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PR . A R KRB IRAD LI BRI (a1 T B LA HREE EFE TR
(IR AR T & MR HERGE e M3 L (RS {U TS gareiil il s o B4 BLAT e 1 H R P
FHEY RS A nTRE (L 3 AR, TG 32 P Al uCPT 04 1 B g 7 i Bt Uiy o

IR R, XS AR MERTESHA R LR L KERRFHEEMNLBEE,
H - TR MO R 408 3 55 B0 BN & W 4 & FE s 20 MRS 503 (R 4 12,
FEIT DU o s PR T T MR U L s . e nd BB e HT S 0 b SR 4T PR
AL CIE & 1F of #omalloc ifree 524 55 2 Uiy

HEPUL RPTER AT IU - BENF R RE AU B0l . G IR ERPR R | B 00 AR R TR
Hor - e ] { H A 22 AR F-55 T /DAn . Cif i MIORO R ol A 75 b4l T . (E % &=
AN ERLTAE G

P NEOEE LRI Ay BB R AT UE FIRAERT IR B SRR I [ R H T
B RS SRR T SRS R AR IR A pRS A, BRIE DR RIS A S M A R
BRIMRER PR R ¥ Ll Az RE T B9 )7 S0 MR SR 8y 4 6 X A op i

PRI B 1 s S0 AR PR 4 B0 A N Uk IS P P L RT B RN ST et B
MR - MR TS RO MBI 1L AT el R R R R R RS e e
AAEHE . JURETIRMER L B RETE R BAT e TR, m eI R BRI .
WMITH WA HEN] Cili s AR B — SR BIER - 7 tirealloc %

FRFF PR LB DG RO BN it T B A, AE S AT A e s T R )
JUo R AN EAT KA B A A — R - B IR St i ]
[C B AR CEFERE . A i L, W8 — o A5, B4 v TRE bR PR
A BGRB8 2 et

AR © DA RIE GRS L BRI R I HCIE SRR SRy . X A
BREESE r— RPN . & /NBIRF (programming-in-the-small )" 48 flkef 5cH) ¥R
PR o IXAEELH R AR BRI Ay BT & T 4L T R B R

AEAE T A A7 T TR IR TR A U SLENTT K AR B A R IR T 2T S,
. TER BT EEERER DM E S TR W0y, M ERE L T AR
PRARAREG IR 7 T3l M ST, 7452 S BT R 1 1 R e A 0 D Y S A
e ok BRWS UL A A0S B ARG L R R AT R R L S



#1F

b3

1.1 literate #2 FF

A5 AR AWK ik e, mMEZHE 7. HE A ER A T — M M EA LR E
i sesl. XU A AR Fihterate fBIF Zas 1 . MHE O A L2 B U RO MR &1 /S W) a8 4H—
., FHENE, TEEEEALAGARLE By 18 0 /L AR A, 108 J a3
ATy s A, B BIET {7

literate T2 ) F 1114 SCHIE ¥ 55 gUFR T (Rpo Beel Bl #4

{COMpuULe X s yi=

[Ei: sum = O;

for (1 = 0; 1 < n; i++)
sum += x{(11*v[1];:

EX [ —T& R<compute x - y>PAL 508 = B CRS T B X FIVEY A L. X dR e g E
AT - B ] B SRS A

(function dotproduct)=
int dotProduct(int x(1, int y¥{}, int n) {
int i, sum;

{compute x v y)
return sum;

}

H A BR<function dotproduce> WADE 8 ) AT R BUE i AR, T AL idEr
R, SRR R N IR B<function dotproduct>\ 458 BAT ST

int dotProduct(int x[], int y[], int n) {
int 1, sum;

sum = 0;

for (i = 0; i < n; i++)
sum += x[1]*y[1];

return sum;

}

literate 2% WL HIV) 85 /N0 BTS2 7R, (LR SOH 10 R 50 0. 00 5 1540 10 VB
¥ ELR R R B 2 G BT B
fBS B LA (chunk facility ) #literate R A et 4518 I8 18 % Mo BOUK AR ) B 3 o
o (XL B 25 55 S A0 TR —BOKIF Bk, TR S 0 T S MK 7 o | il 2
R s AR P 1520 3 L
A T R litorate 572 4L JLAEE , R0E BAETTIN 40 BRI BTE 7 T 10
(3] BERFEFRY— Miterare C BFWREA T, KFEFRIA S 4 bdouble g2
FET R A ISR FMIR 59, B0 “the the.”. #I41 I FUNIX @r4:




& 5

% double intro.txt inter.txt
intro.txt:10: the
Tnter,.txt:110: interface
inter.txt:410: type
inter.txt:611: f

YL “the” P fFintrotxt e R, BT WHHMESI0T; WD EBR r
inter txt3CF il #E R “interface” . “type” 1 “if”, fNFRdouble A% 4B A, AT
MR S AT BCRCE, B AR e 4 . Bl

% cat intro.txt inter.txt | double

10: the

143: interface

343: type
544: if

EARFR B, AP SARNGS ARIEEL, Wi d A s E 5.

T ERdouble, ¥5E L — M R{L R (root chunk ), BERES MM RESHEE
A e 2 23,

(double.c 4=
{(includes 5)
(data 6}

(prototypes &)
{functions s)

A THE, RABRAET OS5, @i B Al edouble. ¢ >R IR T, H L
3R Hldouble By TH24 #1145 1E R R CR FIHE S EARIFN L, 0 8 i
LAFE AT o] R 25 W

<double.c 4> TR T Y HE KT . T<double.c 4> THE AR AL S
MFRENTEL TR BT, S8 T & B P14 3 W 5

main jREY bEdouble 0y 2 $, & FT FF 4 4 3698 Fdoubleword 145 3045 .

{functions s=

int main(int argc, char *argv[]) {
int 1i;

for (i = 1; i < argc; i++)
FILE *fp = fopen(Cargv(i], "r''y:
1f (fp == NULL) {
fprintf(stderr, "%s: can't open '%s' (%s)\n",
argv({0], argv{i], strerrorierrng));
return EXIT_FAILURE:

} else { -
doubleword(argv[i], fpy:
fclose{fp):

1




1f (argc == 1; doubleword(NULL, stdin};
return EXIT_SUCCESS;
}

(includes 5y=
#include <stdio.h>
#Finciude <«<stdlib.h>
#include <errno.h>

i doubleword B E MNP L iF , BFEXR - REHULHE—IRETEERT
. FHARDSRDF . getword M —A~FTFF (193¢ 406 F— S50 R T Abuf[0..size 113K
lell; EeRCHFRER, &R0,

{functions 5=

int getword(FILE *fp, char *buf, int size) {
int c;

C = getc{fp};
(scan forward to a nonspace character or EOF 6)

{copy the word into buf[0..s1ze-1] 7
if (¢ != EOF)

ungetc(c, fp);
return {found a word? 7

h

{prototypes 6=
int getword(FILE *, char *, int);

XA LA R B 1 literate 45 FR AU 58 —MNEEAF . AR89 HUR A< unctions 5> 5 B IREY ="
18 i getword B BL R MEAN 761 B3R <functions 5> 580 . P ACAS ¥ #7540 S main flgetword
WmﬁcﬁWﬁﬁﬁﬁ‘%ﬁ@ﬂ$%ﬁﬁ”ﬁﬂ§—%ﬁnEﬁﬁﬁﬁﬁ%ﬁﬁﬁ%%@
R OT B 00 R CRE B T B — MRS B E X, RIS T nl LR A S B — M b 2
X TR

Bk getwordEmain 2 f5, K M fFmain i Higetword s - -/ FIEL, X 3 2 4054 B
<prototypes 6> H W, X7 U RIER FE X EAT DAL 2 W C 105 42 {8 11 22 A 4c 7 HE 50 )
Wik 2, HEDNRE R B0, HE7ER A S % i B 00 <functions 5> 287, B
2R FEL AT LA TR R FS S

7O A TR BT — B getwordif ;75 I8 F[ 48 17 97 Af Flinenum i 1 ,
doubleword 2 7F § 7= Hi 4 #5 0T fF FHlinenum _

{data 6)=
int linenum:;

(scan forward to a nonspace character or EOF 5)=
tor ( ; c != EOF &% isspace(c); ¢ = getc{fp))
1t (c == ’\n")



& J

Tinenum++;

{fncludes 5)+=
#include <ctype.h>

linenum iy E X 75 T — T HCERMMMFEA -HEKEHF, e T wF AR .
TEX B, linenum 2705 W HIBS45 HE X, A BARCH RT 223K 608 BE7E S04 TGk 45
H = 4T Leetword ZTT 254

size LB X7 ETEgetword T 8 KB WIR #l, getword EHFE SN TR EBABEY
Fed N T EAT

{copy the word into buf[0..s1ze-1] 7)=

{
int i = 0;
for ( ; ¢ != EOF && !isspace(¢): ¢ = getc(fp))
if (i < size - 1)
buf{i++] = tolower(c):
1t (i < size)
buf[i] = "\O"':
§

Rl size -1F AR, DURIE R R B AT2S AT 6 — A28 748 5 if35 15 TERR {18 77 f
W4k Msize HOMTE L, X PSR fidoubleh R &% 4 |, BE X TN HEEEH FET “F
ARERAE" BFRIR.

getword '~ T /F K I, iNSRbufth/d 8 — 1~ 8aim $138 BT, Hifh 507 I & [0 .

(found a word? 7=

buf[0] i= '\O'

RAGE XK ABIIER 8 B SCIE AT E A 7 4038 % R oA R, i R
L) SCF R

doublewordig A 44~ Hiin) , JEHF 5 L BT T AURE IR ILAR, NI E® BE . © SR DI
FEFF A1 i) .

{functions si+=

void doubleword{char *name, FILE *fp) {
char prev[128], word[128]:

Tinenum 1;
prev[0] = "\Q';:
while (getword(fp, word, sizeof word)) {
1T (isalphalword[0]) && stremp(prey, word)==0)
(ward is a duplicate s}
strecpy(prev, word):

P

}

{prototypes gi=




void doubleword({char ¥, FILE #);

{includes si+=
#include <string.h>

A AR ENESY, BREEER, XA SUEREMNE 5 EH Ename Ry 758 A3TED .

(word is a duplicate 8)=

i
if (name)
printf("%s:", name);
printf{"%d: %s\n"”, Tlinenum, word);
}

A RE LA — A G AR BT LU B iaf 7B ) 894k B 13
1.2 %35 XA

double Ll B T AR FEZRIT RO ER K LB MERERE, FEENES
TANVIRERMER, MARETENESESH T, RIENFELTENSY . WREE RS
RATHE A R R E BRI R, D8, XRNMTHTFEREEAT AR MiRE—
TR FR IR MW,

EBTHRBIRRCEFMELIN. EXEE, HUHMENGSERT -SB 80 E
Wi, AR NREN —BAEHARE . WX ATMHERRE DTN (B [ =BG a4
AN, TR —F TRE KT VeI AR BT, W, X4 30 7 1L 7R
fol e BRI R AE,  DUR T3 AT 1 55 0 10 R T ey AU T LT

W, MERETRMIBEHEKN, TEBTFMNE . M BT E e g = i
REML 2T E MBS0 T BRI, ficcompute x - y> ) TEE WH B JS —F TR B0 £ . &
T TRARN B, NESINMTE ERK ZEH 5 R0 F R 5, 4T maoft .

sum = O;

for (theindex = 0; theindex < numotElements; theindex++)
sum += x[theindex]*y[theindex]:

BREAFBAEILAE,

%ﬁﬂﬂﬁ%ﬁtﬁﬁﬂﬁﬁﬁ%%ﬁﬁﬁ%mﬁ,W%EEHHR¢U%M,
getword 14 Blinenum 95 gk L & . RE LR AT R B M I ME 4 a1 T
2. Bil<copy the word into buff0..size-1] 7> LAY AT

ﬁﬁ,ﬂﬁﬁ@ﬁﬁ%%@?@%ﬁ%ﬂﬁ%ﬁmm&%ﬁﬁ@ﬁ:W%,gmmﬁﬁ
mrE AT -8R, fidoubleword -4 365 A8 B 03I B B . & M) BAR A,
RBAMN T, RBENFEE, EFAH1245.

S HILTRE AR, WA USSR B IFEY - T U8 rEE R, o B
ﬁﬂﬁ%%%ﬁﬁmﬁa$ﬁﬁﬁﬁﬁéﬁﬁW%ﬁﬂ%%,%ﬁﬁ@ﬂ%%¢5%%1ﬁ



] A~ 7

FALF e 5 LA A g8t S {CREE M BRT A8 . ERIF AR LRI G LE ., F
MEL LS IR M | B TR HRER U AR EE RS ¥, TSRS 2 Bt En--
Btk TREFERTREREKRATFEEWE. &5, L 26000, oI 2 R0 PR P B,
B 1 AL R IR B A, HAb 4 Rt F -

literate S5H2 B 60, 7 4 7F BRI IVIFE D30, H R E R FRA RIS &5 B0 & 6B &
BIPAR LIS AR AMNERENEE.L, oRERM. 2.0, EXNLLEJE. literate
I EE TEFALE WY SRR

FRUNBEACHRS Y, EHAARESRNCEFRL METAMEN SIS
HP— 5 FoRE G SH Xk &, BRI RE RO ACH EM LS X, X
e ST U R IR A G IRIE KI8T, R NCRH IS I R UET JLA s i . & 25 H
BIF. B — T PR BEGD 7 - PFH BHRE BT 775 8004 R¥strepy BE LR 72 F
#F BRI M 250, J5& S s ¥,

char *strcpy(char dst[], const char srcl]) {

int 1;

for (i = 0; src[i] !'= '\0';: i++)
dst[i] = src[i];

dst[i] = ’

return dst;

}
=& F2 WAL .
char *strcpy(char *dst, const char *src¢) {
char *s = dst;

while (*dst++ = *src++)
'
return s;:

}
KPR Rstrepy T IRAY S . HEEHUEIARRE T R T BRI, SR RE . &
BUSMRR AR RR S H 2 WRERRAT, CHMEER TS5 dstisre . X
O A0, BEITA MBS BT S8, iR S8 R R TR0 4a4r.

R TERE FME 00T B RS B IR A B EHIR ARSI, Bt M EEG. X
BIE T#HEC, DU R SREE A5 TR . TR IR AR W 5B CFUT R S A S
UGS R0 Bl LAY AR B G 0T BB 2000 . 7S 35 ) A 25 I 4R 22 o s S48 F. . e
CRAMTEF, MR ION KASIR,

1.3 |HE

B RE DA A R (R AR E A LA NS SRS U HE FTIE b e

10




8 F1¥F

11

REMRE, XFHEHREASBREHEN, B AXEN 8 2T 3K R 2R
AN,

FiE R iTE AR, A i 38E FAEsR X, BRMMANE, SFHRKAEENE
thE o, BRAE ARSI EEE ABBIFETHERE, SHEAVELATEENRE., &
R EEZETS RS A 2L ATEER R,

HITRXF TR EETAREN S AR BAEH il . NREFETERE. K3
RS EME A EBRAERE Y. — RN DITR RS FIRFEENIEE N, R
R AR B NS R . B IRIR B AEEE AL A, 1 RS A ERT 0T 7B R iB T A )
i T B Rl AR K — 3R N A FEHATXENBEN. MEVO S 160% K12 iz f7at i,
o FEE WHIE T F1% 058 TRl E B A B L 8.

HAT XA A R TIASRE. B EETRIMART, EETHE B REEE R
o, WAARHRHEETEE., WKIERE. B — I 0E RS %5 0k e R — s
1712 78 T 3 /2 8 e R AR 1 3 K,

B, EENHBEREARBENZ R LR, A58 e Bk TS mE & Tt
A B TR M BT THEE. BN, ESEKEER TR RN e S T MY SF A
THERERK,

R TR AN S T, DREBITEFAHT ST, T84 Bk R 4T
RA R 2B TR I FIE,. MR TS R el A 6000 (55 i B A A &
BRIEH B, ¥ SH XA IER. |

AHHE KB EEER AR NAE L, XEARE—RIENTED B aokaE, WA
BRI TR BARE B2 B . AR SR B R F AN AT B JUP A R R
WA 75 FMER7 Fh, PERERTRE 27 ) BRAG I 50t RERA BR8] 11 ok

—ECRT LN MBRBEMXEHHEES MR IFE S, A -BR T8 8e i B
MRS AT ROREERATERA RS SRMREVEN, A Y% WS K0 EY
23 BB P T B BT RIS A £ LB HER S, VORI S HRERES A
HIW 72—, BANARHE MI/O B $ getc . putc . getchar Fliputchari® ¥ B4F 575 A5 STELMY

A SRR AR BN RN E N LOE W S B A R3S . WAL T TR 5
o HEARR LIRFIEMES, RMHIFIEAAYEME TS /s, EaBmat
MY, EEE AR TR L E SRR MERI B PR BN TS ma
HTLLEFE AT IR R G0 i —Fb, ZEDE PRI P A0 A0 000 1 S0 208 . BlUs AR 3%3% . Hoab
MELEMEEABARNRIFSNEFABE, TAUEAEZEH

QA — TR R AR G VR (0] N FTAR S, B ) T Bl e Rl i 1 R
fFo VISR RA B BIES 5 ), X8 Tt FRIE A M0 HY 7R Ak Bli | TR AN HE 4
W2, RERFHA, TRBRARS TE . R ER M 57 ST 0. [FR X T H
] AR G b A AT R RE A9 0 Uk,



I T /

ZEEHXW

ANSIHRHE (1990 ) DERHEAR FFHAIISOFRE (1990 ) 2ERHECERF EA R M E% B
5, {1JEPlauger(1992) 43 7 - - MR IFH MR A — 2 A SR, WEE M, bR R
TORLAS 2 &, Il R Kernighan fiRitchie ( 1988 } W8k B il FH& /121 &2 H , Harbison Al
Steele (1995) WBEEEZ X T HENEFERA, MEECHEE rnmMEs “TRNCERF
(clean C )" ——HICHE RS T LIFHC++ 43 7R AR it . Jaeschke ( 1991) Mg RHEC S UK B8
R B A, B TCRITFEE - AEETANSE XS,

/e KernighanfiPlauger (1976 ) HIEFH M T AW-5 T A+H hagfeed . {046 st
RaAlzaity 17 B Mliterace B F M6 F. WEB 28 6% Hliterate HENFHWRE YW TH> -
Knuth (1992 ) gk FTWEBHIE @) -8k M4 ] ; Sewell (1089 ) &- -7 % FWEB I/ &7
76 ® .~ SimplerT. A ( Hanson 1987 . Ramsey 1994 ) X+ 824t 5 £ WEB B 4250 THEE AT 15 8) .
A F3fERinotangle , 2 £Ramsey finoweb & & i — # B T T5 5 5078 5 . noweb [A) £ gk
Frdserir‘ﬂf-l&nwn (1995 ) R A - - 5588 MICH R0 Fom pl - Miterate 2 B, X4 45 1298 1y

— A MARIE Y

doubletd it A Kernighan #Pike (1984 ), R HAWKAEFiEi+E 5 ( Aho,Kernighan #
Weinberger 1988 ) SCHIMY. L 4 4B4EM 1, MKernighan FIPike {f4% 2. % TUNIX i #5 i ¥
BEHBEZ -

) B 0 R XAR O AFOT R R AR M U TR A THHTE M
Kernighan HlPike (1984 ) L{ ZKernighan fiRitchie ( 1988 ) 1 f¢ Fg H28 A S T HRFE AL .
KernighanfliPlauger (1978 ) J2CT R Kig (22 8 A | AR WA LS ERC
HYIT . Ledgard (U8 8195 25 ( 1987 ) {24E 73 sy Maguire (1993 ) {244 7 -M
PCHRFRUF H R B &5 . Koenig (1989 ) 1848 FCIBEFE H % il 1 Iy W 17 06 B 22 Ak
McConnell (1993 ) 24 /3¢ "IRF WS IFE ARG FI &Y, K X F T Wi T A
gotorE ) AT rifie

F RS AR 04 0 A 8 7 S R T R A T B R A0 3 g M HC Al A7 e 1 108
Sedgewick (1990 ) BF9E /AT A K LB ER DI IZAEH B E B, Knuth (19732 ) 2 BT
FAFIL A AELE . Bentley (1982 ) AL 7170 FIH X F 4T 435 A AU AR IR Y
Bl

% 3]

1.1 — BRI T 45 R0, getword s 3 fi<scan forward to a nonspace or EQF 6>
"W AL fE<eopy the word inte buf{0..size-1] 7> |5 Klinenuminl, MEGFEA.
Flinenum {: <copy the word into buff{0..size-1] 7> 5 I L £ e

1.2 ZHdouble & i flim A0 & = M E £ HR 44T 0 WHHREN 4 18 %double

12




13

14

10 | Zl1#

PR MR T HIE .

1.3 £ AR EHCER [ & Astucpy W53 p #H4r— 78 BagY L 2
char *strcpy(char *dst, const char *src) {
char *s = dst;

while ({(*dst++ = #*src++) != '\0O')

return s;

}
XA B LG A 1 RS iR, — S CHPES ALK T E ., ©Gimpel 3%t 257 #9PC-Lint 1
LCLint ( Evans 1996 ), X RE{H AL B4k BF RiFal S B8, XA A ER 4
WL AR R B IRAPC-Lints{LCLint, TSt — ¥ “WPR " SIRIFHM XA T8,



225 EOS5H

— R AL BRI, U SRR ES A, ¢FHT HHZERY
{XHS AT A AR IRAT . ARG, SIS i e HiE A A E iy . — A
MR REWRAE — M0, N ESAIrS MR RIEZO R ENTRE. 8105l
T HE BT H A (6] 69 TR0 AR 4548, DR el R4 A A £ T RT 45 1 B o 1 358

BPRAHRBF (client ) 2REMHEMEMY BB, EMHABRBTFRARD; mEW
FihEH, EORARFRTE THERE N, LR £, 1T BEL T H R CR,
HYFTEFHERAEFR A EED LAy, B S5 B 0S0 8E 7R 5 R i
HE . [ A BT Rdm iR, FOYEN sl AF — 0 5 Riee 7T & s A

2.1

BT RIS AE P BT 6 AR IL 8 0], S dTRE Hfa e - 0% 1 2GR/ Eox
AVTHEE, IHEEHARF IURMEBRT SO HEY .. SFHEBABEARSE LM
Z 8] iR B —E W%%Eiﬂﬂ%ﬁﬁ@%&:ﬁﬁﬁﬁﬁﬁﬁﬁ&~&i?iﬂ
%ﬁmﬁ%$%%%ﬁﬁ¢ﬂ,E&%Eﬂ%ﬁﬁ@igﬁ%—nﬁﬁﬁ%ﬂ%ﬁﬁﬁ%%
O ZR BB

C%ﬁﬁﬁﬂﬁiﬂﬂﬁﬁﬂﬁﬁﬁﬁﬁmiﬁ*ﬁiﬁﬁ%%%%%%ﬂﬁﬁﬁﬁﬁﬁ
%%EﬁﬂﬁﬁjEﬁﬁﬁ*pﬁﬂﬁ%iﬁﬁﬁ,%Kﬁmi#ﬁ%%ﬁﬁ%hgﬁ%i
ﬁﬁ%f@FﬁﬁﬁﬁﬂmﬁH%ﬁw%ﬂ\ﬁﬁ%ﬁw%%u&ﬁﬁzﬁﬁ%ﬂﬁﬁmﬁ
A IES#Hinclude B A D,

FEAIE TR TAR BRSO e 8 — ey E L RO

aritn.n=

extern int Artth_max(int x, 1int vy);
extern int Arith_min(int x, int y);
extern int Arith_div{(int x, int vy);:
extern int Arith_mod(int x, int y);

extern int Arith_ceiling(int x, int y);
extern int Artth_floor {int x, int y);

PR O R BREL, STHUNR L R R BN X

e D T MATith  HT 30 P A R Ml 4 Farithoh, 800K S 0L §TAE AUTE 70
RIEHETHHCRRAT ., XU EREBAE, HCEF LR A E Ui s, T
WEBRHE R — AR R BT CURMEER— Ity L LT,
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1]

[7

g R RggH . LB AR EERE S - HAF =M. &£ PR, &
S A AR DGR B R T R FEE B2 TR, g TR g R E —ﬁi&%ﬁ#ﬁ%%ﬁ%ﬁ
R AR, ke, RERTFRESGAAGAILTA2REIES, HE NgLast
B, B AR TEERTE, ﬁﬁﬂﬁﬁﬂh?ﬁ@ﬁﬁﬂﬁmﬂlﬁﬁ{tﬁ%n

Arithyz AT 4R (K —2bsrEC BB EI T MR B RS, Hov iR fil s 4ty
RUFEYRE X, s HECH I 804 4 U e N ek BRI R F ool & 3 .

Arith_minflArith_max i [ H4E RIS 80 40 W 5 /ME s Al

Arith_diviR [BlyPrEAXAG R T . Arith_mod I8 [ AR fU40%0 . Xy 9% 1F 3% [R5 7 B
Artth_div(x, y) T Tx/y, Arith_mod(x, y)%F{fr Tx%y. 79 EAE#0 45 SRR, CHA S
PRIV AR P BB T BAR AU . My %084, Arith_divfn Arith_mod 1 2 ift Fx/y Flx %y .

FRECIA R A Rxly G35, () - y+x%y i —E %S Tx. 4 K — 4 328 B 7 5% gnd g,
EAOE X AFRERIEMFRM IS ABE., flum, IHE-13/5% T2, #F2 580 5 ik
A-13%5—5E FF-13(-13/5) + 5=-13-(-2) + 5=-3; R BWE-13/5%F 3, 4 _13%55
F-13-(-3) -5=2.

B W W AR TR AT 0 A A o i v AT L v sl T 1~ B 2 s B R S
A R EI R R, FEIFEA AR MR B5E Biquot@irem. HE Y E LT, 1A
A EEE, Hikdiv(-13.5).quot s B2 F_2  Arijth _divHIAnth_mod gy ¥ th W £ L7
U ENTE AR A MR . M RIFEUT SR A T 0, 48 ER T B AR
&I/, FArith_div(—13, §):%00-3 .

Arith_div #Arith_mod 8 2 F5 B4 Baay 50 R 52 L8, Arith_div(x, y) B R# 1350 ¥
HIRAREBR, Lzl - y=x, W, Zx=-13, y=5x=13, y=-5, B &z=-2.6. Ll
Arith_div(-13,5)gyéE = R _3 Arith_mod(x,yv) g5 ¥ Hx—y - Arith_div(x,y}, FHHArith_mod
(~13,5)% F-13-5 - (-3)=2.

PR ¥ Arith_ceiling MArith_floor B 21 B0 24 F . Arith_ceiling (x,y)i8 In] A~/ T 52 8 B x/y
%$$%ﬁ,mﬁmmﬂmMLﬁﬁﬁﬁﬁﬂEﬁﬁﬂﬂﬁmb%ﬁ:Hﬁﬁ%%¢ﬁ1
Arith_ceiling i {8 x/y B4 4 30 W88, W Arith_floorig ol x/y S8l 23 838 | o4 -

Arith_ceiling( 13,5) = 13/5 = 26 = 3
Arith_ceiling(-13,5) = -13/5 = 26 = 2
Arith_floor ( 13,5) = 13/5 = 26 = 2?2
Arith_floor (-13,5) = -13/5 = -26 = _3

AL, PIE ST (RArich JXRE (R B8 [HE DT | 1l O R B B A0S L (L AT A S
RO & R NEI DT B, KE BB P HHE ST TS L R AR | — s B
PHEHE & LR EiR o X MR AR AN E X, CHiE L aR% ric s, Wil RMEIEC mEesE
RE P, ST RCELHHREL, HBEEY (R AET AR CLILE L 51
W AR BRI

ArithFEA R B — N 7 RIRC IR BRI T2 B3 0BV TF . B0, R 60 S ECA A 3k |
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EREAHRA, RBERFRTEHATERE. RUBNEEMKOEIN-1, JLHRNATL, HRAN
VRR VAR AN gtk . il B, WREN-1, M2+ HE0; M, R0, #4ai-1
MLEN-1, ERAX

i = Arith_mod(1 + 1, NJ);

i = Arith_mod(7 - 1, N};
FENE B R AR, RER = (G DRNFEIHEEEMAN, B E=(-DENHE L3 T,
HO 20, G-DRNA] LI Z2-188N-1 . #2F RAE(-1)%BNIEEN-1 8L &  BAG-1)BN]
SELEB AR, B EEABBE - M -DRNEE-1H PN BTN, ML E T &
LA TV R F it FE mBdivony) WEARFE M B E A, BRI — 258 2
¥ piquot firem 7 BHR 4 Ix/yM R AR . MiBORL, divii—1,N)qem 8 K1, i 7] L&
=(i-1+N)%BN, HEERFE 1+NIASEL mAEREF,

2.2 K

o

— TR T RO, B T E AT B EE R T EE B, — A
Bt T FRom B TR D8 MRS T WEsE, Hamamigmne = DR R E LR
AHERE LK EWTT . B R R W Rt W P il B e 0 s R 4 A RS

—TEOUBEHE LR, HEELRsaisiEn, AP 2 AT LA B AR 2ot % P 1]
B AER M. AR AT LG WA e, B0, B BAL 003 10T D& 3 56
R, AEUR R RE A A5 S BN AR T UL RE . B o b B 1 R AL AR BE TG AR )
RIE BB A R 8 SEH

HCETA, —PERBH P EE .o CHEEMN. — T WSS S py i
FrIasc I OgRe . SO A RO U, DUREE NS Y5 O0MB L -5, %,
BRICZSN . Crpie A 1R B4R 155 PR R 25 50 30— 3k

B M—RE, A3 #1869 5C 340 A darith.c BE7R B0 52484
{arith.c)=

#include "arith.h"

(arith.c functions 195

{arith.c functions 19)=

int Arith_max(int x, int y) {
return X > y 7 x : y;

}

int Arith_min(int x, int y) {
return x > y 7 y : x;
}

B V<arith.c functions 19>50, # K Hofth 52300 £€ 88 Mo HE T % B <data> | <types>

18
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<macros> ., <prototypes>HF%F. MBRN LR E, LB FH S (Rarith.c5F ) d LY

2
HArith_divAIZ RS AMAT, CHTEREE FBRAIEE. RILHIORE, Hy NEE

Bhex, IBAArith divix,y)FFx/y-1; TW, /yFTLEUFER
{arith.c functions 194=
int Arith_div(int x, int y) {

1T ({division truncates toward 0 20)

&& (x andy have different signs 20} && x%y = 0)
return x/y - 1;

else
return x/y;

}

BRI E— TR BT, F-13RELS, M TR EBROREA Y R, B Mikx S5y B4 ANFO,
B H A R, AR BN RF,

{(division truncates toward () 20)=
-13/5 == -2

{(x and y have different signs 20)=
{(x <« ) != (}"{G)

Arith_mod 8] L1 ¢ B 3E X B AR RESCHE

int Arith_mod(int x, int y) {
return x - y*¥Arith_div(x, y);

}

Arith_modWl FILLEA “% " #AFFF MWArith_div R B R 3 TR, 24 AR £ft 28
WAL B,

Arith_mod(x, y) X - y*Arith_div(x, y)
X -~ y*(x/y - 1)

X - y*(x/y) + vy

W F RN B2 XA B BARMEC BT E L MIx %y , Ik Arith_mod 5 5
(arith.c functions 19=
int Arith_mod(int x, int y)} {

1T ({division truncates toward 0 20)

&& {x andy have different signs 20} && x%y '= 0)
return X%y + ¥;

else
return x%y;

I I

}
HEXA gy Blx . #82 Arith_floorgi 2 Arith_div, WArith_ceiling# & Arith_div+1 :

(arith.c functions 19+=
int Arith_mod(int x, int y) {
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return Arith_div(x, y);

}

int Arith_ceiling(int x, int y) {
return Arith_div{x, v) + (x%y '= 0);

¥

2.3 HF|HIFER

HREFEAY (abstract data type, ADT) B —5E L TEER B B & T iz 0 (518
HERERBENED, - HEBEVRE—HE. FCHESD, NENRIEXRB QI8
BY . FRBFE, SHEARRE XV —FH A% 0T U RER F5 a8, gl
=E.W. BRERES,

—PTERER MR, HABURE T ENETHT, QBT iRk BEne s
RfE. BAEWELT, RUEBEFRTBLAERMT, Egr B R E R E5 S 3, —/
RVFX (BWADPT ) R EHFAFEER, CHEOFEX rZETAE RS,

(initial version of stack =
#ifndef STACK_INCLUDED
#define STACK_INCLUDED

typedef struct Stack_T #*Stack_T:

extern Stack_T Stack_new (void);

extern int Stack_empty(Stack_T stk):

extern void Stack_push (Stack_T stk, void *x);
extern void  *Stack_pop (Stack_T stk):

extern void Stack_free (Stack_T *stk):

#endif

typedefi X rStack TR, BEME —MEEH ML T BN, XPTLEAR
HAaeaty, AR MEREIREER - M2 T3, BATFS MAME B, &5 %A L 30
TORERA, XFHEBBEEAR S, KL Stack TR %8 OFF L0022, iX MR Z
WA LB RE A REEN . EAMEIRE 0T DGR AE b Bl S0 T84 | Tk &
TaZWETHBIRLD,

ZSTACK_INCLUDEDHLBESE 14,7725 8] A3 61, {0 2 INCLUDED 5 &4 3T it
M, A—THANAERREZIEZFZ oM T RIS Y E. #in_STACK =%
—STACK_INCLUDED . 7, $#r#CHRE TR FRAU @ PSS R 8 . B m
B FRIZK —FEEHE,

EAEO G, R 2FRME IS RBTN, TR CHGES BB L by iy 2
Stack TR — BN B8 2888 . & P ER BT L0 1 1) M8 fEix b s 41 {0 A fEfA] &2
FIREN, SRR, TP MER R ERD BL RS S M SHN ABHE, RET

21
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22

A F X M

PaAErt e 7T KT mHAA M THAHIR., RAEStack_TaE# 7 iE 45 L 1T A &
0 R R Hb SR8 f550, Blinfgm B ESanaEe . e e Rtk W—ae s
B/ AT 85T, B KIE SR KR K484 -

& iR 1ETR S#fdef f#endif, [ BESTACK_INCLUDED f#define ., {&#dstack.ha] [ &
HE LN, EMHILSEROSARBE O HA., ME LA XFHEP, B WMET RN
WA AR IR BE LA Stack THE F L HRITHIR,

LRI fUE BRI, AP AETTRE R TR . BB 8 Kb fiE e LY
TEBREFRTHEL, ORIFRERZBOLMRANOTSEELMBEOS A, FluEE
BTIA, HFROEFREMEET. SREFTIHSBREETPHERBE DA AZEZOD, &
FEET LUE SN 0B O L IR, (X B 185X S35 4 LR b, miA&LAET, B
RO, LE RN SRR B M S 1T R,

RAGXFAZE, M TR ERE UNB XA B WX T, 4 5 piE 0w 4
F MR ETAE, FRAERX _TEZEOARERT. MHXA 4%, stack.h 3725 5 -

(stack. =

#ifndef STACK_INCLUDED
#define STACK_INCLUDED

#define T Stack T
typedef struct T *T;

extern T Stack_new (void):

axtern int Stack_empty(T stk):

extern veid Stack push (T stk, void *x);
extern void *Stack_pop (T stk):

extern void Stack_free (T *stk);

#¥undef T
#endif

i ERMMEO R — U RS0 e, BREEHEOEES B, THREEOMN—
TERARER, REF Y R T U0 HStack_ T, K Aystack h 7K B #)#undefds 5B T X
TEE,

ETEDRE T IR R L A, Stack_new ™4 — M B0 HEE | IBE — 4T
REFME, BT LSS B a8 B, Stack_pushidg 6 A S MiStack_pop ¥ 3£ [F]
PR TR RS, £k b= BJStack_empty;8 [E1, 7 WK [0, Stack_free i 3534 Ty — 1541 4E
ﬁ@ﬁ,%ﬁﬁﬁﬁﬁﬁﬂﬁﬁ,ﬁﬁ%@ﬁ%@ﬁﬁ%%%ﬁ:Eﬁﬂﬂﬂﬂﬁﬁﬁﬂ%
ZeRE, RS 18 BB WS, B, InBnamesE LA M ILan T

#include "stack.h"
Stack_T names = Stack_new():
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x|

Stack_free{(&names) ;
AR BT B names Y HE BRI Hnames W Ky 7515

oM REERR AR RN, M eERME— A, XU RENTA
Stack_TH5E Ly - 481 4 fStack_THIFE THav I_A . A TR ZENHH SR IR A A0 A
K AR L. MR —THREIERMNA S FERFx. HFRH 7 @ UAR FIZ 584 /Y

PREL, A2 EY M GRIEOORRCHIN AR, 165 F% OText Bl X M2, %
%O B Text_Tgstruct Text_THEATF L, B2, TREE AP EAEHUNFE .

24 EBEFERABERFHNRE

EOEREASE PR AR R B —MEY, SHLaEfEn =Y 6E, mE P
VR R b 01 2 B e A FE AR By IR 2o i 3Kk BRI Sk B s Thik . B F 8 iR
T—ERAANMFEEOTSERNZEN, BEUREE. #im, Ch ey ey &4 Mgk a
LR B LR R RN mE NS TR &,

X TABEC AP R R SR TECH RS A TEE AN . 500 FE i U P LA |
5T 0 P A W], TR B LA A SEER R A L B O A URBH R R T A
Mz 1§ R ( unchecked runtime error ). N[ EAY BT 551 ( checked runtime error ) L
A (exception ) {R/0L. RFTRETE Mal & H) 21T M RT 2 % P A& I¥E R . i
TH XM e F% BT RE BE A RIT M2 W AN — 2R, A iR E /Y
BEFHIR. AFE SBEA4AHEA LSRR NEN, BRETL M ETHRE, 084S
4550 Hoatt 1T TE 4 A '

AR ENEITHERAER L HREBEAHE., NRERF F AT &RIZHIEIR,
BT AIRE g BT, ARSHER TMBIA , WARTTEE, SF R RS 0B MU & A R
AL £ 2T /Y IE T W SRR, IR) R 0T R RA 8 BL T BB R AR OO BT K 25 1 P II4L AR . f] N Arith 56 05
AL ROKR 2 A el T W B TS 3, ATIthTT R ZERRICET H0, HEFEHN 47
UIFYE ME AT R VR, XORRT LALE A BR B C o OB IR A SRR AT o, O b TR I i
BRAF B A B KA ABROAMTE I . FIOMBR BN B — A& IR i R B AR R TT & B 32
I3 SR -

ﬂI-ﬁ’"EH“Jiﬂ;ﬁﬁﬂ%&'”%iﬂ[‘[ﬁéﬁﬁﬁﬁﬁﬁﬁH*JEEIEID SRR, BV ERFIEE &
TFRBMIE; BEXERBEEEFHER TR T, StackiE NN r R AR
TR ik

(1) Mg O HIFE 7538 “=Stack_T;

(2 ) pifs 83Stack_free fyStack _T {418 — =584t .

(3) 308 =1 % 43 Stack_pop.

23

24
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BOMWTALIEETH UAIEASH&NS. CUFAETERY . R AR TR 4
R RBER A, REEH »EHE SEAET M ITHIR. FOEEINHEAE N
HS AMED RS ANEF., B, StackE fA fMemiz N, R EX2EEF, B,
5 BStack_newHIStack_push&% & HMem_Failed , A3 PR SHE O A T R0

A 7 EESackEO M IELR, #ITETUEEEENLH T .

{(stack.c)=
#include <stddef.h>
#include "assert.h"
#include "mem.h"
#include "stack.h"

#define T Stack. T

{types 25)
{functions 26

#define 785 EH B TLH HL{E Stack_THWIE T, LM IBR [ Stack_THIN &, HPH HE 44
W, ZEHENTERER —TRAR 2 EL B Issta H

{types 25)=
struct T {
int count;

struct elem {
vold *x;
struct elem *1ink;
} *head;
};

Stack_new 7 H ¥ AL - DI AT .

(functions 26)=
T Stack_rew(void) {
T stk;

NEW(stk);
stk->count = 0;
stk->head = NULL;
return sck;

}

NEW EMemIZE D — P 2B E {845 . NEW (p) 8 9B E ~ 50, g iest
WEGp, WL, TEStack_new R AT BT LA E] N7 89S tack_T45# .
Yeount HOBIStack_emptyiR B, T K[EOQ.

{functions 26+=
int Stack_empty(T stk) {
assertistk);
return stk->count == §;



oL ER 19

assert(stk) SLEL T Al M ia fTHI 4512, E R =81 % SStack F o)L R ¥ assert(e) /&
— W5, EHArRALe R0, WRe R AHC, A AW H, TUHEE ILEITHZT.
assert 2R HEE R — T4y, MEBSAE T WMAssertiE D FEL Fr EHC WHFELLIE LW
assert PR B, FRIR{OL MR BRI assertR G EHA B £ FizlT P8R
Stack_pushFIStack_pop Mstk->head g o g9 g 28 L B mek BB T & .

{functions 263+=
vold Stack_push(T stk, void *x) {
struct elem *t;

assert{stk);

NEW(t) ;

L->X = X;

t->1ink = stk-»head;
stk->head = 1;
sthk->count++:

}

void *Stack_pop(T stk) {
void *x;
struct elem *t;

assert{stk);
assert{stk->count > 0);
t = stk->head:
stk->head = t->Tink;
stk->count--;

X = T->X;

FREE(t) ;

return x:

T
FREEEMem B ER S ; ERHUSHES TS MA=SH, #5585 2580 =85 . XIHE
Stack_free Fr % EH] — o BB 7S 4R #. Stack_freet1i FAFREE .

{functions 26)+=
void Stack_free(T *stk) {
struct elem *t, *u:

assert{stk &% *stk);

for (t = (*stk)->head: t; t = u) {
U = t->1ink:
FREE(t);

}

FREE{*stk);
}

MENBER FAB TR EHADTE O S BRI N — A B #5457 T ISR, dk gl i
W, AV | A LR %5 Stack_push . Stack_pop. Stack_empty #Stack_THRiE £

26

27
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Stack_freewyStack_T* i:tt Stack_new iz [0l 9 & ¥ Stack_T , Z53712. 38537 5 AT 18] By
ABor WO ik

EE MDA SENSITHHR, B0 WmefgERER . £BMaiFBADTEH S B
TR WElLRR, ENTEMEHR BT . £E{TADT T i#— - 5F Bugst, Bfgm—4
PRI ENIE T, BRI A WE fE 7RI R SEHR TR, - void* ksl gy
AR TLAFFEIR IS R IR, MR BUE LEM, 5B LT BEERH AR, &
TRUF U GRIFE AR RIT H REFRH R ALY — 1S $8 5. MR R IE=T45 £ ol 1 72465 S8 &

RT3 ST LA 2 fe 51T 1606 . DAL RITMEE, G, BT 825,

S *p, *q;

void *t,

.

g

P
T,

AR JER B RIS, pAIQRAIZ R, B 5. AR R A REREIRE M B F i, o
ITFHIERZE.

