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HSEECOBIBUBER IC ALY 2 IR 2 v 84

5 % Python THHFL 77, KX T, 2OIEMERa Y A4 %2, A7 74 0LIC
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Implementation of Regular Expression Engine with Dynamic Code Generation.

Ryoma SHINYA+t and SHINJI KONOt

We implemented regular expression compiler using Python. It convertes regular expression
to equivalence automaton(DFA). Then, translate automaton transition to functional/code-
segmental transition which is wirtten in compiled language like C, Continuation based C. In
this paper, we introduce efficient implementation of grep that uses this compiler, and evaluate

its performance.

1. BU®IC

a v A FHEROFKRE LIS, a v L Ve D
Rz L OFC, FRBoNd 7070878V 7 5
LAV TGS 1, & D E#Ic s> TE T 5.

SEARICHHN e 2 VA LDSA RN R E LT, IEM
v F (TP V) IKEH L. BfE, EHER
DIV UL, 70T T3y TEEOHMARERER
TAT77VE IFIERFEIEET S, 216
DR ERRMe > v HRERA L TW 2. Koy
VERMAOFEETH, IEREEE N REIC AT
B EIToTED, ZNE%E “av sS4 L7 LIER
ZEDL O AR THEL LY v D “avig
V7 X, IR A NIRRT 2 2 & Tldk
<, IEHRB o FEITALFVRERT 22 E2ET
(3.3 fii). AWIETIE, FET A Y DEFITIF a8
4 SHMETH B LLVM, GCC ZHwTEh, vy
VAR X Python THEEL 7.

KX T, FTIERERED 2 v L LV AEIZOW
THHT 2. Eolc, BELLZ VY v ollE#HED
7o, ERFEHZHOTT XA Moy FUEETS
grep 70—V %FEEL, GNU grep HEDOPEFY 7 +

T
University of the Ryukyu

£ SYICI o AsE/A R
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7T LD EITo 7.
2. EHRER

2.1 ERRBICLDITFANYYF
EBEFITEZ 6 NPT 50895 »

FHETEDZ R —vevF V7O THY, sed,

grep, awk 2% & T35 % A MLELY — A L F]

AEnTws, IEHERICIZED SN 3GEICE->T

sl S, Bl 2 F, IEHEE “ax b 137a” @ 0 [HBL

LoD IRLER, b TR BT (D7, “ab”,

“aaaab”) 2L, “a(blc)” 1& “a” TIRE D, BEHEDS

“W FTF <o THD BICEH (“ab”, “ac”) IR

T5.

2.2 ERKRROEH
AT, UTFICERSNBEE Y X —+ 55

FWEIERER L LTk

(1) 8 —>DFEL L M DMz (LM) 1%, LI
JES 25 —~oLh, ZOHEIC M ICHET S
T 5 2 LTk 5 TTE D54 Mh 51
2846 ThH 5.

(2) %HEM o3 L & M EAR (LIM) 13,
L #7203 M(b L k2 oliA) KET 5514
o 2EETHS.

(3) P 3 L OME (Lx) &1, L oFh5HR
HoF % EREZFF LTI HL, 205 ZHiEE
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LCTEZIREDEATH S,

TFERREZ, 20 3 20 B> LTI TR Y,
D 3 DODWHIC K > TERI N RIUL, BEEMITIX
EHIRE EERINTW 5. AT, FicXlo
WD IEHIRBE EHEHZFRC b L LTRSS .

3. ERRRIVIVDORE

IEHAEBUI ST 7 NFA 12, £7- NFA (3557 DFA
BT 2 2 EHHRETH 55, DU IS 2 DTS
ZHHHT 3.

3.1 IEHRRRHS NFA ANOEi

NFA(Non-deterministic Finite Automaton) 13,
AINTH U THBOER SR> REOEATH D, B
SED3IEPRIEM (Non-deterministic) TH 5. T T T,
NFA % 5 it (Q,%,,8,q0, F) TEHET 5. L2 L,
1) QIFREBOHREA.

2) S RBANESOHREA.

3) qo ¥ Q DEFKT, HllHIRGE & IS

4) F 3 Q DEIHEAT, ZEIRAE LIPS

5) &%, &L ANE S I L TREOEA 2K
TEBE.(c ERZTT)

IERLRIEDS, Sflize NFA ICEHTE 2L 0wH 2 &

%22 TEFLT 3 DDOHEII DWW THIET 5 NFA

WA TEDL Z LD HmRT.

