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Chapter 1

Intr oduction

Thislibraryimplementsimpleuseof regularexpressionsit providesdirectdefinitionsof regularexpressiondorm

the usualconstructionspr definition of suchexpressiondorm a syntacticmannerusing GNU regexp syntax. It

providesasimplecompilationof regexp into adeterministiutomatonanduseof suchanautomatorfor matching
andsearching.



Chapter 2

Library documentation

Thisis thedocumentatiorior useof thelibrary. It providesall functionsin onemodule.

2.1

Module Regexp

2.1.1 Theregexpdatatype and its constructors

Thetype of regularexpressionss abstractRegular expressionsnaybe built from thefollowing constructors

emptyis theregexp thatdenotesho word at all.

epsilonis theregexp thatdenotegshe emptyword.

charc returnsaregexp thatdenotesonly the single-characteword c.

chacinterv a b returnsaregexp thatdenotesary single-characteword belongingto charinterval a, b.
string str denoteghe string str itself.

stare wheree is aregexp, denoteghe Kleeneiterationof g, thatis all thewordsmadeof concatenatiorf
zero,oneor morewordsof e.

alt el e2returnsaregexp for the unionof language®f el ande2.
seqel eZreturnsaregexp for the concatenationf language®f el ande2.
opt e returnsa regexp for the setof wordsof e andtheemptyword.

somee denotesll thewordsmadeof concatenatiomf oneor morewordsof e.

type regexp
val empty : regexp

val epsilon : regexp

val char: char— regexp

val chacinterv : char— char— regexp

val string : string— regexp

val star : regexp — regexp

val alt : regexp — regexp — regexp

val seq : regexp — regexp — regexp

val opt : regexp — regexp

val some : regexp — regexp



char denoteghe characteicharfor all non-speciathars

\ char denoteghe charactercharfor specialcharacters ,\ , *, +,?,[ and]

. denotesary single-characteword

[ sel denotesary single-characteword belongingto set Intervals may be
givenasin [a-Z]

[* sel denotesary single-characteword not belongingto set

regexp* denotegheKleenestarof regexp

regexp+ denotesary concatenatioof oneor morewordsof regexp

regexp? denoteghe emptyword or ary word denotedy regexp

regexp | regexp, | denotesary wordsin regexp; orin regexp;

regexp, regexps denotesary contecatenationf awordof regexp; andaword of regexp;

( regexp) parentheseslenotegshe samewordsasregexp.

Figure2.1: Syntaxof regularexpressions

2.1.2 Regexpmatching by runtime interpr etation of regexp

match string r sreturnstrueif thestringsis in thelanguagedenotedy r. Thisfunctionis by no meansfficient,
but it is enoughif you justneedto matchoncea simpleregexp againsta string.

If you have a complicatedregexp, or if you're going to matchthe sameregexp repeatedlyagainstseveral
strings,we recommendo usecompilationof regexp providedby moduleAutomata

val match.string : regexp — string— bool

2.1.3 Syntax of regular expressions

This function offers a way of building regular expressionssyntactically following moreor lessthe GNU regexp
syntaxasin egrep. Thisis summarizedn the tableof figure2.1.

Moreover, the postfix operators®, + and? have priority over the concatenationitself having priority over
alternationwith |

from_string str builds a regexp by interpretingsyntacticallythe string str. The syntaxmustfollow the table
above. It raisesexceptioninvalid_agument'from _string"  if thesyntaxis not correct.

val from_string : string— regexp

2.1.4 Compilation of regular expressions

type compiled regexp

val compile : regexp — compiled regexp

2.1.5 Matching and searching functions

searchforward e str possearchn thestringstr, startingat positionposawordthatis in thelanguageof r. Returns
apair (b, e) whereb is positionof thefirst charmatchedande is the positionfollowing the positionof the last
charmatched.

RaisesNot_found of no matchingword is found.

Notice: evenif theregularexpressioraccepttheemptyword, thisfunctionwill neverreturn(b, e) with e = b.
In otherwords,this functionalwayssearchor non-emptywordsin thelanguageof r.

