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“HelloWorld"Chel11o.c - .c

G

#include <stdio.h>

int main(void)

{
puts ("Hello, World");
return 0;

Coliru

#include <stdio.h>

stdio.ho o stdio.hputs() o

int main(void)

main void int o main()e

puts ("Hello, World");

puts()o o

"Hello, World"e Cr.mo
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return 0;

main () inteo 0o return 0;0

LinUXvimgedit WindOWSNotepad o Visual Studio CodeSublime Text o
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hello.c Unix / Linuxnhe11ocWindowShel1o.exe o Co

GCC

GCC GNU Compiler CollectionC-

gcc hello.c -o hello

hello.c -o hello o o

-Wall -Wextra —-Werroro

gcc -Wall -Wextra —-Werror -o hello hello.c

clang

clang

clang -Wall -Wextra —-Werror -o hello hello.c

clangGCCo

Microsoft C

Visual StudioWindowsMicrosoft c1.exeCnello.exe c1 /w3 GCCC|an97Wallo

cl hello.c

./helloe Hello, World o

“HelloWorld”KR C.
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“HelloWorld” Brian KernighanDennis Ritchie The C Programming LanguageRitchieC*KR”

KR

#include <stdio.h>

main ()
{

printf ("hello, world\n");
}

1978CC90-
KRmain () returne 2C890 C89 mainint KRGo ngmain main returang 51223 - O o

mainint main (void) int main(int argc, char **argv) o

C9085.1.2.2.3
mainmainexite maine

C90§6664 return

returne }returneo
C9985.1.2.2.3

mainintmainexitmain;main} O.into

C https://riptutorial.com/zh-TW/c/topic/213/c
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Examples

#include <ctype.h>
#include <stdio.h>

typedef struct {
size_t space;
size_t alnum;
size_t punct;
} chartypes;

chartypes classify (FILE *f) {
chartypes types = { 0, 0, 0 };

int ch;

while ((ch = fgetc(f)) != EOF) {
types.space += !l!isspace(ch);
types.alnum += !!isalnum(ch);
types.punct += !!ispunct (ch);

return types;

classifyo o

® int EOF o
® isspace unsigned char EOF o fgetco

* falsetrueo 10 11 o

#include <ctype.h>
#include <stddef.h>

typedef struct {
size_t space;
size_t alnum;
size_t punct;
} chartypes;

chartypes classify(const char *s) {
chartypes types = { 0, 0, 0 };
const char *p;

for (p= s; p !'= "\0'; p++) {
types.space += !!isspace((unsigned char) *p);
types.alnum += !!isalnum((unsigned char) *p);
types.punct += !!ispunct ((unsigned char) *p);

return types;

classifyo o
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® isspace unsigned char EOF o

® *pchar o

® charsigned charunsigned char o

® charunsigned char charunsigned char o

® charsigned char unsigned charunsigned charo o

* falsetrueo 1011
ctype.h(:o o
int EOFunsigned char-

“‘is”> TRUE. FALSE-

returns zero here.

*/

int a;

int ¢ = 'A';

a = isalpha(c); /* Checks if c¢ is alphabetic (A-Z, a-z), returns non-zero here. */

a = isalnum(c); /* Checks if ¢ 1is alphanumeric (A-%Z, a-z, 0-9), returns non-zero here. */

a = iscntrl(c); /* Checks is c¢ is a control character (0x00-0x1F, Ox7F),

a = isdigit(c); /* Checks if c¢ is a digit (0-9), returns zero here. */

a = isgraph(c); /* Checks if c¢ has a graphical representation (any printing character except

space), returns non-zero here. */

a = islower(c); /* Checks if ¢ is a lower—-case letter (a-z), returns zero here. */

a = isprint(c); /* Checks if c¢ is any printable character (including space), returns non-zero
here. */

a = isupper(c); /* Checks if c is a upper—-case letter (a-z), returns zero here. */

a = ispunct(c); /* Checks if c¢ is a punctuation character, returns zero here. */

a = isspace(c); /* Checks if ¢ is a white-space character, returns zero here. */

a = isupper(c); /* Checks if c is an upper—-case letter (A-Z), returns non-zero here. */

a = isxdigit(c); /* Checks if c is a hexadecimal digit (A-F, a-f, 0-9), returns non-zero here.
*

a = isblank(c); /* Checks if ¢ is a blank character (space or tab), returns non-zero here. */
o 't0's o o
C

int a;

int ¢ = 'A';

/* Converts c to a lower—-case letter (a-z).
* If conversion is not possible the unchanged value is returned.
* Returns 'a' here.
=y

a = tolower (c);

/* Converts c to an upper-case letter (A-Z).
* If conversion is not possible the unchanged value is returned.
* Returns 'A' here.
=y

https://riptutorial.com/zh-TW/home



a = toupper (c);

cplusplus.com127ASCllas

0x00

.. NUL .
0x08

x09 \t . . .

Ox0A
. YV N\ . .
0x0D

OxOE

Ox1F
ox20 "' . .

0x21
. “$I*+-o /
Ox2F

0x30
.. 0123456789
0x39

0x3a

0x40

0x41
.. ABCDEF . .
0x46

0x47
.. GHIJKLMNOPQRSTUVWXYZ . .
Ox5A

0x5B
. 1
0x60

0x61
. ABCDEF . .
0x66
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0x67

" ghijkimnopgrstuvwxyz . .
Ox7A

0x7B

. {3

OX7E

Ox7F DEL .

- https://riptutorial.com/zh-TW/c/topic/6846/-ctype-h----
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ﬂalgrind

e valgrind <

ValgrindC- Valgrindfree ()0 o

http://valgrind.org -

Examples
Valgrind
valgrind ./my-program argl arg2 < test-input

- mallocs

valgrind —-gq —--tool=memcheck --leak-check=yes

valgrind --helphttp://valgrind.org/e

malloc

#include <stdio.h>
#include <stdlib.h>

int main (int argc, char **argv)
{
char *s;

s = malloc(26); // the culprint

return 0;

valgrind.

——leak-check=yes——-tool=memcheck

$ valgrind —-gq —--leak-check=yes ./missing_free

./my-program argl arg2 < test-input

==4776== 26 bytes in 1 blocks are definitely lost in loss record 1 of 1

==4776== at 0x4024F20: malloc (vg_replace_malloc.c:236)
==4776== by 0x80483F8: main (missing_free.c:9)
==4776==

GCC-go

https://riptutorial.com/zh-TW/home
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Valgrind

Valgrind (file.c:

ERROR SUMMARY :

1./

line_no)eo

valgrind

1 errors from 1 contexts (suppressed: 0 from 0)

==8451== Invalid read of

size 2

==8451== at 0x4E7381D: getenv (getenv.c:84)

==8451== by 0x4EB1559: __ libc_message (libc_fatal.c:80)

==8451== by 0x4F5256B: __ fortify_fail (fortify_fail.c:37)

==8451== by 0x4F5250F: __stack_chk_fail (stack_chk_ fail.c:28)

==8451== by 0x40059C: main (valg.c:10)

==8451== Address 0x700000007 is not stack'd, malloc'd or (recently) free'd
2.

==8795== 1 errors in context 5 of 8:

==8795== Conditional jump or move depends on uninitialised wvalue(s)

==8795== at 0x4E881AF: vfprintf (vfprintf.c:1631)

==8795== by 0x4E8F898: printf (printf.c:33)

==8795== by 0x400548: main (valg.c:7)

valg.c1nain7printf()printfo

3.

==8954== Invalid free()
==8954== at Ox4C2EDEB: free

—=8954== by

0x4005A8:

/ delete / delete[] / realloc()

main

(in /usr/lib/valgrind/vgpreload_memcheck—-amd64-1linux.so)
(valg.c:10)

==8954== Address 0x5203040 is 0 bytes inside a block of size 240 free'd

==8954== at O0x4C2EDEB: free (in /usr/lib/valgrind/vgpreload_memcheck-amd64-1linux.so)
==8954== by 0x40059C: main (valg.c:9)

==8954== Block was alloc'd at

==8954== at Ox4C2DB8F: malloc (in /usr/lib/valgrind/vgpreload_memcheck—amd64-1linux.so)
==8954== by 0x40058C: main (valg.c:7)

valgrindvaig.c 1097-

Valgrind https://riptutorial.com/zh-TW/c/topic/2674/valgrind
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X-macrox (). x(ymaster- x()*“’DRYo

x()X - o
“X-macro’. o
e X
. )(_;
. Xo Xo

XRandy MeyersDobbs[X-Macros] http://www.drdobbs.com/the-new-cx-macros/184401387 -

Examples
printfsX-macros

/* define a list of preprocessor tokens on which to call X */
#define X 123 X (1) X (2) X (3)

/* define X to use */

#define X (val) printf ("X (%d) made this print\n", wval);

X_ 123

#undef X

/* good practice to undef X to facilitate reuse later on */

printf ("X (%d) made this print\n", 1);
printf ("X (%d) made this print\n", 2);
printf ("X (%d) made this print\n", 3);

/* declare items of the enum */
#define FOREACH \

X (iteml) \

X (item2) \

X (item3) \
/* end of list */

/* define the enum values */
#define X (id) MyEnum_ ## id,
enum MyEnum { FOREACH };
#undef X

/* convert an enum value to its identifier */
const char * enum2string(int enumValue)
{

const char* stringValue = NULL;

#define X (id) if (enumValue == MyEnum_ ## id) stringValue = #id;

FOREACH

https://riptutorial.com/zh-TW/home
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#undef X
return stringValue;

printf ("$s\n", enum2string (MyEnum_item?2)) ;

X

((an_macroo “X"O

Xo

/* declare list of items */
#define ITEM LIST(X) \

X (iteml) \

X (item2) \

X (item3) \
/* end of list */

/* define macro to apply */

#define PRINTSTRING (value) printf ( #value "\n");

/* apply macro to the list of items */
ITEM_LIST (PRINTSTRING)

printf( "iteml" "\n"); printf( "item2" "\n"); printf( "item3" "\n");
X“X"PRINTSTRINGPRINTSTRING o
X-Macros-

/* All our commands */

#define COMMANDS (OP) OP (Open) OP (Close) OP (Save) OP (Quit)

/* generate the enum Commands: {cmdOpen, cmdClose, cmdSave, cmdQuit,

#define ENUM_NAME (name) cmd##name,
enum Commands {
COMMANDS (ENUM_NAME)
bi
#undef ENUM_NAME

/* generate the string table */

#define COMMAND_OP (name) #name,

const char* const commandNames[] = {
COMMANDS (COMMAND_OP)

bi

#undef COMMAND_OP

bi

*/

https://riptutorial.com/zh-TW/home
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/* the following prints "Quit\n": */
printf ("$s\n", commandNames [cmdQuit] ());

o int

/* declare all functions as extern */

#define EXTERN_FUNC (name) extern int doCmd##name (void) ;
COMMANDS (EXTERN_FUNC)

#undef EXTERN_FUNC

/* declare the function pointer type and the Jjump table */
typedef int (*CommandFunc) (void) ;
extern CommandFunc commandJumpTablel[];

/* generate the jump table */

#define FUNC_NAME (name) doCmd##name,

CommandFunc commanddJumpTable[] = {
COMMANDS (FUNC_NAME)

}i

#undef FUNC_NAME

/* call the save command like this: */
int result = commandJumpTable [cmdSave] () ;

/* somewhere else, we need the implementations of the commands */

int doCmdOpen (void) {/* code performing open command */}
int doCmdClose (void) {/* code performing close command */}
int doCmdSave (void) {/* code performing save command */}
int doCmdQuit (void) {/* code performing quit command */}

ChromiumGPU -

X- https://riptutorial.com/zh-TW/c/topic/628/x-
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* type-specifiersize;

signed unsigned int_Bool

signed unsigned_Bool o pkﬂrlint§6.7.2ﬂ5 ...intsigned intunsigned into

Examples

struct encoderPosition {

unsigned int encoderCounts : 23;
unsigned int encoderTurns : 4;
unsigned int _reserved s 5g

}i

234. - FPGAFPGA32

struct FPGAInfo {
union {
struct bits {
unsigned int bulblOn

~

unsigned int bulb20n
unsigned int bulblOff
unsigned int bulb20ff
unsigned int jetOn

~ o ~e

PR e e e
~

~

}i
unsigned int data;
bi
}i

FPGA-

FPGAInfo fInfo;

fInfo.data = OxFF34F;

if (fInfo.bits.bulblOn) {
printf ("Bulb 1 is on\n");

C996.7.2.110
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typedef union ({

#if

struct bits {

defined (WIN32) || defined(LITTLE_ENDIAN)
uint8_t commFailure :1;

uint8_t hardwareFailure :1;

uint8_t _reserved :6;

#else

uint8_t _reserved :6;
uint8_t hardwareFailure :1;
uint8_t commFailure :1;

#endif

}i
uint8_t data;

} hardwareStatus;

#include <stdio.h>

int

{

main (void)

/* define a small bit-field that can hold values
struct
{
unsigned int uint3: 3;
} small;

/* extract the right 3 bits from a value */
unsigned int value = 255 - 2; /* Binary 11111101
small.uint3 = value; /* Binary 101
printf ("$d", small.uint3);

/* This is in effect an infinite loop */

from 0

*/
*/

for (small.uint3 = 0; small.uint3 < 8; small.uint3++)

{
printf ("$d\n", small.uint3);

return 0;

7

*/

Thus 3 bits are padded */

o 8o

struct C

{
short s; /* 2 bytes */
char «c; /* 1 byte */
int bitl : 1; /* 1 bit */
int nib : 4; /* 4 bits padded up to boundary of 8 bits.
int sept : 7; /* 7 Bits septet, padded up to boundary of 32 bits. */

}i

https://riptutorial.com/zh-TW/home
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'‘A'l.
struct A
{
unsigned char cl : 3;
unsigned char c2 : 4;
unsigned char c3 : 1;

}i

82;02c3Chafc2c330 c430 2o

struct B
{

unsigned char cl

~

unsigned char /* Skips 2 bits in the layout */

o~

unsigned char c2

unsigned char /* Causes padding up to next container boundary */

~

unsigned char c3

~

= s O NN -
~

~

unsigned char c4

}i

e.g. consider the following variables having the ranges as given below.
a ——> range 0 - 3
b ——> range 0 - 1
c ——> range 0 - 7
d -——> range 0 - 1
e ——> range 0 - 1

85. 80-255- -

typedef struct {

~

unsigned int
unsigned int

o ~e

unsigned int
unsigned int

~

2R W RN
N

~

O QO Q O o

unsigned int
} bit_a;

int main (void)

{
bit_a bita_var;
bita_var.a = 2; // to write into element a
printf ("%d",bita_var.a); // to read from element a.
return 0;
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typedef union {
struct {
unsigned
unsigned
unsigned
unsigned
unsigned

}i

int
int
int
int
int

uint8_t data;

} union_bit;

int main (void)

{

union_bit un_bit;
un_bit.data =

un_bit.a = 2;

printf ("%d",un_bit.

return 0;

4.sizeof()O

5.typedeftypedeftypedefo

0x00;

® QO Q O o

~

~ o~

B R W RN
N

~

a);

typedef struct mybitfield

{

unsigned char cl
unsigned char c2
unsigned char c3
unsigned int x[10]: 5;

}A;

int SomeFunction (void)

{

// Somewhere in the code

Aa={.1};

20;

4;
1;

// clear the whole bit-field
// write into element a

// read from element a.

/* incorrect, see point 3 */

/* correct */

/* incorrect, see point 1 */

printf ("Address of a.c2 is %p\n", &a.c2);
printf ("Size of a.c2 is %$zu\n", sizeof(a.c2));

https://riptutorial.com/zh-TW/c/topic/1930/

/* incorrect,
/* incorrect,

see point 2 */
see point 4 */
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 void* signalint sigvoid* funcintint;

SIG SIGABRT SIGFPE SIGILL SIGTERM SIGINT SIGSEGV

FUNC s1c pFL SIG IGNvoid foo(int sig); o

Co
e s165EGV SIGFPE SIGILLC. Co o

® abortraiseraise o

© sig_atomic_t Cl1

o volatile o

Cs Cabort _Exit C99 quick_exit Cl1 signal Cl1-

e Co printfe

CC11POSIXo -

Examples

“signal”

SIGSEGV - SIGINT - Cntrl-C o

signal () ISO C

#include <stdio.h> /* printf () */
#include <stdlib.h> /* abort () */
#include <signal.h> /* signal () */

void handler_nonportable (int sig)

{
/* undefined behavior, maybe fine on specific platform */
printf ("Catched: %d\n", siqg);

/* abort is safe to call */
abort () ;

https://riptutorial.com/zh-TW/home
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sig_atomic_t volatile finished = 0;

void handler (int sig)
{
switch (sig) {
/* hardware interrupts should not return */
case SIGSEGV:
case SIGFPE:
case SIGILL:

Cl1

/* quick_exit is safe to call */
quick_exit (EXIT_FAILURE) ;

Cl1

/* use _Exit in pre-Cl1l */
_Exit (EXIT_FAILURE) ;

default:
/* Reset the signal to the default handler,

so we will not be called again if things go
wrong on return. */

signal (sig, SIG_DFL);

/* let everybody know that we are finished */

finished = sigj;

return;

int main(void)

{

/* Catch the SIGSEGV signal, raised on segmentation faults (i.e NULL ptr access */
if (signal (SIGSEGV, &handler) == SIG_ERR) {

perror ("could not establish handler for SIGSEGV");

return EXIT_FAILURE;

/* Catch the SIGTERM signal, termination request */
if (signal (SIGTERM, &handler) == SIG_ERR) {
perror ("could not establish handler for SIGTERM");
return EXIT_FAILURE;

/* Ignore the SIGINT signal, by setting the handler to "SIG_IGN . */
signal (SIGINT, SIG_IGN);

/* Do something that takes some time here, and leaves
the time to terminate the program from the keyboard. */

/* Then: */
if (finished) {

fprintf (stderr, "we have been terminated by signal %d\n", (int)finished);
return EXIT_FAILURE;

https://riptutorial.com/zh-TW/home



/* Try to force a segmentation fault, and raise a SIGSEGV */

{
char* ptr = 0;
*ptr = 0;

}

/* This should never be executed */
return EXIT_SUCCESS;

signal()e
POSIXsigaction()signal() - POSIXISO C s16UsrR15IGUSR2 o

https://riptutorial.com/zh-TW/c/topic/453/
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Cmalloc() calloc () realloc()free() o ngaligned_alloc() o alloca() o

» void * aligned_allocsize_t alignmentsize_t size; / *C11 */
» void * callocsize t nelementssize t size;

 void freevoid * ptr;

» void * mallocsize t size;

» void * reallocvoid * ptrsize_t size;

» void * allocasize_t size;alloca.h/ *. */

Sizeé malloc reallocaligned_alloc o aligned_alloc o

calloc
nelements

PTR malloc calloc reallocaligned_alloc

Cl1
aligned_alloc()aligned_alloc() o

PC)S'XpOSiXiﬁeﬁﬂ ign () mmap () °

Examples

freeo

int *p = malloc (10 * sizeof *p); /* allocation of memory */
if (p == NULL)
{

perror ("malloc failed");

return -1;

free(p); /* release of memory */
/* note that after free(p), even using the *value* of the pointer p
has undefined behavior, until a new value is stored into it. */

/* reusing/re-purposing the pointer itself */
int i = 42;
p = &i; /* This is valid, has defined behaviour */

pfree()”bCOS free() pe o Co pe

malloc ()
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calloc () realloc()aligned_alloc () free() strdup ()e

if (something_is_needed())

{
int *p = malloc (10 * sizeof *p);
if (p == NULL)
{
perror ("malloc failed");
return -1;

/* do whatever is needed with p */

free(p);

free() } po pe

free(p);
p = NULL; // you may also use 0 instead of NULL

NULLe o o

o C free (NULL)

freeptn> on calloc mallocreallocfreerealloce

C<stdlib.h>o

int *p = malloc (10 * sizeof *p);
if (p == NULL)
{
perror ("malloc () failed");
return -1;

10intmallocmallocpO
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sizeofsizeof char signed charunsigned char sizeofl o

malloce o
malloc ()malloc () realloc () free()eo
staticstatic o

int array[10];o statice

callocO o o

mallocmallocmemsete

int *p = calloc (10, sizeof *p);

if (p == NULL)
{
perror ("calloc () failed");
return -1;
}
calloccalloc()malloc () memset () o
Cl1

(:llaligned_alloc() o malloc()calloc()eo

/* Allocates 1024 bytes with 256 bytes alignment.

char *ptr =
if (ptr) {
perror ("aligned_alloc()");

aligned_alloc (256, 1024);

return -1;
}
free(ptr);

Cl11 2. -

o void *realloc(void *ptr, size_t size)ptrSizesizeo

#include <stdio.h>
#include <stdlib.h>

int main (void)
{
int *p = malloc (10 * sizeof *p);
if (NULL == p)
{
perror ("malloc () failed");

return EXIT_FAILURE;

01 =
pl9] =

42;
15;

e}

/* Reallocate array to a larger size,
* temporary pointer in case realloc()

{

Co

malloc()calloc()alignof (max_align_t) o

*/

storing the result into a

*/

fails.

aligned_alloc()o

ptrmalloc callocrealloc o o o o pterJLL
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/*

/*

*/

pri

fre

ret

int *temporary = realloc(p, 1000000 * sizeof *temporary);

/* realloc() failed, the original allocation was not free'd yet.

if (NULL == temporary)

{
perror ("realloc() failed");
free(p); /* Clean up. */
return EXIT_FAILURE;

p = temporary;

From here on, array can be used with the new size it was

realloc'ed to, until it is free'd. */

The values of p[0] to pl[9] are preserved, so this will print:
42 15

ntf("%d %d\n", pl0], pl[9]);

e(p);

urn EXIT_SUCCESS;

*po realloco

realloctemporary pp ° reallochulle o

C99

C99CVLA0 VLAVLAsizeofo

double sumAll (size_t n, size_t m, double A[n] [m]) {
double ret = 0.0;

for

(size_t 1 = 0; 1 < n; ++1)
for (size_t j = 0; j < m; ++3)
ret += A[i] []]

return ret;

int main (int argc, char *argv[argc+l]) {
size_t n = argc*10;
size_t m = argc*8;
double (*matrix) [m] = malloc (sizeof (double[n] [m]));

// initialize matrix somehow

double res = sumAll(n, m, matrix);

printf ("result is %g\n", res);

free (matrix) ;

matrixdouble[m]double[n] [m]sizeofne

freeo

VLA

[]

o []o sumalle C

*/
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double sumAll (size_t n, size_t m, double (*A) [m]);

Likwisemain argc+1Cargvo

VLAC11C1l1l. _ sTpc_NO_VLA_ o
reallocptrOfreeptr

reallocmalloc + memcpy + free o
realloce 0Osizeo o

realloc (ptr,0) free(ptr) o

° unpt v

® free(ptr)
® free(ptr)0

* (o

realloc(ptr,O)/freeo

malloc()e 80

o free() = o

/* typical control block */
struct block
{
size_t size; /* size of block */
struct block *next; /* next block in free list */
struct block *prev; /* back pointer to previous block in memory */
void *padding; /* need 16 bytes to make multiple of 8 */

static struct block arena[10000]; /* allocate from here */

static struct block *firstfree;

o o o 32

union block

{
union block * next;
unsigned char payload[32];

static union block arena[100];
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static union block * head;
void init (void)

{

int i;
for (i = 0; i < 100 — 1; i++)

arenal[i] .next = &arenali + 1];
arena[i] .next = 0; /* last one, null */

head = &block[0];

void *block_alloc ()
{
void *answer = head;
if (answer)
head = head->next;
return answer;

void block_free(void *ptr)

{
union block *block = ptr;
block->next = head;
head - block;

alloca

alloca o o CVLAO

#include <alloca.h>
// glibc version of stdlib.h include alloca.h by default

void foo (int size) {
char *data = alloca(size);
/*
function body;
Y

// data is automatically freed

allocafree o
allocao
free o

® malloc

® free realloc

® malloc()

® alloca()
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VLA

® alloca()malloc()
® alloca()

C99

void foo (int size) {
char datal[size];

/*
function body;

*/

// data is automatically freed

alloca()alloca() alloca()e C99_STDC_NO_VLA_C].1°
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Examples

main() ¢ plusfive()timestwo () ‘sourcel.c™source2.c”s

main.c

#include <stdio.h>
#include <stdlib.h>
#include "headerfile.h"

int main (void) {
int start = 3;
int intermediate = complicatedl (start);
printf ("First result is %d\n", intermediate);
intermediate = complicated2 (start);
printf ("Second result is %d\n", intermediate);
return 0;

sourcel.c

#include <stdio.h>
#include <stdlib.h>
#include "headerfile.h"

int complicatedl (int input) {
int tmp = timestwo (input) ;
tmp = plusfive (tmp) ;
return tmp;

source2.c

#include <stdio.h>
#include <stdlib.h>
#include "headerfile.h"

int complicated2 (int input) {
int tmp = plusfive (input) ;

tmp = timestwo (tmp) ;
return tmp;

headerfile.h

#ifndef HEADERFILE_H

main () e
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#define HEADERFILE_H

int complicatedl (int input);
int complicated2 (int input);

inline int timestwo (int input) {
return input * 2;
}

inline int plusfive (int input) {
return input + 5;

#endif

timestwoplusfivecomplicatedlcomplicated2‘mo

gcc

cc -02 -std=c99 -c -o main.o main.c

cc —02 -std=c99 -c -o sourcel.o sourcel.c
cc —02 -std=c99 -c -o source2.o0 source2.c
cc main.o sourcel.o source2.o0 -0 main

-02-
. . N . [13})
inlineec o inline .o o

o o ,cexterno sourcel.c

extern int timestwo (int input) ;
extern int plusfive (int input);

static inlineinlineo o
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C. ISOC: 5 o
1.. - Co
2.0

1.0 #ifdefo o
2. Xx86ARM. - o
3.0 o

Examples

gccasm
gcc

asm [ volatile ] ( AssemblerInstructions )
AssemblerInstructionse volatilegccasmo AssemblerInstructionse

/* Note that this code will not compile with -masm=intel */
#define DebugBreak () asm("int $3")

DebugBreak () int $3 o gCCasmasme. aSme

gccasm

gccasm

asm [volatile] ( AssemblerTemplate
: OutputOperands
[ : InputOperands
[ : Clobbers ] 1)

asm [volatile] goto ( AssemblerTemplate

InputOperands
: Clobbers
: GotoLabels)

Casmasme.

