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Abstract

This entry provides an “XML library” for Isabelle/HOL. This in-
cludes parsing and pretty printing of XML trees as well as combina-
tors for transforming XML trees into arbitrary user-defined data. The
main contribution of this entry is an interface (fit for code generation)
that allows for communication between verified programs formalized
in Isabelle/HOL and the outside world via XML. This library was
developed as part of the IsaFoR/CeTA project to which we refer for
examples of its usage.

Contents

1 Parsing and Printing XML Documents
1.1 Printing of XML Nodes and Documents . . . . .. ... ...

1.2 XML-Parsing . . . . .. . .. ...
1.3 More efficient code equations . . . . ... .. ... ... ...

2 XML Transformers for Extracting Data from XML Nodes

1 Parsing and Printing XML Documents

theory Xml
imports
Certification-Monads. Parser-Monad
HOL- Library.Char-ord
HOL- Library. Code-Abstract- Char
begin

datatype zml =
— node-name, attributes, child-nodes
XML string (string X string) list xml list |
XML-text string
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datatype zmldoc =
— header, body
XMLDOC string list (root-node: zml)

fun tag :: xml = string where
tag (XML name - - ) = name |
tag (XML-text -) = ||

hide-const (open) tag

fun children :: aml = xml list where
children (XML - - ¢s) = ¢s |
children (XML-text -) = |]

hide-const (open) children

fun num-children :: zml = nat where
num-children (XML - - ¢s) = length cs |
num-children (XML-text -) = 0

hide-const (open) num-children

1.1 Printing of XML Nodes and Documents

instantiation xml :: show
begin

definition shows-attr :: string x string = shows
where
shows-attr av = shows (fst av) o shows-string (""=""Q snd av @ """

definition shows-attrs :: (string X string) list = shows
where
shows-attrs as = foldr (Aa. """ +#+ shows-attr a) as

fun shows-XML-indent :: string = nat = xml = shows
where
shows-XML-indent ind i (XML n a ¢) =
("] +#+ ind +#+ "'<” +#+ shows n +Q+ shows-attrs a +Q+

(if ¢ =[] then shows-string "'/>""
else (
//> 12 +#+

foldr (shows-XML-indent (replicate i (CHR "' ") @ ind) i) ¢ +Q4 "[<]"
+#+ ind +#+
"< /" +#+ shows n +Q+ shows-string '">""))) |
shows-XML-indent ind ¢ (XML-text t) = shows-string t

definition shows-prec (d::nat) xml = shows-XML-indent """ 2 xml

definition shows-list (zs :: xml list) = showsp-list shows-prec 0 xs



lemma shows-attr-append:
(s +#+ shows-attr av) (r Q t) = (s +#+ shows-attr av) r Q ¢

{proof)

lemma shows-attrs-append [show-law-simps]:
shows-attrs as (r @Q s) = shows-attrs as r Q s

{proof)

lemma append-zml”:
shows-XML-indent ind i xml (r @Q s) = shows-XML-indent ind ¢ xml r Q s

(proof)

lemma shows-prec-zml-append [show-law-simps:
shows-prec d (zml::xml) (r @Q s) = shows-prec d aml r Q s

(proof)

instance
(proof )

end

instantiation zmldoc :: show
begin

fun shows-zmldoc
where
shows-rmldoc (XMLDOC h x) = shows-lines h o shows-nl o shows x

definition shows-prec (d::nat) doc = shows-zmldoc doc
definition shows-list (zs :: xmldoc list) = showsp-list shows-prec 0 xs

lemma shows-prec-xmldoc-append [show-law-simps]:
shows-prec d (z::xmldoc) (r Q s) = shows-prec d x r Q s

{proof)

instance
(proof)

end

1.2 XMUL-Parsing

definition parse-text :: string option parser
where
parse-text = do {
ts <+ many ((#) CHR "'<'");
let text = trim ts;
if text =[] then return None
else return (Some (List.rev (trim (List.rev text))))



}

lemma is-parser-parse-text [introl:
is-parser parse-text

(proof)

lemma parse-text-consumes:
assumes x: ts # [| hd ts # CHR "'<"
and parse: parse-text ts = Inr (t, ts’)
shows length ts’ < length ts

(proof)

definition parse-attribute-value :: string parser
where
parse-attribute-value = do {
exactly [CHR """,
v < many ((#£) CHR "");
exactly [CHR "";
return v

}

lemma is-parser-parse-attribute-value [intro]:
is-parser parse-attribute-value

(proof)
A list of characters that are considered to be "letters" for tag-names.

definition letters :: char list

where
letters = "'abcdefghijklmnopqrstuvwzyzA BCDEFGHIJKLMNOPQRSTUVWXYZ-0123456789&;:—""

definition i¢s-letter :: char = bool
where
is-letter ¢ +— ¢ € set letters

lemma is-letter-pre-code:
is-letter ¢ <—
CHR "a" < e¢Nec < CHR'"2'V
CHR "A" < c¢ANc< CHR"Z" v
CHR "0" < ¢ AN c< CHR "9" v
c € set "-&;:—""
(proof)

definition many-letters :: string parser
where
[simp]: many-letters = manyof letters

lemma many-letters [code, code-unfold):
many-letters = many is-letter

{proof)



definition parse-name :: string parser
where
parse-name s = (do {
n < many-letters;
spaces;
if n =[] then
error ("expected letter "' Q letters Q '’ but first symbol is "' Q take 1 s @ "'"")

else return n

1) s

lemma is-parser-parse-name [intro]:
is-parser parse-name

(proof)

function (sequential) parse-attributes :: (string X string) list parser
where
parse-attributes [| = Error-Monad.return ([], []) |
parse-attributes (¢ # s) =
(if ¢ € set "'/>"" then Error-Monad.return ([|, ¢ # s)
else (do {
k < parse-name;
ezxactly "'="";
v < parse-attribute-value;
atts < parse-attributes;
return ((k, v) # atts)
b (c# 5)