AB

1 “A” E «B” i

2 “A” r «B” OEAT

(1) B X1 IZIEHER “AB” ISXHET % NFA.
(2) SEAT X2 1FIERIREL “A|B” 1A % NFA.
(3) PBHGE X3 ZIEHEE “A* 15T % NFA.
2,31I2BWVT, 7LD WRANIIESG O ER
ZHLTED e BRLWIINDS. 72, “HALTHE
TUIREE I ZHRAEZ B TB Y, NFA IZBWT AN
HET LR c, ZBMREZ R L T 25 &ICR
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3 “A” O

D, ZDOXFHNEZH L2 LIch 3. B, NFA IF
[FIRIC BB D EREZ SO EDHZDT, TF A b
D2y F v TEPCEBONEZRIF T2 L0355,

BHEFEEIN T B IEMRBLZ v 2 v 0% I, IEBL
FeBl% INTBINIC NFA IS L CaHIi2 7> T %2,
NFA (T & 292853, #9255 SIHRE Bt
L g A, [mRHIER S 2 MR O & 2 EE DR
RER T 20D H 270, IEREROBEMEICS
LTy F v 7ORMDBL hoTLE I GHEDVH 5.
XHRD T, “a?a?alaaa’ D LI 7 “a?a™ DX
IZFRBL (“a?” 137 a“D 22T “% BT IR I N
IEHZEE ) OFFliIc BT, NFA R—Z2DIEH
KLV Y v TIIERT 2REOBHATCLES T
v IV T B IR DS n DIEEICIEIN S %
MR RV F v — 7R TR L T . SCHRY
TIIEHER D 5 NFA R— 2 TN~y 5 7
WIEZLTH v P v % IBM 7094 HEMEECAHERT %
BN I NT 0 D,

3.2 NFA H»5 DFA AOZEi

JEPEN 2B 21TH NFA 5, IElER%
19 DFA(Deterministic Finite Automaton) 122544
FTEFHEZBHT 2. 4k, BRBIRENTH S L v
)T EE, 1T DDAINCH LT, BT 2 REN1
DTHBHEVH T EXRIET. DFA %, NFA L RBE%
5T (Q,%,,0,q0, F) E&ETE 3. 7272 L ,DFA I
BLTiitBWVT e BRIEIZDSNT, FLEDIR
Bq iAo ltoVT, 6(q,0)=¢ %54 1FQ
DUEFELERL. DF D, BRESRENTHS L)
ZEITfhZe S e,

DITIC e %I T e-NFA E = (Qr, %, 05, 9, Fr)
76 %fliZe DFA D = (Qp, X, 0p,qp, Fp) KT
3FIEERT.

(1) Qb Qp DHAEEGEDPORIELTHD,
BOHT D ICBWTHEEATREZIRE I, &
BIZBE L THUTW3 Qp DITES S I
Ronzg., ZIT, RiEqITBWT e BEIC
BILCPHL w2 8Ea4k% ECLOSE(q) &
#9. ECLOSE %ffioT S 2% T 2L,
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S =|J ECLOSE(q) %ii7=T S.

(2) b = ECLOSE(qo). $7%bb, E ORIGIE
D e B

(3) Fp 3 E DREBOELST, ZHRELZD L
LOBULDORUNP B IEETHS. Ti
b%,FD = {S‘S €EQpNSNFE 7& @}

(4) 6p(S,a)1d Qp DHEFK S & L DHFE a ITHL
TRD L) ICEHEINS.
(a) S;C: {p1,p2,....,px} £T 5.

(b) (Jowi 0) 2k, ZDREHE (r1,72, . m}

Ty 5. i
(¢) ZOrE op(S,a)=|]ECLOSE())

COHEIC k> TS 4L% DFA D 1 NFA E &%
DEBRBHL, £7- NFA OILE k2 EREH L

3.3 DFA DSORITNAFUVER

DFA %5 DFEfT/5A Y AL, AR % a—F
IZDOWT 3FHDFEE LT/,

(1) DFA — Continuation based C — GCC IZ &
584 )L

(2) DFA —-C — GCClckzav, 4L
DFA — LLVM Hif#f#&8{ — LLVM 2 & % 2
VAL %

PUF, Continuation based C, LLVM D@t & | 2
NaRFIH L 72 DFA 226 OFEFF AL Y ERD k%
T 5.