AssemblerTemplate OutputOperandsC InputOperandsC ClobbersGotoLabelsgotoO

C- LinuxARM1632

/* From arch/arm/include/asm/swab.h in Linux kernel version 4.6.4 */

#if _ LINUX_ARM_ARCH__ >= 6

GCC
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static inline __ attribute_const__ _ u32 _ arch_swahb32(__ u32 x)

{

return x;

}
#define _ arch_swahb32 _ arch_swahb32

asm__ ("revlée %0, %1" : "=r" (x) : "r" (x));

#define _ arch_swabl6(x) ((_ul6)__ _arch_ swahb32(x))

static inline __ attribute_const__ _ u32 _ arch_swab32(__u32 x)
{
_asm__ ("rev %0, %1" : "=r" (x) : "r" (x));

return x;

}

#define _ arch_swab32 __ _arch_swab32

#endif

asmsx. Co

asmgccCasme- asmvolatile@SMe

gcc

#define mov (x,y) \

{\
__asm__ ("l.cmov %0,%1,%2" : "=r" (x) : "r" (y), "r" (0x0000000F));
}
/// some definition and assignment
unsigned char sbox[size] [size];
unsigned char sbox[size] [size];
///Using
mov (state[0] [1], sbox[si]([s3j]);
C. AES: AESCs>>rotate Righto
'AES256"AddRoundKey'
unsigned int w; // 32-bit
unsigned char subkey[4]; // 8-bit, 4*8 = 32
subkey [0] = w >> 24; // hold 8 bit, MSB, leftmost group of 8-bits
subkey[1] = w >> 16; // hold 8 bit, second group of 8-bit from left
subkey[2] = w >> 8; // hold 8 bit, second group of 8-bit from right
subkey[3] = w; // hold 8 bit, LSB, rightmost group of 8-bits

/// subkey <- w

wsubkeyo

shift + assignCrotate Righto

\
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asm__ ("l.ror %0,%1,%2" : "=r" (* (unsigned int *) subkey)

https://riptutorial.com/zh-TW/c/topic/4263/

s "r" (w),

n r"

(0x10)) ;

https://riptutorial.com/zh-TW/home

33


https://riptutorial.com/zh-TW/c/topic/4263/%E5%85%A7%E8%81%AF%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/4263/%E5%85%A7%E8%81%AF%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/4263/%E5%85%A7%E8%81%AF%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/4263/%E5%85%A7%E8%81%AF%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/4263/%E5%85%A7%E8%81%AF%E5%BD%99%E7%B7%A8

10:

Examples

C

static,register 1,

int x = 1;
char squota = '\'';
long day = 1000L * 60L * 60L * 24L;

static 2;0
registero

int binsearch (int x, int v[], int n)
{

int low = 0;

int high = n - 1;

int mid;

int low, high, mid;

int days_of_month[] = { 31, 28, 31,

10

12-

o = GCCO
C99
C89/C90C-

C99

/* milliseconds/day */

30,

31,

30,

31,

31,

30,

31,

30,

31

}
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C99 -

char chr_array[] = "hello";

char chr_array[] = { "mv, 9g9, 919, 910, 9gv, "\Q"' };

I\Ol o
1c

2

int SIZE = 10; int global var = sIzE;C

struct Date

{
int year;
int month;
int day;

}i

struct Date us_independence_day = { 1776, 7, 4 };

struct Date uk_battles[] =
{

{ 1066, 10, 14 1}, // Battle of Hastings
{ 1815, 6, 18 1}, // Battle of Waterloo
{ 1805, 10, 21 }, // Battle of Trafalgar

}i

1990

struct Date uk_battles[] =
{

1066, 10, 14, // Battle of Hastings
1815, 6, 18, // Battle of Waterloo
1805, 10, 21, // Battle of Trafalgar
}i
C99
C99. -
plain int
int array[] = { [4] = 29, [5] = 31, [17] = 101, [18] = 103,

o int global_var = f();o const o C const o const int SIZE int global_arr[SIZE];const
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. o ;o ;o ;ISO/IEC 9899201186.7.9719 -

-21. o
. element

struct Date

{
int year;
int month;
int day;

}i

struct Date us_independence_day = { .day =

C89

Cunion « C89 / C90union -o

struct discriminated_union
{
enum { DU_INT, DU_DOUBLE } discriminant

4,

’

.month = 7, .year = 1776 };

union
{
int du_int;
double du_double;
} duj
}i
struct discriminated_union dul = { .discriminant =

struct discriminated_union du2
}i

Cl1

Clldu

struct discriminated_union
{
enum { DU_INT, DU_DOUBLE } discriminant
union
{
int du_int;
double du_double;
}i
}i

{ .discriminant

’

struct discriminated_union dul = { .discriminant =
struct discriminated_union du2 = { .discriminant =
o o

DU_INT, .du
DU_DOUBLE,

= { .du_int

=11 1};

.du = { .du_double = 3.14159 }

DU_INT, .du_int = 1 };

DU_DOUBLE,

.du_double

3.14159 };
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typedef struct Date Date; // See earlier in this example

struct date_range

{

Date dr_from;
Date dr_to;
char dr_what [80];

bi

struct date_range ranges[] =

{

[3] = { .dr_from = { .year = 1066, .month = 10, .day = 14 },
.dr_to = { .year = 1066, .month = 12, .day = 25 },
.dr_what = "Battle of Hastings to Coronation of William the Conqueror",
by
[2] = { .dr_from = { .month = 7, .day = 4, .year = 1776 },
.dr_to = { .month = 5, .day = 14, .year = 1787 },
.dr_what = "US Declaration of Independence to Constitutional Convention",

}i

GCC

int arrayl[] = { [3 ... 7] 29, 19 107 };

https://riptutorial.com/zh-TW/c/topic/4547/
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const adouble*bconst double* *a*Db o

o ab o *a*bo

o Co

void o
consto
o o

Examples

char unsigned charsigned char o charintintbe

int main( void )

{
char a[100];
int* b = ( int* )é&a;
*b = 1;

static char c[100];
b = ( int* )é&c;

_Thread_local char d[100];
b = ( int* )&d;
*b = 3;
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(131 .
int o

Cralloco

union o

typedef union bufType bufType;
union bufType ({
char c[sizeof (int[25])];
int i[25];
}i

int main( void )
{

{ 0} }; // reserve a buffer and initialize

bufType a = { .c
int* b = a.i; // no cast necessary
o = 1;

static bufType a = { .c = { 0 } };
int* b = a.i;

*b = 2;

_Thread_local bufType a = { .c

Il
—

01} };

int* b = a.i;
*b = 3;
}
., “n -
unione al into

// a normal variable, effective type uint32_t, and this type never changes
uint32_t a = 0.0;

// effective type of *pa is uint32_t, too, simply
// because *pa is the object a
uint32_t* pa = &a;

// the object pointed to by g has no effective type, yet

void* g = malloc(sizeof uint32_t);

// the object pointed to by g still has no effective type,

// because nobody has written to it

uint32_t* gb = g;

// *gb now has effective type uint32_t because a uint32_t value was written
*gb = 37;

// the object pointed to by r has no effective type, yet, although

// it is initialized

void* r = calloc(l, sizeof uint32_t);

// the object pointed to by r still has no effective type,

// because nobody has written to or read from it

uint32_t* rc = r;

// *rc now has effective type uint32_t because a value is read

// from it with that type. The read operation is valid because we used calloc.
// Now the object pointed to by r (which is the same as *rc) has

https://riptutorial.com/zh-TW/home 39



// gained an effective type, although we didn't change its value.
uint32_t ¢ = *rc;

// the object pointed to by s has no effective type, yet.
void* s = malloc(sizeof uint32_t);

// the object pointed to by s now has effective type uint32_t
// because an uint32_t value is copied into it.

memcpy (s, r, sizeof uint32_t);

uint32_t*e uint32_to
floatuint32_to

void fun (uint32_t* u, float* f) {
float a = *f
*u = 22;
float b = *f;
print ("$g should equal %g\n", a, b);

ufe *fab

void fun (uint32_t* u, float* f) {
float a = *f
*u = 22;
print ("$g should equal %g\n", a, a);

*fo

float fval = 4;
uint32_t uval = 77;
fun (&uval, &fval);

44

float fval = 4;
uint32_t* up = (uint32_t*)&fval;
fun (up, &fval);

*exf

void fun (float* e, float* f) {
float a = *f
*e = 22;
float b = *f;
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print ("is %g equal to %g?\n", a, b);

float fval = 4;
ay
fun (&eval, &fval);

float eval

44

422

efo restrict

void fan(float*restrict e, float*restrict f) {
float a = *f
*e = 22;
float b = *f;
print ("is %g equal to %g2\n", a, b);

efo

char signed charunsigned char o

#include <inttypes.h>
#include <stdio.h>

int main(void) {
uint32_t a = 57;
// conversion from incompatible types needs a cast

unsigned char* ap = (unsigned char*) &a;
for (size_t i = 0; i < sizeof a; ++i) {
/* set each byte of a to 42 */
apl[i] = 42;

}

printf ("a now has value %" PRIu32 "\n", a);

a707406378

® unsigned charo
4 athrough *ap ape forao ao

® a uint32_to 707406378 o

https://riptutorial.com/zh-TW/c/topic/1301/
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12:

Examples

I
C - '++" - Io ++—— o o

int n, x = 5;

++++operand operand++ o 1o

n = ++x; /* x is incremented by 1(x=6), and result is assigned to n(6) */

/* this is a short form for two statements: */

/* x = x + 1;
=)

/* n =x;

int n, x = 5;

*/

n = x++; /* value of x(5) is assigned first to n(5), and then x is incremented by 1;

/* this is a short form for two statements: */

/* n = x;

/* x = x + 1;

int main ()

{

*/

int a, b, x =

a = ++x; /*
b = xt++; /*
a = x—; /*
b= --x; /*

postpre-

C

int main ()
{

int a, x =

o o O 0

42;

a = xX++ + x;

a = x + x;
SPd]

int ar([10];

x = 0;

ar[x] = x++;
ar[x++] = x;
ar[x] = x;
++x;

*/

42;

and x are 43 */

is 43, x is 44 */

is is 44, x is 43 *x/

and x are 42 */

/* wrong */
/* right */

/* wrong */
/* wrong */
/* right */

X (6)

*/
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return 0;

pre pre post. -

int foo (int x)
{

return x;

int main ()

{
int a = 42;
int b = foo(at++); /* This returns 43,
return 0;

https://riptutorial.com/zh-TW/c/topic/7094/

even if it seems like it should return 42 */
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Examples

C

Idemopotence

TU-

IWYU

C ++CCs TUcode.c "headera.h" code.c#include "headerA.h" TU"headerB.h" "headerA.h" o

TUs *"o #include <stdio.h>o

#pragma onceeo

Co

#ifndef UNIQUE_ID_FOR_HEADER
#define UNIQUE_ID_FOR_HEADER

#endif

#endif /* UNIQUE_ID_FOR_HEADER */

#includeo

o HEADER_H_INCLUDED o <stdio.h> #ifndef BUFSIZ o

MD5. --

#pragma once

#pragma onceo
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#pragma once

#pragma onceMS Visual StUdiOGCCC'&ﬂgo . C89"GCC-

header.h #include "header.h" o

ATT Indian Hill C

o #include 0o #includeo

o header.h
#include "header.h"

header.ho

GSFCC -5 o o o

GSFC
82.1.1
#includee #include#includeo
#include;#includesbody. #ifdef.
$includemakefile. o o
#includeo o
#ifdefo

® header.hextra.h header.hextra.h o

® header.hnotneeded.h header.hnotneeded.h o

® o

chkhdr o
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<stdio.h>FILE * <stdio.h>c size_t <stddef.h> o size_t<stddef.h> o

o o C<standard-ch> - o <locale.h><tgmath.h> o
« C

GooglelIWYU-

source.carbitrary.h freeloader.h freeloader.h o o arbitrary.hfreeloader.h o source.c - IWYU-

source.cfreeloader.h - #include "freeloader.h" o o

IWYU- - API-

C ++o file.cppheaderl.h header2.h o file.cppheader2.h o = headerl.hheader2.h o headerl.h

header2.h file.cppe°
|WYUheader2.hfile.cppo o Co
(:#include <header.h>#include "header.h"o
[#include <header.h>]<>o °
[#include "header.h"]"m"o ° [#include <header.h>] ......

o o POSIX = o o o

#includeo o

#include <openssl/ssl.h>
#include <sys/stat.h>
#include <linux/kernel.h>

o syslinuxe

#include "../include/header.h"o

staticstatic inlineo
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o
7

® o

® static inlineo

e C
CC ++

* staticextern inlineC99

® extern

® " _/include/header.h"
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Examples
Co

#include <stdio.h>

void Get ( int* ¢ , double* d )
{

#@
Gl

72;
175.0;

int main (void)

int a = 0;
double b = 0.0;

Get ( &a , &b );

printf("a: %d, b: %$f\n", a , b );

return 0;

int getListOfFriends(size_t size, int friend_indexes[]) {
size_t 1 = 0;
for (; 1 < size; i++) {

friend indexes[i] = 1i;
}
}
C99 C11
/* Type "void" and VLAs ("int friend_indexes|[static size]") require C99 at least.

In Cll VLAs are optional. */
void getListOfFriends(size_t size, int friend_indexes|[static size]) {
size_t 1 = 0;
for (; 1 < size; 1i++) {
friend_indexes[i] = 1;

[l1staticsizeo sizeo

getListOfFriends ()

#define LIST_SIZE (50)

int main (void) {
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size_t size_of_list = LIST_SIZE;
int friends_indexes[size_of_list];

getListOfFriends (size_of_list, friend_indexes); /* friend_indexes decays to a pointer to the
address of its 1lst element:

/* Here friend_indexes carries: {0, 1, 2, ..., 49}; */

return 0;

&friend_indexes[0]

*/

Ccallees

#include <stdio.h>

void modify (int v) {
printf ("modify 1: %d\n", v); /* 0 is printed */
v = 42;
printf ("modify 2: %d\n", v); /* 42 is printed */

int main (void) {
int v = 0;
printf ("main 1: %d\n", v); /* 0 is printed */
modify (v);
printf ("main 2: %d\n", v); /* 0 is printed, not 42 */
return 0;

callee. -

#include <stdio.h>

void modify (int* v) {
printf ("modify 1: %d\n", *v); /* 0 is printed */
*v = 42;

printf ("modify 2: %d\n", *v); /* 42 is printed */

int main(void) {
int v = 0;
printf ("main 1: %d\n", v); /* 0 is printed */
modify (&v) ;
printf ("main 2: %d\n", v); /* 42 is printed */
return 0;

#include <stdio.h>

void function(int a, int b)
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printf ("$d %d\n", a, b);

int main (void)
{
int a = 1;
function (a++, ++a);

return 0;

struct
o into

int func (int *pIvalue)

{
int iRetStatus = 0; /%
if (*pIvalue > 10) {

*pIvalue = *pIlvalue * 45; /%
iRetStatus = 1; /%

return iRetStatus; VA

structe o

typedef struct {

Default status is no change */

Modify the value pointed to */
indicate value was changed */

Return an error code */

int istat; /* Return status */

int ivalue; /* Return value
}  RetValue;

RetValue func (int iValue)
{

RetValue iRetStatus = {0, iValue};

if (ivalue > 10) {

*/

iRetStatus.iValue = iValue * 45;

iRetStatus.iStat = 1;

return iRetStatus;

int usingFunc (int iValue)

RetValue iRet = func (iValue);

if (iRet.iStat == 1) {
/* do things with iRet.iValue,
}

return 0;

the returned value */
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int usingFunc (int iValue)
{
RetValue iRet;

if ( (iRet = func (iValue)) .iStat == 1 ) {
/* do things with iRet.iValue, the returned value */
}

return 0;

https://riptutorial.com/zh-TW/c/topic/1006/
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* returnType* name
 typedef returnType* name

» typedef returnType;

*
’

 typedef returnType;
typedef Name * NamePtr;

Examples

#include <stdio.h>

/* increment: take number, increment it by one,

int increment (int 1)

{
printf ("increment %d by 1\n",
return i + 1;

/* decrement: take number, decrement it by one,

int decrement (int 1)

{
printf ("decrement %d by 1\n",
return i - 1;

int main (void)

{

int num = 0; /* declare number to increment */
int (*fp) (int); /* declare a function pointer */

fp = &increment; /* set function pointer to increment function */
num = (*fp) (num); /* increment num */
num = (*fp) (num) ; /* increment num a second time */

fp = &decrement; /* set function pointer to decrement function */
num = (*fp) (num); /* decrement num */
printf ("num is now: %d\n", num);

return 0;

#include <stdio.h>

enum Op

{
ADD = '+',
SUB = '-',

and return it */

and return it */
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}i

/* add: add a and b, return result */
int add(int a, int b)
{

return a + b;

/* sub: subtract b from a, return result */
int sub(int a, int b)
{

return a - b;

/* getmath: return the appropriate math function */
int (*getmath (enum Op op)) (int, int)
{
switch (op)
{
case ADD:
return &add;
case SUB:
return &sub;
default:
return NULL;

int main(void)
{
int a, b, c;
int (*fp) (int, int);

fp = getmath (ADD) ;

a=1, b= 2;

@ (*fp) (a, b);

printf("%d + %d = %d\n", a, b, c);
return 0;

%ed ef

typedefo

typedef

typedef returnType (*name) (parameters);

sort compare
compare - sorto

ucompareuoununo
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typedef

void sort (int (*compare) (const void *eleml,
/* inside of this block,

typedef
typedef int (*compare_func) (const void *,

sort

void sort (compare_func func) {
/* In this block the function is named

sort

int compare (const void *argl,

/* Note that the variable names do not have to be

the function is named "compare"

const void *elem2)) {

*/

const void *);

*/

"func"

const void *arg2) {

"eleml" and "elem2" */

typedef struct something_struct *something_type o APIlstdio.h r1rE.

void *o

/* function minimiser, details unimportant

double findminimum( double

{

/* repeatedly make calls like this */
(*fptr) (testx,

temp testy, ctx);

/* the function we are minimising,

(*fptr) (double x,

*/

double y, void *ctx), void *ctx)

sums two cubics */

* x * x + coeffsx[2] * x + coeffsx[3] +

double *cubics (double x, double y, void *ctx)
{
double *coeffsx = ctx;
double *coeffsy = coeffx + 4;
return coeffsx[0] * x * x * x + coeffsx[1l]
coeffsy[0] * v * y * yv + coeffsy[1l]

void caller ()

{
/* context, the coefficients of
double coeffs[8] {1, 2, 3, 4,
double min;

5, @

* y * y + coeffsy[2] * y + coeffsy[3];

the cubics */
7,

8};
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min = findminimum (cubics, coeffs);

gsort ()o o

charint (:o o graph () graph() o

// A couple of external definitions to make the example clearer
extern unsigned int screenWidth;
extern void plotXY (double x, double y);

// The graph() function.

// Pass in the bounds: the minimum and maximum X and Y that should be plotted.

// Also pass in the actual function to plot.
void graph (double minX, double minY,
double maxX, double maxY,
2?2?72 *fn) { // See below for syntax

double stepX = (maxX - minX) / screenWidth;
for (double x=minX; x<maxX; x+t=stepX) {

double y = fn(x); // Get y for this x by calling passed-in fn ()

if (minY¥<=y && y<maxy¥) {
plotXY (x, y); // Plot calculated point
}y // if
} for
} // graph (minX, minY, maxX, maxY, fn)

- doubledouble o = sin() cos() tan() exp() - graph()

graph ()

double (*fn) (double); // fn is a pointer-to-function that takes a double and returns one

o typedef o

Co .

returnType* name

1.returnType name (parameters)

2.returnType (*name) (parameters)

int char float / --

/o
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int addInt (int n, int m) {
return n+m;

int (*functionPtrAdd) (int, int) = addInt; // or &addInt - the & is

void

void Print (void) {

printf ("look ma' - no hands, only pointers!\n");
}
void (*functionPtrPrint) (void) = Print;
sum = (*functionPtrAdd) (2, 3); //will assign 5 to sum

(*functionPtrPrint) (); //will print the text in Print function

typedef

typedef int (*ptrInt) (int, int);
int Add(int i, int 3j) {

return i+3j;

int Multiply(int i, int 3J) {
return i*j;
int main ()

ptrInt ptrl = Add;
ptrInt ptr2 Multiply;

printf ("$d\n", (*ptrl) (2,3)); //will print 5
printf ("$d\n", (*ptr2) (2,3)); //will print 6
return O;

int (*array[2]) (int x, int y); // can hold 2 function pointers
array[0] = Add;
array[l] = Multiply;

https://riptutorial.com/zh-TW/c/topic/250/
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® #ifdef __ STDC_NO_ATOMICS_
® # error this implementation needs atomics
® d#endif

® #include <stdatomic.h>

* unsigned _Atomic counter = ATOMIC_VAR_INITO;

CAtomicsC11.-

® Atomice
L] - = 44*= o0

® atomic_compare_exchange o

® atomic_flago o

Cllmex to o

Examples

/* a global static variable that is visible by all threads
static unsigned _Atomic active = ATOMIC_VAR_INIT (0);

int myThread(void* a) {
++active; // increment active race free
// do something
——active; // decrement active race free
return 0;

® o o o

® a = at+l;aac o a += l;a+t+;0

https://riptutorial.com/zh-TW/c/topic/4924/

*/
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17:

* int mainint argcchar * argyv []

I
ARGC -.

ARGV - char -pointers.

“”AC - “”maino

int main (int argc, char *argvl[])

argvchar **argv ,o argcargvo
mainint main (void) o

® argco

o argvchar‘-DOinterSo

e “shell’s UniXmyprogram *.txt ;Windows" ».txt "o

argvargce argcO argc argv[0] argv[argc] o

./some_program abba banana mamajam

argc4

argv[0]"./some_program" o "" o
¢ argv[l]"abba"

® argv[2]"banana"

® argv[3]"mamajam"

® argv[4]NULL o

main () CC ++o

Examples

int main(int argc, char **argv)

{

for (int 1 = 1; i < argc; i++)
{
printf ("Argument %d: [%s]\n",

l.argvchar *argv([] o

o

o

argv[0] [0]

argv[i]);

"o - o
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2.argv[0]o ‘margv[l] i1.
3. print* (argv + i)argv[i] - o
4. . - shellshell

long

#include <stdlib.h>
#include <stdio.h>
#include <errno.h>
#include <limits.h>

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

for (int 1 = 1; i < argc; i++) {
printf ("Argument %d is: %$s\n", 1, argv[i]);

errno = 0;
char *p;

long argument_numValue = strtol (argv[i], &p, 10);

if (p == argvl[i]) ({
fprintf (stderr, "Argument %d is not a number.\n",

}

i),

else if ((argument_numValue == LONG_MIN || argument_numValue ==

ERANGE) {

fprintf (stderr, "Argument %d is out of range.\n",
}

else {

printf ("Argument %d is a number, and the value is:
i, argument_numValue) ;

}

return 0;

¢ strtol
* strtol

GNU getopt

C- LinuxUnix - »
glibcLinuxUnixgetopt.
GNU GNUPQOSIX-
GNU getopt-

#include <stdio.h>
#include <getopt.h>
#include <string.h>

/* print a description of all supported options */
void usage (FILE *fp, const char *path)
{

i),

$1ld\n",

LONG_MAX)

&& errn
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/* take only the last portion of the path */
const char *basename = strrchr (path, '/');
basename = basename ? basename + 1 : path;

fprintf (fp, "usage: %s [OPTION]\n", basename);

fprintf (fp, " -h, —-help\t\t"

"Print this help and exit.\n");
fprintf (fp, " -f, ——file[=FILENAME]\t"

"Write all output to a file (defaults to out.txt).\n");
fprintf (fp, " -m, ——msg=STRING\t"

"Output a particular message rather than 'Hello world'.\n");

/* parse command-line options and print message */
int main (int argc, char *argvl[])
{
/* for code brevity this example Jjust uses fixed buffer sizes for strings */
char filename[256] = { 0 };
char message[256] = "Hello world";
FILE *fp;
int help_flag = 0;
int opt;

/* table of all supported options in their long form.
* fields: name, has_arg, flag, val
* “has_arg’ specifies whether the associated long-form option can (or, in
* some cases, must) have an argument. the valid values for "has_arg are
* ‘no_argument ', ‘optional_argument’, and " required_argument .
* if “flag' points to a variable, then the variable will be given a value
* of ‘val® when the associated long-form option is present at the command
* line.
* if “flag® is NULL, then “val' is returned by 'getopt_long (see below)
* when the associated long-form option is found amongst the command-line
* arguments.
v
struct option longopts[] = {
{ "help", no_argument, &help_flag, 1 },
{ "file", optional_argument, NULL, 'f' },
{ "msg", required_argument, NULL, 'm' },
{ 0}
bi

/* infinite loop, to be broken when we are done parsing options */
while (1) {
/* getopt_long supports GNU-style full-word "long" options in addition
* to the single-character "short" options which are supported by
* getopt.
* the third argument is a collection of supported short-form options.
* these do not necessarily have to correlate to the long-form options.
* one colon after an option indicates that it has an argument, two
* indicates that the argument is optional. order is unimportant.
v
opt = getopt_long (argc, argv, "hf::m:", longopts, 0);

if (opt == -1) {
/* a return value of -1 indicates that there are no more options */
break;

switch (opt) {
case 'h':

https://riptutorial.com/zh-TW/home



/* the help_flag and value are specified in the longopts table,
* which means that when the --help option is specified (in its long
* form), the help flag variable will be automatically set.
* however, the parser for short-form options does not support the
* automatic setting of flags, so we still need this code to set the
* help_flag manually when the -h option is specified.
v

help_flag = 1;

break;

case 'f':

/* optarg is a global variable in getopt.h. it contains the argument
* for this option. it is null if there was no argument.
v

printf ("outarg: '%s'\n", optarg);

strncpy (filename, optarg ? optarg : "out.txt", sizeof (filename));
/* strncpy does not fully guarantee null-termination */
filename[sizeof (filename) - 1] = '\0';
break;

case 'm':

/* since the argument for this option is required, getopt guarantees
* that aptarg is non-null.
v
strncpy (message, optarg, sizeof (message));
message [sizeof (message) - 1] = '\0';
break;
case '?':
/* a return value of '?' indicates that an option was malformed.
* this could mean that an unrecognized option was given, or that an
* option which requires an argument did not include an argument.
v
usage (stderr, argv|[0]);
return 1;
default:
break;

if (help_flag) {
usage (stdout, argv[0]);
return 0;

if (filename[0]) {
fp = fopen (filename, "w");
} else
fp = stdout;

—_~

if (!fp) {
fprintf (stderr, "Failed to open file.\n");
return 1;

fprintf (fp, "%s\n", message);

fclose (fp);
return 0;

gcc
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gcc example.c -o example

——help -—-file ——msge "~ -h -f-mo “file”™msg’> “msg”e

® -—-option=value

® -ovalue-o"value"
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https://riptutorial.com/zh-TW/home

62


https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8
https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8
https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8
https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8
https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8
https://riptutorial.com/zh-TW/c/topic/1285/%E5%91%BD%E4%BB%A4%E8%A1%8C%E5%8F%83%E6%95%B8

(3(:(:—trigraphs;—Wtrigraphs -Walle
Co

puts ("What happened??!!") ;o

Examples

L1 ()~ \ | ~#C20801SO 646ASClle#; 2 2 =2 & s ot } { } | \;EBCDIC~ . Co

??=include <stdio.h>

int main ()
?7<

printf ("Hello World!\n");
27>

C

#include <stdio.h>

int main ()
{
printf ("Hello World!\n");

2?2/ \
?27¢ A
2?2
?? ]
e
?7?2< |
?2?7> }
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?7? -

22/'22/22/ "0
C99

19940 o o o

#include <stdio.h>

int main ()
<%

printf ("Hello %> World!\n"); /* Note that the string contains a digraph */

o°
\

#include <stdio.h>
int main ()

{
printf ("Hello %> World!\n"); /* Note the unchanged digraph within the string.

https://riptutorial.com/zh-TW/c/topic/7111/

*/
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C11 <threads.h> o Cpthread.hPOS|XpthreadSo

o thrd_t//

* int thrd_createthrd_t * thrthrd_start_t funcvoid * arg; //

* int thrd_equalthrd_t thrOthrd_t thrl; //

 thr_t thrd_currentvoid; //

* int thrd_sleepconst struct timespec * durationstruct timespec * remaining; //
* void thrd_yieldvoid; //

* _Noreturn void thrd_exitint res; //

* int thrd_detatchthrd_t thr; //

* int thrd_jointhrd_t thrint * res; //

http://www.riptutorial.com/c/example/2622/data-race - Cllmtx_lock ()
http://www.riptutorial.com/c/topic/4924/atomiCSstdatomic.h o

Examples
C11

#include <threads.h>
#include <stdio.h>

int run(void *arg)
{
printf ("Hello world of Cll threads.");

return 0;

int main(int argc, const char *argv[])

thrd_t thread;
int result;

thrd_create(&thread, run, NULL);
thrd_join (&thread, &result);

printf ("Thread return %d at the end\n", result);

https://riptutorial.com/zh-TW/c/topic/10489/
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C. Cnoo

llabcllClal b vcvl\Ov °

» char strl [] =“Helloworld”; / ** /
e char str2 [14] =*"; [ ** ]
e char *str3 =""; /**/

Examples

strlen

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

int main(int argc, char **argv)
{
/* Exit if no second argument is found. */
if (argc !'= 2)
{
puts ("Argument missing.");
return EXIT_FAILURE;

size_t len = strlen(argv[l]);
printf ("The length of the second argument is %zu.\n", len);

return EXIT_SUCCESS;

len o o program_name "Hello, world!" The length of the second argument is 13.Hello, world!13e
strlen NUL"\0' - NUL-

Unicode striens o

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

int main(void)
{
char asciiString[50] = "Hello world!";
char utf8String[50] = "Teid cou Koéope!"; /* "Hello World!" in Greek */

printf ("asciiString has %zu bytes in the array\n", sizeof (asciiString));
printf ("utf8String has %zu bytes in the array\n", sizeof (utf8String));
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printf ("\"%$s\" is %zu bytes\n", asciiString, strlen(asciiString));
printf ("\"$s\" is %zu bytes\n", utf8String, strlen(utf8String));

asciiString has 50 bytes in the array
utf8String has 50 bytes in the array
"Hello world!" is 12 bytes

"Teld oou Koope!" is 27 bytes

strcpystrcat

#include <stdio.h>
#include <string.h>

int main(void)
{
/* Always ensure that your string is large enough to contain the characters
* and a terminating NUL character ('\0'")!
)
char mystring[10];

/* Copy "foo" into "mystring’, until a NUL character is encountered. */
strcpy (mystring, "foo");
printf ("$s\n", mystring);

/* At this point, we used 4 chars of “mystring’', the 3 characters of "foo",
* and the NUL terminating byte.
)

/* Append "bar" to ‘mystring'. */
strcat (mystring, "bar");
printf ("$s\n", mystring);

/* We now use 7 characters of "‘mystring : "foo" requires 3, "bar" requires 3
* and there is a terminating NUL character ('\0') at the end.
=

/* Copy "bar" into ‘mystring', overwriting the former contents. */
strcpy (mystring, "bar");
printf ("$s\n", mystring);

return 0;

foo
foobar
bar

NUL

"foo" NUL.-
strcmpstrncmpstrcasecmpstrncasecmp

strcase*CPOSIXo
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strcman”o °

#include <stdio.h>
#include <string.h>

void compare (char const *1lhs, char const *rhs)
{
int result = strcmp(lhs, rhs); // compute comparison once
if (result < 0) {
printf ("$s comes before %s\n", lhs, rhs);
} else if (result == 0) {
printf ("$s equals %s\n", lhs, rhs);
} else { // last case: result > 0
printf ("$s comes after %s\n", lhs, rhs);

int main(void)

compare ("BBB", "BBB");
compare ("BBB", "CCCCC");
compare ("BBB", "AAAAAA");

return 0;

BBB equals BBB
BBB comes before CCCCC
BBB comes after AAAAAA

strcmp strcasecmp

#include <stdio.h>
#include <string.h>

void compare (char const *lhs, char const *rhs)
{
int result = strcasecmp(lhs, rhs); // compute case-insensitive comparison once
if (result < 0) {
printf ("$s comes before %$s\n", lhs, rhs);

} else if (result == 0) {
printf ("$s equals %s\n", lhs, rhs);

} else { // last case: result > 0
printf ("$s comes after %$s\n", lhs, rhs);

int main (void)

compare ("BBB", "bBB");
compare ("BBB", "ccCCC");
compare ("BBB", "aaaaaa");
return O;

BBB equals bBB
BBB comes before ccCCC
BBB comes after aaaaaa
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strncmpstrncasecmpl

#include <stdio.h>
#include <string.h>

void compare (char const *lhs, char const *rhs, int n)
{
int result = strncmp(lhs, rhs, n); // compute comparison once
if (result < 0) {
printf ("$s comes before %$s\n", lhs, rhs);
} else if (result == 0) {
printf ("$s equals %$s\n", lhs, rhs);
} else { // last case: result > 0
printf ("%s comes after %s\n", lhs, rhs);

int main(void)

{
compare ("BBB", "Bb", 1);
compare ("BBB", "Bb", 2);
compare ("BBB", "Bb", 3);
return 0;

BBB equals Bb
BBB comes before Bb
BBB comes before Bb

strtokstrtok _rstrtok_s

strtoko

#include <stdio.h>
#include <string.h>

int main(void)

{

int toknum = 0;

char src[] = "Hello,, world!";

const char delimiters(] =", !";

char *token = strtok(src, delimiters);
while (token != NULL)

{
printf ("$d: [%$s]\n", ++toknum, token);
token = strtok (NULL, delimiters);

}

/* source is now "Hello\0, world\0\O" */

1: [Hello]
2: [world]

strtoko

strtokNULL
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o o strtoke

strtok o srcstrtoke const o "

strtoke strtok strtokstrtok strtoke

strtok
char src[] = "1.2,3.5,4.2";
char *first = strtok(src, ",");
do

{
char *part;
/* Nested calls to strtok do not work as desired */
printf (" [$s]\n", first);

ll.ll),.

part = strtok (first,

while (part != NULL)
{
printf (" [%$s]\n", part);
part = strtok (NULL, ".");
}
} while ((first = strtok(NULL, ",")) != NULL);
[1.2]
[1]
[2]

do while "1.2"™ "3,5" "4 2" gstrtok "1" "2m mw3m o wgw o owgw o momn o

strtoke strtok 1.2\ 0"m1mv2m o strtokNULLe srco
Cl1

Cstrtckir o MSVC strtok strtok_so

Cl1

Cl1Kstrtok_so _ STDC_LIB_EXT1 o o

strtok_s POS'Xstrtok_ro strtok_sstrtok_ro

strtok_s

/* you have to announce that you want to use Annex K */
#define _ STDC_WANT_LIB_EXTI1_ 1
#include <string.h>

#ifndef _ STDC_LIB_EXTI1_
# error "we need strtok_s from Annex K"
#endif
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char src[] = "1.2,3.5,4.2";
char *next = NULL;
char *first = strtok_s(src, ",", &next);

do
{

char *part;
char *posn;

printf (" [%$s]\n", first);

part = strtok_s(first, ".", &posn);
while (part != NULL)
{
printf (" [%$s]\n", part);
part = strtok_s(NULL, ".", &posn);
}
}
while ((first = strtok_s(NULL, ",", &next)) != NULL);
[1.2]
[11]
[2]
[3.5]
[3]
[5]
[4.2]
[4]
[2]
Istrchrstrrchr

strchrstrrchrNULLe  strchrstrrchro

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

int main (void)
{

char toSearchFor = 'A';

/* Exit if no second argument is found. */
if (argc !'= 2)
{

printf ("Argument missing.\n");

return EXIT_FATLURE;

char *firstOcc = strchr(argv[l], toSearchFor);
if (firstOcc != NULL)
{
printf ("First position of %c in %s 1is %td.\n",
toSearchFor, argv[l], firstOcc-argv([l]); /* A pointer difference's result
is a signed integer and uses the length modifier 't'. */

else
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printf ("%c is not in %s.\n", toSearchFor, argv[l]);

char *lastOcc = strrchr(argv[l], toSearchFor);
if (lastOcc != NULL)
{

printf ("Last position of %c in %s is %td.\n",
toSearchFor, argv[l], lastOcc-argv([l]);

return EXIT_SUCCESS;

pos

$ ./pos AAAAAAA

First position of A in AAAAAAA is 0.