{proof)

termination parse-attributes

{(proof)

lemma is-parser-parse-attributes [intro]:
is-parser parse-attributes

(proof)

context notes [[function-internals]]
begin

function parse-nodes :: xml list parser
where
parse-nodes ts =
(if ts =[] V take 2 ts = "'< /" then return || ts
else if hd ts # CHR "< then (do {
t < parse-text;
ns <— parse-nodes;
return (XML-text (the t) # ns)

1) ts
else (do {



exactly "<
n < parse-name;
atts < parse-attributes;
e < oneof ["'/>", ">,
(\ ts”.
if e="/>" then (do {
cs < parse-nodes;
return (XML n atts [| # cs)
1) ts’ else (do {
cs < parse-nodes;
exactly "</,
exactly n;
exactly '">";
ns <— parse-nodes;
return (XML n atts cs # ns)
}) ts'
}) is)
(proof)

end

lemma parse-nodes-help:

parse-nodes-dom s A (¥ x r. parse-nodes s = Inr (x, r) —> length r < length s)
(is ?prop s)
{proof)

termination parse-nodes {proof)

lemma parse-nodes [introl:
is-parser parse-nodes

(proof)

A more efficient variant of oneof ["/>", "">".

fun oneof-closed :: string parser
where
oneof-closed (x # xs) =
(if © = CHR ">" then Error-Monad.return ("">"', trim xs)
else if t = CHR "/"" A (case zs of || = Fulse | y # ys = y = CHR "">"') then
Error-Monad.return ("'/>"", trim (tl zs))
else err-expecting (""one of [/>, >]"") (z # xs)) |
oneof-closed xs = err-expecting ('one of [/>, >]"') s

lemma oneof-closed:
oneof ["'/>", "">"] = oneof-closed (is 7l = ?r)

(proof)

lemma If-removal:
(Mez.ifbethen fexelse gex) = (\e. if bethen feelsege)

{proof)



declare parse-nodes.simps [unfolded oneof-closed,
unfolded If-removal [of X e. e = ""/>""], code]

definition parse-node :: xml parser
where
parse-node = do {
exactly "<
n < parse-name;
atts < parse-attributes;
e < oneof ["/>","">"";
if e ="/>"" then return (XML n atts |])
else do {
cs < parse-nodes;
exactly "'</";
ezactly n;
exactly '">"";
return (XML n atts cs)

}
}

declare parse-node-def [unfolded oneof-closed, code]

function parse-header :: string list parser
where
parse-header ts =
(if take 2 (trim ts) = ""< 2" then (do {
h < scan-upto "'?>"";
hs < parse-header;
return (h # hs)
}) ts else (do {
spaces;
return (|
) ts)
(proof)

termination parse-header

(proof)

definition comment-error = Code.abort (STR "comment not terminated’) (X -
////)

definition comment-error-hyphen = Code.abort (STR "'double hyphen within com-
ment//) (A - ////)

fun rc-auz where rc-aux False (¢ # cs) =
(if c = CHR ""<'" A take 3 cs = "'—="" then rc-auz True (drop 3 cs)
else ¢ # rc-auz False cs) |
re-aux True (¢ # c¢s) =



(if c = CHR """ A take 1 cs = ""="" then
if take 2 cs = "'—'" then comment-error else if take 2 cs =
False (drop 2 cs)
else comment-error-hyphen
else rc-aux True cs) |
rc-auz False [| =[] |
rc-auz True [ = comment-error

"_>'"then rc-aux

definition remove-comments xs = rc-aux False xs

definition rc-open-1 zs = rc-auzr False zs

definition rc-open-2 xs = rc-aux False (CHR "'<'" # xs)

definition rc-open-3 xs = rc-aux False (CHR "'<' # CHR """ # xs)

definition rc-open-4 xs = rc-auzx False (CHR "<’ # CHR "\ # CHR "-" #
xs)

definition rc-close-1 xs = rc-auz True xs

definition rc-close-2 xs = rc-aux True (CHR """ # xs)

definition rc-close-3 xs = rc-auz True (CHR ""—" # CHR "—"" # us)

lemma remove-comments-code[code]: remove-comments xs = rc-open-1 xs
(proof)

lemma char-eg-via-integer-eq: ¢ = d <— integer-of-char ¢ = integer-of-char d
(proof)

lemma integer-of-char-simps|simp]:
integer-of-char (CHR "'<') = 60
integer-of-char (CHR "">") = 62
integer-of-char (CHR "/") = 47
integer-of-char (CHR ') = 388
integer-of-char (CHR "'="") = 45
(proof )

lemma rc-open-close-simp[code]:
rc-open-1 (¢ # cs) = (if integer-of-char ¢ = 60 then rc-open-2 cs else ¢ #

re-open-1 cs)
re-open-1 [] =[]
rc-open-2 (¢ # cs) = (let ic = integer-of-char ¢ in if ic = 33 then rc-open-3 cs
else if ic = 60 then ¢ # rc-open-2 cs else CHR "'<' 4 ¢ # rc-open-1 cs)
re-open-2 [| = "'<”

rc-open-3 (¢ # cs) = (let ic = integer-of-char c in if ic = 45 then rc-open-4 cs
else if ic = 60 then ¢ # CHR """ # rc-open-2 cs else CHR "'<'" # CHR """ # ¢
# rc-open-1 cs)

re-open-3 || = "'<!”