3.3.1 Continuation based C

Continuation based C(BAF CbC) ¥, 7u 77 3
VIOMAMALE LTa—-Fe Ay b L, a—
R 72 v Mok 2 BA L Lz C O TS
Th 5. AWRETORITHIICE D CbC a4
1%, GNU C Compiler LTHEESINTED?, GCC
DRRBFFRELZ EE T 2 2 & T, B E Ak
WBHATRET, ORI LICHER ) YV —> T F
L ADIRFERR, A Yy 7 DEREZED I\, “HIEAHE goto”
& LTkl Z HEE L TV 5. RIFETIE gee-4.5 1
FIEX N CbC a3 2.

IEBIZEBL <(A|B) + C” ISHHES % DFA &, DFA O
FARBEICHET 5 CbC D a—FL 7 X v b Ol Z#
5.

£ SYICI o AsE/A R
PURTYT L 201101

(AIB)*C

4 FHEB “(A|B) * C” ICHIET %2 DFA

typedef unsigned char * UCHARP;

switch(xbuf++) {
case 65: /x A’ x/
goto state_0(beg, buf, end);
case 66: /x B’ x/
goto state_0(beg, buf, end);
case 67: /x C’ */
goto state_1(beg, buf, end);
default: goto reject(beg, buf, end);
}
¥

__code state_1(UCHARP beg, UCHARP buf, UCHARP end) {

goto accept(beg, buf, end);
¥

¥ 4 @ DFA IZXIEY % CbC a—F2 7 A v b

DFA D& & BEEERDZVEIE (7 74 V4
PNy 7 P ANDRA VY E) HIHILH, CbC TIEBEL
Za— N7 Xy FTHIEE U THRICR BIES
Rk L L7 n 7 S TR A V0IE %
L\, SEa v 84 FI2k>TEBLZ CbC YV —R
a— FCid, RKIBZEEBIEFR§, BB RERIE A TS
BUZ#RE T\ 5. CbC @ state_1, state_0 7> 6 MEIXHL
T\ % accept, reject 13 Z N NZH L IEZIA KT
accept TIFT ¥ A MTZ2HN L TRDIT, reject T
FRDOLFANENHEET a— P 7 X v b fikfiz
79.

AR L7 CbC Y —Ra—F%, GCC Lt L%
CbC a v 84 FIC&k>Tav 4§52 &THET
NAFTY%ES.
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3.32 C LLVM IZ & 2585 ThH, CI &k 25988 L [k DFA
CIZk B3EETIZ, CbCDa—Fr s/ Xy Mcflb DIRFEER % switch X & BIBIFEOH Lic k> TEBL

D B%% M\ C DFA 2588 L 7. LTw3,
typedef unsigned char * UCHARP;
void state_O(UCHARP beg, UCHARP buf, UCHARP end) { 4. grep
switch(xbuf++) {
case 65: /% A’ x/ EHRERIZ, TFAFDORY —v 2y 7 VICED
return state_0(beg, buf, end); TEZELLIMEDS, FXA L7 7AAD5, (T3

case 66: /x ’B’ x/
return state_O(beg, buf, end);

DNRY =y FTETFRA L ZBRT 20 EDA

case 67: /x ’C’ */ BIAEHINS.
return state_1(beg, buf, end); ) N . -
default: return reject(beg, buf, end); grep &, TNERAT LY 7 L7 2 70—2THY,
} % DOFIEDHET 5. 5IELTHEZONKLT 7
} ANDS, BZ o IERFKEICey F 95 T7F A b

Lot E b % B
void state_1(UCHARP beg, UCHARP buf, UCHARP end) { EECHZIMNT 2L > T 5.

return accept(beg, buf, end); 4.1 FERRICEDEREINhS grep
} grep 13, G2 SN IERRBICy F T2 7F A+
4 O DFA IS % C BI%K %7 &t iR NT 5. 2 TEELDIE, grep I

DFA IS L 5 BB ZBIHITOIL TIT> TR 3720,y 2 Mgl v 5 7 RATIACCH 2 bR, (78
FEITRED R E v 7 OMFFEES, A8 v 7#{FIC X 5 SITRE TO5ER BTl ¢, HARIEy—kC
F—IN—y ]‘73‘?7@? n3. f]tﬁbﬂ%**