Last position of A in AAAAAAA is 6.

$ ./pos BAbbbbbAccccAAAAzZzZzZ

First position of A in BAbbbbbAccccAAAAzzz is 1.
Last position of A in BAbbbbbAccccAAAAzzz is 15.
$ ./pos gwerty

A is not in gwerty.

strrchro myfile.txtC:\Users\eak\myfile.txt

char *getFileName (const char *path)

{

char *pend;

if ((pend = strrchr(path, '\')) != NULL)
return pend + 1;

return NULL;

for

char * string = "hello world"; /* This 11 chars long, excluding the O-terminator. */
size_t 1 = 0;
for (; 1 < 11; i++) {

printf ("$c\n", string[i]); /* Print each character of the string. */

strlen()

size_t length = strlen(string);
size_t 1 = 0;
for (; i < length; i++) {
printf ("$c\n", string[i]); /* Print each character of the string. */

Cnullstrien () ;-)o null
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size_t 1 = 0;

while (string[i] !'= '\0'") { /* Stop looping when we reach the null-character. */
printf ("$c\n", string[i]); /* Print each character of the string. */
i++;
}
C"\ 0%
;"hello world" o o
o char *
char * string = "hello world";
char *; string'h' o
1, const
char const * string = "hello world";
2
char const string_arr[] = "hello world";
char modifiable_string[] = "hello world";
char modifiable_string[] = {'h', 'e', '1', '1', 'o', "oV, Uwr", "1V, Ugll '"\O"'};
"\0'o
1stringe

2o stringcharlstring_arrle

1. char * S
2.char
char * string_arrayl[] = {
"foo",
"bar",
"baz"

}i

char * o string_array/o o

Cmain argv char * char * argv([]e
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char modifiable_string array_literals[][4] = {
"foo",
"bar",
"baz"

bi

char modifiable_string_arrayl[][4] = {
{va, 'O', 'O', I\OV},
{vbv, vav, 'I", I\OV},
{vbv, vav, vzv, I\OV}

i

4;4-

strstr

/* finds the next instance of needle in haystack
zbpos: the zero-based position to begin searching from
haystack: the string to search in
needle: the string that must be found
returns the next match of "needle’ in "haystack’, or -1 if not found
*/
int findnext (int zbpos, const char *haystack, const char *needle)
{

char *p;

if (((p = strstr(haystack + zbpos, needle)) != NULL)
return p - haystack;

return -1;

strstrhaystackneedle o strstre needle NULL.- zbposzbpose zbpose findnext '

/*
Called when the user clicks "Find Next"
doc: The text of the document to search
findwhat: The string to find

=/

void onfindnext (const char *doc, const char *findwhat)

{

static int 1i;

if ((i = findnext (i, doc, findwhat)) != -1)

/* select the text starting from i and ending at i + strlen(findwhat) */
else

/* display a message box saying "end of search" */

null chare o

const char *get_hello () {
return "Hello, World!"; /* safe */
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const o o o

char *foo = "hello";

foo[0] = 'y'; /* Undefined behavior - BAD! */
- - consto

const char *foo = "hello";

/* GOOD: can't modify the string pointed to by foo */

char *foo = "hello";
foo = "World!"; /* OK - we're just changing what foo points to */

charo o const

char foo[] = "hello";
foo[0] = 'y'; /* OK! */
memseto
str no

#include <stdlib.h> /* For EXIT_SUCCESS */
#include <stdio.h>
#include <string.h>

int main(void)
{
char str[42] = "fortytwo";
size_t n = sizeof str; /* Take the size not the length. */
printf ("'$s'\n", str);
memset (str, '\0', n);

printf ("'$s'\n", str);

return EXIT_SUCCESS;

'fortytwo'

(I

#include <stdlib.h> /* For EXIT_SUCCESS */
#include <stdio.h>
#include <string.h>

#define FORTY_STR "forty"
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#define TWO_STR "two"

int main(void)
{
char str[42] = FORTY_STR TWO_STR;

size_t n = sizeof str; /* Take the size not the length.

char * point_to_two = strstr(str, TWO_STR);
printf ("'$s'\n", str);

memset (point_to_two, '\0', n);

printf ("'$s'\n", str);

memset (str, '\0', n);

printf ("'$s'\n", str);

return EXIT_SUCCESS;

'fortytwo'
'forty'

"

StrSantrCSpn
strspnSPaNe strcspn

/*

Provided a string of "tokens" delimited by "separators",

with the token separators that get skipped.
*/
#include <stdio.h>
#include <string.h>

int main (void)

{

const char sepchars([] = ",.;!?2";

char foo[] = ";ball call,.fall gall hall!?2.,";

char *s;

int n;

for (s = foo; *s != 0; /*empty*/) {
/* Get the number of token separator characters.
n = (int)strspn(s, sepchars);
if (n > 0)

printf ("skipping separators: << %.*s >>

/* Actually skip the separators now. */
s += n;

/* Get the number of token (non-separator)
n = (int)strcspn(s, sepchars);

if (n > 0)

printf ("token found: << %$.*s >> (length=%d)\n",

*/

print the tokens along

(length=%d)\n", n, s, n);

characters. */

n, s, n);
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/* Skip the token now. */
s += n;

printf ("== token list exhausted ==\n");

return 0;

WCSSPNWCSCSPN o

::C.C:o

#include <stdio.h>
int main(void) {
int a = 10, b;
char c[] = "abc", *d;
b = a; /* Integer is copied */
a = 20; /* Modifying a leaves b unchanged — b is a 'deep copy' of a */
printf ("$d %d\n", a, b); /* "20 10" will be printed */
d = c;
/* Only copies the address of the string -

there is still only one string stored in memory */

cl[l] = 'x';

/* Modifies the original string — d[l] = 'x' will do exactly the same thing */
printf ("$s %s\n", c, d); /* "axc axc" will be printed */

return 0;

char *dchar d[3] o o Co

#include <stdio.h>

int main (void) {

char a[] = "abc";
char b[8];
b = a; /* compile error */

printf ("$s\n", b);

return 0;

strepy ()

strcpy ()string.ho o
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#include <stdio.h>
#include <string.h>

int main(void) {
char al[] = "abc";

char b([8];

strcpy (b, a); /* think "b special equals a" */
printf ("$s\n", b); /* "abc" will be printed */

return 0;

C99

snprintf ()

snprintf () o o

#include <stdio.h>
#include <string.h>

int main(void) {

char a[] = "012345678901234567890";

char b([8];
#if O

strcpy (b, a); /* causes buffer overrun (undefined behavior), so do not execute this here!
x/
#endif

snprintf (b, sizeof(b), "%$s", a); /* does not cause buffer overrun */
printf ("$s\n", b); /* "0123456" will be printed */

return 0;

strncat ()
strncat () strcat () -

char dest[32];

dest[0] = '\O';
strncat (dest, source, sizeof (dest) - 1);
/* copies up to the first (sizeof(dest) - 1) elements of source into dest,

then puts a \0 on the end of dest */

sizeof (dest) — 1 ;strncat()e

- - 0
char dst[24] = "Clownfish: ";
char src[] = "Marvin and Nemo";

size_t len

strlen(dst);
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strncat (dst, src, sizeof(dst) - len - 1);
printf ("$zu: [%s]\n", strlen(dst), dst);

23: [Clownfish: Marvin and N]

o o ,strncat ()

strcpy (dst, "Clownfish: ");
assert (len < sizeof(dst) - 1);
strncat (dst + len, src, sizeof(dst) - len - 1);

printf ("$zu: [%$s]\n", strlen(dst), dst);

strncat ()dste
strncpy ()
strncpy () e

1.strncpy()o

2.strncpy()o

UNIX

strncpy (b, a, sizeof(b)); /* the third parameter is destination buffer size */

b[sizeof (b)/sizeof (*b) - 1] = '"\0'; /* terminate the string */
printf ("$s\n", b); /* "0123456" will be printed */

strncpy () o
atoiatof
atoi atol atollatof o 7.20.1pl

#include <stdio.h>
#include <stdlib.h>

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

int val;

if (argc < 2)

{

printf ("Usage: %s <integer>\n", argv[0]);
return 0;
val = atoi(argvI[l]);

printf ("String value = %s, Int value = %d\n", argv[l], wval);

return 0;
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$

./atoi 100

String value = 100, Int value = 100

$

./atoi 200

String value = 200, Int value = 200

$
0
$
1

$

./atoi 0x200

./atoi 0123x300

23

./atoi hello

Formatting the hard disk...

atoio

® long int strtol()atol() o

® double strtod()atof () o

® long long int strtoll ()atoll() o

int sprintf ( char * str, const char * format, ... );

sprint £float.

#include <stdio.h>
int main ()

{

char buffer [50];

double PI = 3.1415926;

sprintf (buffer, "PI = %.7f", PI);
printf ("$s\n",buffer);

return 0;

int sscanf ( const char * s, const char * format, ...);

sscanfo

#include <stdio.h>
int main ()

{

char sentence []="date : 06-06-2012";

char str [50];

int year;

int month;

int day;

sscanf (sentence,"%s : %2d-%2d-%4d", str, &day, &month, &year);
printf ("%$s -> %02d-%02d-%4d\n", str, day, month, year);
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return 0;

strtoX

C99

C99C. strtox xl ul d

double strtod(char const* p, char** endptr);
long double strtold(char const* p, char** endptr);

double ret = strtod(argv[l], 0); /* attempt conversion */

/* check the conversion result. */

if ((ret == HUGE_VAL || ret == —-HUGE_VAL) && errno == ERANGE)
return; /* numeric overflow in in string */
else if (ret == HUGE_VAL && errno == ERANGE)

return; /* numeric underflow in in string */

/* At this point we know that everything went fine so ret may be used */

strtod0.0 o

endptr o o 0 NULL o

endptr
char *check = 0;
double ret = strtod(argv[l], &check); /* attempt conversion */

/* check the conversion result. */

if (argv[l] == check)
return; /* No number was detected in string */

else if ((ret == HUGE_VAL || ret == -HUGE_VAL) && errno == ERANGE)
return; /* numeric overflow in in string */

else if (ret == HUGE_VAL && errno == ERANGE)
return; /* numeric underflow in in string */

/* At this point we know that everything went fine so ret may be used */

long strtol (char const* p, char** endptr, int nbase);

long long strtoll (char const* p, char** endptr, int nbase);

unsigned long strtoul (char const* p, char** endptr, int nbase);
unsigned long long strtoull (char const* p, char** endptr, int nbase);

nbase o
long a = strtol("101", 0, 2 ); /* a=05L */
long b = strtol("101", 0, 8 ); /* b = 65L */
long ¢ = strtol("101", 0, 10); /* ¢ = 101L */
long d = strtol("101", 0, 16); /* d = 257L */
long e = strtol("101", 0, 0); /* e = 101L */

https://riptutorial.com/zh-TW/home 81



long f = strtol("0101", 0, 0 ); /* £
long g = strtol("0x101", 0, 0 ); /* g

65L */
257L */

nbase0Co0x00

int main(int argc, char* argv[] {
if (argc < 1)
return EXIT_FAILURE; /* No number given. */

/* use strtoull because size_t may be wide */
size_t mySize = strtoull (argv([1l], 0, 0);

/* then check conversion results. */

return EXIT_SUCCESS;
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[auto | register | static | extern] <> <> [= <>];

[static _Thread_local | extern _Thread_local | _Thread_local] <> <> [= <>]; / * since> = C11 *
/

typedef int foo ;

extern int foo [2];

static ;o

extern o o

auto o

register o o &

typedef o o

_Thread_local C1l o externstatic o

int unsigned short const volatile

5; /* bad practice */
5; /* good practice */

int static const unsigned a

static const unsigned int b

void char int signed long unsigned long long long double ...o

register int x; /* legal at block scope, illegal at file scope */

auto int y; /* same */

static int z; /* legal at both file and block scope */

extern int a; /* same */
extern int b = 5; /* legal and redundant at file scope, illegal at block scope */

/* legal because typedef is treated like a storage class specifier syntactically */

int typedef new_type_name;
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static static o o data bssrodata o

Cl1
Cll1l. Co o gCC_thread_Thread_localCo

o staticexterno o o

Examples

typedef

/* Byte can be used wherever “unsigned char® is needed */
typedef unsigned char Byte;

/* Integer is the type used to declare an array consisting of a single int */
typedef int Integer(l];

/* NodeRef is a type used for pointers to a structure type with the tag "node" */
typedef struct node *NodeRef;

/* SigHandler is the function pointer type that gets passed to the signal function. */
typedef void (*SigHandler) (int);

typedefo

typedef#defineo

typedef int newType;
newType *ptr; // ptr is pointer to variable of type 'newType' aka int

#define int newType
newType *ptr; // Even though macros are exact replacements to words, this doesn't
result to a pointer to variable of type 'newType' aka int
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static

int foo(void)

{

/* An integer with automatic storage duration. */
auto int i = 3;

/* Same */

int j = 5;

return 0;

} /* The values of i1 and j are no longer able to be used. */

static

1. scope = file-

/* No other translation unit can use this variable. */
static int 1i;

/* Same; static is attached to the function type of f, not the return type int.

static int f(int n);

2. scope = block

void foo ()
{
static int a = 0; /* has static storage duration and its lifetime is the
* entire execution of the program; initialized to 0 on
* first function call */
int b = 0; /* b has block scope and has automatic storage duration and
* only "exists" within function */

a += 10;
b += 10;

o°

printf ("static int a = %d, int b = %d\n", a, b);

int main (void)

int 1i;
for (i = 0; 1 < 5; i++)
{

foo();

return 0;

static int a = 10, int b = 10
static int a = 20, int b = 10
static int a = 30, int b = 10
static int a = 40, int b = 10
static int a = 50, int b = 10

*/
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C99

3. null

/* a is expected to have at least 512 elements. */
void printInts (int al[static 512])
{
size_t 1i;
for (i = 0; i < 512; ++1)
printf ("$d\n", ali]);

o 512

EXTERN

C99

/* filel.c */
int foo = 2; /* Has external linkage since it is declared at file scope. */

/* file2.c */
#include <stdio.h>
int main (void)

{

/* “extern’ keyword refers to external definition of “foo . */
extern int foo;

printf ("$d\n", foo);

return 0;

C99inline

o

/* Should usually be place in a header file such that all users see the definition */

/* Hints to the compiler that the function “bar’® might be inlined */

/* and suppresses the generation of an external symbol, unless stated otherwise. */

inline void bar (int drink)

{

printf ("You ordered drink no.%d\n", drink);

/* To be found in just one .c file.

Creates an external function definition of “bar® for use by other files.

The compiler is allowed to choose between the inline version and the external
definition when "bar® is called. Without this line, "bar’ would only be an inline
function, and other files would not be able to call it. */

extern void bar (int);

;auto o

registero register
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register size_t size = 467;

register int array([5];

array&array[0] o o

registersizeof,c registerregistereo

registero

Cl1

/* prints the sum of the first 5 integers*/

/* code assumed to be part of a function body*/

{

register int k, sum;
for(k = 1, sum = 0; k < 6; sum += k, k++);
printf ("\t%d\n", sum) ;

_Alignofregistere

_Thread_local

Cl1

Cl1. Co

o

_Thread_local_Thread_local ¢ staticexternc

#include <threads.h>
#include <stdio.h>
#fdefine SIZE 5

int thread_func (void *id)

{

/* thread local variable i. */
static _Thread_local int i;

/* Prints the ID passed from main() and the address of the 1.
* Running this program will print different addresses for i,
* that they are all distinct objects. */

printf ("From thread: [%$d], Address of i (thread local): %p\n",

return 0;

int main (void)

{

thrd_t id[SIZE];
int arr[SIZE] = {1, 2, 3, 4, 5};

showing

* (dmie ™) del,

(void*) &1i) ;
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/* create 5 threads. */

for(int i = 0; i < SIZE; i++) {
thrd_create(&id[i], thread_ func,

}

/* wait for threads to complete. */
for(int i = 0; i < SIZE; i++) {
thrd_join (id[i], NULL);

https://riptutorial.com/zh-TW/c/topic/3597/

Sarr[i]);
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22:

CCC: o -5 o Co

o o o o

C2011: - - - Co

3.6/3 - 8cHAR BITo

e ™3.10/1
« 51.1.2/1-
« 351.1.2/1

e 551.1.2/1-

e 51.1.3/1-

e 51.21/1-

e 51.21/1-

e 51.21/2 -

® main()int main(int argc, char *argl])int main(void) 5.1.2.2.1/1 .
®* main() 5.1.2.2.1/2-

e 51.2.37.21.3 5.1.2.3/7 "
« 51.2.3/10 -

e 51.2.4/1 -

e 521/1-

* char 5.2.2/3 5

e 5.24.2/1-

© 52422/6-

e FLT_ROUNDS 5.2.4.2.2/8

e rrT_ROUNDS3-15.2.4.2.2/8 -
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* FLT EVAL METHOD 5.2.4.2.2 /96
* FLT_EVAL METHOD-1 FLT_EVAL METHOD / 9 o

* FLT_HAS_SUBNORM DBI, HAS_SUBNORMLDBL_HAS_SUBNORM 5.2.4.2.2 /10
* 6.24/4

* char 6.2.5/3 %

* 6.25/4-

* charsigned charunsigned char char 6.2.5/ 15 ¢ CHAR MINchar0OSCHAR_MIN o
* 6.2.6.1/2 -

* 6.2.6.2/2 -

* 6.28/1-

* 6.28/35

* 6.28/4-

e 6.3.1.1/1 -

* 6.3.1.3/3 -

 6.3.1.4/2;6.3.1.5/1;6.44.2/3 -

* 0 6.3.2.3/5-

* 4pragma 6.4 /4

* 6.4.2.1/1 -

* 6.4.2.1/5-

* 6.4.4.4/2 ;6.4.4.4/10 -
* 6.4.4.4/11 -

* 645/5

e 7645/65

* 6.4.7/25

* Fp_CONTRACT 6.5/8 -
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® sizeof Alignof 6.5.3.4/5 -
* 6.56/95-

* 6.5.7/55

* register 6.7.1/6 -

* intunsigned intsigned int 6.7.2 /5

®* _Bool signed intunsigned int 6.7.2.1/5 %
e 6.7.2.1/11 -

e 6.7.2.1/14 -

e 6.7.2.2/4 -

* volatile 6.7.3/7 "

® inline6.7.4/6 -

e 6.10.1/4-

* #include 6.10.2/2-3

* #include 6.10.2/4 -

* #include 6.10.2/6 -

* \\#6.10.3.2/2 -

* #pragmapragma stoc 6.10.6 /1 .

e pate___tive__ 6.10.8.1/1 -

® _ STDC_TS0_10646__wchar_t 6.10.8.2/1 o

e stpc_utr 32 6.10.8.2/1 char32_to

7.2.1.1/2 -

76/6 -

76/8-

7.6/10-

76.1/2-
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fegetexceptflag() 7.6.2.2/1 fegetexceptflag() o

o "™ 7.6.2.3/2 feraiseexcept ()"0
* setlocale() /7.11.1.1/3 ncro

* float_tdouble tFLT_EVAL_METHODO 12 /.12/25
e 7.12/6-

* 7.12.1/2 math.ho

e 7.12.1/ 3 math.ho

* math.herrnoERANGE /.12.1/6 o

e FP 7122/ 2

* 07.12.10.1/3 fmod ()0

* 07.12.10.2/3 remainder () 0o

* remquo() 7.12.10.3/2 -

e 07.12.10.3/3 remquo ()0-

e 7.14/4-

e 7.14.1.1/3 -

* SIGFPE SIGILLSIGSEGV /.14.1.1/3

e ;7.141.1/6 -

e yurt 7.19/3

7.21.2/12-

7.21.2/3 -

7.21.3/1-

7.21.3/2-

7.21.3/3 -

7.21.3/4 -

7.21.3/8 -
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7.21.3/8 -

7.21.3/10-

® remove () 7.21.4.1/2

72142/2 rename () o
e tmpfile() (.21.4.3/2 o

® freopen() 72154/30

/O

printf - 7.21.6.1/8 FPo

e printf() family 7.21.6.1/8 -

o —rfield 7.21.6.2/12 scanst () family o
* scanf() -'p 7.21.6.2/12 -

® fgetpos()errno /.21.9.1/2 -

* fsetpos()errno /.21.9.3/2 -

* ftell(Jerrno /.21.9.4/3

* strtod() - NaN 7.22.1.3p4

* strtod() familyerrnoerance 7.22.1.3/10 o
e 07.223/1-

* avort ()OS 7.22.4.1/2 »

* exit() 7.22.4.4]5 -

e _Exit() 7.22.4.5/2 -

* getenv() /.22.4.6/2 -

* system() /.22.4.8/3 -

e 7271 /1

* clock_ttime_t 7.27.1/4-

* clock() 7.27.2.1/3 -

https://riptutorial.com/zh-TW/home

93


http://port70.net/~nsz/c/c11/n1570.html#7.21.3p8
http://port70.net/~nsz/c/c11/n1570.html#7.21.3p10
http://port70.net/~nsz/c/c11/n1570.html#7.21.4.1p2
http://port70.net/~nsz/c/c11/n1570.html#7.21.4.2p2
http://port70.net/~nsz/c/c11/n1570.html#7.21.4.3p2
http://port70.net/~nsz/c/c11/n1570.html#7.21.5.4p3
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.1p8
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.1p8
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.2p12
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.2p12
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.2p12
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.2p12
http://port70.net/~nsz/c/c11/n1570.html#7.21.6.2p12
http://port70.net/~nsz/c/c11/n1570.html#7.21.9.1p2
http://port70.net/~nsz/c/c11/n1570.html#7.21.9.3p2
http://port70.net/~nsz/c/c11/n1570.html#7.21.9.4p3
http://port70.net/~nsz/c/c11/n1570.html#7.22.1.3p4
http://port70.net/~nsz/c/c11/n1570.html#7.22.1.3p10
http://port70.net/~nsz/c/c11/n1570.html#7.22.3p1
http://port70.net/~nsz/c/c11/n1570.html#7.22.4.1p2
http://port70.net/~nsz/c/c11/n1570.html#7.22.4.4p5
http://port70.net/~nsz/c/c11/n1570.html#7.22.4.5p2
http://port70.net/~nsz/c/c11/n1570.html#7.22.4.6p2
http://port70.net/~nsz/c/c11/n1570.html#7.22.4.8p3
http://port70.net/~nsz/c/c11/n1570.html#7.27.1p1
http://port70.net/~nsz/c/c11/n1570.html#7.27.1p4
http://port70.net/~nsz/c/c11/n1570.html#7.27.2.1p3

® timespec_get ()timespec_get () TIME_UTC , 7.27.2.5/3 o

i strftime()“CY’7.27.3.5/7 %7Zo
1/ 0O

* wprintf() /.29.2.1/8 FP-

* wprintf() 7.29.2.1/8 o

o —qfield 7.29.2.2/12 wscant () family o
* wscanf() -'p /.29.2.2/12 -

* wstrtod() - NaN 7.29.4.1.1 /4 -

N wstrtod()fafn”yerrnoERANGE 7.29.4.1.1/10-
Examples

int signed_integer = -1;

// The right shift operation exhibits implementation-defined behavior:
int result = signed_integer >> 1;

// Supposing SCHAR_MAX, the maximum value that can be represented by a signed char, is
// 127, the behavior of this assignment is implementation-defined:

signed char integer;

integer = 128;

// The allocation functions have implementation-defined behavior when the requested size
// of the allocation is zero.
void *p = malloc(0);

;o int-1

enum { sign_magnitude = 1, ones_compl = 2, twos_compl = 3, };
#define SIGN_REP (T) ((T)-1 & (T)3)

switch (SIGN_REP (long)) {

case sign_magnitude: { /* do something */ break; }
case ones_compl: { /* do otherwise */ break; }
case twos_compl: { /* do yet else */ break; }
case 0O: { _Static_assert (SIGN_REP (long), "bogus sign representation"); }
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23: 2D

Examples

2D
2d

#include <stdio.h>
#include <stdlib.h>

#define ROWS 3
#define COLS 2

void funl (int **, int, int);

int main ()

{
int array_2D[ROWS] [COLS] = { {1,
int n = ROWS;
int m = COLS;

funl (array_2D, n, m);

return EXIT_SUCCESS;

void funl (int **a, int n, int m)
{
int i, 3J;
for (i = 0; 1 < n; 1i++) {
for (3 = 0; J < mj J++)

2}, {3, 4}, {5, 6} };

{
printf ("array[%d] [$d]=%d\n", i, J, alill[3j]l);

4.9.4GCC-

$ gcc-4.9 -03 -g3 -W -Wall -Wextra
passarr.c: In function ‘main’:

—-std=cll passarr.c —-o passarr

passarr.c:16:8: warning: passing argument 1 of ‘funl’ from incompatible pointer type

funl (array_2D, n, m);

A

passarr.c:8:6: note: expected ‘int **’ but argument is of type ‘int (*)[2]’

void funl (int **, int, int);

o = 2dCo

#include <stdio.h>
#include <stdlib.h>

#define ROWS 3
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#define COLS 2

void funl (int (*) [COLS], int, int);

int main ()

{

int array_2D[ROWS] [COLS] = { {1, 2}, {3, 4}, {5, 6} };
int n = ROWS;
int m = COLS;

funl (array_2D, n, m);

return EXIT_SUCCESS;

void funl (int (*a) [COLS], int n, int m)

{

int i, j;
for (i = 0; i < n; i++) {
for (3 = 0; J < m; J++) |
printf ("array[%d] [%¥d]=%d\n", 1, J, alilljl);

#include <stdio.h>
#include <stdlib.h>

#define ROWS 3
#define COLS 2

void funl (int (*) [COLS], int);

int main ()

{

int array_2D[ROWS] [COLS] = { {1, 2}, {3, 4}, {5, 6} };
int rows = ROWS;

/* works here because array_2d is still in scope and still an array */
printf ("MAIN: %zu\n",sizeof (array_2D)/sizeof (array_2D[0]));

funl (array_2D, rows);

return EXIT_SUCCESS;

void funl (int (*a) [COLS], int rows)

{

int i, 3;

int n, m;

n = rows;
/* Works, because that information is passed (as "COLS").

