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C
Addison.Wesley

ANSI C
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“ANSI C ANSI
ANSI C C

ANSl C
C ANSI

C

C
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Steve Bellovin   Jim Coplien   Marc Donner
Jon Forrest Brian Kernighan Doug Mcllroy Barbara M00.Rob Murray Bob Richton Dennis
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Dave Prosser
ANSI C Brian Kernighan

Addison-Wesley Jim DeWolf Mary Dyer Lorraine
Ferrier Katherine Harutunian Marshall Henrichs Debbie Lafferty Keith Wollman Helen
Wythe

AT&T
Steve Chappell Bob Factor Wayne Hunt Rob Murray Will Smith.Dan Stanzione

Eric Sumner
Robert Sbeckley The People Trap and Other

Pitfalls Snares Devices and Delusions(as well as Two Sniggles and a Contrivance)(1968
Dell Books )
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1966 Fortran
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10 000 Fibonacci 1 1 2 3 5 8 13
21 …… 2

  I=0
  J=0
  K=1
1 PRINT 10 K
  I=J
  J=K
  K=I+J
  IF(K 10000)1 1 2
2 CALL EXIT
10 FORMAT(110)

   Fortran END END
ERROR 6

Fortran 4 10000 9999

C 1977
#include<stdio.h>
main()
{
 pintf(“Hello world”);
}

% cc prog.c
% a.out
Hello world%

“Hello world “Hello world
3.10

Fortran C
C

C

int i;
int a[N];
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for (i = 0; i <= N; i++)
 a[i] = 0;

N C !
3.6

(mentalmodel) —— (

1998 2 )

Howard Gardner (The Minds New Science)

7

(token)
1

( )
? 2

3

4 C

(1ibrary routine)
C

5
6 C

6
7

8

5 ”
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c
p->s=”->” ’-‘

’-7
’-‘ > ’-‘

-> ’-‘ ’>’
”(token)

’-‘ ’>’ -> ->

”->”

if (x > big) big = x;
C if

X big C
( )

if
{
x
>
big
}
big
=
x
;

5.1 = ==

Algol Pascal Ada =
= C =

==
= —— C

( a-b=c)

x y
if (x = y)

foo();

y x
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while (c == ’ ’ || c = ’\t’ || c == ’\n’)

c = getc (f);

'  ' c == =
= || c

c == ’ ’ || c = ’\t’ || c == ’\n’

'  ' ('  ' ASCIl 32) c
1

getc

C el=e2
0

if (x = y)
foo();

if ((x = y) != 0)
foo();

x=y 2.2

if((filedesc == open(argv[i], 0)) < 0)
 error();

open 0 0pen
-1 open filedesc

filedesc 0 open == =
open filedesc

0 == 0 1 0
error() filedesc

open ( open )
0

5.2 & | && ||

= =
== & && |

C & |
( Pascal and

or)
3.8
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5.3 ”

C * = C
/* == C

’/ '*'
C

Kemighan Ritchie ( )

”

(
) == ==

    a---b

    a--  -b

 a - --b
/ *

/*
x p

y
y = x / *p  / * p points at the divisor */; ——

/* */
x y p

y = x /  *p   /* p points at the divisor */;

y = x/(*p) /* p points at the divisor */;

(near-ambiguity)
C =+ += c

    a=-1;

    a  =-  l;

    a = a-1;

    a=  -1;
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/*
    a=/*b

    a=/*b;

a>>=1;
ANSI C

5.4

0 10
010 C gcc invalid digit "8" in octal constant

8 9
0195 l×82+9×81+5×80 141( ) 0215( )

ANSI C

    struct{
      int part_number;
      char *descriptionion;
    )parttab[]={
    046   “left handed widget”
    047   “right handed widget” ,
    125   “frammis”
};

5.5

C

ASCII 'a' 0141( )
97( )

'\0'

printf("Hello world\n");

char hello[] = {'H', 'e', 'l', 'l', 'o', '  ', 'w', 'o', 'r', 'l', 'd', '\n', 0};
printf(hello);
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    char *slash='/';
 warning: initialization makes pointer from integer

without a cast '/' C
printf

    printf('\n');

    printf("\n");
4.4

( 16 32 ) ( 8 ) C
( ) 'yes' "yes"

gcc ( "yes") 'y' 'e' 's'
'\0' 4 ( 'yes')
C 'y' 'e' 's'

Borlandc++v5.5 LCCv3  6

Visual c++6.0 GCC v2.95

1-1 C
( )

/* "  "

l-2 C ? C
?

?
l-3 n-->0  n-->0 n- ->0?
l-4 a+++++b ?

6 ”

c

6.1
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C 0
C

 (*(void(*)())0)();
C

C (declarator)

    float  f g;
f g (float)

    float((f))
((f)) f

    float ff()
fr0 f!f

    float *pf
*pf pf

    float    *g() (*h)()
*g() ( )() () * *g() *(g()) g

h h

    float(*h)()
h

    (float(*)())

(*(void(*)())0)()
fp fp ?

