Vol. 44 No. 7 goooooooo July 2003

doooobootoobooooooon
gogoodoboooboood

O 0 ot o o o ot

00000000000000000000000000000000000000000000
00000000000000000000000000000000001)0000000000
00000000000000000000000000000002)0000000000000
0000000000000000000000000000000000000003)00000
0000000000000 00000000000000000000000000000000
0000000000000 00000000000000000000000000000000
00000000000 00000000000 ax0 «0000000000000000000
0000 Oax ({ab,aa,b}) = {ab,b,aa,a,e} 000000000000000000000000
000000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
00000 HTMLOOOOOOOOOOOO00O000O00

“Regular Expression Function” for Extending Regular Expressions
and Its Application to Pattern Matching

ATSUSHI YAMAMOTO! and KAZUNORI YAMAGUCHI!

Regular expressions have been used widely for pattern matching. However the following
problems are getting serious in some applications. 1) The definition of regular expressions can-
not be extended to back reference, which is a popular extension of regular expressions. 2) The
implementations of pattern matching in automata suffer from the explosion of time or space
complexity for some regular expression patterns. 3) In the conventional regular expressions, we
cannot use intersection and difference operators, which are useful in some applications. In this
paper, we introduce a “regular expression function” from a set of strings to a set of strings.
This function eliminates matching prefixes with given regular expressions from the input
strings and outputs the remaining postfixes. For example, a * ({ab, aa,b}) = {ab, b, aa, a, €}.
This function can be extended to give a semantics to regular expressions with back references.
Then, we show that we can perform pattern matching by interpreting the regular expression
function directly without the explosion of time and/or space complexity, which is confirmed
by our preliminary implementation. We also introduce intersection and difference operators
and show that the regular expression function can be extended to handle these operators
easily. Finally, we briefly show some possible applications of the operators.
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Fig.1 A DFA for ab*c.
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Table 1 Complexity of pattern matching algorithms.
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Table 2 Execution time of pattern matching.

oooo JavaOOOO (000000 (a) 000000 (b)| OO0 NFA POSIX NFA (00000 NFA (00000
(alblcldlel£){4} 3.39s 16.88's 2.50's 30.06s 31.15s 11.18s 439
[a-£1{4} 0.84s 2.15s 1.30s 3.03s 3.12s 3.17s 439
[abld+ 1.04s 1.81s 1.02s 1.51s 1.53s 3.11s 1541
a.+ 1.62s 6.35s 2.93s 9.81s 16.06 s 1.42s 20000
.+ 1.58s 6.84s 1.30s 10.32s 17.28s 1.21s 20000
L+ 1.51s 6.96 s 1.38s 10.55s 1680.32s 1.24s 20000
(+)+ 1.74s 7.29s 1.57s 10.87s N/A 1.20s 20000
o8 1.51s 6.53s 6.51s 22.25s 22.38s 9.55s 0
“(H+["]$ N/A 6.68s 6.70s N/A N/A 9.36s 0

O0OONFAODODOODOOOOOOOOODODOOOO
00000000 O0POSIXNFAOOOOOOOOO
000000000000000000000000
0000000000000000000C.+)+000
00000000 NFAO 1087000000000
OOPOSIX NFAOO N/AOODOOODOODOO

00000000000000000000"00
000000 200000¢0000"0000000
0000000000000000000000000
00000000000000000NFAOOOODO
00000000000000000~C.+)+[""1$0
OOPOSIX NFAOODODOODODODO NFAO N/AD
oooooo

00000 NFAODOOOODOOOOOOOO
0000000000 000000

0000000000000 000D0D0000000
000000000~ CH"1s0~(.H+[""1$0 D0
000000000000000000000000
000000D000000000020,00000000
000000000000000000000000
000000000000000000000000
(hODOOODOOoOODOO

00000000000000000000000
0000D00D000000000000000*o0
00000000000 0O0O000

4. DOoO0OOOOOOOOO

4.1 O0O00O0O0O0O0O0OOOO0O00

oood -0 sO0ob0Obo0oO0ooooocobooo
0o0ooOoooooo rsO0oU0OOOOOooooo
gooboooooooboobo rusOooooooOooOodr
O sOO00000000O0000000O rO0000
00 sgobooobooooooooooooooooo
goooooooooobo rnsO r—500000
gooooOooooboooooooboooooooo

