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2. W R G EE AT

AFLRALE—, T5ERE - MEFAEAC—EETH T WIRERDHATEE A F1E
EAH (C—IEF W XES LW FA) |, FITHSMER LR E KM %247 TAGNU
Flexfni% i 2 #7 TAGNU Bison, JH#ACIEE R T K. ERNBATENHHT, &5 —
R BEAT IR B M Fo B AT R 7 2 — A S AR B F

FEIRWE, ETERFENERY AL AEARLREZTHHARE, HEF—ITR
WHRD R REH T RGEHTEERZ FRED S TENLRRAM L EEL,

21 XBAX
211 EREX

HHRFEREEHC—RERD PTG LN TRILRER:

1) Wk#R (BREBA) ¢ BB IAC—I % Pk oy 745 LA RAEAT 45 4 C— ik
TG E X F A

2) BEHER (BHRAREB) .

PRz Ah, TREAR T LS R R L T e # e E K

1) BRI A5\ 3k 8 300+ X35 B B N S PR A AR A0 e U\ B
(#0123) Fo+ &4k (40x3F) , VReyA2 5 & EAR AT B 037 3% 705 FMA XA
B A S N\ B B (m09) Aot N d & (W0x1G) , RWERFFES HHEAX
BAEEEIR (A REBA) WRITE R N\F 3+ <3 Hl 20 e X5 LI KA.

2) BRL2: RAEHH RN T A EMAXHEFAEFEE 2 XNEEL T A
3 (4n1.05e-4) , Ry A2 7 5 EAF AR B B R ik BT B N SCHE A A AR i U
B Xy m % (W1.05e) , RWAEEFFELHMA AR ZER (FWHEEBA) Wit

TE B B R E B T E L RA,

3) ER13: RF/ R LR R AR ERA A e D WA A
WAWER, FABTFTHFERBERIFNER, TAAXHETEELFEEXNEE (0
PLTERRSELST) , KB FFEL LA XN ERI AN ERARTE
Boo EREHE X5 N KA.

B FEREERRTEAN, FEAHAGNERED., HEWEE (REFTS)
DA BAE K B B X
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212 AR

RN E - M AC—RRB I R, BFFERGER— M X4 %
KB Blin, BRI T4 fces BIANSCHE 4 Htestl, 127 fodir A SCH AT 4 AT B
T, AP 4 Linuxayr 44T T 3247 ./cc test] B 7] 3K 15 DA test1 1 Jf #r A 45 By 4 45

213 HHER

SEHe — B RGE ITATE Hr AT B B IEAT A R T AP SRS i A B R A A X
P, REMEMERAFEREEARGELN T AXHHRAT, FEFLEREETHEEHR
AREAE. ERAHNELLEHREE. HENTIURRAXT, B H:

Error type [$i#A!] at Line [fT5]: [BHIXF].

WA X F A RAERER, EEHEREANUENITT —EEEH, BHXZH W
HO B RV T EEETERNE k. B BETLRERFLENERS X (HFHEHR
AHEREBA, BEHERABREAB) , SN mIRHmLRFLs. EE, MAXHEFTHE
2AE—ANEFZNER (ERMAXHENE—THRIETEASANAER) , FWEFFERE
BERAMRELR, - FERETELEME P2 E—17,

XA 2035 A AT v R IR N U, R AR 7 T B A A T B A R S
WHW T ATHE - NG ANER, XBELEH:

1) R YA R 2~ MEEETT BB EETRA e (WRE) , WITHZIFEE
T A RUKCERAXHEFHTS (TSRETHLE, FEHHEERETAZEAH-NE
) o AR MESRRETUAEMA XY NI T RERIZEEET AW AREYNFE -
BN AT

2) WRLMERE—MEZRETUIHEZFELTUT 4L Te, WEFHHZIFELTHE

PZuS
o

3) WRBMA KA MFEETT, WRBEATHZIR & BTN AR, TAFITHZREE
TLHIAT o
a) WR LA R EEITID, N E KBTI Z AR IRAT BT R 1E &
b) R L4 R R kB IUTYPE, 2R ST B3 9 D% 3K AL A intif & float;
) R4 R OT IR ik B CINT = FLOAT, T 2 R DA+ 3 ) 69 7 X 3150 4T B i &K
E S TAE G-
d) WEEBETAFSMTHHER GEERETAZAU—NE T —APRERIT.
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—AWEREEETNEEEMSE 4T, MENTERNE I TERE KNG EX
W, EAAEMERGH2 N ZM . B A X5 RSt 6l.

214  WRFE

PR B A2 B 7E A T BRI O G 1 OF R AT

1) GNU Linux Release: Ubuntu 12.04, kernel version 3.2.0-29;

2) GCC version 4.6.3;

3) GNU Flex version 2.5.35;

4) GNU Bison version 2.5,

— ks, REBGEALTATHFE, #HE AN Linux=gF#GCCHE, HHEAR L
FoBAFABETHYE M. T8, TRh—WREARFT A2 ELRNZRIAL LT EHRE
WEBE (dnglib%) , FEbiEFEERE TP ER v,

215 RZXER
EH—BERERIT WA
1) Flex. Bison VA & CiE & 09 o 1 IE #4 44 15 24T By IR A2 /7 o
2) —(PDFAg R 8y LIoif &, WAGHE:
a) R EF LI T MRy MU AT 2 Ml Ak E BN UL A B T B
XU B AR e P SE B HY o e HEAT 6 FE A IR
b) RE9AR 7 R Z A T B4 E? T DU A AR makefile E K\ - #ATHIE, 1F
V20 LA R % AT G AR AR T o T R 433 S BB BT B R AR T BTS2
Py o e BAT AR, T E KA BB 22K
o) ERWEMNKEFREL=T! FULZRREFFTEERER N TIRNETF
TR, A AR REME R AE, A E R AT LR
MHAEMNTARKFEME T, LEERERBHNREEZERD, ZRWE
FHREANZANFTARANATESF (HEXLFTF) .

216 HH (SHMAR)

S — RSB AR S BB R T84, 2RI F B E R b o LB
BABHER. FEAAEER, R LR ER UK A R TR M. XTI H
WA
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R
MAN TERAIMRFE, FESOARMAN—H2, FRH) :

1 int main()
2 A
3 int 1 = 1;
4 int 7 = ~1i;
5 '}

Hr

INMEFHFEREER. FUTFHFH 7 RAERNGC—HE P Xad, HkRE
WAR PR DL A T AR IR R R R

Error type A at Line 4: Mysterious character "~".

HF2:
BN
1 int main ()
2
3 float a[l10][2];
4 int 1i;
5 al5,3] = 1.5;
6 if (a[l][2] == 0) 1 =1 else 1 = 0;
7}

i

INEFHEAEFLEEHRE. £—, BARNMWEFPATHIATE S EESEFH, £
Z AU IE R U ] 7 RN alb][3] T dFal5,3]. H =, F61THif-elseik ] felse 7 T
— a5 B EFET U E T EAAERESE &

Error type B at Line 5: Missing "]1".
Error type B at Line 6: Missing ";".

B3
1 N
1 int inc()
2 A
3 int 1i;
4 i=1+1;
5 }

5
=

SARFEEEE, GRS RE SR, HRRNERFE B H T s
EEE (FERAFREE, FEEFHEN—H2, FR) :

1 Program (1)

2 ExtDefList (1)

3 ExtDef (1)

4 Specifier (1)
5 TYPE: int

13
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6 FunDec (1)

7 ID: inc

8 LP

9 RP
10 CompSt (2)
11 LC
12 DeflList (3)
13 Def (3)
14 Specifier (3)
15 TYPE: int
16 DecList (3)
17 Dec (3)
18 VarDec (3)
19 ID: i
20 SEMI
21 StmtList (4)
22 Stmt  (4)
23 Exp (4)
24 Exp (4)
25 ID: i
26 ASSIGNOP
27 Exp (4)
28 Exp (4)
29 ID: i
30 PLUS
31 Exp (4)
32 INT: 1
33 SEMI
34 RC

FHla
M\

1 struct Complex
2 A
3 float real, image;
4 };
5 int main{()
6
7 struct Complex x;
8 y.image = 3.5;
9 1}

il

IANEFREREBETEXHE (FEATREXNEEY) , BEXFEEMERLREES
7, AR EFFRRETEEN BN ZEEMEEGEE. ETHRZIEERLEE RS
4, RATW B L3 = o = o AFEB S NPt e o 1E 54 4 R %