3.3.3 LLVM Wy —BEFEBT 2K E LT, 525 NIERR

LLVM(Low Level Virtual Machine) 1, S £ &% BT IEBEE < 2L T, Wi—3k% ik
72 a2 — N b/ AR 2 0 2 7o, B Y 2 — VHNLT 5. I 2T IEO—T RETERIIET
FIRWIREZ: 2 > 84 73T H 5. 52

CbC/C IZ & 3 923£ T3, DFA %6 CbC/C DY — TEHEE “(A|B) * O+ IR LT, RS TR S
A= FIRZRL,GOC 12 k> Ta v A L2175 T % grep Da—F27RY. BHCHBIL 7@, grep
W3, LLVM I & 2583 Tix, LLVM O HEEET 12 X 2B R 5 - I RO I «
» 5 LLVM-IR %, fefft ST 3 API 21\ TE Z3EM L, DFA (02l 2 — F24RT 5.

BEAERIT O, a v AV ERTIITANAL F ) %28 5. void grep(UCHARP beg, UCHARP buf, UCHARP end) {
Python 7*& LLVM API oFJiliZ, LLVM API ® St:te—l(be& buf, end);

return;
Python 7 v /$—"T& % llvm-py* Z i/ L 7. 3

void state_1(UCHARP beg, UCHARP buf, UCHARP end) {
LLVM switch(*buf++) {
case 0: /% NUL */
return reject(beg, buf, end);
Py‘thon — livm-py —p> API case 65: /x *A’ x/
A return state_1(beg, buf, end);
d—RER case 66: /x ’B’ x/
v return state_1(beg, buf, end);
case 67: /* C’ %/
return state_O(beg, buf, end);
AVIAIL case 10: /* LF */
=15 ] — V return reject(beg, buf, end);
5 case 13: /* CR */
return reject(beg, buf, end);
default: return state_1(beg, buf, end);

5 LLVM %\ 7988k 3
¥
* http://www.mdevan.org/llvm-py/ T GNU grep TRIEER—HEITHRS “x” A 7> aviibb.

whelrynrs s3>0
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void state_O(UCHARP beg, UCHARP buf, UCHARP end) {
return accept(beg, buf-1, end);
}

KRITETIE, “7 1NET 5 BB switch XD de-
fault TfT->TWw5,

AREEEIZ X % grep T, MEBEHRELLTF AT
7 74 V% mmap TAEVIZ?Y 7L T3, XEY
ke 7I3NTTFAL 774 VR (BUTERED)L
DDOEKEXFINE LT grep K52, v v F v
7 E W&k 2 2 — FEBTfT .

FEDa—FTiR, diTXF (LF/CR) KU
T (NUL) toxf U TRIFR R IRRE reject ICEB L T2
B, T DRFRIREE reject TIXATHH%Z R T EI4L beg %

TEHT, P grep ICBER T ZIRETH 3.

void reject (UCHARP beg, UCHARP buf, UCHARP end) {
if (buf >= end) return;
beg = buf;
return grep(beg, buf, end);

}

fPHZ R /IRFF T2 2 LI k> T, =y F{TOH
HNEFTIFTERDAZRICTIUT R, ZHREE £
state 0 Tl&, M1 %177 ) KRR accept I IEHE
BafTkh). T THERERDIX, AKX state 0 135 Z
SN IERERBIORE “C+7 1T LT “C” FhAN
SNTRERHDORETH D, I 51T “C” AT EL
THE S B DOBBIREBO ARRRL T3, LaL,
ARILZETI, “IRfili—30 CHA%ETR ) &k 9 FE
2o Tw 570, ZEREBIGER L IRl
21779

REERIREE accept TlX, = v F ¥ IR L 7R
TORA ¥ ¥ 28 buf ZHHEIC, 7K % memchar T

WRL, HhzfTkh>Tw»5.
void accept (UCHARP beg, UCHARP buf, UCHARP end) {
UCHARP ret = (UCHARP)memchr (buf,’\n’, (buf-end));
if (ret == NULL) {
print_line(beg, end);
return;
}
print_line(beg, ret);
beg = buf = ret + 1;
return grep(beg, buf, end);
}

M %fTo o7 NET, $727 74 VORERTIEL
TRVEEE, L ATOXRDITHED S, FHE grep
ZIECHLTWS. 2O X9, RELETIE, REBER
KOO KREBEHRNICIT b TED, a4 7
12k o TREMOH L 25l sk S n- 546, A
8y 7 BEO MO ER A RBES 2 1T 7% ) FAT54 F
VIS NG,

Intel Compiler TARFEEIZ X % grep % {4 7

£ SYICI o AsE/A R
PURTYT L 201101

aviEMMmLTary sS4, L5, K2
EOH Ul kM T e bt s, 44T L CHIEEIC R 8 v
7 —nN=—7u—%RILTLE>%. CFHiETI,
REMOH Lol b2 FRIICER 2 2 L3t E R
VDT, 2D L) BIREERR—2D 70 sV )
1% Continuation based C 12 X 23S EF L &
Z5.