    (*fp)();
fp fp (*fp)()

ANSI  C fp()

(*fp)() *fp ()
* *fp *fp() *(fp()) ANSI  C
*((*fp)())

fp
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C
    (*0)()

*
*

0 void
void (*fp)() void fp

   void(*fp)();
0

   void(*fp)()
  (*fp)()

fp 0

0 void
    (void(*)())0

(void(*)())0 fp
    (*(void(*)())0)()

C typedef typedef
typedef

 Typedef void (*funcptr)();
 (*(funcptr)0){};

C
signal C signal

signal
signal void

5.5
signal signal.h

signal.h signal ?

    void sigfunc(int n){
* *

 }
sigfunc

sigfunc sigfunc
    void sigfunc(int)

sigfunc sfp sfp
sigfunc *sfp sigfunc *sfp

sig (*sfp)(sig) void sfp
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    void (*sfp)(int)
signal sfp signal

signal
    void(*signal(something))(int)

somethin9 signal
signal signal (

) (dereference)
void signal void

signal ?signal

sfp
  void (*sfp)(int)
  sfp sfp void(*)(int) signal

sfp
signal

  void(*signal(int void(*)(int)))(int)
typedef

  typedef void(*HANDLER)(int)
  HANDLER signal(int HANDLER)

6.2

FLAG FLAG
l 0 2 flags

FLAG 1 1

    if(flags & FLAG) …

c if
0 0

    if(flags & FLAG != 0)…
!= &

    if(flags&(FLAG!=0))
FLAG 1 FLAG

hi low 0 15 r 8
r 4 low r 4 hi

    r=hi<<4+low

    r=hi<<(4+low)
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  r (hi<<4)+low l
  r hi<<4 | low 2

C
15 C

2-1
2-1     c ( )

   ()   []   ->   .( )

    !   ~   ++   --   -   (type)   *   &( )  sizeof

    *   /   %

    +   -

    <<   >>

    <   <=   >   >=

    ==   !=

    &  ( )

    ^  ( )

    |  ( )

    &&   ( )

    ||   ( )

    ?  :   ( )

    =   +=   -=   *=   /=   %=   >>=   <<=   &=   ^=   |=
   ( )
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     ,   ( )

a.b.c (a.b).c a.(b.c)

p
p (*p)() *p() *(p())

*p++ *(p++) p p 1
(*p)++ p 1 3.7

p++

    1
    2

l 2*a
(1/2)*a 1/(2*a) C Fortran

Pascal
6 ==

!= a b
c d

 a < b == c < d

(^
)

B C B
C & |

B
C && || c

tax_rate = income>400000 && residency<5 ? 3.5 : 2.0

    home_score = visitor_score = 0;
    visitor_score = 0;
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    home_score = visitor_score;

6.3

while(c = getc(in) != EOF)
    putc(c,  out);

while c getc(in) EOF

c getc(in) EOF
getc(in) EOF

1

while((c = getc(in)) != EOF)
    putc(c,  out);

4 lint

    if ((t = BTYPE(pt1->aty) == STRTY) || t == UNIONTY) {
t t STRTY UNIONTY

BTYPE(ptl->aty) STRTY t l 0
t 0 UNIONTY

6.3

C

if
while if

while

if(x[i] > big);
    big = x[i];

if(x[i] > big)
    big = x[i];

( if )
if(x[i] > big) { }
    big = x[i];

(  x i big )
    big = x[i];
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    if  (n<3)
     return
    logrec.date = x[0];
    logrec.time = x[0];
    logrec.code = x[0];

return

    logrec.date = x[0];
return

    if  (n<3)
     return  logrec.date = x[0];
    logrec.time = x[0];
    logrec.code = x[0];

void
( void)

int n>=3

Bug

struct logrec{
 int date;
 int time;
 int code;
}
main()
{
 …
}

} main
main logrec

struct logrec{
 int date;
 int time;
 int code;
}

main()
{
 …
}
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main int
main int struct logrec

?
”( )

6.4 switch

C switch case C
C Pascal

switch(color) {
case 1: printf ("red");
        break;
case 2: printf ("yellow");

break;
case 3: printf ("blue");
        break;
}
case color of
1: write ('red');
2: write ('yellow');
3: write ('blue');
end

color (1 2 3) red
yellow blue Pascal

case C break C
case case

Pascal case case

C
Pascal

switch(color) {
case 1: printf ("red");
case 2: printf ("yellow");
case 3: printf ("blue");
}

color 2
    yellowblue

prinff
printf

    C switch
case break

break
switch
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Nd,

( )
switch |

case SUBTRACT:
    opnd2 = -opnd2;
    /* break  */
case ADD:
    ...

break

case '\n':
    linecount++;
    /* break  */
case '\t':
case ' ':
    ...

6.5

C
f

    f()

    f;
f

6.6 ”else

C C

if(x == 0)
    if(y == 0) error();
else {
    z = x + y;
    f(&z);
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}

x 0 x 0 x
0 y 0( error) x

0 x y z z f
C

else if

if(x == 0) {
    if(y  ==  0)
        error();
    else  {
        z  =  x  +  y;
        f(&z);
    }
}

X 0

if(x == 0) {
    if(y  ==0)
        error();
}
else {
    z  =  z  +  y;
    f(&z);
}

    else if if if

    if Algol

68

    if x=0

then    if  y=0

then  error

fi

    else    z =x+y

      f(z)

 fi

”else

#define IF    {if(

    #define THEN  ){

#deflne ELSE    }else{

#define FI    }}
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IF x==0

    THEN  IF Y==0

      THEN error()

FI

ELSE    z=x+y

f(&z)

FI

Algol 68

2-1

int days[]={31 2 8 31 30 31 30

31 31 30 31 30 31

?

    2-2

?