1 Program (1)

2 ExtDeflList (1)

3 ExtDef (1)

4 Specifier (1)

5 StructSpecifier (1)
6 STRUCT

7 OptTag (1)

8 ID: Complex

9 LC

10 DefList (3)

11 Def (3)

12 Specifier (3)
13 TYPE: float
14 DecList (3)
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15 Dec (3)

16 VarDec (3)
17 ID: real
18 COMMA

19 DecList (3)
20 Dec (3)

21 VarDec (3)
22 ID: image
23 SEMI

24 RC

25 SEMI

26 ExtDefList (5)

27 ExtDef (5)

28 Specifier (5)

29 TYPE: int

30 FunDec (5)

31 ID: main

32 LP

33 RP

34 CompSt (6)

35 LC

36 DefList (7)

37 Def (7)

38 Specifier (7)
39 StructSpecifier (7)
40 STRUCT

41 Tag (7)

42 ID: Complex
43 DecList (7)

44 Dec (7)

45 VarDec (7)
46 ID: x

47 SEMI

48 StmtList (8)

49 Stmt  (8)

50 Exp (8)

51 Exp (8)

52 Exp (8)

53 ID: vy

54 DOT

55 ID: image
56 ASSIGNOP

57 Exp (8)

58 FLOAT: 3.500000
59 SEMI

60 RC

217 BH (BHER)
R 5 A R

B

PN
1 int main ()
2 {
3 int 1 = 0123;
4 int j = 0x3F;
5 }

e
WMERMNEFFERTRERLL, ZHEARANTEAFTHEFEEHE, Eduid
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1 Program (1)

2 ExtDefList (1)

3 ExtDef (1)

4 Specifier (1)

5 TYPE: int

6 FunDec (1)

7 ID: main

8 LP

9 RP
10 CompSt (2)
11 LC
12 DeflList (3)
13 Def (3)
14 Specifier (3)
15 TYPE: int
16 DecList (3)
17 Dec (3)
18 VarDec (3)
19 ID: i
20 ASSIGNOP
21 Exp (3)
22 INT: 83
23 SEMI
24 DefList (4)
25 Def (4)
26 Specifier (4)
27 TYPE: int
28 DecList (4)
29 Dec (4)
30 VarDec (4)
31 ID: j
32 ASSIGNOP
33 Exp (4)
34 INT: 63
35 SEMI
36 RC

B2
N

1 int main{()
2 {
3 int i = 09;
4 int j = 0x3G;
5 '}

e

BARBTH @RAFITENHFEGRARR FHFE 20225 F K

WREWEFFEZKERLL, ZHEARFEH 097 HaRe \#H %, E2EHER

THWHRETE L

N
R

Bl A3k 4 07 A0 97 WA REBERER, R,
2 EBORA A TR EH 07 R

“OX3G” &Rt 3tH %, H4

“X3G” T 5l KB R. H R R T L e

Error type B at Line 3: Missing ";".

Error type B at Line 4: Mis

sing

newn
’

PRan A2 7 o DL B B “097 An “0x3G” AR A A 41K o /\ 2 | Boe 4R o+ ok
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B, WP AR AL D e T SRR R R R

Error type A at Line 3: Illegal octal number '09'.
Error type A at Line 4: Illegal hexadecimal number '0Ox3G'.

=3 KR
e N
1 int main{()
2 |
3 float i = 1.05e-4;
4 '}
Hr
WRRWEFFETREKRL2, ZHARFCESEMREZSIEEH R, Hod e
H
1 Program (1)
2 ExtDefList (1)
3 ExtDef (1)
4 Specifier (1)
5 TYPE: int
6 FunDec (1)
7 ID: main
8 LP
9 RP
10 CompSt (2)
11 LC
12 DefList (3)
13 Def (3)
14 Specifier (3)
15 TYPE: float
16 DecList (3)
17 Dec (3)
18 VarDec (3)
19 ID: i
20 ASSIGNOP
21 Exp (3)
22 FLOAT: 0.000105
23 SEMI
24 RC
A4
1 N

1 int main{()

2 A

3 float i = 1.05e;
4 '}

i

R FFERKERL2, ZHARFFH “1.05e" RO IEELANE LK,
HOBEWRA AT EE 1057 FaipiR A “e” Wi RIEHAIR. ERE R T UM E T
WERRT R A

Error type B at Line 3: Syntax error.
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B T UL BB “1.05e” 3] b AR W A6 D X B B Ak, I R B R 48T b
St T AR AR S

Error type A at Line 3: Illegal floating point number "1.05e".

H5:
N
1 int main ()
2 |
3 // line comment
4 /*
5 block comment
6 */
7 int 1 = 1;
8 }
Hr
R EFFETREKRLS, ZHARFAEEMREZSGEEHR, Hod ey
H
1 Program (1)
2 ExtDefList (1)
3 ExtDef (1)
4 Specifier (1)
5 TYPE: int
6 FunDec (1)
7 ID: main
8 LP
9 RP
10 CompSt (2)
11 LC
12 DefList (7)
13 Def (7)
14 Specifier (7)
15 TYPE: int
16 DecList (7)
17 Dec (7)
18 VarDec (7)
19 ID: i
20 ASSIGNOP
21 Exp (7)
22 INT: 1
23 SEMI
24 RC

AR, BTN EFORE, FERARIRAAS )7 sBnEEE /.0 &
BHEES2EE (LR AN ERE) , BRTWEFFAFELIILRE ) 2BNEHE
5 LT EBWEAEE N ERL

1
2
3 /*
4

18
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5 /*
6 nested comment
7 */
8 */
9 int 1 = 1;
10 }
Hr

HHwmAFRFAEALAERAKEY /0 BB, ECIET A XHHREN
P EE. WBERNERFFERRERLI, EEAMATE8TIM ) SEBRG AT
T MRE Y WA KEEER (RRFAETREMEEER) , RO U
WTHHERETE L.

Error type B at Line 8: Syntax error.
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22 EB#HER

Wk M EED T X RS, TUREEENMREFEL TR A A MNERTEH L. Gt
W, HERAEMAELEN, EFET TEMAEZ)E, 4 DIEE R i #l s e RAR
B R EATEF AR RSN R BRI R RS, W E LN R AT L 0 R Al
FAEER. RleHR, T—H2POANZITENERAE TELE P RRIMMNAZ—, e
NBURFHFRRRINER. EATHEIALNELTETHRT AT TANEA.

A AR T WAL A A4 % 2 T THEGNU FlexAni i 4 4f TAGNU Bison. 40 B

R, TRER—HFAFEKSMEREM, REFTIFET AT AN W EH %R LR

221 FEEHASNBER

WHEAM RO ERESZE MNP F MU R AW ELTTR, EXBFHFLH
ERFRATE TR AT N U EA A REA B IR TR R BT A S
AL ERAX ST E—ANFHOESR, CEEEENIEEI TN BREEETHEEL
LB, A 06 2T AT B AL TR X R By 4 ] AL

BABFRITHET RS RAEXE N AT A, WMHEHENEFHFOER, 2 CHEE
SWE: AN EXFH—ERBTE AN, TS5 FH2AENETEFFHFH (W=
M EHEMLE) BT U —AMA BT R AN . FIB— AN R T A AR E AR IR ML A
s, —MNEBERAER: RONTUERF KGR R, WIH A6 %A M 74 87K
ERA, BRARMABAXEFIE M2 )G, BdERX KRR TUHB R K RA%T
RFE %o

ERARESNESHEEST, ELANREZFTECFERTF ISR, MAFEHNTE
ke B, HATTEEAMN AT AGNU FlexR kit 2 4 T # ByGCCH AT % 4047 i1 #
FR WK, BEAOMAZE, GCCHFARAMMBEL —BRAFEFT. T, Eh—ExR
R TERM, MiAESNEFERTEMETHEREM, BITHERFRANITHANE: E
Jl %3 % (Regular Expression) 707 B4R Z & 54l (Finite State Automata) .

—ANENFFZREBFEFHENK, RE MR CENKERBLUT ZAEEHFE:

1) #3EH (Union) : W/NIEN kit KrfostyHHiCtEr |'s, EHrss# T UHEZ,

2) ##EH (Concatenation) : #/NIEN Kk RNrfosth £ #iCErs, BAHr g ¥ st

20
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HUHEZ .