rc-open-4 (¢ # cs) = (let ic = integer-of-char c in if ic = 45 then rc-close-1 cs
else if ic = 60 then ¢ # CHR """ # CHR ""—"" # rc-open-2 cs else CHR "'<" #
CHR """ # CHR "—"" 4 ¢ # rc-open-1 cs)

re-open-4 [] = "'<!="



re-close-1 (¢ # ¢s) = (if integer-of-char ¢ = 45 then re-close-2 cs else re-close-1

cs)

re-close-1 [ = comment-error

re-close-2 (¢ # c¢s) = (if integer-of-char ¢ = 45 then re-close-3 cs else re-close-1
cs)

re-close-2 [| = comment-error

re-close-3 (¢ # c¢s) = (if integer-of-char ¢ = 62 then rc-open-1 cs else com-
ment-error-hyphen)
re-close-8 [| = comment-error

(proof)

definition parse-doc :: xmldoc parser
where
parse-doc = do {
update-tokens remove-comments;
h < parse-header;
xml < parse-node;
€ot;

return (XMLDOC' h zml)
}

definition doc-of-string :: string = string + xmldoc
where
doc-of-string s = do {
(doc, -) < parse-doc s;
Error-Monad.return doc

}

1.3 More efficient code equations

lemma trim-code|[code]:
trim = drop While (X c. let ci = integer-of-char c
in if ci > 84 then False else ¢i = 32V ci =10V ci =9 V ci = 13)
(proof )

fun parse-text-main :: string = string = string X string where
parse-text-main || res = (""", rev (trim res))
| parse-text-main (¢ # cs) res = (if ¢ = CHR "'<' then (¢ # cs, rev (trim res))
else parse-text-main cs (¢ # res))

definition parse-text-impl cs = (case parse-text-main (trim cs) """ of
(rem, txt) = if tat = [] then Inr (None, rem) else Inr (Some tzt, rem))

lemma parse-text-main: parse-text-main xs ys =

(dropWhile ((#) CHR "'<") xs, rev (trim (rev (take While ((#) CHR "'<'’) xs)
@ ys)))

(proof)



lemma many-take-drop: many f xs = Inr (take While f s, drop While f xs)
(proof)

lemma trim-take While-inside: trim (take While ((#) CHR "'<'") ¢s) = take While
((#£) CHR "<y (trim cs)
(proof)

lemma trim-drop While-inside: dropWhile ((£) CHR "'<'’) ¢s = drop While ((#)
CHR "<y (trim cs)
(proof)

declare [[code drop: parse-text]]

lemma parse-text-code[code]: parse-text cs = parse-text-impl cs

(proof)
declare [[code drop: parse-text-main]]

lemma parse-text-main-code[code]:
parse-text-main [| res = (""", rev (trim res))
parse-text-main (¢ # cs) res = (if integer-of-char ¢ = 60 then (¢ # cs, rev (trim
res))
else parse-text-main cs (¢ # res))

{proof)

lemma ezactly-head: exactly [c] (¢ # cs) = Inr ([c],trim cs)
{proof)

lemma take-1-test: (case cs of [| = False | ¢ # x = ¢ = CHR "/") = (take 1 cs
— /////)

(proof)

definition ezxactly-close = exactly '">"
definition ezactly-end = ezactly "'</"

lemma exactly-close-code[code]:

exactly-close [| = err-expecting ("">"") []

exactly-close (¢ # c¢s) = (if integer-of-char ¢ = 62 then Inr (">"') trim cs) else
err-expecting ("">"") (¢ # cs))

{proof)

lemma exactly-end-code|code]:
exactly-end [| = err-expecting ("'</") ||
exactly-end [c] = err-expecting ('</") [c]
exactly-end (¢ # d # cs) = (if integer-of-char ¢ = 60 A integer-of-char d = 47
then Inr ("'</", trim cs)
else err-expecting ("'</") (c # d # cs))
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{proof)

fun oneof-closed-combined :: 'a parser = 'a parser = ’a parser where
oneof-closed-combined p q (z # xs) =
(if t = CHR '>"" then q (trim xs)
else if t = CHR "/ A (case xs of [| = False | y # ys = y = CHR ">"") then
p (trim (U zs))
else err-expecting ("'one of [/>, >]") (z # zs)) |
oneof-closed-combined p q xs = err-expecting ("one of [/>, >]") zs

lemma oneof-closed-combined: oneof-closed-combined p g = (oneof-closed >= (e.
if e ="/>" then p else q)) (is 21 = ?r)
(proof)

declare [[code drop: oneof-closed-combined))

lemma oneof-closed-combined-code|code]:

oneof-closed-combined p q [| = err-expecting (""one of [/>, >]"") """
oneof-closed-combined p q (x # zs) = (let xi = integer-of-char z in

(if i = 62 then q (trim xs)

else (if zi = 47 then

(case zs of [| = err-expecting ("one of [/>, >|") (x # xs)
| v # ys = if integer-of-char y = 62 then p (trim ys)
else err-expecting ("one of [/>, >]") (x # xs))

else err-expecting ("'one of [/>, >]") (z # xs))))