5 *p;

D *q;

void *t:

t
q

o

[
t;
qQh—EFFp. I FREISHD MW AR B EH qrl HEE — I~ 15 M B DAY H A4~ % 4 4975 35
o FEARHECH , 25 RE0E 508 514 M BTN 2 7 {0 & HBAY 8 EF 7T HE &/ — B 5
HAN M E - BN, EADT T L4E- - NS Hiss) T2 1 T R 4 3 AUD Y AR Bt
MISHID M A JH] BT 4 RA!, XL 8M— ] A a5 780 55 4 7 174

HADT R & BB 154 AT fs r&en) A= EEARIE BN SR A8 . M
an, Stack_empty ] A B L F R .

int Stack_empty{const T stk) {

assert{stk);
return stk->count == 0;

}

B XH i Flconst (8T L) RAREMI. Hibm A fCstk E I -4~ “$5 M A af gl 4
fistruct THYFEET ", P JStack_empty 3 N2 Mr*stk . 10 Bconst T stk & stk 2 —~ “45 m]
struct Teyw & Igst”, B3R ET BI2KRY 5 Lofstruct TH@ @ — -~ 86 35 iz EE -2
AR BRAR SR —- DB M. const T stk3Stack_empty #11 138 HFkiE LA, HYFg
HIPE & (136 1541 ) EC R0 R 15 s ). Stack_empty AR Bk 2 8 B 35 ZM{H, N
BB LW R Rificonst [R# 77,
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i &S T (0T, AT LA i 10 2

int Stack_empty(const struct T *stk) {
asserti(stk);
return stk->count == 0:

}

EFREAHT BT At Aconst R b ik HITEIEMADTH I8 7. & B8 © W02 B, i mE
il R A A AT 47 57 35 BT BB | RtStack f9ix S IR I, {F ficonstRa & 4 W] [, A &
R R C R TR . IR S EHEE KRR, TEMEERNOR TE, £
Stack_empty Af A BHCL . XA -Stack_empty 50 BURL T S8 dorstk . (0R B F gEEES B
M stk 475 B Fyconst, A FADT 94 {# Bconst

2.5 H#E

A% 5T A G LSS IUAT (6 FH AU B0k MBS #, M R 5 1T A 46 SN 284k 2 &
B CHANR D AR FTN ), T EL AT AMER of DAL B S A L X SRS 4b B A R
WA D S E LA BB N — M R EEN S AT N s [ — ™1 BE i
(performance criteria ). B AT XL FRAE . TR 2 8 HITE P AT L SR Mg S
PR - FE RS, R B BTy py e

AS P RRT A TSR 0 I G A (AT AR B L NIRRT 2RO B o R B 2 B 1)
HIBE S A MERE L RNGE BN TR A S RS B AN Ay e ER LR E I
HER . BN R . WL A X R EEH AUH 4

AR CABLAADT, Mot 5 KR BRI AR de s B (% Stack_empty jx
AT AR E ) LU F Al B MR I a9 1%, W3 5= 22 AT R B N R TR ) B, R LY
RSE PR B TR BEOY S 0EE R T L B R B WG VEASR] BEME SR FiE TR AER
%Jﬂﬂiﬁfﬁﬁﬁﬁﬂﬁﬁﬂ GIERY LU AL B R B b BT BT BE S SR BRIV

SNSRI BRI R WM B LK B S BN Y, AR T LR M R AR L Y Hi e T
FEAT B @Jﬂnﬁﬂm){fﬂﬁ%j X FITER AT, B A0 — D . FEul 8
PITERELL o — 1 TR 4B L R A3 B — 1 DA EMN RS EE T HE TR
F7E 40 T8 B0 30 & PR P98 2.

X BERZXH

KLFS PR R () B R PR AA19504F {8 8 9 AR B T, Parnas (1972) @B —h KT AR A
— TR RE MRS RTE, AEBTOE0EET, AT EHIBAE TEFEAA T
B AR A 6

CEFRAEREMAMERD . OB S HERE—MIALS MEDKES . FFATOE N —sdioh :

B [ —PADT-—FILE 1Y }: WFILE g4 2 B 1F . Plauger (1992 ) % [ix15 4 1 @
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31

DI R HUCECRY SEPURY ISR UL B, A B4 — &R AR RISCELET R RS = IRAE L.
Modula-3 B— T LB NRTRITIEF . EEEG EXHEOMLENTE, HE
wRABOEEMETEISEARNE R ( Nelson 1991 ), AR EHIA] & B K5 T H1E5 1R M4
S ARADT AT 8 83 #3 HModula-3 . Harbison (1992 ) 2 —ZfrZ&EModula-3 54 SRl 5.
Horning et al. (1993 ) #iik /Modula-3 25T @9dz.08 0 . A B M E T 3L ER S0 £
LIkS @1, Roberts (1995 ) A9 108 2 748 LBy SR T BALIER T @1E 20 A EN
WA ERHEEHTERKAN, -EBIFEITIES . %Modula-3 fiEiffel (Meyer
1992 ) FMEFEFTTHRA T & VLE . Maguire (1993) [ M — BT EIERAECEEEFE
St P S 80 A
RERAT EE MR BT BOHOBRIF RATRES AN A B P ABIHADTET L (hifFd
AT ) RN R N R BT B 5 PR EEL, RCr+ (Ellis fiStroustrup 1990 )
Modula-3, Budd (1991 ) B —A 2T EH X SR IF B+ 2% 0L A — 236 it /) 0 B0 B 1t B
B (BRECH ) WA B 25 P38 muE 8RN X g B S E SRS A
pian, AC++EEAH HHADT, FMMCERIC+H WEFR ik, ME - RAHMS I,
C+FrME SR E (STL ) B4 TH U F A BT HTB WADT,, STLZR 3 A TC++145 |
Al B 2 R ADT L #il4t. (MusserfiSaini 1996 ), 4, STLIEHt ¥ —4 8 ( vector )
WmRB AR, 0 LA TEARBERME, ZREME% %, STLEMMIEMRT —£ 5
B0, FT4F iRAR 7= gk s em

25>

2.1 PALFE IR H AHRIFE A, ®&# 1, T AT EArth_divFArith_mod g 3
IR R, BT A-13/5 == 2EMITH RN -PEYMFIE.

2.2 fEArith_divFlArith_mod F{# a0 W3iL—-13/5 == —2 [ A frarith.c B4 7% 25 52 F 078
HiArith_div#tArith_modfif — B M T 1EF X TE RS BT A5 %, AEX N &ME
A BEFF A EROL, B AR IEATFE HL AR X b B30 X % 43 k4R iFarith.c , 34 A #l B2Y
A, SRS TS Biarith.c, MG ik M X 4180 18 AU/C T At
IEH# T,

2.3 S FHH WADT —H, StackE ¥ 75X B M %38 —1 shE8Stack_T 2
w7 AT Ae]
PR — AT A IS TR . — 4P ABStack_ TR #57 A2 ihiStack_new =
R, BBHstack. cfFB Y T UREXMERKEL, Flin, —f iy aE
Stack_THEEH TR MM—F B, RIEFE— 1 thStack_newik [E]f) %5 7Stack_T 524
— R i 3

2.4 BE, BE TR R, W, R RS R I — ANk P R
P b= @ LAt , AR 4 Bt R T e 0 H I8 F 8w T R R R
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flan, TERERG E— 50 U8 B R85 o B8Ry 3, vir—1T % %% H
7% fa isBadPtri(p), EHSp B iy, assert(prr) B A A] LU 36 U
assert(lisBadPtr{psr)) o0k g & BT,

25 MWHERAW ST EL, RITHEHILHEM AT Stack& O, Fli, —MH
RRIEE - Kay R-HE AStack_new ) & 3L,

7]







FIE R F

HFE2—"1T3w00E -89, SOMENOTREEZ/NFT AR . KEEETHE
I LIS PP AW AR S, (IR — R EEF TN S B UERE T, (T{5R
FAR R K, R R A E#BRIERFNIRN . MR RF 4R F— 1 e g0
i JIIIEM$J,%%£$H%B<J {i{itt?ﬂiﬂ“*“’*“f??ﬁfﬁﬂum FEF L A5, SRT LA X
TFTEFIRTHESE O, ZEMEHANA TS Z—, 5Dt B A T T LU s
E oy B~ e 4l B 'f_r':—:

SRR SRR A I i R B, R RUR S LR S RN, R R
RHORE GBS FE A 04 AL 7 3R 13X 75 10 611 .

3.1 #O

Atom$ T 6 {&f 2.,

{atom. M=
#itndef ATOM_INCLUDED
#define ATOM_INCLUDED

extern int  Atom_length(const char *str);

extern Cconst char *Atom_new (const char *str, int len):
extern const char *Atom_string{const char *str);

extern const char *Atom_int (long n);

#endi f

Atom_new il — Mg M FHF IR EH U A FPHE YT B8 A, EEFE e
= HFEANRNEN, FO MRS EM, BEECETEMIE NS (BIE-£).
Atom_new jK Lo R 2R Fl— NS . - DUeCF0 #ar 1 ﬂMﬁL‘:‘?‘F@J” U R e ) 4R
17 AR A 7E E%uiu—ﬂﬂT#ﬂﬁ A B Y M % %2 7 £ tHAtom_new ¥ .

Atom_string S Atom_new 4l , L F A HEFMH ﬁ?ﬂ.ﬁﬂ:{ﬁ?’in AR — A E
MEMTHPREAWA, ARFRTEN— P ZRN0E N, UEESHTE, BREE .
Atom_InCUR P B0 T AT D &AME 5, SWREAEFRS —F @R Fe: H£5.
Atom_length & 7] H gl ¥ () [ A7,

B — DU IR R COP AT - AR, 4B — M Mlend 28 Atom_new . =%
®— AR A 18 fl thAtom_length, XML K- af M fim 15 85 IR iR [ 2L T B
R T AR N RS TG A e AT T A . Atom_length £ 7 1 B7 JE &% Ayt A1 55 B 1Y 2
H AR . Atom_new , Atom_string L2 Atom_int#58] f-2 71 U Mem _Failed 5% .

33
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3.2 3£

Atom 8930 B X B F & 4T #3~, Atom_new . Atom_string A M Atom_int IR EF &, FF
HEE T BEER FFE TR —1 oL, MAtom_length U T FE 7=

(atom.c=
{includes 34)
{macros 37)
{data 36)
{functions 35}

{includes 34)=
#include "atom.h"

Atom_string MAtom_int 7] LATEAR IS B-F T MFE R 000 00T T B2 #824F - 840
Atom_string@f{% ¥ 3§ FAtom_new:

{functions 35)=
const char *Atom_string{const char *str) {
assert(str};
return Atom_new(str, strilen{(str)};

¥

{includes 3a)+=
#include <string, h>
#include "assert.h”

Atom_imt BB B E— D F& 4, AFTHAom_new.

{functions 35H4=
const char *Atom_int(long n) {
char str[43];
char *s = str + sizeof str;
unsigned long m;

if {n == LONG_MIN)

m = LONG_MAX + 10L;
else if (n < 0}

m= -n;
else

m = n;
do

*-5 = m%l0 + '0':
while {(m /= 10) > 0);
iF {n < 0)

ﬁ‘_s — '_‘;
return Atom_new(s, (str + sizeof str) - s);

}

{includes 34)+=
#include <limits.h>
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Atom_int: W 2040 B TP ¢ SRR XFRRALR AR CHY PRk A g B AR#EME. L
S BER A B AR H A R X, FitkAtom_inedt 6] LUE 2 F X S8 Ak R H
L1 5is Halk MR e,

BN R WA X (B TREAE R R, NN TE_ 3§03 255 1, B ILIFE
— . EHikFAtom_new B IBE SR EXTHR G B TA S KB 87, & 040580
5 W1 . LONG_MAX # i 724 frifEsk SC#limits.h

loop i ML L EmE W T DR EIBEELHOSE, HIO0EEm, H
H- - SHAMEER, HHLNE -8 T. BHEEA-——sD. sEstrf S 5 50
o GIRNERE, HASTEFHRRFHELG T RE,

BBMOCR UG, s1Bm TR RHFEHH ., R FHHE&43] s F5F. stfd3 M El,
X ALYl C AT R+ R R RSB ES 7. fI, RINERBRHEKER
12847, XMEAMI28 L AGH (WS HEH ) HH SBEM T4 H 518 E128/3+1=43 4%
ffo THMR IR FIRSHABHHESEFENTEES . NRBITEEET .

Strg XM 43— "R (magic number ), 5EE 5 E 407 2036 57 XK A6 17
S&, UMRMBENERESES LER . AW, ZJLAMNE M R, T0 0564 B
B HLTT {0 Fsizeof KAUHE . & X -MESILMAFETHICHES iE, HEXSHEAE
R, @AFENEMRREL, 0., (UEXMEHA— K E & 2E B3O —54
R4 ELF R T, P £M KEFbuckews/s F2048 . 305 B 1 50F0 T HE8Y 5 — 4 (¢ .

HOIRBAR M ETROBIBES, BOIER - AD BNBTRH, LTk
— R BT T ETF

{data 3_5}5

static struct atom {
struct atom *1link;
int len;

char *str:
} *buckets[2048]:

buckets[i] 1" B R 47 A RN ity T . ALBlnk 3 M EHHT -4A D . len7i58E
FIMK B, strigmFAA S . #., fEF€ 532, FRHKE RN E R ETEN L,
Atom_string( “an atom” Y4rBE— 1~ Wi 3-1 Fi 7k fystruct atom , FRIZK FE— o548 m—
TA BER LB A 750 (A5 AT, E3-28 78 190 200 T 4k

Atom_new 1+ F thistr(0.len-1] (i Rlen0Rf, B -~=5F3)) 425 A 8H 1, 3
Fibuckets (i ST &~ #4f H U, 18 & tibuckets i B0 (4 70 £ FTe8 7 B9 45 2. B &
str[Q. den-1]2 AA7EF &, Ef 12 2 mh 8 1 i%IET .

{functions 35)4=
const char *Atom_new(const char *str, int len) {
unsigned long h;
int 1

35

36




37

struct atom *p;

assert{str};
assert(len »>= 0);
{h < hash str[0..1len-1] 39;
h &= NELEMS(buckets)-1;
faor (p = bucketsTh]: p: p = p->11nk)
if (len == p->len) {
for (1 = 0; 1 < len & p->stri] == strlil; )
T4++;
1F (3 == Ten}
return p->str;
}
{allocate a new entry 39
return p-»>str;

h

{macros 37=
#define NELEMS(x) ({(sizeof (x))/(sizeof ({(xD[01)}))

NELEMS 9 5E 3CisMA JCay—4- A0 S8 Bl D 0 E MRS TR N PG 840 7
AHIK/D, sizeof B2 - 4R BB B0 IRAE, MOKIT S F RETR 4R IRAT O 48 MUE 1 BUH 8 /et
AR LM s L ARER B, R A AL SRS R s BR

Tink . >
Ten 7
sLr . ~,
al_ln.ame’
Vilm o |t

[%3-1 #F#T “anatom” Ajstruct atom i)/ B2 #rik

an Rstrl0.len—1] REKR B, Atom_new 43B7 - ->struct atom 50 T 485 (B Hu=s 7] L 724%
PO, WILRMEIR &, H¥str[0.len—1132 b BB In=s 1A T, 056 AN Blbuckets[h] 4
BERMIRL, ATTHTLLREBID B8t X B R, F2GH InBIE 210 523010 e — sk _

(ailocate a new entry 39)=
p = ALLOC(sizeof (*p) + len + 1);

p->len = Jen;
p->str = (char *)(p + 1);
1f (len > 0)

memcpy(p->str, str, len);
p->»>strilen] = '\0":
p->hink = buckets{h];
buckets[h] = p;

{ncludes 3a+=
#intlude "mem.h"
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£]3-2 Hash32sk#)

ALLOC eMem iy B2 7L B 8L, o YL 4R B 7 A pf Bimalloc, H. B4 AERNFEY
£ . Atom_new R GEf# F{Mem T BYNEW pi %2 ( 7EStack_pushd BiEA T ), K WH WK F
HERE Flen, MiNEW Q] £F TE R E0 CMAER T AT H . 1-E/WALLOCH#
JratomZ5 #iF S rBeAS1E), B4 B AEA RS BYEYS .

T4 Atom_new By P31 W B B IRELFR T B RE R - PR T8 Bk, ¢FN
PTH, 2 BRIE K 5] 43 F EOBNELEMS(buckets) -1 22 [A].. 40 52 1 o0& 434 6. 8
Zbuckets By R — 5% REF-AN/NELEMS (buckets) 70 E , B %~ F 45 BT W%
JEN/2 « NELEMS(buckets), 8N ~+2 » NELEMS(buckets), #f 2 #1722 6] 82 ip i 55

AR — T HEH FH T AEE, AER ST LR D B . Atom_new
fEA —I~ T ) B 38 RE B

(h «— hash str(0..7len-1] 39)=
for ¢(h =0, 1 = 0; 1 < Ten; i+4)
= (h<<1) + scatter[(unsigned char)str[i]];
scatter & — 256 A LR . £ T R O UB6 HL4. X #ERE LA 8 1 M R o B B IR
Brand/EW . LR RV, IMHWOAT AT HRAFmE MUY A0 EINE . Hstr[i] 5 %
XA 5 F e RCH T “ TR (plain " ZEF MR SFEME. Cf B R FEESN,
A LA RS . IR, AEOESSTHNNE -, B 127 fstr[i]

IR
39
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AN

{data 161 =
static unsigned long scatter[] = {
2078917053, 143302914, 1027100827, 1953210302, 755753631, 2002600785,
1405390230, 45248011, 1099951567, 433822350, 2018585307, 438263339,
813528929, 1703189216, 618906479, 573714703, 766270699, 275680090,
1510320440, 1583583926, 1723401032, 1965443329, 1098183682, 1636505764,
980071615, 1011597961, 643279273, 1315461275, 157584038, 1069844923,
471560540, 89017443, 1213147837, 1498661368, 2042227746, 1968401469,
1353778505, 1300134328, 2013649480, 306246424, 1733966678, 1884751139,
744509763, 400011959, 1440466707, 1363416242, 973726663, 59253759,
1639096332, 336563455, 1642837685, 1215013716, 154523136, 593537720,
704035832, 1134594751, 1605135681, 1347315106, 302572379, 1762719719,
269676381, 774132919, 1851737163, 1482824219, 125310639, 1746481261,
1303742040, 1479089144, 899131%41, 1169907872, 1785335569, 485614972,
207175364, 382361684, 885626931, 200158423, 1745777927, 1859353594,
259412182, 1237390611, 48433401, 1502249868, 304920680, 202956518,
348303940, 1008956512, 1337551289, 1953439621, 208787970, 1640123668,
1568675693, 478464352, 266772940, 1272929208, 1961288571, 392083579,
871926821, 1117546963, 1871172724, 1771058762, 139971187, 1509024645,
109130086, 1047146551, 1891386329, 994817018, 1247304975, 1489680608,
706686964, 1506717157, 579587572, 755120366, 1261483377, BR4508252,
958076904, 1609787317, 1893464764, 148144545, 1415743291, 2102252735,
1788268214, 836935336, 433233439, 2055041154, 2109864544, 247038362,
295641085, 834307717, 1364585325, 23330161, 457882831, 1504556512,
1532334806, 567072918, 404219416, 1276257488, 1561889936, 1651524391,
618454448, 121093252, 1010757900, 1198042020, 876213618, 124757630,
2082550272, 1834290522, 1734544947, 1828531389, 1982435068, 1002804590,
1783300476, 1623219634, 1839739926, 69050267, 1530777140, 1802120822,
316088629, 1830418225, 488944391, 1680673954, 1853748387, 946827723,
1037746818, 1238619545, 1513900641, 1441966234, 367393385, 928306929,
946006977, 985847834, L049400181, 1956764878, 36406206, 1925613800,
2081522508, 2118956479, 1612420674, 1668583807, 1800004220, 1447372094,
323904750, 1435821048, 923108080, 216161028, 1504871315, 506401572,
2018281851, 1820959944, 2136819798, 359743094, 2354150250, 1843084537,
1306570817, 244413420, 934220434, 672987810, 16386379655, 1301613820,
1601294739, 484902984, 139978006, 503211273, 294184214, 176384212,
281341425, 228223074, 147857043, 1893762099, 1896806882, 18478617263,
1193650546, 273227984, 1236198663, 2116758626, 489389012, 5935863130,
275676551, 360187215, 267062626, 265012701, 719930310, 1621212875,
2108097238, 2026501127, 1865626297, 824834024, 352005290, 1404522304,
48964196, 5816381, 1889425288, 188942202, 509027654, 36125855,
363326415, 790369079, 264348929, 513183458, 536647531, 13672163,
313561074, 1730298077, 286000147, 1549759737, 1699573055, 776289160,
2143346068, 1975249606, 1136476375, 262925046, 92778659, 1856406685,
1884137923, 53392249, 1735424165, 1602280572

};

Atom_length A GEXT H 2 Ol T BV 8/, W AE RS S5 00C BRZEHET
& T, B ttAtom_length {7 {{ Xtbuckets i 453 45+5 PRI R M R T T . R

B TET, HIR EE T
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{(functions 3s)+=
int Atom_length(const char *str) {

STtruct atom *p;
int i;

assert(str):
for (i = 0; i < NELEMS(huckets); i++)
for (p = buckets{i]: p: p = p-»1ink)
if (p-»str == str)
return p->Jlen;

assert(0);
return 0;

}
assert(0)SCBL JAF S R ETT R, Atom_length Q070 765 8 MR 1l A £ 45 184184 18
Flo assert(OyEA TARRRAE TR MEL AWM, EIETIEN “F BE” BER,

SEHBERM

BT EELISPIE 5 M TR KAAE, LISPHEMFING THERM, BT d—g
HEFFLHE (string-manipulation ) 557, HHMISNOBOLY , X fiis = oy rHiXx—%
(Griswold 1972 ) R E L ER &M E MEHE . C4iFEIce ( Fraser #1 Hanson 1995 )
TH — TR FAtom M B, BAtom g B1AT R =5, lec iy th B TRFE e b BB A AR iR
MR R AL —FP D 7%, FEMFBRCCA]. XA RS 231 BE R R i
R, ARZECEF T, A BEFETE R, AN F5 505 5 BA8Y .

Sedgewick (1990 ) fKnuth (1973b) FE4F58 THA, 30 WV 455 — 4~ 5200 B0 51 6F
Boa 7RIS, Atom (Mlec ) rh{d B #5549 52 3 2 1 Hans Boehmig 1H i

2 3

3.1 ﬁ%ﬁiﬁ@ﬁﬁMﬂmﬂmbwm%—?ﬁﬁﬁﬁﬁ%ﬁﬁ“%%%ﬁﬂ@ﬁ,
HH HEGE 13 Blbuckets T4 T K BERY — /M 1RET B9/ 47 . AtomAFF 2 HIRE &, X Af
Bk AR YOS R I T i B S — A 4 R EE B & 18510 QOO i RS
fFERRITRF , H WBlAtom_new i) BB FIHE 5K & 5040 AR . o0 5 18 B buckets |
EEEF2039 (NT2048 B AREK) MA O, HiESH
h &= NELEMS{buckets)-1:
2k
h %= NELEMS(buckets):

HAOLEZ M. FREHEAFEE TG 2 THRAES HLEE REY &R R

3.2 BHPB— K TE A #F s B30 £, I IMKnuth ( 1973b ). R TE LA
HWNEUXER LSS TMIUR T HFESMCE, BAho . Sethi f1UlIman
(1986 ). il & s, IR 8018 5

4]

&
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43

33
3.4

3.5

3.6

3.7

3.8

3.9

fF A 2 Atom_new A E A5 HECE sh Estrnemp LU F 1 .
7 b R S — R L R

struct atom {
struct atom link;
int len;
char str[l];

¥

Iflen 77 g7 £r8, Ff1{#EHALLOCs1zeof(*p) + len) 4+ —-~struct atom, {Z#
1F48 Jglink flen 2] Xz g Ay figlen + 1-f WHstep B 75 0], X R G M T T fstr
= B DA FE T P iR) 3% T BORUET 2M0 (B M8 BT oK. AR XA T S ChRvE .
F 5% P8 AR 17 [0l Ry 70 b 1ste[0], BRI R BB R B, o
WMEAITE, HMRIFEITHE., AT TH—SF MM EChndE, XEHM?
Atom_newgstruct atom fijlen v £ M& AFF 5180 1B 8 5 PL4E, D@ b B8R [
ERFE T, RS- NREFHEAE (kbuckets B8RS ) i Astruct atom i,
AP M ULRERE AT EL 82, eI IXAh 2l ", Hb H b h, XM sy
Atom_length i 3247 By (Bt 18, i 4804 Atom [¥) SCEN DA {d 15 Atom_length 5547 A
[/l 5 Atom_new §) X B AA 7).,

A sAtomiE LI R BUE )Y R R e AT - B8, U ERAIMEMNR
I N BRI MBEIE N8 B SR A BRI HB T BER A . i L.
extern void Atom_init(int hint);

FHEMER FELARART RSB ENEF . REZEEN ARSI E
iz 17 ] 48R LA R A Atom_init 3R B #117

AL BT B8, A% RAm Y RIS O Az 4R 1 89, M. Rk

extern void Atom_Tree (char *str);
extern void Atom_reset(void):

WL Or ) RETHC st 48 78 WO JR F RO B B IRCT . SEB oo Bl Wils v U B F0sE B
N i W] s Aria A7 B8R IR
ALZEPERRPABAZITHEIMEA SEHEA SRR, HEH,

extern void Atom_vload(const char *str, ...);
extern void Atom_aload(const char *strs{]):

Atom_vioad A T A B EHWSEI ENTHHNINEEFS, THHEHE -7~
Tri Atom_aload 4 LA 55 2 77 A4S 5T =0 B48 480 S TR #E B Th 6k,

3.0 MEFSHARFRIE AR FRS, AR LR A NEmS, R’ efis

AR TR, HE IR

extern const char *Atom_add(const char *str, int len);

ERIIREEM TAtom_new . HRAEIN FHFEH . MBREMS TAtom_add 7
Atom_free { L Je85 3.8 MAtom_reset ), -4 38 558 15 B H1 S0 RE 65 6 0] &S 25 44
&4 B[ H 1R 7



F4E BIEE5WH=S

FAREYE TS =MER . HPER . 2T ERMERY ., ANrERETETE T,
FoAEN RN AARA AL AR A GRS, drag — P IFTAERUF, BE TR FRB
g AJE WP E P, RERTESHEITHRAERFEARDGRGEBLE R, 5%, A8 TRHPH
= RO A I, Y, B H PSR R A 55 IR NS, e
i TR EEP R E ®—3a .

FEHEE TTEIIMAISENESTHSEREN - EEUERE, EIARBNER, BX
AETHED, FALEER rEFrmEHE. Filb, S XRER, WABRFELERE;: 8
EANLMES A AR A B i oI T 5o il T 2450, U SR AR B R4 3 Y o
. BN SEESGERERFAL, &0 ATEE M oL Ak By F AT E

FU T TR PR iR R T ARR 2 A — 255R . S0 R 0 0 I AT RE AR T ahdd
w, HERMFHHIEEEATRER . FE R EN THLEY8E, SRR RS . Fht Aok s
B FE. Rt B FRMERE TG INCIRE, S RE R L AP yE L, Fin
AT PR BET XEHRIRAEEIRT, R PR REFEEFIRUNIXE S | 45 ]
Mg SEv i, Hm (SR MEEITeE, YARKEERR ot Rk B, a0 Me R
AR CNF RS T T EHRANSE,

FEHAZEFRE, ARHURESKARTMRECET AL REHHRAN; XL
BRTERERNEYERRL, MEZEMET 2N BT eR it . BN BE 4 R
AT LMKER, MABaE RN, TR EEBLR, BRIGHHEERHAN. M
AR AR, Tk RO SHOA B TR T AR, R HAE T Y AR
AR B gotoiFEa) , (AL RIS, SRR R LAYE io T AR N Y B 1 R T Sk

RERFUHEFRATIANGLBEEFASERENWIE. £CF, WHEEAY
setimpAllongjmp il T 5B % LR A XA . ML M setimp L B {L AR, Wi
longjmp = B .

FHEMR—THTF TR B . & R¥allocate 1 Bmalloc Xk 4ptini~ 2% . HRR] A
iHmalloc i MR FEEF- 28 TR0 Fmalloc A B3 3541, X 008 By sRIY =3 1R AN BE 408D, #R
#allocate 7L B ih L Allocated_Failed R & . X 8B HA B Rk 3 fsetimp. kD B R B 24
jmp_buf .

#include <setjmp.h>

int Allecation_handied = ;
jmp_buf Allocate_Failed;
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46

BRAE S L SRR 7, GHlAllocation_handled A0, Hallocate A B R H 2 A&k &
FAllocation handled:

void *allocate(unsigned n} {
vaid *new = malloc(n};

if (hew)
return new;
if (Allocation_handled)
longjmp(Allocate_Failed, 1);
assert(0);

}

S BL RO XU SEW A o ZbHE B2 FF A9 bR, allocate 7 — AN TS T AT B
TTH iR

W R 21 Fisetimp(Allocate_Failed) Y5t 44k i, %4 A2 iR [0 — 8%, setimp B
LNEXBIAFER TN LLEE WRR . 4 Fisetjmpafig Fl0, Wi7Lallocate i Filongjmp 23|
EHTRENED, ZEdHlongimp MBS, XEFBAF T EREE. EK,
P VR R R 0T L ) ilsetjmop (R [EE KAV EE R,

char *buf;

Allocation_handied = 1;

1f (setjmp(Allocate_Failed)) {

forintf(stderr, “"couldn't allocate the buffer\n"):
ex1t{EXIT_FAILURE);

}
buf = allocate(4096);

Allocation_handled = 0:

Zisetjmp iR B0, 4F4% 34 AHallocate . BN 4ME0 4 . allocate i longjmp 5[ # setjmp
—RIRE, XWIREMEST, B, 4k 94 Hifprint Mexit .

EAGFH A LERENRE, R E WA A A sk imakebuffer, AR R
B AL BBRR AP, B ymakebuffer & ghaL FiMk -4 bW LR JF 58 Tallocate, #53s 4
HIRE Fe R AR BE DY, DR A 0 7 D BT TTRE R R SRt T 11O B9 H 09 s B4k T8 4 4b
A, i LAlocation_handled 7 1 6 /8 L IRAK A, 415 ASFEIA % OB R4S B2 0047 B0
MA RS 25 B IRE . &T —% D4 AExceptHE O ¥ b Fi o ] 5

4.1 #MO

Except & L1 F — & 55 5 250 of 8 rhfu 3% Csetymp/longjmp , 4] - HEAL [ — 455 &
UHRAELE TR, XPTAFFRMEE, METEE 7 1w Fl e R, il mE S b
Ffl HE P84 3 o IR,

F i RExcept_TZEIH — 4R madh A4 gt



it 35

{except.Ay=
#ifndef EXCEPT_INCLUDED

#define EXCEPT_INCLUDED
#include <setimp.h>

#daefine T Except_T
typedef struct T {

char *reason;
}T;

{exported types 53)
{exported variables 53)
{exported functions 4B8)
(exported macros 48)

#undef T
#endit
Except Ty R - ¥, Bl LW HLI— MR FE GFETE, Y24 — k4 mp)
R AR FERHIT B %K.
FELOHBFLBHRERENRY. RELH ESRN NS ASM AR, BT 6 5
HE —Hitn P T EAT. MRIEFHHE AR - DEOF L E RSB = K TR 2 A BT 12
5 He HRAISE R 1545 B ¥ Except_raise 3| % .

(exported macros 48)=
#define RAISE(e) Except_raise(&(e), __FILE__, __LINE_)

{exported functions 48)=
void Except_raise{const T *e, const char *file,int 1ine);

oy H{]e%?‘éﬁx;ept_raiﬂe% o] Rrer BE 1T RS 1,

4b3 2 IF R TRY-EXCEPTAITRY-FINALLY {84 Fe 3 AL . i 435 4 F 245 & 5
B, XWPTiEad UL ERERH, LS BERNIRASMEE, TRY-EXCEPTIE A4 5
A

TRY

5
EXCEPT (e, )

Sl
EXCEPT (e, )
52

EXCEPT(e,)
Sy
ELSE
SD
END_TRY

TRY-EXCEPT G W)@y & ey, ey ..., e,, MBHAR TLBERE, HFEGS, MESTH

438
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% SE . BBET A IR R, 4kEIFEND_TRY ZJS 03B 4. fESEEs: r R e, He e,
Fle, Z i #1— 4~ AASHRATHE P, f2d s B FE 55 0 oty (WEXCEPT Mo Rl 38 E) , B G
PR AL IR, 40 rEXCEPT M\ a] W) £ HE RIS, . SR 5 AELE SRATEND_TRY 2 f i &)

MRS E T~ DA Tre Fle, Z M F &, IR Lot AT, RAITELSE 25 8918 4,
Sn o Ars IR ITEND_TRY 22 5 ivy5f /). ELSE M k) 0] ARy -

MRS E 7 - ARSI AR E, ARA S AMFRTY, BB RE ARG M
FTRY-EXCEPT T TRY-FINALLY 4 B 6] Frd b U 1Y,

TRY-END-TRYTFER L LS50 T— %iF ) TRY .G — T2 EREY, 4 A aET —
TEXCEPT. ELSE. FINALLY SiEND_TRY b4 v,

A TR ETECME A, RIMEH - TR HFRS— T, BAllocate_Failed
B —TF2W, BRI E Emalloc BE — 4~ 355F 0f fyallocate 2| %

Except_T Allocate_Failed = { "Allocation failed" };

void *allocate(unsigned ) {
voT1d *new = malloc(n);

1 (new)
return new;
RAISE(Allocate_Failed):

assert{0};

}
WA F PR FBREPRL AN AT, B4 ¢H L mTRY-EXCEPT|E ] i@ Mallocate:

extern Except_T Allocate_Failed:

char *buf:

TRY
buf = allocate(4096);

EXCEPT(Allocate_Failed)
fprintf(stderr, "couldn’'t allocate the buffer\n™);
ex1t(EXIT_FAILURE):

END_TRY;

TRY-EXCEPT i A] A fisetimp#longimp %2 BLAY , PR f i C 048 B 1k i i (s o
IRY-EXCEPT ‘R Mi#r i o 45650 &, HSUOT y B E 8 000, it B 2 W {875 25 5e ks
AT L B B E S, B S BAFEND_TRY 22 1035 4 B AR BIRATELET
A, BIF B

static Except T e;

int i = 0,

TRY

T4+
RAISE(e);
EXCEPT{e)
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END_TRY;

printf("%d\n", i);
af PAFTEN RO0E T . X HuE FsetjmpHllongjmpay SEPLEH 37 . ESH MR 3 BB SIS I K
volatile; i 41, #USE HF AR AR b

volatile int i = 0;

AR ETEEG A BT 3T B R L
TRY-FINALLY 4] #iF i 2 -

TRY
S
FINALLY
Sl
END_TRY

MBS HEAF EEATE, 8 AHFES,, RISHEMITFEND_TRY 2[S9 i8R, 4Bt [
EﬁhﬂﬁﬁﬂﬁﬁﬁT%,Eﬂmwﬁm&nSﬁﬁEE,ﬂESmﬁm# B, A
B LU ET — ST AR R A, TEES, AT TER B TR R ST 1, 4B
FF T LA FERERAISE 545 4 ML 577 4 2%

{exported macros 48H=
#define RERAISE Except_raise(Except_frame.exception, \
Except_frame.file, Except_frame.line}

TRY-FINALLYiEW 4 F.

TRY
s
ELLSE
s
RERAISE:
END_TRY:
51
R PEEATER R, ST,
FeAME FITRY -FINALLY #5989 HIW 8 B MR - HLL , % 546 R a Bk
“TEHEET B, fAldn .

FILE *fp = fopen(...):
char *buf:
TRY

huf = allocate(4096);
FIMNALLY

fclose(fp);
END _TRY:

A Tr LA LR B2k AR B0 OF T #1 R A% SO, n B4 w5 Vo 78y L fth 4 38 R R
At FAllocate_Failed .,
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MBETRY-FINALLY &6 TS, 8 ETRY-EXCEPT B4 Ay 4R 4 ] . #f4a

iz L A B T SE I Y AR BR R ok AL FE
il A=

TRY
A)
END_TRY

E LI

TRY
S
FINALLY

END_TRY
BOTHRE—NMEHRESE

{exported macros 48+=
#define RETURN switch {{pop 565,0) default: return

RETURNZE# S HETRY &8 A&, AX HiLreturniEH . #TRY-EXCEPT=TRY-

FINALLY 1548 A3 847C treturn &8 T — A4 7] # 2500 1571 ﬁﬂ%& . WHRTRY-EXCEPTH

TRY-FINALLY f1gh 15/ S/ EATreturn,, A &1 X 5 40 B8 BCreturn {54

ERX RS PE @R Cswitchiff], 20 DUSRETURN o £RETURN e & A1 FE#
HICIEH] o <pop S6>HIHI HHETET — T 8,

Exceptfz 0 MEHES BN BIRHAR A, HEA ., B RTRE K68

iR BB, RMERB. Uk SR REHADRRE . Wk B iR b

[52] —RARERBNABFEDLRER. UREFETHREE, TBAXENEFL EME 03 R

4.2 3

Exceptf& 0 H [0 298 S M BB —d 4B T — M0 8 0 AL 1252 1804k 4h J0 R R 25 #y B
MR, 45T B Brenv il Rsetymp Ffillongimp e KMy XA imp_buf, A1 13 ST 1) 4 70
MENRE.

{exported types 53)=
typedef struct Except_Frame Except_Frame:
struct Except_Frame {
Except_Frame *prev:
imp_buf env:
const char *file:
int line:
const T *exception:

}i

(exported variables 53)=
extern Except_Frame *Except_stack;



) e

Except_stackdg inl e E IR IR A & W, ®-T-WeYprevEERIEM v AT —Wl . FMEH— TP
RERAISEZ X gUIR R, 7% BRI ENR L f£7EexceptionF R b, FHorFlfEfle
Filine F iz PR & FIM BIE L —REE8 U RIT 5.

TRY A B]H - 18F WExcept_Frame Ik A 5% &, H1& Hsetjimp. HRAISE MIRERAISE i
HExcept_raise 57+ 0 Wi fY 7" FRexception | filefiline, M5 % &8 8 MExcept_Frame |
SR J51# Flongimp . EXCEPT M\ u]#& 2 &M 1 exception Z B, TR ER iZ W MM EE,
FINALLY )\ PhFr iBRR e, HAEFH~LOERMNBHMDEENE .

AREE REIFNTLE AR LD FEND_TRYMG], M2 EHMER

%15 TRY ., EXCEPT . ELSE, FINALLY #IEND_TRY -#&#TRY-EXCEPTIE hi {k
AR T LK D

do {
create and push an Except_Frame

if (first return from setjmp) {

k)

} else if (exceptionis ¢;) {
5

} else if (exceptionis e, ) {
SJ"'I

} else {
50

}

if (an exception occurred and wasn’t handled)
RERAISE;

} while {0

do-whileis MR TRY-EXCEPT & A€ i X L. 25M FCHIER], K BT AT LR T4 HAaC i
Bl—REER . B, Ediel RIS I8 R4, E4-1 850 % MTRY-EXCEPT
B AU, TR MR R Y B8 TP ETRY MEND_TRY 25454 B 7= pU 1005 . &
e I E MY (UAS 2t REXCEPT % #54 (10 FS, T 34 F4E F 42 50 45 15k 2ELSE 27454 f)
(UAS, F4-28 7580 24 BTRY-FINALLYE f]; A48 M6 B AL S R FINALLY % #55
(K

Except_Frame [ A1 53 Wi R B2, TEHHTRY H 4 rdo-while + {4 it 8 & i5-4] /55 75 88
— T ZENN IR BT,

(exported macros 48+=

#define TRY do { \

volatile int Except_flag; \
Except_Frame Except_frame; \

{push 565 \
Except_flag = setjmp(Except_frame.env); \

1f (Except_flag == Except_entered) {

53
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ATRY BN NA PRCRA, HF ATAY 8O b 1A 45 10

lexported types 53)+=
enum { Except_entered=0, Except_raised,
Except_handled, Except_finalized };

setmp B 5 — TR E{LBExcepi-flagi't B BExcept_entered ., £ HF ATRY G R], H HHE
Except_entered 251 H0 , [H Hysetjmp &R AR RI{H A0, FfE,
setimp BB [FHA 8% 1k AExcept_raised , Fas KE [ R

R WIREA R R

Except_handled , TR 4b ML 484 Wi fr /7 4L .

do {

volatiie int Except_flag;

Except_Frame Except_frame;
Except_frame.prev = Except_stack;
Except_stack = &Except_frame;
Except_flag = setjmp(Except_frame.env);
if (Fxcept_flag == Except_entered) {

S

if (Except_tlag == Except_entered)
Except_stack = Except_stack->prev;
else if (Except_frame.exception == &(e;)) {
Except_flag = Except_handled;

51

it (Except_flag == Except_entered)
Except_stack = Except_stack-»prey;
else if (Except_frame.exception == &(e,)) {
Except_flag = Except_handled;

SE

— et

i (Except_flag == Except_entered)
Except_stack = Except_stack->prev;

else if (Except_frame.exception == &(¢e,)) {
Except_flag = Except_handled;

A)

n

LA

Lir

AbFt FEE M Except _flag (918 1% 4K

1T (Except_flag == Except_entered)
Except_stack = Except_stack->prev;
else {
Except_flag = Except_handled;

¥

So

if (Except_flag == Except_entered)
Except_stack = Except_stack-»prev;

Except_raise{kxcept frame.exception,
Except_frame.Tile, Except_frame.line);

} while {0)

|£4-1 TRY-EXCEPI & ny4 &
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do {
volatile int Except_flag;
Except. Frame Except_f§rame;
Except_frame.prev = Except_stack;
Except_stack = &Exgept_frame;
txcept_flag = setjmp(Except_frame.env);
+F (Except_flag == Except.entered) {

)

if (Except_flag == Except_entered)

Except_stack = Except_stack->prev;

HA
if (Except_flag == Except_entered)

Except_flag = Except_finalized,

S

if {Except_flag == Except_entered)
Except_stack = Except_stack-»prev;

}
if (Except_flag == Except_raised)
Except_raise(Except_frame. excepticon,
Except_frame.file, Except_frame.line);
1 while (03

R4-2 TRY-FINALLY &89 &

Except_Framefiy A KR #4F 5% & i A$IExcept_stack$i M Except_Frame 45 f4t &y &
Sooo MR SECm Y LA Bt R AR DI,

{push sey=
Except_frame.prev = Except_stack; \
Except_stack = &Except_frame;

(pOp 56)=
Except_stack = Except_stack->prev
EXCEPT M4 ¥ 1~ ani& 4- 1 Fiw frlelse-ififinl .