Unpredictableesultsmayoccurif pos < 0.

val searchforward : compiledregexp — string— int — int x int
split_stringsr s extract from string s the subwordgof maximalsize)thatarein the languageof r. For example
split_strings(compile (from_string "[0-9]+"  )) "12+3*45" returns["12" ;"3" ;"45" ].



split_.delim a s splits string s into pieces delimited by
split_strings(compile(char’:’ )) "marche:G6H3a656h6956:534:180:Claude
returns[ "marche" ;"G6H3a656h6g56" ;"534" ;"180" ;"Claude
__Marche" ;"/home/marche" ;"/bin/bash" ].
val split_strings : compiledregexp — string— string list

val split_delim : compiled regexp — string— string list

r.

For example
_Marche:/hom e/marche:/

bin/basl
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Chapter 3

Documentationof implementation

This part describethe implementatiorof the library. It provides several moduleswhich dependsachotheras
shavn by the graphbelow.



3.1 Module Hashcons

* hashconshashtablesfor hashconsingCopyright(C) 2000Jean-ChristophEILLIATRE

This library is free software;you can redistribute it and/ormodify it underthe termsof the GNU Library
GeneralPublicLicenseversion2, aspublishedby the FreeSoftwareFoundation.

Thislibrary is distributedin the hopethatit will beuseful,but WITHOUT ANY WARRANTY; without even
theimplied warrantyof MERCHANTABILITY or FITNESSFORA PARTICULAR PURPOSE.



SeetheGNU Library GeneralPublicLicenseversion2 for moredetails(enclosedn thefile LGPL).

Hashtablesfor hashconsing.Hashconsedraluesareof thefollowingtype hash consed Thefield tagcontains
a uniqueinteger (for valueshashconsedwith the sametable). Thefield hkey containsthe hashkey of the value
(without modulo)for possibleusein otherhashtables(andinternally whenhashconsingtablesareresized).The
field node} containsthe valueitself.

type a hashconsed= {

hkey : int;
tag : int;
node : «}

Functorialinterface.

module type Hashedype =
sig
type t
valequal : t x t — bool
val hash : t — int
end
module type S =
sig
type key
type t
val create: int — t
val hashcons: t — key — key hashconsed
end

module Make(H : Hashedype) : (S with type key = H.t)

3.2 Module Regular_expr

This moduledefinestheregular expressionsandprovidessomesimplemanipulationof them.

3.2.1 Theregexpdatatype and its constructors

Thetype of regularexpressionss abstractRegular expressionsnaybe built from thefollowing constructors

emptyis theregexp thatdenotesho word at all.

epsilonis theregexp thatdenotegshe emptyword.

e charc returnsaregexp thatdenotesonly the single-characteword c.

e charss returnsaregexp thatdenotesary single-characteword belongingto setof charss.
e string str denoteghestring stritself.

e stare whereeis aregexp, denoteshe Kleeneiterationof e, thatis all the wordsmadeof concatenatiomf
zero,oneor morewordsof e.

¢ alt el e2returnsaregexp for the unionof language®f el ande2.
e seqgel eZreturnsaregexp for theconcatenationf language®f el ande2.
e opt e returnsaregexp for the setof wordsof e andtheemptyword.

o somee denotesall thewordsmadeof concatenatiof oneor morewordsof e.
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type regexp

val unig-tag : regexp — int

val empty : regexp

val epsilon : regexp

val char: char— regexp

val chacinterv : char— char— regexp
val string: string— regexp

val star : regexp — regexp

val alt . regexp — regexp — regexp
val seq : regexp — regexp — regexp
val opt : regexp — regexp

val some : regexp — regexp

3.2.2 Simpleregexpoperations

Thefollowing threefunctionsprovide somesimpleoperationn regular expressions:

e nullabler returnstrue if regexp r acceptgsheemptyword.
e residualr c returnstheregexp r’ denotingthelanguageof wordsw suchthatcw is in thelanguageof r.

o firstcharsr returnsthe setof charactershatmay occurat the beginning of wordsin thelanguageof e.

val nullable : regexp — bool
val residual : regexp — int — regexp

val firstchars : regexp — (int x int x regexp) list

3.2.3 Regexpmatching by runtime interpr etation of regexp

match string r s returnstrueif thestringsis in thelanguagedenotedby r. Thisfunctionis by no meansfficient,
but it is enoughif you justneedto matchoncea simpleregexp againsta string.

