Q[CFG-node (targetnode a')]— g
CFG-node (sourcenode a)
by (fastforce intro:iSp-Append-cdep iSp-Nil)
from <wvalid-SDG-node (CFG-node (targetnode a’))»
have matched (CFG-node (targetnode o)) [| (CFG-node (targetnode a'))
by (rule matched-Nil)
with «CFG-node (targetnode a’) i—[|Q[CFG-node (targetnode a’)]— g%
CFG-node (sourcenode a)»
have matched (CFG-node (targetnode a’)) ([|Q[CFG-node (targetnode a”)])
(CFG-node (sourcenode a))
by (fastforce intro:matched-Append-intra-SDG-path)
with «wvalid-edge o <kind o’ = Q":r'—=pfs"» «valid-edge a> <kind a = Q«>pf>
<a € get-return-edges a’y
have CFG-node (sourcenode a') s—p— sym CFG-node (targetnode a)
by (fastforce introl:sum-SDG-call-summary-edge)
with <a € get-return-edges a’s <valid-edge o> <kind o’ = Q":r'—=pfs"
show Jda’ Q' ' fs'. a € get-return-edges a’ N valid-edge a’ N
kind o' = Q":r'—=pfs' N CFG-node (sourcenode a') s—p—r sym CFG-node (targetnode

a)
by fastforce
qged

1.8.11 Paths consisting of intraprocedural and summary edges
in the SDG

inductive intra-sum-SDG-path ::
'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢- is—-—gq* - [51,0,0] 80)

168



where isSp-Nil:
valid-SDG-node n = n is—[]—q% n

| isSp-Append-cdep:
[nis—ns—qx n'; n"" s— 4 n'] = n is—nsQ[n']—=4% n'

| isSp-Append-ddep:
[n is—ns—qx n'; n'" s—V—qq n’s n'' # n'] = n is—nsQ[n"]—gx n’

| isSp-Append-sum:
[n is—ns—ax n' n' s—p—sum n'] = n is—nsQ[n']—4x n’

lemma is-SDG-path-Append:
[n'" is—ns'—gx n'; nis—ns—q*x n'] = n is—nsQns'—g4x n’
by (induct rule:intra-sum-SDG-path.induct,
auto intro:intra-sum-SDG-path.intros simp:append-assoc[ THEN sym]
stmp del:append-assoc)

lemma is-SDG-path-valid-SDG-node:

assumes n is—ns—q* n’ shows valid-SDG-node n and valid-SDG-node n'
using (n is—ns—qx n’
by (induct rule:intra-sum-SDG-path.induct,

auto intro:sum-SDG-edge-valid-SDG-node valid-SDG-CFG-node)

lemma intra-SDG-path-is-SDG-path:
ni—ns—qx n' = n is—ns—gx n’
by (induct rule:intra-SDG-path.induct,
auto intro:intra-sum-SDG-path.intros SDG-edge-sum-SDG-edge)

lemma is-SDG-path-hd:[n is—ns—gx n'; ns £ [|[] = hd ns = n
apply (induct rule:intra-sum-SDG-path.induct) apply clarsimp
by (case-tac ns,auto elim:intra-sum-SDG-path.cases)+

lemma intra-sum-SDG-path-rev-induct [consumes 1, case-names isSp-Nil

isSp-Cons-cdep isSp-Cons-ddep isSp-Cons-sum):

assumes 7 is—ns—qx n’

and refl: An. valid-SDG-node n = P n [| n

and step-cdep:An ns n’ n'’. [n s—.q n''; n' is—ns—gx n’; P n’ ns n’]
= P n (n#ns) n’

and step-ddep:An nsn’ Vn'. [ns—V—gq n'; n £ n'; n' is—ns—4x n’;

P n" nsn’] = P n (n#ns) n’

and step-sum:An nsn’ pn'. [n s—p—sum n'’; n'" is—ns—gx n'; P n’ nsn’]
= P n (n#ns) n’

shows P n ns n’
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using (n is—ns—qx n’
proof (induct ns arbitrary:n)
case Nil thus ?case by(fastforce elim:intra-sum-SDG-path.cases intro:refl)
next
case (Cons nz nsx)
note IH = <A\n. n is—nst—qx n' = P n nsc n’
from «n is—nz#nsz—q*x n'» have [simp|:n = nz
by (fastforce dest:is-SDG-path-hd)
from <n is—nz#nsz—q*x n’» have (In”. ns— 4 n” A n'" is—nsz—q4x n') v
Fn" V.ns=Vogan”" An#n"" An" is—nsz—gx n')) v
3n" p. ns—p—sum n" A 0" is—nszr—4x n’)
proof (induct nsx arbitrary:n’ rule:rev-induct)
case Nil
from «n is—[nz]—4*x n'» have n is—[|—q% nz
and disjnz s—rogn'V (3 V. nx s—V—gq n' A nz #n') V (3 p. nz s—p—sum
n’)
by (induct n ns=[nz] n’ rule:intra-sum-SDG-path.induct,auto)
from <n is—[]—4% nz»> have [simp|:n = nx
by (fastforce elim:intra-sum-SDG-path.cases)
from disj have valid-SDG-node n’ by (fastforce intro:sum-SDG-edge-valid-SDG-node)
hence n’ is—[]—q4% n’ by(rule isSp-Nil)
with disj show ?case by fastforce
next
case (snoc z zs)
note <A\n’. n is—nz # rs—gqx n' =
(An". ns—ggn”" An" is—zs—q*x n') V
Fn" V.ns=Vogan”" An#n"An"is—zs—ax n')) V
3n" p. ns—p—sum n” A n' is—zs—gx n')
with «n is—na#zsQ[z]— 4+ n’» show ?Pcase
proof (induct n nx#xsQ[z] n' rule:intra-sum-SDG-path.induct)
case (isSp-Append-cdep m ms m'" n’)
note IH = «An'. m is—nz # xs—q*x n’ =
(An". m s— g n” A n" is—zs—qx n') V
3n" V.ms—V—ogan” Am#n" An" is—zs—4x n')) V
(3n” p. m s—p—sum n'’ A n" is—xs—qx n')
from «ms @ [m'] = nz#xsQ[x]> have [simp]:ms = naftzs
and [simp]:m’ = x by simp-all
from (m is—ms—g* m'» have m is—nz#zs—4x m’ by simp
from IH[OF this] obtain n’ where n'" is—zs—qx m”
and (m s—gn”'V(3V. ms=V—=gan"" Am#n")V (Ip. ms—p—sum
n//)
by fastforce
from «n'"' is—zs—qx m’y «m’ s— g 0’
have n' is—zsQ[m'|—4x n’ by(rule intra-sum-SDG-path.intros)
with «(m s— g n"' vV 3V. ms=V—=gan”" Am#n")V (3p. ms—p—sum
n//))
show ?case by fastforce
next
case (isSp-Append-ddep m ms m' V n')
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note IH = (An’. m is—nzx # zs—qx n' =
(3An". m s—spg n” N 0" is—zs—qx n') V
3n" V.ms=Vogan” Am#n" ANn" is—zs—4x n')) V
(3n” p. m s—p—sum n'’ A n" is—xs—qx n')
from «(ms Q [m'] = nz#zsQ[x]> have [simp]:ms = nzftzs
and [simp]:m' = z by simp-all
from (m is—ms—gx m’"y have m is—nz#zs—4x m’ by simp
from IH[OF this] obtain n'’ where n' is—xs— g% m"
and (m s— g n"’"VE3V.ms—Vogan” Am#n"))V (Ip. ms—p—sum
n//)
by fastforce
from «n' is—xs—qx m’s «m" s—V—q4q n'y cm’” # n'
have n' is—zsQ[m'|—=4x n’ by(rule intra-sum-SDG-path.intros)
with «(m s— g n”’V 3V. ms=Vogan”" Am#n"))V (Ip. m s—p—sum
n//)>
show ?case by fastforce
next
case (isSp-Append-sum m ms m'' p n')
note IH = <A\n'. m is—nz # zs—q*x n' =
(@n". m s—g n"” A n" is—xzs—qx n') V
Fn"” V.ms=Vogan"”" A m#n" An" is—zs—qx n')) V
3n" p. m s—p—=sum n'" N n' is—xs—qx n')
from <ms @ [m"] = nz#xsQ[z]> have [simp|:ms = nz#xs
and [simp|:m’ = x by simp-all
from «<m is—ms—gx m’’> have m is—nz#zs—4.x m’' by simp
from TH[OF this] obtain n’’ where n'’ is—zs—gx m”
and (m s— g n"’'V3V.ms—Vogan” Am#n"))V (3p. ms—p—=sum
n//)
by fastforce
from «n' is—zs—gx m'y «<m" s—p—sum n"
have n'' is—zsQ[m'|—4x n’ by(rule intra-sum-SDG-path.intros)
with «(m s— g n”’V V. ms=V—ogan”" Am#n"))V (3p. ms—p—sum
n//)>
show ?case by fastforce
qed
qed
thus ?case apply —
proof (erule disjF)+
assume In’”. ns— g n"” A n'" is—nsz—gx n’
then obtain n’’ where n s— .4 n' and n' is—nsz—4x n' by blast
from TH[OF «n'"" is—nsz—q* n”"»] have P n’ nsz n’.
from step-cdep[OF <n s—oq n'» <n'" is—nsx—q* n'> this] show ?Zthesis by
simp
next
assume In’' V. ns—V—ogan”" An#n"" An" is—nsz—qx n'
then obtain n’’ V where n s—V—44 n' and n # n’ and n' is—nsz—gx n’

by blast
from IH[OF «n'" is—nsz—4* n"] have P n’ nsz n’.
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from step-ddep[OF «n s—V—4q n'» <n # n's <n'" is—nsz—gx n'> this]
show ?thesis by simp
next
assume 3An'' p. n s—p—rgym ' A n' is—nsz—gx n’
then obtain n’’ p where n s—p—sym n’’ and n' is—nsz—4% n’ by blast
from IH[OF «n'"" is—nsx—4* n"] have P n’ nsz n’.
from step-sum[OF <n s—p—>sym n'" «n'’ is—nsz—q4x n’s this] show ?thesis
by simp
qed
qed

lemma is-SDG-path-CFG-path:
assumes 7 is—ns—qx n’
obtains as where parent-node n —as—,* parent-node n’
proof (atomize-elim)
from «n is—ns—g* n’
show Jas. parent-node n —as— * parent-node n’
proof (induct rule:intra-sum-SDG-path.induct)
case (isSp-Nil n)
from <walid-SDG-node n) have valid-node (parent-node n)
by (rule valid-SDG-CFG-node)
hence parent-node n —[|—* parent-node n by(rule empty-path)
thus ?case by(auto simp:intra-path-def)
next
case (isSp-Append-cdep n ns n' n')
from <3 as. parent-node n —as—  * parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from n”" s— .4 n"» have n'’ — .4 n’ by(rule sum-SDG-edge-SDG-edge)
thus ?case
proof (rule cdep-edge-cases)
assume parent-node n'’ controls parent-node n’
then obtain as’ where parent-node n'’ —as’— * parent-node n’ and as’ # |]
by (erule control-dependence-path)
with «parent-node n —as—,* parent-node n'’s
have parent-node n —asQas’—,* parent-node n' by —(rule intra-path-Append)
thus “thesis by blast
next
fixaQrpjfsa
assume valid-edge a and kind a = Q:r—pfs and o’ € get-return-edges a
and parent-node n'' = targetnode a and parent-node n’ = sourcenode a’
then obtain a’’ where valid-edge a’’ and sourcenode a'’ = targetnode a
and targetnode a'’ = sourcenode o’ and kind o' = (\cf. False),,
by (auto dest:intra-proc-additional-edge)
hence targetnode a —[a']—,* sourcenode a’
by (fastforce dest:path-edge simp:intra-path-def intra-kind-def)
with <parent-node n'' = targetnode a> <parent-node n’ = sourcenode a’s
have Jas’. parent-node n' —as’'—,*x parent-node n' A as’ # [] by fastforce
then obtain as’ where parent-node n'' —as’'—,* parent-node n’ and as’ # |]
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by blast
with «parent-node n —as—, * parent-node n'’s
have parent-node n —asQas’—,* parent-node n' by —(rule intra-path-Append)
thus ?thesis by blast
next
fix m assume n’’ = CFG-node m and m = parent-node n’
with (parent-node n —as—,* parent-node n'"» show ?thesis by fastforce
qed
next
case (isSp-Append-ddep n ns n'” V n')
from <3 as. parent-node n —as—  * parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from «n'' s—V—44 n'» have n' influences V in n’
by (fastforce elim:sum-SDG-edge.cases)
then obtain as’ where parent-node n'’ —as’—,* parent-node n’
by (auto simp:data-dependence-def)
with (parent-node n —as—,* parent-node n'’
have parent-node n —asQas’— * parent-node n’ by —(rule intra-path-Append)
thus ?case by blast
next
case (isSp-Append-sum n ns n' p n’)
from <3 as. parent-node n —as—,* parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from «n'' s—p—rsym n’> have Jas’. parent-node n'’ —as'—,* parent-node n’
proof (rule sum-edge-cases)
fix a Q fs a’
assume valid-edge a and a’ € get-return-edges a
and n'' = CFG-node (sourcenode a) and n’ = CFG-node (targetnode a’)
from <wvalid-edge a> <a’ € get-return-edges a»
obtain o'’ where sourcenode a —[a'|—* targetnode o’
apply — apply(drule call-return-node-edge)
apply(auto simp:intra-path-def) apply(drule path-edge)
by (auto simp:intra-kind-def)
with «n' = CFG-node (sourcenode a)) <n' = CFG-node (targetnode a'))
show ?thesis by simp blast
next
fix a Q pfs a’ nsxz' ins outs
assume valid-edge a and a’ € get-return-edges a
and n'' = Actual-in (sourcenode a, x)
and n’' = Actual-out (targetnode a’, z")
from «<wvalid-edge a> <a’ € get-return-edges a»
obtain a’ where sourcenode a —[a'|—* targetnode o’
apply — apply(drule call-return-node-edge)
apply(auto simp:intra-path-def) apply(drule path-edge)
by (auto simp:intra-kind-def)
with «n” = Actual-in (sourcenode a, x)) <n' = Actual-out (targetnode a’, z’)»
show ?thesis by simp blast
qed
then obtain as’ where parent-node n'’ —as’— * parent-node n’ by blast
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with (parent-node n —as—,* parent-node n'’
have parent-node n —asQas’— * parent-node n’ by —(rule intra-path-Append)
thus ?case by blast
qed
qed

lemma matched-is-SDG-path:
assumes matched n ns n’ obtains ns’ where n is—ns’—4x n’
proof (atomize-elim)
from <matched n ns n’y show Ins’. n is—ns'—4x n’
proof (induct rule:matched.induct)
case matched-Nil thus Zcase by/(fastforce intro:isSp-Nil)
next
case matched-Append-intra-SDG-path thus ?case
by (fastforce intro:is-SDG-path-Append intra-SD G-path-is-SDG-path)
next
case (matched-bracket-call ng ns ny p na ns’ ng ngy Va a’)
from <3 ns’. ng is—ns'—4x ny> obtain nsz where ng is—nsz—gx ny by blast
from (ny —p— ., N2 <Sourcenode a = parent-node ny> <targetnode a = par-
ent-node no»
have ny = CFG-node (sourcenode a) and ny = CFG-node (targetnode a)
by (auto elim:SDG-edge.cases)
from <walid-edge a) <a’ € get-return-edges a>
obtain Q r p’ fs where kind a = Q:T<—>p/fs
by (fastforce dest!:only-call-get-return-edges)
with (ny —p— 41 n2> <valid-edge a»
«ny = CFG-node (sourcenode a)y <ng = CFG-node (targetnode a))
have [simpl]:p’ = p by —(erule SDG-edge.cases,(fastforce dest:edge-det)+)
from <walid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <ng —p—pet N4 V ng —p:V—yt na> show Zcase
proof
assume ng —p—rpet N4
then obtain az Q' f’ where valid-edge ax and kind ax = Q' pf’
and n3 = CFG-node (sourcenode ax) and ny = CFG-node (targetnode ax)
by (fastforce elim:SDG-edge.cases)
with <sourcenode a’ = parent-node ns» <targetnode a’ = parent-node ny»
valid-edge o’y have [simpl:ax = a’ by(fastforce dest:edge-det)
from <wvalid-edge a) <kind a = Q:r%p/fw walid-edge az) <kind ax = Q<=pf"
<a’ € get-return-edges a> <matched ny ns’ n3»
«ny = CFG-node (sourcenode a)) <ny = CFG-node (targetnode a)»
<ng = CFG-node (sourcenode ax)y <ny = CFG-node (targetnode ax)»
have ny s—p—sum n4
by (fastforce introl:sum-SDG-call-summary-edgelof a - - - - ax])
with <ng is—nsz— g n1» have ng is—nsz@Q[n;|—4x ng by(rule isSp-Append-sum,)
thus ?case by blast
next
assume nz —p: V— o, N4
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then obtain az Q' f’  where valid-edge ax and kind ax = Q"<pf’
and ng = Formal-out (sourcenode az,r)
and ny = Actual-out (targetnode az,z)
by (fastforce elim:SDG-edge.cases)
with <sourcenode a’ = parent-node ns» <targetnode a’ = parent-node ny»
valid-edge o’y have [simpl:ax = a’ by(fastforce dest:edge-det)
from (valid-edge ax> <kind axr = Q"<pf" «ng = Formal-out (sourcenode
ar,x)’
<ny = Actual-out (targetnode ax,x)
have CFG-node (sourcenode a’) —p— et CFG-node (targetnode a’)
by (fastforce intro:SDG-return-edge)
from <walid-edge a> <kind a = Q:r<—>prf5> <valid-edge a’y
<a’ € get-return-edges ay <ny = Actual-out (targetnode ax,z))
have CFG-node (targetnode a) — .5 CFG-node (sourcenode a’)
by (fastforce introl:SDG-proc-entry-exit-cdep)
with «<ny = CFG-node (targetnode a)»
have matched ny ([|Q([|@Q[ns])) (CFG-node (sourcenode a'))
by (fastforce intro:matched.intros intra-SDG-path.intros
SDG-edge-valid-SDG-node)
with (valid-edge a> <kind a = Q:r<—>p/fs> walid-edge oy <kind az = Q"pf"
<a’ € get-return-edges a> <ny = CFG-node (sourcenode a))
<ng = CFG-node (targetnode a)y <ny = Actual-out (targetnode az,z)
have ny s—p—sum CFG-node (targetnode a’)
by (fastforce introl:sum-SDG-call-summary-edgelof a - - - - a’])
with «ng is—nsz—4+ n1» have ng is—nszx@[n]—q4x CFG-node (targetnode

a’)
by (rule isSp-Append-sum,)
from «ny = Actual-out (targetnode azx,x)) <n3 —p:V— oyt Na>
have CFG-node (targetnode a) s— .4 na
by (fastforce intro:sum-SDG-parent-cdep-edge SDG-edge-valid-SDG-node)
with (ng is—nsz@[ny]—4+x CFG-node (targetnode a’)
have ng is—(nsz@[n,])Q[CFG-node (targetnode a’)]— 4% ng4
by (rule isSp-Append-cdep)
thus “case by blast
qed
next

case (matched-bracket-param ng ns ny p Vng ns’ ng V' nyg a a’)
from <3 ns’. ng is—ns'—4* ny> obtain nsz where ng is—nsz—gx ny by blast
from <n; —p:V—4, no <sourcenode a = parent-node ny»
<targetnode a = parent-node ny> obtain x ins outs
where n; = Actual-in (sourcenode a,z) and ne = Formal-in (targetnode a,x)
and (p,ins,outs) € set procs and V = inslz and z < length ins
by (fastforce elim:SDG-edge.cases)
from <valid-edge a) <a’ € get-return-edges a>
obtain Q r p’ fs where kind a = Q:r<—>p/fs
by (fastforce dest!:only-call-get-return-edges)
with «n; —p: V=4, no wvalid-edge a»
<ny = Actual-in (sourcenode a,z)> <ny = Formal-in (targetnode a,z))
have [simpl:p’ = p by —(erule SDG-edge.cases,(fastforce dest:edge-det)+)
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from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)

from <n3 —p:V'— 4 ngy> obtain ax Q' f' z' ins’ outs’ where valid-edge ax
and kind ax = Q"«=pf’ and n3 = Formal-out (sourcenode az,z’)
and ny = Actual-out (targetnode az,x’) and (p,ins’,outs’) € set procs
and V' = outslz’ and z’ < length outs’
by (fastforce elim:SDG-edge.cases)

with <sourcenode a’ = parent-node n3» <targetnode a’ = parent-node ny»
valid-edge a’» have [simp|:ax = o’ by(fastforce dest:edge-det)

from unique-callers «(p,ins,outs) € set procsy «(p,ins’,outs’) € set procs

have [simp]:ins = ins’ outs = outs’
by (auto dest:distinct-fst-isin-same-fst)

from <wvalid-edge a> <kind a = Q:r(—)p/fw walid-edge o> <kind ax = Q"—pf"
<a’ € get-return-edges a)> «<matched ns ns’ ng> «<ny = Actual-in (sourcenode

a,z)

<ng = Formal-in (targetnode a,z) <ng = Formal-out (sourcenode az,z’)
<ng = Actual-out (targetnode azx,x’)y «(p,ins,outs) € set procs»
x < length ins» <z’ < length outs’s <V = inslzy <V’ = outs'\x’

have ny s—p—sum N4
by (fastforce introl:sum-SDG-param-summary-edge[of a - - - - a'])

with (ng is—nszx— 4% n1» have ng is—nsz@Q[ni]|— 4% ny by (rule isSp-Append-sum)

thus ?case by blast

qed
qed

lemma is-SDG-path-matched:
assumes 7 is—ns—qx n’ obtains ns’ where matched n ns’ n’ and set ns C set
ns’
proof (atomize-elim)
from «n is—ns—g* n'> show Ins’. matched n ns’ n’ A set ns C set ns’
proof (induct rule:intra-sum-SDG-path.induct)
case (isSp-Nil n)
from <walid-SDG-node ny have matched n [| n by(rule matched-Nil)
thus ?case by fastforce
next
case (isSp-Append-cdep n ns n'’ n')
from <3 ns’. matched n ns’ n'’ A set ns C set ns’»
obtain ns’ where matched n ns’ n’’ and set ns C set ns’ by blast
from «n"" s— .4 n» have n'’ i—[|Q[n"]—4* n’
by (fastforce intro:intra-SDG-path.intros sum-SDG-edge-valid-SDG-node
sum-SDG-edge-SDG-edge)
with <matched n ns’ n’» have matched n (ns'@Q[n’]) n’
by (fastforce intro\:matched-Append-intra-SDG-path)
with <set ns C set ns"» show ?case by fastforce
next
case (isSp-Append-ddep n ns n'” V n')
from <3 ns’. matched n ns’ n'’ A set ns C set ns’»
obtain ns’ where matched n ns’ n’’ and set ns C set ns’ by blast
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from (n"' s—V—g44 n'» <n” # n'y have n” (—[|Q[n"]—g*x n’
by (fastforce intro:intra-SDG-path.intros sum-SDG-edge-valid-SDG-node
sum-SDG-edge-SDG-edge)
with <matched n ns’ n’» have matched n (ns'@Q[n’]) n’
by (fastforce introl:matched-Append-intra-SDG-path)
with <set ns C set ns» show ?case by fastforce
next
case (isSp-Append-sum n ns n’’ p n’)
from <3 ns’. matched n ns’ n'’ N set ns C set ns’»
obtain ns’ where matched n ns’ n’’ and set ns C set ns’ by blast
from «n'' s—p—sym n’> obtain ns’’ where matched n'’ ns’”’ n’ and n'’ € set
ns//
by —(erule sum-SDG-summary-edge-matched)
with (matched n ns’ n'» have matched n (ns'Qns’’) n’ by —(rule matched-Append)
with <set ns C set ns"» «n'’ € set ns'"y show ?case by fastforce
qged
qed

lemma is-SDG-path-intra- CFG-path:
assumes n s—ns—rq*x n’
obtains as where parent-node n —as— * parent-node n'
proof (atomize-elim)
from n is—ns—g*x n’
show Jas. parent-node n —as—  * parent-node n’
proof (induct rule:intra-sum-SDG-path.induct)
case (isSp-Nil n)
from <walid-SDG-node n) have parent-node n —[|—* parent-node n
by (fastforce intro:empty-path valid-SDG-CFG-node)
thus ?case by(auto simp:intra-path-def)
next
case (isSp-Append-cdep n ns n'’ n')
from <3 as. parent-node n —as—,* parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from n”" s— .4 n"» have n” — ; n’ by(rule sum-SDG-edge-SDG-edge)
thus ?case
proof (rule cdep-edge-cases)
assume parent-node n'’ controls parent-node n’
then obtain as’ where parent-node n'’ —as’— * parent-node n’ and as’ # ||
by (erule control-dependence-path)
with «<parent-node n —as—, * parent-node n'’s
have parent-node n —asQas’—, * parent-node n' by —(rule intra-path-Append)
thus ?thesis by blast
next
fixa Qropfsa
assume valid-edge a and kind a = Q:r—pfs o’ € get-return-edges a
and parent-node n'’ = targetnode a and parent-node n’ = sourcenode a’
then obtain a’’ where valid-edge a’’ and sourcenode a'’ = targetnode a
and targetnode a'’ = sourcenode o’ and kind o' = (\cf. False),,
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by (auto dest:intra-proc-additional-edge)
hence targetnode a —[a']—,* sourcenode a’
by (fastforce dest:path-edge simp:intra-path-def intra-kind-def)
with <parent-node n'' = targetnode a> <parent-node n’ = sourcenode a’s
have Jas’. parent-node n' —as’—,* parent-node n' A\ as’ # [ by fastforce
then obtain as’ where parent-node n'’ —as’— * parent-node n’ and as’ # |]
by blast
with «parent-node n —as—, * parent-node n'’s
have parent-node n —asQas’—,* parent-node n' by —(rule intra-path-Append)
thus “thesis by blast
next
fix m assume n'’ = CFG-node m and m = parent-node n’
with «parent-node n —as—,* parent-node n'’y show ?thesis by fastforce
qed
next
case (isSp-Append-ddep n ns n'" V n’')
from <3 as. parent-node n —as—,* parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from «n'' s—V—44 n'» have n' influences V in n’
by (fastforce elim:sum-SDG-edge.cases)
then obtain as’ where parent-node n'’ —as’—,* parent-node n’
by (auto simp:data-dependence-def)
with (parent-node n —as—,* parent-node n'’y
have parent-node n —asQas’— x parent-node n’ by —(rule intra-path-Append)
thus ?case by blast
next
case (isSp-Append-sum n ns n' p n’)
from <3 as. parent-node n —as—,x parent-node n'’
obtain as where parent-node n —as—,* parent-node n'’ by blast
from <n'’ s—p—rsym n’> obtain ns’ where matched n'’ ns' n’
by —(erule sum-SDG-summary-edge-matched)
then obtain as’ where parent-node n'’ —as’—, * parent-node n’
by (erule matched-intra-CFG-path)
with <parent-node n —as— * parent-node n'’y
have parent-node n —asQas’— * parent-node n’
by (fastforce intro:path-Append simp:intra-path-def)
thus ?case by blast
qed
qed

/

SDG paths without return edges

inductive intra-call-sum-SDG-path ::

'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢- dcs—-—rqx - [51,0,0] 80)
where icsSp-Nil:

valid-SDG-node n = n ics—[]—qx n

| icsSp-Append-cdep:
[n ics—ns—qx n'; n'" s— 4 n'] = n ics—nsQn"]— g% n’
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| icsSp-Append-ddep:
[n ics—ns—qx n'; n' s—V—qq n'; n' # 0] = n ics—nsQ[n']—4x n’

| icsSp-Append-sum:
[n ics—ns—qx n'; n' s—p—sum n’] = n ics—nsQ[n"|— 4% n’'

| icsSp-Append-call:
[n ics—ns—ax n's 0" s—p—r g n'] = n ics—nsQn"]—qx n'

| icsSp-Append-param-in:
[nics—ns—gx n'; n' s—p:V—sy, n'] = n ics—nsQ[n’|—gx n’

lemma ics-SDG-path-valid-SDG-node:

assumes n ics—ns—qx n’ shows valid-SDG-node n and valid-SDG-node n’
using (n ics—ns—qx n’
by (induct rule:intra-call-sum-SDG-path.induct,

auto intro:sum-SDG-edge-valid-SDG-node valid-SDG-CFG-node)

lemma ics-SDG-path-Append:
[n" ics—ns'—qx n'; n ics—ns—qgx n'| = n ics—nsQns’— g+ n’
by (induct rule:intra-call-sum-SDG-path.induct,
auto intro:intra-call-sum-SDG-path.intros simp:append-assoc| THEN sym)
simp del:append-assoc)

lemma is-SDG-path-ics-SDG-path:
n is—ns—qgx n' => n ics—ns—rq*x n’'
by (induct rule:intra-sum-SDG-path.induct,auto intro:intra-call-sum-SD G-path.intros)

lemma cc-SDG-path-ics-SDG-path:
n cc—ns—gx n' = n ics—ns—gx n’
by (induct rule:call-cdep-SDG-path.induct,
auto intro:intra-call-sum-SDG-path.intros SDG-edge-sum-SDG-edge)

lemma ics-SDG-path-split:
assumes n ics—ns—q*x n’ and n’’ € set ns
obtains ns’ ns’’ where ns = ns’Qns’’ and n ics—ns’'—qx n'’
and n' ics—ns''—4x n’
proof (atomize-elim)
from n ics—ns—gx n'y <n'’ € set ns
show Jns’ ns’’. ns = ns’@ns’’ A n ics—ns'—qx n'’ A n' ics—ns'"— 4% n’
proof (induct rule:intra-call-sum-SDG-path.induct)
case icsSp-Nil thus Zcase by simp
next
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case (icsSp-Append-cdep n ns nz n')
note IH = «n"’ € set ns =
Jns’ ns'. ns = ns’ Q ns’’ A n ics—ns'—gx n’' A n' ics—ns""— g x nv>
from «n'’ € set (nsQ[nz])» have n’’ € set ns V n'’ = nz by fastforce
thus Zcase
proof
assume n’’ € set ns
from IH[OF this] obtain ns’ ns'’ where ns = ns’ Q ns"’
and n ics—ns'—gx n' and n' ics—ns""— 4% nz by blast
from «n'' ics—ns"'—q*x nry <nx s—> g N
have n”" ics—ns"Q[nz]—q* n’
by (rule intra-call-sum-SDG-path.icsSp-Append-cdep)
with «ns = ns’Qns’y (n ics—ns'—q4* n'’y show ?thesis by fastforce
next
assume n’ = nx
from «nz s— .4 n"» have nz ics—[|—q* nz
by (fastforce intro:icsSp-Nil SDG-edge-valid-SDG-node sum-SDG-edge-SDG-edge)
with (nz s— .4 n'» have nz ics—[|Q[nz]—g¢* n’
by —(rule intra-call-sum-SDG-path.icsSp-Append-cdep)
with «n ics—ns—g* nzy <n’’ = nz> show ?thesis by fastforce
qed
next
case (icsSp-Append-ddep n ns nz V n')
note IH = «n"' € set ns =
Ins’ ns'. ns = ns’ Q ns’’ A n ics—ns'—gx n’' A n' ics—ns""— g+ nv>
from «n'’ € set (nsQ[nz])» have n’’ € set ns V n'’ = nz by fastforce
thus ?case
proof
assume n’’ € set ns
from IH[OF this] obtain ns’ ns'’ where ns = ns’ Q ns"’
and n ics—ns'—gx n' and n' ics—ns""— 4% nz by blast
from «n' ics—ns""— g% nT) <nx s—V—44 n'» <nz # n’
have n' ics—ns"Q[nx]—4% n’
by (rule intra-call-sum-SDG-path.icsSp-Append-ddep)
with «ns = ns’Qns’y <n ics—ns'—g* n'’y show ?thesis by fastforce
next
assume n’ = nx
from (nz s—V—44 n» have nz ics—[|—g4% nx
by (fastforce intro:icsSp-Nil SDG-edge-valid-SDG-node sum-SDG-edge-SDG-edge)
with <nz s—V—44 n"» <nz # n’» have nz ics—[|Q[nz]—gx n’
by —(rule intra-call-sum-SDG-path.icsSp-Append-ddep)
with «n ics—ns—4* nxy <n’ = nx> show ?thesis by fastforce
qed
next
case (icsSp-Append-sum n ns nz p n’)
note IH = «n'"' € set ns =
dns’ ns'. ns = ns’ Q ns'’ A n ics—ns'—gx n’' A n' ics—ns""— g x nv>
from «n'' € set (nsQ@Q[nz])) have n”’ € set ns V n'' = nz by fastforce
thus ?case
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proof
assume n’’ € set ns
from IH[OF this] obtain ns’ ns'’ where ns = ns’ Q ns"’
and n ics—ns'—gx n' and n' ics—ns""— 4% nz by blast
from «n'’ ics—ns"'— g% nx> <NT S—p—rsum N
have n' ics—ns"Q[nx]—4% n’
by (rule intra-call-sum-SDG-path.icsSp-Append-sum)
with «ns = ns’@Qns’y <n ics—ns'—g* n'’y show ?thesis by fastforce
next
assume n’ = nx
from (nz s—p—rsym n’» have valid-SDG-node nx
by (fastforce elim:sum-SDG-edge.cases)
hence nz ics—[]—q* nz by(fastforce intro:icsSp-Nil)
with «nz s—p—sym n’» have nz ics—[|Q[nz]— 4% n’
by —(rule intra-call-sum-SDG-path.icsSp-Append-sum)
with «n ics—ns—4* nxy <n’ = nx> show ?thesis by fastforce
qed
next
case (icsSp-Append-call n ns nx p n')
note IH = «n'' € set ns =
dns’ ns’. ns = ns’ Q ns'’ A nics—ns'—gx n’' A n' ics—ns""—gx nv>
from «n'' € set (nsQ[nz])) have n”’ € set ns V n'' = nz by fastforce
thus ?case
proof
assume n’’ € set ns
from IH[OF this] obtain ns’ ns'’ where ns = ns’ Q ns"’
and n ics—ns’'—4x n'" and n'’ ics—ns'"—4* nx by blast
from «n'"’ ics—ns""—gx nxy nx S—p—> gy N
have n'' ics—ns"'Q[nz]|—qx n’
by (rule intra-call-sum-SDG-path.icsSp-Append-call)
with «ns = ns’Qns’y <n ics—ns'—gx n'’y show ?thesis by fastforce
next
assume n'' = nz
from «nz s—p— .y n'» have nz ics—[]—q* nz
by (fastforce intro:icsSp-Nil SDG-edge-valid-SDG-node sum-SDG-edge-SDG-edge)
with «nz s—p— .,y 1" have nz ics—[|Q[nz]—g* n’
by —(rule intra-call-sum-SDG-path.icsSp-Append-call)
with «n ics—ns—4* nxy <n’ = nx> show ?thesis by fastforce
qed
next
case (icsSp-Append-param-in n ns nz p V n')
note IH = «n'' € set ns —
dns’ ns'. ns = ns’ Q ns'’ A n ics—ns'—gx n’' A n' ics—ns""— g x nv>
from «n'' € set (nsQ@Q[nz])> have n”’ € set ns V n'' = nz by fastforce
thus ?case
proof
assume n’’ € set ns
from IH[OF this] obtain ns’ ns'’ where ns = ns’ Q ns”’
and n ics—ns'—gx n' and n' ics—ns""—4* nz by blast
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from «n' ics—ns"'—gx nxy <nz s—p:V—ryy nh
have n' ics—ns"'Q[nz]—qx n’
by (rule intra-call-sum-SDG-path.icsSp-Append-param-in)
with «ns = ns'Qns’y <n ics—ns'—gx n'’y show ?thesis by fastforce
next
assume n’' = nz
from «nz s—p:V—;, n'y have nz ics—[]—q% nx
by (fastforce intro:icsSp-Nil SDG-edge-valid-SDG-node sum-SDG-edge-SDG-edge)
with (nz s—p:V—;, ny have nzx ics—[|Q[nz]—q*x n’
by —(rule intra-call-sum-SDG-path.icsSp-Append-param-in)
with «n ics—ns—4* nxy <n’ = nx> show ?thesis by fastforce
qed
qed
qed

lemma realizable-ics-SDG-path:
assumes realizable n ns n’ obtains ns’ where n ics—ns'— g% n’
proof (atomize-elim)
from <realizable n ns n’y show Ins’. n ics—ns'— g+ n’
proof (induct rule:realizable.induct)
case (realizable-matched n ns n')
from <matched n ns n’> obtain ns’ where n is—ns’—4% n’
by (erule matched-is-SDG-path)
thus ?case by (fastforce intro:is-SDG-path-ics-SDG-path)
next
case (realizable-call ng ns ny p no V ns’ n3)
from (I ns’. ng ics—ns’— 4% ny> obtain nsr where ng ics—nsr—g* n, by
blast
with <y —p—r gy N2 V n1 —p: V=, noy have ng ics—nsz@[ng]— g% no
by (fastforce intro:SDG-edge-sum-SDG-edge icsSp- Append-call icsSp-Append-param-in)
from <matched ny ns’ n3» obtain nsz’ where ny is—nsz’'— g% ns
by (erule matched-is-SDG-path)
hence ny ics—nsz'—g* n3 by(rule is-SDG-path-ics-SDG-path)
from (ny ics—nsz'— g n3y> (ng ics—nsz@ng]—gx ngd
have ng ics—(nsz@Q[n;])@Qnsz’— 4% n3 by(rule ics-SDG-path-Append)
thus ?case by blast
qed
qed

lemma ics-SDG-path-realizable:
assumes n ics—ns—rq*x n’
obtains ns’ where realizable n ns’ n’ and set ns C set ns’
proof (atomize-elim)
from «n ics—ns—g* n'y show I ns’. realizable n ns’ n' A\ set ns C set ns’
proof (induct rule:intra-call-sum-SDG-path.induct)
case (icsSp-Nil n)
hence matched n [| n by(rule matched-Nil)
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thus ?case by(fastforce intro:realizable-matched)
next
case (icsSp-Append-cdep n ns n'' n’)
from <3 ns’. realizable n ns’ n’' A set ns C set ns”
obtain ns’ where realizable n ns’ n’’ and set ns C set ns’ by blast
from «n'’ s— .4 n’» have valid-SDG-node n' by (rule sum-SDG-edge-valid-SDG-node)
hence n' i—[]—4x n” by(rule iSp-Nil)
with «n” s— .y n"» have n'" i—[]Q[n"]—=g% n’
by (fastforce elim:iSp-Append-cdep sum-SDG-edge-SDG-edge)
hence matched n'' [n'] n' by(fastforce intro:intra-SDG-path-matched)
with «realizable n ns’ n'» have realizable n (ns'@Q[n"]) n’
by (rule realizable-Append-matched)
with <set ns C set ns» show Zcase by fastforce
next
case (icsSp-Append-ddep n ns n'’ V n’)
from <3 ns’. realizable n ns’ n’' A set ns C set ns”
obtain ns’ where realizable n ns’ n’’ and set ns C set ns’ by blast
from n' s—V—44 n'» have valid-SDG-node n'"’
by (rule sum-SDG-edge-valid-SDG-node)
hence n' i—[]—4% n’ by(rule iSp-Nil)
with «(n"' s—V—44 n"» <n” # n'y have n” (—[|Q[n"]|—g*x n’
by (fastforce elim:iSp-Append-ddep sum-SDG-edge-SDG-edge)
hence matched n'' [n'] n' by(fastforce intro:intra-SDG-path-matched)
with (realizable n ns’ n’» have realizable n (ns'@[n"]) n’
by (fastforce intro:realizable- Append-matched)
with <set ns C set ns» show ?case by fastforce
next
case (icsSp-Append-sum n ns n'’ p n’)
from 3 ns’. realizable n ns’ n'’ A set ns C set ns’»
obtain ns’ where realizable n ns’ n’’ and set ns C set ns’ by blast
from n'' s—p—sum n’> show ?case
proof (rule sum-edge-cases)
fix a Qrfsa
assume valid-edge a and kind a = Q:r—pfs and o’ € get-return-edges a
and n’' = CFG-node (sourcenode a) and n’ = CFG-node (targetnode a”)
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
have match”matched (CFG-node (targetnode a)) [CFG-node (targetnode a)]
(CFG-node (sourcenode a'))
by (rule intra-proc-matched)
from <valid-edge a> <kind a = Q:r—pfs> «<n" = CFG-node (sourcenode a))
have n" —p— .11 CFG-node (targetnode a)
by (fastforce intro:SDG-call-edge)
hence matched n' [ n"’
by (fastforce intro:matched-Nil SDG-edge-valid-SDG-node)
from «<wvalid-edge a> <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)
from <valid-edge oy <kind o’ = Q"=pf"r «n’ = CFG-node (targetnode a'))
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have CFG-node (sourcenode a’) —p—rpep 1’
by (fastforce intro:SDG-return-edge)
from <matched n'" [| n'"» «n"" —p— o1 CFG-node (targetnode a)>
match’ s CFG-node (sourcenode a’) —p—per n'y <valid-edge a
<a’ € get-return-edges ay <n’ = CFG-node (targetnode a'))
«n'" = CFG-node (sourcenode a)»
have matched n"" ([|Qn""#[CFG-node (targetnode a)|Q[CFG-node (sourcenode

)

n/
by (fastforce intro:matched-bracket-call)

with <realizable n ns’ n'’

have realizable n
(ns’Q(n'""#[CFG-node (targetnode a),CFG-node (sourcenode a’)])) n'
by (fastforce intro:realizable- Append-matched)

with «set ns C set ns’y show ?thesis by fastforce

next

fix a Qrpfsa ns' vz’ ins outs

assume valid-edge a and kind a = Q:r—pfs and o’ € get-return-edges a
and match’:matched (Formal-in (targetnode a,z)) ns'

(Formal-out (sourcenode a’,x"))

and n'' = Actual-in (sourcenode a,x)
and n’ = Actual-out (targetnode a’,x’) and (p,ins,outs) € set procs
and z < length ins and z’ < length outs

from <valid-edge a> <kind a = Q:r—pfs> <n" = Actual-in (sourcenode a,z)
«(p,ins,outs) € set procs» «x < length ins)

have n'' —p:inslz— 4, Formal-in (targetnode a,x)
by (fastforce intro!:SDG-param-in-edge)

hence matched n" [] n”’
by (fastforce intro:matched-Nil SDG-edge-valid-SDG-node)

from <walid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)

from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»

obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)

from <walid-edge o'y <kind o' = Q"=pf" «n’ = Actual-out (targetnode a’,z’)>
«(p,ins,outs) € set procs) «x’ < length outs)

have Formal-out (sourcenode a’,x') —p:outsla’— g4 n’
by (fastforce intro:SDG-param-out-edge)

from «matched n'' [| n'"y «<n'" —prinsle— 4, Formal-in (targetnode a,z)
match’ <Formal-out (sourcenode a’,x’) —p:outsla’— yyp 1’y <valid-edge a>
<a’ € get-return-edges ay <n’ = Actual-out (targetnode a’,z"))
«n'" = Actual-in (sourcenode a,z)»

have matched n'' ([|Qn'#ns"Q[Formal-out (sourcenode a’,z")]) n
by (fastforce intro:matched-bracket-param)

with <realizable n ns’ n'’

have realizable n (ns'Q(n'"#ns"'Q[Formal-out (sourcenode a’,z")])) n’
by (fastforce intro:realizable- Append-matched)

with «set ns C set ns’y show ?thesis by fastforce

qed
next

!’
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case (icsSp-Append-call n ns n' p n')
from 3 ns’. realizable n ns’ n'’ A set ns C set ns’
obtain ns’ where realizable n ns’ n’’ and set ns C set ns’ by blast
from «n"’ s—p— ., n"» have valid-SDG-node n’
by (rule sum-SDG-edge-valid-SDG-node)
hence matched n' [| n’ by(rule matched-Nil)
with <realizable n ns’ n'» <n'" s—p— .1 0"
have realizable n (ns’Qn'""#[)) n’
by (fastforce intro:realizable-call sum-SDG-edge-SDG-edge)
with <set ns C set ns» show ?case by fastforce
next
case (icsSp-Append-param-in n ns n’ p Vn')
from 3 ns’. realizable n ns’ n'’ A set ns C set ns’»
obtain ns’ where realizable n ns’ n’’ and set ns C set ns’ by blast
from n"' s—p:V—;, n’» have valid-SDG-node n’
by (rule sum-SDG-edge-valid-SDG-node)
hence matched n' [| n’ by(rule matched-Nil)
with (realizable n ns’ n'» «n” s—p:V—;y n'
have realizable n (ns’Qn'""#[)) n’
by (fastforce intro:realizable-call sum-SDG-edge-SDG-edge)
with <set ns C set ns’» show ?case by fastforce
qed
qed

lemma realizable-Append-ics-SDG-path:
assumes realizable n ns n’ and n'' ics—ns'— g% n’
obtains ns’’ where realizable n (ns@Qns’’) n’
proof (atomize-elim)
from «n’’ ics—ns’'—g4x n'y (realizable n ns n'’
show I ns”. realizable n (ns@Qns’’) n'
proof (induct rule:intra-call-sum-SDG-path.induct)
case (icsSp-Nil n'’) thus ?fcase by(rule-tac =[] in exl) fastforce
next
case (icsSp-Append-cdep n'' ns' nx n’)
then obtain ns’’ where realizable n (ns@Qns’’) nx by fastforce
from <nz s— .4 n» have valid-SDG-node nz by (rule sum-SDG-edge-valid-SDG-node)
hence matched nx [| nx by (rule matched-Nil)
from «nz s— .4 n’ <walid-SDG-node nz»
have nz i—[|@[nz]—4% n’
by (fastforce intro:iSp-Append-cdep iSp-Nil sum-SDG-edge-SDG-edge)
with <matched nz [| nx> have matched nz ([|Q[nz]) n’
by (fastforce intro:matched-Append-intra-SD G-path)
with (realizable n (ns@Qns’") nx> have realizable n ((nsQns'")Q[nz]) n
by (fastforce intro:realizable- Append-matched)
thus ?case by fastforce
next
case (icsSp-Append-ddep n'' ns' nx V n')

/
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then obtain ns’’ where realizable n (ns@Qns’’) nz by fastforce
from «nz s— V—44 n’» have valid-SDG-node nz by (rule sum-SDG-edge-valid-SDG-node)
hence matched nz [| nx by(rule matched-Nil)
from <nz s—V—g4q n’» <nz # n'y walid-SDG-node nx»
have nz i—[|Q[nz]—4% n’
by (fastforce intro:iSp-Append-ddep iSp-Nil sum-SDG-edge-SDG-edge)
with <matched nz || nz> have matched nz ([|Q[nz]) n’
by (fastforce intro:matched-Append-intra-SD G-path)
with (realizable n (ns@Qns’") nx» have realizable n ((nsQns'")@Q[nz]) n
by (fastforce intro:realizable- Append-matched)
thus ?case by fastforce
next
case (icsSp-Append-sum n’’ ns’ nx p n’)
then obtain ns’’ where realizable n (ns@Qns’’) nx by fastforce
from (nz s—p—rgym n’> obtain nszr where matched nx nsx n’
by —(erule sum-SDG-summary-edge-matched)
with <realizable n (ns@Qns’’) nz» have realizable n ((ns@Qns’)@nsz) n
by (rule realizable-Append-matched)
thus ?case by fastforce
next
case (icsSp-Append-call n'' ns' nx p n')
then obtain ns’’ where realizable n (ns@Qns’’) nz by fastforce
from <nz s—p— ., n'» have valid-SDG-node n’ by (rule sum-SDG-edge-valid-SDG-node)
hence matched n' || n’ by(rule matched-Nil)
with <realizable n (ns@Qns'’) nxy <nx s—p— qp 1
have realizable n ((ns@Qns’)@Q[nz]) n’
by (fastforce intro:realizable-call sum-SDG-edge-SDG-edge)
thus ?case by fastforce
next
case (icsSp-Append-param-in n'’ ns’ nx p V n')
then obtain ns’’ where realizable n (ns@Qns’’) nx by fastforce
from «nz s—p:V—, n'y have valid-SDG-node n’
by (rule sum-SDG-edge-valid-SDG-node)
hence matched n' || n’ by(rule matched-Nil)
with (realizable n (ns@Qns’") nxy <nz s—p:V—ry nh
have realizable n ((ns@Qns’)@Q[nz]) n’
by (fastforce intro:realizable-call sum-SDG-edge-SDG-edge)
thus ?case by fastforce
qed
qed

/

/

1.8.12 SDG paths without call edges

inductive intra-return-sum-SDG-path ::

'node SDG-node = 'node SDG-node list = 'node SDG-node = bool
(¢ drs—-—qx - [51,0,0] 80)

where irsSp-Nil:

valid-SDG-node n = n irs—[|—q* n
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| irsSp-Cons-cdep:
[n" irs—ns—qx n'; n s— g '] = n irs—n#ns—gx n’

| irsSp-Cons-ddep:
[n'" irs—ns—qx n'; n s—V—qq n'; n # 0] = n irs—n#ns—gx n’

| irsSp-Cons-sum:
[n"" irs—ns—qx n'; n s—p—sum n'] = n irs—n#ns—4x n’

| irsSp-Cons-return:
[n'" irs—ns—qx n'; n s—p—rper n'] = n irs—n#Ens—gx n’'

| irsSp-Cons-param-out:
[n'" irs—ns—gqx n'; n s—p:V—oyr 0] = n irs—n#ns—gx n’

lemma irs-SDG-path-Append:

[n irs—ns—gx n''; n'" irs—ns’—gx n'] = n irs—nsQns’—gx n’
by (induct rule:intra-return-sum-SDG-path.induct,

auto intro:intra-return-sum-SDG-path.intros)

lemma is-SDG-path-irs-SDG-path:
n is—ns—qx n' = n irs—ns—qx n’
proof (induct rule:intra-sum-SDG-path.induct)
case (isSp-Nil n)
from <wvalid-SDG-node ny» show ?case by(rule irsSp-Nil)
next
case (isSp-Append-cdep n ns n'’ n')
from «n" s— .4 n’» have n'’ irs—[n"]—q¢*x n’
by (fastforce intro:irsSp-Cons-cdep irsSp-Nil sum-SDG-edge-valid-SDG-node)
with «<n irs—ns—gx n’’y show ?case by(rule irs-SDG-path-Append)
next
case (isSp-Append-ddep n ns n’” V n')
from n" s—V—=44 n» <n” # n'y have n” irs—[n"]—4x n’
by (fastforce intro:irsSp-Cons-ddep irsSp-Nil sum-SDG-edge-valid-SDG-node)
with <n irs—ns—g¢x n’’» show ?case by(rule irs-SDG-path-Append)
next
case (isSp-Append-sum n ns n' p n’)
from «n"’ s—p—sym n"» have n' irs—[n']—4x n’
by (fastforce intro:irsSp-Cons-sum irsSp-Nil sum-SDG-edge-valid-SDG-node)
with «<n irs—ns—g¢x n’’y show ?case by(rule irs-SDG-path-Append)
qed

lemma irs-SDG-path-split:
assumes n irs—ns—gx n’
obtains n is—ns—gx n’
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| nsz nsz’ nz nz' p where ns = nszQnz#nsz’ and n irs—nsr— g% nz
and nz s—p—ryper nz’ V (V. nz s—p: V= nz') and nz’ is—nsz'—gx n’
proof (atomize-elim)
from «n irs—ns—gx n’> show n is—ns—qg* n’ V
(Insz nx nsz’ p nx'. ns = nsxQna#nse’ A n irs—nsr—q% nx A
(nx s—p—=rper nz' V (AV. nx s—p: Vo nz’)) A nz' is—nsz’'— gx
n’)
proof (induct rule:intra-return-sum-SDG-path.induct)
case (irsSp-Nil n)
from «walid-SDG-node ny have n is—[]—4x n by(rule isSp-Nil)
thus ?case by simp
next
case (irsSp-Cons-cdep n'' ns n' n)
from n' is—ns—gx n'V
(nsz nx nsz’ p nx'. ns = nsxQnanse’ A n' irs—nsz—gx nx A
(nx s—p—rper nz'V (V. nx s—p: V—out n’)) A nz' is—nsz'— gx
n')»
show ?case
proof
assume n'’ is—ns—gx n’
from «n s— .4 n’» have n is—[|Q[n]—4*x n"’
by (fastforce intro:isSp-Append-cdep isSp-Nil sum-SDG-edge-valid-SDG-node)
with «n'" is—ns—4x n’y have n is—[n]Qns— g% n’
by (fastforce intro:is-SDG-path-Append)
thus ?case by simp
next
assume Jnsz nx nsz’ p nr'. ns = nsxQnx#nsz’ A n' irs—nsr—qx nx A
(nx s—p—rper N’V (I V. nz s—p: V= gy nz’)) A nz’ is—nsx'— g%

then obtain nsz nsz’ nz nz’ p where ns = nszQnz#nsz’ and n' irs—nsz— g*
nx
and nz s—p—rper nx’' V (A V. nz s—p: V-, nz’) and nz’ is—nsz’'—gx n'
by blast
from «n'’ irs—nsz—qx nz> <n 5 ¢d n'"y have n irs—n#nsr—gx nx
by (rule intra-return-sum-SDG-path.irsSp-Cons-cdep)
with «ns = nsz@Qnaz#nsc’ «<nx s—p—rpet nz' V (A V. nz s—p: V= o0 nz’)
«nz’ is—nsr'—gx n
show ?case by fastforce
qed
next
case (irsSp-Cons-ddep n”' nsn' n V)
from «n' is—ns—gx n' VvV
(I nsz nx nsx’ p nz'. ns = nsxQnafnsz’ A n' irs—nsr—gx nx A
(nx s—p—rpet N’V (I V. nz s—p: V= gy nz’)) A nz’ is—nsx'— g%
n’)
show ?case
proof
assume n'’ is—ns—gx n’
from n s—V—4q n'» <n # n'" have n is—[|Q[n]—4% n”
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by (fastforce intro:isSp-Append-ddep isSp-Nil sum-SDG-edge-valid-SDG-node)
with «n"' is—ns—4+ n’» have n is—[n]@Qns—gx n’
by (fastforce intro:is-SDG-path-Append)
thus “case by simp
next
assume dnsz nx nsz’ p nz’. ns = nsxQnx#nss’ A n' irs—nsr—gx nx A
(nx s—p—rpet N’V (V. nz s—p: V= gyt nz’)) A nz’ is—nsx’'— g%

then obtain nsz nsz’ nz nx’ p where ns = nszQnz#nsz’ and n' irs—nsz— g*
nx
and nz s—p—rper nx’' V (A V. nz s—p: V-, nz’) and nz’ is—nsz’'—gx n'
by blast
from «n'" irs—nsx—>g*x nx> (n s—V-—44 n'» <n # n’> have n irs—n#nsz— g*
n
by (rule intra-return-sum-SDG-path.irsSp-Cons-ddep)
with <ns = nszQna#nsz’s (nz s—p—rper nx' V (V. nz s—p:V— ot nx’)
(nx’ is—nsz'—gx n'»
show ?case by fastforce
qed
next
case (irsSp-Cons-sum n'' ns n’ n p)
from n' is—ns—gx n'V
(I nsz nz nsz’ p nz'. ns = nsxQna#nsz’ A n' irs—nsz—qx nx A
(nx s—p—rpet nx’'V (V. nx s—p: V= oyt nz’)) A nz’ is—nsz’'— g%
n')
show ?Zcase
proof
assume n'’ is—ns—gx n’
from (n s—p—sum n'"> have n is—[|@Q[n]—4% n”
by (fastforce intro:isSp-Append-sum isSp-Nil sum-SDG-edge-valid-SDG-node)
with «n"' is—ns—4% n’» have n is—[n]@Qns— 4% n’
by (fastforce intro:is-SDG-path-Append)
thus ?case by simp
next
assume 3 nsz nz nsz’ p nx’. ns = nszQna#nsz’ A n' irs—nsr—g* nz A

(nx s—p—rper nx’'V (V. nz s—p: V= oy nz’)) A nz’ is—nsx’'— g%
/

n
then obtain nsz nsz’ nz nz’ p’ where ns = nszQnz#nsz’and n' irs—nsz—g*
ne
and nz s—p'—per nz’ vV (3 V. nz s—p" V-t nx’)
and nz’ is—nsz'—4x n’ by blast
from (n' irs—nsr—q* nT> <N S—p—rsum N’ have n irs—n#FEnsr—gx nx
by (rule intra-return-sum-SDG-path.irsSp-Cons-sum,)
with ns = nszQnz#nsz” «<nx s—p'—pet nz' V (V. nx s—p: V- oy nz’)
nx’ is—nsz'—gx nh
show ?case by fastforce
qed
next

case (irsSp-Cons-return n’" ns n’ n p)
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from «n' is—ns—qx n'V
(Insz nx nsz’ p nx'. ns = nszQnaftnsz’ A n' irs—nsz—4x nx A
(nx s—p—rpet nx’'V (V. nx s—p: V=t nz’)) A nz’ is—nsz’'— g%

n’)
show ?Zcase
proof

assume n'’ is—ns—gx n’
from «n s—p— et n'» have valid-SDG-node n by (rule sum-SDG-edge-valid-SDG-node)

hence n irs—[|—q* n by(rule irsSp-Nil)
with n s—p—per 1’ <0’ is—ns—qx n’y show ?thesis by fastforce

next
assume dnsz nz nsz’ p nx’. ns = nszQnr#nsz’ A n' irs—nsr—g*x nx A
(nx s—p—rpet nx’'V (V. nx s—p: V= oyt nz’)) A nz’ is—nsz’'— g%
n/
then obtain nsz nsz’ nx nz’ p’ where ns = nszxQnx#nsz’ and n'’ irs—nsz— g*
ne
and nz s—p'—per nz' vV (I V. nx s—p" V- gy na’)
and nz’ is—nsz'—4x n’ by blast
from «n' irs—nsx—>g*x nT> (N S—p—rper 1’ have n irs—n#Ensr—gx nx
by (rule intra-return-sum-SDG-path.irsSp-Cons-return)
with «ns = nszQnaz#nsz’ <nx s—p'—pep nz' vV (V. nx s—p: V- oy nz’)
«nz’ is—nsz'—qx n'»
show ?thesis by fastforce
qed
next

case (irsSp-Cons-param-out '’ ns n’ np V)
from n' is—ns—gx n'V
(I nsz nz nsz’ p nz'. ns = nsxQna#nsz’ A n' irs—nsz—gx nx A
(nx s—p—rpet nx’'V (V. nx s—p: V= oyt nz’)) A nz’ is—nsz’'— g%
n')
show ?Zcase
proof
assume n'’ is—ns—qx n’
from <n s—p:V— 4y n'" have valid-SDG-node n
by (rule sum-SDG-edge-valid-SDG-node)
hence n irs—[|—q* n by(rule irsSp-Nil)

with <n s—p: V=, 1’ <n’ is—ns—qx n’y show ?thesis by fastforce
next

assume dnsz nz nsz’ p nx’. ns = nsz@na#nst’ A n' irs—nsr—g*x nx A

(nx s—p—rpet nx’'V (V. nx s—p: V= oyt nz’)) A nz’ is—nsz’'— g%
I
n

then obtain nsz nsz’ nx nz’ p’ where ns = nszxQnx#nsz’ and n'’ irs—nsz— g*
nT

and nz s—p'—per nz’ vV (I V. nz s—p" V- gy ')
and nz’ is—nsz'—4x n’ by blast

from «n' irs—nsx—>g*x nxy (n s—p: V-t 1’ have n irs—n#nsz—qx nx
by (rule intra-return-sum-SDG-path.irsSp-Cons-param-out)

with «ns = nszQna#nsz’ «<nx s—p'—pep nz' vV (V. nx s—p:V— oy nz’)
«nz’ is—nsr'—qx n'»
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show ?thesis by fastforce
qed
qed
qed

lemma irs-SDG-path-matched:
assumes 7 irs—ns—gx n' and n'’ s—p—pep 0’V 0" s—p: V= 0’
obtains nz nsr where matched nz nsz n’ and n € set nsx
and nz s—p—sym CFG-node (parent-node n’)
proof (atomize-elim)
from assms
show 3 nx nsz. matched nx nsx n’ A n € set nsz A
nx s—p—rsum CFG-node (parent-node n’)
proof (induct ns arbitrary:n’ n' p V rule:length-induct)
fixnsn'' n'pV
assume [H:V ns’. length ns’ < length ns —
(Vn'". nirs—ns'—gx n' —
(Vnx' p' V. (0" s—p'—pet nz’ vV ' s—p V=, naz') —
(3 nz nsx. matched nx nsx nz’ A n € set nsx A
nx s—p'— sum CFG-node (parent-node nx'))))
and n irs—ns—gx n' and n'' s—p—pep 'V 0" s—p: Voo 0’
from (n"' s—p—yper 'V 0" s—p:V— 4y n'> have valid-SDG-node n'’
by (fastforce intro:sum-SDG-edge-valid-SDG-node)
from n" s—p—pet 'V 0" s—p: V=t 10
have n" —p—p n' V0" —p: V=t 0’
by (fastforce intro:sum-SDG-edge-SDG-edge SDG-edge-sum-SDG-edge)
from (n" s—p—yper 'V 0" s—p:V—ops nh
have CFG-node (parent-node n'’) s—p— et CFG-node (parent-node n')
by (fastforce elim:sum-SDG-edge.cases intro:sum-SDG-return-edge)
then obtain a @ f where valid-edge a and kind a = Q<pf
and parent-node n'' = sourcenode a and parent-node n’ = targetnode a
by (fastforce elim:sum-SDG-edge.cases)
from «valid-edge a> <kind a = Q<«pf> obtain o’ Q' r’ fs’
where a € get-return-edges o’ and valid-edge o” and kind o’ = Q":r'—=pfs’
and CFG-node (sourcenode a') s—p— sym CFG-node (targetnode a)
by (erule return-edge-determines-call-and-sum-edge)
from <valid-edge o'y <kind o’ = Q":r'—=pfs"
have CFG-node (sourcenode a’) s—p— .41 CFG-node (targetnode a’)
by (fastforce intro:sum-SDG-call-edge)
from «CFG-node (parent-node n'") s—p— et CFG-node (parent-node n')
have get-proc (parent-node n'’) = p
by (auto elim!:sum-SDG-edge.cases intro:get-proc-return)
from <n irs—ns—gx n'h
show 3 nx nsz. matched nx nsx n’ A n € set nsz A
nx s—p—rsum CFG-node (parent-node n')
proof (rule irs-SDG-path-split)
assume n is—ns—rq*x n'’’
hence valid-SDG-node n by(rule is-SDG-path-valid-SDG-node)
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then obtain asz where (-Entry-) —asz— /* parent-node n
by (fastforce dest:valid-SDG-CFG-node Entry-path)
then obtain asz’ where (-Entry-) —asz'— /* parent-node n
and Va' € set asz’. intra-kind(kind a’) V (3Q r p fs. kind o' = Q:r—pfs)
by —(erule valid-Entry-path-ascending-path)
from «<n is—ns—4* n’’> obtain as where parent-node n —as—,* parent-node
n//
by (erule is-SDG-path-CFG-path)
hence get-proc (parent-node n) = get-proc (parent-node n'’)
by (rule intra-path-get-procs)
from <walid-SDG-node ny have valid-node (parent-node n)
by (rule valid-SDG-CFG-node)
hence valid-SDG-node (CFG-node (parent-node n)) by simp
have Ja as. valid-edge a A (3Q p r fs. kind a = Q:r—pfs) A
targetnode a —as— ,* parent-node n
proof(cases Va' € set asx’. intra-kind(kind a’))
case True
with ((-Entry-) —asz'— ,* parent-node n)
have (-Entry-) —asx’'—,* parent-node n
by (fastforce simp:intra-path-def vp-def)
hence get-proc (-Entry-) = get-proc (parent-node n)
by (rule intra-path-get-procs)
with get-proc-Entry have get-proc (parent-node n) = Main by simp
from «get-proc (parent-node n) = get-proc (parent-node n'’))
<get-proc (parent-node n) = Main)
have get-proc (parent-node n'’) = Main by simp
from <valid-edge a> <kind a = Q<«pf> have get-proc (sourcenode a) = p
by (rule get-proc-return)
with «parent-node n'’ = sourcenode a) <get-proc (parent-node n'’) = Main»
have p = Main by simp
with <kind a = Q<«pf> have kind a = Q< pr4,f by simp
with <valid-edge a) have False by(rule Main-no-return-source)
thus ?thesis by simp
next
assume — (Va'€set asz’. intra-kind (kind a’))
with «Va' € set asz’. intra-kind(kind o") V (3 Q rp fs. kind o’ = Q:r—pfs)
have Ja’ € set asz’. 3Q 7 p fs. kind o’ = Q:r—pfs
by (fastforce simp:intra-kind-def)
then obtain as a’ as’ where asz’ = asQa'#as’
and 3Q rp fs. kind o' = Q:r—pfs
and Va' € set as’. = (3Q rp fs. kind o’ = Q:r—pfs)
by (erule split-list-last-propF)
with «Va' € set asz’. intra-kind(kind o') V (3 Q rp fs. kind o’ = Q:r—pfs)
have V a’eset as’. intra-kind (kind o) by (auto simp:intra-kind-def)
from ((-Entry-) —asz'— s parent-node n) <asz’ = asQa'#as’
have valid-edge o’ and targetnode a’ —as’'—* parent-node n
by (auto dest:path-split simp:vp-def)
with «Va'eset as’. intra-kind (kind a’)y <3 Q 7 p fs. kind a’ = Q:r—pfs
show ?thesis by(fastforce simp:intra-path-def)

192



qed

then obtain az asz Qzr rz fsz px where valid-edge ax
and kind ax = Q:rz— pgfsz and targetnode ax —asz— * parent-node n
by blast

from <wvalid-edge az> <kind ax = Qr:rz— pgfs)

have get-proc (targetnode ax) = px
by (rule get-proc-call)

from <targetnode ax —asz—,* parent-node n»

have get-proc (targetnode ax) = get-proc (parent-node n)
by (rule intra-path-get-procs)

with <get-proc (parent-node n) = get-proc (parent-node n'’)
get-proc (targetnode ax) = px

have get-proc (parent-node n'') = pzx by simp

with «get-proc (parent-node n’’) = p» have [simp|:px = p by simp

from <valid-edge o> (valid-edge ax> <kind o' = Q":r'—pfs"
<kind ax = Qr:rr— pgfsw)

have targetnode a’ = targetnode ax by simp(rule same-proc-call-unique-target)

have parent-node n # (-Ewit-)

proof
assume parent-node n = (-Exit-)

from <n is—ns—¢x n'’y obtain as where parent-node n —as—, * parent-node

by (erule is-SDG-path-CFG-path)
with <parent-node n = (-Exit-)»
have (-Ezit-) —as—* parent-node n'' by(simp add:intra-path-def)
hence parent-node n'’ = (-Ezit-) by(fastforce dest:path-Exit-source)
from <get-proc (parent-node n'’) = p) <parent-node n'’ = (-Exit-)»
<parent-node n'' = sourcenode a> get-proc-Exit
have p = Main by simp
with <kind a = Q«pf> have kind a = Q< pr4,f by simp
with (valid-edge a> show Fualse by(rule Main-no-return-source)
qed
have I nsz. CFG-node (targetnode a’) cd—nsx— g+ CFG-node (parent-node n)
proof (cases targetnode a’ = parent-node n)
case True
with (valid-SDG-node (CFG-node (parent-node n))»
have CFG-node (targetnode a') cd—[|—4% CFG-node (parent-node n)
by (fastforce intro:cdSp-Nil)
thus ?thesis by blast
next
case Fulse
with (targetnode ax —asz—,* parent-node ny <parent-node n # (-Exit-)
walid-edge ax) <kind ax = Qr:rr— pyfsz> targetnode a’ = targetnode az>
obtain nsx
where CFG-node (targetnode a’) cd—nsx— 4% CFG-node (parent-node n)
by (fastforce elim!:in-proc-cdep-SDG-path)
thus %thesis by blast
qed
then obtain nsz
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where CFG-node (targetnode a') cd—nsz—qx CFG-node (parent-node n)
by blast
hence CFG-node (targetnode a’) i—nsx— 4% CFG-node (parent-node n)
by (rule cdep-SDG-path-intra-SDG-path)
show ?thesis
proof(cases ns)
case Nil
with «n is—ns—g4x n'> have n = n'’
by (fastforce elim:intra-sum-SDG-path.cases)
from <valid-edge o'y <kind o’ = Q":r'—=pfs" <a € get-return-edges a”
have matched (CFG-node (targetnode a’)) [CFG-node (targetnode a")]
(CFG-node (sourcenode a)) by(rule intra-proc-matched)
from <valid-SDG-node n'’s
have n'' = CFG-node (parent-node n'") V CFG-node (parent-node n'") — .4

11

n
by (rule valid-SDG-node-cases)
hence Insz. CFG-node (parent-node n'’) i—nszx—q% n'’
proof
assume n'' = CFG-node (parent-node n'’)
with (valid-SDG-node n'’s have CFG-node (parent-node n') i—[]—q* n"’
by (fastforce intro:iSp-Nil)
thus ?thesis by blast
next
assume CFG-node (parent-node n') — .4 n”
from <wvalid-SDG-node n'’y have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)
hence valid-SDG-node (CFG-node (parent-node n'’)) by simp
hence CFG-node (parent-node n'") i—[|—q4x CFG-node (parent-node n'")
by (rule iSp-Nil)
with «CFG-node (parent-node n') — .4 n'"»
have CFG-node (parent-node n'") i—[]Q[CFG-node (parent-node n'")]— g%
7,L//
by (fastforce intro:iSp-Append-cdep sum-SDG-edge-SDG-edge)
thus ?thesis by blast
qed
with «parent-node n'’ = sourcenode a»
obtain nsx where CFG-node (sourcenode a) i—nsx—q% n'' by fastforce
with «matched (CFG-node (targetnode a’)) [CFG-node (targetnode a')]
(CFG-node (sourcenode a))»
have matched (CFG-node (targetnode a’)) ([CFG-node (targetnode a’)]|@nst)
n//

by (fastforce intro:matched-Append intra-SDG-path-matched)
moreover
from (valid-edge oy <kind o’ = Q":r'—pfs"
have CFG-node (sourcenode a’) —p— .,11 CFG-node (targetnode a’)
by (fastforce intro:SDG-call-edge)
moreover
from <(walid-edge ay have valid-SDG-node (CFG-node (sourcenode a’))
by simp

194



hence matched (CFG-node (sourcenode a’)) [| (CFG-node (sourcenode a'))
by (rule matched-Nil)

ultimately have matched (CFG-node (sourcenode a’))
(lQ(CFG-node (sourcenode a’))#(|CFG-node (targetnode a’)]|@nsz)Q[n'")

using «n” s—p—rper 'V 0" s—p: V=t 1 (parent-node n' = targetnode

<parent-node n'' = sourcenode a> (valid-edge a> <a € get-return-edges a’s
by (fastforce intro:matched-bracket-call dest:sum-SDG-edge-SDG-edge)
with <n = n’» <CFG-node (sourcenode a’) s—p— sym CFG-node (targetnode

<parent-node n’ = targetnode a»
show ?thesis by fastforce
next
case Cons
with (n is—ns—4% n’’y have n € set ns
by (induct rule:intra-sum-SDG-path-rev-induct) auto
from «n is—ns—4* n’» obtain ns’ where matched n ns’ n'’
and set ns C set ns' by(erule is-SDG-path-matched)
with «n € set ns) have n € set ns’ by fastforce
from <valid-SDG-node n»
have n = CFG-node (parent-node n) V CFG-node (parent-node n) — .4 n
by (rule valid-SDG-node-cases)
hence I nsz. CFG-node (parent-node n) i—nst—g* n
proof
assume n = CFG-node (parent-node n)
with <valid-SDG-node ny have CFG-node (parent-node n) i—[]—a4% n
by (fastforce intro:iSp-Nil)
thus ?thesis by blast
next
assume CFG-node (parent-node n) — .4 n
from <walid-SDG-node (CFG-node (parent-node n))»
have CFG-node (parent-node n) i—[]—q* CFG-node (parent-node n)
by (rule Sp-Nil)
with «CFG-node (parent-node n) — .4 n
have CFG-node (parent-node n) i—[|Q[CFG-node (parent-node n)|—gx n
by (fastforce intro:iSp-Append-cdep sum-SDG-edge-SDG-edge)
thus ?thesis by blast
qed
then obtain nsz’ where CFG-node (parent-node n) i—nsx'—q* n by blast
with «CFG-node (targetnode o) i—nsx— g% CFG-node (parent-node n))
have CFG-node (targetnode a') i—nszQnsz’'— 4% n
by —(rule intra-SDG-path-Append)
hence matched (CFG-node (targetnode a’)) (nszQnsz’) n
by (rule intra-SDG-path-matched)
with «matched n ns’ n'"
have matched (CFG-node (targetnode a’)) ((nszQnsz’)@Qns’) n'’
by (rule matched-Append)
moreover
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a)

from (walid-edge o'y <kind o’ = Q":r'—pfs"

have CFG-node (sourcenode a’) —p— .11 CFG-node (targetnode a’)
by (fastforce intro:SDG-call-edge)

moreover

from <(walid-edge ay have valid-SDG-node (CFG-node (sourcenode a'))
by simp

hence matched (CFG-node (sourcenode a')) [| (CFG-node (sourcenode a'))
by (rule matched-Nil)

ultimately have matched (CFG-node (sourcenode a’))
(Q(CFG-node (sourcenode a'))#((nsz@nsz")Qns")@Q[n"]) n’

using «n" s—p—rper 0’V 0" s—p: V=t 1 (parent-node n’ = targetnode

<parent-node n'' = sourcenode a> <valid-edge a'y <a € get-return-edges a’s
by (fastforce intro:matched-bracket-call dest:sum-SDG-edge-SDG-edge)
with «CFG-node (sourcenode a') s—p— sum CFG-node (targetnode a))
<parent-node n’ = targetnode ay <n € set ns"
show ?thesis by fastforce

qed
next
fix ms ms’ m m’ pz
assume ns = msQm#ms’ and n irs—ms—qx m

and m s—pr—rper m’'V (V. m s—pr: V-4 m') and m' is—ms'—gx n'’

from <ns = msQm#ms"» have length ms < length ns by simp
with TH n irs—ms—rgx m) <m s—pr—rpet m’ vV (A V. m s—pz:V— e m')

obtain mx msxz

with «matched mx msz m’> have matched mz (msxQ@Qmsz’) n

where matched mz msz m’ and n € set msx
and mz s—pz—sym CFG-node (parent-node m') by fastforce

from «m’ is—ms'— 4% n'"» obtain msz’ where matched m’' msz’ n'’

by —(erule is-SDG-path-matched)

1

by —(rule matched-Append)

from <m s—pr—rpor m’'V V. m s—pr:V—pyr m’)
have m —pz— e m'V 3 V. m —px:V— e m’)

by (auto intro:sum-SDG-edge-SDG-edge SDG-edge-sum-SDG-edge)

from «(m s—pr—pet m'V (3V. m s—pz: Vo, m')
have CFG-node (parent-node m) s—pz—ypoy CFG-node (parent-node m’)

by (fastforce elim:sum-SDG-edge.cases intro:sum-SDG-return-edge)

then obtain az Qr fr where valid-edge az and kind ax = Qr<>pgfr
and parent-node m = sourcenode ax and parent-node m’ = targetnode ax

by (fastforce elim:sum-SDG-edge.cases)

from <valid-edge ax) <kind ax = Qr<>pgfr> obtain az’ Qz' rz’ fsz’

where azr € get-return-edges az’ and valid-edge az’

and kind ax’ = Qu":rz'— pyfsz’

and CFG-node (sourcenode az') s—pr— sym CFG-node (targetnode ax)
by (erule return-edge-determines-call-and-sum-edge)

from <valid-edge ax"> <kind az’ = Qz":rz'—pyfsz”
have CFG-node (sourcenode ax') s—px— .45 CFG-node (targetnode az’)

by (fastforce intro:sum-SDG-call-edge)

from <mz s—pz— sym CFG-node (parent-node m')
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have valid-SDG-node mxz by (rule sum-SDG-edge-valid-SDG-node)
have Imsz'. CFG-node (targetnode a') cd—msz'"— 4% ma
proof(cases targetnode a’ = parent-node mzx)
case True
from «<wvalid-SDG-node mx»
have mz = CFG-node (parent-node mz) V CFG-node (parent-node mzx)
—7¢d MT
by (rule valid-SDG-node-cases)
thus ?thesis
proof
assume mz = CFG-node (parent-node mx)
with <wvalid-SDG-node mx> True
have CFG-node (targetnode a’) cd—[]—q% mx by (fastforce intro:cdSp-Nil)
thus ?thesis by blast
next
assume CFG-node (parent-node mz) — .4 mz
with <walid-edge a’y True[THEN sym]
have CFG-node (targetnode a') cd—[|Q[CFG-node (targetnode a')]—q* mz
by (fastforce intro:cdep-SDG-path.intros)
thus ?thesis by blast
qged
next
case Fulse
show ?thesis
proof(cases V ai. valid-edge ai N sourcenode ai = parent-node mz
— ai ¢ get-return-edges a’)
case True
{ assume parent-node mz = (-Exit-)
with «mz s—pz— sym CFG-node (parent-node m')»
obtain ai where valid-edge ai and sourcenode ai = (-Exit-)
by —(erule sum-SDG-edge.cases,auto)
hence Fulse by(rule Exit-source) }
hence parent-node mx # (-Exit-) by fastforce
from <walid-SDG-node mz» have valid-node (parent-node mz)
by (rule valid-SDG-CFG-node)
then obtain asz where (-Entry-) —asz— /* parent-node ma
by (fastforce intro: Entry-path)
then obtain asz’ where (-Entry-) —asz'— /x parent-node mx
and Va' € set asz’. intra-kind(kind o') V (3 Q 7 p fs. kind o' = Q:r—pfs)
by —(erule valid-Entry-path-ascending-path)
from «mz s—pz— sym CFG-node (parent-node m'))
obtain nsi where matched mz nsi (CFG-node (parent-node m'))
by —(erule sum-SDG-summary-edge-matched)
then obtain asi where parent-node ma —asi— gp+ parent-node m’
by (fastforce elim:matched-same-level-CFG-path)
hence get-proc (parent-node mz) = get-proc (parent-node m')
by (rule slp-get-proc)
from (m’ is—ms'—4* n'"> obtain nsi’ where matched m’ nsi’ n'’
by —(erule is-SDG-path-matched)
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then obtain asi’ where parent-node m’ —asi’— gy« parent-node n'’
by —(erule matched-same-level-CFG-path)
hence get-proc (parent-node m') = get-proc (parent-node n'’’)
by (rule slp-get-proc)
with «get-proc (parent-node mz) = get-proc (parent-node m’)
have get-proc (parent-node mz) = get-proc (parent-node n'") by simp
from <get-proc (parent-node n'’) = p»
«get-proc (parent-node mz) = get-proc (parent-node n'’)s
have get-proc (parent-node mx) = p by simp
have Jasz. targetnode a’ —asx— * parent-node mx
proof(cases Va' € set asx’. intra-kind(kind a’))
case True
with «(-Entry-) —asz'— % parent-node mz
have (-Entry-) —asz’'—,* parent-node mz
by (simp add:vp-def intra-path-def)
hence get-proc (-Entry-) = get-proc (parent-node mr)
by (rule intra-path-get-procs)
with <get-proc (parent-node mz) = p> have get-proc (-Entry-) = p
by simp
with «CFG-node (parent-node n'’) s—p— et CFG-node (parent-node n')
have Fulse
by —(erule sum-SDG-edge.cases,
auto intro: Main-no-return-source simp:get-proc-Entry)
thus ?thesis by simp
next
case Fulse
hence Ja’ € set asz’. — intra-kind (kind o’) by fastforce
then obtain ai as’ as’’ where asz’ = as'Qai#as’
and - intra-kind (kind i) and Va' € set as”. intra-kind (kind a”)
by (fastforce elim!:split-list-last-propE)
from (asx’ = as’Qai#tas’y «— intra-kind (kind ai)>
~Va' e set asz’. intra-kind(kind o') V (3Q 7 p fs. kind o' = Q:r—pfs)
obtain Qi ri pi fsi where kind ai = Qi:ri—p;fsi
and Va' € set as’. intra-kind(kind a’) V
(3Q rp fs. kind o’ = Q:r—pfs)
by auto
from ((-Entry-) —asz'— ,* parent-node mz> <asz’ = as'Qaiftas’
Na' € set as”. intra-kind (kind a’)
have valid-edge ai and targetnode ai —as'’—,* parent-node mz
by (auto intro:path-split simp:vp-def intra-path-def)
hence get-proc (targetnode ai) = get-proc (parent-node mx)
by —(rule intra-path-get-procs)
with <get-proc (parent-node mz) = p> <valid-edge ai
(kind ai = Qi:ri—p;fsi>
have [simpl:pi = p by(fastforce dest:get-proc-call)
from «<wvalid-edge ai> <valid-edge a’s
kind ai = Qi:ri—pfsiy kind o’ = Q"r'—pfs"
have targetnode ai = targetnode a’
by (fastforce intro:same-proc-call-unique-target)