{exported macros a8)+=
#define EXCEPT(e) \ =

(pop if this chunk follows § 57 \ 36
} else if (Except_frame.exception == &(e)) { \
Except_flag = Except_handled;

(pop if this chunk follows § 57)=
if (Except_flag == Except_entered) {pop 56);

SIETH 4 4 A b W S o7 e -~ e W SRR G . 8K 1% <pop if this chunk follows S 57> b5 1RAK
PR {UE e D 4 ) REXCEPTE L ritpyelse-if i) 2280 . M H AL S - PEXCEPT
MO s S R BRR O EEAE SER DRI PSRN EREE B R, Except_flag R )
st W Except_entered . X E M5 B BHAIERI AL, S8 MfE Fr B ER 8RR . DA PL R T R
EXCEPT W f] 24 frExcept_flag % M Except_handled A4k 12 ¥ .2 )7 4047 - (N 7 gl YA 17 5%
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SR ZHIT T HIREME, FEO<pop if this chunk follows S 57> F)if 18A] kDo HiKH

ELSE M\ 5] #IEXCEPT M 7 24, {HEelse-if B B —-else .
(exported macros 48)+=

fidefine ELSE \
{pop if this chunk follows 5 57) \

} else { \
Except_flag = Except_handled:

Fl# , FINALLY S ELSE2{, fH2 i &elseitih):

{exported macros 48=
fdefine FINALLY %
(pop if this chunk follows S 57) \

FON
if (Except_flag == Except_entered) \
Except_flag = Except_finalized;

fEiX B, Except_flag MExcept_entered 5 Ry Except_finalized, ¥ FE LR, {HEH
th Bl FFINALLY 1], IR &L 4% r B¥ , Except_flagiy 14§ {1 Except _raised , X #£76
(57] TPoCiWRICES)S, o LA AR 9, 1%59% o138 A48 W78 & BEND_TRY TExcept_flag 7
ER{E T % FExcept_raised R & . MBI AR/L ¥, HEAExcept_flag iy {EH &2
Except_entered 5t Except_finalized ;

{exported macros 48=
#define END_TRY \
{pop if this chunk follows § 57 \
} if (Except_flag == Except_raised) RERAISE: \
} while (0)

except.c PEXcept_raisef¥)sE Bl B 55— - M

(except.ci=
#include <stdlib.h>
#inclTude <stdio.h>
#include "assert.h"
#include "except.h”
#define T Except_T

Except_Frame *Except_stack = NULL;

void Except_raise(const T *e, const char *file,
int line) {
Except_Frame *p = Except_stack;

assert{e);
if {(p == NULL) {
(announce an uncaugnt exception 59

}

p-=exception = g;
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p->fiie = file;
p->line = line;
{(pop 58;,

longjmp(p->env, Except_raised);

}

AN RAE 57 R YRR 147 -1 Except_Frame, #§4Except_raisei S 7 Brexception . file &
line, ¥R RHKDTH ML, KI5H Alongjmp, # 4 4setimp B A&
Except_raised; 7ETRY-EXCEPT®TRY-FINALLY &4 f, Except_ flagﬂfaﬁfﬁih
Except_raised. F 4T M 4L BRI . Except_raise T B #R b r bR 45 B, 408
RHAGHRIFTEE FRY, S S TRY-EXCEPTIE Ak 40 5, B %% 5 3050 b8l
FORERERMERT .

MRS W N B2 ARIETCRFRIF, B frExcept_raise I 4 BI S & 5k £ FB Y
FFE R LR

(announce an uncaught exception 59)=
fprintf(stderr, "“Uncaught exception"):
if (e-»reason)

fprintf(stderr, " %s", e-»reason):
else
fprintf(stderr, " at Ox%p", e);
if (file && line > @)
fprintf{stderr, " raised at %s:%d\n", file, line);
fprintf(stderr, "aborting...\n"):
Fflush(stderr);
abort{);

abortfe— MR MCFR I, L2 LIEIT, BFES AT SHLEM LM B Ee . i, T
REFT T — I 18P SR AL 1 AT a0 S h 0

4.3 s

R ARHE SR LT frassert.hiBasseri(e) iE X k- MBS kTS BN SIS 4 assert(e) Afe
RE, WReR0, ABATERR MR 15 120 (5 5 598 FERME FE i Brabort th i $U75 25
BB R W & (e PAE ) L Rassert(e) ) TRAY {08 ( SLAFLL 24T 2, & e A
LB E X o Hassert(OFR I “TRAlRERA" MAREIE MBI JER VN S
e, B

assert{!"ptr==NULL -- can't happen™)
GUABREEAT L {TE.

asserth WfH S EESNDEBUG, HE¥ 43t B3 i L. 2% ¥ TNDEBUG. T
Aassert(e) —E 457X Ak ((void ) 0) Zfr . Rk, 72/ R L4iE ;3 ¥ NDEBUG . JEE#
m%*ﬁ#ﬁsﬁm N e - S RPAT, TS SRE R ATHE A8 W (R A B, 3 (R R (A
fRHR B, XA RA T,

5]
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assert(e) It — AR, Rt A& BR A~ fassert. h 712 501 E &SR T

#undef assert

#1fdef NDEBUG

#define assert(e) ((void))

#else

extern void assert{(int e};

#define assert(e) ({voidd({ed|| \
{(fprintf(stderr, "%s:%d: Assertion failed: %s\n", \
_FILE__, (Gnt)__LINE__, #e), abort(), 0}>)

#endif

(L PrpYassert B ¥ S5 XA —#, HASZWBENXF AR A FF Hfprintf fstders 1 A1%
stdio.h ), éﬂiffl“fzﬁﬁﬁ AW BTE &R BT, BHnitiE ey, (BB ¢t o] LAVE A g
I B S SR A . SRR AN FiE D)
if (1(e;)) e;;
assertdy & LR 1iF e ey, X N Fassert(e) WA B — 1 FX L, mMAE - i,
e — T IRFREN, ERRFERE E. XEBIBATFRHER, mB~EALHSE
ﬁﬂﬁ.ﬁﬁ%@ﬂﬁ%%ﬂﬂgﬂﬁ@ﬁﬁ%~ﬁ%ﬁMCﬁﬁﬂﬁ¢,3ﬁ%ﬁ%%F
—PFRFR, ENAE ReR il N TR FEH .
AssertdZ 11 ¥ X Massert(e) SR #EP 2 XA M, A BE B 5% MO Mk —
Assert_Failed 547, MABE T, HHLARUEFTepIINA
{asseri.Hy=
#undef assert
#ifdef NDEBUG
#define assert(e) ((void)0)
#else
#include "except.h"
extern void assert{int e):

#define assert(e) ({void)({e)||(RAISE(Assert_Failed},())
#aendif

{exported variables 53)=
extern const Except_T Assert_Failed;

AssertiZ 05 (AR HE P RYE 30, B INIX BT {rassert.h e SO R Be B H E T, X AR R N A TE
except. htH < IF Bl Assert_Failed A5 . X4~ 45 G930H0 ) 64

{assert.ci=
#include "assert.h"

const Except_T Assert_Failed = { "Assertion failed" };
vold (assert){(int e) {

assert{ea);

}
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BEECAL Y Passert PR JUAL 250 LT 245 Sassert $3 A, IXEESETET T IE O ER e 3k E

X bR R
WRZE P HE R A 43 Assert_Failed, 285Xk BWE7IKEFRTH, FEH0T

Ea8:

Uncaught exception Assertion failed raised at stmt.c:201
aborting...

iE BTEThEE £ 4 TRiAt B8 PLARE AR assert.h R By 2 i 15 54

O 1T, e YuilRMel 23 R, X778 1408 =0 BF PR B r TS fE
Blo - SR TR BN EEWEF T, B idassert.h T IFANDEBUG 89 7 ¥ 3k %
FRX B ATEE 8 B s B AR B R A SR RS A B s B A AT B

PATEN S W —ERUAS ], [NULIEW SR 7T LIERIT BT EEN. ST, A8 5
Wie AR FFTE AT IS I 22 SRR LI B A, M 2= 0 B . N T AR T
BRI & 02 10 s TR W T PR A B —4E , Holh BB R T A W B AL 4 R

SEEBERFVHA B TS RE M, BTN T Bm LM iS, B LR %
R BRI, BBAEE TANIT N S0 B S 1, A Rl s FBh . FLAS Bes B Rk
B 4 BB (95 £ 02 g MR M 1. R g bk 9 IR AR IEM R TR . £ T dHE AP ET S
VR ZBA W SHEAT DU 8], tem] LIRS FllgHr, i e g U6 B 22 85

RT Wi & ) — T E A . Eff RS T 445 AT BT AW 2 5 e 25 a0 180 12
B XBEaZREFMABRF. UL ME T, BUUX SIS WS 801625 81 F K fiE 5,
SRR AWM, KA RN . MERBTME, AT TN B, WA
RA THE= AR . 21

General protection fault at 3F60:40FEA
Bl

Segmentation fault -- core dumped
His EAR A & LR EAOHT SR WA IS B B ., BRI R, B T R afRE 2
AR PP LB B S R MO T M AR FRA FROEE )T, TRBM B SRS P gosiR . B, 4d8 5wy
RE2 OSSO, 17T o B B 0 3 3k AR

S FRPRWT A KBS W B AU, T L 4 B 89 780 B A T B 4 12 B9 TR Y -EXCEPT
A RIRALIE R TR AR A MR ARSI SR, T H T iSRS B B

#include <stdlib.h>

#include <stdio.hx>
#include "except.h"

int main(int argc, char *argv[]) {
TRY
edit(argc, argv);
ELSE

61
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46 F4¥F

fprintf(stderr,
"An internal error has occurred from which there s "
“no recovery.\nPlease report this error to "
"Technical Support at 800-777-1234.\nNote the "
"following message, which will help our support
"staffinfind the cause of this error.\n\n")

RERAISE ;
END_TRY;
return EXIT_SUCCESS;

}
LRET A RATGRAN, IR R B2 Bifs B TS0 148 B4k R0
M, DI, AR B WA RIS, 24T

An internal error has occurred from which there is na recovery.
Please report this error to Technical Support at 800-777-1234.
Note the following message, which will help our support staff
find the cause of this error.

tincaught exception Assertion failed raised at stmt.c:201
aborting. ..

2 HBRWN

HILHER RITESHEBA FrSHLHILH, #imAda . Modula-3(Nelson 1991),
Eiffel(Meyer 1992) LA & C++(EllisfStroustrup 1990), Except [T FHITRY-EXCEPT i¥ 47 3t
B i fModula-3 1) {YTRY-EXCEPT i541],

CHESEE VR EABIE, TSI ET RULTRY-EXCEPT B4, fyTh e, #Hof &
1B TE AR X 1 F P48, Roberts(1989)H& T -TIF WA HINEE A ], Y SExceptiz O 2
A IREMR ., TEMERME, DREEL BB, ©W A, Except_raise if] filongjmp
TEEHI G F D b BBR Y. 10 FIX T-0b PR A 5T b s A Except_raise-2: B B
longjmp ., R FLLFE R FAGE B TSN S 5 Except_raise fllongimp ¥ £ 85 18 HAN
W Roberts )3 3 LT B4 T —- K AE0E ST AR 57 (6 20 B A5 o B 4% 2% — P FINALLY M\ 4],
R CIRBIEARA, el A TRY-EXCEPTIS 5] i S8 b FRERFE (1% H R
SO GRS, WRENCHRIFEE , UL &5 ML B 0 31 T Ak AP N,

—HRFUIHEST RIERBA TR EE, B WEiffe]. REFRTRINESH#HUE
% Llassert & 48 & ok H Abém 1395 4 0y 0 Eok 21 W Y. 4. Digital ¥)Modula-3 45 ¥ 2% a7 L)
R HE M<*ASSERT expression*>F iR 45 3y /5 B 8 ) (W8 % ZR . Maguire(199) B -
TEE RS B TCRER Sl i .

% )

4.1 BEHFEXCEPT X FFINALLY #1445, HARATEE o] 7 185 mRTE L%
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4.2

4.3

4.4

4.3

4.6

TRY
S
EXCEPT(e))
Sl

EXCEPT(e,)
lS‘i"i
FINALLY
SH’J
END_TRY

& M Excepris i L5, {$ifLExcept_raise } U Flongimp A4 240 WA L3R R FF 5
FINALLY AA), sbiR D NS R, HRoberts(1989) L8 (1 F% J7 - #5
UNIXZ & FESREME L FHT, B 0077 S8 g 2 AT Tl
FHRUNIX G S B2 A28, witHEH PREVHTHRFNE SO ERE T
O,

LR AR EHY, R REESITEPHUE AYIC . TR IFER IRAY, XUk 8 R
i B R AR A, RO EEIIES MBS . B Except_raise, I R4
AR EEITEI R IR . REITE VBRI, (FA LT g B A UL A
RS . fl2n, idZeE X TREANT

Uncaught exception Asserticn failed
raised in whilestmt{) at stmt.c:201
called from statement(} at stmt.c:63
called from compound() at decl.c:122
called from funcdefn() at decl.c:890
called from decl() at decl.c:95
called from program() at decl.c:788
called from main{) at main.c:34
aborting. ..

F--E2F5 L, SEFRNImRGeHE, ol 80 W EEEF. £ 5 %8R
W FRWE, REFNAHN. UWRFNEEXFIITNE, KAl FEBRH
Except_raise, MBI ARG M AW ord] AT, WAL Rabort, H o
MR GEF; WHlER, FHLZETHER ER S BN RS
AR SR el LAAE B BAC s 3255, #lin1ce(Fraser fiiHanson 1995), #4434 {5 eiz
g 1Eak . (HANE Hsetimpfilongjmp, FHIFEHEE (R . TRYEQU XA A
AF i AR A B A L FIRAISEAIRERATSE AL o - 45 0] BB 2L B setjmp
Alongimpay flhl, (AEKRET AT R ECH. Fla, NHFERALHFMES X ELFHL
MHEER —MR2A TR &% TS ERAUNTME,

64







FE5E REEE

JEEAFE LKCHE FRSEZ TR RN AR, RN CRERFEERE T M IN A
M AE#L . malloc, calloc, reallocflifree. JETMem[d - £ £8P 2B 0% T X
So | FR, S R M B R S L, T LR 4RE (T — S i T HE

REMLE, BT RECT BREEG, f ATl ERERNAEE. #fm, B
B Ex:

p = malloc(nbytes);

free(p);
1 Fimalloc 3 4-RC - -~ Ksh Jynbytes () 7748 B ( block j, F 47 B - 1-F 97 O3t 1 (K
Hp, Rl HpH ETEE WA ESR, REBIZWASR L. A Klireel5, ph M8 5
LR, M 1 18m B L H AT EN AL BT HIFEE . IO pA RESIHRES ™
Fiie, REFERFITE R H ey R HT B, X -T5 Al AR R E), B
ST, H A AR Ak AR B AR T BE R AR IR R L

BT A

malloc{nbytes};

p

free(p);

free(p)
BLBH T 20 MEmR . BETR AR RIT . X §HR 8 S0 T ST o BT JH B SR A
2, [HEEEEEDR T - Wox e pd B i el A gk m

7oA R R AR NAT R SO A R fimalloe | callocsfrealloc/rBCay . #U0 .

char buf[20], *p;
if (n >= sizeof buf)
p = malloc(n);

elsa
p = buf;

¥5ee(pJ;
LR PR R ) H A B Ebuf B ANK T E Pl f i 4 B0 A2 BpiEinbufd#t, £
W ifree ¥l <=5 28R, MAH, X TR EREAFESWRNETMAHEEY, mHEZT L
A E®HEEE .

&5, R

&7
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voild itoa{int n, char *buf, int s1ze) {
char *p = malioc(43);

sprintf(p, "%d", n);
if (strilen(p)} »= size - 1) {
while (--size > Q)
*buf+y = '*';
*buf = '\0';
} else
strepy(buf, p);

i
H T 2w BB R R HIbuf[0. size-1], GRARMEDR L Foize -1 TF/HEH ¢ K £
el XTUSELEBEE, M2 CHAZLEE THMER ) B— DRR, M9 A8k Tt
malloczxik @ -7 4157, WU FHF T AR RER . B 808 RME4E ©f 7,
ERERFEDEH TR ITI M, A WA Ritcall, BFE LB IEHWEEANTE. MRitoadt
a%AR, BaBFEE SFERANEN B8R, ER, Ysize/NT2W0[E, itoaliR &1k
W TAIE, BREFuf0IEHT =F /. dEEEDTFiFd it - 28 fsize B HHE T2,
FH A>T E HiE TR R R 15817 FR R R

Mem#Z 0 HFRIS1E-SFMT B M T — 2 {I S R o i XB NS R S, 8
ENAFERRERETEER, B0, E01FEN k PHE S A S 85 6945 50 £ ABY TN E
MRAHREREHFS, CHFEEYLIEE T ER, LT ®EEA Hitoa B ¥ 2
X B

char *itoa(int n) {
char buf[43];

sprintf(buf, "%d", n);
return buf;

}
— Bitoajg [0 /5 & HRF A Ebuf i it , buf i A HAEAT .

5.1 #M

MemiZ 0 S &9, IR MEHES.

{mem. hy=
#ifndef MEM_INCLUDED
#define MEM_INCLUDED
#include "except.h"

(exported exceptions 70)
{exported functions 70
lexported macros 70

#endif
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Mem AY 73 BC e 30 5 5 HEC o8 B Y 40 BORZRZE L, B e A R /b 0By 23 BE
A SR B 7F 15 e
(exported exceptions 70)=

extern const Except_T Mem_Failed;

{exported functions 70)=
extern void *Mem_alloc {long nbytes,
const char *file, int line):
extern void *Mem_calloc(long count, long nbytes,
const char *file, int line);

Mem_alloc 7 8L -~ K/NE A Knbytes B 4B, FHIRMA - RS —4 T .
AR B IR T Mk A AT R, Rh R AT AT TR PSR Y i e s g R AR
L. AT S ERBAN, 0 Fabytes &P IR, B4R UG AR
LT s IR

Mem_calloc /- BC/E B R BYLEBE B, 159 RATE Feount M TE WEH , BT ES F/b
Anbytes, JFEE —PIE B — N onE W IEFT . fEA5H R I 5 Mem_alloc 48 159 i B4 & |
BRI N0, Fi 0.0 A- - EL AR M0, B IHMem_calloc of 882 71 #EH %7 46 14
fEfE Bl iNRcount Binbytes 3k K ¥, FRA X B TR BKAE 171458,

Mem_ailoc fiMem_calloc§)kt 5™ & W B A FIE XM AL HGE SIaTE
BIZIAR 2 REG M, S A3 At B 94 T S R 30 B M Y 7 2L

{exported macros 70)=
#deftine ALLOC(nbytes} \

Mem_alloc((nbytes), _FILE_ , __LINE_)
#define CALLOC(count, nbytes) \
Mem_calloc((count), (nbytes), __FILE_ , _ LINE_)

MkMem_allocs EMem_calloc R EESM B AR TSR Y N AE8R 7T, R 208 11 ) 7= W % Mem. Failed |
H¥efile flinefZ 23 Except_raise , = L5 IR MBS AREIR N B, WEfile- 7 g%, IF4
Mem_alloc FiMem_calloc ¥ YiMem_Failed 54 40 B Sl 85 5 555 1.

WESREBFER AL TR,

struct T *p;
p = Mem_alloc(sizeof (struct T)):

EREHTHIA EO B MATER T, FEE — S IEA AR TR, X B
R B AR

p = Mem_ailoc(sizeof *p);
Hisizeof *p{{#sizeof(struct T), XAEXIE 1 3548 £ 1L ShAY AT I 0 A 3941 2T AT 120 o2 40 1
ot Hsizeof *p RMhSr TIREFERM. MBPMIFAIMKE 1, XFFECARE FBA . {25
ARAE ARG Alsizeof(struct T) . Sl B0 BI5 4] 3 2 Mp 928 VAR 4k .tk B 148 384

p = Mem_alloc(sizeof (struct T));
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HAEpAL BT I et BEdA . mRp D MR n— PEHA T, miX
A A, A KA R TTRE X EciE A AFE U, XS R RE: BE R
Bl AW N Tou, XEEAMAHER GRS RSMWAF R TR NS HT BN, X
if o PR RY (B R

DR R MR IR FERY, FItMem B f 2238 S8 26 1 - ROR TR T 3221F

{exported macros 704=

#define NEW(p) ({(p) ALLOC{(long)sizeof *(m)))
#define NEWO(p) ({(p) = CALLOC(1, (leng)sizeof *(p)))

NEW(p) 8l T — 1 R%0 (610 BB B TriEYp . I ALAE B0y UL I &p . NEWO(p) 554 ]
FETZOBE, R R S B 7 EEHO P A A, BHNEW 24 AHR A SR &l
VI FHRR PP & A5 7 P Ja 5 BRI AF B0 AT 00 AL G TR Rl 22 1 0. 8 RBAY B0 B2 4F B sizeof {1
ZRR AR AR, L[S B A RME . FHNEW FINEWO R Xfpsk —k g, #8
XD ZRS T ARG MR Fx F R TS5 UEBESLN. HIIINEW@fi++]) .

malloc Micalloc & H Jsize (I BIH % sizeof PP E - osize t R A # ¥ . 3 Rlsize t
R— DA R BRI, AT &R ﬁﬁﬁﬁﬂﬁjﬁkﬂ%ﬂ’ﬂ AN FFHAE RPN E
TR, RN LA SR W R TER . UL, size_tHEWIL R /S o8, g
S RE . Mem_alloc fMem_calloc F A BRI S8, LIRSl B0 B {528 KT 2 %
R &ie. Hln.

int n=-1:

E p= malloc(n):
/B JEHRE, FEF Zmalloc B St BN 2% SO0, W N-1EBSERE 7 -4
size BTG, BEE—PMMEAWTHS ¥

NTE BT AT 2 Hi Mem_free L FL 49 .

{exported functions 70)+=
extern void Mem_free{void *ptr,
const char *file, int line);

(exported macros 70H=
#define FREE(ptr) ((void) Mem_free((ptr), \
_FILE__, __LINE_ )}, (ptr) = 0))
Mem_free 3l — -5 ) T4 B AL A047 SRR M998 SHIF B 8. Wipr K% 75, F4 Mem_ free
FEROATERER - 0 Rpre gy . B4 Mem_free fhz th R i . %38 S FREE [qlHE $0k — 4~ #5454 #4:
RER, I EAMem_free ko B A5 e . RIS Bpir bk 2 SR E 2.4 75 T B A AT R,
A Al LD R DTR 6 R R L B B ST (ROt Te s Bis M R R S . B oY . R
R By ) | Bl 2B O RS R ML SR TS R RRIY A SR BR R B IR b R N
TR FITRE SR 8 R o] FM (00 R B4 E, TEE . FREE XIpteiis & k(.
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R ETRMTI AT, BEMSPEWT HMemdE L, W ( checking implementation )
18 1 0 s f r R RLATE Bl 3k 30 — 37 T AR AR MARLE TG MY iR . TR, g -
1A R4iMem_alloc | Mem_calloc S§Mem_resize )& 1] f4E 55 pir 6 % AT 4245 & Mem_free 5§
Mem_resize fptr {77 #8Mem_freeff, == 075 BF Kna AT RS IR . Mem_free ¥ifile #lline 2 £ {4 F 3k
fig 1 BB Z AT R

B, 7RRA B (production implementation ) 1, 1x BEff B [R]4E 514 B R aT 45

B 1a T B8RP
R

(exported functions 70+=
extern void *Mem_resize(void *ptr, long nbytes,
const char *file, int Tine);

{exported macros 70)+=
#define RESIZE(ptr, nbytes) ((ptr) = Mem_resize({ptr). \
{(nbytes), __FILE__, __LINE_ )

1 A A i Mem _alloc . Mem_callocsiMem _resize 43 Bl 13 BB 47 i X/ . L5
Mem_free —#F. Mem_resizey % — ™ B e s T ok 4 A/ W TE 55 B0 B0 3B hF () 38 5
Mem_resized/ s 45 /DI Tefd B, {85 2 0 Eobytes (77 88 70, BHF7i8 M 3 By s, 3F
iR |l —- e P4 R L (AR R 4R 6 . Mem _resize 4y 7 B fEfE R (0 . OTEE S8 3HikTE
B, UL EMem_resize ™ (v T 40— NI AU GBS . AApir & dl- R4 o8 TS B IE
BB AR B, R Rptr . 0 EMem_resize 7 B4 Bl — - SH0 4755 1 HE 2B A
i Mem_Failed, file #iline % R % 7= L (0 B , 2045 SRESIZES ptr (995 )7 2 S 3 iy FE B
XL EMem_resize 23 HW 7k, (E8 . RESIZE thfptr #67F [ 2 IR 608 1 -

D Rrbytes §5f [pirdtim M7 BESR BN, BE 4 4 W I R tedk, &N Mptr
T Ainbytes 4% 2 | £157 40 1Tt

MAFF7 ptr i giMem_resize, ™ Bnbytes I K8, P4 T 418 fTHIsE IR, &
W4t B, pulh B s Mem_alloc . Mem_calloc yMem_resize ) B A BTIR ], B Bt
221258 ¥sMem_free . Mem resize [Hptr {7 £ e Mem_resize , X8 -7 M 0 151 7 BEEIR
TR /= an BB T, XA RENRED B ol # & 1052 170048 12,

Mem$zi 1 i) R AT LI B i CHRift F p Famalloc | calloc | realloc Hifree i) 4p 5. ok &
iR, BRIF T LA R HBC % of S0 B4 BLR %L . T LUE I Mem 3211 th i SECRE . 1
AR A o SR P B P T R O TR TR R TT 4G & B G 4T A R T B4 ENE
T, HEE ] —MembEn fg i,

52 FamiRxl

P a9 e, PR o R B A R SR BT 8 70t Mem i 11 i 0 (S

75
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{mem.Cr=

 #include <stdlib.h>
#include <stddef.h>
#include "assert.h”
#include "except.h"
#include "mem.h™

{data 74}
{functions 743

B, Mem_aloc #fmalloc, FHiEmallociBE 535 £, ;=4 B4¥Mem Failed:

(functions 74)=
vold *Mem_alioc{long nbytes, const char *file, int 1ine){
vaid *ptr;

assert{nbytes > 0);
ptr = matloc{nbytes);
if (ptr == NULL)

{raise Mem_Failed 74}
return ptr;

¥

{raise Mem_Failed 74)=

{
1f (file == NULL)
RAISE(Mem_Fa+iied);
else
Except_raise(&em_Failed, file, Tine):

}

(data 74)=
const Except_T Mem_Failed = { "Allocation Failed" }:

MREEANF S MR BAF B A4 FiMem_Failed %35, # 4Except_raise < 2% R 3 gofi e
VAL B AT B R RACTE 5 B0 L B50E £ Mem_alloe, /10 .

Uncaught exception Allocation Failed raised @parse.c:431
|?4 aborting...

i, Mem_calloc pi ¥ d15f 35 T tfcalloc 178 F-

(functions 74)+=

void *Mem_calloc(long count, long nbytes,
const char *file, int line) {
void *ptr;

assert(count > 0);
assert{nbytes > ):
ptr = caltoc(count, nbytes);
if (ptr == NULL)

(raise Mem_Failed 74)
return ptr;
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Scountsinbytes OB}, callocByITHELRBLPagh 5 af . Mem 4 LA BT 7R X6 {FR T
eREFA, IWBEMREZ -, HFaT R aERL .
Mem_free {Z{¥ i B pf ¥ifree.

{functions 7a)+=
vold Mem_free(void *ptr, const char *file, int T1ine) {
if (ptr}
free(ptr);
}

b TR B PR BT 7 5 %08 B i Biree, (B RMem_free 7R 235, 4 Ffree R KG9 STHL K A
S8
Mem_resize threalloc pR%y i IR B 19 4, X 71 HIE fo7 B0 S B ThAs By 1 R Mk

{functions 74>+=
void *Mem_resize(void *ptr, long nbytes,
const char *file, int Tine) {

assert(ptr);
assert{nbytes > 0);
ptr = realloc(ptr, nbytes);
it (ptr == NULL)
(raise Mem_Failed 74)

return ptr;
Iy
Mem_resize 190 — B RUBE 2 B — 8 447 09 4o h BBy KD . realloc W] DASY RIRIRE () TH 6 |
[ 4nbytes J08], realloc|d] Bf#E AL [ % 4E0% e T Uptr J 2538 §104 , realloc t [m)if 4362
THRAFEGE B2 B0 (2 BB OB N B ETE R B RO b B9 G B R K L B H10|
AT TR S

5.3 B st

Mem 2 89 B8 S8BT 10 1K R B0RT LS 3K 15 45 2200 — FF 45 R 3] B8 287 T 7 1 S
FRAE BT R 0T R s 12 1 7 BR4E 1R %48 14 .

{memchk.cC)=
#include <stdlib.h>
#include <string.h>
#include "assert.h"
#include "except.h”
#include "mem.h"

{checking types 80
{checking macros 79)
{data 74)

{checking data 77
{checking functions 79)



56 #E5%

MEMem_alloc . Mem_calloc fiMem_resize M€ A< i IR A R e, HF A EfjRE
W EfIEE A A S, DRBIA ik fme AR WNERT, EaMem_freef
Mem_resize g1 7] LA F g B F BT REE = - I B, Xl BHEAAR- -TESS. R
AR O (., free ) 8k ( «, allocated ), H e ft thor BE4 R TR B bk . {Efree U B HE
hboe A P4 i or BCRY N FER OT; ph B2 AE B U B S @b S5 7, 1 {Hallocated {4 5
Huhkoeds () 2 70 FCHY £ 48 0T

Mem_alloc fiMem_calloc i iil— -~ T4A (ptr,allocated) ] &-4S , H rpptr B [ [IE
FME, Fr HE MR UETERFMZA . S AL Hlptr,allocated) {ptr,free) . Hptriy=, of&
(ptr.allocated) 7ES 'R Iy, Mem free(ptr)/@ G851 . W Sptr A A753, Il(ptr,allocated) 4278
AL, Af2Mem_free g B ptodl v (I 17 R0, FERF4EOS T B 4R 752 T 24 k(ptr,free) .
[F#E, Mem_resize(ptr,nbytes,...} th H 4 7¢ (ptr,allocated) T Z TS £ R A 2 Gt 6 S
X, HR2Mem_resize® fl Mem_alloc /Bl — /N H7 4 fERE B, W IS0k (7 BB i e
BRT BITE RS o, FE A Mem_free SE AT JSE BUTE B 82 T, LXEL AT AR 4 (8 485754k M 1K)
B

A S BE PR AT A2 W UGE ) AR A 9B B, TT LA R KIS BRI AT A4 85T st
B HEX T FERE V3R, — T EI7 M8G5 R KA BESCRAN SrBE s TTIR [ B9 M)
T . SHLA] DO R - R TE A B SR A #

AR R T LA T AR M RN H T — 1 A MR SR ST, i AT R (s
CERER £ 3757 TR I F

{checking data 77)=

static struct descriptor {
struct descriptor *free;
struct descriptor *Jink;
Const void *ptr;
Tong size;
const char #*file:

int line;
} *htab[2048]:

PUURE AFRESRAY M b, T2 AERH P2 78 T IR HIA AT Bt e I 4F BUIG ; size B 4GB BRI A/, file

flline feAeAREER B 70 B O 8 — HIR A B 15 5 B0 IE TR B AU B 4, X (B 71 VB A Bl
(R BT R A, DA VA R P o) AT PRI B T N T ED 4 o4,

link FEZTZ AL -~ Ehtab b B 3740 [RIBET A e iR 194 22, TWhtab 5 — /9% PR EE #50A
TR S KRR R BT ¢ - S Tt s B2, iR R0 £ B — 4 ety
WU A4

{Checking datg 775+=
static struct descriptor freelist = { &Freelist }:

I B AR L DR A P Rfree F L AN, ZitE G RIETN, freelist BHE FH B
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fa -, Mifree T BUE 058 — T IS, RN B, hrabdB A£G BT A T IR AU
AR, BRSNS 800, SN O R Trfreelists . [N, NS AAfE R R B AR A,
#afree 5 AE B2, IMEFEDLESNAY, IAatree TBEAVE A 2=, HH Ahtabsess 3
FS . ES-1HR 7R ABHRDE ZUe Fl G R A . SR BT S B BA 2 B
TE R AT S P T, BIsER SEE T S8 M Eai - MESSEA, Mlinks Brig ik
R SRER , TR 2Ri% B E S kA

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

-----
T a

htab

aaaaaa

#[3-1 hiab Fitreelist §94,; %4

AL, RROndE RS MRORE, EIRE -5 A T ECH IR [ —
=18 5t

(checking functions 79)=
static struct descriptor *find{const void *ntr) {
struct descriptor *bp = htab{hash(ptr, htah)];

while (bp && bp->ptr 1= ptr)
bp = bp->Tink;
return bp;

}

{checking macros 79'=

#define hash(p, ) ({{unsigned Tong) (p)>>3) & \
(sizeof (t)/sizeof ((£)[0])-1))

78
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hash 454 DA S AL IEHb AE, HFE =1, A5 I Rthtab K ANEER . TR T LR
T £508 768 17 300 M3 4 kg 4 iMem_free, find i@ k245 1 -

{checking functions 79)+=
void Mem_free{void *ptr, const char *file, int line) {
if (ptr) {
struct descriptor *bp; -
{set bp if ptr is valid 79)
bp->free = freelist. free;
freelist.free = bp;

}

R ptrif7E HE — AR AR, A82 7768 B2 B8 E 8 03 75 WA 7138 ook on il fe
fif 2= )E) B REEL, HF B o A I S Mem_alloc i Bk B H, 4354F 8505 202 4 oY
FH6% P FRi248 H BB 3 -

(set bp if ptr is valid 79=

if (((unsigned long)ptr)%(sizeof (union align)) !'= 0

|| (bp = find(ptr)) == NULL || bp->free)
i?? Except_raise(&Assert_Failed, file, line):;

FP A9 A0 A)((unsigned long)ptr)%(sizeof (union align))!=0 84 T % 4 Mkt 4 Tifind &
B, X abak AR R PR BGRbHE R RAEEY, BB TRTT BB R A SRR R A

BUIRT B2 ARy IREE , Mem_altoc i [BIG 354 BRI M I i RS0 (0, 3 HL
se LA R 3R R AR S

{checking types 80)=

union align {
int i
long 1;
long *1p;
void *p;
void ("fp) (void);
float f:
double d;
long double 1d;

b
JX A1 08 B R AR AT (7T 285 B0 B0 AR AT LA E HiMem_allocil 9 A48 b, Gn it i
Mem_free fiptr e e iX 01 R AHE , HE4, £ a] BB dehtab o, B ATEE Btk iy
Mem_resize i B+ R R AT BUEHR . R)T WA Mem_free . Mem_alloc LA &
Hmemcpy:

{checking functions 79)+= .
void *Mem_resize(void *ptr, long nbytes,
const char *file, int line) {
struct descriptor *bp;
vaoid *newptr;
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vy
b

A A

assert(ptr);

assert{nbytes > 0);

{set bp if ptr is valid 79}

newptr = Mem_alloc(nbytes, file, Tine):

memcpy (newptr, ptr, _
nbytes < bp-»size ? nbytes : bp-»size);

Mem_free(ptr, file, line);
return newptr;

H
B, Mem_callocttn o] D43 i 38 FEMem_alloc i ¥ rmemset 50 B .

(checking functions 7931=
votd *Mem_calloc(long count, lang nbytes,
const char *file, int Tine) {
void *ptr;

assert{count > 0);

assert(nbytes > {);

ptr = Mem_alloc(count*nbytes, file, 1ine);
memset(ptr, '\O', count*nbytes):

return ptr;

}

T R BB 5 Bofil AR AF 2055 LA AMem_alloct (REY 1, 48 BEAY Yk 4MHC 1909 S2 0 X 70
TS, —Fr AL B B — N R AT B, B T LR R At 7T R 2 R Mem_alloc
VI BTSSR B85 IA) . SRR IR RN B, TN £ Ry v B4R B N AE BT
RUSTRBRER WL B WS, MBEEBLTHE A SNIRY, k. E A
ARG 5 BE B9 St 17193 B AGAE Wk DAAM G BT 05 19 P 70 AR R

Ir G A A 53 S 42 B M Mem_alloc e 4) B it e, S BE R 1 f | BERE SR AOHL 2 |
EBRAGERBRR AT, dalloc Sy AL, #0610 358 ol A48 2, 15 M tmalloc s 3%
ST2-l R A7 B 3 B i ke

{checking functions 79)+=
static struct descriptor *dalloc(void *ptr, Tong size,
const char *file, int Tine) {
static struct descriptor *avail;
static int nleft:

if (nleft <= 0) {
(allocate descriptors 82
nleft = NDESCRIPTORS:

}

avail-»ptr = ptr:
avail->size = sjze:
avail->file = file;
avail-»>line = Tine:

NULL ;

avail->free avail->1ink

nleft--;
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return availl++;

}

(checking macros 79)+=
#define NDESCRIPTORS 512

W Amalloc ) GE 2 5] -4~ =3 17§, Wdalloc i A4~ #5155 {298 fhdatloc iy A% |

{allocate descriptors 82)=
avail = malioc(NDESCRIPTORS*sizeof (*avail));

if (avail == NULL)
return NULL:

AR LA ZEiRAA ), YdallociR [ — 539 F it Mem_alloc4:)™ 4 Mem_Failed 7 7 .

Mem_alloc R 7 fist SRIY 7 B 1 H B9 2 A %0 INAT 0B BO% P Y Firse-fit B 3k . B #8 Rifreelist
BR, KB AR P BB R AL BB . SRS M IRIE IR D R4 R T B A AR B
0 Kfreelistff XD ME SE W T2, Mem_alloc B ¥ Fjmalloc /Bl — - A Fnbyvres iy A4
B IRCe el W AUsE £, SRS MK TifreelistH) & R % A9 fesk Ao Fbytes | 7
HTORE RN, TR R A BUS R LA B BTN 0. IRRS IR

{checking functions 79M4=
void *Mem_alloc(long nbytes, const char *fite, int Tine){
struct descriptor *bp;
void *ptr:

assert{nbytes > Q};
(round nbytes up to an alignment boundary 83

for (bp = freelist.free; bp; bp = bp->free) {
if (bp->s51ze > nbytes) {
{use the end of the block at bp->ptr 83

| }
B3 if (bp == &freelist) {

Struct descriptor *newptr:

(newptr « a block of size NALLLOC + nbytes 84"
newptr->free = freelist.free:

freelist. free = newptr:

}

h
assert(0y;
return NULL:

}
Mem_alloc 5CiEnbytes fj_F B(HE , {15 203K Bl 4 445 4 #52 AT fFalign A/ 8965 % .

{(round nbytes up to an alignment boundary 53)=
nbyte5.= ((nbytes + sizeof (union align) - 1)/
(sizeof (union align}))*(sizeof (union align)):

freelist free $ )5 (0 f£ if Mo 6% 22 RO 16 Hb 1) th ETE A TR A 77, 9 — Ko/ 8
nbytes iy A4 Lok FH 3 4T 5 B IZ 2 R TAAE UK R Anbytes P BEF BIE 3K, I 5
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HIAT BB R A 20 . MR M S in#hab s | 1R Bl 4 SRRy b,

{use the end of the block at bp->ptr 83)=

bp-»size -= nbytes;

ptr = (char #*)bp-»>ptr + bp-»>size;

1t ({bp = dalloc(ptr, nbytes, file, 1ine)) != NULL) {
unsigned h = hash(ptr, htab):
bp->Tink = htablh];
htab[h] = bp;
return ptr;

} else
(raise Mem_Failed 74}

B5-2 080 7 I AERRIBR : B R— N, SR 8RS Z RS o

5 A7l AR RR SR B s, 30— R AARIR I 1 . YRR . ARH SR U7 IR
e NT,
o
— " » - —j L >
* > » _—
—
i
.|
"E&'E‘:'E%w
e
- %_iﬁf‘&&;’g
L
-
ML
L

#5-2  SpBd- -Z5 RINAY K

MWHA 15 fJbp->size > nbytes{{iFbp >ptrifME M AL EEEE . Al =r Rl B B S %
PRI ST FRER /DB TR L B ED A AR BY A/ Flsizeof(union align) 4~ 4 | fEbp —>size
b Fobytes BB LA B S . B 705 BLM TiTsizeof(union align) 4 5235 B MASHET 57
T

inRbpel Fljikfreelist ( NI RBWRMWRIT 1AM ), W83 PITl — - fr4F He
MR /Dl idnbytes . TERXMIE R T, — BRI KDY

(checking macros 793+=

#define NALLOC 4096
M Enbytes i~ 737 BUAE BB, BESIMELS AP IR SRR E L, ETFT — R EAR FLEAT, B
o BUTE, SR ITR BN . XA FE A6 Hl  — Rk o W R AT 2
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a5

B 77 BC AR BT —

{newptr « a block of size NALLOC + nbytes 84)=
if ({ptr = malloc(nbytes + NALLOC)) == NULL
i} (newptr = dalloc(ptr, nbytes + NALLOC,
_FIRE_, __LINE__)) == NULL
{raise Mem_Failed 74)

SEPHEN

Mem$z Y H 19 2 — 52 SOHCH 2B MBIE . Maguire(1993) X #RMEC 4 BT of B8 17
TV, 348 7 —428 fley R B

PRI HRECHEFFRBE RN, UERSIMAFAR I THEFAEXNM T
2 H Mz X KasEiR, H Bi T A 2Purify(Hastings filJoyce 1992), ‘ie#eay 4
JUF B BF RS SRR, RAE 5.3 b 43 B AU A£ B IR, Purify i 5 38 I (26245 4 254
T ORE,; BT CRENHRE B R R SRR TR, DI & 7E B0 0 BT f
oL PR PTLAREA, BInTE A A VS e . FUER AR R iR R Y- HS i
|3, Austin. Breach HISohi(199 &R T — M EL, H AL thpy i o IEITEL A A
Hife B M K 7B %, LCLint(Evans 1996) 845 f#PC-Lint—3& T BLgnF £ & . af
LATE % v By Bt B K B I A B 4R .

Knuth(1973) 8475 ¢ Brf & 200 A3 (¢ PR Bk, 300 K41 Afirst fits ki@ 5 bl e o
O A0 TR/ et S T B SR F R A best FiBE 3 ) B . 2 Mem_alloc th 4l
ifirst-fit 55 75 58.7 97 o #34 9K ernighan fRitchie(1988) §9& 177 2Kl

REUNFEETRSE RS REN, EEHEN ST 60 Ak 2O R0t 8,
LI B TLAERE. Quick fit(Weinstock fiWulf 1988) %k B4# HIB iS00 —Fh A ok, @it IsT
KBV B H H 5 BLR A48 B R A UM KRR IR /D, Quick fitBss R AR rix —& . &
TFANT SRR, BN EFRAR AR SN ER MR D. 48— f
KUPHITE RS QA R M DL BT rh B — B BP T, BB b —F Ao/ b pafe bl Jpe
AN IUED AR ROBE R BDAT . M B A BT ESR AN TERN N b Ry, o Al e
7, M dofirst fit%

GrunwaldflZorn (1993 ) f#if F—FES, ZEKS L M BH 82552 % F Bmalloc
Hifree SR Y YL IR, :*ﬁhfrlﬁﬁﬁjﬁjﬁlﬁl}Wimmallnciﬁufreeig‘ﬁﬁﬁﬁﬁﬁﬁﬁ, W& KT Fis K
N, R SBREBMES NG IMEE; REBITINZERBERARIES . ZEAE4Y %
BT H T ) #ymalloc Fifree &3 IR LR . XU RS Bymalloc Mifree sl B @ # #f— /N4y . L
TR BN HOTF R AR £S5 Rt R 4.