3) Kleeneff, (Kleene Closure) : —/MIE | %k 3k Rr#yKleene f @B fEr*, vk F: ¢ |
rlrrlrerl .,

HRENRE ARG BZARRGELT 0L EMNRLRZB UM AN Z A,
—FEARENCHERLEARBE (ERLTURTHANEZEAN) WEEL S TH5mE
B B—FEAREANAY —ANFHEREH AR EN KK REZTUMEFF &R
(FERPERTE Y BT AT 58 hk) o betim, RATH MUK —ANE N Kk R4 —ANNFA (B 7% =
WA BRI ESIMN) , AEHXMNFAR( ) — I DFA (F# WA RRSEHN) , FH
AT DFAS AT, 25 BAT T DR WA X ANDFA B 24T R N & 34T R A T o
AR NFAMDFA 2 30, MR T#4T EN &k X NFARDFAZ [y ¥ 0%, E5FR
AWERH . REERNRNFERE, WEARGAAE AR TE, BTUETEEFR
Bo T EANPT T EME, AAE A TEARBEE 3 ok AL 8 I Rk Ko

222 GNU Flex/* 4

Flex # 77 & 2 Lex. Lex 219754 h Mike Lesk fo % B} 3F 72 AT&T 4 2 # 52 5]  Eric
Schmidt, 3t 5% & 8 — 3% & TUnixF 3w i35 S AT 2 5 £ TR . BALex R & 4 2
R, Eer Rt % 15 A LA XK. J5R1E A %5 £ B Vern Paxsonf# fICIE=
FELex, HHXANHNEF 4 hFlex (F hFast Lexical Analyzer Generator) . it %
KA RARE ML, Flex#im 4 T v o 5 £Lexo # {17 Linux T £ f # = Flex £ GNU
License T #y hii A<, #r1EGNU Flex.

GNU FlexZLinux T Z R EHH. KT UEUHE TS L THRLEQETRE,
Tt # FDebiantyLinux R 58 T, E B2 2R T k2 HEE AT RAW T2

sudo apt-get install flex

BIRAL —H, BEGNU Flexty 1 H J7 i 5 R A LN Ao LexEAME . w4, HNF
LA RKAFER AN S LN HFlexRE, EFUMEEEXHIRBRNEFTTLRE, A
FE R B XA B R 4 Klexicall, i, HATHE I Flexst %A #47 4% :

flex lexical.l

RWEFWERSRFELH B X T Wlexyy.cxX . FTTFEDXHRBELELA, ZXH
ARt E—RCETHRERD. XRRERDEEHWM XN AAGEERFT A, 4#
yylex(), 1% & B0y 18 Fl gt 2 3 B A X oy — MR L BT RATH UHE N €% 5 — I main
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E &

1 int main(int argc, char** argv) {

2 if (argc > 1) {

3 if (! (yyin = fopen(argv[1l], "r"))) {
4 perror (argv[l]);

5 return 1;

6 }

7 }

8 while (yylex() != 0);

9 return 0;

10 }

XA main i F# T H AT EANE TASHK, RE —NSEHHMA XA ZRITTFZ
BN R SCHFATIF R R R Y, A0 R ko oh U R R yylexQ# AT E 2. H, BE
yyinZFlex y ##E H o — MR &, RFMASCHE R4, WmRENF X RE Y, W LFlex
2% v s E ystdin (BARERA, BEEZIRE) . FE, WREEmaind H 4%
K=, WHFEE RAyyink 5h#% & extern FILE* yyin.

2 Amain & $ k% 2| — S SCfrmainee (7R ¥ DB Bk A\ lexical 1w By L P B & L
R, ZHRT UL LF Ayyin; REZET UL Smain %, K4 Flexs B 5% R —
A, EXREFEX LAY, RERFEXFANCE . A4 27 & 4 K scanner:

gcc main.c lex.yy.c -1fl -—o scanner

ABREFGATH U ZHFTEHD, FNGCCCH FE Y oD B &KW RE. 2/aRA
7 FT DA R X scanner 2 J§ $EAT 1 & T T o Bldm, A8 E X —NIIK S test.emm #4738 &
A, REEERLITHRN:

./scanner test.cmm

, BT URETEENERT .

223 Flex: /5 RRD

ML LA 8 = R Flextl B3R % o TR PN B AR S B AEMIZIRY, REZH XK
T & RAR T 4 B W Flex B R, R AT T IREEE QT RTFH—T . BETRRNN
o1 4 5 Flex g A5 o

Flexi# R XA =2, & “%% ®H, wTHx:

{definitions}

oo
)

{rules}

oo
o

g w N

{user subroutines}
F—WahEXWE, ER R RAEELETTRETE ARG ENREXBR M4, A
IR E AN FH T & X —MHh:

22
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name definition

H #name & 4 7, definiion 2 EHEN kx# X (ENXE R ZWTFHF 5 E TSN
Blan, TEHNXERDENLTHAN%LF: digitfoletter, w7# R EKOZ|IF HERE — K
EHENRKEE-—NMNEFH. AEFHH T4

4
4%
?ﬁ

digit [0-9]
letter [ _a-zA-Z]

oo
60

oo
0

oUW

Flexif (45 U0 % — ¥ 0- 4 AN B, 6 By IE N Sk RAnAe B2 o vy B o 4k 2k, A% R

pattern {action}

Heppattern y EN k%KX, EHEHN 5T EH 2 L4408 EN Kk R4 FE. TWactionll]
AR E AT A REE, XRBEET A —BCRE IR, Flexckiz x4 W A RA
ZRE AN, RTGEERKNENE. R LN ETERATAN, FlexBA R K H
B, REBEARXANRATANERFEEAANSREME—F “7 (HE
B HN) AN, A5 A& Haf b daction# 4+ 5 (7 8 & 847 4 B A

Blgn, TEXEFlexRBAEBIMAIHTEE—EETH, 2RAHRTELLHELE
FATEN B R L

2 digit [0-9]
3 %%
4 {digit}+ { printf("Integer value %d\n", atoi (yytext)); }

6 %%

A& Byytextsy X fchar®, v EFlexy HANREH— MR E, EEREFT LA EL
T X BI85 o B Hratoi() By 1E AR B — A F AT B R ey B AL int kAL

FlexJE R 2 X Fth % =820 A A P B R XRBE L. XK E 2 PR H 204 2|
lex.yy.ct, LA P 8 &P &FEHATH & £ (87 & AT4R 2|33 By main i F 7 UL 5 £ 3
B) . ER—RWE, WRAPREGXHST AN R E. BHEE K XEHATER, TU
FERTE 6 & L H 4 (AFlex B R Xt % —#Ha) ZuEA “%l” fn “%) HE5HEF Y
W BRIt £ o B %7 Fn “%)” BTE B B A e —IF L Ellex.yy.c Bl R RTH o
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T 3T — AN B8 ] T ok Ut B Flex R X A iz T 4 1. & A1 %0 7 Unix/Linux T & — 4>
FHOXFRIT I Ewe, CHAUEIT—MEF S AP (EX) FHE. 2R
%o FAFlexZEATT B # 5 K — A £ XFHITRF:

1 %

2 /* AL EIE#included# iy */

3 int chars = 0;

4 int words = 0;

5 int lines = 0;

6 %}

7 letter [a-zA-7]

8 %%

9 {letter}+ { words++; chars+= yyleng; }
10 \n { chars++; lines++; }

11 { chars++; }

12 %%

13 int main(int argc, char** argv) {

14 if (argc > 1) {

15 if (!(yyin = fopen(argv[l], "r"))) {
16 perror (argv[l]);

17 return 1;

18 }

19 }

20 yylex();

21 printf ("$8d%8d%8d\n", lines, words, chars);
22 return 0;

23 '}

# Fyyleng & Flex y AT G- 89 & &, 17 LUK H 3 f# 4 strlen(yytext) . HATH X &
charsig, F fir \ SCHF o 8 F 4F 2. wordsit K #97 #. linesiE F AT %k . L B A2 7 R4
. BRI -ANRAHREATEN—, FRAE - MERRELR S —, FENA-NFHER®
FELFH M —. &5 Emaini@ ¥ F 4e.chars. wordsFnlinesty E 2 HITH H k. FEEEH
£, BT AN ERATEA Lyylex()iE EMEFE, F b7 main & % 38 F yylex() & ¥ D
&4 E #ywhile 7.