198



with <targetnode ai —as’’—, * parent-node mx>
show ?thesis by fastforce
qed
then obtain asx where targetnode a’ —asz—,x parent-node mx by blast
from this valid-edge o’y <kind o’ = Q":r'—pfs"
<parent-node mz # (-Exit-)> <targetnode a’ # parent-node mz> True
obtain msi
where CFG-node(targetnode a’) cd—msi— g% CFG-node(parent-node mz)
by (fastforce elim!:in-proc-cdep-SDG-path)
from <walid-SDG-node mx»
have mz = CFG-node (parent-node mz) V CFG-node (parent-node mzx)
—7cd MT
by (rule valid-SDG-node-cases)
thus ?thesis
proof
assume mz = CFG-node (parent-node mx)
with «CFG-node(targetnode a’)cd—msi— gx CFG-node(parent-node mz)»
show ?thesis by fastforce
next
assume CFG-node (parent-node mz) — .4 mz
with «CFG-node(targetnode a’)cd—msi— g% CFG-node(parent-node mz)»
have CFG-node(targetnode a’) cd—msiQ[CFG-node(parent-node mx)]— g%

by (fastforce intro:cdSp-Append-cdep)
thus ?thesis by fastforce
ged
next
case Fulse
then obtain ai where valid-edge ai and sourcenode ai = parent-node mx
and ai € get-return-edges a’ by blast
with <valid-edge o'y <kind o’ = Q":r'—=pfs"
have CFG-node (targetnode a') — .4 CFG-node (parent-node mz)
by (auto intro:SDG-proc-entry-ezit-cdep)
with (valid-edge a’
have cd-path: CFG-node (targetnode a’) cd—[|Q[CFG-node (targetnode
a’)]—=gx
CFG-node (parent-node mx)
by (fastforce intro:cdSp-Append-cdep cdSp-Nil)
from <walid-SDG-node mx»
have mz = CFG-node (parent-node mz) V CFG-node (parent-node mx)
—%ed MT
by (rule valid-SDG-node-cases)
thus ?thesis
proof
assume mz = CFG-node (parent-node mz)
with cd-path show ?thesis by fastforce
next
assume CFG-node (parent-node mz) — .q mz
with cd-path have CFG-node (targetnode a’)
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cd—[CFG-node (targetnode a’)|Q[CFG-node (parent-node mx)|—q* mx
by (fastforce intro:cdSp-Append-cdep)
thus ?thesis by fastforce
qed
qged
qed
then obtain msz’’
where CFG-node (targetnode a’) cd—msz'"— 4% mz by blast
hence CFG-node (targetnode a') i—msz''— g% mx
by (rule cdep-SDG-path-intra-SDG-path)
with <valid-edge a’y
have matched (CFG-node (targetnode a’)) ([|[@Qmsz”) mz
by (fastforce intro:matched-Append-intra-SDG-path matched-Nil)
with «matched mxz (msx@Qmsz’) n'’
have matched (CFG-node (targetnode a’)) (msz''Q(msz@Qmsz’)) n’
by (fastforce intro:matched-Append)
with «valid-edge a’s < CFG-node (sourcenode o) s—p— 411 CFG-node (targetnode
a’)
" —p—=per 'V 0" —p: V= 0y <a € get-return-edges a’y
<parent-node n'' = sourcenode a> <parent-node n’ = targetnode a>
have matched (CFG-node (sourcenode a'))
([QCFG-node (sourcenode a')#(msz"’@Q(msz@Qmsz”))Q[n']) n'
by (fastforce intro:matched-bracket-call matched-Nil sum-SDG-edge-SD G-edge)
with «n € set mszy <CFG-node (sourcenode a') s—p— sym CFG-node (targetnode
a)
<parent-node n’ = targetnode a»
show ?thesis by fastforce
qed
qed
qed

lemma irs-SDG-path-realizable:
assumes n irs—ns—g*x n’ and n # n’
obtains ns’ where realizable (CFG-node (-Entry-)) ns’ n’ and n € set ns’
proof (atomize-elim)
from «n irs—ns—gx n’
have n = n’ Vv (I ns’. realizable (CFG-node (-Entry-)) ns’ n’ A n € set ns’)
proof (rule irs-SDG-path-split)
assume 7 is—ns—rg*x n’
show ?thesis
proof(cases ns = [])
case True
with <n is—ns—g*x n's have n = n’ by(fastforce elim:intra-sum-SDG-path.cases)
thus ?thesis by simp
next
case Fulse
with «n is—ns—4x n’» have n € set ns by(fastforce dest:is-SDG-path-hd)
from (n is—ns—4* n’> have valid-SDG-node n and valid-SDG-node n’
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by (rule is-SDG-path-valid-SDG-node)+
hence valid-node (parent-node n) by —(rule valid-SDG-CFG-node)
from <n is—ns—4x n’> obtain ns’ where matched n ns’ n’ and set ns C set
ns’
by (erule is-SDG-path-matched)
with «n € set ns» have n € set ns’ by fastforce
from <walid-node (parent-node n)»
show ?thesis
proof(cases parent-node n = (-Exit-))
case True
with <valid-SDG-node n)» have n = CFG-node (-FEit-)
by (rule valid-SDG-node-parent-Exit)
from ¢n is—ns—4* n’> obtain as where parent-node n —as— * parent-node

n

by —(erule is-SDG-path-intra- CFG-path)

with <n = CFG-node (-Exit-)> have parent-node n' = (-Ewxit-)
by (fastforce dest:path-Ezit-source simp:intra-path-def)

with (valid-SDG-node n’y have n’ = CFG-node (-Exit-)
by (rule valid-SDG-node-parent-Exit)

with «n = CFG-node (-Ezit-)) show ?thesis by simp

next

case Fulse

with (valid-SDG-node n»

obtain nsz where CFG-node (-Entry-) cc—nst—q* n
by (erule Entry-cc-SDG-path-to-inner-node)

hence realizable (CFG-node (-Entry-)) nsz n
by (rule cdep-SDG-path-realizable)

with «matched n ns’ n'

have realizable (CFG-node (-Entry-)) (nsz@Qns’) n’
by —(rule realizable- Append-matched)

with «n € set ns’» show ?thesis by fastforce

qed
qed
next

fix nsz nsz’ nx nx’ p
assume ns = nsztQna#nsz’ and n irs—nsr—gx nx
and nz s—p—rper nz’ V (V. nz s—p: V-, nz’) and nz’ is—nsz’—gx n’
from nz s—p—rper nz' V (V. nx s—p: V- nx’)
have CFG-node (parent-node nx) s—p—yet CFG-node (parent-node nz’)
by (fastforce elim:sum-SDG-edge.cases intro:sum-SDG-return-edge)
then obtain a @ f where valid-edge a and kind a = Q<pf
and parent-node nx = sourcenode a and parent-node nx’ = targetnode a
by (fastforce elim:sum-SDG-edge.cases)
from (walid-edge a) <kind a = Q<=pf> obtain o’ Q' r' fs’
where a € get-return-edges o’ and valid-edge o" and kind o’ = Q":r'—=pfs’
and CFG-node (sourcenode a') s—p— sym CFG-node (targetnode a)
by (erule return-edge-determines-call-and-sum-edge)
from <valid-edge oy <kind o’ = Q":r'—=pfs"
have CFG-node (sourcenode a’) s—p— .41 CFG-node (targetnode a’)
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by (fastforce intro:sum-SDG-call-edge)
from «n irs—nsz—rg* Ny <nxT S—p—rpet nx' V (A V. nz s—p: V=4 nz’)
obtain m ms where matched m ms nz’ and n € set ms
and m s—p—sym CFG-node (parent-node nz’)
by (fastforce elim:irs-SDG-path-matched)
from (nz’ is—nsz’—4* n’» obtain ms’ where matched nz’ ms’ n’
and set nsz’ C set ms’ by(erule is-SDG-path-matched)
with (matched m ms nz’s have matched m (msQms’) n’ by —(rule matched-Append)
from «m s—p—sym CFG-node (parent-node nz')» have valid-SDG-node m
by (rule sum-SDG-edge-valid-SDG-node)
hence wvalid-node (parent-node m) by (rule valid-SDG-CFG-node)
thus ?thesis
proof (cases parent-node m = (-Exit-))
case True
from «m s—p— sum CFG-node (parent-node nz')) obtain « where valid-edge

and sourcenode a = parent-node m
by (fastforce elim:sum-SDG-edge.cases)
with True have False by —(rule Exit-source,simp-all)
thus ?thesis by simp
next
case Fulse
with <valid-SDG-node m)»
obtain ms'’ where CFG-node (-Entry-) cc—ms''—q% m
by (erule Entry-cc-SDG-path-to-inner-node)
hence realizable (CFG-node (-Entry-)) ms' m
by (rule cdep-SDG-path-realizable)
with <matched m (msQms’) n'
have realizable (CFG-node (-Entry-)) (ms’'@Q(ms@Qms’)) n’
by —(rule realizable- Append-matched)
with <n € set ms» show ?thesis by fastforce
qed
qed
with «<n # n’y show I ns’. realizable (CFG-node (-Entry-)) ns’ n' A n € set ns’
by simp
qed

end

end

1.9 Horwitz-Reps-Binkley Slice

theory HRBSlice imports SDG begin

context SDG begin

202



1.9.1 Set describing phase 1 of the two-phase slicer

inductive-set sum-SDG-slicel :: 'node SDG-node = 'node SDG-node set
for n::'node SDG-node
where refl-slicel :valid-SDG-node n => n € sum-SDG-slicel n
| cdep-slicel :
[n" s—q n's n' € sum-SDG-slicel n] = n'’ € sum-SDG-slicel n
| ddep-slicel:
[n" s=V—4q n; n' € sum-SDG-slicel n] = n'" € sum-SDG-slicel n
| call-slicel:
[n" s—p—equ n's n' € sum-SDG-slicel n] = n'' € sum-SDG-slicel n
| param-in-slicel:
[n" s—p: V=, n; n' € sum-SDG-slicel n] = n'' € sum-SDG-slicel n
| sum-slicel:
[n"" s—p—sum n'; n’ € sum-SDG-slicel n] = n'"' € sum-SDG-slicel n

lemma slicel-cdep-slicel:

[nz € sum-SDG-slicel n; n s—.q n'] = nz € sum-SDG-slicel n'
by (induct rule:sum-SDG-slicel .induct,

auto intro:sum-SDG-slicel .intros sum-SDG-edge-valid-SDG-node)

lemma slicel-ddep-slicel:

[nz € sum-SDG-slicel n; n s—V—4q n'] = nz € sum-SDG-slicel n’
by (induct rule:sum-SDG-slicel .induct,

auto intro:sum-SDG-slicel .intros sum-SDG-edge-valid-SDG-node)

lemma slicel-sum-slicel:

[nz € sum-SDG-slicel n; n s—p—rsym n'] = nz € sum-SDG-slicel n’
by (induct rule:sum-SDG-slicel .induct,

auto intro:sum-SDG-slicel .intros sum-SDG-edge-valid-SDG-node)

lemma slicel-call-slicel:

[nz € sum-SDG-slicel n; n s—p—pq 7'] = nz € sum-SDG-slicel n'
by (induct rule:sum-SDG-slicel .induct,

auto intro:sum-SDG-slicel .intros sum-SDG-edge-valid-SDG-node)

lemma slicel-param-in-slicel:

[nz € sum-SDG-slicel n; n s—p:V—4, n'] = nx € sum-SDG-slicel n’
by (induct rule:sum-SDG-slicel .induct,

auto intro:sum-SDG-slicel .intros sum-SDG-edge-valid-SDG-node)

lemma is-SDG-path-slicel:

[n is—ns—ax n'; n’ € sum-SDG-slicel n'] = n € sum-SDG-slicel n"
proof (induct rule:intra-sum-SDG-path.induct)

case isSp-Nil thus ?case by simp
next

case (isSp-Append-cdep n ns nx n')

note [H = «nx € sum-SDG-slicel n” = n € sum-SDG-slicel n'"
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from <nz s— g n"» <n’ € sum-SDG-slicel n'"»
have nz € sum-SDG-slicel n'' by(rule cdep-slicel)
from IH[OF this] show Zcase .
next
case (isSp-Append-ddep n ns nx 'V n’)
note IH = «<nz € sum-SDG-slicel n'' = n € sum-SDG-slicel n'’
from nz s—V—4q n’> <n’ € sum-SDG-slicel n'"
have nz € sum-SDG-slicel n'' by(rule ddep-slicel)
from [H[OF this| show ?case .
next
case (isSp-Append-sum n ns nx p n’)
note [H = <nz € sum-SDG-slicel n'' = n € sum-SDG-slicel n'’s
from <nz s—p—sym n" «n’ € sum-SDG-slicel n'"
have nz € sum-SDG-slicel n'' by(rule sum-slicel)
from IH[OF this] show Zcase .
qed

1.9.2 Set describing phase 2 of the two-phase slicer

inductive-set sum-SDG-slice2 :: 'node SDG-node = 'node SDG-node set
for n::'node SDG-node
where refi-slice2:valid-SDG-node n = n € sum-SDG-slice2 n
| cdep-slice2:
[n" s— g n's n' € sum-SDG-slice2 n] = n'’ € sum-SDG-slice2 n
| ddep-slice2:
[n"" s— V=44 n'; n' € sum-SDG-slice2 n] = n'"' € sum-SDG-slice2 n
| return-slice2:
[n"" s—p—pet n'; n' € sum-SDG-slice2 n] = n’’ € sum-SDG-slice2 n
| param-out-slice2:
[n"" s—p:V—out n's n' € sum-SDG-slice2 n] = n'' € sum-SDG-slice2 n
| sum-slice2:
[n"" s—p—sum n'; n’ € sum-SDG-slice2 n] = n'' € sum-SDG-slice2 n

lemma slice2-cdep-slice2:

[nz € sum-SDG-slice2 n; n s— g n'] = nz € sum-SDG-slice2 n’
by (induct rule:sum-SDG-slice2.induct,

auto intro:sum-SDG-slice2.intros sum-SDG-edge-valid-SDG-node)

lemma slice2-ddep-slice2:

[nz € sum-SDG-slice2 n; n s—V—44 n'] = nx € sum-SDG-slice2 n’
by (induct rule:sum-SDG-slice2.induct,

auto intro:sum-SDG-slice2.intros sum-SDG-edge-valid-SDG-node)

lemma slice2-sum-slice2:

[nz € sum-SDG-slice2 n; n s—p—rsym n'] = nx € sum-SDG-slice2 n’
by (induct rule:sum-SDG-slice2.induct,

auto intro:sum-SDG-slice2.intros sum-SDG-edge-valid-SDG-node)
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lemma slice2-ret-slice2:

[nz € sum-SDG-slice2 n; n s—p—rpet n'] = nx € sum-SDG-slice2 n'
by (induct rule:sum-SDG-slice2.induct,

auto intro:sum-SDG-slice2.intros sum-SDG-edge-valid-SDG-node)

lemma slice2-param-out-slice2:

[nz € sum-SDG-slice2 n; n s—p:V— gyt n'] = nz € sum-SDG-slice2 n’
by (induct rule:sum-SDG-slice2.induct,

auto intro:sum-SDG-slice2.intros sum-SDG-edge-valid-SDG-node)

lemma is-SDG-path-slice2:
[n is—ns—qax n'; n’ € sum-SDG-slice2 n'] = n € sum-SDG-slice2 n"
proof (induct rule:intra-sum-SDG-path.induct)
case isSp-Nil thus ?case by simp
next
case (isSp-Append-cdep n ns nx n')
note [H = «nx € sum-SDG-slice2 n” = n € sum-SDG-slice2 n'"
from (nz s— .4y n’» «<n' € sum-SDG-slice2 n""»
have nz € sum-SDG-slice2 n' by (rule cdep-slice2)
from IH[OF this] show ?case .
next
case (isSp-Append-ddep n ns nx 'V n’)
note [H = «nx € sum-SDG-slice2 n” = n € sum-SDG-slice2 n'"
from (nz s—V—=44 n <n' € sum-SDG-slice2 n'"»
have nz € sum-SDG-slice2 n' by (rule ddep-slice?2)
from IH[OF this] show ?case .
next
case (isSp-Append-sum n ns nx p n’)
note [H = «nx € sum-SDG-slice2 n” => n € sum-SDG-slice2 n'"
from (nz s—p—rgym n"» «n’ € sum-SDG-slice2 n'’y
have nz € sum-SDG-slice2 n'’ by (rule sum-slice2)
from [H[OF this| show ?case .
qed

lemma slice2-is-SDG-path-slice2:

[n is—ns—a* n'; n'' € sum-SDG-slice2 n] = n"" € sum-SDG-slice2 n’
proof (induct rule:intra-sum-SDG-path.induct)

case sSp-Nil thus ?case by simp
next

case (isSp-Append-cdep n ns nx n')

from «n’' € sum-SDG-slice2 n = n'' € sum-SDG-slice2 nz) <n'' € sum-SDG-slice2
n

have n'' € sum-SDG-slice2 nz .

with «nz s— .4 n"» show %case by —(rule slice2-cdep-slice2)
next

case (isSp-Append-ddep n ns nx 'V n’)
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from «n”’ € sum-SDG-slice2 n = n'"' € sum-SDG-slice2 nx» «<n'' € sum-SDG-slice2
n»

have n'' € sum-SDG-slice2 nx .

with nz s—V—44 n’» show ?case by —(rule slice2-ddep-slice2)
next

case (isSp-Append-sum n ns nx p n’)

from «n" € sum-SDG-slice2 n = n'"’ € sum-SDG-slice2 nx) «n'' € sum-SDG-slice2
ny

have n" € sum-SDG-slice2 nx .

with <nz s—p—sum n'> show ?case by —(rule slice2-sum-slice2)
qged

1.9.3 The backward slice using the Horwitz-Reps-Binkley
slicer

Note: our slicing criterion is a set of nodes, not a unique node.

inductive-set combine-SDG-slices :: 'node SDG-node set = 'node SDG-node set
for S::'node SDG-node set
where combSlice-refi:n € S = n € combine-SDG-slices S
| combSlice-Return-parent-node:
[n" € S; n" s—p—ypet CFG-node (parent-node n'); n € sum-SDG-slice2 n'|
= n € combine-SDG-slices S

definition HRB-slice :: 'node SDG-node set = 'mode SDG-node set
where HRB-slice S = {n’. 3n € S. n’ € combine-SDG-slices (sum-SDG-slicel

n)}

lemma HRB-slice-cases[consumes 1,case-names phasel phase2]:
[x € HRB-slice S; An nz. [n € sum-SDG-slicel nx; nz € S] = P n;
Anzn’ n” pn. [n € sum-SDG-slicel nz; n'' s—p— ey CFG-node (parent-node
n’);
n € sum-SDG-slice2 n'; nx € S| = P n]
— Pz
by (fastforce elim:combine-SDG-slices.cases simp: HRB-slice-def)

lemma HRB-slice-ref:
assumes valid-node m and CFG-node m € S shows CFG-node m € HRB-slice
S
proof —
from <wvalid-node m» have CFG-node m € sum-SDG-slicel (CFG-node m)
by (fastforce intro:refi-slicel)
with «CFG-node m € S» show ?thesis
by (simp add: HRB-slice-def)(blast intro:combSlice-refl)
qed
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lemma HRB-slice-valid-node: n € HRB-slice S = wvalid-SDG-node n
proof (induct rule: HR B-slice-cases)

case (phasel n nz) thus ?case

by (induct rule:sum-SDG-slicel .induct,auto intro:sum-SDG-edge-valid-SDG-node)
next

case (phase2 nzx n’ n'’ p n)

from «n € sum-SDG-slice2 n'»

show ?Zcase

by (induct rule:sum-SDG-slice2.induct,auto intro:sum-SDG-edge-valid-SDG-node)
qged

lemma valid-SD G-node-in-slice-parent-node-in-slice:
assumes n € HRB-slice S shows CFG-node (parent-node n) € HRB-slice S
proof —
from «n € HRB-slice S» have valid-SDG-node n by (rule HRB-slice-valid-node)
hence n = CFG-node (parent-node n) V CFG-node (parent-node n) — .4 n
by (rule valid-SDG-node-cases)
thus ?thesis
proof
assume n = CFG-node (parent-node n)
with «n € HRB-slice Sy show ?thesis by simp
next
assume CFG-node (parent-node n) —> .4 n
hence CFG-node (parent-node n) s— .4 n by(rule SDG-edge-sum-SDG-edge)
with «<n € HRB-slice S» show ?thesis
by (fastforce elim:combine-SDG-slices.cases
intro:combine-SDG-slices.intros cdep-slicel cdep-slice2
simp: HR B-slice-def)
qed
qed

lemma HRB-slice-is-SDG-path-HRB-slice:
[n is—ns—a% n’; n”" € HRB-slice {n}; n’ € S§] = n'’ € HRB-slice S
proof (induct arbitrary:S rule:intra-sum-SDG-path.induct)
case (isSp-Nil n) thus ?case by(fastforce simp: HRB-slice-def)
next
case (isSp-Append-cdep n ns nz n’)
note IH = <A\S. [n" € HRB-slice {n}; nx € S] = n'’ € HRB-slice S)
from [H[OF «n'" € HRB-slice {n})] have n’ € HRB-slice {nxz} by simp
thus “case
proof (induct rule: HRB-slice-cases)
case (phasel n nz')
from «nz’ € {nz}» have nz’ = nz by simp
with <n € sum-SDG-slicel nz’y <nx s— .4 n"» have n € sum-SDG-slicel n’
by (fastforce intro:slice1-cdep-slicel )
with «n’ € S» show ?case
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by (fastforce intro:combine-SDG-slices.combSlice-refl simp: HRB-slice-def)
next
case (phase2 nz'' nz’' n'' p n)
from «nz'’ € {nz}» have nz' = nz by simp
with «nz’ € sum-SDG-slicel nz'"y <nz s— .4 n"» have nz’ € sum-SDG-slicel
n/
by (fastforce intro:slice1-cdep-slicel )
with <n’ s—p—,e; CFG-node (parent-node nz')y <n € sum-SDG-slice2 nz' «n’
e s

show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node

stmp: HR B-slice-def)
qed
next
case (isSp-Append-ddep n ns nz 'V n’)
note IH = «(\S. [n" € HRB-slice {n}; nz € S| = n'’ € HRB-slice S»
from [H[OF «n'' € HRB-slice {n})] have n’’ € HRB-slice {nz} by simp
thus ?case
proof (induct rule: HRB-slice-cases)
case (phasel n nz’)
from «nz’ € {nz}» have nz’ = nz by simp
with «n € sum-SDG-slicel nx’y <nx s—V—44 n’> have n € sum-SDG-slicel n’
by (fastforce intro:slice1-ddep-slicel)
with «n’ € S» show ?case
by (fastforce intro:combine-SDG-slices.combSlice-refl simp: HRB-slice-def)
next
case (phase2 nz'' nz’ n' p n)
from «nz'"’ € {nz}» have nz' = nz by simp
with «nz’ € sum-SDG-slicel nz'"y <nx s—V—44 n’» have nz’ € sum-SDG-slicel
n/
by (fastforce intro:slice1-ddep-slicel )
with <n'" s—p—e; CFG-node (parent-node nz')y <n € sum-SDG-slice2 nz's «n
e S
show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node

/

stmp: HR B-slice-def)
qged
next
case (isSp-Append-sum n ns nx p n’)
note IH = <A\S. [n" € HRB-slice {n}; nx € S] = n'’ € HRB-slice S)
from [H[OF «n'" € HRB-slice {n})] have n’ € HRB-slice {nxz} by simp
thus ?case
proof (induct rule: HRB-slice-cases)
case (phasel n nz’)
from «nz’ € {nz}> have nz’ = nz by simp
with <n € sum-SDG-slicel nz'y <nx s—p—sym n"» have n € sum-SDG-slicel
n/
by (fastforce intro:slicel-sum-slicel)
with «n’ € S» show ?case
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by (fastforce intro:combine-SDG-slices.combSlice-refl simp: HRB-slice-def)
next
case (phase2 nz'' nz' n'' p’ n)
from «nz'’ € {nz}» have nz' = nz by simp
with «nz’ € sum-SDG-slicel nz'"y (nx s—p— gym n’» have nz’ € sum-SDG-slicel
n/
by (fastforce intro:slicel-sum-slicel)
with <n’" s—p'— s CFG-node (parent-node nz')y <n € sum-SDG-slice2 nz's
n' € S»
show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node

stmp: HR B-slice-def)
qed
qed

lemma call-return-nodes-in-slice:
assumes valid-edge a and kind a = Q«pf
and valid-edge o’ and kind o’ = Q":r'—=pfs’ and a € get-return-edges a’
and CFG-node (targetnode a) € HRB-slice S
shows CFG-node (sourcenode a) € HRB-slice S
and CFG-node (sourcenode a') € HRB-slice S
and CFG-node (targetnode o’) € HRB-slice S
proof —
from <valid-edge o'y <kind o’ = Q":r'—=pfs" <a € get-return-edges a”
have CFG-node (sourcenode a') s—p— sum CFG-node (targetnode a)
by (fastforce intro:sum-SDG-call-summary-edge)
with <CFG-node (targetnode a) € HRB-slice S»
show CFG-node (sourcenode a') € HRB-slice S
by (fastforce elim!:combine-SDG-slices.cases
intro:combine-SDG-slices.intros sum-slicel sum-slice2
simp: HR B-slice-def)
from (CFG-node (targetnode a) € HRB-slice S»
obtain n. where CFG-node (targetnode a) € combine-SDG-slices (sum-SDG-slicel
ne)
and n. € S
by (simp add: HRB-slice-def) blast
thus CFG-node (sourcenode a) € HRB-slice S
proof (induct CFG-node (targetnode a) rule:combine-SDG-slices.induct)
case combSlice-refl
from <wvalid-edge a> <kind a = Q«pf>
have CFG-node (sourcenode a) s—p—spet CFG-node (targetnode a)
by (fastforce intro:sum-SDG-return-edge)
with <valid-edge a»
have CFG-node (sourcenode a) € sum-SDG-slice2 (CFG-node (targetnode a))
by (fastforce intro:sum-SDG-slice2.intros)
with <CFG-node (targetnode a) € sum-SDG-slicel ne» <n. € S»
«CFG-node (sourcenode a) s—p—yper CFG-node (targetnode a)»
show ?case by (fastforce intro:combSlice- Return-parent-node simp: HR B-slice-def)
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next
case (combSlice-Return-parent-node n' n'" p’)
from <valid-edge a> <kind a = Q«pf>
have CFG-node (sourcenode a) s—p—spet CFG-node (targetnode a)
by (fastforce intro:sum-SDG-return-edge)
with «CFG-node (targetnode a) € sum-SDG-slice2 n'y
have CFG-node (sourcenode a) € sum-SDG-slice2 n’
by (fastforce intro:sum-SDG-slice2.intros)
with «n’ € sum-SDG-slicel ney <n' s—p'—per CFG-node (parent-node n')y <n.
e s
show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node

stmp: HR B-slice-def)
qed
from «valid-edge o'y <kind o’ = Q":r'—=pfs" <a € get-return-edges a”
have CFG-node (targetnode a’) s— .4 CFG-node (sourcenode a)
by (fastforce intro:sum-SDG-proc-entry-exit-cdep)
with «CFG-node (sourcenode a) € HRB-slice Sy <n. € S»
show CFG-node (targetnode ') € HRB-slice S
by (fastforce elim!:combine-SDG-slices.cases
intro:combine-SDG-slices.intros cdep-slicel cdep-slice2
simp: HR B-slice-def)
qed

1.9.4 Proof of Precision

lemma in-intra-SDG-path-in-slice2:
[n i—ns—qx n'; n'' € set ns] = n"’ € sum-SDG-slice2 n’
proof (induct rule:intra-SDG-path.induct)
case iSp-Nil thus ?case by simp
next
case (iSp-Append-cdep n ns nz n’)
note IH = «n"' € set ns = n'' € sum-SDG-slice2 nx»
from «n'’ € set (ns@Q[nz])» have n”’ € set ns V n'’ = nz by auto
thus ?case
proof
assume n’’ € set ns
from IH[OF this] have n'’ € sum-SDG-slice2 nxz by simp
with <nz — .4 n’» show ?Zthesis
by (fastforce intro:slice2-cdep-slice2 SDG-edge-sum-SDG-edge)
next
assume n'' = nz
from (nz — .4 n» have valid-SDG-node n' by (rule SDG-edge-valid-SDG-node)
hence n' € sum-SDG-slice2 n’ by (rule refl-slice2)
with <nz — .4 n» have nz € sum-SDG-slice2 n’
by (fastforce intro:cdep-slice2 SDG-edge-sum-SDG-edge)
with «n” = nz)» show ?thesis by simp
qed
next
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case (iSp-Append-ddep n ns nx 'V n’)
note [H = «n"' € set ns = n'' € sum-SDG-slice2 nx»
from «n'’ € set (ns@[nz])) have n”’ € set ns V n’' = nz by auto
thus ?case
proof
assume n'’ € set ns
from [H[OF this] have n' € sum-SDG-slice2 nx by simp
with (nx —V—44 n"> show ?2thesis
by (fastforce intro:slice2-ddep-slice2 SDG-edge-sum-SDG-edge)
next
assume n'' = nx
from (nz —V—44 n"» have valid-SDG-node n' by (rule SDG-edge-valid-SDG-node)
hence n' € sum-SDG-slice2 n’ by (rule refl-slice2)
with (nz —V—44 n”» have nz € sum-SDG-slice2 n'
by (fastforce intro:ddep-slice2 SDG-edge-sum-SDG-edge)
with «n’ = nz> show ?thesis by simp
qed
qed

lemma in-intra-SDG-path-in-HRB-slice:
[n i—ns—qx n'; n'’ € set ns; n' € S| = n'’ € HRB-slice S
proof (induct arbitrary:S rule:intra-SDG-path.induct)
case iSp-Nil thus ?case by simp
next
case (iSp-Append-cdep n ns nx n’)
note IH = «A\S. [n" € set ns; nx € S] = n’” € HRB-slice S»
from «n'"' € set (nsQ[nz])) have n”’ € set ns V n'' = nz by auto
thus ?case
proof
assume n'’ € set ns
from IH[OF «n' € set ns)] have n’’ € HRB-slice {nz} by simp
from this <nx — .4 n» «n’ € S» show Zcase
by (fastforce elim: HRB-slice-cases slicel-cdep-slicel
intro:bezl[where z=n'] combine-SDG-slices.intros SDG-edge-sum-SDG-edge

simp: HR B-slice-def)
next
assume n’' = nz
from (nz — .4 n» have valid-SDG-node n’ by (rule SDG-edge-valid-SDG-node)
hence n' € sum-SDG-slicel n’ by(rule refl-slicel)
with <nz — .4 n» have nz € sum-SDG-slicel n’
by (fastforce intro:cdep-slicel SDG-edge-sum-SDG-edge)
with «n' = nzy <n’ € S» show ?case
by (fastforce intro:combSlice-refl simp: HRB-slice-def)
qed
next
case (iSp-Append-ddep n ns nx V n’)
note IH = «\S. [n" € set ns; nx € S] = n'’ € HRB-slice S
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from «n'"' € set (nsQ[nz])) have n”’ € set ns V n'' = nz by auto
thus Zcase
proof
assume n’’ € set ns
from IH[OF «n'"" € set ns)] have n” € HRB-slice {nz} by simp
from this <nx —V—44 n"» <n’ € S) show ?case
by (fastforce elim: HRB-slice-cases slicel-ddep-slicel
intro:bezI [where z=n'] combine-SDG-slices.intros SDG-edge-sum-SDG-edge

simp: HR B-slice-def)
next
assume n’' = nz
from «nz — V—44 n'» have valid-SDG-node n’ by (rule SDG-edge-valid-SDG-node)
hence n' € sum-SDG-slicel n’ by(rule refl-slicel)
with (nz —V—=44 n"» have nz € sum-SDG-slicel n'
by (fastforce intro:ddep-slicel SDG-edge-sum-SDG-edge)
with «n” = nxy <n’ € S) show ?case
by (fastforce intro:combSlice-refl simp: HR B-slice-def)
qed
qed

lemma in-matched-in-slice2:
[matched n ns n'; n'' € set ns] = n' € sum-SDG-slice2 n’
proof (induct rule:matched.induct)
case matched-Nil thus ?case by simp
next
case (matched-Append-intra-SDG-path n ns nx ns’ n’')
note [H = «n"' € set ns = n'' € sum-SDG-slice2 nx»
from «n'’ € set (ns@Qns’)> have n'’ € set ns V n'’ € set ns’ by simp
thus ?case
proof
assume n'’ € set ns
from IH[OF this] have n'’ € sum-SDG-slice2 nx .
with (nz i—ns'— 4% n'» show ?2thesis
by (fastforce intro:slice2-is-SDG-path-slice2
intra-SDG-path-is-SDG-path)
next
assume n'’ € set ns’
with «nz i—ns’—4x n’s show ?case by(rule in-intra-SDG-path-in-slice2)
qed
next
case (matched-bracket-call ng ns ny p na ns’ ng ng Va a')
note IH! = «n"’ € set ns = n'’ € sum-SDG-slice2 ny»
note IH2 = «n'' € set ns’ = n'’ € sum-SDG-slice2 ns3»
from <ny —p— 4y N2> (matched na ns' n3y <ng —p—rper N V N3 —p: V—r oy N4

<a’ € get-return-edges a> <valid-edge a>
<sourcenode a = parent-node ny» <targetnode a = parent-node ny»
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<sourcenode a’ = parent-node ng> <targetnode a’ = parent-node ny»
have matched ny ([|Qni#ns'Q[n3]) ny
by (fastforce intro:matched.matched-bracket-call matched-Nil
elim:SDG-edge-valid-SDG-node)
then obtain nsx where n; is—nsz— g* ny by(erule matched-is-SDG-path)
from «n'"' € set (ns@Qny#ns'@Q[ng])>
have ((n" € set ns V n' = n1) V n' € set ns’) V n'' = n3 by auto
thus ?case apply —
proof (erule disjF)+
assume n'’ € set ns
from IH1[OF this] have n'" € sum-SDG-slice2 ny .
with (ny is—nsz—4* ng> show ?2thesis
by —(rule slice2-is-SDG-path-slice2)
next
assume n'' = n;
from <n; is—nsz—g* ny> have n; € sum-SDG-slice2 ny
by (fastforce intro:is-SDG-path-slice2 refl-slice2 is-SDG-path-valid-SDG-node)
with «n'' = ny» show %thesis by (fastforce intro:combSlice-refl simp: HRB-slice-def)
next
assume n’’ € set ns’
from IH2[OF this] have n'" € sum-SDG-slice2 ns .
with (ng —p—rpet 14 V n3 —p: V— gyt na> show ?thesis
by (fastforce intro:slice2-ret-slice2 slice2-param-out-slice2
SDG-edge-sum-SDG-edge)
next
assume n'’ = n3
from (ng —p—per Na V ng —p: V=4t na> have ng s—p—pep ng V ng s—p: V=t
Ty
by (fastforce intro:SDG-edge-sum-SDG-edge)
hence ns € sum-SDG-slice2 ny
by (fastforce intro:return-slice2 param-out-slice2 refi-slice2
sum-SDG-edge-valid-SDG-node)
with «n” = n3» show ?thesis by simp
qed
next
case (matched-bracket-param ng ns ny p Vng ns’ ng V' nyg a a’)
note [HI = «n" € set ns = n'"’ € sum-SDG-slice2 ny»
note IH2 = «n" € set ns'’ = n’’ € sum-SDG-slice2 n3»
from ny —p: V—y, no <matched ny ns’ ngy <ng —p: V'— gyt nad
<a’ € get-return-edges a> <valid-edge a»
<sourcenode a = parent-node ni> <targetnode a = parent-node ns»
<sourcenode a’' = parent-node n3> (targetnode a’ = parent-node ny»
have matched ny ([|Qni#ns’'Q[ns]) ny
by (fastforce intro:matched.matched-bracket-param matched-Nil
elim:SDG-edge-valid-SDG-node)
then obtain nsz where ny is—nsz— 4% ng by(erule matched-is-SDG-path)
from «n'' € set (ns@Qny#ns'@Q[ns])>
have ((n'' € set ns V n' = ny) V n' € set ns’) V n'' = n3 by auto
thus ?case apply —
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proof(erule disjE)+
assume n’’ € set ns
from IH1[OF this] have n'" € sum-SDG-slice2 ny .
with (ny is—nsx—4* ng> show ?2thesis
by —(rule slice2-is-SDG-path-slice2)
next
assume n'' = n;
from «n; is—nsx—g* ng> have n; € sum-SDG-slice2 ny
by (fastforce intro:is-SDG-path-slice2 refi-slice2 is-SDG-path-valid-SDG-node)
with «n’" = ny» show ?thesis by (fastforce intro:combSlice-refl simp: HRB-slice-def)
next
assume n'’ € set ns’
from IH2[OF this] have n'" € sum-SDG-slice2 ng .
with <n3 —p: V'— .t ny> show ?thesis
by (fastforce intro:slice2-param-out-slice2 SDG-edge-sum-SDG-edge)
next
assume n'' = n3
from <ng —p: V'— ¢ na» have ng s—p: V'— 44 n4 by (rule SDG-edge-sum-SDG-edge)
hence ns € sum-SDG-slice2 ny
by (fastforce intro:param-out-slice2 refl-slice2 sum-SDG-edge-valid-SDG-node)
with «n’/ = n3» show ?thesis by simp
qed
qed

lemma in-matched-in-HRB-slice:
[matched n ns n'; n'' € set ns; n’ € S] = n’’ € HRB-slice S
proof (induct arbitrary:S rule:matched.induct)
case matched-Nil thus ?case by simp
next
case (matched-Append-intra-SDG-path n ns nz ns’ n’)
note IH = <\S. [n"" € set ns; nx € S| = n'" € HRB-slice S»
from «n'"’ € set (ns@Qns’)> have n'’ € set ns V n'’ € set ns’ by simp
thus ?case
proof
assume n'’ € set ns
from TH[OF «n'"" € set ns)] have n” € HRB-slice {nz} by simp
with (nz i—ns’—4*x n’» <n’ € S)» show ?thesis
by (fastforce intro: HR B-slice-is-SDG-path- HR B-slice
intra-SDG-path-is-SDG-path)
next
assume n’’ € set ns’
with (nz i—ns’—4*x n’» <n’ € ) show ?case
by (fastforce intro:in-intra-SDG-path-in-HRB-slice simp: HRB-slice-def)
qed
next
case (matched-bracket-call ng ns ny p na ns’ ng ng Va a’)
note IH1 = «\S. [n"" € set ns; ny € S| = n'’ € HRB-slice S»
note IH2 = <\S. [n"' € set ns’; ng € S] = n'" € HRB-slice S
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from <ny —p— .4y N2> <matched ny ns' n3y <ng —p—rper na V N3 —p: V—r oyt N4

<a’ € get-return-edges a> <valid-edge a>
<sourcenode a = parent-node ni> <targetnode a = parent-node ns»
<sourcenode a’' = parent-node n3> (targetnode a’ = parent-node ny»
have matched ny ([|Qni#ns’@Q[ns]) ng
by (fastforce intro:matched.matched-bracket-call matched-Nil
elim:SDG-edge-valid-SDG-node)
then obtain nsz where n; is—nsz— g% ny by(erule matched-is-SDG-path)
from «n'' € set (ns@Qny#ns'@Q[ns])>
have ((n'" € set ns V n' = ny) V n' € set ns’) Vv n'' = n3 by auto
thus ?case apply —
proof(erule disjE)+
assume n'’ € set ns
from IHI[OF this| have n'” € HRB-slice {n1} by simp
with <ny is—nsz—g* ny <ny € S» show ?2thesis
by —(rule HRB-slice-is-SDG-path-HR B-slice)
next
assume n'' = n;
from <«ny is—nsx—4* ng> have n; € sum-SDG-slicel ny
by (fastforce intro:is-SDG-path-slicel refi-slicel is-SDG-path-valid-SDG-node)
with «n” = ny» <ny € S> show ?Zthesis
by (fastforce intro:combSlice-refl simp: HR B-slice-def)
next
assume n’’ € set ns’
with (matched ny ns’ n3» have n'’ € sum-SDG-slice2 ns
by (rule in-matched-in-slice2)
with (ng —p—et 14 V ng —p: V=4t na» have n'’ € sum-SDG-slice2 ny
by (fastforce intro:slice2-ret-slice2 slice2-param-out-slice2
SDG-edge-sum-SDG-edge)
from <ng —p—pet N4 V ng —p:V— oy na» have valid-SDG-node ny
by (fastforce intro:SDG-edge-valid-SDG-node)
hence n4 € sum-SDG-slicel ny by (rule refl-slicel)
from <nzg —p—rpet N4 V n3 —p: V= nad
have CFG-node (parent-node ng) —p—ret CFG-node (parent-node ny)
by (fastforce elim:SDG-edge.cases intro:SDG-return-edge)
with (n”’ € sum-SDG-slice2 ny> <ng € sum-SDG-slicel ny> <ng € S»
show ?case by (fastforce intro:combSlice- Return-parent-node SDG-edge-sum-SDG-edge

stmp: HR B-slice-def)
next

assume n'' = n3
from <ng —p—rpet N4 V n3 —p: V=54t nad
have CFG-node (parent-node ng) —p—ret CFG-node (parent-node ny)

by (fastforce elim:SDG-edge.cases intro:SDG-return-edge)
from «ng —p—rper N4 V N3 —p:V— oyt e have valid-SDG-node ny

by (fastforce intro:SDG-edge-valid-SDG-node)
hence n4 € sum-SDG-slicel ny by (rule refl-slicel)
from <walid-SDG-node ny> have ny € sum-SDG-slice2 ny by(rule refl-slice2)
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with <ng —p—pet 14 V n3 —p: V=4t na> have ng € sum-SDG-slice2 ny
by (fastforce intro:return-slice2 param-out-slice2 SDG-edge-sum-SDG-edge)
with <ng € sum-SDG-slicel ny»
«CFG-node (parent-node n3) —p—pet CFG-node (parent-node ny)> <n' = ns»
ng € 5
show ?case by (fastforce intro:combSlice- Return-parent-node SDG-edge-sum-SDG-edge
sitmp: HR B-slice-def)
qed
next
case (matched-bracket-param ng ns ny p Vs ns’ ng V' ng a a’)
note IHI = «A\S. [n" € set ns; nq € S| = n’’ € HRB-slice S»
note IH2 = <A\S. [n"' € set ns’; ng € S] = n'"’ € HRB-slice S
from (ny —p: V—;, noy <matched ny ns’ ngy <nz —p: V'—= oyt nad
<a’ € get-return-edges a> <valid-edge a>
<sourcenode a = parent-node ni> <targetnode a = parent-node ns»
<sourcenode a’' = parent-node n3> (targetnode a’ = parent-node ny»
have matched ny ([|Qni#ns’@Q[ng]) ng
by (fastforce intro:matched.matched-bracket-param matched-Nil
elim:SDG-edge-valid-SDG-node)
then obtain nsz where n; is—nsz— g% ny by(erule matched-is-SDG-path)
from «n'' € set (ns@Qny#ns'@Q[ns])>
have ((n"" € set ns V n' = ny) V n' € set ns’) Vv n'' = n3 by auto
thus ?case apply —
proof(erule disjE)+
assume n'’ € set ns
from IHI[OF this| have n'” € HRB-slice {n1} by simp
with <nqy is—nsz—g* ngy <ny € S» show ?2thesis
by —(rule HRB-slice-is-SDG-path-HR B-slice)
next
assume n'' = n;
from <«nq is—nsx—g* ng> have n; € sum-SDG-slicel ny
by (fastforce intro:is-SDG-path-slicel refl-slicel is-SDG-path-valid-SDG-node)
with «n” = ny» <ny € S> show ?Zthesis
by (fastforce intro:combSlice-refl simp: HR B-slice-def)
next
assume n’’ € set ns’
with «(matched ny ns’ n3» have n'’ € sum-SDG-slice2 ns
by (rule in-matched-in-slice2)
with ng —p:V'— ¢ na> have n’’ € sum-SDG-slice2 ny
by (fastforce intro:slice2-param-out-slice2 SDG-edge-sum-SDG-edge)
from (n3 —p: V'— ;¢ ng> have valid-SDG-node ny by (rule SDG-edge-valid-SDG-node)
hence n4 € sum-SDG-slicel ny by(rule refl-slicel)
from «ng —p:V'— s na»
have CFG-node (parent-node ng) —p—ret CFG-node (parent-node ny)
by (fastforce elim:SDG-edge.cases intro:SDG-return-edge)
with (n’’ € sum-SDG-slice2 ny> <na € sum-SDG-slicel ny> <ng € S»
show ?case by (fastforce intro:combSlice- Return-parent-node SDG-edge-sum-SD G-edge

simp: HRB-slice-def)
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next
assume n'' = nj
from (n3 —p: V'— ¢ ng> have ng s—p: V'— 4 ng by (rule SDG-edge-sum-SDG-edge)
from (n3 —p: V'— 44 ng» have valid-SDG-node ny by (rule SDG-edge-valid-SDG-node)
hence n4 € sum-SDG-slicel ny by (rule refl-slicel)
from <walid-SDG-node ny> have ny € sum-SDG-slice2 ny by(rule refl-slice2)
with (ng s—p: V'— ¢ na> have ng € sum-SDG-slice2 ny by (rule param-out-slice2)
from «n3 —p: V'— ,r na
have CFG-node (parent-node ng) —p—ret CFG-node (parent-node ny)
by (fastforce elim:SDG-edge.cases intro:SDG-return-edge)
with (n3 € sum-SDG-slice2 ny> <ny € sum-SDG-slicel ny> <n' = n3» <ny € S
show ?case by (fastforce intro:combSlice- Return-parent-node SDG-edge-sum-SDG-edge
stmp: HR B-slice-def)
qed
qed

theorem in-realizable-in-HR B-slice:
[realizable n ns n'; n'' € set ns; n' € S| = n'" € HRB-slice S
proof (induct arbitrary:S rule:realizable.induct)
case (realizable-matched n ns n') thus ?case by (rule in-matched-in-HRB-slice)
next
case (realizable-call ng ns n1 p ng V ns’ ng3)
note IH = <A\S. [n" € set ns; ny € S| = n’’ € HRB-slice S»
from «n'’ € set (ns@ni#ns’)» have (n'' € set ns V n' = n1) V n' € set ns’
by auto
thus ?case apply —
proof(erule disjE)+
assume n’’ € set ns
from IH[OF this] have n'" € HRB-slice {n1} by simp
hence n'’ € HRB-slice {ns}
proof (induct rule: HRB-slice-cases)
case (phasel n nr)
from «nz € {n1}» have nz = n; by simp
with (n € sum-SDG-slicel nxy <ni —p—rpqy N2 V M1 —p: V=i N2>
have n € sum-SDG-slicel no
by (fastforce intro:slice1-call-slicel slicel-param-in-slicel
SDG-edge-sum-SDG-edge)
thus ?Zcase
by (fastforce intro:combine-SDG-slices.combSlice-refl simp: HRB-slice-def)
next
case (phase2 nz n' n” p' n)
from «nz € {n1}> have nz = ny by simp
with «n’ € sum-SDG-slicel nxy <ny —p—>.qy N2 V 11 —p: V=i N2
have n’ € sum-SDG-slicel no
by (fastforce intro:slicel-call-slicel slicel-param-in-slicel
SDG-edge-sum-SDG-edge)
with «n'' s—p'—,e CFG-node (parent-node n')y «<n € sum-SDG-slice2 n'»
show Zcase
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by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
stmp: HR B-slice-def)
qed
from (matched ns ns’ n3» obtain nsx where no is—nsz— g% ns
by (erule matched-is-SDG-path)
with «n'" € HRB-slice {n2}> <nz € S» show ?thesis
by (fastforce intro: HR B-slice-is-SD G-path- HR B-slice)
next
assume n'' = n;
from <matched ny ns’ n3» obtain nsx where no is—nsz— g% ns
by (erule matched-is-SDG-path)
hence ny € sum-SDG-slicel no
by (fastforce intro:refl-slicel is-SDG-path-valid-SDG-node)
with <ny —p— .41 72 V 1 —p: V=i o>
have ny € sum-SDG-slicel no
by (fastforce intro:call-slicel param-in-slicel SDG-edge-sum-SDG-edge)
hence ny € HRB-slice {nz2} by(fastforce intro:combSlice-refl simp: HR B-slice-def)
with (ng is—nsz—gx ng> «n’’ = ny» <ng € > show ?thesis
by (fastforce intro: HR B-slice-is-SD G-path- HR B-slice)
next
assume n’’ € set ns’
from <matched ny ns’ n3» this <n3 € S» show ?thesis
by (rule in-matched-in-HR B-slice)
qed
qed

lemma slicel-ics-SDG-path:
assumes n € sum-SDG-slicel n’ and n # n’
obtains ns where CFG-node (-Entry-) ics—ns—q* n’ and n € set ns
proof (atomize-elim)
from «n € sum-SDG-slicel n"
have n = n’ vV (Ins. CFG-node (-Entry-) ics—ns—q*x n' A n € set ns)
proof (induct rule:sum-SDG-slicel .induct)
case refl-slicel thus ?case by simp
next
case (cdep-slicel n'" n)
from «n"’ s— .4 > have valid-SDG-node n'' by (rule sum-SDG-edge-valid-SDG-node)
hence n' ics—[|—4+ n'' by(rule icsSp-Nil)
from <wvalid-SDG-node n’» have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)
thus Zcase
proof(cases parent-node n'' = (-Exit-))
case True
with (valid-SDG-node n's have n' = CFG-node (-Exit-)
by (rule valid-SDG-node-parent-Exit)
with «n"’ s— .4 n» have False by (fastforce intro: Exit-no-sum-SDG-edge-source)
thus ?thesis by simp
next
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case Fulse
from «n"" s— .4 n> have valid-SDG-node n"
by (rule sum-SDG-edge-valid-SDG-node)
from this False obtain ns
where CFG-node (-Entry-) cc—ns—q*x n'’
by (erule Entry-cc-SDG-path-to-inner-node)
with «n"’ s— .45 »» have CFG-node (-Entry-) cc—nsQ[n'|—q* n
by (fastforce intro:ccSp-Append-cdep sum-SDG-edge-SDG-edge)
hence CFG-node (-Entry-) ics—nsQ[n'|— 4% n
by (rule cc-SDG-path-ics-SDG-path)
from <n = n’ VvV (Ins. CFG-node (-Entry-) ics—ns—q+x n’ A n € set ns)»
show ?thesis
proof
assume n = n’
with «CFG-node (-Entry-) ics—nsQ[n']—4x n> show ?thesis by fastforce
next
assume 3 ns. CFG-node (-Entry-) ics—ns—q% n’ A n € set ns
then obtain nsz where CFG-node (-Entry-) ics—nsz—q+ n’ and n € set

nsx
by blast
then obtain ns’ ns’’ where nsz = ns’Qns’’ and n ics—ns""—q4% n’
by —(erule ics-SDG-path-split)
with «CFG-node (-Entry-) ics—nsQ[n']— 4% n»
show ?thesis by(fastforce intro:ics-SDG-path-Append)
qed
qged
next

case (ddep-slicel n"" V n)
from «n"’ s—V— 44 n» have valid-SDG-node n' by (rule sum-SDG-edge-valid-SDG-node)
hence n' ics—[]—q* n' by(rule icsSp-Nil)
from <walid-SDG-node n'’y have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)
thus Zcase
proof (cases parent-node n'’ = (-Ezit-))
case True
with (valid-SDG-node n's have n' = CFG-node (-Exit-)
by (rule valid-SDG-node-parent-Exit)
with <n’' s— V— 44 n» have False by(fastforce intro: Exit-no-sum-SDG-edge-source)
thus ?thesis by simp
next
case Fulse
from n" s—V—44 n» have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)
from this False obtain ns
where CFG-node (-Entry-) cc—ns—q* n'
by (erule Entry-cc-SDG-path-to-inner-node)
hence CFG-node (-Entry-) ics—ns—qx n'
by (rule cc-SDG-path-ics-SDG-path)
show ?thesis
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proof(cases n'' = n)
case True
from <n = n’ VvV (Ins. CFG-node (-Entry-) ics—ns—q*x n’ A n € set ns)»
show ?thesis
proof
assume n = n’
with «n’ = n) show ?thesis by simp
next
assume 3ns. CFG-node (-Entry-) ics—ns—g+x n’ A n € set ns
with <n’ = n» show ?thesis by fastforce
ged
next
case Fulse
with «n” s—V—44 n» <CFG-node (-Entry-) ics—ns—q* n'"
have CFG-node (-Entry-) ics—nsQ[n']—4% n
by —(rule icsSp-Append-ddep)
from <n = n'V (Ins. CFG-node (-Entry-) ics—ns—q% n’ A n € set ns))
show ?thesis
proof
assume n = n’
with «CFG-node (-Entry-) ics—nsQ[n"|—q* n)» show ?thesis by fastforce
next
assume 3 ns. CFG-node (-Entry-) ics—ns—q+ n’ A n € set ns
then obtain nsx where CFG-node (-Entry-) ics—nsz—rqx n’ and n € set

nsz
by blast
then obtain ns’ ns’’ where nsr = ns’Qns’’ and n ics—ns''— g% n’
by —(erule ics-SDG-path-split)
with <CFG-node (-Entry-) ics—nsQ[n']|—g* n
show ?thesis by (fastforce intro:ics-SDG-path-Append)
qed
qed
qed
next

case (call-slicel n" p n)

from «n"’ s—p— ., v have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)

hence n'’ ics—[|—q* n' by(rule icsSp-Nil)

from <walid-SDG-node n'"y have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)

thus Zcase

proof (cases parent-node n'' = (-Exit-))
case True
with (valid-SDG-node n's have n' = CFG-node (-Exit-)

by (rule valid-SDG-node-parent-Exit)

with «n'' s—p— ., »» have Fualse by (fastforce intro: Ezit-no-sum-SDG-edge-source)
thus “thesis by simp

next
case Fulse
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from «n"’ s—p— ., v have valid-SDG-node n'
by (rule sum-SDG-edge-valid-SDG-node)
from this False obtain ns
where CFG-node (-Entry-) cc—ns—q*x n'’
by (erule Entry-cc-SDG-path-to-inner-node)
with «n"" s—p— ., » have CFG-node (-Entry-) cc—nsQ[n'|—q¢* n
by (fastforce intro:ccSp-Append-call sum-SDG-edge-SDG-edge)
hence CFG-node (-Entry-) ics—ns@[n"]|—4x n
by (rule cc-SDG-path-ics-SDG-path)
from «n = n’ VvV (Ins. CFG-node (-Entry-) ics—ns—q* n’ A n € set ns)»
show ?thesis
proof
assume n = n’
with «CFG-node (-Entry-) ics—nsQ[n']—4x n> show ?thesis by fastforce
next
assume 3ns. CFG-node (-Entry-) ics—ns—q% n’ A n € set ns
then obtain nsz where CFG-node (-Entry-) ics—nsz—q+ n’ and n € set

nsx
by blast
then obtain ns’ ns’’ where nsz = ns’Qns’’ and n ics—ns""—q4%x n’
by —(erule ics-SDG-path-split)
with <CFG-node (-Entry-) ics—nsQ[n"|— g% n»
show ?thesis by(fastforce intro:ics-SDG-path-Append)
qed
qed
next

case (param-in-slicel n'"" p V n)
from n"' s—p:V—;, n» have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)
hence n' ics—[]—q* n' by(rule icsSp-Nil)
from <walid-SDG-node n'’y have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)
thus Zcase
proof (cases parent-node n'’ = (-Ezit-))
case True
with (valid-SDG-node n's have n' = CFG-node (-Exit-)
by (rule valid-SDG-node-parent-Exit)
with <n’' s—p: V—,, n» have False by (fastforce intro: Exit-no-sum-SDG-edge-source)
thus ?thesis by simp
next
case Fulse
from «n"' s—p:V—;, n» have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)
from this False obtain ns
where CFG-node (-Entry-) cc—ns—q* n'
by (erule Entry-cc-SDG-path-to-inner-node)
hence CFG-node (-Entry-) ics—ns—qx n'
by (rule cc-SDG-path-ics-SDG-path)
with «n"' s—p:V—;, n» have CFG-node (-Entry-) ics—nsQ[n'|—q* n
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by —(rule icsSp-Append-param-in)
from <n = n’ VvV (Ins. CFG-node (-Entry-) ics—ns—q*x n’ A n € set ns)»
show ?thesis
proof

assume n = n’

with <CFG-node (-Entry-) ics—nsQ[n"|—4x n) show ?2thesis by fastforce
next

assume I ns. CFG-node (-Entry-) ics—ns—q% n’ A n € set ns

then obtain nsz where CFG-node (-Entry-) ics—nsz—g+ n’ and n € set

nsz
by blast
then obtain ns’ ns’’ where nszx = ns’Qns’’ and n ics—ns’'—4x n’
by —(erule ics-SDG-path-split)
with «CFG-node (-Entry-) ics—nsQ[n']— 4% n»
show ?thesis by (fastforce intro:ics-SDG-path-Append)
qed
qed
next

case (sum-slicel n'' p n)
from «n'' s—p— sym n> have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)
hence n' ics—[]—q% n' by(rule icsSp-Nil)
from <walid-SDG-node n'"y have valid-node (parent-node n'’)
by (rule valid-SDG-CFG-node)
thus Zcase
proof (cases parent-node n' = (-Exit-))
case True
with (valid-SDG-node n's have n' = CFG-node (-Exit-)
by (rule valid-SDG-node-parent-Exit)
with «n'' s—p— sum n» have False by (fastforce intro: Exit-no-sum-SDG-edge-source)
thus “thesis by simp
next
case Fulse
from «n'' s—p—sym n> have valid-SDG-node n'’
by (rule sum-SDG-edge-valid-SDG-node)
from this False obtain ns
where CFG-node (-Entry-) cc—ns—q*x n'’
by (erule Entry-cc-SDG-path-to-inner-node)
hence CFG-node (-Entry-) ics—ns—qx n'
by (rule cc-SDG-path-ics-SDG-path)
with «n"’ s—p—sum n> have CFG-node (-Entry-) ics—nsQ[n']—4x n
by —(rule icsSp-Append-sum)
from <n = n’ VvV (Ins. OFG-node (-Entry-) ics—ns—q+x n’ A n € set ns)»
show ?thesis
proof
assume n = n’
with «CFG-node (-Entry-) ics—nsQ[n']—4x n> show ?thesis by fastforce
next
assume 3ns. CFG-node (-Entry-) ics—ns—q% n’ A n € set ns
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then obtain nsz where CFG-node (-Entry-) ics—nsz—q+ n’ and n € set

nsx

by blast

then obtain ns’ ns’’ where nsz = ns’Qns’’ and n ics—ns"’"—q%x n’
by —(erule ics-SDG-path-split)

with <CFG-node (-Entry-) ics—nsQ[n"|— g% n)

show ?thesis by(fastforce intro:ics-SDG-path-Append)

qed
qed
qged

with «n # n’y show Ins. CFG-node (-Entry-) ics—ns—q*x n’ A n € set ns by
stmp
qed

lemma slice2-irs-SDG-path:
assumes n € sum-SDG-slice2 n’ and valid-SDG-node n'
obtains ns where n irs—ns—gx n’
using assms
by (induct rule:sum-SDG-slice2.induct,auto intro:intra-return-sum-SDG-path.intros)

theorem HRB-slice-realizable:
assumes n € HRB-slice S and Vn' € S. valid-SDG-node n’ and n ¢ S
obtains n’ ns where n’ € S and realizable (CFG-node (-Entry-)) ns n’
and n € set ns
proof (atomize-elim)
from «n € HRB-slice S» «<n ¢ S»
show dn’ ns. n’ € § A realizable (CFG-node (-Entry-)) ns n’ A n € set ns
proof (induct rule: HRB-slice-cases)
case (phasel n nx)
with <n ¢ S» show ?case
by (fastforce elim:slice1-ics-SDG-path ics-SDG-path-realizable)
next
case (phase2 n’ nz n'' p n)
from «Vn' € S. valid-SDG-node n'y <n’ € S have valid-SDG-node n' by simp
with «nz € sum-SDG-slicel n’y have valid-SDG-node nx
by (auto elim:slicel-ics-SDG-path ics-SDG-path-split
intro:ics-SDG-path-valid-SDG-node)
with (n € sum-SDG-slice2 nx»
obtain nsz where n irs—nsz— g nz by(erule slice2-irs-SDG-path)
show ?case
proof(cases n = nx)
case True
show ?thesis
proof(cases nz = n’)
case True
with <n = no» «<n ¢ 5> «<n’ € S» have Fulse by simp
thus ?thesis by simp
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next
case Fulse
with <nz € sum-SDG-slicel n'y obtain ns
where realizable (CFG-node (-Entry-)) ns n’ and nz € set ns
by (fastforce elim:slice1-ics-SDG-path ics-SDG-path-realizable)
with (n = nzy «n’ € S)» show ?thesis by blast
qed
next
case Fulse
with (n irs—nsx—g4* nz> obtain ns
where realizable (CFG-node (-Entry-)) ns nx and n € set ns
by (erule irs-SDG-path-realizable)
show ?thesis
proof(cases nz = n’)
case True
with (realizable (CFG-node (-Entry-)) ns nz> <n € set ns» «<n’ € S»
show ?thesis by blast
next
case Fulse
with <nz € sum-SDG-slicel n'y obtain nsz’
where CFG-node (-Entry-) ics—nsx'—qx n’ and nx € set nsz’
by (erule slice1-ics-SDG-path)
then obtain ns’ where nz ics—ns'—4x n’ by —(erule ics-SDG-path-split)
with (realizable (CFG-node (-Entry-)) ns nz)
obtain ns’’ where realizable (CFG-node (-Entry-)) (nsQns'’) n’
by (erule realizable-Append-ics-SDG-path)
with «n € set nsy «<n’ € S) show ?thesis by fastforce
qed
qed
qed
qed

theorem HRB-slice-precise:
[Vn'e S. valid-SDG-node n'; n ¢ S| =
n € HRB-slice S =
(In’ ns. n’ € S A realizable (CFG-node (-Entry-)) ns n’ A n € set ns)
by (fastforce elim: HRB-slice-realizable intro:in-realizable-in- HRB-slice)

end

end

1.10 Observable sets w.r.t. standard control de-
pendence

theory SCDObservable imports Observable HRBSlice begin
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context SDG begin

lemma matched-bracket-assms-variant:
assumes ny —p—r gy N2 V n1 —p:V'—, ne and matched ng ns’ ng
and ng —p—rpet Mg V ng —p: V=t N4
and call-of-return-node (parent-node ny) (parent-node ny)
obtains a o’ where valid-edge a and a’ € get-return-edges a
and sourcenode a = parent-node ni and targetnode a = parent-node no
and sourcenode a’ = parent-node n3 and targetnode a’ = parent-node ny
proof (atomize-elim)
from ny —p— 4 2 V 11 —p:V'—=yy, no» obtain a @ r fs where valid-edge a
and kind a = Q:r—pfs and parent-node ny = sourcenode a
and parent-node no = targetnode a
by (fastforce elim:SDG-edge.cases)
from <n3 —p—rpet 14 V nz —p:V— 4t nad obtain o’ Q' f’
where valid-edge o’ and kind o’ = Q"pf’
and parent-node ny = sourcenode a’ and parent-node ny = targetnode a’
by (fastforce elim:SDG-edge.cases)
from «valid-edge o'y <kind o’ = Q"pf"
obtain az where valid-edge ax and 3 Q r fs. kind ax = Q:r—pfs
and a’ € get-return-edges ax
by —(drule return-needs-call,fastforce+)
from «(valid-edge a) <valid-edge ax)> <kind a = Q:r—pfsr <3 Q r fs. kind ax =
Q:r—pfs
have targetnode a = targetnode ax by (fastforce dest:same-proc-call-unique-target)
from <valid-edge a’y <a’ € get-return-edges ax) <valid-edge ax»
have call-of-return-node (targetnode a') (sourcenode ax)
by (fastforce simp:return-node-def call-of-return-node-def)
with <call-of-return-node (parent-node ny) (parent-node nq)»
<parent-node ny = targetnode a’y
have sourcenode ax = parent-node ny, by fastforce
with <valid-edge azy <a’ € get-return-edges ax> <targetnode a = targetnode ax»
<parent-node ny = targetnode a) <parent-node n3 = sourcenode a's
<parent-node ny = targetnode a’y
show Ja a’. valid-edge a N o’ € get-return-edges a A
sourcenode a = parent-node ni A targetnode a = parent-node ns N
sourcenode a’ = parent-node n3 A targetnode a’ = parent-node ny
by fastforce
qed

1.10.1 Observable set of standard control dependence is at
most a singleton

definition SDG-to-CFG-set :: 'node SDG-node set = 'node set (¢|-] opa)
where | S| opq = {m. CFG-node m € S}

lemma [intro]:¥ n € S. valid-SDG-node n = Vn € |S]| opq- valid-node n
by (fastforce simp:SDG-to-CFG-set-def)
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lemma Exit-HRB-Slice:
assumes n € | HRB-slice { CFG-node (-Ezit-)}] opq shows n = (-Exit-)
proof —
from «n € | HRB-slice { CFG-node (-Ezit-)}| cpey
have CFG-node n € HRB-slice { CFG-node (-Ezit-)}
by (simp add:SDG-to-CFG-set-def)
thus %thesis
proof (induct CFG-node n rule: HRB-slice-cases)
case (phasel nx)
from «nz € {CFG-node (-Ezit-)}» have nx = CFG-node (-Exit-) by simp
with «CFG-node n € sum-SDG-slicel nx»
have CFG-node n = CFG-node (-Exit-) V
(I n Vopt popt b. sum-SDG-edge n Vopt popt b (CFG-node (-Exit-)))
by (induct rule:sum-SDG-slicel .induct) auto
then show ?thesis by (fastforce dest: Exit-no-sum-SDG-edge-target)
next
case (phase2 nz n’ n' p)
from «nz € {CFG-node (-Ezit-)}» have nx = CFG-node (-Exit-) by simp
with «n’ € sum-SDG-slicel nx»
have n’ = CFG-node (-Exit-) V
(3 n Vopt popt b. sum-SDG-edge n Vopt popt b (CFG-node (-Exit-)))
by (induct rule:sum-SDG-slicel .induct) auto
hence n’ = CFG-node (-Exit-) by(fastforce dest: Exit-no-sum-SDG-edge-target)
with «CFG-node n € sum-SDG-slice2 n'»
have CFG-node n = CFG-node (-Ezit-) V
(I n Vopt popt b. sum-SDG-edge n Vopt popt b (CFG-node (-Exit-)))
by (induct rule:sum-SDG-slice2.induct) auto
then show %thesis by(fastforce dest: Exit-no-sum-SDG-edge-target)
qed
qed

lemma Ezit-in-obs-intra-slice-node:
assumes (-Erit-) € obs-intra n’ | HRB-slice S| opa
shows CFG-node (-Fzit-) € S
proof —
let 25’ = | HRB-slice S| opq
from «(-Ezit-) € obs-intra n’ 25"y obtain as where n’ —as— x (-Ezit-)
and Vnz € set(sourcenodes as). nx ¢ 25’ and (-Exit-) € 25’
by (erule obs-intraF)
from «(-Ezit-) € 25"
have CFG-node (-Exit-) € HRB-slice S by(simp add:SDG-to-CFG-set-def)
thus ?thesis
proof (induct CFG-node (-Exit-) rule:HRB-slice-cases)
case (phasel nx)
thus ?case
by (induct CFG-node (-Exit-) rule:sum-SDG-slicel .induct,
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auto dest: Exit-no-sum-SDG-edge-source)
next
case (phase2 nz n’ n' p)
from «CFG-node (-Ezit-) € sum-SDG-slice2 n'y <n’ € sum-SDG-slicel nx» <nx
es
show ?case
apply (induct n=CFG-node (-Exit-) rule:sum-SDG-slice2.induct)

apply(auto dest: Exit-no-sum-SDG-edge-source)
apply (hypsubst-thin)
apply (induct n=CFG-node (-Exit-) rule:sum-SDG-slicel .induct)
apply(auto dest: Exit-no-sum-SDG-edge-source)
done
qed

qed

lemma obs-intra-postdominate:
assumes n € obs-intra n' | HRB-slice S| opq and — method-exit n
shows n postdominates n’
proof (rule ccontr)
assume — n postdominates n'
from «n € obs-intra n’ | HRB-slice S| opc» have valid-node n
by (fastforce dest:in-obs-intra-valid)
with «n € obs-intra n’ | HRB-slice S| opq» <— method-exit n) have n postdomi-
nates n
by (fastforce intro:postdominate-refl)
from «n € obs-intra n’ | HRB-slice S| opc> obtain as where n’ —as—,* n
and all-notinS:V n' € set(sourcenodes as). n’ ¢ | HRB-slice S| opq
and n € [HRB-slice S| opq by(erule obs-intraF)
from <n postdominates ny <— n postdominates n's <n' —as—,x n»
obtain as’ a as’’ where [simp|:as = as’Qa#as”
and wvalid-edge a and — n postdominates (sourcenode a)
and n postdominates (targetnode o) and intra-kind (kind a)
by (fastforce elim!:postdominate-path-branch simp:intra-path-def)
from <n’ —as—,* n» have sourcenode a —a#tas’’—,x n
by (fastforce elim:path-split intro: Cons-path simp:intra-path-def)
with - n postdominates (sourcenode a)> <valid-edge a> <valid-node n»
obtain asz pex where sourcenode a —asx— * pex and method-exit pex
and n ¢ set(sourcenodes asz) by(fastforce simp:postdominate-def)
have asz # |]
proof
assume asz = []
with <sourcenode a —asz— * pex> have sourcenode a = pex
by (fastforce simp:intra-path-def)
from <method-exit pexy show Fualse
proof (rule method-ezit-cases)
assume pex = (-Exit-)
with (sourcenode a = pex» have sourcenode a = (-Exit-) by simp
with (valid-edge a> show False by (rule Exit-source)
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next
fixa" Qfp
assume per = sourcenode o’ and valid-edge o’ and kind o' = Q< pf
from <valid-edge oy <kind o’ = Q«>pf> <valid-edge a> <intra-kind (kind a)
(sourcenode a = pexy <pex = sourcenode a’y
show Fulse by(fastforce dest:return-edges-only simp:intra-kind-def)
qed
qed
then obtain az asz’ where [simp|:ast = az#tasz’ by(cases asx) auto
with (sourcenode a —asz—,* pex> have sourcenode a —az#asz’—* pex
by (simp add:intra-path-def)
hence wvalid-edge ax and [simp]:sourcenode a = sourcenode ax
and targetnode ax —asx’—+* pex by(auto elim:path-split-Cons)
with (sourcenode a —asz—,* pex> have targetnode ax —asz’'— * pex
by (simp add:intra-path-def)
with (valid-edge ax> <n ¢ set(sourcenodes asx)> <method-exit pex>
have — n postdominates targetnode ax
by (fastforce simp:postdominate-def sourcenodes-def)
from «n € obs-intra n’ | HRB-slice S| opq» all-notinS
have n ¢ set (sourcenodes (aftas'))
by (fastforce elim:obs-intra.cases simp:sourcenodes-def)
from <sourcenode a —asz—,* pex> have intra-kind (kind ax)
by (simp add:intra-path-def)
with (sourcenode a —aftas’’— * ny <n postdominates (targetnode a)»
<= n postdominates targetnode axy <valid-edge ax»
«n & set (sourcenodes (a#tas’))y <intra-kind (kind a)»
have (sourcenode a) controls n
by (fastforce simp:control-dependence-def)
hence CFG-node (sourcenode a) s— .5 CFG-node n
by (fastforce intro:sum-SDG-cdep-edge)
with «n € obs-intra n’ | HRB-slice S| op» have sourcenode a € | HRB-slice
Slorc
by (auto elim!:obs-intraE combine-SDG-slices.cases
intro:combine-SDG-slices.intros sum-SDG-slicel .intros
sum-SDG-slice2.intros simp: HRB-slice-def SDG-to-CFG-set-def)
with all-notinS show False by(simp add:sourcenodes-def)
qed

lemma obs-intra-singleton-disj:
assumes valid-node n
shows (Im. obs-intra n | HRB-slice S| opg = {m}) V
obs-intra n | HRB-slice S| opq = {}
proof (rule ccontr)
assume - ((3m. obs-intra n | HRB-slice S| opq = {m}) vV
obs-intra n | HRB-slice S| opq = {})
hence 3nz na'. nz € obs-intra n | HRB-slice S| opq N
nz' € obs-intra n | HRB-slice S| cpg N nx # nz’ by auto