2k >

31 Maguire(1993) 1B R A5 1LBY A7 B TTH — S04 Bk 00 (08 32 SERT 44k . X AT
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B

5.2

3.3

5.4

5.5

LAAE 2 W D7 (0] R0 8G ERY N B 3 E s 1R - D af i Ao LAY FEIEE 1
2.7 - E MR, FHrEMem_alloe iy £ 5 5 B K SCI & MG L T -
W~ MEA X FE LM IR R R R
— L M <use the end of the block at bp —>pitr 83>rp | X735 W] £E il He 5A /)
Hldk Flsizeof(union align) BF 45, W4 al GE Ak o0 F &% 2 M ER, HE &)
RAETIRMWEREBERD , B rey U, M XA AfEm . R TaEHRE —
TIXTER R, REET T TR AT LI R X ) SR
FAP o first fit BYST B, ERANS.7 35 45 4 PKernighan #Ritchie ( 1988 ) BYsT Bl - A%,
RE SR 7S R R SR T - A B BYTR RE AR . Mem_alloc 598540 528 3 1%
HOFH MBS FA R . B AT RS IR WE A8 %, AMem_alloc g i —
T8, FREE BTG AN SR, X A2 50 A R B ML .
PR B ATREIA R . fEMem_freem <4 Assert_Failure 5t . o0 FXF % 4 24 B 5
WAL T 70T . N IR A SR DA DR OR SR L we, IR 4 T B
(RS Fou: ST MR
extern void Mem_log(FILE *log);
MAFAGEBMem_logty CHME TS, A TESAlog MG, i A L=
Assert_Failure 5 758 BN £ 4 117 AR . X S{Z 8 0] LIV R A E#R B & H45)
PRt E. P, ZMem_freedf M. M HSHIGEHTE MY B— P L2 B 11
ARl , TR THEAENER N,

** freeing free memory
Mem_free(0x6418) called from parse.c:461
This block is 48 bytes leng and was allocated from sym.c:123

R, BMem_resize# ik, T SHISHISIMNE - PSRN, S E i
25 H s BN

** resizing unallocated memory
Mem_resize(Oxf7fff930,640) called from types.c:1101

StitMem_log{NULL) JG#s BR44 0 2 35 W 77 HRAN 1R 10 B 75 o I

e SO A R B N R BT TR R R A MR EA R T ISEA 27
eI SO SRR -0 B R = o AP e 2 N L R e T =T W BRSO B M
WREE, Wi 2 T SR P i SR FEI PUAE BT A e B 1700 78 e 130T Bl LI
RIAR, (DX IS TR R, BHATFI T $00 FAE SRR RS % A —A & W
Wi T . iESE B

extern veid Mem_leak{apply(void *ptr, long size,
const char *file, int 1ine, void *c1), void *c1);

SR B i thapply AT 46 10) B9 R B0 B Tidig 4k PR AT AL T, size B
m%k$‘mﬁmMEﬁm%mmﬁﬁaﬁF%Eﬁﬁﬂﬂﬁﬁmﬁﬁﬁﬁwﬁﬂ

6]
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53

&7

¢l 3% $5Mem_leak . T ™45 {147 Kapply B A Jo — 1~ & B fZ il fyapply -
Mem_leak 3 K HliEcl &F H 4 e, {88 v BBapply FijE . apply ficl - - ##7 #—
ML EfiEE 7 T EBEM - ZREW T TR EIR. Bl

void tnuse(void *ptr, long size,

const char *file, int line, void *cl1) {
FILE *log = ¢1;

fprintf(log, "** memory in use at ¥p\n", ptr);
fprintf(log, "This block is %1d bytes Jong "
“and was allocated from %s:%d\n", size,
file, Tine):
}

AT L TR IS B

¥ memory in use at 0Ox13428
This block is 32 bytes long and was allocated from gen.c:23

BAW—TEHJRAAE FE T, inusef AR EAIPT UL R H L0 ay i
T —E T B Y% 4Mem _leak Je 55 B

Mem_teak(inuse, log);



F6E #H—TAGFERE

K& malloc Mifree gy S0, fH Aoy AT E O RAR A T RA A /b, ERIH -5
TRY T Yfirst FtEEEERRE B 7 SR HI, TN 0 YR RCAR R I Y HOBR Rk
TEfR] —If R, PR H P 3O B T EEI 7. el . 40 S Sl sl IS 18 o) oy
Hd‘ﬁ%ﬁﬂﬂf S8 O AR (destroy b B et TS AR BN, SRR R AN — 1B L B &
lcc 7E 4 S 58 FLU il T 79 44 500 Eﬁ,l THAC . T R el RS PRI - P B A ARG R
BHRAF¥IT.

B+ RPN AEEFEE @ EIE T RN ET A0 et B R0
REE— AT, HREAGEX ST R S0 08 A4 el LR, i Btk o 331 3
anit

FEPR T — D ANEERED A EANH, EHEHMEEF 3 (arena ) M Bk
ﬁ%&%%ﬁ*#%ﬁMWﬁEW#iﬁ,ﬁﬁwﬂmﬁﬁﬂ+$ﬁmﬂﬁ fin 3 14
malloc, TR e 7704 Fifree . SR mE T iE 8 -8, SBR FR% B2 00 Hifree
Eﬁ%%g%ﬂ%ﬂaﬁﬁﬁﬁuﬁﬁﬂ,ﬁiﬁﬁ¢¢¢h&ﬂﬁﬁmﬁo

WHE TS AR BRE, R—g 50 Mmalloc 15 jh— 546 % 6ty B free: 17
SEAFBUEH W IR A LU R B, REAEISE  AMree BRI BB FTLL . fFERT T
ETFRE D ET, DEMBENEETR, B EERE. Mz i E—1 55 E0NH0E
e TR . 5 A% (Applicative algorithm ) 43Pt AY% B2 45 #0 iR BRt A8 O 44 76/
R BIREN . BT 0 5 BE SR T A SRR s wi e R s, R
AP RE 2 EARORA 7S h), {0 ST 26 o F free

RTEFROTREF R G AL EELMOMAAET . I T8 &7 E B et |
AR R 2 R E BISRIR M A T, AKX N AR TR PR R A FY R G MR R 7L AR
AFE T AL RE S| R 2 BC A A ST M T AE 0 % i s fade 5 AT 0 INAE A0 . R
4 0] R M R BLE A AL B AR, TIRAT R R MR M, X RERE AE i — A PR IR
LM AT, EFRGEREERERN, X [aEERD Bt

6.1 #0QO

Arenati L #8536 I B DUROR IR0 AERRB 46 0 28 T 8T 15740 PO AY B8

{arena. =
#ifndef ARENA_INCEYDED
#define ARENA_INCLYUDED
#include "except.h"
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<0

91

#define T Arena_T
typedef struct T *T;

extern const Except_7T Arena_NewFaileg;
extern const Except_T Arena_Failed;

{exported functions 91}

#undef T
#endif
SETF B G078 AR M 2@l R ) RIS R) SE AR

(exported functions 91)=
extern T Arena_new {void);
extern void Arena_dispose(T *ap);

Arena_new 81 —PHTNY LHH, IR Fl— 48 mISAA B 4T, REC I H R0 B 504G
Fot SEF By R, A0SR Arena_new JNGE JrBC S AN E], e 2~k BAt Arena_NewFailed ,
Arena_dispose BE SR KA *ap H XA AT, SATHBRLESRKR R, HiFk*ap., @
1613 T FMap sl *ap 25 Arena_dispose , 254 — 01 # THYIE 1T )45 .

JHBC A% Arena_alloc flArena_calloc S5Mem#$# O [ &= (IR ¥, M - HA R B &
IR FRsETeas ol 47 7 A

{exported functions 914=
extern void *Arena_alloc (T arena, Jong nbytes,
const char *file, int line);
extern void *Arena_calloc(T arena, long count,
lTong nbytes, const char *file, int line);
extern void Arena_free (T arena);

Arena_alloc f£arenat| 4y B — 4~ K/ 270 Jynbytes F)(2 bk, 315 H— 50 55— F TpgE
Bl o AP0 B IR HE 0 S X5 B, it ik T SRR B TS AT ST BRI R
BRI, FHERT RN S R WE L. Arena_calloc fFarena st — P {EREH | H o/ B G846 i
count U # A B, R TEBIK N Anbytes, JFIR | — fE RS- AT TR SR . AR
HiMArena_alloc T —#E, S RM LA R, 389 6/ M0, R count sknbytes FiE F¥ ., &
yegE AR TR A TR

Arena_allociilArena_callocHT Y5z 5 0 -5 #LU2 A AR Br &b CfF /Y SCHEB AT . IR
Arena_allocflArena_callocAHE 5082 BT 25 -RAY AR 0, B4 1T 12 A Arena_Failed 58,
F¥tite Mline {T 8 S5 514 AExcept_raise . {§f3 B3 AT LLIR G H fUf2 2 . 4R file 24 ox
T, A B A RA Arena_Failed 5455 B A 2511 45 1R 0 g fi =2

Arena_free Bhfarena | fF A A {F 58 50, BNRE ML 9 ) Barena i F — W R
Arena_free H45, Frarena'[' 7 pe iy IHE " oT.

ERT D 53 75 BT S 61 TR Je v 025 A9 AP R 4%, 2038 o1 b B 32 T 1L F
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Memdk (i Hffy AIRR L K H (B A F malloc ffree iy 7 AL F—E 1 H] -
6.2 3CIp

{arena.c)=
#include <stdlib.h>
#include <string.h>
#include "assert.h"
#1nclude "except.h”
#include "arena.h"
#define T Arena_T

const Except_T Arena_NewFailed =

{ "Arena Creation Failed" };
const Except_T Arena_Failed =

{ "Arena Allocation Failed” };

{macros o8)

(types 92)
{data o6)

{functions 93}
T8 IR XE - NN T B ( chunk of memory ).

{types 92)=
struct T {
T prev;
char *avail;
char *1imit;
}i
prev BTN L AEBESL A . TATE BEIR LU T B S5 TS SR R TT s Limit T ER 45 151 U 48 L6065
AREBT DA AR availl FEAT IR B - eSS, Mavail B 9imit =5 [u)
A L Bl Ry
UNA# rflimit-avail g, S ¢ arRIN-NE /AR B, avaibig @ N | 3R [ 26 I0iE
RN iBoflimit-avail | #8 4 #Mmalloc 440 -~ B 00 (E55 e . *arena (K125 55 (8 19 44 70.0F {f figh
BRIy b, arena FETREWIRAME T . BB AL AT LU AR N 0047 finkl . SR IS BRERIEAT 40D
R S A SR 0 T Il — D AR BB K, 1500 350 3 5 A7 SRR SR80 AU fe bl 25 Bl A
fidprevF BEE AR RO . BI6-1 5T BN SHEMMNRE, HIB 89/ T 4 AR H: 1A
AR AP BE Z5i0] 5 FERBBRAY ROURNTRE QISR AT A7 (A1 AT 509 BN ArkE B . AR £¢
A R SRt T BE B R 4R Ae A (.
Arena_new 7ML IR [ — 4 S0 HREY K, BN B R ASTEal, BN oS a e e

{functions 93)=
T Arena_new(void) {
F arena = malloc(sizeof (*arena));.
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if (arena == NULL)
RAISECArena_NewFailed):

arena-=prev = NULL;

arena->1limit = arena->avail = NULL;

return arena;

o s iu e |u — prev
I | e ___ | ]
Ld
(ﬂf . fff_h_“—“' {ff- . avail
— - >
R —a Timit
T TR /- R //_
L b P
o i e T DR g
%fﬁﬂf %E i
e R
e el
ity LA ; :
L=ttt i
%ﬁa = -\'.E::E?E ﬂ::i' '-\."'u'-\.-”.-"r
Ry o dAl
S e
o e
i i
n AN
5-&-!-!\.;\.;\. .\.E”: F2s i
Hhorhepes radedin ey - 1
EH H+++_§ g = e
i b
R H-a:;:#' ; -é-. i ?:
ﬁiﬁ-ﬁg % : i
o s
i
_é : E_ ¥ LS
e P
et i
et . l o
SHoE S

), j

[6-1 oA TEAE LT <077 bh

Arena_dispose i F Arena_free B H 77 BN AT (R o BRI & B HOES fE B S5 ¥ A L3 350 48
) ST {E B R

{functions 93)=
void Arena_dispase(T *ap) {
assert(ap && *ap);
Arena_free(*ap);
free(*ap);
*ap = NULL;
}

Arena Hjmalloc fifree {3 Mem_alloc fiMem_tree . [H ¢ L =7 F Hith gAY
R EZB R FAR R AR T IEN . [ BTE R AU M) Nopvinp RS SE MR
Fravail 4551 i [ S HCRE B0 Rt Jooh o 3EIE ) IR B4 .

(functions 93)=
vorld *Arena_alloc(T arena, Tlong nbytes,
const char *file, int line) {
assert{arena);
asserti{nbytes > 0);



it — A B 09

(round nbytes up to an alignment boundary 55)

while (nbytes > arena->limit - arena-»avail) {
{get @ new chunk 9s}

}

arena-»avail += nbytes;

return arena-»avail - nbytes;

}
Ui Mem i 1 v H RIS D - A

(types 92)4=
union align {
int 1;
Tong 1;
Tong *lp;
void *p;
void (*fp) (void);
float f;
doubie d;
long double 1d;
i

AN S 7 EH RRARXTFH RN, N FERE RS THEA RS Rbi D REaE
KT E . B He kX inbytes ) - Bk .

(round nbytes up to an alignment boundary 95'=
hbytes = ({(nbytes + sizeof (union align) - 1)/
(stzeof (union aiign)))*(sizecf (unjon align));

AR ZBE R U, nbytes B B/~ Farena->limit-arena >avail 8 38 277 itk A0
A A nbytes ({75 MZS 7], Rk _FHiArena_alloc S N Kwhile 50 49 T 8 BORMUFTAY . 4=
ORISR SR, IRAFAL B — N F o fehE B . OB R SR TERE M
R 7S EA R . ME6-1gE % | 005 — NEfEsh

AR TR EERE S | *arena Ry XS TR AF 4R 87 10 TR0E B 80 T35 . 3T arena By BY
e fh. fEE B T a AR .

(get a new chunk ¢s)=
T ptr;
char *1imit;
{ptr e a new chunk 9s)
"pLr = *arena,
arena->availl = (char *Y{({union header *)ptr + 1):
arena->1imit = limit;
arena-=prev = ptr;

{types 92)+=
union header {

struct T b;
tnion align a;
o

93
94




96

20 F6F

L * ptr = *arena ! * arena{RA4F L3 MIIE GEER A R 45 40 . FeHfkheader{fiF arena->avail
HMT TR 1 T3 A7 B0 (80 -0 BeRf i 1 il 2 i B M3 Y stk

W RBFaR . Arena_free 7E 774 Hfreechunks ) 55 IR Bk T IRAT7 1 JLA =R B 4465 B, LU
W P4 FHmalloe P8 IR - i ek R 3 A a8 Boh #) AR IR SR Hprev E ER S R 0,
MK LS B i I Hmt R i ) SR b KRS R - Mk, nfree SR HE Jerfr L aEER Y3L
H. Arena_alloc MZEF & 1o 3 71 fmalloc 4] =SB EAER . 380 B3R S8 limithg
fE 1 Ay [ BiRg<gel ¢ new chunk 95>111{& fq .

(data 96)+=
static T Treechunks:
static int nfree;

(pLr « a new chunk 96)=

if ((ptr = freechunks) != NULL) {
freechunks = freechunks->prev;
nfree--:
limit = ptr->T1imit;

1 else {
Tong m = sizeof (union header) + nbytes + 10*1024;
ptr = malloc(m);
1f {ptr == NULL)

{raise Arena_Failed 96)

limit = (char *)ptr + m;

}

A ITBE— DB BB, IR 40 W (AR R O A, ATLUETE — 4SS BRaS kg |-
ubytes %[/, FHL AT LOKF WA vl 250l . 40 mallociB %, B4 LM, 3*FH
Arena_alloc i /i — ~Arena_Failed &%

(raise Arena_Faijled 96)=

1
1f (file == NULL)

RAISE(Arena_Failed);
else

Except_raise(&Arena_railed, file, line);
}

-Harenafg 7 — 4F B77 filf . Arena_alloc![" fwhile fi R4 2 i BVC 4000 0 {BAR 1
FIRESR M. AMARRT 4 4f SRR 3R € freechumks, = BRAT BE K /ML % T 6L 35 AL oK, EME R
{12 7€ X B Awhile {f 55 e A, A5 g4 19T 7

Arena_calloc{y{y M Hf Arena_allocED af -

{functions 93)+=
void *Arepa_callac(T arena, loag count, Tong nhytes,
const char *file, dint line) {
void *ptr:



it G e T 7

assert(count » 0):

ptr = Arena_alloc(arena, cecunt*nbytes, file, Tine);
memset(ptr, '\0', count*nbytes);

return ptr;

}
ST IR BEDCR, 0 AL R 200 B 7S (KB (g s Feeb ROT], WA 108 I EAY B
B, WiE*arena i B a7 bLI0 Ay

{functions 93)+=
void Arena_free(T arena) {
assert{arena);
while (arena->prev) {
struct T tmp = *arena-»prev:
{free the chunk described by arena ss)
*arena = tmp;

I
assert(arena->Tlimit == NULL);
assert{arena-»avail == NULL):

}

Xtmp 23 BT, U Harena-—>previli (MW (7 R D MR B EE & Fltmprr 3 AR A
1 H) LA BRARLE ) * arena = tmp M1 Topy 7Af bk % £ T A 00 S0V B2 M M TP S bk ™. 97 ]
BRMERWES I, Roarena I 55 EBBHER %% 75,

freechunks M Firfy By il SR 25 RO 7rA8 e DI 08 Bl M . 5 B9 T 367 B 1)

o HAE A B N T TUAT B 24 (518, treechunkes H BYLE it B s H: 40 BURR 121 2
ﬁat{%,;.::a SERNAIFRIT, B, FTHE 2000 156 i timalloc %5 B I 2 M. 4 7 Rkfn A B2
REMNIE73H , Arena_freeffisg fEfreechunks i i 4 it

(macros 98)=
#define THRESHOLD 10

P IRTEBES . - - Ainfree A% y THRESHOLD . [H,/5 iy /¢ ikt W W free B

(free the chunk described by arena 98)=

1t (nfree < THRESHOLD) {
arena-»>prev->prev = freechunks:
freechunks = arena-»prev;
nfree++;
freechunks->1imit = arena->1limit:

} else
free(arena-»prev);

E6-2p, ZLANAE R R FERRICH, Yofrees) V' THRESHOLD R,y fitfBe s
Plfreechunk . BEHLJE 1) TEfg B R 16431 . MGE 263 AN B R (R R = 4 RIS HI Wy 45
bridd B,
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T arena
- — prev ¥ &
/ - avail
/——- Timit AN SRS

\*' freechunks .

/

R6-2  Linfrece <« THRESRHOLD B£E R 77 b

B Bk

B TRATREODEART G e 5425 (pool allocator ), B E RN A0l L
B4 BELFE IR (Hanson 1990 ) %30 2% [ TElcc (FraéerﬁHansnn 1995 3y hfE T &Y . tcc
M BEEFILEFERN S ERFHA R ., CREEHATEY, HEHENREBTFOLER
Vi Fifree SEMRT . TECREMMYIRRAS 1, 4 BCJE 18 0 & 15 400 S 43 55 MR 25 159 K IR 19
FH RA LTREF R ER A RN,

BarrettHiZorn ( 1993 ) SUGR T4 [J Sk FIE B RUSE B . RS T . 4B S0 HUT %
2RI H ] R BUNTE iy B/ BORS A SR T RIAT A B, 215 B £ 18 B DL/ i s
Aot aE, BTLL R TR AR LA R PR L B S BRI R — 4,

Vmalloc(Vo 1996) 21 FE HYTEBEAEFE, 42 ¥ L HMem#Arena &3 . Vmalloc it
VP £ A R O AP B AR, TR AR T B0 IR B 7 [ g, Vmalloc
P R R AE — P mallocH A H LB, LR V" Mem BTG R IR S RI B9 (A1 4,
H B X i AT Ll i S A B

BTEARNIRBTE FZ AR MENRER -1, LB £ 0k E 25 (Garbage
collector ) B { —& . EI#4 TR ARG, A0 CHS T EBREMRERIF
WA, BRAUJLFE LA K (AR BT KA BE, AL BB RO It Aol 8 Ak, 1O SRS &Y
KR B2 R Bk,

BHIRMETRERY, SRNEWERHRENIHE TR, B DA S0 BER R
T BT R B S050 A . TCFE BT I B AR B R B R | K B AT R, DA TR R
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WP T BT | W AT 3 5. 1K B ] AT (] 00 7 B, i) T A9 AR AN nl i [a] (Y
F O LIEER, XTRHR TWERT A N fCH: Appel(1991) 2 MTER LR, 12
B Bl f—Ye R M Knuth(1973a)#iCohen ( 1981 ) i AMFA 71— S0

AT ARBNOT U R (e At B, A& 300 BORE 0 201X TET R A B R ] R DA 0% HT Y TR
oo LA (o] H B Ay AR . et AR S8 SRIT EGE AT RN IR BT IR IB S . ol B
*ﬁ,ﬁ?)ﬁ%{ﬁﬂﬁw%ﬂ@ﬁfﬁ” I GLISP, lcon, SmalliTalk , ML JitModula-3 . {3 5304 # 48
(Boehm HiWeiser 1988)T] Lf b #8 fE42 ULAL 9528 MUE LN T2 whit i & . (8C RIC++ . 4]
St [ - DEMLAT B AGE N FE ML F AL, F L0 S — A 35 Hos 1wy
#%H%ﬂwﬁﬂﬁﬁ%ﬁ%%%%%ﬂﬂﬁﬁﬂmﬁﬁﬁﬁﬂmﬁﬁimﬁm*Eﬁ%ﬁ
PEH AT R L (DR W WA SRR . LLRE TS ROR o i[5 A I S BRI,
IRE R ARA X AW BOER S, (B2 et FAEE T (Zorn 1993 ) 1[5 8k | FERLA 4/ .

27

6.1 Arena_alloc[1 7548 tiarena i iR A /A8 ik . 40 Y AE AR £E68 B IR 44 12 GBA% 75 Jig»is
B, WIAISE R DS H A (AEE T H A IR, 2 A B - IR L s
Arena_alloce 153 2076 77T R (768 BT B S8 < I D9 A0 . 2000 T 17 ZE IR A4 RE B o1 B4
NI RS- TR MAN AL, RREERET - EERE. A N
B 3% B BT A8 £ I i o

6.2 ZjArena_allocdi B — 1 FIU7E BEB E, A0 2 RE SR ois 05T . P bk 56 3B Aol 1L
BUS WA B, 5 —Fh o A RO AR L AR B R TSR 0 bk AT i) 4 ik an K
freechunks &8 {1ia B9 RS, MR A50BE - %89 47 fBHe . iU Ffreechunks i &
A ELE SEBR T L S 8 SUAE T . 0 R348, Arena_alloc " Mywhile 5 53k 7T
LAHIEOE ] R o WBLIR P A I 1 B HMERE |, 2 %52 fhArena alloc (114 47 14
EH D A8 8 Bl LUEE SURE HA 42

6.3 M THRESHOLD i} % %410, BV A A3 VN A4 e B2 K S 4577 BT 1 00K 4~ 73 H)
R AFE 57 1], Df:[jﬂ]Arena_a[mcﬂ}@ﬂl}ﬁ{;ﬁﬁ#frj&'féﬂ;‘ HMIOKZEH . MArena_alloc #H]
Arena_free BETT - -F 7 3 AW I A B0 RUBE B IO RIS L I AR T S 4 0 i iy gl =)
THRESHOLD . Xt M8 F W 2@ 132 (7 b it AR TEe s/ . 3 H W Rimalloc
IR BAL b

6.4 ME¥ENH AArenalE Ll A I5mE

void *Arena_resize(void **ptr, long nbytes,
const char *file, int line)

Pl 8Mem_resize— £ . 5 oBB af LU ASpir 7 45 ] B4 fif e 16 e /)t Ambytes T~ £ 17,
FRAR T - A8 R ELES B RO ERE A0 S B VA i e o] B S I AE G e 1A
S NRAFRASHE (B - R — A8 rh ), i &pirds 2 iy (gt —RE, faufa
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101

102

6.5

6.6

Bk e E DA 30T X P e R BRIk AP 17 4 ARG E s 1T H] AR
(ERIFBEREFS, — i BRI A SR A GSIE R AR TR, R WK
W= i AL, PRICHERR R B AR RS H S E 8V 4 B, TR R (SRR A R
T Z e, (ERE R B8 28 Shric B S B, R e IR -
1, VREE %5 MR R 7 Bis fr BH B 1R SR 275 100 REaT AU ET 147 45 0I5 X K 4R,
AN O T TSR R AR TS ), SRR IO Sl B, TS KX R H AT
YZF [A)

WMBRBIT A D — A AR BT, S RS X — AR B, 7RI iR 11 2 )i
MR, HEX— MIT W R, R REIF AMEW N EL B gny, %
WAFES - —RRO, EEEWHRORER ., B U RS
Mem_alloc By 7rBC %k, 02 "9 BIEEE" (I AYE 40T T Hifth M e 4 % 45
BEn] LLSS XN TPE B Y, PIA R R 2 SRR T, MERHE LT TH
WY EC. o Rf RURS A0 A0 R A A sk As W, Hofb el BB TT LU TR S R A
PIER I, SRS A — B IREE, B AT AR B DU IS0k RS . TEIR
Pt iR I Al R HAl o i



B/IE PF

HEREHFEITREMEHAERMES, FMEF AL TR &R, HERTETRRHA
Rt RAKE, LFHEMNILE TN AR FLUEMERER e R, EEHTEEFER
hanied R, Bl --ERFEINE SR AN KR RLISP . Scheme IML{RZ i3
A I

HREEZEZIH, NERFRABESHNIFAFRON ARFHITEHRVE. ST RE
ROAMBRERFLIIR MM REOESE R WM 4 Hid B 1 2R TR R 1,
LA S il R MR MListi B A T r e e N IR RV DR S R ThEE . OGS S
TR (7 5] RAE M 5 —Fh F28 Tk,

7.1 B0

oo Lastiz O (6 7y

{list. =
#ifndef LIST_INCLUDED
#define LIST_INCLUDED

f#define T List_T
typedef struct T *T;

struct T {
T rest;
void *first;

}i
extern T List_append (T list, T tail);
axtern T List_copy {T Tist);
extern T tist_list (void *x, ...):
extern T List_pop (T Tist, void *¥%x);
extern T t ist_push {T Tlist, void *x);
extern T List_reverse{T 1ist);

extern int List_length {T Tist);
extern void List_free (T *1ist);
extern void List_map (T 1ist,
void apply(void **x, void *cil), void *cl);
extern void **List_toArray(T 1ist, void *end);

#undef T
fendit
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] H7F

List TE —MEmLIsC_TE M. KERADTHARE T EfTABEMERMY . M
Listil 8o © i gl 4y, AT XA MADT, [l S WAk E st m B 1 it B
HE W e Bk,

List_TAY 2om JEIUIEH mAfl . BB RS AEITE Bz A, w113 S Tl 8240 2
WEE BRSO, BEBRTERE MU M EEHEA A - FT EMAAEH. K
B GS Wil T RPN — LR RF %L,

e BiList_T i) o 7] LA fal {8 O DL & A9 JLAME B el ) anList_ T2 % ) A5 8 7T 1 &
A E LM A, XA ERFN N EERNA R, TR EE, B, T DiE
HABRI AT TR AList_TE#H, NS ALt THE— T haE A, S HEivARARNE
v, FFH R ORTE B (first Mirest 2 Ef |

RO AR LREK - TE DX S8, IR R BN A9 &

List_list@ @ =R @ - a8k, ZHEN N HEA T840 - os de4F —BiBE, ME— fHN
TR RBER, XN EMistF B NSS4, mie ) Wrest FERY AL Fjdn
BB 4]

List_T pl, p2Z:

Pl = List_Tist(NULL);
p2 = List_list("Atom", "Mem", "Arena", "List", NULL);

B PZS FER LB -DH AT I I F A “Atom”, “Mem”, “Arena” f “List” #
TR BYEE . List_list [ 88 /24 FdiMem_Failed .

List_listfix pb St S8 R0y o & 8RR ISHH 88 27510, THEE 1 U8 AT R0 L0 Ay 14
AR RN, IR B0 2014 55 3L 1 R 1818 24 AN 45T 10 B 8 7 0 58 Al Wi
SRARTETUERI M, B, N7 HE— a4 R T EREEE. HE FHE "Atom”,
"Mem™ |, “Arena” FI “List™, [ H R,

p = List_list(List_list("Atom™, NULL),
(void *}List_Tist{"Mem", MULL),
(void *)List_list("Arena", NULL),
(void *)List_Tist("List", NULL), NULL):

A0 R SR A ] oL BT R S R A £ RBOREI K B AT R R . LFE GOFE R A K
BRI G - -

List_push(T list,void *x)7Elist @ F LM — 10 A, fefx . 38 M a0h £
List_push "I g2y 4 %' Mem_Failed ., List_push &2 fh— Frig i3 fres L (¥ ik, fanpai,

pd = List_push(NULL, "List"™);
p2 = List_push{p2, "Arena");
p2 = List_push(p2, "Mem"):
pd = List_push(p2, "Atom");

R 1 bR TR e Lp2
2358 — AR . List_pop(T ist,void «=x )8 538 if— T R first 58 BERE (45 + x
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WRATR A . WS4 B R AR, SRR R FrosEd . MY T — R K
#E-z List_pop {{ IR F T HeFR, P X P L) 84

Lisi_append(T 1ist,T tail)#E -2 TEM— MMt . EA5aillll E 5 1stet BAY RS
P A rest FE - G RIst A, IR Mtail | IR

p2 = List_append(p2, List_list{"Except™, NULL));

Fp2 W E ST UR [ 3R, X TSP ocR s RS Mg ey E ) N1 U E wsd £ &
— ™ HExcept /L E K FIE A -

List_reverse ) ¥ E#EBR00 D0k r ik E 45 R etk - il

p2 = List_reverse(p2);
w4 “Except”. “List” ., “Arena”., “Mem” Ml “Atom”™ ¥ .

FIH au Ay (kAR R B 0] R AR H A7 3 S0P ( destructive ) E'Eﬂ:-iﬁm t{: ( nonapplicative ).
AT RELA AR S SR AT 1B 4 JT R M 25 RéF R | List_copydd -~iG B ( applicative ) /iy 4
B UEAERSH, FRMESGE . B, T TIHETNZR

Lyst_T p3 = List_reverse{list_copy(p2));
p3aii— 1 “Atom”, "Mem”, “"Arena”, "List” Al “Except” MH:FE . p2ikfiik .
List_copy ol fE &= 4 H & Mem_Failed .

List_lengtha& |nj L 2 ¥t -k AT R #L,

List_free g% — -1 (0] RAT W15 410 S5 QIRAlistR B a7, fR2List_free g « list o}
i RS A, R+ Listild 3. Gafi«list R4, B List_free ¥4~ (T fME1FE, A0 &k
TR ET 2 PRAList _free | 37~ 0] K& (¥ indT BHEFIR .

List_mapXihist i g4 497 o3 )4 Flapply 7 48 (% sd 35 . % 5 8 P2 P T LA i 4 4> i A
BT CRME el fgList_map, M [LEIRF AL &L «apply , 0 HE 4 8%, aflisty)r )
B AT R, ~apply B - N0 W s Mfirst S BER FR T Ruc LIE 5l — &M, R Hyxapply &
Five i tiest 7 B A S — B 0. BrLL e w] LIng Bfirst FE RUME L S0 R, apply Fucl
FR 7 - ML (closure ) A (callback )}, BRI —#AUE ¥ —4 804, LA &R R
L1 TR EERE - @14, #3576 f¥imkatom

vold mkatom(void *+%x, vn1d *c1) {
char **str = {(char **)x;
FILE ﬁfp - C1:

*str = Atom_string{*str);
fporintf(fp, "%s\n", *str):
h

m " FList_map(p3.mkatom,stderr) % 00 I 5408 rp3fh M 700 0, T iRiah o
LY f 0 1 45 R
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Atom
Mem
Arena
List
Except

Y — AT B ek BapplyFree

void applyFree{void **ptr, void *cl) {
FREE{*ptr);

}
B R Fo 8 SR B2 A, RO BE R P first FE M4l g As A . Bl
List_T names;

List._map(names, applyFree, NULL);
List_free(&names);

BT sEEnames TR, MRIBRHT AT, M Rapply M E Tlist, X#HE DRAKE
A & 1T WiELR

o E— - TENTEHEFE. List_toArray(T List,void *end){ij3 —42H , = cROEN-153 5
FEigaE R et TR TN TME , TN o E fEff{Hend . {Hendi& 7 & — 23464t . List_toArray
IR [ -~ PR ) R R R — T U R AT ] L3 i A U B AT LA LAHR G R ST BT 2K

int 1;
char **array = (char **)List_toArray(p3, NULL):
gsort{(void **}array, List_length(p3), sizeof (*array),
(int (*)(const void *, const void *))compare);
fFor (1 = 0; array[i]; i++)
printf("%s\n™, array{il);
FREE (array) ;

AL P FRR A — B, B P AR LT B tHList_toArray iR AT HUEH . AN REE RN
, AR 2 List_toArrayi R Bl — MIC E R4 . List_toArraytl 7] gk /=4 ¥ Mem_Failed .

compare PN E FIRHERE pAEiqsort F 8.2 25 1!

7.2 3K

(list.)=
#include <stdarg.h>
#include <stddef.h»
#include "assert.h"
#include "mem.h"
#include "Tist.h"

#define T List T

{functions 108}
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List_push BList3k 'V E A0 K. B — T e, WiEt, BRIOBEM—TEMT
RIdE T

{functions 108)=
T List_push(T Tist, void *x) {

T p:

NEW{(p);

p->first = x;
p->rest = 1ist;
return p;

h
)2 R0 A%k, mlist list, BEZR—AE . Ko il TSR B SR, H O
LR BT AR BUER ST R AR A 0 WA BT A sk e O 7 s X, e
A IEED, BERTIRM B0FR AT R AT 0T LD I IR

{functions 108)+=
T List_list{void *x, ...) {
va_iist ap;
T 1ist, *p = &list;

va_start{ap, x):
for ( ; x; x = va_arg{ap, void *)) {
NEW(*p);

(*p)->Tirst = x;

p = &(*p)->rest;
!
*n = NULL;
va_end{ap);
return list;:

I
pFFGade mlist, BRSSO A0 SR ARlist . S, pIS s R R
Mirest B, WL, Ff«p 8RR K B D0 © — W, T mies i R a5 Cp Y RE 1R
BOR LA b BList listiga | — ANF = WA aE RN, ordf AR Mo 1Y 156 Rl AU 2

? [
Tist
Y |P
_ ¥
&* —1—|» |
. ’p
!
¥
*-— > *— >
o ]
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B KM R N P —MEITERESx, HeiE5F oz dmedszEl, =98
El ol BEEXMY RGN . X S B R 3F rList_lstINULLYZ [y B — s g, BI—1
2R £ -
List_lList{@ A S m 485 8995 8 List_T *s. X-EIF SR LRI ENRAUHEE. ¥ H
Corr IR LI R A BT RE A T AU AR M AR, LR - PR R SR N
10| List_appendinBf] i #ol8 FvL 8950 - e 7l

{functions 108H=
T List_append(T 13st, T ta¥l} {
T *p = &1ist;

while (¥*p)
p = &{*p)->rest:
o= tail;

return list;

h

List_append TR K34 p— EIFBlUstHTHE , TIE] &8 M — Dlist A 5973 #5457, tail gERY 25 g

Ry 45T N RlistAR Bk Fo 155, R Ap B HS mlst 8 b 545 & . fiE;réi%ﬁﬂntailé"J
— PR R AR B

List_copy SLListfe [T b 5 - A4 FH 51 48 i 38 £F AU 308 PR ) PR

(functions 1081=
T List_copy(T list) {
T head, *p = &head;

for { ; Tist; list = list-»rest) {
NEW(*n};
(*p)->first = Tist-»>first:
D = &(*p)-»rest;

I et

p = NULL;
return head;

}

18 W A58 M B 3T A RERT fLList_popxgList reverse, [Hitf %t B 1 ek $k. th i IS B b g

RHMURRER U List_popMERE SBERT W — b &, T REMEET L. iy
IR [F] — 73 Bl B 25

(functions 108)+=
T List_pop(T Tist, wvoid #**x} {
if (1ist) {
T head = list->rest:
if {x)

110

*x = list->first;

FREE(1ist);
return head:



# £ 81

I else
return 1ist;

3
MExdEss . M ArXfEEE S W ESEMGZ A, #RA R IE WAt R FE:
List_pop 2~4% 78 BH Blist £ 7] 84717 £5 2 16 (R A£list->rest,

List reverse B M- 3850 i Fdk H00 . Lst Mlnext, HTR07 SEAS {8 R P 46 6720 4% 6
#; new BT R a4 BYEE R -

{functions 108)+=
T List_reversa(l Tist) {
T head = NULL, next;

for ( ; Tist; list = next) {
next = list-»rest;
list->rest = head;
head = list;

}

return head;

}
T riaIE R T EWESEN, EEAMAE - DER 2 S RE s Anext#YE T, T4
HWEBEPHFE=TILE.

head next

’ »

|

\ A ¥

4 * * M L |
3 D ¥
" ‘ A |
.
Tist 111

nextig [ listRyhg 8%, 2flistd§ M fefg — T W= N . next3Fp 7A5{H, Thead £ m O 09 4
v OFgE M listay B3R s Slistss M T TR B, headfB A H. I AOPHE AR T
T R hlistfa1n) B9 SRR Flhead §h3% (3R 3k, M 1% F X Nist = nexe §Elist ) & 1K 15 4%
et . HJG st R gUes 0T R

head next
. :
. ™ |
¥ | #, ¥
- $ ] P
. 1 X
., _ _F_,-"
]

IR R4
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T — YT S GER (KR, nextH #F YCAT I,
List_lengthyi Jilistif ¢, AF 07 1 S BEATIH %, milast_freem hyliste® e, FERCH R 7779 50

{functions 108}+=
int List_length(T 1ist} {
int n;

for {n = §¢; list; 1ist = list->rest)
N++
return n;

}

void List_free(T #1ist) {
T next,

assert(list);

for ( ; *list; *list = next) {
next = (*list)->rest;
FREE(*T11ist);

{12 }

List_mapWrdg KREZ, WL EMER, NAMERE L2 TR BTN T .
List_map B B FlistiE &, {8 H 35 1] A 5 S0 first 7 B 103l £ 10 B2 2 v B #0154 1 Y
RN W QTP IEIRUNTSE V8

{functions 1083+=
void List_map(T Tist,
void apply(void **x, void *cl1), void *c1) {
assert(apply);
for ( ; Tist; list = Tist-»>rest)
apply(&list->first, cl);
}

List_toArray 50 — AN+ 1D I0 £ 8H KAR AN D TC B £ W55, B0 et g
| 2] B EH

(functions 108+=
voild *¥List_toArray(T list, void *end) {
int i, n = List_length(list);
void **array = ALLOC((n + 1)*sizeof (*array));

for (1 = 0; 1 < n; i++) {
array[i] = Yist-»>firstg;
Tist = Tist-»>rest;

}

array[i] = end:

return array;

}
ARG LS BRI RA R L3 DR, (0 A A JEF{3List_toArray



#£

# 83

R LLEM- -t m BCARAE TS, A WA ATERERFME &N

&8 .

BEEHEHEMR

Knuth (1973a ) fif#d (Rr B AGL ER R & B WEL . oMo TListdZ 1 SR Aax b Bk |
LA Je RIng St Aty b PO o M PP B L BEAY Bk (V128 45 i3 ),

Ak 14 MLISP MIScheme A R AL JRIE 7 LA BB ML ( Ullman 1994 ) @) %38 5 k{8
M U883 - Abelson MSussman (1985 ) 2 k& ik 5 & 2 DT # HI A 8 8L F-(1 o) 0] 35 4
A DI — A&, E M S EScheme .

2 ]

7.1

7.2
7.3
7.4

Wit — T EENADT, [RESERAAIR . 3 RN BIATH 0k 205 7258k . &tk
ARTIIZ D, SRl DI, KR —f ik BIList_TR— BRI, #EH
HABERNFL, BRIRE - PIEDHERE LTRSS DR EEET S
— T LEMRE —TMTLENIT . stk LB BAETRER 1T,

g5 List_list | List_append fliList_copy . A FH3 ide4i (#5 6-

T 451 15 5149 185 B S List_reverse

List_append & - E 0 HE R MK B R, & 0% L8] 5
RIKE ., P NATT £ 8-E . £/ HBIR BON) |, IR 210 bt £
71 MR . Mem#B OO B (M R P e R A B — R L
AERRTRE — 9 SWrest 7 BG4 P HA, MR ERE Y s
IR RHE R AR N TR RO RV BT LA R 20 - S BT ] B
TR — AT, JRELEAN A58 SR 2 AT LA T B fRDN SR i — A
SERADTHME D, BRI PEEF 65K . IR W ER B4 mm 0 4 O IS 45

114







E8E &® 18

— KX A B (associative table ] T- - T XBEF-AEXMAVES . BRI SR, E—H
ASFLEY B P fna] LLE RS RINE . 780 20 FIREIF D &R EH R, Wi e 28 48 (R 17
TSR, MR AT ERERMEZ TN -8B - H R0 R T —1RKB.
AL E P ARIERAT B 58 O HCAT FE 2S8R o5 L SOR By R4 Bae Kk B
an, FEulalgE TR, BHEMHXHEFEE TR T H E5l e X Fr— D
MG HEF B R bR . HOCE 7 AE RS WA Bad /8, HAL R 44 %

RIEEREZHUEMFE, WRAHFHEMNE - M FRIfEEEL - 0 RS, Table
ERILE FEEAKITENRIN T SR mMN TR C IR A AR, (RS MR
A E R B AP BT A L E gy Table o fl ) B i 8 -G X2, 8.2
TR U I — PR Table Z P IR F . — T g A ol BUAY & B0 4T 06 3k A9
FFo B ITwEER BE R T Atom AlMem 1,

8.1 #&[QO

Table 0O RIfa L1t R e F_omm — ™ BHC K4,

(table. h)=
#ifndef TABLE_INCLUDED
#define TABLE_INCLUDED

#define T Table_T
typedef struct T *T;

lexported functions 116}

#undef T
#endif
T i RECT Table_T 317 g ME g, MR P BN 3 BT -HAT L TEERIHA
[l XC$T -4 . R - =3 (i Table T E7% B0 S A& B 2810 00 thiy (T BEL. EiLTFe
B A] fE S T IR IR
Table T &3 a5 AT oR 7 € £F 170 Fic # [B] Wi )
{exported functions 116)=
extern T Table_new {(int hint,
int cmp{const void *x, const void *vy),

unsigned hash(const veoid *key)):
extern void Table_free{T *table)},



86 8 &

Table_pnew #y55 — & Kthint 24 3 F T B E 7768 090 » A o fbiiT . AR hint BHE & &0
T A 04 A% Bl al VA LEAEA T %éﬁ( Hogios=m, R Rhont 09 HR W\ R, 77 AlE=iR et
BE. 4 dhint 5 77 & reE Rl i3 B EdT BER R - pf domp fithash 4 YEE P ] TH 7
F e I KRS ,nﬁiﬁlﬁifﬁ*fxﬁa cmp{x,y )R o0 F0a R FOR s i,
SR dec Ty L xF Py KTy o FrMiR) ER Bistremp g B — L ERF O O8 CE EAY
Hﬁ‘l”ﬁfﬂﬁ{?fﬁ"— hash RECI AR (0] - - Tkey BIRL A s Q1 Hemp(x v)EEI0, #3424 hash(x) $H%0 42
Thash(y). B4 #& MU AT A ifhash Flemp @EL

L?‘Fﬁﬁ?ﬁ:if"ﬁiﬂ?ﬁﬁf . A an Hhash i s mECIR . R4 HE R | T
iRk S i, HTable W)L BRI T — M4 EAVhash B FREHL, WS omp B— 1S MIE
¥gsh, #a i@fﬂf%’fu%ﬂiﬁf’F . Ei{llﬁﬁx=}n FE Ty

Tﬂble_-HEWH{]%}%ﬁ: —*’i‘*ﬁ:dﬁ%ﬂh —Thash QAN - M B E, B HKEY L
176 ZREKBTHEANEZ, M, 83 W MmN T AMWEH, vHE - MEREY, 2
RUCHCHSF 5. M R A S 08 I T D IR dhash FEL . 00Rh B 20 ML B— 4
JEVF R0 STINAY ST AR, i e R B DR BB R
Table_free B f{*table, FiEEIR AT 4L Ftablesf*table 445, b Ral & & fY3s 17
W16, Table_free Jf: 78 Bpk X7 o8 1L (B, = {114 Table_map b3} Btifr,
PR L -

(exported functions 116x+=
extern int  Table_length(T table);
extarn void *Table_put (T table, const void *key,
void *value);
extern void *Tahle_get (¥ table, const void *key):
extern void *Table_remove(T table, const void *key);

BRI R O FAE L R MR C EE- AR A I - O TR e B [ A
MR S5 B B = K RO {E L R B e — > e S (A

Table _lengthik [ fetable o X 3 = {8 6] %t H .