(proof )

lemmas parse-nodes-current-code
= parse-nodes.simps[unfolded oneof-closed, unfolded If-removal [of X e. e =

I//> /I]]

lemma parse-nodes-pre-code:
parse-nodes (¢ # cs) =
(if ¢ = CHR "'<" then
if (case cs of [| = False | ¢ # - = ¢ = CHR "/") then Parser-Monad.return
[ (¢ # cs)
else (parse-name >=
(An. parse-attributes >=
(Aatts.
oneof-closed-combined (parse-nodes >= (Acs.
Parser-Monad.return (XML n atts [| # ¢s)))
(parse-nodes >=
(Aes. exactly-end >=
(A\-. exactly n >=
(A-. exactly-close >=
(A-. parse-nodes >= (Ans.
Parser-Monad.return (XML n atts ¢s # ns))))))))))
(trim cs)
else (parse-text >= (At. parse-nodes >= (Ans. Parser-Monad.return (XML-text
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(the t) # ns)))) (c # cs))
(proof )

declare [[code drop: parse-nodes]]

lemma parse-nodes-code|code]:
parse-nodes [| = Parser-Monad.return ||
parse-nodes (¢ # cs) =
(if integer-of-char ¢ = 60 then
if (case cs of [| = False | d # - = d = CHR /") then Parser-Monad.return
[ (¢ # cs)
else (parse-name >=
(An. parse-attributes >=
(Aatts.

11

oneof-closed-combined (parse-nodes >= (Acs.
Parser-Monad.return (XML n atts [| # c¢s)))
(parse-nodes >=
(Aes. exactly-end >=
(A-. ezactly n >=
(M- exactly-close >=
(A-. parse-nodes >= (Ans.
Parser-Monad.return (XML n atts cs # ns))))))))))
(trim cs)
else (parse-text >= (At. parse-nodes >= (Ans. Parser-Monad.return (XML-text
(the £) # ns)))) (c # c5))
(proof )

declare [[code drop: parse-attributes]]

lemma parse-attributes-code[code]:
parse-attributes [| = Error-Monad.return ([], [])
parse-attributes (¢ # s) = (let ic = integer-of-char ¢ in
(if ic = 47 V ic = 62 then Inr ([], ¢ # s)
else (parse-name >>=
(Ak. exactly "'="">= (A-. parse-attribute-value >= (Av. parse-attributes >=
(Matts. Parser-Monad.return ((k, v) # atts))))))
(c # s)))
(proof )

declare [[code drop: is-letter])

lemma is-letter-code[codel: is-letter ¢ = (let ci = integer-of-char ¢ in
(97 < ci AN ci < 122 V

65 < ci Nci <90V

48 < ciAci <59V

i =95V ci= 38V ci = 45))
(proof)
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declare spaces-def|code-unfold del]

lemma spaces-code|codel:
spaces ¢s = Inr ((), trim cs)

(proof)

declare many-letters|code del, code-unfold del]

fun many-letters-main where
many-letters-main [ = ([], [])
| many-letters-main (¢ # cs) = (if is-letter ¢ then
case many-letters-main cs of (ds,es) = (¢ # ds, es)

else ([}, ¢ # cs))

lemma many-letters-code[code]: many-letters cs = Inr (many-letters-main cs)
{proof)

lemma parse-name-code[codel:
parse-name s = (case many-letters-main s of
(n, ts) = if n =[] then Inl
("expected letter " Q letters Q ' but first symbol is "' Q take 1 s @ ')
else Inr (n, trim ts))

{proof)

end

2 XML Transformers for Extracting Data from
XML Nodes

theory Xmlt

imports
Xml
Certification-Monads.Strict-Sum
HOL.Rat

begin

type-synonym
tag = string

The type of transformers on xml nodes.

type-synonym
‘a xmlt = zml = string +1 'a

definition map :: (zml = (‘e +1 'a)) = zml list = ‘e +, 'a list
where

[code-unfold]: map = map-sum-bot

lemma map-mono [partial-function-monol:
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fixes C maml = (b= ('e+, '¢c)) = 'e+, d
assumes C: A\y. y € set B = mono-sum-bot (C y)
shows mono-sum-bot (Af. map (Ay. Cy f) B)

{proof)
hide-const (open) map

fun text :: tag = string zmit
where
text tag (XML n atts [XML-text t]) =

(if n = tag A atts = || then return t

else error (concat
o ["cotalﬁ))not extract text for ", tag,” from ", '[<1", show (XML n atts

-text t

| text tag xml = error (concat ["'could not extract text for ", tag,” from "', '"[<]",
show xml])
hide-const (open) text

definition bool-of-string :: string = string +.1 bool
where
bool-of-string s =
(if s = ""true’’ then return True
else if s = "false’’ then return False
else error ("cannot convert "' @ s Q ' into Boolean'"))

fun bool :: tag = bool xmlt
where

bool tag node = Xmlt.text tag node >= bool-of-string
hide-const (open) bool

definition fail :: tag = 'a xmlit
where
fail tag xml =
error (concat
[""could not transform the following xml element (expected ", tag, ”')", "1<1",
show xml)])
hide-const (open) fail

definition guard :: (xml = bool) = 'a xmlt = 'a zmit = 'a zmlit
where

guard p pl p2 x = (if p « then pl z else p2 )
hide-const (open) guard

lemma guard-mono [partial-function-mono]:
assumes pl: A\y. mono-sum-bot (p1 y)
and p2: A\y. mono-sum-bot (p2 y)
shows mono-sum-bot (Ag. Xmlt.guard p (\y. pl y g) (A\y. p2y g) )