EERWCTETU—REANSANAEENATRIT S MM AT 4Lz MFlex 73t %
AN XEFHATRIT, AT LB Brmain i $dm T

1 int main(int argc, char** argv) {

2 int i, totchars = 0, totwords = 0, totlines = 0;
3 if (argc < 2) { /* just read stdin */

4 yylex();

5 printf ("$8d%8d%8d\n", lines, words, chars);

6 return 0;

7 }

8 for (i = 1; 1 < argc; i++) |

9 FILE *f = fopen(argv[i], "r");
10 if ('f) |

11 perror(argv[i]);

12 return 1;

13 }

14 yyrestart (f);

15 yylex () ;

Uz FkJET: <flex &bisiony , John Levine® , [FZ£i%, A8 A¥H i, 297, 20114,

24
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16 fclose (f);

17 printf ("$8d%8d%8d %s\n", lines, words, chars, argv[i]);

18 totchars += chars; chars = 0;

19 totwords += words; words = 0;

20 totlines += lines; lines = 0;

21 }

22 if (argc > 1)

23 printf ("$8d%8d%8d total\n", totlines, totwords, totchars);
24 return 0;

25 1}

H Fyyrestart(f) i %k £ Flex#? £ #y i@ %%, © 7 ik Flexf H 4 \ U By U 45 4tyyinik
BHE (SREROT UGB E —HFF ok EAyyin = ) FEHAWEMZ R4, 2EHERH
NS T 3k

224 Flex: $#EENRZER

Flex R & Fib £k X HAERAN IS, ENKRARBELFHET EEHER. A
%, fnfAEFlex iR RAG T # 5 ENFEAR? RN TEME— LA

) &5 57 ERBRHETHE \n" N ET-ANFH

2) 5 U AT AACR-AFEE, FFESZAREE - AFHERERLET, T
LGS ERFEWEANA AR AW CE LT . flin, [0123456789]% 70-9 % 1 & — N H F
74, [abcABCl&k mas by cZAFHMNFRERT . FEFTFEATUEHETH 7 %
T—ANEE, 61 40[0123456789] 4 7T b B # B 1E[0-9], WA H/ANE FHF AT EE S Ala-
z] o WRIHSFHE-AFHE N, WEFARNFHEIA, PHFFETLRWREA
EA—AFHEREEE, BARTESERRGESREXRANRERLET . fldn, [*0-
9a-zA-Z|RT AT RFURTREHTH.

3) HT N AEFEFTLAMNACE—THT XL, #5 8" ATER-THER, &
5 “<<BEOPF>>" J| T IE B CHHH 4 R

4 45 A AXEER. BREESLABET —ARFEMT, UREAL
52N RERFELIAN R flm, A5} ERAAAAA, A{L3INI &2 EAEA. AA
KAEAAA. WRILAE T LA R MEFlexBRRED 2 X H o w Xt 4 5, WERTFHNE T
A REYE N Sk Ko Glam, R AR R LT letter f[a-zA-Z], Ml {letter}(1,3) 5 77 1% £ 4y
—EEANERXTH

5) 4% " HKleenel @ik 1F, I EMHY S Kk K. Hlhv{letter) &7 TAH
SAFET

6) K5 “+" AEMEHME, ER-ARFENMREX Hlin(lettert R — M RF LA
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FXF o

7) #5  BRENRE —AKRER. ARER0OR A E R — AT R G FH
B, RbR* +2?, AR AL BTN FH A Flinabetkrab s H R —
NS A, MART—ANEHE S Nabe, WRRERTEH, WEEEHAIES (C 0 )
Kax WA FAFER K (abo)+o

8) 5 “I” HHBHME, CRAZARZEHE—FKKEA. #l4w, faith | hope | chari-
ty R R =B F I ET—

N H5 “\" ATRrE&EMHEXFH, 5CEEFHEE “\” WAL EMN. flw
An” RRAT, U REEIERA, Y RTFES, \\T RRFH N %

10) BT (EXET) BEFEREIIRRGAE (B RAEARHRAT T R H
XFH) o B, REXRETFZARTLRT ZARBATF U NEET
11) B ) 2EEMANFAW LT, A, x/yRAXR L ERN X FxZE

KRy, O/1F LLICHE fr X\ & 01 5 i 018 7 IT B 4 A\ #0240 850,
12) A F BT LA A k& U A& BN Skt R R4 IC B 3% F /R

T RATE T LN F k%S — TFlexlBRA EEN KA H5:
) =AW ETHERTHETE, TUXHE: [+]?[0-9]+.
2) H—ANTHWETHFERTUR—NT RN D EANEFE, R RERBE— L,
UL TE LS
a) [+ ?[0-9.]+&EE A% FANHE R, 51.2.34;
b) [+-]?[0-9]+\.2[0-9]+2 R LM KX, R12.503.12;
Q) [+]?[0-97*\.2[0-9]+4 & #12.;
d) [+]?[0-9]+\.2[0-9]* 4 & #5.12;
e) [+]?[0-91*\.2[0-9]*4 % IL e =2 & s R — NI AW &
f) EFEEEE: [+]2([0-9]°\.2[0-9]+1[0-9]+\.).
3) B EMAEH —ML4&E, ERNBFWCPUF HRNFHFE, %5 40...31, ILHEFR
RETUFERrEER—ADMRANKFH T ARERE-NTFHE, A I5RTE155 57
7%, 000K T 805 F /7%, THHE7RFF7T ST HES. AERNA LRI L HRRSD
AN RN T RERT, TUERTEILMNE®:
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g) r[0-9]+7 bl K Er0fnrl5, 18 ¢ 44 KHEr99999, H ATt F tif FH £ CPURA
—B AN E R

h)  r[0-91{1,2} Fl £ & I B — Be B Ah oy ko, Bl nr3240rd84 .

i) r([0-2][0-9121[4-9]1(3(011)?)) = E# th 5 %, (EH T ki £,

) EWEGFEERTHTEERSNTENZAZ: 10100 | 11 1101 1121102 | 13 |
r03 | r4 1104 1 15 1105 1 16 | 06 | r7 1 107 | r8 1 r08 | r9 1 r09 | r10 | r11 | r12 |
r13 1114 1 115 1 116 1 r17 1 r18 1 119 1 120 | 121 1 122 1 123 | 124 | 125 | 126 | 127 |
28 | 129 | 130 | r31, XM FHFETY R LEH £, WREFNE EA128E
F 256/ % F A2

225 Flex: BHEY

BT A48 By Flex iy 2% B R 4% 4 By 58 L e — R E 2T #4. TEANH — LFlexEHH
Foste, BEALIREE AFlexty AR P REE FEMA L, BN ERTHEY, BT hFoxt
SE I — By 5B T A U B R

yylineno 7 :

EEREFSBFHIRY, 2 FERNRATT, UWEARS HET AN —AT H
AT A HTRIEFEMT T, RN LEXENEE, Flinlines, FKITFW & 547
BFLUMEE T MAXERT—1T. LR E “\n” , #EA1ztiklines =lines + 1,

SRR b, Flex W #H L4 KM T XML&, » Hyylineno, HATF % % % 3
yylinenoty (i, A% GAEREM—. Fit, BARATEHTAMRLA P HER. WER
11178 B 3% Blyylinenoty &, 1| % % e Flex B & 7 iy 5 L #4 fi \iE4] “%option yylineno” .

FERAY L, EAyylinenos & zh3 tn, 12 % R AT 3% A7 13 12 4 8 A yyrestart() i
BB G — M X CH TS EH e t, HkRAFE 8175 446 11E A yylineno
=1,

N

WA ENBW R LN H TR EAZEEN —NDFAWZ /T, X PDFAF RN
—ANFH, RERFERASZBWHSEXARET TR ZERAT MRS FL L, ZANRF
EAMETFRD 2NN X FENENTH, BAXEFERTRENELRE, BER
o EAUE M AR R — RN — KBTS, FEERFELITNRAZ K+,

“Flexy, Frati g R#H— MR £A, » #YY_BUFFER_STATE. &7 b
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i# iyy_create_buffer() & £ — /MF R B NS I B — i AN ZA X, fldw:

1 YY BUFFER STATE bp;

2 FILE* f£;

3 £ = fopen(., "r");

4 bp = yy create buffer (f, YY BUF SIZE);
5 yy switch to buffer (bp);
6

7

8

9

yy flush buffer (bp) ;

vy delete buffer (bp) ;

H#YY _BUF_SIZE ZFlexpy # th — > %k, &L 98 Flyy_switch_to_buffer() & £k ¥ L1k 37
EANRF R RN Z R BT A, W Ayy_flush_buffer() & $ 7 L& =&k K & 8 1
%, T Myy_delete_buffer() M 7T LU i — AN or K .

IR ES N R FEXR X X2 B AL A (flnCiEF ¢ W #include)
R B T B AR v T B 1 AR PO B 6 R yyrestart() 1 #e 4 BT B S N X #F o T B M S
ANXHENBERZE, HTREEZAHHEINES, KRFEEZEFRURIFRLMAZAH X
MW, ZRFEEA—MREE LA XN E WX, BAFlext A 37 440 X 09 & 3k
HER B R, EXR RN, 2N ETFEEH.