4.2 BEEXFHNZNIVVT

GNU grep 288\ 25D grep EEETIE, v v F
V7R EHET B 7 oIk e md b TREf TR -
T3, EBFEHEZ DFA WAL ooy F v 7%
[FESXFINT7 4 NIV T HZD—DTH 5.

5.2 6 N IEREELD, FE XTI 25056, %
DEEXFIN 2 GOIT2REL (74 VT V7)), fit
WTDFA Lk B>y F v 72749 2 LT, 2171
MLUTDFAICX Sy F v 72 {TRIGHE D EHE
v F Y IBARRE RS, Tk, RT3 TS
DEE XTI D6, DFAIZ X 28K X D b, Boyer-
Moore %5 O FEE LTINRHME L 7 RBE T ik ovEm
B F VI ERTRIDNETHS. n ZHEIRELT
DRSS, m #2REXTFINORI L L75E, BEX
FHIRR % DFA Tf1 7 9 L PRI Hafdiic A 1L
FH (WARBE XTI RICHHITE2DTOMN) L5,
—7%, Boyer-Moore {E5D 7))L 2 X L% VW THEER
BTG, RETm XFEHEREAX Yy /T
2 OT, HRIFEIE Q(n/m),0n) L% 5.

Boyer-Moore ¥£13, #i5RARE 2 [EE LT 1 2D
HTH M, TNEBEBDOXTIN—RLL 77T
Y R &k LT, Commentz-Walter £ 23% 1, GNU
grep, MOAKRFELETIEINZHEHAL T 5.
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5. FF i

ARIFCIEE L7 IEBFRBL D » ¥ v 0 CbC/C/LLVM
ICEB=20FEICHL T, a4 LIFER D=y
F v 7RO Z T o7, B, GCC Itk B a3
AWt A 7> a >y “03” &, LLVM O b [F
MoF#ltA 7y avEHwTay v/ vy Fv
THEI{ToTnS.

5.1 RYFIY—2: AL

n fHOHEL MR OFEAEER <7 c¥IF 78
F— IR L, FFED a v A VRO il # T 7.

KRIRR

e CPU : Core 2 Duo 950 @3.0GHz

e Memory : 16GB

e GCC:4.5.0

e LLVM: 24

F1ICHREZRT.

K1 RXvF<9—7:compile

n (HEEE) 1 10 50 100
DFA % [ms] | 0.19 3.28 | 22.2 73.8
DFA DIREH | 8 50 187 381
GCC-C [s] 0.34 | 0.78 | 2.18 | 4.27
GCC-CbC[s] 0.75 1.03 | 9.14 | 9.43
LLVM [s] 0.044 | 0.08 | 0.246 | 0.472

#1556, LLVM Ik % a v 834 L GCC Itk
N 10 fFEEE TN TV S, LLVMM (12 & 2 5%
TI3,API 2 U CTiE# LLVM O hiiE#HZ281ET 3
LT, 774N ]I/0RR—REDLT— =~y
.

5.2 RYFVY—7: grep

v v F v RO T I3, BeA 2 IEAREERZ A
THIKZ T 7G58, 3 DnFEET~ v 5 VI
HEYEVPR NG EFINDLa—Fida—
P 7 X b /B E, switch XITk 5> v 7TV
WTHDZ D6, a4 NI NL F) OMRE
WKHEDEPE TRV DL ERbN S,

RIEDH TR S v v F ¥ I WEHE > 72 GCC-C
THER L IEHEER T Y v 20T grep MRS T
27077 0%FEEL FEBIZTXIAI 774005
DY ==y FEITO, ZNETNOFHEZITH. K
FLEE L DR L L GRIR L 72 grep 12200 THEA
T5.