7 ”

c c
c

7

7.1

C
C

C F
   1 C

C

C99 (VLA) GCC C99
IS0 IEC 9899 1999 6.75.2 Dennis
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M.Ritchie Variable—Size Arrays in C
    2

0

C
C

C
C

int a[3];
a 3

struct{
int p[4];
double x;

}b[17];
b 17

4 ( p) ( x)

int calendar[12][31];
calendar 12

31 ( 31
12 ) sizeof(calendar) 372(31×12)

sizeof(int)
calendar sizeof calendar

calendar

    int*ip
ip

    int  i
i ip

    ip=&i
*ip i

    *ip=17
I

l
l

ip ip+1
ip



Andrew Koenig   C                  2002 10

25

    int *q = p + i
q-p i p q

a 3
0

    p  =  a;
a 0 p

   p=&a
ANSI  C &a p

C
&a a

P a 0 p+1 a 1
p+2 a 2 p a l

    p=p+1

    p++
a sizeof a

a 0 sizeof(a)
a a

*a a 0

    *a=84;
a F 0 84 *(a+1) a 1

*(a+i) a i
a[i]

C a+i i+a
a[i] i[a]

C
bug

int calendar[12][31];
int *p;
int i;

calendar[4] ?
calendar 12
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31 calendar[4] calendar 5 calendar
12 31 calendar[4]

31 sizeof(calendar[4]) 31 sizeof(int)

    p=calendar[4];
P calendar[4] 0

calendar[4]

    i=calendar[4][7];

    i=*(calendar[4]+7);

    1=*(*(Calendar+4)+7);

    p=calendar
calendar

calendar p

2

    int(*ap)[31];
*ap 31 ap

    int calendar[12][31];
    int (*monthp)[31];
    monthp=calendar;

monthp calendar l calendar 12 31

calendar
int month;
for(month=O; month<12; month++){
    int  day;
    for(day=0; day<31; day++)

calendar[month][day] = 0;
}

?
calendar[month][day]=0
*(*(calendar+month)+day)=0; ?

monthp 31 calendar
31
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monthp calendar
int (*monthp)[31]
for(monthp=calendar monthp<&calendar[12]; monthp++)

* *
monfllp

int (*monthp)[31]
 for(monthp=calendar;monthp<&calendar[12]; monthp++){
      int *dayp;
      for(dayp=*monthp; dayp<&(*monthp)[31]; dayp++)
    *dayp=0;
 }

ANSI C
( C

)
C

7.2

C ('\0')
C C

s t r
strcpy strcat

    char  *r;
    strcpy(r s);
    strcat(r t);

r r
r

r
    char r[100];
    strcpy(r, s);
    strcat(r, t);

s t
C r

C malloc
C strlen

    char  *r *malloc();
    r=malloc(strlen(s)+strlen(t));
    strcpy(r, s);
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    strcat(r, t);
malloc

malloc

r
r r r

r
malloc

strlen
strlen(s)

n n+1 r
malloc

char *r *malloc();
r=malloc(strlen(s)+Strlen(t)+1);
if(!r)(
    complain();
    exit(1);
)
strcpy(r s);
strcat(r t);

/* */
free(r);

7.3

c
1

 char hello[] = “hello”;
hello

printf("%s\n", hello);
1

printf("%s\n", &hello[0]);
C

int strlen(char s[]) {
    /* */
    )

int strlen(char *s)
{

     /* */
 }
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    C 4.5

    extern char *hello;

    extern char hello[];

?
main

    main(int argc, char* argv[])
    {
     /* */

    main(int argc char** argv)
     /* */

argv

7.4 ”

”(synecdoche)
”

(synecdoche)

”

C

    char *p, *q;
    p = "xyz";

p "xyz"
p 'x' 'y' 'z' '\0'4

    q=p
p q

3.1
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3.1

    q[1] = 'Y';
q 'xyz' p q p

'xyz'
ANSIC stringliteral K&RC

C q[1]='y' LCC
v3.6

7.5

C
C 0 0

0
    #define NULL 0

0 NULL
0 (dereference)
0

    if(p == (char *)0) ...

    if(strcmp(p, (char *)0) == 0) ... strcmp

p
printf(p);

   printf("%s", p);
gcc

” (null) 7.6
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7.6

10 ?
Fortran PL/I

Snobo14 1
Algol Pascal

Basic 10
11 0 10

Basic 0
Dim Counters(14)As Integer    '15
Dim Sums(20)As Double    '21
Basic
Dim Counters(1 To 15)As Integer
Dim Sums(100 To 120)As String

C 0 9 10
0 10 C n

n 0 n-1 C

int i, a[10];
for(i=1; i<=10; i++)
 a[i] = 0;

a 0
for i<10 i<=10 a[10]

0 a (word) 0
a (word)

i i 10
a[10] 0 i 0

C C

”(off-by-one error) 2 ?
100 10 ?

100 10 10 10
11

10 2

10

    (1)
    (2)
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x
x>=16 x<=37 x ?

16 17 37 ? 37 - 16 ( 21)
20 21 22 ?

x
x>=16 x<=16 x l 16

l
1 h l=h

h-l=0 h-l+1
37-16+1 22

“h-l+1 “+1 16
37 ? 21

?

x x>=16 x<=37
x x>=16 x<38

    1 38-16 22 16
38
    2 1
    3

C 0
( ”) ! C

10 0 ”(
) 10 ”(
)

    int a[10], i;
    for(i=0; i<10; i++)
     a[i]=0;

    int a[10], i;
    for(i=0; i<=9; i++)
     a[i]=0;

C for Algol Pascal
?

    for(i=0 to 10)
     a[i] = 0;

10 i 11 10
10

3.2
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3.2

( N
)

    #define N 1024
    static char buffer[N];

    static char *bufptr
bufptr ? bufptr

?