228



then obtain nz nz’ where nz € obs-intra n | HRB-slice S| opa
and nz’ € obs-intra n | HRB-slice S| opq and nz # nz’ by auto
from (nz € obs-intra n | HRB-slice S| op¢» obtain as where n —as—,* nz
and all:Vn' € set(sourcenodes as). n' ¢ | HRB-slice S| opa
and nz € |HRB-slice S| opq
by (erule obs-intraF)
from <n —as—,x nx> have n —as—* nz and Va € set as. intra-kind (kind a)
by (simp-all add:intra-path-def)
hence valid-node nx by (fastforce dest:path-valid-node)
with «nz € |HRB-slice S| opg> have obs-intra ne | HRB-slice S| opq = {nz}
by —(rule n-in-obs-intra)
with <n —as—* nx) <nx € obs-intra n | HRB-slice S| opey
(nz’ € obs-intra n | HRB-slice S| opqy <nz # nz’> have as # [|
by (fastforce elim:path.cases simp:intra-path-def)
with (n —as—x nz) (na € obs-intra n | HRB-slice S| opq
«nz’ € obs-intra n | HRB-slice S| opqy <nx # nz’
<obs-intra nx | HRB-slice S| opq = {nz}» <V a € set as. intra-kind (kind a)> all
have Ja as’ as”. n —as’—,x sourcenode a A targetnode a —as''—, * nx A
valid-edge a N as = as’Qa#tas’ A intra-kind (kind a) A
obs-intra (targetnode a) | HRB-slice S|opq = {nz} A
(= (Im. obs-intra (sourcenode a) | HRB-slice S| opq = {m} V
obs-intra (sourcenode a) | HRB-slice S| opq = {}))
proof (induct arbitrary:nz’ rule:path.induct)
case (Cons-path n'" as n' a n)
note IH = «A\nz'. [n’ € obs-intra n'' | HRB-slice S|cpqs
nz' € obs-intra n'' | HRB-slice S| opq; n' # na';
obs-intra n' | HRB-slice S| opq = {n'};
Y a€set as. intra-kind (kind a);
Vn'eset (sourcenodes as). n' ¢ | HRB-slice S| opq; as # [|]
= Ja as’ as”. n'" —as'— * sourcenode a N targetnode a —as’’'—,x n’ A
valid-edge a N\ as = as’@Qa#as” A intra-kind (kind a) A
obs-intra (targetnode a) | HRB-slice S| opq = {n'} A
(= (3m. obs-intra (sourcenode a) | HRB-slice S| opgq = {m} V
obs-intra (sourcenode a) | HRB-slice S| opq = {}))»
note more-than-one = «n' € obs-intra n | HRB-slice S| opc»
(nz' € obs-intra n | HRB-slice S| opqy «<n' # na's
from «V a€set (a#as). intra-kind (kind a)»
have V a€set as. intra-kind (kind a) and intra-kind (kind a) by simp-all
from <V n'eset (sourcenodes (a#tas)). n’ ¢ | HRB-slice S| opc
have all:V n'eset (sourcenodes as). n' ¢ |HRB-slice S| opa
by (simp add:sourcenodes-def)
show ?case
proof (cases as = [])
case True
with «(n’ —as—* n’y have [simp]:n”’ = n’ by(fastforce elim:path.cases)
from more-than-one <sourcenode a = n»
have - (3 m. obs-intra (sourcenode a) | HRB-slice S| opq = {m} V
obs-intra (sourcenode a) | HRB-slice S| opa = {})
by auto
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with <targetnode a = n'"y <obs-intra n’ | HRB-slice S| opg = {n'p
<sourcenode a = ny True <valid-edge > <intra-kind (kind a)»
show ?thesis
apply (rule-tac z=a in exl)
apply (rule-tac z=]] in exI)
apply(rule-tac z=[] in exl)
by (auto intro:empty-path simp:intra-path-def)
next
case Fulse
from «n" —as—x n'y Va€set (a # as). intra-kind (kind a)»
have n' —as—,x n’ by(simp add:intra-path-def)
with all
have subset:obs-intra n' | HRB-slice S| opq C obs-intra n' | HRB-slice S| opa
by —(rule path-obs-intra-subset)
thus ?thesis
proof(cases obs-intra n’ | HRB-slice S| opq = obs-intra n'' | HRB-slice S| opq)
case True
with (n'" —as—,* n» <valid-edge a> <sourcenode a = n> <targetnode a = n'’
<obs-intra n' | HRB-slice S| opq = {n'}> <ntra-kind (kind a)> more-than-one
show ?thesis
apply(rule-tac z=a in exl)
apply(rule-tac z=[] in exl)
apply(rule-tac z=as in exl)
by (fastforce intro:empty-path simp:intra-path-def)
next
case Fulse
with subset
have obs-intra n’ | HRB-slice S| opq C obs-intra n'' | HRB-slice S| opq by
stmp
with <obs-intra n’ | HRB-slice S| opq = {n'p
obtain ni where n’ € obs-intra n'’ | HRB-slice S| opq
and ni € obs-intra n'’ | HRB-slice S| opq and n' # ni by auto
from IH[OF this <obs-intra n' | HRB-slice S|opq = {n'}
Y a€set as. intra-kind (kind a)) all <as # [] obtain a’ as’ as”’
where n’' —as’—,x sourcenode a’
and hyps:targetnode a’ —as""—,* n' valid-edge o’ as = as'Qa’#as’’
intra-kind (kind o) obs-intra (targetnode a') | HRB-slice S| opq = {n'}
= (Im. obs-intra (sourcenode a’) | HRB-slice S| cpq = {m} V
obs-intra (sourcenode a’) | HRB-slice S| copq = {})
by blast
from <n'’ —as’'—,* sourcenode a’> (valid-edge a> <sourcenode a = n»
<targetnode a = n'’y <intra-kind (kind a)> <intra-kind (kind a’)
have n —a#as’— * sourcenode a’
by (fastforce intro:path. Cons-path simp:intra-path-def)
with hyps show ?thesis
apply(rule-tac z=a’ in exl)
apply(rule-tac x=a#as’ in exl)
apply(rule-tac z=as" in exl)
by fastforce
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qed
qed
qed simp
then obtain a as’ as’’ where valid-edge a and intra-kind (kind a)
and obs-intra (targetnode a) | HRB-slice S| opq = {nz}
and more-than-one:— (3 m. obs-intra (sourcenode a) | HRB-slice S| opq = {m}
V
obs-intra (sourcenode a) | HRB-slice S|copq = {})
by blast
have sourcenode a ¢ | HRB-slice S| opq
proof (rule ccontr)
assume - sourcenode a ¢ |HRB-slice S|cpa
hence sourcenode a € | HRB-slice S| opq by simp
with <walid-edge a>
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (fastforce intro!:n-in-obs-intra)
with more-than-one show Fulse by simp
qed
with <valid-edge @) <intra-kind (kind a)»
have obs-intra (targetnode a) | HRB-slice S| opq C
obs-intra (sourcenode a) | HRB-slice S| opq
by (rule edge-obs-intra-subset)
with <obs-intra (targetnode a) | HRB-slice S| opq = {nz}
have nz € obs-intra (sourcenode a) | HRB-slice S| opa by simp
with more-than-one obtain m
where m € obs-intra (sourcenode a) | HRB-slice S| opq and nz # m by auto
from <m € obs-intra (sourcenode a) | HRB-slice S| opq» have valid-node m
by (fastforce dest:in-obs-intra-valid)
from <obs-intra (targetnode a) | HRB-slice S|opq = {nz}» have valid-node nx
by (fastforce dest:in-obs-intra-valid)
show Fulse
proof(cases m postdominates (sourcenode a))
case True
with <nz € obs-intra (sourcenode a) | HRB-slice S| opc»
(m € obs-intra (sourcenode a) | HRB-slice S| opc»
have m postdominates nx
by (fastforce intro:postdominate-inner-path-targetnode elim:obs-intraFE)
with <nz # m) have — nx postdominates m by (fastforce dest:postdominate-antisym,)
with <walid-node nz» (valid-node m» obtain asx pexr where m —asz—, * pex
and method-ezit pex and nz ¢ set(sourcenodes asx)
by (fastforce simp:postdominate-def)
have — nx postdominates (sourcenode a)
proof
assume nz postdominates sourcenode a
from «nz € obs-intra (sourcenode a) | HRB-slice S| opq
«m € obs-intra (sourcenode a) | HRB-slice S|opq
obtain asz’ where sourcenode a —asx’—,* m and nz ¢ set(sourcenodes asz’)
by (fastforce elim:obs-intraFE)
with <m —asz—,* pery have sourcenode a —asz'Qasz— * pex
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by (fastforce intro:path-Append simp:intra-path-def)
with <nz ¢ set(sourcenodes asz)y <nx ¢ set(sourcenodes asz')
«nx postdominates sourcenode a) <method-exit pexy show False
by (fastforce simp:sourcenodes-def postdominate-def)
qed
show Fulse
proof (cases method-exit nx)
case True
from <m postdominates nx)> obtain zs where nxr —zs— x m
by —(erule postdominate-implies-inner-path)
with True have nz = m
by (fastforce dest!:method-exit-inner-path simp:intra-path-def)
with (nx # m> show False by simp
next
case Fulse
with (nz € obs-intra (sourcenode a) | HRB-slice S| cpc»
have nz postdominates sourcenode a by(rule obs-intra-postdominate)
with <— nz postdominates (sourcenode a)y show False by simp
qed
next
case Fulse
show Fulse
proof (cases method-exit m)
case True
from «m € obs-intra (sourcenode a) | HRB-slice S| opq
<nz € obs-intra (sourcenode a) | HRB-slice S| opq
obtain zs where sourcenode a —zs—,x m and nz ¢ set(sourcenodes xs)
by (fastforce elim:obs-intraE)
obtain z’ zs’ where [simpl:xs = x'#xs’
proof(cases s)
case Nil
with (sourcenode a —xs—,x m> have [simp|:sourcenode a = m
by (fastforce simp:intra-path-def)
with <m € obs-intra (sourcenode a) | HRB-slice S| opq
have m € | HRB-slice S| opq by(metis obs-intraE)
with (valid-node m» have obs-intra m | HRB-slice S| opq = {m}
by (rule n-in-obs-intra)
with «nz € obs-intra (sourcenode @) | HRB-slice S| opc» <(nz # m» have
False
by fastforce
thus %thesis by simp
qed blast
from <sourcenode a —zs—,* m» have sourcenode a = sourcenode '
and valid-edge =’ and targetnode x' —xs'— % m
and intra-kind (kind z')
by (auto elim:path-split-Cons simp:intra-path-def)
from <targetnode x' —xs’—,x m) <nx ¢ set(sourcenodes xs)> <valid-edge x>
<valid-node m» True
have — nz postdominates (targetnode z')
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by (fastforce simp:postdominate-def sourcenodes-def)
show Fulse
proof (cases method-exit nx)
case True
from «m € obs-intra (sourcenode a) | HRB-slice S|opq
«nz € obs-intra (sourcenode a) | HRB-slice S| opq
have get-proc m = get-proc nx
by (fastforce elim:obs-intraFE dest:intra-path-get-procs)
with (method-ezit m)» (method-ezit nx> have m = nz
by (rule method-exit-unique)
with (nx # m> show False by simp
next
case Fulse
with <obs-intra (targetnode a) | HRB-slice S|opq = {nz}
have nz postdominates (targetnode a)
by (fastforce intro:obs-intra-postdominate)
from <obs-intra (targetnode a) | HRB-slice S| opq = {nz}h
obtain ys where targetnode a —ys—,* nx
and Vnz' € set(sourcenodes ys). nz' ¢ | HRB-slice S| opq
and nz € | HRB-slice S| opq by(fastforce elim:obs-intraF)
hence nz ¢ set(sourcenodes ys)by fastforce
have sourcenode a # nx
proof
assume sourcenode a = nz
from (nz € obs-intra (sourcenode a) | HRB-slice S| opc»
have nz € | HRB-slice S| opq by —(erule obs-intraE)
with <valid-node nx»
have obs-intra nz | HRB-slice S| opg = {nz} by —(erule n-in-obs-intra)
with <sourcenode a = nz)» <m € obs-intra (sourcenode a) | HRB-slice
Slere
<nx # m> show Fulse by fastforce
ged
with <nz ¢ set(sourcenodes ys)» have nz ¢ set(sourcenodes (aftys))
by (fastforce simp:sourcenodes-def)
from «(walid-edge a) <targetnode a —ys—,x nz> <intra-kind (kind a)»
have sourcenode a —a#ys—,* nz
by (fastforce intro: Cons-path simp:intra-path-def)
from <sourcenode a —a#ys— ,* nxy <nx ¢ set(sourcenodes (a#ys))»
<intra-kind (kind a)» <nz postdominates (targetnode a)»
<walid-edge x'y <intra-kind (kind z’)y <= nz postdominates (targetnode z')»
<sourcenode a = sourcenode x’»
have (sourcenode a) controls nx
by (fastforce simp:control-dependence-def)
hence CFG-node (sourcenode a) — .4 CFG-node nx
by (fastforce intro:SDG-cdep-edge)
with «nz € |HRB-slice S| op¢g> have sourcenode a € | HRB-slice S| opcy
by (fastforce elim!:combine-SDG-slices.cases
dest: SDG-edge-sum-SDG-edge cdep-slicel cdep-slice2
intro:combine-SDG-slices.intros
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simp: HRB-slice-def SDG-to-CFG-set-def)
with <valid-edge a»
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (fastforce intro!:n-in-obs-intra)
with «m € obs-intra (sourcenode a) | HRB-slice S| opq
«nz € obs-intra (sourcenode a) | HRB-slice S| opqy <nx # m»
show Fulse by simp
qed
next
case Fulse
with «m € obs-intra (sourcenode a) | HRB-slice S| cpqg>
have m postdominates (sourcenode a) by(rule obs-intra-postdominate)
with <= m postdominates (sourcenode a)y show False by simp
qed
qed
qed

lemma obs-intra-finite:valid-node n = finite (obs-intra n | HRB-slice S| opq)
by (fastforce dest:obs-intra-singleton-disj[of - S])

lemma obs-intra-singleton:valid-node n = card (obs-intra n | HRB-slice S| opq)
<1
by (fastforce dest:obs-intra-singleton-disj[of - S])

lemma obs-intra-singleton-element:
m € obs-intra n | HRB-slice S| opq = obs-intra n | HRB-slice S| opq = {m}
apply —
apply(frule in-obs-intra-valid)
apply(drule obs-intra-singleton-disj) apply auto
done

lemma obs-intra-the-element:
m € obs-intra n |HRB-slice S| opq = (THE m. m € obs-intra n | HRB-slice

Slopg) = m
by (fastforce dest:obs-intra-singleton-element)

lemma obs-singleton-element:
assumes ms € obs ns | HRB-slice S| opq and Vn € set (¢l ns). return-node n
shows obs ns | HRB-slice S| opq = {ms}
proof —
from «ms € obs ns | HRB-slice S| op <V n € set (tl ns). return-node n»
obtain nsz n nsz’ n’ where ns = nsz@Qn#nsz’ and ms = n'#nsz’
and split:n’ € obs-intra n | HRB-slice S| opq
Vnz € set nsz’. Inz’. call-of-return-node nz nx’ A nz’ € | HRB-slice S| opag
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Vas z xs'. nsz = zsQz#xs’ A obs-intra & | HRB-slice S| opq # {}
— (2" € set (zs’Q[n]). Inz. call-of-return-node z'' nz A
nz ¢ |HRB-slice S| opq)
by (erule obsE)
from «n’ € obs-intra n | HRB-slice S| opq
have obs-intra n | HRB-slice S| opg = {n'}
by (fastforce introl:obs-intra-singleton-element)
{ fix zs assume zs # ms and zs € obs ns | HRB-slice S| opq
from «zs € obs ns | HRB-slice S| opc> <V n € set (tl ns). return-node n»
obtain zs z zs’ 2z’ where ns = zsQz#2zs’ and xs = z'#2zs’
and z’ € obs-intra z | HRB-slice S| opa
and Vz' € set zs'. Anz’. call-of-return-node 2z’ nz’ A na’ € | HRB-slice S| cpg
and Vs ¢ zs'. zs = zsQu#xs’ A\ obs-intra © | HRB-slice S| opq # {}
— (32" € set (zs'Q[2]). Inz. call-of-return-node ="' nx A
nx ¢ |HRB-slice S| opq)
by (erule obsE)
with (ns = nsxQn#nsz’s split
have nsx = zs A n =z A nsz’ = zs’

by —(rule obs-split-det[of - - - - - - | HRB-slice S| opq).fastforce+)
with (obs-intra n |HRB-slice S|opq = {n'}» <z’ € obs-intra z | HRB-slice
Slore

have z' = n’ by simp
with <zs # ms» <ms = n'#nsz’y «xs = 2'#2zs" <nsx = zs N\'n =z N\ nsz' =
28"
have False by simp }
with «ms € obs ns | HRB-slice S| o> show ?thesis by fastforce

qged

lemma obs-finite:Nn € set (tl ns). return-node n
= finite (obs ns | HRB-slice S| cpq)
by (cases obs ns | HRB-slice S| opq = {},auto dest:obs-singleton-element[of - - S])

lemma obs-singleton:¥ n € set (tl ns). return-node n
= card (obs ns | HRB-slice S|opq) < 1
by (cases obs ns | HRB-slice S| opq = {},auto dest:obs-singleton-element[of - - S])
lemma obs-the-element:
[ms € obs ns | HRB-slice S| opq; Y0 € set (tl ns). return-node n]
= (THE ms. ms € obs ns | HRB-slice S| cpg) = ms
by (cases obs ns | HRB-slice S| opq = {},auto dest:obs-singleton-element[of - - S])

end

end
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1.11 Distance of Paths

theory Distance imports CFG begin
context CFG begin

inductive distance :: 'node = 'node = nat = bool

where distancel:
[n —as—,x n'; length as = x; Vas'. n —as’—,x n' — z < length as’]
= distance n n' x

lemma every-path-distance:
assumes n —as—, % n’
obtains z where distance n n’ z and z < length as
proof (atomize-elim)
show Jz. distance n n' z A = < length as
proof(cases as’. n —as'—,x n' A
(Vasz. n —asz—,x n' — length as’ < length asz))
case True
then obtain as’
where n —as’—,x n’ A (Vasz. n —asz—,x n' — length as’ < length asx)
by blast
hence n —as’—,* n’ and all:V asz. n —asz—,* n' — length as’ < length asz
by simp-all
hence distance n n’ (length as’) by(fastforce intro:distancel)
from <n —as—,* n’y all have length as’ < length as by fastforce
with <distance n n’ (length as’)y show ?thesis by blast
next
case Fulse
hence all:V as’. n —as’—,x n' — (Fasz. n —asz—,* n’ A length as’ > length
as)
by fastforce
have wf (measure length) by simp
from «n —as—,* n’» have as € {as. n —as—,x n'} by simp
with «wf (measure length)> obtain as’ where as’ € {as. n —as—,* n'}
and notin:A\as’. (as',as’) € (measure length) = as” ¢ {as. n —as—,x n'}
by (erule wfE-min)
from <as’ € {as. n —as—,* n’}) have n —as’—,x n' by simp
with all obtain asz where n —asz—,* n’
and length as’ > length asz
by blast
with notin have asz ¢ {as. n —as—,* n'} by simp
hence — n —asz—,* n’ by simp
with «n —asz—,* n’» have False by simp
thus ?thesis by simp
qed
qed
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lemma distance-det:
[distance n n' x; distance n n' '] = z = '
apply (erule distance.cases)+ apply clarsimp
apply (erule-tac x=asa in allE) apply(erule-tac z=as in allE)
by simp

lemma only-one-SOME-dist-edge:
assumes valid-edge o and intra-kind(kind o) and distance (targetnode a) n' x
shows Jla’. sourcenode a = sourcenode o’ A distance (targetnode a’) n' x A
valid-edge a’ A intra-kind(kind a”) A
targetnode o’ = (SOME nz. 3 a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n’ x A
valid-edge o’ A intra-kind(kind a’) A
targetnode a’ = nx)
proof(rule ex-exll)
show Ja’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' x A wvalid-edge o’ A intra-kind(kind a’) A
targetnode a’ = (SOME nz. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' © A
valid-edge a’ A intra-kind(kind a’) N
targetnode a’ = nx)
proof —
have (3 a’. sourcenode a = sourcenode a’ A
distance (targetnode o’) n' x A valid-edge a' A intra-kind(kind a”) A
targetnode a’ = (SOME nz. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) n' x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’' = nx)) =
(Inz. Fa’. sourcenode a = sourcenode a’ N distance (targetnode a’) n' z A
valid-edge o’ A intra-kind(kind a') N\ targetnode o’ = nzx)
apply (unfold some-eq-ex[of Anz. Fa’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n’ x A wvalid-edge a’ A intra-kind(kind o) A
targetnode a’ = nx))
by simp
also have ...
using <wvalid-edge @ <intra-kind(kind a)» «distance (targetnode a) n' x>
by blast
finally show ?thesis .
qed
next
fix o’ ax
assume sourcenode a = sourcenode a’ A
distance (targetnode a’) n’ x A walid-edge a’ A intra-kind(kind a’) A
targetnode a’ = (SOME nz. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode o’) n' x A
valid-edge a’ N intra-kind(kind a’) A
targetnode a’ = nx)
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and sourcenode a = sourcenode ax N

distance (targetnode ax) n' x A valid-edge ax N intra-kind(kind az) A

targetnode axz = (SOME nz. 3 a'. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nx)

thus o’ = azx by(fastforce intro!:edge-det)
qed

lemma distance-successor-distance:
assumes distance n n’ z and z # 0
obtains a where valid-edge a and n = sourcenode a and intra-kind(kind a)
and distance (targetnode a) n' (x — 1)
and targetnode a = (SOME nz. 3 a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' (x — 1) A
valid-edge o’ A intra-kind(kind a’) A
targetnode a’ = nx)
proof (atomize-elim)
show Ja. valid-edge a A n = sourcenode a A intra-kind(kind a) A
distance (targetnode a) n' (x — 1) A
targetnode a = (SOME nz. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) n' (x — 1) A
valid-edge a’ A intra-kind(kind a’) A
targetnode o’ = nx)
proof (rule ccontr)
assume — (Ja. valid-edge a A n = sourcenode a N intra-kind(kind a) A
distance (targetnode a) n' (x — 1) A
targetnode a = (SOME nz. 3 a'. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' (x — 1) A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nx))
hence imp:V a. valid-edge a A n = sourcenode a A intra-kind(kind a) A
targetnode a = (SOME nz. 3 a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' (z — 1) A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nr)
— = distance (targetnode a) n' (z — 1) by blast
from (distance n n’ x> obtain as where n —as—,* n’ and z = length as
and all:Vas’. n —as'—,x n' — z < length as’
by (auto elim:distance.cases)
from «n —as—,*x n’» have n —as—+* n’ and Va € set as. intra-kind(kind a)
by (simp-all add:intra-path-def)
from this <x = length as) all imp show Fulse
proof (induct rule:path.induct)
case (empty-path n)
from <z = length []» <z # 0> show Fulse by simp
next
case (Cons-path n'' as n' a n)

238



note imp = (¥ a. valid-edge a N n = sourcenode a A intra-kind (kind a) A
targetnode a = (SOME nz. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) n' (x — 1) A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nr)
— = distance (targetnode a) n' (z — 1)»
note all = Vas’. n —as’—,x n' — z < length as”
from (Y acset (a#as). intra-kind (kind a)>
have intra-kind (kind o) and V a€set as. intra-kind (kind a)
by simp-all
from n' —as—x n’y «Va€set as. intra-kind (kind a)>
have n' —as— x n’ by(simp add:intra-path-def)
then obtain y where distance n’’ n’ y
and y < length as by(erule every-path-distance)
from «distance n'’ n’ y» obtain as’ where n' —as’— * n’
and y = length as’ by(auto elim:distance.cases)
hence n' —as’—x n’ and V a€set as’. intra-kind (kind a)
by (simp-all add:intra-path-def)
show Fulse
proof(cases y < length as)
case True
from <walid-edge a> <sourcenode a = n» <targetnode a = n'"y <n’ —as’—x*

have n —a#as’—* n’ by —(rule path.Cons-path)
with «V a€set as’. intra-kind (kind a)» <intra-kind (kind a)»
have n —a#as'—, x n’ by(simp add:intra-path-def)
with all have z < length (af#as’) by blast
with <z = length (a#tas)y True <y = length as”» show False by simp
next
case Fulse
with «y < length as)» <z = length (a#as)> have y = © — 1 by simp
from <targetnode a = n'"y <distance n'" n' y
have distance (targetnode a) n’ y by simp
with <valid-edge @) <intra-kind(kind a)»
obtain o’ where sourcenode a = sourcenode a’
and distance (targetnode a’) n’ y and wvalid-edge o’
and intra-kind(kind o’)
and targetnode o’ = (SOME nz. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) n’ y A
valid-edge o’ A intra-kind(kind a”) A
targetnode a’ = nx)
by(auto dest:only-one-SOME-dist-edge)
with imp <sourcenode a = ny <y = x — 1» show Fulse by fastforce
qed
qed
qed
qed

end
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end

1.12 Static backward slice

theory Slice imports SCDObservable Distance begin

context SDG begin

1.12.1 Preliminary definitions on the parameter nodes for
defining sliced call and return edges

fun csppa :: 'node = 'node SDG-node set = nat =
((("'var — "wval) = "wal option) list) = ((("var — 'val) = 'val option) list)
where csppa m Sz || = |]
| csppa m S x (f#fs) =
(if Formal-in(m,z) ¢ S then Map.empty else f)#csppa m S (Suc x) fs

definition cspp :: 'node = 'node SDG-node set =
((("'var — "wal) = "wal option) list) = ((("var — 'val) = 'val option) list)
where cspp m S fs = csppa m S 0 fs

lemma [simp]: length (csppa m S x fs) = length fs
by (induct fs arbitrary:z)(auto)

lemma [simp]: length (cspp m S fs) = length fs
by (simp add:cspp-def)

lemma csppa-Formal-in-notin-slice:
[x < length fs; Formal-in(m,z + i) ¢ S]
= (csppa m S i fs)lx = Map.empty
by (induct fs arbitrary:i x,auto simp:nth-Cons’)

lemma csppa-Formal-in-in-slice:
[x < length fs; Formal-in(m,z + i) € S]
= (esppa m S i fs)lo = fslz
by (induct fs arbitrary:i x,auto simp:nth-Cons’)

definition map-merge :: (‘var — 'val) = (‘var — 'val) = (nat = bool) =
"var list = ("var — 'val)
where map-merge f g Q xs = (AV. if (i. i < length s A zsli = V A Q i) then
gV
else f V)

definition rspp :: 'node = 'node SDG-node set = "var list =
("var — 'val) = ("var — "val) = ("var — "val)
where rspp m S zs f g = map-merge f (Map.empty(ParamDefs m [:=] map g xs))
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(Ai. Actual-out(m,i) € S) (ParamDefs m)

lemma rspp-Actual-out-in-slice:
assumes z < length (ParamDefs (targetnode a)) and valid-edge a
and length (ParamDefs (targetnode a)) = length xs
and Actual-out (targetnode a,x) € S
shows (rspp (targetnode a) S zs f g) ((ParamDefs (targetnode a))!z) = g(xs!z)
proof —
from «<valid-edge > have distinct(ParamDefs (targetnode a))
by (rule distinct-ParamDefs)
from <z < length (ParamDefs (targetnode a))»
<length (ParamDefs (targetnode a)) = length xs
«distinct(ParamDefs (targetnode a)))
have (Map.empty(ParamDefs (targetnode a) [:=] map g xs))
((ParamDefs (targetnode a))\z) = (map g zs)!lz
by (fastforce intro:fun-upds-nth)
with (Actual-out(targetnode a,z) € Sy «x < length (ParamDefs (targetnode a))»
<length (ParamDefs (targetnode a)) = length zs» show ?thesis
by (fastforce simp:rspp-def map-merge-def)
qed

lemma rspp-Actual-out-notin-slice:
assumes z < length (ParamDefs (targetnode a)) and valid-edge a
and length (ParamDefs (targetnode a)) = length xs
and Actual-out((targetnode a),z) ¢ S
shows (rspp (targetnode a) S xs f g) ((ParamDefs (targetnode a))lx) =
f((ParamDefs (targetnode a))!x)
proof —
from «(walid-edge a)» have distinct(ParamDefs (targetnode a))
by (rule distinct-ParamDefs)
from <z < length (ParamDefs (targetnode a))»
<length (ParamDefs (targetnode a)) = length xs»
<distinct( ParamDefs (targetnode a))»
have (Map.empty(ParamDefs (targetnode a) [:=] map g xs))
((ParamDefs (targetnode a))lz) = (map g zs)lx
by (fastforce intro:fun-upds-nth)
with <Actual-out((targetnode a),x) ¢ S» <distinct(ParamDefs (targetnode a))»
<x < length (ParamDefs (targetnode a))»
show ?thesis by(fastforce simp:rspp-def map-merge-def nth-eq-iff-indez-eq)
qed

1.12.2 Defining the sliced edge kinds

primrec slice-kind-auz :: 'node = 'node = 'node SDG-node set =
("var,'val,'ret,'pname) edge-kind = ('var,'val,ret,'pname) edge-kind
where slice-kind-auz m m’ S ff = (if m € |S] opq then f else frid)
| slice-kind-auz m m' S (Q), = (if m € |S]cpg then (Q) else
(if obs-intra m | S| opq = {} then
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(let mex = (THE mex. method-exit mex A get-proc m = get-proc mez) in
(if (Fz. distance m' mex x A distance m mex (x + 1) A
(m’ = (SOME mz'. 3a’. m = sourcenode a’ N
distance (targetnode a’) mex x A
valid-edge o’ A intra-kind(kind a”) A
targetnode a’ = mz")))
then (Acf. True)/ else (Acf. False),/))
else (let me = THE mx. mz € obs-intra m | S| opq in
(if (3=z. distance m’ mz x A distance m mz (z + 1) A
(m’ = (SOME mz'. 3a’. m = sourcenode a’ A
distance (targetnode a’) mz x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = mz")))
then (Acf. True) , else (Acf. False) /))))
| slice-kind-aux m m’ S (Q:r—pfs) = (if m € |S] opg then (Q:r—p(cspp m' S
f5))
else ((Acf. False):r—pfs))
| slice-kind-auz m m" S (Q«pf) = (if m € |S| opq then
(let outs = THE outs. Jins. (p,ins,outs) € set procs in
(Q<=p(Acf cf . rspp m” S outs cf’ cf)))
else ((Acf. True)<=p(Xcf cf’. cf')))

definition slice-kind :: 'node SDG-node set = 'edge =
("var,’val,'ret,’'pname) edge-kind
where slice-kind S a =
slice-kind-auzx (sourcenode a) (targetnode a) (HRB-slice S) (kind a)

definition slice-kinds :: 'node SDG-node set = 'edge list =
("var,’val,'ret,’pname) edge-kind list
where slice-kinds S as = map (slice-kind S) as

lemma slice-intra-kind-in-slice:
[sourcenode a € | HRB-slice S| opey; intra-kind (kind a)]
= slice-kind S a = kind a

by (fastforce simp:intra-kind-def slice-kind-def)

lemma slice-kind-Upd:
[sourcenode a ¢ | HRB-slice S| opcy; kind a = 1f] = slice-kind S a = {rid
by (simp add:slice-kind-def)

lemma slice-kind-Pred-empty-obs-nearer-SOME:
assumes sourcenode a ¢ | HRB-slice S| cpg and kind a = (Q)/
and obs-intra (sourcenode a) | HRB-slice S| opq = {}
and method-ezit mex and get-proc (sourcenode a) = get-proc mez
and distance (targetnode a) mex ¢ and distance (sourcenode a) mex (z + 1)
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and targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a') mex x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n’)
shows slice-kind S a = (As. True),,
proof —
from <method-exit mex) <get-proc (sourcenode a) = get-proc mex)
have mex = (THE mezx. method-exit mex A get-proc (sourcenode a) = get-proc
mez)
by (auto introl:the-equality| THEN sym)] intro:method-exit-unique)
with (sourcenode a ¢ | HRB-slice S| cpgy <kind a = (Q)
<obs-intra (sourcenode a) |HRB-slice S|opq = {}
have slice-kind S a =
(if (3z. distance (targetnode a) mex x A distance (sourcenode a) mex (z + 1)
N
(targetnode a = (SOME mz'. A a’. sourcenode a = sourcenode a’ N\
distance (targetnode o) mex x A wvalid-edge a’ A intra-kind(kind o) A
targetnode a’ = mx'))) then (Acf. True) , else (Acf. False) )
by (simp add:slice-kind-def Let-def)
with «distance (targetnode a) mex x> «distance (sourcenode a) mex (z + 1)»
<targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = n'))
show ?thesis by fastforce
qged

lemma slice-kind-Pred-empty-obs-nearer-not-SOME:
assumes sourcenode a ¢ | HRB-slice S| cpg and kind a = (Q)/
and obs-intra (sourcenode a) | HRB-slice S| opa = {}
and method-exit mex and get-proc (sourcenode a) = get-proc mez
and distance (targetnode a) mex z and distance (sourcenode a) mex (z + 1)
and targetnode a # (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a') mex x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = n’)
shows slice-kind S a = (As. False),,
proof —
from <method-exit mex) <get-proc (sourcenode a) = get-proc mex)
have mex = (THE mezx. method-exit mex A get-proc (sourcenode a) = get-proc
mex)
by (auto introl:the-equality| THEN sym)| intro:method-ezit-unique)
with (sourcenode a ¢ | HRB-slice S| cpg <kind a = (Q)
<obs-intra (sourcenode a) | HRB-slice S|opq = {}
have slice-kind S a =
(if (3z. distance (targetnode a) mex x A distance (sourcenode a) mex (z + 1)
A
(targetnode a = (SOME mz'. 3a’. sourcenode a = sourcenode a’ A
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distance (targetnode o) mex x A valid-edge a’ A intra-kind(kind o) A
targetnode a’ = ma'))) then (Acf. True) , else (Acf. False),/)
by (simp add:slice-kind-def Let-def)
with «distance (targetnode a) mex x> «distance (sourcenode a) mex (z + 1)»
<targetnode a # (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = n'))
show ?thesis by (auto dest:distance-det)
qged

lemma slice-kind- Pred-empty-obs-not-nearer:
assumes sourcenode a ¢ | HRB-slice S| cpg and kind a = (Q)/
and obs-intra (sourcenode a) | HRB-slice S| opa = {}
and method-ezit mex and get-proc (sourcenode a) = get-proc mez
and dist:distance (sourcenode a) mex (x + 1) — distance (targetnode a) mex x
shows slice-kind S a = (As. False),/
proof —
from «method-exit mex)> <get-proc (sourcenode a) = get-proc mex»
have mex = (THE mex. method-exit mex A get-proc (sourcenode a) = get-proc
mez)
by (auto introl:the-equality| THEN sym] intro:method-ezit-unique)
moreover
from dist have — (3 z. distance (targetnode a) mezx x A
distance (sourcenode a) mex (x + 1))
by (fastforce dest:distance-det)
ultimately show ?thesis using assms by(auto simp:slice-kind-def Let-def)
qed

lemma slice-kind-Pred-obs-nearer-SOME:
assumes sourcenode a ¢ | HRB-slice S| cpg and kind a = (Q)/
and m € obs-intra (sourcenode a) | HRB-slice S| opc
and distance (targetnode a) m x distance (sourcenode a) m (z + 1)
and targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) m x A
valid-edge a’ A intra-kind(kind a’) N
targetnode a’ = n’)
shows slice-kind S a = (As. True),,
proof —
from «m € obs-intra (sourcenode a) | HRB-slice S|opq
have m = (THE m. m € obs-intra (sourcenode a) | HRB-slice S| cpq)
by (rule obs-intra-the-element[ THEN sym])
with assms show ?thesis by(auto simp:slice-kind-def Let-def)
qed

lemma slice-kind-Pred-obs-nearer-not-SOME:
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assumes sourcenode a ¢ | HRB-slice S| opg and kind a = (Q)/
and m € obs-intra (sourcenode a) | HRB-slice S| opc
and distance (targetnode a) m x distance (sourcenode a) m (z + 1)
and targetnode a # (SOME nz'. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) m x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = nx')
shows slice-kind S a = (As. False),
proof —
from «m € obs-intra (sourcenode a) | HRB-slice S|pq
have m = (THE m. m € obs-intra (sourcenode a) (| HRB-slice S| copq))
by (rule obs-intra-the-element[ THEN sym])
with assms show ?thesis by(auto dest:distance-det simp:slice-kind-def Let-def)
qed

lemma slice-kind-Pred-obs-not-nearer:
assumes sourcenode a ¢ | HRB-slice S| opg and kind a = (Q)/
and in-obs:m € obs-intra (sourcenode a) | HRB-slice S| opag
and dist:distance (sourcenode a) m (z + 1)
- distance (targetnode a) m x
shows slice-kind S a = (\s. False),/
proof —
from in-obs have the:m = (THE m. m € obs-intra (sourcenode a) | HRB-slice
Slere)
by (rule obs-intra-the-element| THEN sym)])
from dist have — (3 z. distance (targetnode a) m x A
distance (sourcenode a) m (z + 1))
by (fastforce dest:distance-det)
with (sourcenode a ¢ |HRB-slice S|copg> <kind a = (Q),» in-obs the show
?thesis
by (auto simp:slice-kind-def Let-def)
qed

lemma kind-Predicate-notin-slice-slice-kind-Predicate:
assumes sourcenode a ¢ |HRB-slice S|opq and walid-edge o and kind a =
(Q)y
obtains Q' where slice-kind S a = (Q'), and Q'
True)
proof (atomize-elim)
show 3 Q. slice-kind S a = (Q")y N (Q" = (Xs. False) V Q" = (Xs. True))
proof (cases obs-intra (sourcenode a) | HRB-slice S| opa = {})
case True
from <walid-edge a) have valid-node (sourcenode a) by simp
then obtain as where sourcenode a —as— /* (-Erit-) by(fastforce dest: Exit-path)
then obtain as’ mex where sourcenode a —as’—,* mex and method-exit mex

(As. False) V Q' = (Xs.

by —(erule valid-Ezit-path-intra-path)
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from <sourcenode a —as'—,x mexy have get-proc (sourcenode a) = get-proc
mezx
by (rule intra-path-get-procs)
show ?thesis
proof(cases Jz. distance (targetnode a) mex x A
distance (sourcenode a) mezx (x + 1))
case True
then obtain =z where distance (targetnode a) mez x
and distance (sourcenode a) mex (z + 1) by blast
show ?Zthesis
proof(cases targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) mezx x A
valid-edge a’ A intra-kind(kind o) A
targetnode a’ = n'))
case True
with (sourcenode a ¢ | HRB-slice S| cpg <kind a = (Q)
<obs-intra (sourcenode a) | HRB-slice S| opq = {}
¢method-exit mex» (get-proc (sourcenode a) = get-proc mex»
<distance (targetnode a) mex x) <distance (sourcenode a) mex (z + 1)
have slice-kind S a = (As. True),,
by (rule slice-kind-Pred-empty-obs-nearer-SOME)
thus ?thesis by simp
next
case Fulse
with (sourcenode a ¢ | HRB-slice S| cpgy <kind a = (Q)
<obs-intra (sourcenode a) | HRB-slice S| opq = {}
<method-exit mex» (get-proc (sourcenode a) = get-proc mex»
<distance (targetnode a) mex ) <distance (sourcenode a) mex (z + 1)
have slice-kind S a = (\s. False) ,
by (rule slice-kind- Pred-empty-obs-nearer-not-SOME)
thus %thesis by simp
qed
next
case Fulse
from <method-ezit mex> <get-proc (sourcenode a) = get-proc mezx)
have mex = (THE mex. method-exit mex A get-proc (sourcenode a) = get-proc
mex)
by (auto introl:the-equality| THEN sym] intro:method-exit-unique)
with (sourcenode a ¢ | HRB-slice S| cpg <kind a = (Q)
<obs-intra (sourcenode a) | HRB-slice S| opq = {}» False
have slice-kind S a = (\s. False),,
by (auto simp:slice-kind-def Let-def)
thus ?thesis by simp
qed
next
case Fulse
then obtain m where m € obs-intra (sourcenode a) | HRB-slice S|opq by
blast
show ?thesis
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proof(cases Jz. distance (targetnode a) m x A
distance (sourcenode a) m (z + 1))
case True
then obtain z where distance (targetnode a) m x
and distance (sourcenode a) m (x + 1) by blast
show “thesis
proof(cases targetnode a = (SOME n’. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m x A
valid-edge a’ A intra-kind(kind a”) A
targetnode o’ = n'))
case True
with (sourcenode a ¢ | HRB-slice S| cpg <kind a = (Q)
«m € obs-intra (sourcenode a) | HRB-slice S| opq»
«distance (targetnode a) m x> <distance (sourcenode a) m (z + 1))
have slice-kind S a = (As. True),,
by (rule slice-kind-Pred-obs-nearer-SOME)
thus ?thesis by simp
next
case Fulse
with (sourcenode a ¢ | HRB-slice S| cpgy <kind a = (Q)
«m € obs-intra (sourcenode a) | HRB-slice S| opc
<distance (targetnode a) m x» <distance (sourcenode a) m (z + 1))
have slice-kind S a = (\s. False),,
by (rule slice-kind-Pred-obs-nearer-not-SOME)
thus %thesis by simp
qed
next
case Fulse
from «<m € obs-intra (sourcenode a) | HRB-slice S|opq
have m = (THE m. m € obs-intra (sourcenode a) | HRB-slice S|pq)
by (rule obs-intra-the-element| THEN sym))
with (sourcenode a ¢ | HRB-slice S| opg> <kind a = (Q) ., False
«m € obs-intra (sourcenode a) | HRB-slice S| cpc
have slice-kind S a = (\s. Fulse),,
by (auto simp:slice-kind-def Let-def)
thus ?thesis by simp
qged
qed
qed

lemma slice-kind-Call:
[sourcenode a ¢ | HRB-slice S| cpg; kind a = Q:r— pfs]
= slice-kind S a = (\cf. False):r—pfs

by (simp add:slice-kind-def)

lemma slice-kind-Call-in-slice:
[sourcenode a € | HRB-slice S| cpg; kind a = Q:r— pfs]
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= slice-kind S a = Q:r—p(cspp (targetnode a) (HRB-slice S) fs)
by (simp add:slice-kind-def)

lemma slice-kind-Call-in-slice- Formal-in-not:
assumes sourcenode a € | HRB-slice S| opq and kind a = Q:r—pfs
and Vz < length fs. Formal-in(targetnode a,x) ¢ HRB-slice S
shows slice-kind S a = Q:r— preplicate (length fs) Map.empty
proof —
from <sourcenode a € | HRB-slice S| opg» <kind a = Q:r—pfs
have slice-kind S a = Q:r—p(cspp (targetnode a) (HRB-slice S) fs)
by (simp add:slice-kind-def)
from <V < length fs. Formal-in(targetnode a,z) ¢ HRB-slice S»
have cspp (targetnode a) (HRB-slice S) fs = replicate (length fs) Map.empty
by (fastforce intro:nth-equalityl csppa-Formal-in-notin-slice simp:cspp-def)
with «slice-kind S a = Q:r—p(cspp (targetnode a) (HRB-slice S) fs)»
show ?thesis by simp
qed

lemma slice-kind-Call-in-slice- Formal-in-also:
assumes sourcenode a € | HRB-slice S| opg and kind a = Q:r—pfs
and Vz < length fs. Formal-in(targetnode a,x) € HRB-slice S
shows slice-kind S a = Q:r—pfs
proof —
from <sourcenode a € | HRB-slice S| opg <kind a = Q:r—pfs
have slice-kind S a = Q:r—p(cspp (targetnode a) (HRB-slice S) fs)
by (simp add:slice-kind-def)
from <V < length fs. Formal-in(targetnode a,z) € HRB-slice S»
have cspp (targetnode a) (HRB-slice S) fs = fs
by (fastforce intro:nth-equalityl csppa-Formal-in-in-slice simp:cspp-def)
with «slice-kind S a = Q:r—p(cspp (targetnode a) (HRB-slice S) fs)»
show ?thesis by simp
qed

lemma slice-kind-Call-intra-notin-slice:
assumes sourcenode a ¢ |HRB-slice S| opq and valid-edge a
and intra-kind (kind o) and valid-edge o’ and kind o’ = Q:r—pfs
and sourcenode a’ = sourcenode a
shows slice-kind S a = (As. True),,
proof —
from <valid-edge o'y <kind o’ = Q:r—pfs> obtain o'’
where o'’ € get-return-edges a’
by (fastforce dest:get-return-edge-call)
with «valid-edge o’y obtain ax where valid-edge ax
and sourcenode ax = sourcenode a’ and targetnode ax = targetnode o'’
and kind ax = (Acf. False),,
by (fastforce dest:call-return-node-edge)
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from (walid-edge o'y <kind o’ = Q:r—pfs)
have 3!a”. valid-edge a'’ N sourcenode a'’ = sourcenode a’ A
intra-kind(kind a'’)
by (rule call-only-one-intra-edge)
with <valid-edge a) <sourcenode o’ = sourcenode ay <intra-kind (kind a)»
have all:V a”. valid-edge a’’ A sourcenode a'’ = sourcenode a’ A
intra-kind(kind o) — o’ = a by fastforce
with (valid-edge az) <sourcenode ax = sourcenode o'y <kind ax = (Acf. False) ;>
have [simpl:ax = a by(fastforce simp:intra-kind-def)
show ?thesis
proof (cases obs-intra (sourcenode a) | HRB-slice S| opa = {})
case True
from <walid-edge a) have valid-node (sourcenode a) by simp
then obtain asz where sourcenode a —asz— /* (-Ezit-) by(fastforce dest: Ezit-path)
then obtain as pex where sourcenode a—as—,+ pex and method-exit pex
by —(erule valid-Ezit-path-intra-path)
from <sourcenode a—as—,x pexy have get-proc (sourcenode a) = get-proc pex
by (rule intra-path-get-procs)
from <sourcenode a—as—,* pexy obtain z where distance (sourcenode a) pex

and z < length as by(erule every-path-distance)
from «method-ezit pex> have sourcenode a # pex
proof (rule method-exit-cases)
assume pex = (-Exit-)
show ?thesis
proof
assume sourcenode a = pex
with <pex = (-Ezit-)» have sourcenode a = (-Exit-) by simp
with <valid-edge a» show False by(rule Ezit-source)
qed
next
fix ax Qz px fx
assume per = sourcenode ax and valid-edge ax and kind ax = Qr<pgfr
hence V a’. valid-edge a’ N\ sourcenode a’ = sourcenode ax —
(3Qz' fx'. kind o' = Qu'<=pgfr’) by —(rule return-edges-only)
with <walid-edge a> <intra-kind (kind a)) <pex = sourcenode az»
show ?thesis by (fastforce simp:intra-kind-def)
qed
have z # 0
proof
assume z = (
with (distance (sourcenode a) pex x> have sourcenode a = pex
by (fastforce elim:distance.cases simp:intra-path-def)
with (sourcenode a # pex> show False by simp
qed
with «distance (sourcenode a) pex x> obtain az’ where valid-edge az’
and sourcenode a = sourcenode ax’ and intra-kind(kind ax’)
and distance (targetnode az') pex (x — 1)
and Some:targetnode ax’ = (SOME nzx. 3a’. sourcenode axr’ = sourcenode o’
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distance (targetnode a’) pex (x — 1) A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nx)
by (erule distance-successor-distance)
from <walid-edge azx’s <sourcenode a = sourcenode az’s <intra-kind(kind ax’)
<sourcenode a' = sourcenode ay all
have [simpl:az’ = a by fastforce
from (sourcenode a ¢ | HRB-slice S| cpg> <kind ax = (Acf. False)
True <method-exit pex) <get-proc (sourcenode a) = get-proc pex> <x # 0>
<distance (targetnode azx') pex (x — 1)» <distance (sourcenode a) pex x> Some
show ?thesis by (fastforce elim:slice-kind- Pred-empty-obs-nearer-SOME)
next
case Fulse
then obtain m where m € obs-intra (sourcenode a) | HRB-slice S|opq by
fastforce
then obtain as where sourcenode a—as—,* m and m € |HRB-slice S| opg
by —(erule obs-intraE)
from <sourcenode a—as—,* m» obtain z where distance (sourcenode a) m z
and z < length as by(erule every-path-distance)
from (sourcenode a ¢ | HRB-slice S| opq» «m € |HRB-slice S| opc»
have sourcenode a # m by fastforce
have z # 0
proof
assume 7z = (
with «distance (sourcenode a) m x> have sourcenode a = m
by (fastforce elim:distance.cases simp:intra-path-def)
with (sourcenode a # m»> show Fulse by simp
qed
with «distance (sourcenode a) m x> obtain az’ where valid-edge ax’
and sourcenode a = sourcenode ax’ and intra-kind(kind ax’)
and distance (targetnode azx’) m (z — 1)
and Some:targetnode ax’ = (SOME nzx. 3a’. sourcenode axr’ = sourcenode o’

distance (targetnode a’) m (z — 1) A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = nr)
by (erule distance-successor-distance)
from <walid-edge az’s <sourcenode a = sourcenode ax’y <intra-kind(kind ax’)
<sourcenode a’ = sourcenode a) all
have [simpl:ax’ = a by fastforce
from (sourcenode a ¢ | HRB-slice S| cpg> <kind ax = (Acf. False)
«m € obs-intra (sourcenode a) | HRB-slice S| opq» «x # 0»
«distance (targetnode az’) m (z — 1)» <distance (sourcenode a) m x» Some
show ?thesis by(fastforce elim:slice-kind-Pred-obs-nearer-SOME)
qed
qed
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lemma slice-kind-Return:
[sourcenode a ¢ | HRB-slice S| copqs kind a = Q«pf]
= slice-kind S a = (Acf. True)<=p(Xcf cf’. cf’)

by (simp add:slice-kind-def)

lemma slice-kind-Return-in-slice:
[sourcenode a € | HRB-slice S| oy valid-edge a; kind a = Q<pf;
(p,ins,outs) € set procs]
= slice-kind S a = Q«>p(Xcf cf’. rspp (targetnode a) (HRB-slice S) outs cf’

cf)
by (simp add:slice-kind-def ;,unfold formal-out-THE simp)

lemma length-transfer-kind-slice-kind:
assumes valid-edge a and length s1 = length so
and transfer (kind a) s1 = s1” and transfer (slice-kind S a) sy = s2
shows length s’ = length sy’
proof(cases kind a rule:edge-kind-cases)
case Intra
show ?thesis
proof (cases sourcenode a € | HRB-slice S|cpaq)
case True
with Intra assms show ?thesis
by (cases s1)(cases sq,auto dest:slice-intra-kind-in-slice simp:intra-kind-def)+
next
case Fulse
with Intra assms show ?thesis
by (cases s1)(cases sa,auto dest:slice-kind-Upd
elim:kind-Predicate-notin-slice-slice-kind-Predicate simp:intra-kind-def)+

/

qed
next
case (Call Q rp fs)
show ?thesis
proof (cases sourcenode a € | HRB-slice S|opq)
case True
with Call assms show ?thesis
by (cases s1)(cases sa,auto dest:slice-kind-Call-in-slice)+
next
case Fulse
with Call assms show ?thesis
by (cases s1)(cases sa,auto dest:slice-kind-Call)+
qed
next
case (Return Q p f)
show ?thesis
proof(cases sourcenode a € | HRB-slice S| opq)
case True
from Return <valid-edge a)> obtain a’ Q' r fs
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where valid-edge o’ and kind o’ = Q":r—pfs
by —(drule return-needs-call,auto)
then obtain ins outs where (p,ins,outs) € set procs
by (fastforce dest!:callee-in-procs)
with True (valid-edge a> Return assms show ?Zthesis
by (cases s1)(cases sa,auto dest:slice-kind-Return-in-slice split:list.split)+
next
case Fulse
with Return assms show ?thesis
by (cases s1)(cases sa,auto dest:slice-kind-Return split:list.split)+
qed
qed

1.12.3 The sliced graph of a deterministic CFG is still de-
terministic

lemma only-one-SOME-edge:
assumes valid-edge o and intra-kind(kind a) and distance (targetnode a) mex
shows Jla’. sourcenode a = sourcenode a’ A\ distance (targetnode a’) mex z A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = (SOME n’. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode o) mexr & A
valid-edge o’ A intra-kind(kind a”) A
targetnode a’ = n’)
proof (rule ex-exIT)
show Fa’. sourcenode a = sourcenode a’ A distance (targetnode a’) mex x A
valid-edge o’ A intra-kind(kind a’) A
targetnode o’ = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a') mex x A
valid-edge o’ A intra-kind(kind a”) A
targetnode a’ = n’)
proof —
have (Ja’. sourcenode a = sourcenode o’ A distance (targetnode a’) mex x A
valid-edge o’ A intra-kind(kind o) A
targetnode o’ = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x A
valid-edge o’ A intra-kind(kind a’) A
targetnode a’ = n')) =
(3n'. Fa’. sourcenode a = sourcenode o’ A distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a’) A targetnode a’ = n')
apply (unfold some-eq-ex[of An’. a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) mex x N\
valid-edge o’ A intra-kind(kind a’) A
targetnode a’ = n')
by simp
also have ...
using (walid-edge a) <intra-kind(kind a)) <distance (targetnode a) mez >
by blast
finally show ?thesis .
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qed
next
fix a’ ax
assume sourcenode a = sourcenode a’ A distance (targetnode a’) mex x A
valid-edge o’ A intra-kind(kind a’) A
targetnode a’ = (SOME n'. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) mezx x A
valid-edge a’ A intra-kind(kind o) A
targetnode a’ = n’)
and sourcenode a = sourcenode ax A distance (targetnode ax) mex x A
valid-edge ax A intra-kind(kind azx) A
targetnode ax = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n’)
thus a’ = az by(fastforce intro!:edge-det)
qed

lemma slice-kind-only-one- True-edge:
assumes sourcenode a = sourcenode a’ and targetnode a # targetnode a’
and valid-edge a and wvalid-edge o’ and intra-kind (kind a)
and intra-kind (kind o) and slice-kind S a = (As. True),,
shows slice-kind S o' = (Xs. False)
proof —
from assms obtain @ Q' where kind a = (Q),/
and kind o’ = (Q'),, and det:¥s. (Q s — = Q' s) AN (Q" s — = Q 5)
by(auto dest:deterministic)
show ?thesis
proof(cases sourcenode a € | HRB-slice S| opq)
case True
with (slice-kind S a = (Xs. True),,» <kind a = (Q),,» have Q = (As. True)
by (simp add:slice-kind-def Let-def)
with det have Q' = (X\s. False) by(simp add:fun-eq-iff)
with True <kind o’ = (Q'),)» <sourcenode a = sourcenode a'> show ?thesis
by (simp add:slice-kind-def Let-def)
next
case False
hence sourcenode a ¢ | HRB-slice S| opq by simp
thus ?thesis
proof(cases obs-intra (sourcenode a) | HRB-slice S| opq = {})
case True
with (sourcenode a ¢ | HRB-slice S| opg> «slice-kind S a = (As. True)
kind a = (Q),
obtain mex x where mez:mex = (THE mex. method-exit mex N
get-proc (sourcenode a) = get-proc mex)
and dist:distance (targetnode a) mex x distance (sourcenode a) mex (z + 1)
and target:targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x A

253



valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n')
by (auto simp:slice-kind-def Let-def fun-eq-iff split:if-split-asm)
from (walid-edge ay <intra-kind (kind a)» <distance (targetnode a) mex )
have ex!:3!a’. sourcenode a = sourcenode a’ N distance (targetnode a") mex
A
valid-edge a’ A intra-kind(kind a’) A
targetnode o’ = (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = n’)
by (rule only-one-SOME-edge)
have targetnode a’ # (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n')
proof (rule ccontr)
assume - targetnode o’ # (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) mex x A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n')
hence targetnode o’ = (SOME n’. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) mex x N
valid-edge o’ A intra-kind(kind a”) A
targetnode a’ = n’)
by simp
with ezl target <sourcenode a = sourcenode a’s (valid-edge a) <valid-edge a’s
<intra-kind(kind @)y <intra-kind(kind a')y <distance (targetnode a) mex >
have a = a’ by fastforce
with «targetnode a # targetnode a’» show False by simp
qed
with (sourcenode a ¢ | HRB-slice S| cpg> True <kind o’ = (Q"),»
(sourcenode a = sourcenode ay mez dist
show %thesis by (auto dest:distance-det
sitmp:slice-kind-def Let-def fun-eq-iff split:if-split-asm)
next
case Fulse
hence obs-intra (sourcenode a) | HRB-slice S| opq # {} -
then obtain m where m € obs-intra (sourcenode a) | HRB-slice S|opq by
auto
hence m = (THE m. m € obs-intra (sourcenode a) | HRB-slice S| opq)
by (auto dest:obs-intra-the-element)
with <sourcenode a ¢ | HRB-slice S| opq
<obs-intra (sourcenode a) | HRB-slice S| opq # {}
«slice-kind S a = (Xs. True) ,» <kind a = (Q) )
obtain z z’ where distance (targetnode a) m x
distance (sourcenode a) m (z + 1)
and target:targetnode a = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m x A
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valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n')
by (auto simp:slice-kind-def Let-def fun-eq-iff split:if-split-asm)
show ?thesis
proof (cases distance (targetnode a’) m x)
case Fulse
with (sourcenode a ¢ | HRB-slice S| cpg <kind o’ = (Q')
«m € obs-intra (sourcenode a) | HRB-slice S| opq»
<distance (targetnode a) m x> <distance (sourcenode a) m (x + 1))
<sourcenode a = sourcenode o’y show ?thesis
by (fastforce intro:slice-kind-Pred-obs-not-nearer)
next
case True
from «(walid-edge a> <intra-kind(kind a)» <distance (targetnode a) m x»
«distance (sourcenode a) m (x + 1))
have ex!:3!a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m © A valid-edge a’ A intra-kind(kind a’) A
targetnode a’ = (SOME nz. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m z A
valid-edge o’ A intra-kind(kind a’) A
targetnode o’ = nx)
by —(rule only-one-SOME-dist-edge)
have targetnode o’ # (SOME n'. 3a’. sourcenode a = sourcenode a’ N
distance (targetnode a’) m z A
valid-edge a’ A intra-kind(kind a) A
targetnode a’ = n’)
proof (rule ccontr)
assume - targetnode a’ # (SOME n’. 3a’. sourcenode a = sourcenode a’

distance (targetnode a’) m z A
valid-edge a’ A intra-kind(kind a”) A
targetnode a’ = n')
hence targetnode o’ = (SOME n'. 3a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m x A
valid-edge a’ A intra-kind(kind a) A
targetnode a’ = n’)
by simp
with ex! target (sourcenode a = sourcenode a’s
<valid-edge ay <wvalid-edge o’y <intra-kind(kind a)> <intra-kind(kind a’)»
<distance (targetnode a) m x» <distance (sourcenode a) m (z + 1)»
have a = o’ by auto
with <targetnode a # targetnode a’> show False by simp
qged
with <sourcenode a ¢ | HRB-slice S| opq
kind o’ = (Q'),» «<m € obs-intra (sourcenode a) | HRB-slice S| cpg
«distance (targetnode a) m ) <distance (sourcenode a) m (z + 1))
True <sourcenode a = sourcenode a’» show ?thesis
by (fastforce intro:slice-kind-Pred-obs-nearer-not-SOME)
qed
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qed
qed
qed

lemma slice-deterministic:
assumes valid-edge a and wvalid-edge a’
and intra-kind (kind a) and intra-kind (kind a’)
and sourcenode a = sourcenode a’ and targetnode a # targetnode a’
obtains @ Q' where slice-kind S a = (Q),/ and slice-kind S o' = (Q')
and Vs (Qs— " Q s) AN (Q's— = Qs)
proof (atomize-elim)
from assms obtain Q Q’
where kind o = (Q) , and kind o’ = (Q')
and det:Vs. (Qs — = Q' s) AN (Q's — - Qs)
by (auto dest:deterministic)
show 3Q Q' slice-kind S a = (Q),/ A slice-kind S o' = (Q")/ A
(V5. (Q5 — = Q'8) A (Q's — — Q3))
proof (cases sourcenode a € | HRB-slice S|opq)
case True
with «kind a = (Q),,» have slice-kind S a = (Q)
by (simp add:slice-kind-def Let-def)
from True <kind o’ = (Q'),» <sourcenode a = sourcenode a’
have slice-kind S o' = (Q'),/
by (simp add:slice-kind-def Let-def)
with (slice-kind S a = (Q),» det show ?thesis by blast
next
case Fulse
with <kind a = (Q)
have slice-kind S a = (As. True),, V slice-kind S a = (Xs. False),,
by (simp add:slice-kind-def Let-def)
thus ?thesis
proof
assume true:slice-kind S a = (Xs. True),,
with «sourcenode a = sourcenode a’y <targetnode a # targetnode a’s
valid-edge a> <valid-edge a’y <intra-kind (kind a)» <intra-kind (kind a’))
have slice-kind S o' = (Xs. False)
by (rule slice-kind-only-one-True-edge)
with true show ¢thesis by simp
next
assume false:slice-kind S a = (Xs. False),,
from False <kind o’ = (Q'),,» (sourcenode a = sourcenode a's
have slice-kind S o' = (Xs. True),, V slice-kind S a’ = (As. False),,
by (simp add:slice-kind-def Let-def)
with false show ?thesis by auto
qed
qed
qed
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end

end

1.13 The weak simulation

theory WeakSimulation imports Slice begin
context SDG begin

lemma call-node-notin-slice-return-node-neither:
assumes call-of-return-node n n’ and n’ ¢ | HRB-slice S| ora
shows n ¢ | HRB-slice S| opa
proof —
from <call-of-return-node n n'y obtain a a’ where return-node n
and valid-edge a and n’ = sourcenode a
and valid-edge o’ and a’ € get-return-edges a
and n = targetnode o’ by(fastforce simp:call-of-return-node-def)
from <valid-edge a) <a’ € get-return-edges a> obtain Q p r fs
where kind a = Q:r—pfs by(fastforce dest!:only-call-get-return-edges)
with <wvalid-edge ay <a’ € get-return-edges a)> obtain @' f’ where kind o’ =
QQ_,pf/
by (fastforce dest!:call-return-edges)
from <wvalid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a
have CFG-node (sourcenode a) s—p—sym CFG-node (targetnode a’)
by (fastforce intro:sum-SDG-call-summary-edge)
show ?thesis
proof
assume n € |HRB-slice S| opqg
with «n = targetnode a’s have CFG-node (targetnode o’) € HRB-slice S
by (simp add:SDG-to-CFG-set-def)
hence CFG-node (sourcenode a) € HRB-slice S
proof (induct CFG-node (targetnode a’) rule: HRB-slice-cases)
case (phasel nzx)
with <CFG-node (sourcenode a) s—p— sym CFG-node (targetnode a’)»
show ?case by(fastforce intro:combine-SDG-slices.combSlice-refl sum-slicel
simp: HR B-slice-def)
next
case (phase2 nz n’ n'' p’)
from <CFG-node (targetnode a’) € sum-SDG-slice2 n'y
«CFG-node (sourcenode a) s—p— sym CFG-node (targetnode a’)y <valid-edge
a
have CFG-node (sourcenode a) € sum-SDG-slice2 n’
by (fastforce intro:sum-slice2)
with «n’ € sum-SDG-slicel nxy «n'' s—p'— ey CFG-node (parent-node n')
nx € S»
show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
simp: HR B-slice-def)
qed
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with «n’ ¢ | HRB-slice S| opq» <n’ = sourcenode a» show False
by (simp add:SDG-to-CFG-set-def HRB-slice-def)
qed
qed

lemma edge-obs-intra-slice-eq:
assumes valid-edge o and intra-kind (kind a) and sourcenode a ¢ | HRB-slice
Slera
shows obs-intra (targetnode a) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S| opa
proof —
from assms have obs-intra (targetnode a) | HRB-slice S| opg C
obs-intra (sourcenode a) | HRB-slice S|opq
by (rule edge-obs-intra-subset)
from <walid-edge a)> have wvalid-node (sourcenode a) by simp
{ fix z assume z € obs-intra (sourcenode a) | HRB-slice S| opc
and obs-intra (targetnode a) | HRB-slice S| opq = {}
have das. targetnode a —as—,* x
proof (cases method-exit x)
case True
from <walid-edge a)> have valid-node (targetnode a) by simp
then obtain asz where targetnode a —asz— * (-Ewit-)
by (fastforce dest: Exit-path)
then obtain as pex where targetnode a —as—,* pex and method-ezit pex
by —(erule valid-Exit-path-intra-path)
hence get-proc pex = get-proc (targetnode a)
by —(rule intra-path-get-procs| THEN sym))
also from «(walid-edge a) <intra-kind (kind a)»
have ... = get-proc (sourcenode a)
by —(rule get-proc-intra| THEN sym)])
also from <z € obs-intra (sourcenode a) | HRB-slice S| opc» True
have ... = get-proc x
by (fastforce elim:obs-intraFE intro:intra-path-get-procs)
finally have pex = z using <method-exit pex> True
by —(rule method-exit-unique)
with (targetnode a —as—,* pex> show ?thesis by fastforce
next
case Fulse
with <z € obs-intra (sourcenode a) | HRB-slice S| opq»
have z postdominates (sourcenode a) by(rule obs-intra-postdominate)
with <valid-edge a> <intra-kind (kind a)» <sourcenode a ¢ | HRB-slice S| opc
x € obs-intra (sourcenode a) | HRB-slice S| opcy
have = postdominates (targetnode a)
by (fastforce elim:postdominate-inner-path-targetnode path-edge obs-intraE
stmp:intra-path-def sourcenodes-def)
thus ?thesis by (fastforce elim:postdominate-implies-inner-path)
qed
then obtain as where targetnode a —as—,x z by blast
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from <z € obs-intra (sourcenode a) | HRB-slice S|copq
have z € | HRB-slice S| opq by —(erule obs-intraE)
have 3z’ € |HRB-slice S| opq. 3 as’. targetnode a —as'—,* ' A
(Va' € set (sourcenodes as’). a’ ¢ | HRB-slice S| opq)
proof(cases 3a’ € set (sourcenodes as). a’ € | HRB-slice S| opq)
case True
then obtain zs z zs’ where sourcenodes as = zsQz#2zs’
and z € |HRB-slice S| opq and V2’ € set zs. z’ ¢ | HRB-slice S| opq
by (erule split-list-first-propE)
then obtain ys y ys’
where sourcenodes ys = zs and as = ysQy#tys’
and sourcenode y = z
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from <targetnode a —as—,* 1> <as = ysQy#ys’
have targetnode a —ysQy#ys'—* x and Vy’ € set ys. intra-kind (kind y’)
by (simp-all add:intra-path-def)
from <targetnode a —ysQy#ys'—= > have targetnode a —ys—* sourcenode

)
by (rule path-split)
with Yy’ € set ys. intra-kind (kind y')> <sourcenode y = 2>
Vz' € set zs. z' ¢ |HRB-slice S| opq» <z € | HRB-slice S| opc
(sourcenodes ys = 28
show %thesis by(fastforce simp:intra-path-def)
next

case Fulse
with (targetnode a —as—,x x» <x € |HRB-slice S| opq
show ?thesis by fastforce
qed
hence 3y. y € obs-intra (targetnode a) | HRB-slice S| o
by (fastforce intro:obs-intra-elem)
with (obs-intra (targetnode a) | HRB-slice S| opq = {}
have Fulse by simp }
with <obs-intra (targetnode a) | HRB-slice S|copa C
obs-intra (sourcenode a) | HRB-slice S| opq» <valid-node (sourcenode a)»
show ?thesis by(cases obs-intra (targetnode a) | HRB-slice S| opq = {})
(auto dest!:obs-intra-singleton-disj)
qed

lemma intra-edge-obs-slice:
assumes ms # [| and ms’’ € obs ms’ | HRB-slice S| opq and valid-edge a
and intra-kind (kind a)
and disj:(Im € set (tl ms). Am’. call-of-return-node m m’ A
m’ ¢ |HRB-slice S| opq) V hd ms ¢ | HRB-slice S| opqg
and hd ms = sourcenode a and ms’ = targetnode a#tl ms
and Vn € set (tl ms’). return-node n
shows ms’’ € obs ms | HRB-slice S| opq
proof —
from <ms’ € obs ms’ | HRB-slice S| opq <V n € set (tl ms’). return-node n
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obtain msz m msz’ mz m’ where ms’ = mszQm#msz’ and ms’’ = mz#msz’
and mz € obs-intra m | HRB-slice S| o
and Vnz € set msz'. Inx’. call-of-return-node nz nz’ A nz' € | HRB-slice
Slera
and imp:V zs © xs'. msz = xsQa#as’ A obs-intra x | HRB-slice S| opq # {}
— (Az” € set (xs'Q[m]). Amz. call-of-return-node =’ mx N
ma ¢ | HRB-slice S| opq)
by (erule obsE)
show ?thesis
proof(cases mszx)
case Nil
with «Vnz € set msz’. Inz’. call-of-return-node nx nx’ A nx’ € | HRB-slice
Slere
disj «ms' = mszQm#msz’> <hd ms = sourcenode a> <ms’ = targetnode a#tl
ms»
have sourcenode a ¢ | HRB-slice S| opq by(cases ms) auto
from <ms’ = mszxQm#msz’s «<ms’ = targetnode a#tl ms> Nil
have m = targetnode a by simp
with (valid-edge a) <intra-kind (kind o)) <sourcenode a ¢ | HRB-slice S| opq
(mz € obs-intra m |HRB-slice S| opq
have mxz € obs-intra (sourcenode a) | HRB-slice S| opqg
by (fastforce dest:edge-obs-intra-subset)
from (ms’ = msz@Qm#msz"» Nil <ms’ = targetnode a # tl ms»
<hd ms = sourcenode a) <ms # []»
have ms = [|@sourcenode a#msz’ by(cases ms) auto
with «ms” = ma#msz"y «mz € obs-intra (sourcenode a) | HRB-slice S| opq
' nx € set msz'. Inx’. call-of-return-node nx nz’ A nxz' € | HRB-slice S| opc
Nil
show ?thesis by(fastforce introl:0bsI)
next
case (Cons z xs)
with <ms’ = msztQm#tmsz’s «<ms' = targetnode a # tl ms»
have msx = targetnode a#txs by simp
from Cons (ms' = msz@m#msz"y <ms’ = targetnode a # tl ms> <hd ms =
sourcenode a»
have ms = (sourcenode a#txs)Qm+#msz’ by(cases ms) auto
from disj <ms = (sourcenode a#xs)Qm#msz’s
' nx € set msz'. Inx’. call-of-return-node nx nx’ A nxz' € | HRB-slice S| opc
have disj2:(3m € set (xzsQ[m]). Im’. call-of-return-node m m' A
m' ¢ |HRB-slice S| opq) V hd ms ¢ | HRB-slice S| opa
by fastforce
hence V zs z zs'. sourcenode a#xs = zsQz#zs' N\ obs-intra z | HRB-slice S| opq
#{
— (32" € set (28'Q[m]). Ima. call-of-return-node 2" mz A
ma ¢ | HRB-slice S| opq)
proof(cases hd ms ¢ |HRB-slice S| opq)
case True
with <hd ms = sourcenode a> have sourcenode a ¢ |HRB-slice S|copq by
simp
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with <wvalid-edge a) <intra-kind (kind a)»
have obs-intra (targetnode a) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S| opq
by (rule edge-obs-intra-slice-eq)
with imp <msx = targetnode a#xs> show Zthesis
by auto(case-tac zs,fastforce,erule-tac t=targetnode aftlist in allE, fastforce)
next
case Fulse
with <hd ms = sourcenode a» <valid-edge a>
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (fastforce introl:n-in-obs-intra)
from Fulse disj2
have 3m € set (zsQ[m]). Im’. call-of-return-node m m’ A m' ¢ | HRB-slice
Sleora
by simp
with imp <obs-intra (sourcenode a) | HRB-slice S|cpq = {sourcenode a}»
«msz = targetnode a#xs> show ?thesis
by auto(case-tac zs,fastforce,erule-tac x=targetnode a#tlist in allE,fastforce)
qed
with <ms’ = mszQm#msz’> <ms’ = targetnode a # tl ms> <hd ms = sourcenode
a)
«ms'' = ma#msz"y «mx € obs-intra m | HRB-slice S| opq
' nz € set msz’. Inz’. call-of-return-node nx nz’ A na’ € | HRB-slice S| opc
«ms = (sourcenode a#txs)Qm#msz’
show ?thesis by(simp del:obs.simps)(rule obsl,auto)
qged
qged

1.13.1 Silent moves

inductive silent-move ::

'node SDG-node set = (‘edge = ('var,’val,'ret,’pname) edge-kind) = 'node list
=

(("var — 'val) x 'ret) list = 'edge = 'node list = (("var — 'val) x 'ret) list =
bool
(<_7_ + /(_7_/) —-—r /(_7_l)> [51a5070a0750a010] 51)

where silent-move-intra:
[pred (f a) s; transfer (f a) s = s'; valid-edge a; intra-kind(kind a);
(Im € set (tl ms). Im’. call-of-return-node m m’ A m' ¢ | HRB-slice S| cpq)
V
hd ms ¢ | HRB-slice S| opg; V' m € set (t ms). return-node m;
length s’ = length s; length ms = length s;
hd ms = sourcenode a; ms’ = (targetnode a)#tl ms]
= S,f F (ms,s) —a—, (ms',s’)

| silent-move-call:

[pred (f a) s; transfer (f a) s = s’ valid-edge a; kind a = Q:r—pfs;
valid-edge a’; a’ € get-return-edges a;
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(Im € set (tl ms). 3m’. call-of-return-node m m’ A m’ ¢ |HRB-slice S|crq)
\%
hd ms ¢ | HRB-slice S| cpg: Y m € set (tl ms). return-node m;
length ms = length s; length s’ = Suc(length s);
hd ms = sourcenode a; ms’ = (targetnode a)#(targetnode a’)#tl ms]
= S.f b (ms,s) —a—, (ms’,s’)

| silent-move-return:

[pred (f a) s; transfer (f a) s = s’ valid-edge a; kind a = Q<=pf";

Im € set (tl ms). Im’. call-of-return-node m m’ A m' ¢ | HRB-slice S|pcs
YV'm € set (tl ms). return-node m; length ms = length s; length s = Suc(length

s');
s # []; hd ms = sourcenode a; hd(tl ms) = targetnode a; ms’ = tl ms]
= S,f F (ms,s) —a—, (ms’,s’)

lemma silent-move-valid-nodes:
[S.f F (ms,s) —a—, (ms’,s’); Vm € set ms'. valid-node m]
= V'm € set ms. valid-node m

by (induct rule:silent-move.induct)(case-tac ms,auto)+

lemma silent-move-return-node:
S.f E (ms,s) —a—, (ms',s") = V'm € set (tl ms’). return-node m
proof (induct rule:silent-move.induct)
case (silent-move-intra f a s s’ ms n. ms’)
thus ?case by simp
next
case (silent-move-call f a s s’ Q r p fs a’ ms n, ms’)
from <valid-edge a’y <valid-edge a) <a’ € get-return-edges a»
have return-node (targetnode o’) by(fastforce simp:return-node-def)
with v méeset (tl ms). return-node m» «<ms’ = targetnode a # targetnode o’ # tl
ms»
show ?case by simp
next
case (silent-move-return fa s s’ Q p f' ms n. ms’)
thus ?case by(cases tl ms) auto
qged

lemma silent-move-equal-length:
assumes S,f F (ms,s) —a—, (ms’,s’)
shows length ms = length s and length ms’ = length s’
proof —
from <S,f F (ms,s) —a—, (ms',s")
have length ms = length s A length ms’ = length s’
proof (induct rule:silent-move.induct)
case (silent-move-intra f a s s’ ms n. ms’)
from <pred (f a) s> obtain cf cfs where [simp]:s = cf#cfs by(cases s) auto
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from <length ms = length s> <ms’ = targetnode a # tl ms»
<length s’ = length s> show ?case by simp
next
case (silent-move-call fa s s’ @ r p fs a’ ms n. ms’)
from «pred (f a) s» obtain cf cfs where [simp]:s = cf#cfs by(cases s) auto
from <length ms = length $» <length s’ = Suc (length s)»
«ms’' = targetnode a # targetnode a’ # tl ms» show ?case by simp
next
case (silent-move-return f a s s’ Q p f' ms n. ms’)
from <length ms = length > <length s = Suc (length s’)y <ms’ = tl ms> <s' # [
show ?case by simp
qed
thus length ms = length s and length ms’ = length s’ by simp-all
qed

lemma silent-move-obs-slice:
[S.kind = (ms,s) —a—- (ms’,s’); msz € obs ms' | HRB-slice S| opa;
Vn € set (tl ms'). return-node n]
= msz € obs ms | HRB-slice S| opc
proof (induct S f=kind ms s a ms’ s rule:silent-move.induct)
case (silent-move-intra a s s" ms n. ms’)
from «<pred (kind a) s» <length ms = length s» have ms # ||
by (cases s) auto
with silent-move-intra show ?case by —(rule intra-edge-obs-slice)
next
case (silent-move-call a s s' Q T p fs a’ ms S ms’)
note disj = «(Imeset (tl ms). Im’. call-of-return-node m m’ A
m' ¢ |HRB-slice S| opq) V hd ms ¢ | HRB-slice S| opq
from <valid-edge a’y <valid-edge a) <a’ € get-return-edges a»
have return-node (targetnode o’) by(fastforce simp:return-node-def)
with «valid-edge a> <a’ € get-return-edges a> <valid-edge a’s
have call-of-return-node (targetnode a’) (sourcenode a)
by (simp add:call-of-return-node-def) blast
from «<pred (kind a) s» <length ms = length s
have ms # [| by(cases s) auto
from disj
show ?case
proof
assume hd ms ¢ |HRB-slice S| cpa
with <hd ms = sourcenode a) have sourcenode a ¢ | HRB-slice S| opq by simp
with <call-of-return-node (targetnode a’) (sourcenode a)»
«ms’ = targetnode a # targetnode a’ # tl ms»
have 3n’ € set (¢t ms’). Inx. call-of-return-node n’ nx A nx ¢ | HRB-slice
Slere
by fastforce
with (msz € obs ms’ | HRB-slice S| op» <ms' = targetnode a # targetnode a’
# tl ms»
have msz € obs (targetnode a’ # tl ms) | HRB-slice S| opq by simp
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from <walid-edge ay <a’ € get-return-edges a>
obtain a’’ where valid-edge o’ and [simp]:sourcenode o’ = sourcenode a
and [simp]:targetnode o'’ = targetnode o’ and intra-kind(kind a’’)
by —(drule call-return-node-edge,auto simp:intra-kind-def)
from «Vmeset (tl ms’). return-node my> <ms’ = targetnode a # targetnode a
# tl ms»
have V meset (tl ms). return-node m by simp
with «ms # [|» <msz € obs (targetnode a'#tl ms) | HRB-slice S| opq»
<valid-edge 'y <intra-kind(kind a'’)y disj
<hd ms = sourcenode a»
show ?case by —(rule intra-edge-obs-slice,fastforce+)
next
assume Jmeset (tl ms).
Im’. call-of-return-node m m' A m’ ¢ | HRB-slice S| opg
with «ms # [|» <msz € obs ms' | HRB-slice S| opq
«ms’ = targetnode a # targetnode a’ # tl ms»
show ?thesis by(cases ms) auto
qed
next
case (silent-move-return a s s’ Q p f' ms S ms’)
from <length ms = length s» <length s = Suc (length s')> <s' # [
have ms # [| and tl ms # [] by (auto simp:length-Suc-conv)
from <Imeset (¢l ms).
dm’. call-of-return-node m m' A m’ ¢ | HRB-slice S| opc
«tl ms # []» <hd (¢ ms) = targetnode a
have (3m’. call-of-return-node (targetnode a) m’ A m' ¢ | HRB-slice S| opq) V
(Imeset (¢ (H ms)). Am’. call-of-return-node m m’ A m’ ¢ | HRB-slice S| opq)
by (cases tl ms) auto
hence obs ms | HRB-slice S| opq = obs (tl ms) | HRB-slice S| opa
proof
assume 3m’. call-of-return-node (targetnode a) m’ A m’ ¢ | HRB-slice S| opa
from «tl ms # []»> have hd (tl ms) € set (¢l ms) by simp
with <hd (tl ms) = targetnode a» have targetnode a € set (tl ms) by simp
with (ms # []»
«dm'. call-of-return-node (targetnode a) m’ A m’ ¢ | HRB-slice S| opc
have Imeset (tl ms). Im’. call-of-return-node m m’ A
m' ¢ | HRB-slice S| opq by(cases ms) auto
with «ms # [|> show %thesis by(cases ms) auto
next
assume Imeset (H (¢ ms)). Im’. call-of-return-node m m' A
m' ¢ | HRB-slice S| opa
with «ms # []> <tl ms # [> show ?thesis
by (cases ms,auto simp:Let-def)(case-tac list,auto)+
qed
with «ms’ = tl ms) «<msz € obs ms’ | HRB-slice S| opq> show Zcase by simp
qed

