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Barbara Liskov: 28240 3K B 7 ¥
LB ER

= Barbara Liskov (November 7, 1939 -)

= 1961EEFR MM KA TR BB S AL

= 19684 RBHEMA LAV EAA LR L2 (RES
— A ENAE L 8L, R Iohn McCarthy)

= 19684E-19724EfEMitre/A 5] TAE; MJSHEN MIT,

BRI R EEMBIEGK
- EEFR: CLMFE. Argusid HEMK. SHHH
- EE0LW L. FLTRAEMITHS A0

= 19894 \ %3¢ H TR+
= 20044E3KIEEE S 3E (&3
= 20094 RACME] R ¥ :

“ For contributions to practical and theoretical foundations of programming
language and system design, especially related to data abstraction, fault
tolerance, and distributed computing.”
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ié)ﬁ@ﬁ% (Global Variable)

» EREEWRNINIEE, RERBHIIMEEE XK.
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void fullch(char ch, char *chpt)

{ *chpt =ch;
/* XEATLMER fullch(), 2 ch, chpt*/
}
void makestr(char ch, int x, char *str)
{
char s = ch;

/* XBEATLLER fullch(), makestr(), 6% ch, x, str, B&iEE s */
if (x==0) *str="\0";

else { makestr(ch+1, x-1, str+1); fullch(s, str);}

}
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(BRI
#include <stdio.h>
int main()
{ char s[120]; int m = 26;
/X BRI Hfullch(), makestr(), & Es, m, LLAstdio hHE XHIFET
XFHR*/
makestr('A’, m,s); printf("STR = %s\n", s);
}
» BEEAINEXHNRZEREENESERINE N
{ /7* XHELYAHIRAE x My F1{E >/
int temp; /* temp AEEARE S EANA R */
temp = x; X =Y. y =temp.

}
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float scale = 1.0; /* ®WWER 4/ wE XL */
extern int k; /* STKAEAMES UL */
int f1( int x)
{inti; /* JaupdsesE >/

R R EKE AN, X BRIk, (EANE B T/
}

int k; /* R E >/
int t; /> R >/

float f2(float a) \ scale 11 H zh 230
{int i,
. k At A 2 2506 H
}
void main()
{ int n; float m;
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BASREBTESHITEN XA -RERE

#include <stdio.h>
p(int x ) /* % p() (g XL */
{ auto inty=1 /*EXHZKZEY "auto" ] AE>/
staticint z= 2, /*% XFEH R RS/
y++;
Z++!
return xX+y+z;

}

int main()

{ printf("%d\t", p(3)):
printf("%d\1", p(3)); BT
printf("%d\n", p(3)): 8 9 10
return O;

}
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static int intStack[256]; /*tr4 /AR E>/

static int sp = O; [*FSERRE/ )

int pop(int *ipt) |

{ if (sp==0) return O;

Sp —> 0

*ipt = intStack[--sp]. return1;
}

int push(int e) 1) #%pop(). push()FN

{ if (sp == 256) return O; initStack() 3 A it Stack(]
intStack[sp++]=e; returnl; | FIEEMARTEsp, M AL TH

} EEAE PP SO T Y pR A

void initStack() L e \

{sp=0; 2) spii n] T AR AR &

}
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s SRR ERBZTEE —NMERBZ I A X NEREE,
FEAR B U B 2R B 1 B RF 2 B 7 PSS g Fextern
= fextern int x, a[ 1; vt BHEERAR & x FIE 2H aE Z1 0 )
o e xMati i AN G, 25, #alvih 4
[ BERIAS S x A B Hal) L&
—/l\ CERUH— MRS MNMRERXHAK, mMERETE
T B2 5] AR ERNE R X AR X ERRER
3(14‘!3’33[5% MREEFRTEE N ZTRRBHES Hize
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extern int k; /* UiHEAR & Kk & ZMECITT */

float f2(); /* X200 B, 25 s extern float £2(); */
int f1(int x)

{

/* RIET A% kAIf2 AUl i,  BaX B el iR kAIf2 */

}
int k; /* AR EKPE L */
float f2(float a)

{
/* A REAN TR EKE L5, Ak >/
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extern int k; /*X} 4 J5 A2 KIS/

int £1();  /*XTeR 1O/ B>/

float f2(); /**TeREf20)H v BH*/

int £3()