   *bufptr++ = c;
c bufptr 1 1

bufptr &buffer[0]

   bufptr=&buffer[0];

   bufptr=buffer;
bufptr-buffer

N bufptr-buffer
N N-(bufptr- buffer)

bufwrite bufwrite
1
flushbuffer flushbuffer bufptr

    void
bufwrite(char *p, int n)
{

     while(--n >= 0){
      if(bufptr==&buffer[N])
       flushbuffer();
      *bufptr++= *p++;
    }

--n>=0 n
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n=1 n

C --n>=0 n-->0 C
—n>=0 n 1 0

n n 1 0

bufptr &buffer[N] buffer[N]
! buffer 0 N-1 N

if(bufptr==&buffer[N])

if(bufptr > &buffer[N-1];
bufptr

&buffer[N] ?

C ANSI C

k C ( ANSI
C ) memcpy

C
    void
    memcpy(char *dest const char *source int k)
    {

    while(--k  >=0)
*dest++ = *source++;

}
bufwrite memcpy

void
bufwrite(char *p, int n)
{
    while(n>0){
    int  k,rem;
    if(bufptr==&buffer[N])
     flushbuffer();
    rem=N - (bufptr – buffer);
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    k = n > rem? rem : n;
    memcpy(bufptr, p, k);
    bufptr += k
    p  +=  k;
    n  -=  k;
    }
}

n n 0
k

(1) l k
(2) bufptr k 1
(3) p k
(4) n( ) k

bufptr r
k ( )

k ( n)
( rem)

rem (
rem) (N) ( bufptr - buffer) N  -
(bufptr - buffer)

rein
bufptr buffer+N( &buffer[N])

( ) bufptr 1
&buffer[N] buffer buffer[N - 1]

(buffer + N)
- bufptr

(buffer + N) - bufptr

    N - (bufptr - buffer)

NCOLS NROWS
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print flush

print print
+ flush

printnum printnl
printpage

l 2 1
( l 2 ) l

1 2 ( 2 1 )
?

    #define BUFSIZE(NROWS+(NCOLS l))
    static int buffer[BUFSIZE]

buffer
4.3 static

print
1

( )

?

l
    static int *bufptr=buffer;

print print

print

void
print(int n)
{
    if(bufptr == &buffer[BUFSIZE]){
    /* */
    }else
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    +bufptr++ = n
)

1
row

?
row

1 buffer[row] buffer[row] buffer[row]
1 if

NROWS bufptr

(
”)

int *p;
for(p = buffer+row; p<bufptr; p+=NROWS)
    printnum(*p);

buffer+row &buffer[row]
(

)
 printnum(n);   /* */
 printn1();    /* */
 if(++row == NROWS){
  printpage();
  row = 0;    /* */
  bufptr = buffer; /* bufptr*/
 }

print
void
print(int n)

 {
     if(bufptr == &buffer[BUFSIZE]){
   static int row = 0;
   int *p;
   for(p = buffer+row; p<bufpter; p += NROWS)
    printnum(*p);
   printnum(n);  /* */
   printnl();   /* */
   if(++row == NROWS){
    printpage();
    row = 0;  /* */
    bufptr = buffer; /* bufptr*/
   }
  }else



Andrew Koenig   C                  2002 10

38

   *bufptr++ = n;
 }

flush
print

( )
    void
    flush()
    {

    int  row;
    for(row = 0; row < NROWS row++){
    int  *p;

for(p = buffer + row; p < bufptr; p += NROWS)
 printnum(*p);
printnl();
}

printpage();
}

flush
flush

flush

void
flush()
{
 int row;
 int k = bufptr - buffer; /* */
 if(k > NROWS)
  k = NROWS;
 if(k >0 ){
  for(row = 0; row < k; row++){
   int *p;
   for(p = buffer+row; p < bufptr; p += NROWS)
    printnum(*p);
   printnl();
  }
  printpage();
 }
}
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7.7

2.2

 a + b * c

    a + (b * c)
    (a + b) * c

if(count != 0 && sum/count < smallaverage)
 printf(“average < %g\n”, smallaverage);

count 0 0
    C

    a < b && c < d
    C a<b a b c<d

a b c<d

a<b a b

    C (&& || ? ) && ¨

? a?b
e a a b c

x y f(x, y)
g((x, y)) x y g

x x y

    C

&& ||
    if(y!=0 && x/y > tolerance)
     complain();

y 0 x/y
x n y

i = 0;
while(i < n)
    y[i] = x[i++];

? y[i] i
! c i

i = 0;
while(i < n)
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    y[i++] = x[i];

i = 0;
while(i < n) {
    y[i] = x[i];
    i++;
}

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

7.8 && || !

C & | ~
&& || !

& | ~
10&12 8( 1000) &

10( 1010) 12( 1100)
1 1 10 | 12

14( 1110) ~10 -11( 11…110101)

&& || !
0 0 1

0 0 1 && ||

!10 0 10 0
1O&&12 1 10 12 O 101112 1 10 0

12 10||f() f()

i = 0;
while(i < tabsize && tab[i] != x)
    i++;

i tabsize
i

& &&
i = 0;
while(i < tabsize & tab[i] != x)
    i++;

while &
1 0 x y 0 1 x&y

x&&y 1 0
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( )
&

&& & tabsize
tab i tabsize

tab[i]
3.6

C

7.9

    C
2 n n

”

a b a+b

    if(a + b < 0)
     complain();

a+b

C a b

if
a b

    if((unsigned)a + (unsigned)b > INT_MAX)
     complain();

INT_MAX ANSI C <limits.h>
INT_MAX c

    if(a > INT_MAX - b)
    complain();

7.10 main

c
    main()
    {
    }

main
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main C
main

0 0 main

C
 main()
 {
  return 0;
 }

 main()
 {
  exit(0);
 }

“hello world
#include<stdio.h>
main()
{
 pintf(“Hello world”);
 return 0;
}

3-1 3.6
bufwrite ?