It is also redundant because that value is known at compile time (in "COLS") .

m = (int) (sizeof(a[0])/sizeof(al[0][0]));

/* Does not work here because the "decay" in "pointer decay" is meant
literally--information is lost. */

*/
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printf ("FUN1: %zu\n",sizeof (a)/sizeof(al[0]));
for (i = 0; i < n; i++) {

for (3 = 0; J < m; Jj++) |
printf ("array[%d] [$d]=%d\n", i, 3, alilljl);

C99

CISO / IEC 98991999ISO / IEC 98992011VLATODOCTODOMS Visual Studio-

#include <stdio.h>
#include <stdlib.h>

/* ALL CHECKS OMMITTED!*/
void funl (int (*)[], int rows, int cols);

int main(int argc, char **argv)

{

int rows, cols, i, Jj;

if (argc !'= 3){
fprintf (stderr, "Usage: %s rows cols\n",argv[0]);
exit (EXIT_FAILURE) ;

rows = atoi(argv[l]);
cols = atoi(argv[2]);

int array_2D[rows] [cols];

for (i = 0; i < rows; i++) {
for (j = 0; j < cols; Jj++) {
array 2D[i][3] = (1 + 1) * (§ + 1);
printf ("array[%d] [$d]=%d\n", i, Jj, array_2D[i][3]);

funl (array_2D, rows, cols);

exit (EXIT_SUCCESS) ;

void funl (int (*a)[], int rows, int cols)
{

int i, 3;

int n, m;

n = rows;
/* Does not work anymore, no sizes are specified anymore
m = (int) (sizeof(a[0])/sizeof(al[0][0])); */

m = cols;

for (i = 0; 1 < n; i++) {

for (j = 0; J < m; J++) |
printf ("array[%d] [%d]=%d\n", i, J, alilljl);
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-W -Wall -Wextra
‘funl’ :

invalid use

$ gcc-4.9 -03 -g3
passarr.c: In function
passarr.c:168:7: error:

printf ("array[%d] [%$d]=%d\n",

void funl (int **a, int rows,

$ gcc-4.9 -03 -g3 -W -Wall -Wextra

passarr.c: In function ‘main’:

passarr.c:208:8:

funl (array_2D, cols);

A

rows,

passarr.c:185:6: note: expected

void funl (int **, int rows,

#include <stdio.h>
#include <stdlib.h>

/* ALL CHECKS OMMITTED!*/

int rows,

void funl (int (*) [],

int main (int argc, char **argv)
{
int rows, cols, i, 73j;
if (argc !'= 3){
fprintf (stderr, "Usage:
exit (EXIT_FAILURE) ;

rows = atoi(argv[1l]);

cols = atoi(argv([2]);

int array_2D[rows] [cols];

printf ("Make array with %d rows and %d columns\n",

(i = 0;
(3 = 0;
array_2D[i][]] =

i++) |
J++) Ao

for i < rows;

for j < cols;

warning: passing argument 1 of

Yint **/

int cols);

-std=c99 passarr.c -o passarr

of array with unspecified bounds
i, 3, alill3il);

int cols)e

-std=c99 passarr.c -o passarr

‘funl’ from incompatible pointer type

but argument is of type ‘int

int cols);

%$s rows cols\n",argv[0]);

rows, cols);

i * cols + 3j;

printf ("array[%d] [%d]=%d\n", i, Jj, array_2D[i][7J]);
}
}
funl (array_2D, rows, cols);
exit (EXIT_SUCCESS) ;
}
void funl (int (*a)[], int rows, int cols)

{
dmE d, g
int n, m;

n = rows;

(*) [ (sizetype) (cols) ]’
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m = cols;

printf ("\nPrint array with %d rows and %d columns\n", rows,

for (i = 0; i < n; i++) {
for (J = 0; J < mj Jj++) {
printf ("array[%d] [$d]=%d\n", 1, J, *( (*a) +

funl o funloe o

#include <stdio.h>
#include <stdlib.h>

/* ALL CHECKS OMMITTED!*/
void funl (int rows, int cols, int (*)[]);
int main(int argc, char **argv)
{
int rows, cols, i, 73j;
if (argc !'= 3){

fprintf (stderr, "Usage: %s rows cols\n",argv[0])
exit (EXIT_FAILURE) ;

}
rows = atoi(argv[1l]);
cols = atoi(argv([2]);

int array_2D[rows] [cols];
printf ("Make array with %d rows and %d columns\n",

for (i = 0; 1 < rows; i++) {
for (j = 0; j < cols; j++) {
array_2D[i][]j] = 1 * cols + 7J;

printf ("array[%d] [%d]=%d\n", i, Jj, array_2D[i]

funl (rows, cols, array_2D);

exit (EXIT_SUCCESS) ;

void funl (int rows, int cols, int (*a) [cols])
{
int i, Jj;

int n, m;

n = rows;
m = cols;

cols);

(1 * cols + 3J)));

r

rows, cols);

[31)7

printf ("\nPrint array with %d rows and %d columns\n", rows,

for (i = 0; i < n; i++) {
for (3 = 0; J < m; Jj++) |
printf ("array[%d] [$d]=%d\n", i, 3, alilljl);

cols);
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#include <stdio.h>
#include <stdlib.h>

/* ALL CHECKS OMMITTED!*/
void funl (int rows, int cols, int **);

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

int rows, cols, i, 3J;

if (argc !'= 3){
fprintf (stderr, "Usage: %s rows cols\n",argv[0]);
exit (EXIT_FAILURE) ;

rows = atoi(argv[l]);
cols = atoi(argv[2]);

int array_2D[rows] [cols];
printf ("Make array with %d rows and %d columns\n", rows, cols);
for (i = 0; i < rows; i++) {
for (jJ = 0; j < cols; Jj++) {
array_2D[i][j] = 1 * cols + J;
printf ("array[%d] [$d]=%d\n", i, Jj, array_2D[i][3]);

}

// a "rows" number of pointers to "int". Again a VLA
int *al[rows];

// initialize them to point to the individual rows
for (i = 0; i < rows; i++) {

al[i] = array_2DI[i];

funl (rows, cols, a);

exit (EXIT_SUCCESS) ;

void funl (int rows, int cols, int **a)
{

int i, 3;

int n, m;

n = rows;

m = cols;

printf ("\nPrint array with %d rows and %d columns\n", rows, cols);
for (1 = 0; 1 < n; i++) {
for (j = 0; J < m; J++) |
printf ("array[%d] [$d]=%d\n", i, J, alill]jl);

2D
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2D-

/* create 2D array with dimensions determined at runtime */
double *matrix = malloc (width * height * sizeof (double));

/* initialise it (for the sake of illustration we want 1.0 on the diagonal) */
int x, vy;
for (y = 0; y < height; y++)
{
for (x = 0; x < width; x++)
{

if (x == y)

matrix[y * width + x] = 1.0;
else

matrix[y * width + x] = 0.0;

/* pass it to a subroutine */
manipulate_matrix (matrix, width, height);

/* do something with the matrix, e.g. scale by 2 */
void manipulate_matrix (double *matrix, int width, int height)

{

int x, vy;

for (y = 0; y < height; y++)
{
for (x = 0; x < width; x++)
{
matrix[y * width + x] *= 2.0;

2D https://riptutorial.com/zh-TW/c/topic/6862/2d
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24:

Examples

structunion

#include <stdio.h>
#include <string.h>

union My_Union
{
int variable_1;
int variable_2;
}i

struct My_Struct
{
int variable_1;
int variable_2;
}i

int main (void)

{
union My_Union u;
struct My_Struct s;

u.variable_ 1 = 1;
u.variable_ 2 = 2;
s.variable_1 = 1;
s.variable_2 = 2;

printf ("u.variable_1: %i\n", u.variable_1);
printf ("u.variable_2: %i\n", u.variable_2);
printf ("s.variable_1: %i\n", s.variable_1);

printf ("s.variable_2: %i\n", s.variable_2);

printf ("sizeof (union My_Union): %$i\n", sizeof (union My_Union));
printf ("sizeof (struct My_Struct): %$i\n", sizeof (struct My_Struct));

return 0;

C-

Co

“|EEE 754

union floatToInt

{
int32_t intMember;
float floatMember; /* Float must be 32 bits IEEE 754 for this to work */

}i

float inverseSquareRoot (float input)

{
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union floatToInt x;
int32_t i;

float f£f;

.floatMember = input;

X .intMember;
0x5f3759df - (i >>
.intMember = i;

x.floatMember;

FhoHh X B B X

157

/*
/*

/*
/*

Assign to the float member */
Read back from the integer member */

Assign to the integer member */
Read back from the float member */
= f * (1.5f - input * 0.5f * £ * f);

return £ * (1.5f - input * 0.5f * £ * f);

- o http://www.riptutorial.com/c/example/9399/using-unions-to-reinterpret-values

o m_Im 2m_2m 1Jo

#include <stdio.h>

union my_union /* Define union */

{
int m_1;
int m_2;

bi

int main (void)

{
union my_union u;
u.m_1 = 1;
printf ("u.m_2: %i\n",
u.m_2 = 2;
printf ("u.m_1: %i\n",
return 0;

u.m_2: 1
u.m_1l: 2

u.m_2);

u.m_1);

/* Declare union */
/* Write to m_1 */
/* Read from m_2 */
/* Write to m_2 */
/* Read from m_1 */

https://riptutorial.com/zh-TW/c/topic/7645/
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25:

_Bool<stdbool.h> CC99 / Cllo

CSgtypedef [ defineo

Examples

stdbool.h
C99
stdbool.hboole truel falsel o

#include <stdio.h>
#include <stdbool.h>

int main (void) {

bool x = true; /* equivalent to bool x = 1; */
bool y = false; /* equivalent to bool y = 0; */
if (x) /* Functionally equivalent to if (x != 0) or if (x != false) */

{
puts ("This will print!");
}
if (!y) /* Functionally equivalent to if (y == 0) or if (y == false) */
{
puts ("This will also print!");

bool Boolo o

#define

Cotrue 0Ofalse o C99_Boolbool #defineCo

#include <stdio.h>

#define bool int
#define true 1
#define false 0

int main(void) {
bool x = true; /* Equivalent to int x 1; */
bool y = false; /* Equivalent to int y = 0; */
if (x) /* Functionally equivalent to if (x != 0) or if (x != false) */

{

puts ("This will print!");
}
if (!'y) /* Functionally equivalent to if (y == 0) or if (y == false) */
{

puts ("This will also print!");
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<stdbool.h>o
_Bool

C99

CC99 _BoolC0 0 1 o

#include <stdio.h>

int main(void) {
_Bool x = 1;
_Bool y = 0;
if(x) /* Equivalent to if (x == 1) */
{
puts ("This will print!");
}
if (!y) /* Equivalent to if (y == 0) */
{
puts ("This will also print!");

_Boolo ifo

_Bool z = X;

® Xz0X == 0o zlo

® XXz01 o

bool falsetrue<stdbool.h> o

“n
o

int main(int argc, char* argv[]) {
if (argc % 4) {
puts ("arguments number is not divisible by 4");
} else {

puts ("argument number is divisible by 4");

argc % 40 1 23 o0 o“false”e1se- “true”ito

double* A = malloc(n*sizeof *A);
if (!A) |
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perror ("allocation problems");
exit (EXIT_FAILURE) ;

A o
== NULLo
char const* s = ....; /* some pointer that we receive */
if (s != NULL && s[0] !'= '"\0' && isalpha(s[0])) {
printf ("this starts well, %c is alphabetic\n", s[0]);
}
o
char const* s = ....; /* some pointer that we receive */

if (s && s[0] && isalpha(s([0])) {
printf ("this starts well, %c is alphabetic\n", s[0]);

typedefbool

#defineenum

#if _ STDC_VERSION___ < 199900L

typedef enum { false, true } bool;

/* Modern C code might expect these to be macros. */
# ifndef bool

# define bool bool

# endif

# ifndef true

# define true true

# endif

# ifndef false

# define false false
# endif

#else

# include <stdbool.h>
#endif

/* Somewhere later in the code ... */
bool b = true;

CGCo
typedenypedEfenum

https://riptutorial.com/zh-TW/c/topic/3336/
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26: C
Examples

if (1 == 2) //Bad-way
{
doSomething;

}
=with=5 -

if( 2 == i) //Good-way
{
doSomething;

e void - o
void
o enum#definec
C116.7.6.3""10
void.

14

KRpgs-72-73

double atof(); atofie Co o Ivoid o

int foo (void);

int foo (void)

{
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<statements>

return 1;

int foo()VOId foo(42)0 o o

main ()

int main (void)

{
<statements>

return 0;

#include <stdio.h>

static void parameterless()

{

printf ("$s called\n", __ func__);

int main (void)

{
parameterless (3, "arguments", "provided");
return 0;

proto79.cUNiXGCCmacOS Sierra 10.12.57.1.0

$ gcc -03 —-g —-std=cll -Wall -Wextra -Werror -Wmissing-prototypes -pedantic proto79.c -o
proto79
$

$ gcc -03 —-g —-std=cll -Wall -Wextra -Werror -Wmissing-prototypes -Wstrict-prototypes -Wold-
style-definition -pedantic proto79.c -o proto79

proto79.c:3:13: error: function declaration isn’t a prototype [-Werror=strict-prototypes]
static void parameterless ()

proto79.c: In function ‘parameterless’:

proto79.c:3:13: error: old-style function definition [-Werror=old-style-definition]

ccl: all warnings being treated as errors

$

static void parameterless (void)

$ gcc -03 —-g -std=cll -Wall -Wextra -Werror -Wmissing-prototypes -Wstrict-prototypes -Wold-
style-definition -pedantic proto79.c -o proto79
proto79.c: In function ‘main’:
proto79.c:10:5: error: too many arguments to function ‘parameterless’
parameterless (3, "arguments", "provided");
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proto79.c:3:13: note: declared here
static void parameterless (void)

C https://riptutorial.com/zh-TW/c/topic/10543/c
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Examples

signedunsignede

#include <stdio.h>
int main(void)
{
unsigned int a = 1000;

signed int b = -1;

if (a > b) puts("a is more than b");
else puts("a is less or equal than b");

return 0;

1000-1z is more than b o

6.3.1.8-

‘common typenunsigned int
714.

intbunsigned int o

-lunsigned int unsigned int1000a > ofalse-

/* assign y to x */
if (x = y) {
/* logic */

/* compare if x is equal to y */
if (x == y) {
/* logic */
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yX

if ((x = y) != 0) {
/* logic */

while ((c = getopt_long(argc, argv,

switch (c) {

c = getopt_long(argc, argv, short_.

while (¢ !'= -1) {
switch (c) {

}
c = getopt_long(argc, argv,

options, long_options,

if (x = vy) /* warning */
if ((x = vy)) /* no warning */
if ((x = vy) != 0) /* no warning; explicit */

short_options, long_options, &option_index))

&option_index) ;

short_options, long_options, &option_index);

Yoda - rvaluess

if (5 = y) /* Error */

if (5 == vy) /* No error */

C. Yoda-

if (x > a);

if (x > a) {}

a = x;
xa o

if (i < 0)

return
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day = date[0];
hour = datel[l];
minute = date[2];

day = date [0]-

if (x > a) {
a = x;

\0

malloc €dstrienlo

char *dest = malloc(strlen(src)); /* WRONG */
char *dest = malloc(strlen(src) + 1); /* RIGHT */

strcpy (dest, src);

strlen\0 o WRONG strcpy °
stdine

#define MAX_INPUT_LEN 42

char buffer [MAX_INPUT_LEN]; /* WRONG */
char buffer [MAX_INPUT_LEN + 1]; /* RIGHT */

scanf ("%$42s", buffer); /* Ensure that the buffer is not overflowed */

Strdup()Apl strdup()e o o o o o
getline()getline()e

#include <stdlib.h>
finclude <stdio.h>

int main (void)

{
char *line = NULL;
size_t size = 0;

/* The loop below leaks memory as fast as it can */

for(;;) |
getline(&line, &size, stdin); /* New memory implicitly allocated */

/* <do whatever> */

line = NULL;
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return 0;

getline()o

#include <stdlib.h>
#include <stdio.h>

int main (void)
{
char *line = NULL;
size_t size = 0;
for(;;) |
if (getline(&line, é&size, stdin) < 0) {
free(line);

line = NULL;

/* Handle failure such as setting flag, breaking out of loop and/or exiting */

/* <do whatever> */

free(line);
line = NULL;

return 0;

B exit () main()o o

o getline() o CAP|O

NULLNULL /NULL/. 0 nurr. NOPC - NULLfree() o o

char buf[8]; /* tiny buffer, easy to overflow */

printf ("What is your name?\n");
scanf ("$s", buf); /* WRONG */
scanf ("%$7s", buf); /* RIGHT */

7-1bufo o o
realloc
reallocNULL o reallocNuiLL o NULL o

char *buf, *tmp;

buf = malloc(...);
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/* WRONG */

if ((buf = realloc(buf, 16)) == NULL)
perror ("realloc");

/* RIGHT */

if ((tmp = realloc(buf, 16)) != NULL)
buf = tmp;

else

perror ("realloc");

float doublelong double o 101/31/31/10-

:delta.

#include <float.h> // for DBL_EPSILON and FLT_EPSILON

#include <math.h> // for fabs /()

int main(void)

{

double a = 0.1; // imprecise: (binary) 0.000110...
// may be false or true
if @a+a+a+a+a+a+a+a+a+a==1.0) {

printf("10 * 0.1 is indeed 1.0.

// Using a small delta value.
if (fabs(a + a + a + a + a + a + a

This is not guaranteed in the general case.\n");

+a+a+a-1.0) <0.000001) {

// C99 5.2.4.2.2p8 guarantees at least 10 decimal digits

// of precision for the double
printf("10 * 0.1 is almost 1.0.

return 0;

—-std=cll
prototypes -Wold-style-definition
#include <stdio.h>

#include <math.h>

gcc -03 -g -I./inc

static inline double rel_diff (double a,
{

return fabs(a - b) / fmax(fabs(a),

int main(void)

{

double dil
double d2 =

3.14159265358979;
355.0 / 113.0;

double epsilon = 1.0;
for i < 10;

{

(int 1 = 0; i++)
if (rel_diff(dl, d2) < epsilon)
printf ("%d:%.10f <=> %.10f
i, dl, d2, epsilon,
else
printf ("%d:%.10f <=> %.10f
i, @i, e2,
epsilon /= 10.0;

epsilon,

type.
\n") ;

-Wall -Wextra -Werror -Wmissing-prototypes -Wstrict-

rdll.c -o rdll -L./lib -1lsoqg

double b)

fabs (b)) ;

within tolerance %.10f
rel_diff(dl, d2));

(rel diff %.4E)\n",

out of tolerance %.10f
rel_diff(dl, d2));

(rel diff %.4E)\n",
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}

return 0;

0:3.1415926536 <=> 3.1415929204
1:3.1415926536 <=> 3.1415929204
2:3.1415926536 <=> 3.1415929204
3:3.1415926536 <=> 3.1415929204
4:3.1415926536 <=> 3.1415929204
5:3.1415926536 <=> 3.1415929204
6:3.1415926536 <=> 3.1415929204
7:3.1415926536 <=> 3.1415929204
8:3.1415926536 <=> 3.1415929204
9:3.1415926536 <=> 3.1415929204
#include <stdio.h>

int main (void) {

int arrayl[] = {1, 2, 3, 4,

int *ptr = &array[0];

within
within
within
within
within
within
within
within
out of
out of

5};

int *ptr2 = ptr + sizeof (int) * 2;
printf ("$d %d\n", *ptr, *pt

return O;

r2);

ptr2e sizeof(int)432“51rray[0]8”O

ptr2array[0]22o

#include <stdio.h>

int main (void) {

int arrayl] = {1, 2, 3, 4,

int *ptr = &array[0];
int *ptr2 = ptr + 2;
printf ("$d %d\n", *ptr, *pt

return O;

#include <stdio.h>

int main (void) {

int arrayl] = {1, 2, 3, 4,

int *ptr = &array[0];
int *ptr2 = &ptr(2];
printf ("$d %d\n", *ptr, *pt

return O;

EL[EZ2] (* ((E1)+(E2)))

N1570 6.5.2.12 ¢ (E1[E2]) ((E1) + (E2))

5};

tolerance
tolerance
tolerance
tolerance
tolerance
tolerance
tolerance
tolerance
tolerance
tolerance

O O O O O O o o o =

/* wrong */

.0000000000
.1000000000
.0100000000
.0010000000
.0001000000
.0000100000
.0000010000
.0000001000
.0000000100
.0000000010

rel diff
rel diff
rel diff
rel diff
rel diff
rel diff
rel diff
rel diff
rel diff
rel diff

O 0 O 0 0 0 0 0 0

r2); /* "1 3" will be printed */

5};

r2); /* "1 3" will be printed */

N1570 6.5.3.2102-

.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
.4914E-08)
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o endianness® .

#include <stdio.h>

int main(void) {
int array([3] = {1,2,3}; // 4 bytes * 3 allocated
unsigned char *ptr = (unsigned char *) array; // unsigned chars only take 1 byte
/*
* Now any pointer arithmetic on ptr will match
* bytes in memory. ptr can be treated like it
* was declared as: unsigned char ptr[12];

*/

return 0;

#include <stdio.h>
#define SQUARE (x) x*x
int main (void) {

printf ("$d\n", SQUARE (1+2));
return 0;

9 3*3 5142*1+2 o

#include <stdio.h>
#define SQUARE (x) ((x)*(x))
int main(void) {

printf ("$d\n", SQUARE (1+2));
return 0;

#include <stdio.h>
#define MIN(x, y) ((x) <= (y) ? (x) : (v))

int main(void) {
int a = 0;
printf ("$d\n", MIN(a++, 10));
printf ("a = %d\n", a);
return 0;

((a++) <= (10) ? (a++) : (10)) o a++ 0 10 a++a MINo
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#include <stdio.h>

int min(int x, int y) {

return x <=y ? x : y;

int main (void) {
int a = 0;
printf ("$d\n", min(a++, 10));
printf ("a = %d\n", a);
return O;

mindoubleo

#define OBJECT_LIKE_MACRO followed by a "replacement list" of preprocessor tokens
#define FUNCTION_LIKE_MACRO (with, arguments)

#definelparen ;o (o

C99

C99static inline int min(int x, int y) {

Cl1
Cllnin'type-generic's

#include <stdio.h>

#define min(x, y) _Generic((x), \
long double:

default: min_i \

) (%, Y)

#define gen_min (suffix, type) \

static inline type min_##suffix (type x,

gen_min (1ld, long double)
gen_min(ull, unsigned long long)
gen_min (i, int)

int main(void)

{
unsigned long long ulll = 50ULL;
unsigned long long ull2 = 37ULL;

printf ("min ($11lu, %1lu) = %$llu\n",

long double 1dl = 3.141592653L;
long double 1d2 3.141592652L;

printf ("min(%$.10Lf, %.10Lf) = %.10Lf\n",

int i1 = 3141653;
3141652;
printf ("min (%d, %d) = %d\n", il,

int 12

} o

min_1d, \
unsigned long long: min_ull, \

12,

ulll,

min(il,

1d1,

type y) { return (x < y)

ull2, min(ulll, ull2));

1d2, min(1dl, 1d2));

i2));

followed by a replacement list

Y
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return 0;

double float long long unsigned long long unsigned - gen_mineo

$ gcc undefined_reference.c

/tmp/ccoXhwF0.0: In function ‘main':

undefined_reference.c: (.text+0x15): undefined reference to "foo'
collect2: error: 1d returned 1 exit status

$

int foo(void);

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

int foo_val;

foo_val = foo();

return foo_val;

foo int foo(); o Undefined referenceo

foo

/* Declaration of foo */
int foo(void);

/* Definition of foo */
int foo (void)
{

return 5;

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

int foo_val;

foo_val = foo();

return foo_val;

o foo()foo.c foo.hfoo.cundefined_reference.c foo() o foo.cundefined_reference.c

gcc —-c undefined_reference.c
gcc —-c foo.c
gcc -o working program undefined_reference.o foo.o

w4 W

$ gcc —-o working_program undefined_reference.c foo.c

#include <stdio.h>
#include <stdlib.h>
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#include <math.h>

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

double first;

double second;

double power;

if (argc !'= 3)
{

fprintf (stderr, "Usage: %s <denom> <nom>\n", argv[0]);

return EXIT_FAILURE;

/* Translate user input to numbers, extra error checking

* should be done here. */
first = strtod(argv[l], NULL);
second = strtod(argv[2], NULL);

/* Use function pow() from libm - this will cause a linkage

* error unless this code is compiled against libm! */

power = pow (first, second);

printf ("$f to the power of %f = %$f\n", first, second, power);

return EXIT_SUCCESS;

pow () #include <math.h>

$ gcc no_library_in_link.c -o no_library_in_link
/tmp/ccduQQgA.o: In function ‘main':

no_library_in_link.c: (.text+0x8b): undefined reference to
collect2: error: 1d returned 1 exit status
$
pow () o —lmlibmo macOS-1m -
$ gcc no_library_in_link.c -1lm -o library_in_link_cmd
$ ./library_in_link_cmd 2 4
2.000000 to the power of 4.000000 = 16.000000
$
Type**Type [M] [N]
#include <stdio.h>
void print_strings (char **strings, size_t n)
{
size_t 1i;
for (1 = 0; 1 < n; i++)
puts (strings([i]);
t
int main(void)
{
char s[4][20] = {"Example 1", "Example 2", "Example 3",

“pow'

"Example 4"};
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print_strings (s, 4);
return 0;

filel.c: In function 'main':

filel.c:13:23: error: passing argument 1 of 'print_strings' from incompatible pointer type

Wincompatible-pointer-types]
print_strings (strings, 4);

A

filel.c:3:10: note: expected 'char **' but argument is of type 'char (*)[20]'
void print_strings (char **strings, size_t n)

mainsprint_strings print_stringse print_stringsmaine

o char[4]120] 420sss[0] char (*)[20] 120. 3-Ds -

char [20] 20 char * 1
char [4][20] 420 char (*)[20] 120
char *[4] 4 1 char ** 1 1

char [31141120] 3420 char (*)[41120]1 1420

char (*[41)[20] 4120 char (**)[20] 1120

char (*)[20] char ** o print_strings

void print_strings (char (*strings) [20], size_t n)
/* OR */
void print_strings (char strings[][20], size_t n)

print_wnjngs302050

#include <stdio.h>

* Note the rearranged parameters and the change in the parameter name
* from the previous definitions:

* n (number of strings)

* => scount (string count)

* O0f course, you could also use one of the following highly recommended forms

* for the “strings’ parameter instead:

* char strings|[scount] [ccount]
* char strings[] [ccount]
=y

[_
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void print_strings(size_t scount, size_t ccount, char (*strings) [ccount])

{
size_t 1i;
for (i = 0; 1 < scount; i++)
puts (strings([i]);

int main(void)

{

char s[4][20] = {"Example 1", "Example 2", "Example 3", "Example 4"};

print_strings (4, 20, s);
return 0;

Example
Example
Example

Sw N

Example

malloc callocrealloc

/* Could also be “int **° with malloc used to allocate outer array. */

int *arrayl[4];

int 1i;

/* Allocate 4 arrays of 16 ints. */

for (i = 0; i < 4; i++)

array[i] = malloc(l6 * sizeof (*arrayl[il]));

0“int array[4][16];

/* 0x40003c, 0x402000 */

printf ("%p, %$p\n", (void *) (array[0] + 15), (void *)array[1l]);
int81288132-42032int -sized" -
“int *arithmetic

void func(int M, int N, int *array);

/* Equivalent to declaring “int array[M][N] = {{0}};  and assigning to array4_16[i][7j].

int *array;

int M = 4, N = 16;

array = calloc(M, N * sizeof (*array));
array[i * N + j] = 1;

func (M, N, array);

n2-D

void func(int M, int N, int *array);
#define N 16
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void func_N(int M, int (*array) [N]);

int M = 4;

int (*array) [N];

array = calloc (M, sizeof (*array));
array[i] [J] = 1;

/* Cast to "int *° works here because ‘array  1s a single block of M*N ints with no gaps,
Just like “int array2[M * N]; ' and "int array3[M] [N];  would be.

func (M, N, (int *)array);
func_N (M, array);

C99

Narray\/L/\o int *func func_vlafunc_N

void func(int M, int N, int *array);
void func_vla(int M, int N, int array[M] [N]);

int M = 4, N = 16;

int (*array) [N];

array = calloc (M, sizeof (*array));
array[i] [j] = 1;

func (M, N, (int *)array);
func_vla (M, N, array);

Cl1

C11VLA. C11 stoc no via_ 1C99.