If you have a complicatedregexp, or if you're going to matchthe sameregexp repeatedlyagainstseveral
strings,we recommendo usecompilationof regexp providedby moduleAutomata

val match.string : regexp — string— bool
pretty-printer
val fprint : Formatformatter — regexp — unit

val print : regexp — unit

3.3 Implementation of module Regular_expr
3.3.1 regexpdatatype and simplifying constructors

open Hashcons

type regexp = regexp_structHashconsashconsed

11



and regexp_struct =
| Empty
| Epsilon
| Charintervof int x int
| String of string
| Starof regexp
| Alt of regexp_struct Ptsett
| Seqof regexp x regexp

let unig_tagr = r.tag

let regexp_eq(rl, r2) =
match (r1, r2) with

| Empty, Empty — true
| Epsilon, Epsilon — true
| Alt s1, Alt s2 — Ptsetequalgsl s2
| Starrl, Starr2 — r1 = r2
| Seqs11,s12), Seqs21,s22) — s11 = s21 A s12 = s22
| String s1, Strings2 — s1=s2
| Chacinterv(al, b1), Chatinterv(a2, b2) — al=a2 A bl = b2
| - — false

module Hash = Hashcons.Makestructtype t = regexp_struct
let equal = regexp_eq
let hash = Hashtbl.hastend)

let hash consingtable = Hashcreate257

let hash.cons = Hashhashconsash consingtable
let empty = hashconsEmpty

let epsilon = hash consEpsilon

let stare =
match e.nodewith
| Empty| Epsilon — epsilon
| Star_. — e
| - — hashcons(Stare)

letaltele2 =
match elnode e2nodewith
| Empty,_. — e2
| -, Empty — el
|Alt(I11), Alt(12) — hashcons(Alt(Ptsetunionl1 12))
| Alt(I11), - — hashcondAlt (Ptsetadde2 1))
| -, Alt(12) — hashcondAlt (Ptsetaddel I2))
|- —
if el = e2then el
else hash congAlt (Ptsetadd el ( Ptsetsingletone2)))

let seqgele2 =
match elnode e2nodewith
| Empty, . — empty
| -, Empty — empty
| Epsilon, . — e2
| -, Epsilon — el
| - — hashcongSeqel, e2))

let charc = letc = Charcodec in hashcong Char.interv(c, c))

12

(* lengthatleast2 «)



let charintervab = hashcondg Chat interv(Charcodea, Charcodeb))

let strings =

if s=""

then
epsilon

else
if String.lengths = 1
then let ¢ = String.gets0 in charc
else hash cong String s)

3.3.2 extendedregexp

let somee = (seqe (stare))

let opte = (alt e epsilon

3.3.3 Regexpmatch by run-time interpr etation of regexp

let rec nullabler =

match r.nodewith
| Empty — false
| Epsilon — true
| Chacinterv(nl, n2) — false
| String . — false (* cannotbe™ )
| Stare — true
| Alt(I) — Ptset.gists nullablel
| Seqel, e2) — nullableel A nullablee2

let rec residualr ¢ =
match r.nodewith
| Empty — empty
| Epsilon — empty
| Chacinterv(a, b) — ifa< c A ¢ < bthen epsilonelse empty
| Strings — (* scannothe™ x)
if c = Charcodg String.gets 0)
then string (String.subs 1 (pred (Stringlength s)))
else empty
| Stare — seq(residuale c) r
|Alt(l) —
Ptsetfold
(fun eaccu — alt (residuale c) accy
I
empty
| Seqel, e2) —
if nullable(el)
then alt (seq(residualel c) e2) (residuale2 c)
else seq(residualel c) e2