Flex % & $input:

Flex & & #input() ¥ DA 7T By SN S A — N F4F, X8 By TR B E N &2 R
RERAF L. flin, THXBRRBERAN T KARXML /)7 &, BALH F4EF 4%
—HEAMRWIIAFHEHEF#E:

[
El

1 o
2 "
3 char ¢ = input();
4 while (c != '\n') c = input();
5 }
Flex % & $unput:

Flex /& & Brunput(char o) 7T LUK 72 8 5 46 Ak B\ o X, 2ot F 22 X2 9h ey 28
SRR B . Blm, &2 A% Xt — A % #define BUFFER_LEN 1024, % 7 i\ S

i 5| 7 7+ #BUFFER_LEN R, T 1 X Bo X A5 44 3% 5 B 3t B2 o o 2253 ] i N R o X

1 char* p = macro_contents ("BUFFER LEN"); // p = “1024”
2 char* g p + strlen(p):;
3 while (g > p) unput(*--q); // push back right-to-left

Flex % & ¥ yylessfryymore:
Flex % i #kyyless(int n)® DU K A N\ 4% o X # 32 BL B yyleng—n/N F £ 7% B 2| 4y \ & o
X, ¥ FKyymore() ] LA & fFlextk & L w737 &, H&E T —MMAEEUHRA HKRZEHT
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—MNEREER YRR EWEE. A Flyyless()fryymore() ® LA J7 1 3 4L 22 AR Lo 3 T DL
REMBER. fltn, RNEYFHEFEFSENXREARE, AELFRE— 4R 53Rk
HETH WA\ TNT\", EHHEHEXTF S RRNNEET T R HAREL NG S ZEH
55, #l4n"This is an \"example\""o 2 #n{7 f# F Flex 4 2 ix #b LR 2 T ik 2 — it =2 1

B Tyylessfryymore:
1 %%
2 \"[/\\"]*\" {
3 if (yytext[yyleng - 2] == "\\") {
4 yyless (yyleng - 1);
5 yymore () ;
6 } else {
7 /* process the string literal */
8 }
9 }

FlexZREJECT:

Flex ZREJECTH DL #F B #ATRA| AL T A EH MR Y RATHATREJECTZ J7, Flexs
HAT— RN EE, XBBENERFE S T Hyytextik BMAZ A, KR53 E TR S350
Z R AR EAN . B, £ & T X EFlexiE X!

1 %%

2 pink { npink++; REJECT; }
3 ink { nink++; REJECT; }

4 pin { npin++; REJECT; }

KR 2RI P BT A B pink. inkfopin N2k, BIEX = AN BFEZHEH
ER

Flex?t B B % W 4ptk, BXMEy i USE LR P F Mo

226 WELSNER

AT RRER—, EAFERECIET XE (HRA) , BEHCEE XA TR .
fr TINT. FLOATHIDX = Ma i B2 L FENWETHEH T EN KA X2, F Ty E 2
TG A HE L o

M3 wC—iEs Xk, MC—HFEH AN THZE, BT UFERSFlexBRAD T .
EWMNFHOFEZE, AT RRRIRGFEZQNEFRETHEES, R Y B E R R
LAY kBTG A AR, Bl

"+"  { printf (“PLUS\n”); }
"-" { printf (“SUB\n”); }

"&&" { printf (“AND\n”); }
"™ { printf (“OR\n”); }

o U W N
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AT B AERREBA, IR DA TR AL B9 55 5 3 i KT XA ey — AL

printf ("Error type A at Line %d: Mysterious characters \'%s\'\n",
yylineno, yytext);

T RFlexBERGHHE )G, EAMEN AL T ERFLEFLER, RN HE Lk
NN SRR W E AT T o —EEHRCEFEDANEFHERE! X
WHEAM X ERT AR AREY R, 2T EEEEN AT o6 AR E B, AR
B miF 5 LB RT . T ARG T Flex R R A B> £ BB, T RLAZW:

) §EZEMEENER. WRIER, AHREZUANZR ARFN B RFEEHEL
BRIE N ik Koy —#0, A M SARE Z ik AN = F N &k K — 30 1 =48 2 & i Flex i K
R R A

2) IE W ARk Kb T xR B9 Bh 1R 2 (8], K F BN RAT

3) WRMEN KA FHERFHEIARE, MRhTEZFHFERSETRAREN KL
A Hy fh S R LRI EE

4) EREETERE - EHE, HEZIERLEH —TRD.

5) AR XHABMAUANFL ENZX ARG L, X— KBEFFAA. AATULET
B9 IE M Rk KR 5 W i 4 RAnR Ko

6) £ EN Rk Ak 5 R 2wl & Xty EAA A4 (Flandigit) B, BZERZA 4 — 2R
RS {7 f ) #R%.

22.7 EERLSNBR

WA T — B RIBE . BEANMEFHERESFZRAFELTTR. A
B2 ERAEFRITEEWIEENL, FTECRAEHFLTHERMNEFH#ESEM.
BEANMERREZOFENBFHNMANRF T EE - EFHRRF R R, WE-ANEH
B BB L

BEANGREMAREENZA: N EYREFH, BT EE
WHEITELETRAGHER, CINBEEEI TR, CNOHEATURTE LT
o A1, BTHEAMAGERAEZQNERGES, FE5EMEEINEFHRNAK, A
PLE BT 28 K % #0580 4% 25 AR 1B U AT X ARG R T A Bl 58 Ak B

EMREAEUFTERANITER, FURSARFEITIES 77 LM (F 0 TR
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¥5) REFEAENSCEH#RTERT. T REHIHTE NMEEEHHTRT, AMIERT
P IE U SCok Rk B A B aE By E TR XX X #% (Context Free Grammar®CFG) . #if1, 24
EPTXRXXEARLRA LERTENIES, EAEHANEMINE RS R THECFGH |7 &
L, HEERFEEEREOM), TN HEILAREUEZ. A, AREFEITIESSH
BEKLBET —HCFGH— MR AT &, EF LT R ALLMK) S U ALRK) Xk
W —MIANRER T EHEACEMRFEL MR,
FTXRAXEGEH R LR —AWTA: L4455 (WRERERLT) 6T 44
HFEEENT. WHEMAFTSURFTAEREEGP. PAREEGPE AN NEWRS, wHETd AR
EXT —RFIG/FAN, AneFFHk, BTl ER, 2R FLEFERA
LV RAERFURLESR, AR - S EENLGNE L LT X NMEHRAESHTET
DUGE R M kR, ARTETRREM. b, B 0 R A R 100 i BT R IR
W, REEZMYZHATEASHNEE, EEMRE LHWEEERGTARRHFE A
B T o7 ik Ao B R B 07 ik AT Z A0 89 T B Bison BT & ik B 15 ik A7 A2 7 3 KA
T B K EWLALR() A R (81 — € B 1% B 7 7 DLk Bisonf A % — ¥ 4 #k & GLR# 4
MEAR, FEHZHEARGNFCEEE THRITRGEE) « MATHELEEZL2HTE, 4
3k FlavaiZ 5 TB A R IEE TP, WERAT BT H FHLLA)SME A R,
AR TERAB MR MHay, S TTENFEAERABRE T2 RN FEEomE
JR R TR — 4, TR B E M (PR N S AR S RITIE B IR S RIE
AT ERTE, BATEARY T EEME N EER, ERNTURIETE £ R
FHENE XXM E MR EH TR, KL — L E IR R E I A0 i

ke
it

2.2.8 GNU Bison/%

Bison#y 7T & & T Unix# Yacc. 4 AT # &, Yaccty & A B 8] & £ HhLexik & # .
YaccFr & A By LRA 7 SR 8y 32 96 20D 7 2505 Rk 4 B KnuthZ ¥ # 1 TR %, Wi Yaceqk
B & MR 525 % 8yS.C. Johnson 3 Fix W32 i £ 754F 3|78 4F 5 pi by . 2| T19854F, L&
UC Berkeley th — A % 4 Bob Corbett#Z£BSD T # 5 T Yacc, J& &GNU Projecti# 7 ix /M
B, AT LHest, TRERA T &A14 KA A 8 GNU Bison.

U CHHHER. EEMITES#H , John E Hoperoftss %, x|H. #BEMmITHELEF, ST L8, $EH
WAk, #2097, 20044 .
2 http://compilers.cs.ucla.edu/jtb/.
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GNU BisonZLinux Tty Z kw2, T UL CHE T M ETHRLZRGETLE,
2k FDebianty Linux £ 4t T % # 89 J7 i FI A & H A S AT RN T
sudo apt-get install bison
BYRAT —#, EGNU Bison#y FE A J7 i iRk A L BT/ 48 89 Yacc ik A ft 4 F [l
Bk, BMNFEETTRGEELANELEN HBisonERD ., w55 XHREEET2HE
3|, AAERBREX DTN R 4syntax.y. FJa, AT A Bisontt i i KA 34T 45

bison syntax.y

PIFIF N R SR YW E K T #syntax.yy.c Xt # o T FREDXHRBE L LN, %X
AR ERE-—RCETWRRG, FXE, XRERDGEEMNSRNGRANBZRF -,
" fyyparse(), % & 3 H1E B R W SO AT R AT, RO R TR R U R
0, HZMEEIE0. Fit, RAXAyyparse()d #LF & UL RATHEF A K. BTE R,
RN FE R — AR T, AP 4 Bisond 3T AT 4 77 R R R A3 X B3R ok BT R ?
FL, Bisona X EFEA P A CRBEFI—NAFTRERELTH B, TNBAKGAL T
IExyylex().