(proof)
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fun leaf :: tag = 'a = 'a zmlt

where
leaf tag x (XML name alts cs) =
(if name = tag A atts =[] A cs = || then return x

else Xmlt.fail tag (XML name atts cs)) |
leaf tag = xml = Xmlt.fail tag xml
hide-const (open) leaf

fun listlelement :: 'a list = 'a option

where
listlelement [z] = Some z |
listlelement - = None

fun singleton :: tag = 'a amlt = (‘a = 'b) = 'b amlt
where
singleton tag p1 fozml =
(case zml of
XML name atts cs =
(if name = tag A atts = [| then
(case listlelement cs of
Some (cs1) = pl csl >= return o f
| None = Xmilt.fail tag zml)
else Xmlt.fail tag xml)
| - = Xmit.fail tag xml)
hide-const (open) singleton

lemma singleton-mono [partial-function-monol:
assumes p: A\y. mono-sum-bot (p! y)
shows mono-sum-bot (Ag. Xmlt.singleton t (Ay. pl y g) f x)

(proof)

fun list2elements :: 'a list = ('a x 'a) option

where
list2elements [z, y] = Some (z, y) |
list2elements - = None

fun pair :: tag = ‘a zmit = 'b zmlt = (‘a = b = 'c¢) = ‘c amit
where
pair tag p1 p2 f xml =
(case zml of
XML name atts cs =
(if name = tag A atts =[] then
(case list2elements cs of
Some (csl, cs2) =
do {
a + pl csl;
b+ p2 cs2;
return (f a b)

}
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| None = Xmit.fail tag xml)
else Xmlt.fail tag xml)
| - = Xmit.fail tag xml)
hide-const (open) pair

lemma pair-mono [partial-function-monol:
assumes Ay. mono-sum-bot (pl y)
and Ay. mono-sum-bot (p2 y)
shows mono-sum-bot (Ag. Xmlt.pair t (Ay. p1 yg) (A y. p2y g) f x)
(proof )

fun list3elements :: 'a list = ('a x 'a x 'a) option

where
list3elements [z, y, z] = Some (x, y, 2) |
list3elements - = None

fun triple :: string = 'a xmlt = 'b emit = 'c amlt = (‘la = b = 'c = 'd) = 'd
xmlt

where
triple tag p1 p2 p3 f xml = (case xml of XML name atts cs =
(if name = tag A atts = [] then

(case list3elements cs of
Some (csl, cs2, ¢s3) =
do {

a  pl csl;
b+ p2 cs2;
c  p83 cs3;
return (fa b ¢)
}
| None = Xmit.fail tag xml)
else Xmlt.fail tag xml)
| - = Xmlt.fail tag zml)

lemma triple-mono [partial-function-mono):
assumes A\ y. mono-sum-bot (pl y)
and Ay. mono-sum-bot (p2 y)
and Ay. mono-sum-bot (p3 y)
shows mono-sum-bot (Ag. Xmlt.triple t (Ay. pl yg) A y. p2yg) (A y. p3yg)
fx)
(proof)

fun listjelements :: 'a list = (‘a x 'a x 'a X 'a) option
where
listjelements [z, y, z, u] = Some (z, y, z, u) |
list4jelements - = None

fun

tuple ::
string = 'a xmlt = 'b amlt = 'c amlt = 'damit = (la = b= 'c = 'd = 'e)
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= ‘e zmlt
where
tuple4 tag p1 p2 p3 p4 faml =
(case zml of
XML name atts cs =
(if name = tag A atts = || then
(case listjelements cs of
Some (csl, cs2, ¢s3, cs4) =
do {
a < pl csl;
b+ p2 cs2;
¢ < p3 cs3;
d < p4 cs4;
return (f a b ¢ d)
}
| None = Xmlt.fail tag xml)
else Xmilt.fail tag xml)
| - = Xmilt.fail tag zml)

lemma tuplej-mono [partial-function-mono):
assumes Ay. mono-sum-bot (pI y)
and Ay. mono-sum-bot (p2 y)
and Ay. mono-sum-bot (p3 y)
and/\y. mono-sum-bot (p4 y)
shows mono-sum-bot (Ag. Xmlt.tuple4 t (Ay. pl yg) A y. p2yg) (A y. pSyg)
Ay.piyg) fz)
(proof )

fun listbelements :: 'a list = (‘a x 'a X 'a X 'a X 'a) option
where
listbelements [z, y, z, u, v] = Some (z, y, z, u, v) |
listbelements - = None

fun
tupled ::
string = 'a xmlt = b amlt = ‘c amit = 'd xmit = ‘e zmit =
(la="b="c=>"d="e="f) = 'famit
where
tupled tag p1 p2 p3 p4 pd faml =
(case zml of
XML name atts cs =
(if name = tag N\ atts =[] then
(case listbelements cs of
Some (csl,cs2,c88,c84,c85) =
do {
a + pl csl;
b+ p2 cs2;
c < pJd csd;
d < p4 cs4;
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e < p csh;
return (fa b c d e)

| None = Xmilt.fail tag xml)
else Xmlt.fail tag xml)
| - = Xmilt.fail tag zml)