3-2 3.6 flush
void
flush()
{
 int row;
 int k = bufptr - buffer; /* */
 if(k > NROWS)
  k = NROWS;

 for(row = 0; row < k; row++){
  int *p;
  for(p = buffer+row; p < bufptr; p += NROWS)
   printnum(*p);
  printnl();
 }
 if(k > 0)
  printpage();



Andrew Koenig   C                  2002 10

43

}
3-3

NULL

8

C
( )

C C

C lint
C lint

C

8.1

    C (Separate Compilation)
C

C C
? C
C ”

C

printf

(external object)

static C
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printf C printf

C
C lint l

8.2

    int  a;
a

a a a
0 (

C
0)

   int a = 7
a a a

    extern int a;
a a extern

a
a a

srand random_seed n
void
srand(int n)
{
 extern int random_seed;
 random_seed = n;
}

extern int a;

int a;
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?

    int  a;
?

int a=7;

    int  a=9;
?

int a=7;

    int  a=9;

C

8.3 static

    int  a;
( )

a ( a )
a

a
read write

    ANSI  C C

ANSI C
read getc

read read C

    static
    static int a;

    int  a;
a a

static
static f g
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f g f g
g static

static int
g(int x)
{
 /*g */
}

void f()
{
 /* */
 b = g(a);
}

g g static
g static

static

8.4

C

int
abs(int n)
{
 return n<0? -n: n;
}

void
eatline()
{
 int c;
 do c = getchar();
 while(c != EOF && c!= '\n');
}

a - b
abs
    if(abs(a - b)>n)
     printf(“difference ls out of range\n”);

    eatline();
C void

square
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    double
    square(double x)
    {
     return x*x;
    )

square
main()
{

printf(“%g\n”, square(0.3));
}

square main
    double
    square(double x)
    {
     return x*x;

)
main()
{

printf(“%g\n”, square(0.3));
}

main
    double square(double);

main()
{

printf(“%g\n”, square(0.3));
}

    double
    square(double x)
    {
     return x*x;

)

main
main()
{

printf(“%g\n”, square(0.3));
}

main square square
square

main square
? square square

square
    double square(double);
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main()
{

printf(“%g\n”, square(0.3));
}
C ANSI C

    double square(double);
square

square(2) 2
square((double)2) square(2.0)

float short char
( ) ANSI  C

square
    double square()

float double short char
int
int
isvowel(char c)
{
 return c == 'a' || c == 'e' || c == 'i' ||
   c == 'o' || c == 'u';
}

char
int isvowel(char);

isvowel int
isvowel

int
isvowel(int c){
 return c == 'a' || c == 'e' || c == 'i' ||
   c == 'o' || c == 'u';
}

isvowel char

    ANSI  C C
isvowel

int isvowel();

int isvowel(c)
 char c;
{
 return c == 'a' || c == 'e' || c == 'i' ||
   c == 'o' || c == 'u';
}
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ANSI C
isvowel (

) char int ?
isvowel

int
isvowel(int i)
{
 char c = i;
 return c == 'a' || c == 'e' || c == 'i' ||
   c == 'o' || c == 'u';
}

main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

sqrt
sqrt

double sqrt(double);

main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

ANSI  C C

double sqrt();

main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

#include <math.h>
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main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

sqrt
math.h C

2.0 2 2 ANSI C

printf scanf

#include<stdio.h>
main()
{
 int i;
 char c;
 for(i = 0; i < 5; i++){
  scanf("%d", &c);
  printf("%d", i);
 }
 printf("\n");
}

5 5
0 1 2 3 4

0 0 0 0 0 1 2 3 4
? c char int

scanf scanf
scanf

c
c i

c i 0 i
0 i 0 scanf

c i

8.5

C n
 extern int n;

n
 long n;
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n
C
C

C
n

?
    1 C

n
    2 C int long

32
n long( int)

    3 n

int n long n
long n int n

2
    4 n

char filename[] = "/etc/passwd";

    extern char* filename;

filename filename
filename

filename filename
filename 4.1

filename
/ e t c / p a s s w d \0

4.1 filename

filename

/ e t c / p a s s w d \0
4.2 filename

filename
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char filename[] = "/etc/passwd";  /* l*/
extern char filename[];   /* 2*/

char *filename = "/etc/passwd";  /* l*/
extern char *filename;   /* 2*/

4.4
main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

sqrt sqrt
C

extern int sqrt();
main()
{
 double s;
 s = sqrt(2);
 printf("%g\n", s);
}

sqrt

sqrt printf
printf

8.6

filename

file.h
extern char filename[];

filename C
#include “file.h”
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C filename
file.c

#include “file.h”
char filename[] = "/etc/passwd";

file.c filename include

extern char filename[];
char filename[] = "/etc/passwd";

file.c filename
filename

file.h filename file.h
filename file.c filename

file.h filename
filename !
4-1

    long foo;

    extern short foo;
long foo 37 short

foo 37 ? short
foo 37 0 ?

4-2 4
#include <stdio.h>
main()
{
 printf("%g\n", sqrt(2));
}

Cygwin 1.41421
g ?