Tahie_ﬁputiﬁ&}m---f’ierkeyiﬂlvaluef’é;j:'Emﬁ;ﬁ%%-fﬁ}f?l}tab[at{l- 4n Htable 2 £ £F Hkey,
Ab & fvalue # S5 S AR (A, F HTable_putig @56 ATAY (4. 70, Key Fivalue &4 (&4 5 2
tablerfr | £AR AU IDFME M. I I Table putig [{- *""‘*'fé'?"’“ﬁ Table _put 7] f 7 4 b &
Mem_Failed .

Tﬂhlﬂ_gﬂtﬁ—'tahlerhf‘r"f#ﬁﬁ't’ﬂéﬁ;‘é'ikw WA IS, RE S CEE RN, M Rtable i
{rf % KB r, Table_getBR M7 §541 . T & . A0 Ftable A& Bk 4647 75 394 1O . TF 20K Bl
IR PRI R RE A ek

Table_remoeve th {¥table v #y 3% G They , 1 H4% 51 S0 MR A i s i e - A RS
LG Ak B AL L BUOROIR L . FR IR () B B IR By AN nEtable MFEX BT key, M4
Table_remove xftable S48 (L fof 425, i1 Bl 354




£ # 57

PR -
(exported functions 116)+=
extern void Table_map (T table,
void apply(const void *key, void **value, void *cl),
voild *cl);

extern void **Table_toArray(T table, void *end);
UFIR] K8 - {EAT HAE T T S5 — B4l - Table_map DA #5E BTk FEATtable 1) 454~ ¢
- {HX A Tlapply 8 7 BBk . apply fcLfie - - &5 WA IR ol {630 - W
MR 7 I e el 4hTable_map, FEH X154 &R HH S %18 4gapply | Aftable 1)
R CHE-4F, apply BRI E 0B 7. 490 L0 AT 484 1L Aol I, AN Aapply I
Fl & ERYER 1G5 REA M, L, w0 TR g SR (. Table_map Rl il ] DL (25 3
T AR XTI, i, NI EEFLRE-f, Bk

static void vfree(const void *key, void **value,
void *cl) {

FREE(*value);
}

HEERTHE, N

Table_map(table, vfree, NULL);
Table_free(&table):

B rRB Pl REBNESK L.

i R fEapply v, #4144 HTable_put f{Table_remove 3& frAFtable N EE, BT REpSAL -
AR s T T AR

PN C8E - (X 220, Table toArray My - - 4 2N+ 14> T (30434 18 [Al- -4~
%mﬁ%'Tﬁﬁ%ﬁﬁoﬁﬂﬁﬂﬁﬁﬁﬁﬂ,ﬁ%?Mﬂﬁﬁﬁﬁﬁﬁ.ﬁEmﬁﬁ%
AT RIWEBHE TL& . B - EBHDTE . &R [ 42N {fend | @ KL 4~ o598t
PR D XRF -0 BT S B 8.2 i AT Din [Table_toArrayffjfd i .

Table_toArray RiBE 2377 A= 5 ¥ Mem_Failed, mj (L% & 18 FHA2 FE 0 4085l 0 0% I AY S 4

8.2 fF: Bigim=E

wiBHE T A IR PR AR A A (0 B G 55 T8 ) DB (4s 4 2 IR g
{52

¥ wf rable.c mem.c
table.c:

3  apply

7 array

13 assert

9 binding

18 book

2 break

17
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88 EEE
10 buckets
4 Y
mem. C:
1 al location
7 assert
12 book
1 stdiib
9 void

ALAX A R Y oRIY 8, BDSUIE ey BRI FRE T RN TR B, RS R 2 TS A T E S £
PN ELAY R XPwERGIR - VR 2 LU R kL 10 R B PO AT SE R R BT £
R, KA E.

TEAMIR, —TRFELIfrstE G W3 ME8/FF %L, drestE GHONRE S EHFH
o SR E S 150147 getword iR ], IZMREUET. 1 H ] ik fdouble P i getword 7 B E X -
TEABH e, (F BOC ASED TP POT f sk

(getword. hy=
#include <stdio.h>

extern int getword(FILE *fp, char *buf, int size,
int first(int ), int rest{int ¢));:

getword AIpITH X M F BT - M HR, B¢ M4 -4 Rinull 25 R 8 E 10 B 782
bufl0..size-1147, JFR[EI, S k2] 3R, MEEIE] i, 28 MO . s firstHlrest Y]
AT AR RS AfirstFrest E ST AR A . — B0 EFHRMLESN,; &L T4
X AFfirst o PR [ — 4~ R0 48, 48 e Edkrest iR W JFOME WFEBA R, 1R - -4 87K
Fsize 27/, AR TRWEE ., size S FK 1)1, # Hip. buf. firstl/ Mrest i
AR =S

{getword. )=
#include <ctype.h>
#include <string.h>
#include <«stdio.h>
#include "assert.h”
#include “getword.h”

int getwerd({FILE *fp, char *buf, int size,
int first{int c), int rest(int ¢)) {
int 1 =0, ¢;

assert(fp && buf && size > 1 && first && rest):
¢ = gerc(fp);
for ( ; ¢ !'= EOF; ¢ = getc(fp))
1F (firstl{c)) {
(store C in but if it fits 120}
C = getc(fp);
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break;

} .
for ( ; ¢ !'= EOF && rest(c); ¢ = getc(fp))

{stare ¢ in buf if it fits 120}
if (1 < size)
buf[i] = 0;
else
buff{size-11 = 0;
if (¢ '= EQF)
ungetc(c, fp):
return 1 > 0;

I
{store C inbuf if it fits 120)=
{
if (1 <« s1ize - 1)
buf[i++] = ¢;
¥ 1120/

X A B getword [bdouble P RYE J: - #6, (K21 T AN dYgetword WA AHAE T T AT A
firstGe 5 b, T 3 Adirestd 5 iy A UAF . iR first pd 4% R W (14RO, M2 % # 45 /¢TEbuf i
FH NH TR T A AL fhrest R AL

witt) 128 fmain 2t Bw ) Z 8, WEH A XHGY . maindT T8 — T OFF, R0
LA SCAHS #1012 A B8k wf

(wf functions 121)=
int main(int argc, char *argv[]) {
iht i3

for (1 = 1; 1 < argc; i++) {
FILE *fp = fopen(argv[i], "r™);
if (fp == NULL) {
fprintf(stderr, "%s: can't gpen '%s" (%s)\n",
argv(0], argv{i], strerror(errno));
return EXIT_FAILURE;
} else {
wF(argv[i], fp):
fclase(fp):
}
}
1T (argc == 1)} wf(NULL, stdin):
return EXIT_SUCCESS;
}

{wf includes 121=
#¥include <stdio.h>
#include <stdlib.h>
#include <errno.hs>

MR AR SR B 2main LA 0GR HEST AT 185 45 S 80N HIwE . Z3 3048 IR
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122

90 FE8F

wiAR R FE S PR 8 5.

wi{di i 5 R IFM L B . F-snEdmahg, BElEF, HhX
SEWR ., WA 3wl R g0h 8 fhash pi ¥ f He Beol B, BARwWIim{E B R840, H
EEPATEER DRGSR T R . R 6 - AT 888, I
T s fETR 1) 1% X IR RYAE £

{wf functions 12154
void wf{char *name, FILE *fp} {
Table_T tahle = Table_new(0, NULL, NULL):
char buf[128];

while (getword(fp, buf, sizeof buf, first, rest)) {
const char *word;
int 1, *count;
for (i = 0; buf[i] I= '\O": i+4)
buf{i] = telower{buflil);
word = Atom_string{buf);
count = Table_get(table, word);
1t (count)
(*count)++;
else {
NEW{(count);
Tcount = 1;
Table_put{table, word, count):
}
I
it (name)
printf{"%s:\n", name);
{ {print the words 123 }
{deallocate the entries and tablie 124)

}

(wf includes 121+=
#include <ctype.h>
#include "atom.h"
#include "table.h"
#include “"mem.h"
#include "getword.h"”

(wf prototypes 122)=
void wf(char *, FILE *);
count i — 71 [A — PR H AU §1 - 40 HTable_getiR (745, 8 48 74 frtablefr . [N Hwid
TRRRSELCE I, WAL AL, BRI BEHIAN RH R, HEEEmB AR, Y
Table_getiz M3k 795 40RF . £A0Crcount)++ 4 iRF5 S HEmMM e Ml . BEx A 5
Feount++G IR NIARA], L7577 ¥fcounthn 1 m A B g FH5 10 frke 35 .
firstflirest 5 {3 oo (1% )8 R AL FHIAR off S 30 ffetype i (8 HISE 8352 L AU TR] 44 bR 8 SRR 4 -
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{wf functions 121 4=
int first(nt €3 {
return isalpha{c);

}

int rest{int c) {
return isalpha(c) || c == "_"';

}

{wf prototypes 122=
int first{(int c);

int rest (int C);
— ALWEE I T A R A, Bl DAL B R DL K. B HEC BB SR 1
I eRfgsort®y Hi>k HEv &l o A s w5 frgsort B i o 50 00 - (E AT R R 8 S — 1
— MR #H, R A R LUHEF Table_toArray i Il (v #0858 hawi @] LU 36 7 SR 0
FUE IR AT IR BT BT O -

(print the words 123)=
int i;
void **farray = Table_tcArray(table, NULL);
gsort{array, Table_length(table), 2*sizeof (*array),
compare) ;
for (i = 0; array[i]; 1 += 2)
printf("%d\tks\n", *{int *}array[i+1],
(char *)array[i]);
FREE(array);

qsortHz A28 B, CENTE . 0 RN ST WA TR L E
HieK %, 8 FIEND R B -4 294F - 8 MR E LT, widifgsont ENP T E, HiD
M RE A P EH S A

gsort g &R BT Fr R L el 3. B ToCx A G MR8, — 18 Mg,
— ¥ PSR E T, NIRRT 18 1M /7 0048 £ 0 B800H T e 8. #90, mem.c
Hassert Srbook HAT Ho s (a8, S¥xfy T .

X

1 *—-—-—# dsS5el’'t

o--— w7

¥

>—ppi « —— » book
- ——pe] 12

Fb 4% ol B T] 245 A stremp 3 FY 42 0 46]

(wf functions 121+=
int compare(const void *x, const void *vy) {

[
L
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return stremp(*(char **)x, *(char **)y);

3

{wf includes 121+=
#include «<string.h>

(wf prototypes 122)+=
int compare(const void *x, const void *y);

wiR BT BT R2 288N TER . A S r a5 H, ST 2 g
f LA A5 W Table_map $5E 1% . I H Table_free B it R R AL

(deallocate the entries and table 124)=
Table_map(table, vfree, NULLY;
Table_free(&table);

{wf functions 121%=
124 void vfree(const void *key, void **count, void *cl) {

FREE{*count);
i

{wf prototypes 122+=
void vfree(const void *, void **, void *);

KPR, FMRENEEF. WX F— SR BERK. BRIz, —srmoy
O} HE BT A AY SO
et fwlfc R FE X ERWE EXRTER MwilEFE.
{wf.O=
{wf includes 121)

{wf prototypes 122}
{wf functions 121}

83 =}

(table.c)=
#include <1imits.h>
#include <stddef.h>
#include "mem.h™
#include "assert.h”
#include "table.h"

#define T Table_T

{types 125)
(static functions 127)

{functions 126}
BOONAEE R AL (R YA —Fr, B4 #5382 B WLELHE S 22— Dty o
TTable_THE& - ME R Abindings H M 00 T35 01, My T A 6560 28 87 %)
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{types 125)=
struct T {
(fields 126
struct binding {
struct binding *1ink;

const void *key;
void *value:
} **buckets!

125

s
buckets 7 7] 415 47T £ H FI (0 44H . cmp Rihash B S35 EF RS RHIE, NI © ) B4 %
Ebuckets 254 o ) TEA T

{fields 126'=
int size;
int (*cmp){const void *x, const void Wy)
unsigned (*hash)(const void *key);

Table_new A’ Byhint ZE K08 £ -~ F B A Mbucketsiy K /v, 3 B (% {fempFlhash 8 {F 77
TE ] B PARRAY FS L . HIK EL 4 F08E9) I 1~ .

(functions 126)=
T Table_new(int hint,
int cmp{const void *X, const void v,
unsigned hash(const void *key)}) {
T table;
int i:
static int primes[] = { 509, 509, 1021, 2053, 4093,
8191, 16381, 32771, 65521, INT_MAX }:

assert(hint »>= 0):
for (i = 1; primes[i] < hint: i++)

table = ALLOC(sizeof (*table) +
primes[i-1]*sizeof (table->buckets[0]1}):
table->size = primes[i-1]:
table->emp = cmp ? cmp : cmpatom:
table->hash = hash ? hash : hashatom:
table->buckets = (struct binding **)(table + 1):
for (i = 0; 1 < table->size; i++)
tabte->buckets[i] = NULL;
table->Tength = 0:
tabie->timestamp = O: [126]

return table;
s

Tor f 3501 ik ¥ Jgprimes 51 (455 - % F el A Fhint gy T E 9 Fii. Mprimes[i—1]% 4
buckets TOUR . EE: AR MIHEHH . MemiZ (17 AYALLOC fybuckets 5 iy 2& 4 %0
ATIR. Table HEM REAH B EN R DREFA B ET R TEBRZN RN NN ER A
primes | iy F e bé HT2° (9<n<16) {40, A AT 2 B9 A/ AR, Atome i B 17
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N EE EERE, AR RACEITE TEEIIL
QU Hlemp nfhash 555 AR RIS ET . B4 AR LUR PR TR BUR 1L 3

{static functions 127)=
static int cmpatom(const void *x, const void *y) {

return x != vy,

}

static unsigned hashatom({const void *key) {
return (unsigned longlkey»»>2;

}

HAME =y, IWAF-FxBy EHEN . B Mx = yAjempatom IR [U[0, BRE]ER L, Table
YR 5 RS B R I I JCHR TR A4, Wil cmpatom 3 AN FTEE 3 fly (A IR R . —
IR A — T bk L A AR S ek T DL BRI, R R E My, R &
FAR A0 GEAR LA B Bmim Ay bk ch A0 . N BB TR A T B0

buckets i) 451~ TR AR 2 — A-binding 25 WA i X, R DG A 28 F . H CHE W
LAS s A 1T — binding 258 8945 5, WS LG -1 — MBI F . & 8 R DT A8 ke
#AT A =] Ay 8 .

Tink

valua

— .____,.It___.. JR -

-———

'w_j jl'x\ ’/f a& f'\\' fxw\

v

%8-1 EHITH &
Table_getffikbinding i BT : LEFIE LB, K E buckets K 7T T N EUEL4
BRI RN B Lkey tEZ 19 08T, 183 I /Htable fhash Flemp &% < 35,

{functions 126}+=
void *Table_get(T table, const void *key) {



int 1;

struct binding *p;
assert(table);
assart(key);

{search table for key 128;
return p ? p-»value : NULL;

}

{search table for key 128)=
i = {*table->hash) (key)}%table->size;
for {p = table->buckets[i]; p; p = p->1link)
if {((*table->cmp)(key, p->key} == 0}
break;

SHHR BT A FERY G E YA R, forfEER LR L ML T fF 13p He M O 8 binding ZE Yy . B
W, pR=.

Table put ZIMPEY . EAREDCE T, WHRLH, e S5HLEENH. B E
Table_putyz JKF AR5, BHFEHEE L D8 binding &5 4, 381 5 i Dlbuckets
F R s8R (032 - Table_put 7] LI # A9binding fk 34 8] 65 30 Y (4T fr 8, {0 BB 4l 4%
AP RK BRESWEFER W L.

{functionsy=
vold *Table_put{T table, const void *key, void *value) {
int i
struct binding *p;
vaid *prev;

assert(table}:
assert{key);
(search table for key 128}
if (p == NULL) {
NEW(p);
p->key = Key:
p->1ink = tabhle->bhuckets{i}:
table->buckets[1] = p;
table->Tength++;
prev = NULL;
} elsa
prev = p->value;
p->value = value;
table->timestamp++;
return prev;

}
Table_putif&; 4~ % 19 FH F48 nl .

{fields 126)+=
int length;
ynsigned timestamp;

127
128
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length F.3% 8 Tbinding §5+8 (&Y H ; & HiTable_lengih & 4] .

functions 126+=
(IZQ? int Table_tength(T table) {

assert(table);
return table->length;

}
7 ks Btimestamp 7£ 15 P Table_putTable_remove 4 2 #5341 528 S & 005 01 . Timestamp
¥ LM Table_map U A4 7Y Al 8 T =7 145 1% YTable_map. {F1F [ubindingh), F43
AR & 8. Table_map ¥timestamp ) fi{{R (F2E 3040 7. & Yo M FRapply )5, &
FilllT 5 & e atimestampqe 1 517 1 1% 150E 71

(functions 126+=
vpid Table_map(T table,
vold apply(const void *key, void **value, void *cl},
void *cl) {
int 1;
unsigned stamp;
struct binding *p;

assert(table);
assert(apply);
stamp = table->timestamp;
for (1 = 0; 1 < table-»>size: i+4)
for (p = tabTe->buckets[i]; p; p = p->1ink) {
apply(p->key, &p->value, cl1):
assert(table->timestamp == stamp):

}
Table_remove SRR B A IR CH =, (LR Bl f— 1 f8 mbinding 45 #4) (935 £ A93E $+4e 200
Ay, IR R A C XN R, R A LR B A binding £ K .

{functions 126)+=
vold *Table_remove(T table, const void *key} {
int 1;
struct binding **pp;

assert{table};
assert{key);
|13u] table->timestamp++;

1 = (*table->hash) (key)%table-»>size;
for {pp = &table->buckets(i]; *pp; pp = &Tpp)->T1ink)
if {(*tabie->cmp)(key, {*pp)->key) == 0) {
struct binding *p = *pp;
void *value = p-»value;
*pp = p->1ink;
FREE(p};
table->length--;

(LTS --



return value:

}

return NULL;
}

for i3 £ 10 HE L3 1fr T<search table for key 128> [ifor {ffIF, <[ A9 2pp4er 09 & H 1 &
T IBE Fbinding £5 ¥ 55 . ppIT (A3 fitable ~>buckets{i], LK I 50 BET . M Bk
Thinding ¥ A5 15, pp WA M5t £k Pbinding flink £ 1%, T BIFT 45,

PR | e *® | P
L - \:- — I
rf'l "k !'f -‘7 | .FIJ '!"u ! - ﬁ"L
) "'.. r ! l"-,'
¥ ¥ y < ¥ M y ¥

AR ppfid KEET, ABARTLL L B ppIRAL A (*pp) ->link¥ibinding M 2 U mp
IR EE*pp UM . W Table_remove 8 2] (75 MIRE XA 70, WA © 0 BB 10 FFid

Table_toArray SList_toArray 261 © f — A EH . fr BT~ . Llend}g 44
T, HE I [Atable Y &5 M binding WIS e

{functions 126H=
void **Table_toArray(T table, void *end) {
int i, j = 0;
void *¥array;
struct binding *p;

assert(table);
array = ALLOC((2*table->Tength + 1)*sizeof (*array)):
for (i = 0; i <« table->size: j++)
for (p = table->buckets[i]; p; p = p->T1ink) {
array[Jj++] = (void *)p->key;
array[j++] = p-»>value:
}
arraylj] = end,
return array;

i

p->key AT M Zillconst void * 5640 AL Abvoid =, P 3% BSH JT A< 2 A const 1, BkeH b %
8- 08 (K F 2 8.
Table_free i 4% jgbinding 45 9 fTable_T#4 #y 4 # _ 5B ykbindings) £y 0 A7 £e 4% 75
YRR A
{functions 126%+=
void Table_free(T *table) {
assert(table && *table):

1T ((*table)->Tength > 0) {
int i;
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struct binding *p, *q;
for (7 =0, 1 « {*table)-»s51ze; 1++)
for (p = (*table}->buckets[i]; p; B =q) {

q = p->link;
FREE(R);
}
}
FREE{*table);
1
2% P REN

FAELRETE -FEIREN. P ZBRFRINES BV A 10 5Um 25 ke (0
AWK (Aho, Kernighan MiWeinberger 1988 ) 2R 00 #F, ME AWK Z i, £ a0 H W
FESNOBOL4 { Griswold 1972 ) $ISNOBOL4 B} i5#tcon{Griswold AiGrisweld 199 rir | fE
SNOBOL4 #lcon 1Y 2 #8 O LA { £2 1147 2240 548 | 3038 20383 #ed 7 803l {8 RAWK [f3E
T CHRAREUH ) REABFER A2 MR EIR, ek #iT7&T . Table
HI sk B4 B 7 Slcon(Griswold #Griswold 1986 7 35 #4463 51 M B89 B A

PostScript(Adobe Systems 1990). —#h T4 WRiE 5 . FMEE AT A58, {8 5o HE 2R T
B PostScript M R al LU “& 5" R EI, X4 “&F" EPostScript ¥ FIF fy % —F
%, LR AFLLLAGRIT fo 0 B0{E , S5 F .

FAE PO N B W R B A R B F M B AR R, B AR R
't SmallTalk #MObjective-CH(H SAS FAITE s 7 rS2 8. 453 K TableBe 0 S 4548
AR ATFOEE WM EE (container ) Q. B A ETIEN T S09E 4.

TabledZ MRYSL G AH r BEA DB E, NEERR 7 ( & 08 A KD 5 0% DI
R E) YR/, IR XS F SR — 35 /HD R T L. S N L ik
HATREAL B E . SROHF FRAMAME, ol DU 0809 2 (M0 38 B 1 BB 2
N . PS8 SHRER Y 1 Eh A B Fen RO R A, U AR R AU TR L L ST
RTANIHHHEF A AEICFNBME . Larson(1988)/H IEH I R T —F T 2oy 5
. EMENREZREY L (KB ) W, — B, Larson @) /P 47 Bhint,
AHERTYE 38, A T T8 B 5 85 5T LUAR /b,

%>

8.1 MRECRADTHIT LA MER T - @M. 47 WA MWTablelzO .
Table get R B35 i A 15 517 A 208 WA T, P ILR R 98 A0 R 15 f L ol Ap e
B. £8P, WERES ST S7, Table putts B8 75 F8 DFEh0- -4
Fiibinding, HHMHICL LA HMMEMbinding “BHE” BX. 7
Table_remove s L1 i 5 iF #ybinding . HTable_map nj I} i 5] £ #5857 A 14
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&.2

8.3

8.4

8.5

8.6

R.7
8.8
8.9

binding . i et LA H B M AR &, W L - @READT .

Table & a9 i3t , EFHA] LUE R L Bm S5tk LR 4. B 40, Ho 52k & 2
AP RETHMEAIME, EAETLIHWREHE ., R o SN e -BE Rk
S A Table D . KT XM FEEE 2549 A7 I8 % HSedgewick (1990) .

Table_map #iTable_toArray k&% 1415 2247 rhbinding {0 FF B 8 20, HIEE O
f& B fE 5 Table_map ] UL Abinding #i A B 4% G0 /74110 117, 3 H.Table_Array
LIFE R I i (0] 0 . SK MR SRS . CRE 8 ol Y SUBR AT 2 A

B ik 1T M€ Table_map fiTable_array LA HE 289 IIfi 5 e 15 [@ binding . i} -3 & £ (@
TrTable By LI 15 H 4, MR LI L& anwl i) &) 387 F2 5 4+ % 45 Srbinding i
HEF. fIRERENM LA I EM Y . B 5. £ NETR I, Table_put3F g W
F RS EfA) 2 4, MTable_get E X0 % F 3z f70) (W] b2 5% % . #5278
BN G R 8l Table_put fiTable_get 7E - #5108 8¢ F 14 1247 84 i) 32 4] 02

— Hbuckets SR BT, WAL HAREY LA/ 8 HTable s (a0 LT

WO — M ERE T i, 2 0 T (A X a  eS  R6) B M E i Bbuckets B
Ko Bt — A IRAR R, AR R R A, HE B BRE L.

3 HLarson(1988) 1 iR i 2R IE b & P B00% . M40 E AU AR S HRIT 6748 T e it

T E #2.

Edwtc, 8 g0y WA B A IR T M SR MO 2960 25 ).

MR wl.cHTH B 8, (613 & B BE W FE B o ) B i A 4 5

ERgwlc, R X B0 SEIE TR BT REMUEITEN R 2500, i 0 XAl sk
5, B2V RTIA I T, mem.cH 3[4 sk &0 M7 table.c BIRT H .

fEE)







F9E & B

A &A (set) BARMANLFEE. VEGHAFRBECBTEGHARRETR
A, N ERRASE, FHe R E S (union ), X (intersection}, %
( difference ), LIS 3#: 24 (symmetric difference ) £ H i, EIEHR T s, N
KR+l R U Es T B R B EM S S Mo Bfrs 1 Es JeT il 55 A0 # /Y
Sty ERMsMFRATsTHMERE R RS 2 TR L, BEFHER
s A, BER AsT R BF B MmL£80F G-

EEWEVIE (universe ) LS R A —MBE B IR A ME S, Blin. 7
MFEMNEGTBEB S FH256 T8 - A UM A MM MA I E. MEUM EX G . s 6T £ By
e, RIU-s,

HOHSetZAEMMARE-FFabl, R ERERGR AN M., BENAER
B EN] . W& (Table ) 10—, SetH:D Wit RE M A#RF. fERUEHE S
YooE E S BN A KB BT Rl 5 R ThiE

WMAHEZFEREESREFER B A LEEHEM. $ b, HSeafRILWEGRE A
(table ). S5 6 2 W ¥, MR XL 0= 48 X BL A ek Z 8%

9.1 #0O

{set.h=
#1 fndef SET_INCLUDED
¥define SET_INCLUDED

¥define T Set_T
typedef struct T *T,

(exported functions 138}

#undef T
#endif

HiSetqx N5 Hi 69 IhHE B 0 L PUER . JrBORIIE ok, MR E G, £4W | E2E
o 1Y 24T ZURIE Pl Q8 5 604 R 00T R S8Rk fT = D ITRERIR £ 10 T aRAE M1 .
Set_T | RISk 7 Bl f BEAL

{exported functions 138)=
extern T Set_new {int hint,
int cmp{const void *x, const void *y),
unsigned hash{const void *x)):

extern void Set_free(T *set):
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Set_newsFfit. AL HIE B — D MWT, hint 2XHE ST VIZUSHERE ALY — 14
I W aRnvhini( SRR I B ERE, 1 EH M3 0 AE D E G ME . copfthash ] T H 3
WA TFSERE L. BEg®milibdxfy, cmp (xy ) HE&RE—TXT.
/b CE SR B, ﬁﬂ'li*fﬁ TaXKFy: x/pTPrHxFH-ry-MIFL . WFcemp (xy ) 2
T, Mxy R 2Z—2Ra&&0 ], hash (x) 8- -F% Thash (v ), Set_newu] )} 3]
&5 #Mem_Failed

anfemp 78 pRECFEH, WAL B A R T =y, AW AL Rx fiy el 82 —F
Hy, I, giRhash 255 sREE . B4 Set_new 2 i~ I hash B g LIE R FIRF (atom ).

Set_free A *set, FF&; E/rHL— T3 45T . Set_free AR HM A5 Set_map T LLBHL
b1 18- -7 fyset Bl 77 % set{f 1% #5Set_free &7 A ] {8 A 15 47 B8R .

FEA BRAE AN T 100 pR BT e

{exported functions 138)+=
extern int Set_length(T set);
extern int  Set_member(T set, const void *member);
extern void Set_put (T set, const void *member);
extern void *Set_remove{T set, const void *member):

Set_length i [B] & {3set MK 4X ( cardinality ), #8043 wl & B 613 (1958 5% . Set_member
BENK0, MARAERGEBINGEEL, WRFFE, WZE 0. Set_put¥i 5% -4
BB, WRIEEM A E S48 Set_putd[ 4} EMem_failed . GiRESG ST IE . M
Set_remove A] LA AR B A BRIZAE B . 3R B M 60 i A ( H98 5 vl 6 B T B s 4k
Mz ARG e 6 ), B, Set_remove it fH{E T4 FE, Hi% BIE X0, AR -k s
o H R GRS RIS B R AT AR SR R W AR S T AN R

U (o BB MR- R el BT A LR

(exported functions 138%=
extern void Set_map (T set,
void apply(const void *member, void *c1), void 1)
extern void **Set_toArray(T set, void *end);

Set_map T8 Sset A Ml B AR M- wapply iRE0 _ IR R A S 08 B IES YW
1/ Ehel fi4 #happly . HE &0 At &Ecl. (HBFEMNE . STable map K. apply A~ BE K E
FREEESTAWN G B — P Papply Bl & 75 8 154 raSet_map Hlapply . # 5
Set_put 8¢Set_remove 3 2 st ARHT 27 4 0l Ky PR i T 4 5

Set_toArrayiR sl - PN+l DML BB, BRHLIITZE W L ENSE & 2 E
HEE R, ERERERA D BNFLDCE . Sﬂtﬁtﬂﬂffﬂ}'ﬂu%[ﬁﬁﬁ
Mem_Failed . % 14 FI%8 o SRR R B 404 . HL— 4 75 (Wset 4% 58 25 Set_toArray & =4
Al A BY BT ] S5

T 51 eE ¥



£ A Fi3

=+

(exported functions 138)+=
extern T Set_union(T s, T t):
extern T Set_inter(T s, T t);
extern T Set_minus(T s, T t);
extern T Set_diff (T s, T t);

HATH BT A S T A i A W Fh &4 B F . Set_union & v]s+t, Set_inter J& Fs«t,
Set_minusiR[ojs—t, Set diff B[/t (X P fhoF 4L ER RERI BRI E [ I BUT , 0Eh «TRES| % By
Mem_Failed. ‘L IEs AT FHES . BEER — MY . JE2SHWT. FiL . Set_union
(s, NULL ) HfgMlsay — P80, QU Fs sl ohes , 88 & s #itER A4k << K144 7 B 69 ik 804
WY, BADOEBE S~ LA T MGE T, RS, sEAETE AE ¥
FH IR) 79 LE $2F0 88 3] 50 $2U5 B9 Set_new pfi % k) 4

9.2 X6l:. TXI|HFE

xref T LU 2 HoH A SC 55 B96RIR B0 2 30| %1 % ( cross-reference list ), 2T AV rFE
HWEAH, NI3RE -MEFB PGS EFIE. m T,

A xref xref.c getword.c

FILE getword.c: 6
xref.,c: 18 43 72

C getword.c: 7 8 9 10 11 16 19 22 27 34 35
xref.c: 141 142 144 147 148

"I Y817 BHFILEfE getword..c SO M6 47 Rixref.c CIEBUSN18 . 43 . T247rh 3P )
Ry, cib Afrgetword.c FUAFRE M 7, KGR R BT K, HERF—FE 8 1
24~ M BORRR AT BRI AU B o R 2

MRLARFSH, xref2ff MRAFHE XS AFESL T — MBS A E. (0%
R L LB

% cat xref.c getword.c | xref
FILE 18 43 72 157

C 141 142 144 147 148 158 159 160 161 162 167 170 173 178
185 186 ...

xref FUSLIN RSB MRE—R RUFERN. ¢ @7 7 iR ET M E
BT HXEEAEE S — I U R, ERDRER SRR A e
FHTrS. WE9-185 8 7 X459 35 % 1 55 3R FILE &Y 44 17 . b RA IR . A
TR (top-level table ) (¢ F i {¢553 9 identifiers 41 ) T SFILEMA G0 i R — %
T%ml.E%ﬁﬁ%ﬁﬁ$w$Mmﬂc%ﬁ%ﬁﬂﬂﬁmﬂ?nHﬁ%kﬁ?ﬁ%ﬁ%ﬁ

&y
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Set_T, EAIZAFILES SR 7 Srdett. MR P BT IRRTHAE TRE, F_ X
RPEEPXBRY-HATERA--THG.

identifiers et n

R |
IR i

Nl | E
e » » getword. c |

- o
S
S
e

o :E::Il ::L .
» pxrat. C

e—» FILE S -
-~— -— |
& i 473

il A By &

SRS

| % +Table T ) » ':. » 18
—— 77
FEIINE HEEoRIEHAEL B
(. ATable T ) (& SeL T |

9-1 223 A3 £ 89 #dB 454

{xref.cy=
{xref includes 142}
{xref prototypes 143)
{xref data 146
(xref functions 142)

xreffrymain AR GWIK main 8l . VORI MNE, RSSO TH 25K, ©
HESTIF & 30MF, I MBS . b R DR Bk WH Bfxref . WRN ES K, #H
— T EIS . MR A RS R FARR 5 % o H xref

{xref functions 142)=
int main{int argc, char *argv[]) {
int 1;
Table T identifiers = Table_new(0, NULL, NULL}Y;

for (i = 1; 1 < argc; i++) {
FILE *fp = fopen(argv(il, "r");
if (fp == NULL) {
fprintf(stderr, "%s: can't open '%s' (¥s)\n",
argv[0Q], argv[il], strerror{errnao));
return EXIT_FATILURE;

} else {
xref(argv[i], fp., identifiers);
fclose{fp);

¥

}
it (argec == 1) xref(NULL, stdin, identifiers);

(print the identifiers 143}
return EXIT_SUCCESS;
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{xref includes 142)=
#include <stdio.h>
#include <stdlib.h=
#include <errno.hs
#include "table.h"

xref B3 [ — T E& R AW, B 5008 RS TR R KB — e A BT
I MAFE, EESMBERBER AN, AR AU R 40 S B R A i TR
SO R e

=1, B DA, BRI I AR SRS, SRR b - A Kprint 465 1 04
HECH, Hu PR, X— SR EWIHC Sk <print the words 123>

{print the identifiers 143)=
{

it j;

void *farray = Table_toArray{(identifiers, NULL):

gsort(array, Table_length{identifiers),
2*sizeof (*array}, compare):

for (i = 0; array[i]; i += 2) {
printf("%s", (char *)array[i]):
print(array[i+1]);

}

FREECarray);

}
1dentifiers i) G 82 - (atom ), FF LA, 4 3855 4506 FE iR Seqsort (i H 44 ef ¥ compare
155 ZEwe 3 fifcompare---#{, IR# Fstremp 4% $RiR 4T3 1 8.2 FrH XfgsortAYSE BT
qsort i) 2 & .
(aref functions 14204=
int compare{const void *X, const void *y) {

return stremp(*{char **)x, *(char *HYyy):

}

(xref includes 1423+=
#include <string.h>

{xref prototypes 142)=
Int compare{const wvoid *x, const void ¥y}

identifiers P Mkt — T HEL 5 4h— P&, ZITH 52 BpringiF 5 Af 7
FMCREREF, Wik, S48 00 kL IRACRAR U A0 i I 4 B 4l h B E | HE R
M BBl F,

{xref functions 142)=
void print(Table_T files) {
int 3i;
void **array = TabJe_toArray(files, NULL):

143
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144

gsort(array, Table_length(files), 2*sizeof (*array),

compare) ;
for (7 = Q; array{i]l; i += 2) {
if (*(char *)array[i] != '\0")

printf("\t%s:", {(char *)array[i]);
{print the line numbers in the set array[1+1] 144
printf("\n");

}
FREE(array);

}

{xref prototypes 143+=
void print(Table_T):

print o] LU Ficompare | K X% @7 fLE 74T D, R E M4 B5, W 558 Lprint
Ky — PR AE—DAN, HE LB FR D TRERET . print X 549 5 5K R4 7056
HAT A RZ A STER 20

2P ER B B print, ) B EIT G ES . RHSet i rIs e &, xrefi@
R BT SRR AT DI R S ABE S, S rATEIEN ], i AiSet_toArray iR 3k
H 7 R I H RGBS FRAE B M I B s U5 I T 24T F e R

{print the line numbers in the set array[i+1] 142)=

{
int j;
vald **lines = Set_toArray{array[i+1], NULL);
gsort(lines, Set_length{array[i+1]), sizeof (*lines),
cmpint);
for (3 = 0; lines[]j]; j++)
printf{" %d", *(int *)1ines[j]);
FREE(T1ines);
}

cmpint [compare {4{}) , (B2 ¥ 0 A W0 RANE EFMFEH , FH AR TE

{xref functions 142)+=
nt cmpint(const void *x, const void *y) {

T (**(int **)x < **(int **)y)
return -1;

else 1f (**({int **)x > **{int *EYy}
return +1;

aelse
return 0;

}

{xref prototypes 143)+=
int empint{const void *x, const void *y);

xref 5L U NEARESH, ZBEL ML BIRG M (T . & getword B A
IR, W& iR, BT SRS IR R4 R AT AT 2 AR E S P



P A 107

{xref functions 142+=
void xref(const char *name, FILE *fp,

Tabie_T identifiers){
char buf[128];

1t (name == NULL}
name = "'";

name = Atom_string{name);

Tinenum = 1:

while (getword(fp, buf, sizeof buf, first, rest)) {
Set_T set;
Table_T files:
const char *id = Atom_string(buf):
(Files « file table in identifiers associated with id 147)
(set « ser in Tiles associated with name 147}

{add 1inenum to set, if necessary 148}

}

{xref includes 142)+=
#include "atom.h"
#incTude "set.h"
#include "mem.h"
#include "getword.h”

(xref prototypes 143%=
vold xref(const char *, FILE *, TabTe_T):

lincnum & —~ 2R38 &, Tigiyeffirstf|#E 475 £F, linenum #o#H4 hn, first &
TRRE, kel Beetword LR BIFE MRIRAE ool by be TE 2F

{xref data 146)=
int Tinenum;

{xref functions 142=
tnt first(int ¢) {
if (¢ == '\n")
Tinenum++;

return isalpha(c) || ¢ == '_"':

}

int rest{int ¢) {
return isalpha(c) [| ¢ == '_' || isdigit(c):

}

{xref includes 142)4=
#include <ctype.h>

getword Mi{% i$ 43 1 Afirst Mirest AT ZEQ.2 T 17 7 b3k

(xref prototypes 143+=
int first(int ¢);
int rest (int c¢);
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B TRUTS M0 25 5 6 W U 20 A8 AbFE R 0V 4, Blan, — RN TR SR — A F

[146] 0f, PRl AFTEidentifiers T IRAT AT . ABE . {CRSHR R IR MFR . THERIE & -3 BAHE
hn#l <5 [H Fhdentifiers ifr .

(Files « file table in identifiers associated withid 147)=
Tiles = Table_get(identifiers, id);
if (files == NULL) {
Files = Table_new(0Q, NULL, NULL):

Table_put(identifiers, id, files):
¥

FREHE S — DR AT — T8 S e - R SR, M AT SWES, Ak %
P T S aE — I BB e R AR TR SR,

(set « set in Tiles gssociated with namie 147)=
set = Table_get{files, name);
if (set == NULL) !

set = det_new(Q, intcmp, inthash);
Table_put(files, name, set):

}

B4 R 3R £ 115 intcinp Flinthash Fp 7 70 ix LR R R
cmpint 25, O 0 B RE & alde
U A a5 % ( hash number ).

BT 804 . intemp [&) F FAY
£l R e AT LR Fomping , SRS &7 LT 45

{xref functions 142)+=

int intcmp(const void *x, const void *yvy {
return cmpint(&x, &y);
}

unsigned inthash(const void *x) {
return *(int *)x;

t
(xref prototypes 143)+=
int intemp (const void #x, const void *y):
147] unsigned inthash(const void *x);

TE1E i 8] ik <add linenum to set,if necessary 148> 22 dij, et
5o M AR RS AR

int *p;

NEW(p);

*n = lTinenum;
Set_put{set, p);

B AT 2 RZ R AT &

2 Rsetd 240 & I'linenum , J:;_#_{t{rf 0 — R T ( memory leak ), [X Zl]
T BCAY PSR AUHE HHOR S8 AR B, X AR AT Bl

H Alinenum 7~ fesettB Al A 4
BO4s TH) Y T 1 G ek 6
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{add Tinenum 1o set, if necessary 148)=

{
int *p = &l1nenum;
if (1Set_member(set, p)) {
NEW(p) ,
*p = Tinenum;
Set_put(set, p);
}
}
9.3 s

Setdy JLH jTable J9 AR L, & RIBNFE TGS, 75 B H 5 ed 8 fs 41 3 Bk
FIRZXERTIIEO . TIRAHTER © - EafiTHE S ATable T

{set.C)=
#include <limits.h>
#include <stddef.h>
#include "mem.h"
#include "assert.h”
#include "arith.h"
#include "set.h"

#define T Set T 148

{types 149
(static functions 150)
{functions 149}

Set TR-- PPk, BEEEEHKK,

{types 149)=
struct T {
1nt length;
unsigned timestamp;
int {*cmp){const void *x, const void *y);
unsigned (*hash)(const void *x);
int size:
struct member {
struct member *71ink;
const void *member;
} “*hbuckets;

¥
length Bt 3 B9 R 14 4% timestamp B & MiSet_map J 722 ) ef 43 25 B35 £ fin TR
Set_map Xt Lapply SREUMAE 84, cmp Thash/M &4 Hodr e ORI B8 6 8
FiTabie_new —#£ | Set_new JFbuckets B0 i |2 i1 6 B9 70 &5 , fEsize B {EfE LK ¢
H. #4E/#T Mbuckets §2H 5+H0 “3 ) .
(functions 149)=

T Set_new(int hint,
int cmp(const void *x, const void *y),
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unsigned hash(const void *x)) {

T set;

int i;

static int primes{i = { 509, 509, 1021, 2053, 4093,
8191, 16381, 32771, 65521, INT_MAX ¥;

assert(Chint »>= 0);
for (i = 1; primes[i] < hint; i++)

set = ALLOC(sizeof (*set) +

149 primes[i-1]*sizeof (set->buckets[0])):
set-»>size = primes[i-1];
set->cmp = cmp 7 <cmp : cmpatom:

set->hash = hash 7 hash : hashatom;

set->buckets = (struct member **)(set + 1);

for (i = 0; 1 <« set-»s5ize; i++)
set->buckets{i] = NULL:

set->length = 0;

set->timestamp = 0;

return set;

}

Set_new Hhint ybuckets M STESH ( HLB.34HHE & X ) FEprime ik H— ME . R R
R S thempeRhash 1 73 5 Bds #F R B A ()R 7, MISet_newf# A F B & L BRI FIB 1,
Table_new Tt {& T HHBIRY sB 2.

{static functions 150)=
static int cmpatom{const void *x, const void *y) {
return x != vy,

}

static unsigned hashatom{const void *x) {
return (unsigned long)xz»2;

}
9.3.1 HAKEE

AR R ARR T - RD B X BRI MR A, 3L S Mbuckets i
A DUE YR 26

{functions 149=
int Set_member(T set, const void *member) {
int 1i;
struct member *p;

assert{set);

| assert(member):
150 (search set for member 151}

return p != NULL:
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{search set for member 151)=
i = (*set->hash) (member)%set->s5ize;
for (p = set-»buckets[i]; p; p = p->1ink}
if ((*set->cmp)(member, p->member) == 0}
break;

MR E AINNPpIES, wUp . B, XIpryilll it £ & Set_member i i -
B0 — A BE A 0L S S AN D IR e RN e I

{functions 148)+=
void Set_put(T set, const void *member) {
int 1;
struct memher *p;

assert(set),;
assert(member);
{search set for member 151)
if (p == NULL) {

{add member to set 151}
} else

p->member = member,
sat->timestamp++;

}

{add member to set 151)=
NEW(pR);
p->member = member:
p->1ink = set-»buckets[i];
set->buckets[i] = p:
set->length++;

timestamp F f: Set_map {1 $07 | R] 445 1415 1 1SS R

Set_remove @it -5 (W AL IR B IE T op BRI FE SR BIR E 00 ik S mi%
Wia, HEl«ppasE (+pp ) —>member B MR AR F, FXMEET. TR ne
*pp = (*pp)—>linkH M 45 T WBR 1% 453 .