lemma tuple5-mono [partial-function-mono]:
assumes Ay. mono-sum-bot (pI y)
and Ay. mono-sum-bot (p2 y)
and Ay. mono-sum-bot (p3 y)
and Ay. mono-sum-bot (p4 y)
and Ay. mono-sum-bot (p5 y)
shows mono-sum-bot (Ag. Xmlt.tuple5 t (Ay. p1yg) A y. p2yg) (Ay. p3yyg)
ANy piyg) Ny p5yg) fr)
(proof )

fun list6elements :: 'a list = (‘a x 'a X 'a X 'a X 'a x 'a) option
where
list6elements [z, y, z, u, v, w] = Some (z, y, z, u, v, w) |
list6elements - = None

fun
tuple6 ::
string = 'a xmlt = b amlt = ‘c zmit = 'd xmlt = ‘e zmit = 'f xmit =
(la="b="c="d="e="'f = 'g) = 'gamlt
where
tuple6 tag p1 p2 p3 p4 p5 p6 f aml =
(case zml of
XML name atts cs =
(if name = tag N\ atts =[] then
(case listbelements cs of
Some (csl,cs2,c88,cs4,c85,c86) =
do {
a + pl csl;
b < p2 cs2;
c < p3d csd;
d < p4 cs4;
e + p csh;
ff + p6 cs6b;
return (fa b ¢ d e ff)
}
| None = Xmlt.fail tag xml)
else Xmlt.fail tag xml)
| - = Xmilt.fail tag xml)

lemma tuple6-mono [partial-function-mono):

assumes Ay. mono-sum-bot (pI y)
and Ay. mono-sum-bot (p2 y)
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and Ay. mono-sum-bot (p3 y)
and Ay. mono-sum-bot (p4 y)
and Ay. mono-sum-bot (p5 y)
and Ay. mono-sum-bot (p6 y)
shows mono-sum-bot (Ag. Xmlt.tuple6 t (A\y. p1 yg) (A y. p2yg) (A y. p3yg)
ANy-piyg) Ny p5yg) Ny p6yg) fr)
(proof)

fun optional :: tag = 'a xmlt = ('a option = 'b) = 'b xmlt
where
optional tag p1 f (XML name atts cs) =
(let I = length cs in
(if name = tag A atts =[] A1 > 0 N1 < 1 then do {
if 1 = 1 then do {
zl < pl (cs! 0);
return (f (Some x1))
} else return (f None)
} else Xmilt.fail tag (XML name atts cs))) |
optional tag p1 f xml = Xmilt.fail tag xml

lemma optional-mono [partial-function-mono):
assumes A y. mono-sum-bot (pI y)
shows mono-sum-bot (Ag. Xmlt.optional t (Ay. p1 y g) fx)

{proof)

fun zmlito2elements :: string = 'a xmit = 'b amlt = (‘a = 'b option = 'c) = 'c

xmlt
where
xmlito2elements tag p1 p2 f (XML name atts cs) = (
let | = length cs in
(if name = tag AN atts = | A1 > 1 N1 <2
then do {
zl < pl (cs! 0);
(ifl=2
then do {
22 + p2 (es! 1);
return (f x1 (Some z2))
} else return (f z1 None))
} else Xmilt.fail tag (XML name atts cs))) |
amlitoZelements tag p1 p2 fxzml = Xmilt.fail tag xml

lemma zmlito2elements-mono[partial-function-monol:
assumes pl: Ay. mono-sum-bot (pl y)
Ay. mono-sum-bot (p2 y)
shows mono-sum-bot (Ag. xmlito2elements t (Ay. p1 y g) (A\y. p2y g) fz)
{proof)

Apply the first transformer to the first child-node, then check the second
child-node, which is must be a Boolean. If the Boolean is true, then apply
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the second transformer to the last child-node.

fun zmi2nd-choice :: tag = 'a zmit = tag = 'b zmlt = ('a = 'b option = '¢) =
‘¢ amlt
where
xml2nd-choice tag p1 cn p2 f (XML name atts cs) = (
let I = length cs in
(if name = tag A atts =[] A 1 > 2 then do {
zl < pl (cs! 0);
b < Xmlt.bool cn (es! 1);
(if b then do {
22 < p2 (es! (I — 1));
return (f x1 (Some z2))
} else return (f x1 None))
} else Xmit.fail tag (XML name atts cs))) |
xml2nd-choice tag pl cn p2 f xml = Xmilt.fail tag xml

lemma zmi2nd-choice-mono [partial-function-monol:
assumes pl: A\y. mono-sum-bot (p1 y)
Ay. mono-sum-bot (p2 y)
shows mono-sum-bot (Ag. xmi2nd-choice t (\y. pl y g) h (Ay. p2y g) f x)
(proof)

fun
xml2to3elements ::
string = 'a xmlt = b amlt = ‘c amlt = ('a = 'b = 'c option = 'd) = 'd amlt
where
xml2to3elements tag pl p2 p3 [ (XML name atts ¢s) = (
let | = length cs in
(if name = tag A atts =[] A1 > 2 N1 < 3 then do {
xzl < pl (es! 0);
22 + p2 (es! 1);
(if 1 = 3 then do {
z3 < p3 (cs! 2);
return (f x1 x2 (Some z.3))
} else return (f x1 x2 None))
} else Xmit.fail tag (XML name atts cs))) |
xml2to3elements tag pl p2 p3 f zml = Xmilt.fail tag xml

lemma zmli2to3elements-mono [partial-function-monol:
assumes pl: A\y. mono-sum-bot (p1 y)
Ay. mono-sum-bot (p2 y)
Ay. mono-sum-bot (p3 y)
shows mono-sum-bot (Ag. xmi2to3elements t (Ay. pl y g) (My. p2y g) (A\y. p3y
9) [ x)
{proof )