/
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lemma silent-move-empty-obs-slice:
assumes S,f - (ms,s) —a—, (ms’,s’) and obs ms’ | HRB-slice S| opq = {}
shows obs ms | HRB-slice S| opq = {}
proof (rule ccontr)
assume obs ms | HRB-slice S| opq # {}
then obtain zs where zs € obs ms | HRB-slice S| opq by fastforce
from «S.f F (ms,s) —a—, (ms’,s’)
have Vm € set (tl ms). return-node m
by (fastforce elim!:silent-move.cases simp:call-of-return-node-def)
with «zs € obs ms | HRB-slice S| opq
obtain msz m msz’ m’ where assms:ms = mszQm#msz’ vs = m'#msz’
m’ € obs-intra m |HRB-slice S| opa
Vmz € set msz'. Ima’. call-of-return-node max mz’ N ma' € | HRB-slice S| opq
Vas xz xs’. msz = zsQu#as’ A obs-intra © | HRB-slice S| opg # {}
— (Fz” € set (xs'Q[m]). Imz. call-of-return-node x'" mx A
mz ¢ | HRB-slice S| opq)
by (erule obsE)
from «S.f F (ms,s) —a—, (ms’,s’)> <obs ms’ | HRB-slice S| opq = {}> assms
show False
proof (induct rule:silent-move.induct)
case (silent-move-intra f a s s' ms S ms’)
note disj = «(Imeset (tl ms). Im’. call-of-return-node m m’ A
m’ ¢ |HRB-slice S| opq) V hd ms ¢ | HRB-slice S| opq
note msx = Vus x xs’. msx = xsQu#as’ N obs-intra x | HRB-slice S| opq #
{ —
(Fz"eset (zs’ Q [m]). Imz. call-of-return-node z' max N mz ¢ | HRB-slice
Slera)
note msz’ = <V mz€set msz’. Imx’. call-of-return-node mz mz’ A
ma' € | HRB-slice S| opc
show False
proof (cases msx)
case Nil
with <ms = msz @ m # msz" <hd ms = sourcenode a) have [simp]:m =
sourcenode a
and tl ms = msz’ by simp-all
from Nil <ms’ = targetnode a # tl ms> <ms = msz Q m # msz’
have ms’ = msx Q targetnode a # msz’ by simp
from msx’ disj <tl ms = msz’y <hd ms = sourcenode a»
have sourcenode a ¢ | HRB-slice S| opq by fastforce
with <wvalid-edge a> <intra-kind (kind a)»
have obs-intra (targetnode a) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S|opq by(rule edge-obs-intra-slice-eq)
with «<m’ € obs-intra m | HRB-slice S| opc
have m’ € obs-intra (targetnode a) | HRB-slice S|opq by simp
from msz Nil have ¥V zs x zs'. msz = xsQz#zs’ A
obs-intra x | HRB-slice S| opq # {} —
(Fz"eset (zs' Q [targetnode a)). Imz. call-of-return-node ©’" ma A
mz ¢ |HRB-slice S| opq) by simp
with «<m’ € obs-intra (targetnode a) | HRB-slice S| opg> msz’
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«ms’ = msz Q targetnode a # msz’
have m'#msz’ € obs ms’ | HRB-slice S| cpq by(rule obsI)
with <obs ms’ | HRB-slice S| opq = {}> show Fualse by simp
next
case (Cons y ys)
with <ms = msz Q@ m # msz"» «ms’ = targetnode a # tl ms> <hd ms =
sourcenode a»
have ms’ = targetnode a # ys @ m # msz’ and y = sourcenode a
and tl ms = ys @ m # msz’ by simp-all
{ fix = assume z € obs-intra (targetnode a) | HRB-slice S| opa
have obs-intra (sourcenode a) | HRB-slice S| opa # {}
proof (cases sourcenode a € |HRB-slice S|copq)
case True
from (wvalid-edge a> have valid-node (sourcenode a) by simp
from this True
have obs-intra (sourcenode a) | HRB-slice S| opg = {sourcenode a}
by (rule n-in-obs-intra)
thus ?thesis by simp
next
case Fulse
from «walid-edge a> <intra-kind (kind a)> False
have obs-intra (targetnode a) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S| opa
by (rule edge-obs-intra-slice-eq)
with «z € obs-intra (targetnode a) | HRB-slice S| opq» show ?thesis
by fastforce
qed }
with msz Cons <y = sourcenode a»
have V xs z xs’. targetnode a # ys = xsQu#tzs’ A
obs-intra x | HRB-slice S| opq # {} — (z"'€set (zs" Q [m]).
dma. call-of-return-node z" max A mz ¢ |HRB-slice S| cpq)
apply clarsimp apply(case-tac zs) apply auto
apply(erule-tac z=[] in allE) apply clarsimp
apply(erule-tac x=sourcenode a # list in allE) apply auto
done
with «m’ € obs-intra m | HRB-slice S| opq> msz’
«ms’ = targetnode a # ys Q m # msz’s
have m'#msz’ € obs ms’ | HRB-slice S| opq by —(rule obsl,auto)
with <obs ms’ | HRB-slice S| opg = {}» show Fualse by simp

qed
next
case (silent-move-call fa s s’ Q rp fs a’ ms S ms’)
note disj = «(Imeset (tl ms). Am’. call-of-return-node m m’ A

m’ ¢ |HRB-slice S| opq) V hd ms ¢ | HRB-slice S| opq
note msx = Vus x xs’. msx = xsQu#xs’ N obs-intra x | HRB-slice S| opq #

{y —
(Fz"eset (zs’ @ [m]). Imz. call-of-return-node z'' mx N mz ¢ | HRB-slice
Slera)
note msz’ = «Vmz€set msz’. Imz’. call-of-return-node mz mz’' A
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ma’ € |HRB-slice S| cpo
from <walid-edge a) <a’ € get-return-edges a> obtain a’’ where valid-edge a’
and sourcenode a'’ = sourcenode a and targetnode a'’ = targetnode o’
and intra-kind (kind a'’)
by (fastforce dest:call-return-node-edge simp:intra-kind-def)
from <valid-edge a’y <valid-edge a> <a’ € get-return-edges a»
have call-of-return-node (targetnode a') (sourcenode a)
by (fastforce simp:call-of-return-node-def return-node-def)
show Fulse
proof (cases msx)
case Nil
with <ms = msx @ m # msz’ <hd ms = sourcenode a> have [simp]:m =
sourcenode a
and tl ms = msz’ by simp-all
from Nil <ms’ = targetnode a # targetnode a’ # tl ms> <ms = msx Q m #
msz’y
have ms’ = targetnode a # targetnode a’ # msz’ by simp
from msz’ disj <tl ms = msz’> <hd ms = sourcenode a»
have sourcenode a ¢ | HRB-slice S| opq by fastforce
from <walid-edge o'’y <intra-kind (kind a’’)y <sourcenode a ¢ | HRB-slice
Slere
«sourcenode a'' = sourcenode a) <targetnode a’’ = targetnode a’s
have obs-intra (targetnode a’) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S| opa
by (fastforce dest:edge-obs-intra-slice-eq)
with «m’ € obs-intra m | HRB-slice S| opq»
have m’ € obs-intra (targetnode a') | HRB-slice S| opq by simp
from this msz’ have m'#msz’ € obs (targetnode a'#msz’) | HRB-slice S| o
by (fastforce intro:obsI)
from <call-of-return-node (targetnode a’) (sourcenode a)»
<sourcenode a ¢ | HRB-slice S| opq»
have 3m’ € set (targetnode a'#msz’).
Imaz. call-of-return-node m’ mz A max ¢ | HRB-slice S| opa
by fastforce
with «m'#msz’ € obs (targetnode a'#msz’) | HRB-slice S| opq»
have m'#msz’ € obs (targetnode a#targetnode a'#msz’) | HRB-slice S| opq
by simp
with (ms’ = targetnode a # targetnode a’ # msz’y <obs ms’ | HRB-slice S| opa
"
show Fulse by simp
next
case (Cons y ys)
with «ms = msz Q@ m # msz’y «<ms’ = targetnode a # targetnode a’ # tl ms»

<hd ms = sourcenode a»
have ms’ = targetnode a # targetnode a’ # ys Q m # msz’

and y = sourcenode a and tl ms = ys @ m # msz’ by simp-all
show Fulse
proof (cases obs-intra (targetnode a) | HRB-slice S| opq # {} —
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(Fz'’eset (targetnode o’ # ys Q [m]).
dma. call-of-return-node «'" mx A mz ¢ |HRB-slice S| opcq))
case True
hence imp:obs-intra (targetnode a) | HRB-slice S| opq # {} —
(z""eset (targetnode a’ # ys @ [m]).
Imz. call-of-return-node ' mxz A mz ¢ | HRB-slice S| opq) -
show Fulse
proof(cases obs-intra (targetnode a') | HRB-slice S| opq # {} —
(Fz'"eset (ys @ [m]). Ima. call-of-return-node z'" mz A
ma ¢ | HRB-slice S| opq))
case True
with imp msz Cons <y = sourcenode a»
have V zs = xs’. targetnode a # targetnode o’ # ys = rsQx#txs’ A
obs-intra x | HRB-slice S| opq # {} — (Fz''eset (zs’ Q [m)]).
Imaz. call-of-return-node ' mz N mx ¢ | HRB-slice S| cpq)
apply clarsimp apply(case-tac zs) apply fastforce
apply(case-tac list) apply fastforce apply clarsimp
apply(erule-tac z=sourcenode a # lista in allE) apply auto
done
with «m’ € obs-intra m | HRB-slice S| opqy msz’
<ms’ = targetnode a # targetnode a’ # ys @ m # msz”
have m'#msz’ € obs ms’ | HRB-slice S| opq by —(rule obsl,auto)
with <obs ms’ | HRB-slice S| opq = {}» show Fualse by simp
next
case Fulse
hence obs-intra (targetnode a') | HRB-slice S| opq # {}
and all:V z''eset (ys Q [m)]). Vmz. call-of-return-node z'" mx —
ma € |HRB-slice S| opa
by fastforce+
have obs-intra (sourcenode a) | HRB-slice S| opq # {}
proof(cases sourcenode a € | HRB-slice S| opq)
case True
from <walid-edge a) have wvalid-node (sourcenode a) by simp
from this True
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (rule n-in-obs-intra)
thus ?thesis by simp

next
case Fulse
with <sourcenode a’’ = sourcenode a»

have sourcenode o’ ¢ | HRB-slice S| opg by simp

with (valid-edge o'y <intra-kind (kind a’")»

have obs-intra (targetnode a'’) | HRB-slice S| opg =
obs-intra (sourcenode a'’) | HRB-slice S| opq
by (rule edge-obs-intra-slice-eq)

with (obs-intra (targetnode o) | HRB-slice S|opa # {}
«sourcenode o'’ = sourcenode a) (targetnode a'’ = targetnode a’s

show ?thesis by fastforce

qed
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with msz Cons «y = sourcenode a> all
show Fulse by simp blast
qed
next
case Fulse
hence obs-intra (targetnode a) | HRB-slice S| cpq # {}
and all:V z''eset (targetnode o’ # ys @ [m]).
Vmz. call-of-return-node =" mz — ma € | HRB-slice S| opq
by fastforce+
with Cons <y = sourcenode a> msx
have obs-intra (sourcenode a) | HRB-slice S| opq = {} by auto blast
from <call-of-return-node (targetnode a’) (sourcenode a)» all
have sourcenode a € | HRB-slice S| opq by fastforce
from <(walid-edge a)> have wvalid-node (sourcenode a) by simp
from this <sourcenode a € | HRB-slice S| opc>
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (rule n-in-obs-intra)
with <obs-intra (sourcenode a) | HRB-slice S| opq = {}» show Fulse by
stmp
qed
qed
next
case (silent-move-return fa s s’ Q p f' ms S ms’)
note msx = Vus x xs’. msx = xsQu#as’ N obs-intra x | HRB-slice S| opq #
{y —
(Fz"eset (zs’ Q [m]). Imz. call-of-return-node z' max N mz ¢ | HRB-slice
Slera)
note msz’ = <V mz€set msz’. Imx’. call-of-return-node mz mz’ A
ma' € | HRB-slice S| opc
show Fulse
proof (cases msx)
case Nil
with <ms = msz @ m # msz’> <hd ms = sourcenode a> have tl ms = msz’
by simp
with «I3meset (H ms). IAm’. call-of-return-node m m’ A m’' ¢ | HRB-slice
Slere
msz’
show Fulse by fastforce
next
case (Cons y ys)
with «<ms = msz Q@ m # msz"» (hd ms = sourcenode a)> <ms’' = tl ms»
have ms’' = ys @ m # msz’ and y = sourcenode a by simp-all
from msz Cons have Vzs x zs’. ys = xsQz#zs’ A
obs-intra x | HRB-slice S| cpq # {} — (3z"’eset (zs' Q [m]).
dma. call-of-return-node " mx N mz ¢ | HRB-slice S| cpq)
by auto (erule-tac =y # zs in allF,auto)
with «m’ € obs-intra m | HRB-slice S| opq> msz' <ms’ = ys @ m # msz’
have m'#msz’ € obs ms’ | HRB-slice S| cpq by(rule obsI)
with <obs ms’ | HRB-slice S| opq = {}» show Fualse by simp
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qed
qed
qed

inductive silent-moves ::

'node SDG-node set = ('edge = ('var,’val,’ret,'pname) edge-kind) = 'node list
=

(("var — "wal) x 'ret) list = 'edge list = 'node list = (("var — 'val) x 'ret) list
= bool
(<_7_ + /(_7_/) =-=r /(_7_l)> [51a5070a0750a050] 51)

where silent-moves-Nil: length ms = length s = S,f b (ms,s) =[|=, (ms,s)

| silent-moves-Cons:
[S.f E (ms,s) —a—, (ms',s’); S,f F (ms’,s’) =as=, (ms",s")]
= S.,f F (ms,s) =a#tas=, (ms",s")

lemma silent-moves-equal-length:
assumes S.f b (ms,s) =as=, (ms’,s’)
shows length ms = length s and length ms’ = length s’
proof —
from «S.f b (ms,s) =as=, (ms’,s’)
have length ms = length s A length ms’ = length s’
proof (induct rule:silent-moves.induct)
case (silent-moves-Cons S f ms s a ms’ s’ as ms'' s”)
from <S,f b (ms,s) —a—, (ms',s")
have length ms = length s and length ms’ = length s’
by (rule silent-move-equal-length)+
with <length ms’ = length s’ A length ms' = length s’
show ?case by simp
qed simp
thus length ms = length s length ms’ = length s’ by simp-all
qed

lemma silent-moves-Append:
[S.f F (ms,s) =as=, (ms”,s"); S.f F (ms”,s") =as'=, (ms',s")]
= S,f F (ms,s) =asQas’=, (ms’,s’)

by (induct rule:silent-moves.induct)(auto intro:silent-moves.intros)

lemma silent-moves-split:
assumes S,f b (ms,s) =asQas’=, (ms’,s’)
obtains ms’’ s’ where S,f - (ms,s) =as=, (ms",s")
and S,f F (ms" s") =as'=, (ms’,s’)

proof (atomize-elim)
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from «S.f F (ms,s) =asQas'=, (ms’,;s")
show Ims" s". S,f b (ms,s) =as=, (ms";s") N S,fF (ms”,s") =as'=, (ms',s’)
proof (induct as arbitrary:ms s)
case Nil
from «S.f b (ms,s) =[] Q as’=, (ms’,s’)> have length ms = length s
by (fastforce intro:silent-moves-equal-length)
hence S.f - (ms,s) =[|=+ (ms,s) by(rule silent-moves-Nil)
with <S,f F (ms,s) =[] @ as’=, (ms’,s’)» show ?case by fastforce
next
case (Cons az ast)
note IH = <A\ms s. S,f F (ms,s) =asx Q as'=, (ms’,s’) =
Ims” s". S.f F (ms,s) =asz=, (ms";s"") N S,f F (ms'",s") =as'=; (ms’,;s")
from <S,f b (ms,s) =(ax # asz) Q as’=, (ms’,s’)
obtain msz sz where S,f b (ms,s) —az—, (msz,sz)
and S.f b (msz,sz) =asz Q as'=, (ms',s’)
by (auto elim:silent-moves.cases)
from IH[OF this(2)] obtain ms"’ s" where S.f & (msz,sz) =asz=, (ms'",s"’)
and S.f F (ms",s") =as'=, (ms’,s’) by blast
from <S,f b (ms,s) —ax—, (msz,sz)> «S,f F (msz,sz) =asz=, (ms'’;s"")
have S.f b (ms,s) =az#asz=, (ms”,s") by(rule silent-moves-Cons)
with «S.f b (ms”,s") =as’=, (ms’,s’)» show ?case by blast
qed
qed

lemma valid-nodes-silent-moves:
[S.f+ (ms,s) =as’=, (ms',s'); Vm € set ms. valid-node m]
= V'm € set ms’. valid-node m
proof (induct rule:silent-moves.induct)
case (silent-moves-Cons S f ms s a ms’ s" as ms' s"')
note [H = «Vméeset ms’. valid-node m => ¥ meset ms”. valid-node m»
from «S.f F (ms,s) —a—, (ms’,s)y ¥V meset ms. valid-node m»
have V meset ms’. valid-node m
apply — apply(erule silent-move.cases) apply auto
by (cases ms,auto dest:get-return-edges-valid)+
from IH[OF this] show Zcase .
qed simp

lemma return-nodes-silent-moves:
[S.f F (ms,s) =as’=, (ms’,s"); Vm € set (tl ms). return-node m]
= V'm € set (tl ms’). return-node m

by (induct rule:silent-moves.induct,auto dest:silent-move-return-node)

lemma silent-moves-intra-path:
[S.f F (m#ms,s) =as=, (m'#ms’,s’); Va € set as. intra-kind(kind a)]
= ms = ms’ A get-proc m = get-proc m'

proof(induct S f m#ms s as m'#ms’ s arbitrary:m
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rule: silent-moves.induct)
case (silent-moves-Cons S f sz a msz’ sz’ as s'')
thus Zcase
proof (induct - - m # ms - - - - rule:silent-move.induct)
case (silent-move-intra f a s s’ n. msz’)
note IH = «A\m. [msz’ = m # ms; V a€set as. intra-kind (kind a)]
= ms = ms’ A get-proc m = get-proc m’s
from «msz’ = targetnode a # tl (m # ms)
have msz’ = targetnode a # ms by simp
from «V a€set (a # as). intra-kind (kind a)> have V a€set as. intra-kind (kind

by simp
from IH[OF «msz' = targetnode a # ms» this|
have ms = ms’ and get-proc (targetnode a) = get-proc m’ by simp-all
moreover
from <walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
moreover
from <hd (m # ms) = sourcenode a> have m = sourcenode a by simp
ultimately show ?case using <ms = ms’» by simp
qed (auto simp:intra-kind-def)
qed simp

lemma silent-moves-nodestack-notempty:
[S.f E (ms,s) =as=, (ms',s); ms £ []] = ms’ # |
apply(induct S f ms s as ms’ s’ rule:silent-moves.induct) apply auto
apply(erule silent-move.cases) apply auto
apply(case-tac tl msa) by auto

lemma silent-moves-obs-slice:
[S,kind = (ms,s) =as=, (ms’,s’); max € obs ms’ | HRB-slice S| opcs
Vn € set (tl ms’). return-node n]
= maz € obs ms |HRB-slice S| opg N (V1 € set (tl ms). return-node n)
proof (induct S f=kind ms s as ms’ s’ rule:silent-moves.induct)
case silent-moves-Nil thus ?case by simp
next
case (silent-moves-Cons S ms s a ms’ s’ as ms’" s"’)
note IH = ([maz € obs ms"' | HRB-slice S| opc; ¥ meset (tl ms'). return-node
m]
= maz € obs ms’ | HRB-slice S| opq N (VY meset (tl ms'). return-node m)»
from TH[OF «mxz € obs ms'' | HRB-slice S| opc» <V méeset (tl ms’’). return-node
m]
have mz € obs ms' | HRB-slice S| opq and ¥V méeset (tl ms'). return-node m
by simp-all
with «S,kind b (ms,s) —a—, (ms’,;s’)
have mz € obs ms | HRB-slice S| opq by(fastforce intro:silent-move-obs-slice)
moreover
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from <S,kind - (ms,s) —a—, (ms’,s’)> have VY meset (tl ms). return-node m
by (fastforce elim:silent-move. cases)
ultimately show ?case by simp
qed

lemma silent-moves-empty-obs-slice:
[S.f F (ms,s) =as=, (ms’,s'); obs ms’ | HRB-slice S| opq = {}]
= obs ms | HRB-slice S| opq = {}
proof (induct rule:silent-moves.induct)
case silent-moves-Nil thus ?case by simp
next
case (silent-moves-Cons S f ms s a ms’ s" as ms' s"')
note IH = <obs ms” |HRB-slice S|opq = {} = obs ms’' | HRB-slice S| opq
— b
from IH[OF <obs ms'" | HRB-slice S|copq = {}’]
have obs ms’ | HRB-slice S| opq = {} by simp
with <S.f F (ms,s) —a—, (ms’,s)
show ?case by —(rule silent-move-empty-obs-slice,fastforce)
qed

lemma silent-moves-preds-transfers:
assumes S,f - (ms,s) =as=, (ms’,s’)
shows preds (map f as) s and transfers (map f as) s = s
proof —
from <S.f b (ms,s) =as=, (ms’,s")
have preds (map f as) s A transfers (map f as) s = s
proof (induct rule:silent-moves.induct)
case silent-moves-Nil thus ?case by simp
next
case (silent-moves-Cons S f ms s a ms’ s’ as ms'' s")
from «S.f & (ms,s) —a—, (ms’,s’)
have pred (f a) s and transfer (f a) s = s’ by(auto elim:silent-move.cases)
with «preds (map f as) s’ A transfers (map f as) s’ = s’
show ?case by fastforce
qged
thus preds (map f as) s and transfers (map f as) s = s’ by simp-all
qed

!’

/

lemma silent-moves-intra-path-obs:
assumes m’ € obs-intra m | HRB-slice S| opq and length s = length (m#msz’)
and V'm € set msz’. return-node m
obtains as’ where S,slice-kind S = (m#msz’,s) =as'=, (m'#msz’,s)
proof (atomize-elim)
from <m’ € obs-intra m | HRB-slice S|cpq
obtain as where m —as—,x m’ and m’ € | HRB-slice S| opq
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by —(erule obs-intraE)
from <m —as—,* m’» obtain z where distance m m’ z and z < length as
by (erule every-path-distance)
from (distance m m' x» <m’ € obs-intra m | HRB-slice S| opc>
length s = length (m#msz’)y «Vm € set msz’. return-node m»
show Fas. S,slice-kind S & (m#msz's) =as=, (m'#msz’,s)
proof (induct © arbitrary:m s rule:nat.induct)
fix m fix s:(("var — "val) x 'ret) list
assume distance m m’ 0 and length s = length (m#msz’)
then obtain as’ where m —as’—,* m’ and length as’ = 0
by (auto elim:distance.cases)
hence m —[]—,* m' by(cases as) auto
hence [simp|:m = m' by(fastforce elim:path.cases simp:intra-path-def)
with «length s = length (m#msz’)y|[THEN sym)]
have S, slice-kind S = (m#msz’,s) =[|=, (m#msz/,s)
by —(rule silent-moves-Nil)
thus Jas. S,slice-kind S & (m#msz’s) =as=, (m'#msz’,s) by simp blast
next
fix x m fix s:(('var — val) x 'ret) list
assume distance m m’ (Suc ) and m’ € obs-intra m | HRB-slice S| opq
and length s = length (m#msz’) and Vm € set msz’. return-node m
and [H:\m s. [distance m m' z; m’ € obs-intra m | HRB-slice S| opcs
length s = length (m#msz’); Vm € set msz'. return-node m]
= Jas. S,slice-kind S b (m#msz',s) =as=, (m'#msz’,s)
from «m’ € obs-intra m | HRB-slice S| opq» have valid-node m
by (rule in-obs-intra-valid)
with <distance m m’ (Suc z)> have m # m’
by (fastforce elim:distance.cases dest:empty-path simp:intra-path-def)
have m ¢ | HRB-slice S| opq
proof
assume isin:m € | HRB-slice S| opc
with <valid-node m» have obs-intra m | HRB-slice S| opg = {m}
by (fastforce introl:n-in-obs-intra)
with «m’ € obs-intra m | HRB-slice S| opq> <m # m’» show Fulse by simp
qed
from «distance m m' (Suc z)» obtain a where valid-edge a and m = sourcenode
a
and intra-kind(kind o) and distance (targetnode a) m'
and target:targetnode a = (SOME mz. Ja’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m' x A
valid-edge a’ A intra-kind (kind a’) A
targetnode a’ = mzx)
by —(erule distance-successor-distance,simp+)
from <m’ € obs-intra m | HRB-slice S| cpc
have obs-intra m | HRB-slice S| opq = {m’}
by (rule obs-intra-singleton-element)
with (valid-edge a» <m ¢ | HRB-slice S| opq» <m = sourcenode ay <intra-kind(kind
a))
have disj:obs-intra (targetnode a) | HRB-slice S| cpq = {} V
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obs-intra (targetnode a) | HRB-slice S|opq = {m'}
by —(drule-tac S=|HRB-slice S| opq in edge-obs-intra-subset,auto)
from <intra-kind(kind a)) <length s = length (m#msz’)y «<m ¢ | HRB-slice
Slere
«m = sourcenode a)
have length:length (transfer (slice-kind S a) s) = length (targetnode a##msz’)
by (cases s)
(auto split:if-split-asm simp add:Let-def slice-kind-def intra-kind-def)

from «(distance (targetnode a) m’ x> obtain asz where targetnode a —asxr—, *
/!

m
and length asz = z and V as’. targetnode a —as’—,x m’ — x < length as’
by (auto elim:distance.cases)

from «<targetnode a —asz—,x m’s «<m’ € | HRB-slice S| opc
obtain mz where ma € obs-intra (targetnode a) | HRB-slice S| opqg
by (erule path-ex-obs-intra)
with disj have m' € obs-intra (targetnode a) | HRB-slice S| opq by fastforce
from [H[OF «distance (targetnode a) m’ x> this length
~'m € set msz'. return-node my]
obtain asz’ where mowves:S,slice-kind S +
(targetnode a#tmsz’ transfer (slice-kind S a) s) =asx'=,
(m'#msz’ transfer (slice-kind S a) s) by blast
have pred (slice-kind S a) s A transfer (slice-kind S a) s = s
proof (cases kind a)
fix f assume kind a = f}f
with «<m ¢ |HRB-slice S| opg> <m = sourcenode a» have slice-kind S a =
fid

by (fastforce intro:slice-kind-Upd)
with <length s = length (m#msz’)) show ?thesis by(cases s) auto
next
fix @ assume kind a = (Q),/
with «m ¢ |HRB-slice S| opq> <m = sourcenode a)
«m’ € obs-intra m | HRB-slice S| opcy <distance (targetnode a) m’ x»
«distance m m’ (Suc x)» target
have slice-kind S a = (As. True),,
by (fastforce intro:slice-kind-Pred-obs-nearer-SOME)
with «length s = length (m#msz’)y show ?thesis by(cases s) auto
next
fix Q r p fs assume kind a = Q:r—pfs
with <intra-kind(kind a)> have False by (simp add:intra-kind-def)
thus ?thesis by simp
next
fix Q p f assume kind a = Q<>pf
with <intra-kind(kind a)> have False by (simp add:intra-kind-def)
thus ?thesis by simp
qed
hence pred (slice-kind S a) s and transfer (slice-kind S a) s = s
by simp-all
with <m ¢ | HRB-slice S| opq» <m = sourcenode a> <valid-edge a>
<ntra-kind(kind a)> <length s = length (m#msz’)y V' m € set msz'. return-node
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m
have S, slice-kind S = (sourcenode a#msz’,s) —a—,
(targetnode a#tmsz’ transfer (slice-kind S a) s)
by (fastforce intro:silent-move-intra)
with moves <transfer (slice-kind S a) s = $» <m = sourcenode a>
have S,slice-kind S+ (m#msz’s) =a#asz'=, (m'#msz’,s)
by (fastforce intro:silent-moves-Cons)
thus Jas. S,slice-kind S = (m#msz’,s) =as=, (m'#msz’,s) by blast
qed
qged

lemma silent-moves-intra-path-no-obs:
assumes obs-intra m | HRB-slice S| opq = {} and method-exit m’
and get-proc m = get-proc m’ and valid-node m and length s = length (m#msz’)
and V'm € set msz’. return-node m
obtains as where S, slice-kind S + (m#msz’,s) =as=, (m'#msz’.s)
proof (atomize-elim)
from <method-exit m"y (get-proc m = get-proc m’s <valid-node m>»
obtain as where m —as—,* m' by(erule intra-path-to-matching-method-exit)
then obtain x where distance m m’ z and z < length as
by (erule every-path-distance)
from <distance m m' x> <m —as—,* m’» <obs-intra m | HRB-slice S| opg = {}
length s = length (m#msz’)y «Vm € set msz’. return-node m»
show Jas. S,slice-kind S + (m#msz’,s) =as=, (m'#msz’,s)
proof (induct x arbitrary:m as s rule:nat.induct)
fix m fix s:(("var — "wval) x 'ret) list
assume distance m m’ 0 and length s = length (m#msz’)
then obtain as’ where m —as’—,* m’ and length as’ = 0
by (auto elim:distance.cases)
hence m —[]—,x m’ by(cases as) auto
hence [simp]:m = m' by(fastforce elim:path.cases simp:intra-path-def)
with <length s = length (m#msz’)[THEN sym)|
have S slice-kind S & (m#msz',s) =[|=r (m#msz’,s)
by (fastforce intro:silent-moves-Nil)
thus Jas. S,slice-kind S + (m#msz’,s) =as=, (m'#msz’,s) by simp blast
next
fix © m as fix s::(("var — 'val) x 'ret) list
assume distance m m’ (Suc ) and m —as—,* m’
and obs-intra m | HRB-slice S| opq = {}
and length s = length (m#msz’) and Vm € set msz'. return-node m
and TH:Am as s. [distance m m’ x; m —as—,x m’
obs-intra m |HRB-slice S| cpq = {}; length s = length (m#msz');
V'm € set msz'. return-node m]
= Jas. S,slice-kind S b (m#msz',s) =as=, (m'#msz’,s)
from (m —as—,x m’ have valid-node m
by (fastforce intro:path-valid-node simp:intra-path-def)
from «m —as—,x m”y have get-proc m = get-proc m’ by (rule intra-path-get-procs)
have m ¢ | HRB-slice S| opg
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proof
assume m € | HRB-slice S| opa
with (valid-node m» have obs-intra m | HRB-slice S| opq = {m}
by (fastforce introl:n-in-obs-intra)
with <obs-intra m | HRB-slice S| opq = {}> show Fualse by simp
qed
from «distance m m' (Suc z)> obtain ¢ where valid-edge a and m = sourcenode
a
and intra-kind(kind o) and distance (targetnode a) m'
and target:targetnode a = (SOME mz. 3 a’. sourcenode a = sourcenode a’ A
distance (targetnode a’) m' x A
valid-edge a’ A intra-kind (kind a’) A
targetnode a’ = mx)
by —(erule distance-successor-distance,simp+)
from <intra-kind(kind a)) <length s = length (m#msz’)y «<m ¢ | HRB-slice
Slere
<m = sourcenode a)
have length:length (transfer (slice-kind S a) s) = length (targetnode a#tmsz’)
by (cases s)
(auto split:if-split-asm simp add: Let-def slice-kind-def intra-kind-def)
from <distance (targetnode a) m’ x> obtain asz where targetnode a —asz—,*
m/
and length asx = z and VY as’. targetnode a —as’—,x m’ — x < length as’
by (auto elim:distance.cases)
from (valid-edge a> <intra-kind(kind a)y <m ¢ | HRB-slice S| opq
«m = sourcenode a) <obs-intra m | HRB-slice S| opq = {}
have obs-intra (targetnode a) | HRB-slice S| opq = {}
by (fastforce dest:edge-obs-intra-subset)
from IH[OF «distance (targetnode a) m' x» <targetnode a —asx—,* m”s this
length <V m € set msz’. return-node m»] obtain as’
where moves:S,slice-kind S +
(targetnode a#tmsz’ transfer (slice-kind S a) s) =as'=
(m'#msz’ transfer (slice-kind S a) s) by blast
have pred (slice-kind S a) s A transfer (slice-kind S a) s = s
proof (cases kind a)
fix f assume kind a = fif
with «<m ¢ |HRB-slice S| opg> <m = sourcenode a» have slice-kind S a =
fid
by (fastforce intro:slice-kind-Upd)
with «length s = length (m#msz’)y show ?thesis by(cases s) auto
next
fix Q assume kind a = (Q),,
with «<m ¢ | HRB-slice S| opq» <m = sourcenode a»
cobs-intra m | HRB-slice S| opg = {}» «distance (targetnode a) m’ >
«distance m m' (Suc x)» <method-exit m" «get-proc m = get-proc m’y target
have slice-kind S a = (As. True),,
by (fastforce intro:slice-kind-Pred-empty-obs-nearer-SOME)
with <length s = length (m#msz’)) show ?thesis by(cases s) auto
next

277



fix QQ v p fs assume kind a = Q:r—pfs
with <intra-kind(kind a)> have False by (simp add:intra-kind-def)
thus ?thesis by simp
next
fix Q p f assume kind a = Q<>pf
with <intra-kind(kind a)> have False by (simp add:intra-kind-def)
thus ?thesis by simp
qed
hence pred (slice-kind S a) s and transfer (slice-kind S a) s = s
by simp-all
with «<m ¢ | HRB-slice S| opq <m = sourcenode a> <valid-edge a>
<intra-kind(kind a)y <length s = length (m#msz’)y <V m € set msx’. return-node
m»
have S, slice-kind S  (sourcenode a#msz’,s) —a—,
(targetnode a#msz’ transfer (slice-kind S a) s)
by (fastforce intro:silent-move-intra)
with moves <transfer (slice-kind S a) s = $» «<m = sourcenode a»
have S, slice-kind S - (m#msz’,s) =aftas'=, (m'#msz’,s)
by (fastforce intro:silent-moves-Cons)
thus Jas. S,slice-kind S + (m#msz’,s) =as=, (m'#msz’s) by blast
qged
qged

lemma silent-moves-vpa-path:
assumes S.f b (m#ms,s) =as=, (m'#ms’,s’) and valid-node m
and Vi < length rs. rsli € get-return-edges (cs!i)
and ms = targetnodes rs and valid-return-list rs m
and length rs = length cs
shows m —as—* m’ and valid-path-auz cs as
proof —
from assms have m —as—+* m’ A valid-path-auz cs as
proof(induct S f m#ms s as m'#ms’ s’ arbitrary:m cs ms rs
rule: silent-moves.induct)
case (silent-moves-Nil msz st n. f)
from (wvalid-node m’> have m’ —[|—* m’
by (rule empty-path)
thus ?case by fastforce

next
case (silent-moves-Cons S f st a msz' sz’ as s")
thus ?case
proof (induct - - m # ms - - - - rule:silent-move.induct)

case (silent-move-intra f a st sz’ n. msz’)
note IH = «A\m cs ms rs. [msz’ = m # ms; valid-node m;
Vi<length rs. rs | i € get-return-edges (cs ! 7);
ms = targetnodes rs; valid-return-list rs m;
length rs = length cs]
= m —as—* m’ A valid-path-auz cs as
from «msz’ = targetnode a # tl (m # ms)
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have msz’ = targetnode a # ms by simp
from <walid-edge a) <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a)
by (rule get-proc-intra)
with <walid-return-list rs m> <hd (m # ms) = sourcenode a»
have wvalid-return-list rs (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac z=cs' in allF) apply clarsimp
by (case-tac ¢s’) auto
from (walid-edge a> have valid-node (targetnode a) by simp
from IH[OF <msz’ = targetnode a # ms» this
Vi<length rs. rs | i € get-return-edges (cs ! i)»
¢ms = targetnodes rsy <valid-return-list rs (targetnode a)»
<length rs = length cs]
have targetnode a —as—+ m' and wvalid-path-aux cs as by simp-all
from <wvalid-edge a) <targetnode a —as—* m’s
<hd (m # ms) = sourcenode a
have m —a#as—* m’ by(fastforce intro: Cons-path)
moreover
from <intra-kind (kind a)» <valid-path-auz cs as»
have wvalid-path-auz cs (a # as) by(fastforce simp:intra-kind-def)
ultimately show ?case by simp
next
case (silent-move-call f a sz sz’ Q r p fs a’ n. msz’)
note IH = </\m cs ms rs. [msz’ = m # ms; valid-node m;
Vi<length rs. rs | i € get-return-edges (cs ! 7);
ms = targetnodes rs; valid-return-list rs m;
length rs = length cs]
= m —as—* m’' A valid-path-auz cs as
from <walid-edge a> have valid-node (targetnode a) by simp
from <length rs = length cs»
have length (a'#rs) = length (a#tcs) by simp
from <msz’ = targetnode a # targetnode a’ # tl (m # ms))
have msz’ = targetnode a # targetnode o’ # ms by simp
from ¢ms = targetnodes rs) have targetnode o’ # ms = targetnodes (a’ # rs)
by (simp add:targetnodes-def)
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
from <wvalid-edge a> <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)
from «<wvalid-edge a> <a’ € get-return-edges a»
have get-proc (sourcenode a) = get-proc (targetnode a’)
by (rule get-proc-get-return-edge)
with <walid-return-list rs m) <hd (m # ms) = sourcenode a)
«get-proc (targetnode a) = p» <valid-edge a’s <kind o’ = Q"=pf"
have valid-return-list (a’ # rs) (targetnode a)
apply(clarsimp simp:valid-return-list-def)
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apply(case-tac cs’) apply auto

apply(erule-tac z=list in allE) apply clarsimp

by (case-tac list)(auto simp:targetnodes-def)
from «Vi<length rs. rs | i € get-return-edges (cs ! i)

<a’ € get-return-edges a»
have Vi<length (a'#7rs). (a'#rs) | i € get-return-edges ((a#tcs) ! i)

by auto(case-tac i,auto)

from IH[OF <msz’ = targetnode a # targetnode a’ # ms» <wvalid-node
(targetnode a)> this

<targetnode o’ # ms = targetnodes (a’ # rs)»

«walid-return-list (a’ # rs) (targetnode a)y <length (a'#rs) = length (a#tcs)]
have targetnode a —as—* m’ and valid-path-auz (a # cs) as by simp-all
from <wvalid-edge a) <targetnode a —as—* m’s

<hd (m # ms) = sourcenode a)
have m —a#as—* m’ by(fastforce intro: Cons-path)
moreover
from «valid-path-auz (a # cs) as) <kind a = Q:r—pfs)
have valid-path-auz cs (a # as) by simp
ultimately show ?case by simp

next
case (silent-move-return f a sz sz’ Q p f' n. msz’)
note IH = <A\m cs ms rs. [msz’ = m # ms; valid-node m;

Vi<length rs. rs | i € get-return-edges (cs ! 7);

ms = targetnodes rs; valid-return-list rs m;

length rs = length cs]

= m —as—* m’' A valid-path-auz cs as
from <walid-edge a) have valid-node (targetnode a) by simp
from <length (m # ms) = length sz» <length sz = Suc (length sz')»

sz’ #£ [
obtain z zs where ms = z#xs by(cases ms) auto
with <ms = targetnodes rs> obtain r’ rs’ where rs = r’#rs’

and z = targetnode v’ and xs = targetnodes s’

by (auto simp:targetnodes-def)
with <length rs = length cs> obtain ¢’ cs’ where cs = c'#cs’

and length rs’ = length cs’

by(cases cs) auto
from <ms = z#txs> <dength (m # ms) = length sz

length sx = Suc (length sz')
have length sz’ = Suc (length xs) by simp
from (ms = z#xzsy «msz’ = tl (m # ms)> <hd (H (m # ms)) = targetnode a)

<length (m # ms) = length sz» <length sz = Suc (length sx')y sz’ # [
have msz’ = targetnode a#xs by simp
from <Vi<length rs. rs | i € get-return-edges (cs ! i)

(rs = r'#rs’y <cs = c'#cs’
have r’ € get-return-edges ¢’ by fastforce
from <ms = z#xs> <hd (tl (m # ms)) = targetnode a»
have z = targetnode a by simp
with <valid-return-list rs my <rs = r'#rs’s «<x = targetnode v’
have valid-return-list rs’ (targetnode a)
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apply(clarsimp simp:valid-return-list-def)
apply(erule-tac z=r'#cs’ in allE) apply clarsimp
by (case-tac cs’)(auto simp:targetnodes-def)

from «Vi<length rs. rs | i € get-return-edges (cs ! i)
<rs = r'#rs’y <cs = c'#cs’

have Vi<length rs’. rs' ! i € get-return-edges (cs'! 7)
and r’ € get-return-edges ¢’ by auto

from TH[OF «msz’ = targetnode a#xs) <valid-node (targetnode a)»
Vi<length rs’. rs’ | i € get-return-edges (cs’ ! i)y <xs = targetnodes rs’y
<valid-return-list rs’ (targetnode a)y <length rs’ = length cs’]

have targetnode a —as—+* m' and wvalid-path-aux cs’' as by simp-all

from (valid-edge a> <targetnode a —as—* m’
<hd (m # ms) = sourcenode a)

have m —a#as—* m’ by(fastforce intro: Cons-path)

moreover

from <ms = z#xs)> <hd (tl (m # ms)) = targetnode a»

have = = targetnode a by simp

from <valid-edge a> <kind a = Q<«pf"

have method-ezit (sourcenode a) by(fastforce simp:method-exit-def)

from (walid-return-list rs m» <hd (m # ms) = sourcenode a»
<rs = r'#rs’

have get-proc (sourcenode a) = get-proc (sourcenode ') A
method-ezit (sourcenode r') A valid-edge 1’
apply(clarsimp simp:valid-return-list-def method-exit-def)
apply (erule-tac =[] in allE)
by (auto dest:get-proc-return)

hence get-proc (sourcenode a) = get-proc (sourcenode 1)
and method-exit (sourcenode r') and valid-edge r' by simp-all

with (method-exit (sourcenode a)y have sourcenode r’ = sourcenode a
by (fastforce intro:method-exit-unique)

with <valid-edge a> <valid-edge v's <x = targetnode v’y <x = targetnode a>

have r’ = a by(fastforce intro:edge-det)

with <r’ € get-return-edges ¢’y «valid-path-aux cs’ as) <cs = c'#cs’
kind a = Qpf"

have wvalid-path-auz cs (a # as) by simp

ultimately show ?case by simp

qged
qed
thus m —as—x m’ and valid-path-aux cs as by simp-all
qed

1.13.2 Observable moves

inductive observable-move ::

'node SDG-node set = ('edge = ('var,’val,’ret,’pname) edge-kind) = 'node list
=

(("var — "val) x 'ret) list = 'edge = 'node list = (('var — 'val) x 'ret) list =
bool
(¢-- F (-,-1) ——= (~,-")» [61,50,0,0,50,0,0] 51)
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where observable-move-intra:

[pred (f a) s; transfer (f a) s = s'; valid-edge a; intra-kind(kind a);
V'm € set (tl ms). 3m’. call-of-return-node m m’ A m' € | HRB-slice S| opes
hd ms € |HRB-slice S| o length s’ = length s; length ms = length s;
hd ms = sourcenode a; ms' = (targetnode a)#tl ms]

= S,f F (ms,s) —a— (ms',s’)

| observable-move-call:

[pred (f a) s; transfer (f a) s = s’ valid-edge a; kind a = Q:r—pfs;
valid-edge a'; a’ € get-return-edges a;
Vm € set (tl ms). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| opcs;
hd ms € |HRB-slice S| opc; length ms = length s; length s’ = Suc(length s);
hd ms = sourcenode a; ms’ = (targetnode a)#(targetnode a’)#tl ms]

= S,f F (ms,s) —a— (ms',s")

| observable-move-return:

[pred (f a) s; transfer (f a) s = s’ valid-edge a; kind a = Q<=pf";
Vm € set (tl ms). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| opes;
length ms = length s; length s = Suc(length s'); s’ # [];
hd ms = sourcenode a; hd(tl ms) = targetnode a; ms' = tl ms]

= S.f F (ms,s) —a— (ms’,s’)

inductive observable-moves :

'node SDG-node set = ('edge = ('var,’val,’ret,'pname) edge-kind) = 'node list
=

(("var — 'val) x 'ret) list = ’edge list = 'node list = (("var — 'val) x ’'ret)
list = bool
(o b (1) == /(--)» [51,50,0,0,50,0,0] 51)

where observable-moves-snoc:
[S.f F (ms,s) =as=, (ms',s); S,f b (ms’,s") —a— (ms",s")]
= S.f F (ms,s) =asQ[a]= (ms"s")

lemma observable-move-equal-length:
assumes S,f - (ms,s) —a— (ms’,s’)
shows length ms = length s and length ms’ = length s’
proof —
from «S.f b (ms,s) —a— (ms’,s")
have length ms = length s A length ms’ = length s’
proof (induct rule:observable-move.induct)
case (observable-move-intra f a s s’ ms S ms’)
from «pred (f a) s» obtain cf cfs where [simp]:s = cf#cfs by(cases s) auto
from <length ms = length s> <ms’ = targetnode a # tl ms»
<length s’ = length s» show ?case by simp
next
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case (observable-move-call fa s s' Q rp fs a’ ms S ms’)
from <pred (f a) s> obtain cf cfs where [simp]:s = cf#cfs by(cases s) auto
from «length ms = length s» length s’ = Suc (length s)»
«ms’ = targetnode a # targetnode o’ # tl ms> show ?case by simp

next
case (observable-move-return fa s s' Q p f' ms S ms’)
from <length ms = length $» <length s = Suc (length s’)» <ms’ = tl ms> s’ # [
show ?case by simp

qed

thus length ms = length s and length ms’ = length s’ by simp-all

qged

lemma observable-moves-equal-length:
assumes S,f - (ms,s) =as= (ms’,s’)
shows length ms = length s and length ms’ = length s’
using «S.f F (ms,s) =as= (ms’,s’)
proof (induct rule:observable-moves.induct)
case (observable-moves-snoc S f ms s as ms’ s a ms'' s")
from «S.f F (ms’s") —a— (ms”,s")
have length ms’ = length s’ length ms'’ = length s"’
by (rule observable-move-equal-length)+
moreover
from <S,f b (ms,s) =as=, (ms',s")
have length ms = length s and length ms’ = length s’
by (rule silent-moves-equal-length)+
ultimately show length ms = length s length ms'' = length s'’ by simp-all
qed

lemma observable-move-notempty:
[S.f E (ms,s) =as= (ms’,s’); as = [|]] = False
by (induct rule:observable-moves.induct,simp)

lemma silent-move-observable-moves:
[S.f E (ms",s") =as= (ms',s"); S.f b (ms,s) —a—, (ms”,s")]
= S.f F (ms,s) =a#as= (ms’,s’)
proof (induct rule:observable-moves.induct)
case (observable-moves-snoc S f msz sz as ms’ s’ a’ ms’’ s")
from «S.f b (ms,s) —a—, (msz,sz)> <S,f b (msz,sx) =as=, (ms',s")
have S,f b (ms,s) =a#as=, (ms’,s’) by(fastforce intro:silent-moves-Cons)
with <S.f F (ms';s) —a’— (ms",s")»
have S.f F (ms,s) =(a#as)Q[a’]= (ms'',s")
by (fastforce intro:observable-moves.observable-moves-snoc)
thus ?case by simp
qed
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lemma silent-append-observable-moves:
[S.f F (ms,s) =as=, (ms”,s"); S, f F (ms”,s") =as'= (ms',s")]
= S.f F (ms,s) =asQas'= (ms’,s’)
by (induct rule:silent-moves.induct)(auto elim:silent-move-observable-moves)

lemma observable-moves-preds-transfers:
assumes S.f F (ms,s) =as= (ms’,s’)
shows preds (map f as) s and transfers (map f as) s = s’
proof —
from «S.f b (ms,s) =as= (ms’,s)
have preds (map f as) s A transfers (map f as) s = s’
proof (induct rule:observable-moves.induct)
case (observable-moves-snoc S f ms s as ms’ s a ms” s")
from «S.f b (ms,s) =as=, (ms’,s’)
have preds (map f as) s and transfers (map f as) s = s
by (rule silent-moves-preds-transfers)+
from <S,f F (ms';s") —a— (ms”,s")
have pred (f a) s’ and transfer (fa) s’ = s
by (auto elim:observable-move.cases)
with «preds (map f as) $» <transfers (map f as) s = s"
show ?case by(simp add:preds-split transfers-split)
qed
thus preds (map f as) s and transfers (map f as) s = s’ by simp-all
qed

/

11

lemma observable-move-vpa-path:

[S.f F (m#ms,s) —a— (m'#ms’,s’); valid-node m;
Vi < length rs. rsli € get-return-edges (csli); ms = targetnodes rs;
valid-return-list s m; length rs = length cs] = wvalid-path-auz cs [a

proof(induct S f m#ms s a m'#ms’ s’ rule:observable-move.induct)

case (observable-move-return f a sz sz’ Q p f' ne)

from <length (m # ms) = length szs <length sz = Suc (length sz')
sz’ #

obtain z zs where ms = x#xs by(cases ms) auto

with «ms = targetnodes rs» obtain r’ rs’ where rs = r'#rs’
and z = targetnode v’ and xs = targetnodes rs’
by (auto simp:targetnodes-def)

with «length rs = length cs» obtain ¢’ cs’ where cs = c'#cs’
and length rs’ = length cs’
by(cases cs) auto

from «(Vi<length rs. rs | i € get-return-edges (cs ! i)»
<rs = r'#rs’y <cs = c'#cs

have Vi<length rs’. rs’ | i € get-return-edges (cs’ ! 1)
and 1’ € get-return-edges ¢’ by auto

from «ms = z#xsy <hd (tl (m # ms)) = targetnode a)

have z = targetnode a by simp

from <valid-edge a> <kind a = Q«>pf"
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have method-ezit (sourcenode a) by(fastforce simp:method-exit-def)
from <walid-return-list rs m) <hd (m # ms) = sourcenode a»
<rs = r'#trs’
have get-proc (sourcenode a) = get-proc (sourcenode r’) A
method-exit (sourcenode r') A wvalid-edge r'
apply(clarsimp simp:valid-return-list-def method-exit-def)
apply(erule-tac z=[] in allE)
by (auto dest:get-proc-return)
hence get-proc (sourcenode a) = get-proc (sourcenode 1)
and method-exit (sourcenode r’) and wvalid-edge v’ by simp-all
with <method-exit (sourcenode a)» have sourcenode r’ = sourcenode a
by (fastforce intro:method-exit-unique)
with «valid-edge a> <valid-edge r's <z = targetnode v's <x = targetnode a»
have r’ = a by/(fastforce intro:edge-det)
with «r’ € get-return-edges c¢'» «cs = c'#cs’ <kind a = Q«pf"
show ?Zcase by simp
qed(auto simp:intra-kind-def)

1.13.3 Relevant variables

inductive-set relevant-vars ::
'node SDG-node set = 'node SDG-node = "var set (<rv -))
for S :: 'node SDG-node set and n :: 'node SDG-node

where rvl:
[parent-node n —as—,* parent-node n’; n’ € HRB-slice S; V € Usegpg n';
V' valid-SDG-node n' A parent-node n'' € set (sourcenodes as)
— V ¢ DefSDG n”]]
= VervSn

lemma rvFE:
assumes rv:V € rv S n
obtains as n’ where parent-node n —as—,* parent-node n’
and n’ € HRB-slice S and V € Usegpg n’
and YV n'’. valid-SDG-node n'' A parent-node n'' € set (sourcenodes as)
— V ¢ DefSDG n'
using rv
by (atomize-elim,auto elim!:relevant-vars.cases)

lemma rv-parent-node:
parent-node n = parent-node n’ => rv (S:'node SDG-node set) n = rv S n'
by (fastforce elim:rvE intro:rvl)

lemma obs-intra-empty-rv-empty:
assumes obs-intra m | HRB-slice S| opq = {} shows rv S (CFG-node m) = {}
proof (rule ccontr)
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assume v S (CFG-node m) # {}
then obtain z where z € rv S (CFG-node m) by fastforce
then obtain n’ as where m —as—,* parent-node n’ and n’ € HRB-slice S
by (fastforce elim:rvE)
hence parent-node n' € | HRB-slice S| opq
by (fastforce intro:valid-SDG-node-in-slice-parent-node-in-slice
simp:SDG-to-CFG-set-def)
with (m —as—,* parent-node n’» obtain mz where mz € obs-intra m | HRB-slice
Slera
by (erule path-ex-obs-intra)
with <obs-intra m | HRB-slice S| opq = {}» show False by simp
qed

lemma eq-obs-intra-in-rv:
assumes obs-eq:obs-intra (parent-node n) | HRB-slice S| opq =
obs-intra (parent-node n') | HRB-slice S| opa
and z € rv S n shows z € v S n’
proof —
from <z € rv S n» obtain as n”’
where parent-node n —as—,* parent-node n'’ and n’’ € HRB-slice S
and z € Usegpg n'
and Vn'". valid-SDG-node n'' A parent-node n'' € set (sourcenodes as)
— z ¢ Defgpa n'’
by (erule rvE)
from <parent-node n —as—, x parent-node n’> have wvalid-node (parent-node n'")
by (fastforce dest:path-valid-node simp:intra-path-def)
from <parent-node n —as—, * parent-node n'’y «n'’ € HRB-slice S»
have 3 nz as’ as”. parent-node nx € obs-intra (parent-node n) | HRB-slice S| opa
A
parent-node n —as’'—,* parent-node nx N
parent-node nx —as’’—,x parent-node n'' N\ as = as'Qas’’
proof(cases ¥V nz. parent-node nx € set (sourcenodes as) — nz ¢ HRB-slice S)
case True
with <parent-node n —as— * parent-node n'’y «<n'’ € HRB-slice S»
have parent-node n'" € obs-intra (parent-node n) | HRB-slice S|cpq
by (fastforce intro:obs-intra-elem valid-SDG-node-in-slice-parent-node-in-slice
simp:SDG-to- CFG-set-def)
with <parent-node n —as—,x parent-node n'’y (valid-node (parent-node n'’)»
show %thesis by (fastforce intro:empty-path simp:intra-path-def)
next
case Fulse
hence I nz. parent-node nx € set (sourcenodes as) A nx € HRB-slice S by
stmp
hence 3 mz € set (sourcenodes as). 3nz. mx = parent-node nx A nx € HRB-slice
S
by fastforce
then obtain mz ms ms’ where sourcenodes as = msQmax#ms’
and Jnx. mx = parent-node nx A nx € HRB-slice S
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and all:¥Yz € set ms. = (Inz. x = parent-node nx A nx € HRB-slice S)
by (fastforce elim!:split-list-first-propE)
then obtain nz’ where mx = parent-node nz’ and nz’ € HRB-slice S by blast
from (sourcenodes as = msQmaz#ms’
obtain as’ a’ as’’ where ms = sourcenodes as’
and [simp:as = as’Qa'#as’ and sourcenode o’ = mzx
by (fastforce elim:map-append-append-maps simp:sourcenodes-def)
from all <ms = sourcenodes as’s
have V nzeset (sourcenodes as’). nx ¢ |HRB-slice S| opq
by (fastforce simp:SDG-to-CFG-set-def)
from (parent-node n —as—s,* parent-node n'"> «sourcenode a’ = mx>
have parent-node n —as'—,x mz and wvalid-edge o’ and intra-kind(kind a’)
and targetnode a’ —as''—,* parent-node n'’
by (fastforce dest:path-split simp:intra-path-def)+
with (sourcenode a’ = mx> have mz —a'#as’’—,* parent-node n'’
by (fastforce intro: Cons-path simp:intra-path-def)
from <parent-node n —as’—,* mz» <mz = parent-node nx’y «nx’ € HRB-slice

V¥ nz€set (sourcenodes as’). nx ¢ | HRB-slice S| opq» <ms = sourcenodes as”
have mz € obs-intra (parent-node n) | HRB-slice S| opq
by (fastforce intro:obs-intra-elem valid-SDG-node-in-slice-parent-node-in-slice
simp:SDG-to- CFG-set-def)
with (parent-node n —as’—,x mz) «mx —a'#as’’"—,* parent-node n'’s
«mx = parent-node nx’s
show ?thesis by simp blast
qged
then obtain nz as’ as”’
where parent-node nx € obs-intra (parent-node n) | HRB-slice S| opa
and parent-node n —as'—,* parent-node nx
and parent-node nz —as'’—,* parent-node n'’ and [simpl:as = as'Qas"’
by blast
from (parent-node nx € obs-intra (parent-node n) | HRB-slice S| cpq» obs-eq
have parent-node nz € obs-intra (parent-node n’) | HRB-slice S| opq by auto
then obtain asz where parent-node n’ —asz—s,* parent-node nz
and Vni € set(sourcenodes asx). nt ¢ |HRB-slice S| opa
and parent-node nz € | HRB-slice S| opa
by (erule obs-intraF)
from «Vn'". valid-SDG-node n'' A parent-node n'" € set (sourcenodes as)
— T ¢ DefSDG n'"
have V ni. valid-SDG-node ni A parent-node ni € set (sourcenodes as'’)
— T ¢ DefSDG ng
by (auto simp:sourcenodes-def)
from <V ni € set(sourcenodes asz). ni ¢ | HRB-slice S| cpc
<parent-node n' —asz—,* parent-node nx>
have V ni. valid-SDG-node ni N parent-node ni € set (sourcenodes asx)
— T ¢ DefSDG ng
proof (induct asx arbitrary:n’)
case Nil thus ?case by(simp add:sourcenodes-def)
next
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case (Cons az’ asz’)
note IH = <A\n'. [V ni€set (sourcenodes asz’). ni ¢ | HRB-slice S| opq;
parent-node n' —asz'— x parent-node nx]
= V ni. valid-SDG-node ni N parent-node ni € set (sourcenodes asx’)
— ¢ ¢ Defgpq ni>
from <parent-node n’ —azx'#asxz’—, * parent-node nx»
have parent-node n' —[|Qax'#asz’—* parent-node nx
and Va € set (ax'#asz’). intra-kind(kind a) by (simp-all add:intra-path-def)
hence targetnode ax’ —asz'—* parent-node nx and wvalid-edge az’
and parent-node n’ = sourcenode ax’ by (fastforce dest:path-split)+
with Va € set (ax'#asz’). intra-kind(kind a)»
have path:parent-node (CFG-node (targetnode ax’)) —asz'—, % parent-node nx
by (simp add:intra-path-def)
from (VY nieset (sourcenodes (az'#asz’)). ni ¢ |HRB-slice S| opq
have all:V ni€set (sourcenodes asz’). ni ¢ | HRB-slice S| opq
and sourcenode ax’ ¢ | HRB-slice S| opa
by (auto simp:sourcenodes-def)
from TH[OF all path)
have V ni. valid-SDG-node ni A parent-node ni € set (sourcenodes asz”)
— z ¢ Defgpq ni -
with <V ni. valid-SDG-node ni A parent-node ni € set (sourcenodes as')
— z ¢ Defgpq ni>
have all:V ni. valid-SDG-node ni A parent-node ni € set (sourcenodes (asz'@Qas’’))

— X ¢ DefSDG ni
by (auto simp:sourcenodes-def)
from <parent-node n’ —azx'#asxz’—, * parent-node nx»
<parent-node nx —as’’— * parent-node n'’
have path:parent-node n' —az'#asx'Qas’—,* parent-node n'’
by (fastforce intro:path-Append|of - azx'#asx’ simplified] simp:intra-path-def)
have V nz’. parent-node nz’ = sourcenode ax’ — x ¢ Def gpq na’
proof
fix nz'
show parent-node nz' = sourcenode ax’ — = ¢ Def gp nz’
proof
assume parent-node nx’ = sourcenode ax’
show z ¢ Defgpq na’
proof
assume = € Defgpq na’
from <parent-node n’ = sourcenode ax’> <parent-node nz' = sourcenode
az’y
have parent-node nz’ = parent-node n’ by simp
with <z € Defgpa nz's <z € Usegpg n'"» all path
have nz’ influences x in n'' by(fastforce simp:data-dependence-def)
hence nz’ s—z— 44 n'’ by(rule sum-SDG-ddep-edge)
with «<n’’ € HRB-slice S) have nz’ € HRB-slice S
by (fastforce elim:combine-SDG-slices.cases
intro:combine-SDG-slices.intros ddep-slicel ddep-slice2
simp: HRB-slice-def)
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hence CFG-node (parent-node nz') € HRB-slice S
by (rule valid-SDG-node-in-slice-parent-node-in-slice)
with <sourcenode az’ ¢ | HRB-slice S| g <parent-node n' = sourcenode
az’y
<parent-node nx' = sourcenode ax’> show False
by (simp add:SDG-to-CFG-set-def)
qged
qed
qed
with all show Zcase by(auto simp add:sourcenodes-def)
qed
with «Vni. valid-SDG-node ni A\ parent-node ni € set (sourcenodes as’’)
— z ¢ Defgpg ni»
have all:V ni. valid-SDG-node ni A parent-node ni € set (sourcenodes (aszQas’’))

— z ¢ Defgpq ni
by (auto simp:sourcenodes-def)
with «parent-node n’ —asx—  * parent-node nz»
<parent-node nx —as’’— * parent-node n'’y
have parent-node n’ —aszQas’’— * parent-node n'’
by (fastforce intro:path-Append simp:intra-path-def)
from this «<n’" € HRB-slice S» <x € Usegpg n'" all
show z € v S n' by(rule rvl)
qed

lemma closed-eq-obs-eq-rvs:
fixes S :: 'node SDG-node set
assumes obs-eq:obs-intra (parent-node n) | HRB-slice S| opq =
obs-intra (parent-node n') | HRB-slice S| opa
shows rv Sn =rvSn’'
proof
show rv Sn C v Sn’
proof
fix x assume z € rv S n
with obs-eq show z € rv S n’ by(rule eg-obs-intra-in-rv)
qged
next
show rv Sn’' CrvSn
proof
fix z assume z € v S n’
with obs-eq[ THEN sym| show z € rv S n by(rule eg-obs-intra-in-rv)
qed
qed

lemma closed-eq-obs-eg-rvs':
fixes S :: 'node SDG-node set
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assumes obs-eq:obs-intra m | HRB-slice S| opq = obs-intra m’ | HRB-slice S| cpag
shows rv S (CFG-node m) = rv S (CFG-node m’)
proof
show rv S (CFG-node m) C rv S (CFG-node m')
proof
fix z assume z € v S (CFG-node m)
with obs-eq show z € rv S (CFG-node m’)
by —(rule eg-obs-intra-in-rv,auto)
qed
next
show rv S (CFG-node m’) C rv S (CFG-node m)
proof
fix z assume z € rv S (CFG-node m’)
with obs-eq[ THEN sym] show z € rv S (CFG-node m)
by —(rule eg-obs-intra-in-rv,auto)
qged
qed

lemma rv-branching-edges-slice-kinds-False:
assumes valid-edge a and valid-edge ax
and sourcenode a = sourcenode ax and targetnode a # targetnode ax
and intra-kind (kind a) and intra-kind (kind az)
and preds (slice-kinds S (a#as)) s
and preds (slice-kinds S (az#tasz)) s
and length s = length s’ and snd (hd s) = snd (hd s’)
and V Verv S (CFG-node (sourcenode a)). state-val s V = state-val s V
shows Fulse
proof —
from <walid-edge a> <valid-edge azs <sourcenode a = sourcenode ax»
<targetnode a # targetnode axy <intra-kind (kind a)y <intra-kind (kind az))
obtain @ Q' where kind a = (Q),, and kind ax = (Q'),/
andVs. (Qs — Q)N (Q's— - Qs)
by (auto dest:deterministic)
from «walid-edge a> <valid-edge ax) <sourcenode a = sourcenode ar»
<targetnode a # targetnode azy <intra-kind (kind a)y <intra-kind (kind az))
obtain P P’ where slice-kind S a = (P)
and slice-kind S ax = (P')/
and Vs. (Ps — = P's) A(P's — = Ps)
by —(erule slice-deterministic,auto)
show ?thesis
proof(cases sourcenode a € | HRB-slice S| opq)
case True
with <intra-kind (kind a)»
have slice-kind S a = kind a by —(rule slice-intra-kind-in-slice)
with <preds (slice-kinds S (a#tas)) s> <kind a = (Q),»
(slice-kind S a = (P) > have pred (kind a) s
by (simp add:slice-kinds-def)

from True <sourcenode a = sourcenode ax) <intra-kind (kind azx)»

!/
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have slice-kind S ar = kind ax
by (fastforce intro:slice-intra-kind-in-slice)
with (preds (slice-kinds S (azx#tasz)) s"» <kind ax = (Q'),»
(slice-kind S ax = (P') ) have pred (kind ax) s’
by (simp add:slice-kinds-def)
with (kind az = (Q'),,» have Q' (fst (hd s')) by(cases s') auto
from <walid-edge a)» have sourcenode a —[]—,* sourcenode a
by (fastforce intro:empty-path simp:intra-path-def)
with True <valid-edge a>
have VV € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))
by (auto introl:rvl CFG-Use-SDG-Use simp:sourcenodes-def SDG-to-CFG-set-def)
with vV Verv § (CFG-node (sourcenode a)). state-val s V = state-val s’ V>
have V V € Use (sourcenode a). state-val s V = state-val s’ V by blast
with (valid-edge ay <pred (kind a) $» <pred (kind az) s> <length s = length s
<snd (hd s) = snd (hd s)
have pred (kind a) s’ by(auto intro: CFG-edge-Uses-pred-equal)
with «kind a = (Q),,» have Q (fst (hd s")) by(cases s') auto
with <Q’ (fst (hd s"))) «Vs. (Q@s — = Q') AN (Q's — = Q s
have False by simp
thus ?thesis by simp
next
case False
with «kind a = (Q),,» «slice-kind S a = (P),,» <valid-edge a>
have P = (\s. False) V P = (Xs. True)
by (fastforce elim:kind- Predicate-notin-slice-slice-kind- Predicate)
with (slice-kind S a = (P)
<preds (slice-kinds S (aftas)) s
have P = (As. True) by(cases s)(auto simp:slice-kinds-def)
from <sourcenode a = sourcenode ax> False
have sourcenode ax ¢ | HRB-slice S| opq by simp
with (kind ax = (Q'),» «slice-kind S ax = (P') > <valid-edge ax)
have P’ = (\s. False) V P’ = (As. True)
by (fastforce elim:kind- Predicate-notin-slice-slice-kind- Predicate)
with «slice-kind S ax = (P') p»
<preds (slice-kinds S (ax#tasz)) s’
have P’ = (\s. True) by(cases s)(auto simp:slice-kinds-def)
with <P = (As. True)) <Vs. (Ps — = P’ s) A (P's — = P s)
have Fualse by blast
thus ?thesis by simp
qed
qed

lemma rv-edge-slice-kinds:
assumes valid-edge a and intra-kind (kind a)
and V Verv S (CFG-node (sourcenode a)). state-val s V = state-val s’ V
and preds (slice-kinds S (a#tas)) s and preds (slice-kinds S (a#tasz)) s’
shows V Verv S (CFG-node (targetnode a)).
state-val (transfer (slice-kind S a) s) V =
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state-val (transfer (slice-kind S a) s') V
proof
fix V assume V € rv S (CFG-node (targetnode a))
from «preds (slice-kinds S (a#tas))
have s # [| by(cases s,auto simp:slice-kinds-def)
from «<preds (slice-kinds S (a#taszx)) s’
have s’ # || by(cases s’,auto simp:slice-kinds-def)
show state-val (transfer (slice-kind S a) s) V =
state-val (transfer (slice-kind S a) s') V
proof(cases V € Def (sourcenode a))
case True
show ?thesis
proof (cases sourcenode a € |HRB-slice S|copa)
case True
with <intra-kind (kind a)> have slice-kind S a = kind a
by —(rule slice-intra-kind-in-slice)
with «preds (slice-kinds S (a#as)) s> have pred (kind a) s
by (simp add:slice-kinds-def)
from «<slice-kind S a = kind a>
<preds (slice-kinds S (a#tasz)) s
have pred (kind a) s’ by(simp add:slice-kinds-def)
from <walid-edge a)> have sourcenode a —[]—,x sourcenode a
by (fastforce intro:empty-path simp:intra-path-def)
with True <valid-edge a»
have V'V € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))

by (auto introl:rvl CFG-Use-SDG-Use simp:sourcenodes-def SDG-to-CFG-set-def)

with vV Verv S (CFG-node (sourcenode a)). state-val s V = state-val s V)
have VV € Use (sourcenode a). state-val s V = state-val s’ V by blast
from (valid-edge a) this <pred (kind a) s» «pred (kind a) s"
<intra-kind (kind a)»
have V V' € Def (sourcenode a).
state-val (transfer (kind a) s) V = state-val (transfer (kind a) s’) V
by —(rule CFG-intra-edge-transfer-uses-only-Use,auto)
with «V € Def (sourcenode a)» <slice-kind S a = kind a>
show ?thesis by simp
next
case Fulse
from <V € rv S (CFG-node (targetnode a))»
obtain zs nz where targetnode a —xs—,* parent-node nx
and nz € HRB-slice S and V € Usegpg nx
and YV n'. valid-SDG-node n’ A parent-node n'' € set (sourcenodes xs)
— V & Defgpq n” by(fastforce elim:rvE)
from <walid-edge a)> have valid-node (sourcenode a) by simp
from «(walid-edge ay <targetnode a —xs—  * parent-node nx> <intra-kind (kind

have sourcenode a —a#xs —,* parent-node nx

by (fastforce intro:path. Cons-path simp:intra-path-def)
with <V € Def (sourcenode a)) <V € Usegpq nz> <valid-node (sourcenode
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N n'. valid-SDG-node n'" N\ parent-node n'’ € set (sourcenodes xs)
— V ¢ DefSDG n'’
have (CFG-node (sourcenode a)) influences V in nz
by (fastforce intro: CFG-Def-SDG-Def simp:data-dependence-def)
hence (CFG-node (sourcenode a)) s—V—q4q nx by(rule sum-SDG-ddep-edge)
from <nz € HRB-slice S) «(CFG-node (sourcenode a)) s—V—q4q n
have CFG-node (sourcenode a) € HRB-slice S
proof (induct rule: HRB-slice-cases)
case (phasel n nz’)
with «(CFG-node (sourcenode a)) s—V—4q4 nz> show ?case
by (fastforce intro:intro:ddep-slicel combine-SDG-slices.combSlice-refl
simp: HR B-slice-def)
next
case (phase2 nz’ n’ n" p n)
from ((CFG-node (sourcenode a)) s—V—qq n» <n € sum-SDG-slice2 n’
have CFG-node (sourcenode a) € sum-SDG-slice2 n' by (rule ddep-slice2)
with phase2 show ?thesis
by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
sitmp: HR B-slice-def)
qed
with False have Fulse by(simp add:SDG-to-CFG-set-def)
thus ?thesis by simp
qed
next
case Fulse
from «V € rv S (CFG-node (targetnode a))»
obtain zs nx where targetnode a —xs—,* parent-node nx
and nz € HRB-slice S and V € Usegpq nx
and all:¥V n'. valid-SDG-node n'" A parent-node n'’ € set (sourcenodes xs)
— V & Defgpq n” by(fastforce elim:rvE)
from (walid-edge a> have valid-node (sourcenode a) by simp
from <wvalid-edge ay <targetnode a —xs—, x parent-node nx> <intra-kind (kind a)»
have sourcenode a —a#xs —,* parent-node nx
by (fastforce intro:path. Cons-path simp:intra-path-def)
from False all
have V¥ n”. valid-SDG-node n'" N parent-node n'’ € set (sourcenodes (a#xs))
— V ¢ DefSDG n’
by (fastforce dest:SDG-Def-parent-Def simp:sourcenodes-def)
with <sourcenode a —a#fxs —,* parent-node nx) <nx € HRB-slice S»
<V € Usegpg nx»
have V € rv S (CFG-node (sourcenode a)) by(fastforce intro:rvl)
from <intra-kind (kind a)> show ?thesis
proof(cases kind a)
case( UpdateFEdge f)
show ?thesis
proof(cases sourcenode a € | HRB-slice S|pq)
case True
with <intra-kind (kind a)» have slice-kind S a = kind a
by (fastforce intro:slice-intra-kind-in-slice)
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from UpdateEdge <s # [|> have pred (kind a) s by(cases s) auto
with (wvalid-edge a> <V ¢ Def (sourcenode @)y <intra-kind (kind a)>
have state-val (transfer (kind a) s) V = state-val s V
by (fastforce intro: CFG-intra-edge-no-Def-equal)
from UpdateEdge <s’ # [> have pred (kind a) s’ by(cases s’) auto
with <valid-edge a)> <V ¢ Def (sourcenode a)y <intra-kind (kind a)»
have state-val (transfer (kind a) s’) V = state-val s" V
by (fastforce intro: CFG-intra-edge-no-Def-equal)
with <V Verv S (CFG-node (sourcenode a)). state-val s V = state-val s’ V>
«state-val (transfer (kind a) s) V = state-val s V>
<V € rv S (CFG-node (sourcenode a))» <slice-kind S a = kind a»
show ?thesis by fastforce
next
case Fulse
with UpdateEdge have slice-kind S a = {}id
by —(rule slice-kind-Upd)
with vV Verv S (CFG-node (sourcenode a)). state-val s V = state-val s’ V>
«V € rv S (CFG-node (sourcenode a))y «s # [|» <8’ # []»
show ?thesis by(cases s,auto,cases s’ auto)
qed
next
case (PredicateEdge Q)
show ?thesis
proof (cases sourcenode a € | HRB-slice S| cpa)
case True
with PredicateEdge <intra-kind (kind a)»
have slice-kind S a = (Q)
by (simp add:slice-intra-kind-in-slice)
with <V Verv S (CFG-node (sourcenode a)). state-val s V = state-val s’ V>
<V € rv S (CFG-node (sourcenode a))y «s # [|» <s’ # []»
show ?thesis by(cases s,auto,cases s',auto)
next
case Fulse
with PredicateFEdge <valid-edge a»
obtain Q' where slice-kind S a = (Q'),/
by —(erule kind-Predicate-notin-slice-slice-kind- Predicate)
with<V Verv S (CFG-node (sourcenode a)). state-val s V = state-val ' V>
«V € rv S (CFG-node (sourcenode a))» <s # [|» <s" # [
show ?thesis by(cases s,auto,cases s',auto)
qed
qged (auto simp:intra-kind-def)
qed
qged

1.13.4 The weak simulation relational set WS

inductive-set WS :: 'node SDG-node set = (('node list x (("var — 'val) x 'ret)
list) x
('node list x (("var — 'val) x 'ret) list)) set
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for S :: 'node SDG-node set
where WSI: [Vm € set ms. valid-node m; V' m' € set ms’. valid-node m’;
length ms = length s; length ms' = length s’; s # [|; 8’ # []; ms = msz@Qma+tl
ms’;
get-proc mz = get-proc (hd ms’);
Vm € set (tl ms’). Im’. call-of-return-node m m’ A m’ € | HRB-slice S| opa;
msz # [| — (Ima’. call-of-return-node max ma’ A mz’' ¢ | HRB-slice S| opq);
Vi < length ms’. snd (s!(length msz + i)) = snd (s'i);
V'm € set (tl ms). return-node m;
Vi < length ms'. V'V € rv S (CFG-node ((mx#ttl ms’)!i)).
(fst (s!(length msx + ©))) V = (fst (s"4)) V;
obs ms |HRB-slice S| opq = obs ms' | HRB-slice S| coral
= ((ms,s),(ms’,s")) € WS S

lemma WS-silent-mowve:
assumes S.kind & (ms1,s1) —a—; (ms1',s1’) and ((ms1,s1),(msz2,s2)) € WS S
shows ((ms1/,s17),(ms2,82)) € WS S
proof —
from (((ms1,51),(ms2,52)) € WS S» obtain msz mz
where WSE:Ym € set msi. valid-node m ¥V m € set msy. valid-node m
length msy = length s1 length mse = length s s1 # [] s2 # |]
msy = msz@Qma#tl msy get-proc mx = get-proc (hd mss)
Vm € set (tl msy). Im’. call-of-return-node m m’ A m' € | HRB-slice S| opq
msz # [| — (Ima’. call-of-return-node mx ma' A mz' ¢ | HRB-slice S| cpq)
V'm € set (tl msy). return-node m
Vi < length mss. snd (s1!(length msz + i) = snd (s3!%)
Vi < length msy. VV € rv S (CFG-node ((mx#tl msz)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V
obs ms; | HRB-slice S| opq = obs msy | HRB-slice S| opa
by (fastforce elim: WS.cases)
{ assume Vm € set (tl ms1’). return-node m
have obs ms,’ | HRB-slice S| opq = obs msy | HRB-slice S| ora
proof (cases obs ms,’ | HRB-slice S| opg = {})
case True
with «S,kind - (ms1,s1) —a—- (ms1’,51")» have obs ms, | HRB-slice S| opa
={}
by (rule silent-move-empty-obs-slice)
with <obs ms1 | HRB-slice S| opq = obs msy | HRB-slice S| opq»
<obs msy" | HRB-slice S| opq = {}
show ?thesis by simp
next
case Fulse
from this <V m € set (tl ms1’). return-node m»
obtain ms’ where obs ms,’ | HRB-slice S| opq = {ms'}
by (fastforce dest:obs-singleton-element)
hence ms’ € obs ms,’ | HRB-slice S| opq by fastforce
from <S,kind b (ms1,81) —a—, (ms1;s17)> «<ms’ € obs msy’ | HRB-slice