"abc" o chare "abc"4 {'a', 'b', 'c', '\0'"}

#include <stdio.h>

int main(void) {
const char *hello = 'hello, world'; /* bad */
puts (hello);
return 0;

o char o charo o

#include <stdio.h>

int main(void) {
char ¢ = "a"; /* bad */
printf ("$c\n", c);

*/
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return 0;

Co malloco o

char* x = malloc(100000000000UL * sizeof *x);

/* more code */

scanf ("%$s", x); /* This might invoke undefined behaviour and if lucky causes a segmentation
violation, unless your system has a lot of memory */

#include <stdlib.h>
#include <stdio.h>

int main(void)
{
char* x = malloc(100000000000UL * sizeof *x);
if (x == NULL) {
perror ("malloc () failed");
exit (EXIT_FAILURE) ;

if (scanf("%s", x) != 1) {
fprintf (stderr, "could not read string\n");
free(x);
exit (EXIT_FAILURE) ;

/* Do stuff with x. */

/* Clean up. */
free(x);

return EXIT_SUCCESS;

scanf

#include <stdio.h>
#include <string.h>

int main (void) {
int num = 0;
char str([128], *1f;

scanf ("%d", &num);
fgets(str, sizeof (str), stdin);

if ((1f = strchr(str, '\n')) != NULL) *1f = '\0';
printf ("$d \"%$s\"\n", num, str);
return 0;
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42
life

42 "n4p "life" o

scanf ()421lifefgets()eo fgets()lifeo

- - scanf () fgets()o sscanf()e

#include <stdio.h>
#include <string.h>

int main(void) {
int num = 0;
char line_buffer[128] = "", str[128], *1f;

fgets(line_buffer, sizeof(line_buffer), stdin);

sscanf (line_buffer, "%d", &num);
fgets(str, sizeof (str), stdin);

if ((1f = strchr(str, '\n')) != NULL) *1f =

printf ("$d \"%s\"\n", num, str);
return 0;

scanf () fgets () e

#include <stdio.h>
#include <string.h>

int main(void) {

int num = 0;
char str[128], *1f;
int c;

scanf ("%d", &num);
while ((c = getchar()) != '\n' && c != EOF);
fgets(str, sizeof (str), stdin);

if ((1f = strchr(str, '\n')) != NULL) *1f =
printf ("$d \"%s\"\n", num, str);
return 0;

#define

CCo

/* WRONG */
#fdefine MAX 100;
int arr[MAX];

int arr([100;1];
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o f#definec #defineo

Cl** [

/*
*
*
*
*
=y

int

{

//T
/*

/*
*
*
*
*
=y

int

{

//C
*/

C99

//
//
//
//
int

{

/*

max () : Finds the largest integer in an array and returns it.
If the array length is less than 1, the result is undefined.

arr: The array of integers to search.
num: The number of integers in arr.

max (int arr[], int num)

int max = arr[0];
for (int i = 0; 1 < num; i++)
if (arr[i] > max)
max = arr[i];

return max;

rying to comment out the block...

max () : Finds the largest integer in an array and returns it.
If the array length is less than 1, the result is undefined.

arr: The array of integers to search.
num: The number of integers in arr.

max (int arr[], int num)

int max = arr[0];
for (int i = 0; 1 < num; i++)
if (arr[i] > max)
max = arr[i];

return max;

auses an error on the line below...

max () : Finds the largest integer in an array and returns it.
If the array length is less than 1, the result is undefined.

arr: The array of integers to search.
num: The number of integers in arr.
max (int arr[], int num)
int max = arr[0];
for (int 1 = 0; i < num; i++)
if (arr[i] > max)
max = arr[i];
return max;
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// max(): Finds the largest integer in an array and returns it.
// If the array length is less than 1, the result is undefined.
// arr: The array of integers to search.
// num: The number of integers in arr.
int max(int arr[], int num)
{
int max = arr[0];
for (int i1 = 0; i < num; i++)
if (arr[i] > max)
max = arr[i];
return max;

=)
#ifdef#ifndefo o

#define DISABLE_MAX /* Remove or comment this line to enable max() code block */

#ifdef DISABLE_MAX
/*
* max(): Finds the largest integer in an array and returns it.
* If the array length is less than 1, the result is undefined.
* arr: The array of integers to search.
* num: The number of integers in arr.
*/
int max(int arr[], int num)
{
int max = arr[0];
for (int 1 = 0; i < num; i++)
if (arr[i] > max)
max = arr[i];
return max;
}
#endif

#if 0o
#if O -

01- -

#include <stdio.h>

int main (void)
{
int x = 0;
int myArray[5] = {1, 2, 3, 4, 5}; //Declaring 5 elements

for(x = 1; x <= 5; x++) //Looping from 1 till 5.
printf ("$d\t", myArray[x]);

printf ("\n");
return O;

2 3 4 5 GarbageValue
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#include <stdio.h>

int main(void)
{
int x = 0;
int myArray[5] = {1, 2, 3, 4, 5}; //Declaring 5 elements

for(x = 0; x < 5; x++) //Looping from 0 till 4.
printf ("$d\t", myArray[x]);

printf ("\n");
return 0;

12345

#include <stdio.h>

int factorial (int n)
{

return n * factorial(n - 1);

int main ()

{
printf ("Factorial %d = %d\n", 3, factorial(3));
return 0;

Segmentation fault: 11

#include <stdio.h>

int factorial (int n)

{

if (n == 1) // Base Condition, very crucial in designing the recursive functions.

{

return 1;

}

else

{

return n * factorial(n - 1);

int main ()

{
printf ("Factorial %d = %d\n", 3, factorial(3));
return 0;
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Factorial 3 = 6

nln - int3212 -

1o o o

2.0 o

3.

4.,

5.

6. -
'true’

Cbool truefalseo truel falseOo

C99

(:99_Bool<stdbool.h> bool _Bool falsetrue o bool truefalse o

falsetrues

/* Return 'true' if the most significant bit is set */
bool isUpperBitSet (uint8_t bitField)
{

if ((bitField & 0x80) == true) /* Comparison only succeeds if true is 0x80 and bitField
has that bit set */

{

return true;
}
else

{

return false;

true o true if(bitfield & 0x80)truetruellOx80 o

/* Return 'true' if the most significant bit is set */
bool isUpperBitSet (uint8_t bitField)
{
if ((bitField & 0x80) == 0x80) /* Explicitly test for the case we expect */
{
return true;
}
else
{

return false;

https://riptutorial.com/zh-TW/home 128


http://www.ibm.com/developerworks/library/l-recurs/
http://www.ibm.com/developerworks/library/l-recurs/
http://www.ibm.com/developerworks/library/l-recurs/
http://www.ibm.com/developerworks/library/l-recurs/

trueo

/* Return 'true' if the most significant bit is set */
bool isUpperBitSet (uint8_t bitField)

{

/* If upper bit is set, result is 0x80 which the if will evaluate as true */

if (bitField & 0x80)
{

return true;
}

else
{

return false;

double

float0.ldoubleo

#include <stdio.h>

int main () {
float nj;
n=20.1;

if (n > 0.1) printf ("Wierd\n");

return 0;
}

// Prints "Wierd" when n is float

n0.10000000149011612: n0.10.10000000000000001-

floatdoubleo
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28:

ISO / IEC 9899201x - C.

ABBA-

2011CC

15.1.2.3

6.5.2.2-
AND && 6.5.13;,0R || 6.5.14;, 6.5.17-
2 :6.5.15.
6.7.6;
o 6.7.9:6.8.3; ifswitch 6.8.4; whiledo6.8.5; £0r6.8.5.3; return6.8.6.4-
7.1.4-
/7.21.6,7.29.2-
7.22.5-

Examples

&& b
[l b

? b :c

or (a; b; c) { ... 1}

H o o W
~
o

abc o bco Dbceo

a bcbcao

X++ && X++

SRArr B AR 8 WArF

(x = £()) && x !=0

for (( x = 0; x < 10; x++ ) { ... }
y = (x++, x++);

Cl1

a + b;
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[UREN VO R OB )
o° .
O O O O O O

— &

ab bao

f(a, b);

ab ,, fo

x++ & x++;

f(x++, x++); /* the ',' in a function call

Rt ¥ sgdkRg

is *not* the same as the comma operator */

ali] = i++;
X++ & Xx;
f(x++, x);
X++ * x;
ali++] = 1i;
L]
o 1
1o
f(a)fao o
unsigned counter = 0;

unsingned account (void) {
return counter++;

int main(void) {
printf ("the order is %u %u\n",

printfcountero o

01

10

printf ("the order is %u %u\n",

countere

account (),

counter++,

account ());

counter++) ;

// undefined behavior
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29:

C. C. c1185.1.1.2-

. C o o

.h o o

.0 o o

.obj o

.a o o

.d1l Windows-
.s0 Unix.

.dylib OSXUnixo

.exe .com Windows. - Unixo

—o filename o bin/program.exe program

-I directory direrctoryoe

-D name name

-L directory directorye

-1 name libname o

POSIXLinuxMacc99 -

e c99-C
oo |
-Wall o
-Wextra o
—pedantic o

—Wconversion
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GCCGNU .

o

=C o
b gccPOS|Xo
e POSIX clang o
» GCCo-

—Wimplicit-function-declaration o

-Wunsupported TCCGCC»

—Wwrite-strings const char *char *.

-Werror o

—Wall —-Werror -Wunusupported-Wwrite stringso

Examples

. 0o o o

“un
o

o .ad.S0o°
14 LinUXcollect2 o o

)

% gcc foo.o bar.o baz.o —-o myprog

foo.o bar.obaz.o myprog o myprog/o
- LinuxSolarisAIXmacOSWindows. GCCgcc -ve

o JCCfoo.obar.o ncurseso

% gcc foo.o bar.o -o foo —-lncurses

% gcc foo.o bar.o /usr/lib/libncurses.so -o foo
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libncurses.solibncurses.a are pathnamevia -inameo ;o

<math.h> -1m - Mac OS XmacOS Sierra- LinuxUnixmacOS - POSIXPOSIX-

Co -wall

% gcc —-Wall -c foo.cc

-Wallo

-Wall

% gcc —-Wall -Wextra -Wfloat-equal -Wundef -Wcast—-align -Wwrite-strings -Wlogical-op \
> -Wmissing-declarations -Wredundant-decls -Wshadow ..

clang-Weverything clange

C
1. .cc .cc.cppC ++; Co
foo.c
2_ o o h o
foo.h
3. o .oWindowsMS-DOS .objo
foo.o foo.obj
4." o UnixWindows.exe-o
foo foo.exe
5. main()o o ;] #include <library.h>o o o
e POSIX.aWindows.1ib - DLL . 1ibe o o
libfoo.a foo.1lib
¢ POSIX.500SX.day1ipbWindows.d11s o o o
foo.so foo.dylib foo.dll
CO ° ° ° “11“”0

1. #defineo

#define BIGNUM 1000000
int a = BIGNUM;

int a = 1000000;
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#defineo ,#defineo
#defineo

#define ISTRUE (stm) do{stm = stm ? 1 : 0;}while(0)
// in the function:

a = x;

ISTRUE (a) ;

// in the function:
a = x;
do {

a=a?2?1:0;
} while (0);

#definee o

2. #includeo

#include <stdio.h>

<stdio.h>#includeec #include#defineo #includeprintfscanfprintf stdio.h o (:;#include(:o

3. #if defined A || defined B
variable = another_variable + 1;
#else
variable = another_variable * 2;
#endif
variable = another_variable + 1;

AB.
variable = another_variable * 2;

o /o
4.6 ///*%/0

Co C.oc o #include d#includes o

C. GCC

% gcc —-Wall -c foo.c

%o foo.cfoo.o o —co —cPOSIXLinuxmaCOS;o
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% gcc -Wall foo.c -o foo

foo.cfoooe -0o -0 gcc foo.c a.out o

.C

1. - .c#include#define

2.--s
3. assembly -
4. linkage -

GCC"GNU C™GNU”": C. Unixcc “C” Linux ccGCC. macOSOS-Xclang-

POSIXc99C - C99. POSIXcs9o POSIX-c-0 o

gcc—-Walle -Wextra o

§5.1.1.2C 20118-

. o Trigrapho
o

1
2
3.
4.5 #includeldo o
5
6
7
8

Co

https://riptutorial.com/zh-TW/c/topic/1337/

https://riptutorial.com/zh-TW/home 137


http://pubs.opengroup.org/onlinepubs/9699919799/utilities/c99.html
http://pubs.opengroup.org/onlinepubs/7990989775/xcu/c89.html
https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html
https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html
https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html
https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html
https://riptutorial.com/zh-TW/c/topic/1337/%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/1337/%E5%BD%99%E7%B7%A8
https://riptutorial.com/zh-TW/c/topic/1337/%E5%BD%99%E7%B7%A8

o <> >

 int* ptrTolnt;

» void * ptrToVoid; / * C89 + * /

* struct someStruct * ptrToStruct;

 int ** ptrToPtrTolnt;

* int arr [length]; int * ptrToFirstElem = arr; / *<C99'length’> = C111. */
* int * arrayOfPtrsTolnt [length]; / *<C99'length’> = C111. */

/* The * operator binds to right and therefore these are all equivalent. */
i ~ig
i = dg

int* i;

int *i, *j; /* i and j are both pointers */

int* i, j; /* i1 is a pointer, but j is an int not a pointer variable */

int *foo[2]; /* foo is a array of pointers, can be accessed as *foo[0] and *foo[l] */

Examples

NULLe o o

struct SomeStruct *s = malloc(sizeof *s);
s—>someValue = 0; /* UNSAFE, because s might be a null pointer */

struct SomeStruct *s = malloc(sizeof *s);
if (s)
{

s->someValue = 0; /* This is safe, we have checked that s is valid */

sizeof

hchar/o 4sizeof(int)o sizeof (that_type)sizeof (*var_ptr_to_that_type) o

int *intPtr = malloc(4*1000); /* allocating storage for 1000 int */
long *longPtr = malloc(8*1000); /* allocating storage for 1000 long */

int *intPtr = malloc(sizeof (int)*1000); /* allocating storage for 1000 int */
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long *longPtr = malloc(sizeof (long)*1000);

int *intPtr = malloc(sizeof (*intPtr)*1000);
long *longPtr = malloc(sizeof (*longPtr)*1000);

free, o o

[EEN

. malloc calloc

3.free

free

malloc Wild free“double free”s

Valgrindo

int* myFunction ()
{
int x = 10;
return &x;

x o myFunction,myFunctionxo x&x o o

malloc

#include <stdlib.h>
#include <stdio.h>

int *solutionl (void)
{
int *x = malloc(sizeof *x);
if (x == NULL)
{
/* Something went wrong */
return NULL;

*x = 10;

return x;
void solution2 (int *x)

{
/* NB:
causes undefined behaviour. */

*x = 10;

/* allocating storage for 1000 long */

/* allocating storage for 1000 int */
/* allocating storage for 1000 long */

calling this function with an invalid or null pointer
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int main(void)

{

/* Use solutionl () */
int *foo = solutionl();
if (foo == NULL)

{
/* Something went wrong */
return 1;

printf ("The value set by solutionl() is %i\n", *foo);
/* Will output: "The value set by solutionl() is 10" */

free (foo); /* Tidy up */
}
{

/* Use solution2 () */

int bar;

solution2 (&bar) ;

printf ("The value set by solution2() is %i\n", bar);
/* Will output: "The value set by solution2() is 10" */

return 0;

*pttpe
[o ppo
(*p) ++peo
*pP-—pp °

int a = 1;
int *a_pointer = &a;

a_pointerad

*a_pointer = 2;

printf ("%d\n", a); /* Prints 2 */
printf ("$d\n", *a_pointer); /* Also prints 2 */
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NULLo

imEe *pl, *p2g

pl = (int *) Oxbad;
p2 = NULL;
*pl = 42;

*p2 = *pl + 1;

o plOxbade o o pP2NULL o

struct MY_STRUCT
{
int my_int;
float my_float;
bi

MY_STRUCTstructstruct MY_STRUCT o

typedef struct MY_STRUCT MY_STRUCT;

MY_STRUCT *instance;

instance o o MY_ STRUCTeo

MY_STRUCT info = { 1, 3.141593F };

MY_STRUCT *instance = &info;

int a = (*instance) .my_int;
float b = instance->my_float;

->dereference ~.-

MY_STRUCT copy = *instance;
copy.my_int = 2;

copyinstanceinstance o copy my_intinstanceo

MY_STRUCT *ref = instance;
ref->my_int = 2;

refinstancee my_intinstanceo

int my_function (int a, int b)

o
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return 2 * a + 3 * b;

int (*my_pointer) (int, int);

return_type_of_ func (*my_func_pointer) (type_argl, type_arg2, ...)

my_pointer = &my_function;

/* Calling the pointed function */
int result = (*my_pointer) (4, 2);

/* Using the function pointer as an argument to another function */
void another_function (int (*another_ pointer) (int, int))

{

int a = 4;
int b = 2;
int result = (*another_pointer) (a, b);

printf ("$d\n", result);

&*o

/* Attribution without the & operator */
my_pointer = my_function;

/* Dereferencing without the * operator */
int result = my_pointer (4, 2);

typedef-

typedef void (*Callback) (int a);

void some_function (Callback callback)
{

int a = 4;

callback (a);

G

void some_function (void callback (int))
{

int a = 4;

callback(a);
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#include <stddef.h>

int main ()

{
int *pl = NULL;
char *p2 = NULL;
float *p3 = NULL;

/* NULL is a macro defined in stddef.h, stdio.h,

NULLe

NULL (void *)0 o 0x0 o C-fagNULL
NULL.

int il;

int main ()

{
int *pl = &il;
const char *p2 = "A constant string to point to";
float *p3 = malloc (10 * sizeof(float));

int 1 = 1;
int *p = NULL;

p = &i; ip e

pip o

printf ("$d\n", *p);lio
void *

KR

void*o malloc

stdlib.h,

and string.h */
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void* malloc(size_t);

VOidmalloc

int* vector = malloc (10 * sizeof *vector);

VOide malloc()malloc() stdlib.hmalloc()o VOIADRY;

int* vector = (int*)malloc (10 * sizeof int*);

void* memcpy (void *restrict target, void const *restrict source, size_t size);

void *o

unsigned char buffer([sizeof (int)];
int b = 67;
memcpy (buffer, &b, sizeof buffer);

Const
® int
int o DPint bb100 o

int b;
int* p;
p = &b; /* OK */
*p = 100; /* OK */

® const int

into

int b;

const int* p;

p = &b; /* OK */

*p = 100; /* Compiler Error */

® constint

intinto

int a, b;

int* const p = &b; /* OK as initialisation, no assignment */
*p = 100; /* OK */
p = &aj; /* Compiler Error */

® constconst int

intint o
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int a, b;

const int* const p = &b; /* OK as initialisation, no assignment */
p = &a; /* Compiler Error */

*p = 100; /* Compiler Error */

® int
plp int* pl int o
plint a - al00-

void f1 (void)
{
int a, b;
int *pl;
ime “*Pg
pl = &b; /* OK */
p = &pl; /* OK */
*p = &a; /* OK */
**p = 100; /* OK */

® const int

void f£2 (void)
{
int b;
const int *pl;
const int **p;
p = &pl; /* OK */
*p = &b; /* OK */
**p = 100; /* error: assignment of read-only location ‘**p’ */

® int const

void £3(void)
{
int b;
int *pl;
int * const *p;
p = &pl; /* OK */
*p = &b; /* error: assignment of read-only location ‘*p’ */
**p = 100; /* OK */

® intconst

void f4 (void)
{

int b;

int *pl;

int ** const p = &pl; /* OK as initialisation, not assignment */
p = &pl; /* error: assignment of read-only variable ‘p’ */

*p = &b; /* OK */
**p = 100; /* OK */
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® const int const

void £5 (void)
{
int b;
const int *pl;
const int * const *p;
p = &pl; /* OK */
*p = &b; /* error: assignment of read-only location ‘*p’ */
**p = 100; /* error: assignment of read-only location ‘**p’ */

® constconst int

void f6 (void)
{
int b;
const int *pl;

const int ** const p = &pl; /* OK as initialisation, not assignment */

p = &pl; /* error: assignment of read-only variable ‘p’ */
*p = &b; /* OK */
**p = 100; /* error: assignment of read-only location ‘**p’ */

® constint const

void f£7 (void)
{

int b;

int *pl;

int * const * const p = &pl; /* OK as initialisation, not assignment */
p = &pl; /* error: assignment of read-only variable ‘p’ */

*p = &b; /* error: assignment of read-only location ‘*p’ */
**p = 100; /* OK */

CC ++ x5
*o
int 1 = 5;

/* 'p' is a pointer to an integer, initialized as NULL */

int *p = NULL;

/* '&i' evaluates into address of 'i', which then assigned to 'p' */
p = &ij

/* 'p' is now holding the address of 'i' */
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*p = 123;
/* 'p' was pointing to 'i', so this changes value of

p = &another_variable;

C-

int *p = &i;

int i = 5;int i; i = 5;int *p = &i;int *p; *p = &i;o°

*Co equals- -
PQ.. /-
Co

finclude <stdio.h>
#include <stdlib.h>

int main (void) {
int A = 42;
int* pA = &A;
int** ppA = &pA;
int*** pppA = &ppA;

printf ("$d", ***pppA); /* prints 42 */

return EXIT_SUCCESS;

finclude <stdio.h>
#include <stdlib.h>

int main (void) {
int A = 42;
int* pA = &A;
int** ppA = &&A; /* Compilation error here! */
int*** pppA = &&&A; /* Compilation error here! */

int *pointer; /* inside a function, pointer is uninitialized and doesn't point to any valid

object yet */

'i' to 123 */

int *p; *p = si;UBo * o
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int *iptrl, *iptr2;

int *iptr3, iptr4; /* iptr3 is a pointer variable, whereas iptr4 is misnamed and is an int

%/

& o

int value = 1;
pointer = &value;
* o

printf ("Value of pointed to integer: %d\n", *pointer);
/* Value of pointed to integer: 1 */

SomeStruct *s = &someObject;

s—>someMember 5; /* Equivalent to (*s).someMember = 5 */

Co o

printf ("Value of the pointer itself: %p\n", (void *)pointer);
/* Value of the pointer itself: 0x7ffcd4lb06ed */

/* This address will be different each time the program is executed */

null
pointer = 0; /* or alternatively */
pointer = NULL;

if (!pointer) exit (EXIT_FAILURE);

*pointer += 1;

printf ("Value of pointed to variable after change: %d\n", *pointer);

/* Value of pointed to variable after change: 2 */

int value2 = 10;
pointer = &value2;

printf ("Value from pointer: %d\n", *pointer);
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/* Value from pointer: 10 */

o short intlong into

#include <stdio.

int main (void) {
printf ("Size
printf ("Size
printf ("Size
printf ("Size
printf ("Size
printf ("Size
return 0;

h>

of
of
of
of
of
of

Co

int pointer: %$zu\n", sizeof (int*));

int variable: %zu\n", sizeof (int));

char pointer: %$zu\n", sizeof (char*));

char variable: %zu\n", sizeof (char));

short pointer: %zu\n", sizeof (short*));

short variable:

$zu\n", sizeof

C99C11Microsoft Visual Studio:r. Lszu

C.CO o *ptr *(ptr + 1) *(ptr + 2)o

double point [3]

double *ptr = point;

/* prints x 0.0,

ptro o

double point[3]

printf ("length of point is %s\n",

= {0.0, 1.0, 2.0%;

y 1.0 z 2.0 */
printf("x %f y %f z %f\n", ptr[0], ptr[l], ptr[2]);

{0.

0, 1.0, 2.05¢

[]

o

length (point)) ;

(short));

/* get the distance of a 3D point from the origin */
double length (double *pt)

{

return sqgrt (pt[0]

* pt[0] + pt[l]

* pt[l] + pt[2]

* ptl2])

/*
/*
/*
/*
/*
/*

size
size
size
size
size
size

N B 2D DD

bytes
bytes
bytes
bytes
bytes
bytes

*/
*/
*/
*/
*/
*/

lprintf () Microsoft.

void

gsort ()
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void-

void gsort (

void *base, /* Array to be sorted */
size_t num, /* Number of elements in array */
size_t size, /* Size in bytes of each element */

int (*compar) (const void *, const void *)); /* Comparison function for two elements */

void. gsort () e
void- gsort () e
o gsort()e void-

int compare_floats (const void *a, const void *Db)
{
float fa = *((float *)a);
float fb = *((float *)b);
if (fa < fb)
return -1;
if (fa > fb)
return 1;
return O;

gsortvoid-

“len™array”qsort
gsort (array, len, sizeof (array[0]), compare_floats);
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“ HCO nen o "o

Examples

5

0 0345

0x0X 0x12AB 0X12AB 0xl12ab 0x12Ab

o -11-

intlonge C99 long longe

int unsigned longunsigned longe C99 long longunsigned long longe

L 1 long int
L 11 C99 1long long int

U u unsigned

UL /LLe ue

o "abcd"char*o

Lwchar_t* o L"abcd" o

CliL
I
char
L wchar_t
u8 char UTF-8

u charlé6_t UTF-16
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I
U char32_t UTF-32

UTF-

double 3.1415926 -3E6
f F float 3.1415926f 2.1E-6F

1 L long double 3.1415926L 1E126L

o 3f33.£3.0fc long double Lo
o 'a'int o o o

Lwchar_to (:11 uUcharl6_tchar32_teo

\t
\v

AR

\nnn

\xnn ...

C89
O]

\a

C99
T

\unnnn
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\Unnnnnnnn

Unicode: « no UTFchare
I/ O0S-
o ?22/'\"2\2/ "2?2/" o

n o

https://riptutorial.com/zh-TW/c/topic/3455/-
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32:

* charl81 8¢ charCHAR BIT<limits.h>o POSIX18o
e Co

Examples

intshort long

signed char ¢ = 127; /* required to be 1 byte, see remarks for further information. */
signed short int si = 32767; /* required to be at least 16 bits. */

signed int i = 32767; /* required to be at least 16 bits */

signed long int 1i = 2147483647; /* required to be at least 32 bits. */

C99

signed long long int 1i = 2147483647; /* required to be at least 64 bits */

unsigned int i = 65535;
2767;
unsigned char = 255;

unsigned short

char signedunsignedsignede charsigned charunsigned charSk]nneSSo
Co

/* the following variables are initialized to the same value: */
int d = 42; /* decimal constant (baselQ) */

int o = 052; /* octal constant (base8) */
int x = Oxaf; /* hexadecimal constants (basel6) */
int X = O0XAf; /* (letters 'a' through 'f' (case insensitive) represent 10 through 15) */

signed o 0x0X 0x 0o signedunsignedo

/* suffixes to describe width and signedness : */
long int i = 0x32; /* no suffix represent int, or long int */
unsigned int ui = 65535u; /* u or U represent unsigned int, or long int */

long int 1i = 655361; /* 1 or L represent long int */

INT_MAXlonglong longe

<limits.h>o o

CHAR_BIT 8

https://riptutorial.com/zh-TW/home 154


http://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap03.html

SCHAR_MIN

SCHAR_MAX

UCHAR_MAX

CHAR_MIN

CHAR_MAX

SHRT_MIN

SHRT_MAX

USHRT_MAX

INT_MIN

INT_MAX

UINT_MAX

LONG_MIN

LONG_MAX

ULONG_MAX

C99

signed char

signed char

unsigned char

char

char

short int

short int

unsigned short int

int

int

unsigned int

long int

long int

unsigned long int

127/-27-1
+127/27-1

255/28 -1

-32767/-215-1
+32767/215-1
65535/2 16 - 1
-32767/-215-1
+32767/215-1
65535/2 16 - 1
2147483647 /-231-1
+2147483647/231 -1

4294967295/2 32 - 1

LLONG_MIN

LLONG_MAX

ULLONG_MAX

long long int

long long int

unsigned long long int

-9223372036854775807 /- 263 -1
+9223372036854775807/2 63 - 1

18446744073709551615/2 64 - 1

charCHAR_MINSCHAR_MINCHAR_MAXSCHAR_MAXo charCHAR_MINOCHAR_MAXUCHAR_MAX0

C99

C99<«stdint.h> o o

Co

char* str

"hello, world";

/* string literal */

/* string literals can be used to initialize arrays */

holding {'a','b','c','\0'} */

char all] "abc"; /* al is char([4]
char a2[4] = "abc"; /* same as al */
char a3[3] = "abc";

/* al is char[3] holding {'a',6 'b',

'c'}, missing the '\0' */
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srodata. o

char* s = "foobar";
s[0] = 'F'; /* undefined behaviour */

/* it's good practice to denote string literals as such, by using " const’

char const* sl1 = "foobar";
s1[0] = '"F'; /* compiler error! */

C99

/* only two narrow or two wide string literals may be concatenated */
char* s = "Hello, " "World";

C99

/* since C99, more than two can be concatenated */
/* concatenation is implementation defined */
char* sl = "Hello" ", " "World";

/* common usages are concatenations of format strings */
char* fmt = "%" PRId16; /* PRIdA16 macro since C99 */

/* normal string literal, of type char[] */
char* sl = "abc";

/* wide character string literal, of type wchar_t[] */
wchar_t* s2 = L"abc";

Cl1

/* UTF-8 string literal, of type char[] */
char* s3 = u8"abc";

/* 16-bit wide string literal, of type charlé6_t[] */
charlé6_t* s4 = u"abc";

/* 32-bit wide string literal, of type char32_t[] */
char32_t* s5 = U"abc";

C99

C99

<stdint.h>o o

/* commonly used types include */

*/
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uint32_t u32 = 32; /* exactly 32-bits wide */
uint8_t u8 = 255; /* exactly 8-bits wide */

int64_t 164 = -65 /* exactly 64 bit in two's complement representation */

C float doublelong double o

float £ = 0.314f; /* suffix f or F denotes type float */
double d = 0.314; /* no suffix denotes double */
long double 1d = 0.3141; /* suffix 1 or L denotes long double */

/* the different parts of a floating point definition are optional */
double x = 1.; /* valid, fractional part is optional */

double y = .1; /* valid, whole-number part is optional */

/* they can also defined in scientific notation */

double sd = 1.2e3; /* decimal fraction 1.2 is scaled by 1073, that is 1200.0 */

<float.h>o

o armx86x86_64MIPSIEEE 754
C-

C-

o i .
b

binary 1 “array subscription”;
° 1 + n_ary () uu;
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char *names[20];

[1* namescharzoo

char (*place) [10];

* placecharloo

int fn(long, short);

fnlong shortinte

int *fn (void);

() fnvoidinte

int (*fp) (void);

() fpvoidint o

int arr[5][8];

;[]arr851nto

int **ptr;

o ptrinto

* not *.

int fn(void), *ptr, (*fp) (int), arr[10][20], num;

® fn voidint,
® ptr int,
® fp intint ,

¢ arr 2010int ;

® num int o

/*
* Subscripting "arr" and dereferencing it yields a "char" result.
* Particularly: *arr[5] is of type "char".