fun

zml3tojelements ::
string = 'a xmlt = 'b zmlt = 'c zmlt = 'd amit = (‘la = 'b = ‘¢ option =
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'd = 'e) =
‘e xmit
where
xml3tojelements tag pl p2 p3 p4 [ (XML name atts cs) = (
let I = length cs in
(if name = tag A atts = [| AN 1> 3 N1 < 4 then do {
zl < pl (cs! 0);
2 < p2 (cs! 1);
(if 1 = 4 then do {
z3 + p3 (cs! 2);
24 < p4 (cs ! 3);
return (f x1 x2 (Some ©3) x4)
} else do {
x4 < p4 (cs!2);
return (f x1 22 None x4)
})
} else Xmit.fail tag (XML name atts cs))) |
xmlStojelements tag p1 p2 p3 p4 f aml = Xmilt.fail tag xml

lemma zmlStoelements-mono [partial-function-monol:
assumes pl: Ay. mono-sum-bot (pl y)
Ay. mono-sum-bot (p2 y)
Ay. mono-sum-bot (p3 y)
NAy. mono-sum-bot (p4 y)
shows mono-sum-bot (Ag. xml3tojelements t (Ay. pl y g) (A\y. p2y g) (Ay. p3y
9) (\y-pdyg) fa)
(proof )

fun many :: tag = 'a zmit = ('a list = 'b) = 'b amlt

where
many tag p f (XML name atts cs) =
(if name = tag A atts =[] then (Xmlt.map p cs >= (return o f))

else Xmlt.fail tag (XML name atts cs)) |
many tag p f xml = Xmlt.fail tag xml
hide-const (open) many

lemma many-mono [partial-function-mono):
fixes p! :: aml = ('b = (string +1 'c)) = string +1 'd
assumes Ay. y € set (Xml.children ©) = mono-sum-bot (p1 y)
shows mono-sum-bot (Ag. Xmlt.many t (A\y. p1 y g) f x)

{proof)

fun manyl-gen :: tag = ‘a xmit = ('a = 'b zmlt) = ('a = b list = 'c) = 'c amit
where
manyl-gen tag pl p2 f (XML name atts cs) =
(if name = tag A atts =[] A cs # || then
(case cs of h # t = do {
z < pl h;
xs + Xmlt.map (p2 z) t;
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return (f x xs)
1)
else Xmlt.fail tag (XML name atts cs)) |
manyl-gen tag p1 p2 f xml = Xmlt.fail tag zml

definition manyl! :: string = ‘a amlt = b amlt = (‘a = 'b list = 'c) = 'c amlt
where

manyl tag p1 p2 = Xmit.manyl-gen tag p1 (A-. p2)
hide-const (open) many!

lemma manyi-mono [partial-function-mono):
fixes pI :: aml = (b = (string +1 'c)) = string +1 'd
assumes Ay. mono-sum-bot (pI y)
and Ay. y € set (¢l (Xml.children z)) = mono-sum-bot (p2 y)
shows mono-sum-bot (Ag. Xmlt.manyl t (A\y. p1 y g) (Ay. p2y g) fx)
(proof)

fun length-ge-2 :: 'a list = bool
where
length-ge-2 (- # - # -) = True |
length-ge-2 - = Fulse

fun many?2 :: tag = ‘a xmit = b amlt = ‘camlt = (‘a = b = ‘clist = 'd) =
'd xmlt
where
many? tag pl p2 p3 f (XML name atts cs) =
(if name = tag A atts = || A length-ge-2 cs then
(case cs of ¢sO # cs1 # t = do {
T < pl csU;
y < p2 csl;
xs < Xmlt.map p3 t;
return (f © y xs)
1)
else Xmlt.fail tag (XML name atts cs)) |
many2 tag pl1 p2 p3 f xml = Xmlt.fail tag zml

lemma many2-mono [partial-function-mono):
fixes pI :: aml = (b = (string +1 'c¢)) = string +1 'd
assumes \y. mono-sum-bot (pI y)
and Ay. mono-sum-bot (p2 y)
and Ay. mono-sum-bot (p3 y)
shows mono-sum-bot (Ag. Xmit.many2 t (Ay. p1 y g) (A\y. p2y g) (\y. p3y g)
f1)
(proof )

fun
xmllor2many-elements ::
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string = 'a axmlt = 'b xmlt = 'c zmlt = (‘a = 'b option = 'c list = 'd) = 'd
xmlt
where
xzmllor2many-elements tag p1 p2 p3 f (XML name atts cs) =
(if name = tag A atts =[] A cs # || then
(case cs of
cs0 # tt =
do {
x 4+ pl cs0;
(case tt of
csl # t =
do {
try do {
Yy < p2 csl;
s < Xmlt.map p3 t;
return (f x (Some y) xs)
} cateh (M - do {
xs < Xmlt.map p3 tt;
return (f x None xs)