{ /*HEr vy, SO E A g AR E k. KEF10MF2()*/

}

FE— MR XY, WA A —NERRR U R SR RS,
WER R R BUESRE .. ElTREEEERN, X
BRI SN U B A K ilextern

(FEFPiit) -20254F %




‘_L FAERTEMER

» AFIntA, charf Kig5HREN BN RENE S 7] LR
FHSAEWERE . ERZERAEEREEREFZEN
AF] AR T AR

» EXRERFHFRAFHER, RELEZEE N, FEREH
B RF Z R i ASRBEF “register” B ]

= @0 register int i; register char ch;
« ZRIT AR R EE X

G, j)

regiJs’rer' inti; /*EZ i BEAFEEN >/

Nt /% BB R~/

{ register int k; /* AN E k 2 FF/raH */

.
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Fry [JlFE T BT 7. HEAREFS
. éﬂﬁ%lﬁﬁﬁﬁﬁ%&ﬁﬁlﬂ JUAN R E A %
= FIAE] T R Eget Token )M N F45 51, 43 Ar H— A
AT ELE], AR B H A AR
U EE] AR SR, PR IR [P BUE 12 B B 1 SRR I
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" Jo /
se R N iz R BUER AR FTHERE '?:(@?)
o A TRIERGTE . TRA R THEMEL AT E S Hgh S i
SRR
o CRRRE A R R B I S AE Sk SO trans h . S 30 ftrans.h
FEE A REE, 58PN S bSO  BERE e SO Y R

1 B & )
extern int token:

/* K3 trans.h*/ zgz::zz II_\‘PL 67) int getToken(char *, double *);
#define NUM 1 g | | int getch(void);

#define ADD 2 #define RP . )
#de;nZ sUR 3 ||#define END -1 void ungetch(int);

| ) void initBuf(void);
#Hdefine MUL 4 #define ERR O double expr(void);

#Hdefine DIV 5 double term(void);

double factor(void);
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U2 H I BUEREARTTHEEF(4L): ERH
ﬁ%ﬁﬁﬁﬁﬁ@%ﬁiﬂ%ﬁﬁmﬁﬁ YIRS

/* WERECCAT 4409 expmain.c */
#include <stdio.h>
#include “trans.h”
int main()
{ double result; char ans;
while (1){ initBuf(); printf("Enter numeric expressionl\n");
result=expr(); printf("The expression's result is %.6f\n", result);
printf("Continue?(y/n)\n"); scanf(" %c", &ans);
if (ans != "y’ && ans |= 'Y") break;
while(getchar() I= "\n'); /* fiid I ZF5FE B I AT >/
}
}
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/* S N B R BRSO 44 N gettoken.c */
#include <ctype.h>
#include "trans.h"
int symble[][2]={"+", ADD, '-', SUB, "*', MUL, /', DIV,
‘(',LP, )", RP, '\n',NL, -1, EOF, 0, ERR};
int token;
int getToken(char *chp, double *dp) /* i [ml% NI */
{int k, c; double num, rad;
while ((c = getch()) == """ [| ¢ == "\t');
if ((c<'0'|]lc>9)Y&&c!=""){ *chp=c; /> A% */
for(k = O; symble[k][0]; k++)
if (c == symble[k][0]) break;
return symble[K][1]; /* iR [A]—/NF5 */

}
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nhum = 0.0;
while(c >= '0" && ¢ <= '9") { /* 1+ HEBEL > */
num = num *100+c - '0"; ¢ = getch();
}

if (c==""){ /* itFE/NEE >/
rad = 0.1;
while ((c = getch()) >= '0" && c <= '9"){
hum += (¢ - '0")*rad; rad /= 10.0;

}
}
ungetch(c); /* &5 — N FRAAFHER */
*dp = num;

return NUM; /* iR ol —/~BARR 2 512 F R */

) (FEFPiit) -20254F %



‘L A RAR P et S (52)

/> BN F AT R BRI B N A R B IR R e 3. WX AN
getch.c */

#define BUFSIZE 10

static int buf[BUFSIZE];

static int bufp, buft; butt
/* bufp&sbuf i M — P ERFI KA E */
/* buft&sbuf i P EAAEEIERILLE */

int getch()

{ intc;

if (bufp == buft) return getchar(); b

¢ = buf[bufpl; ufp
bufp = (bufp + 1) % BUFSIZE;
return c; )

) (FEFPiit) -20254F %
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‘_h A RS 924 ()

void ungetch(int ¢)  /* IRIEFFRFREL */
{ int t = (buft+l) % BUFSIZE;
if (t == bufp) /* fu&Af7 1 iZEU)5, buf2&i? */
printf("ungetch's buffer is FULLI\n");
else {buf[buft] = c; buft = t; }

}
void initBuf(void)
{
bufp = buft = O;
}

(FEFPiit) -20254F %



‘_L A RS 924 ()