9

C / c (
) ANSI C

C ANSI C
C ”I/O read write

ANSI C C
ANSI C

ANSI C     |
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printf
varargs h

stdarg.h(ANSI C varargs h)

ANSI C

ANSI C

9.1 getchar

 #include <stdio.h>
 main()
 {
  char c;

while((c=getchar()) != EOF)
    putchar(c);

 }
    getchar
EOF( stdio.h )

c char int c
EOF

c EOF c EOF

getchar char c while
getchar c

getchar
c

c EOF getchar EOF!

9.2

/
    FILE  *fp;
    fp=fopen(file, "r+");

file
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fseek

FILE *fp;
struct record rec;
...
while(fread((char*)&rec, sizeof(rec), 1, fp) == 1){
 /* rec */
 if(/*rec */){
  fseek(fp, -(long)sizeof(rec), 1);
  fwrite((char*)&rec, sizeof(rec), 1, fp);
 }
}

&rec fread fwrite
sizeof(rec) (fseek long int

sizeof unsigned
)

fwrite
fread fwrite fread

fseek

while(fread((char*)&rec, sizeof(rec), 1, fp) == 1){
 /* rec */
 if(/*rec */){
  fseek(fp, -(long)sizeof(rec), 1);
  fwrite((char*)&rec, sizeof(rec), 1, fp);
  fseek(fp, 0L, 1);
 }
}

fseek

#include <stdio.h>

int main()
{
 FILE *fp;
 struct record{
  char a;
  char b;
 };
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 struct record rec;

 if((fp=fopen("test", "rb+"))==NULL)
 {
  printf("open error!\n");
 }
 while(fread((char*)&rec, sizeof(rec), 1, fp) == 1){
  /* rec */
  printf("record.a=%d\n", rec.a);
  printf("record.b=%c\n", rec.b);
  if(1){
   fseek(fp, -(long)sizeof(rec), 1);
   rec.a=rec.b;
   fwrite((char*)&rec, sizeof(rec), 1, fp);
   fseek(fp, 0L, 1); /* */
  }
 }

 fclose(fp);
}

9.3

?

( )

C

setbuf buf

    setbuf(stdout, buf);
/ stdout buf

buf fflush(
fflush ) buf
stdout <stdio.h> BUFSIZ

setbuf

#include <stdio.h>

main()
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{
 int c;
 char buf[BUFSIZ];
 setbuf(stdout, buf);

 while((c=getchar()) != EOF)
  putchar(c);
}

setbuf
/ buf

buf ? main
C

buf !

buf
static char buf[BUFSIZ];

buf main
( main

C )
    char *malloc();
    setbuf(stdout, malloc(BUFSIZ));

malloc
malloc null setbuf

null

9.4 errno

errno

    /* */
    if (errno)
     /* */

errno
0 errno

 errno = 0;
    /* */
    if (errno)
     /* */

errno errno
errno ?

fopen fopen
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fopen fopen
(

errno fopen
errno )

errno
/* */
if( )

errno

9.5 signal

C signal

#include <signal.h>
signal( ) signal

 signal(signal type, handler function);
signal type signal.h signal

handler function

C C

( malloc)

malloc malloc
signal malloc

malloc !
signal longjmp

malloc
signal

( )
signal

signal
longjmp exit

signal

5-1 ?
?

5 2
#include <stdio.h>
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main()
{
 register int c;

 while((c=getchar()) != '#')
  putchar(c);
}

#include <stdio.h> EOF
EOF( )

#define EOF -1

main()
{
 register int c;

 while((c=getchar()) != EOF)
  putchar(c);
}

?

10

C

( )
(

)

(manifest constant)

C

getchar putchar

C

C
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10.1

f
?

    #define f (x) ((x) - 1)
  f (x)

((x) - 1)

    (x) ((x) - 1)
cygwin `x' undeclared (first use

in this function) f f (x) !
f(x) ((x) - 1)

    #define f(x) ((x) - 1)
f(3) f(3)

2

10.2

#define abs(x) (((x)>=0)?(x): -(x))

    #define max(a, b) ((a))(b)?(a):(b))

abs
    #define abs(x) x>0? x: -x

abs(a-b)
    abs(a-b)

    a-b>0? a-b: -a-b
-a-b (-a)-b -(a-b)

    abs(a)+1

    a>0? a:-a+1
-a -a+1 a>0 !abs

    #define abs(x) (((x)>=0)?(x): -(x))
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    abs(a-b)

    ((a-b)>0?(a-b):-(a-b))

    abs(a)+1

((a)>0?(a):-(a))+1

#include <stdio.h>

#define f(x) ((x)-1)
//#define abs(x) x>0? x: -x
#define abs(x) (((x)>=0)?(x): -(x))

main()
{
 int a=1, b=4, d=4;
 int c = abs(a-b);
 c = abs(d) + 1;
 printf("c=%d\n", c);
 printf("f(c)=%d\n", f(c));

}

max(a, b)
a b a a b

max

    biggest = x[0];
    i = 1;
    while (i < n)
     biggest = max(biggest, x[i++]);

max max
x

    x[0] = 2;
    x[1] = 3;
    x[2] = 1;

    biggest = ((biggest) > (x[i++])? (biggest): (x[i++]));
biggest x[i++] i 1 x[1] 3 biggest

x[0] 2 false( ) i++
i 2

false( ) x[i++] biggest i++
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i 2 biggest x[2] 1
i++ i 3

max
    biggest = x[0];
    for(i=1; i<n; i++)
     biggest = max(biggest, x[i]);

max

    biggest = x[0];
    for(i=1; i<n; i++)
     if(x[i] > biggest)
   biggest = x[i];

putc

#define putc(x, p) \
  (--(p)->_cnt>=0?(*(p)->_ptr++=(x)):_flsbuf(x,p))

putc
x *z++

x putc
: x

p
p ANSI  C

putc C putc
putc

putc C

C toupper

(
) toupper

toupper(int c)
{
 if(c >= 'a' && c <= 'z')
  c +='A' - 'a';
 return c;
}

C toupper
toupper

#define toupper(c) \
((c) >= 'a' && (c) <= 'z' ? (c) + ('A' - 'a') : (c))

toupper

    toupper(*p++)
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!