5.3 GNU grep

GNU grep (http://www.gnu.org/software/grep/)

& GNU 23FE L T\ % OSS(Open Source Soft-
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ware) T, JEHFICRE 2 7 —% Y —)L & LTHEAZ & OS
IEHER I S UEH N T 5. GNU grep 13 POSIX
PERIEMZRBUC IS L 72 egrep, [EE CFFIBER ISR
IS L7 fgrep ZNELTED, A 7> arclih iz
L2 LEDNTES.

Sk B 1 HTHEEDFE T, POSIX BED
IEHE 2RSS T4 OBl EE L
Mo, vy F U TAKLERTH S.

2E, SHDFEETIZ GNU grep 2.6.3 XU GNU
grep 2.5.4 ZlWVW3E. 20D NN—=Ya vV HEEN
1%, GNU grep 2.6 32010 4£ 3 HD Y Y — 2 & Hiil
EGE T, BTDIFIEFTRXTD OS Tl GNU grep
25x BEAINTVE256THS. X512, GNU
grep 2.6.x 75 1% UTF-8 OMIGAES LT 5.
5.4 cgrep

cgrep (http://sourceforge.net/projects/cgrep/)

1%, Bill Tanenbaum »3B¥ L 72 OSS T, GNU grep
IZHRT 300-25% % Ll vy F ¥ 72T 9%, C
FEEIC K 3 2 FITREDIEEET, 2004/6/30 1Y) VY —
A N7z cgrep 8.15 DRERHFESIEE > T3, F7&,
CNFNA FLFDOF R — PR LR TR Tw R,

5.5 Google RE2

Google RE2 (http://code.google.com/p/re2/)
1% Google @ Russ Cox % FLMZBAFES 11TV 5 0SS
BIEMEBLY P74 770, ERER~y 5~
7 %557 ) EBD API ZRIHTE 5.

CH+IT & 2 2 HITREDELET, UTF-8 It L
T3,

ARFEERTIE, Google RE2 @ API T % FindAnd-
Consume 2L C, grep 7 u—r %% L 7. Fin-
dAndConsume (&= v F ¥ 7 W RCF) L IEH R,
2y F LTI RENT 2R84 vy 255U e D,
v F ¥ T ORI % NEHIICERT L T APIT
H5. T, RE2 27z grep HEED X A V)L —

FrThH5.

void grep(string regexp, UCHARP beg, UCHARP end)
RE2 re("(.*"+regexp+".*)");
re.ok(); // compile;

string contents = string((const char *)beg, (end - beg));

StringPiece input(contents);

string word; // container of printable line.

while (RE2::FindAndConsume(&input, re, &word)) {
cout << word << "\n"; //print

¥

return;

}
SRERERIR

¥ cgrep ? manpage & 0 #H
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e CPU : Core i7 950 @3.0GHz

e Memory : 16GB

GCC :4.4.1

Text : Wikipedia HAGEMR 2%
(XML, UTF-8, 4.7GB, 8000 Ji1T)
2 IR ZE RS

®2 NrFv—7:grep

TANT—2A fixed-string | complex-regex
A (GCC-C)[s] | 1.69 4.51
(2540 [s)) 0.20 0.41

cgrep 8.15 [s] 1.85 6.48

GNU grep 2.6.3[s] | 2.93 16.08

GNU grep 2.5.4[s] | 2.96 188.51

Google RE2 [s] 30.10 16.92

DT, Z2NFNDT A —AD)NY = grep
ey F L, B OEE%2ET. ok, 22T
I IERRBO M L%, DFA ICEHE L 2R oD
WREBE, BERAIOL I 2HHEL LT3,

fixed-string BEIEXFINNCLBYYFU I8 —
v “Wikipedia”

v T 348936 1T

GNU grep T3, 526N 789 — v NIT, HEHIZE
F 53T (EEXFIN) HEET 585413, Boyer-
Moore % FED A CFHIRE 7L ) X L% v
TI7ANIZPITBIET,DFAICK 2wy F V7%
o L, mEfb LT, RFEHD grep TH, FERIC
FEESCFHN7 4 VI K B EE 2T Tw 508, B
M2 EXFINOMERETH, av L LT3 LIk
2 d LRI T 3.

complex-regex EHARIERTATOIYF VI8
& — :“(Python|Perl|Pascall| Prolog|
PH P|Ruby|Haskell|Lisp|Scheme)”
< v FF78: 15030 47
DY — 39 MO HFER AL SR <P TR
7eb DT, MEFITEENLLFINIFTEL 03, 1l
B®D Commentz-Walter ¥EIZ X 57 4 V5 Y v 7 H
WHTE%. GNU grep, cgrep XUOARFELEIZE VLT
fixed-string D7 — A X D ix= v F ¥ JIZIEH

E 512, GNU grep 2.5.4 13 190 B & | ALK
GNU grep 2.6.3 I8 L CIEHITARE LAER L %2> T
WA, TS % mbrtowe(3) I X B2 LF N
A P XFOBWNIRZ L 24— "=~y FIZk 2D
ThH5.