PLF R LR #expr()~ term()FffactorORIIRIERF X XA N exp.c
#include <math.h>
#define Epsilon 1.0e-5
#include "trans.h”
/% KRR AT R HOE D TH R eR EGE OSSR s */
double expr(void)
{ double ev, tv; char op, ch; ev=term();
while ((op = getToken(&ch, &tv))== ADD || op == SUB) {
tv = term();
if (op == ADD) ev += tv;
else ev -= tv;
}

ungetch(ch);  return ev;

}
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/* WU R O FH R 1 B ek 2 O S [ e BR T %/
double term()
{ double tv, fv, non; char op, ch;  tv = factor();
while ((op = getToken(&ch, &non)) == MUL || op == DIV){
fv = factor();
if (op == MUL) tv *= fv;
else if (fabs(fv) > Epsilon) tv /= fv;
else { printf("Error! Divided by zero.\n");
return 1.0;
}

}

ungetch(ch); return tv;

}
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/* T R B RS — A S UE, B VAR 2Rk St 5 R E R AR A
FIfE >/
double factor(void)
{ char ch; doubleres, non; token = getToken(&ch, &res);
if(token == NUM) return res;
if (token = LP) { res = expr();
if (getToken(&ch, &non) == RP) return res;
ungetch(ch); printf("Error! no right parenthesis\n");
return 1.0;
}
ungetch(ch); printf("Error! Expect factor.\n");
return 1.0;

(FEFPiit) -20254F %



iﬁﬁz&%’éﬁ%&%@zm(&)

o B R R — 1 ER, fETURBO C

55, BB LR I H SO (B % e xp . prij)
2 PRZ% SO B AT

getch.c
gettoken.c
exp.c
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n EEXFHMHEN
» NHERSEEE N
» RSB EE N
» NETEASERIZE E X
« —RIERN:  #Hdefine R FEHFFESH
= #defineZ JEFRIRFFARNZE B XA (R ZER), ERE4
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s U1 #Hdefine TRUE 1
#define FALSE O

o WZEE AT X IERE SO, o T
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D

TRUERH 7R 18, FALSERyHTT HOEARZ
= U2 H A1 S 805 € X1

#tdefine PI 3.1415926
#define NL printf("\n")
#define EOF (-1)
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Very=y L] AE%%Eﬁ“‘\ZE,jﬁf&ﬁA NECiac]
o BN HIEBTEEIRAE ' N 45, %ﬁ%fix
K2 XS WAL TR B H TR X AR E. FBENX
ZRBER A SRR AR . WA 4
#Hundef & 1L & X 44 K581

(R ¥cit) 20254 %k



iTﬁ?ﬂ? RSB EE N

» AFEASEHZ B S HIEE X5

s W #define Macro 54
main()
{
}
#Hundef Macro
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s FEBTHIZEE O, AT RAE T R 25 X2 44

s U #define R 25
#define PTI  3.1415926
#define Circle 2*PI*R
#define Area PI*R*R

= FEFHCirclefE N2%3.1415926*2.5, Areay

3.1415926*2.5*2.5

: ﬁn“ﬁ“% Al — R A WERE L. HE
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s U #define PI 3.14

BEERENE, R4

#define PT 3.1415926 WIFE J5 17244 P1 AR 3.1415926
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o A BEAHPIRE R EKAER] circle = 2*PT*p;
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KA : y = MAX(p+q, u+v)

A

FEMN: #Hdefine MAX(A, B) ((A)>

FgOE R y =((p+q) > (u+v) ? (p+q) :
SRR ERETR, BaaHERHPSESE

(B)? (A): (B))
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THE.. X T2 Hp=SQR(y)rE15 2|4 & E’Jf%?*p y*y,
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s N T PRUEEEA R R AT, A I 7R A
FE N ERIE AN EHE S
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#define EXCHANGE(x,y)t=x; x=y;y=1;
#Hdefine PI 3.1415926
#Hdefine CIRCLE(R,L,S,V)L = 2*PI*(R):\
S = PT*(R)*(R);\
V = 4.0/3.0*PT*(R)*(R)*(R); /* RM 1 ld s Age/> */

7R FHEXCHANGE (a, b)HZ RN
t=aa=b'b=1

1M % CIRCLE(r+2.0, clen, area, volume)f) % BTN
clen = 2*3.1415926*(r+2.0);
area = 3.1415926*(r+2.0)*(r+2.0);
volume=4.0/3.0*3.1415926*(r+2.0)*(r+2.0)*(r+2.0);
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#define PR printf
#Hdefine NL "\n"
#Hdefine F "%6.3f"
#Hdefine F1 FNL
#Hdefine F2 F F NL