{functions 149x=
void *Set_remove(T set, const void *member) {
int 1;
struct member **pp;

assert(set);
assert(member);
set->timestamp++:
i = (*set->hash) (member}%set->size:
for (pp = &set->buckets[i]; *pp; pp = &{*pp)->1ink)
1t ((*set->cmp) (member, (*pp)->member) == 0) {
struct member *p = *pp;
*pp = p->link;
member = p->member:
FREE(p);
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152

sat~>length--;
return (void *Imember:

}
return NULL:

1
Frep B Al 3 &t 5Table_remove! iy XA, BHH R8I T L HH AR/ E X,
Set_remove flSet_put# i 1M ul e Dlength O IR B & AP AR A 50, HPlength Bk
Sel_lengthik [0l /Y,

{functions 149%=
int Set_Tlength(T set) {
assert(set);
return set->length;

}
MAE G, Set_free & LM ME HEFABWBEHE LSRG HAETT 5+ Set 22 AT fE il
kAT AN

{functions 1494=
votd Set_free{7 *set) {
assert(set &4 *set):
if ((*set)->length > ) {
int i;
struct member *p, *q;
for (i = 0; i < (¥set)->size; i++)
for (p = (*set)->buckets[i]l; p; p = @) {
g = p->link;
FREE (p) ;
}
}
FREE(*set);

+
Set_map JL. T- 55 Table_map%5thy - - 80 ;. 38 1398 Fapply i€ Kk B IR 5 AL 28051 6% |

{(functions 149)+=
void Set_map(T set,
void apply(const void *member, void *c1), void *¢1) {
int 9;
unsigned stamp;
struct member *p;

assert{set).
assert(apply);
stamp = set->timestamp;
for (i =0; 1 < set->size; i+4)
for (p = set->buckets[i]; p: P = p->link) {
apply{p->member, c1):
assert{set->timestamp == stamp);
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FEW - ESet_mapfEif fFapplyW M- MR, M4 28 TR RAIT, RILE,
apply NEEER B E G TR ETE, S, T LI SRS 2R e (cast ) i B 2 pg D1 45 1]
iR . R Bk I miE L

Set_toArray [ Table_toArray i #2; [List_toArray 35 . Set_toArray 4rBf — 1~ ££H H

AR B8 DL

{functions 149%+=
void **Set_toArray(T set, void *end) {
int i, jJ = 0;
vold **array;
struct membher *p;

assert(set);
array = ALLOC{{set->length + 1)*sizeof (Farray));
for (i = 0; i < set->size; 1++)
Tor {p = set->huckets[i]; p; p = p->1ink)
array[j++] = (void *)p->member;
array[j] = end;
return array;

}
p—>member R Mconst void™ A4 frvoid* |, Ny $74H M AT Bk b 8 g

9.3.2 HEEBKRIE

A PR S R ARA AN B0 B, #fn , s+t B0F S 0s AR & 1 7C 29 AR — 4 F i
BRI, HEE T EAE s, RISWEAT B RIEsfa3lA T . NIt 8% 7
A E)iZ B A~ B R A

{functions 149%4=
T Set_union(T s, T t) {

1T (s == NULL) {
assert(t);
return copy(t, t-»size);

} else if (t == NULL)
return copy{(s, s$-»5ize);

else {
T set = copy(s, Arith_max{s->size, t->s5ize));
assert(s-»>cmp == t->cmp && s->hash == t->hash):
{ (for each member q in t 154

Set_put{set, ag->member);

!
return set;

}

{for each member q in t 154)=
int 1,

1533

154
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struct member *q:
for (i = 0; 1 < t-»s5ize; i++)
for (q = t->buckets[i]; q; g = g->1ink)

NTE e copy RENER BHIR P EIA, R4S il BIE-S/M.

{static functions 150)+=
static T copy(T t, int hint) {
T set;

assert{t);
sat = Set_new(hint, t-»cmp, t->hash):
{ {for each member q in t 154)

{add q->member to set 155}

}
return sei,;

s

{add q->member to set 155)=

{
struct member *p;
const void *member = g->member;
int i = (*set->hash)(member}%set->size:
{add member to set 151}

}

Set_union Fcopy BF-A S IFRIFFAUE B . TIIAE S50 T i, FH LSSy
RURInt 7 3 £3Set_new 8975 B0k 2 3 SR 052 UGB M A/ 768 3ishf , Set_unionfs
B —Ahint; EE FsRth KRNI LM AN, RAENERNECB LS
Set_union i) F A S A F B A8 copy T LU HSet_put £ 86 1 b4 55 IUE] @) A oh %
(B ¢l W{EM<add q->member 1o set 155>3% & B IRA , MBS I'Set_put il 41t
TR E .

s« USRS AT BN IR PR QU " — P B 4, JF U fEsFnteh #5000 3000 S0 2 0 F X
AR S

{functions 149)4+=
T Set_inter(T s, T t) {

if (5 == NULL) {
assert(t);
return Set_new(t-»size, t-»cmp, t->hash):

} else if (t == NULL)
return Set_new(s-»size, s->cmp, s->hash):

else if (s-»length <« t->length)
return Set_inter(t, s);

else {
T set = Set_new(Arith_min(s-»>size, t-»size)},

S-»>Cmp, s->hash):

ASSErt(s->cmp == t->cmp && s->hash == t->hash);
{ (for each member q in t 154)
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1 (Set_member(s, q->member})
{add q->member to set 155)
h

return set;

}
ansRs boeml i £, WSet_interidF B o H A st 5O S BV RS B AR
T EG R TEEZRHE B
EZstOE — A E I BT AECHI) A BS BE . TRAKEER S5,
M T RESS [ R {C B Bi<for each member q in t+ 154> 455 B FE HEDs .

{functions 149)4=
T Set_minus{T t, T s) {

1 (t == NULL){
assert(s):
return Set_new(s-»>size, s-»cmp, s->hash);

} alse 1f (s == NULL)
return copy(t, t-»s5ize);

else {
T set = Set_new(Arith_min{s-»size, t->size),

s-»>cmp, s->hash);

assert(s->cmp == t-»cmp &% s->hash == t-»hash);:
{ {for each member q in t 154

1f {!Set_member(s, g->member))
(add q->member to set 155)

-II.
I

return set;

}

MEF s /t, RRESHIETEAMoEWES . WisaitR=x, s/ tik Bsaft,
B, s /15T (s-t)+ (t-s), ATUIMS Fi WEESR W L2885, it ‘M ER R T
MEGH RS, REHZE, B hRE NI ATEMBFNESD. (M <for each
member q in t 154> B+ (v 5 M58 B 4 Pas #1401 .

(functions 149)4+=
T Set_diff(T s, T t) {
if (s == NULL) {
assert(t);
return copy(t, t->size);
} else if (t == NULL)
return copy(s, s-»size):
else {
T set = Set_new(Arith_min{(s-»>size, t-»size),
s->cmp, s5->hash);
assert{s-»cmp == t->cmp && s-»hash == t->hash):
{ {for each member g in t 154)
if (!Set_member{(s, g->member))
{add q->member to set 155

156




157

15%

116

FI5

}

}
{ Tu=1t; t=5;5=1uU; }
{ {for each member q in L 134)
if (!Set_member(s, g->member))
(add q->member to set 155)

}

return set;

HREM PRI EA R ERBEATRER; Hh— o8 I h S, — 5 g
O s FUT R BRI AP RS, el Bt BRI A, 5% W4 3J9.7 .

ZEBREW

H Set i K 8RS WO A Bllcon T 9% 4 £ ( Griswold and Griswold 1990 ), SB[
[con Y7 B ( Griswold and Griswold 1986 ). {i)e) S M A TRAFTE W, AlE s, 8
13 R Fi R 2 Ak N

leon REEGENARBELNONE T LHIES S —~. ESESETLT 2 T 8 iR
KRB, H KRR Rl S04+ B0 10 R BB 4 TREE A

23

9.1
9.2
9.3

9.4

2.5

2.6

2.7

FiTable SEHSet

HSetsc i Table _

SetfiTable Y LR BFR B R A, WIHFFM -4 5 = %, (iR N (SN
m B . Oy BRI READT B4 12Set FTable AR MELITRE L . HF MO
BLIK SEPESet #iTable

HE (bag) Bt - 460 . WER TG, HEERET LA 5B AR — Wl &
W Flan, (123)2—MEH, w1122 I — . BT I T 8
Rk NS B 1.

copy Bl FEETHIBE. BKER - M. BREE &0 PRS0 . L RE
W—IK 5 BLTH Mimember 5 8, SRS N RE A — NI A S R A B @ 4 B A EY
FIEICEA A & 1. AT R B A

—ER TR TTROAN THEF R A EA N, €80 M fEmember £ #ily 1
A NS PR —Rhash AL, 3 5 27 fe 8RS8 (5 AT iy B A o Vs A L 4o vl 4
AP IR B R RUAS b, INITREIE SRR R

s #0tHE HIR] Abuckets ¥ | s+r R THEAFEMEL | ] H iz £ IR A # LR
— PEFEE . WL RN, ser r?’%’?‘ﬁﬂfﬂ%ﬁﬁﬂﬁSﬂtm*ﬁﬁ B P s D (0 &
WG BMIERSSWERE, RALEHEEH, A E I bf4 FiSet_new , %
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EXHFEARInt, Ty + 1., 8 * 1,5 — AT HLIGGS FAEREEN, FERHEY
¥ . SEET B MUY O TR R
9.8 NFiELE LT BB IR —FRAF. xebESEHH M S Fl.

C getword.c: 7 8 9 10 11 16 19 22 27 34 35
ferixref.c, HITAIA BIS{CEESMWIirak #8 £ 77,
C getword.c: 7-11 16 19 22 27 34-35

0.9 xref BBV IFZA A, (BEDENT BiTable_toArray fil 8 A A8 4R . 8 dxref
FZREWRAR A HE NIRRT NE (YABRLEL ), REAITDEIES W
A A J7EE U BRI B A RN . MRS S hE ERT BT B
TR A NAT

9.10 ¥ mEE M 1F 2cmpint Flintomp R AR B H S0 T B 8 M 408 O R R 8] w47 | A

AR, HARE, THRAEEIEERE ( 2AREFH) » BF Rempint iy
AN 7] 18 7
int cmpint(const void *x, const void *y) {

return **(int **)x - **{int **)}y;

}

159







F10E S A

B (array ) 217 CEMAEFEA, FAHAW LR FMESEEEFNESIE - Y
. TESCES SR FRIE T, AR RS RCH AR A NI BRIERIE e gy, R
mc, fTERERESIBEA MR TR ( lower bound ), T4 JL{BiE 5™, fiModula-3. E
RO A M. ECHT, B &R ESI AT,

RER R R /ADE ATERIEM G X, BALEBITHE L. 5 BH MR YR E TR E
Moo #m, TECH, 5 U g Ea LonE HE K s B &4 BB ine [n] 8, nabin
W5l s dFSRCHW o AR AT Bl 30, B0 53 el 5 2 7E 2 17 0 70 2L o8 P e 47 T0r) )
o BURT , {EE S B/ D ZE4R 1R A A -

ATable_toArray % pR¥7 IR [T SO 2 A Bl F A9 AL IR0 7S Tw) 08 it 94
malloc B F40 43 FEREBOR B A, R, e MR T g Aree 2. Hob -REF
WMModula-3 , REFR &F M ZFF VR B . TR LCT, (w1 i fTable_toArray X% R
FOE B .

FritoArray IREC S 1S SEEH B B B G BTl iR A Array ADT S48 [ — 8T ful{H
By TH . 2 T e BURDRRL SRS A a8, N RE EF Ukl e i R a s
BENTIMEBBENE R H D RITA,

AL E [ ArrayRepEH o EA DB B AT T N AHT KN B LW HEB AR T
VAVEREA M EAFT L. R, Array flArrayRep it B ;I 3511 (two-level interface ) @%
A EIE N (layered interface ). Array T X ' — M AIADTIHE L & ( high-level view ),
ArrayRep Mfe BUR WEE e X TADT W5 #b - A B E, X4 HS LR 28T
AArrayRepBETH 2 Hl iR B HRSEAR i sl 2530 Fon ik WA P A B2 . 5 A g 04
A LA EFBRAER, MiA S80Itk AL 55 5 A Array B9% P38 HIIERE |

10,1 #O

T #]Array ADT

{array. h=
#ifndef ARRAY_INCLUDED
#define ARRAY_INCLUDED

#define T Array_T
typedef struct T *T;

Lexported functions 162)

161
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#undef T
#andif

S rX - PNAESH TR R S, LA R SIORIN-1EA . BE— s
b, PO REFREN KA, BERFENERA, AT CERAARFR R . Array_T
AR A RS BLFTFR AL .

{exported functions 162)=
extern T Array_new (int length, int size):
extern void Array_free(T *array):

Array_new L . ¥4510FRIR Fl— B length4~ 0 £ $ue . W58 S M0 Flength - 1,
BRAklength 20, WA, MEATHETE, H7 TEH L Hsize TH WM. M TERES
P IS EAS O, size QI GHEAT AT RE T EAY HAT M0HK . DI{E 85983 =141 Bllength . size
TTFIRAE M E B, B, length 04T 1T . {3 R length B sisize BT . L=k
Al Ry ZE R IZTTHEEE1R . Array_new A RE 2R B Mem_failed,

Array_free B RS Brrarray . f1Rarray 5§ # «array 935 W4y = W] 502 B934T S i3

257 R K B L SR HES M WADT R 6], Array 3 1% T 2 0UHUIES 4 46
fR&: BT R BsizeFHWFEY, AR TORAFELE, Array TEXHHFR YR
fEBFYADT ; 5511 & Bifiy R 4 BA B 5K 2 — A 8]F

oA %

(exported functions 162)+=
extern int Array_length{T array):
extern int Array_size (T array):

iR [Marray U OB DRI LR D,
B2 ouE TR i .

{exported functions 162+=
extern void *Array_get(T array, int i);
extern void *Array_put(T array, int i, void *elem):

Array_get iR RIS N ITTEK MFEH: LR &ali] 3, WA EaR - C4F X WCIES
o TP PEHHAETOLUED HArmmay_getR [ 1N $5 £ 3k 5 Rl 5T 2 1) {5, Array_puthi - Li#g4f
elem 5 [ (17 HY U R ERE BRI TTRINE . AR TTable_put, Array putf {4 Felem . (=
AHER TR SCHTME . PR3 e R AT LB 0884, FFHE T L AT Bt

AR TERAEF T Rlarray 1, o Felem s, £ 70 WKy & (032 /H9 6818 15
FHArray_get, #R)G TEPE 5 HArray_getiR ol 038 &+ 2 571 Array_resize I array BY4E BN &7
A R BB AT I R, Melem JT S50 776 010 LA fF4of 77 2 TB Sarray U 854 10 B £e 62
Ha A AN R ER IE AT SRR

(exported functions 1624=

extern void Array_resize(T array, int length};
extern T Array_copy (T array, int length);
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Array_resizeff B array fU &K/, LAE EEE Z#length 70 #F |, 7R 0 [P0 B0 2030
an Flength 8 0f 7 FEA MY AT FE . W BTAY ST R 540 8610 0 . 7 RjArray_resize 3§ {5 5 Hijil
HArray_getfril PR (HB LR, Array_copy Ltk 36401, {E B iR EHY 25— Flength 4~
JUE W4 fHarray . W ElengthiE T Farray BT E KT8, P EL o ENTIEL
H#0. Array_restze flArray_copy ER v R & B-EMem_Failed .

Array I~ 24 FiTable_mapFiTable_toArray 25 IR IHEE, N 9Array_getT S48 {4t 1 S E
RIRL ) A S0 BLSE 1Bl B 1E -

IR A, {0 - 478 T 1L 58 48 11 An] pl B BRI 22 7 Ak ml i &9 FRSE 75 M S5 .

ArrayRep# N B | — MR FT (descriptor ) #75 8 & QM & 75— ~Armay Tay, Hedr,
MR -PTEME, ErEE S TLN M. TR AN IR B 54 .

{arrayrep. h=
#1fndef ARRAYREP_INCLUDED
#define ARRAYREP_INCLUDED

#define T Array_T

struct T {
int tength;
int size;
char *array;

}:

extern void ArrayRep_init(T array, int length,
int size, void *ary);

#Fundef T
#endif

RI0-10 7w © ZH 100 M BB A VRGBS, KA 2 Iy HjArray_new ( 100,
sizeof int ) BREGRFIR, EMBEENAS T, WENMHDGE TE. Wlarray B A 45 ¥
flik #EAA N ER B0 8 &% (dope vector ).

length| 100 /”_' 0

size| 4 j
array ! S

99

F10-1 HArray_new ( 100, sizeof int ) 1489 Array_T
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ArrayRep#9 & /i B 7 L RE Bl P HIE A B, AR K 1r S 848 e il#
FEBRFBEFER OB EN s TSR, ArrayRepRiEHarray & -PTE#y, 135 H /b
—+array—>length B}, array—>array + 1*array->size 570 Z&iAUHE 2

ArrayReptit 4 £ ArrayRep_init, H 9 ArrayRep_init#® 45 1L 57 Harray #5 0] 25 f5Array_T
P B, gr s Z8length | size flaryMi{E - B EEHEFP HHEIFERI B CIICEMA
A K H: 2k By p)Array _T. W Rarray H %5 sizedE £ . lengthdf Ertary sy, K&/ 4]
For i IRz A TR $85 . (RS B B Array Rep_intt &b 104 Ak K86 46T . B4 sk A i
Wiz 1T HH §5 1k

10.2 =3I

165 BN BUH S 2 S Array flArTayRep g~ 15 10 .

{array.c=
#include <stdlib.h>
#include <string.h>
#include "assert.h"
#include "array.h"
#include "arrayrep.h”
#¥include "mem.h"

#define T Array_T

(functions 166

an clength BIE, WArray new HEAH M BRI M A B4 fizsm, FREE
ArrayRep_initK §] #a{b #5897 .

{functions 166)=
T Array_new(int length, int size) {
T array;

NEW(array) ;
if (length > ¢
ArrayRep_init(array, length, size,
CALLOC(length, size)):
else
ArrayRep_init(array, length, size, NULL);
return array,;

}
ArrayRep_init 2 #7 sp 1L SR FFaY M - AR ik s 18 Bt 1 20 B0 B DR 20 4 H
ArrayRep_init 3 35 & ] 3 1785 81k .

{functions 1665+=
void ArrayRep_init(T array, int length, int size,
vold *ary) {
assertiarray);
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assertfary && length>0 || Tength==0 && ary==NULL),
assert{size > 0);

array-=-length = length;

array-»sijze = size;

1t (length > 0)
array-r=array = ary,

else
array->array

166

it

NULL ;
}

I FArrayRep initzk W46 - ST A T84S oot B8 W38 #in i
A ol o BC SR FF N RO T R R E P T . T AcrayRep_init R AF, ol L4 £ A4S
K SE R A AR TR R TORE I, S, 4 N BB A2 s £ 44 T
ST Bl 2 ArrayRep_init ¥4 thilf, ol fE 2 PR IE 5.

Array free BRI ¥ A G I E5HIT, IEiFRT 09 2% .

(functions 166)+=
void Array_free(T *array) {
assert{array && *array);
FREE{(*array)->array)}:
FREE(*array) :

}
Array_free s G E(*array) >array 27 4145, 4 NFREB{EEE w4y
Array_getH#iArray putBr 1 H77 iBAmay T CE .

{functions 166}+=
void *Array_get(T array, int i) §
assert{array);
assert(i >= 0 & i < array->length);
return array->array + i*array-»size:

1

void *Array_put(T array, int i, void “ealem) {
assert(array);
assert{i »>= 0 & i <« array->length);
assert(elem);
memcpy{array->array + i*array-»size, elem,
array->size): |EEE]

return elem;

}
T Array_putiR[BE] & B A B¥. MR BB ALCE 89T L REAT H
Array_length HlArray_size & ] 250 #3800 fild ©5 00

(functions 166)+=
int Array_length({(T array) {
assert{array);
return array->length;
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int Array_size(T array) {
assertfarray);
return array->51ze;

¥

ArrayRep P 34 FIFLT BEA8 RS 47 1 E R0 IR 4840
Array_resizeifiid 3 H Mem RURESIZE e 28 #5970 A 8, 1 AH 1 oL 28 SR BY
length f _

{functions 1661+4=
void Array_resize(T array, int length) {
assert(array);
assert(length >= 0);
if (array->length = Q)
array->array = ALLOC{length*array-»size};
else if (tength > 0)
RESIZE(array-»array, length*array-»>size};
else
FREE{array->array);
array->tength = length;
}

A RIF A Mem ) RESIZE | SR IY 25 5. sOmr8aHE Bk . T liid & I B¥ ok
— 73 N BISECA

Array_copy5Array_resizedt ¥4, H BArray_copyifarray 8 #R BT FI B4 B9 - 34
s & 2R E T k.

(functions 166)+=
T Array_copy{T array, int length) {
T copy;

assert(array);
assert{length >= 0);
copy = Array.new(length, array-»size);
if (copy->length »= array->length
&% array->length > 0)
memcpy (copy-»array, array-»array, array-:length):
else if {array->length » copy->length
&& copy->length > 0)
memcpy(copy->array, array-=array, copy->length):
return copy:

SEFEEEWN

—BEEE IS P, B, Modula-3 (Nelson 1991) {75 iE4F 02 & (L&
T B . B REE Y BaR Z45 e, Tcon { Griswold and Griswold 1990 ) th g 31)  724&
BRES TR B SRM DB, IR YR R L B 7 PR U AR B I B W B B R R
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F, X— S W1 T — g R R BT, lconth LM -1 FlETERILF X, ETHA
DT FR AT — A FH] R ERR A
2 )

10.1  BiFHsmE—ARER L0C T35 #H i SIS B AMADT | 03 %RE 858 1T 5 Table 241
(¥ 8 ROAE 2 UL R R BRI SE B TR AT Z 29 . LBl fArray A0

Array_Rep.
10.2 A— s BEH (RIS S il --TADT, JHRAmay <M ©. 4 BT AW
W TN #EECH R ik 169

103 % R SR (VB RS TR M MAT ) U SHADT . it
ZHE & - - TR IR BES A, R AN s BT
10,4 BT 5| £

extern void Array_reshape(T array, int length,
int size);

i ARlarray B3O M E M S . Array_reshape B 545 W B AYarray ¥ e B < &
length #1 Jo& IR Ahsize, fil[r|Array_resize | i % ARG i B2A 1553 1B 64 B 2R 00
Aflength~70 8 ; Q1 Rlength#8 iF 1 555 K I8, #8490 TER AT KO- array 4
W T BB EHE RGBT R, R size KB K B0 . W&~
RER BB, 0 Fsize tWIBIE1E o, MR BB IR 1B T aR0 . 170
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—- 5] { sequence ) AN, AMOFIN-1K B RS, BTN EH. - TFF
VA EH M. FEHEMLL, FF A ET LGS TR, ta] LATE 3] BT ] - i B
A . T 2 i B I B S i NE . TFI LTS 1.

FFRER B Eaa HNADTZ -, IREEN 0@ AR R 3. E i ol UEE
o, P&, R, AAIREmBA I, WIS ARG hEEENABADTREE) . F 4
of LIF WG R BCH, AT E FYE Lkt AR 78R A e ATal
PRE H2H T,

11.1 &[0

WO — - TrSeq i rl v AU 2035 $725 80 528 ),

{seq.H=
#1ifndef SEQ_INCLUDED
#define SEQ_INCLUDED

#define T Seq_T
typedef struct T *T;

{exported functions 172}

#undef T
#endi f
U — 25 BT 25 1 8 10 00 (T 40] 38 P ¥8 27 kol % TE 09 35 47 1 4t

3 F an i oR Bh 4,

{exported functions 172)=
extern T Seqg_new{int hint);
axtern T Seqg_seqg(void *x, ...)}:

Seq_new @ B3 B H — o5 2. hint B A X B R BIRT 490 B IR0 (B0 — AN it dm
F IR B R AR #RE . Whint A3, R - T EAMIFER . LB ENLT BERTAS
hinté{d . 40 Bhint e, 112 2=t TR 25 BOIE 15 B4R i

Seq_seq @ BIE KT — - FD, &R IR IR E e WIESSREE 280D, BWFI RSB -
PR R, Hit. TR A

Seq_T names,

naMES a Seq_SEq(ITCTII !IMLI’I‘ llc++'l'll TIICDHIF’ ”AWKH‘ NULL};
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173

BT — PH A T AN T A H EEW Snames , FEH FK PAUMS MOBI4 M 3| HE LR
{ESeq, seq @ AJ L 204 Jo A R R W98 B kiR A, NILE %3 = Al givoid
RIS E IR tesbef, 7 R @ M B HG, FH5 071 FWAXAR. Seq_newH
Seq_seq Al ni LA7| & B Mem_Failed .

(exported functions 172)+=
extern void Seq_free(T *seq);

BRCF IR bR seq . MNFseqm E *seq y3 i8¢k, WS4 ATGE #¥5 TSR,

(exported functions 172+=
extern int Seqg_length(T seq);

B I FrFllseq A ¥ H .
N BT S A E S5 MOSIN-L RS R 54855 Bt . X 86 [ BE % T ik BB B i
{exported functions 172)4=

extern void *Seq_get(T seq, int i):
extern void *Seq_put(T seq, int i, void *x);

Seq_getid Flseq MY 4 fil, Seq_put# 54~ A ek Hix 3¢ 16 1 55k B0 (. 40 54 & Tat %
TN, W Eaaf il B MEHR . Seq_get MSeq_put 78 [B 5 A4 H-F (] i (71 951 4~

S al LA i I AT w e T AT e — S B A s i R

(exported functions 1724=

extern void *Seq_addlo(T seq, void *x);
extern void *Seq_addhi(T seqg, void *x):

Seq_addloRExim BIE &I 38 MxA . P 80 580 - - 54 418 B B4 15 B
RS0 A KBRS ML - Seq_addhi$%x 10 Fseq Bl 255k 138 00 x {8 , 75 FES] BYUAC B2 18 -
T RE RS ol - Seq_addlofnSeq_addhi A 12 3| % 2% Mem Failed ¢

R 3 AT 0 i e seq BB — i MHIBR (B A9 77 B e -

{exported functions 1724=

extern void *Seq_remlo(T seq);
extern void *Seqg_remhi (T seq);

Seq_remioFEseq A il BRI IRIM - . 707 508 FFi6 M S B B0 202 21 1]
M) 75| FFF 368 < B %R i1 . Seq_rembhi ¥ fEseq B4 258 B4 3% i — 4 {H. A A &5
R - AME RS AEML . Seq_remlo MSeq remhi ol 1Y B| 4 B #Mem_Failed .,

11.2 =

PR ER ZHP IR B REE . 7 B— T3 AN S IERMS b, NN R e & 2
HWH— AN BE— M mAmay THISH, T EArray_ T2k A & ‘W AYE IR B A Array
flArrayRep .
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{seq.cy=
#include <stdlib.h>
#include <stdarg.h>
#include <string.h:>
#include "assert.h”
#include "seq.h”
#include "array.h”
#include "arrayrep.h"
#include "mem.h"

gdefine T Seq_T

struct T {
struct Array_T array;

int length;
int head;
}s

{static functions 179}
{functions 175}

lengthI 6l & 7 40 AUE R B, array BLEL & 5 90 AU W A2 B0 B2 - XS HLIG 4R TF 7 44
length 4~ 0, fH & Rlength/ Tarray.lengthfl | & —4rC T A g0, % H ik B it
IR K AFE T I . F 500000 (ALAAETE 308 Lk orEhead it 35 4009 1ok (458 £
VVEER ZUN BB R LR b, R0, I SRIF 900 551 4 1 £ 685 41 Farray. length-1 4
TUREECD. Wi+ 1 MEFEE R0 TR . W18 55 7 — T S TR AC B
16T AR P - R k. Zo RS TR ESeq THRIL &3 A W Array T, H 7R f A [174]
Wk, HAERBLEEH, THME XIS TS SR CE.

Tength
size

array

length 7 e
head 12

Eil-1 16 EL FE4)

RS oK B RR RONERE . of 38 B LB A/ LR Nhead 1)y Bt ST 0T 1 81 B0 46
Ho v SE AL DL B /N A B nhead B TF B B T ST S MIBR . — 4 B ISR S — 4
BeH . BLE B3 B A B4,

L B — DR SRR AR AR D, % 07 S0 Shint#8 4. MShint B0}
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EFA16118 tf -
{functions 175=
T Seg_new(int hint) {
T seaq;

assert(hint = 0):

NEWO{seq);
it Chint == 0
hint = 16;

ArrayRep_init{&seq-»array, hint, sizeof (void *),
ALLOCChint*sizeof (void *)3));
return seq;

}

AINEWO{Elength Hlhead 5 ¥ 45 {1k 50 ., Seq_seq i FiSeq_new, |3 - P25 I1FF], KIGHE N
w2 NAHSeq_addhi, M R AME T InE 3 A3 AR

{functions 175)+=
T Seq_seq(void *x, ...) {
va_li1st ap;
T seq = Seq_new(0);

va_start{ap, xJ;

for ( ; x; x = va_arg{ap, void *))
Seq_addhi(seq, x);

va_end(ap);

return seq:

}
Seq_seqfH HZ KL PRE R BN A&, X SR RList_list, #HH MFE7.2 9B E
Array_freed] LI A —FF 71, 035 BH 5 R L HR A .

{functions 175)=
vald Seg_free(T *seq) {
asserti(seq && "seq);
assert({void *)*seq == (void *)&(*seq)->array);
Array_free((Array_T *}seq):

!

%
B

}

RE B8R FlArray_free (i {2 [N A48 4, 77 *seq ¥ il 25 T& (¥ seq) —>array 8 i 5 . b 3%
e, St Array T 55 f9Seq THYSE 8L, UL 7FSeq_new! s NEWO & [B] f)45 &) b
f2i1Seq_T, i Array_T.
Seq_length (1% o] 17 #) #length &k .
{functions 175+=
int Seq_length(T seq) {

assert{seq);
return seqg-»length;
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o) B A A A E R T 3 (head +1 ) mod array.length ML #EF . — KRB
Feft (type cast ) {543 H 3% X8O AT R 91 0 el BB [176

(seq[i] 177=
((void **}seg-»array.array)[
(seg->head + i)¥seq-»array.length]

Seq_get LR M FEAY ot . Seq putid v 1% mkix .

(functions 175=
void *Seq_get{T seq, int i) {
assert(seq):
assert(i »>= 0 && 1 < seg->length):
return {(seql[i] 177;

}

void *Seq_put(T seq, int i, void *x) {
void *prey;
assert(seq);

assert(i »>= 0 && i < seg->length):
prev = {(seq[i] 177};

{(seqli] 179 = x;

return prev;

}
Seq_remlofiSeq_remhi A — -3 71 B3 06, Seq_rembi7isx @4 @XM b & g it
FUA e SLp D length 3853 IR [o] 4y — 4~ Mlength & 2| 10 1E .

{functions 1755+=
void *Seq_remhi(T seq) {

int i;

assert(seq);

assert(seq-»length > 0):

1 = --seq->length;

return {(seqfi] 177);

i

Seq_remloRINE ¢ — &, FHE 4R R dihead 22 7|0 {5 (head M {ETE A O],
BB A/ B inhead , 3 8% {flength . 177

{functions 175)+=
void *Seq_remlo(T seqg) {
int i = §;
vold *x:

assert(seq):

assert(seq->length > 0):

X = {(seq[i1] 177);

seg->head = (seg-»head + 1)%seq->array. length;
--seq->length;

return x:
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i32 #FUF

Seq_addloMSeq_addhi #F EHE MBI FF +, FlFELBELARPMRTRENE, &
length®% Farray.lengthpf & B X RS, B2 R AR HEF, 3H A48 4088 454 FHexpand
ARk A, XA iGT I Array_resize JRECFRMY . [R)FF, Seq_addhi £ X PI cREUD EL B
BE -4, WA BEEL, R dlength®) ) 25] 3 465 X SifHF 4 hilength .

{functions 175)+=
void *Seq_addhi{T seq, void *x} {
nt 1,

assert(seq);

1f (seq-»length == seqg->array.length)
expand{seq}

1 = seq->length++;

return {seql[i] 177 = x;

}

Seq_addio A 179 ek & . (H2 M5 IS KX/h fEfKhead , IF43x £6% /6 HH £ fhead (&
SIMER RS, BEFT D HOZRT MY .

{functions 175 1=
void *Seq_addTo(T seq, void *x) {
int 1 = 0;

assert(seq);

if (seq->length == seg-»array.length}
expand(seq);

1f {--seq->head < )
seq->head = seq-rarray.length - 1;

seg->length++;

return {(seqli1] 177> = x;

}
Seq_addlofiseq—>head = Arith_mod(seq->head —1,seq—>array.length) 3% {fseq—>head .
expand ¥13 [ 3 Array_resize (I8 A, H A Array_resizefti— /4~FF #11 B 40 19 K /Nt -

{static functions 179)=
static void expand(T seq) {
int n = seq->array.length;

Array_resize(&seg-»array, 2*n):
1T (seq->»head > 0)
{slide tail down 179}
}
(e IR ACES B B ASIARRE . expand b 2T 4b 0K B 4H 4F 3 B I LE ph R BIM i, BRIk head
0. BNEEEAR BT E—— Mhead B F W RS B RS B B A9 A SR (E
I h R ayocE, nFE1L-207.5 , head &b %0 i &5 597 80 28 .
{sfide tail down 179)=

{

votd *"otd = &({void **}seq-»array.array){seq->head];
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memcpy(old+n, old, (n - seq->head)*sizeof (void *));
seq->head += n;

old+n

E11-2 FE—TFH

&%

7] Slcon H #) 31 % JL5F —8¢ (Griswold and Griswold 1990 ), {HE#B{EMNZFRFE AFE
iy SequencedE ], i SModula-3 ( Horning, et al. 1993 ) MDECKHERE I, X
i AR L SDECEI A . SR 111455 Tcon 38 B,

TR

23]

11.1 IconLBMP E— CRIEFRA—HH - FHRRUDBEIR, HPEITF
RELL A MAME . IR ER TR BS T BAmay_resize, FAWMEOE, FOTFE
oAl LB FI R A E — 8, DA EUMIH FSeq_addloMISeq_addhi . X R RH
P 6 21 A R AR S A T R, BB MBT E S MG B B F O
£7 i WSeqiE sy —/ HH LI FF & 2l BB PR MR T . BEHE
R IR LR R e X (a1 -1 S i 1 iam 20, PR BEM SOt T 6 185X T 1% OLRE LU
& E pYE] [H) 21T 7

11.2 % —47{d FArray_resize® Seqit ¥r— M. Hifn, ENTTE WK HAPHRN
B, T I AR Rk fo B e AR, KRS BUEALNA TR, ARERRN
B3Rl B 2N AN E . W RNS T1024, MR EHFEIEAEEImaG A TIR,
BATEREEBEEAMH AR, EXH%ERE (edge-vector) RRET,
HBMAMNTTEPEE R EEEHE, AR ERE.

11.3  {B&E ¥\ i FiSeq_addlo MiSeq_remlo, it —T 3L, {2 Getg @ 1 4 Bl 5 [|]
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181

02 HEAE X8l (Y7 R R JTE . #47. SkKip list (Pugh 1990 ),

11.4 549 I Efm MA SR . 0 Seq—>remto #iSeq —remhi. # 22 FHEEAF EE L
Wi KT A AHAL, Bl Yseq-»>length/NTseq—>array. length/2R0f . A LLHER R .
T 2 ] B AN AHOEE (B ¢ 427 . thrashing ( £40E18E ),

V1.5 #WFZIm A R 6 KE Blxref PUBAEFT 2. BEAA S04 R Im RS e ny . M H
A e R F R e W i s, TR R R 48 5 HET

1.6 % Seq_free, (e LG TMHETR . 758 FBE T Aray_free.
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B (ring ) fRRFH . EFHHNTOEN AUWESFESIHNIAE, HbNREH . 1
TR R ATE. MRE IR T, R IBE—FE . AT AR L HE B3,

ST PR BRI IRB A A AT T, F FL 3 O EAT (S 40 A Ask % . 7 oh.
HA BB gwsr: WA "B SR KIE MESERE T RS . i “5ess™ nl
AR E S MG MMEMWES] . UL R0 M R, S 95 T oFEuh, ARl
FATEFE] R #)

121 #[1

Mg L - TR SR A L, {5 ERing ADT# r £ - KA
Bl e B R SLAR

{ring. )=
#ifndef RING_INCLUDED
#define RINGC_INCLUDED

#define T Ring_T
typedef struct T *T:

(exported functions 184}

#undef T
#ondif

B - BT R A R T IR TR AT 2 R A a5 R IE AT HT S8R
GIE Py RS TESeq i O AT (8 H AY el i 21

{exported functions 184)=
extern T Ring_new {void):
extern T Ring_ring{void *x, ...)}:

Ring_new @l ZEH 3R [b] — 25 (3R, Ring_ring 0 AR - B, 0 BUIS B 610 B o
Mk =R HEE . BRPIR LB DTSR &I . M

Ring_T names;

;Qmes = Ring_ring{"Lists", "Tables", "Sets", "Sequences",
"Rings', NULL);
PR —MEFE LB YRS ERF, H S Bnames . A A S M0 Fl4 i) &5
SR DGHR o TERS B 230080 AU AT 00 AL SRR 58 5T BB S RS HR T . B B A A s i
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¥rauEF AR EE, BrRApaRERRFSH®, FF WLV MAXITIE. Ring_newH
Ring_ring Af {51 & R fwMem_Failed,

{exported functions 184)+=
extern void Ring_free (T *ringj;
extern int Ring_length(T ring};

Ring_free® pr*ring ¥ jo) fyring - iE R *ring . 0 Yring s} & *ring oy =S FFM 27~ 4 0] £
EAEFT R . Ring_length i o) Fering |10 B4 L H -
54) A K BNEIE I (8 S O SIN-1 5| | B (A ) T 90 R Bt A3

(exported functions 1844=
extern void *Ring_get(T ring, int i);
extern void *Ring_put(T ring, int i, void *x):

Ring_getiz [F)ring A9 20 1~{f . Ring_putfBring T i) 551 MURx 30 18 10108 22 04l . s
VAT B SN2 PR ] K4 A5E (TN
{HiB oL 7 AEEEN Plring S/ {F1af #0 )7,

(exported functions 1840 =
extern void *Ring_add(T ring, int pos, void *x):

Ring_add 7k iz Epos ¥x i MBring 1, FHIREx, — AN G Bring | 1467 B 0 F BB
AR, ERE—NHH MO AR BE SN T TE IR,
1 2 3 4 5 6
! ' vy
0[1|213 4
T %
-3 -4 -3 -2 —ll ()
B PR —THTFERRI. BLE—TEENNY, BTH--F84ELEHTS, FEIE BY 4
BEEX ITHHNRBEENME, EF R UEAWEE., 7 20H 1= 1) 3F T2 .
Ring add B ZAL MR AR E . EL— P HAFENELS= LR BN S L A
AFTE B0 58 6045 Mt SR ARG REEY i 5 A0 fl BB 4 RO 48 28 19 46 R0y B
BN — A ER ST AL AR ET S 5K ESR 1— , Ring_add a1 3B
#Mem_Failed .

B %Y

(exported functions 184)=
extern void *Ring_add1o{T ring, void *x);
extern void *Ring_addhi(T ring, void *x):

S T ESeqdl Ly & WALl K2 . Ring_addlo MRing_add (ring, I, x) Z 4,
Ring_addhiRing _add(ring,0,x) 24 Ring_addloMRing_addhi#RR] LL3] & e
Mem_Failed




e 137

PR EX

{exported functions 184 =
extern void *Ring_remove{T ring, int i);

W%k R Blring REYSRME . MR - (EW EE T E AW AR R RS ML, IR
AT & FTongl (CE, M4 el A s TR i
ISeq REL AL DI A, TH MK

{exported functions 184)3=
extern void *Ring_remlo(T ring);
extern void *Ring_remht (T ring);

A ek 350 [Flring Ho %o o B B B gy . Ring_remlo [fRing_remove(ring, M) ZE 4+, Ring_rembhi
[F][Ring_remove(ring. Ring_length(ring)-1)Z #} . B— S fring 518 85Ring_remlo &
Ring_remhugf 2z 74 Al 21 (K4 1T H5E iR .

‘ring” WA EXR 8 TP .

{exported functions 184+=
extern void Ring_rotate(T ring, int n);

Z R BOE A RE S E A ring T MEH T RE RS, W0 HIE, ring 458 ( B AL EF G5 )
nME, B EA RSB ring B E B G, 0% - E AT EARHMring i f7 I8
TR B B R s HhET L dg 18— T 2

E c G H
w DY C
MAn KR, ring M ZRESE (F A RERE ) n M, AEMERIE S| Diring 80 4 7 A8

o SR Lring 9 K 8 50, Ring_rotate T3, 0 En iy 44t {8 T /ring 4 KK . W]
=0 A ST BEER

12.2 =1

SEIAE — IR 2 0 — AP D R S

(ring.c)=
#include <stdlib.h>
#include <stdarg.h>
#include <string.h>
#include "assert.h"
#include "ring.h"
#include "mem.h"

#define T Ring_T

struct T {

186
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struct node {

struct node *11ink, *rlink;
void *value;
} *head,
int length;
He

{functions 188}

head g0 (71— ~node Z5 44 & 0 (A1 45 65 2,  Hibnode 45 Hy H v value 54 Aring P AU E . head
i 1ol 15 BI04 XRR B0 1B, % 25 89 847 3C7E thirlink B S50 fonode B F, IF H 4% A node i Tlink
BERIE W ROBT . E12-18 /58 £ — A A4 A K ring 00 2, & R128 B A 1linkbE 3655 B
4B 3, TOs LI Brlink BT IR 4 iess .

« | head
v ; & | Tength
& _f..- L
-_
e |1link
—» | rlink
(fr value

h

i

E12-1 —Ao5 L AW

{functions 188)=

T Ring_new{vaid) {
T ring;

NEWO(ring);
ring->head = NULL:
return ring;

}

Ring_ring {I& T — 7S AY 35, 4R/5 i@ ARing_addhi B0 © K 444 TER, TR H— s
ok, AREEH— sk,

{functions 188)+=

T Ring_ring{void *x, ...} {
va_list ap;

T ring = Ring_new();

va_start(ap, x);
for (3 x; x = va_argCap, void *))
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Ring_addhi{ring, x);
va_end{ap);
return ring;

} 188
B — A8 B Rinode5Hy , LG BT L . FAynode BEIEINIR I LR, ALY
Ring_free Il G Uirlink #4541 890 -8 7 .