Slore

295



~Vm € set (tl ms1’). return-node m»
have ms’ € obs ms1 | HRB-slice S| oy by (fastforce intro:silent-move-obs-slice)
from this <V'm € set (tl msy). return-node m»
have obs ms; | HRB-slice S| opq = {ms'} by(rule obs-singleton-element)
with <obs ms,’ | HRB-slice S| opq = {ms'p
<obs ms1 |HRB-slice S| opq = obs msy | HRB-slice S| opey
show ?thesis by simp
qed }
with «S,kind b (ms1,s1) —a—, (ms1',s17)y WSE
show ?thesis
proof(induct S f=kind msy s1 a msy’ 1’ rule:silent-move.induct)
case (silent-move-intra a s1 s1' ms; S msy”’)
note obs-eq = <V a€set (tl msy’). return-node a =
obs ms1" | HRB-slice S| opq = obs msy | HRB-slice S| opcy
from <s; # [ <s2 # []> obtain cf; ¢fs; ¢fa cfsy where [simpl:s; = cf1#c¢fs
and [simpl:so = cfa#cfsa by(cases s1,auto,cases sa,fastforce+)
from <transfer (kind a) s1 = $1” «intra-kind (kind a)»
obtain ¢f;’ where [simp|:s1’ = cf1'#cfs1
by (cases cf1,cases kind a,auto simp:intra-kind-def)
from «Vm € set msy. valid-node m) <msy’ = targetnode a # tl msy> <valid-edge
a
have Vm € set msy’. valid-node m by(cases ms1) auto
from <length ms; = length s1> <length s1’ = length s>
«ms1’ = targetnode a # tl msy»
have length ms;’ = length s1’ by(cases msy) auto
from «Vm € set (tl msy). return-node m> <msy’ = targetnode a # tl msy»
have Vm € set (tl ms1’). return-node m by simp
from obs-eq[OF this| have obs ms,’ | HRB-slice S| opq = obs msy | HRB-slice
Slera -
from Vi < length mse. V'V € rv S (CFG-node ((maz#tl ms2)!i)).
(fst (s1!(length msz + 7)) V = (fst (s219)) V> <length mse = length s9»
have V Verv S (CFG-node mx). (fst (s1 ! length msz)) V = state-val s5 V
by (cases msy) auto
show ?case
proof(cases mszx)
case Nil
with <ms; = mszQmz#tl msy> <hd ms; = sourcenode a»
have [simp]:mz = sourcenode a and [simp]:tl ms; = tl msy by simp-all
from <V meset (tl msz). Im’. call-of-return-node m m’ A m' € | HRB-slice
Slera
(Imeset (tt msy). Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice S| opq)
\Y
hd msy ¢ |HRB-slice S| opq
have hd ms, ¢ | HRB-slice S| opq by fastforce
with <hd ms1 = sourcenode a> have sourcenode o ¢ | HRB-slice S| opq by
stmp
from ¢ms;’ = targetnode a # tl msy> have msy’ = [| Q targetnode a # tl msy
by simp
from (walid-edge ay <intra-kind(kind a)>
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have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
with <get-proc mz = get-proc (hd msa)»
have get-proc (targetnode a) = get-proc (hd mse) by simp
from «<transfer (kind a) s1 = s1" <intra-kind (kind a)»
have snd cf1’ = snd cf1 by(auto simp:intra-kind-def)
with «Vi<length mss. snd (s1 ! (length msx + i) = snd (s2 ! ©)» Nil
have Vi<length msa. snd (s1’14) = snd (s2 ! 7)
by auto(case-tac i,auto)
have VV € rv S (CFG-node (targetnode a)). fst cf1’ V. = fst cfa V
proof
fix V assume V € rv S (CFG-node (targetnode a))
from <valid-edge a) <intra-kind (kind a)» <sourcenode a ¢ | HRB-slice S| opc
have obs-intra (targetnode a) | HRB-slice S| opq =
obs-intra (sourcenode a) | HRB-slice S| opqg
by (rule edge-obs-intra-slice-eq)
hence v S (CFG-node (targetnode a)) = rv S (CFG-node (sourcenode a))
by (rule closed-eg-obs-eq-rvs’)
with <V € rv S (CFG-node (targetnode a))»
have V € rv § (CFG-node (sourcenode a)) by simp
then obtain as n’ where sourcenode a —as—,* parent-node n'
and n’ € HRB-slice S and V € Usegpg n'
and Vn'. valid-SDG-node n'" A parent-node n' € set (sourcenodes as)
— V ¢ DefSDG n'
by (fastforce elim:rvE)
with (sourcenode a ¢ | HRB-slice S| g <valid-edge a
have V ¢ Def gpi (CFG-node (sourcenode a))
apply(clarsimp simp:intra-path-def)
apply(erule path.cases)
by (auto dest:valid-SDG-node-in-slice-parent-node-in-slice
sitmp:sourcenodes-def SDG-to-CFG-set-def)
from <wvalid-edge a> have valid-node (sourcenode a) by simp
with «V ¢ Def spi (CFG-node (sourcenode a))» have V ¢ Def (sourcenode

by (fastforce intro: CFG-Def-SDG-Def valid-SDG-CFG-node)
with <valid-edge a) <intra-kind (kind a)» <pred (kind a) s1»
have state-val (transfer (kind a) s1) V = state-val s; V
by (fastforce intro: CFG-intra-edge-no-Def-equal)
with <transfer (kind a) s; = s1/» have fst ¢f1’ V = fst ¢f1 V by simp
from <V € rv § (CFG-node (sourcenode a))> <msz = []»
~ Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val so V>
have fst ¢cf1 V = fst cfo V by simp
with «fst ¢f1’ V = fst ¢f1 Vs show fst c¢f1’ V = fst c¢fo V by simp
qed
with «Vi<length mse. ¥V Verv S (CFG-node ((mx # tl msg) ! 0)).
(fst (s1 ! (length msx + 4))) V = (fst (s2 ! ¢)) V» Nil
have Vi<length msy. ¥V Verv S (CFG-node ((targetnode o # tl msa) ! 7).
(fst (s1'! (length [| + ) V = (fst (s2 1 7)) V
by auto (case-tac i,auto)
with «Vm € set ms1’. valid-node m)» <Y m € set msy. valid-node m)»

297



length ms1’ = length 51" <length msy = length so»
<ms1’ =[] Q targetnode a # ¢l msy»
<get-proc (targetnode a) = get-proc (hd msa)»
NVm € set (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
~V'm € set (tl msy). return-node m»
<obs ms1’ | HRB-slice S| opg = obs msy | HRB-slice S| opqy
Vi<length msy. snd (s17!14) = snd (sg ! i)
show ?thesis by(auto introl: WSI)
next
case (Cons mz’ msz’)
with (ms; = msz@Qma#tl msy> <hd ms; = sourcenode a»
have [simp]:mz’ = sourcenode a and [simp|:tl ms; = msz'Qmaz#tl msy
by simp-all
from «ms,’ = targetnode a # tl msy» have ms;’ = ((targetnode a)#msz')Qmatl
mso
by simp
from vV Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sg V'
Cons
have rv:¥ Verv S (CFG-node mz).
(fst (s1”! length (targetnode a#msx’))) V = state-val so V by fastforce
from <ms; = mszQmaz#tl mse> Cons <msy’ = targetnode a # tl msy»
have ms;’ = ((targetnode a)#msz")Qma#tl mse by simp
from «Vi<length mss. snd (s1 ! (length msz + ©)) = snd (s2 ! i)» Cons
have Vi<length msa. snd (s1'! (length msz + i)) = snd (s2 ! @) by fastforce
from <V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sg V>
Cons
have V Verv S (CFG-node mz). (fst (s1”! length msz)) V = state-val so V
by simp
with Vi < length mse. V'V € rv S (CFG-node ((mz#tl ms)!i)).
(fst (s1!(length msz + ©))) V = (fst (s2!9)) V> Cons
have Vi<length mss. ¥ Verv S (CFG-node ((mz # tl ms2)li)).
(fst (s1(length (targetnode a # msz’) + 7)) V = (fst (s2li)) V
by clarsimp
with «Vmeset ms;’. valid-node m) ¥ meEset msy. valid-node m»
<length ms1’ = length s1"y <length msy = length sg»
¢ms1’ = ((targetnode a)#msz’)Qmaztl msy)
v meset (tl msz). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| opc
~m € set (tl msy’). return-node m» <get-proc mz = get-proc (hd msz)»
«msz # [| — (3ma’. call-of-return-node mz mz’ A mz' ¢ | HRB-slice
Slera)
<obs msy" | HRB-slice S| opq = obs msy | HRB-slice S| opc> Cons
Vi<length mss. snd (s1”! (length msz + i)) = snd (s2 ! i)
show %thesis by —(rule WSI,clarsimp—+,fastforce,clarsimp+)
qed
next
case (silent-move-call a s1 s1" Q rp fs a’ msy S msy’)
note obs-eq = <V a€set (tl msy’). return-node a =
obs ms1’ | HRB-slice S| opq = obs msy | HRB-slice S| opy
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from <s1 # [» <52 # []> obtain cfy cfs1 cfa cfso where [simp]:s1 = cf1#cfs:
and [simp|:sa = cfaFtcfsa by(cases s1,auto,cases sq,fastforce+)
from <valid-edge a> <kind a = Q:r—pfs
obtain ins outs where (p,ins,outs) € set procs
by (fastforce dest!:callee-in-procs)
with <transfer (kind a) s1 = 51" «walid-edge a) <kind a = Q:r—pfs
have [simpl:s1’ = (Map.empty(ins [:=] params fs (fst c¢f1)), r) # cf1 # cfs1
by simp(unfold formal-in-THE simp)
from <length ms; = length s> <ms1’ = targetnode a # targetnode a’ # tl msy»
have length ms;’ = length s,’ by simp
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
with <V meset ms;. valid-node m» <valid-edge a>
«ms1’ = targetnode a # targetnode a’ # tl msy»
have V meset ms;'. valid-node m by(cases ms1) auto
from «<valid-edge a’y <valid-edge a> <a’ € get-return-edges a»
have return-node (targetnode a’) by(fastforce simp:return-node-def)
with <wvalid-edge a) <a’ € get-return-edges a> <valid-edge a’s
have call-of-return-node (targetnode a’) (sourcenode a)
by (simp add:call-of-return-node-def) blast
from «Vm € set (tl msy). return-node m» <return-node (targetnode a’)
«ms1’ = targetnode a # targetnode a’ # tl msy»
have V'm € set (tl ms1’). return-node m by simp
from obs-eq[ OF this| have obs ms,’ | HRB-slice S| op = obs msy | HRB-slice
Slera -
from Vi < length ms. V'V € rv S (CFG-node ((mx#tl ms2)li)).
(fst (s1!(length msz + 1)) V = (fst (s21i)) V> «length mss = length so»
have V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val s2 V
by (erule-tac x=0 in allE) auto
show ?Zcase
proof (cases msx)
case Nil
with (ms; = msz@Qmz#tl msy> <hd ms; = sourcenode a»
have [simp|:mz = sourcenode a and [simp]:tl ms; = tl msy by simp-all
from «Vmeset (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
«(Imeset (tl msy). Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice S| opq)
V
hd msy ¢ |HRB-slice S| opq
have hd ms, ¢ | HRB-slice S| opq by fastforce
with (hd ms, = sourcenode a> have sourcenode a ¢ | HRB-slice S| opq by
simp
from «<wvalid-edge a> <a’ € get-return-edges a»
obtain o’/ where valid-edge o'’ and sourcenode a'’ = sourcenode a
and targetnode o' = targetnode o’ and intra-kind(kind a’’)
by —(drule call-return-node-edge,auto simp:intra-kind-def)
from «(walid-edge o'’y <intra-kind(kind o’’)»
have get-proc (sourcenode a'’) = get-proc (targetnode a’’)
by (rule get-proc-intra)
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with <sourcenode o’ = sourcenode a) <targetnode a’’ = targetnode a’s
<get-proc mx = get-proc (hd msa)»
have get-proc (targetnode a’) = get-proc (hd msy) by simp
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
have CFG-node (sourcenode a) s—p— sym CFG-node (targetnode a’)
by (fastforce intro:sum-SDG-call-summary-edge)
have targetnode a’ ¢ | HRB-slice S| opa
proof
assume targetnode o’ € |HRB-slice S| opq
hence CFG-node (targetnode a’) € HRB-slice S by(simp add:SDG-to-CFG-set-def)
hence CFG-node (sourcenode a) € HRB-slice S
proof (induct CFG-node (targetnode a') rule: HRB-slice-cases)
case (phasel nzx)
with «CFG-node (sourcenode a) s—p— sym CFG-node (targetnode a’))
show ?case by(fastforce intro:combine-SDG-slices.combSlice-refl sum-slicel
simp: HR B-slice-def)
next
case (phase2 nz n’' n'' p’)
from <CFG-node (targetnode a’) € sum-SDG-slice2 n'y
«CFG-node (sourcenode a) s—p— sym CFG-node (targetnode a’)y <valid-edge

have CFG-node (sourcenode a) € sum-SDG-slice2 n’
by (fastforce intro:sum-slice2)
with <n’ € sum-SDG-slicel nzy <n' s—p'— ey CFG-node (parent-node n’)»

nx € S»
show Zcase
by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
simp: HR B-slice-def)
qed
with (sourcenode a ¢ | HRB-slice S| opc> show False
by(simp add:SDG-to-CFG-set-def HRB-slice-def)
qed
from «<ms,’ = targetnode a # targetnode a’ # tl msy»
have ms;’ = [targetnode a] Q targetnode a’ # tl msy by simp
from «Vi<length msa. snd (s1 ! (length msz + ©)) = snd (s2 ! ©)» Nil
have Vi<length msa. snd (s1’! (length [targetnode a] + ©)) = snd (s2 ! ©)
by fastforce
have V Verv S (CFG-node (targetnode a’)). (fst (s1'! 1)) V = state-val so V
proof
fix V assume V € rv S (CFG-node (targetnode a’))
from <valid-edge a) <a’ € get-return-edges a>
obtain o’ where edge:valid-edge a'’ sourcenode o’ = sourcenode a
targetnode a'’ = targetnode o’ intra-kind(kind a’’)
by —(drule call-return-node-edge,auto simp:intra-kind-def)
from <V € rv S (CFG-node (targetnode a’))»
obtain as n’ where targetnode a’ —as—,* parent-node n'
and n’ € HRB-slice S and V € Usegpg n’
and Vn'. valid-SDG-node n'" A parent-node n' € set (sourcenodes as)
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— V ¢ DefSDG n'
by (fastforce elim:rvE)

from <targetnode a’ —as—,x parent-node n'y edge

have sourcenode a —a''#as—,* parent-node n'
by (fastforce intro: Cons-path simp:intra-path-def)

from <valid-edge a> <kind a = Q:r—pfs)

have V ¢ Def (sourcenode a)
by (fastforce dest:call-source-Def-empty)

with «Vn'". valid-SDG-node n'" A parent-node n'' € set (sourcenodes as)
— V & Defgpa n'"» <sourcenode o'’ = sourcenode a)

have V n". valid-SDG-node n'' A parent-node n'’ € set (sourcenodes (a''#as))

— V ¢ DefSDG n'
by (fastforce dest:SDG-Def-parent-Def simp:sourcenodes-def)
with (sourcenode a —a''#as—,* parent-node n’y «<n’ € HRB-slice S»
<V € Usegpq n'»
have V € rv S (CFG-node (sourcenode a)) by(fastforce intro:rvl)
from v Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val so
Vy Nil
have V Verv S (CFG-node (sourcenode a)). fst ¢f1 V = fst ¢f2 V by simp
with «V € rv S (CFG-node (sourcenode a))y have fst ¢f1 V = fst ¢fo V
by simp
thus (fst (s1'! 1)) V = state-val s2 V by simp
qed
with Vi < length mse. V'V € rv S (CFG-node ((mz#tl ms)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!i)) V> Nil
have Vi<length mss. V¥V Verv S (CFG-node ((targetnode a’ # tl ms2)li)).
(fst (s11(length [targetnode a] + 7)) V = (fst (s2!i)) V
by clarsimp(case-tac i,auto)
with «Vme&set ms;’. valid-node m) ¥ meEset msy. valid-node m»
<length ms,’ = length s1" <length msy = length sg»
v meset (tl msz). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| opc
«ms1’ = [targetnode a] @ targetnode a’ # tl mso»
<targetnode o’ ¢ | HRB-slice S| op¢ <return-node (targetnode a’)
<obs msy" | HRB-slice S| opq = obs msy | HRB-slice S| opc
<get-proc (targetnode a’) = get-proc (hd msa)»
V'm € set (tl ms1’). return-node m> <sourcenode a ¢ | HRB-slice S| opc>
<call-of-return-node (targetnode a') (sourcenode a)»
N i<length msa. snd (s1’! (length [targetnode a] + i)) = snd (s2 ! i)»
show ?thesis by (auto introl: WSI)
next
case (Cons mz’ msz’)
with <ms; = mszQmzx#tl msy> <hd ms; = sourcenode a»
have [simp|:mz’ = sourcenode a and [simp]:tl ms; = msz’QmaF£tl msy
by simp-all
from <ms,’ = targetnode a # targetnode a’ # tl msy»
have ms;’ = (targetnode a # targetnode a’ # msz")Qmz#tl msy
by simp
from <V i<length mss. snd (s1 ! (length msz + ©)) = snd (s3 ! i)» Cons
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have Vi<length msa.
snd (s1"! (length (targetnode a # targetnode a’ # msz') + 1)) = snd (s ! ©)
by fastforce
from «V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sg V>
Cons
have V Verv S (CFG-node mz).
(fst (s1”! length(targetnode a # targetnode o’ # msz"))) V = state-val s2 V
by simp
with Vi < length mse. V'V € rv S (CFG-node ((mz#tl ms2)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V> Cons
have Vi<length mss. ¥V Verv S (CFG-node ((mz # tl ms3)!i)).
(fst (s1"(length (targetnode a # targetnode o’ # msz') + i))) V =
(fst (s219)) V
by clarsimp
with «Vmée&set ms;’. valid-node m) ¥ meset msy. valid-node m»
length ms1’ = length 51" <length msy = length so»
«ms1’ = (targetnode a # targetnode o’ # msz")Qma#tl msqg»
<return-node (targetnode a'))
v meset (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
«mse # [| — (Ima’. call-of-return-node mz ma’ A mz’ ¢ | HRB-slice
Slera)
<obs ms1’ | HRB-slice S| opg = obs msy | HRB-slice S| opq» Cons
«get-proc mx = get-proc (hd msa)y <Y'm € set (tl msy’). return-node m»
<V i<length mss.
snd (s17! (length (targetnode a # targetnode o’ # msx’) + 7)) = snd (s2 !
i)
show %thesis by —(rule WSI,clarsimp—+,fastforce,clarsimp+)
qed
next
case (silent-move-return a s1 s1' Q p f' ms; S msy’)
note obs-eq = <V a€set (tl ms1’). return-node a =
obs ms1’ | HRB-slice S| opq = obs msy | HRB-slice S| cpey
from <transfer (kind a) s; = 51" <kind a = Q<=pf" 51 # [[» «s1" # [}
obtain cf; c¢fry cfs; cf1’ where [simp]:s1 = cf1#cfr1#cfs1
and s’ = (f' (fst ¢f1) (fst cfz1),snd cfzy)#cfs
by(cases s1,auto,case-tac list,fastforce+)
from (sy # [> obtain cfy cfsy where [simpl:sa = cfa# cfsa by(cases s2) auto
from <length ms; = length s;> have ms; # [| and tl ms;y # [] by(cases
ms1,auto)+
from «valid-edge a> <kind a = Q«=pf"
obtain o’ Q' r’ fs’ where valid-edge o’ and kind o' = Q":r'—pfs’
and a € get-return-edges a’
by —(drule return-needs-call,auto)
then obtain ins outs where (p,ins,outs) € set procs
by (fastforce dest!:callee-in-procs)
with <valid-edge a> <kind a = Q«pf"
have f' (fst f1) (fst cfz1) =
(fst cfr1)(ParamDefs (targetnode a) [:=] map (fst cf1) outs)
by (rule CFG-return-edge-fun)
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with <s1" = (f' (fst ¢f1) (fst cfx1),snd cfry)#cfs
have [simp]:s1’ = ((fst cfzq)
(ParamDefs (targetnode a) [:=] map (fst c¢f1) outs),snd cfzy)#cfs; by simp
from <V meEset ms;. valid-node m» ¢ms;’ = tl ms;» have V meset ms;’. valid-node
m
by (cases msy) auto
from <length ms; = length s1> <msy’ = tl msp»
have length ms;’ = length s’ by simp
from «Vméeset (tl msy). return-node my <ms;’ = ¢l msy> <msy # [ «tl ms; #
it
have V meset (¢l msy’). return-node m by(cases msy)(auto,cases msy’;auto)
from obs-eq[ OF this| have obs ms,’ | HRB-slice S| opq = obs mse | HRB-slice
Slera -
show ?case
proof(cases msx)
case Nil
with (ms; = msz@Qmz#tl msy> <hd ms; = sourcenode a»
have mz = sourcenode a and tl ms; = tl mss by simp-all
with «(3meset (¢l ms1). Im’. call-of-return-node m m’ A m’' ¢ | HRB-slice
Slere
v meset (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
have Fulse by fastforce
thus ?thesis by simp
next
case (Cons mz’ msz’)
with <ms; = mszQmz#tl msy> <hd ms; = sourcenode a»
have [simp]:mz’ = sourcenode a and [simp]:tl ms; = msz'Qma#tl mss
by simp-all
from «<ms,’ = tl msy» have ms,’ = msz’Qmz#tl msy, by simp
with «ms; = msx@Qma#tl msyy ¥V meset (H msy). return-node m» Cons
have Vmeset (tl msy’). return-node m
by (cases msz’) auto
from <V i<length mss. snd (s1 ! (length msz + 7)) = snd (s3 ! i)» Cons
have Vi<length msa. snd (s1'! (length msz’ 4+ ©)) = snd (s2 ! %)
by auto(case-tac i,auto,cases msz’ auto)
from «Vi<length mse. ¥V Verv S (CFG-node ((mz # tl ms2) ! 0)).
(fst (s1! (length msz + 7)) V = (fst (s2 ! 7)) V>
length msy = length s2» <sy # [
have V Very § (CFG-node mz). (fst (s1 ! length msz)) V = state-val so V
by fastforce
have V Verv S (CFG-node mz). (fst (s1”! length msz’)) V = state-val s3 V
proof (cases msz’)
case Nil
with <V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sy
Vs
<msz = mz'#msz’s
have rv:V Verv § (CFG-node mz). fst cfry V = fst ¢fa V by fastforce
from Nil <tl msy = msz'Qma#tl msay <hd (tl msy) = targetnode a)
have [simp|:mz = targetnode a by simp
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from Cons
«msz # [| — (3maz’. call-of-return-node mz mz’ A mz' ¢ | HRB-slice

Slcra)
obtain mz’ where call-of-return-node mx mz' and ma' ¢ | HRB-slice

Slera
by blast
hence ma ¢ |HRB-slice S| cpa
by (rule call-node-notin-slice-return-node-neither)
have V Verv S (CFG-node mz).
(fst cfr1)(ParamDefs (targetnode a) [:=] map (fst cf1) outs) V = fst ¢cfa V
proof
fix V assume Verv S (CFG-node mx)
show (fst cfr1)(ParamDefs (targetnode a) [:=] map (fst cf1) outs) V =
fst cfo V
proof(cases V € set (ParamDefs (targetnode a)))
case True
with <walid-edge a» have V € Def (targetnode a)
by (fastforce intro: ParamDefs-in-Def)
with <valid-edge o> have V € Defgpa (CFG-node (targetnode a))
by (auto introl: CFG-Def-SDG-Def)
from «Verv S (CFG-node mz)s obtain as n'
where targetnode a —as—,x parent-node n’
and n’ € HRB-slice S V € Usegpg n’
and Vn'. valid-SDG-node n'" A\ parent-node n'' € set (sourcenodes as)
— V & Defgpa n' by(fastforce elim:rvE)
from <targetnode a —as— * parent-node n'y «<n’ € HRB-slice S»
«mz ¢ | HRB-slice S| opq
obtain az asr where as = ar#asx
by (auto simp:intra-path-def)(erule path.cases,
auto dest:valid-SDG-node-in-slice-parent-node-in-slice
simp:SDG-to-CFG-set-def)
with <targetnode a —as— x parent-node n')
have targetnode a = sourcenode ax and wvalid-edge ax
by (auto elim:path.cases simp:intra-path-def)
with «Vn'. valid-SDG-node n"' A parent-node n'' € set (sourcenodes as)
— V & Defgpg n'" <as = ax#asxy <V € Defgpa (CFG-node
(targetnode a))»
have Fualse by (fastforce simp:sourcenodes-def)
thus ?thesis by simp
next
case Fulse
with «Verv S (CFG-node mx)» rv show ?thesis
by (fastforce dest:fun-upds-notinfof - - fst cfri])
qed
qed
with Nil <msz = mz'#msz"» show ?thesis by fastforce
next
case Cons
with <V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sy
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<msz = mx'#msz’s
show ?thesis by fastforce
qed
with <V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val sy V>
Cons
have V Very S (CFG-node mz). (fst (s1”! length msz’)) V = state-val s3 V
by(cases msz') auto
with Vi < length mse. V'V € rv S (CFG-node ((mz#tl ms2)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V> Cons
have Vi<length mss. V Verv S (CFG-node ((mx # tl mss) ! 0)).
(fst (s1”! (length msz’ + 7)) V = (fst (s2 1 4)) V
by clarsimp(case-tac i,auto)
with «Vme&set ms;’. valid-node m) ¥ meEset msy. valid-node m»
<length ms1’ = length s1"y <length msy = length sg»
«ms1’ = msx'QmzEtl msy> <get-proc mx = get-proc (hd msy)»
«Vmeset (tl msz). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| opc
«msz # [| — (3ma’. call-of-return-node mz mz’ A mz' ¢ | HRB-slice
Slera)
V'meset (tl ms1”). return-node my Cons <get-proc mz = get-proc (hd mss)»
v meset (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
<obs ms1’ | HRB-slice S| opq = obs msy | HRB-slice S| opqy
N i<length msa. snd (s1'! (length msz’' + ©)) = snd (s2 ! i)
show ?thesis by (auto introl: WSI)
qed
qged
qged

lemma WS-silent-moves:
[S,kind = (ms1,81) =as=, (ms1',s1"); ((ms1,s1),(msz2,s2)) € WS 5]
= ((ms1',s17),(ms2,32)) € WS S

by (induct S f=kind msy s1 as msy’ s1’ rule:silent-moves.induct,
auto dest: WS-silent-move)

lemma WS-observable-move:
assumes ((msy,51),(msa,s2)) € WS S
and S.kind & (ms1,s1) —a— (ms1’,s1”) and s1’ # ||
obtains as where ((ms1’,s1"),(ms1 ' transfer (slice-kind S a) s2)) € WS S
and S,slice-kind S F (msa,s2) =asQ[a]= (ms1’ transfer (slice-kind S a) s2)
proof (atomize-elim)
from <((ms1,51),(ms2,s2)) € WS S» obtain msz mz
where assms:V'm € set msyi. valid-node m ¥ m € set msy. valid-node m
length msy = length s1 length mse = length so s1 # [] s2 # |]
ms1 = mstQma#tl msq get-proc mx = get-proc (hd mss)
Vm € set (tl msa). Im’. call-of-return-node m m’ A m' € | HRB-slice S| opq
msz # [| — (Ima’. call-of-return-node mx mx’ A mz’ ¢ | HRB-slice S| opq)
VYm € set (tl msy). return-node m
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Vi < length msy. snd (s1!(length msx + ©)) = snd (s2!)
Vi < length msy. V'V € rv S (CFG-node ((mx#tl msz)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V
obs ms; | HRB-slice S| opq = obs msy | HRB-slice S| opq
by (fastforce elim: WS.cases)
from <S,kind - (ms1,s1) —a— (ms1’,817)> assms
show Jas. ((ms1',s17),(ms1’ transfer (slice-kind S a) s3)) € WS S A
S,slice-kind S+ (msa,s2) =as Q [a]= (ms1/,transfer (slice-kind S a) s2)
proof (induct S f=kind ms; s1 a ms1’ s1’ rule:observable-move.induct)
case (observable-move-intra a s; s1’ ms; S msy’)
from <s; # [ «<s2 # []> obtain c¢f; c¢fs; cfa cfss where [simpl:s1 = cf1#cfs
and [simp|:sa = cfaFtcfsy by(cases s1,auto,cases sq,fastforce+)
from <length ms; = length s1» <s1 # []> have [simp]:ms; # [] by(cases msy)
auto
from <length mss = length s2» <s2 # [|»> have [simp]:msy # [| by(cases msa)
auto
from Vm € set (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
<hd msy = sourcenode a) <ms; = msxQmax#tl msy>
«msz # [| — (Ima’. call-of-return-node mxz mz' A ma' ¢ | HRB-slice S| opa)
have [simp]:mz = sourcenode a msz = [] and [simp]:tl msy = tl ms;
by (cases msz,auto)+
hence length ms; = length mss by(cases msy) auto
with <length ms; = length s> <length msy = length sa»
have length s; = length so by simp
from <hd ms; € |HRB-slice S| opq» <hd msy = sourcenode a
have sourcenode a € | HRB-slice S| opg by simp
with <walid-edge a>
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
by (fastforce introl:n-in-obs-intra)
from <Vm € set (tl ms2). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slore
<obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}»
<hd ms; = sourcenode a)
have (hd msi#tl ms1) € obs ([|Qhd msi#tl ms,) | HRB-slice S| opa
by (cases msiy)(auto introl:obsl)
hence ms; € obs ms; | HRB-slice S| opq by simp
with <obs ms; | HRB-slice S| opq = obs msy | HRB-slice S| opq
have ms, € obs msy | HRB-slice S| opq by simp
from «msg # [|» <length mss = length so» have length sy = length (hd msa#£tl
msa)
by (fastforce dest!:hd-Cons-tl)
from «Vm € set (tl msy). return-node m» have Vm € set (tl mss). return-node
m
by simp
with «ms; € obs msy | HRB-slice S| opq
have hd ms, € obs-intra (hd mss) | HRB-slice S| opc
proof (rule obsE)
fix nst n nsz’ n'
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assume msy; = nst @ n # nsz’ and ms; = n’ # nsz’
and n’ € obs-intra n | HRB-slice S| opa
from <msy, = nsz @ n # nsz’> «ms; = n’ # nsr’y «tl msy = tl msy>
have [simp]:nsz = [] by(cases nsz) auto
with (mss = nsz @ n # nsz’> have [simp]:n = hd msy by simp
from <ms; = n’ # nsz’s have [simp]:n’ = hd ms; by simp
with «n’ € obs-intra n | HRB-slice S| opc> show ?thesis by simp
qed
with (length sy = length (hd msa#tl msa)y <V'm € set (tl msq). return-node m»
obtain as where S, slice-kind S & (hd msa#ttl msa,s2) =as=, (hd msi#tl
msi,82)
by (fastforce elim:silent-moves-intra-path-obs[of - - - so tl msa))
with «mss # []» have S,slice-kind S + (msa,s2) =as=, (ms1,52)
by (fastforce dest!:hd-Cons-tl)
from (walid-edge a> have valid-node (sourcenode a) by simp
hence sourcenode a —[]—,* sourcenode a
by (fastforce intro:empty-path simp:intra-path-def)
with <sourcenode a € | HRB-slice S| opc
have VV. V € Usegpg (CFG-node (sourcenode a))
— V € rv S (CFG-node (sourcenode a))
by auto(rule rvl,auto simp:SDG-to-CFG-set-def sourcenodes-def)
with <walid-node (sourcenode a)»
have V'V € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))
by (fastforce intro: CFG-Use-SDG-Use)
from Vi < length mse. V'V € rv S (CFG-node ((maz#tl ms2)!i)).
(fst (s1!(length msz + 7)) V = (fst (s219)) V> <length mse = length s9»
have V Verv S (CFG-node mz). (fst (s1 ! length msz)) V = state-val s5 V
by (cases msy) auto
with vV V € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))»
have V V € Use (sourcenode a). fst ¢f1 V = fst ¢fy V by fastforce
moreover
from <V i<length mss. snd (s1 ! (length msz + 7)) = snd (s3 ! i)»
have snd (hd s1) = snd (hd s2) by(erule-tac z=0 in allE) auto
ultimately have pred (kind a) so
using <wvalid-edge a) <pred (kind a) s1> <length s; = length so»
by (fastforce intro: CFG-edge-Uses-pred-equal)
from <ms;’ = targetnode a # tl msy> <length s1’ = length s1»
<length ms1 = length s1> have length ms,' = length s;’ by simp
from <transfer (kind a) s1 = s1’ <intra-kind (kind a)»
obtain ¢f;’ where [simp|:s1’ = cf1'#cfs1
by(cases cf1,cases kind a,auto simp:intra-kind-def)
from <intra-kind (kind a)» <sourcenode a € |HRB-slice S| opq» <pred (kind a)
S9?
have pred (slice-kind S a) so by(simp add:slice-intra-kind-in-slice)
from (wvalid-edge as <length sy = length so) <transfer (kind a) s1 = s1”
have length s1’ = length (transfer (slice-kind S a) s2)
by (fastforce intro:length-transfer-kind-slice-kind)
with <length sy = length so»
have length so = length (transfer (slice-kind S a) s3) by simp

307



a)

with «pred (slice-kind S a) s2» <valid-edge a» <intra-kind (kind a)>
'm € set (tl msy). Im’. call-of-return-node m m' A m’' € | HRB-slice S| opc
thd msy € |HRB-slice S| opq» <hd msy = sourcenode a
<length ms1 = length s1> <length s1 = length so»
«ms1’ = targetnode a # tl msy Vm € set (tl mss). return-node m»

have S,slice-kind S = (ms1,82) —a— (msy’,transfer (slice-kind S a) s2)
by (auto intro:observable-move.observable-move-intra)

with «S,slice-kind S F (msa,s2) =as=, (ms1,s2)>

have S slice-kind S & (msa,s2) =asQ[a]= (ms1/ transfer (slice-kind S a) s3)
by (rule observable-moves-snoc)

from «Vm € set msy. valid-node my <msy’ = targetnode a # tl msy> <valid-edge

have V'm € set msy’. valid-node m by(cases ms1) auto
from «Vm € set (tl mss). return-node m> <msy’ = targetnode a # tl msy»
<ms1’ = targetnode a # tl msy»
have Vm € set (tl ms1’). return-node m by fastforce
from <ms,’ = targetnode a # tl msy> <tl mse = tl msy»
have ms;’ = [| @ targetnode a # tl mss by simp
from «<intra-kind (kind a)» <sourcenode a € | HRB-slice S| opc>
have c¢f2"3 cfy’. transfer (slice-kind S a) sy = cf2'#cfsa A snd cfy’ = snd c¢f
by(cases cf2)(auto dest:slice-intra-kind-in-slice simp:intra-kind-def)
from <transfer (kind a) s; = $1" <intra-kind (kind a)»
have snd cf1’ = snd c¢f1 by(auto simp:intra-kind-def)
with «Vi<length msa. snd (s1 ! (length msz + 7)) = snd (s2 ! @)
<snd (hd s1) = snd (hd s2)) <ms;’ =[] Q targetnode a # tl msq>
cf2’ <length ms, = length msy»
have Vi<length msy’. snd (s1'! i) = snd (transfer (slice-kind S a) s3 ! ©)
by auto(case-tac i,auto)
have VV € rv S (CFG-node (targetnode a)).
fst cf1’ V = state-val (transfer (slice-kind S a) s2) V
proof
fix V assume V € rv § (CFG-node (targetnode a))
show fst cf1’ V = state-val (transfer (slice-kind S a) s2) V
proof(cases V € Def (sourcenode a))
case True
from cintra-kind (kind a)> have (3 f. kind a = tf) V (3 Q. kind a = (Q) /)
by (simp add:intra-kind-def)
thus ?thesis
proof
assume 3f. kind a = f
then obtain f’ where kind a = {}f’ by blast
with <transfer (kind a) s1 = s1%
have s1' = (f' (fst ¢f1),snd c¢f1) # cfs1 by simp
from <sourcenode a € | HRB-slice S| opq» <kind a = {f"
have slice-kind S a = ff’
by (fastforce dest:slice-intra-kind-in-slice simp:intra-kind-def)
hence transfer (slice-kind S a) s2 = (f’ (fst ¢f2),snd cf2) # cfsa by simp
from «walid-edge ay <V V € Use (sourcenode a). fst cf1 V = fst cfa V>
<antra-kind (kind o)y <pred (kind a) s1» <pred (kind a) s2»
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have V'V € Def (sourcenode a). state-val (transfer (kind a) s1) V =
state-val (transfer (kind a) s3) V
by —(erule CFG-intra-edge-transfer-uses-only-Use,auto)
with «kind a = 1" <s1" = (f' (fst ¢f1),snd cf1) # cfsy> True
<transfer (slice-kind S a) so = (f' (fst cf2),snd cf2) # cfsa>
show ?thesis by simp
next
assume 3 Q. kind a = (Q)/
then obtain @) where kind a = (Q),/ by blast
with <transfer (kind a) s1 = s1» have s’ = ¢f1 # cfs; by simp
from (sourcenode a € | HRB-slice S| opg> <kind a = (Q)
have slice-kind S a = (Q)
by (fastforce dest:slice-intra-kind-in-slice simp:intra-kind-def)
hence transfer (slice-kind S a) s3 = sy by simp
from «wvalid-edge ay <V V € Use (sourcenode a). fst cf1 V = fst cfs V>
<antra-kind (kind a)y <pred (kind a) sp» <pred (kind a) s>
have V'V € Def (sourcenode a). state-val (transfer (kind a) s1) V =
state-val (transfer (kind a) s3) V
by —(erule CFG-intra-edge-transfer-uses-only-Use,auto simp:intra-kind-def)
with True <kind a = (Q),» <51’ = cf1 # cfsp
<transfer (slice-kind S a) sa = s2»
show ?thesis by simp
qged
next
case Fulse
with (valid-edge a) <intra-kind (kind a)» <pred (kind a) s1»
have state-val (transfer (kind a) s1) V = state-val sy V
by (fastforce intro: CFG-intra-edge-no-Def-equal)
with «transfer (kind a) s; = s1/» have fst ¢f1’' V = fst ¢f1 V by simp
from (sourcenode a € | HRB-slice S| g <intra-kind (kind a)»
have slice-kind S a = kind a by(fastforce intro:slice-intra-kind-in-slice)
from Fulse <valid-edge a> <pred (kind a) so» <intra-kind (kind a)»
have state-val (transfer (kind a) s2) V = state-val s2 V
by (fastforce intro: CFG-intra-edge-no-Def-equal)
with «slice-kind S a = kind o>
have state-val (transfer (slice-kind S a) s2) V = fst ¢fs V by simp
from <V € rv S (CFG-node (targetnode a))» obtain as’ nz
where targetnode a —as'—,x parent-node nx
and nzx € HRB-slice S and V € Usegpg nw
and Vn'. valid-SDG-node n'’ A parent-node n'' € set (sourcenodes as’)
— V ¢ DefSDG n'!
by (fastforce elim:rvE)
with «Vn'. valid-SDG-node n'' N\ parent-node n'’ € set (sourcenodes as’)
— V ¢ Defgpa n'» False
have all:V n'. valid-SDG-node n'' A
parent-node n' € set (sourcenodes (a#as’)) — V ¢ Defspa n'’
by (fastforce dest:SDG-Def-parent-Def simp:sourcenodes-def)
from <walid-edge @) <targetnode a —as'—,* parent-node nx)
<intra-kind (kind a)»
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have sourcenode a —a#tas’—,* parent-node nx
by (fastforce intro: Cons-path simp:intra-path-def)
with (nz € HRB-slice S» <V € Usegpg nx> all
have V € rv S (CFG-node (sourcenode a)) by(fastforce intro:rvl)
with V'V € rv S (CFG-node mx). (fst (s1!(length msz))) V = state-val so

<state-val (transfer (slice-kind S a) s2) V = fst ¢fa V>
fst cf1’ V = fst ¢fy V>
show ?thesis by fastforce
qed
qed
with Vi < length mss. YV € rv S (CFG-node ((ma#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s2li)) V» cf2’
«ms1’ =[] @ targetnode a # ¢l msy)
<length ms1 = length s1> <length mso = length so» <length s1 = length so»
have Vi<length ms;’. V Verv S (CFG-node ((targetnode a # tl ms1)\i)).
(fst (s1'(length [| + ©))) V = (fst (transfer (slice-kind S a) sy ! i) V
by clarsimp(case-tac i,auto)
with Vm € set msy. valid-node m» <V m € set msy’. valid-node m»
length msy = length so» <length sy’ = length (transfer (slice-kind S a) s2)»
<length ms1’ = length s1» <Vm € set (tl msy”). return-node m»
«ms1’ =[] @ targetnode a # tl msy) <get-proc mx = get-proc (hd msy)»
Vm € set (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
Vi<length ms1'. snd (s1'! i) = snd (transfer (slice-kind S a) so ! i)
have ((ms1',51"),(ms1 ' transfer (slice-kind S a) s2)) € WS S
by (fastforce introl: WSI)
with «S,slice-kind S F (msa,s2) =asQ[a]= (ms1’,transfer (slice-kind S a) s3)»
show ?case by blast
next
case (observable-move-call a s1 s1' Q v p fs a’ ms; S msy’)
from «s; # []» «<s2 # [ obtain cf; ¢fs; cfa cfsy where [simpl:s1 = cf1#c¢fs;
and [simp]:sa = cfa#cfsa by(cases s1,auto,cases sa,fastforce+)
from <length ms; = length s1» <s1 # []> have [simp]:ms; # [] by(cases msy)
auto
from <length mse = length so» <so # [|» have [simp]:msy # [| by(cases msa)
auto
from <Vm € set (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
<hd ms; = sourcenode a> <ms; = msrQma#tl mso>
«msz # [| — (Ima’. call-of-return-node mz mz' A ma' ¢ | HRB-slice S| opa)
have [simp]:mz = sourcenode a msz = [| and [simp]:tl msy = ¢l ms;
by (cases msz,auto)+
hence length ms; = length mss by(cases mss) auto
with <length msy = length s1> <length mss = length so»
have length s; = length so by simp
from <hd ms; € |[HRB-slice S|opq> <hd msi = sourcenode a>
have sourcenode a € | HRB-slice S| opq by simp
with <valid-edge a»
have obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}
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by (fastforce intro!:n-in-obs-intra)
from «Vm € set (tl msz). Am’. call-of-return-node m m’ A m’ € | HRB-slice
Slera
(obs-intra (sourcenode a) | HRB-slice S| opq = {sourcenode a}»
<hd ms; = sourcenode a)
have (hd ms1#tl ms1) € obs ([|Qhd ms1#tl ms1) | HRB-slice S| opq
by (cases ms;)(auto introl:0bsI)
hence ms; € obs ms; | HRB-slice S| opq by simp
with <obs ms, |HRB-slice S|opq = obs msy | HRB-slice S| opc»
have ms; € obs msy | HRB-slice S|opq by simp
from «msa # []» <length msa = length so» have length so = length (hd msa#£tl
mss)
by (fastforce dest!:hd-Cons-tl)
from vV m € set (tl msy). return-node m» have Vm € set (tl msy). return-node

m
by simp
with <ms; € obs msy | HRB-slice S| opc
have hd ms, € obs-intra (hd msy) | HRB-slice S| opqg
proof (rule obsE)
fix nsz n nsz’ n'
assume msy = nst Q n # nsr’ and ms; = n’ # nsz’
and n’ € obs-intra n | HRB-slice S| opa
from (msy = nsr Q n # nsz’> <msy = n’ # nsz’> <tl msy = tl msp»
have [simp]:nsz = [] by(cases nsz) auto
with «(mss = nsz @ n # nsx’> have [simp|:n = hd msy by simp
from «ms; = n’ # nsz’> have [simp]:n’ = hd ms; by simp
with «n’ € obs-intra n | HRB-slice S| opq> show ?thesis by simp
qed
with (length sy = length (hd msa#tl ms2)> Vm € set (tl msq). return-node m»
obtain as where S, slice-kind S b (hd msa#ttl msa,s3) =as=, (hd msy#tl
ms1,82)

by (fastforce elim:silent-moves-intra-path-obs[of - - - s3 tl msa])
with «msa # []» have S,slice-kind S + (msa,s2) =as=, (ms1,52)
by (fastforce dest!:hd-Cons-tl)
from <walid-edge a)> have valid-node (sourcenode a) by simp
hence sourcenode a —[]—,* sourcenode a
by (fastforce intro:empty-path simp:intra-path-def)
with <sourcenode a € | HRB-slice S| opq
have V V. V € Usegpg (CFG-node (sourcenode a))
— V € rv § (CFG-node (sourcenode a))
by auto(rule rvl,auto simp:SDG-to-CFG-set-def sourcenodes-def)
with (wvalid-node (sourcenode a)»
have VV € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))
by (fastforce intro: CFG-Use-SDG-Use)
from Vi < length mse. YV € rv S (CFG-node ((mx#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V> <length msy = length sg»
have V Verv § (CFG-node mz). (fst (s1 ! length msx)) V = state-val s2 V
by (cases msy) auto
with VvV V € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))»
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have V V € Use (sourcenode a). fst ¢fy V = fst ¢fa V by fastforce
moreover
from «Vi<length msa. snd (s1 ! (length msz + 7)) = snd (s2 ! i)
have snd (hd s1) = snd (hd s2) by(erule-tac x=0 in allE) auto
ultimately have pred (kind a) so
using <wvalid-edge a> <pred (kind a) s1> <length s; = length s9»
by (fastforce intro: CFG-edge-Uses-pred-equal)
from «msy’ = (targetnode a)#(targetnode a’)#tl msy» <length s1’ = Suc(length
51)
<length ms; = length s1> have length ms1;’ = length s;’ by simp
from <valid-edge a> <kind a = Q:r—pfs> obtain ins outs
where (p,ins,outs) € set procs by(fastforce dest!:callee-in-procs)
with <valid-edge a> <kind a = Q:r—pfs)
have (THE ins. 3 outs. (p,ins,outs) € set procs) = ins
by (rule formal-in-THE)
with <transfer (kind a) s; = 51" kind a = Q:r—pfs)
have [simp]:s1” = (Map.empty(ins [:=] params fs (fst cf1)),r)#cf1#cfs1 by
stmp
from <valid-edge a’y <a’ € get-return-edges a> <valid-edge a)
have return-node (targetnode a’) by (fastforce simp:return-node-def)
with <valid-edge a) <valid-edge a’y <a’ € get-return-edges a»
have call-of-return-node (targetnode a') (sourcenode a)
by (simp add:call-of-return-node-def) blast
from (sourcenode a € | HRB-slice S| opq» <pred (kind a) so» <kind a = Q:r—pfs)
have pred (slice-kind S a) so by(fastforce dest:slice-kind-Call-in-slice)
from <walid-edge ay <length s1 = length sy <transfer (kind a) s1 = s1
have length s1’ = length (transfer (slice-kind S a) s2)
by (fastforce intro:length-transfer-kind-slice-kind)
with (pred (slice-kind S a) so» «valid-edge a) <kind a = Q:r—pfs
'm € set (tl msy). Im’. call-of-return-node m m' A m’' € | HRB-slice S| opc
<hd msy € |HRB-slice S| opq» <hd msy = sourcenode a»
<length ms1 = length s1» <length s1 = length s <valid-edge a’s
«ms1’ = (targetnode a)#(targetnode a’)#tl msyy <a’ € get-return-edges a>
~Vm € set (tl msz). return-node m»
have S slice-kind S & (ms1,82) —a— (ms1/,transfer (slice-kind S a) s2)
by (auto intro:observable-move.observable-move-call)
with «S,slice-kind S + (msz,s2) =as=, (ms1,s2)
have S, slice-kind S = (msa,s2) =asQ[a]= (ms1’,transfer (slice-kind S a) s2)
by (rule observable-moves-snoc)
from <V m € set msy. valid-node m» <ms;’ = (targetnode a)#(targetnode a’)#tl
msy»
<valid-edge a) <valid-edge a’s
have Vm € set msy’. valid-node m by(cases msy) auto
from (kind a = Q:r—ypfs> <sourcenode a € | HRB-slice S| copc>
have cf2" 3 cfy". transfer (slice-kind S a) so = cfa'#s2 A snd ¢fs' = r
by (auto dest:slice-kind-Call-in-slice)
with «Vi<length mss. snd (s1 ! (length msz + 7)) = snd (s2 ! i)
length ms1’ = length s1"» <msz = []» <length ms; = length msa»
<length ms1 = length s1»
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have Vi<length ms;’. snd (s1"! i) = snd (transfer (slice-kind S a) s2 ! 7)
by auto(case-tac i,auto)
have VV € rv S (CFG-node (targetnode a')).
V € rv S (CFG-node (sourcenode a))
proof
fix V assume V € rv S (CFG-node (targetnode a'))
then obtain as n’ where targetnode a’ —as—,* parent-node n’
and n’ € HRB-slice S and V € Usegpg n’
and YV n'. valid-SDG-node n'" A parent-node n'’ € set (sourcenodes as)
— V & Defgpq n' by(fastforce elim:rvE)
from «<wvalid-edge a> <a’ € get-return-edges a»
obtain o’/ where valid-edge o'’ and sourcenode a'’ = sourcenode a
and targetnode o'’ = targetnode o’ and intra-kind(kind a’’)
by —(drule call-return-node-edge,auto simp:intra-kind-def)
with <targetnode a’ —as— * parent-node n's
have sourcenode a —a''#as— * parent-node n’
by (fastforce intro: Cons-path simp:intra-path-def)
from <sourcenode a’’ = sourcenode a> <valid-edge a> <kind a = Q:r—pfs
have Vn'. valid-SDG-node n'" A parent-node n'’ = sourcenode a’’
— V ¢ DefSDG n'!
by (fastforce dest:SDG-Def-parent-Def call-source-Def-empty)
with «Vn'. valid-SDG-node n'' A\ parent-node n'’ € set (sourcenodes as)
— V ¢ DefSDG n'"
have Vn". valid-SDG-node n' N\ parent-node n'' € set (sourcenodes (a''#as))

— V & Defgpa n' by(fastforce simp:sourcenodes-def)
with (sourcenode a —a''#as—,* parent-node n’s «<n’ € HRB-slice S»
«V € Usegpg n"
show V € rv § (CFG-node (sourcenode a)) by(fastforce intro:rvl)
qed
have VV € rv S (CFG-node (targetnode a)).
(Map.empty(ins [:=] params fs (fst ¢f1))) V =
state-val (transfer (slice-kind S a) s2) V
proof
fix V assume V € rv S (CFG-node (targetnode a))
from <sourcenode a € | HRB-slice S| copcy <kind a = Q:r—pfs
((THE ins. Jouts. (p,ins,outs) € set procs) = ins
have eq:fst (hd (transfer (slice-kind S a) s2)) =
Map.empty(ins [:=] params (cspp (targetnode a) (HRB-slice S) fs) (fst cf2))
by (auto dest:slice-kind-Call-in-slice)
show (Map.empty(ins [:=] params fs (fst ¢f1))) V =
state-val (transfer (slice-kind S a) s3) V
proof (cases V € set ins)
case True
then obtain ¢ where V = insli and i < length ins
by (auto simp:in-set-conv-nth)
from «<wvalid-edge a> <kind a = Q:r—pfs> «(p,ins,outs) € set procs
<i < length ins»
have valid-SDG-node (Formal-in (targetnode a,i)) by fastforce
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nx»

from (walid-edge a) <kind a = Q:r—pfs> have get-proc(targetnode a) = p
by (rule get-proc-call)
with (valid-SDG-node (Formal-in (targetnode a,7))>
«(p,ins,outs) € set procs) <V = insliy
have V € Defgpq (Formal-in (targetnode a,7))
by (fastforce intro: Formal-in-SDG-Def)
from <V € rv § (CFG-node (targetnode a))» obtain as’ nz
where targetnode a —as’—,* parent-node nz
and nr € HRB-slice S and V € Usegpg nz
and Vn'. valid-SDG-node n'’ A
parent-node n'" € set (sourcenodes as’) — V ¢ Defgpa n'’
by (fastforce elim:rvE)
with «wvalid-SDG-node (Formal-in (targetnode a,7))>
<V € Defgpa (Formal-in (targetnode a,i))
have targetnode a = parent-node nx
apply(auto simp:intra-path-def sourcenodes-def)
apply(erule path.cases) apply fastforce
apply(erule-tac x=Formal-in (targetnode a,i) in allE) by fastforce
with <V € Usegpq ne> have V € Use (targetnode a)
by (fastforce intro:SDG-Use-parent-Use)
with (valid-edge a)> have V € Usegpq (CFG-node (targetnode a))
by (auto introl: CFG-Use-SDG-Use)
from <targetnode a = parent-node nx)[THEN sym| <valid-edge a»
have parent-node (Formal-in (targetnode a,i)) —[|—,* parent-node nz
by (fastforce intro:empty-path simp:intra-path-def)
with «V € Defgpq (Formal-in (targetnode a,i))>
<V € Usegpa (CFG-node (targetnode a))» <targetnode a = parent-node

have Formal-in (targetnode a,i) influences V in (CFG-node (targetnode a))
by (fastforce simp:data-dependence-def sourcenodes-def)
hence ddep: Formal-in (targetnode a,i) s—V—4q (CFG-node (targetnode a))
by (rule sum-SDG-ddep-edge)
from <targetnode a = parent-node nx) <nx € HRB-slice S»
have CFG-node (targetnode a) € HRB-slice S
by (fastforce dest:valid-SDG-node-in-slice-parent-node-in-slice)
hence Formal-in (targetnode a,i) € HRB-slice S
proof (induct CFG-node (targetnode a) rule: HRB-slice-cases)
case (phasel nx)
with ddep show ?case
by (fastforce intro:ddep-slicel combine-SDG-slices.combSlice-refl
simp: HR B-slice-def)
next
case (phase2 nz n’ n'' p)
from «CFG-node (targetnode a) € sum-SDG-slice2 n'y ddep
have Formal-in (targetnode a,i) € sum-SDG-slice2 n'
by (fastforce intro:ddep-slice2)
with «n'"' s—p—,et CFG-node (parent-node n')y «<n’ € sum-SDG-slicel nx»

nr € S
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show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node

stmp: HR B-slice-def)

cf2))

qed
from <sourcenode a € | HRB-slice S| opg» <kind a = Q:r—pfs
have slice-kind:slice-kind S a =
Q:r—p(cspp (targetnode a) (HRB-slice S) fs)
by (rule slice-kind-Call-in-slice)
from (walid-edge a) <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have length fs = length ins by(rule CFG-call-edge-length)
from <Formal-in (targetnode a,i) € HRB-slice S»
<length fs = length ins) i < length ins»
have cspp:(cspp (targetnode a) (HRB-slice S) fs)li = fsli
by (fastforce intro:csppa-Formal-in-in-slice simp:cspp-def)
from <i < length insy <length fs = length ins)
have (params (cspp (targetnode a) (HRB-slice S) fs) (fst cf2))li =
((espp (targetnode a) (HRB-slice S) fs)li) (fst cf2)
by (fastforce intro:params-nth)
with cspp
have eq:(params (cspp (targetnode a) (HRB-slice S) fs) (fst c¢f2))li =
(fs!i) (fst cf2) by simp
from <valid-edge a> <kind a = Q:r—pfs> «(p,ins,outs) € set procs
have (THE ins. 3 outs. (p,ins,outs) € set procs) = ins
by (rule formal-in-THE)
with slice-kind
have fst (hd (transfer (slice-kind S a) s3)) =
Map.empty(ins [:=] params (cspp (targetnode a) (HRB-slice S) fs) (fst

by simp

moreover

from «(p,ins,outs) € set procs> have distinct ins
by (rule distinct-formal-ins)

ultimately have state-val (transfer (slice-kind S a) so) V =
(params (cspp (targetnode a) (HRB-slice S) fs) (fst cf2))i
using <V = insli> <i < length ins) <length fs = length ins»
by (fastforce intro: fun-upds-nth)

with eq

have 2:state-val (transfer (slice-kind S a) s2) V = (fsli) (fst cf2)
by simp

from <V = insliy <i < length ins> <length fs = length ins»
<distinct ins»

have Map.empty(ins [:=] params fs (fst ¢f1)) V = (params fs (fst cf1))li
by (fastforce intro:fun-upds-nth)

with <7 < length ins) <length fs = length ins»

have 1:Map.empty(ins [:=] params fs (fst c¢f1)) V = (fsli) (fst ¢f1)
by (fastforce intro:params-nth)

from Vi < length mse. V'V € rv S (CFG-node ((mx#tl msz)li)).
(fst (s1!(length msz + 7)) V = (fst (s2!d)) V>

have rv:V Verv S (CFG-node (sourcenode a)). fst ¢f1 V = fst ¢fa V
by(erule-tac =0 in allE) auto
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from (walid-edge a) <kind a = Q:r—pfs> «(p,ins,outs) € set procs
i < length insy have ¥V Ve(ParamUses (sourcenode a)!7).
V € Usegpq (Actual-in (sourcenode a,%))
by (fastforce intro: Actual-in-SDG- Use)
with (valid-edge a> have ¥V Ve(ParamUses (sourcenode a)!7).
V € Usegpa (CFG-node (sourcenode a))
by (auto introl: CFG-Use-SDG-Use dest:SDG-Use-parent-Use)
moreover
from <wvalid-edge a> have parent-node (CFG-node (sourcenode a)) —[|—,*
parent-node (CFG-node (sourcenode a))
by (fastforce intro:empty-path simp:intra-path-def)
ultimately
have V Ve(ParamUses (sourcenode a)li). V € rv § (CFG-node (sourcenode

using <sourcenode a € | HRB-slice S| g <valid-edge a)
by (fastforce intro:rvl simp:SDG-to-CFG-set-def sourcenodes-def)
with rv have V V € (ParamUses (sourcenode a))li. fst ¢f1 V = fst ¢fs V
by fastforce
with <valid-edge a> <kind a = Q:r—pfs) <i < length ins
«(p,ins,outs) € set procs) <pred (kind a) s1» <pred (kind a) s2»
have (params fs (fst cf1))li = (params fs (fst cf2))li
by (fastforce dest!: CFG-call-edge-params)
moreover
from «i < length ins> <length fs = length ins»
have (params fs (fst ¢f1))li = (fslé) (fst ¢f1)
and (params fs (fst cf2))li = (fslé) (fst cf2)
by (auto intro:params-nth)
ultimately show ?thesis using 1 2 by simp
next
case Fulse
with eq show ?thesis by(fastforce simp:fun-upds-notin)
qed
qed
with Vi < length ms. YV € rv S (CFG-node ((ma#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s2li)) V» cf2’ <tl msy = tl msy»
<length mso = length so» <length msy = length s1» <length s1 = length so»
«ms1’ = (targetnode a)#(targetnode a’)#tl msy»
NV e rvS (CFG-node (targetnode a’)). V € rv § (CFG-node (sourcenode
a))
have Vi<length ms;’. ¥V Verv S (CFG-node ((targetnode a # tl ms1)!i)).
(fst (s1(length [| + ©))) V = (fst (transfer (slice-kind S a) s2!i)) V
apply clarsimp apply(case-tac i) apply auto
apply(erule-tac z=nat in allF)
apply(case-tac nat) apply auto done
with Vm € set msy. valid-node m» <V m € set msy’. valid-node m»
length msy = length so» <length sy’ = length (transfer (slice-kind S a) s2)»
length msy’ = length s1"» <ms1’ = (targetnode a)#(targetnode a")#tl msy»
«get-proc mx = get-proc (hd msz)> <sourcenode a € |HRB-slice S| g
Vm € set (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
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<return-node (targetnode a’)y <¥'m € set (tl msy). return-node m»
<call-of-return-node (targetnode a') (sourcenode a)»
Vi<length ms1'. snd (s1'! i) = snd (transfer (slice-kind S a) so ! i)
have ((ms1',51"),(ms1',transfer (slice-kind S a) s2)) € WS S
by (fastforce intro!: WSI)
with S, slice-kind S F (msa,s2) =asQla]= (msy ' transfer (slice-kind S a) s2)»
show ?case by blast
next
case (observable-move-return a s1 s1” Q p f' ms; S msy”’)
from «s; # [ <s2 # []> obtain cf; c¢fs; cfa cfss where [simpl:s; = cf1#c¢fs
and [simp]:sa = cfa#cfs2 by(cases s1,auto,cases sa,fastforce+)
from <length ms, = length s1» <s1 # []> have [simp]:ms; # [] by(cases msy)
auto
from <length mss = length s3> <so # [|» have [simp]:msy # [| by(cases msa)
auto
from <Vm € set (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
<hd ms; = sourcenode a> <ms; = msrQma#tl mso>
«msz # [| — (Ima’. call-of-return-node mz mz' A ma’ ¢ | HRB-slice S| opa)
have [simp]:mz = sourcenode a msz = [| and [simp]:tl msy = tl ms;
by (cases msz,auto)+
hence length ms; = length mss by(cases mss) auto
with <length ms; = length s> <length msy = length sg»
have length s; = length so by simp
have Jas. S,slice-kind S + (msa,s2) =as=, (ms1,2)
proof(cases obs-intra (hd msy) | HRB-slice S| opq = {})
case True
from (valid-edge a) <hd ms, = sourcenode a> <kind a = Q«pf"
have method-ezit (hd msy) by(fastforce simp:method-exit-def)
from <V meset mss. valid-node m» have valid-node (hd mss) by(cases mss)
auto
then obtain asz where hd msy —asz— /* (-Ezit-) by(fastforce dest!: Exit-path)
then obtain as pex where hd msy —as—,* pex and method-exit pex
by (fastforce elim:valid-Exit-path-intra-path)
from <hd msy —as—,x pex> have get-proc (hd mse) = get-proc pex
by (rule intra-path-get-procs)
with «get-proc mz = get-proc (hd msz)»
have get-proc mz = get-proc pex by simp
with <method-ezit (hd ms1)» < hd msy = sourcenode a) <method-exit pex)
have [simp]:pex = hd ms; by(fastforce intro:method-exit-unique)
from <obs-intra (hd msy) | HRB-slice S| opq = {}> «(method-exit pex»
<get-proc (hd mss) = get-proc pexr) <valid-node (hd mss3)»
length msy = length so» <V méEset (tl msy). return-node my <msy # [|»

obtain as’
where S, slice-kind S b (hd mso#ttl msa,s3) =as’'=, (hd ms;#tl msy,s2)
by (fastforce elim!:silent-moves-intra-path-no-obs[of - - - sa tl msa)

dest:hd-Cons-tl)
with «(mse # []» have S,slice-kind S + (msa,s2) =as'=, (ms1,s2)
by (fastforce dest!:hd-Cons-tl)
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thus ?thesis by blast
next
case Fulse
then obtain z where z € obs-intra (hd msy) | HRB-slice S| opq by fastforce
hence obs-intra (hd msy) | HRB-slice S| opq = {z}
by (rule obs-intra-singleton-element)
with «Vm € set (tl msz). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slera
have z#tl msy € obs ([|Qhd msa#tl msy) | HRB-slice S| opa
by (fastforce intro:obsl)
with (msy # [ have z#tl ms, € obs msy | HRB-slice S| opg
by (fastforce dest:hd-Cons-tl simp del:obs.simps)
with <obs ms; | HRB-slice S| opq = obs msy | HRB-slice S| opq»
have z#tl ms, € obs ms, | HRB-slice S| opg by simp
from this <V meset (tl ms1). return-node m»
have z € obs-intra (hd ms1) | HRB-slice S| cpa
proof (rule obsE)
fix nsz n nsx’' n’
assume ms; = nsr Q n # nsz’ and z # tl ms; = n’ # nsz’
and n’ € obs-intra n | HRB-slice S| opq
from (ms; = nsr @ n # nsz’ <z # tl msy = n' # nsx’s <t msy = tl msy»
have [simp]:nsx = [| by(cases nsz) auto
with <ms; = nsx @ n # nsz”» have [simp|:n = hd ms; by simp
from «x # tl ms; = n’ # nsz’» have [simp]:n’ = x by simp
with «n’ € obs-intra n | HRB-slice S| opq» show ?thesis by simp
qed
{ fix m as assume hd ms; —as—,* m
hence hd ms; —as—* m and Va € set as. intra-kind (kind a)
by (simp-all add:intra-path-def)
hence m = hd ms;
proof (induct hd msy as m rule:path.induct)
case (Cons-path m’" as’ m’ a’)
from «Vacset (a’ # as’). intra-kind (kind a)»
have intra-kind (kind o’) by simp
with <valid-edge a> <kind o = Q«>pf" <valid-edge a’>
<sourcenode a' = hd msy» <hd ms; = sourcenode a>
have Fulse by (fastforce dest:return-edges-only simp:intra-kind-def)
thus ?case by simp
qed simp }
with <z € obs-intra (hd ms1) | HRB-slice S| opq
have © = hd ms; by(fastforce elim:obs-intraF)
with «z € obs-intra (hd msy) | HRB-slice S| opqy <length msy = length sg»
v meset (tl msy). return-node m» <msg # []»
obtain as where S slice-kind S & (hd msottl msa,s2) =as=, (hd ms;#tl
mst,52)
by (fastforce elim!:silent-moves-intra-path-obs[of - - - s3 tl mss]
dest:hd-Cons-tl)
with «(mss # [|» have S,slice-kind S F (msa,s2) =as=, (ms1,52)
by (fastforce dest!:hd-Cons-tl)
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thus ?thesis by blast
qed
then obtain as where S slice-kind S F (msa,s2) =as=, (ms1,s2) by blast
from «msy’ = tl msy» <length s1 = Suc(length s17)»
<length ms; = length s1> have length ms1;’ = length s;’ by simp
from <valid-edge a> <kind a = Q<«>pf’ obtain o'’ Q' r’ fs' where valid-edge
a//
and kind o' = Q":r'—pfs’ and a € get-return-edges a’’
by —(drule return-needs-call,auto)
then obtain ins outs where (p,ins,outs) € set procs
by (fastforce dest!:callee-in-procs)
from <length s; = Suc(length s1')> «s1" # [»
obtain cfz cfsz where [simp|:cfsy = cfz#cfsz by(cases cfs1) auto
with (length s; = length so» obtain cfz’ cfsz’ where [simpl:cfss = cfr'#cfsz’
by(cases cfse) auto
from «length ms; = length s1> have tl ms; = [|Qhd(tl msy)#tl(t msy)
by (auto simp:length-Suc-conv)
from <kind a = Q<«=pf" <transfer (kind a) s1 = 51"
have s1’ = (' (fst ¢f1) (fst ¢fzr),snd cfr)#cfsz by simp
from <valid-edge a> <kind a = Q<«=pf"> «(p,ins,outs) € set procs
have f’ (fst ¢f1) (fst cfx) =
(fst cfr)(ParamDefs (targetnode a) [:=] map (fst cf1) outs)
by (rule CFG-return-edge-fun)
with «s1" = (f (fst ¢f1) (fst cfz),snd cfr)#cfsz
have [simpl:s1’ =
((fst cfzr)(ParamDefs (targetnode a) [:=] map (fst cf1) outs),snd cfr)#cfsx
by simp
have pred (slice-kind S a) o
proof (cases sourcenode a € | HRB-slice S| opa)
case True
from (walid-edge a» have valid-node (sourcenode a) by simp
hence sourcenode a —[]—,* sourcenode a
by (fastforce intro:empty-path simp:intra-path-def)
with <sourcenode a € | HRB-slice S| opq
have VV. V € Usegpg (CFG-node (sourcenode a))
— V € rv § (CFG-node (sourcenode a))
by auto(rule rvl,auto simp:SDG-to-CFG-set-def sourcenodes-def)
with <walid-node (sourcenode a)»
have VV € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))
by (fastforce intro: CFG-Use-SDG-Use)
from Vi < length mse. V'V € rv S (CFG-node ((mz#tl mss)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V> <length msy = length s2»
have V Verv S (CFG-node mx). (fst (s1 ! length msz)) V = state-val s5 V
by (cases msy) auto
with VvV € Use (sourcenode a). V € rv S (CFG-node (sourcenode a))»
have V V € Use (sourcenode a). fst cf1 V = fst cfo V by fastforce
moreover
from <V i<length mss. snd (s1 ! (length msz + i) = snd (s3 ! i)»
have snd (hd s1) = snd (hd s2) by(erule-tac z=0 in allE) auto
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ultimately have pred (kind a) so
using <wvalid-edge a> <pred (kind a) s1> <length sy = length s9»
by (fastforce intro: CFG-edge-Uses-pred-equal)
with <valid-edge a> <kind a = Q<«=pf"s «(p,ins,outs) € set procs
(sourcenode a € | HRB-slice S| opq»
show ?thesis by (fastforce dest:slice-kind-Return-in-slice)
next
case Fulse
with <kind a = Q<«=pf" have slice-kind S a = (Acf. True)«=p(Acf cf". cf’)
by —(rule slice-kind-Return)
thus ?thesis by simp
qed
from (valid-edge as <length sy = length so) <transfer (kind a) s1 = s1"
have length s1’ = length (transfer (slice-kind S a) s2)
by (fastforce intro:length-transfer-kind-slice-kind)
with <pred (slice-kind S a) s3> <valid-edge a> <kind a = Q<«pf"
Vm € set (tl msy). Im’. call-of-return-node m m' A m’ € | HRB-slice S| opc
<hd ms; = sourcenode a)
<length ms1 = length s1» <length s1 = length so»
«msy’ = tl msyy <hd(tl ms1) = targetnode a> <~V'm € set (tl msy). return-node
m»
have S,slice-kind S = (ms1,82) —a— (msy’,transfer (slice-kind S a) s2)
by (fastforce intro!:observable-move.observable-move-return)
with «S,slice-kind S F (msa,s2) =as=, (ms1,s2)>
have S slice-kind S & (msa,s2) =asQ[a]= (ms1/ transfer (slice-kind S a) s2)
by (rule observable-moves-snoc)
from <V m € set ms;. valid-node m» <msy’ = tl msy»
have V'm € set ms;’. valid-node m by(cases ms1) auto
from «length ms,;’ = length s;"» have ms,’ = [|Qhd ms, '#tl ms;’
by(cases ms1’) auto
from «Vi<length msa. snd (s1 ! (length msz + ©)) = snd (s2 ! i)
«length ms1 = length msoy <length ms, = length s1»
have snd cfr = snd cfr’ by(erule-tac x=1 in allE) auto
from «valid-edge a> <kind a = Q<«=pf" «(p,ins,outs) € set procs
have ¢f2" 3 cfy’. transfer (slice-kind S a) sy = cf 2" #cfsz’ A snd cfy’ = snd cfz’
by(cases cfz’,cases sourcenode a € | HRB-slice S| opcqs
auto dest:slice-kind-Return slice-kind-Return-in-slice)
with (Vi<length mss. snd (s1 ! (length msz + i) = snd (s3 ! i)»
length ms1’ = length s1’y «msx = []» <length ms; = length msq»
<length ms; = length s1» <snd cfr = snd cfx’>
have Vi<length ms;’. snd (s1'! i) = snd (transfer (slice-kind S a) ss ! 7)
apply auto apply(case-tac i) apply auto
by (erule-tac =Suc(Suc nat) in allE) auto
from Vm € set (tl msy). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slore
have Vm € set (¢ (¢ msy1)).
Im’. call-of-return-node m m' A m’ € | HRB-slice S| opg
by (cases tl ms1) auto
from Vm € set (tl msy). return-node m»
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have Vm € set (tl (tl ms1)). return-node m by(cases tl ms1) auto
have V Verv § (CFG-node (hd (tl msy))).
(fst cfz)(ParamDefs (targetnode a) [:=] map (fst cf1) outs) V =
state-val (transfer (slice-kind S a) s2) V
proof
fix V assume Verv S (CFG-node (hd (tl msy)))
with <hd(tl msy) = targetnode a> have Verv S (CFG-node (targetnode a))
by simp
show (fst cfz)(ParamDefs (targetnode a) [:=] map (fst ¢f1) outs) V =
state-val (transfer (slice-kind S a) s2) V
proof(cases V € set (ParamDefs (targetnode a)))
case True
then obtain ¢ where V = (ParamDefs (targetnode a))'i
and i < length(ParamDefs (targetnode a))
by (auto simp:in-set-conv-nth)
moreover
from <valid-edge a> <kind a = Q<«>pf" «(p,ins,outs) € set procs)
have length:length(ParamDefs (targetnode a)) = length outs
by (fastforce intro: ParamDefs-return-target-length)
from <valid-edge a> <kind a = Q«>pf" «(p,ins,outs) € set procs
«i < length(ParamDefs (targetnode a))»
<length(ParamDefs (targetnode a)) = length outs
have valid-SDG-node (Actual-out(targetnode a,i)) by fastforce
with <V = (ParamDefs (targetnode a))li
have V € Defgpq (Actual-out(targetnode a,i))
by (fastforce intro: Actual-out-SDG-Def)
from <V € rv S (CFG-node (targetnode a))> obtain as’ nx
where targetnode a —as'—,* parent-node nx
and nz € HRB-slice S and V € Usegpg nx
and Vn'". valid-SDG-node n'' A
parent-node n'" € set (sourcenodes as’) — V ¢ Defgpa n'’
by (fastforce elim:rvE)
with (valid-SDG-node (Actual-out(targetnode a,i))
<V € Defgpa (Actual-out(targetnode a,i))>
have targetnode a = parent-node nx
apply(auto simp:intra-path-def sourcenodes-def)
apply(erule path.cases) apply fastforce
apply(erule-tac x=(Actual-out(targetnode a,i)) in allE) by fastforce
with <V € Usegpg ne> have V € Use (targetnode a)
by (fastforce intro:SDG-Use-parent-Use)
with (valid-edge a) have V € Usegpq (CFG-node (targetnode a))
by (auto introl: CFG-Use-SDG-Use)
from <targetnode a = parent-node nxy|[ THEN sym] <valid-edge a>
have parent-node (Actual-out(targetnode a,i)) —[|—,* parent-node nx
by (fastforce intro:empty-path simp:intra-path-def)
with <V € Def gpq (Actual-out(targetnode a,i))>
(V€ Usegpi (CFG-node (targetnode a))» <targetnode a = parent-node
na
have Actual-out(targetnode a,i) influences V in (CFG-node (targetnode a))
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by (fastforce simp:data-dependence-def sourcenodes-def)
hence ddep: Actual-out(targetnode a,i) s—V—q4q (CFG-node (targetnode a))
by (rule sum-SDG-ddep-edge)
from <targetnode a = parent-node nx) <nx € HRB-slice S»
have CFG-node (targetnode a) € HRB-slice S
by (fastforce dest:valid-SDG-node-in-slice-parent-node-in-slice)
hence Actual-out(targetnode a,i) € HRB-slice S
proof (induct CFG-node (targetnode a) rule: HRB-slice-cases)
case (phasel nx’)
with ddep show ?case
by (fastforce intro: ddep-slicel combine-SDG-slices.combSlice-refl
simp: HRB-slice-def)
next
case (phase2 nz’ n’ n'' p)
from <CFG-node (targetnode a) € sum-SDG-slice2 n'y ddep
have Actual-out(targetnode a,i) € sum-SDG-slice2 n’
by (fastforce intro:ddep-slice2)
with «n'"’ s—p— e CFG-node (parent-node n')y <n’ € sum-SDG-slicel nz’»
nz’ € S
show ?case by(fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
simp: HR B-slice-def)
qged
from (walid-edge a) <kind a = Q<=pf" <valid-edge a’’»
kind o = Q":r'—pfs’ <a € get-return-edges a’"»
«CFG-node (targetnode a) € HRB-slice S»
have CFG-node (sourcenode a) € HRB-slice S
by (rule call-return-nodes-in-slice)
hence sourcenode a € | HRB-slice S| opq by(simp add:SDG-to-CFG-set-def)
from (sourcenode a € | HRB-slice S| opq <valid-edge a> <kind a = Q«pf"
«(p,ins,outs) € set procs
have slice-kind:slice-kind S a =
Q<p(Acf cf . rspp (targetnode a) (HRB-slice S) outs cf’ cf)
by (rule slice-kind-Return-in-slice)
from <Actual-out(targetnode a,i) € HRB-slice S»
<i < length(ParamDefs (targetnode a))» <valid-edge a
<V = (ParamDefs (targetnode a))li» length
have 2:rspp (targetnode a) (HRB-slice S) outs (fst cft’) (fst cf2) V =
(fst cf2)(outs!i)
by (fastforce intro:rspp-Actual-out-in-slice)
from «i < length(ParamDefs (targetnode a))> length <valid-edge a»
have (fst cfz)(ParamDefs (targetnode a) [:=] map (fst c¢f1) outs)
((ParamDefs (targetnode a))li) = (map (fst cf1) outs)!i
by (fastforce intro: fun-upds-nth distinct-ParamDefs)
with «V = (ParamDefs (targetnode a))!i»
<i < length(ParamDefs (targetnode a))» length
have 1:(fst ¢fr)(ParamDefs (targetnode a) [:=] map (fst cf1) outs) V =
(fst cf1)(outs!i)
by simp
from <valid-edge a> <kind a = Q«>pf" «(p,ins,outs) € set procs
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i < length(ParamDefs (targetnode a))> length
have po: Formal-out(sourcenode a,i) s—p:outsli— y Actual-out(targetnode

by (fastforce intro:sum-SDG-param-out-edge)
from <valid-edge a> <kind a = Qpf"
have CFG-node (sourcenode a) s—p— et CFG-node (targetnode a)
by (fastforce intro:sum-SDG-return-edge)
from <Actual-out(targetnode a,i) € HRB-slice S»
have Formal-out(sourcenode a,i) € HRB-slice S
proof (induct Actual-out(targetnode a,i) rule: HRB-slice-cases)
case (phasel nz’)
let A0 = Actual-out(targetnode a,7)
from «<valid-SDG-node ?A0> have ?A0 € sum-SDG-slice2 A0
by (rule refl-slice?2)
with po have Formal-out(sourcenode a,i) € sum-SDG-slice2 A0
by (rule param-out-slice2)
with «CFG-node (sourcenode a) s—p—yper CFG-node (targetnode a)»
(Actual-out (targetnode a, i) € sum-SDG-slicel nz’y <nz' € S»
show Zcase
by (fastforce intro:combSlice- Return-parent-node simp: HR B-slice-def)
next
case (phase2 nz’ n’ n'' p)
from <Actual-out (targetnode a, i) € sum-SDG-slice2 n'y po
have Formal-out(sourcenode a,i) € sum-SDG-slice2 n’
by (fastforce intro:param-out-slice2)
with <n’ € sum-SDG-slicel nx’s <n" s—p—rpey CFG-node (parent-node n')»