#define F3 FFF NL

(R ¥cit) 20254 %k

o T2/

¥ ST RHE

J EF? H’J&ﬁ

(EJEE

liNE:



i%?%)‘(z?fﬁﬂ

main () IBATIZESY, M4
{ float x, vy, z 1.200
x=12; y=23., z=3.4; 1.200 2.300
PR (F1, x). PR (F2, x,y); PR(F3, x,y, z). 1.200 2.300 3.400

}

EFFPRIEprintf, DINLRF#RIT, FRREZF HH
R, X ‘u_t_/l\f%)éﬁlﬁ‘r N
BRI AFL, 3PN BB S F280% H =4
R EUIRE A(F 3
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= W: #define PRINT(v) printf ("v = %d\n", v)
= ZIAHPRINT()AIPRINT(j) > A4k B I 1%
printf("v = %d\n", i) 1 printf("v = %d\n", j)
o MIAZRBprintf(ti = %d\n", i) #1 printf("j = %d\n", j)
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ﬁﬁ]ﬁﬁ% HAE SEAES B A7 51 B BT A0 J5 #8 n _E 3
515, FrCAFRr# R SLE S 7R 5 B FF 5
» WA % € X#define STR(pt,str) pt = #str

= fUBBSTR(s, a string)# B #pk s = "a string

» M7 5E X #define PRINT(v) printf (#v" = %d\n", v)

RS PRINT(i) A1 ARAEPRINT(]) Kt 73l 4 25 4 ik
printf("i = %d\n", i) 1 printf("j = %d\n", j)
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S SHFRFI BT

HHET I 2,

= 1 #define DEBUG(s,1) printf("y"#s"=%d y" #"=%d" y#t#s yH#tt)

= fXHS “DEBUG(1,2)"Je# £ #e ik
pr‘ian(“y“ lllll | [ /od yII Il2ll [ ] /odll y##l y##Z)

s HT WD ERNFR R EESHNERER PR R T E,

pr'm'l'f("yl /od,y2 /od", y1, y2)
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#Hdefine X Y/10

X+C

Hdefine Y 8+z*X

X+C

s N BB X+e, Bl — D EHEY/10+¢; Ja— R8¢
Bl 8+2* X/ 10+c

P BB e R 2 E

R E
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23

(FEFPiit) -20254F %

H



i%ﬁﬁ(ﬁ@iﬂi—ﬁﬁﬁfﬁ- 1(%2)
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“#define Y 8+z*X" A B #L “#define Y 8+2*Y/10"

s 758 CHITRAC B AR K ) 25 3 b 2R ) D v SE

» MR FRFIEE ES, HZEBENMERANR, X
PNELZERBEED, WA B IES#ALE

= HRERFRTI X I BRI R L BFT AR
FRATEZIERTRH], WABX R B IER AL

« W #define Z (Z), RIS Z+Y BRHL (Z)+Y . W ™
EZR OB ES, AEXNEHITHE. WG
—X+c, FH—WAEE, B EHEY/10+c. B iEANEEIRT,
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« {1 #define A(x) ux+vx

« 5 A((a, b)) & #eAk u(a, b) + v (a, b)
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#include "4 ” BL #include <3044 >
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GLIORNE LS Y Aexample.clf] N 452
Hformat.h il B & #include <stdio.h>
#define PR printf #include "format.h"
#Hdefine NL "\n" void main( )
#define F "%6.3F" { float x,y, z;
#define F1 F NL x=12;y=23;2=34;
#Hdefine F2 F F NL PR(F1, x); PR(F2, x, y); PR(F3 x,y, 2);
#Hdefine F3 F F F NL }

W fHexample.cH 3 XX & fr @ #include “format.h®, &
A format. A 4 A B R I A e SR AL
TEBCHT RSO . AEREEAE PEATRIgmE AR T, BlLL IR
KT T BRI SO D9 g B AR YR S A
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EFFX R,

R —8E, WETBEER

& X TAEE

P

AR SO A

(R ¥cit) 20254 %k

Wb T E

BEHAEE,

y-1




iiﬁ@é‘?ﬁﬁiﬁfﬁé\@%

LSOO, WA B, T
FiE 888 B AR B B dm i

» PN XHFEEWSREBRE -, WE
B2, 5}5{% 12NN CHREWS

. Lﬁ%"i" RS WSRIER T, RS

DI 7R R R B

» R filel.ctl 5 XM headl.hflhead2.h, H.
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#Hinclude <stdio.h> 1  #include "format.h"
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