*/
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char *arr([20];

/*

* Calling "fn" yields an "int" result.

* Particularly: fn('b') is of type "int".
v

int fn (char);

/*

* Dereferencing "fp" and then calling it yields an "int" result.
* Particularly: (*fp) () is of type "int".

*/

int (*fp) (void);

/*
* Subscripting "strings" twice and dereferencing it yields a "char" result.
* Particularly: *strings[5][15] is of type "chazr"
v

char *strings[10][20];

https://riptutorial.com/zh-TW/c/topic/309/
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33:

“, Co Co

C° 099VLAO

* []; / ¥*name"length"type's */
e intarr [10] ={0};/*0.*/

* intarr [10] = {42}; / *420. */

e intarr[] ={4,2,3,1}; / *4- */
e arr[n]=;/*n. ¥/

* value =arr[n];/*n- */

o C char S"HelloWorld™s « « <

sizeof _Alignof _Alignof & address-of

idx[arr] o idxarro
& (arr[0])&* (arr + 0) arr o o o

address-oft[N] sarr T (*) [N]o o

void foo(int al[], int n);
void foo(int *a, int n);

fooa o foo()o o
Examples
type arrName[size];

type arrName sizeo

10int

int array[10];

int array[10] = {0};

“un
o

[1 arr[idx]* (arr + idx) o

*(arr + 1idx)* (idx + arr)
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10int 'S3 int1 2 3

int array[10] = {1, 2, 3};
o o ISO C99.

int array[5] = {[2] =5, [1] = 2, [4] = 9}; /* array is {0, 2, 5, 0, 9} */
int array[] = {1, 2, 3}; /* an array of 3 int's */

int arrayl[] {[3] =8, [0] = 9}; /* size is 4 */
C99 C11

C99VLAC11: - VLA: VLA-

size_t m = calc_length(); /* calculate array length at runtime */
int vla[m]; /* create array with calculated length */

VLA: vias VLA-

#include <stdlib.h> /* for EXIT_SUCCESS */
#define ARRLEN (10)
int main(void)

{
int array[ARRLEN]; /* Allocated but not initialised, as not defined static or global. */

size_t 1i;
for(i = 0; 1 < ARRLEN; ++i)
{

array[i] = 0;

return EXIT_SUCCESS;

<string.h> memset () o arraye

memset (array, 0, ARRLEN * sizeof (int)); /* Use size explicitly provided type (int here).

memset (array, 0, ARRLEN * sizeof *array); /* Use size of type the pointer is pointing to.

array

memset (array, 0, sizeof array); /* Use size of the array itself. */

*/

*/
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int arrayl[] = { 0, 1, 2, 3, 4, 5,
/* size of “array’ in bytes */

size_t size = sizeof (array);

/* number of elements in “array  */

size_t length = sizeof (array)

(131} .
o sizeofo o o

inte

/* array will decay to a pointer,

int last = get_last (array, length)

int get_last (int input[],
return input[length - 1];

input input int o inputint *input o

int BAD_get_last (int input[]) {

/* INCORRECTLY COMPUTES THE LENGTH OF THE ARRAY INTO WHICH input POINTS:
size_t length = sizeof (input) / sizeof (input([0]));
return input[length - 1]; /* Oops —- not the droid we are looking for */

o clang

warning:
Wsizeof-array—argument ]

int length = sizeof (input)

declared here
int BAD_get_last (int input[])

A

note:

int val;
int array([10];

sizeof on array function parameter will return size of

/ sizeof (array[0]);

so the length must be passed separately */

’

size_t length) {

o o

lint * !

/ sizeof (input[0]);

/* Setting the value of the fifth element to 5: */

array[4] = 5;

/* The above is equal to: */
*(array + 4) = 5;

/* Reading the value of the fifth element: */

val = arrayl[4];

*/

instead of

'int

[’

[7
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+->

*(array + 4) = 5;

*(4 + array) = 5;

array([4] = 5;

4[array] = 5; /* Weird but valid C ... */

val = arrayl[4];

val = 4[array]; /* Weird but valid C ... */
C

int val;

int array[10];

array[4] = 5; /* ok */

val = arrayl[4]; /* ok */

array[19] = 20; /* undefined behavior */

val = array[1l5]; /* undefined behavior */

#include <stdio.h>
#define ARRLEN (10)

int main (void)

{

int n[ ARRLEN ]; /* n is an array of 10 integers */

size t i, Jj; /* Use size_t to address memory, that is to index arrays, as its guaranteed to

be wide enough to address all of the possible available memory.

Using signed integers to do so should be considered a special use case,
and should be restricted to the uncommon case of being in the need of
negative indexes. */

/* Initialize elements of array n. */
for (i = 0; i < ARRLEN ; i++ )
{

n[ 1 ] = 1 + 100; /* Set element at location i to i + 100. */

/* Output each array element's value. */
for (j = 0; j < ARRLEN ; J++ )
{

printf ("Element [$zu] = $d\n", 3J, nl[J] );

return 0;

#include <stdio.h>
#include <stdlib.h>
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int main (void)
{
int * pdata;
size_t n;

printf ("Enter the size of the array: ");

fflush (stdout); /* Make sure the prompt gets printed to buffered stdout.

if (1 != scanf("%zu", &n)) /* If zu is not supported (Windows?)

{

fprintf ("scanf () did not read a in proper value.\n");

exit (EXIT_FAILURE) ;

pdata = calloc(n, sizeof *pdata);
if (NULL == pdata)
{
perror ("calloc() failed"); /* Print error.

exit (EXIT_FAILURE) ;

free (pdata); /* Clean up. */

return EXIT_SUCCESS;

calloc ()ninte o

free()o

*/

Co o o array[0]170110000x10000array(0][0] array[0][llarray[1][0]sizeof (type)*10000array[0][0]

o

#define ARRLEN 10000
int array[ARRLEN] [ARRLEN];

size_t i, J;
for (i = 0; 1 < ARRLEN; ++1i)
{
for(j = 0; j < ARRLEN; ++7)
{
array[j]l[i] = 0;

#define ARRLEN 10000
int array[ARRLEN] [ARRLEN];

size_t i, J;
for (i = 0; 1 < ARRLEN; ++1i)
{
for(j = 0; j < ARRLEN; ++7)
{
array[i] [J] = 0;
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ii2

#define DIM_X 10
#define DIM_Y 20

int array[DIM_X*DIM Y];

size_t i, 3J;
for (i = 0; i < DIM _X; ++i)
{
for(j = 0; j < DIM_Y; ++7)
{
array[i*DIM_Y+j] = 0;

3ijk

#define DIM_X 10
#define DIM_Y 20
#define DIM_Z 30

int array[DIM_X*DIM_Y*DIM Z];

size_t 1, Jj, k;
for (i = 0; i < DIM _X; ++1i)
{
for(j = 0; j < DIM_Y; ++3j)
{
for (k = 0; k < DIM_7Z; ++k)
{
array[1i*DIM_Y*DIM_Z+j*DIM Z+k] = 0;

N1x N2 X ...x Nd dnln2...nd

g+ Ng - (ng_1 + Ng—q1+(ng_a + Ng_o - (++++ Nang)-++)))

[ https //en.wikipedia.org/wiki/Row-major_order
C. -
type name([sizel] [size2]...[sizeN];

5x10x4

int arr[5][10][4];

o o MXN

i
]:I f“k T

£=k+1
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type arrayName [m] [n];

typeC int float arrayNameCo mne C-

int al[4][3]int a[3][4] °

Column 0 Column 1 Column 2 Column 3
Row 0 a[0][0] a[0][1] a[0][2] a[0][3]
Row 1 a[1][0] a[11[1] | a[1][2] a[1][3]
Row 2 af2][0] a[2][1] a[2][2] a[2][3]
aalil[jla i jo o 2-De
o 340
int al3][4] = {
{o, 1, 2, 3} , /* dinitializers for row indexed by 0 */
{4, 5, 6, 7} , /* dinitializers for row indexed by 1 */
{8, 9, 10, 11} /* dinitializers for row indexed by 2 */
}i
int a[3]([4] = {0,1,2,3,4,5,6,7,8,9,10,11};

int val = a[2][3];

34.

#include <stdio.h>

int main () {

/* an array with 5 rows and 2 columns*/

int a[(5]([2] = { {0,0}, {1,2}, (2,4},

int i, 3;

/* output each array element's value */

for (i =0; 1 < 5; i++ ) {

for ( J = 0; J < 2; j++ ) |
printf ("a[%d] [$d] = %d\n",

return 0;

i,3, alil[3]

{3,6},{4,8}1};

)i
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double cprogram[3][2] [4]={

{{=0.1, 0©.22,
{{0.9, 3.6,
1{8.2, 3,12,

}i

0.3,
4.5, 4
34.2,

#include <stdio.h>

#define SIZE (10)
int main ()
{

size_t 1 = 0;

int *p = NULL;
int a[SIZE];

/* Setting up the values to be i*i */
0; 1 <

for(i =
{

ali]
}

=4 *

4.3}, {2.3,

4.7, =0.9,

2}},

}, {1.2, 2.4, 0.22, -1}},

0.1}, (2.1,

SIZE; ++i)

i;

3.2, 4.3,

-2.0}}
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/* Reading the values using pointers */
for(p = a; p < a + SIZE; ++p)
{

printf ("$d\n", *p);

return 0;

pforpa o

++pp*p °

#include <assert.h>
#include <stdlib.h>

/* When passing a multidimensional array (i.e. an array of arrays) to a
function, it decays into a pointer to the first element as usual. But only
the top level decays, so what is passed is a pointer to an array of some fixed

size (4 in this case). */
void f(int x[][4]1) {
assert (sizeof (*x) == sizeof (int) * 4);

/* This prototype is equivalent to f (int x[][4]).
The parentheses around *x are required because [index] has a higher
precedence than *expr, thus int *x[4] would normally be equivalent to int
*(x[4]), i.e. an array of 4 pointers to int. But if it's declared as a
function parameter, it decays into a pointer and becomes int **x,
which is not compatable with x[2][4]. */

void g(int (*x) [4]) {
assert (sizeof (*x) == sizeof (int) * 4);

/* An array of pointers may be passed to this, since it'll decay into a pointer
to pointer, but an array of arrays may not. */
void h(int **x) {

assert (sizeof (*x) == sizeof (int*));

int main(void) {
int foo[2][4];
f(foo);
g (foo);

/* Here we're dynamically creating an array of pointers. Note that the
size of each dimension is not part of the datatype, and so the type
system just treats it as a pointer to pointer, not a pointer to array
or array of arrays. */

int **bar = malloc (sizeof (*bar) * 2);

assert (bar) ;

for (size_t i = 0; i < 2; i++) {

bar[i] = malloc(sizeof (*bar[i]) * 4);
assert (bar[i]);

h (bar);
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for (size_t i = 0; i < 2; i++) {
free(bar[i]);
}

free (bar) ;
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34:1/0

* #include <stdio.h>/**/

* FILE * fopenconst char * pathconst char * mode; / * * /

* FILE * freopenconst char * pathconst char * modeFILE * stream; / * */

* int fcloseFILE * stream; / ** /

* size_t freadvoid * ptrsize_t sizesize_t nmembFILE * stream; / *nmembptr . - */
* size_t fwriteconst void * ptrsize_t sizesize_t nmembFILE * stream; / *ptrnmemb. - */
* int fseekFILE * streamlong offsetint whence; / * 0. */

* long ftellFILE * stream; / *. */

 void rewindFILE * stream; /*. */

* int fprintfFILE * foutconst char * fmt...; / *foutprintf* /

* FILE * stdin; / **/

o FILE*;/**/

* FILE * stderr; / **/

constchar* . -

SEEK_SET SEEK_ENDSEEK_CURe SEEK_ENDeo

fopen () freopen ()
L] llrll o
L] "yr4" oo
[ ] llwll O0 o

(] w4 " 00 °
[ ] llall o

(] "a4" o °

b "rb"mat+b"mab+" o be UniX;Windows. Windows fopentn - o

Cl1

o "wx" o °

o "yubx" o o

Examples

#include <stdio.h> /* for perror(), fopen(), fputs() and fclose() */
#include <stdlib.h> /* for the EXIT_* macros */

int main(int argc, char **argv)
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int e = EXIT_SUCCESS;

/* Get path from argument to main else default to output.txt */
char *path = (argc > 1) ? argv[l] : "output.txt";

/* Open file for writing and obtain file pointer */
FILE *file = fopen (path, "w"

/* Print error message and exit if fopen () failed */
if (!'file)
{

perror (path) ;

return EXIT_FAILURE;

/* Writes text to file. Unlike puts(), fputs() does not add a new-line. */
if (fputs ("Output in file.\n", file) == EOF)
{

perror (path) ;

e = EXIT_FAILURE;

/* Close file */
if (fclose(file))
{
perror (path) ;
return EXIT_FAILURE;
}

return e;

n1a“10utput.txt o o fopen()o
fopen () NULLerrnoo fopen () fopen()perror () o
fopen ()FILEe fclose()o

fputs()o fopen() fputs()errnoEOFo

fclose ()FILE *o fputs()Tyerrnoo
fprintf
fprintf printfo

/* saves wins, losses and, ties */
void savewlt (FILE *fout, int wins, int losses, int ties)
{

fprintf (fout, "Wins: %d\nTies: %d\nLosses: %d\n", wins, ties, losses);

Windows"*’s UNIX\ nWindows\ \ n« CRLF- C. AC\ n. Windows\ n\ r \ nUNIX-

#include <stdio.h>
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void print_all (FILE *stream)
{
int c;
while ((c = getc(stream)) != EOF)
putchar (c) ;
}
int main(void)
{
FILE *stream;

/* call netstat command. netstat is available for Windows and Linux */
if ((stream = popen("netstat", "r")) == NULL)
return 1;

print_all (stream);
pclose (stream) ;
return 0;

popen () netstat o

Cpopen () POSlX C
getline

POSIX Cgeiline (Yo o

example.txt

#include <stdlib.h>
#include <stdio.h>

#define FILENAME "example.txt"

int main (void)
{
/* Open the file for reading */
char *line_buf = NULL;
size_t line_buf_size = 0;
int line_count = 0;
ssize_t line_size;
FILE *fp = fopen(FILENAME, "r");
if (!fp)
{
fprintf (stderr, "Error opening file '%$s'\n", FILENAME) ;
return EXIT_FAILURE;

/* Get the first line of the file. */
line_size = getline(&line_buf, &line_buf_size, fp);

/* Loop through until we are done with the file. */
while (line_size >= 0)
{

/* Increment our line count */

line_count++;
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/* Show the line details */
printf ("line[%06d]: chars=%06zd, buf size=%06zu, contents: %s", line_count,
line_size, line_buf_size, line_buf);

/* Get the next line */
line_size = getline(&line_buf, &line_buf_size, fp);

/* Free the allocated line buffer */
free (line_buf) ;
line_buf = NULL;

/* Close the file now that we are done with it */

fclose (fp);

return EXIT_SUCCESS;

example.txt

This is a file
which has
multiple lines
with various indentation,
blank lines

a really long line to show that getline() will reallocate the line buffer if the length of a
line is too long to fit in the buffer it has been given,
and punctuation at the end of the lines.

1ine[000001]: chars=000015, buf size=000016, contents: This is a file

1ine[000002]: chars=000012, buf size=000016, contents: which has
1ine[000003]: chars=000015, buf size=000016, contents: multiple lines
1ine[000004]: chars=000030, buf size=000032, contents: with various indentation,

1ine[000005] : chars=000012, buf size=000032, contents: blank lines

1ine[000006]: chars=000001, buf size=000032, contents:

1ine[000007]: chars=000001, buf size=000032, contents:

1ine[000008]: chars=000001, buf size=000032, contents:

1ine[000009]: chars=000150, buf size=000160, contents: a really long line to show that
getline() will reallocate the line buffer if the length of a line is too long to fit in the
buffer it has been given,

1ine[000010]: chars=000042, buf size=000160, contents: and punctuation at the end of the
lines.

1ine[000011]: chars=000001, buf size=000160, contents:

getline()o getline()o getline()o o
getdelim() o getline()eo \'n' getline()VV"WdOVVS "\r\n") \n'.

getline ()

#include <stdlib.h>
#include <stdio.h>
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#include <errno.h>
#include <stdint.h>

#i1if ! (defined _POSIX_C_SOURCE)
typedef long int ssize_t;

#endif
/* Only include our version of getline() if the POSIX version isn't available. */
#i1if ! (defined _POSIX_ C_SOURCE) || _POSIX_C_SOURCE < 200809L

#if ! (defined SSIZE MAX)
#define SSIZE_MAX (SIZE_MAX >> 1)
#endif

ssize_t getline(char **pline_buf, size_t *pn, FILE *fin)
{

const size_t INITALLOC = 16;

const size_t ALLOCSTEP 16;

size_t num_read = 0;

/* First check that none of our input pointers are NULL. */
if ((NULL == pline_buf) || (NULL == pn) || (NULL == fin))
{

errno = EINVAL;

return -1;

/* If output buffer is NULL, then allocate a buffer. */
if (NULL == *pline_buf)
{
*pline_buf = malloc (INITALLOC) ;
if (NULL == *pline_buf)
{
/* Can't allocate memory. */
return -1;
}
else
{
/* Note how big the buffer is at this time. */
*pn = INITALLOC;

/* Step through the file, pulling characters until either a newline or EOF. */

int c;

while (EOF != (c = getc(fin)))

{
/* Note we read a character. */
num_read++;

/* Reallocate the buffer if we need more room */
if (num_read >= *pn)
{
size_t n_realloc = *pn + ALLOCSTEP;
char * tmp = realloc(*pline_buf, n_realloc + 1); /* +1 for the trailing NUL. */
if (NULL !'= tmp)
{
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/* Use the new buffer and note the new buffer size. */
*pline_buf = tmp;
*pn = n_realloc;

}

else

{
/* Exit with error and let the caller free the buffer. */

return -1;

/* Test for overflow. */
if (SSIZE_MAX < *pn)
{

errno = ERANGE;

return -1;

/* Add the character to the buffer. */
(*pline_buf) [num_read - 1] = (char) c;

/* Break from the loop if we hit the ending character. */
a1 (@ = "\m")
{

break;

/* Note if we hit EOF. */
if (EOF == c)
{

errno = 0;

return -1;

/* Terminate the string by suffixing NUL. */
(*pline_buf) [num_read] = '\0';

return (ssize_t) num_read;

#endif

#include <stdlib.h>
#include <stdio.h>

int main (void)

{
result = EXIT_SUCCESS;

char file_name[] = "outbut.bin";
char str[] = "This is a binary file example";
FILE * fp = fopen(file_name, "wb");

if (fp == NULL) /* If an error occurs during the file creation */
{

result = EXIT_FAILURE;

fprintf (stderr, "fopen() failed for '%$s'\n", file_name);
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}

else

{
si
si

/~k
si
if
{

fc

retu

fwriteou
16,3264
/* writ
int fpu
{
uns
int
el
e2
if(
ret
}
fscanf
file.txt

ze_t element_size = sizeof *str;

ze_t elements_to_write = sizeof str;

Writes str (_including_ the NUL-terminator) to the binary file. */

ze_t elements_written = fwrite(str, element_size, elements_to_write, £fp);
(elements_written != elements_to_write)

result = EXIT_FAILURE;

/* This works for >=c99 only, else the z length modifier is unknown. */

fprintf (stderr, "fwrite() failed: wrote only %zu out of %zu elements.\n",
elements_written, elements_to_write);

/* Use this for <c99: *

fprintf (stderr, "fwrite() failed: wrote only %lu out of %lu elements.\n",
(unsigned long) elements_written, (unsigned long) elements_to_write);

*/

lose (fp);

rn result;

tput.bin o
o o Co o o
e a 16-bit little endian integer */
tl6le(int x, FILE *fp)
igned int rep = x;
el, e2;
= fputc(rep & OxFF, fp);
= fputc((rep >> 8) & OxFF, fp);
el == EOF || e2 == EOF)
return EOF;
urn 0;
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This is just
a test file
to be used by fscanf ()

#include <stdlib.h>

#include <stdio.h>

void printAllWords (FILE *);

int main(void)

{
FILE *fp;

if ((fp = fopen("file.txt", "r")) == NULL)

perror ("Error opening file");

exit (EXIT_FAILURE) ;

printAllWords (fp) ;

fclose (fp);

return EXIT_SUCCESS;

void printAllWords (FILE * fp)

{
char tmp[20];

int 1 = 1;
while (fscanf (fp, "%19s", tmp) != EOF)
printf ("Word %d: %s\n", i, tmp);
i++;
}
}
Word 1: This
Word 2: is
Word 3: just
Word 4: a
Word 5: test
Word 6: file
Word 7: to
Word 8: be
Word 9: used
Word 10: by
Word 11: fscanf ()

stdio.hfgets()e o n - 1 '\n' EOF.

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define MAX_LINE_LENGTH 80

int main(int argc, char **argv)

{
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char *path;
char line[MAX_LINE_LENGTH] = {0};
unsigned int line_count = 0;

if (argc < 1)
return EXIT_FAILURE;
path = argvi[l];

/* Open file */
FILE *file = fopen(path, "r");

if (!'file)
{
perror (path) ;
return EXIT_FAILURE;

/* Get each line until there are none left */
while (fgets(line, MAX_LINE_LENGTH, file))
{

/* Print each line */

printf ("line[%06d]: %s", ++line_count, line);

/* Add a trailing newline to lines that don't already have one */

if (line[strlen(line) - 1] !'= '\n'")
printf ("\n");

/* Close file */

if (fclose(file))

{
return EXIT_FAILURE;
perror (path) ;

This is a file

which has

multiple lines
with various indentation,

blank lines

a really long line to show that the line will be counted as two lines if the length of a line

is too long to fit in the buffer it has been given,
and punctuation at the end of the lines.

1ine[0000017]:
1ine[000002] :
1ine[000003]:
1ine[000004] :
1ine[000005] :
1ine[000006] :
1ine[000007] :
1ine[000008]:
1ine[000009]:
1ine[000010]7] :
1ine[0000117]:

This is a file

which has

multiple lines

with various indentation,

blank lines

a really long line to show that the line will be counted as two lines if the le

ngth of a line is too long to fit in the buffer it has been given,
and punctuation at the end of the lines.
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1ine[000012]:

o fgets()o
POS'Xgetline ()o

| / O https://riptutorial.com/zh-TW/c/topic/507/i---0
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 static_assert
e _Static_assert

assertstatic_assertassert.ho

assertNDEBUG o NDEBUG assertNO-0p

#ifdef NDEBUG

# define assert (condition) ((void) O0)

#else

# define assert (condition) /* implementation defined */
#endif

NDEBUGe

4 pro-canﬁpassertabortasserﬁono if/elseexitquick_exitoe abortatexitat_quick_exito

® asserto o

* abort “-"%

static_assert_Static_assert o conditione o

Examples

#include <stdio.h>

/* Uncomment to disable ‘assert ()’ */
/* #define NDEBUG */

#include <assert.h>

int length2 (int *a, int count)
{

int i, result = 0;

/* Precondition: */

/* NULL is an invalid vector */

assert (a != NULL);

/* Number of dimensions can not be negative.*/
assert (count >= 0);
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/* Calculation */
for (i = 0; 1 < count; ++1i)
{

result = result + (al[i] * al[il);

/* Postcondition: */

/* Resulting length can not be negative. */
assert (result >= 0);

return result;

#define COUNT 3

int main (void)

{
int a[COUNT] = {1, 2, 3};
int *b = NULL;

int r;

r = length2 (a, COUNT) ;
printf ("r = %i\n", r);
r = length2 (b, COUNT) ;
printf ("r = %i\n", r);

return 0;

#include <stdio.h>
/* Uncomment to disable “assert () */
/* #define NDEBUG */
#include <assert.h>
int main (void)
{
int x = -1;

assert (x >= 0);

printf ("x = %$d\n", x);
return O;

NDEBUG

a.out: main.c:9: main: Assertion "x >= 0' failed.

NDEBUG

NDEBUG o NDEBUGconfig.h o

Cl1
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. false. o

aSSert static_asserte static_assert<assert.h>o

#include <assert.h>

enum {N = 5};

_Static_assert (N == 5, "N does not equal 5");

"N is not greater than 10"); /* compiler error */

static_assert (N > 10,

C99

Cl1l. C99false- _Static_asserto o

#define STATIC_MSG (msg, 1) STATIC_MSG2 (msg, 1)
#define STATIC_MSG2 (msg,l) on_line_##1##__ ##msg

#define STATIC_ASSERT (x, msg) extern char STATIC_MSG(msg, _ LINE_ ) [(x)?1:-1]

enum { N = 5 };
STATIC_ASSERT (N == , N_must_equal_5);

STATIC_ASSERT (N > 5, N_must_be_greater_than_5); /* compile error */

C99.

assert (0)

switch (color) {
case COLOR_RED:
case COLOR_GREEN:
case COLOR_BLUE:
break;

default:
assert (0);

assert()ﬁﬂseo assert () o NDEBUGo
abort () assert o

exit quick_exitabort o exitquick_exite

assert ()o abort ()e

if (color == COLOR_RED || color == COLOR_GREEN) {
} else if (color == COLOR_BLUE) {
} else {

assert (0), abort();

assert ()o abort ()e assert ()abort () o ;o

assert abortexitquick_exite
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void f (void *p)

{
assert (p !'= NULL);
/* more code */

p= NULLmain.c5

AND &5

void f (void *p)

{
assert (p != NULL && "function f: p cannot be NULL");
/* more code */

p= NULL &&"“fpNULL"main.c5
frue. ss 1o s& "error message"o

https://riptutorial.com/zh-TW/c/topic/555/
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UB-

uB

C. C11ISO/IEC 98992011

UB
“[I"ANSI C
UB
UB
nulls < ;o

CJavaCJavanullPointerException CNullReferenceException JAVACC o

e Co

® o

C- CPOSIX. ;C-

CUB-
PC-Lint.
Examples

NULL.-

int * pointer = NULL;
int value = *pointer; /* Dereferencing happens here */

CruLLo
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int 1 = 42;
i = i++; /* Assignment changes variable, post—-increment as well */
int a = i++ + i-—;

i« C. C2011

C996.52

C99. (C2011*

C20116.52

“n “wn
o o

int 1 = 42;
i = (i++, i+42); /* The comma-operator creates a sequence point */

int 1 = 42;
printf ("$d %d\n", i++, i++); /* commas as separator of function arguments are not comma-
operators */

return

int foo(void) {
/* do stuff */
/* no return here */

int main (void) {
/* Trying to use the (not) returned value causes UB */
int value = foo();
return O;

/o

int foo(void) {
/* do stuff */
/* no return here */

int main (void) {
/* The value (not) returned from foo() is unused. So, this program
* doesn't cause *undefined behaviour*. */
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foo();
return 0;

C99

nain () return?o o

1 1SO/IEC 9899201x 6.9.1/ 12
}o

2 1SO / IEC 9899201x 5.1.2.2.3/1
main}0.