& #yylex(4f %4 T #k ZEBison B 8y 7 ik T Fo XABEKT UG P BATEIN, EEA
FATZ AT B AR Flex & i T —Ayylex() & %, #e F fik 1k Bison £ A Flex A 1k # yylex() & %k
B2 BEEHEW

{7y LA Bison J& X #5 X fFsyntax.y 4 fl. &8, K T 4% # FAFlexd & M & %, FEAL
Bison g £ & # 3| flex.yy.c:

#include "lex.yy.c"

W 5 A Bison%iF xR A E, HNFEmLE “-d” FZ3:

bison -d syntax.y

WANZ B A SR, K RiE th 4 B 447 i syntax.tab.cFrsyntax.tab h B AN O, H o h X
HEAeE - REEETHEREXZENNE. FEXNSIHZE, T—FEBERAEANS
Flex J§ X #lexicall, #§ fpxfsyntax.tab.hty 5| F, I E ik Flex I X & o #L N ¥ 4 & — &

action#fi iR [B] A 7 817 ik 86, W AR

% {
#include "syntax.tab.h"

%)

"+" { return PLUS; }
"-" { return SUB; }

O J oy U W
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9 "&&" { return AND; }
10 "||"™ { return OR; }
11 .

Ho, REMEPLUSASUBS 4 72 4 Bisonif X &4 o & it iyid ik 270 (AT & el JE X
2R3 o HTHMANBK Tlexicall, FEEH K v 4HIFLHK:

flex lexical.l
BTk AEES KA Wymainid . & TBisona £ F & i & 20 fyylex(), ®A1#Amain# %

FERAFERAACT . Fid, BisonZf 4 g € Hyyparse() fuyyrestart() iy, H it # A
B AR EE RN Emain® 47 8 X 347 A

1 int main(int argc, char** argv)

2 A

3 if (argc <= 1) return 1;

4 FILE* £ = fopen(argv[1l], "r");

5 if ('f)

6 {

7 perror (argv[l]);

8 return 1;
9 }
10 yyrestart (f) ;
11 yyparse () ;

12 return O;
13 }

NEXNMAET ZACEZTFERD TH: main.c. lexyy.cbl Ksyntax.tab.c, # #lex.yy.ct
% tisyntax.tab.c 5| fl T, Bt &A1& 5 % # #9 # & € main.c fasyntax.tab.c 3% 2| — & # 17 %%

7

gcc main.c syntax.tab.c -1fl -ly -o parser

o 7 FELw, SNGCCLHEG D ERBmMME, B 1y XE—HRBEILTTU
ko A KA DLEF X AN parser 2 F HATIEE AT T o Blim, BMEX— M XH
RF BTN

testemm#HATIEEH AT, R

./parser test.cmm

BT LA BB EE AR

229 Bison: HEERD

HATH AN T £ F FlexfoBison Bk & 6 215 ik 07 B 7 iy 2R P B, BN #TAE
B R EEW ST LR AR BT % B W Flex B A AL FnBison B R AL X, Al R AR E T A R
BBk TR F I — 14T o FlexBERB I #THEHE AN BRT, BTRANN B
{7 4 5 BisonJE X 4

F Flexi® (X # X 41, BisoniE K& d0 4 =84, HIER GFlexERG X ZAMRE. £ —
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WA REXBR, AR EETE AT URE X E; & -H02ANHL, Ldasink
W9 AR BN IE B 1E; B = R AP BEIL, XL IRRD L PR H TS L E
syntax.tab.c®, DUZER P 82X rFENBH (main@ H T UF AR E, LA FHEFR
2 . ER-RNE, WRAFBEXEIBLTANGTE. BRRF A XHHRTEN, T
P E X E 4 (gt BBison R W & —#4) ZarEA “Wl” f1 “%) FEHES AN
Bt £ W W7 Fo %) PTEE# N R A — I B syntax.tab.c By & A H o

T E E A E— A T 5k X Bison {45 By 4 A AT . —AME RS & 4T Lt
BN EESANER, HEL TR (X 2RI % B TINTR & FlexiR 4l i sk g — AN %
%, ADDK %&/n5+, SUBK EZH F—, MULKEZFKZ*, DIVRXRKRE/) :

Calc — ¢
| Exp
Exp — Factor
| Exp ADD Factor
| Exp SUB Factor
Factor —» Term
| Factor MUL Term
| Factor DIV Term
Term — INT

RAN/ME 7 Bison g KA -

1 %

2 #include <stdio.h>

3 %}

4

5 /* declared tokens */

6 S%token INT

7 %token ADD SUB MUL DIV

8

9 %%

10 Calc : /* empty */

11 | Exp { printf ("= %d\n", $1); }

12 ;

13 Exp : Factor

14 | Exp ADD Factor { $$ = $1 + $3; }
15 | Exp SUB Factor { $$ = $1 - $3; }
16 ;

17 Factor : Term

18 | Factor MUL Term { $$ = $1 * $3; }
19 | Factor DIV Term { $$ = $1 / $3; }
20 ;

21 Term : INT

22 ;

23 %%

24 4#include "lex.yy.c"

25 int main() {
26 yyparse () ;
27 '}
28 yyerror (char* msg) {
29 fprintf (stderr, "error: %s\n", msqg);
30 }

X HBison I KA UL %" Fu "%} Tk, i %T %) BAWAEEERZX
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stdiohtly 3| . # T %2 — &bl %token T k Mk BT (L%H) BN, WRAFERA
Flex i iy yylex(#35 , A 4 6 2 B 5 UM o5 38 T2 49T DUAE  Flex B R 70 B Wl (. 5 24
SEAEAR T, TR KBRS Sotoken ) 1 B M A BB AL, L FALEFERLAE
TR AR AL E S HI—K.
EoUHRBEEERNN G AT AREDWELEERA N BEE (T

A S i Tostart XRAG 7 Sy R A /X R AMBHT) o FERXNBHE L
AXERES T Ky, —AFERSF-AZAULT 57 B. FARELRELEN

TR IFLBEHHE OB — B, AR AD AL T BUEASSRT, HUH
U 5ty JB B4 K 22 B W R AR KR B2 A $1 820 $3% 0 4 77 A R BB 7T DL —
AUFRAES U F ) ERRWIENE, XAE XL EELFER TN R KGR
17, WRT WA EE XA, A 4Bisonds KA BNM B 1E 8% = $1 ). 3B XA fE 47T WL
WEFERGFE, A >B(...)C, ZIHHFEENTFASBMC, M>e(...}, £¥M
HES NG — AL FEARNR, £ &R P AR E LA EEXLHRTHT
SERAEEF IR, B 665 AR

T ARV B A — A A B T DL B A e A S A S
AL BT kR, ERALHRSWERE R NTEER? BEL: KyylexOF K
PAEE. B DR AT Myylex() B HR HFlexiB R & R H, ELERILALEEHRILE, $
IRl Sk 5 Bk Flex iR 270 o (R AE R AT Flex iR A o, INTHF % T R & — M F &, 24
HAT LU Flex g £ B BBk 4 -

digit [0-9]

{digit}* |
yylval = atoi (yytext);
return INT;

}

oo
)

O W o JoyUd W

[

Hepyylval ZFlexth W 3R &, KT LM HERLTHANNEEE. KINMRFHZLEN
{8 IR Ak atoi(yytext), &t LAYIR % 22 TTINTH JB M % B 0 € At B 5 T o

Bl £| 2 3T #yBisonJE KA. ERFEEXBHFLRNET THENMBES: —MUEREH R
P T yyparse() By main i £k DL & 5 — A% A 3R B 2K AR R — AT 47 8 5 S i yyerror() By
o yyerrorQE K2R M EBE QMM BEFERA-—NMEEHREVORA, LZBRASHN
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“syntax error” . BRiAMEIL Tyyerror() R &M NS FAE S HATH A SR ME £, W
R DL B E R XN Hk, ATIECITo — SA ey g 2, fldo EOl o AT A 25 T
W4T T “error: 7 HFH,

M, REFEFFATENMETF, REEERNEGMANI243, KERANEE, KEHA
Ctri+D45 R, raF 2| R LT E TiTEE X1

2.2.10 Bison: J& My %kA

ELEHATE, BMNEHFRFAEFOERENRIntED . EERNHEIEERY
WA, RNFLTRGF SN BEEE e FR G RE, WERF XN EEN LT T
AL RNt R A . T & K AT G 4T 22 Bison H A i A [ R

F— M kRN EYYSTYPE#H ATE & L. BisonE 2B A A BHENELEAURT E
yylval # 3 % # 2 YYSTYPE, 2Kk 3 TYYSTYPE# & X A int. 4m % {1 7= Bison J§ 1% 0 t
“Wl{” F1 “%)}” |8 fmN#define YYSTYPE float, 74 f7#4 /& MAE 3 45k 2 7 floatk A,
AP 2 A AT T [R]85 R T By R AL AR LUK YYSTYPE & SO — MBR ek R AL, x4
PR T AR AE A 5 80 1 ] k37 R BR R b R ey 3k, AT SEFL S A K R ey 3R .