{functions 188)+=
void Ring_free(T *ring) {
struct node *p, *q;

assert(ring &% *ring);

1T ((p = (*ringj->head) != NULL) {
int n = {(*ring}->length;
for ( : n-- > 0; p=aq) {

q = p->rlink;
FREE(p);
}
h
FREE(*ring);
}
PRI

{functions 188)+=
int Ring_tength(T ring) {
assert{ring);
return ring->length;

}
U2 [E] PR B B
Ring_get #Ring_put ) 54k BIIR F 81 LT, R %, BEIER| R 5 S
ZHh, BRAFEEHTRESH R,

{q « 1th node 189)=
{
int n;
q = ring-»>head;
1f (3 <= ring->length/2)
for (n = 1; n-- > 0: )
g = ¢->rlink;
else
for (n = ring->tength - i; n-- > 0; ) 189
g = q-}11ink:

}
LIRS EL oA OB B R 1 R R SR R — 2 |, 5 — Wk B R 8 s rlink
EEC AR SRR T T A . B, Bl ek ad £ BESSE. BN, fCE12-14, 0£I3:E
ABE IR, 4F0S Bl o A2 ki B
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Bt CXAES RGPl e RO AR TR T

{functions 188)+=
void *Ring_get(T ring, int i) {
struct node *q;

assert(ring);

assert(1 »>= 0 & 1 < ring->length};
{q « 1th node 189}

return g->value;

}

void *Ring_put(T ring, int i, void *x} {
struct node *q;
void *prev;

assert(ring);

assert(i »= 0 && 1 < ring-»length);
‘q « 1ith node 189)

prev = g-»value;

q-»value = Xx;

return prev;

}

A AN BB B — D W RPE T8RRI R AR T SR AR Y
BE WAL A O SRR AR [ — N IS AN A BRAE . Ring_addhi J2iX Epg S0 By
M — Bl -DEE WA S AR Hhead s M BT SR ALY, WEA12-255 , B HH
ATROHHT R, BUEPRENRERTHEAEBRY 7, T 2An,

{functions 188+=
vaid *Ring_addhi(T ring, veid *x) {
struct node *p, *q; '

assert(ring);
NEW(p);
if ({g = ring->head) != NULL)
{insert p to the left of q 191}
else
{make p ring’s only value 191}
ring->length++;
return p-»>value = x:

¥
AR - TR B ring >head 38 IR PR R AL, TR MBETEEE (4 4
A&

{(make p ring’s only value 191)=
ring->head = p->1Tink = p->rlink = p;

ME12-27 R MAEAE , Ring_addhife Seh 49 25— 8 B #3510 rq. IFEEMEA DS
HZCil, JEP SR LI S0 BT 0T AUHE . JE o g BLlink Fig RIET 2 M rlink 8975 1)
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{insert p to the leftofq 191)=

{
p->11ink = g->11ink;
g->11ink->rlink = p;
p->rlink = q;
q->1iink = p;
}
q q
head ¥ head

i = N R I K oy n e b e

[F12-2 35— #r{H¥ A fihead 895 H

HIZ-3FP AR R R ETEEE TX WA Ea4a e, —P TR0

FANBRGE . MqiE I Bin BERER T/eh M- - 00 SR, B EE XSRS

-

S 1

. |
. |
h 4
|
—l
l‘ -
: ¥

F12-3 B F VTS AR AT
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Ring_addloJLT 22— oy RiA . UL KD $ray 0 sy W e - 9l . XA A
A0 L RiRing_addhi gk fg B TOUE 5 - POk 080, i) A58 3% 2 i@ 1 fohead BYE H2AY EH)
A B S SE I (1 -

{functions 188+=
void *Ring_addio(T ring, void *x) {
assert(ring);
Ring_addhi{ring, x);
ring-»>head = ring->head->111ink;
return x:
t

Ring_add 22X = IR A7 (8 BUeE BUR W 2 2080 -~ N2 e ab 28 a0 S 01T B i
BEERENEE, WSREFN PR XL FR T A Ring addle MRing addhi b M A5 ¥ &)
AN TT AR, MBI MR o 0T A0SR, SR RS M Bas it . K
ERFRE VAR MR ERSLS, WE e,

{functions 188}+=
vold *Ring_add{T ring, int pos, void *x) {
assert{ring);
assert{pos »>= -ring-»length && pos<=ring->ltength+1l):
if (pos == 1 || pos == -ring->length)
return Ring_addlo{ring, x);
else 1f (pos == 0 || pos == ring->length + 1)
return Ring_addhi{ring, xJ);
else {
struct node *p, *qg;
int i = pos <« 07 pos + ring-»length : pos - 1;
{Q « 11h node 189}
NEW(p);
{insert p to the left of g 191}
ring->length++;
return p-»>value = x:

}

AP PEE R G T 3 KRR . 0030 65 (L AEF8 151 Biring—>length —1 i 223 | K RE 1) [T,
XX = A B R 1L B R AT b X IR ) 5 BT o P SRR A IR B . E— R
U RR AL BRSPS — N I A S EE . Ring_remove 7E ixX = b B ER AR, P
TSN A AT EHE B 5 PO T
tfunctions 188%=
vord *Ring_remove(T ring, int i} {

void *x;
Struct node *q:

assert{ring}:
assert(ring->length > 0);
assert(il >= 0 && 1 < ring->length);
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{gq « 1th node 189}
1f (1 == 0)
ring->head = ring->head->r1ink;
X = g-»value;
(defete node q 194

return x;
}
WHRIAO, Ring_rﬂmnveﬂﬂﬂ@iﬁ’i—hﬁ.ﬂrt 5] 1 2618 A head fY 2 17) 8 M- >3 BY S — -7 &
HEh - - R B VYN SRR AT L M PR — AL T R A ’fﬂﬂﬁéﬂ‘

(delete node q 194)=

g->11ink->rlink = g->rlink;

g->rlink->1Tink = g->7111ink;

FREE(q);

1t {--ring->length == 0)

ring->head = NULL;

P12-4 028 A0 5N — AN 215 BHAE 1 (LA B (R TT 38 9 4330 ) 5 10 72 AL BT, 0 B W) 4
IR B BHER R, TE<delete node g 1943|185 = 5 8] 00 4 & BT TS5 184 W ring
MMQW.#ﬂﬁmr—lHﬁwﬁ%ﬂﬁme%MMMnt1%#.%&&.”&@#“15%

FUR T BR— 1 R AT 350

- q
¥
#fh * 4 o I » e
S
>
¥

¥112-4 MBI M g

Ring remhi St 2840, H B FH 0 17 Eog ) e,

(functions 188)+=
void *Ring_remhi(T ring) {
void *x;
struct node *q;

assert(ring);
assert(ring->length > Q);
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196

144 F£12#

g = ring->head->111nk;
X = {g-»>value;

{delete node q 194)

return x;

}
m EFron, Ring_addlos@ f 8 HRing_addhi fi g ¥ ring fithead (§ {2 #5170 B 2 % 52
PR Ring_remlofys 85 0% . M ring fhead {2 5/ /5 %, 7174 FRing remhi,

{functions 188}+=
vold *Ring_remlo(T ring) {
assert(ring);
assert(ring->length > 0);
ring->head = ring->head->rl1ink:
return Ring_remhi{ring);

}

B Jr - EER ¥ IR, R NIE, — PN BIRIBN R ZEERE LN

W RFInAN ¥iihead, MNEn K, Hubide iest | EEWEH A head B ET | n+ N e
YE k.

{functions 188+=
void Ring_rotate(T ring, int n) {
struct naode *(;
int 1:

assert(ring);
assert(n »>= -ring->length && n <= ring->length);
if (n »=0)
1 = n#%ring->Tlength;
else
i = n + ring->length:
{Q « 1th node 189)
ring->head = q;

}
WX, [ H<g<—ith node 189> it B2 5 40 .

BX P EEI

Knuth (1973a ) filSedgewick ( 1990 ) ##y (E40 4 B XY il 5 A2 Bk
IconZ B4Ry -4 38T FIM 2 5 301 04 18 11 845 SRing 2 M %L . % 3 12-44 i S Teon
HYSC B . Ring_add 5 347 & 0f2 FE 3k Bylcon .

23

12.1 #'5Ring_free TRIIEER, M T 8n . & FH| FREEFD Stk CEDRIR Bt 455,
12.2 ik 4Ring_rotate f) 8, #838 W{+ 2% T PMfE A — HH pli=n+ring—>length
12.3 J4ARing_get(ring, DBEH ERE R — 1B . YHRing_ get(ring,i+1). ¥ 5L,
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12.4

H IR RE A8 1010 e BN W R B ME T8, A HZFESAT R A %IE
<g<-ith node 189>\ {A3F. ATET 8 Mk AWBR N RE 5 E, & -1
W im B, Ik B By B R AEF AL -

IconZL B 41 [WIEC AL, (b AN o980 ALy R n) 5 s B2 0! - A B J0 e 4
W 2 vp X, BLRECH ESeqny oA e I L F AR A {8 el LT ) #em T 48
RIEAFTFW /A NIRE, REIESAPHIAEKES . Bin—>~/, E4#
EMP - -TOCEFERREM WA, T2 me — M 8H. Wk - E
M= B EBH TR - ¥, L, WREMWGRWEESSH TS -, WA
MR THER AR, EFEARFTERLEAETRANEE 28 2, HEEI+4&
KU YERE S o, {ERIX O s PR SEI AR . R XM S b G, A E S
R GRASE B HE R () M 5
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FOF HRMECITLAFAML &N &, EHyiXenE AW H &P # R EITR AR b T
AT, BEEA4RENEE & NEERCIEATHLEE/AE — I WADT,
Bit3Z 1 i b ¥ & (bit vector ) KK, il =TT IRRMOFEN-1HERE S, B0,
250 R R BRAl A B BoRFEARES .

Bit 241t " K& HSet MM O UM FE, EH L BERRE L ITHAM L MBRN .. NET
HSet&£ LR &, W MERYEAESHE IEWUHE L, BAOEIN-THERAIES.
Pt , Bit i LR {ESet NRE4R (L pOeR %L, W - B8 (complement ),

13.1 #0

DL E X 42 F R PR RN Fon BT A E LR R FY. AW, Bitzon
R — N - AR R R,
(bit.h)=

#1fndef BIT_INCLUDED
#define BIT_INCLUDED

#define T Bit_T
typedef struct T *T;

(exported functions 200}

#undeft T
fendif

=Bit_new | — M umEF, ZiinNBNEERETT

{exported functions 200)=
extern T Bit_new (int length);
extern int Bit_length(T set);
extern int Bit_count (T set);

Bit_new gf 1 — ™ ifiilength M By &, FEHFATAMUIBIZ R0, HuBEARLE
S MO #llength -1 {v R B 5 . 0 Eiength 4 0 £ p= 4 T ¥ (W27 89514, Bit_new ]
114 7| & B HMem_ Failed .

Bit_length j& [l set s iy (587 . MiBit_count R lnjset 111 a4%E [,

F£Bit_union , Bit_inter. Bit_minus fIBit_diff 2 &}, ¥ — 270 T1E B4 28 OB
BT B P A T R s AT 4 IR
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{exported functions 200n+=
extern void Bit_free(T *set);

BERLFEIT bR set, MoRsetaf F*set 7S, Mo P24 W A AVIE FTHA%E i,
set H I JF IR (HHMEBFE 0 ) HT L Fk b2

{exported functions 200x=
extern int Bit_get{T set, int n);
extern int Bit_put{T set, int n, int bit):

Bit_getix [ Lk #Fn{f 31 i#n f& &resetd; BIBit_get ™ HoEin7Esetrh Bf i [F 1 i 24n A 75
set H B3R [F10 . Bit_put# iEbit 76 (g B 3R Mo 36 R Lo Ben X B7 A4 470 Bh S Wi {8 n
AMBE RTE Foet i K &, sk HDUEER BROWR RInE, &7 o] 52 i 32 15 WEER |
LR R BAL B set D B9 My T B0 ER B0 4t Fset th (948 ABRY BB I T —— — sety
T,
(exported functions 200+=
extern void Bit_clear(T set, int lo, int hi):

extern void Bit_set (T set, int lo, int hil};
extern void Bit_rot (T set, int Jo, int hi):

Bit_cleariff g MloBlhi(y bt 4547, Bit_setil s MloFIhifty bt 454 , Bit_notIz M loF|hi 4
Brfg#hEs. GnRlofEidhi. lomk £hidyf, [LMlokEhi LF % FsetRytc BE, Al = O fr A
iz 17 ER -

(exparted functions 200%+=

axtern int Bit_1t (T s, T t):

extern int 8it_eq (T s, T t);
extern int Bit_leq(T s, T t):

Bit_It7es ctiffig [B]1, BREF0, s ct, hjs 21 . s ct, MBi_eqig A,
TEE0, miEs o1, WBit leqiRM1, FMIRFEO. FHFAX SEE . MESHIE KR
=7 W<x P4 AT R 2E ROGE FTHES i,

PR &R

{exported functions 200)+=
extern voild Bit_map(T set,
void appiy(int n, int bit, void *c1), void *c1):

MEH ARG, %JSEWE@%&f’“I:tﬁﬁﬂéﬁﬁapplﬂﬁﬁ NEFFFS, HEMOB£4 MK
Bwd, bite{i nfife, cld &/ HARFE RN, RiE T{5% 4 Table_map &) 5845 apply f]
AT Afset B9 o A0 4 W 40 38 Fapply HIDE A5 T F 45k (04 HePken, WiZ S b&ENS
*apply 6998 R BB, FEABit_map i/ 750 i 0 08 A B 1 47y TR MEBEELEE
ot Z BT iEBit_map Xt 1) &3 FT &4 .

TR AT P BRI A AR AR, 7RO L 28R IR B R HER R [T — 4 3
MES, REREESFE R,
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{exported functions 200+=
extern T Bit_union(T s, T t);
extern T Bit_inter(T s, T t);

extern T Bit_minus{(T s, T t);
extern T Bit_diff (T s, T 1t);

Bit_untonik Msfitey 8, As+ 1ok, EWA 0 B sk (OR) ;2% . Bit_inter j& [Ts fIt
W&, As*tRm. BEM T umsifEEy (AND) 2%, Bi_minus@Elsftay3s, Fs—t
FN . Rs MtHFMEUET Sim B Bit_diff i% [[s fit K 35 2540 (symmetric difference ), F
s /t3RR, RsHtff R il (exclusive OR ) 28 .

B PR AR S s BRI SR 51 (R iEs Aty pas), HIEN W ESERETES.
Bit_union (s, NULL) i&R{Elsp— DEIZA. XU RE S ERMI 2T, sty sy, &4
IR R ATH IR, sPtA AR K B4 R v R 0008 TR AL . SE R SRR FTE| B
e H Mem_Failed .

13.2 SRR

Bit_T R27F A0z 0 1< B 70 HCAS A2 55 I8 1 F 48 5

{bit.c)=
#include <stdarg.hs
#include <string.h>
#include "assert.h"
#include "bit.h"
#include "mem.h"

Bdefine T Bit_T

struct 7 {
int Jength;
unsigned char *bytes;
unsigned long *words;

Fi

{(macros 203

(static data 207)
{static functions 212)
(functions 203}

length 325 i} [ [ 8 Y LLRF 5L, bytesiSie) 40 |length / 8] 42 % . AT E5|bytes a] 2L 14
[PIELRF, bytes (] 4B/ H A M8 - 128 - i+ THAR M T, HA8 « i 2524 {1 S8 24
EE, BHERRTENFSMAER, xFREa8 s s, N Hii ool R i

IR BT TR B YR e tbmBit_get, KR{E B0 20 SR ihIR) 6, AT LU B

FRAAOE Bl RAT 5 (OB BUSRT ok EAT AR B, Bitfd HIE 47 B4l 3 fr i 2 IR 2 #}Bit_count |
Bit_set, Bit_clear #iBit_not

201

202
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_BLIEA . [ 4nBit union . JEATLR EDETA Y HAS G, OFFic s, 38 stwords of LAZE
IFj— Ef 18] DB PW A~ b Y i

(macros 203)=
#define BPW (8*sizeof (unsigned long))

H WPwords & 245 m— I~ LA S [ 2% awordsit B — i Hlength thF v g4 7 B &
I B AU 09T %

{macros 2031=
#define nwords(Ten) ((((Ten) + BPW - 1D&(~(BPW-1)))/BPW)

Bit_new{# Anwords 4 il — 72T -

{functions 203)=
T Bit_new{(int length) {
T set;

assert(length >= 0):
NEW(set);
it (length » 0)
set-»words = CALLOC{nwords{length},
sizeof (unsigned long));
else
set->words = NULL;
set->bytes = (unsigned char *)set->wards;

|2ﬂ3' set->Tength = Tength;
return set;
}
Bit_new FE L ] L) ;yfisizeof (unsigned long ) —1-MEA YA . X 4B B A 1 SE 35 00 2 KO L)
T 51 pR JEBE TF 6 Hb HAT

Bit_free i & 4IFHIRE ME%, Bit_lengthiR [nllength by

{functions 203+=
void Bit_free(T *set) {
assert(set && *set);
FREE((*set)-»words);
FREE (*set);

}

int Bit_length(T set} {
assert(set);
return set->length;

13.2.1 MR ‘E

Bit_count & FI3E &9 A H A8 —— B4 a0 10 80 R T LA T
BINGE AP SR AL, (RS AT CORET M ERE S R ER T,
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I { SR 35 —+F AATA 1617 a] BER FF 1 I MENL 5.

{functions 203+=
int Bit_count(T set) {
int length = 0, m;
static char count[] = {
0,1,1,2,1,2,2,3,1,2.2,3,2,3,3,4_};

assert(set);
for (n = nbytes(set->Tength);: --n »= 0; ) |
unsigned char ¢ = set-»bytes[n];
Tength += count[c&0xF] + count[c>>4];
} 204

return length;

}

{Macros 2034=
#define nbytes(len) ((((Tem + 8 - 1)&(~(8-1)))/8)

nbytesiTH# [len / 8], ©H TH# Ty i B— WHEF— BRI, HF0E ST ET S
length #1595 B B Y L35 4 59 B9 M SR 2 FUAR M KT B & & b8 795 i LS8 . i
TR0 WY LA U5 i0] 5130 AF 8875 189 ARG, {HE (R 4 Bit_newd§ B 4 H 351 BIHG 16 RO, FRLL s e
VTl ANGE BiCAE oA B AT 25 ML

AR ES Tn / 8P (5 B An e 8RB, - 1 U SN0 FT 45 36 M A5 1 A 1
. MERARRT MRG0, BB AT RN . Bit_getR B nm i, BAriET
wa /8 R aln %8 1 FUR [ B A L 1 4 7 i3k SEHAY .

{functions 203n=

int Bit_get(T set, int n) {

asserti{set):

assert{(0 <= n && n < set->length);:
return {(bitn in set 205);

}

{bitn in set 205)=
{(set->bytes[n/8]>>(n%8))&1)

Bit_put/df /5] 6977 008 HobEn . Inibick 1, Bit_putd b 85141 A0 B3hn o8 7 | 45 Heh
RgsethFn/ 8 EF NERTFl 58,

(functions 203)+=
int Bit_put(T set, int n, int bit) {
int prev;

assert(set)
assert(bit == 0 || bit == 1):
assert{0 <= n && n < set->length):

prev = {(bitn in set 205):
if (bit == 1)
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205

206

set->bytes[n/8] [= 1l<<(n%8);

else
set->bytes[n/8] &= ~(1<<(n%8));
return prev,

}

U0 7, Bit_puti@ i M— - #6E  HER thin, 2R, $n% 8620 H itk A7 48R
Bl, REBXTHEE Ssetf¥n /8FYHAHTEEBEE

Bit_set, Bit_clearflIBit_not#B3R FIH RIA1F Bk ik Bset d iy R AHE , 20E B0
%, HREe®LHEE MRS, FHRA 5 03 R T il AR e F. A,
WeetFH6047 , BB

Bit_set{set, 3, 54)

W BE FHREIRSETAN, B3P AT VDA LRBAT T ABEIEM, R
FHRAOFRITEN. X TAAEARRER, T E, 73 HAHNHEERR,

7 6 5 4 3 2 1 0
|
5t S R L RN G, RO K64% 0 . Bit_set EMUARBS R T3 =B

{functions 203n=
void Bit_set(T set, imt 1o, int hi) {

{check set, 10, and hi 206)

if (lo/8 < hi/8) {
(set the most significant bits in byte 10/8 207)
{set all the bits in bytes 1o/8+1..h1/8-1 207}
¢(set the least significant bits in byte hi/8 207)

} else
{set bits 10%8..hi%8 in byte 10/8 208)

}

{check set, 1o, and hi 206)=
assert(set);

assert{0 <= lo & hi < set-»length);
assert{lo <= hi);

Wlo Fihi#g WK /T 0RL BT, 7 7o / 8+ B H AL B8 08 Tlo %8 . M Rlo%8 A0,
B BT AR, WERRT, RERSHE BTN A MR AT G ilo %8R
S8 R R

{static data 207)=
unsigned char msbmask{] = {
OxFF, OxFE, OxFC, OxFE§,
OxFO, OxEQ, OxCO, Ox80
I

msbmask[lo%8]-5 F Filo / SHUE H % F il 2 HMY ¢
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(set the most significant bits in byte 10/8 207)=
set-»bytes{1o/8] |= msbmask[10%8&];

E K, "AF TR Ak L.

{set afl the bits in bytes 10/8+1..h1/8-1 207}=

{ . .
1nt 1,
far {1 = lo/8+1; i < hi/8; i++)
set->bytes{i] = OxFF;
3

hi R B M hi / 8T, IMPhi %8R0, R ERBEAMETFEN; WEET, W
B AT eSS G, RS, hise8nfFEF -EAYES| . LA EEE T 0 A Lahi £ B

{set the least significant bits in byte hi /8 207)=
set->bytes[hi/8] |= 1sbmask[hi%8];

{static data 207+=
unsigned char isbmaski] = {
0x01, Ox03, Ox07, OxOF,

Ox1F, Ox3F, Ox7F, OxFF
}; 207

“Wlo FahiFg [ [a) - - 7 A AEEE, gimsbmask [ logt 8 | fllsbmask [ hig8 | IR
R T DUSS £k 1B A0 2 B B ik B ‘
Bit_ser(set, 9, 13)
WEEEAGITH AT ERIE - A4, XEAEHOBEFRE W, ZEM &
msbmask [1] fllsbmask [5) {4 e B AGHKN . —MAFR T, LW -REMERN K B Sris
K EGFEE, At X s A T s

{set bits 10%8..hi%8 in byte 10/8 208)=
set->bytes[10/8] |= {(mask for bits 1o%8..h1%3 208);

{mask for bits T0%8..h1%B 208)=
(msbmask[To%8]&isbmask [hi%8]}

Bit_clearBit_noti@Bit_set £hBAZE i, msbmaskFlsbmask 89 I % Gl 34
Bit_clearmi 5 , msbmask fIsbmask L 7 43 51277 Trie ~ 8 Fhi ~ 842 e 14 F%p

{functions 203}+=
void Bit_clear{T set, int Yo, 1int hi) {

{check set, 10, and h1 206}

if (lo/8 < h1/8) {
int 1;
set->bytes[T1c/8] &= ~msbmask[lo%&];
for (i = 1To/8+1; 1 < hi/8; i++)

set->bytesfi] = 0;

set->hytes[hi/8] &= ~T1shmask[hi%&];

} else
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208

209

set->bytes[1o/8] &= ~(mask for bits 10%8..h17%8 268;,
}

Bit_not.b20E) ¥ MloNhi v PUAF (7, 13X 20 11 5 FEAs ek Fia B 008 Mt e 5
BLAY -

{functions 2033=
void Bit_not(T set, int lo, 1nt hi) {
{check set, 10, and hi 206)

if (lo/8 < hi/8) {
int i:
set->bytes{10/8] A= msbmask[1o%8]:
for (i = To/8+1; i < hi/8; i++)
set->bytes[i] A= OxFF;
set->bytes[hi/8] A= 1sbmask[hi%3];
} else
set-»bytes[10/8] A= (mask for bits To%8. hi%8 208);

}
Bit_map 48 £ o O RFIN 1V 2RIE Plapply REC . L FE R0 RS | TR R R T R R
e
{functions 203+=
void Bit_map(T set,

ynid apply(int n, int bit, void *c1), veoid *c1) {
int n;

assert(set):
for (n = 0; n < set->Tength; n++)
apply(n, {bitn inset 205}, ¢1);
}

AL Pras, Bit_map Y A ABit_get FAR L 1 B4 5 BB it B0 R 09+ 12
SHAXMGRG. n/SRHERBATMTEFRR 4 — K, WL EREKE T H hset —»
bytes[n/81: Sl B — M B &8, AT — K UCHUE 3 B QR HETTIE 2 3 B A Hed 4o
HERHEEBY C&0, B OREWRapply B BT HF AR B 4 21 Ul g
o BT VR PR B R 1

13.2.2 ELEr

Bit_eqtb R G M, WP EIIHIEMBERL, ME A% DR kO e M A s fit S 4
ST AT S BRIBE ST N, 3£ E — 11 915E Fs A% Fr, WLy Bpil B .

{functions 2034=
int Bit_eq(T s, T t) {
int 1i;
assert(s && t);
assert(s->length == t-»length):
for (i = nwords(s->length); --i >= 0: )
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if (s->words[i] != t->words[i]1)
return 0;
return 1;

}

Bit_leqth ¥4 Ars fltFF Beors B FFof R T4, W Rs cr, B Aaxdsasg — iyl
By, trHHR R AR L, MBE G CL, MRt EpcE s, Mgty A,
MR &~FTEHE, Wsct:; XMRXBEMTHENETHASRBEAELST BEFET- WEWT T
B gl . s—=>u.words[i} Ct-s>uwords[i], Hs Ct. —I1F008 S8 L% F, Bit_leq®HXI# 3
17 BM& f B A

{functions 203H=
int Bit_leq{T s, T t) {
int 1;

assert(s && t);
assert(s->length == t->length};

for {(i = nwords(s->length); --1 »= 0; )
if ({(s-»>words[i]&t->words(i]) = 0)
return 0;
return 1;

}
MRsEH—AF &, MBIt IEEMEL, NFEsctHs=t, NAs Ct, X i %
s—>u.words[i]&~t—>u.words[i] A T H £4F - PTs—ouwords|i]AAZF T t—u.words[i]
Kt Bl .
{functions 203=

int Bit_1t(T s, T t) {
int 1, 1t = Q]

assert{(s && t);
assert(s->tength == t->length);
for (i = pwords(s->length); --i >= 0; )

it ({(5->words[i]&t->words[i]) !'= 0) 210

return 0O;
else if (s-»>words[i] '= t-=words[il)
Tt |= 1;
return 1t;

}

13.2.3 H£&IRE

G BUE Cr B Fs+t . set. s—UHlls /0 B 0T DL — R ARER AN MBI B Bk e
BRI T PP A | SRR TR R R G, M s At gy— 48
B gEE S, LU EEORAE A5 R 0 T 0 RECH R BN RS . B 1A S A B R
Bl 4t s sRUCHE IR AN M43 A 2 5 . 0 0 A 408 5 S5 7 7B AR AT RIS 11/ BE Sy i s 82
AT IR e {UR 20 R PE T LU i X % setop A TR
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(macros 203 +=
#define setop(sequal, snull, tnull, op) \

if (s == ) { assert{s); return segual; I \

else 1f {5 == NULL)} { assert(t); return snull; } \

else if {t == NULL) return tnull; \

else { \
int 1; T set: \
assert{s->length == t->length); \
set = Bit_new(s->length); \
for (1 = nwords{s->Tength); --i >= 0; ) \

set->wordsfi] = s->words[i] op t->words[i]; \

return set; }

Bit_union{{FE [ X R ET

(functions 203%=
T Bit_union(T s, T t) {

setop(copy(t), copy(t), copv{(s), |)
}

MRS FCER [ o] — D E . RBUNATIE R AU BA N A NBEsHUH T, B ST H R

211] AAS - TETHESGHEA. G BRHBTERE—ES, AN LS TRARIY

Jes Mt AY AT 4 K3 B8 4 for Bl |
WA B copy B - HN S SR RKEHENESIENT NEH B E Hif7.

{static functions 212)=

static T copy(T t) {
T sat;

assert(t):
set = Bit_new(t->length):
if (t->length > 0)

memcpy(set->bytes, t->hytes, nbytes(t->Tength));
return set;

}
MBECEHILAR -2 B7000E, Bitinterf§ iRje] — 4 7sg B2 . &0, ‘IR |n] — -
PR B L .4
{functions 203%=
T Bit_inter(T s, T t) {

setop(copy(t),
Bit_new(t->length), Bit_new{(s->length), &)

}
AR, Ws —v B s, MBEMBtA7S, s -t s 0 RsAltky HFE7<
S —t RS MR AR H S, s Rt S R AYBit_THE, s —t B - s 4E
{functions 203H=
T Bit_minus(T s, T t) {

setop(Bit_new(s->Tength),
Bit_new(t->length), copy(s), & ~)
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setopIEE P BE & ~ T BUNTE A K

set->words[i] = s->words{i] & ~t->words[1];

Bit_diff sz ¢ 2FFr £4r, His s tFs, Esfrif i okdb =R . WBs 7, s /F T,
RZ I

(functions 203)+=
T Bit diff(T s, T t) {
setop(Bit_new(s->tength), copy(t), copy(s}, A)

}
W E s, MYsfcgm b—Bit_TH), s /1975
SEREHEWN

Briggs fiTerczon (1993 ) it  — P& O Xa A . e it AR . #idk i &,
FF0F LATE [ 5E BT (7] S5 L IX Be 82 5. Gimpel (19745 SIA TS HEICEN, 43713553
I AT Ak

%5 =)

13.1 FEWMBES . K80, BXBitSL T, WM AIEEE AP R80T
AR THEETH BE ECB 5500,

13.2 ®it— L, #2288 L% Briggs filTorczon (1993 ) ARG E S HFomisden .,

13.3 Bit_set H 7§ ¥
for (i = Tlo/8+1; 1 < hi/8; ++)

set->bytes[i] = OxFF;

K IXEMNFTo 8+ 1 Efhi / 8B AFAT L 45 o Bit_clear#Bit_not#7 H L K 15 FF .
GRARE, B XIS TR S IR AGEIT IS RS EE . mAs
RIE WA TTRAT o VREEACE] — T BEAE B A M [R) 1 B0 wl B B A RE D B Ry N

134 {HTBit B PR EF— N GHRNT VTR LR 8. Bind SGENib s e 47 =g
BT BE IR Wi e #e RSN YEER 8, HEATFA &S TG
fFHi- -2 L ik IPFH:UW{ Mo 4

13.5 & —175 AlEIL4ETT (spatially multiplexed set ) 7. [T A48 TE3247 8 &
HRYLL, - - MFANSEF S BB EE TUARAR2SN- L E S, M
BrHEIHMNAEAPIERE—DES. —H RS ©IR32(7 695 88 11 W

SURIS 1 o X7 278 I7 0 5 B PR AT SE R A8 17 L A8 (5] 53 BY HbJa) 1 02 B —
BIRfE. B, MTRAEOGRGE, R T T HRTE SR
MR, VFEN-HFT ARG BT DAL 5 — N7 8L, 40 F0 — /4 1 (4R 2 (gt
H-Eﬁ*ﬁrﬁé}ﬁﬁ EHE, X AEVERT LT AR I (A R ey FFH Y
BRI, N B SRR BRI - F OB L B AT N AT o T8 1 8

HIX R LEA MBIt WG TmH fe Y21, MI il

212

213
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bRH#EC FE R Biprintf . fprintfFIvprintf #2005 B E e . sprintf Mvsprintf 3% g 4L 2
FRBG, RERERE—- TR ALFFE -T2 R—-E#HAR, XT38 ERPRIHE
gL, B R A BFE AL AIER S %c 42 309 & (conversion specifier )
MY o % ¢ BUS YR H LR 5 B 48 L SR RPN B8, BRIFRAERRNEZT B
Mo MR TAFRET ZS - Hl30, eame 2T H “Ammay”, countA8, R

sprintf(buf, "The ¥s interface has %d functionsin",
name, count)

AF 8 “The Array interface has 8 functions'n” I #%buf, HAonn@% B854, 581805
P A LA F R B, 15 EHIRFA HLIE ( padding specification ), #1401, 7 WM XEHD
PH %06d R E %dE S HFE AP “The Array interface has 000008 functionsin” HiZFbuf.
FERMERETETRH., BE, ZOAETEMA: #—, BEREHTN RS EREY,
WA MNARRBEE TR EAEF AR, B2, g R R EEEEFR T
G, BEMLEX T ETFEPHAEBRNEE#T: - 1M EAERBEN -4 B
sprintf flvsprintf o] g il B i it HCE T ETBE AN FR A B ENER, BE FERTHETH
PRI lm, MAZEIN RN BEERIELNEH LRI R ee , FmtiE ORIk [

B == MR A,
141 #0Q

FmtE AL, -8, -1 L8M—R%.

(fmt.h)=
#1ifndef FMT_INCLUDED
#define FMT_INCLUDED
#include «<stdarg.h>
#include <stdia.h>
#include "except.h”

#define T Fmt_T
typedef void (*T)(int code, va_list *app,
int put(int ¢, void *cl), wvoid *cl,
unsigned char flags[256], int width, int precision);

extern char *Fmt_flags;
extern const Except_T Fmt_Overtlow;

215
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217
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{exported functions 216}
#undef T
#endif
MEEA B, Pt AR - DA R SR, (1B S E—FMEMPmt T, %85
58RI RS MR IR LB BT, Foidiemaiy

1411 BT

PR R R R 2k R

(exported functions 216)=
extern void Fmt_fmt (int put(int ¢, void *cl1), void *cl,
const char *fmt, ...);

extern void Fmt_vfmt(int put(int c, void *c¢1), void *cl,
const char *fmt, va_Tist ap);

Fmt_fmtfRaee - ™5 MWme 4y 0 i) % 207 1 S 08 2000 T B VU A A DLS I 2 3 F 15 H
put (¢, cl ) sRay hdd ol 8t AL M FE R oS IEERES 2. I 4% Srput B A #h4%
Nk Fmi_vimtiR i RAL 27 b ok M2 fhap i iy B8 BP0 IEF AR hfmtgs &, i
i8] T P Fme_fmt2eqy

Z Bl o] DUE 1% P R 48 1y B AT AE R bk 1538 BIK PSR 1
PUteR X . put BRERIEI— 8 BME, @H SR 55, FoteRZ AR #0085, B %t
SRR b SFILE* 6% Vel (L 3R, #0473 1/0 s tputc ~ifrputif g KB . W,

Fmt_fmt{{(int (*)(int, void *))fputc, stdout,
"The %s interface has %d Functions\n", name, count)

name EArray . count F8I | TE 45 R F &P

The Array interface has 8 functiens

REESR ELTEHN ., HNfputcHint(*)(int, FILE*) & | Mputyint(*)(int,void*) Kl X Ff
P HA WFILESS £ 47T 5 — -5 3541 # B ) 7 FRS A I 6 -

I 14- 1B 7R B LB E L ¢ 4 il A0 o013 3 . AcsE B HIT R ET 2 X ¥ — &8
XEE R, RO IEBIT M SR EEE 2R MR Mae R, S EE TR
MR B 7, KR BT AR AT W a gy . W . FABMEE L - r4T
AR AL LR R . E14-118yC RSB ERBA SR B e
Fmt_flags3& mIpy v AR 0FER ; EHURS E XL 7 & F (justification ). 4k £ ( padding )
MIAI (truncation ). 13- - 485 E T 71— 412 5 IR BB 3L 255, Wl & kT
1o & HLE T S5 QO R 3 B TR RO R R O WMF—TZ2RERT NS T %
BEW RO ESE . D, — 13800 25y MEREREZ M8, ARG TESHE o B 5 R
A B A5G 5 B0 %% 5k 0 %5 s 5 ﬁﬂ%ﬁﬁﬁ%"*ﬁ!ﬁ"ﬁ}EH’U{E%TINTHMIN———%*#??
MBS, M4 R 1918 FT R iR
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specification: A number - -
| |
s ﬂﬂg.‘iﬁ > numberﬁl |4-— L > N
1 |
- '%l _I"'-m.__.....___ _.--"II v - I'a. ! — I'-_ C' -
number
- P!
— ——digit-<-_  >—»

| ]
—digit—s— el

F1d-1  F0 B A E s

PR . SR N G0 PEAN TR R T i 1 AT DG A B AL L X R B
ARLE 728 FFmt_ fot B M55 R .

A B IR AT AF R S 2 T4 S B O%E B i B DR G ET/O B2 P B prind iR B0 R A R
HF &, Fmi_flags WIS EMINT IS “~+ 07, HIL ., X4 FF RATHIIRER . =" fif
WA T PAEGTERW T B 23 (left-justified 1. “+ " 2 F — M “=" mF "4

MEAIT S BREROVLE UL . 58 7 i R A AS R TT G B0 ST Fele (LR . 0350
PR, AREMFERTE:; TIEERTA. AN SESITR.L 2 MMy
PIEAM DR FREE RO BGA 9 AT 25768 I

TERI4-1PF R BRI S LR . X il ] 25 B LT AT oG 1 O I 27 424
Tk PRELHCHE R $printf | fprintf . sprintf Blvsprintf J5{3) .
(exported functions 216%+=

extern void Fmt_print (const char *fmt, ...):

extern void Fmt_fprint(FILE *stream,

const char *fmt, ...):
extern int Fmt_sfmt {char *buf, int size,
const char *fmt, ...):

extern int Fmt_vsfmt(char *buf, int size,
const char *fmt, va_list ap);

Fmt_fprint RIEImtG T M WL FHPEBR LN IR G HEE. HECHT B

A FEE R L
. Fmt Sfmtmi'ﬁfmt,nEﬁﬁ%i’ﬂ«tf‘i’fﬁLﬁﬂ%»lﬁ:ﬁt%ﬂw‘&ﬁ;}éﬂﬂ%ﬁ. FFRF I et B R

A—DMUEEFNERIFENT R 48 Ebuf " 0..size<1 ] 41, Fmt_vsfmt 5280, B R
VIR S ARG HEstap h B S5, E P RICEN R A debuf e oY 5% &
A AT BN, WEFmt_sfmt HIFm_vsfot# 8 3T size N2 | EEERMT ), ek
5l% FHFmt_Overflow . MFsizedb il , &7 47 K i i3 15 inse i

T TR R

(exported functions 216)+=
extern char *Fmt_string (const char *fmt, N
extern char *Fmt_vstring(const char *fmt, va_Tlist ap):

215
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219

EIFmt_sfmt MFmt_vsfmt3E L, 129 188 sr il B8 AT 7 F7F RO 7R 83 25 R 3F o 0] I £E 747
H. BAEEPRFA SR RCE)) . Fmt_string FfIFmit_vstring fF 0] 85} ZMem_Failed |
-t spat | bufsk Efmi 2@ |- AYARE %=X Ak e 8RR R BOZ 178 i B A il A 1

14.1.2 #inEY
B REAUFEFCHE T iR B DGk XM BER AT LU of 7 R R ofy 59 R EOR M AL

{exported functions 216}=
extern T Fmt_register{(int code, T cvt);

Fmt_register 2 3ecvt, F yycode & (o #taX AT I §e it e 80 . FF & F1 58T B8 RO 18
. BULF P AEF FTRVEN ZRS e E B, AW E LT R, 1 Feodeh TOK
fAT25 M= A u K s T s iR, WERKEFRMENESBR R B ALY
R R AR S A el K A INIE TTEYE R

VB AR R R e d Rl s S H i R e BUN A Fh . Tt B LSS RS,
BRRT B W IN R BB - R R el B0 L

{exported functions 216 +=
extern void Fmt_putd(const char *str, int len,
int put(int ¢, void *cl1), void *cl,
unsigned char fiags[256], 1nt width, int precision);
extern void Fmt_puts(const char *str, int len,
int put(int ¢, void *c1), void *c¢T,
unsigned char flags[256], int width, int precision);

Fmt_putd figsgstr [0.len—1] F& — T EH S HK FH R LR BEIESREL BRTZHH,
o At 2 R14-10 i A 1Y e dMflags . widthfiprecision d 0 X G - £ #, Fmt_putsi
WREERL4-D R L % siflags . width fiprecisionip X HE L L F A, B - Shstr
— I~ iEten. - 7E 0flags WA A 2 Hput 535 £YFmi_putd 5% % Fmt_puts Zh4r = ol ¥ 2
Bz 17 B iR

141 REPIFRIEIAF

iRt ST ok
¢ int &Y TR R (e i ST AR S
d int 4l 5 RHRM RGN SRR, WRETTH G, WE L8 O ENML: RS E

W, EEEE T, BREAVAFEL M -0 W o R 0T SRR M, s T TEE.
MZREE 07 fRE. WH w7 FT BRI LA, W B SRR I B S 1Y
Y, MTEF: ek B il S 7 8

0 U x unsigned £ SRR IRNAF T U N (o) R (o) A FIOER (X BB . 4 T1630 .
ORI HOR A abedef SN Bk T L b IR G918 0T Bld 1 R i FO RS TR AL e
f doubie 41 R Ry 9 B M B T S GO RS T . BR 6.

SR A IR A, M SO MR AL B, T E Al -k I AR
VO T AR A I A TR IS - PRI AR 0B [ o] b L FORY I B BT L




(&)
ikt SR f b
¢ double {4y %8 B it e ye « p BYFRRTERY. Hhx bl (¥ mip SR S8t . 455 A8
R Bl b A B AR R 2
g double #! ZEHRNTHHERRAIVE e WNE AFR MENREEL | Wb T4

SRTHTHE, WERTG W e spiR R T Sy iE R, ySEEET,
Ay BT, Mgk g B - A 199874 n) 1 & RS 77 IR

p vord * SRR AL B A O ). AR RO B0 iR BT (o] d o f R PR B A 5 HE 4Ly
s char ™ A RSN E S PTIEMR L, BERBR T I R AR TR

ERR Ok, JCREER U- S, Hb A 4l B e

Fmt_putd MFmt_puts X8 T2 #H% K, BREENTHU SRR T, STEFEM
WRRT R RSN, BIIRRERN. FTHEH TN,

ﬁmjﬁﬁf%mﬁﬁ&@ﬁ{ﬂmmmlh—HE%%ﬂ%%ﬂHE%ﬁ@%ﬂ:%
RAEUHT M BRI, AT PT A8 2L IR 5T — A4 iy I AR BE RO R IEE (5,
E*ﬁﬁﬂﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁﬁ%%ﬁﬁ;%EAW%HT@ﬁﬁ@FW%ﬁﬁﬁﬁ%
BREFAHCHE . EE1SR BN E . BER s PR B E256 1 LE WF Y
REE, L BIANTEY T AT AR fhis A B 3000 o Hwidth flprecision ¥ #
HAmER, FTINT_MIN,

¥ eR N ANAE N T EaE A

va_arg(*app, type)
%&%@ﬁ‘ﬁ*ﬂ&%ﬁﬁﬁmﬁﬁﬁﬁﬁﬁﬁﬁﬂ%ﬁ%%ﬁﬁ%ﬁWWEﬁﬁﬁﬁﬁ
ﬁ%ﬂ:ﬁﬁﬁﬁ%@ﬁﬂﬁ,ﬁﬁ@mﬁwu@ﬁmT'?%ﬁrmﬁﬁﬁﬁﬁ%ﬁﬂ@
My *app, W4 =i ATH 2 (1¥))5 17045 S

Frot 3 £404 965 B9 FATT #5400 o B wr 1B BEi0 B H0F0 /BB 1 FIFmt_puts , i3 BHEF ar s
%M?WMNWﬁ:EWE%EE?ﬁﬁWW?ﬁ,Eﬂﬁﬂﬁ?ﬁﬁﬁﬁ%ﬁ%ﬁﬂﬁﬁ
?ﬁ%ﬁﬁﬁ%ﬁﬁ"Jyﬁﬁﬁgﬂﬂﬁﬁﬁ%%WEﬁﬁfHWNWMMWﬂ:%ﬁ@ﬁ
TEFva_arg Mol 45 K E B 3092 T B 580, 3699 FHFmt_puts .