13



let match.stringr s =
lete = refrin
for i = 0 to pred(Stringlengths) do
e := residualle (Charcodg String.gets i))
done;
nullable'e

firstcharsr returnsthe setof charactershatmaystartawordin thelanguageof r

letaddabrl = ifa> bthen/ else (a,b,r) :: |

letrec insertabrl =
match [ with
1] = [(ab,n)]
| (a1, b1, rl) :: rest —
ifb < al
then
(ra<=b<al<=blx)
(ab,r): |
else
ifb < bl
then
ifa < al
then
(xa<=al<=b<=blx)
adda(al—1)r((al,b,altrrl) :: (add(b+ 1) bl rl rest)
else
(*al<a<=b<=blx)
(al,a—1,r1) = (a b,altrrl) :: (add(b+ 1) b1rl resp
else
ifa < al
then
(*a<=al<=Dbl<bx)
adda(al—1)r((al,bl,altrrl) :: (insert(bl+ 1) b r rest)
else
ifa < bl
then
(ral<a<=bl<bx)
(al,a—1,r1) :: (a bl,altrrl) :: (insert(bl+ 1) b rresy
else
(xal<=bl<a<=bx)
(al,b1,rl) :: (insertab r resy

letinsertlist 11 12 =
List.fold_right
(fun (a, b, r) accu — insertab r accy
11
12

14



let rec firstcharsr =
match r.nodewith
| Empty — []
| Epsilon — []
| Chacinterv(a, b) — [(a, b, epsilon]
| Strings —
let c = Charcodd String.gets 0) in
[(c, ¢,string (String.subs 1 (pred (String.lengths))))]
| Stare —
let | = firstcharsein
List.map(fun (a,b,res — (a, b, seqresr)) |
|Alt(s) —
Ptsetfold
(fun eaccu — insertlist (firstcharse) accy
s
(]
| Seqel, e2) —
if nullableel
then
let I1 = firstcharseland I2 = firstcharse2in
insert list
(List.map(fun (a, b,res) — (a, b, seqrese2)) I1)
2
else
let 11 = firstcharselin
Listmap(fun (a, b, res) — (a, b, seqrese2)) I1

let - =
letr = seqstar(alt (char'a’ ) (char’b’ ))) (char’c’ )in
firstcharsr

open Format

let rec fprint fmt r =
match r.nodewith
| Empty — fprintf fmt "(empty)"
| Epsilon — fprintf fmt "(epsilon)"
| Chacinterv(a, b) — fprintf fmt "[%c’-'%c"" (Charchr a) (Charchr b)
| Strings — fprintf fmt "\"%s\"" s
| Stare — fprintf fmt "(%a)*"  fprint e
|Alt(l) —
fprintf fmt "(" ;
Ptsetiter (fun e — fprintf fmt "|%a" fprint e) I;
fprintf fmt )"
| Seqel, e2) — fprintf fmt "(%a _%a)" fprint el fprint e2

let print = fprint std_formatter

Module Regexp. parser (Yacc)

Header

open Regyular_expr

15



Token declarations

%token <char CHAR
%token <Rgyular.expr.regexp> CHARSET
%token STAR ALT PLUS QUESTION OPENPAR CLOSEPAR EOF

Yostart regexp _start
%type <Regular_expr.regexp> regexp _start

%left ALT
%left CONCAT CHAR CHARSET OPENPAR
%nonassoc STAR PLUS QUESTION

Grammar rules

regexp_start ;1=
| regezp EOF
{ $1}

regezp 1=
| CHAR
{ char$1}
| CHARSET
{ $1}
| regexp STAR
{ star$1}
| regexp PLUS
{ some$1}
| regexp QUESTION
{ opt$1}
| regexp ALT regexp
{ alt$1$3}
| regexp regexp Y%oprec CONCAT
{ seq$1$2}
| OPENPAR regexp CLOSEPAR
{ $2}

Module Regexp.lexer (Lex)
{

open Reyular_expr
open Regexp_parser

open Lexing

16



let add.interab | =
letrecaddrecabl =
match | with
11l = [(ab)]
| (a1, bl) :r —
ifb < al
then (a, b) :: |
else
ifbl < a
then (al, bl) :: (add.recabr)
else
(x intervalsa, b andal, b1 intersect)
add rec(min aal) (maxb bl) r
in
ifa> bthenl else add.recab |

let complement =
letrec comp.recal =

match [ with
11l =
ifa < 256 then [(a, 255)] else []
|(al,bl) = r —
ifa < althen(a al—1): (comprec(bl+ 1) r)else comprec(bl+1)r
in
comp.recO |

letintervab = chacinterv (Charchra) (Charchr b)

let rec make charsetl =
match | with
I[] — empty
| (a,b) :: r — alt (interv a b) (make charsetr)