C99C116.5/5- - 6.25/9. ;

#include <limits.h> /* to get INT_MAX */
int main(void) {

int 1 = INT_MAX + 1; /* Overflow happens here */

return 0;

int square (int x) {
return x * x; /* overflows for some values of x */

int zero(int x) {
return x - X; /* Cannot overflow */

int sizeDelta (FILE *fl, FILE *f2) {

int countl = 0;
int count2 = 0;
while (fgetc(fl) != EOF) countl++; /* might overflow */
while (fgetc(f2) != EOF) count2++; /* might overflow */
return countl - count2; /* provided no UB to this point, will not overflow */
}
o int o
int aj;
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printf ("%d", a);

aint o ao ;o

statico o

static int b;
printf ("sd", b);

#include <stdio.h>

int main (void) {
int i, counter;
for(i = 0; 1 < 10; ++1i)
counter += 1i;
printf ("$d\n", counter);
return 0;

CO02QT2UBFVH6-1m:~ gsamaras$ gcc main.c -Wall -o main
main.c:6:9: warning: variable 'counter' is uninitialized when used here [-Wuninitialized]

counter += 1i;
main.c:4:19: note: initialize the variable 'counter' to silence this warning

int i, counter;
=0

1 warning generated.
CO02QT2UBFVH6—-1m:~ gsamaras$ ./main
32812

int main (void)
{
int *p;
p++; // Trying to increment an uninitialized pointer.

int* foo(int bar)
{
int baz = 6;
baz += bar;
return &baz; /* (&baz) copied to new memory location outside of foo. */
} /* (1) The lifetime of baz and bar end here as they have automatic storage
* duration (local variables), thus the returned pointer is not wvalid! */

int main (void)

{
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p = foo(5); /* (2) this expression's behavior is undefined */
*p = *p — 6; /* (3) Undefined behaviour here */

return 0;

o gcc
warning: function returns address of local variable [-Wreturn-local-addr]
clang

warning: address of stack memory associated with local variable 'baz' returned
[-Wreturn-stack—-address]

lstatico
2ISO / IEC 989920116.2.482" ”

3fo00

int x = 0;

int y = 5 / x; /* integer division */

double x =

0;
double vy 0

0.
5

/ x; /* floating point division */

int x =

0
int y = 5 % x; /* modulo operation */

Xo
IEEE 754 1nriniTy Co
nmemorymemory + (n — 1l)o o

int array|[3];
int *beyond_array = array + 3;
*beyond_array = 0; /* Accesses memory that has not been allocated. */

43

int arrayl[3];
array([3] = 0;
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beyond_array = array + 3beyond_array

#include <string.h> /* for memcpy ()

char str[19] = "This is an example";

memcpy (str + 7, str, 10);

..10-
overlapping area
|
| |
v v
T hi s i s an examp 1l e \O
| |
| destination
|
source
memcpy () strcpy() strcat() sprintf()sscanf() o

memmove ()o o memmove ()o

o o o o Cmemmove()o /o

Cl1

a

void Function( void )
{

int a;

int b = a;

*beyond_arraye

1 |SOIEC 9899201X 6.3.2.12
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Cil1
Cllo 1 o 2’0

#include <threads.h>
int a = 0;
int Function( void* ignore )
{
a =1;
return 0;
int main( void )
{
thrd_t id;
thrd_create( &id , Function , NULL );

int b = a;

thrd_join( id , NULL );

thrd_createFunction e aaco o

o
® athrd_join,

® o

2 ISOIEC 9889201x5.1.2.4""

o o

uB

char *p = malloc(5);

free(p);

if (p == NULL) /* NOTE: even without dereferencing, this may have UB */
{

ISO / IEC 98992011 6.2.482

[.]
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charpe -

char *p = "hello world";
pl0] = 'H'; // Undefined behavior
char o
char a[] = "hello, world";
char *p = a;
al0] = 'H';
] ='w';
= 0
int * x = malloc(sizeof (int));
*x = 9;
free (x);
free (x);
7.20.3.2.C99

callocmallocreallocfreerealloc-
printf
printfe

long z = 'B';
printf ("$c\n", z);

printf ("$£\n",0);
o sfo Oint o

~Wformat IN clanggcc o

warning: format specifies type 'double' but the argument has type
'int' [-Wformat]
printf ("$£\n",0);

$d
char *memory_block = calloc(sizeof (uint32_t) + 1, 1);
uint32_t *intptr = (uint32_t*) (memory_block + 1); /* possible undefined behavior */
uint32_t mvalue = *intptr;
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o C116.3.2.3 s uint32 t24.

calloc,memory_blockuint32_t o uint32_t24—memory_block + 1o
C. memory_block + 1o
char *o

memcpy

memcpy (&mvalue, memory_block + 1, sizeof mvalue);

uint32_t* o

mvalue

® calloco 0o
® uint32_t

® o

char buffer[6] = "hello";
char *ptrl = buffer - 1; /* undefined behavior */

char *ptr2 = buffer + 5; /* OK, pointing to the '\0' inside the array */
char *ptr3 = buffer + 6; /* OK, pointing to just beyond */
char *ptr4 = buffer + 7; /* undefined behavior */
C116.5.6 -
char buffer([6] = "hello";
char *ptr3 = buffer + 6; /* OK, pointing to just beyond */
char value = *ptr3; /* undefined behavior */
const

int main (void)

{
const int foo_readonly = 10;
int *foo_ptr;

foo_ptr = (int *)&foo_readonly; /* (1) This casts away the const qualifier */
*foo_ptr = 20; /* This is undefined behavior */

return 0;

ISO / IEC 9899201x 6.7.382

constconsto [...]

1(3(:C:warning: assignment discards 'const' qualifier from pointer target type [-Wdiscarded-
qualifiers]
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printfs
printf%s o

char *foo = NULL;
printf ("$s", foo); /* undefined behavior */

- Glibc

(null)

char *foo = 0;
printf ("$s\n", foo); /* undefined behavior */

GCCprintf("%s\n", argument) ; puts (argument) puts puts Glibco -

char *foo = "";
printf ("$s\n", foo);

extern int var;
static int var; /* Undefined behaviour */

C1186.2.2,7
- C1186.2.2,4
31 -

/* 1. This is NOT undefined */
static int var;
extern int var;

/* 2. This is NOT undefined */
static int var;
static int var;

/* 3. This is NOT undefined */

extern int var;
extern int var;

fflush
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POSIXCstfiusho fflushe

#include <stdio.h>

int main ()
{
int i;
char input[4096];

scanf ("%i", &i);

fflush(stdin); // <-- undefined behavior

gets (input) ;

return 0;

o fflushstdine Microsoftefiushffiusho

fflush(stdin) o

int x = 5 << -3; /* undefined */
int x = 5 > -3; /* undefined */

int x = -5 << 3; /* undefined */

/* Assuming an int is 32-bits wide,
* in an int. So, this is undefined.

int x = 5 << 72;

.eg -5 >> 3 o

POSIX.1-2008¢f1usho

the value '5 * 2772' doesn't fit

11SO / IEC 9899201x 6.5.7

getenvstrerrorsetlocale
getenv () strerror()setlocale()o o
getenvC1187.22.4.7,4

getenv. getenve

strerrorC1187.23.6.3,4
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strerrorlocalespeci fi c- strerror-

setlocaleC1187.11.1.1,8
setlocale- setlocale-

localeconv () struct lconve

localeconvC1187.11.2.1,8

localeconv. localeconvs

" Noreturn "noreturn’

Cl1

_Noreturn(:ljs> <stdnoreturn.h>noreturn _Noreturn o <stdnoreturn.h>_ Noreturnnoreturne
_Noreturn noreturn noreturne o

func () noreturne

#include <stdio.h>
#include <stdlib.h>
#include <stdnoreturn.h>

noreturn void func (void);

void func (void)
{
printf ("In func()...\n");
} /* Undefined behavior as func() returns */

int main (void)
{
func () ;
return 0;

gccclang

$ gcc test.c
test.c: In function ‘func’:
test.c:9:1: warning: ‘noreturn’ function does return

}

A

$ clang test.c

test.c:9:1: warning: function declared 'noreturn' should not return [-Winvalid-noreturn]

}

A

noreturn
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#include <stdio.h>
#include <stdlib.h>
#include <stdnoreturn.h>

noreturn void my_exit (void);
/* calls exit () and doesn't return to its caller. */
void my_exit (void)
{
printf ("Exiting...\n");
exit (0);

int main(void)

my_exit ();
return 0;

https://riptutorial.com/zh-TW/c/topic/364/
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enum o

int o

o
into

char o o o

“un 10 10

“n
o

Examples

°© enume

enumintstring/ char* o

enum color{ RED, GREEN, BLUE };

void printColor (enum color chosenColor)
{
const char *color_name = "Invalid color";
switch (chosenColor)
{
case RED:
color_name = "RED";
break;

case GREEN:

color_name = "GREEN";
break;
case BLUE:

color_name = "BLUE";
break;

}

printf ("$s\n", color_name) ;

int main () {
enum color chosenColor;
printf ("Enter a number between 0 and 2");
scanf ("%$d", (int*)&chosenColor);
printColor (chosenColor) ;
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return 0;

C99

C99.

enum week{ MON, TUE, WED, THU, FRI, SAT, SUN };

static const char* const dow[] = {

[MON] = "Mon", [TUE] = "Tue", [WED] = "Wed",

[THU] = "Thu", [FRI] = "Fri", [SAT] = "Sat", [SUN] = "Sun" };
void printDayOfWeek (enum week day)
{

printf ("$s\n", dow[day]);
}
enum week{ DOW_INVALID = -1,

MON, TUE, WED, THU, FRI, SAT, SUN,

DOW_MAX };
static const char* const dow[] = {

[MON] = "Mon", [TUE] = "Tue", [WED] = "Wed",

[THU] = "Thu", [FRI] = "Fri", [SAT] = "Sat", [SUN] = "Sun" };

void printDayOfWeek (enum week day)

{
assert (day > DOW_INVALID && day < DOW_MAX);
printf ("$s\n", dow[day]);

Typedef

°© enum o

enum color
{
RED,
GREEN,
BLUE
bi

enum color chosenColor = RED;

enumtypedef enum

typedef enum
{
RED,
GREEN,
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BLUE
} color;

color chosenColor = RED;

enum color o enume C ++

enum color /* as in the first example */
{

RED,

GREEN,

BLUE
}i

typedef enum color color; /* also a typedef of same identifier */

color chosenColor = RED;
enum color defaultColor = BLUE;

void printColor ()
{
if (chosenColor == RED)
{
printf ("RED\n") ;
}
else 1if (chosenColor == GREEN)
{
printf ("GREEN\n") ;
}
else 1if (chosenColor == BLUE)

{
printf ("BLUE\n") ;

typedef | ypedef

#include <stdlib.h> /* for EXIT_SUCCESS */
#include <stdio.h> /* for printf() */

enum Dupes
{
Base, /* Takes 0 */
One, /* Takes Base + 1 */
Two, /* Takes One + 1 */
Negative = -1,
AnotherZero /* Takes Negative + 1 == 0, sigh */
}i
int main (void)
{
printf ("Base = %d\n", Base);

printf ("One = %d\n", One);

(

(
printf ("Two = %d\n", Two);
printf ("Negative = %d\n", Negative);
(

printf ("AnotherZero = %d\n", AnotherZero);

return EXIT_SUCCESS;
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Base = 0

One = 1
Two = 2
Negative = -1

AnotherZero = 0

typename

enum { buffersize = 256, };

static unsigned char buffer [buffersize] = { 0 };
into

https://riptutorial.com/zh-TW/c/topic/5460/
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38: /
Examples

pe void -pointersvoid -pointer‘casted *’void* o

#include <stdlib.h> /* for EXIT_SUCCESS */
#include <stdio.h> /* for printf() */

int main(void)
{

int i;

int * p = &i;

printf ("The address of 1 is %$p.\n", (void*) p);

return EXIT_SUCCESS;

C99

<inttypes.h>uintptr_ t

C99uintptr_t<inttypes .h>

#include <inttypes.h> /* for uintptr_t and PRIXPTR */
#include <stdio.h> /* for printf () */

int main(void)
{

int i;

int *p = &i;

printf ("The address of i is 0x%" PRIXPTR ".\n", (uintptr_t)p);

return 0;

uintptr_te o uintptr_t - o

uintptr_tintptr_to o

KR C89

KR'CC89void* <stdlib.h> int main(void) long unsigned intlx/o

o Undefined Behavior -

#include <stdio.h> /* optional in pre-standard C - for printf () */

int main ()

{
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int i;

int *p = &i;
printf ("The address of i is 0x%1x.\n", (long unsigned) p);

return 0;

*10 do

C99 <stddef.h>ptrdiff_t o ptrdiff_tt lengthe
C99

#include <stdlib.h> /* for EXIT_SUCCESS */
#include <stdio.h> /* for printf() */
#include <stddef.h> /* for ptrdiff_t */

int main(void)

{
int af2];
int * pl = &a[0], * p2 = &alll;
ptrdiff_t pd = p2 - pl;

printf ("pl = %p\n", (void*) pl);
printf ("p2 = %p\n", (void*) p2);
printf ("p2 - pl = %td\n", pd);

return EXIT_SUCCESS;

pl = 0x7££f£f6679£430
p2 = 0x7£fff6679£434
p2 - pl =1

int o int4o

*1

o

i a INT

u unsigned int
o unsigned int
x unsigned int
X unsigned int

f 6naninfinfinity
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F 6floatvanINFINFINITY
e Gk

E 6/,

g fe []

G FE []

a

A

C

s 2 NUL

P * void -pointer;void -pointervoid+ ;
% N/A %

n int * int o

sn ISO / IEC 9899201187.21.6.1]7 shhnnsigned char o
floatdouble - 6.5.2.297 © o printf()printf()doublefloato
gG ef EF Cprintf () POSIX

doublefecre o« p61. Ex

e P>X>=-4frp - (x+1) o

® eEP - 1o

printf
<stdio.h>printf () Co

printf ("Hello world!");
// Hello world!

printf ("%d is the answer to life, the universe, and everything.", 42);
// 42 is the answer to life, the universe, and everything.

int x = 3;
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char y = '2"';

char* z = "Example";

printf ("Int:

// Int: 3, Char:

o°
o

printf()o o o

inte

C99C11printf ();

HH

H

[

N¢

Microsofthn 5§ zt o

diouxX.

diouxX.

diouxX.

aAeEfFgG.

diouxX.

diouxX.

diouxX.

diouxX.

aAeEfFgG.

%d, Char: %c, String: %s", x, vy, z);
Z, String: Example

char signed charunsigned char

short intunsigned short int

long intunsigned long int

double scanf () ,C90

long long intunsigned long long int
intmax_tuintmax_t
size_tPOS|Xssize_t

ptrdiff_t

long double

132

132

164

164

IL.

dioxX.
ouxX.
dioxX.
OUXX.
dioxX.
ouxX.

aAeEfgG.

__int32

unsigned __int32

__into64

unsigned __int64

ptrdiff t 32 int32_ inté4

size_t 32unsigned __int32unsigned __int64

long double Visual C ++1ong doubledoubleo
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Iw cC. printfwprintfe 1lc 1C wcwCprintfCwprintfce

Iw SSZ. printfwprintfoe 1s 1S wswSprintfSwprintfso

c sz1 132 164wMicrosofte 11ong double doublelong doubledouble o

CClnggprintf ()
-l |

o o

+ + o

<space> <space>o <space> + <space>o

# o 000s xX0x 0Xo a A e E £ F gGo o gGo o

0 diouxXaAeEfFgGNaN- '0" - "0'- diouxX“0"> 'O'<apostrophe>o o
Microsoft.
printf () POSIX
I

* dufFgG . - o

/ https://riptutorial.com/zh-TW/c/topic/3750/-
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* #include <math.h>

° Xy'
« float powffloat xfloat y;
« long double powlxy;

1. -1mgcce
2.errnofeclearexcept(FE_ALL_EXCEPT);O errnofetestexcept (FE_INVALID | FE_DIVBYZERO |

FE_OVERFLOW | FE_UNDERFLOW) ;o n1aﬂ1_err0r0

Examples

fmod
x/yo Xo

#include <math.h> /* for fmod() */
#include <stdio.h> /* for printf () */

int main(void)
{
double x
double vy

10.0;
5.1;

double modulus = fmod(x, V);

printf ("$1£f\n", modulus); /* f is the same as 1f. */

return 0;

4.90000

#include <math.h>
#include <stdio.h>

int main(void)

{
printf ("$f\n", fmod(1l, 0.1));
printf ("$19.17f\n", fmod(l, 0.1));
return 0;

0.1
0.09999999999999995
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fmodffmodl
C99

x/yo Xo

#include <math.h> /* for fmodf () */
#include <stdio.h> /* for printf () */

int main (void)
{
float x
float y = 5.1;

float modulus

printf ("$f\n",

4.90000

10.0;

modulus) ;

fmodf (x, vy);

#include <math.h> /* for fmodl () */
#include <stdio.h> /* for printf () */

int main (void)

{
long double x
long double y

10.0;
5.1;

long double modulus = fmodl (x, V);

printf ("$Lf\n"

4.90000

- powpowfpowl

I4

modulus) ;

powl+43+372+3"3+3"4+..+3"No

#include <stdio.h>
#include <math.h>
#include <errno.h>
#include <fenv.h>

int main ()

{
double pwr
int i, n;

printf ("\nl+4 (3+372+373+3%4+...4+3”N)=?\nEnter N:");

4

sum=0;

scanf ("%d", &n) ;

if (n<=0)

{

printf ("Invalid power N=%d", n);

/* Lf is for long double.

/* 1f would do as well as modulus gets promoted to double.

*/

https://riptutorial.com/zh-TW/home

207



return -1;

for (i=0; i<n+1l; i++) {
errno = 0;

feclearexcept (FE_ALL_EXCEPT) ;

pwr = powl (3,1);

if (fetestexcept (FE_INVALID

FE_UNDERFLOW) ) {

| FE_DIVBYZERO

perror ("Math Error");

}
sum += i ? pwr : O;
printf ("N= %d\tS= %g\n",

return 0;

1+4(3+342+343+344+. . . £3°N)=2

Enter N:10

N= 0 S= 1

N= 1 S= 13

N= 2 S= 49

N= 3 S= 157

N= 4 S= 481

N= 5 S= 1453
N= 6 S= 4369
N= 7 S= 13117
N= 8 S= 39361
N= 9 S= 118093
N= 1 = 354289

https://riptutorial.com/zh-TW/c/topic/3170/

i,

1+4*sum) ;

FE_OVERFLOW
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40:

Examples

#include <stdio.h>

vold test (int bar)

{

//

int foo = 5; //

{
int bar = 10; //
test:bar declaration, and it hides test
printf ("$d %d\n", foo, bar); //
} //
printf ("$d %d\n", foo, bar); //
} //

int main(void)

bar has scope test function block

foo has scope test function block

bar has scope inner block,

:bar

5 10
end of scope for inner bar

5 5, here bar is test:bar

this overlaps with previous

end of scope for test:foo and test:bar

int foo = 3; // foo has scope main function block
printf ("$d\n", foo); // 3
test (5);
printf ("$d\n", foo); // 3
return 0;
} // end of scope for main:foo
#include <stdio.h>
/* The parameter name, apple, has function prototype scope. These

are not significant outside the prototype itself.

*/

below.

int test_function (int apple);

int main (void)
{

int orange = 5;
orange =
printf ("$d\r\n",

test_function (orange) ;

orange) ;

return O;

int test_function (int fruit)

fruit += 1;

return fruit;

//orange

6

names

This is demonstrated
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int function (struct whatever *argqg);

struct whatever
{

int a;

//
bi

int function (struct whatever *arqg)

{

return arg->a;

GCC 6.3.0dc11.c

$ gcc -03 —-g —-std=cll -Wall -Wextra -Werror -c dcll.c
dcll.c:1:25: error: ‘struct whatever’ declared inside parameter list will not be visible
outside of this definition or declaration [-Werror]

int function (struct whatever *arg);

dcll.c:9:9: error: conflicting types for ‘function’
int function (struct whatever *arg)

dcll.c:1:9: note: previous declaration of ‘function’ was here
int function (struct whatever *arg);

ccl: all warnings being treated as errors

struct whatever;o o

#include <stdio.h>

/* The identifier, foo, is declared outside all blocks.
It can be used anywhere after the declaration until the end of
the translation unit. */

static int foo;

void test_function (void)

{

foo += 2;

int main(void)
{

foo = 1;

test_function();
printf ("$d\r\n", foo); //foo = 3;

return 0;

o o goto label o

#include <stdio.h>
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int main (int argc,char *argvl[])

int a = 0;
goto INSIDE;
OUTSIDE:
if (a'!=0) {
int i=0;
INSIDE:

printf ("a=%d\n", a) ;

goto OUTSIDE;

INSIDEifie goto INSIDE;c o

#include <stdlib.h>
#include <stdio.h>

void a_function (void) {

double* a = malloc (sizeof (double[34]));

if (la) {

fprintf (stderr, "can't allocate\n");

return;

}

FILE* b = fopen("some_file","x");

if (!b) {

fprintf (stderr, "can't open\n");

goto CLEANUPI1;
}

/* do something reasonable */

if (error) {

fprintf (stderr, "something's wrong\n") ;

goto CLEANUP2;
}

/* do yet something else */

CLEANUP2:
close (b);

CLEANUP1:
free(a);

CLEANUP1CLEANUP2¢ gotoo o

https://riptutorial.com/zh-TW/c/topic/1804/

{

/* No point in freeing

/* Free a;

/* Free a and close b to prevent leaks */

a if it is null */

no point in closing b */
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C- UnityC. C ++C;C ++-
TDD -

C

PwN P

CC ++C ++C -
Examples

CppUTest

CppUTestCC ++xUnit- style. C ++- Google Test. Visual StudioEclipse CDT-

#include <CppUTest/CommandLineTestRunner.h>
#include <CppUTest/TestHarness.h>

TEST_GROUP (Foo_Group) {}
TEST (Foo_Group, Foo_TestOne) {}

/* Test runner may be provided options, such
as to enable colored output, to run only a
specific test or a group of tests, etc. This
will return the number of failed tests. */

int main (int argc, char ** argv)
{
RUN_ALL_TESTS (argc, argv);

setup () teardown () o setupteardown()o o o

TEST_GROUP (Foo_Group)

{
size_t data_bytes = 128;
void * data;

void setup()
{
data = malloc (data_bytes);
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void teardown ()
{
free (data) ;

void clear ()

{
memset (data, 0, data_bytes);

Unity
UnityCxUnite Co o

void test_FunctionUnderTest_should_ReturnFive (void)
{
TEST_ASSERT_EQUAL_INT( 5, FunctionUnderTest () );

#include "unity.h"
#include "UnitUnderTest.h" /* The unit to be tested. */

void setUp (void) {} /* Is run before every test, put unit init calls here. */
void tearDown (void) {} /* Is run after every test, put unit clean-up calls here. */

void test_TheFirst (void)
{
TEST_IGNORE_MESSAGE ("Hello world!"); /* Ignore this test but print a message. */

int main (void)

{
UNITY_BEGIN() ;
RUN_TEST (test_TheFirst); /* Run the test. */
return UNITY_END() ;

UnitymakefileRuby rake.
CMocka
CMockaC. C. API -

#include <stdarg.h>
#include <stddef.h>
#include <setjmp.h>
#include <cmocka.h>

void null_test_success (void ** state) {}
void null_test_fail (void ** state)

{

assert_true (0);
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/* These functions will be used to initialize
and clean resources up after each test run */
int setup (void ** state)

return 0;

int teardown (void ** state)

return 0;

int main (void)
{
const struct CMUnitTest tests [] =

{
cmocka_unit_test (null_test_success),
cmocka_unit_test (null_test_fail),

bi

/* If setup and teardown functions are not
needed, then NULL may be passed instead */

int count_fail tests =
cmocka_run_group_tests (tests, setup, teardown);

return count_fail_tests;

https://riptutorial.com/zh-TW/c/topic/6779/
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Etypedef

typedefo o typedefo

C:typedefmﬁstaticexterno

 typedef existing_name alias_name,;

Typedef
typedefCo
Typedef
typedef ‘o

#ifndef FOO_H
#define FOO_H 1

#define FOO_DEF (0xDEADBABE)
struct bar; /* forward declaration, defined in bar.h*/

struct foo {
struct bar *bar;

}i

#endif
typedefs foo.hFOO_DEFo foobarbar.ho
Typedef vs #define

#define(:typedef
® typedef#defineo
® typedef#defineo

® j#define cptr char *cptr a, b;typedef char *cptr;cptr a, b; o # #define bchartypedefo

Examples

Typedef

struct

typedef struct Person {
char name[32];
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int age;
} Person;

Person person;

structe

Person struct Person o

typedef struct Person {
char name[32];
int age;
struct Person *next;
} Person;

typedef struct Person Person;

struct Person {
char name[32];
int age;
Person *next;

}i
uniontypedefo

typedef union Float Float;

union Float
{

float £;

char blsizeof(float)];
}i

floato

Typedef

long long int foo;
struct mystructure object;

/* write once */
typedef long long 11;
typedef struct mystructure mystruct;

/* use whenever needed */

11 foo;
mystruct object;

o int24e 4o

int
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2 long4o int4—long80

/* program expecting a 4 byte integer */
int foo; /* need to hold 4 bytes to work */
/* some code involving many more ints */

intlong o

/* program now needs long */
long foo; /*need to hold 4 bytes to work */
/* some code involving many more longs — lot to be changed */

typedef

/* program expecting a 4 byte integer */

typedef int myint; /* need to declare once - only one line to modify if needed */
myint foo; /* need to hold 4 bytes to work */

/* some code involving many more myints */

typedefo

C99

<stdint.h><inttypes.h>typedef o uint8_t8;int64_t64o uintptr_te =-o uint_leastl6_t 16

int_fast32_t 32 intmax_tuintmax_to o

typedefo typedefo
Typedef

typedefo

#include<stdio.h>
void print_to_n (int n)
{

for (int i = 1; i <= n; ++1i)
printf ("$d\n", 1i);

void print_n (int n)
{
printf ("$d\n, n);

typedefprinter

typedef void (*printer_t) (int);

printer_tinte
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printer_t p = &print_to_n;

void (*p) (int) = &print_to_n; // This would be required without the type
p(5); // Prints 1 2 3 4 5 on separate lines
(*p) (5); // So does this

typedefo o

void foo (void (*printer) (int), int y) {
//code
printer (y);
//code

typedef

void foo (printer_t printer, int y){
//code
printer (y);
//code
typedefo
<signal.h>signalo C
void (*signal (int sig, void (*func) (int))) (int);
- intint - o

SigCatcher

typedef void (*SigCatcher) (int);
signal ()
SigCatcher signal (int sig, SigCatcher func);

Co signal intSigCatcher SigCatcher - SigCatcherinte

typedefo o

typedef https://riptutorial.com/zh-TW/c/topic/2681/typedef
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43:

CISO-IEC 9899-2011. 6-
ISO-IEC 9899-2011
c.

oCo

Examples
(:1

void foo (int bar)
{
int var;
double var;

C99

6.7.2.3-

struct foo

{
bool bar;
bi

void baz (void)
{
struct foo testStruct;
—-testStruct; /* This breaks the constraint so must produce a diagnostic */

https://riptutorial.com/zh-TW/c/topic/7397/
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o ,0 o structe

Examples

intstruct

struct point
{
int x;
int y;
}i

xypoint o

struct point p; // declare p as a point struct
p.x = 5; // assign p member variables
p.y = 3;

struct point p = {5, 3};

printf ("point is (x = %d, y = $d)", p.xX, p.V);

Typedef Structs

typedefstructe

typedef struct
{

int x, y;
} Point;

struct Point
{

int x, y;
bi

Point point;
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struct Point point;

typedef struct Point Point;
struct Point
{

int x, vy;

}i

pointe C ++structe

typedefo structo POSIXstat

int stat (const char *pathname, struct stat *buf);

statstruct stat o
typedefstructe structe

#include "bar.h"

struct foo
{

bar *aBar;
}i

typedef d struct bar.hbare

typedef struct bar bar;

bar.h baro

Typedef

struct . o structe -—->o ‘mstructo

#include <stdlib.h>
#include <stdio.h>

/* structs */

struct stack

{
struct node *top;
int size;

}i

struct node
{

int data;

struct node *next;
}i

https://riptutorial.com/zh-TW/home

221


http://www.riptutorial.com/c/topic/2681/typedef

/* function declarations */
int push(int, struct stack*);
int pop(struct stack*);

void destroy (struct stack¥*);

int main(void)
{

int result = EXIT_SUCCESS;

size_t 1i;

/* allocate memory for a struct stack and record its pointer */
struct stack *stack = malloc(sizeof *stack);

if (NULL == stack)

{
perror ("malloc () failed");
return EXIT_FAILURE;

/* initialize stack */
stack->top = NULL;
stack->size = 0;

/* push 10 ints */
{
int data = 0;
for(i = 0; 1 < 10; i++)
{
printf ("Pushing: %d\n", data);

if (-1 == push(data, stack))
{
perror ("push () failed");
result = EXIT_FAILURE;
break;
}
++data;
}
}
if (EXIT_SUCCESS == result)

{
/* pop 5 ints */
for(i = 0; 1 < 5; i++)
{

printf ("Popped: %$i\n", pop (stack));

/* destroy stack */
destroy (stack) ;

return result;

/* Push a value onto the stack. */

/* Returns 0 on success and -1 on failure.
int push(int data, struct stack *stack)

{

int result = 0;
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/* allocate memory for new node */

struct node *new_node = malloc(sizeof *new_node);
if (NULL == new_node)
{
result = -1;
}
else

{
new_node—->data = data;
new_node->next = stack->top;
stack->top = new_node;
stack->size++;

return result;

/* Pop a value off of the stack. */
/* Returns the value popped off the stack */
int pop(struct stack *stack)
{
struct node *top = stack->top;
int data = top->data;
stack->top = top—>next;
stack->size-—;
free(top);
return data;

/* destroy the stack */
void destroy (struct stack *stack)
{
/* free all pointers *x/
while (stack->top != NULL)
{
pop (stack) ;

C99

struct exl
{
size_t foo;
int flex[];
}i

struct ex2_header
{

int foo;

char bar;
}i

struct ex2

{
struct ex2_header hdr;
int flex[];
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}i

/* Merged ex2_header and ex2 structures. */
struct ex3
{
int foo;
char bar;
int flex|[];
bi

/* Prints "8,8" on my machine, so there is no padding. */
printf ("$zu, $zu\n", sizeof(size_t), sizeof (struct exl));

/* Also prints "8,8" on my machine, so there is no padding in the ex2 structure itself.

printf ("$zu, $zu\n", sizeof (struct ex2_header), sizeof (struct ex2));

/* Prints "5,8" on my machine, so there are 3 bytes of padding. */
printf ("$zu, $zu\n", sizeof (int) + sizeof (char), sizeof (struct ex3));

sizeofo

/* invalid: cannot initialize flexible array member */

struct exl el = {1, {2, 3}};

/* invalid: hdr={foo=1, bar=2} OK, but cannot initialize flexible array member */
struct ex2 e2 = {{1, 2}, {3}};

/* valid: initialize foo=1, bar=2 members */

struct ex3 e3 = {1, 2};

el.flex[0] 3; /* undefined behavior, in my case */
e3.flex[0] 2; /* undefined behavior again */
e2.flex[0] = e3.flex[0]; /* undefined behavior */

malloc callocrealloc

/* valid: allocate an object of structure type ‘exl' along with an array of 2 ints */
struct exl *pel = malloc(sizeof (*pel) + 2 * sizeof (pel->flex[0]));

/* valid: allocate an object of structure type ex2 along with an array of 4 ints */
struct ex2 *pe2 = malloc(sizeof (struct ex2) + sizeof (int[4]));

/* valid: allocate 5 structure type ex3 objects along with an array of 3 ints per object */

struct ex3 *pe3 = malloc(5 * (sizeof (*pe3) + sizeof (int[3])));

pel->flex[0] = 3; /* valid */
pe3[0]->flex[0] = pel->flex[0]; /* valid */

C99

C99. 1“struct hack”

*/
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struct exl

{
size_t foo;
int flex[1];
}i

/* Prints "8,4,16" on my machine, signifying that there are 4 bytes of padding. */
printf ("%d, $d, $d\n", (int)sizeof (size_t), (int)sizeof(int[1]), (int)sizeof (struct exl));

flexmallocsizeof (*pel) sizeof (struct exl) offsetof (struct exl, flex)sizeof (*pel)-sizeof (pel-

>flex) o “"10..