gboobooooooobooooooOoboooobooo
ooo »r0 sO0O0O0O0ODOO rlsO000OOOODO

goooooooooobooooooon
odob0drnsOd r—sO00000OO00oO0OoOoooOooO
goooooboooo

0O r&sOO0O0O r0 sO0000O0OOO

0o r—sO0O00 0 sOOO0O0O0O0OO0O
goboooboooooooooooood

r(I) = { (s&t)(I) = s(I)Nt(I) ifr=s&t
(s=t)(I) = s(I)—t(I)
4.2 OJO00O0O00ODODOODOODOOOOOO
goooobOOobooooooobooooooooo
JooooOo0o0ooobooooooooooooo
gOooDOooOoOOobOOO0000oOoOobooOooooooa
00o000bOO0o00obOoDbOOo0obOoooooooooo
goboobobooobobooboobooobobooboooon
ggboobobobobobooooobobbooooo
goooobooboboooboobooboobboboooo
poooooobobboobbooboooooooboo
4.3 O000O0O0OOOOO0OOOOOOO
Jooooo »r&sO00OO00O0OO0O r—sOQ0OO
0ooooOooDOobooboooooono
r(I) ={

switch (r)

if r=s—t

case s&t = s(I) Nt(I)
case s —t = s(I) —t(1)

end

ooooooooobooocoboooobooboooo
gobooooobooooooooboooobooooboooo
oooooooboooboooocoooooooooon
00000000000 r|sOD0O0D00OO0OOODO
goooooooooboooooooobooooooon



Vol. 44 No. 7

gooogooo
goooboboooooooobooooooooo
obooooooo
4.4 OO00OO0O0OO0OOOOODDOOOOOO
gboodoooboooooboboboooooboboo
gooobooooooobooobobooboboboboog
<font (.*size=("\w+")%a.*)&
(.*color=("\w+")%3.%)>
goobobdo obO0O0b0O0oooboobobobo
0000 gOooO00oOoOoooooUoOooooood
0000000000000« d poogooooo
00000000000 ((r%e)&(s%B))(I) 000
(r%a)(I) N (s%B)(I) 0000000 (r%a)(I) O
(s%6)(I) 0000000000000 OOOO0O
gbooooobooboboooboooboo
0000 @%a)(I) D (s%B)(I) 00000000
0oo0o N oooooo
000 Partial(V,,X*) 00000000000 =
gooooo
f=ge (YaeVa)(g()0 000V (a)=ga))
gbooobooboboobbobboooooboboo
obooooooooboobobobooooboo
goooo0ood »0000 fO0 gODOOODO
fvgDODOOODDOON OODODOOOODOOO
FNG={fvg|feFgeG fvgnooono}
00 N 0000 (r&s)(I) 00000000000
(r&s)(I) = r(I) N s(I)
goooboooboooooobooooobobbobon
F-'G={f|fe€F (VgeG)(fvgdODODODD)}
(r = 5)(1) = r(I) = 5(I)
5. 0O O

5.1 HTMLOOOOODOODO
HTMLOOODOOODOOOODOOOOOODOoO
J0O0O0OfontO0O0OclassOcolor OO0 0ODODOODO
0o0ooooooooooog
00000ooooooobooooooOooooon
gboooboooooboooooooooboOooooon
00000 nO000D0ORIOO00OOOOODOOOO
oooooboooOooOoooooooooooooDoo
gooobooboboooooooboboboboooDbo
00000000 OfontOODODOOOODOsizeO
face 0000000 ODO0OOOOOODODOOO
ooooooood
<font\s*(.*size="[""]+".x)&

(' *face=" [~u]+|l . *)>

oobooooooooooooooooooboboooOoooboooboo 1763

00o0oooUooooooooooooooooo
000ooo0oooooooUoooUooooooooo
0000000000000 Osized faceO OO
000000o0ooooooooooooooog
0000o0o0o0oo0ooooOooooooooooon
O0000size0d 00 oa0d0faced OO0 0000
ooo
<font\s*(.*size="([""]+H)%a".*)&
(.xface="([""1+)%B".%)>
ooo0Oo0o0ooOoooooooooooooo
ooooooo
<font\s*(.*size="([""]+H)%a".*)&
(.*x(face="([""]I+)%B")7.%)>
000O0r?0 (rleg000000D0O0OO0OOOOOO
O00O0face00OO0O0OODOOOOODOOOOO
O0000ooooo goooooon
0000000o0ooooooooooooooo
00ooooopooooooooooooooooo
oooooOoOo0ooooOoOOoOoOooUOOoooOoUoo
0ooooodooopoUoooooooodg
PerlOO0ODOOCOUOOOOOODOODOOOODODOO
00000000®¥oooo0000000oon
O000o0o0oooooooooooooooooog
gooooooOoooooooooooooooon
ooooooo
5.2 00000000000
0000oDOoOoooOooooooOoOoOoOoooon
0o0000000COYOOOODOOOOOOOODO
ooooooooooeo
e yoe=cou=u(u€ex”)
e auobv = a(uobv)Ub(auov) (u,v € ¥*,a,b € X)
0000 Oabocd O abed|achbd|acdb|cabd|cadbladab
ooooooo
O00u=ur--u,dv=2v1---v, 000000
0000000000gorPOueov0000ODODODOO
0000000 {n+m}&(.*ur.*uz - up.*x)&(. *
vi.*kv2- - vpx) 000000000 n+m 0000
000w 00w, 0000000 0ODODO0ODO0w OO0
v, 000000000000 DODOOUOODODOOOO