17



rule token = parse
[\ S
{ CHAR (lexeme. charlexbuf 1) }

{ CHARSET(interv0 255) }
{ SR}

{ PLUS}

{ QUESTION}

{ ALT}

{ OPENRR}

{ CLOSERR }

{ CHARSET{make charset complemen{ charsetlexbuf))) }

{ CHARSETmake charsef charsetlexbuf)) }

{ CHAR (lexeme charlexbuf 0) }
| eof
{ EOF}

and charset = parse
|'T
{ [1}

{ letc = Charcoddlexeme charlexbuf 1) in
add.inter ¢ ¢ (charsetlexbuf) }

i\ I -

{ letcl = Charcode(lexeme charlexbuf 0)
and c2 = Charcode(lexeme charlexbuf 2)
in
add.inter c1 c2 (charsetiexbuf) }

I\

| -
{ letc = Charcoddlexeme charlexbuf 0) in
add.inter ¢ ¢ (charsetlexbuf) }

3.4 Module Regexp syntax

This moduleoffers a way of building regular expressionssyntactically following moreor lessthe GNU regexp
syntaxasin egrep. Thisis summarizedn the tableof figure 3.1.

Moreover, the postfix operators®, + and? have priority over the concatenationitself having priority over
alternationwith |

from_string str builds a regexp by interpretingsyntacticallythe string str. The syntaxmustfollow the table
above. It raisesexception/nvalid_agument'from _string"  if thesyntaxis notcorrect.

val from_string : string— Regular_expr.regexp

18



char denoteghe characteicharfor all non-speciathars

\ char denoteghe charactercharfor specialcharacters ,\ ,*,+,?2,|,[,1,
( and)

. denotesary single-characteword

[ sel denotesary single-characteword belongingto set Intervals may be
givenasin [a-z]

[* sel denotesary single-characteword not belongingto set

regexp* denotegheKleenestarof regexp

regexp+ denotesary concatenatioof oneor morewordsof regexp

regexp? denoteghe emptyword or ary word denotedy regexp

regexp | regexp, | denotesary wordsin regexp; orin regexp;

regexp, regexps denotesary contecatenationf awordof regexp; andaword of regexp;

( regexp) parentheseslenoteghe samewordsasregexp.

Figure3.1: Syntaxof regularexpressions

3.5 Implementation of module Regexp syntax

let from_strings =

try
let b = Lexing.from_stringsin
Regexp_parserregexp_start Regexp_lexertokenb
with
Parsing.Rrseerror — invalid_arg "from _string"

3.6 Module Automata

This moduleprovidescompilationof a regexp into an automaton.It thenprovidessomefunctionsfor matching
andsearching.

3.6.1 Automata, compilation

Automataconsiderederearedeterministic.Thetype of automatds abstractcompiler returnsanautomatorthat
recognizeshelanguageof r.

type automaton

val compile : Regular_expr.regexp — automaton

3.6.2 Execution of automata

exec_automatonauto str pos executesthe automatonauto on string str starting at position pos. Returnsthe
maximal positionp suchthatthe substringof str from positionspos (included)to p (excluded)is acceptabldoy
theautomaton;1 if no suchpositionexists.

Unpredictableesultsmayoccurif pos < 0.

val exec_automaton: automaton— string— int — int

3.6.3 Matching and searching functions

searchforward a str possearchin thestringstr, startingat positionposawordthatis in thelanguagef automaton
a. Returnsa pair (b, €) whereb is positionof thefirst charmatchedand e is the positionfollowing the position
of thelastcharmatched.

19



RaisesNot_found of no matchingwordis found.

Notice: evenif the automatoracceptshe emptyword, this functionwill neverreturn(b, €) with e = b. In
otherwords,this functionalwayssearchfor non-emptywordsin the languageof automatora.