2DDT AN T —ADRERE BTH L L REET
ZNZN GNU grep & HARTEELRMRL Ho>TE

£ SYICI o AsE/A R
PURTYT L 201101

D, COBBED 7 74 MZTHT % grep DEifr, 2 2%
ANV = v F ¥ T2 B IR & R TR TE
ZEEHVIHTSH 2 2 L300 5.

6. FREORH

ARHERRIC & > CFIE I IEHRBEH g O R %
GNU grep & D% IZ I AL OFHIHT 5.

6.1 IFRTVBEHLSOEMNLI—RER

RFIEN & 2 —FDORE LT, IEBIESD &4
#1719 2 L TR 51 5%l DFA %, C/CbC/LLVM
WAL a v 84 VT % 2 & CIEBRBICE U 72547
NAFVERERT LI EBHBT NS, Fharvig
FHERICRB T 5 S E I EAmBElWIRE I LS. grep
Kk BBBED LI %, BAoND 87—y (IEHES)
KRLTe Yy FHRDOTF AL 7 74 VDI KE
WA, IEREED a v o8 LIk b B IEEIZ < v 7
YD BRI X > CTRENS.

GNU grep Tli, ARFEE L FHRIC DFA R—AD 2y
F v 7% H, DFA ORI A X > TH£E
, IREEBE L SR IR L T 2 BRI R A v
212 X 3HE%% 1Byte AL CT—7 WLy 27y 7
) 2 ETEEINTHRS,

6.2 UTF-8 %I

RIEENL, 2V F A XFORE AT
TH 2 UTF-8 [T RIE L TH Y, IERERD
T 1Byte BALTIZ7A 1 XFBMCEA S NS,
RLFNAL P XTFRECEREROY Y 7L E LT,
“(&d | W)*H” % DFA 1T L 72X 6 2 ¥ 5.
B2 \x’ 1T F 230713 16 #EBEFKRGLT, 2 \x82°
1316 #EH 82 =K.

(BILY*S

6 TEHIZEB (B | \2)*5” (CHIET 5 DFA

GNU grep 2.5.x Tl&, 9V F 34 b XFIHHL
Tw3500, 7175 LANEET libc mbrtowe(3) %
FHOCTEEY A A TH D7 A FEFITER L TR
fToTED, 7 AF7r—A complex-regex TIlZZ D
F ==y FPEFICHN TS, 201043 HizY
Y —RA N7 GNU grep 2.6 25, UTF-8 1Tk LT
AFHE L FRRIC RIS RTS§ 5 2 & T, mbrtowc(3)
Ik B2 a R P ML o T B,
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6.3 FEHGEHE

ARG THEL L 72 IEBIEBIEHTIZ L, Python Ik >
THIEINTE D, 24T 3000 TREDRREL 71
FLEBoTV5, SRHENEE LTHH L7 GNU
grep, cgrep, Google RE2 13\ >3 12 Ji{T DR
DY 7 b= TICHARERE OB 77 28 v T
PHETH D, RFLEOENTRESAE1A.

C CHEL DI, RIED SHIICAER I NS 3 —
Fdb, a—Fe 7 x> /B E switch 2L L7z
VTNV TTEAGE R RS D0, fllh o il
{t% GCC/LLVM Dt iz FH$ 5 Z & TH
fIHE D GNU grep IR 2-4 fFE#TH D, fho
grep FE L D bFEWIERETH 5 2 LIEFHREH» S

Dot
7. SHROFE

ARFZE TR, BB CIERERZ - N2 /X v b/
BI%IC & 2 IREE S 2179 a2 — FICEHT 2 FECIE
I v KW grep 7 n—r %L, Lo grep
FLE L DI 2TV, RIF SRR S N,

SHBOMEE LT, EHERy F v 77—k
BUZRAHN 7L T XL DFEEEEZTE Y, Cell B.E.
LN FIBRE CHEITARE R 3 — P4l EHIEL T
W3,
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