<z’ € S»
show ?case by (fastforce intro:combine-SDG-slices.combSlice- Return-parent-node
stmp: HR B-slice-def)
qed
with <valid-edge o> <kind a = Q<«=pf" «(p,ins,outs) € set procs
i < length(ParamDefs (targetnode a))» length
have outs!i € Usegp Formal-out(sourcenode a,t)
by (fastforce introl: Formal-out-SDG-Use get-proc-return)
with (valid-edge a) have outs!i € Usegpi (CFG-node (sourcenode a))
by (auto introl: CFG-Use-SDG-Use dest:SDG-Use-parent-Use)
moreover
from <wvalid-edge a> have parent-node (CFG-node (sourcenode a)) —[|—,*
parent-node (CFG-node (sourcenode a))
by (fastforce intro:empty-path simp:intra-path-def)
ultimately have outs!i € rv S (CFG-node (sourcenode a))
using <sourcenode a € |HRB-slice S| opq <valid-edge a
by (fastforce intro:rvl simp:SDG-to-CFG-set-def sourcenodes-def)
with Vi < length mse. YV € v S (CFG-node ((mx#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s2ld)) V>
have (fst cf1)(outsli) = (fst cf2)(outs!i)
by auto(erule-tac =0 in allE,auto)
with 1 2 slice-kind show ?thesis by simp
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next
case Fulse
with «transfer (kind a) s = $1"
have (fst cfr)(ParamDefs (targetnode a) [:=] map (fst cf1) outs) =
(fst (hd cfs1))(ParamDefs (targetnode a) [:=] map (fst cf1) outs)
by (cases cfsy,auto intro: CFG-return-edge-fun)
show ?thesis
proof (cases sourcenode a € | HRB-slice S|opq)
case True
from (sourcenode a € | HRB-slice S| opc» <valid-edge a) <kind a = Q«pf"
«(p,ins,outs) € set procs
have slice-kind S a =
Q<p(Xcf cf . rspp (targetnode a) (HRB-slice S) outs cf’ cf)
by (rule slice-kind-Return-in-slice)
with «length s;’ = length (transfer (slice-kind S a) s2)»
<length s1 = length so»
have state-val (transfer (slice-kind S a) s2) V =
rspp (targetnode a) (HRB-slice S) outs (fst cfx’) (fst ¢f2) V
by simp
with «V ¢ set (ParamDefs (targetnode a))»
have state-val (transfer (slice-kind S a) s2) V = state-val cfsy V
by (fastforce simp:rspp-def map-merge-def)
with Vi < length ms2. V'V € rv S (CFG-node ((mx#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s219)) V>
<hd(tl msy) = targetnode a»
length ms; = length s1» <length sy = length so»[THEN sym] False
<tl mso = tl msyy <length msy = length so»
«Verv S (CFG-node (targetnode a))»
show ?thesis by (fastforce simp:length-Suc-conv fun-upds-notin)
next
case Fulse
from <sourcenode a ¢ | HRB-slice S]copcy <kind a = Q«pf"
have slice-kind S a = (Acf. True)«=p(Acf cf’. cf’)
by (rule slice-kind-Return)
from <length msy, = length so» have 1 < length mss by simp
with Vi < length mss. V'V € rv S (CFG-node ((max#tl ms2)li)).
(fst (s1!(length msz + 7)) V = (fst (s2!i)) V>
«<Verv S (CFG-node (hd (tl msy)))»
«msy’ = tl msy «msy’ = [|Qhd msy "#tl ms "
have fst cfx V = fst cfz’ V apply auto
apply(erule-tac =1 in allFE)
by (cases tl msy) auto
with Vi < length mss. V'V € rv S (CFG-node ((mx#£tl msa)!i)).
(fst (s1!(length msz + 7)) V = (fst (s2!9)) V>
<hd(tl msy) = targetnode a)
length ms; = length s1» «length s; = length so»[THEN sym] False
<t msy = tl msy» <length msy = length so»
«Verv S (CFG-node (targetnode a))»
<V ¢ set (ParamDefs (targetnode a))»
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«slice-kind S a = (Acf. True)<=p(Xcf cf . cf )
show ?thesis by (auto simp:fun-upds-notin)
qed
qed
qed
with «hd(tl ms1) = targetnode a> <tl msy = tl msy> <msy’ = tl msy»
NVi < length msa. YV € rv S (CFG-node ((mz#tl msz)!7)).
(fst (s1!(length msz + 7)) V = (fst (s2li)) V> <length ms1’ = length s1’
<length ms; = length s1» <length msy, = length sy <length sy = length sy cf2’
have Vi<length ms;’. ¥ Verv S (CFG-node ((hd (tl ms1) # tl ms;')li)).
(fst (s1'(length [| + ©))) V = (fst (transfer (slice-kind S a) s3!9)) V
apply(case-tac tl msy) apply auto
apply(cases msy) apply auto
apply(case-tac i) apply auto
by (erule-tac =Suc(Suc nat) in allE, auto)
with V' m € set msa. valid-node m» <N m € set msy’. valid-node m»
<length msy = length sy <length s1’ = length (transfer (slice-kind S a) s3)»
<length ms,’ = length s1"» <ms1’ = tl msy» «ms1’ = [|Qhd msy '#tl ms "
«tl msy = [|Qhd(tl msy)#tl(t ms1)»
<get-proc mx = get-proc (hd msa)»
~Vm € set (tl (tl msy)). Im’. call-of-return-node m m’ A m’ € | HRB-slice
Slere
~m € set (t (tl ms1)). return-node m»
Vi<length ms1'. snd (s1'! i) = snd (transfer (slice-kind S a) so ! i)
have ((ms1',51"),(ms1 ' transfer (slice-kind S a) s2)) € WS S
by (auto introl: WSI)
with «S,slice-kind S F (msa,s2) =asQ[a]= (ms1’,transfer (slice-kind S a) s3)»
show ?case by blast
qed
qed

1.13.5 The weak simulation

definition is-weak-sim ::
(('node list x (("var — 'val) x 'ret) list) x
('node list x (("var — "val) x 'ret) list)) set = 'node SDG-node set = bool
where is-weak-sim R § =
¥V msy s1 msy so msy' s1’ as.
((ms1,81),(msa,82)) € R A S,kind = (ms1,81) =as= (ms1',81") A 817 # []
— (Ims2’ 52" as’. ((ms1’,s17),(ms2",s27)) € R A
S, slice-kind St (msa,82) =as'= (msy’,s27))

lemma WS-weak-sim:

assumes ((msy,51),(msa2,82)) € WS S

and S.kind b (ms1,s1) =as= (ms1,517) and s1’ # ||

obtains as’ where ((ms1’,s1"),(ms1’ transfer (slice-kind S (last as)) s2)) € WS
S

and S,slice-kind S F (msa,s2) =as'Q[last as]=
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(msy ' transfer (slice-kind S (last as)) s2)
proof (atomize-elim)
from <S,kind b (ms1,51) =as= (ms1’,s1")> obtain ms’ s" as’ a’
where S kind b (msy,s1) =as’=, (ms’,s’)
and S,kind - (ms',;s") —a’— (ms1’,s1") and as = as’Q[a’]
by (fastforce elim:observable-moves.cases)
from «S.kind & (ms',s") —a’— (ms1’,;s1")
have Vm € set (tl ms’). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| cpq
and Vn € set (¢l ms’). return-node n and ms’ # ||
by (auto elim:observable-move.cases simp: call-of-return-node-def)
from <S.kind - (ms1,81) =as'=, (ms’;s’)y «((ms1,81),(msz2,82)) € WS S»
have ((ms’,s),(ms2,s2)) € WS S by(rule WS-silent-moves)
with «S,kind = (ms',s") —a’— (ms1';s17)» <s1” # [
obtain as’ where ((ms1’,s1"),(ms1’,transfer (slice-kind S a’) s2)) € WS S
and S, slice-kind S+ (msa,s2) =as’'Qa’]=
(msy ' transfer (slice-kind S a’) s3)
by (fastforce elim: WS-observable-move)
with «<((ms1’,s17),(ms1 " transfer (slice-kind S a’) s2)) € WS S» <as = as'Q[a’)
show Jas’. (ms1/,s17),(ms1’,transfer (slice-kind S (last as)) s2)) € WS S A
S,slice-kind S b (msa,s2) =as’Qllast as]=
(msy ' transfer (slice-kind S (last as)) s2)
by fastforce
qed

The following lemma states the correctness of static intraprocedural slicing;:
the simulation WS § is a desired weak simulation

theorem WS-is-weak-sim:is-weak-sim (WS S) S

by (fastforce elim: WS-weak-sim simp:is-weak-sim-def)

end

end

1.14 The fundamental property of slicing

theory FundamentalProperty imports WeakSimulation SemanticsCFG begin

context SDG begin

1.14.1 Auxiliary lemmas for moves in the graph

lemma observable-set-stack-in-slice:
S.f E (ms,s) —a— (ms’,s")
= Vma € set (tl ms’). Ama’. call-of-return-node mx mz’ A mz’' € | HRB-slice
Slera
proof (induct rule:observable-move.induct)
case (observable-move-intra f a s s' ms S ms’) thus ?case by simp
next
case (observable-move-call fa s s’ Q rp fs a’ ms S ms’)
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from <valid-edge a) <valid-edge a> <a’ € get-return-edges a»
have call-of-return-node (targetnode a’) (sourcenode a)
by (fastforce simp:return-node-def call-of-return-node-def)
with <hd ms = sourcenode a) <hd ms € | HRB-slice S| opq>
<ms’ = targetnode a # targetnode a’ # tl ms»
' mzeset (tl ms). Ima’. call-of-return-node mx mz’ N mz’ € | HRB-slice
Slere
show ?case by fastforce
next
case (observable-move-return fa s s' Q p f' ms S ms’)
thus ?case by(cases tl ms) auto
qed

lemma silent-move-preserves-stacks:
assumes S.f b (m#ms,s) —a—, (m'#ms’s’) and valid-call-list cs m
and Vi < length rs. rsli € get-return-edges (cs!i) and valid-return-list rs m
and length rs = length cs and ms = targetnodes rs
obtains c¢s’ rs’ where valid-node m’ and wvalid-call-list cs’ m’
and Vi < length rs’. rs'li € get-return-edges (cs'!i)
and valid-return-list rs’ m’ and length rs’ = length cs’
and ms’ = targetnodes rs’ and upd-cs cs [a] = cs’
proof (atomize-elim)
from assms show 3 c¢s’ rs’. valid-node m’ A valid-call-list cs’" m’ A
(Vi<length rs'. rs' | i € get-return-edges (cs' ! i)) A
valid-return-list rs’ m’ A length rs’ = length cs’ A ms’' = targetnodes s’ A
upd-cs cs [a] = cs’
proof(induct S f m#ms s a m'#ms’ s’ rule:silent-move.induct)
case (silent-move-intra f a s s’ n.)
from <hd (m # ms) = sourcenode a> have m = sourcenode a by simp
from «m’ # ms’ = targetnode a # tl (m # ms)
have [simp]:m’ = targetnode a ms’ = ms by simp-all
from <valid-edge a> have valid-node m' by simp
moreover
from <walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
from «<walid-call-list cs m» «<m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have valid-call-list cs m’
apply(clarsimp simp:valid-call-list-def)
apply (erule-tac z=cs' in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
moreover
from <walid-return-list rs m» <m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-return-list rs m’
apply (clarsimp simp:valid-return-list-def)
apply(erule-tac z=cs' in allE) apply clarsimp
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by (case-tac cs’) auto
moreover
from <intra-kind (kind a)» have upd-cs cs [a] = cs
by (fastforce simp:intra-kind-def)
ultimately show ?case using «Vi<length rs. rs ! i € get-return-edges (cs ! i)»
«length rs = length cs> <ms = targetnodes rs»
apply(rule-tac z=cs in exI)
apply(rule-tac z=rs in exl)
by clarsimp
next
case (silent-move-call fa ss' Qrp fsa'S)
from <hd (m # ms) = sourcenode a)
«m’ # ms’ = targetnode a # targetnode o’ # tl (m # ms)»
have [simp]:m = sourcenode a m' = targetnode a
ms’ = targetnode a’ # tl (m # ms)
by simp-all
from <valid-edge a> have valid-node m' by simp
moreover
from (valid-edge a) <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with <valid-call-list cs m) <valid-edge a> <kind a = Q:r—pfs) «<m = sourcenode
a
have wvalid-call-list (a # cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (case-tac cs’) apply auto
apply (erule-tac z=list in allE)
by (case-tac list)(auto simp:sourcenodes-def)
moreover
from «Vi<length rs. rs | i € get-return-edges (cs ! i) <a’ € get-return-edges a>
have Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((a#tcs) ! i)
by auto(case-tac i,auto)
moreover
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from «valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)
from <valid-edge o'y <kind o’ = Q"<=pf’s have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <valid-edge a) <a’ € get-return-edges a>
have get-proc (sourcenode a) = get-proc (targetnode a’)
by (rule get-proc-get-return-edge)
with <valid-return-list rs m» <valid-edge o' <kind o’ = Q"<=pf"
<get-proc (sourcenode a’) = py «get-proc (targetnode a) = p> <m = sourcenode
a
have valid-return-list (a'#7s) (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (case-tac cs’) apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:targetnodes-def)
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moreover
from <length rs = length cs) have length (a'#rs) = length (a#tcs) by simp
moreover
from (ms = targetnodes rs» have targetnode a’ # ms = targetnodes (a’ # rs)
by (simp add:targetnodes-def)
moreover
from (kind a = Q:r—ypfs> have upd-cs cs [a] = a#cs by simp
ultimately show ?case
apply(rule-tac z=a#cs in exl)
apply(rule-tac x=a'#rs in exl)
by clarsimp
next
case (silent-move-return fa s s' Q p f'S)
from <hd (m # ms) = sourcenode a)
<hd (t (m # ms)) = targetnode a> «m’ # ms’ = tl (m # ms)» [symmetric]
have [simp]:m = sourcenode a m’' = targetnode a by simp-all
from <length (m # ms) = length $» <length s = Suc (length s)» <s’ # [»
<hd (tl (m # ms)) = targetnode a> <m’ # ms' = tl (m # ms)»
have ms = targetnode a # ms’
by (cases ms) auto
with <ms = targetnodes rs»
obtain r’ rs’ where rs = v’ # rs’
and targetnode a = targetnode v’ and ms’ = targetnodes rs’
by (cases rs)(auto simp:targetnodes-def)
moreover
from <rs = r’ # rs’y <length rs = length cs> obtain ¢’ cs’ where cs = ¢’ #
cs’
and length rs’ = length cs’ by(cases cs) auto
moreover
from «(Vi<length rs. rs | i € get-return-edges (cs ! ©)»
<rs = 1’ # s’y <cs = ¢’ # csh
have Vi<length rs’. rs’ ! i € get-return-edges (cs'! i)
and r’ € get-return-edges ¢’ by auto
moreover
from <walid-edge a> have valid-node (targetnode a) by simp
moreover
from <wvalid-call-list cs m» <cs = ¢’ # cs”
obtain p’ Q' r fs’ where valid-edge ¢’ and kind ¢’ = Q’:r<—>p/f5'
and p’ = get-proc m
apply(auto simp:valid-call-list-def)
by (erule-tac z=[] in allE) auto
from <valid-edge a> <kind a = Q«pf"
have get-proc (sourcenode a) = p by(rule get-proc-return)
with «p’ = get-proc m» have [simp]:p’ = p by simp
from «<valid-edge c¢'s <kind ¢’ = Q':r<—>p/fs’>
have get-proc (targetnode ¢’) = p by(fastforce intro:get-proc-call)
from <wvalid-edge c'» «r' € get-return-edges c¢’» have valid-edge r'
by (rule get-return-edges-valid)
from <valid-edge c'» <kind ¢’ = Q’:r<—>p/fs’> «r’ € get-return-edges ¢

329



obtain Q" f" where kind r' = Q"<=pf"" by(fastforce dest!:call-return-edges)
with <valid-edge r'y have get-proc (sourcenode r') = p by(rule get-proc-return)
from «valid-edge vy <kind v’ = Q""=pf'"» have method-exit (sourcenode r’)
by (fastforce simp:method-exit-def)
from <valid-edge a> <kind a = Q<«pf’> have method-exit (sourcenode a)
by (fastforce simp:method-exit-def)
with (method-ezit (sourcenode r')y <get-proc (sourcenode r') = p»
<get-proc (sourcenode a) = p»
have sourcenode a = sourcenode r' by (fastforce intro:method-exit-unique)
with <wvalid-edge a) <valid-edge T’y <targetnode a = targetnode r's
have a = r’ by(fastforce intro:edge-det)
from (valid-edge ¢y «r’ € get-return-edges c¢’> <targetnode a = targetnode 1’y
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (fastforce intro:get-proc-get-return-edge)
from (wvalid-call-list cs my <cs = ¢’ # cs”
<get-proc (sourcenode ¢') = get-proc (targetnode a)»
have wvalid-call-list cs’ (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply (erule-tac z=c’ # cs’ in allF)
by (case-tac cs’)(auto simp:sourcenodes-def)
moreover
from (wvalid-return-list rs my <rs = r’ # rs’y <targetnode a = targetnode r’s
have valid-return-list rs’ (targetnode a)
apply (clarsimp simp:valid-return-list-def)
apply(erule-tac z=r'# cs’' in allE)
by (case-tac cs’)(auto simp:targetnodes-def)
moreover
from <kind a = Q<=pf" «cs = ¢’ # cs» have upd-cs cs [a] = cs’ by simp
ultimately show ?case
apply (rule-tac z=cs’ in exl)
apply(rule-tac z=rs" in exl)
by clarsimp
qed
qed

lemma silent-moves-preserves-stacks:
assumes S.f b (m#ms,s) =as=, (m'#ms’;s’)
and valid-node m and wvalid-call-list cs m
and Vi < length rs. rsli € get-return-edges (cs!i) and wvalid-return-list rs m
and length rs = length cs and ms = targetnodes rs
obtains cs’ rs’ where valid-node m’ and wvalid-call-list cs’ m’
and Vi < length rs’. rsli € get-return-edges (cs’%)
and valid-return-list rs’ m’ and length s’ = length cs’
and ms’ = targetnodes rs’ and upd-cs cs as = cs’
proof (atomize-elim)
from assms show dcs’ rs’. valid-node m’ A valid-call-list cs’ m’ A
(Vi<length rs'. rs' 1 i € get-return-edges (cs'! 7)) A
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valid-return-list rs’ m’ A length rs’ = length cs’ A ms’ = targetnodes rs’ A
upd-cs ¢s as = cs'
proof (induct S f m#ms s as m'#ms’ s’
arbitrary:m ms cs rs rule:silent-moves.induct)
case (silent-moves-Nil s n. f)
thus Zcase
apply(rule-tac z=cs in exI)
apply(rule-tac z=rs in exl)
by clarsimp
next
case (silent-moves-Cons S f s a msz'' s" as sz’
note IH = «\m ms cs rs. [msz'" = m # ms; valid-node m; valid-call-list cs m;
Vi<length rs. rs | i € get-return-edges (cs ! 7);
valid-return-list rs m; length rs = length cs; ms = targetnodes rs]
= s’ rs’. valid-node m' A valid-call-list c¢s’ m’ A
(Vi<length rs’. rs' ! i € get-return-edges (cs’! i) A
valid-return-list rs’ m’ A length rs’ = length cs’ A ms’ = targetnodes rs’ A
upd-cs ¢s as = cs’»
from <S,f b (m # ms,s) —a—, (msz”,s")
obtain m'’ ms’ where msz'' = m''#ms"’
by (cases msz'")(auto elim:silent-move.cases)
with «S.f F (m # ms,s) —a—, (msz"'s"")y <valid-call-list cs m»
Ni<length rs. rs | i € get-return-edges (cs ! i)y <wvalid-return-list rs m»
<length rs = length cs» <ms = targetnodes rs»
obtain cs'’ rs’ where hyps:valid-node m’’ valid-call-list cs'' m
Vi < length rs". rs"li € get-return-edges (cs'li)
valid-return-list vs'" m'’ length rs'’ = length cs"
ms'" = targetnodes rs' and upd-cs cs [a] = c¢s”
by (auto elim!:silent-move-preserves-stacks)
from TH[OF - hyps] «<msz’ = m' # ms’»
obtain cs’ rs’ where results:valid-node m’ valid-call-list ¢s’ m’
Vi<length rs'. rs’ ! i € get-return-edges (cs’ ! i)
valid-return-list vs’ m’ length rs’ = length cs’ ms’ = targetnodes rs’
and upd-cs cs’' as = cs’ by blast
from (upd-cs c¢s [a] = ¢s’y <upd-cs cs' as = cs’
have upd-cs cs ([a] @ as) = c¢s’ by(rule upd-cs-Append)
with results show Zcase
apply(rule-tac x=cs’ in exl)
apply(rule-tac z=rs" in exl)
by clarsimp
qed
qged

1

lemma observable-move-preserves-stacks:
assumes S,f b (m#ms,s) —a— (m'#ms’;s’) and valid-call-list cs m
and Vi < length rs. rsli € get-return-edges (csli) and valid-return-list rs m
and length rs = length cs and ms = targetnodes rs
obtains cs’ rs’ where valid-node m’ and wvalid-call-list cs’ m’
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and Vi < length rs’. rsli € get-return-edges (cs’%)
and valid-return-list rs’ m’ and length rs’ = length cs’
and ms’ = targetnodes s’ and upd-cs cs [a] = ¢s’
proof (atomize-elim)
from assms show 3 c¢s’ rs’. valid-node m’ A walid-call-list cs’" m’ A
(Vi<length rs’. rs' | i € get-return-edges (cs’! i)) A
valid-return-list rs’ m’ A length rs’ = length cs’ A ms’' = targetnodes s’ A
upd-cs cs [a] = cs’
proof (induct S f m#ms s a m'#ms’ s’ rule:observable-move.induct)
case (observable-move-intra f a s s’ n.)
from <hd (m # ms) = sourcenode a> have m = sourcenode a by simp
from <m’ # ms’ = targetnode a # tl (m # ms)
have [simp]:m’ = targetnode a ms’ = ms by simp-all
from <valid-edge a> have valid-node m' by simp
moreover
from <walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by (rule get-proc-intra)
from <walid-call-list cs m» «<m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-call-list cs m'
apply(clarsimp simp:valid-call-list-def)
apply(erule-tac z=cs' in allE)
apply(erule-tac z=c in allE)
by (auto split:list.split)
moreover
from <walid-return-list rs m» «<m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have valid-return-list rs m’
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cs' in allF) apply clarsimp
by (case-tac ¢s’) auto
moreover
from <intra-kind (kind a)» have upd-cs cs [a] = cs
by (fastforce simp:intra-kind-def)
ultimately show ?case using «Vi<length rs. rs ! i € get-return-edges (cs ! i)»
<length rs = length cs» <ms = targetnodes rs»
apply (rule-tac z=cs in exl)
apply(rule-tac z=rs in exl)
by clarsimp
next
case (observable-move-call fa s s' Q rp fsa'S)
from <hd (m # ms) = sourcenode a)
«m’ # ms’ = targetnode a # targetnode o’ # tl (m # ms))
have [simp]:m = sourcenode a m' = targetnode a
ms’ = targetnode a’ # tl (m # ms)
by simp-all
from <valid-edge a)> have valid-node m' by simp
moreover
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
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by (rule get-proc-call)
with <valid-call-list cs my <valid-edge a) <kind a = Q:r—pfs) «<m = sourcenode
a
have valid-call-list (a # cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(case-tac cs’) apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:sourcenodes-def)
moreover
from «Vi<length rs. rs | i € get-return-edges (cs ! i)y <a’ € get-return-edges a>
have Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((a#tcs) ! @)
by auto(case-tac i,auto)
moreover
from <walid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a>
obtain Q' f’ where kind o’ = Q"<=pf’ by(fastforce dest!:call-return-edges)
from «valid-edge o'y <kind o’ = Q"=pf’s have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <valid-edge a) <a’ € get-return-edges a>
have get-proc (sourcenode a) = get-proc (targetnode a’)
by (rule get-proc-get-return-edge)
with (valid-return-list rs m» <valid-edge a’y <kind o’ = Q"<pf"
«get-proc (sourcenode a’) = py «get-proc (targetnode a) = p> <m = sourcenode
a
have valid-return-list (a'#7s) (targetnode a)
apply (clarsimp simp:valid-return-list-def)
apply(case-tac cs') apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:targetnodes-def)
moreover
from <length rs = length cs» have length (a'#rs) = length (a#tcs) by simp
moreover
from <ms = targetnodes rs» have targetnode a’ # ms = targetnodes (a’ # rs)
by (simp add:targetnodes-def)
moreover
from <kind a = Q:r—pfs> have upd-cs cs [a] = a#cs by simp
ultimately show Zcase
apply(rule-tac z=a#cs in exl)
apply (rule-tac z=a'#rs in exl)
by clarsimp
next
case (observable-move-return fa s s’ Q p f'S)
from <hd (m # ms) = sourcenode a)
<hd (tl (m # ms)) = targetnode a> «m’ # ms’ = tl (m # ms)> [symmetric]
have [simp]:m = sourcenode a m’' = targetnode a by simp-all
from «length (m # ms) = length $» <length s = Suc (length s')» «s’ # []»
<hd (t (m # ms)) = targetnode ay «m’ # ms’ = tl (m # ms)»
have ms = targetnode a # ms’
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by (cases ms) auto
with <ms = targetnodes rs»
obtain r’ rs’ where s = r’ # rs’
and targetnode a = targetnode v’ and ms’ = targetnodes rs’
by (cases rs)(auto simp:targetnodes-def)
moreover
from «rs = r’ # rs’y (length rs = length cs» obtain ¢’ cs’ where cs = ¢’ #
cs’
and length s’ = length cs’ by(cases c¢s) auto
moreover
from <(Vi<length rs. rs | i € get-return-edges (cs ! i)
<rs =1’ # s’y <cs = ¢’ # csh
have Vi<length rs’. rs’ | i € get-return-edges (cs’ ! 1)
and r’ € get-return-edges ¢’ by auto
moreover
from <walid-edge ay> have wvalid-node (targetnode a) by simp
moreover
from <wvalid-call-list cs m» <cs = ¢’ # cs”
obtain p’ Q' r fs’ where valid-edge ¢’ and kind ¢’ = Q':r(—)l)/fs’
and p’ = get-proc m
apply(auto simp:valid-call-list-def)
by (erule-tac z=|| in allE) auto
from <valid-edge a> <kind a = Q<«pf"
have get-proc (sourcenode a) = p by(rule get-proc-return)
with «p’ = get-proc m» have [simp]:p’ = p by simp
from <valid-edge c'» <kind ¢’ = Q’:r<—>p/fs’>
have get-proc (targetnode ¢’) = p by(fastforce intro:get-proc-call)
from <wvalid-edge c'» «r' € get-return-edges c¢’» have valid-edge r'
by (rule get-return-edges-valid)
from <valid-edge c¢’s <kind ¢’ = Q':r<—>p/fs’> <r’ € get-return-edges ¢
obtain Q" f" where kind r’ = Q"<=pf" by(fastforce dest!:call-return-edges)
with <wvalid-edge v’y have get-proc (sourcenode r’) = p by(rule get-proc-return)
from «valid-edge vy <kind v’ = Q""=pf'"» have method-exit (sourcenode r’)
by (fastforce simp:method-exit-def)
from <valid-edge a> <kind a = Q<«pf’> have method-exit (sourcenode a)
by (fastforce simp:method-exit-def)
with (method-ezit (sourcenode r')y <get-proc (sourcenode r') = p»
<get-proc (sourcenode a) = p»
have sourcenode a = sourcenode r' by (fastforce intro:method-exit-unique)
with <valid-edge a) <valid-edge T’y <targetnode a = targetnode r's
have a = r’ by(fastforce intro:edge-det)
from <walid-edge ¢’y <r' € get-return-edges ¢’y <targetnode a = targetnode r's
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (fastforce intro:get-proc-get-return-edge)
from <wvalid-call-list cs m» <cs = ¢’ # cs”
get-proc (sourcenode ¢') = get-proc (targetnode a)»
have wvalid-call-list cs’ (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
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apply(erule-tac z=c' # cs’ in allE)
by (case-tac cs’)(auto simp:sourcenodes-def)
moreover
from <valid-return-list s m»> <rs = r' # rs’y <targetnode a = targetnode r's
have valid-return-list rs’ (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply(erule-tac z=r' # c¢s' in allE)
by (case-tac cs’)(auto simp:targetnodes-def)
moreover
from <kind a = Q<«=pf" «cs = ¢’ # cs» have upd-cs cs [a] = cs’ by simp
ultimately show Zcase
apply(rule-tac z=cs’ in exl)
apply (rule-tac z=rs’ in exl)
by clarsimp
qed
qed

lemma observable-moves-preserves-stack:

assumes S,f b (m#ms,s) =as= (m'#ms’;s’)

and wvalid-node m and wvalid-call-list c¢s m

and Vi < length rs. rsli € get-return-edges (cs!i) and wvalid-return-list rs m

and length rs = length cs and ms = targetnodes rs

obtains c¢s’ rs’ where valid-node m’ and wvalid-call-list cs’ m’

and Vi < length rs’. rs'li € get-return-edges (cs'!i)

and valid-return-list rs’ m’ and length rs’ = length cs’

and ms’ = targetnodes rs’ and upd-cs cs as = cs’

proof (atomize-elim)

from «S.f b (m#ms,s) =as= (m'#ms’,s’)> obtain msz s” as’ a’
where as = as’@Q[a’] and S.f F (m#ms,s) =as’=, (msz,s"’)
and S,f b (msz,s") —a’— (m'#ms’,s")
by (fastforce elim:observable-moves.cases)

from «S.f F (msz,s"") —a’— (m'#ms’;s’)) obtain m'’ ms”
where [simp]:msz = m''#ms’ by (cases msz)(auto elim:observable-move.cases)

from «S.f b (m#ms,s) =as’=, (msz,s")s valid-node m» <valid-call-list cs m)
i < length rs. rsli € get-return-edges (csli)» <wvalid-return-list s m»
<length rs = length cs» <ms = targetnodes rs»

obtain cs”’ rs”’ where valid-node m'' and valid-call-list cs’" m’
and Vi < length rs'. rs'Vi € get-return-edges (cs’'!7)
and valid-return-list rs’’ m'’ and length rs'' = length cs’’
and ms'’ = targetnodes rs'’ and upd-cs cs as’ = cs'’
by (auto elim!:silent-moves-preserves-stacks)

with <S.f F (msz,s") —a’— (m'#ms’;s’)

obtain cs’ rs’ where results:valid-node m’ valid-call-list cs’ m’
Vi<length rs’. rs’ ! i € get-return-edges (cs’! i)
valid-return-list rs’ m’ length rs’ = length cs’ ms' = targetnodes rs’
and upd-cs cs” [a] = cs’
by (auto elim!:observable-move-preserves-stacks)

from <upd-cs cs as’ = cs’'s <upd-cs cs” [a] = csh

/
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have upd-cs cs (as'@Qla’]) = c¢s’ by(rule upd-cs-Append)

with <as = as’Q[a’]y results

show 3T c¢s’ rs’. valid-node m’ A wvalid-call-list cs’ m' A
(Vi<length rs'. rs' | i € get-return-edges (cs' ! i)) A
valid-return-list rs’ m’ A length rs’ = length cs’ A ms’ = targetnodes s’ A
upd-cs cs as = cs’
apply(rule-tac z=cs’ in exI)
apply (rule-tac z=rs’ in exl)
by clarsimp

qged

lemma silent-moves-sipa-path:
[S.f B (m#ms'"@Qms,s) =as=, (m'#ms’,s’); valid-node m; valid-call-list cs m;
Vi < length rs. rsli € get-return-edges (csli); valid-return-list rs m;
length rs = length cs; ms'’ = targetnodes rs;
Vmz € set ms. Amz’. call-of-return-node mz mz’ A ma’ € | HRB-slice S| o
ms" # [| — (Ima’. call-of-return-node (last ms’) mz’ A mz’ ¢ | HRB-slice

Slcre);
Vmz € set ms'. Ima’. call-of-return-node mz ma’ N ma’ € | HRB-slice S| opql
= same-level-path-auz cs as A upd-cs cs as = [| A m —as—* m’ A ms = ms’

proof(induct S f m#ms" " Qms s as m'#ms’ s" arbitrary:m ms’ ms cs rs
rule: silent-moves.induct)
case (silent-moves-Nil sz S f) thus ?case
apply(cases ms’’ rule:rev-cases) apply(auto intro:empty-path simp:targetnodes-def)
by (cases rs rule:rev-cases,auto)+

next
case (silent-moves-Cons S f sz a msz’ sz’ as sz'’)
thus “case
proof (induct - - m#ms"'Qms - - - - rule:silent-move.induct)

case (silent-move-intra f a s s’ S msx’)
note IH = <A\m ms’ ms cs rs. [msz’ = m # ms"" Q ms; valid-node m;
valid-call-list cs m; ¥V i<length rs. rs | i € get-return-edges (cs ! i);
valid-return-list rs m; length rs = length cs; ms'’ = targetnodes rs;
V mzeset ms. 3ma’. call-of-return-node maz mz’ A mz' € | HRB-slice S| opes
ms" # [| —
(Imaz’. call-of-return-node (last ms”’) ma' A mz' ¢ |HRB-slice S| opq);
Vmzeset ms’. Ima’. call-of-return-node mz mz’ A mz’ € | HRB-slice S| opal
= same-level-path-auz cs as A upd-cs ¢s as =[] A m —as—* m’ A ms =
ms”y
note callstack = <V mxeset ms. Amz’. call-of-return-node mx mz’' A
ma' € |HRB-slice S| opc»
note callstack” = «ms" # [| —
(Ima’. call-of-return-node (last ms”’) ma’ A ma’ ¢ | HRB-slice S| opq)
note callstack’ = vV mxeset ms’. Imz’. call-of-return-node mx mz’' N
ma' € | HRB-slice S| opc»
from (walid-edge a> have valid-node (targetnode a) by simp
from <walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
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from <hd (m # ms' @ ms) = sourcenode > have m = sourcenode a
by simp
from «<walid-call-list cs my» «<m = sourcenode a»
get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-call-list cs (targetnode a)
apply (clarsimp simp:valid-call-list-def)
apply(erule-tac z=cs' in allE)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from <walid-return-list rs m» «<m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-return-list rs (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cs' in allF) apply clarsimp
by (case-tac ¢s’) auto
from <msz’ = targetnode a # tl (m # ms’ Q ms)»
have msz’ = targetnode a # ms'’ Q ms by simp
from IH[OF this <valid-node (targetnode a)» <valid-call-list cs (targetnode a)»
Ni<length rs. rs | i € get-return-edges (cs ! i)»
<valid-return-list rs (targetnode a)y <length rs = length cs)
«ms’" = targetnodes rs) callstack callstack’ callstack’]
have same-level-path-auz cs as and upd-cs cs as = |]
and targetnode a —as—* m’ and ms = ms’ by simp-all
from <intra-kind (kind a)» <same-level-path-auz cs as
have same-level-path-aux cs (a # as) by(fastforce simp:intra-kind-def)
moreover
from <intra-kind (kind a)» <upd-cs cs as = []»
have upd-cs cs (a # as) = [| by(fastforce simp:intra-kind-def)
moreover
from <valid-edge a)> <m = sourcenode a) (targetnode a —as—* m”’
have m —a # as—x* m’ by(fastforce intro: Cons-path)
ultimately show ?case using <ms = ms" by simp
next
case (silent-move-call fa s s’ Q rp fs a’ S msz’)
note IH = «A\m ms" ms cs rs. [msz’ = m # ms” Q ms; valid-node m;
valid-call-list cs m;
Vi<length rs. rs | i € get-return-edges (cs ! ); valid-return-list rs m;
length rs = length cs; ms'' = targetnodes rs;
Vmazeset ms. 3ma’. call-of-return-node mz mz' A ma’ € | HRB-slice S| opcs
ms" # [ —
(Ima’. call-of-return-node (last ms”’) maz' A mz' ¢ |HRB-slice S| opq);
Vmzeset ms'. 3maz’. call-of-return-node mz ma’ N mz' € | HRB-slice S| opc]
= same-level-path-auz cs as A upd-cs c¢s as =[] A m —as—* m’ A ms =
ms”
note callstack = <V mx€set ms. Amx’. call-of-return-node mx mz’' N\
ma' € | HRB-slice S| opc»
note callstack” = «ms” # [| —
(3maz’. call-of-return-node (last ms”) ma' A ma' ¢ | HRB-slice S| copq)»
note callstack’ = <Y mxeset ms’. Amz’. call-of-return-node mxz mz’' A
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a)

a)

ma’ € |HRB-slice S| cpo
from <walid-edge a)> have wvalid-node (targetnode a) by simp
from <hd (m # ms’ @ ms) = sourcenode a> have m = sourcenode a
by simp
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with (valid-call-list cs m» <valid-edge a> <kind a = Q:r—pfs> <m = sourcenode

have valid-call-list (a # cs) (targetnode a)
apply (clarsimp simp:valid-call-list-def)
apply(case-tac cs') apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:sourcenodes-def)
from «Vi<length rs. rs | i € get-return-edges (cs ! i) <a’ € get-return-edges a»
have Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((a#cs) ! i)
by auto(case-tac i,auto)
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from «valid-edge a> <kind a = Q:r—pfs> <a’ € get-return-edges a»
obtain Q' f’ where kind o’ = Q"=pf’ by(fastforce dest!:call-return-edges)
from <valid-edge o'y <kind o’ = Q"<=pf"s have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <valid-edge a) <a’ € get-return-edges a>
have get-proc (sourcenode a) = get-proc (targetnode a’)
by (rule get-proc-get-return-edge)
with <valid-return-list rs m» <valid-edge o> <kind o’ = Q"<=pf"
<get-proc (sourcenode a’) = py «get-proc (targetnode a) = p> <m = sourcenode

have valid-return-list (a'#rs) (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (case-tac cs’) apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:targetnodes-def)
from <length rs = length cs» have length (a'#rs) = length (a # cs) by simp
from <ms’' = targetnodes s
have targetnode o’ # ms' = targetnodes (a'#1s) by(simp add:targetnodes-def)
from «msz’ = targetnode a # targetnode o’ # tl (m # ms’” @ ms)»
have msz’ = targetnode a # targetnode a’ # ms’ Q ms by simp
have Imaz’. call-of-return-node (last (targetnode a’ # ms’)) mz' A
ma' ¢ | HRB-slice S| opa
proof(cases ms” = [])
case True
with «(Imeset (¢l (m # ms” Q ms)).
Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice S| opq) V
hd (m # ms'" Q ms) ¢ | HRB-slice S|opq> «<m = sourcenode a) callstack
have sourcenode a ¢ | HRB-slice S| opq by fastforce
from <walid-edge a) <a’ € get-return-edges a> have wvalid-edge a’
by (rule get-return-edges-valid)
with <valid-edge a) <a’ € get-return-edges a»
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have call-of-return-node (targetnode a') (sourcenode a)
by (fastforce simp:call-of-return-node-def return-node-def)
with «sourcenode a ¢ | HRB-slice S| g True show ?thesis by fastforce
next
case Fulse
with callstack’’ show ?thesis by fastforce
qed
hence targetnode a’ # ms' # [| —
(Imz’. call-of-return-node (last (targetnode a’ # ms')) ma’ A
ma' ¢ | HRB-slice S| copq) by simp
from IH[OF - «walid-node (targetnode a)y <wvalid-call-list (a # cs) (targetnode
a)
Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((a#cs) ! i)
<valid-return-list (a'#rs) (targetnode a)s <length (a'#rs) = length (a # cs)
targetnode o’ # ms'" = targetnodes (a'#rs)s callstack this callstack’)
«msz’ = targetnode a # targetnode a’ # ms'’ Q ms»
have same-level-path-auzr (a # cs) as and upd-cs (a # cs) as = ||
and targetnode a —as—+ m’ and ms = ms’ by simp-all
from (kind a = Q:r—pfs> «same-level-path-auz (a # cs) as
have same-level-path-aux cs (a # as) by simp
moreover
from <kind a = Q:r—pfs> «upd-cs (a # cs) as = [> have upd-cs cs (a # as)
=1
by simp
moreover
from <wvalid-edge a)> <m = sourcenode a) (targetnode a —as—* m”’
have m —a # as—* m’ by(fastforce intro: Cons-path)
ultimately show ¢case using <ms = ms’» by simp
next
case (silent-move-return fa s s’ Q p f’ S msz’)
note IH = «A\m ms’ ms cs rs. [msz’ = m # ms’ Q ms; valid-node m;
valid-call-list cs m; ¥V i<length rs. rs | i € get-return-edges (cs ! i);
valid-return-list s m; length rs = length cs; ms'’ = targetnodes rs;
V mazeset ms. Ama’. call-of-return-node maz mz’' A mz' € | HRB-slice S| opes
ms" # [ —
(Ima’. call-of-return-node (last ms”’) maz' A mz' ¢ | HRB-slice S| opq);
Vmzeset ms’. 3maz’. call-of-return-node mx ma’ A ma' € | HRB-slice S| opc]
= same-level-path-auz cs as A upd-cs c¢s as =[] A m —as—* m’ A ms =
ms’
note callstack = <V mx€set ms. Amx’. call-of-return-node mx mz' A
ma' € | HRB-slice S| opc»
note callstack” = «ms" # [| —
(Ima’. call-of-return-node (last ms’”) mz’ A ma' ¢ | HRB-slice S| opq)
note callstack’ = <Y mxeset ms’. Amz’. call-of-return-node mx mz’' A
ma' € | HRB-slice S| opc
have ms’ # ||
proof
assume ms'’ = [|
with callstack
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«<Imeset (t (m # ms' Q ms)). Im’. call-of-return-node m m’ A m’ ¢
| HRB-slice S| opq
show Fulse by fastforce
qed
with <hd (tl (m # ms'’ Q ms)) = targetnode a>
obtain xs where ms’’ = targetnode a # xs by(cases ms'") auto
with (ms’’ = targetnodes rs» obtain r’ rs’ where rs = r’ # rs’
and targetnode a = targetnode v’ and zs = targetnodes s’
by (cases 1s)(auto simp:targetnodes-def)
from <rs = r' # rs’y <length rs = length cs> obtain ¢’ cs’ where cs = ¢’ #
cs’
and length rs’ = length cs’ by(cases cs) auto
from «(Vi<length rs. rs | i € get-return-edges (cs ! ©)»
<rs = v/ # 15 <cs = ¢’ # csh
have Vi<length rs’. rs’ | i € get-return-edges (cs’! %)
and r’ € get-return-edges ¢’ by auto
from <walid-edge ay> have wvalid-node (targetnode a) by simp
from <hd (m # ms'’ @Q ms) = sourcenode a> have m = sourcenode a
by simp
from (valid-call-list cs m» <cs = ¢’ # cs”
obtain p’ Q' r fs’ where wvalid-edge ¢’ and kind ¢’ = Q’:r<—>p/fs’
and p’ = get-proc m
apply(auto simp:valid-call-list-def)
by (erule-tac z=[] in allE) auto
from «valid-edge a> <kind a = Q«=pf"
have get-proc (sourcenode a) = p by(rule get-proc-return)
with «<m = sourcenode a> <p’ = get-proc m» have [simp]:p’ = p by simp
from <valid-edge c’s <kind ¢’ = Q’:r<—>p/fs’>
have get-proc (targetnode ¢’) = p by(fastforce intro:get-proc-call)
from <walid-edge ¢’y «r' € get-return-edges ¢’> have valid-edge r'
by (rule get-return-edges-valid)
from <valid-edge c'» <kind ¢’ = Q’:r<—>p/fs’> «r’ € get-return-edges ¢
obtain Q" f" where kind r’ = Q"< pf" by(fastforce dest!:call-return-edges)
with <valid-edge r'y have get-proc (sourcenode r') = p by(rule get-proc-return)
from <valid-edge v <kind v’ = Q""<=pf'"» have method-exit (sourcenode r’)
by (fastforce simp:method-exit-def)
from (valid-edge a) <kind a = Q<=pf’> have method-exit (sourcenode a)
by (fastforce simp:method-exit-def)
with «(method-exit (sourcenode 1)y <get-proc (sourcenode r') = p»
get-proc (sourcenode a) = p»
have sourcenode a = sourcenode r’ by/(fastforce intro:method-ezxit-unique)
with <wvalid-edge a) <valid-edge v’y <targetnode a = targetnode r's
have a = r’ by(fastforce intro:edge-det)
from <walid-edge ¢’y «r' € get-return-edges ¢’y <targetnode a = targetnode 1’
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (fastforce intro:get-proc-get-return-edge)
from (valid-call-list cs my <cs = ¢’ # cs”
<get-proc (sourcenode ¢') = get-proc (targetnode a)»
have valid-call-list cs’ (targetnode a)
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apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply (erule-tac z=c’ # ¢s’ in allF)
by (case-tac cs’)(auto simp:sourcenodes-def)
from «<valid-return-list rs m»> <rs = r' # rs’y <targetnode a = targetnode r's
have wvalid-return-list rs’ (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=r' # cs’ in allE)
by (case-tac cs’)(auto simp:targetnodes-def)
from «msz’ = tl (m # ms" Q ms)> «¢ms’’ = targetnode a # xs»
have msz’ = targetnode a # xs Q ms by simp
from callstack’ <ms'’ = targetnode a # zs»
have zs # [| —
(3ma’. call-of-return-node (last xs) ma’ A ma’ ¢ | HRB-slice S| copq)
by fastforce
from IH[OF «<msz’ = targetnode a # xs @ ms> <valid-node (targetnode a)»
<valid-call-list cs’ (targetnode a)»
Ni<length rs’. rs' | i € get-return-edges (cs’! i)
<valid-return-list rs’ (targetnode a)y <length rs’ = length cs’
«xs = targetnodes rs’y callstack this callstack’]
have same-level-path-auz cs’ as and upd-cs cs’ as = |
and targetnode a —as—x m’ and ms = ms’ by simp-all
from (kind a = Q<=pf" «same-level-path-auz cs’ as» <cs = ¢’ # cs’
«r’ € get-return-edges c’» <a = 1’
have same-level-path-aux cs (a # as) by simp

moreover

from <upd-cs cs’ as = [ <kind a = Q<=pf" <cs = ¢’ # cs)
have upd-cs cs (a # as) = [| by simp

moreover

from <valid-edge a)> <m = sourcenode a) (targetnode a —as—* m”’
have m —a # as—x* m’ by(fastforce intro: Cons-path)
ultimately show ?case using <ms = ms" by simp
qed
qed

lemma silent-moves-sip:
[S.f b (m#ms,s) =as=, (m'#ms’,s’); valid-node m;
Vmz € set ms. 3mz’. call-of-return-node mz mz' A ma’ € | HRB-slice S| o
Vmz € set ms'. Imz’. call-of-return-node mz ma’ N ma’ € | HRB-slice S| opql
= m —as—gx m' A ms = ms’
by (fastforce dest!:silent-moves-slpa-path
lof ---01------ | [J,simplified]
simp:targetnodes-def valid-call-list-def valid-return-list-def
same-level-path-def slp-def)

lemma slpa-silent-moves-callstacks-eq:
[same-level-path-aux cs as; S,f F (m#mszQms,s) =as=, (m'#ms’,s’);
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length ms = length ms'; valid-call-list cs m;
Vi < length rs. rsli € get-return-edges (csli); valid-return-list rs m;
length rs = length cs; msx = targetnodes T3]
= ms = ms’
proof (induct arbitrary:m msx s rs rule:slpa-induct)
case (slpa-empty cs)
from «S.f F (m # msz Q ms,s) =[|=, (m' # ms';s")»
have msz@Qms = ms’ by(fastforce elim:silent-moves.cases)
with «length ms = length ms’> show ?case by fastforce
next
case (slpa-intra cs a as)
note IH = «(\m msz s rs. [S,f F (m # mszx Q ms,s) =as=, (m’' # ms’,s’);
length ms = length ms'; valid-call-list cs m;
Vi<length rs. rs | i € get-return-edges (cs ! 7);
valid-return-list rs m; length rs = length cs; msz = targetnodes rs]
= ms = ms"
from «S,f b (m # msz @ ms,s) =a # as=, (m’' # ms’;s’)> obtain ms’ s
where S,f - (m # mszx Q ms,s) —a—, (ms”,s”)
and S.f F (ms”,s") =as=, (m' # ms’,s")
by (auto elim:silent-moves.cases)
from <S.f F (m # msz Q ms,s) —a—, (ms”'s"")y <intra-kind (kind a)»
have valid-edge a and [simp|:m = sourcenode a ms’ = targetnode a # msx Q
ms
by (fastforce elim:silent-move.cases simp:intra-kind-def)+
from «valid-edge ay <intra-kind (kind a))
have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
from <walid-call-list cs my» «<m = sourcenode a>
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-call-list cs (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (erule-tac x=cs’ in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
from «(walid-return-list rs m» <m = sourcenode a>
<get-proc (sourcenode a) = get-proc (targetnode a)»
have valid-return-list rs (targetnode a)
apply (clarsimp simp:valid-return-list-def)
apply(erule-tac z=cs’ in allE) apply clarsimp
by (case-tac cs’) auto
from <S,f b (ms”,s") =as=, (m' # ms’;s")
have S,f b (targetnode a # msz @ ms,s”) =as=, (m’ # ms’,s’) by simp
from [H[OF this <length ms = length ms" <walid-call-list cs (targetnode a)»
Ni<length rs. rs | i € get-return-edges (cs ! i)»
<valid-return-list rs (targetnode a)y <length rs = length cs»
«msz = targetnodes rsy] show Zcase .
next
case (slpa-Call cs a as Q 7 p fs)
note IH = «A\m msz s rs. [S,f = (m # msx Q ms,s) =as=, (m' # ms’,s’);
length ms = length ms'; valid-call-list (a # c¢s) m;

1
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Vi<length rs. rs | i € get-return-edges ((a # cs) ! i);
valid-return-list rs m; length rs = length (a # cs);
msz = targetnodes rs]
= ms = ms"
from <S.f b (m # msz Q ms,s) =a # as=, (m' # ms’;s’)> obtain ms’ s”
where S,f - (m # msz @ ms,s) —a—, (ms';s")
and S,f + (ms",s") =as=, (m' # ms’,s’)
by (auto elim:silent-moves.cases)
from «S.f F (m # msz Q ms,s) —a—, (ms',s")y <kind a = Q:r—pfs
obtain o’ where valid-edge a and [simp]:m = sourcenode a
and [simp]:ms’ = targetnode a # targetnode a’ # msx @ ms
and a’ € get-return-edges a
by (auto elim:silent-move.cases simp:intra-kind-def)
from (valid-edge a) <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
with (walid-call-list cs m» «valid-edge a> <kind a = Q:r—pfs> «<m = sourcenode
a
have valid-call-list (a # cs) (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply(case-tac cs’) apply auto
apply (erule-tac x=list in allF)
by (case-tac list)(auto simp:sourcenodes-def)
from (Vi<length rs. rs ! i € get-return-edges (cs ! i) <a’ € get-return-edges a»
have Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((aftcs) ! i)
by auto(case-tac i,auto)
from <valid-edge a) <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from (walid-edge a) <kind a = Q:r—pfs> <a’ € get-return-edges a
obtain Q' f’ where kind o’ = Q' pf’ by(fastforce dest!:call-return-edges)
from «valid-edge o'y <kind o’ = Q"«=pf’s have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <valid-edge a> <a’ € get-return-edges a>
have get-proc (sourcenode a) = get-proc (targetnode o)
by (rule get-proc-get-return-edge)
with <wvalid-return-list rs m» «walid-edge o> <kind o' = Q"<pf"
<get-proc (sourcenode a’) = p» <get-proc (targetnode a) = py <m = sourcenode
a
have wvalid-return-list (a'#rs) (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply(case-tac cs’) apply auto
apply (erule-tac x=list in allF)
by (case-tac list)(auto simp:targetnodes-def)
from <length rs = length cs) have length (a'#rs) = length (aftcs) by simp
from <msz = targetnodes rs» have targetnode a’ # msx = targetnodes (a’ # rs)
by (simp add:targetnodes-def)
from <S,f F (ms”,s") =as=, (m' # ms’;s")»
have S,f F (targetnode a # (targetnode o’ # msz) Q@ ms,;s") =as=, (m’ #
ms’,s’)
by simp
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from IH[OF this <length ms = length ms" <valid-call-list (a # cs) (targetnode
a)
Ni<length (a'#rs). (a'#1s) | i € get-return-edges ((a#cs) ! i)
walid-return-list (a'#7rs) (targetnode a)s <length (a'#rs) = length (aftcs)>
<targetnode o’ # msx = targetnodes (a’ # rs)y] show Zcase .
next
case (slpa-Return c¢s a as Q p ' ¢’ ¢s')
note IH = «Am msz s rs. [S,f b (m # msz Q ms,s) =as=, (m' # ms’,s’);
length ms = length ms'; valid-call-list cs’ m;
Vi<length rs. rs | i € get-return-edges (cs’! i); valid-return-list rs m;
length rs = length cs’; msx = targetnodes s
= ms = ms"
from «S.f b (m # msz Q ms,s) =a # as=, (m’ # ms’;s’)) obtain ms"’ s
where S.f - (m # msz Q ms,s) —a—, (ms';s")
and S,f F (ms",s") =as=, (m' # ms’,s’)
by (auto elim:silent-moves.cases)
from «S.f F (m # msz Q ms,s) —a—, (ms”,s")y <kind a = Q<=pf"
have valid-edge a and m = sourcenode a and hd (msx @ ms) = targetnode a
and ms" = msx @ ms and s” # [| and length s = Suc(length s'’)
and length (m # msx @ ms) = length s
by (auto elim:silent-move.cases simp:intra-kind-def)
from <msz = targetnodes rs» <length rs = length csy <cs = ¢’ # cs’
obtain mz’ msz’ where msz = maz'#msz’
by (cases msz)(fastforce simp:targetnodes-def)+
with «hd (msz @ ms) = targetnode o> have mz’ = targetnode a by simp
from <wvalid-call-list cs m) <cs = ¢’ # cs’» have valid-edge ¢’
by (fastforce simp:valid-call-list-def)
from <valid-edge ¢’y <a € get-return-edges c’s
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (rule get-proc-get-return-edge)
from <wvalid-call-list cs m) <cs = ¢’ # cs”
<get-proc (sourcenode ¢') = get-proc (targetnode a)»
have wvalid-call-list cs’ (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (hypsubst-thin)
apply (erule-tac x=c' # cs’ in allE)
by (case-tac cs’)(auto simp:sourcenodes-def)
from <length rs = length cs) <cs = ¢’ # ¢s’» obtain r’ rs’
where [simp|:rs = r'#rs’ and length rs’ = length cs’ by(cases rs) auto
from «Vi<length rs. rs | i € get-return-edges (cs ! i)y <cs = ¢’ # cs
have Vi<length rs’. rs’ | i € get-return-edges (cs’ ! 1)
and 1’ € get-return-edges ¢’ by auto
with (valid-edge ¢’y <a € get-return-edges c¢'» have [simp]:a = r’
by —(rule get-return-edges-unique)
with <walid-return-list rs m»
have valid-return-list rs’ (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply(erule-tac z=r' # cs’ in allE)
by (case-tac cs’)(auto simp:targetnodes-def)
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from <msz = targetnodes rs> <msx = mz'#msz’s «rs = r'#rs’
have msz’ = targetnodes rs’ by (simp add:targetnodes-def)
from <S,f F (ms”,s") =as=, (m' # ms’;s") <mszx = mz'#msz"
<ms’’ = mszr Q ms)» ¢mz’ = targetnode a)
have S.f F (targetnode a # msz’ Q ms,s”") =as=, (m' # ms’,s’) by simp
from [H[OF this <length ms = length ms” <walid-call-list cs’ (targetnode a)»
Ni<length rs'. rs' | i € get-return-edges (cs’ ! i)
<walid-return-list rs’ (targetnode a)y <length rs’ = length cs’s
«msz’ = targetnodes rs"y] show ?Zcase .
qged

lemma silent-moves-same-level-path:
assumes S, kind = (m#ms,s) =as=, (m'#ms’s’) and m —as— g+ m’ shows
ms = ms’
proof —
from «S.kind b (m#ms,s) =as=, (m'#ms’s’)> obtain cf ¢fs where s = cf#cfs
by (cases s)(auto dest:silent-moves-equal-length)
with «S,kind b (m#ms,s) =as=, (m'#ms’,s’)
have transfers (kinds as) (cf#cfs) = s’
by (fastforce intro:silent-moves-preds-transfers simp:kinds-def)
with «<m —as—gx m’s obtain c¢f’ where s’ = cf '#cfs
by —(drule slp-callstack-length-equal, auto)
from <S,kind b (m#ms,s) =as=, (m'#ms’,s")
have length (m#ms) = length s and length (m'#ms’) = length s’
by (rule silent-moves-equal-length)+
with «s = cf#cfsy «s' = cf '#cfs» have length ms = length ms' by simp
from <m —as— 4 m’» have same-level-path-auz || as
by (simp add:slp-def same-level-path-def)
with «S.kind = (m#ms,s) =as=, (m'#ms’,s’)> <length ms = length ms”
show ?thesis by (auto elim!:slpa-silent-moves-callstacks-eq
simp:targetnodes-def valid-call-list-def valid-return-list-def)
qed

lemma silent-moves-call-edge:
assumes S,kind b (m#ms,s) =as=, (m'#ms’,s’) and valid-node m
and callstack:¥ mz € set ms. Amz’. call-of-return-node mx mz’ A
ma’ € |HRB-slice S| opa
and rest:Vi < length rs. rsli € get-return-edges (cs!i)
ms = targetnodes rs valid-return-list rs m length rs = length cs
obtains as’ a as’’ where as = as'Qa#as” and 3Q r p fs. kind a = Q:r—pfs
and call-of-return-node (hd ms’) (sourcenode a)
and targetnode a —as’'— gpx m’
| ms’ = ms
proof (atomize-elim)
from «S.kind = (m#ms,s) =as=, (m'#ms’,;s")
show (Jas’ a as”. as = as’ Q@ a # as” N (3Q rp fs. kind a = Q:r—pfs) A
call-of-return-node (hd ms’) (sourcenode a) A targetnode a —as''—gx m’) vV
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ms’ = ms
proof (induct as arbitrary:m’ ms’ s’ rule:length-induct)
fix as m’ ms’ s’
assume [H:V as’. length as’ < length as —
(VY mx msz sz. S,kind = (m#ms,s) =as'=, (mz#msz,sz) —
(Fasz a asz’. as’ = aszr Q a # asz’ A (3Q 7 p fs. kind a = Q:r—pfs) A
call-of-return-node (hd msz) (sourcenode a) A targetnode a —asz'— gpx mz) V
msr = ms)
and S,kind b (m#tms,s) =as=, (m'#ms’s’)
show (Jas’ a as”. as = as’ Q a # as”" N (3Q rp fs. kind a = Q:r—=pfs) A
call-of-return-node (hd ms’) (sourcenode a) A targetnode a —as'"— g+ m’) Vv
ms’ = ms
proof(cases as rule:rev-cases)
case Nil
with «S.kind b (m#ms,s) =as=, (m'#ms’,s’)> have ms = ms’
by (fastforce elim:silent-moves.cases)
thus ?thesis by simp
next
case (snoc as’ a’)
with «S,kind b (m#ms,s) =as=, (m'#ms’,s’)
obtain ms’’ s” where S,kind - (m#ms,s) =as’=, (ms',s")
and S kind - (ms”,s") =[a’|=, (m'#ms’ s’
by (fastforce elim:silent-moves-split)
from snoc have length as’ < length as by simp
from «S,kind &+ (ms",s") =[a|=; (m'#ms’;s")
have S.kind = (ms",s") —a'—,. (m'#ms’,s’)
by (fastforce elim:silent-moves.cases)
show ?thesis
proof(cases kind a’ rule:edge-kind-cases)
case Intra
with «S,kind b (ms",s") —a'—, (m'#ms’,s’)
have wvalid-edge o’ and m’ = targetnode a’
by (auto elim:silent-move.cases simp:intra-kind-def)
from «S.kind & (ms"s") —a'—, (m'#ms’,s")> <intra-kind (kind a’)»
have ms'' = sourcenode a'#ms’
by —(erule silent-move.cases,auto simp:intra-kind-def,(cases ms’’ auto)+)
with IH <length as’ < length asy «S,kind = (m#tms,s) =as'=, (ms”,s"’)
have (Jasz ax asz’. as’ = asr Q azx # asz’ A (3 Q rp fs. kind ax = Q:r—pfs)

call-of-return-node (hd ms’) (sourcenode az) A
targetnode ax —asxz'— ¢ sourcenode a’) V ms’ = ms
by simp blast
thus ?thesis
proof
assume Jasz azx asz’. as’ = aszx Q ax # asz’ A
(FQ rpfs. kind ar = Q:r—pfs) A
call-of-return-node (hd ms’) (sourcenode ax) A
targetnode ar —asz'— gp¢ sourcenode a’
then obtain asz ar asz’ where as’ = asz Q ax # asz’
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and 3Q rp fs. kind ar = Q:r—pfs
and call-of-return-node (hd ms’) (sourcenode azx)
and targetnode ax —asz'— gp¢ sourcenode a’
by blast
from <as’ = asz Q az # asz’» have as'Q[a’] = asz Q azx # (asz’ Q [a'])
by simp
moreover
from «(targetnode ax —asz'— g sourcenode o’y <intra-kind (kind a’)»
«m' = targetnode a’s <valid-edge a’s
have targetnode ax —asz'Qla’l—gpx m’
by (fastforce intro:path-Append path-edge same-level-path-auz-Append
upd-cs-Append simp:slp-def same-level-path-def intra-kind-def)
ultimately show ?thesis using <3 Q r p fs. kind ax = Q:r—pfs
<call-of-return-node (hd ms’) (sourcenode ax)» snoc by blast
next
assume ms’ = ms thus ?thesis by simp
qged
next
case (Call Q rp fs)
with «S,kind b (ms",s") —a’—, (m'#ms’,s’)y obtain o’
where valid-edge o’ and o'’ € get-return-edges a’
and hd ms' = sourcenode a’ and m’ = targetnode a’
and ms’ = (targetnode a'")#tl ms’ and length ms'' = length s
and pred (kind a’) s"
by (auto elim:silent-move.cases simp:intra-kind-def)
from <valid-edge a’y <a’’ € get-return-edges a’> have valid-edge a'’
by (rule get-return-edges-valid)
from <wvalid-edge a'’y <valid-edge a’> <a’’ € get-return-edges a’s
have return-node (targetnode a'’) by (fastforce simp:return-node-def)
with «valid-edge a’s <valid-edge a'’y
<a’’ € get-return-edges a’y «<ms’ = (targetnode o’’)#tl ms’"
have call-of-return-node (hd ms’) (sourcenode a’)
by (simp add:call-of-return-node-def) blast
with snoc kind o' = Q:r—pfs» <m’ = targetnode a’> (valid-edge a”
show ?Zthesis by/(fastforce intro:empty-path simp:slp-def same-level-path-def)
next
case (Return Q p f)
with S kind = (ms’,s") —a’—, (m'#ms’,s’)
have valid-edge o’ and hd ms’’ = sourcenode a’
and hd(tl ms’) = targetnode o’ and m’#ms’ = tl ms"
and length ms’' = length s' and length s” = Suc(length s’)
and s’ # []
by (auto elim:silent-move.cases simp:intra-kind-def)
hence ms'’ = sourcenode a’ # targetnode a’ # ms’ by(cases ms"’) auto
with «length as’ < length as» <S,kind - (m#ms,s) =as’=, (ms",s")y IH
have (asz ax asz’. as’ = asr Q ax # asz’ A (3 Q rp fs. kind ax = Q:r—pfs)

call-of-return-node (targetnode a’) (sourcenode ax) A
targetnode ax —asz'— ¢ sourcenode a') V ms = targetnode a’ # ms’
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asz’y

apply — apply(erule-tac z=as’ in allE) apply clarsimp
apply (erule-tac z=sourcenode a’ in allE)
apply (erule-tac z=targetnode o’ # ms’ in allE)
by fastforce
thus ?thesis
proof
assume Jasz ax asz’. as’' = aszx Q ax # asz’ A
(3Q rpfs. kind ar = Q:r—pfs) A
call-of-return-node (targetnode a’) (sourcenode ax) N
targetnode ar —asz'— gpx sourcenode a’
then obtain asz ar asz’ where as’ = asx Q ax # asx’
and 3Q 7 p fs. kind ax = Q:r—rpfs
and call-of-return-node (targetnode a’) (sourcenode azx)
and targetnode ax —asx'— gp¢ sourcenode o’ by blast
from <as’ = aszr Q ax # asz’> snoc havelength asz < length as by simp
moreover
from S kind - (m#ms,s) =as=, (m'#ms’,s")) snoc <as’ = asx Q ax #

obtain msz sz where S,kind - (m#ms,s) =asz=-, (msz,sz)
and S,kind F (msz,sx) =az#tasz’Qla’]=, (m'#ms’,s’)
by (fastforce elim:silent-moves-split)
from <S.kind - (msz,sx) =az#asz'Qla’|=, (m'#ms’s")
obtain zs z ys y where S,kind - (msz,st) —az—, (xs,x)
and S,kind b (zs,z) =asz’'=, (ys,y)
and S kind b (ys,y) =[a|=, (m'#ms’.s’)
apply — apply(erule silent-moves.cases) apply auto
by (erule silent-moves-split) auto
from S, kind = (msz,sz) —ax—, (zs,2)y «3Q 7 p fs. kind ax = Q:r—pfs)
obtain msz’ az’ where msz = sourcenode ax#msxz’
and az’ € get-return-edges ax
and [simp]:xs = (targetnode ax)#(targetnode ax’)#msx’
and length © = Suc(length sz) and length msz = length sx
apply — apply(erule silent-move.cases) apply(auto simp:intra-kind-def)
by (cases msz,auto)+
from <S kind & (ys,y) =[a]=+ (m'#ms’,s’)» obtain msy
where ys = sourcenode a'#msy
apply — apply(erule silent-moves.cases) apply auto
apply (erule silent-move.cases)
by (cases ys,auto)+
with «S kind F (zs,2) =asz’=, (ys,y)
targetnode ax —ast’'— gpx sourcenode a’y
«xs = (targetnode ax)#(targetnode ax’)#msz’
have (targetnode az’)#msz’ = msy apply simp
by (fastforce intro:silent-moves-same-level-path)
with «S.kind - (ys,y) =[a’|=, (m'#ms’;s") <kind o’ = Q< pf>
<ys = sourcenode a'#msy»
have m’ = targetnode a’ and msz’ = ms’
by (fastforce elim:silent-moves.cases silent-move.cases
simp:intra-kind-def )+
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with «S kind b (m#ms,s) =asz=, (msz,sz)> (msz = sourcenode ax#msz’
have S.kind - (m#ms,s) =asz=-, (sourcenode az#ms’,st) by simp
ultimately have (Fzs z zs’. asx = zsQz#xs’ A
(3Q rpfs. kind z = Q:r—pfs) A
call-of-return-node (hd ms’) (sourcenode x) A
targetnode © —xs'— gk sourcenode ax) V ms = ms’ using IH
by simp blast
thus ?thesis
proof
assume Jzs z zs". asx = xsQaHas’ A (3Q rp fs. kind z = Q:r—pfs) A
call-of-return-node (hd ms’) (sourcenode x) A
targetnode © —xs'— gy sourcenode ax
then obtain zs x zs’ where asr = zsQz#xs’
and 3Q rp fs. kind x = Q:r—pfs
and call-of-return-node (hd ms’) (sourcenode x)
and targetnode © —xs'— gpx sourcenode azx by blast
from (aszx = zsQz#xs’y <as’ = asr Q axr # asr’» snoc
have as = zsQz#(xs'Qaz#asz’Qla’]) by simp
from S kind b (m#ms,s) =as=, (m'#ms’,s’)y <valid-node m» rest
have m —as—* m’ and valid-path-auz cs as
by (auto dest:silent-moves-vpa-path[of - - - - - - - - - Ts cs]
simp:valid-call-list-def valid-return-list-def targetnodes-def)
hence m —as— % m'
by (fastforce intro:valid-path-auz-valid-path simp:vp-def)
with snoc have m —as'— /x sourcenode o’
by (auto elim:path-split-snoc dest:valid-path-auz-split
simp:vp-def valid-path-def)
with (as’ = aszr Q ax # asz’
have valid-edge ax and targetnode ax —asx’'—* sourcenode a’
by (auto dest:path-split simp:vp-def)
hence sourcenode ax —ax#asz’'—* sourcenode a’
by (fastforce intro: Cons-path)
from <walid-edge o’y have sourcenode a’ —[a']—* targetnode a’
by (rule path-edge)
with <sourcenode ax —az#asz'—* sourcenode a’y
have sourcenode ax —(ax#asz’)Q[a’]—* targetnode a’
by (rule path-Append)
from (m —as— s m’ snoc <as’ = asz Q ax # asr’y snoc
have wvalid-path-auz ([|Q(upd-cs || asz)) (azx # asz’ Q [a'])
by (fastforce dest:valid-path-aux-split simp:vp-def valid-path-def)
hence valid-path-auz || (az#asz'@Q[a’])
by (rule valid-path-auz-callstack-prefir)
with <3Q rp fs. kind az = Q:r—pfs
have valid-path-auz [ax] (asz’Q[a’]) by fastforce
hence valid-path-auz (upd-cs [az] asz’) [a’]
by (rule valid-path-auz-split)
from (targetnode ax —asz'— g+ sourcenode a’>
have same-level-path-aux || asz’ and upd-cs || asz’ = |]
by (simp-all add:slp-def same-level-path-def)
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hence upd-cs ([|Q[az]) asz’ = [|Q[az]
by (rule same-level-path-upd-cs-callstack-Append)
with (valid-path-auz (upd-cs [az] asz’) [a’])
have valid-path-auz [ax] [a'] by(simp del:valid-path-aux.simps)
with <3 Q 7 p fs. kind ax = Q:r—pfs) kind a’ = Qpf>
have a’ € get-return-edges ax by simp
with (upd-cs ([|@Q[az]) asz’ = [|Qlaz]) kind o' = Q«pf>
have upd-cs [az] (asx'Q[a’]) = || by(fastforce intro:upd-cs-Append)
with <3 Q 7 p fs. kind az = Q:r—pfs
have upd-cs || (az#asz’Q[a’]) = [] by fastforce
from <targetnode ax —asz'— gpx sourcenode a”y
have same-level-path-auz [| asz’ and upd-cs || asz’ = |]
by (simp-all add:slp-def same-level-path-def)
hence same-level-path-auz ([|Q[az]) asz’
by —(rule same-level-path-auz-callstack-Append)
with <3 Q 7 p fs. kind ax = Q:r—pfs) kind a’ = Qpf>
<a’ € get-return-edges azy <upd-cs ([|@Qlaz]) asz’ = [|Q[az]>
have same-level-path-auz || ((ax#asz’)Q[a’])
by (fastforce intro:same-level-path-auz-Append)
with (upd-cs || (az#asz’Q[a’]) = []»
(sourcenode ax —(az#asz’)Qla’|—* targetnode a’»
have sourcenode ax —(ax#asz’)Q[a’]— g targetnode a’
by (simp add:slp-def same-level-path-def)
with (targetnode © —xs'— g* sourcenode ax»
have targetnode & —xs'Q((az#asz’)Q[a’])— 4p¢ targetnode o’
by (rule slp-Append)
with <3 Q 7 p fs. kind z = Q:r—pfs
<call-of-return-node (hd ms') (sourcenode x)»
<as = 18Qr#(xs'Qaz#asz’Qla’])y ¢m' = targetnode a’y
show ?thesis by simp blast
next
assume ms = ms’ thus ?thesis by simp
qed
next
assume ms = targetnode a’ # ms’
from «S.kind = (ms"”,s") —a'=; (m'#ms’,s")y kind o' = Q«pf>
«ms'' = sourcenode a’' # targetnode a’ # ms’
have 3m € set (targetnode a’ # ms’). Am’. call-of-return-node m m’ A
m' ¢ |HRB-slice S| ora
by (fastforce elim!:silent-move.cases simp:intra-kind-def)
with <ms = targetnode a’ # ms’ callstack
have Fulse by fastforce
thus ?thesis by simp
qed
qed
qed
qed
qged
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lemma silent-moves-called-node-in-slice1-hd-nodestack-in-slicel :
assumes S.kind = (m#ms,s) =as=, (m'#ms’,s’) and valid-node m
and CFG-node m’' € sum-SDG-slicel nx
and Vmz € set ms. 3mz’. call-of-return-node mz mz’ A
ma’ € |HRB-slice S| cpa
and Vi < length rs. rsli € get-return-edges (cs'i) and ms = targetnodes rs
and wvalid-return-list rs m and length rs = length cs
obtains as’ a as”’ where as = as'Qa#as” and 3Q r p fs. kind a = Q:r—pfs
and call-of-return-node (hd ms’) (sourcenode a)
and targetnode a —as’’— g* m’ and CFG-node (sourcenode a) € sum-SDG-slicel
ne
| ms’ = ms
proof (atomize-elim)
from «S.kind b (m#ms,s) =as=, (m'#ms’,s’)» «wvalid-node m)
i < length rs. rsli € get-return-edges (csli)» <ms = targetnodes rs»
<valid-return-list rs m» <length rs = length cs»
have m —as—x m’
by (auto dest:silent-moves-vpa-path[of - - - - - - - - - s cs]
simp:valid-call-list-def valid-return-list-def targetnodes-def)
from «S.kind &b (m#ms,s) =as=, (m'#ms’,s")» «wvalid-node m)
NV mzx € set ms. Ama’. call-of-return-node mx mxz’ A mz' € | HRB-slice S| opc
i < length rs. rsli € get-return-edges (csli)» «<ms = targetnodes rs»
<valid-return-list rs m» <length rs = length cs)
show (Jas’ a as”. as = as’ Q a # as” AN (3Q rp fs. kind a = Q:r—pfs) A
call-of-return-node (hd ms’) (sourcenode a) A targetnode a —as''—gpx m’ A
CFG-node (sourcenode a) € sum-SDG-slicel nz) V ms' = ms
proof(rule silent-moves-call-edge)
fix as’ a as' assume as = as'Qa#as” and 3Q r p fs. kind a = Q:r—pfs
and call-of-return-node (hd ms’) (sourcenode a)
and targetnode a —as’'— gpx m’
from <3 Q rp fs. kind a = Q:r—pfs> obtain Q rp fs
where kind a = Q:r—pfs by blast
from <targetnode a —as'’— g m’> obtain asz where targetnode a —asz—*
m/
by —(erule same-level-path-inner-path)
from <m —as—* m”’ <as = as'Qa#tas’y have valid-edge a
by (fastforce dest:path-split simp:vp-def)
have m’ # (-Exit-)
proof
assume m' = (-Euxit-)
have get-proc (-Fzit-) = Main by(rule get-proc-Exit)
from <targetnode a —asx—,x m”
have get-proc (targetnode a) = get-proc m' by(rule intra-path-get-procs)
with «m’ = (-Fzit-)) <get-proc (-Ezit-) = Main>
have get-proc (targetnode a) = Main by simp
with <kind a = Q:r—pfs) (valid-edge a)
have kind a = Q:r— ppu,fs by(fastforce dest:get-proc-call)
with (valid-edge a> show False by (rule Main-no-call-target)
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qed
show ?thesis
proof (cases targetnode a = m’)
case True
with <valid-edge a> <kind a = Q:r—pfs)
have CFG-node (sourcenode a) s—p— o411 CFG-node m’
by (fastforce intro:sum-SDG-call-edge)
with «CFG-node m’ € sum-SDG-slicel nz»
have CFG-node (sourcenode a) € sum-SDG-slicel nx by —(rule call-slicel)
with <as = as'Qa#as’y «<3Q rp fs. kind a = Q:r—pfs)
<call-of-return-node (hd ms’) (sourcenode a)»
(targetnode a —as"— g+ m’s show ?thesis by blast

next
case Fulse
with <targetnode a —asz—,x m’ «<m' # (-Fxit-)> <valid-edge o> <kind a =
Q:r—pfs

obtain ns where CFG-node (targetnode a) cd—ns—qx CFG-node m’
by (fastforce elim!:in-proc-cdep-SDG-path)

hence CFG-node (targetnode a) is—ns—q* CFG-node m’

by (fastforce intro:intra-SDG-path-is-SDG-path cdep-SDG-path-intra-SDG-path)

with «(CFG-node m’ € sum-SDG-slicel nx»

have CFG-node (targetnode a) € sum-SDG-slicel nx
by —(rule is-SDG-path-slicel)

from <wvalid-edge a> <kind a = Q:r—pfs

have CFG-node (sourcenode a) s—p— o411 CFG-node (targetnode a)
by (fastforce intro:sum-SDG-call-edge)

with «CFG-node (targetnode a) € sum-SDG-slicel nx»

have CFG-node (sourcenode a) € sum-SDG-slicel nx by —(rule call-slicel)

with <as = as’Qa#as’> «<3Q rp fs. kind a = Q:r—pfs
<call-of-return-node (hd ms’) (sourcenode a))
<targetnode a —as''— g« m’y show ?thesis by blast

qed
next
assume ms’ = ms thus ?thesis by simp
qed
qed

lemma silent-moves-called-node-in-slice1-nodestack-in-slicel :
[S.kind = (m#ms,s) =as=, (m'#ms’,s’); valid-node m;
CFG-node m' € sum-SDG-slicel nx; nx € S;
Vmz € set ms. 3ma’. call-of-return-node mx mz’ A mz' € | HRB-slice S| opes
Vi < length rs. rsli € get-return-edges (cs'i); ms = targetnodes rs;
valid-return-list rs m; length rs = length cs]
= Vmz € set ms’. Ima’. call-of-return-node maz ma' N ma’ € | HRB-slice S| opq
proof (induct ms’ arbitrary:as m’ s’)
case (Cons mz msx)
note IH = <Aas m’ s'. [S,kind b (m#ms,s) =as=,. (m’ # msz,s’); valid-node

m;
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CFG-node m' € sum-SDG-slicel nx; nx € S;
V mzeset ms. 3ma’. call-of-return-node maz mz' A mz' € |HRB-slice S| opcs
Vi<length rs. rs | i € get-return-edges (cs! i); ms = targetnodes rs;
valid-return-list rs m; length rs = length cs]
= Vmae€set msx. Imz’. call-of-return-node mz ma’ N mz’ € | HRB-slice
Slere
from «S,kind - (m#ms,s) =as=, (m' # mz # msz,s’)> valid-node m)
«CFG-node m' € sum-SDG-slicel nz»
/' mz € set ms. Imz’. call-of-return-node mz mz' A ma’ € | HRB-slice S| opq
Ni < length rs. rsli € get-return-edges (csli)» <ms = targetnodes rs
<valid-return-list rs m» <length rs = length cs»
show ?Zcase
proof(rule silent-moves-called-node-in-slicel-hd-nodestack-in-slicel )
fix as’ a as' assume as = as'Qa#as” and 3Q r p fs. kind a = Q:r—pfs
and call-of-return-node (hd (mxz # msz)) (sourcenode a)
and CFG-node (sourcenode a) € sum-SDG-slicel nx
and targetnode a —as’'— gx m’
from «CFG-node (sourcenode a) € sum-SDG-slicel nxy <nx € S»
have sourcenode o € | HRB-slice S| opq
by (fastforce intro:combSlice-refl simp:SDG-to-CFG-set-def HRB-slice-def)
from «S.kind b (m#ms,s) =as=, (m' # mz # msz,s") <as = as'Qa#as’
obtain xs z where S.kind - (m#ms,s) =as'=, (zs,r)
and S kind - (xs,x) =a#as'=, (m' # mx # msz,s’)
by (fastforce elim:silent-moves-split)
from «S.kind b (zs,2) =a#tas'=, (m’' # mz # msz,s")
obtain ys y where S,kind - (zs,z) —a—+ (ys,y)
and S.kind - (ys,y) =as''=, (m’ # mz # msx,s’)
by (fastforce elim:silent-moves. cases)
from (S, kind = (zs,x) —a—, (ys,y) <3Q rp fs. kind a = Q:r—pfs
obtain zs’ a’ where zs = sourcenode a#txs’
and ys = targetnode a#targetnode a'#xs’
apply — apply(erule silent-move.cases) apply(auto simp:intra-kind-def)
by (cases xs,auto)+
from «S.kind b (ys,y) =as’’=, (m’ # mz # msz,s’)
(ys = targetnode a#targetnode a'#xs’y (targetnode a —as'"— g+ m”
have mxz = targetnode a’ and zs’ = msx
by (auto dest:silent-moves-same-level-path)
with <zs = sourcenode a#tzs’y S kind b (m#ms,s) =as’=, (xs,z)>
have S.kind - (m#ms,s) =as'=, (sourcenode a#msz,x) by simp
from TH[OF «S,kind & (m#tms,s) =as’=, (sourcenode a#tmsz,t))
walid-node my «CFG-node (sourcenode a) € sum-SDG-slicel nxy <nz € S»
' mz € set ms. Ima’. call-of-return-node mz ma’' A ma’ € | HRB-slice S| opc»
i < length rs. rsli € get-return-edges (csli)y <ms = targetnodes rs»
<valid-return-list rs my «length rs = length c$)]
have callstack:Y mxeset msz.
Ima’. call-of-return-node ma mz' A mz' € |HRB-slice S| op¢ -
with <as = as’Qa#tas’y <call-of-return-node (hd (mz # msz)) (sourcenode a)»