Unpredictableesultsmayoccurif pos < 0.

val searchforward : automaton— string— int — int x int

split_stringsa s extract from string s the subwordqof maximalsize)thatarein the languageof a. For example
split_strings(compile (from_string"[0-9]+"  )) "12+3*45" returns["12" ;"3" ;"45" ].

split_.delim a s splits string s into pieces delimited by a For example
split_strings(compile(char:’ )) "marche:G6H3a656nh6956:534:180:Claude _Marche:/hom e/marche:/
returns[ "marche" ;"G6H3a656h6g56" ;"534" ;"180" ;"Claude

__Marche" ;"/home/marche" ;"/bin/bash" ].

val split_strings : automaton— string— string list
val split_delim : automaton— string— string list
to_dot a f exportstheautomatora to thefile f in DOT format.

val to_dot : automaton— string— unit

3.7 Implementation of module Automata
Compilationof regexp into anautomaton

open Reyular_expr

3.7.1 Thetype of automata

Automataconsiderederearedeterministic.

The statef theseautomatearealwaysrepresentedsnaturalnumberstheinitial statealwaysbeingO.

An automatonis thenmadeof a transitiontable, giving for eachstaten a sparsearraythat mapscharacters
codedto states andatableof acceptingstates.

type automaton=

{

autatrans : (int x int array) array,
auta accept: bool array,

}

3.7.2 Execution of automata

exec_automatonauto str pos executesthe automatonauto on string str starting at position pos. Returnsthe
maximal positionp suchthatthe substringof str from positionspos (included)to p (excluded)is acceptabldoy
theautomaton;1 if no suchpositionexists.

20
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let exec_automatorautos pos =
let state = refQ
and last.acceptpos =
ref (if autoauta.accept(0) then poselse -1)

andi = ref pos

and | = String.lengths
in

try

while!i < Ido
let (offset, m) = autoautatrans(!statg in
let index = Charcodg String.gets !i) — offsetin
if index < 0 Vv index > Arraylengthm then raiseExit;
state := m.(index);
if Istate = — 1 then raiseEXxit;
incri;
if autoauta accept(!statg then last.acceptpos := !i;
done;
llast. acceptpos
with
Exit — !last.acceptpos

3.7.3 Searching functions

searchforward a str possearchin thestringstr, startingat positionposawordthatis in thelanguagef automaton
a. Returnsa pair (b, €) whereb is positionof thefirst charmatchedand e is the positionfollowing the position
of thelastcharmatched.

RaisesNot_found of no matchingwordis found.

Notice: evenif the automatoracceptghe emptyword, this functionwill never return(b, e) with e = b. In
otherwords,this functionalwayssearchfor non-emptywordsin the languageof automatora.

Unpredictableesultsmayoccurif pos < 0.

let rec searchforward autos pos =
if pos > Stringlengths
then raiseNot_found
else
let n = exec.automatorautos posin
if n > posthen pos n else searchforward autos (succpos)

split_stringsa s extractfrom string s the subwordqof maximalsize)thatarein thelanguageof a

let split_stringsautoline =
let rec loop pos =
try
let b, e = searchforward autoline posin
letid = Stringsubline b (e — b)in

id :: (loop e)
with Not_found — []
in
loop 0

21



let split_delim autoline =
let rec loop pos =
try
let b, e = searchforward autoline posin
letid = Stringsubline pos(b — pos in
id :: (loop e)
with Not_found —
[Stringsub line pos(String.lengthline — pos)]
in
loop 0

3.7.4 Compilation of aregexp

compiler returnsan automatorthatrecognizeshelanguageof r.

module IntMap =
Inttagmap.Makéstruct type t = int lettagx = x end)

module IntSet =
Inttagset.Makéstruct type t = int let tagx = x end)

let rec computemaxb | =
match | with
I[] = b
| (-, X,-) = r — computemaxx |

module HashRgexp =
Hashtbl.Makéstruct
type t = Reyular_expr.regexp
let equal = (=)
let hash = Regular_expr.unig_tag
end)

let compiler =
we have a hashtableto avoid several compilationof the sameregexp

let hashtable= HashRgexp.create2s7

transtableis the transitiontableto fill, and acceptables the tableof acceptingstates.transtablemapsary state
into a CharMapt, whichitself mapscharacterso states.