AT BRTAT, EALREETEREMERA, BN REAXBRENTAHE LT
o MAE T WA Ehr L, #EBisond B4 N E T B K ALH kT E IR B M E KA
A3, — MR E RAVE R EHF AT AT AR LB BN

FAG KL 2 DART @ 89 19 3 S /NEF O B, R 9 Bison b B B 11 2 AL R Ao fT T
Bty RAXANATENZERF Rt EERE, AERNIAF EHZHENhE. BHEWNIE
HEA T

Calc — ¢

x> Factor

| Exp ADD Factor
| Exp SUB Factor

Factor — Term
| Factor MUL Term
| Factor DIV Term

Term — INT

| FLOAT
X piEEE, KOF L% ETINT HEA B EE, MFLOATHR AT R & B HHE,
Hhy A ERF A THERL, RINGLENBEEEERANBEREE. XHiEEURLEE T FE
T 57 By BisonJEAS AL 4 T
1 9
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#include <stdio.h>
}

oe

$union {
int type int;
float type float;
9 double type double;
10 }

2
3
4
5 /* declared types */
6
7
8

12 /* declared tokens */

13 3%token <type int> INT

14 3%token <type float> FLOAT
15 %token ADD SUB MUL DIV

17 /* declared non-terminals */
18 3%type <type double> Exp Factor Term

19

20 %%

21 Calc : /* empty */

22 | Exp { printf(“= %$1f\n, S$1); }

23 ;

24 Exp : Factor

25 | Exp ADD Factor { $$ = $1 + $3; }
26 | Exp SUB Factor { $$ = $1 - $3; }
27 ;

28 Factor : Term

29 | Factor MUL Term { $$ = $1 * $3; }
30 | Factor DIV Term { $$ = $1 / $3; }
31 ;

32 Term : INT { $$ = $1; }

33 | FLOAT { $$ = $1; }

34 ;

35

36 %%

37

B, EATE R X8I K %union{.. MG FT A 7 ety X AL E St £ BT X,
7 Yotoken# o F A E H — 3 R 4E T < F 2o 2B 1 28 AL 09 B A9R] ok BT P e 2K AL 4
R, dTHLEFERLEBUERBNFLEFTE, ROIVEH Dtypetn £ K458 7% H
REMNBEB. BRAFREALKBNFTHRBARULTRZE, ANH2 28, $1% 5
Aot A TN AR, FEFERNET A LRE LA T,

2.2.11 Bison: &3k ¥ WAL E

SHRERYFERM S —MEXETHIANME. RYRT U8 T EFlexd & XLEMT
SAp 5 UREGNE P EPEAMTERIAT G, R CATEN B AN — LR EHIE
EETT. XAMEFERMNINEE - LEPEORD, T 7. Bisont %A N ENL
BEREAERNEAR? EEZE M.

BT & A it Bison & G ANEE BT T —ANB A, EIE kB AT LA
A$S. $1. $2FHATH H. Elr ERTBHMEZNS, EMEEZETEAN T —MIERER, &
B SR P R B S B AT DUE H@$. @1, @& AT . BB KIERA R4
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YYLTYPE, HZRAwyxE L2

1 typedef struct YYLTYPE ({
2 int first line;

3 int first column;

4 int last line;

5 int last column;

6

)

Hop gy first_lineAnfirst_column 7| 2 215 ik BT A M o & — M & B AW AT TR 5,
i last_line#rlast_column 7| & 1% & ik BTG X b By ik 5 — MR m HAMAT T 5 5. AT X
RN, MBMFOLECRRLRTET. LR, wRAHET Al @EKEMESL L
JUHyfirst_linedT B i 5k, Ra R IATHH RWT 52421,

A 2B EA? TEREAET, Bsonff Fr2xs & RMNEPXUTERCE, &
1% ZAFlexiR R4 X B AT R . T REM AnAlH Flex b o X S|, 4 47 fE BOF
FRERSZNRAEE. RATT L AEFlexIR S FF 3K 364 % X & Eyycolumn, I fnfn T Y
% % XYY_USER_ACTION:

U\\

%$locations

1
2 .
3 %{

4 /* A #include s */

5 int yycolumn = 1;

6 #define YY USER ACTION \

7 yylloc.first line = yylloc.last line = yylineno; \
8 yylloc.first column = yycolumn; \

9 yylloc.last column = yycolumn + yyleng - 1; \

10 yycolumn += yyleng;
11 %}

HpyylloczFlexty W EX &, R AW WEZETAALNMEERE L ;
YY_USER_ACTION % £ £ AT H — NI EZ M FEAHIATH —BRED, RAHNZ,
EHEMBEHUART AL ERCENEFRD. Rk, &ELEAFleIRREG M FHEE
W, BAEERIT BATHZ G MR Eyycolumn#t 4T & A :

oo

DSw N

\n { yycolumn = 1; }

AR LA SL A Bisond E AT LB &
2.2.12 Bison: = 345wk KA

Bison# — AN H A EBRMASG R F TSk, eHE LR —ER
Ao Ry % (—ERAPL/FH% R, Bisong 2 FEMW~EX; —EHABAN/
V34 b 58, Bison ¥ & EHN) M 4 RATR BB H 2R, Tiax ok R R T REK K
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AT HIIATRBRNF I E ., Fih, RO1Z WA ABisonkFERDHEY ECHHHRE
TEE, WERRFEARR, WrE— S BERD#TEE, RERHAFR2IHME,
AU AN N B EE NE T, R HIEE T R

Calc — ¢
| Exp

=

Exp — Factor
| Exp ADD Exp
| Exp SUB Exp

B K& R A5 4% (Exp — Exp ADD Factor | Exp SUB Factor % i 7 Exp —
Exp ADD Exp | Exp SUB Exp) , {8527 E# B2 A MRS, ZHNHHBLIIAZ
Xteo fldm, WRMANT-2+3, BESNEFRREHE LH]L - 20 R2+3. BHELQNE
T Bl - 209 BHEFT LS (BPEH1-2) w B (%42 +3) , {2 @ TBison#kik
BANRET Y, EBEANETFLBREFN+IRETTE2+3.

KT X BB Z LM, &4 EEEE (Exp - Exp ADD Factor | Exp SUB
Factortfl 4 THE Bt N 24 4) , BLR RN EEANRER G4 E6%. — K5, £
FiEF R IR RAHER, MHE2IANF D EExp —> TermiX i T 3 Ao o 352 1 2 Ah ik (£
I AR R R BT BTk R RE R ARG 44K,

#EBisonJE & o, HATH LB “%Wleft” . “%right” Fo “%nonassoc” 4 4 FF g 4
AMHATHE, L “Wleft” kLA, “%right” k& 44A, T “%nonassoc” Fkox

Ao G, fln, TEAXEE RN FARDERAMENER. #5 UARES:

1 S%right ASSIGN
2 %left ADD SUB
3 %left MUL DIV
4 %Sleft LP RP

HAPASSIGNEZ TR E S, LPERr A S, RPEFA{ES. Hih, Bisont #l 2 £ H A
FHNERAR AR EG THENTNES. Bk, XERBIFLANZHE SR ELET
by KRE T B B EHTRES. AL EANC—IETE, REAEXpHIEEE
MR, REERGHEN BN T &, RECIETH XEM R RAFHA BN EEFAE
P R st A b, AT AR X He o K

FI—AMERFRATIEE PG L R 32k Bifelse THAMA R (BHEHEA &R
elself] /) . % EC—if 5 X B

Stmt — IF LP Exp RP Stmt
| IF LP Exp RP Stmt ELSE Stmt
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BB T NGE: if (x>0)if (x==0)y=0;elsey =1;, A 2354 )5 #7Xelsez BT
BT —AMEE 2 5 —AMER? A7k CiE 5 AT X M 0 Telse & 2 T e JE 1 ¥ 5 3L iy AP AMIf,
5Bisonty BRAAL 7 X (B4 Ret & ZHBN) Z— 5. HkE & A1F £BisoniF
R B Z A AT EMAE, REERGBEONEFOANCREHK. ERFL
3, Bison ¥ & &R KAZIE R P HEE—MBNTAN R R AFLEI DR EHR?
R A & R else o] AR DA MG BY T HAF B9 1E S8 S o BisoniR R B & — & £ R JFE AP
LB R — N %prectril, A ZFAERNRAERER T —MALEH. TORERDE
— M HILELSEAR % % ¥ 1% 8y LOWER_THAN_ELSE® /%, [ 7 V7 2948 i T % NELSE# 1t %6
%