max
 #define max(a, b) ((a) > (b) ? (a) : (b))

max a b c d

 max(a, max(b, max(c, d)))

((a) > (((b) > (((c) > (d) ? (c) : (d))) ? (b) : (((c) > (d) ? (c) : (d))))) ?
(a) : (((b) > (((c) > (d) ? (c) : (d))) ? (b) : (((c) > (d) ? (c) : (d))))))

!
max(max(a, b), max(c, d))

((((a) > (b) ? (a) : (b))) > (((c) > (d) ? (c) : (d))) ?
 (((a) > (b) ? (a) : (b))) : (((c) > (d) ? (c) : (d))))

biggest = a;
if(biggest < b) biggest = b;
if(biggest < c) biggest = c;
if(biggest < d) biggest = d;

10.3

!
assert 0

assert

    assert(x>y);
x y

assert
    #define assert(e) if(!e) assert_error(__FILE__, __LINE__)

assert
__FILE_ __LINE__ C

assert

if(x > 0 && y > 0)
 assert(x > y);
else
 assert(y > x);

if(x > 0 && y > 0)
 if(!(x > y)) assert_error("foo.c", 37);
else



Andrew Koenig   C                  2002 10

64

 if(!(y > x)) assert_error("foo.c", 39);

if(x > 0 && y > 0)
 if(!(x > y))
  assert_error("foo.c", 37);
else
 if(!(y > x))
  assert_error("foo.c", 39);

assert

#define assert(e) \
     { if(!e) assert_error(__FILE__, __LINE__); }

if(x > 0 && y > 0)
 { if(!(x > y)) assert_error("foo.c", 37); };
else

 {if(!(y > x)) assert_error("foo.c", 39); };
else assert

assert

#define assert(e) \
     ((void)((e)||_assert_error(__FILE__, __LINE__)))

|| e
true( )
   (void)((e)||_assert_error(__FILE__, __LINE__))

 _assert_error(__FILE__, __LINE__)
e false( )

_assert_error(__FILE__, __LINE__)
_assert_error

10.4

#define FOOTYPE struct foo
FOOTYPE a;
FOOTYPE b, c;

a b c a b c

—— C

typedef struct foo FOOTYPE;
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FOOTYPE struct f00
typedef

#define T1 struct foo *
typedef struct foo * T2;

Tl T2 f00

T1 a, b;
T2 c, d;

struct foo * a, b;
a b ( )

a b T2

6-1 max max max

6-2 l ”

 (x)((x) – 1)
C ?

11

    C C
C

C
C

C
ANSI C

C C
C

C
C

C

Mark Horton How to Write Portable Software in
C(Prentice Hall)

11.1 C

ANSI C
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C
C ANSI C

C
?

C
?

4.4 4.4
square
    double
    square(double x)
    {
     return x*x;
    )

ANSI

    double
square(x)
 double x;

    {
     return x*x;
    )

square
    double square();

ANSI C

    double square();
main()
{

printf(“%g\n”, square(3));
}

square main
square double int

4.0 lint
C

    double square(double);
main()
{

printf(“%g\n”, square(3));
}
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3 double
square double
    double square();

main()
{

printf(“%g\n”, square(3.0));
}

?

11.2

C C

c
ANSI  C C

6

print_fields print_float
State STATE

char *Malloc(unsigned n) {
    char *p, *malloc();
    p  =  malloc(n);
    if(p  ==  NULL)
        panic("out  of  memory");
    return  p;
}

malloc Malloc malloc
panic panil

malloc
C

? malloc Malloc malloc
Malloc Malloc malloc
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Malloc ! malloc C
Malloc

l

11.3

    C 3 short int long C
C

    1 3 short int
int long C

3 short int
int long

    2 (int )
    3

8 9
C l6

    ANSl long 32 short int
l6 8

l6 32 C
?

short int ( ) 16 long
32 int

?
long

typedef long tenmil;

11.4

8 C 8
8

char
int ?

char int
0

1 ?
8

-128 127 0 255



Andrew Koenig   C                  2002 10

69

l
(unsigned char)

0

c (unsigned)c
c c c

int
(unsigned chat)e unsigned char
int

11.5

    1 0 ?
    2 ( ) ?

C
0 C

0
0

n
0 n

?

int 32 n int n<<31 n<<0
n<<32 n<<-1

C
2 (-1)>>1

0 (-1) 2 C 0
low+high

    mid = (low + high) >>1;

    mid  =  (low  +  high)   /   2;

11.6 0

null
nuH P q null strcmp(p q)

? c
0 ndl
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C 0
null C

0
null

c null
C

0
c 0

#include <stdio.h>
main()
{
 char *p;
 p = NULL;
 printf("Location 0 contain %d\n", *p);
}

0
10 0 Cygwin

Segmentation fault (core dumped)

11.7

a b q r
q = a / b;
r = a % b;

b 0
a b q r ?