6. DOoOOooooo

goboooooooooooobooooooooon

Y0000 w0 v000000000000000

"0 ppooo0O000D0O00000 XMLOOOOOOOOOO
oooXMLOOOOOOOOOOOoOooooooooooo
oooooooooono



1764 goooooooo July 2003

000D000000000000D000000000
000000000000000000000000
000000000000000000000000
00000000000000
00000000000000000000000
0000000000000000000000000
000000000000000000000000
00D0D000D00000D000000000000
000000000000000000000000
0000000D0000D000000000000
O0DONFAOOOOOOOOOOOOOOOOOO
000000000000000000000000
00000000 0000000
00000000000000000000000
0000000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000D0000000000000
0000D0000D00000000000 ON®)O
000000000 O(RxN®)ODOOOOOOD
000000000000 NPOOOOOY0000
0000000000000 00000000000
000000000000000000000000
0000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 uvOND-' 000000
000000000000000000000000
00000000000000000000

o o oo

1) Thompson, K.: Regular Expression Search Al-
gorithm, Comm. ACM, Vol.11, No.6, pp.419—
422 (1968).

2) Hopcroft, J.E. and Ullman, J.D.: Introduction
to Automata Theory, Languages and Computa-
tion, Addison Wesley (1979). 00000000
0000 ODOo0omoooooooooood
O/IID000000 (1984).

3) Friedl, J.E.F.: Mastering Regular Expressions,
O’Reilly & Associates (1997). 00000 0O M
O00o0o0o0ooooooooooo (1999).

4) Aho, A.V.: Algorithms for Finding Patterns
in Strings, Handbook of Theoretical Computer
Science, Vol.A, No.6, pp.256-300 (1990).

5) Hutton, G.: Parsing Using Combinators, Proc.
1990 Glasgow Workshop on Functional Pro-

gramming (GWFP 1990) (1990).

6) Harper, R.: Proof-directed debugging, Jour-
nal of Functional Programming (Functional
Pearls), Vol.9, No.4, pp.463-469 (1999).

7) Hosoya, H. and Pierce, B.: Regular Expres-
sion Pattern Matching for XML, The 25th An-
nual ACM SIGPLAN-SIGACT Symposium on
Principles of Programming Languages (2001).

8) IEEE: Standard for Information Technol-
ogy — Portable Operating System Interface
(POSIX) — Part 2 (Shell and Utilities), Sec-
tion 2.8 (Regular Expression Notation) (IEEE
1003.2) (1992).

9) Aho, A.V., Sethi, R. and Ullman, J.D.: Com-
pilers Principiles, Techniques, and Tools, Ad-
dison Wesley (1986). 000000 MO0OODO
0I0000000000ooooooO (1990).

10) Myers, G.: A Four Russians Algorithm for
Regular Expression Patter Matching, J. ACM,
Vol.39, No.4, pp.430-448 (1992).

11) 00000ViVioo 00000 (1998). http://
hp.vector.co.jp/authors/VA007799/vivi.htm
12) Clarke, C.L.A. and Cormack, G.V.: On the
Use of Regular Expressions for Searching Text,
ACM Trans. Prog. Lang. Syst., Vol.19, No.3,

pp.413-426 (1997).

13) Wall, L., Christiansen, T. and Schwartz, R.L.:
Programming Perl, Second Edition, O’Reilly
(1986). D0 OO0OUD O MOOOOOOO PerlO
O0oUoooooooooo (1997).

14) Jedrzejowicz, J. and Szepietowski, A.: Shuffle
languages are in P, Theoretical Computer Sci-
ence, Vol.250, No.1-2, pp.31-53 (2001).

(0014090 13000)
(0D 15050 6 000)

od gooodooo
1976020000 000000
oooooooobobooobo2002
gooooooocoooooooo
gooooocoocoooooooo
oobooooooooooooon
gooooobooboooooooobo



Vol. 44 No. 7 oobooooooooooooooooooboboooOoooboooboo 1765

o0 Oo0Oo0oooo

1956 0001979 0000000
gbooooooisiooooon
gboooossaoaoooaon
oomisgouuooooooon
goooomeoooooooon
gooomoooooooooooooooono
oooooooobooboooooobooooon