D

| [| = return (f x None []))})
else Xmlt.fail tag (XML name atts cs)) |
xmllor2many-elements tag p1 p2 p3 f aml = Xmlt.fail tag xml

fun
xmlImanyZelements-gen ::
string = 'a xmlt = ('a = 'b amlt) = 'c emlt = 'd zmit =
(la = "blist = 'c = "'d="e) = e xmlt
where
zmlImany2elements-gen tag pl1 p2 p3 p4 f (XML name atts cs) = (
let ds = List.rev cs; | = length cs in
(if name = tag A atts =[] A 1 > 3 then do {
z < pl (es! 0);
xs < Xmlt.map (p2 x) (¢ (take (I — 2) cs));
y <+ p3 (ds! 1);
z < p4 (ds! 0);
return (f z xs y 2)
} else Xmilt.fail tag (XML name atts cs))) |
xmlimanyZelements-gen tag p1 p2 p3 p4 faml = Xmilt.fail tag xml

lemma zmlImany2elements-gen-mono [partial-function-mono]:
fixes p1 :: aml = ('b = (string +.1 'c)) = string +, 'd
assumes pl: A\y. mono-sum-bot (p1 y)
Ay. mono-sum-bot (p3 y)
Ay. mono-sum-bot (p4 y)
shows mono-sum-bot (Ag. xmlimany2elements-gen t (Ay. pl y g) p2 (Ay. p3y
9) (\y. p4yg) fx)
(procf)
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fun
xmlImanyZelements ::
string = 'a amlt = b amlt = 'c amlt = 'd amlt = (la = b list = 'c = 'd =
‘e) =
‘e xmlt
where
zmlimany2elements tag p1 p2 = zmlimany2elements-gen tag p1 (A-. p2)

fun
xml-many2elements ::
string = 'a xmlt = 'b amlt = ‘c zmit = (‘a list = 'b = ‘¢ = 'd) = 'd zmlt
where
zml-many2elements tag p1 p2 p3 f (XML name atts cs) = (
let ds = List.rev cs in
(if name = tag A atts =[] A length-ge-2 cs then do {
xs < Xmlt.map p1 (List.rev (¢ (¢l ds)));
y <+ p2 (ds! 1);
z < p3 (ds! 0);
return (f xs y z)
} else Xmit.fail tag (XML name atts cs))) |
xml-many2elements tag pl p2 p3 f xml = Xmilt.fail tag xml

definition options :: (string x 'a zmlt) list = 'a zmlit
where
options ps x =
(case map-of ps (Xml.tag x) of
None = error (concat
[""expected one of: "', concat (map (Ap. fst p @ """") ps), "[<=]", "but found”,
"<]", show xz])
| Some p = p x)
hide-const (open) options

lemma options-mono-gen [partial-function-monol:

assumes p: A k p. (k, p) € set ps = mono-sum-bot (p )

shows mono-sum-bot (A g. Xmit.options (map (A (k, p). (k, A y. pyg))) ps) z)
(proof)

(ML)
declare Xmlt.options-mono-thms [partial-function-mono)

fun choice :: string = ’a xmlt list = 'a xmlit
where
choice e [| = error (concat ["error in parsing choice for ", e, " <=]", show z])
|
choice e (p # ps) © = (try p = catch (A-. choice e ps x))
hide-const (open) choice
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lemma choice-mono-2 [partial-function-monol:
assumes p: mono-sum-bot (p1 x)
mono-sum-bot (p2 x)
shows mono-sum-bot (A g. Xmit.choice e [(A y. pl y g), (A y. p2y g)] )
(proof )

lemma choice-mono-3 [partial-function-monol:
assumes p: mono-sum-bot (pl x)
mono-sum-bot (p2 x)
mono-sum-bot (p3 x)
shows mono-sum-bot (A g. Xmlt.choice e [\ y. pl y g), (A y. P2y g), (A y. p3
y 9)l )
(proof)

fun change :: 'a zmit = ('a = 'b) = 'b xmlt
where

change p fx = p © >= return o f
hide-const (open) change

lemma change-mono [partial-function-monol:
assumes p: A\y. mono-sum-bot (pI y)
shows mono-sum-bot (Ag. Xmlt.change (\y. p1 y g) f x)
(proof)

fun int-of-digit :: char = string +, int
where
int-of-digit v =

(if z = CHR 0" then return 0
else if x = CHR 1" then return 1
else if t = CHR "'2" then return 2
else if t = CHR ""3" then return 3
else if t = CHR "'} then return /
else if x = CHR 5" then return 5
else if x = CHR 6" then return 6
else if 1 = CHR ""7" then return 7
else if t = CHR "'8" then return 8
else if t = CHR "'9" then return 9
else error (z # " is not a digit"))

fun int-of-string-auz :: int = string = string 4+, int
where

int-of-string-auz n [| = return n |

int-of-string-auz n (d # s) = (int-of-digit d >= (Am. int-of-string-auzx (10 * n
+ m) s))

definition int-of-string :: string = string +, int

where
int-of-string s =
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(if s =[] then error "cannot convert empty string into number'’
else if take 1 s = ""—" then int-of-string-auz 0 (tl s) >= (X i. return (0 — 1))
else int-of-string-auz 0 s)

hide-const int-of-string-auz

fun int :: tag = int zmlt
where

int tag x = (Xmlt.text tag x >= int-of-string)
hide-const (open) int

fun nat :: tag = nat xmlt
where
nat tag © = do {
trt < Xmlt.text tag x;
1 < int-of-string twt;
return (Int.nat @)

}

hide-const (open) nat

definition rat :: rat xmit
where
rat = Xmlt.options |
(""integer’'; Xmlt.change (Xmlit.int "integer’’) of-int),
(""rational”,
Xmlt.pair "rational”’ (Xmlt.int ""numerator’) (Xmlit.int "denominator’’)
(A z y. of-int x / of-int y))]

hide-const (open) rat

end
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