<sourcenode a € |HRB-slice S| opq> show ?thesis by fastforce
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next
assume mz # msx = ms
with «Vmz € set ms. Ima’. call-of-return-node mz mxz’ A mz' € | HRB-slice
Slere
show ?thesis by fastforce
qed
qed simp

lemma silent-moves-slice-intra-path.:
assumes S, slice-kind S+ (m#tms,s) =as=, (m'#ms’ s’
and ¥V mz € set ms. 3ma’. call-of-return-node ma mz’ A ma’ € | HRB-slice S| o
shows YV a € set as. intra-kind (kind a)
proof (rule ccontr)
assume — (Y a€set as. intra-kind (kind a))
hence Ja € set as. — intra-kind (kind a) by fastforce
then obtain asz ar asz’ where as = aszQaz#asz’
and V acset asz. intra-kind (kind a) and — intra-kind (kind ax)
by (fastforce elim!:split-list-first-propE)
from «S,slice-kind S - (m#ms,s) =as=, (m'#ms’,;s") <as = aszQax#asz’
obtain msz sz msz’ sz’ where S,slice-kind S & (m#ms,s) =ast=, (msz,sz)
and S, slice-kind S F (msz,sx) —ax—, (msz’,sz’)
and S,slice-kind S = (msz’,sz’) =asz'=, (m'#ms’,s’)
by (auto elim!:silent-moves-split elim:silent-moves.cases)
from «S,slice-kind S + (msz,sz) —ax—, (msz’,sz’)y obtain xs
where [simp]|:msz = sourcenode az#xs by (cases msz)(auto elim:silent-move. cases)
from «S,slice-kind S + (m#ms,s) =asz=, (msz,sz)> ¥ a€set asz. intra-kind
(kind a)»
have [simp|:zs = ms by(fastforce dest:silent-moves-intra-path)
show Fulse
proof(cases kind azx rule:edge-kind-cases)
case Intra with «— intra-kind (kind az)> show Fualse by simp
next
case (Call Q rp fs)
with «S,slice-kind S + (msz,sz) —az—, (msz’;sx’)
' mz € set ms. Ima’. call-of-return-node mz mz' A ma’ € | HRB-slice S| opc»
have sourcenode ax ¢ | HRB-slice S| opq and pred (slice-kind S az) sz
by (auto elim!:silent-move.cases simp:intra-kind-def)
from (sourcenode ax ¢ | HRB-slice S| cpg <kind ax = Q:r—pfs)
have slice-kind S ax = (Acf. False):r—pfs
by (rule slice-kind-Call)
with «pred (slice-kind S ax) sx> show Fulse by(cases st) auto
next
case (Return Q p f)
with «S,slice-kind S - (msz,sz) —az—, (msz’,sz')
' mz € set ms. Ima’. call-of-return-node mz mz’' A ma' € | HRB-slice S| opq
show Fulse by (fastforce elim!:silent-move.cases simp:intra-kind-def)
qged
qed
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lemma silent-moves-slice-keeps-state:
assumes S,slice-kind S = (m#ms,s) =as=, (m'#ms’,s’)
and Vmz € set ms. 3ma’. call-of-return-node ma ma' A ma' € | HRB-slice S| opq
shows s = s’
proof —
from assms have YV a € set as. intra-kind (kind a)
by (rule silent-moves-slice-intra-path)
with assms show ?thesis
proof (induct S slice-kind S m#ms s as m'#ms’ s’
arbitrary:m rule:silent-moves.induct)
case (silent-moves-Nil sz n.) thus Zcase by simp
next
case (silent-moves-Cons S st a msz’ sz’ as s")
note IH = (A\m.
[msz’ = m # ms;
V maze€set ms. Ama’. call-of-return-node maz mz’ A mz' € | HRB-slice S| opes
Y a€set as. intra-kind (kind a)] = sz’ = s')
note callstack = <V mxeset ms. Amz’. call-of-return-node mx mz’' A
ma’ € | HRB-slice S| opc»
from <V acset (a # as). intra-kind (kind a)» have intra-kind (kind a)
and V a€set as. intra-kind (kind a) by simp-all
from <S,slice-kind S+ (m # ms,sx) —a—, (msz',sz’)y <intra-kind (kind a)»
callstack
have [simp]:msz’ = targetnode a#ms and sz’ = transfer (slice-kind S a) sz
and sourcenode a ¢ | HRB-slice S| opg and wvalid-edge a and sz # ||
by (auto elim!:silent-move.cases simp:intra-kind-def)
from TH[OF (msz’ = targetnode a#tms) callstack ¥ a€set as. intra-kind (kind
a)]
have sz’ = s”.
from <intra-kind (kind a)»
have sz = sz’
proof (cases kind a)
case (UpdateEdge f')
with (sourcenode a ¢ | HRB-slice S| opc»
have slice-kind S a = {vid by(rule slice-kind-Upd)
with sz’ = transfer (slice-kind S a) sx» <sx # [
show %thesis by(cases sx) auto
next
case (PredicateEdge Q)
with (sourcenode a ¢ | HRB-slice S| opc» (valid-edge a
obtain Q' where slice-kind S a = (Q'),/
by —(erule kind-Predicate-notin-slice-slice-kind-Predicate)
with <sz’ = transfer (slice-kind S a) sz> <sz # []»
show %thesis by(cases sx) auto
qged (auto simp:intra-kind-def)
with <sz’ = s’» show ?case by simp
qed
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qed

1.14.2 Definition of slice-edges

definition slice-edge :: 'node SDG-node set = 'edge list = 'edge = bool
where slice-edge S ¢s a = (V¢ € set cs. sourcenode ¢ € | HRB-slice S| opa) A
(case (kind a) of Q<=pf = True | - = sourcenode a € | HRB-slice S| opq)

lemma silent-move-no-slice-edge:
[S.f F (ms,s) —a—, (ms’,s’); tl ms = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl msli) (sourcenode (cs!i))]
= - slice-edge S cs a
proof (induct rule:silent-move.induct)
case (silent-move-intra f a s s' ms S ms’)
note disj = «(Imeset (tl ms). Im’. call-of-return-node m m’ A m' ¢ | HRB-slice
Slere)
V hd ms ¢ |HRB-slice S| opq
from «pred (f a) s» <length ms = length s> obtain z zs where ms = z#uxs
by (cases ms) auto
from <length rs = length cs) <tl ms = targetnodes rs»
have length (tl ms) = length cs by(simp add:targetnodes-def)
from disj show ?case
proof
assume Imeset (H ms). Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice
Slere
with «Vi<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! 7))
length (tl ms) = length cs)
have 3¢ € set cs. sourcenode ¢ ¢ |HRB-slice S| opq
apply(auto simp:in-set-conv-nth)
by (erule-tac =i in allE) auto
thus ?thesis by (auto simp:slice-edge-def)
next
assume hd ms ¢ | HRB-slice S| opa
with <hd ms = sourcenode a> <intra-kind (kind a)»
show ?case by(auto simp:slice-edge-def simp:intra-kind-def)
qed
next
case (silent-move-call fa s 8" Q r p fs a’ ms S ms’)
note disj = «(Imeset (tl ms). Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice
Slere)
V hd ms ¢ |HRB-slice S| cpc
from «<pred (f a) s> <length ms = length ) obtain z zs where ms = z#uxs
by (cases ms) auto
from <length rs = length cs» <tl ms = targetnodes rs»
have length (¢l ms) = length cs by (simp add:targetnodes-def)
from disj show ?case
proof
assume Imeset (t ms). Im’. call-of-return-node m m’ A m’ ¢ | HRB-slice
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Slera
with «Vi<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! 7))

length (tl ms) = length cs»
have 3¢ € set cs. sourcenode ¢ ¢ |HRB-slice S| opq
apply(auto simp:in-set-conv-nth)
by (erule-tac z=i in allE) auto
thus ?thesis by (auto simp:slice-edge-def)
next
assume hd ms ¢ | HRB-slice S| opa
with <hd ms = sourcenode a> <kind a = Q:r—pfs)
show ?case by(auto simp:slice-edge-def)
qed
next
case (silent-move-return fa s s’ Q p f' ms S ms’)
from «pred (f a) s» <length ms = length s> obtain = zs where ms = z#uxs
by (cases ms) auto
from <length rs = length cs» <tl ms = targetnodes rs»
have length (tl ms) = length cs by(simp add:targetnodes-def)
from «Vi<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs ! 7))
«(Imeset (tl ms). Im’. call-of-return-node m m' A m’ ¢ | HRB-slice S| opc>
length (tl ms) = length cs
have 3¢ € set cs. sourcenode ¢ ¢ |HRB-slice S| opa
apply(auto simp:in-set-conv-nth)
by (erule-tac =1 in allE) auto
thus ?case by(auto simp:slice-edge-def)
qged

lemma observable-move-slice-edge:
[S.f E (ms,s) —a— (ms’,s"); tl ms = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl msli) (sourcenode (cs!i))]
= slice-edge S cs a
proof (induct rule:observable-move.induct)
case (observable-move-intra f a s s ms S ms’)
from «<pred (f a) s> <length ms = length ) obtain z zs where ms = z#xs
by (cases ms) auto
from <length rs = length cs» <tl ms = targetnodes rs»
have length (¢l ms) = length cs by(simp add:targetnodes-def)
with Y meset (¢ ms). Am’. call-of-return-node m m’ A m’ € | HRB-slice S| opcy
N i<length cs. call-of-return-node (tl ms!i) (sourcenode (cs!i))»
have V ¢ € set cs. sourcenode ¢ € | HRB-slice S| opq
apply (auto simp:in-set-conv-nth)
by (erule-tac =1 in allE) auto
with «hd ms = sourcenode a» <hd ms € | HRB-slice S| opqp <intra-kind (kind a)>
show ?case by(auto simp:slice-edge-def simp:intra-kind-def)
next
case (observable-move-call fa s s’ Q rp fs a’ ms S ms’)
from «<pred (f a) s» <length ms = length s> obtain = zs where ms = z#uxs
by (cases ms) auto
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from <length rs = length cs» <tl ms = targetnodes rs»

have length (tl ms) = length cs by(simp add:targetnodes-def)

with «Vmeset (tl ms). 3m’. call-of-return-node m m’ A m’ € | HRB-slice S| g
Vi<length cs. call-of-return-node (tl ms!i) (sourcenode (cs!i))»

have V ¢ € set cs. sourcenode ¢ € | HRB-slice S| opq
apply(auto simp:in-set-conv-nth)
by (erule-tac =1 in allE) auto

with <hd ms = sourcenode a) <hd ms € | HRB-slice S| cpc» <kind a = Q:r—pfs

show ?Zcase by(auto simp:slice-edge-def)

next

case (observable-move-return fa s s’ Q p f' ms S ms’)

from «<pred (f a) $» <length ms = length $) obtain z zs where ms = z#xs
by (cases ms) auto

from <length rs = length cs» <tl ms = targetnodes rs»

have length (tl ms) = length cs by(simp add:targetnodes-def)

with ¥ meset (t ms). Am’. call-of-return-node m m’ A m’ € | HRB-slice S| opc
N i<length cs. call-of-return-node (tl ms!i) (sourcenode (cs!i))»

have V¢ € set cs. sourcenode ¢ € | HRB-slice S| opa
apply(auto simp:in-set-conv-nth)
by (erule-tac x=i in allE) auto

with <kind a = Q<=pf"» show ?case by(auto simp:slice-edge-def)

qged

function slice-edges :: 'node SDG-node set = 'edge list = 'edge list = 'edge list
where slice-edges S cs [| = |]
| slice-edge S cs a =
slice-edges S ¢s (a#as) = a#slice-edges S (upd-cs c¢s [a]) as
| = slice-edge S cs a =
slice-edges S c¢s (a#as) = slice-edges S (upd-cs cs [a]) as
by (atomize-elim)(auto,case-tac b,auto)
termination by (lexicographic-order)

lemma slice-edges-Append:
[slice-edges S cs as = as’; slice-edges S (upd-cs cs as) asz = asz']
= slice-edges S cs (asQasx) = as’Qasz’

proof (induct as arbitrary:cs as’)
case Nil thus ?case by simp

next
case (Cons z xs)
note IH = «/Acs as’. [slice-edges S cs s = as’;

slice-edges S (upd-cs cs xs) ast = asz]
= slice-edges S ¢s (xs Q asz) = as’ Q asz”
from <slice-edges S (upd-cs cs (¢ # xs)) asz = asz”
have slice-edges S (upd-cs (upd-cs cs [z]) xs) asz = asx’
by (cases kind x)(auto,cases cs,auto)
show ?case
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proof(cases slice-edge S c¢s x)
case True
with <slice-edges S cs (¢ # zs) = as’
have z#slice-edges S (upd-cs cs [x]) s = as’ by simp
then obtain zs’ where as’ = z#zs’
and slice-edges S (upd-cs cs [z]) xs = zs’ by(cases as’) auto
from IH[OF «slice-edges S (upd-cs c¢s [z]) zs = xs"
(slice-edges S (upd-cs (upd-cs cs [z]) zs) asz = asz’]
have slice-edges S (upd-cs cs [z]) (zs Q asz) = xzs’ Q asx’ .
with True <as’ = z#xs’» show ?thesis by simp
next
case Fulse
with <slice-edges S cs (¢ # zs) = as’
have slice-edges S (upd-cs cs [z]) xs = as’ by simp
from TH[OF this <slice-edges S (upd-cs (upd-cs cs [z]) xs) asz = asz’]
have slice-edges S (upd-cs cs [z]) (zs Q asz) = as’ @Q asz’.
with False show ?thesis by simp
qed
qed

lemma slice-edges-Nil-split:
slice-edges S c¢s (asQas’) = |
= slice-edges S cs as = [| A slice-edges S (upd-cs cs as) as’ =[]
apply (induct as arbitrary:cs)
apply clarsimp
apply(case-tac slice-edge S cs a) apply auto
apply(case-tac kind a) apply auto
apply(case-tac cs) apply auto
done

lemma slice-intra-edges-no-nodes-in-slice:
[slice-edges S cs as = [|; Va € set as. intra-kind (kind a);
V¢ € set cs. sourcenode ¢ € | HRB-slice S| opal
= Vnx € set(sourcenodes as). nx ¢ | HRB-slice S| copq
proof (induct as)
case Nil thus ?case by(fastforce simp:sourcenodes-def)

next
case (Cons a’ as’)
note IH = « [slice-edges S cs as’ = [|; V a€set as’. intra-kind (kind a);

V ceset cs. sourcenode ¢ € | HRB-slice S| opql
= Vnzeset (sourcenodes as’). nx ¢ | HRB-slice S| opg>
from «Vacset (a’ # as’). intra-kind (kind a)»
have intra-kind (kind o) and V a€set as’. intra-kind (kind a) by simp-all
from «slice-edges S cs (a’ # as’) = []» «intra-kind (kind a’)>
V ceset cs. sourcenode ¢ € |HRB-slice S| opq
have sourcenode o’ ¢ | HRB-slice S| opq and slice-edges S cs as’ = |]
by (cases slice-edge S cs a’,auto simp:intra-kind-def slice-edge-def)+
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from [H[OF <slice-edges S cs as’ = [|» Y a€set as’. intra-kind (kind a)>
<V ceset cs. sourcenode ¢ € | HRB-slice S| opey)
have V nzeset (sourcenodes as’). nz ¢ | HRB-slice S|cpq -
with (sourcenode o’ ¢ | HRB-slice S| o> show ?Zcase by (simp add:sourcenodes-def)
qged

lemma silent-moves-no-slice-edges:
[S.f E (ms,s) =as=, (ms’,s’); tl ms = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl msli) (sourcenode (cs!i))]
= slice-edges S c¢s as = [| A (rs’. tl ms’ = targetnodes rs’ N
length rs’ = length (upd-cs cs as) A (¥ i<length (upd-cs cs as).
call-of-return-node (tl ms”i) (sourcenode ((upd-cs cs as)!i))))
proof (induct arbitrary:rs cs rule:silent-moves.induct)
case (silent-moves-Cons S f ms s a ms’ s’ as ms'' s"')
from <S5 f - (ms,s) —a—, (ms’,s")) <tl ms = targetnodes rs» «length rs = length
s
i<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! 7))
have — slice-edge S c¢s a by(rule silent-move-no-slice-edge)
with silent-moves-Cons show Zcase
proof (induct rule:silent-move.induct)
case (silent-move-intra f a s s’ ms S ms’)
note IH = (Ars cs. [tl ms’ = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl ms’! i) (sourcenode (cs! i))]
= slice-edges S cs as =[] A (3rs’. tl ms'' = targetnodes rs’ A
length rs’ = length (upd-cs cs as) A (Y i<length (upd-cs cs as).
call-of-return-node (tl ms'' ! i) (sourcenode (upd-cs cs as ! ©))))»
from (ms’ = targetnode a # tl ms» «tl ms = targetnodes rs)
have tl ms’ = targetnodes rs by simp
from <ms’ = targetnode a # tl ms> <tl ms = targetnodes s
NV i<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! 7))
have Vi<length cs. call-of-return-node (tl ms’! i) (sourcenode (cs ! 1))
by simp
from IH[OF <tl ms’ = targetnodes rs) <length rs = length cs» this
have slice-edges S cs as = ||
and 3rs’. tl ms'’ = targetnodes rs’ A length rs’ = length (upd-cs cs as) A
(Vi<length (upd-cs cs as).
call-of-return-node (tl ms'' ! i) (sourcenode (upd-cs cs as ! i))) by simp-all
with ntra-kind (kind a)» <= slice-edge S ¢s a
show ?case by(fastforce simp:intra-kind-def)
next
case (silent-move-call fa s s’ Q rp fs a’ ms S ms’)
note IH = «\rs cs. [tl ms' = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl ms’! i) (sourcenode (cs! 7))]
= slice-edges S ¢s as = [| A (Trs’. tl ms' = targetnodes rs’ A
length rs’ = length (upd-cs cs as) A (Vi<length (upd-cs cs as).
call-of-return-node (tl ms’’ ! i) (sourcenode (upd-cs cs as! 7))))»
from <tl ms = targetnodes rs» <ms’ = targetnode a # targetnode a’ # tl ms»
have tl ms' = targetnodes (a'#rs) by(simp add:targetnodes-def)
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from <length rs = length cs» have length (a'#rs) = length (a#tcs) by simp
from <valid-edge a’y <valid-edge a> <a’ € get-return-edges a»
have return-node (targetnode a’) by(fastforce simp:return-node-def)
with <valid-edge a) <valid-edge a’ <a’ € get-return-edges a»
have call-of-return-node (targetnode a’) (sourcenode a)
by (simp add:call-of-return-node-def) blast
with «Vi<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! ©))»
«ms’ = targetnode a # targetnode a’ # tl ms»
have Vi<length (a#cs).
call-of-return-node (tl ms’! @) (sourcenode ((aftcs) ! i)
by auto (case-tac i,auto)
from IH[OF «tl ms' = targetnodes (a'#rs)y length (a'#1s) = length (a#cs)
this]
have slice-edges S (a # c¢s) as = |]
and 3 rs’. tl ms'’ = targetnodes rs’ A
length rs’ = length (upd-cs (a # c¢s) as) A
(Vi<length (upd-cs (a # cs) as).
call-of-return-node (tl ms’’ ! i) (sourcenode (upd-cs (a # cs) as! i)))
by simp-all
with <= slice-edge S cs a» (kind a = Q:r—pfs) show ?case by simp
next
case (silent-move-return fa s s’ Q p f' ms S ms’)
note IH = (Ars cs. [tl ms’ = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl ms’! i) (sourcenode (cs! i))]
= slice-edges S cs as =[] A (3rs’. tl ms'' = targetnodes rs’ A
length rs’ = length (upd-cs cs as) A (Y i<length (upd-cs cs as).
call-of-return-node (tl ms'' ! i) (sourcenode (upd-cs cs as ! ©))))»
from <length s = Suc (length s’)y <s’ # [|» <length ms = length s> <ms’ = tl ms»
obtain z zs where [simp]:ms’ = z#zs by(cases ms)(auto,case-tac ms',auto)
from «ms’ = tl ms> «tl ms = targetnodes rs» obtain r’ rs’ where rs = r'#rs
and z = targetnode v’ and tl ms’ = targetnodes rs’
by (cases rs)(auto simp:targetnodes-def)
from <length rs = length csy <rs = r'#rs’» obtain ¢’ cs’ where cs = c'#cs’
and length rs’ = length cs’ by(cases cs) auto
from «Vi<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs ! 7))
<cs = c'#cs’y «<ms' = tl ms
have Vi<length cs'. call-of-return-node (tl ms’! i) (sourcenode (cs'! i))
by auto(erule-tac z=Suc i in allE, cases tl ms,auto)
from [H[OF <tl ms’ = targetnodes rs’y <length rs’ = length cs’s this]
have slice-edges S cs’ as = [| and Irs’. tl ms' = targetnodes rs’ A
length rs’ = length (upd-cs cs' as) A (Vi<length (upd-cs cs’ as).
call-of-return-node (tl ms’’ ! i) (sourcenode (upd-cs cs’ as ! 7)))
by simp-all
with (- slice-edge S cs a> <kind a = Q«=pf" (cs = c'#csh
show ?case by simp
qed
qged fastforce

/
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lemma observable-moves-singular-slice-edge:
[S.f E (ms,s) =as= (ms’,s’); tl ms = targetnodes rs; length rs = length cs;
Vi<length cs. call-of-return-node (tl msli) (sourcenode (cs!i))]
= slice-edges S cs as = [last as]
proof (induct rule:observable-moves.induct)
case (observable-moves-snoc S f ms s as ms’ s’ a ms’ s"')
from «S,f F (ms,s) =as=, (ms’,s")) «tl ms = targetnodes rs) «length rs = length
s
N i<length cs. call-of-return-node (tl ms ! i) (sourcenode (cs! ))»
obtain 7s’ where slice-edges S ¢s as = ||
and tl ms’ = targetnodes s’ and length rs’ = length (upd-cs cs as)
and Vi<length (upd-cs cs as).
call-of-return-node (tl ms'i) (sourcenode ((upd-cs cs as)li))
by (fastforce dest!:silent-moves-no-slice-edges)
from <S.f b (ms’;s") —a— (ms'"s"")y this
have slice-edge S (upd-cs cs as) a by —(rule observable-move-slice-edge)
with <slice-edges S ¢s as = []> have slice-edges S cs (as @ [a]) = [|@[a]
by (fastforce intro:slice-edges-Append)
thus ?case by simp
qed

lemma silent-moves-nonempty-nodestack-False:
assumes S.kind = ([m],[cf]) =as=, (m'#ms’,s’) and valid-node m
and ms’ # [| and CFG-node m' € sum-SDG-slicel nz and nx € S
shows Fulse
proof —
from assms(1—4) have slice-edges S [] as # |]
proof (induct ms’ arbitrary:as m’ s’)
case (Cons mz msz)
note IH = «A\as m’ s'. [S,kind b ([m],[cf]) =as=, (m' # msz,s’); valid-node
m;
msz # [|; CFG-node m’ € sum-SDG-slicel nz]
= slice-edges S [ as # []»
from «S.kind & ([m],[cf]) =as=, (m' # mz # msz,s’)> <valid-node m»
«CFG-node m’ € sum-SDG-slicel nx»
obtain as’ a as'’ where as = as'Qa#as’ and 3Q r p fs. kind a = Q:r—pfs
and call-of-return-node mz (sourcenode a)
and CFG-node (sourcenode a) € sum-SDG-slicel nx
and targetnode a —as’'— gpx m’
by (fastforce elim!:silent-moves-called-node-in-slice1-hd-nodestack-in-slice1
[of --------- [ []] simp:targetnodes-def valid-return-list-def)
from «S.kind & ([m],[cf]) =as=, (m' # mz # msz,s’)> <as = as'Qa#tas’
obtain zs z where S.kind - ([m],[¢f]) =as'=r (xs,2)
and S kind b (zs,x) =aftas’’'=, (m' # mz # msz,s’)
by (fastforce elim:silent-moves-split)
from «S.kind b (zs,z) =a#tas’'=, (m' # mz # msz,s")
obtain ys y where S,kind - (zs,z) —a—+ (ys,y)
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and S kind - (ys,y) =as’’=, (m’ # mz # msz,s’)
by (fastforce elim:silent-moves. cases)
from (S, kind = (zs,2) —a— (ys,y) «<3Q rp fs. kind a = Q:r—pfs
obtain zs’ a’ where zs = sourcenode a#txs’
and ys = targetnode a#targetnode a'#xs’
apply — apply(erule silent-move.cases) apply(auto simp:intra-kind-def)
by (cases zs,auto)+
from «S.kind b (ys,y) =as’’=, (m’ # mz # msz,s’)
<ys = targetnode a#targetnode a'#as’y <targetnode a —as'"— g« m’
have mz = targetnode a’ and zs’ = msx
by (auto dest:silent-moves-same-level-path)
with «xs = sourcenode a#xs’y <S,kind = ([m],[cf]) =as'=+ (zs,z)>
have S, kind b ([m],[cf]) =as’=, (sourcenode a#msz,x) by simp
show ?Zcase
proof(cases msx = [])
case True
from «S.kind & ([m],[cf]) =as’=, (sourcenode a#tmsz,z)
obtain rs’ where msz = targetnodes s’ A length rs’ = length (upd-cs || as’)
by (fastforce dest!:silent-moves-no-slice-edges[where cs=[] and rs=|[]]
simp:targetnodes-def)
with True have upd-cs [| as’ =[] by(cases rs’)(auto simp:targetnodes-def)
with «(CFG-node (sourcenode a) € sum-SDG-slicel nxy <nx € S»
have slice-edge S (upd-cs [] as’) a
by (cases kind a,auto intro:combSlice-refl
simp:slice-edge-def SDG-to-CFG-set-def HRB-slice-def)
hence slice-edges S (upd-cs [] as’) (a#tas’) # || by simp
with <as = as’Qa#as’y show ?thesis by(fastforce dest:slice-edges-Nil-split)
next
case Fulse
from IH[OF <S,kind = ([m],[cf]) =as'=+ (sourcenode a#msz,x)»
<walid-node my this « CFG-node (sourcenode a) € sum-SDG-slicel nx)]
have slice-edges S [] as’ # || -
with <as = as’@Qa#as’y show ?thesis by(fastforce dest:slice-edges-Nil-split)
qed
qed simp
moreover
from «S.kind & ([m],[cf]) =as=, (m'#ms’,s’)> have slice-edges S || as = |]
by (fastforce dest!:silent-moves-no-slice-edges|where cs=[|] and rs=[]]
simp:targetnodes-def)
ultimately show Fulse by simp
qed

lemma transfers-intra-slice-kinds-slice-edges:
IV a € set as. intra-kind (kind a); V ¢ € set cs. sourcenode ¢ € | HRB-slice S| opgl
= transfers (slice-kinds S (slice-edges S cs as)) s =
transfers (slice-kinds S as) s

proof (induct as arbitrary:s)
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case Nil thus ?case by(simp add:slice-kinds-def)
next
case (Cons a’ as’)
note IH = «\s. [V a€set as’. intra-kind (kind a);
V ceset cs. sourcenode ¢ € | HRB-slice S| opq] =
transfers (slice-kinds S (slice-edges S cs as’)) s =
transfers (slice-kinds S as’) s»
from <V a€set (a’ # as’). intra-kind (kind a)»
have intra-kind (kind o) and V a€set as’. intra-kind (kind a)
by simp-all
show ?case
proof(cases slice-edge S cs a’)
case True
with <intra-kind (kind a’)
have eq:transfers (slice-kinds S (slice-edges S cs (a'#as"))) s
= transfers (slice-kinds S (slice-edges S cs as’))
(transfer (slice-kind S a’) s)
by (cases kind a’)(auto simp:slice-kinds-def intra-kind-def)
have transfers (slice-kinds S (a'#as’)) s
= transfers (slice-kinds S as’) (transfer (slice-kind S a’) s)
by (simp add:slice-kinds-def)
with eq IH[OF ~J a€set as’. intra-kind (kind a)»
¥ ceset cs. sourcenode ¢ € | HRB-slice S| opey,
of transfer (slice-kind S a’) s]
show ?thesis by simp
next
case False
with <intra-kind (kind a’)
have eq:transfers (slice-kinds S (slice-edges S cs (a'#as’))) s
= transfers (slice-kinds S (slice-edges S cs as’)) s
by (cases kind o’)(auto simp:slice-kinds-def intra-kind-def)
from Fulse <intra-kind (kind a')y <V c€set cs. sourcenode ¢ € | HRB-slice S| g
have sourcenode o’ ¢ | HRB-slice S| opc
by (fastforce simp:slice-edge-def intra-kind-def)
with <intra-kind (kind a')) have transfer (slice-kind S a’) s = s
by(cases s)(auto,cases kind a’
auto simp:slice-kind-def Let-def intra-kind-def)
hence transfers (slice-kinds S (a'#as’)) s
= transfers (slice-kinds S as’) s
by (simp add:slice-kinds-def)
with eq IH[OF <V a€set as’. intra-kind (kind a)>
¥ ceset cs. sourcenode ¢ € |HRB-slice S| opqy,of s| show ?thesis by simp
qed
qed

lemma exists-sliced-intra-path-preds:
assumes m —as—,x m' and slice-edges S cs as = [
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and m’ € |HRB-slice S| opq and ¥ ¢ € set cs. sourcenode ¢ € | HRB-slice S| opa
obtains as’ where m —as’—,x m’ and preds (slice-kinds S as’) (cf#cfs)
and slice-edges S cs as’ =[]
proof (atomize-elim)
from (m —as—,* m”’» have m —as—* m’'and Va € set as. intra-kind(kind a)
by (simp-all add:intra-path-def)
from «slice-edges S cs as = [|» <V a € set as. intra-kind(kind a)»
V¢ € set cs. sourcenode ¢ € | HRB-slice S| opqy
have Vnz € set(sourcenodes as). nx ¢ | HRB-slice S| opcy
by (rule slice-intra-edges-no-nodes-in-slice)
with <m —as—,* m’» «<m’ € | HRB-slice S| cp» have m’ € obs-intra m | HRB-slice
Slorc
by (fastforce intro:obs-intra-elem)
hence obs-intra m | HRB-slice S| opq = {m'} by (rule obs-intra-singleton-element)
from <m —as—* m’ have valid-node m and valid-node m’
by (fastforce dest:path-valid-node)+
from <m —as—,* m’» obtain z where distance m m’ x and z < length as
by (erule every-path-distance)
from (distance m m’ x» <obs-intra m | HRB-slice S|opq = {m'p
show Jas’. m —as’—,x m’ A preds (slice-kinds S as’) (cf#cfs) A
slice-edges S c¢s as’ =[]
proof (induct © arbitrary:m rule:nat.induct)
case zero
from <distance m m’ 0> have m = m’
by (fastforce elim:distance.cases simp:intra-path-def)
with (wvalid-node m’> show ?Zcase
by (rule-tac z=[] in exl,
auto intro:empty-path simp:slice-kinds-def intra-path-def)
next
case (Suc z)
note IH = «A\m. [distance m m' z; obs-intra m | HRB-slice S| opq = {m'}]
= Jas’. m —as’—,x m’ A preds (slice-kinds S as’) (c¢f # cfs) A
slice-edges S c¢s as’ =[]
from «distance m m’ (Suc z)» obtain a
where valid-edge a and m = sourcenode a and intra-kind(kind a)
and distance (targetnode a) m' x
and target:targetnode a = (SOMFE nx. 3a’. sourcenode a = sourcenode a’ N\
distance (targetnode a’) m’ x A
valid-edge o’ A intra-kind(kind a’) A targetnode o’ = nx)
by (auto elim:distance-successor-distance)
have m ¢ | HRB-slice S| opa
proof
assume m € | HRB-slice S| opa
from <walid-edge a> «<m = sourcenode a> have valid-node m by simp
with <m € |HRB-slice S| opc» have obs-intra m | HRB-slice S| opq = {m}
by —(rule n-in-obs-intra)
with <obs-intra m | HRB-slice S| opq = {m'}> have m = m' by simp
with (valid-node m) have m —[|—,* m’
by (fastforce intro:empty-path simp:intra-path-def)
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with «distance m m’ (Suc x)» show False
by (fastforce elim:distance.cases)
qed
from «(distance (targetnode a) m’ > «<m' € |HRB-slice S| opq
obtain mz where ma € obs-intra (targetnode a) | HRB-slice S| cpq
by (fastforce elim:distance.cases path-ex-obs-intra)
from <valid-edge a> <intra-kind(kind a)» <m ¢ |HRB-slice S|opq> <m =
sourcenode a»
have obs-intra (targetnode a) | HRB-slice S| opq C
obs-intra (sourcenode a) | HRB-slice S| opq
by —(rule edge-obs-intra-subset,auto)
with <mz € obs-intra (targetnode a) | HRB-slice S| opq> <m = sourcenode a»
<obs-intra m | HRB-slice S| opq = {m'}p
have m’ € obs-intra (targetnode a) | HRB-slice S| opq by auto
hence obs-intra (targetnode a) | HRB-slice S|copg = {m'}
by (rule obs-intra-singleton-element)
from IH[OF «distance (targetnode a) m’ x> this]
obtain as where targetnode a —as—,* m' and preds (slice-kinds S as) (cf#cfs)
and slice-edges S cs as = || by blast
from <targetnode a —as—,x m” <wvalid-edge as <intra-kind(kind a)»
«m = sourcenode a)
have m —a#as—,x m' by(fastforce intro: Cons-path simp:intra-path-def)
from (Y ¢ € set cs. sourcenode ¢ € | HRB-slice S| opq» «<m ¢ | HRB-slice S| opcy
«m = sourcenode ay <intra-kind(kind a)»
have — slice-edge S cs a by(fastforce simp:slice-edge-def intra-kind-def)
with «slice-edges S cs as = []» <intra-kind(kind a)»
have slice-edges S cs (a#tas) = [ by(fastforce simp:intra-kind-def)
from <intra-kind(kind a)»
show ?Zcase
proof (cases kind a)
case (UpdateEdge f)
with «<m ¢ |HRB-slice S|opq> «m = sourcenode a> have slice-kind S a =
tid
by (fastforce intro:slice-kind-Upd)
hence transfer (slice-kind S a) (cf#cfs) = (cf#cfs)
and pred (slice-kind S a) (cf#cfs) by simp-all
with «preds (slice-kinds S as) (cf#cfs)
have preds (slice-kinds S (a#tas)) (cf#cfs)
by (simp add:slice-kinds-def)
with <m —aftas—,x m” «slice-edges S cs (a#tas) = [|» show Zthesis
by blast
next
case (PredicateEdge Q)
with «<m ¢ | HRB-slice S| opq» <m = sourcenode a) <distance m m’ (Suc z)»

<obs-intra m | HRB-slice S| opq = {m'}> «distance (targetnode a) m' x»
target

have slice-kind S a = (As. True),,
by (fastforce intro:slice-kind- Pred-obs-nearer-SOME)
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hence transfer (slice-kind S a) (cf#cfs) = (cf#cfs)
and pred (slice-kind S a) (cf#cfs) by simp-all
with «preds (slice-kinds S as) (cf#cfs)
have preds (slice-kinds S (a#tas)) (cf#cfs)
by (simp add:slice-kinds-def)

with <m —a#tas—,x m" <slice-edges S cs (a#tas) = [|» show ?thesis by blast
qed (auto simp:intra-kind-def)
qed

qed

lemma slp-to-intra-path-with-slice-edges:
assumes n —as—gx n' and slice-edges S cs as = []
obtains as’ where n —as’—,* n’ and slice-edges S cs as’ = ||
proof (atomize-elim)
from <n —as—gx n’» have n —as—* n’ and same-level-path as
by (simp-all add:slp-def)
from <same-level-path asy have same-level-path-auz || as and upd-cs [| as = ||
by (simp-all add:same-level-path-def)
from «n —as—x n’y <same-level-path-auz [| as» <upd-cs [| as = [
«slice-edges S cs as = []»
show Jas’. n —as’—,x n’ A slice-edges S cs as’ = |]
proof (induct as arbitrary:n cs rule:length-induct)
fix as n cs
assume [H:V as’. length as” < length as —
(Vn”. n" —as""—x n' — same-level-path-auz || as’’ —
upd-cs [ as’"’ =[] — (Vcs'. slice-edges S ¢s’ as” =[] —
(Fas". n"" —as'—=,x n' A slice-edges S ¢s’ as’ = [])))
and n —as—x n’ and same-level-path-auz || as and upd-cs || as = |]
and slice-edges S cs as = ||
show Jas’. n —as’—,x n’ A slice-edges S cs as’ = ]
proof (cases as)
case Nil
with «n —as—x n’s show ?thesis by(fastforce simp:intra-path-def)
next
case (Cons a’ as’)
with <n —as—* n’y Cons have n = sourcenode a’ and valid-edge a’
and targetnode a’ —as'—* n'
by (auto intro:path-split-Cons)
show ?thesis
proof (cases kind a’ rule:edge-kind-cases)
case Intra
with Cons (same-level-path-auz [| as» have same-level-path-auz [| as
by (fastforce simp:intra-kind-def)

/

moreover

from Intra Cons <upd-cs [| as = []» have upd-cs [] as’ = ||
by (fastforce simp:intra-kind-def)

moreover

from <slice-edges S cs as = [|» Cons Intra
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have slice-edges S cs as’ = || and — slice-edge S ¢s a’
by (cases slice-edge S cs a';auto simp:intra-kind-def)+
ultimately obtain as’’ where targetnode a’ —as’’—,* n’
and slice-edges S cs as” =[]
using IH Cons <targetnode a’ —as’—x n's
by (erule-tac z=as’ in allE) auto
from «n = sourcenode a’y <valid-edge a’> Intra <targetnode a’ —as’’'—, * n's
have n —a'#as”’—,x n’ by(fastforce intro: Cons-path simp:intra-path-def)
moreover
from <slice-edges S cs as' = []» <~ slice-edge S ¢s a'y Intra
have slice-edges S cs (a'#as’) =[] by(auto simp:intra-kind-def)
ultimately show ?thesis by blast
next
case (Call Q rp f)
with Cons (same-level-path-auz [| as
have same-level-path-auz [a'] as’ by simp

from Call Cons <upd-cs [] as = [ have upd-cs [a'] as’ =[]
by simp
hence as’ # [| by fastforce
with «upd-cs [a'] as’ = []» obtain xs ys where as’ = zsQys and zs # ||
and upd-cs [a] zs = || and upd-cs [] ys = []

and Vs’ ys'. s = zs'Qys’ A ys’' # [| — upd-cs [a'] zs’ # |]
by —(erule upd-cs-empty-split,auto)
from «same-level-path-aux [a'] as’y <as’ = zsQysy <upd-cs [a’] zs = []»
have same-level-path-aux [a'] zs and same-level-path-aux [ ys
by (rule slpa-split)+
with (upd-cs [a'] zs = [> have upd-cs ([a]Qcs) zs = [|Qcs
by (fastforce intro:same-level-path-upd-cs-callstack-Append)
from «<slice-edges S c¢s as = [|» Cons Call
have slice-edges S (a'#cs) as’ = || and — slice-edge S cs a’
by(cases slice-edge S cs a’;auto)+
from <slice-edges S (a'#cs) as’ = [ <as’ = zsQys»
cupd-cs ([a']Qcs) zs = [|Qes»
have slice-edges S cs ys = ||
by (fastforce dest:slice-edges-Nil-split)
from <same-level-path-aux [a'] zs» <upd-cs [a'] zs = []»
Nas' ys'. xs = xs'Qys’ A ys' # [| — upd-cs [a'] zs’ £ [
have last zs € get-return-edges (last [a'])
by (fastforce intro!:slpa-get-return-edges)
with <walid-edge o’y Call
obtain a where valid-edge a and sourcenode a = sourcenode a’
and targetnode a = targetnode (last zs) and kind a = (\cf. False),,
by —(drule call-return-node-edge,auto)
from <(targetnode a = targetnode (last xs)y <xs # [
have targetnode a = targetnode (last (a'#s)) by simp
from <as’ = zsQys» <xs # [|» Cons have length ys < length as by simp
from <targetnode o’ —as'—x n'y <as’ = xsQys> <xs # [
have targetnode (last (a'#xs)) —ys—+ n’
by (cases zs rule:rev-cases,auto dest:path-split)
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with IH <length ys < length as) <same-level-path-auzx || ys»
cupd-cs || ys = []» «slice-edges S ¢s ys = []»

obtain as’’ where targetnode (last (a'#zs)) —as'’—,x n’
and slice-edges S cs as” =[]
apply(erule-tac z=ys in allE) apply clarsimp
apply(erule-tac x=targetnode (last (a'#xs)) in allE)
apply clarsimp apply(erule-tac z=cs in allF)
by clarsimp

from <sourcenode a = sourcenode a’y <n = sourcenode a’s
<targetnode a = targetnode (last (a'#xs))» <valid-edge a»
kind a = (Acf. False) » <targetnode (last (a'#1s)) —as"—* n"

have n —a#as’’—,* n’
by (fastforce intro: Cons-path simp:intra-path-def intra-kind-def)

moreover

from (kind a = (\cf. False),)» (slice-edges S cs as'' = []»
<= slice-edge S cs a’y <sourcenode a = sourcenode a’s

have slice-edges S cs (a#tas’) =[]
by (cases kind a')(auto simp:slice-edge-def)

ultimately show ?thesis by blast

next

case (Return Q p f)

with Cons (same-level-path-auz || as> have False by simp

thus ?thesis by simp

qed
qed
qged
qged

1.14.3 S,f F (ms,s) =as=x* (ms',s’) : the reflexive transitive clo-
sure of S.f F (ms,s) =as= (ms’,s’)

inductive trans-observable-moves ::

'node SDG-node set = ('edge = ("var,'val,’ret,'pname) edge-kind) = 'node list
=

(("var — "wval) x 'ret) list = 'edge list = 'node list =

(("var — 'wval) x 'ret) list = bool
(¢-- F '(-,-)) == (-,-")» [51,50,0,0,50,0,0] 51)

where tom-Nil:
length ms = length s => S.f F (ms,s) =[|=* (ms,s)

| tom-Cons:
[S.f F (ms,s) =as= (ms',s); S.f b (ms’,s") =as’'=x (ms",s")]
= S,f F (ms,s) =(last as)#as’=x (ms" s")

lemma tom-split-snoc:
assumes S,f b (ms,s) =as=x* (ms’;s’) and as # ||
obtains asz asz’ ms” s where as = aszxQllast asz’]
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and S,f F (ms,s) =asz=x (ms”,s") and S,f F (ms',s") =asz'= (ms’,s’)
proof (atomize-elim)
from assms show Jasx asz’ ms’ s". as = asx Q [last asz'] A
S.fF (ms,s) =asz=x* (ms”;s") A S,f F (ms”,s") =asx’= (ms’,s’)
proof (induct rule:trans-observable-moves.induct)
case (tom-Cons S f ms s as ms’ s’ as’ ms" s")
note IH = <as’ # [| = Jasz asz’ msz sx. as’ = asx Q [last asz'] A
S.fE (ms's’) =asz=x (msz,sz) N S,f F (msz,sz) =asz’= (ms';s")
show “case

1

proof(cases as’ = [])
case True
with <S,f F (ms';s") =as’=x* (ms's")) have [simp]:ms”' = ms' s = s’

by (auto elim:trans-observable-moves.cases)
from «S.f F (ms,s) =as= (ms’,s’)> have length ms = length s
by (rule observable-moves-equal-length)
hence S.f F (ms,s) =[]=* (ms,s) by(rule tom-Nil)
with <S.f F (ms,s) =as= (ms’,s’)» True show ?thesis by fastforce
next
case Fulse
from TH[OF this] obtain zs s’ msz sz where as’ = zs Q [last xs’]
and S,f  (ms',s’) =zs=x (msz,sx)
and S,f - (msz,sz) =zs'= (ms'’s") by blast
from «S.f F (ms,s) =as= (ms’,s’)» «S.f F (ms’,s') =xs=x* (msz,sz)>
have S.f F (ms,s) =(last as)#zs=* (msz,sz)
by (rule trans-observable-moves.tom-Cons)
with «S.f b (msz,sz) =xzs'= (ms”,s")y <as’ = zs Q [last xs']
show ?thesis by fastforce
qed
qed simp
qed

lemma tom-preserves-stacks:
assumes S.,f b (m#ms,s) =as=x* (m'#ms’,s’) and valid-node m
and wvalid-call-list ¢s m and Vi < length rs. rsli € get-return-edges (cs!i)
and wvalid-return-list rs m and length rs = length cs and ms = targetnodes rs
obtains c¢s’ rs’ where valid-node m’ and wvalid-call-list cs’" m’
and Vi < length rs’. rs'li € get-return-edges (cs’%)
and wvalid-return-list rs’ m’ and length rs’ = length cs’
and ms’ = targetnodes rs’
proof (atomize-elim)
from assms show 3 c¢s’ rs’. valid-node m’ A walid-call-list cs’" m’ A
(Vi<length rs'. rs' 1 i € get-return-edges (cs’ ! i)) A valid-return-list rs" m’' A
length rs’ = length cs’ A ms’ = targetnodes rs’
proof (induct S f m#ms s as m'#ms’ s’ arbitrary:m ms cs rs
rule:trans-observable-moves.induct)
case (tom-Nil sz n. f)
thus ?2case
apply(rule-tac z=cs in exI)
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apply(rule-tac z=rs in exl)
by clarsimp
next

case (tom-Cons S f sz as msz' sz’ as’ sx”’)

note IH = <A\m ms cs rs. [msz’ = m # ms; valid-node m; valid-call-list cs m;
Vi<length rs. rs | i € get-return-edges (cs ! ©); valid-return-list rs m;
length rs = length cs; ms = targetnodes rs]
= Jes’ rs’. valid-node m’ A wvalid-call-list cs’ m’ A
(Vi<length rs’. rs' | i € get-return-edges (¢s’' ! i)) A
valid-return-list rs’ m’ A\ length rs’ = length cs’ A
ms’ = targetnodes rs’s

from <S,f F (m # ms,sx) =as= (msz’,sz’)>

obtain m'’ ms’” where msz’ = m’'#ms"’

apply(cases msz’) apply(auto elim!:observable-moves. cases observable-move.cases)
by (case-tac msaa) auto

with «S.f b (m # ms,sx) =as= (msz’,sz’)y <walid-node m»
walid-call-list cs my Y i<length rs. rs | i € get-return-edges (cs ! i)»
<valid-return-list rs m»y <length rs = length cs» <ms = targetnodes rs»

obtain cs”’ rs’”’ where valid-node m'' and wvalid-call-list cs’" m'"’
and Vi < length rs". rs'"li € get-return-edges (cs'1%)
and valid-return-list rs’”’ m’'' and length rs'’ = length cs”’
and ms'’ = targetnodes rs'’
by (auto elim!:observable-moves-preserves-stack)

from IH[OF «msz' = m'"#ms'y this(1—6)]

show ?case by fastforce

qged
qged

lemma vpa-trans-observable-moves:
assumes valid-path-aux cs as and m —as—x m’ and preds (kinds as) s
and transfers (kinds as) s = s’ and wvalid-call-list cs m
and Vi < length rs. rsli € get-return-edges (cs!i)
and valid-return-list rs m
and length rs = length cs and length s = Suc (length cs)
obtains ms ms’ s ms’ as’ as"
where S, kind b (m#ms,s) =slice-edges S cs as=+ (ms’’,s"’)
and S kind b (ms”,s") =as’=, (m'#ms’,s’)
and ms = targetnodes rs and length ms = length cs
and Vi<length cs. call-of-return-node (ms!i) (sourcenode (cs!i))
and slice-edges S cs as = slice-edges S cs as’’
and m —as”@as’—x m’ and wvalid-path-auz cs (as’'Qas’)
proof (atomize-elim)
from assms show dAms ms’ s' as’ ms’ as”’.
S,kind B (m # ms,s) =slice-edges S cs as=+ (ms’,s") A
S.kind = (ms" s") =as'=, (m' # ms';s’) A
ms = targetnodes rs N\ length ms = length cs A
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(Vi<length cs. call-of-return-node (ms ! i) (sourcenode (cs ! 7))) A
slice-edges S cs as = slice-edges S cs as’’ A
m —as’ @ as’—x m’ A valid-path-auz cs (as’ @ as’)
proof (induct arbitrary:m s rs rule:vpa-induct)
case (vpa-empty cs)
from «m —[]—* m’ have [simp]:m’ = m by fastforce
from <transfers (kinds []) s = s’ <length s = Suc (length cs)»
have [simpl]:s’ = s by(cases cs)(auto simp:kinds-def)
from «<walid-call-list cs my <valid-return-list rs m»
Vi<length rs. rs | i € get-return-edges (cs ! i)y «length rs = length cs
have Vi<length cs. call-of-return-node (targetnodes rsli) (sourcenode (csli))
by (rule get-return-edges-call-of-return-nodes)
with «length s = Suc (length cs)) «<m —[]—* m’ «ength rs = length cs> show
Zcase
apply(rule-tac z=targetnodes rs in exl)
apply (rule-tac z=m+ttargetnodes rs in exl)
apply(rule-tac z=s in exl)
apply(rule-tac =[] in exl)
apply(rule-tac z=targetnodes rs in exl)
apply (rule-tac z=]] in exI)
by (fastforce intro:tom-Nil silent-moves-Nil simp:targetnodes-def)
next
case (vpa-intra cs a as)
note IH = <Am s rs. [m —as—x m'; preds (kinds as) s; transfers (kinds as) s
= s/;
valid-call-list cs m; Vi<length rs. rs | i € get-return-edges (cs ! ©);
valid-return-list rs m; length rs = length cs; length s = Suc (length c¢s)]
= dAms ms’ s" as’ ms’ as”’.
S,kind & (m # ms,s) =slice-edges S cs as=+ (ms',s") A
S.kind & (ms”,s") =as'=; (m' # ms’;s") N ms = targetnodes rs N
length ms = length cs N\
(Vi<length cs. call-of-return-node (ms ! ) (sourcenode (cs ! ))) A
slice-edges S cs as = slice-edges S cs as’ A
m —as' @ as’—* m’ A valid-path-auz cs (as” @Q as’)
from <m —a # as—* m"» have m = sourcenode a and valid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from «preds (kinds (a # as)) s» have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(auto simp:kinds-def)
from <transfers (kinds (a # as)) s = s
have transfers (kinds as) (transfer (kind a) s) = s’ by(fastforce simp:kinds-def)
from «(walid-edge ay <intra-kind (kind a)»
have get-proc (sourcenode a) = get-proc (targetnode a) by(rule get-proc-intra)
from <walid-call-list cs m» «<m = sourcenode a»
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-call-list cs (targetnode a)
apply(clarsimp simp:valid-call-list-def)
apply (erule-tac z=cs’ in allF)
apply(erule-tac z=c in allE)
by (auto split:list.split)
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from <intra-kind (kind a)» <length s = Suc (length cs)»
have length (transfer (kind a) s) = Suc (length cs)
by (cases s)(auto simp:intra-kind-def)
from <walid-return-list rs m» «<m = sourcenode a>
<get-proc (sourcenode a) = get-proc (targetnode a)»
have wvalid-return-list rs (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cs' in allF) apply clarsimp
by (case-tac cs’) auto
from TH[OF «targetnode a —as—x m" «preds (kinds as) (transfer (kind a) s)
<transfers (kinds as) (transfer (kind a) s) = s”
<walid-call-list cs (targetnode a))
Ni<length rs. rs | i € get-return-edges (cs ! i) this <length rs = length cs»
dength (transfer (kind a) s) = Suc (length cs)]
obtain ms ms’’ s as’ ms’ as’ where length ms = length cs
and S kind b (targetnode a # ms,transfer (kind a) s) =slice-edges S cs as=x
(ms”",s"")
and paths: S, kind - (ms” s") =as’=, (m’ # ms',s’)
ms = targetnodes rs
Vi<length cs. call-of-return-node (ms ! i) (sourcenode (cs! 7))
slice-edges S cs as = slice-edges S cs as”’
targetnode a —as' Q as’—x m' valid-path-aux cs (as’’ Q as’)
by blast
from «Vi<length cs. call-of-return-node (ms! ) (sourcenode (cs! ©))»
<length ms = length cs»
have Vmz € set ms. return-node mx
by (auto simp:call-of-return-node-def in-set-conv-nth)
show ?Zcase
proof (cases (Y m € set ms. Am’. call-of-return-node m m’ A
m' € |HRB-slice S| opq) N m € |HRB-slice S| opq)
case True
with <m = sourcenode a> <length ms = length cs» <intra-kind (kind a)»
N i<length cs. call-of-return-node (ms ! ©) (sourcenode (cs! 7))
have slice-edge S cs a
by (fastforce simp:slice-edge-def in-set-conv-nth intra-kind-def)
with <intra-kind (kind a)»
have slice-edges S cs (a#tas) = a#tslice-edges S cs as
by (fastforce simp:intra-kind-def)
from True <pred (kind a) s» <valid-edge a> <intra-kind (kind a)»
«Vmax € set ms. return-node mx> <length ms = length csy <m = sourcenode
a)
length s = Suc (length cs)> «length (transfer (kind a) s) = Suc (length cs)»
have S kind - (sourcenode a#ms,s) —a— (targetnode aftms,transfer (kind
a) s)
by (fastforce introl:observable-move-intra)
with <length ms = length cs» <length s = Suc (length cs))
have S,kind F (sourcenode a#ms,s) =[|Q[a]=
(targetnode a#ms,transfer (kind a) s)
by (fastforce intro:observable-moves-snoc silent-moves-Nil)
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with «S,kind & (targetnode a # ms,transfer (kind a) s) =slice-edges S cs
as=*
(,ms//,s//)>
have S, kind & (sourcenode a#tms,s) =last [a)#slice-edges S cs as=x* (ms’,s”)
by (fastforce intro:tom-Cons)
with <slice-edges S cs (a#tas) = a#tslice-edges S cs as
have S,kind = (sourcenode a#tms,s) =slice-edges S cs (a#tas)=x (ms’’s"’)
by simp
moreover
from <slice-edges S cs as = slice-edges S cs as'’y <slice-edge S cs a»
<antra-kind (kind a))
have slice-edges S cs (a#tas) = slice-edges S ¢s (a#as”)
by (fastforce simp:intra-kind-def)
ultimately show ?thesis
using paths <m = sourcenode a> <wvalid-edge a> <intra-kind (kind a)»
length ms = length cs» <slice-edges S cs (aftas) = a#tslice-edges S cs as
apply(rule-tac z=ms in exl)
apply(rule-tac z=ms'' in exl)
apply(rule-tac z=s" in exl)
apply (rule-tac x=as’ in exl)
apply (rule-tac z=ms’ in exl)
apply(rule-tac z=a+#as" in exl)
by (auto intro: Cons-path simp:intra-kind-def)
next
case Fulse
with «Vmz € set ms. return-node mzx»
have disj:(3m € set ms. Im’. call-of-return-node m m' A
m’ ¢ |HRB-slice S| opq) V m ¢ |HRB-slice S| opc
by (fastforce dest:return-node-call-of-return-node)
with <m = sourcenode a> <length ms = length cs) <intra-kind (kind a)»
v i<length cs. call-of-return-node (ms ! i) (sourcenode (cs! 7))
have — slice-edge S cs a
by (fastforce simp:slice-edge-def in-set-conv-nth intra-kind-def)
with <intra-kind (kind a)»
have slice-edges S cs (aftas) = slice-edges S cs as
by (fastforce simp:intra-kind-def)
from disj <pred (kind a) $» <wvalid-edge > <intra-kind (kind a)»
N mz € set ms. return-node mz» <length ms = length csy» <m = sourcenode
a
<length s = Suc (length cs)y <length (transfer (kind a) s) = Suc (length cs)»
have S kind - (sourcenode a#ms,s) —a—, (targetnode a#ms,transfer (kind
a) s)
by (fastforce intro!:silent-move-intra)
from «S kind b (targetnode a # ms,transfer (kind a) s) =slice-edges S cs
as=*
(,'ns//’s//)>
show ?thesis
proof (rule trans-observable-moves. cases)
fix msz sz n.' f
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assume targetnode a # ms = msz
and transfer (kind a) s = sz and slice-edges S cs as = ||
and [simp|:ms’”’ = msz s' = sz and length msz = length sz
from «slice-edges S cs (a#tas) = slice-edges S cs as
«slice-edges S cs as = []»
have slice-edges S cs (aftas) = || by simp
with <length ms = length cs» <length s = Suc (length cs)»
have S.kind & (sourcenode a#tms,s) =slice-edges S cs (a#as)=x
(sourcenode a#tms,s)
by (fastforce intro:tom-Nil)
moreover
from «S kind b (ms' s") =as’=, (m'#ms’;s")y <targetnode a # ms = msx»
<transfer (kind a) s = sz «<ms” = msz) 8" = sx»
<S,kind & (sourcenode a#ms,s) —a—, (targetnode a#ms,transfer (kind a)

have S.kind - (sourcenode a#tms,s) =a#tas'=,. (m'#ms’,s’)
by (fastforce intro:silent-moves-Cons)
from this <valid-edge ay <V i<length rs. rs | i € get-return-edges (cs ! i)»
<ms = targetnodes rs) <valid-return-list rs m» <length rs = length cs»
length s = Suc (length ¢s)y <m = sourcenode a)
have sourcenode a —a#as’—+ m’ and valid-path-auz cs (a#tas’)
by —(rule silent-moves-vpa-path,(fastforce simp:targetnodes-def)+)+
ultimately show ?thesis using <m = sourcenode a> <length ms = length

Vi<length cs. call-of-return-node (ms ! ©) (sourcenode (cs! i))»
«slice-edges S cs (a#tas) = []» <intra-kind (kind a)»
S kind b (sourcenode a#ms,s) =aFas'=, (m'#ms’s’)
<ms = targetnodes rs»
apply(rule-tac z=ms in exl)
apply(rule-tac z=sourcenode a#ms in exl)
apply(rule-tac z=s in exl)
apply(rule-tac t=a#as’ in exl)
apply(rule-tac z=ms’ in exl)
apply(rule-tac z=[] in exl)
by (auto simp:intra-kind-def)
next
fix S’ f msz sz asz msz’ sz’ asz’ msz' sx
assume [simp]:S = S’ and kind = f and targetnode a # ms = msz
and transfer (kind a) s = sz and slice-edges S cs as = last asx # asz’
and ms"’ = msz' and s’ = sz’
and S'.f F (msz,sz) =asz= (msz’,sz’)
and S'.f F (msz',sz’) =asz'=* (msz' sx"")
from <kind = f> have [simp]:f = kind by simp
from «S,kind - (sourcenode a#tms,s) —a—
(targetnode a#tms,transfer (kind a) s)» <S'.f b (msz,sz) =asz= (msz’,sz’)
<transfer (kind a) s = sz <targetnode a # ms = msz)
have S.kind b (sourcenode a#tms,s) =a#tasr= (msz' sz’
by (fastforce intro:silent-move-observable-moves)
with «S’.f F (msz’,sz’) =asz'=x (msz';sz')y «ms”" = msx"» 8" = sz

1

/l>
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have S.kind - (sourcenode a#tms,s) =last (a#asz)#asz'=x (ms’,s'"’)
by (fastforce intro:trans-observable-moves.tom-Cons)
moreover
from «S’,f F (msz,sz) =asz= (msz’,sz’)> have asz # |]
by (fastforce elim:observable-moves.cases)
with <slice-edges S cs (a#tas) = slice-edges S cs as)
<slice-edges S cs as = last asx # asz’
have slice-edges S cs (a#tas) = last (aftasz)#asz’ by simp
moreover
from <— slice-edge S cs a> <slice-edges S cs as = slice-edges S cs as’"
<intra-kind (kind a)»
have slice-edges S cs (a # as) = slice-edges S ¢s (a # as”)
by (fastforce simp:intra-kind-def)
ultimately show ?thesis using paths «<m = sourcenode a) <intra-kind (kind

<length ms = length cs» <ms = targetnodes rs)> <valid-edge a>
apply(rule-tac z=ms in exl)
apply(rule-tac z=ms' in exl)
apply (rule-tac z=s" in exl)
apply(rule-tac x=as’ in exl)
apply (rule-tac x=ms’ in exl)
apply(rule-tac t=a#as’ in exl)
by (auto intro: Cons-path simp:intra-kind-def)
qed
qed
next
case (vpa-Call ¢cs a as Q v p [s)
note IH = <A\m s rs. [m —as—x m’; preds (kinds as) s; transfers (kinds as) s
= 5/;
valid-call-list (a # cs) m;
Vi<length rs. rs | i € get-return-edges ((a # cs) ! i);
valid-return-list rs m; length rs = length (a # cs);
length s = Suc (length (a # cs))]
= Ims ms'’ s"" as’ ms’ as".
S.kind & (m # ms,s) =slice-edges S (a # cs) as=* (ms''s") A
S.kind & (ms”,s") =as'=; (m' # ms’;s") N ms = targetnodes rs N
length ms = length (a # cs) A
(Vi<length (a # cs). call-of-return-node (ms ! i) (sourcenode ((a # cs) ! i)))

slice-edges S (a # ¢s) as = slice-edges S (a # cs) as’” N
m —as"” @ as’—x m' A valid-path-auz (a # cs) (as” Q as’)
from <m —a # as—* m”» have m = sourcenode a and valid-edge a
and targetnode a —as—* m' by(auto elim:path-split-Cons)
from <preds (kinds (a # as)) $» have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(auto simp:kinds-def)
from <transfers (kinds (a # as)) s = s"
have transfers (kinds as) (transfer (kind a) s) = s’ by(fastforce simp:kinds-def)
from <valid-edge a> <kind a = Q:r—pfs> have get-proc (targetnode a) = p
by (rule get-proc-call)
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a)

a)

with (valid-call-list cs m> <valid-edge a> <kind a = Q:r—pfs> ¢<m = sourcenode

have wvalid-call-list (a # cs) (targetnode a)
apply (clarsimp simp:valid-call-list-def)
apply(case-tac cs') apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:sourcenodes-def)
from <valid-edge a) <kind a = Q:r—pfs> obtain o’ where a’ € get-return-edges

by (fastforce dest:get-return-edge-call)
with (valid-edge a) <kind a = Q:r—pfs> obtain Q' f’ where kind o' = Q">pf’
by (fastforce dest!:call-return-edges)
from <walid-edge ay <a’ € get-return-edges a> have valid-edge a’
by (rule get-return-edges-valid)
from <valid-edge o’y <kind o’ = Q"=pf’s have get-proc (sourcenode a’) = p
by (rule get-proc-return)
from <V i<length rs. rs ! i € get-return-edges (cs ! i)y <a’ € get-return-edges a»
have Vi<length (a'#rs). (a'#rs) | i € get-return-edges ((a#tcs) ! i)
by auto(case-tac i,auto)
from <valid-edge a) <a’ € get-return-edges a>
have get-proc (sourcenode a) = get-proc (targetnode a’)
by (rule get-proc-get-return-edge)
with (valid-return-list rs m» <valid-edge a’y <kind o’ = Q"<pf"
«get-proc (sourcenode a’) = py «get-proc (targetnode a) = p> <m = sourcenode

have valid-return-list (a'#7s) (targetnode a)
apply (clarsimp simp:valid-return-list-def)
apply(case-tac cs') apply auto
apply(erule-tac z=list in allE)
by (case-tac list)(auto simp:targetnodes-def)
from «length rs = length cs» have length (a'#rs) = length (a#tcs) by simp
from <length s = Suc (length cs)> <kind a = Q:r—pfs
have length (transfer (kind a) s) = Suc (length (a#cs))
by (cases s) auto
from TH[OF «targetnode a —as—* m’y «preds (kinds as) (transfer (kind a) s)»
<transfers (kinds as) (transfer (kind a) s) = s”
valid-call-list (a # cs) (targetnode a)»
Ni<length (a'#rs). (a'#rs) | i € get-return-edges ((aftcs) ! i)
<valid-return-list (a'#rs) (targetnode a)y <length (a'#rs) = length (a#cs)
ength (transfer (kind a) s) = Suc (length (a#tcs)))]
obtain ms ms’ s'" as’ ms’ as’ where length ms = length (a#tcs)
and S,kind F (targetnode a # ms,transfer (kind a) s)
=slice-edges S (a#cs) as=x* (ms' s")
and paths: S kind b (ms”,s") =as’=, (m' # ms’,s’)
ms = targetnodes (a'#rs)
Vi<length (aftcs). call-of-return-node (ms ! i) (sourcenode ((a#cs) ! 7))
slice-edges S (a#tcs) as = slice-edges S (a#cs) as”
targetnode a —as’’ Q as’—x m’ valid-path-auz (a#tcs) (as’’ Q as’)
by blast
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from <ms = targetnodes (a'#rs)) obtain z zs where [simp|:ms = z#xs
and z = targetnode a’ and zs = targetnodes rs
by (cases ms)(auto simp:targetnodes-def)
from «(Vi<length (a#tcs). call-of-return-node (ms ! i) (sourcenode ((a#cs) !
i)
<length ms = length (a#tcs)»
have Vmz € set zs. return-node mx
apply(auto simp:in-set-conv-nth) apply(case-tac )
apply (erule-tac z=Suc 0 in allE)
by (auto simp:call-of-return-node-def)
show ?Zcase
proof(cases (Vm € set xs. Am’. call-of-return-node m m' A
m' € |HRB-slice S| opq) N sourcenode a € | HRB-slice S| opc)
case True
with «Vi<length (a#cs). call-of-return-node (ms ! i) (sourcenode ((a#cs) !
i)
ength ms = length (a#fcs)) <kind a = Q:r—pfs
have slice-edge S cs a
apply(auto simp:slice-edge-def in-set-conv-nth)
by (erule-tac ==Suc i in ollE) auto
with <kind a = Q:r—pfs
have slice-edges S cs (aftas) = aftslice-edges S (aftcs) as by simp
from True <pred (kind a) s <valid-edge a> <kind a = Q:r—pfs)
<valid-edge a’y <a’ € get-return-edges a»
N mzx € set xs. return-node mz) <length ms = length (a#tcs)) <m = sourcenode
a
length s = Suc (length cs)»
ength (transfer (kind a) s) = Suc (length (a#cs))»
have S,kind - (sourcenode a#xs,s) —a—
(targetnode a#targetnode o'#xs,transfer (kind a) s)
by —(rule-tac a’=a’ in observable-move-call, fastforce+)
with <length ms = length (aftcs)> <length s = Suc (length cs)»
have S.kind F (sourcenode a#xs,s) =[|Qla]=
(targetnode a#ttargetnode a'#xs,transfer (kind a) s)
by (fastforce intro:observable-moves-snoc silent-moves-Nil)
with «S.kind b (targetnode a # ms,transfer (kind a) s)
=slice-edges S (a#cs) as=x* (ms'' ")y «x = targetnode a’y
have S.kind F (sourcenode a#txs,s) =last [a]#slice-edges S (a#tcs) as=x
(ms”,s")
by —(rule tom-Cons,auto)
with (slice-edges S cs (a#tas) = a#tslice-edges S (a#cs) as
have S.kind F (sourcenode aftxs,s) =slice-edges S cs (a#tas)=x (ms',s”)
by simp
moreover
from c<slice-edges S (aftcs) as = slice-edges S (a#cs) as’"
«slice-edge S cs a> <kind a = Q:r—pfs
have slice-edges S cs (a#tas) = slice-edges S cs (a#as’’) by simp
ultimately show ?thesis
using paths <m = sourcenode a) <valid-edge a> <kind a = Q:r—pfs
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a>

<length ms = length (a#tcs)) <xs = targetnodes rs»
¢slice-edges S cs (a#tas) = a#tslice-edges S (a#tcs) as
apply(rule-tac z=xs in exl)
apply (rule-tac x=ms'' in exl)
apply(rule-tac z=s" in exl)
apply(rule-tac z=as’ in exl)
apply(rule-tac z=ms' in exl)
apply (rule-tac z=a+#tas" in exl)
by (auto intro: Cons-path simp:targetnodes-def)
next
case Fulse
with <V mz € set zs. return-node mzx»
have disj:(3m € set xs. Im’. call-of-return-node m m’ A
m' ¢ |HRB-slice S| opq) V sourcenode a ¢ | HRB-slice S| op
by (fastforce dest:return-node-call-of-return-node)
with «Vi<length (a#tcs). call-of-return-node (ms ! i) (sourcenode ((a#tcs) !