(conversion functions 222)=
static void cvt_s(int code, va_list *app,
int put{int ¢, void *c¢1), void *cT,
unsigned char flags[], int width, int precision) {
char *str = va_arg(*app, char Y

assert(str):
Fmt_puts{str, strlen(str), put, cl, flags,
width, precision):

220
H
221
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Fmt_putsfif B flags . width Fiprecision, JEHIRIE) A HF &M
{functions 222)=
vold Fmt_puts(const char *str, int len,
int put(int ¢, void *cl), void *cl,
unsigned char flags[], int width, int precision) {

assert{str):
assert(len >= 0):
assert(flags);
(normalize width and flags 223)
if (precision >= 0 &% precision < len)
222 Ten = precision:

if (Mflags["-"1)

pad(width - Ten, ' ');
{emit str[0..Ten-1] 223}
if ( Flags['-'])

pad{width - Tlen, ' '}:

}
(emit str[0..1Ten-1] 223)=
{
int 1,
for (i = 0; i < Ten; i++)
put{{unsigned char)*str++, cl};
by
RIS A P BE 4728 05 s BRAR A8 f put M1 B0 /DAY . IF ARS8 SEIR £ mt iy
S S L E IR RE

MARZ W LM, Mwidthfiprecision FINT_MIN. %411 W% T'& P i H F R
MR AR A P BB S (B P e B S 80 ). B TR DR A NS BRI R
) RTE P, HRBERIHR R EERR, TR0 Z o0 5 S R0 5 A, 40 F % T e
A =T SRR MR AIE R, O 2R, EES LA S B O W A
AR B ORE, WHE0RE, A, MR, £3% Hprecision ™ E st 14

{normalize width and flags 223)=
{normalize width 223;
{normalize flags 224}

{narmalize width 223)=
if (width == INT_MIN)
width = Q:
it {width < 0) {
flags['-'] = 1;
width = -width;

eI

(normalize Tlags 224)=
1f (precision >= Q)
flags['0'] = 0:
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iE ] U4 Flpad B 6 A5, GBS A s width-len 473 £8 L4 (F ) M 45 7 S e -

{Macras 224)=
#define pad(n,c) do { int nn = (); \
while (nn-- > 0) \
put((c), c1); } whiie (Q)

pad 22 B L, Ay e imklputFicl.
TR i H R R el 20y SE B,

14.2 iR

Fmt o SC8 G015 7o L oE LAY el . 55 BROA 5540 0 HE 05 #1950 TR0 4 1 pR B0 Rl 1
BH AT LA 25 e pREL K .

{fmt.c=

#include <stdarg.h>
#include <stdlib.h>
#include <stdioc.h>
#include <string.h>
#include <limits.h>
#include <float.h>
#include <ctype.h>
#include <math.h>
#include "assert.h”
#include "except.h"
#include "fmt. h"
#include "mem.h"
#define T Fmt_T

{types 226)
{macros 224)

{conversion functions 222)
{data 225)

{static functions 225)
{functions 222)

(datg 225)=
const Except_T Fmt_Overflow = { "Formatting Qverflow" }:

14,21 L EH

Fmt_vimt 32 S0 B2 L, POV BT A H M0 B 0 R4 30 RS & 3k e A% =t {k . Fmt_fmt
ZHREENET, EHEE SR RN EEEE 55 va_list. 4 FFmt vimt .

{(functions 222)+=
vold Fmt_fmt(int put{int ¢, void *), void *ci,
const char *fmt, ...) {
va_1ist ap;

224
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223

va_start(ap, fmt);
Fmt_vfmt{put, cl, fmt, ap);
va_end{ap);

}
Fmt_print#]Fmt_fprint$ & FiFmt_vifmt, 3E{Toutc *3/Eput £ . {06 #ER 1 2K e

SRR S E R

{static functions 225)=
static int outc{int ¢, void *cl) {

FILE *f = c1;

return putc(c, f);

}

{functions 222+=
void Fmt_print{const char *fmt, ...} {
va_list ap;

va_start(ap, fmt);
Fmt_vfmt{outc, stdout, fmt, ap);

va_end{ap);
}
void Fmt_fprint(FILE *stream, const char *fmt, ...} {
va_list ap:
va_start{ap, fmt);
Fmt_vfmt{outc, stream, fmt, ap):
va_end(ap);
}

Fmt_ sfmty8 FHFmt vsfmt .

{functions 222%+=
int Fmt_sfmt({char *buf, int size, const char fmt, ...) {

va_list ap;
int len;

va_start{ap, fmt);

len = Fmt_vsfmt{buf, size, fmt, ap);
va_end{(ap);

return len;

}
Fmt_vsfmtFput g 8N -~ 2548 35 £k WAEFmt_vsfmt , H P& #yde £ 98 B sk 2010

buf 1977 75 58 ML 7 £ 86 BT H &7 FFA9% B -

{types 226)=
struct buf {
char *huf;
char *bp;
int size;

};
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buf #Misize F:Fmi_vsfmt 7 2 Lldr 2 #Y Z8080 &1, bpfEmbuf '~ — 945 AL K 27 A7 08
HIf7 . Fmt vsfta il (G e — D TR B, IR e N8 4H3E mIFmt_vfmt 226

{functions 222+=
int Fmt_vsfmt({char *buf, int size, const char *fmt,
va_list ap} {
struct buf cl;

assert{buf);
assert(size > 0):
assert(fmt);
cl.buf = ¢l1.bp = buf;
cl.size = size:
Fnt_vfmt{insert, &cl, fmt, ap);
insert{(0, &cl):
return cl.bp - cl.buf - 1;
}

T XaFmt_vimt#8 R H ¢ f0F Sitinsert A T Lk HIFE L, &4 Fmt_vsfmt ) 5
SEbuf 45 #45 . insert i REW R S ERNF I, FIHT 1AL Hbpil 23 T MV B,
SR IE A fnbp BE AT /N

(static functions 225+=
static int insert{int c, void *cl1} {
struct buf *p = cl;

if (p->bp >= p->buf + p->size)
RAISE(Fmt_Overfiow):

*p->bp++ = C;

return c;

}

Fmt_string fMiFmt_vstring 7 200 H X, H AT 1E BT S lput i % Fmt_string
29 FFmt_vstring pf %7 .

{functions 222)+=
char *Fmt_string(const char *fmt, ...) {
char *str;
va_list ap;

assert{fmt);

va_start(ap, fmt):

str = Fmt_vstring(fmt, ap): 227
va_end(ap);
return str;

}

Fmt_vstring#f - Pouf M ¥UG 1L5 — 1 BER 256 M T W 2 b | 345 N 8
5 S Fme_vimt -
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{functions 222}+=
char *Fmt_vstring(const char *fmt, va_list ap) {

struct buf cl;

assert{fmt);

cl.size = 256

cl.buf = ¢T.bp = ALLOC(cl.size):

Fmt_vfmt (append, &c1, fmt, ap):

append{(0, &c1);

return RESIZE(cl.buf, cT1.bp - ¢1.buf);
}

append [FFmt_vsfmt Bput B L, N BE AL B, 8HS RN T S5 REEmE,
AT BEZF 9T & A LR T 5F .

(static functions 225)+=
static int append(int c, void *cl) {
struct huf *p = cl;

if (p->bp >= p->buf + p-»>size) {
RESIZE(p->buf, 2*p_ssize):
p->bp = p->buf + p-»>size;
p-»size *= 2;

}

*n->bp++ = C;

return c;

}
L FEMFmt_vstring ), Wibuf M 0T 4D THEAK I, X ME S AFmt_vstring
VAFIRESIZE Y88 B i 15 25 1) [FUR,
ZAE BIFmt_vimt [ AR MR TAT D, b RS AL 2R S MM
[228] %G R ARG T B HAR AT, 4 Fput K

{functions 222+=
votid Fmt_vfmt{int put(int ¢, void *c1), void =c],
const char *fmt, va_list ap) {
assert{put);
assert(fmt);
while {(*fmt)
it (*fmt '= '%" || *++fmt == '%")
put{{unsigned char)*fmt++, c1}:
else
{(format an argument 229

¥
<format an argument 229> \[{] IR 4 L fEE A Fflags, width fiprecision, H#4b JH4§E #
BT A L MR S el B e, TEF i (s Hwidth R W E, mE
precision W25 k& 5 &

{formar an argument 229)=

{
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unsigned char ¢, flags[256];

int width = INT_MIN, precision = INT_MIN;
memset{flags, '\0', sizeaf flags);

{get optional flags 230}

{get optional field width 231}

(get optional precision 232}

¢ = *tmt++;

assert(cvt[c]);

(evt[c])(c, &ap, put, c1, flags, width, precision);

}
cVtRE IR FE M MR RHE 5. ©H— DM TRRES| . 77 [SA R Y, Bes il
A—TEFESERH, LA fmegh il B — 0 ~ 255 27 4u] 5048 %
B2 FEASCIHGHE F, Wicve B 1R Ik U Shd 46 5 160 HHPT i 54 B3

(data 225H=

static T cvti256] =
J 0 7 %S0, ¢, 0,

/% 8- 15 2/

/¥ 16 23 =y

/% 24- 31 v/

/5 32- 39 w/

/E O 40- 47 =/

/¥ 48- 55 */

/* 5B- 63 */

/¥ 64— 71 */

¥ 72- 79 */

/% 80- 87 */

/% 88- 95 */

F* 96-103 */

/¥ 104-111 */

/* 112-118 */ cvt_p, 0,

/¥ 120-127 */ cvt_x, 0,

}s
Fmt_register @ &4 — 150 ' HOFE B 7705 BloveiE MW UK il ik K8 - Erpg st
MR R TR BRI E B

{functions 222%+=
T Fmt_register(int code, T newcvt) {
T old;

229

-
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-
-

) o,
¥ l:III
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, U

g

=l
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-
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L |
up
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=
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, 0,
0
0
0
0
0

=k

!

e |
-

oo - I e B o T e B e B e T e T e R
O QOO0 o oo o

w
=h

+ O OO0 0o o000,

O
(0
0
0
' Q
0
0
0
0
.F

O OO0 o Qoo

|
o
m

cwt__

n
<
r—+
I

M
<
rf
.....h

, ovit_c,
. g,
, CVI_S,
, 0,

G, cvt_o,
Q. 0,
0, H

-
-

R R o B Y e B e e T s B e B e B B

e B - s T e Y o e T o T e B

=

eoe
r
-
N
or

assert(0 < code
&& code < (int)(sizeof {cvt)/sizeof (cvt[0])));
old = cvr[code]:
cvt[code] = newcvt:
return old;

by
PSR 1 R I AR A TR 141 OB o, TeEA T e Eme 1 15 W {8
f]ags:
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231

(data 225H=
char *Fmt_flags = "-+ 0";

(get optional flags 230=
if (Fmt_flags) {

unsigned char c = *fmt;
for ( ; ¢ && strchr(Fmt_flags, c); ¢ = *4+fmt) {

assart(flags{c] < 255):
flags[c]++;

}
7 AU PR Fiwidth

{get optional field width 231)=

if (*fmt = "*' || dsdigit(*fmt)) {
int n;
(N « next argument or scan digits 231)
width = n;

}

RERFETILUHRES, EXMEHRT, T -MEMSHOIGHE T HME.

(N « next argument or scan digits 231)=
1 (*fmt == '+") {
n = va_arg{ap, int);
assert(n {= INT_MIN):
fmt++;
1 else
for (n = 0; isdigit(*fmt); fmt+es) {
intd = *fmc - '0';
assert(n <= (INT_MAX - d)/10):
n = 10*n + d;
}

X RS BRI REE . H— B HE L PR ERREY, A HET UINT MIN ( G
(). MRBRBIGAE S EARE, Mol RiE@al INT_MAX , B 295 & {4 510 - ned <
INT_MAX IRBITO - n+d R REHE . MR TR AU IR . TR LA R SR b v

Tl NEE R Za

TIRBIREHRAE © -3 Y ) ey .

(get optional precision 232)=
TF fmt == "' && (4+fmt == '*' || isdigit(*fmt))) {
int n;
(N« next argument or scan digits 2313
precision = n;

}
R WR VSRR RET, WRMHRCE, e B s
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14.2.2 R GHE

Tos [ FE TR pi drevt_s@E 14 0.2 A&, ovi_d 2%d AU 4 iBE, '« B KRR R
FHIRE . LEHEEAER, AELEEEEE—TLTSER. HERFEPXFTFE—1
TR A, e AR AL, s i HFmt_putd it FAr .

(conversion functions 222+=
static void cvt_d({int code, va_list *app,
int put(int ¢, void *cl), void *cl,
unsigned char flags([], int width, int precision) {
int val = va_arg(®*app, int);
unsigned m;
(declare buf and p, initiglize p 233)

if (val == INT_MIN)
m = INT_MAX + 1U;

else if (val < Q)
m = -val;

else
m= wval;

do
¥--p = m%10 + '0";

while ({m /= 1¢) > 0):

if (val < 03}
'J.‘_,__p a— '_';

Fmt_putd(p, (buf + sizeof buf) - p, put, c1, flags,
width, precision);

1 232

{declare buf and p, initialize p 233)=
char buf(43];
char *p = buf + sizeof buf;

cvt_dSERE S B A, BIR jAtom_intMHE, FE3.2 . IFHEdEFEE &Ik
ZbufH43 T 4T

(functions 223%=
vold Fmt_putd(const char *str, int len,
int put(int ¢, void *c1), void *cl1,
gnsigned char flags[], int width, int precision) {
1nt sign;

assert{str):

assert(len >= 0);
assert{flags);

(normalize width and flags 223)
(compute the sign 213)

{ {emit str justified inwidth 234} }
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172 R4 ¥

Fmt_putd @304 £ fhiflags . width flprecisiona® Y str TR AR . WERESERE, W
CE L T B RSP ECTR NTEL ST ER S, H A el B B I0 A E A%
Fmt_putd AW EEHZTHE - Tl ATEAIE 2, /G B8 IR fFiL Esign;

(compiite the sign 233)=

if (Gen > 0 && (*str == '-' || *str == '+'}) {
sign = *str++;
len--;
} else if (flags['+'])
sign = "+';
else if (flags[' ']
sign = ' ',
else
sign = 0;

TE<compute the sign 233> INFIGA AU PR PR 1 ™ BRIC s T S0 00 k00 630 &5
AWK B THE . 3 mrEMeRe,

{emit str justified in width 234)=
int n;
if (precision < 0)
precision = 1;
if (len < precision)
= precision;
else if (precision == 0 && Ten == 1 & str[0] = '0')
n = {;
else
= len;
1f {sign)
n++;

N R EN TR, EEURA L HAESHER G N SR, EXMHERT. Rk
ﬁlﬁﬁﬁié‘%ﬂhﬁﬂ%’%o
SR ot A UAT TR, WIFmi_putd T %235 0 s w0, 40dE S I A AN S SR

5, MFmt_ Putdﬁimﬁlﬂuﬂiﬂ:ﬁrﬁ”}{ﬁ 0 1] S TR R AT R, DFmt_putd 3 5
B i EL AN frods

{emit str justified in width 2344=
if (flags['-'1) {
(emit the sign 234)

} else if (flags['0']) {
{emit the sign 234)
pad({width - n, "0');

} else {
pad{width - n, ' '}:
(emit the sign 234}

}

(emit the sign 234)=
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if (sign)
put(sign, <l); 234

Fmt_putd o] L5088 Mk 38 4% )0 MYASR . WEME THE, WEFABTE, mitsd
REMF R, W8 8L E -

{emit str justified inwidth 234)+=
pad{precision - len, '0");
(emit str[Q..1en-1] 223)
1f (flags['-'])

pad(width - n, ' "):

cvi_ulttovt d&# @, {1 B¢ B AFmt_putd ¥ FrfT oLl & REERLE W . T H T —4F%
15 BAY & K vEH ERT A

{conversion functions 2221=
static void cvt_u(int code, va_list *app,
int put(int c, void *c1), void *cl,
unsigned char flags[), int width, int precision) {
unsigned m = va_arg(*app, unsigned) ;
{(declare buf and p, initialize p 233)

do
Fe-p o= mild + T07;

while ((m /= 10) > 0):

Fmt_putd(p, (buf + sizeof buf) - p, put, c¢l, flags,
width, precision);:

}
AZERIRL 175 S0 R SR AT ) R e 0, LB R REORI . TRk 1 ke
A5,

(conversion functions 222+=
static void cvt_o(int code, va_list *app,
int put(int ¢, void *c1), void *c1,
unsigned char flags[], int width, int precision) {
unsigned m = va_arg(*app, unsigned):
{declare buf and p, initiglize p 233)

da

*--p = (M&0x7) + 'D"; 235
while ((m >»= 3) 1= Q)
Fmt_putd(p, (buf + sizeof buf) - p, put, cl, flags,

width, precision);

}

static void cvt_x(int code, va Jist *anp,
int put(int ¢, void *¢1), void *c1,
unsigned char flags[], int width, int precision) {
unsigned m = va_arg{*app, unsigned):
{declare buf and p, initialize p 233)
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174 £l4%

{emitm in hexadecimal 238}

}

(emirm in hexadecimal 236)=

do
¥——p = "012345678%abcdef" [m&0Oxf];

while ((m »>>= 4) 1= Q);
Fmt_putd(p, (buf + sizeof buf} - p, put, cl, flags,
width, precision);

ove_p Bl SR R EISEE, K AWM MR -7 AN BT AR . ST K
JEARE B R R SICRNAR, T (AR P, B R SR L AR
K It

{conversion functions 222+=
static void cvt_p(int code, va_list *app,
int put{int ¢, void *cl1), veoid *ci,
unsigned char flags[], int width, int precision) {
unsigned Jong m = (unsigned leng)va_arg(*app, void*);
(declare buf and p, initialize p 233

precision = INT_MIN:
{emit m in hexadecimal 236)

}
CV_c g Yoo tROC HK AU Heih i B, O AL NP ERE, width N F FER Ak E AT A
VAT REMRMRE.

{(conversion functions 222+=
static void cvt_c(int code, va_list *app,
nt put{int ¢, void *c1), void T,
unsigned char flags{], int width, int precision) {
(normalize width 2233
it (!flags['-'])
pad(width - 1, " "):
put {{unsigned char)va_arg(*app, int), cly;
1f ( flagsf'-'])
pad{width - 1, ' *);
}

cvi_czkfy T REMAETH. RATESEIENEEI5 08 NTHEEMUEBT RS 5
ROMIEA, W R A . ovt_off B RU4E B BN — BB SR A e A/ 4
(. BFFSBY RIS A F4T IR RE L, Rl Tl R,

B LAM T LIRS 530 — DR SR SR T R B TR R SR TR
%Em&%ﬁ@,ﬁﬂ,%Lfﬂﬁﬁﬁﬁﬂ%&ﬁﬂﬁ%%mﬂﬁmFE%&M%WW%&
SHEFC Rbui T, KIS HE Ebuf,

{format a double grgument into buf 237)=
{
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static char fmt[] = "%.dd?";
assert{precision <= 99);

fmtT4] code;

fmt[3] precision®%10 + '0';

fmt 21 = (precision/10)%10 + '0";
sprintf(buf, fmt, va_arg{*app, double)):

}

G0 U s BHAY 2 (R R K B T 1178 B U AU AR & 1 88 - Bt a1 ok
M B 27 o699, B i EDBL_MAX_10_ EXP+1+1499+1-4F%F. DBL_MAX_10 EXP#i
DBL_MAX B 7 /& 20 fFfloach Y28 X . DBL_MAX E 6t B K5 ¥ =R 89 B A AU{ .
DBL_MAX_10_EXP llog (DBL_MAX. BIiX ZHENEH - DU B8 R 10 B Ry i {2
¥ . % F7IEEE 754 T 64tk A% EE, DBL_MAX H1.797693 x 1098
DBL_MAX 10_EXP #4308, fmt {2] #fmt [3] 8943 F i = #E B ASCIT HEFE i 5 384T

Fite, DIFDBL_MAX® ¥k B B WA £T o 90T M py a8, WIS R s B 5 2 ah
FIDBL_MAX_10_EXP+1 0% . /8 & . DRSS9 R — o AUSS e 77 8 IR M
ORE PR [ HINFE MR TR MG s A/ FEZ Bl EE BRI . KA KAk
MR e g B AR, WatWEBRITNFENEL . ovi fU MK F X - E55 1tH
.

{canversion functions 2223+=
static void cvt_f{int code, va_list *app,
int put(int ¢, veid *cl), void *c1,
unsigned char flags[], int width, int precision) {
char buf[DRL_MAX_10_EXP+1+1+99+1]:

if (precision < Q)
precision = 6;

1f (code == 'g' && precision == ()
precision = 1;

{format a double argument into buf 237

Fmt_putd(huf, strien(buf), put, ¢, flags,
width, precision);

BEFEXN

Plauger (1992 ) fiif \ CFE REprintf BB B F WA 8. 3 ¥ B i g s
BAE AR P 0 R A 40 AL 7 TR (B A PSS . 2 IR A9 B o) 1 BB ST BUH: iy printf
WAE g e hR L LR,

Hennessy#fiPatterson (1994 ) )1 54,845 344 IEEE 7547F b5 {00 72 23 BUAN - A SR 1
MK, Goldberg (1991 ) #1451 82 1 I ik Hots BT 00 #1031 R BB 44,

ARERROAWEM FTR2K, MEHTEREES T HAEMEE KRB, AiTs

237
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A E b, XA g B ARG RS AR T s R T, WG Ak R — D AR,
Mg ABBIGZFA ST~ £ - Pylx -8 Clinger (1990 ) fitir 115 #0514 M
MM A R R, Ik 3T e (B AV L, Steele MIWhite ( 1990) 8 /78
38 Bl— R 0 B AR

2% 2]

14.1 Fmt_vstring {51 ARESIZE e & BUR BRI F AF &b ™ I8 4. it —R iy, (&
G ul A A EES R ME 5 o0 BB A, BD 2955 &0k &4 23 MBS S B i w85 14
A A A58 R FE

14.2 I Steele #MWhite (1990 ) R0 EH . i Me. fMghyHe

143 B HREE, CHAKA T — M SN RIEE S, HHE T @
KHE . #m .

Fmt_string("The offending value is %@\n",
X.format, x.value);

R fix. format 1 BT 47 B4 46 A0 (T a2 Thx value

144 L TREER, REAERRFABI T 2, R LT B 40E 5
£, {4, 132-45 68 70-71 .
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CAREARENMEFEMES, LEEHL LT LM T FRHMa A, MEXLeET
TRV AR A . — ORI, ANTAMNFITERE - AN+ I ER BB, H
RN D ERR TR, ESAME.

CESARIAERN R ERF LR E. FIAEETURABSEZFA0A, 5
e Al L) BRI R R . A,

char msg[] = "File not found":
y ks

Char msg[] — { 'FI, |_il1 ']I, |E|IIII [ 11 1|nr!I ID'I |t1’

I Ir lf'l "D|, TUI. In1, 'd|. 'l‘\lliﬂ' };

HWRERA . MER—-T, FHEEE, L “F7, —BEEEWIEZESR, X458 N4
sizeof ‘F’ Z+sizeof (int) EKJEEEIL

TOF AL AT LATE o 85 8 2400 BT LR B AR . {9

char *msg = "File not found";
i T

static char t376[] = "File not found":

char *msg = t376: 241

Hp376 e 4% #5774 PR 34 -
TEAEFTRT AR R st S0 44 60 3 B0 TT LA 4 &, 030 . Fmtlevt x 75T TRy 438
1o F - fF &

do
*—-p = "012345678%abcdef" [m&0OxF]:
while ((m >>= 4} 1= O);

RFHT T EAITE R .

{
static char digits[] = "0123456789abcdef™:

*p++ = digits[m&Oxf];
}

Hrr, digits 48 %4 82 7.
CERBE S - HERUUSERERN TP B . F PR B ARV 3L string h
TRE X, IR, BER, A LRGSR, streat I Y — 8L EI R %
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char *strcat{char *dst, const char *src)
R sre N Eldst sy BE, B, © Mesre R E AT AR NN I 755, s
Fdst iR ke, HH e rdsth e f)7 F5 .

streatil @5 [ AL fFstring h P E X R A st 8. f—, BPRWARFLHEL
SR BL7S A], HeiBstreat Bdst; S, th B HE AR L, ITENBREF TS ¥
MNHAAEREENFFEETLE R, WRISCREBI, PP EEsrcPRELANTEY,
Mistrcatf /& AR 4r BLIFF X sl B H B 7E fH X B ABLAS . — & B, Mo hnstrneat, 257 — s
SR ZHORIR B Z M BIZE R i TR, X —E 0, RS W B N8R,

AR A BYStrRE O T BRRGRE B 1SR B, RO AN T AR B S E R R
S HERITF R, X RS T string. hoF ol AT BOE 2 4, TR B2 Str ef F0ER B 1 1B
LRDTEWR, XESPEFEMNEE .

R T BRI, FIHystring hBREL 9% 15 U8 T AR 20 6 ) A /N BT s
Y, WA R, Mstring hiGET &, SUBM R WA R IT R ALIREE . T --
B R R Text 0 9 5 50— 21 0b 1T SR A0 REL, B0 A8 %St B8 iy — B,

151 #0O

(str.h)=
#1fndef STR_INCLUDED
#define STR_INCLUDED
#include <stdarg.h>

(exported functions 244)

Aundef T
#endif

SURDTEBMNMATRHBEEMH— T P ERAS (U208 iy
(position ) #37%€ . 2&f-TRingNf & , F/F N BT F R BIEU Y, WiERE s
FRERGE. ERTEM TS ARES, S RERS— AT R T
Hm e, MEORAME — 1 F&. flln, TEMWEERS @ T Binterface dr ) 174

ARy
SRR RN

FABs TR BIM T X T E02 05470, s [i:j) Fn. WMRsH P EFFH
“Interface ™, Ws [-4:0] FiB T XA “face” | T fre oy VIR 2R E : s [0: 4]
BT TS “face”™. FEHBRALI A, s [3:3] Fs[ 3:-7] #kts A 2 “Interface” ch “n”
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Ot ZHNFTRE, BISRTFraR. sHEEARWL, s [is]] B2 i A0 a8 157
PRAFI D 2 TE e R -

TAHRLENA—TEXTEFEN L, THITEBRR - U BEXHEEFE S
HHFERR T TIrEm, W2 REEW. W, 75585 “Interface”™ FRIESE MO
FlY9. AT FEAHPADTEGIC X, HPz TS AE—K5 28 FiEEE — %35l
ZHIZE UL, Wis [1.6] i L FERT “terf”. BRBRAFELHAFSEFEES . UE
His [4.9] K7 fibiface . JE LS BB CAERT RN 7N FRT . OB Rh itk #1857 B X
WA REDZ DRI EN -1 FHAR . XERR AT T HERS . B4 —#
AE RIS BRI R B 5T B

FEA GLE 77 3L A 74T 3 M skas, TR el B 7 A A A . THE JEE
G2 B2 AT LAATK AR — 45 4tk RN, MAEM BT KK .

SUh — e oA 4, X B BIEE JF IR [0 LA TS Ra) 450 . [mad -tk ma2ss s B
DL E . 5 TR RS B

(exported functions 244)=

extern char *3tr_sub{const char *s, int i, int §):
extern char *Str_dup(const char *s, int i, int i, int n);

extern char *5tr_cat(const char *sl, int il, int jl,
const char *s2, int i2, int j2):

extern char *Str_caty {const char *s, ,..):
extern char *5tr_reverse{const char *s, int i, int j);
extern char *Str_map (const char *s, int i, int j,

const char *from, const char *to):

P 3 28 AR e AT TR 4G B 5 B A, A BAE B 45 Mem_Failed  §§ — v 225
PR GRE TN ERBE B e ETHER, BT FEH & H
Str_catv HIStr_map I RD &M .

Str_sub& s {¥)-F 4 ths [i5j] . Bl FHFAT 45 IREl “face™ -

Str_sub("Interface", 6, 10)
Str_sub("Interface”, 6, Q)
Str_sub("Interface", -4, 10)
Str_sub("Interface”, -4, Q)

XL i B A LA T B E . % IR T03E T Bs T oo TR AR 45388 48 %R L {E 2
PRECARS: 4 vl R 7 A TT B4 1R,

SU_dupiR[Fls [i:j] Bin & 97 718 . n 6 M4 Fod o) fo s (IS 17 14 5 Str_duepi 4
AR HF S, a0, Su_dup (“Interface”. 1, 0, 1) %8R 2% BInterface - - £
B JEE @A E L FORT Linterface 1 /7 i

Str_catiz[lsl {i1:j1) fs2 [i2:52] ik HJS B35 R , B 247 dis2 [i2:)2] "WHISFF 5L 2]
Frf sl U1l WF A i, Str_catv b i 64 ERTHNESRE=1—-4H, FHAE -4
FREMEW TN R, KRG IR E R T4 84 5= s B SRR NI R NS

244




245

180 _ BIs$

Fo #lu,
Str_catv("Interface", -4, 0, " plant™, 1, 0, NGLL)
Wik [ 57 A eaface plant.
Str_reversef§ iR d— B & s [i:3] TS WTA S, AR 5 E D BRI .
Str_map#ik Fl— T as [1]] WA FREAFAF T, B4 E %P romAleg; E RER
ARG RA BN s {3] F B Efromfis % 5 & 747 A8 W Blofy By FAP. #
A TEfrom Tos B FE I O o IR S . 1,

Str_map(s, 1, 0, "ABCDEFGHIJKLMNOPQRSTUVWXYZ",
“"abcdefghijkImnopgrstuvwxyz')

BIE [Bls ) — & 17, AR K GRFEB% A NS ThE =,

mEfromMro &y 45, ¥l B - HSr_mapPisE LATRE . M s ke 2 B
i, HR fromfilto HFH T3 <7 54 fm &, 180T Str_map% 1% B 23 {E

LA TR A 2/ AT R EE TR R fromfiltoh OF M55 A2, fromFito 4 =
BREE XHFEAERERSE, . fromftoky B73 5905 5 N 7E5 — K I8 B Str_map B from flto
ke, &%,

Strigg L P H (i e BOR R BIF R 15 Bk EF AR A 8, 1R O =s i),

(exported functions 244)e=
extern int Str_pos(const char *s, int i);
extern int Str_len(const char *s, int i, int j);
extern int 5S5tr_cmp(const char *sl, int il, int jl,
const char *s2, int 12, int j2);

Str_posiB [0 A7 Fs [1i] BUIE (M7 8, IEAYE wiad - - RS I Re, N, B
LFTIEE, WH MASt_pos. @80, WEsHH FET “Interface”, M

printf("%s\n", &s[Str_pos{s, -4)-11)
s i “face” .

Str_len& [0]s [i:j] o () =28 %

StroempiB BUNTF, FTRMK FERME. 0% Fst [i1:1] AF. EFRHEF
s2 [i2:52] A9 i .

TR EON AT AR R LTS, DREEST, W SO R F g i
RERMENME, MBRMELW, BIPBEE, HEEF 6 _r /008858 e il 2%
FROHBREWFHITER, HitWE BN ST HEER,

{exported functions 244)=
extern int Str_chr {const char *s, int i, int j, int c):
extern int Str_rchr (const char *s, int i, int 3, int c);
extern int 5tr_upto (const char *s, int i, int i,
const char *set);
extern int Str_rupto(const char *s, int i, int j,
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const char *set};
extern int Str_find (const char *s, int i, int j,
const char *str);

extern int Str_rfind(const char *s, int i, int j,
const char *str):

e 3 gEs (151 B, MSir_chrStr_rchr 23 QR Ble MA B B — KM B EL T — K
HAEEs TR B8 — My & e AH WAs [1g) |, AR EE,

MFset PN ATE FIFc B IRTEs 1i2j) T, WiIStr_upto FStr_rupto 5r JHR He e B4 B —¥k
BAOELER R BATEs TG AA B DR EM /s 1] 1, WiREAZ,
TEHR — 1 2 set{l il 3X P 4 e 6 42 P A ] 5 25 (143547 HE SR .

Estrit ;s uj o, WSt_find fStr_rfind 3 BR Distr A4 BHE S WM G E LS
— K L BLBTEs Y AL AYRT— MY WMt RTEs [i) D, WER FR . R —A mSstrfE
RCTR A~ el BT 9 A AT A0z FTHA B iR

TR R

(exported functions 244)+=

extern int Str_any (const char *s, int i,
const char *set);

extern int Str_many {const char *s, int i, int 1,
const char *set);

extern int Str_rmany (const char *s, int i, int j,
const char *set);

extern int Str_match {const char *s, int i, int .
const char *str);

extern int Str_rmatch(const char
const char *str):

REGEFDN, BB T 8 52 2 8 8205 iU tufy &,

GRS Fs (ini+ 1] FEsetr, WStr_any:g [ 3% T4 7o T 007 B0 S B HEAR G000 %, WY
iR [F)

anzgs (1] BLRisetrpfy— NE £~ BEFA ARG . MIStU_manyig 3% ST NS5
— T FHES PR BT RS AR B0, RIS, mEs (1] Eliseth i) —4ok 24 %
BT PP IR, WISte_rmany iR Bl% 7 A S5 — A 747 70 89 {8 2 B A48 jo 28,
A, R EF, o Rsetfe B4 Ste any | Str_many RIStr_rmany #8427 4 AT B2 TR0 55 1R

s fig) BLAstrFFk A%, WStr_match B BstefEs Py {5 2 55 T 19405 - &Ny, P [e
ks [ij] BLAScZER G, NISt_rmatchif Bl striks h g f2 % 306 s, Z 0, BE T, i
7% pstr %% 45St_match X Str_rmaich #5¥% S 0I5 25 4952 F7 81452

Str_rehr . Str_rupto MiStr_rfind A6 149 805 K89 BT HFAG 405, BRER &1 i
RENFHAE AT ENE WO IR, i, T

o

s, int 1, int j,

Str_find ("The rain in Spain”, 1, 0, "rain")
Str_rfind{"The rain in Spain”, 1, 0, "rain"™)

2460

247
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248

BRI (15, H ograinfE e 1A - ST AR Bk AU

Str_find ("The rain in Spain", 1, 0, "in")
Str_rfind("The rain in Spain", 1, 0, "in™)

Wijor W M7 F016, [AAinEE 7 =K.
Str_many fIStr_matchle] £ #4F, FEH IR TR AH . Str_rmany fl
Str_rmatch W |o] A ¥ 4E, EATRFEIESFIEH A - @0,

Str_sub(name, 1, Str_rmany(name, 1, O, " \t"))
B Finame®y -4 &5, HEPEELEE THMNG KT, WBAS IR X7 RY
basename B~ [ X £ M B A — M U B . basename §% 57 UNIX RU4% (8% 1445 35 FL IR
B A 25 A ol e g B HoRRE G 8, TEMH FERM X -5

basename(" /usr/jenny/main.c", 1, 0, ".c'D main
basename("../src/main.c", 1, 0, ") main.c
basename{"main.c", 1, 0, "c¢') main.
basename{"main.c", 1, ¢, ".ob3j") main.c
basename{"examples/wfmain.c", 1, 0, "main.¢") wf

basename A Str_rchr I T H wF 4R, FIStr_rmatch 3 5 JIFE: 43,

char *basename(char *path, int i, int j, char *suffix) {
1 = Str_rchr(path, i, j, '/');
J = Str_rmatch(path, i + 1, 0, suffix):
return Str_dup(path, 1 + 1, j, 1);

}

AStr_rehr 2 B AR SGinE . BRI —DRERATRIIV %, MBATW R, #8640 450 . A
& WA AEIL, A BRAA B+ LT OG- Str_match i & 3144 313 Inl 5 2 ek S g 2
e, B4, L RBMEL, JERR L4 %218 ML % . Str_dup)i M+ 1 i 2H] f¥path
S TR

) v

(exported functions 244%=
extern void Str_fmt(int code, va_list *app,
int put{int ¢, void *cl), void *c1,
unsigned char flags[], int width, int precision):

&= TR, EEMFmtiE O AR LR BEFA RGN Emg s s o)
BH: —TFHRMAEHBTAE, P asT LB EE L TESS myl s
Fripda %l . apps Eflag 77, W& H BRI £ (4R i%

Blan, QiR T A REESU_fmt 8 A RS BB e - E

Fmt_register('S', Str_fmt)
0}

Fmt_print("%105\n™, “"Interface", -4, o)
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Fr el Tace™, Hopr U7 KW TS

15.2 {F: FTERFRIEHA

FE5 AT ATED DR AR SR TR T IR AR 1 Str_fmt i Hl 4b 0 4 7 47027 b P45 P e &
1T S B R ATAL

{ids.c)=
#include <stdlib.h>
#include <stdioc.h>
#include "fmt.h"
#include "str.h"

tnt main{int argc, char *argv[]) {
char 1ine[512];
static char set[] = "0123456789_"
"abcdefghijkimnopgrstuvwxyz”
"ABCDEFGHI JKLMNOPQRSTUVIWXYZ' :

Fmt_register('S", Str_fmt);
while {(fgets(line, sizeof T1ine, stdin) != NULLY {
int i =1, j;
while {((i = Str_upto(line, 1, 0, &set[10])) > O {
J = Str_many(line, i, 0, set);
Fmt_print("%S\n", Tine, 1, J);
1T =73
}

}
return EXIT_SUCCESS:

}
SN Epgwhile a3 T M ARiR AR R line [1:0) Bf . Mi=1JT4f . Str_upto iR [Hlinedr |
— A PR A line [1:0) ME T REMALE , BB ER A1, Str_many;R W7 . T &
ZOFA T A M R, URGERER WLF — P RBIAY . Fmt_print 3TEL 68 HI2F . [R0C dd]
ENStr_fmt, ' 585 0 {98 48 D, 04 . HOXGE T iwhile B IR 43T - FRiR%F,
Mline{T & Rfmain i A, %8 #4Fmt_print i fljayfE W EA S

J 4 3 13 18 24 a0
1‘n1:‘L ma i n¢("i rﬂ:Jr ’ h i L !
St (int argc, char *argy [1> {
i 1 5 10 14 20 26

LB TS #1700 8L Leny B i WAL, B8 AL R
15.3 =3I

(Str.C=
#include <string.h>
#incTude <limits.h>
#include "assert.h”

249

230




251
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#include "fmt.h"
#inciude "str.h"
#incTude "mem.h"

(MACros 251}
{functions 252

LR MBI Z M %, R RN EEAR RGNS, FHoE
VW FARET R-1, f 0 Bl B F/F@ES Litlen Hoilen B FAF 83vh 745
B2, R

{macros 251)=

#define 1dx (7, Ten) ((7) == 07 (V) + (len) : (i) - 1)
RRXLeRE U et — 8. B VI Men TS iy (281, Wlidx (i, len) M
) FRF RG] .

Stref FURF M G0 SR MR E D), KISFEH X2 1 54 S, ZEeonvertdf

7R E R,

{Macros 251 4=
#define convert(s, 7, 7) do { int len; \
assert(s); len = strlen{s); \
i = idx(7, Ten); 7 = 1dx{f, Tend; \
W > {intt=17; 7i=7; F=1t: 1\
assert(7 »>= 0 & 7 <= Tlen); } while (O}

132 ¥R % BURO B2 4T 18 s e [ > WM B E| . Ay phus EATAT L B S, Hivi AT
RERRIT) o (UPSBREETR b BB & R H AT R 25 032 TP BV R IRBAT SO A1 RN T AR B s op O i
RHBN, —HEERHR, -SR0S RNk e,

Str_sub F /R Tconvert f ik %I 5y B

e
—_

{functions 252)=
char *Str_sub{const char *s, int 1, int j) {
char *str, *p:

convert(s, i, 3);
P = str = ALLOC(3 - 7 + 1):
while (i < j)
P+ = s[i4++]:
p = N0
return str;

}

TR ARR 8 W R FER DG BTN AD . A T B THE AR SR AT
AL -1 LR BT FI0E BT, G semms iy, i Bl MR EER.

Str_sub fl— £ 1 fil 9.8 tr B 5 fi FH b ol C 137 o 257 12 I DA AR IR, M stroepy
HS3 8k 3J15.2 .



TS F 75 185

15.3.1 ZF 77 REE

Str_dupAs (1| Bn D& U MBI AR AT ANt ], SRIERs (i) EfnE, XEHEES
[i:j] dE=s

{functions 252=
char *Str_dup(const char *s, int i, int j, int n} {
int k;
char *str, *p;

assert(n »>= 0):
convert(s, 1, JJ;
p = str = ALLOC(n*(3 - 1) + 1) 252
if (3 -1>0)
while (n-- » 0)
for ¢k = 1; k < j; k++)
*p++ = s[k];

*po= '\OT;
return str;

}
Str_reverse Bl +Str_sub, B A LI NFEE B 457 &F.

(functions 252%+=
char *Str_reverse(const char *s, int i, int i) 1
char *str, *p;

convert(s, i, jJ);
p = str = ALLOC(7 - i + 1);
while (7 > 1)
*p++ = s[--7];
*P = "\0’;
return str;

}
Str_cat [1EE RS _catv, {HE L EBBIEC I WS TSI,

{functions 252+=
char *Str_cat(const char *si, int i1, int jl,
const char *s2, int i2, int j2) {
char *str, *p;

convert(sl, i1, i1);
convert(s2, i2, j2);
p = str = ALLOC(J1 - i1 + j2 - i2 + 1);
while (11 < j1)
*p++ = S1[1l++];
while (i2 < j2)
*p++ = s2{i2++];
b= '\NO';
return str;

} 733
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186 F15H&

l

Str_catv i — HE ax, WA ELIFWEN RN EE TR

(functions 252+=
char *Str_catv{const char *s, .,.) {
char *str, *p:
const char *save = s;
int i, j, len = 0;
va_list ap;

va_start(ap, s};

{len « the length of the result 254)
va_end{ap):

p = str = ALLOC(Ten + 1);

S = save;

va_start(ap, s5):

(copy each s{1:3] top, increment p 255)
va_end{ap);

*p = "\O7;

return str;

¥

H— R AT RNKIE, D ESR PO R0 K 00R T 20k 255 4B 524 ]
&, BUR DT A MRS N T F R DRI L YR AR W S B R 0T
SIN TR F FRD AR R, I, ST K.

(len « the length of the result 254)=
while (s5) {
i = va_arg(ap, int);
Jj = va_arg(ap, int):
convert(s, i, j);
len 4= § - 1:
$ = va_arg(ap, const char *):

}
RoABIIILVE S -F — R RS R lenrgdT 43 SR AT AT B

(copy each s[1:3] top, increment p 255'=
while (s) {
i = va_arg(ap, int):
j = va_arg{ap, int);
convert(s, 1, jJ;
while (O < 1)
P+ = s[i++];
s = va_arg(ap, const char *):

}
Str_map# 7 | — M #fimap, Hrfmap [c] Bcfymk i) 2 Ta) Hifrom Fite 52 X IR AL . 38
RS (1] By TR Y fEmapfy S|, o7 46 (L0 1 R JI & 5 B — 0 74T deo e

(map sfi:1] into a new string 255=
char *str, *p;
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convert(s, i, j);
p = str = ALLOC(j - 1 + 1);
while (i < j) |
*pe+ = map[{unsigned char)s[i++]];
*po= "A\0T;
sRifl SRR HLAT (cast) i (BAH 127 FE AR S5 R 23 .
map il L G R E Sy, DlfEimap o] F Te, M4SN 5 2 A 5. RS from
P TR R Imap PRI T &, H i map T 288 58 T4 W Bto TP L2 B4 .

(rebuild map 255)=
unsigned c;
for (c = 0; ¢ < sizeof map; c++)
map[c] = c;
while (*from && *to)
map[{unsigned char}#from++] = *to++:
assart{*from == 0 &8& ¥*to == 0):

LR FRB I 7 X from Flte M [ [ B H14E 55 1T HR B RAG &
Zifrom Fito APAE 750, Str_mapfF XA th, Ysihssnt, SR map sfi:j} into a
new string 255 ) ' AR 753

{functions 252)+=
char *Str_map{const char *s, int i, int j,
const char *from, const