and transtable= ref IntMap.empty
and acceptable= ref IntSet.empty
and next_state = ref0

in

loop r fills thetablesfor theregexp r, andreturntheinitial stateof theresultingautomaton.
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letrec loopr =
try
HashRegexp.find hashtable
with
Not_found —
(* generateanew statex)
let init = !next_state
and next_chars = Regular_expr.firstcharsr
in
incr next_state
(+ fill thehashtablebeforerecursionx)
HashRegexp.add hashtable init;
(+ fill thesetof acceptabletatesk)
if nullabler then acceptable:= IntSetadd init 'acceptable
(¥ computethe mapfrom charsto statesor thenew statex)
lett = build_sparsearraynext_charsin
(+ addit to thetransitiontablex)
transtable.= IntMap.addinit t !transtable
(* returnthe new statex)
init
and build_sparsearraynext_chars =
match next_charswith

11— (0,11

|(a,b,-) i1 —
let mini = a
and maxi = List.fold_left (fun _ (-,x,-) — x)br
in
lett = Array.create(maxi — mini + 1) (—1) in
List.iter

(fun(a b, r) —
let s = looprin
fori = ato b do
t.(i —mini) < s

done)
next_chars
(mini, t)
in
let = = looprin

we thenfill thearraysdefiningtheautomaton

{

auta trans = Array.init next_state(fun i — IntMap.findi !transtablg,
auta accept= Array.init \next_state(fun i — IntSet.mem !acceptablg

}

3.7.5 Output functions
to_dot a f exportstheautomatora to thefile f in DOT format.
open Printf

module CharSet=
Set.Makéstruct type t = charlet compare(x :chalf) (y :cha) = comparex y end)

let no_chars = CharSeempty
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let rec charinterval ab =
ifa > b then no_chars
else CharSetadd (Charchr a) (char.interval (succa) b)

let all_chars = chac.interval 0 255
let complement= CharSet.dif all_chars

let intervalss =
let rec interv = function
|i, [] — Listrevi
[[], n:: 1 — interv([(n,n)], 1)
|((mi,ma) ::iasis, n: | —
if Charcoden = succ(Charcodema) then
interv ((mi, n) ::i,l)
else
interv((n,n) ::is, )
in
interv ([], CharSeelementss)
let output.label couts =
let char= function
™ — e
'V — "#92"
lc —
let n = Charcodec in
ifn > 32 A n < 127 then String.makel c else sprintf"#%d" n
in
let output.interv (mi, ma) =
if mi = mathen
fprintf cout"%s_" (charmi)
else if Charcodemi = pred(Charcodema) then
fprintf cout"%s_%s " (charmi) (charma)
else
forintf cout"%s-%s " (charmi) (charma)
in
letis = intervalssin
let ics = intervals (complemens) in
if List.lengthis < List.lengthicsthen
List.iter output.interv is
else begin
fprintf cout"[™ ; List.iter output.interv ics, fprintf cout"]"
end

let output transitionscouti (n, m) =

let rev_m = ref IntMap.emptyin

fork = 0to Arraylengthm — 1do
letj = m.(k)in
let s = try IntMap.find j 'rev_m with Not_found — CharSeemptyin
rev.m := IntMap.addj (CharSetadd (Charchr(k + n)) s) lrev_m

done;

IntMap.iter

(funjs —
fprintf cout" _,_%d -> _%d [ _label _=_\"" i]j;
output label cout s;
forintf cout™\" _J;\n" )

lrev_m
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letto_dotaf =
let cout = openoutfin
fprintf cout"digraph _finite  _state _machine _{
_J* o orankdir=LR; ¥/
_.orientation=land;

_.hode _[shape _=,doublecircle];" ;
Array.iteri (funi b — if b then fprintf cout"%d_" i) a.auta.accept
fprintf cout™;\n _, node _[shape _=_ci rcle];\n" ;

Array.iteri (output.transitionscout) aauta.trans
fprintf cout"\n" ;
close out cout
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