length ms = length (a#tcs)> <kind a = Q:r—pfs)
have — slice-edge S cs a
apply (auto simp:slice-edge-def in-set-conv-nth)
by (erule-tac ==Suc i in ollE) auto
with <kind a = Q:r—pfs
have slice-edges S cs (aftas) = slice-edges S (a#cs) as by simp
from disj <pred (kind a) s> <valid-edge a> <kind a = Q:r—pfs
<valid-edge a’y <a' € get-return-edges a»
' mzx € set xs. return-node mx) <length ms = length (a#tcs)) <m = sourcenode

ength s = Suc (length cs)»
<length (transfer (kind a) s) = Suc (length (a#tcs))»
have S.kind F (sourcenode a#txs,s) —a—,
(targetnode a#targetnode o'#xs,transfer (kind a) )
by —(rule-tac a’=a’ in silent-move-call, fastforce+)
from «S,kind F (targetnode a # ms,transfer (kind a) s)
=slice-edges S (aftcs) as=x (ms’ s"")»
show ?thesis
proof (rule trans-observable-moves. cases)
fix msz sz S’ f
assume targetnode a # ms = msz
and transfer (kind a) s = sz and slice-edges S (a#cs) as = |]
and [simp|:ms” = msz s' = sz and length msz = length sz
from «slice-edges S cs (a#tas) = slice-edges S (a#tcs) as
«slice-edges S (a#cs) as = []»
have slice-edges S cs (a#tas) = [| by simp
with <length ms = length (aftcs)> <length s = Suc (length cs)»
have S.kind & (sourcenode a#t1s,s) =slice-edges S cs (a#tas)=x
(sourcenode a#txs,s)
by (fastforce intro:tom-Nil)
moreover
from «S kind b (ms' s") =as'=, (m'#ms’s")y <targetnode a # ms = msz»
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<transfer (kind a) s = szy «ms’” = msxy 8" = sxy «x = targetnode a’y
«S,kind = (sourcenode a#xs,s) —a—r
(targetnode a#targetnode a'#xs,transfer (kind a) s)»
have S.kind b (sourcenode a#xs,s) =a#as'=, (m'#ms’,s’)
by (auto intro:silent-moves-Cons)
from this <valid-edge a)
Ni<length rs. rs | i € get-return-edges (cs ! i)»
<xs = targetnodes rs) <valid-return-list rs m» <length rs = length cs»
length s = Suc (length ¢s)y <m = sourcenode a)
have sourcenode a —a#as'—+ m’ and valid-path-auz cs (a#as’)
by —(rule silent-moves-vpa-path,(fastforce simp:targetnodes-def)+)+
ultimately show ?thesis using <m = sourcenode a) <length ms = length
(a#tcs)
N i<length (a#cs). call-of-return-node (ms ! i) (sourcenode ((a#cs) ! 7))
«slice-edges S cs (a#tas) = [)» kind a = Q:r—pfs)
S kind b (sourcenode a#xs,s) =a#tas'=, (m'#ms’s")
<xs = targetnodes Ts)
apply(rule-tac z=xzs in exl)
apply(rule-tac z=sourcenode a#zs in exl)
apply(rule-tac z=s in exl)
apply (rule-tac x=a#as’ in exl)
apply(rule-tac z=ms’ in exl)
apply(rule-tac z=[] in exl)
by auto
next
fix S’ f msz sz asz msz’ sz’ asz’ msz' sx
assume [simp]:S = S’ and kind = f and targetnode a # ms = msz
and transfer (kind a) s = sz
and slice-edges S (a#tcs) as = last asz # asz’
and ms"’ = msz' and s’ = sz’
and S'.f F (msz,sz) =asz= (msz’,sz’)
and S'.f F (msz';sz’) =asz'=x (msz'',sz'’)
from <kind = f» have [simp|:f = kind by simp
from «S,kind F (sourcenode a#xs,s) —a—
(targetnode a#targetnode a'#xs,transfer (kind a) s)»
«Sf E (msz,st) =asz= (msz’sz’)y «x = targetnode a’y
<transfer (kind a) s = sx» <targetnode a # ms = msx»
have S kind - (sourcenode a#xs,s) =a#tasz= (msz' sx’)
by (auto intro:silent-move-observable-moves)
with «S’.f F (msz’,sz’) =asz'=x (msz' sz')y «ms" = msx’ 8" = sz’
have S.kind b (sourcenode a#txs,s) =last (a#asx)#asx’'=+ (ms’,s")
by (fastforce intro:trans-observable-moves.tom-Cons)
moreover
from <«S'.f F (msz,sz) =asz= (msz’,sz’)> have asz # |]
by (fastforce elim:observable-moves.cases)
with (slice-edges S cs (a#tas) = slice-edges S (a#cs) as
«slice-edges S (a#tcs) as = last asz # asz’
have slice-edges S cs (aftas) = last (a#asz)#asz’ by simp
moreover
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from <= slice-edge S cs a) <kind a = Q:r—pfs
«slice-edges S (a#tcs) as = slice-edges S (aftcs) as'
have slice-edges S cs (a # as) = slice-edges S ¢s (a # as’’) by simp
ultimately show ?%thesis using paths <m = sourcenode a> <kind a =
Q:r—pfs
<length ms = length (a#tcs)) <xs = targetnodes rs) <valid-edge a>
apply(rule-tac z=xzs in exl)
apply(rule-tac z=ms" in exl)
apply(rule-tac z=s" in exl)
(rule-tac x=as’ in exl)
apply(rule-tac z=ms’ in exl)
apply(rule-tac z=a#as’ in exl)
by (auto intro: Cons-path simp:targetnodes-def)
qed
qed
next
case (vpa-ReturnEmpty cs a as Q p f)
from «(preds (kinds (a # as)) s» <length s = Suc (length cs)» <kind a = Q<=pf>
es = [
have False by(cases s)(auto simp:kinds-def)
thus ?case by simp
next
case (vpa-ReturnCons cs a as Q p f ¢’ ¢s’)
note IH = <Am s rs. [m —as—x m'; preds (kinds as) s; transfers (kinds as) s
= s/;
valid-call-list cs’ m; Vi<length rs. rs | i € get-return-edges (cs’ ! );
valid-return-list rs m; length rs = length cs'; length s = Suc (length cs’)]
= dAms ms’ s" as’ ms’ as”’.
S.kind b (m # ms,s) =slice-edges S cs’ as=+* (ms’';s") A
S.kind & (ms”,s") =as'=; (m' # ms’;s") N ms = targetnodes rs N
length ms = length cs’ A
(Vi<length cs’. call-of-return-node (ms ! i) (sourcenode (¢s’! 4))) A
slice-edges S cs' as = slice-edges S cs’ as’' N
m —as' @ as’—* m’ A valid-path-auz cs’ (as” Q as’)»
from <m —a # as—* m"» have m = sourcenode a and valid-edge a
and targetnode a —as—* m’ by(auto elim:path-split-Cons)
from «preds (kinds (a # as)) s» have pred (kind a) s
and preds (kinds as) (transfer (kind a) s) by(auto simp:kinds-def)
from <transfers (kinds (a # as)) s = s
have transfers (kinds as) (transfer (kind a) s) = s’ by(fastforce simp:kinds-def)
from <valid-call-list cs my <cs = ¢’ # cs’» have valid-edge ¢’
by (fastforce simp:valid-call-list-def)
from <wvalid-edge ¢’y <a € get-return-edges c’s
have get-proc (sourcenode ¢') = get-proc (targetnode a)
by (rule get-proc-get-return-edge)
from <valid-call-list cs my <cs = ¢’ # cs”
get-proc (sourcenode ¢') = get-proc (targetnode a)»
have wvalid-call-list cs’ (targetnode a)
apply(clarsimp simp:valid-call-list-def)
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apply (hypsubst-thin)
apply (erule-tac z=c’ # cs’ in allF)
by (case-tac cs’)(auto simp:sourcenodes-def)
from <length rs = length cs» <cs = ¢’ # cs’> obtain r’ rs’
where [simp]:rs = r'#7rs’ and length rs’ = length cs' by(cases rs) auto
from «(Vi<length rs. rs ! i € get-return-edges (cs ! i)y <cs = ¢’ # csh
have Vi<length rs’. rs’ | i € get-return-edges (cs’! i)
and 7’ € get-return-edges ¢’ by auto
with (valid-edge ¢’y <a € get-return-edges c’» have [simpl:a = r’
by —(rule get-return-edges-unique)
with <valid-return-list rs m»
have wvalid-return-list rs’ (targetnode a)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=r' # cs’ in allE)
by (case-tac cs’)(auto simp:targetnodes-def)
from <length s = Suc (length cs)) <cs = ¢’ # cs'» <kind a = Q<pf>
have length (transfer (kind a) s) = Suc (length cs’)
by (cases s)(auto,case-tac list,auto)
from TH[OF «targetnode a —as—* m'y «preds (kinds as) (transfer (kind a) s)»
<transfers (kinds as) (transfer (kind a) s) = s”
walid-call-list cs' (targetnode a))
Ni<length rs'. rs' | i € get-return-edges (cs’ ! ©)»
<valid-return-list rs’ (targetnode a)y <length rs’ = length cs’s this
obtain ms ms’’ s as’ ms’ as’’ where length ms = length cs’
and S,kind F (targetnode a # ms,transfer (kind a) s)
=slice-edges S cs’ as=x* (ms's")
and paths: S kind b (ms”,s") =as’=, (m' # ms’,s’)
ms = targetnodes s’
Vi<length cs'. call-of-return-node (ms ! i) (sourcenode (cs'! i))
slice-edges S cs' as = slice-edges S cs' as"
targetnode a —as” @Q as’—x m’ valid-path-aux cs’ (as” Q as’)
by blast
from «Vi<length cs'. call-of-return-node (ms ! i) (sourcenode (cs’! 7))
<length ms = length cs’s
have Vmz € set ms. return-node mx
by (auto simp:in-set-conv-nth call-of-return-node-def)
from <valid-edge a> <valid-edge c’> <a € get-return-edges ¢’
have return-node (targetnode a) by(fastforce simp:return-node-def)
with (valid-edge ¢’ (valid-edge a> <a € get-return-edges ¢’
have call-of-return-node (targetnode a) (sourcenode c’)
by (simp add:call-of-return-node-def) blast
show ?Zcase
proof(cases (Vm € set (targetnode a#tms). Am’. call-of-return-node m m’ A
m' € |HRB-slice S| orq))
case True
then obtain = where call-of-return-node (targetnode a) x
and z € |HRB-slice S| opq by fastforce
with (call-of-return-node (targetnode a) (sourcenode c')»
have sourcenode ¢’ € | HRB-slice S| opq by fastforce
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with True <Vi<length cs'. call-of-return-node (ms ! i) (sourcenode (cs’! 7))
ength ms = length cs’s <cs = ¢' # cs’ <kind a = Q«>pf>
have slice-edge S cs a
apply (auto simp:slice-edge-def in-set-conv-nth)
by (erule-tac z=i in allE) auto
with <kind a = Q<«pf> <cs = ¢’ # csh
have slice-edges S cs (aftas) = a#tslice-edges S cs' as by simp
from True <pred (kind a) s» <valid-edge a) <kind a = Q<=pf>
' mz € set ms. return-node mx» <length ms = length cs’s
<length s = Suc (length cs)y ¢m = sourcenode a)
length (transfer (kind a) s) = Suc (length cs’)
<return-node (targetnode a)) <cs = ¢’ # s’
have S,kind - (sourcenode a#ttargetnode a#ms,s) —a—
(targetnode a#ms,transfer (kind a) s)
by (auto introl:observable-move-return)
with <length ms = length cs’y «length s = Suc (length cs)y <cs = ¢’ # cs’
have S,kind F (sourcenode a#ttargetnode a#tms,s) =[|Q[a]=
(targetnode a#tms,transfer (kind a) s)
by (fastforce intro:observable-moves-snoc silent-moves-Nil)
with «S.kind b (targetnode a # ms,transfer (kind a) s)
=slice-edges S cs’ as=x* (ms’,s"")
have S.kind - (sourcenode a#ttargetnode a#tms,s)
=last [a]#slice-edges S cs’ as=x (ms'',s"’)
by —(rule tom-Cons,auto)
with (slice-edges S cs (a#tas) = a#tslice-edges S cs’ asy
have S kind - (sourcenode afttargetnode a#tms,s) =slice-edges S cs (a#as)=x

(ms'"s"") by simp
moreover
from «slice-edges S cs' as = slice-edges S cs' as’’s
«slice-edge S cs a» <kind a = Q«=pf> <cs = ¢’ # csh
have slice-edges S cs (aftas) = slice-edges S cs (a#tas’’) by simp
ultimately show ?thesis
using paths <m = sourcenode a> <valid-edge a> <kind a = Q<=>pf>
<length ms = length cs’> «<ms = targetnodes rs"y <cs = ¢’ # cs’
«slice-edges S cs (a#tas) = aftslice-edges S cs’ as»
<a € get-return-edges ¢’y
<call-of-return-node (targetnode a) (sourcenode c¢')»
apply(rule-tac z=targetnode a#ms in exl)
apply(rule-tac z=ms"' in exl)
apply(rule-tac z=s" in exl)
apply (rule-tac x=as’ in exl)
apply(rule-tac z=ms' in exl)
apply(rule-tac z=a#as" in exl)
apply(auto intro: Cons-path simp:targetnodes-def)
by (case-tac ) auto
next
case Fulse
with <V mz € set ms. return-node mx) <return-node (targetnode a)»
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have Im € set (targetnode a # ms). Im’. call-of-return-node m m’ A
m' ¢ | HRB-slice S| opc
by (fastforce dest:return-node-call-of-return-node)
with «Vi<length cs’. call-of-return-node (ms ! i) (sourcenode (cs’! ©))»
ength ms = length cs’» «cs = c¢' # cs’y <kind a = Q<=pf>
<call-of-return-node (targetnode a) (sourcenode c’)
have — slice-edge S cs a
apply(auto simp:slice-edge-def in-set-conv-nth)
by (erule-tac z=i in allE) auto
with <kind a = Q<pf> <cs = ¢’ # csh
have slice-edges S cs (aftas) = slice-edges S ¢s' as by simp
from (pred (kind a) s> <valid-edge a) <kind a = Q<=pf>
' mz € set ms. return-node mx» <length ms = length cs’s
<length s = Suc (length cs)) «<m = sourcenode a»
<length (transfer (kind a) s) = Suc (length cs’)»
<return-node (targetnode a)y <cs = ¢’ # cs’
«(Im € set (targetnode a # ms). Im’. call-of-return-node m m’ A
m' ¢ | HRB-slice S| opa
have S,kind = (sourcenode a#targetnode a#ms,s) —a— .
(targetnode a#ms,transfer (kind a) s)
by (auto introl:silent-move-return)
from S kind & (targetnode a # ms,transfer (kind a) s)
=slice-edges S ¢s’ as=x (ms”,;s"")
show ?thesis
proof (rule trans-observable-moves.cases)
fix msz sz S’ f'
assume targetnode a # ms = msz
and transfer (kind a) s = sz and slice-edges S c¢s’ as = ]
and [simp|:ms” = msz s' = sz and length msz = length sz
from «slice-edges S cs (a#tas) = slice-edges S cs’ as»
«slice-edges S cs’ as = [
have slice-edges S cs (a#tas) = [| by simp
with <length ms = length cs’s «length s = Suc (length cs)y <cs = ¢’ # csh
have S, kind - (sourcenode a#targetnode a#tms,s) =slice-edges S cs (aFas)=x
(sourcenode afttargetnode aFtms,s)
by (fastforce intro:tom-Nil)
moreover
from «S kind - (ms' s") =as’=, (m'#ms’ s")s <targetnode a # ms = msz»
<transfer (kind a) s = szy «ms’” = msxy 8" = so»
«S,kind b (sourcenode a#targetnode a#ms,s) —a—r,
(targetnode a#ms,transfer (kind a) s)»
have S.kind b (sourcenode afttargetnode a#tms,s) =a#as’=, (m'#ms’,s’)
by (auto intro:silent-moves-Cons)
from this <valid-edge a»
Ni<length rs. rs | i € get-return-edges (cs ! i)»
<valid-return-list rs m» <length rs = length cs)
length s = Suc (length cs)y <m = sourcenode a)
<ms = targetnodes sy <rs = r'#rs’y <cs = ¢’ # csh
have sourcenode a —a#as’'—x m’ and valid-path-auz cs (a#tas’)
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by —(rule silent-moves-vpa-path,(fastforce simp:targetnodes-def)+)+
ultimately show ?thesis using <m = sourcenode a> <length ms = length

Vi<length cs’. call-of-return-node (ms ! @) (sourcenode (cs'! i))»
«slice-edges S cs (aftas) = [ kind a = Q<pf>
S kind b (sourcenode a#targetnode a#tms,s) =a#as'=, (m'#ms’,s")»
<ms = targetnodes rs’s <rs = r'#rs’y <cs = ¢’ # cs’
<call-of-return-node (targetnode a) (sourcenode c')
apply (rule-tac x=targetnode a#ms in exl)
apply (rule-tac x=sourcenode a#ttargetnode a#ms in exl)
apply(rule-tac z=s in exl)
apply(rule-tac z=a#as’ in exl)
apply (rule-tac z=ms’ in exl)
apply (rule-tac =[] in exl)
apply(auto simp:targetnodes-def)
by (case-tac i) auto
next
fix S’ f' msz sx asx msz’ sz’ asx’ msz' sz
assume [simp]:S = S’ and kind = f’ and targetnode a # ms = msz
and transfer (kind a) s = sz
and slice-edges S cs’ as = last asz # asz’
and ms" = msz' and s = sz’
and S'.f'F (msz,sx) =asz= (msz’,sz’)
and S'f'F (msx';sx’) =asz'=x* (msz' sz’
from <kind = f’» have [simp]:f’ = kind by simp
from «S.kind b (sourcenode afttargetnode a#ms,s) —a—,
(targetnode a#tms,transfer (kind a) s)»
ST (msz,sz) =asz= (msz’,sz’)>
<transfer (kind a) s = sz <targetnode a # ms = msx)
have S.kind b (sourcenode afttargetnode a#tms,s) =a#tasz= (msz’ sz’
by (auto intro:silent-move-observable-moves)
with S’ f'+ (msz'sx’) =asx'=x* (msz” sx’’)y «ms" = msx's s = sz’
have S kind - (sourcenode a#targetnode a#ms,s) =last (a#asz)#asz'=x*
(ms”,s”)
by (fastforce intro:trans-observable-moves.tom-Cons)
moreover
from «S',f'+ (msz,sz) =asz= (msz’,sz’)> have asx # ||
by (fastforce elim:observable-moves.cases)
with <slice-edges S cs (a#tas) = slice-edges S cs’ as
<slice-edges S cs’ as = last asz # asz’
have slice-edges S cs (a#tas) = last (aftasz)#asz’ by simp
moreover
from <= slice-edge S cs a» <kind a = Q<=pf>
«slice-edges S cs' as = slice-edges S cs' as’’y <cs = ¢’ # csh
have slice-edges S cs (a # as) = slice-edges S cs (a # as’’) by simp
ultimately show ?thesis using paths <m = sourcenode a> <kind a = Q<>pf>
<length ms = length cs’> «<ms = targetnodes rsy (valid-edge a>
<rs = r'#rs’y <cs = ¢’ # cs’y «r’ € get-return-edges ¢’
<call-of-return-node (targetnode a) (sourcenode c')
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apply(rule-tac z=targetnode a#ms in exl)
apply(rule-tac z=ms" in exl)
apply(rule-tac z=s" in exl)
apply(rule-tac x=as’ in exl)
apply (rule-tac x=ms’ in exl)
apply(rule-tac t=a#as’ in exl)
apply(auto intro: Cons-path simp:targetnodes-def)
by (case-tac i) auto
qed
qed
qed
qed

lemma valid-path-trans-observable-moves:
assumes m —as— 4 m’ and preds (kinds as) [cf]
and transfers (kinds as) [cf] = s’
obtains ms’’ s" ms’ as’ as”
where S, kind - ([m],[cf]) =slice-edges S [| as=* (ms”,s")
and S.kind b (ms',s") =as'=, (m'#ms’,s’)
and slice-edges S [ as = slice-edges S || as"’
and m —as"Qas’— x m’
proof (atomize-elim)
from (m —as— ,* m’» have valid-path-auz || as and m —as—* m’
by (simp-all add:vp-def valid-path-def)
from this <preds (kinds as) [cf]> <transfers (kinds as) [cf] = s"
show Ims’" 5" as’ ms’ as’.
S kind = ([m],[cf]) =slice-edges S [| as=* (ms”;s"") A
S.kind = (ms”,s") =as'=, (m' # ms’;s") A
slice-edges S || as = slice-edges S [] as'" N-'m —as"" @ as'—  m'
by —(erule vpa-trans-observable-moves[of - - - - - - [ 5],
auto simp:valid-call-list-def valid-return-list-def vp-def valid-path-def)
qed

lemma WS-weak-sim-trans:

assumes ((msy,51),(msa,s2)) € WS S

and S kind F (ms1,s1) =as=x* (ms1’,51’) and as # ||

shows ((ms1/,s17),(ms1’ transfers (slice-kinds S as) s2)) € WS S A

S,slice-kind S b (msa,82) =as=* (ms, ' transfers (slice-kinds S as) s2)

proof —

obtain f where f = kind by simp

with «S,kind b (ms1,s1) =as=* (ms1’,s17)

have S,f b (ms1,s1) =as=x (ms1’,s1’) by simp

from «S.f b (msy,81) =as=x* (msy’,;s17)y «((ms1,81),(msa,s2)) € WS S

<as £ [ «f = kind»
show ?thesis
proof (induct arbitrary:msy so rule:trans-observable-moves.induct)
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case tom-Nil thus ?case by simp
next
case (tom-Cons S f ms s as ms’ s" as’ ms'' s")
note IH = «Amsy s2. [((ms’,s)),(msz2,82)) € WS S; as’ # [|; f = kind]
= ((ms",s"),(ms" transfers (slice-kinds S as’) s2)) € WS S A
S,slice-kind S (msa,s2) =as'=x* (ms' transfers (slice-kinds S as’) s2)»
from «S.f & (ms,s) =as= (ms’;s’)> have s’ # [|
by (fastforce elim:observable-moves.cases observable-move.cases)
from «S.f b (ms,s) =as= (ms’,s’)
obtain asz ar msx st where S,f - (ms,s) =asz=, (msz,sz)
and S.f + (msz,sz) —az— (ms’,s’) and as = aszQ[az]
by (fastforce elim:observable-moves.cases)
from <S,f - (ms,s) =asz=, (msz,sz)> <((ms,s),(ms2,s2)) € WSS «f = kind»
have ((msz,sz),(msa,s2)) € WS S by(fastforce intro: WS-silent-moves)
from «((msz,sz),(msz2,82)) € WS Sy <S,f F (msz,sx) —ax— (ms’,s")> 8" #£ [
«f = kind>
obtain asz’ where ((ms’,s’),(ms’ transfer (slice-kind S az) s3)) € WS S
and S,slice-kind S b (msa,s2) =asz'Q[az]=
(ms’transfer (slice-kind S ax) s2)
by (fastforce elim: WS-observable-move)
show ?case
proof(cases as’ = [])
case True
with «S.f F (ms’,s’) =as’=x (ms'';s")> have ms’ = ms" A s’ = s
by (fastforce elim:trans-observable-moves.cases dest:observable-move-notempty)
from <((ms’,s’),(ms’ transfer (slice-kind S azx) s2)) € WS S
have length ms’ = length (transfer (slice-kind S ax) s2)
by (fastforce elim: WS.cases)
with S, slice-kind S F (msz2,s2) =asz'Qlaz]=
(ms’ transfer (slice-kind S azx) s2)»
have S, slice-kind S + (msa,s2) =(last (asz'Q[ax)))#[]=x*
(ms' transfer (slice-kind S ax) s2)
by (fastforce intro:trans-observable-moves.intros)
with «((ms',s"),(ms’ transfer (slice-kind S az) s2)) € WS S <as = asz@[az]>
«ms’ = ms"' N s = "y True
show ?thesis by(fastforce simp:slice-kinds-def)
next
case Fulse
from TH[OF «((ms’,s’),(ms’ transfer (slice-kind S azx) s3)) € WS S» this
«f = kind)]
have ((ms”,s""),(ms" transfers (slice-kinds S as’)
(transfer (slice-kind S azx) s2))) € WS S
and S,slice-kind S & (ms’ transfer (slice-kind S az) s3) =as'=x
(ms' transfers (slice-kinds S as’) (transfer (slice-kind S az) s2))
by simp-all
with «S,slice-kind S F (msy,s2) =asz'Qlaz]=
(ms' transfer (slice-kind S az) s2)»
have S,slice-kind S = (msa,s2) =(last (asx'Q[ax]))#as'=x
(ms' transfers (slice-kinds S as’) (transfer (slice-kind S az) s2))
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by (fastforce intro:trans-observable-moves.tom-Cons)
with «((ms”,s"),(ms" transfers (slice-kinds S as’)
(transfer (slice-kind S azx) s2))) € WS S» False <as = asxQ[az)
show ?thesis by (fastforce simp:slice-kinds-def)
qed
qed
qed

lemma stacks-rewrite:
assumes valid-call-list ¢s m and valid-return-list rs m
and Vi < length rs. rsli € get-return-edges (cs!i)
and length rs = length cs and ms = targetnodes rs
shows Vi<length cs. call-of-return-node (ms'i) (sourcenode (cs!7))
proof
fix 7 show i < length cs —
call-of-return-node (ms ! i) (sourcenode (cs ! 7))
proof
assume i < length cs
with Vi < length rs. rsli € get-return-edges (csli)y <length rs = length cs)
have rsli € get-return-edges (csli) by fastforce
from <wvalid-return-list rs m» have Vr € set rs. valid-edge r
by (rule valid-return-list-valid-edges)
with i < length cs) <length rs = length cs)
have valid-edge (rsli) by(simp add:all-set-conv-all-nth)
from <walid-call-list cs m> have V ¢ € set cs. valid-edge ¢
by (rule valid-call-list-valid-edges)
with < < length cs» have valid-edge (cs!li) by (simp add:all-set-conv-all-nth)
with «valid-edge (rsli)y <rsli € get-return-edges (csli)» «ms = targetnodes rs
<i < length cs» <length rs = length cs)
show call-of-return-node (ms ! i) (sourcenode (cs ! ))
by (fastforce simp:call-of-return-node-def return-node-def targetnodes-def)
qed
qed

lemma slice-tom-preds-vp:
assumes S, slice-kind S - (m#tms,s) =as=x (m'#ms’,s") and valid-node m
and valid-call-list ¢s m and Vi < length rs. rsli € get-return-edges (cs!i)
and wvalid-return-list rs m and length rs = length ¢s and ms = targetnodes rs
and Vmz € set ms. 3ma’. call-of-return-node maz mz' A ma’ € | HRB-slice S| opq
obtains as’ ¢s’ rs’ where preds (slice-kinds S as’) s
and slice-edges S ¢s as’ = as and m —as’—x m’ and valid-path-auz cs as’
and upd-cs cs as’ = cs’ and valid-node m’ and wvalid-call-list cs’ m’
and Vi < length rs’. rs'li € get-return-edges (cs'!i)
and valid-return-list rs’ m’ and length rs’ = length cs’
and ms’ = targetnodes s’ and transfers (slice-kinds S as’) s # ||
and transfers (slice-kinds S (slice-edges S cs as’)) s =

transfers (slice-kinds S as’) s
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proof (atomize-elim)

from assms show Jas’ cs’ rs'. preds (slice-kinds S as’) s A
slice-edges S cs as’ = as A m —as’—* m’ A valid-path-auz cs as’ A
upd-cs ¢s as’ = cs' A valid-node m’ A valid-call-list cs’ m’ A
(Vi<length rs'. rs' 1 i € get-return-edges (cs’ ! ©)) A valid-return-list rs" m’' A
length s’ = length cs’ A ms’ = targetnodes rs’ A
transfers (slice-kinds S as’) s # [| A
transfers (slice-kinds S (slice-edges S cs as’)) s =
transfers (slice-kinds S as’) s

proof (induct S slice-kind S m#ms s as m'#ms’ s’
arbitrary:m ms cs rs rule:trans-observable-moves.induct)
case (tom-Nil s n.)
from «length (m’ # ms’) = length s» have s # || by(cases s) auto
have preds (slice-kinds S []) s by(fastforce simp:slice-kinds-def)

moreover

have slice-edges S cs [| = [] by simp

moreover

from (valid-node m’y have m’ —[|—* m’' by(fastforce intro:empty-path)
moreover

have valid-path-auz cs [] by simp

moreover

have upd-cs cs [| = cs by simp

ultimately show ?case using <valid-call-list cs m’y «(valid-return-list rs m”»
N i<length rs. rs | i € get-return-edges (cs ! i)y <length rs = length cs»
«ms’ = targetnodes rs» <s # [|» <valid-node m’s
apply (rule-tac =] in exI)
apply(rule-tac z=cs in exI)
apply(rule-tac z=rs in exl)
by (clarsimp simp:slice-kinds-def)

next

case (tom-Cons S s as msz’ s’ as’ sz’

note IH = <A\m ms cs rs. [msz’ = m # ms; valid-node m; valid-call-list cs m;
Vi<length rs. rs | i € get-return-edges (cs ! ©); valid-return-list rs m;
length rs = length cs; ms = targetnodes rs;

V mzeset ms. Ima’. call-of-return-node mz ma’ N ma' € |HRB-slice S| opcl]
= Jas” ¢s’ rs'. preds (slice-kinds S as’’) s’ A
slice-edges S cs as'’ = as’ A m —as""—=* m’' A valid-path-auzx cs as’’ A
upd-cs cs as’’ = cs’ A walid-node m' A valid-call-list cs’ m' A
(Vi<length rs'. rs' 1 i € get-return-edges (¢s’!i)) A
valid-return-list rs’ m' A length rs’ = length cs’ A ms’ = targetnodes rs’ A
transfers (slice-kinds S as’’) s £ [] A
transfers (slice-kinds S (slice-edges S c¢s as’’)) s’ =
transfers (slice-kinds S as'’) s”
note callstack = <V mze€set ms.
Ima’. call-of-return-node maz mz' A mz' € | HRB-slice S| opc

from «S,slice-kind S - (m # ms,s) =as= (msz’,s’)

obtain asz azr zs s’ where as = aszQ[az]
and S slice-kind S & (m#ms,s) =asz=, (vs,s")
and S,slice-kind S + (zs,s"") —az— (msz’,s’)
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by (fastforce elim:observable-moves.cases)
from <S,slice-kind S + (zs,8") —az— (msz’,s’)
obtain zs’ ms’ where [simp|:xs = sourcenode azftzs’ msz' = targetnode
az#ms"’
by (cases xs) (auto elim!:observable-move.cases, cases msz’, auto)
from <S,slice-kind S = (m # ms,s) =as= (msz’,s")) tom-Cons
obtain cs”’ rs’’ where results:valid-node (targetnode ax)
valid-call-list cs” (targetnode ax)
Vi < length rs". rs"li € get-return-edges (cs'i)
valid-return-list rs'"' (targetnode ax) length rs’' = length cs”
ms’' = targetnodes rs'" and upd-cs cs as = cs'’
by (auto elim!:observable-moves-preserves-stack)
from <S,slice-kind S '+ (m#ms,s) =asz=, (xs,5")> callstack
have Va € set asz. intra-kind (kind a)
by simp(rule silent-moves-slice-intra-path)
with S, slice-kind S - (m#ms,s) =asz=, (zs,s"")
have [simpl|:zs’ = ms by(fastforce dest:silent-moves-intra-path)
from <S,slice-kind S + (zs,s"") —az— (msz’,s’)
have Vmx € set ms"". Ima’. call-of-return-node mz mz' A ma’ € | HRB-slice
Slera
by (fastforce dest:observable-set-stack-in-slice)
from TH[OF «<msz’ = targetnode ax#ms’s results this]
obtain asz’ cs’ rs’ where preds (slice-kinds S asx’) s’
and slice-edges S ¢s' asz’ = as’ and targetnode ax —asz’—* m’
and valid-path-auz cs’' asz’ and upd-cs cs'' asz’ = cs’
and valid-node m’ and valid-call-list cs’ m’
and Vi<length rs’. rs’ ! i € get-return-edges (cs’! i)
and wvalid-return-list rs’ m' and length rs’ = length cs’
and ms’ = targetnodes s’ and transfers (slice-kinds S asz”) s’ # |]
and trans-eq:transfers (slice-kinds S (slice-edges S ¢s' asz’)) s’ =
transfers (slice-kinds S asx’) s’
by blast
from «S,slice-kind S = (m#ms,s) =asz=-, (s,5")»
have preds (slice-kinds S asz) s and transfers (slice-kinds S asz) s = s’
by (auto intro:silent-moves-preds-transfers simp:slice-kinds-def)
from «S,slice-kind S + (zs,s"") —az— (msz’,;s")
have pred (slice-kind S ax) s” and transfer (slice-kind S azx) s"' = s’
by (auto elim:observable-move.cases)
with «preds (slice-kinds S asz) s> <as = aszQ[ax]»
transfers (slice-kinds S asz) s = s’
have preds (slice-kinds S as) s by(simp add:preds-split slice-kinds-def)
from «<transfers (slice-kinds S asz) s = s'
<transfer (slice-kind S ax) s = s’ <as = aszQ[azx]»
have transfers (slice-kinds S as) s = s’
by (simp add:transfers-split slice-kinds-def)
with «preds (slice-kinds S asx’) s'» <preds (slice-kinds S as) $
have preds (slice-kinds S (asQasz’)) s by(simp add:preds-split slice-kinds-def)
moreover
from «<wvalid-call-list c¢s m» <valid-return-list rs m»
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Ni<length rs. rs | i € get-return-edges (cs ! i)y <length rs = length cs»
<ms = targetnodes rs»

have Vi<length cs. call-of-return-node (ms!i) (sourcenode (c¢s!i))
by (rule stacks-rewrite)

with «S,slice-kind S + (m # ms,s) =as= (msz’,s’)y ¢ms = targetnodes rs»
«length rs = length cs»

have slice-edges S cs as = [last as]
by (fastforce elim:observable-moves-singular-slice-edge)

with <slice-edges S cs'' asz’ = as’y (upd-cs cs as = cs’’s

have slice-edges S cs (asQasz’) = [last as]@Qas’
by (fastforce intro:slice-edges- Append)
moreover

from <S,slice-kind S '+ (m#ms,s) =asz=, (xs,5")> <valid-node m»
valid-call-list cs my <V i<length rs. rs ! i € get-return-edges (cs ! i))
<valid-return-list rs m» <length rs = length cs» <ms = targetnodes rs»

have m —asz—+ sourcenode azx by(fastforce intro:silent-moves-vpa-path)

from «S,slice-kind S + (zs,s"") —az— (msz’,s’)> have valid-edge azx
by (fastforce elim:observable-move.cases)

hence sourcenode ax —[az]—* targetnode ax by (rule path-edge)

with «<m —asz—x* sourcenode azx) <as = aszQ[ax])

have m —as—x targetnode ax by(fastforce intro:path-Append)

with <targetnode ax —asz’—* m’> have m —asQasz’'—* m’
by —(rule path-Append)

moreover

from Va € set asz. intra-kind (kind a)) have valid-path-auz cs asz
by (rule valid-path-auz-intra-path)

from (Va € set asz. intra-kind (kind a)> have upd-cs cs asz = cs
by (rule upd-cs-intra-path)

from «m —aszx—x* sourcenode azxy <V a € set asz. intra-kind (kind a)»

have get-proc m = get-proc (sourcenode azx)
by (fastforce intro:intra-path-get-procs simp:intra-path-def)

with <walid-return-list rs m) have valid-return-list rs (sourcenode ax)
apply(clarsimp simp:valid-return-list-def)
apply (erule-tac x=cs’ in allF) apply clarsimp
by (case-tac cs’) auto

with «S,slice-kind S + (zs,5"") —az— (msz’;s")) <walid-edge ax»
Ni<length rs. rs | i € get-return-edges (cs ! i)y <ms = targetnodes rs
«length rs = length cs»

have wvalid-path-auz cs [ax]
by (auto introl:observable-move-vpa-path simp del:valid-path-aux.simps)

with «valid-path-aux cs aszy <upd-cs cs asz = cs» <as = aszQ[az)

have valid-path-aux cs as by(fastforce intro:valid-path-auz-Append)
with (upd-cs cs as = cs’’s <valid-path-auz cs’’ asz’

have valid-path-auz cs (asQasz’) by (fastforce intro:valid-path-aux-Append)

moreover

from <upd-cs cs as = cs'’y <upd-cs cs' asz’ = cs’

have upd-cs cs (asQasz’) = c¢s’ by(rule upd-cs-Append)

moreover

from <transfers (slice-kinds S as) s = s”

391



<transfers (slice-kinds S asz’) s’ # []»
have transfers (slice-kinds S (asQasz")) s # |]
by (simp add:slice-kinds-def transfers-split)
moreover
from «S,slice-kind S + (m # ms,s) =as= (msz’,s’)
have transfers (map (slice-kind S) as) s = s’
by simp(rule observable-moves-preds-transfers)
from «S,slice-kind S+ (m # ms,s) =as= (msz’,;s")» <ms = targetnodes rs
length rs = length csy ¥ i<length rs. rs | i € get-return-edges (cs ! i)
<valid-call-list cs m» <valid-return-list rs m»
have slice-edges S cs as = [last as]
by (fastforce intro!:observable-moves-singular-slice-edge
[OF - - - stacks-rewrite])
from «S,slice-kind S + (m#ms,s) =asx=, (xs,s")> callstack
have s = s by/(fastforce intro:silent-moves-slice-keeps-state)
with S, slice-kind S + (xs,s") —ax— (msz’,s’)
have transfer (slice-kind S ax) s = s’ by(fastforce elim:observable-move.cases)
with «slice-edges S cs as = [last as]> <as = aszxQ[azx]»
have s’ = transfers (slice-kinds S (slice-edges S cs as)) s
by (simp add:slice-kinds-def)
from <upd-cs cs as = cs'’»
have slice-edges S cs (as @ asz’) =
(slice-edges S cs as)Q(slice-edges S ¢s' asz’)
by (fastforce intro:slice-edges-Append)
hence trans-eq’:transfers (slice-kinds S (slice-edges S cs (as @ asz’))) s =
transfers (slice-kinds S (slice-edges S cs'' asz’))
(transfers (slice-kinds S (slice-edges S cs as)) s)
by (simp add:slice-kinds-def transfers-split)
from <s’ = transfers (slice-kinds S (slice-edges S cs as))
transfers (map (slice-kind S) as) s = s”
have transfers (map (slice-kind S) (slice-edges S cs as)) s =
transfers (map (slice-kind S) as) s
by (simp add:slice-kinds-def)
with trans-eq trans-eq’
s’ = transfers (slice-kinds S (slice-edges S cs as)) s»
have transfers (slice-kinds S (slice-edges S cs (as @ asz’))) s =
transfers (slice-kinds S (as @ asz’)) s
by (simp add:slice-kinds-def transfers-split)
ultimately show ?case
using «valid-node m’s «valid-call-list cs’" m”
Vi<length rs’. rs’ | i € get-return-edges (cs’! i)
<valid-return-list vs’ m’y <length rs’ = length cs’s «<ms’ = targetnodes rs’s
apply(rule-tac z=asQasz’ in exl)
apply(rule-tac z=cs’ in exl)
apply (rule-tac z=rs’ in exl)
by clarsimp
qed
qged
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1.14.4 The fundamental property of static interprocedural
slicing

theorem fundamental-property-of-static-slicing:
assumes m —as— s m’ and preds (kinds as) [cf] and CFG-node m' € S
obtains as’ where preds (slice-kinds S as’) [cf]
and V'V € Use m'. state-val (transfers (slice-kinds S as”) [cf]) V =
state-val (transfers (kinds as) [cf]) V
and slice-edges S [| as = slice-edges S || as’
and transfers (kinds as) [cf] # [| and m —as'— ,x m’
proof (atomize-elim)
from (m —as— x m’ «preds (kinds as) [cf]> obtain ms" 5" ms’ as’ as"’
where S kind b ([m],[cf]) =slice-edges S [| as=*
(ms”,s")
and S kind F (ms”,s") =as'=, (m'#ms’ transfers (kinds as) [cf])
and slice-edges S [| as = slice-edges S || as"’
and m —as"'Qas'— x m'
by (auto elim:valid-path-trans-observable-moves|of - - - - - S
from (m —as— % m’» have valid-node m and valid-node m'
by (auto intro:path-valid-node simp:uvp-def)
with «CFG-node m’ € S» have CFG-node m' € HRB-slice S
by —(rule HRB-slice-refl)
from <wvalid-node m» <CFG-node m' € S» have (([m],[c¢f]),([m],[cf])) € WS S
by (fastforce intro: WSI)
{ fix V assume V € Use m’
with (valid-node m’» have V € Usegp (CFG-node m’)
by (fastforce intro: CFG-Use-SDG-Use)
moreover
from <walid-node m”
have parent-node (CFG-node m') —[]—,* parent-node (CFG-node m')
by (fastforce intro:empty-path simp:intra-path-def)
ultimately have V € rv S (CFG-node m’)
using «CFG-node m' € HRB-slice S» «CFG-node m' € S»
by (fastforce intro:rvl simp:sourcenodes-def) }
hence VV € Use m’. V € rv S (CFG-node m’) by simp
show Jas’. preds (slice-kinds S as’) [c¢f] N
(V VeUse m'. state-val (transfers (slice-kinds S as”) [cf]) V =
state-val (transfers (kinds as) [cf]) V) A
slice-edges S [ as = slice-edges S [| as’ A
transfers (kinds as) [cf] # [| A m —as'— * m'

proof(cases slice-edges S [] as = [])
case True
hence preds (slice-kinds S []) [cf]
and slice-edges S [] [| = slice-edges S || as

by (simp-all add:slice-kinds-def)
with «S.kind & ([m],[cf]) =slice-edges S [| as=* (ms",s")»
have [simp]:ms’” = [m] s’ = [¢f] by(auto elim:trans-observable-moves.cases)
with S kind & (ms”,s") =as’=, (m'#ms’ transfers (kinds as) [cf])»
have S kind - ([m],[cf]) =as'=, (m'#ms’ transfers (kinds as) [cf])

by simp
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with <walid-node m) have m —as'—x m’ and valid-path-auz [| as’

by (auto intro:silent-moves-vpa-pathlof - - - - - - - - - ]
stmp:targetnodes-def valid-return-list-def)
hence m —as'— ,x m' by(simp add:vp-def valid-path-def)
from «S.kind & ([m],[cf]) =as'=, (m'#ms’ transfers (kinds as) [cf])
have slice-edges S [| as’ = ||
by (fastforce dest:silent-moves-no-slice-edges[where cs=[] and rs=[|]
simp:targetnodes-def)
from <S kind & ([m],[cf]) =as’=, (m'#ms’ transfers (kinds as) [cf])
<walid-node my <valid-node m”’s < CFG-node m’' € S»
have returns:V mz € set ms’.
Imz’. call-of-return-node mz mz’ N ma’ € | HRB-slice S| opag
by —(erule silent-moves-called-node-in-slice1-nodestack-in-slice1
[of === ----- 00,
auto intro:refl-slicel simp:targetnodes-def valid-return-list-def)
from «S.kind & ([m],[cf]) =as'=, (m'#ms’ transfers (kinds as) [cf])
([l [ef)(ml[ef) € WS $)
have WS:((m'#ms’ transfers (kinds as) [cf]),([m],[¢f])) € WS S
by (rule WS-silent-moves)
hence transfers (kinds as) [cf] # [ by(auto elim!: WS.cases)
with WS returns <transfers (kinds as) [cf] # [
have VV € rv S (CFG-node m’).
state-val (transfers (kinds as) [cf]) V = fst ¢f V
apply — apply(erule WS.cases) apply clarsimp
by (case-tac msz)(auto simp:hd-conv-nth)
with WV € Use m’. V € rv S (CFG-node m’)»
have Uses:V'V € Use m'. state-val (transfers (kinds as) [cf]) V = fst ¢f V
by simp
have [simp]:ms’ = ||
proof (rule ccontr)
assume ms’' # ||
with «S.kind b ([m],[cf]) =as’=, (m'#ms’ transfers (kinds as) [cf])»
walid-node my «valid-node m"y «CFG-node m' € S»
show Fulse
by (fastforce elim:silent-moves-nonempty-nodestack-False intro:refl-slicel)
qed
with «S.kind & ([m],[cf]) =as'=, (m'#ms’ transfers (kinds as) [cf])
have S kind F ([m],[cf]) =as'=, ([m'],transfers (kinds as) [cf])
by simp
with (valid-node m» have m —as'— g« m’ by(fastforce dest:silent-moves-sip)
from this <slice-edges S [| as’ = []»
obtain asz where m —asz—,* m’ and slice-edges S [| asz = |]
by (erule slp-to-intra-path-with-slice-edges)
with «CFG-node m’ € HRB-slice S»
obtain asz’ where m —asz’'—,x m’
and preds (slice-kinds S asz’) [cf]
and slice-edges S [] asz’ = ||
by —(erule exists-sliced-intra-path-preds,auto simp:SDG-to-CFG-set-def)
from (m —asz’—,* m" have m —asz'— , m’ by(rule intra-path-vp)
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from Uses ¢slice-edges S || asz’ = []»
have hd (transfers (slice-kinds S
(slice-edges S | asz’)) [cf]) = cf by(simp add:slice-kinds-def)
from (m —asz'—=,* m’» <CFG-node m' € S»
have transfers (slice-kinds S (slice-edges S [| asz’)) [cf] =
transfers (slice-kinds S asz’) [cf]
by (fastforce intro:transfers-intra-slice-kinds-slice-edges simp:intra-path-def)
with <hd (transfers (slice-kinds S (slice-edges S [| asz’)) [¢f]) = ¢f>
have hd (transfers (slice-kinds S asz’) [cf]) = ¢f by simp
with Uses have V VeUse m'. state-val (transfers (slice-kinds S asz’) [cf]) V =
state-val (transfers (kinds as) [cf]) V by simp
with «<m —asz'— x m" <preds (slice-kinds S asz’) [cf]>

(slice-edges S || asz’ = []» «transfers (kinds as) [cf] # []» True
show ?thesis by fastforce
next
case False

with «(([m],[ef]). (] [cf]) € WS S
«S,kind & ([m],[cf]) =slice-edges S [| as=* (ms",s")
have WS:((ms”,s"),(ms" transfers (slice-kinds S (slice-edges S || as)) [cf]))
e WSS
and tom:S,slice-kind S F ([m)],[cf]) =slice-edges S [] as=x
(ms" transfers (slice-kinds S (slice-edges S [] as)) [cf])
by (fastforce dest: WS-weak-sim-trans)+
from WS obtain mz msz where [simp]:ms” = ma#msz and valid-node mx
by —(erule WS.cases,cases ms’' auto)
from «S.kind & (ms"|s") =as’=, (m'#ms’ transfers (kinds as) [cf])> WS
have WS":((m'#ms’ transfers (kinds as) [cf]),
(ma#msz,transfers (slice-kinds S (slice-edges S [] as)) [¢f])) € WS S
by simp(rule WS-silent-moves)
from tom <wvalid-node m»
obtain asz csz rsz where preds (slice-kinds S asz) [cf]
and slice-edges S [| asz = slice-edges S [| as
and m —asz— /+ mz and transfers (slice-kinds S asz) [cf] # |]
and upd-cs || asz = csz and stack:valid-node mzx valid-call-list csz mx
Vi < length rsx. rszli € get-return-edges (csz!i)
valid-return-list rsx mx length rsr = length csx
msx = targetnodes TSz
and trans-eq:transfers (slice-kinds S
(slice-edges S || asz)) [cf] =
transfers (slice-kinds S asz) [cf]
by (auto elim:slice-tom-preds-vplof - - - - - - - - 0
simp:valid-call-list-def valid-return-list-def targetnodes-def
vp-def valid-path-def)
from «<transfers (slice-kinds S asz) [cf] # [
obtain ¢f’ cfs’ where eq:transfers (slice-kinds S asz) [cf] =
cf "#cfs' by(cases transfers (slice-kinds S asz) [cf]) auto
from WS’ have callstack:Y mz € set msx. 3mz’. call-of-return-node mx mz’' A

ma’ € |HRB-slice S| cpa
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by (fastforce elim: WS.cases)
with S kind b (ms”,s") =as’=, (m'#ms’ transfers (kinds as) [cf])»
<valid-node m"y stack «CFG-node m' € S»
have callstack’N mz € set ms’. 3mz’. call-of-return-node mz mz’' A
ma' € |HRB-slice S| opq
by simp(erule silent-moves-called-node-in-slice1-nodestack-in-slicel
[of --------- rsx csz),auto intro:refl-slicel)
with S kind b (ms”,s") =as’=, (m'#ms’ transfers (kinds as) [cf])»
stack callstack
have mz —as’'— g* m’ and msz = ms’ by(auto dest!:silent-moves-sip)
from «S.kind & (ms'")s") =as'=, (m'#ms’ transfers (kinds as) [cf])»
stack
have slice-edges S csx as’ = |]
by (auto dest:silent-moves-no-slice-edges|OF - - - stacks-rewrite])
with <mz —as'— g+ m’ obtain asz’’ where mz —asz’—,x m’
and slice-edges S csz asz’ = |]
by (erule slp-to-intra-path-with-slice-edges)
from stack have V i<length csz. call-of-return-node (msz!i) (sourcenode (csx!i))
by —(rule stacks-rewrite)
with callstack «<msx = targetnodes rsxy <length rsx = length cst»
have V ceset csz. sourcenode ¢ € |HRB-slice S| opg
by (auto simp:all-set-conv-all-nth targetnodes-def)
with «mz —asz”'—,x m’ «slice-edges S csz asz’’ = []» «valid-node m”
eq «CFG-node m' € S»
obtain asz’ where mz —asz’'—,x m’
and preds (slice-kinds S asx’) (cf '#cfs’)
and slice-edges S csz asz’ = []
by —(erule exists-sliced-intra-path-preds,
auto intro: HRB-slice-refl simp:SDG-to-CFG-set-def)
with eq have preds (slice-kinds S asz’)
(transfers (slice-kinds S asz) [cf]) by simp
with «preds (slice-kinds S asz) [cf]»
have preds (slice-kinds S (aszx@asz’)) [cf]
by (simp add:slice-kinds-def preds-split)
from (m —asz— ,x mz> ¢mz —asz'—,x m’ have m —aszQasz'— ,* m’
by (fastforce elim:vp-slp-Append intra-path-sip)
from <upd-cs [| ast = csx> <slice-edges S csz asx’ =[]
have slice-edges S [| (aszQasz’) =
(slice-edges S || asz)Q]]
by (fastforce intro:slice-edges-Append)
from (mz —asz’'—,x m’ (v c€set csz. sourcenode ¢ € | HRB-slice S| opc
have trans-eq”transfers (slice-kinds S (slice-edges S csx asz'))
(transfers (slice-kinds S asz) [cf]) =
transfers (slice-kinds S asz’) (transfers (slice-kinds S asz) [cf])
by (fastforce intro:transfers-intra-slice-kinds-slice-edges simp:intra-path-def)
from (upd-cs [| asz = csw»
have slice-edges S || (asz@Qasz’) =
(slice-edges S || asz)Q(slice-edges S csx asz’)
by (fastforce intro:slice-edges- Append)
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hence transfers (slice-kinds S (slice-edges S || (asz@asz"))) [cf] =

transfers (slice-kinds S (slice-edges S csx asx’))
(transfers (slice-kinds S (slice-edges S || asz)) [cf])

by (simp add:slice-kinds-def transfers-split)

with trans-eq have transfers (slice-kinds S (slice-edges S [] (aszQasz”))) [cf]
transfers (slice-kinds S (slice-edges S csx asz’))

(transfers (slice-kinds S asz) [cf]) by simp

with trans-eq’ have trans-eq’”:
transfers (slice-kinds S (slice-edges S [] (asxQasz”))) [cf] =
transfers (slice-kinds S (aszxQasz”)) [cf]
by (simp add:slice-kinds-def transfers-split)

from WS’ obtain z zs where m'#ms’ = zsQx#msx
and zs # [| — (Ima’. call-of-return-node x mz' A
ma' ¢ | HRB-slice S| copq)
and rest:Vi < length (mz#msz). VYV € rv S (CFG-node ((z#msz)li)).
(fst ((transfers (kinds as) [cf])!(length zs + ©))) V =
(fst ((transfers (slice-kinds S
(slice-edges S || as)) [¢fDV)) V
transfers (kinds as) [cf] # ]
transfers (slice-kinds S
(slice-edges S || as)) [cf] # []
by (fastforce elim: WS.cases)

from «m'#ms’ = xsQu#mszy <xs # [| — (Ima’. call-of-return-node x mz’ A
ma' ¢ |HRB-slice S| opq)> callstack’

have [simpl:xs = [| x = m' ms’ = msx by(cases zs,auto)+

from rest have V'V € rv S (CFG-node m').
state-val (transfers (kinds as) [cf]) V =
state-val (transfers (slice-kinds S (slice-edges S || as)) [cf]) V
by (fastforce dest:hd-conv-nth)

with <V V € Use m’. V € rv § (CFG-node m’)
«slice-edges S [| asx = slice-edges S || as»

have V'V € Use m'. state-val (transfers (kinds as) [cf]) V =
state-val (transfers (slice-kinds S (slice-edges S || asz)) [cf]) V
by simp

with <slice-edges S || (aszQasz’) = (slice-edges S [| asz)Ql[]»

have V'V € Use m'. state-val (transfers (kinds as) [cf]) V =
state-val (transfers (slice-kinds S (slice-edges S [| (aszQasz’))) [cf]) V
by simp

with trans-eq” have V'V € Use m’. state-val (transfers (kinds as) [cf]) V =
state-val (transfers (slice-kinds S (astQasz’)) [c¢f]) V
by simp

with «preds (slice-kinds S (aszQasz’)) [cf]
(m —asrQasz'— ,x m's «slice-edges S || (asrQasz’) =
(slice-edges S || asz)QI]» <transfers (kinds as) [cf] # []»
«slice-edges S [| asx = slice-edges S || as»

show ?thesis by fastforce

qed
qged
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end

1.14.5 The fundamental property of static interprocedural
slicing related to the semantics

locale SemanticsProperty = SDG sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main Exit Def Use ParamDefs ParamUses +
CFG-semantics-wf sourcenode targetnode kind valid-edge Entry
get-proc get-return-edges procs Main sem identifies
for sourcenode :: 'edge = 'node and targetnode :: 'edge = 'node
and kind :: 'edge = ("var,’val,’ret,’ pname) edge-kind
and wvalid-edge :: 'edge = bool
and Entry :: 'node (<'(’-Entry’-")») and get-proc :: 'node = 'pname
and get-return-edges :: 'edge = 'edge set
and procs :: ("‘pname x 'var list x 'var list) list and Main :: '‘pname
and Ezit::'node (<'(’-Ezit’-")»)
and Def :: 'node = 'var set and Use :: 'node = 'var set
and ParamDefs :: 'node = 'var list and ParamUses :: 'node = 'var set list
and sem :: ‘com = (‘var — 'val) list = ‘com = (‘var — 'val) list = bool
(‘((Z <"/'>) :/ (1 <'>/'>))> [0a070’0] 81)
and identifies :: 'node = 'com = bool («- = - [51,0] 80)
begin

theorem fundamental-property-of-path-slicing-semantically:

assumes m = ¢ and (c,[cf]) = (c’,s")

obtains m’ as cfs’ where m —as— , m’and m’ = ¢’

and preds (slice-kinds { CFG-node m'} as) [(cf,undefined)]

and V'V € Use m'.

state-val (transfers (slice-kinds { CFG-node m'} as) [(cf,undefined)]) V =

state-val cfs’ V and map fst cfs’ = s’

proof (atomize-elim)

from (m £ o «(c,[cf]) = (c/,s)> obtain m’ as cfs’ where m —as— x m’
and transfers (kinds as) [(cf ,undefined)] = cfs’
and preds (kinds as) [(cf,undefined)] and m’ = ¢’ and map fst cfs’ = s’
by (fastforce dest:fundamental-property)

from (m —as— s m’s «preds (kinds as) [(cf,undefined)]> obtain as’
where preds (slice-kinds { CFG-node m'} as’) [(cf ,undefined)]
and vals:V V € Use m'. state-val (transfers (slice-kinds { CFG-node m'} as’)
[(cf,undefined)]) V = state-val (transfers (kinds as) [(cf,undefined)]) V
and m —as’'— % m’
by —(erule fundamental-property-of-static-slicing,auto)

from <transfers (kinds as) [(cf,undefined)] = cfs’> vals have V'V € Use m'.
state-val (transfers (slice-kinds { CFG-node m'} as”) [(cf,undefined)]) V =
state-val cfs’ V by simp

with (preds (slice-kinds { CFG-node m'} as’) [(cf,undefined)]> <m —as'— , m”

YAAN

A
«m’ = ¢y <map fst cfs’ = s’
A
show Jas m’ cfs’. m —as— s* m'Am’'= ¢ A
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preds (slice-kinds { CFG-node m'} as) [(cf, undefined)] A

(V VeUse m'. state-val (transfers (slice-kinds { CFG-node m'} as)

[(¢f, undefined)]) V = state-val cfs’ V) A map fst cfs’ = s’
by blast

qged
end

end
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Chapter 2

Instantiating the Framework
with a simple
While-Language using
procedures

2.1 Commands
theory Com imports ../StaticInter/BasicDefs begin

2.1.1 Variables and Values

type-synonym wvname = string — names for variables
type-synonym pname = string — names for procedures

datatype val
= Bool bool — Boolean value

| Intg int — integer value

abbreviation true == Bool True
abbreviation false == Bool Fulse

2.1.2 Expressions

datatype bop = Eq | And | Less | Add | Sub ~ — names of binary operations

datatype expr

= Val val — value
| Var vname — local variable
| BinOp expr bop expr  (<- «-» - [80,0,81] 80) — binary operation

fun binop :: bop = val = wval = wval option
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where binop Eq v1 v = Some(Bool(vy = v3))
| binop And (Bool by) (Bool by) = Some(Bool(by A b2))
| binop Less (Intg i1) (Intg i2) = Some(Bool(i; < iz))
| binop Add (Intg i1) (Intg iz) = Some(Intg(i1 + i2))
| binop Sub (Intg i1) (Intg ia) = Some(Intg(iy — ia))
| binop bop v1 vy = None

2.1.3 Commands
datatype cmd

= Skip

| LAss vname expr (¢==-) [70,70] 70) — local assignment
| Seq emd cmd (x-;/ -» [60,61] 60)

| Cond expr emd emd («if '(-7) -/ else -» [80,79,79] 70)

| While expr ¢cmd (while '(-') - [80,79] 70)

| Call pname expr list vname list
— Call needs procedure, actual parameters and variables for return values

fun num-inner-nodes :: emd = nat (F#:-»)

where # Skip =1
| #:(V:i=e) =2
| #: (617702) = #ic1 + #ico
| #:(if (D) c1 else co) = #:ic1 + #ica + 1
| #:(while (b) ¢) =F#ic+ 2
| #:(Call p es rets) = 2

lemma num-inner-nodes-gr-0 [simp]:#:c > 0
by (induct ¢) auto

lemma [dest]:#:c = 0 = Fulse
by (induct ¢) auto

end

2.2 The state

theory ProcState imports Com begin

fun interpret :: expr = (vname — wval) = wval option
where Val: interpret (Val v) ¢f = Some v
| Var: interpret (Var V) of = cf V
| BinOp: interpret (e1«bop»es) ¢f =
(case interpret e; cf of None = None
| Some vi = (case interpret ex cf of None = None
| Some vy = (
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case binop bop vy ve of None = None | Some v = Some v)))

abbreviation update :: (vname — val) = vname = expr = (vname — val)
where update cf V e = cf (V:=(interpret e cf))

abbreviation state-check :: (vname — wval) = expr = wval option = bool
where state-check cf b v = (interpret b cf = v)

end

2.3 Definition of the CFG

theory PCFG imports ProcState begin

definition Main :: pname
where Main = ""Main'’

datatype label = Label nat | Entry | Exit

2.3.1 The CFG for every procedure
Definition of &

fun label-incr :: label = nat = label (<- ® - 60)
where (Label I) & i = Label (I + 1)

| Entry @ i = Entry

| Bxit & = FExit

lemma FEzit-label-incr [dest]: Exit = n & i = n = Euxit
by (cases n,auto)

lemma label-incr-Exit [dest]: n & i = Exit = n = Euxit
by (cases n,auto)

lemma FEntry-label-incr [dest]: Entry = n @& i = n = Entry
by (cases n,auto)

lemma label-incr-Entry [dest]: n ® i = Entry = n = Eniry
by (cases n,auto)

lemma label-incr-ing:
n®c=n"®c=n=n'

by (cases n)(cases n';auto)+

lemma label-incr-simpin ® i=m & (i +j) = n=md j
by (cases n,auto,cases m,auto)
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lemma label-incr-simp-revm & (j + i) =n®i= mdj=n
by (cases n,auto,cases m,auto)

lemma label-incr-start-Node-smaller:
Label l = n ® i = n = Label (I — 1)
by (cases n,auto)

lemma label-incr-start-Node-smaller-rev:
n @ ¢ = Label | = n = Label (I — i)
by (cases n,auto)

lemma label-incr-ge:Label |l =n ® i = | > i
by(cases n) auto

lemma label-incr-0 [dest]:
[Label 0 = n @ 4; i > 0] = False
by(cases n) auto

lemma label-incr-0-rev [dest]:
[n & ¢ = Label 0; i > 0] = False
by (cases n) auto

The edges of the procedure CFG
Control flow information in this language is the node, to which we return
after the calles procedure is finished.

datatype p-edge-kind =
IEdge (vname,val,pname x label,pname) edge-kind
| CEdge pname x expr list X vname list

type-synonym p-edge = (label x p-edge-kind X label)
inductive Proc-CFG :: ¢cmd = label = p-edge-kind = label = bool

(-F - ——=p )
where

Proc-CFG-Entry-Exit:
prog = Entry —IEdge (As. False),/—, Ewit

| Proc-CFG-Entry:
prog = Entry —IEdge (As. True),,~, Label 0

| Proc-CFG-Skip:
Skip = Label 0 —IEdge ftid—, Exit

| Proc-CFG-LAss:
V:=e  Label 0 —IEdge ft(Acf. update cf V e)—, Label 1
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| Proc-CFG-LAssSkip:
Vi=e - Label 1 —IEdge \id—, Exit

| Proc-CFG-SeqFirst:
[er F n —et—p n's n' # Ezit] = c135¢0 F n —et—p 0/

| Proc-CFG-SeqConnect:
[e1 B n —et—, Exit; n # Entry] = c13;c2 = n —et—, Label #:cq

| Proc-CFG-SeqSecond:
[ca b n —et—p n'; n # Entry] = ci55c2 F n @ #:c1 —et—, n' & #:c1

| Proc-CFG-CondTrue:
if (b) c1 else co & Label 0
—IEdge (\cf. state-check cf b (Some true)) ,—, Label 1

| Proc-CFG-CondFulse:
if (b) c1 else ca = Label 0 —IEdge (\cf. state-check cf b (Some false)) /—p
Label (#:c1 + 1)

| Proc-CFG-CondThen:
[er b n—et—p n'; n # Entry] = if (b) c1 elsecob-n @ 1 —et—, n' & 1

| Proc-CFG-CondElse:
[ea B n —et—p, n's n # Entry]
= if (b) c1 elseca - n® (F#ic1 + 1) —et—p n' & (Fc1 + 1)

| Proc-CFG-WhileTrue:
while (b) ¢’ Label 0 —IEdge (Acf. state-check cf b (Some true)) ,—, Label 2

| Proc-CFG-WhileFalse:
while (b) ¢’ Label 0 —IEdge (\cf. state-check cf b (Some false)) /—, Label 1

| Proc-CFG-WhileFalseSkip:
while (b) ¢’ b Label 1 —IEdge f}id—, Exit

| Proc-CFG-WhileBody:
[¢'F n —et—, n'; n # Entry; n' # Euxit]
= while (b) ¢'Fn® 2 —et—, n' d 2

| Proc-CFG-WhileBodyExit:
[¢'+ n —et—, Ezit; n # Entry] = while (b) ¢’ n & 2 —et—, Label 0

| Proc-CFG-Call:
Call p es rets = Label 0 —CEdge (p,es,rets)—, Label 1

| Proc-CFG-CallSkip:
Call p es rets = Label 1 —IEdge fid—, Exit
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Some lemmas about the procedure CFG

lemma Proc-CFG-Ezit-no-sourcenode [dest]:
prog b Exit —et—, n’ = False
by (induct prog n=Exit et n’ rule: Proc-CFG.induct,auto)

lemma Proc-CFG-Entry-no-targetnode [dest]:
prog = n —et—, Entry = Fulse
by (induct prog n et n'=FEntry rule: Proc-CFG.induct,auto)

lemma Proc-CFG-1Edge-intra-kind:
prog b n —IEdge et—, n' = intra-kind et
by (induct prog n t=IEdge et n’ rule:Proc-CFG.induct,auto simp:intra-kind-def)

lemma [dest]:prog = n —IEdge (Q:r—pfs)—, n’ = False
by (fastforce dest: Proc-CFG-IEdge-intra-kind simp:intra-kind-def)

lemma [dest]:prog = n —IEdge (Q«pf)—, n' = Fulse
by (fastforce dest: Proc-CFG-IEdge-intra-kind simp:intra-kind-def)

lemma Proc-CFG-sourcelabel-less-num-nodes:
prog & Label | —et—, n' = | < #:prog
proof (induct prog Label | et n' arbitrary:l rule: Proc-CFG.induct)
case (Proc-CFG-SeqFirst ¢ et n' ca 1)
thus ?case by simp
next
case (Proc-CFG-SeqConnect ¢y et co 1)
thus ?case by simp
next
case (Proc-CFG-SegSecond co n et n' ¢y 1)
note n = «n @ #:¢qy = Label I
note IH = «(\l. n = Label | = | < #:co»
from n obtain I’ where I:n = Label I’ by(cases n) auto
from IH[OF this] have I’ < #:cs .
with n I’ show ?case by simp
next
case (Proc-CFG-CondThen ¢1 n et n’ b ¢y 1)
note n = «<n @ 1 = Label I
note IH = «A\l. n = Label | = | < #:cp»
from n obtain !’ where [":n = Label I’ by(cases n) auto
from IH[OF this] have I’ < #:¢c; .
with n [’ show ?case by simp
next
case (Proc-CFG-CondElse co n et n' b ¢y 1)
note n = «<n @ (#:c1 + 1) = Label 1
note IH = «A\l. n = Label | = | < #:co»
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from n obtain !’ where [":n = Label I’ by(cases n) auto
from IH[OF this] have I’ < #:cz .
with n [’ show ?case by simp
next
case (Proc-CFG-WhileBody ¢’ n et n' b 1)
note n = «<n @ 2 = Label I
note IH = <\l. n = Label | = | < #:¢"
from n obtain !’ where I:n = Label I’ by(cases n) auto
from IH[OF this] have I’ < #:c¢’.
with n [’ show ?case by simp
next
case (Proc-CFG-WhileBodyFEzxit ¢’ n et b 1)
note n = «<n @ 2 = Label
note IH = «<\l. n = Label | = | < #:¢"
from n obtain !’ where I:n = Label I’ by(cases n) auto
from IH[OF this] have I’ < #:¢’.
with n I’ show ?case by simp
qed (auto simp:num-inner-nodes-gr-0)

lemma Proc-CFG-targetlabel-less-num-nodes:
prog F n —et—, Label | = | < #:prog
proof (induct prog n et Label | arbitrary:l rule: Proc-CFG.induct)
case (Proc-CFG-SeqFirst ¢1 n et ¢ 1)
thus “case by simp
next
case (Proc-CFG-SeqSecond co n et n' ¢y 1)
note n’ = <n’ @ #:¢; = Label Iy
note IH = «(\l. n' = Label | = | < #:co»
from n’ obtain [’ where ":n’ = Label I’ by(cases n’) auto
from [H[OF this| have ' < #:co .
with n’ |’ show ?case by simp
next
case (Proc-CFG-CondThen ¢y n et n' b ca 1)
note n’ = «n’ & 1 = Label Iy
note TH = «(\l. n' = Label | = | < #:cp»
from n’ obtain !’ where I":n’ = Label I’ by(cases n’) auto
from [H[OF this| have I’ < #:c; .
with n’ I’ show Zcase by simp
next
case (Proc-CFG-CondFElse ca n et n' b ¢y 1)
note n' = «n’ @ (#:¢1 + 1) = Label
note IH = «\l. n' = Label | = | < #:co»
from n’ obtain [’ where ["n’ = Label I’ by(cases n') auto
from IH[OF this] have I’ < #:cz .
with n’ I’ show ?case by simp
next
case (Proc-CFG-WhileBody ¢’ n et n’ b 1)
note n’ = «n' @ 2 = Label Iy
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note IH = <A\l. n/ = Label | = | < #:¢h
from n’ obtain [’ where [':n’ = Label I’ by(cases n’) auto
from IH[OF this] have I’ < #:c¢’.
with n’ I’ show ?case by simp

qged (auto simp:num-inner-nodes-gr-0)

lemma Proc-CFG-EntryD:

prog b Entry —et—, n’

= (n' = Exit A\ et = IEdge()s. False) /) V (n' = Label 0 N et = IEdge (Xs.
True)./)
by (induct prog n=Entry et n’ rule: Proc-CFG.induct,auto)

lemma Proc-CFG-Ezit-edge:
obtains [ et where prog = Label | —IFEdge et—, Exit and | < #:prog
proof (atomize-elim)
show 31 et. prog = Label | —IEdge et—, Exit A\ | < #:prog
proof (induct prog)
case Skip
have Skip - Label 0 —IEdge ftid—, Ezit by(rule Proc-CFG-Skip)
thus ?case by fastforce
next
case (LAss Ve)
have V:=e & Label 1 —IEdge fid—, Ezit by(rule Proc-CFG-LAssSkip)
thus ?case by fastforce
next
case (Seq ¢1 ¢2)
from <31 et. ca = Label | —IEdge et—), Exit N | < $#:cp)
obtain [ et where ¢y = Label | —IEdge et—, Fzit and | < #:co by blast
hence ci;;c0 = Label | © #:¢1 —IEdge et—, Exit © #:c1
by (fastforce intro: Proc- CFG-SegSecond)
with «I < #:co> show ?Zcase by fastforce
next
case (Cond b ¢ c2)
from <3l et. ¢y & Label | —IEdge et—, Exit N | < #:cp»
obtain [ et where c¢; - Label | —IFEdge et—, Exit and | < #:c; by blast
hence if (b) ¢1 else co F Label | & 1 —IEdge et—, Exit & 1
by (fastforce intro: Proc-CFG-CondThen)
with < < #:c¢1> show ?case by fastforce
next
case (While b ¢’)
have while (b) ¢’F Label 1 —IEdge {id—, Exit by (rule Proc-CFG-WhileFalseSkip)
thus ?case by fastforce
next
case (Call p es rets)
have Call p es rets = Label 1 —IEdge ftid—, Ezit by(rule Proc-CFG-CallSkip)
thus ?case by fastforce
qed
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qed

Lots of lemmas for call edges ...

lemma Proc-CFG-Call-Labels:
prog = n —CEdge (p,es,rets)—, n’ => 1. n = Label | A n’ = Label (Suc l)
by (induct prog n et=CEdge (p,es,rets) n' rule: Proc-CFG.induct,auto)

lemma Proc-CFG-Call-target-0:
prog = n —CEdge (p,es,rets)—, Label 0 => n = Entry

by (induct prog n et=CEdge (p,es,rets) n'=Label 0 rule: Proc-CFG.induct)
(auto dest:Proc-CFG-Call-Labels)

lemma Proc-CFG-Call-Intra-edge-not-same-source:
[prog = n —CEdge (p,es,rets)—p, n'; prog = n —IEdge et—, n''] = False
proof (induct prog n CEdge (p,es,rets) n' arbitrary:n’’ rule: Proc-CFG .induct)
case (Proc-CFG-SeqFirst ¢y n n' co)
note IH = «An’. ¢1 - n —IEdge et—, n’ = False)
from <cy;;¢0 F n —IEdge et—), n'"» <c1 F n —CEdge (p, es, rets)—p, n'»
«n' # Ezit
obtain nz where c¢; - n —IFdge et—), nx
apply — apply(erule Proc-CFG.cases)
apply(auto intro: Proc-CFG-Entry-Exit Proc-CFG-Entry)
by(case-tac n)(auto dest:Proc-CFG-sourcelabel-less-num-nodes)
then show ?case by (rule IH)
next
case (Proc-CFG-SeqConnect ¢1 n c3)
from <c; - n —CEdge (p, es, rets)—, Exit)
show ?Zcase by/(fastforce dest: Proc-CFG-Call-Labels)
next
case (Proc-CFG-SeqSecond ca n n' ¢1)
note IH = <An’. ¢a - n —IEdge et—, n' = False
from <ci35c0 F n @ #:c1 —IEdge et—, n'y <co = n —CEdge (p, es, rets)—, n'»
n # Entryy
obtain nr where c; - n —IFEdge et—, nx
apply — apply(erule Proc-CFG.cases,auto)
apply(cases n) apply(auto dest: Proc-CFG-sourcelabel-less-num-nodes)
apply(cases n) apply(auto dest: Proc-CFG-sourcelabel-less-num-nodes)
by (cases n,auto,case-tac n,auto)
then show ?case by (rule IH)
next
case (Proc-CFG-CondThen ¢1 nn' b c3)
note IH = <An’. ¢1 - n —IEdge et—, n' = False
from <if (b) ¢y else ca - n & 1 —IEdge et—, n'» <c1 = n —CEdge (p, es,
rets)—, 1’
<n # Entry)
obtain nx where c¢; - n —IEdge et—, nx
apply — apply(erule Proc-CFG.cases,auto)
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apply(cases n) apply auto apply(case-tac n) apply auto
apply(cases n) apply auto
by (case-tac n)(auto dest: Proc-CFG-sourcelabel-less-num-nodes)
then show ?case by (rule IH)
next
case (Proc-CFG-CondFElse ca nn' b ¢y)
note IH = «An’. ¢co - n —IEdge et—, n' = False
from «if (b) c¢1 else co = n @ #:¢c1 + 1 —IEdge et—p, n'"» <ca = n —CEdge (p,
es, rets)—rp nh
<n # Entry
obtain nzr where c; - n —IFEdge et—, nx
apply — apply(erule Proc-CFG.cases,auto)
apply(cases n) apply auto
apply(case-tac n) apply(auto dest: Proc-CFG-sourcelabel-less-num-nodes)
by (cases n,auto,case-tac n,auto)
then show ?Zcase by (rule IH)
next
case (Proc-CFG-WhileBody ¢’ n n' b)
note IH = <A\n'"". ¢’ n —IEdge et—, n'" = False
from <while (b) ¢'+ n @ 2 —IEdge et—, n'» <«¢' b n —CEdge (p, es, rets)—,
n’
«n # Entryy «n' £ Exity
obtain nz where ¢’ n —IEdge et—, nz
apply — apply(erule Proc-CFG.cases,auto)
apply (drule label-incr-ge|OF sym]) apply simp
apply(cases n) apply auto apply(case-tac n) apply auto
by (cases n,auto,case-tac n,auto)
then show ?case by (rule IH)
next
case (Proc-CFG-WhileBodyEzit ¢’ n b)
from <c¢' = n —CEdge (p, es, rets)—, Exit)
show ?case by (fastforce dest:Proc-CFG-Call-Labels)
next
case Proc-CFG-Call
from «Call p es rets = Label 0 —IEdge et—, n'"
show ?case by(fastforce elim:Proc-CFG.cases)
qed

lemma Proc-CFG-Call-Intra-edge-not-same-target:
[prog b n —CEdge (p,es,rets)—, n'; prog b n'' —IEdge et—, n'] = False
proof (induct prog n CEdge (p,es,rets) n' arbitrary:n’’ rule: Proc-CFG .induct)
case (Proc-CFG-SeqFirst ¢; nn' cg)
note IH = «<An’. ¢1 - n” —IEdge et—, n' => False)
from <cy;;¢0 - n’” —IEdge et—, n’y <c1 = n —CEdge (p, es, rets)—, n'
«n' # Ezit
have c¢; - n' —IEdge et—, n’
apply — apply(erule Proc-CFG.cases)
apply(auto intro: Proc-CFG-Entry dest: Proc-CFG-targetlabel-less-num-nodes)
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by(case-tac n')(auto dest: Proc-CFG-targetlabel-less-num-nodes)
then show ?case by (rule IH)
next
case (Proc-CFG-SeqConnect ¢1 n c3)
from <c; - n —CEdge (p, es, rets)—, Exit)
show ?case by (fastforce dest: Proc-CFG-Call-Labels)
next
case (Proc-CFG-SeqSecond ca n n' ¢1)
note IH = <An'. ¢a F n” —IEdge et—, n' = Fualse)
from <cy;;c0 F n” —IEdge et—, n' & #:c1> <ca = n —CEdge (p, es, rets)—, n'

<n # Entry)
obtain nz where ¢y - nz —IEdge et—, n’
apply — apply(erule Proc-CFG.cases,auto)
apply (fastforce intro: Proc- CFG-Enitry-Exit)
apply(cases n’) apply(auto dest: Proc-CFG-targetlabel-less-num-nodes)
apply(cases n’) apply(auto dest: Proc-CFG-Call-target-0)
apply(cases n') apply(auto dest: Proc-CFG-Call-Labels)
by(case-tac n') auto
then show Zcase by (rule IH)
next
case (Proc-CFG-CondThen ¢1 nn' b ca)
note IH = «<An’. ¢1 - n” —IEdge et—, n' = False)
from «if (b) c1 else co = n'' —IEdge et—, n' @ 1y <c; = n —CEdge (p, es,
rets)—, n'
<n # Entry
obtain nz where ¢; - nz —IEdge et—, n’
apply — apply(erule Proc-CFG.cases,auto)
apply(cases n') apply(auto intro: Proc- CFG-Enitry-Exit)
apply(cases n') apply(auto dest: Proc-CFG-Call-target-0)
apply(cases n') apply(auto dest: Proc-CFG-targetlabel-less-num-nodes)
apply(cases n’) apply auto apply(case-tac n') apply auto
apply(cases n’) apply auto
apply(case-tac n’) apply(auto dest: Proc-CFG-targetlabel-less-num-nodes)
by (case-tac n')(auto dest: Proc-CFG-Call-Labels)
then show Zcase by (rule IH)
next
case (Proc-CFG-CondElse ca nn' b c1)
note IH = «An’. ¢ - n” —IEdge et—, n' => False)
from «if (b) c1 else co - n'" —IEdge et—p, n' & #:c1 + 1> <ca = n —CEdge (p,
es, rets)—rp nh
<n # Entry
obtain nz where c¢; - nz —IEdge et—, n’
apply — apply(erule Proc-CFG.cases,auto)
apply(cases n') apply(auto intro: Proc-CFG-Enitry-Exit)
apply(cases n') apply(auto dest: Proc-CFG-Call-target-0)
apply(cases n') apply(auto dest: Proc-CFG-Call-target-0)
apply(cases n’) apply auto
apply(case-tac n') apply(auto dest: Proc-CFG-targetlabel-less-num-nodes)
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apply(case-tac n') apply(auto dest: Proc-CFG-Call-Labels)
by (cases n',auto,case-tac n',auto)
then show ?case by (rule IH)
next
case (Proc-CFG-WhileBody ¢’ n n' b)
note IH = <An”. ¢’ n' —IEdge et—, n’ = Fulse
from (while (b) ¢’ n” —IEdge et—, n’ & 2» <«¢'F n —CFEdge (p, es, rets)—,
n’
<n # Entrys «<n’ # Exit
obtain nz where ¢’ F nz —IEdge et—, n’
apply — apply(erule Proc-CFG.cases,auto)
apply(cases n’) apply(auto dest: Proc-CFG-Call-target-0)
apply(cases n') apply auto
by (cases n’,auto,case-tac n’,auto)
then show ?case by (rule IH)
next
case (Proc-CFG-WhileBodyFEzit ¢’ n b)
from <c'+ n —CEdge (p, es, rets)—, Exit)
show ?case by (fastforce dest: Proc-CFG-Call-Labels)
next
case Proc-CFG-Call
from <Call p es rets = n' —IEdge et—, Label 1)
show ?case by (fastforce elim:Proc-CFG.cases)
qed

lemma Proc-CFG-Call-nodes-eq:
[prog F n —CEdge (p,es,rets)—p, n'; prog = n —CEdge (p’,es’,rets’)—, n']
= n'=n"Ap=p A es=es' A rets = rets’
proof (induct prog n CEdge (p,es,rets) n' arbitrary:n’' rule: Proc-CFG .induct)
case (Proc-CFG-SeqFirst ¢; nn' cg)
note IH = «<An’. ¢1 = n —CEdge (p',es’,rets’)—, n'
= n'=n"ANp=p Aes=es' N\ rets = rets’
from <ci3; co b n —CEdge (p',es’,rets)\—, n'"» <c1 & n —CEdge (p,es,rets)—,
n’s
have c¢; - n —CEdge (p',es’,rets")—, n'"’
apply — apply(erule Proc-CFG.cases,auto)
apply (fastforce dest: Proc-CFG-Call-Labels)
by (case-tac n,(fastforce dest:Proc-CFG-sourcelabel-less-num-nodes)+)
then show ?case by (rule IH)
next
case (Proc-CFG-SeqConnect ¢1 n c3)
from <c; - n —CEdge (p,es,rets)—, Ezit) have False
by (fastforce dest: Proc-CFG-Call-Labels)
thus ?case by simp
next
case (Proc-CFG-SeqSecond cy n n' ¢y)
note IH = «An’. ¢ca = n —CEdge (p',es’,rets’)—, n'’
= n'=n"ANp=1p A es=es’ A rets = rets
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from <cy;5c0 B n @ #:c1 —CEdge (p’,es’,rets’)—, n'"y <n # Entry
obtain nz where edge:co = n —CEdge (p’,es’,rets’)—, nz and nz:nz & #:¢q =
n//
apply — apply(erule Proc-CFG.cases,auto)
by (cases n,auto dest: Proc-CFG-sourcelabel-less-num-nodes label-incr-ing)+
from edge have n’ = nx A p = p’ A es = es’ A rets = rets’ by (rule IH)
with nz show ?case by auto
next
case (Proc-CFG-CondThen ¢; nn' b ca)
note IH = «An". ¢1 = n —CEdge (p',es’,rets’)—, n'’
= n'=n"Ap=1p A es=es’ A rets = rets’
from <if (b) c¢1 else co Fn @ 1 —CEdge (p’,es’,rets’)—, n'’
obtain nz where ¢; - n —CEdge (p’,es’,rets")—, nx A nx & 1 = n"
proof(rule Proc-CFG.cases)
fix co’ nx etz nz’ bz ¢’
assume if (b) c¢1 else co = if (bz) ¢1’ else co’
and n ® I = nx ® #:¢1’ + 1 and nx # Entry
with <¢; F n —CEdge (p,es,rets)—, n'> obtain [ where n = Label [ and [ >
#ic
by (c