%nonassoc LOWER THAN ELSE
%nonassoc ELSE

S o
3]

Stmt : IF LP Exp RP Stmt S%prec LOWER THAN ELSE
| IF LP Exp RP Stmt ELSE Stmt

O ~J oy Ul WwWwN

ix EELSEfrLOWER_THAN_ELSE®h £ & H S A %, EEHZ LB E oM E 73
#|IF LP Exp RPH, WE T H i I 4 B NELSEX R £5, CaREML LR FLEBAN
ELSE. 148 & th J 2wy A ik, #AT P L % Bison e 1X 2 4 & b K o

BTE RATE TR A A MR T Kk X if-elseif 4 B H AW = XM . Fx
b, ATHREZAE GG HY, RAULETUHRIBEF AN =, ERNTEVNEA
AV IR T Rk X fvif-elseZ S EMH vk Ko FEAREHE: REZEBisonffi & mn %,
A R R 1B PR — AN, XN R B RIRAR T AR R AR T R AR R ITIE T B
—WERE TR A B REWIE L F A R A S SO B, AT P LR R R e B A 4
GV O R AR, R BAT A R KR T, ik, REEBisonih & = X
MHIEE, APOHRTRMEL W E N = U R IREHE R E X MIEE
R, TR EIEEHAAEAT, RIAFMRIEEAR G WA

2213 Bison: JEA&M MR

DL X B W AR, Bhat R4 x SR — By R R A U B

7 I Bison#t AT 45 % BF, 4n R ¥ fn-vEH, AP LBisons 7 & fK.yy.cSCH Hy [E] B KA1 %
£ B —Aoutput X, Blam, AT

bison -d -v syntax.y
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@A E, e YR E R T KA — AN XU Esyntax.output, £/ O &4 Bison T A& &,
W18 i 2 BT AR 7 3t R B LALRAR A5 4L oy — 238 R34 o AR AR & i Bisons ¥ 8y i 2 o X AL
HEWEEERENR, EREHEEML, BT UM EEA output X, EETH—4
RSP B 7= A R R ST BT BT ST T A IRETEE R S D R KA e R
EREELHMA T o0 R ENER

Bldn, R BATF A E A R 2| W & Relse[5] #, .output X H & — 4 gt & =

1 state 112 conflicts: 1 shift/reduce

G T8, WERAL12, output XXE ok AW A 8
State 112

36 Stmt : IF LP Exp RP Stmt .
37 | IF LP Exp RP Stmt . ELSE Stmt

ELSE shift, and go to state 114

ELSE [reduce using rule 36 (Stmt)]
Sdefault reduce using rule 36 (Stmt)

O 00 Jo Ul wN -

X EEMAIN, RAE124 3 F|ELSER BE T U BN X LT 4y, WiBisontt 4% 7wl , #
FHRATETETREK. il R EHIT A, AT UL A & & % Bisonik K4 =,
HEHBITIEET

ME—MH— AR EENTE (WC—iEF) W5, Bisonfr £ WLALRIE & 447 42 7
TUA—FEELEMRES. BEF e #45E 2 T output X 2, Aok A EZANIF K
BEHFE AL REFHG. F, FEEE, AmEEINRFEZATHZEA
“Segmentation fault” %, R AIHR ALY G AR F LN, SAEEHS. KEHHE
TABZER PP H T EBXMHBR, 74 Bison#t A7 455 69 W&, 7 LU 1 ff fm-t
ZHATTFE LW (A £ R4 Jp L #define YYDEBUG 1) :

bison -d -t syntax.y
ZEmainif # i Flyyparse()Z #l &1 — 4] : yydebug = 1;, REEHHEFENMEF. 2
FEAEMEFRBES LA, BESNMEFAEER—DEHN, — M MREMERATE
B, FHLAMRSHE LI RERE L, WFERREGCREDTHERAT FA. W
BTG EZENEF O, SHAVHRRZ BETRF, BELLHAWTFH:

1 Starting parse
2 Entering state 0
3 Reading a token:

R BN, REABHMFIEEZONEFHAT RS, HE LI EN AT
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BV oK

Next token is token INT ()

Shifting token INT ()

Entering state 1

Reducing stack by rule 9 (line 29):
$1 = token INT ()

-> $$ = nterm Term ()

Stack now O

Entering state 6

Reducing stack by rule 6 (line 25):

10 $1 = nterm Term ()

11 -> $$ = nterm Factor ()

12 Stack now O

13 Entering state 5

14 Reading a token:

BN MAE, BATTUE S Ed# — P HRSH o
AR, DWEA2EIEE QN EFHERTRL D, BWESEH L ERELT T

QO Joy Ul WN

\ej

2.2.14 Bison: &iEik4

SN SCH F E IE AR MR, Bison B R 21k vk REIEE SN EFREHRES
"o BLUIEESMETF AyylexOF 2| T —MAZEETT, R LAk &I R A 43X A7 & 2
T, BREANRANXHEEHATEEHE, L CRASANTEXMERKEHK:

1) 7 Al yyerror("syntax error"), RE{ri% #H & Fyyerror(), % & H HKASEFHELATH
i syntax error #y ¥ # .

2) NARTH# T AL AL BTN, HEERQNTRTFEET — AT UAHNHFHRLS
Eerror iy 4k Ao

3) # Aerror, SJaxti NB R EE THATEF, HEKI NS R Eerrorz FWH A S
Ak (ZFRUEHABERY) -

4) R ferrorZ J5 f R BN ZANFEE, MWL EFRIEEZQN, TN, REWENY
’—,

HEFRERRNFRESE, EXRLEFERNHBNGERRA 4, WEEZERE
errorfF SN ZMENE., Ff, FEELERKBerrorfF S E: —F @, &A% Lerror)s
WA A S BT, EFEBRERYREEE S Ry, KRR RN ZEerror R BHE & & H
FEXY; A0, RNXFLREGEFRTRD O E LT, ZRFEAN ZLerror X
ERERENFERY EEREAY, AMI—KPerrorx EFAWTRE. FELEREHT,
AREMETIATERS 7 UEES U Y O ) FEANERKRENESK

=
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Stmt — error SEMI
CompSt — error RC
Exp — error RP

PLE LA AR R 1, F F B vk 42 © A1 R 4 2] 4x By Bison I8 X 25 o &t T DLk 38 7%
AMEFRGHE LR ER. RFEH—FEF W H 5 derrorty /= £ X4 kB0 E
AN ST o 77 A B B MR R

2215 BEHEAMNRER

HREHF —MER AN BT, §F—FEFAAEHFERC—EENE. C—HBFEZENRT
WA EERRS, WRGZIERWEM, 2R RIE AT F B & BT BT Mo
Ao, WREFECEEZFELTERFENEEE N, WEEERETHER -+ LXK
= A R IE

BTk, RMNEVRET —MA AR £ RE TR A ETIE 3 1F B Bison i K
o OREHREFBH LW Flex B R, main@ & — B FE REEERE. TN
HEBEH RGBT T, IMEFRZMT 20T 0, T — MBS RNRA Sl
s, XAMEF R 7 H isyntax error. dnRAREYAZ 7 8k 4% R 3l 0 H B A BB A IR, BEH
IR ER G 4TI MR E U BT ER KR E A, RGN FREWERTAH,
HE MO BRFRALERE, BRFEEFAENOHFARERZE T FA. F4EKER
AT E %, 8 TBisonty.output TH UK LW R EH B, EEHBRATREAENS
o

BT SHRELRIBEMG RS E. FEME—RE XK, By TREREICERT
ESRRS XMW BEEN. RFEELITE B KT RS IR WA #fEANEE, 45 £Bisonik
REXUHFBEBHEH RN L XHER, HRMENE, BFEEREGLHE M5
Xt RL By G A R R A B R A BT I A 4 R T R RN ATIEA . RS
XM B 28 BNREE 4 RRF REBORT R it, AT BEY A —RF
EHEE: EER-FRMNE2EXRIFEM LT — R vayR M, BT oI 0 3R S MRt
S0t JE T W IE X R — R R

WERXRMZE, T—FREREER - B P RN EHB R ek, AHE
RITHWAAATEUR - BHRE L. FTRITHREER, RFEET LT RDX LK HTE
EMPETRA . B THRERTHATS, FIUEZMNERBEMGHERRFTEREN NG LE —
REABETTEIRTT R (FEAMLER Len. #H %X Eyylinenosk# & & 4 X AMTFH
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L) o RBEARITHNRBREANT ER—HE, FEANLRL2FM, P&
FURDARE —RIFTREFFE OO, UHEEw Lo KA e
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