    1 q * b + r == a
    2 a q q
    3 b>0 r >= 0  r < b

3/2 1 1 1 (-3)/2
? 2 -1

-1 3 3 l
1 -2 2

C
3

1 2 C
C 1 a>=0 b>0 |r| < |b| r>=0

2 3
    C
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n
h 0<=h<HASHSIZE n

    h=n HASHSIZE
n h

h>-HASHSIZE
h = n % HASHSIZE;
if(n < 0)
    h  +=  HASHSIZE;

n n

#include <stdio.h>
main()
{
 int a=-3, b=2;
 int q,r;
 q = a / b;
 r = a % b;
 printf("q=%d, r=%d\n", q, r);
}

11.8

C PDP-11 rand
( ) PDP-11 16 ( )

rand 0 215-1
VAX-11 C 32

VAX-11 rand ?
VAX-11 C

rand
rand 0 231-1

AT&T VAX-11 rand PDP-11
0 215-1 PDP-11

VAX-11
rand

C ANSI C RAND_MAX
C

11.9

toupper tolower
#define toupper(c) ((c) + 'A' - 'a')
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#define tolower(c) ((c) + 'A' - 'a')
toupper tolower

ASCIl EBCDIC

int c;
while((c = getchar()) != EOF)
    putchar(tolower(c));

int c;
while((c = getchar()) != EOF)
    putchar(isupper(c) ? tolower(c) : c);

AT&T toupper
tolower

#define toupper(c) ((c) >= 'a' && (c) <= 'z' ? (c) + 'A' - 'a' : (c))
#define tolower(c) ((c) >= 'A' && (c) <= 'Z' ? (c) + 'a' - 'A' : (c))

c 1 3
toupper(*p++) toupper tolower

toupper
int toupper(int c) {
    if(c >= 'a' && c <= 'z')
        return  c  +  'A'  -  'a';
    return  c;
}

tolower

#define _toupper(c) ((c) + 'A' - 'a')
#define _tolower(c) ((c) + 'a' - 'A')

C
AT&T

toupper tolower C
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11.10

c 3 malloc  realloc  free
malloc(n) n

malloc free
realloc

( )

UNIX 7 realloc

Realloc ptr size
( ) oldsize

newsize min(oldsize newsize) min(oldsize newsize)

ptr malloc realloc calloc
realloc free malloc realloc

malloc

(reallocation) 7

free (p);
p = realloc(p, newsize);

for(p = head; p != NULL; p = p->next)
    free((char *)p);

free p->next
C

7 realloc
C

C

7 n

long
long 10 l0

void printnum(long n, void (*p)()) {
    if(n < 0) {
        (*p)('-');
        n  =  -n;
    }
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    if(n >= 10)
        printnum(n / 10, p);
    (*p)(n % 10 + '0');
}

n -n n
n l0 n 10

printnum n 10
n l0

*p n 10 int ANSI C

printnum c
1985

printnum
  (*p)(n % 10 + ‘0’);

int long
n

10 n%10
’0’

'0'+5
'5' ASCII EBCDIC
ANSI C

printnum

"0123456789"[n % 10]

void printnum(long n, void (*p)()) {
    if(n < 0) {
        (*p)('-');
        n  =  -n;
    }
    if(n >= 10)
        printnum(n / 10, p);
    (*p)("0123456789"[n % 10]);
}

n<0 n -n
2

long k long
-2k 2k

-n unsigned long
-n !

l 2 (1's complement and 2's complement)
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n
3 (signbit) (value

bits) (padding bits) l
one’s complement two’s complement

N
(1) one’s complement -(2N-1)
(2) two’s complement -(2N)     {

n
n

printnum n
n printnum prinmeg n
printneg n

void printneg(long n, void (*p)()) {
    if(n <= -10)
        printneg(n  /  10,  p);
    (*p)("0123456789"[-(n % 10)]);
}

void printnum(long n, void (*p)()) {
    if(n < 0) {
        (*p)('-');
        printneg(n,  p);
    }
    else
        printneg(-n,  p);
}

n/l0 n%10
n

n
n%10 ! -(n 10) "0123456789"[-(n % 10)]

printnum
printneg printneg

void printneg(long n, void (*p)()) {
    long  q;
    int  r;
    if(r  >  0)  {
        r  -=  10;
        q++;
    }
    if(n <= -10) {
        printneg(q,  p);
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    }
    (*p)("0123456789"[-r]);
}

!
?

printnum

7-1 3 8
l6 32 ?

7-2 atol null
long

long atol

atol

12

l 7 c
c

c ?”

Bu9

David Jacques Way David

……”

( )

……”

DIY
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12.1

1.1

while (c == ’\t’ || c = ’ ’ || c == ’\n’)

c = getc (f);

C = while

while ((c == ’\t’ || c) = (’ ’ || c == ’\n’))

c = getc (f);

(c == ’\t’ || c)

Rob Pike

Addison—Wesley

while (c == ’\t’ || c == ’ ’ || c == ’\n’)

c = getc (f);

while (’\t’ == c || ’ ’ == c || ’\n’ == c)

c = getc (f);

== =

while (’\t’ = c || ’ ’ == c || ’\n’ == c)
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c = getc (f);

’\t’

3.6 C
0

Bug C
C

Bug

3.1
C

printf
C printf

!
!

?”
X Y Z ”

X Y Z ?”
”

?”
”

?”
”

X Y Z
?”

!”
?”

C
C

C
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C
C

void set(int *p, int n){
 *p = n;
}

?

    int a[10];
    set(a+5, 37);

set
    int a[10];
    set(a+10, 37);

ANSI C
C

C
C

12.2

13 A PRINTF VARARGS

STDARG

14 B Koenig Moo
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