FLEXMEMB_SIZE

#if _ STDC_VERSION_ _ < 199901L
#define FLEXMEMB_SIZE 1

#felse

#define FLEXMEMB_SIZE /* nothing */
#endif

struct exl
{

size_t foo;

int flex [FLEXMEMB_SIZE];
}i

offsetof (struct exl, flex)

struct exl *pel0 = malloc (offsetof (struct exl, flex) + n * sizeof (pel0->flex[0]));

1

struct exl *exl_alloc(size_t n)
{

struct exl tmp;
#if _ STDC_VERSION___ < 199901L

if (n !'= 0)

n--;

#endif

return malloc(sizeof (tmp) + n * sizeof (tmp.flex[0]));

/* allocate an exl object with "flex" array of length 3 */
struct exl *pel = exl_alloc(3);

Co o o

struct coordinates
{

int x;

int y;

int z;

}i
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// Passing and returning a small struct by value, very fast
struct coordinates move (struct coordinates position, struct coordinates movement)
{

position.x += movement.x;

position.y += movement.y;

position.z += movement.z;

return position;

// A very big struct
struct lotsOfData
{

int paraml;

char param2[80000];
bi

// Passing and returning a large struct by value, very slow!
// Given the large size of the struct this could even cause stack overflow
struct lotsOfData doubleParaml (struct lotsOfData wvalue)
{
value.paraml *= 2;

return value;

// Passing the large struct by pointer instead, fairly fast
void doubleParamlByPtr (struct lotsOfData *value)
{

value->paraml *= 2;

o struct.

/* coordinates.h */

typedef struct coordinate_s

{
/* Pointers to method functions */
void (*setx) (coordinate *this, int x);
void (*sety) (coordinate *this, int vy);
void (*print) (coordinate *this);
/* Data */
int x;
int y;

} coordinate;

/* Constructor */
coordinate *coordinate_create (void) ;
/* Destructor */

void coordinate_destroy (coordinate *this);

C

/* coordinates.c */

#include "coordinates.h"
#include <stdio.h>
#include <stdlib.h>
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/* Constructor */
coordinate *coordinate_create (void)

{

coordinate *c = malloc(sizeof (*c));

if (¢ !'= 0)

{
c->setx = &coordinate_setx;
c->sety = &coordinate_sety;
c—>print = &coordinate_print;
c—>x = 0;
c—>y = 0;

}

return c;

/* Destructor */
void coordinate_destroy (coordinate *this)
{

if (this != NULL)

{

free(this);

/* Methods */

static void coordinate_setx (coordinate *this, int x)
{
if (this != NULL)
{
this->x = x;
}
}
static void coordinate_sety (coordinate *this, int vy)
{
if (this != NULL)
this->y = y;
}
}
static void coordinate_print (coordinate *this)
{
if (this != NULL)
printf ("Coordinate: (%i, %i)\n", this->x, this->y);
}
else

{
printf ("NULL pointer exception!\n");

/* main.c */

#include "coordinates.h"
#include <stddef.h>

int main(void)
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/* Create and initialize pointers to coordinate objects */
coordinate *cl = coordinate_create();
coordinate *c2 = coordinate_create();

/* Now we can use our objects using our methods and passing the object as parameter */
cl->setx(cl, 1);
cl->sety(cl, 2);

c2->setx (c2, 3);
cz2->sety(c2, 4);

cl->print(cl);
c2->print (c2);

/* After using our objects we destroy them using our "destructor" function */
coordinate_destroy(cl);

cl = NULL;
coordinate_destroy (c2);
c2 = NULL;

return 0;
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45:

C*'DEC AlphaRISCARM CPU-

CPU- -

“C”O

Examples

Co o GCC_attribute_((_packed_)) o 64

struct foo {
char *p; /* 8 bytes */
char c; /* 1 byte */
long x; /* 8 bytes */
}i

8-byte

struct foo {
char *p; /* 8 bytes */
char c; /* 1 byte */

char pad[7]; /* 7 bytes added by compiler */

long x; /* 8 bytes */
i

sizeof (struct foo)2417 o 648/char c;char c;8o

packed

struct __attribute_ ((__packed_))
char *p; /* 8 bytes */
char c; /* 1 byte */
long x; /* 8 bytes */

}i

sizeof (struct foo)l7 o

ARM Cortex-M0O;CPU.-
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325truct

struct test_32 {

int aj; // 4 byte

short b; // 2 byte

int c; // 4 byte
} str_32;

structhsizeof(str_32)120
- NN21,2,4,8,16 - N N-
sizeof (int) == 4sizeof (short) ==

* int a;0; 4

* short b;4; 20
* 6; 2.

* int ¢;8; 4

struct test_32120 o

4struct test_32¢ malloc() calloc()realloc()eo
-MacMacOSMac OS Xi73264Intel x86_64doub1e4;648doubleo
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® #ifndef _ STDC_NO_THREADS_

® 4 include <threads.h>

® d#endif

® void call_once(once_flag *flag, void (*func) (void));
® int cnd_broadcast (cnd_t *cond);

® void cnd_destroy(cnd_t *cond);

® int cnd_init (cnd_t *cond);

® int cnd_signal (cnd_t *cond);

® int cnd_timedwait (cnd_t *restrict cond, mtx_t *restrict mtx, const struct timespec
*restrict ts);
® int cnd_wait (cnd_t *cond, mtx_t *mtx);

® void mtx_destroy (mtx_t *mtx);

® int mtx_init (mtx_t *mtx, int type);

® int mtx_lock(mtx_t *mtx);

® int mtx_timedlock (mtx_t *restrict mtx, const struct timespec *restrict ts);
® int mtx_trylock (mtx_t *mtx);

® int mtx_unlock (mtx_t *mtx);

® int thrd_create(thrd_t *thr, thrd_start_t func, void *arg);

® thrd_t thrd_current (void);

® int thrd_detach(thrd_t thr);

® int thrd_equal (thrd_t thr0, thrd_t thrl);

® Noreturn void thrd_exit (int res);

® int thrd_join(thrd_t thr, int *res);

® int thrd_sleep(const struct timespec *duration, struct timespec* remaining);
® void thrd_yield(void);

® int tss_create(tss_t *key, tss_dtor_t dtor);

® void tss_delete(tss_t key);

® void *tss_get (tss_t key);

® int tss_set(tss_t key, void *val);

C11. _ stpc_ nNo THREAD. o 20167C11C-

C1li1C

* MUSL

C1li1C

e gnu libc
Examples

#include <stdio.h>
#include <threads.h>
#include <stdlib.h>

struct my_thread_data {
double factor;
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}i

int my_thread_func(void* a) {
struct my_thread_data* d = a;
// do something with d
printf ("we found %g\n", d->factor);
// return an success or error code
return d->factor > 1.0;

int main (int argc, char* argv[argc+l]) {
unsigned n = 4;
if (argc > 1) n = strtoull (argv[1l], 0, 0);
// reserve space for the arguments for the threads

struct my_thread_data D[n]; // can't be initialized
for (unsigned i = 0; i < n; ++1i) {
D[i] = (struct my_thread_data){ .factor = 0.5*i, };

}

// reserve space for the ID's of the threads
thrd_t id[4];
// launch the threads
for (unsigned i = 0; i < n; ++1i) {
thrd_create (&id[i], my_thread_ func, &D[i]);
}
// Wait that all threads have finished, but throw away their
// return values
for (unsigned i = 0; i1 < n; ++1i) {
thrd_join (idf[i], 0);
}
return EXIT_SUCCESS;

once_flagcall_once

#include <threads.h>
#include <stdlib.h>

// the user data for this example
double const* Big = 0;

// the flag to protect big, must be global and/or static
static once_flag onceBig = ONCE_INIT;

void destroyBig (void) {
free ((void*)Big) ;

void initBig(void) {
// assign to temporary with no const qualification
double* b = malloc (largeNum) ;
if (!b) {
perror ("allocation failed for Big");
exit (EXIT_FAILURE) ;
}
// now initialize and store Big
initializeBigWithSophisticatedValues (largeNum, b);
Big = b;
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// ensure that the space is freed on exit or quick_exit

atexit (destroyBig) ;
at_quick_exit (destroyBigqg);

// the user thread function that relies on Big

int myThreadFunc (void* a) {
call_once (&onceBig, initBig);
// only use Big from here on

return 0;

once_flagBige call_once
® initBig
® call_onceinitBige

mtx_initcnd_initmtx_tcnd_t o
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Examples

C

foo.h
#ifndef FOO_DOT_H /* This is an "include guard" */
#define FOO_DOT_H /* prevents the file from being included twice. */
/* Including a header file twice causes all kinds */
/* of interesting problems.*/
/**

* This is a function declaration.
* It tells the compiler that the function exists somewhere.
*/

void foo(int id, char *name);

#endif /* FOO_DOT_H */

foo.c

#include "foo.h" /* Always include the header file that declares something
* in the C file that defines it. This makes sure that the
* declaration and definition are always in-sync. Put this

* header first in foo.c to ensure the header is self-contained.

¥/
#include <stdio.h>

/**
* This is the function definition.
* It is the actual body of the function which was declared elsewhere.
)

void foo(int id, char *name)

{

fprintf (stderr, "foo(%d, \"%$s\");\n", id, name);

/* This will print how foo was called to stderr - standard error.
* e.g., foo(42, "Hi!") will print "~ foo (42, "Hi!")"
*/
}
main.c

#include "foo.h"

int main (void)

{
foo (42, "bar");
return 0;
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foo.cmain.c o gcco

$ gcc -Wall -c foo.c
S gcc -Wall -c main.c

$ gcc -o testprogram foo.o main.o

global.h

#ifndef GLOBAL_DOT_H /* This is an "include guard" */

#define GLOBAL_DOT_H

/**

* This tells the compiler that g_myglobal exists somewhere.
* Without "extern", this would create a new variable named
* g_myglobal in _every file_ that included it.

*/

extern int g_myglobal; /* _Declare_ g_myglobal,
* some module.

#endif /* GLOBAL_DOT_H */

global.c

#include "global.h" /* Always include the header file that declares something
* in the C file that defines it.
* declaration and definition are always in-sync.

*/

Don't miss this!

that is promise it will be _defined_ by

This makes sure that the

int g_myglobal; /* _Define_ my_global. As living in global scope it gets initialised to O

* on program start-up.

main.c

#include "global.h"

int main (void)

{
g_myglobal = 42;
return 0;

extern

resources.h

#ifndef RESOURCES_H
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#define RESOURCES_H

typedef enum { /* Define a type describing the possible valid resource IDs. */
RESOURCE_UNDEFINED = -1, /* To be used to initialise any EnumResourceID typed variable to be

marked as "not in use", "not in 1list", "undefined", wtf.
Will say un-initialised on application level, not on language

level. Initialised uninitialised, so to say ;-)
Its like NULL for pointers ;-)*/

RESOURCE_UNKNOWN = 0, /* To be used if the application uses some resource ID,

for which we do not have a table entry defined, a fall back in
case we _need_ to display something, but do not find anything
appropriate. */

/* The following identify the resources we have defined: */
RESOURCE_OK,

RESOURCE_CANCEL,

RESOURCE_ABORT,

/* Insert more here. */

RESOURCE_MAX /* The maximum number of resources defined. */
} EnumResourcelD;

extern const char * const resources[RESOURCE_MAX]; /* Declare, promise to anybody who includes

this, that at linkage-time this symbol will be around.
The 1lst const guarantees the strings will not change,
the 2nd const guarantees the string-table entries
will never suddenly point somewhere else as set during
initialisation. */

#endif

.c.h

resources.c

#include "resources.h" /* To make sure clashes between declaration and definition are
recognised by the compiler include the declaring header into
the implementing, defining translation unit (.c file).

/* Define the resources. Keep the promise made in resources.h. */
const char * const resources[RESOURCE_MAX] = {

"<unknown>",

"OK",

"Cancel",

"Abort"
}i

main.c

#include <stdlib.h> /* for EXIT_SUCCESS */
#include <stdio.h>

#include "resources.h"

int main(void)
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EnumResourceID resource_id

= RESOURCE_UNDEFINED;

while ((++resource_id) < RESOURCE_MAX)

{

printf ("resource ID: %d,

return EXIT_SUCCESS;

GCCmain

gcc -Wall -Wextra -pedantic -Wconversion -g

resource: '%s'\n", resource_id,

-Wall -Wextra -pedantic ~WconversionSO

$ ./main

resource ID: 0, resource: '<unknown>'
resource ID: 1, resource: 'OK'
resource ID: 2, resource: 'Cancel'
resource ID: 3, resource: 'Abort'

~

int a; /* declaring single identifier of type int */

ainto

int al, bl; /* declaring 2 identifiers of type int */

2alblinto

/¥ L =) dmie /% 2 ®) (Fm) [* 3 ¥/

1

2 zo

3

4 xo
(*c) o

6 -

resources [resource_id]) ;

main.c resources.c -0 main

/* 4 */ *X , /* 5 */ **C /* 6 */ ;
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int 1 = 90; /* the same as: */

int 1; 1 = 90; /* if it the declaration of 1 was in block scope */

int ¢ = 2, blcl; /* ok, equivalent to: *x/
int ¢ = 2; int blcl;
void £ ()

{

int b2; /* you should be able to write later in your code b2
which will directly refer to the integer object
that b2 identifies */

b2 = 2; /* assign a value to b2 */

printf ("$d", b2); /*ok - should print 2*/

int *b3; /* you should be able to write later in your code *b3 */

b3 = &b2; /* assign valid pointer value to b3 */

printf ("$d", *b3); /* ok - should print 2 */

int **b4; /* you should be able to write later in your code **b4d */

b4 = &b3;

printf ("$d", **b4); /* ok - should print 2 */

void (*p) (); /* you should be able to write later in your code (*p) () */

p = &f; /* assign a valid pointer value */
(*p) (); /* ok — calls function f by retrieving the
pointer value inside p - P
and dereferencing it - Be)
resulting in a function
which is then called - (*p) () -
it is not *p() because else first the () operator is

applied to p and then the resulting void object is
dereferenced which is not what we want here */

b3b3o

* b3 o o o
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int a3(); /* you should be able to call a3 */

a3 o a3c o

void f1 ()
{

int £2(); /* 1 refers to some function f2 */

int f2(); /* refers to the exact same function f2 as

22 226

int (*a3) (); /* you should be able to apply indirection to °

int a4[5]; /* here a4 shouldn't be accessed using the index 5 later on */

5.
a4 [0], a4[l]; ad[4];
a4(51UB-

int (*a5) [5](); /* here a4 could be applied indirection
indexed up to (but not including) 5
and called */

ab o
typedef
Typedeftypedero
typedef int (*(*t0) ())I[5];

typedef - int typeder (*(*t0) ())(5];

typedef-

t0 pf;

and then call it */
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int (*(*pf) ()) [5];

typedef”s o typedef

t0 (*pfl);

int (*(**pfl) ()) [5];

13 - ”Co o
& as "pointer to" - always on the left side
[l as "array of" - always on the right side
() as "function returning" - always on the right side
1
[ ”»
o o o o
2
[{3}) [134)
o () [1 ) o (()e ©
3
“int”o o ( °
23
int *pl];
int *pl];
[{34)
o
int *p[];
1] ”
Y
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int *p[];

A

“0”

int *p[];

“pint”o
upintu

int *(*func()) ();

int *(*func()) ();

AAAA

“func is”

int * (*func()) ();

AN

ufu nCH

int *(*func()) ();

A

ufu nCu

int *(*func()) ();

AN

ufu nCH

int * (*func()) ();

A

ufu nC”
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int *(*func()) ();

AANA

“funcint”-
o [3]

int

**fun_onechar doubleint209.

S, 3" (char *,int)*“ChafinL_"o

(* (*fun_one) (char *,double)) [9][20];

int (*(*fun_one) ()) [1[];
Co
int *((*fun_one) ()) [1[];

“fun_oneint” - -

10
(ON0)
O[]

— cannot have an array of functions

— cannot have a function that returns a function

— cannot have a function that returns an array

() [1%e

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

ig

*Pi

all;

£0;

**pp;
(*pa) [1;
(*pf) ()
*apl[l;
aallll;
*tp ()
***ppp;
(**ppa) [1;
(**ppf) ()7
*(*pap) [1;
(*paa) [1[1;
*(*pfp) O

an int

an int pointer (ptr to an int)

an array of ints

a
a
a
a

function returning an int

pointer
pointer
pointer

to an int pointer (ptr to a ptr to an int)
to an array of ints
to a function returning an int

an array of int pointers (array of ptrs to ints)

an array of arrays of ints

a
a
a
a
a
a
a

function returning an int pointer

pointer
pointer
pointer
pointer
pointer
pointer

to a pointer to an int pointer

to a pointer to an array of ints

to a pointer to a function returning an int
to an array of int pointers

to an array of arrays of ints

to a function returning an int pointer
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int
int
int
int
int
int
int
int

int
int
int
int
int
int
int
int
int
int
int
int
int
int

http

**app[]
*apall) [1;
*apf[]) ()
*aap[][
aaal[]l[l
**fpp () ;
(*fpa ()) [1;

(*fpf () ()7

r

)
)
]
[

17

af[]

) i

17

)
(* ) (
aaf[ (10

(*paf) [] (

(* pff)()()
*afp[]();
afall () [1;
aff[10) O
*fap () [1;
faa () [1[1;
faf () [10);
*ffp () ()5

(
) [

()(
fa [],
]

an array of pointers to int pointers

an array of pointers to arrays of ints

an array of pointers to functions returning an int

an array of arrays of int pointers

an array of arrays of arrays of int

a function returning a pointer to an int pointer

a function returning a pointer to an array of ints

a function returning a pointer to a function returning an int

an array of functions returning an int

a function returning an array of ints

a function returning a function returning an int

a pointer to a function returning an array of ints

an array of arrays of functions returning an int

a pointer to a an array of functions returning an int

a pointer to a function returning a function returning an int
an array of functions returning int pointers

an array of functions returning an array of ints

an array of functions returning functions returning an int
a function returning an array of int pointers

a function returning an array of arrays of ints

a function returning an array of functions returning an int
a function returning a function returning an int pointer

/lieng9.ucsd.edu/~cs30x/rt_lt.rule.html
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48:

https //lwww.amazon.com/Computer-Systems-Programmers-Perspective-2nd/dp/0136108040/

Examples

extern
extern
double
double
double

[o o

int bar;
int g(int, int);

f(int, double); /*

extern can be omitted for function declarations */

hl(); /* declaration without prototype */

h2 () ; /* ditto

int bar;
int g(int lhs, int rhs)

double
double
double

o o o

extern int 1 = 0; /* defines 1 */

extern int j; /* declares j */
“”o 220

/* All are definitions.

struct S { int a; int b;

struct X {

int x;
bi
struct X anX;

https://riptutorial.com/zh-TW/c/topic/3104/

f(int i1, double d)

hl(int a, int b)

*/

{return lhs*rhs;}

{return -1.5;}

{return i+d;}

h2() {} /* prototype is implied in definition, same as double h2(void) */

&y
bi

/* defines S */
/* defines X */
/* defines non-static data member x */

/* defines anX */
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* type{initializer-list}

CC11-86.5.2.5/ 3

99

o o

99

- void -

const. 101

101.

C11-86.5.2.5/ 13

conste.

(const char []) {"abc"} == "abc"

1.
Examples

/

o C99 o

CC11-86.5.2.5/9

int *p = (int [2]1){ 2, 4 };

pinto

void f (void)

{

int *p;
I¥ao0a™)
p = (int [2]){ *p };
I¥ao0a™)
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—

peo

Cl1

struct point {
unsigned x;
unsigned y;

}i
extern void drawline (struct point, struct point);

// used somewhere like this
drawline ((struct point) {.x=1, .y=1}, (struct point) {.x=3, .y=4});

drawlinestruct pointe x == ly == 1 x == 3y == 4
int *p = (int [1){ 1, 2, 3};

int *p = (int [10]){1, 2, 3};

o const (const int[]){1,2}¢

C99.

void foo ()

{

int *p;

int 1 = 2; j = 5;

/%o o0o®)

p = (int [2]){ i+3J, 1i*3 };
/%o o0o®)
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o /r...x/
e //...C99

Examples
[** ]
/* %/ o o

/* this is a comment */

o /*

/* this is a
multi-line

comment */
/**/

/*
* this is a
* multi-line
* comment

*/

/*

/* this comment is on its own line */
if (x && y) { /*this comment is at the end of a line */
if ((complexConditionl) /* this comment is within a line of code */
&& (complexCondition2)) {
/* this comment is within an if, on its own line */

o /*x/ reache

/* outer comment, means this is ignored => /* attempted inner comment */ <= ends the comment,
not this one => */

I

C99
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C99C ++-

// this is a comment

// each of these lines are a single-line comment
// note how each must start with
// the double forward-slash

// this comment is on its own line
if (x && y) { // this comment is at the end of a line
// this comment is within an if, on its own line

#if O#endif ™o o

#if 0 /* Starts the "comment", anything from here on is removed by preprocessor */

/* A large amount of code with multi-line comments */
int foo ()

{
/* lots of code */

/* ... some comment describing the if statement ... */
if (someTest) {

/* some more comments */

return 1;

return O;

#endif /* 0 */

/* code from here on is "uncommented" (included in compiled executable) */

C99
//e
int x = 20; // Why did I do this??/
I\ o 22/ 0
22/ trigraph\e

int foo = 20; // Start at 20 2?/
int bar = 0;

// The following will cause a compilation error (undeclared variable 'bar')
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// because 'int bar = 0;' is part of the comment on the preceding line
bar += foo;
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51

printf printf fprintrvarargs o
#include <stdarg.h> o

void err_exit (const char *format, ...);o

» void va_startva_listap last ; /*; “...”* /

* va_argva_listap type ;/**/

* void va_endva_list ap; / **/

» void va_copyva_list dstva_list src; / * C99* /

va_list ap
,register
intshort int

va_list SIC

va_ list dst

va_start va_arg va_endva_copye
va_start va_end o o

register o o

va_arg

® shortint unsigned shortintsizeof (unsigned short) == sizeof (int) unsigned int o
® floatdouble ©

® signed charint ,sizeof (unsigned char) == sizeof (int) unsigned charint o

® charint o

® yints_tint16_tC99o

KR<varargs.h>o <stdarg.h><stdarg.h> C89, va_copycggo

Examples
va_list

o printf ()scanf()e
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#include <stdio.h>
#include <stdarg.h>

/* first arg is the number of following int args to sum. */
int sum(int n, ...) {
int sum = 0;

va_list it; /* hold information about the variadic argument list. */

va_start (it, n); /* start variadic argument processing */
while (n—-)

sum += va_arg(it, int); /* get and sum the next variadic argument */
va_end(it); /* end variadic argument processing */

return sum;

int main (void)

printf ("$d\n", sum(5, 1, 2, 3, 4, 5)); /* prints 15 */
printf ("$d\n", sum(l10, 5, 9, 2, 5, 111, 6666, 42, 1, 43, -6218)); /* prints 666 */
return O;

va_list
“n
printfprintfo

/* First argument specifies the number of parameters; the remainder are also int */
extern int sum(int n, ...);

/* But it's far from obvious from the code. */
sum (5, 2, 1, 4, 3, 6)

/* What happens if i.e. one argument is removed later on? */
sum(5, 2, 1, 3, 6) /* Disaster */

POS'X execlp()o double

#include <stdarg.h>
#include <stdio.h>
#include <math.h>

/* Sums args up until the terminator NAN */
double sum (double x, ...) {
double sum = 0;

va_list va;

va_start (va, x);

for (; !isnan(x); x = va_arg(va, double)) {
sum += Xx;

}

va_end (va) ;

return sum;
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int main (void) {
printf ("$g\n", sum(5., 2., 1., 4., 3., 6., NAN));
printf ("$g\n", sum(l, 0.5, 0.25, 0.125, 0.0625, 0.03125, NAN));

* -0-1
® - NAN
® - NULL

printf
printf()eo o

errmsg.h

#ifndef ERRMSG_H_INCLUDED
#define ERRMSG_H_INCLUDED

#include <stdarg.h>
#include <stdnoreturn.h> // Cl1

void verrmsg(int errnum, const char *fmt, va_list ap);

noreturn void errmsg(int exitcode, int errnum, const char *fmt, ...);
void warnmsg (int errnum, const char *fmt, ...);
#endif
;o errmsg ()warnmsg () verrmsg () o verrmsg()eo YAGNl - -YAGNlo
errmsg.c

viprintf()o errno o

#include "errmsg.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

void
verrmsg (int errnum, const char *fmt, va_list ap)
{

if (fmt)
viprintf (stderr, fmt, ap);
if (errnum != 0)
fprintf (stderr, ": %s", strerror(errnum));

putc ('\n', stderr);

void
errmsg (int exitcode, int errnum, const char *fmt, ...)
{

va_list ap;

va_start (ap, fmt);

verrmsg (errnum, fmt, ap);
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va_end (ap) ;
exit (exitcode) ;

void

warnmsg (int errnum, const char *fmt,

{
va_list ap;
va_start (ap, fmt);
verrmsg (errnum, fmt, ap);
va_end (ap) ;

errmsg.h

#include "errmsg.h"
#include <errno.h>
#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>

int main(int argc, char **argv)
{
char buffer[BUFSIZ];
int fd;
if (argc !'= 2)
{
fprintf (stderr, "Usage:
exit (EXIT_FAILURE) ;
}

const char *filename = argv[l];

if ((fd = open(filename, O_RDONLY) )
errmsg (EXIT_FAILURE, errno,
if (read(fd, buffer, sizeof (buffer))
errmsg (EXIT_FAILURE, errno,

filename) ;
if (close(fd) == -1)

warnmsg (errno, "cannot close %s",

/* continue the program */
return 0;

open()read()lo close()eo

printf ()

GCCGNU CGNUCIlangprintf()e o o

GCCClangGCC. GCC__cenuc__o

- formato

errmsg.h

#ifndef ERRMSG_H_INCLUDED

%$s filename\n",

-1)

"cannot open %s",
!= sizeof (buffer))

"cannot read %zu bytes from %s",

filename) ;

argv[0]);

filename) ;

sizeof (buffer),
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#define ERRMSG_H_INCLUDED

#include <stdarg.h>
#include <stdnoreturn.h> // Cl1

#if !defined (PRINTFLIKE)

#if defined(___GNUC__)

#define PRINTFLIKE (n,m) _ _attribute__ ((format (printf,n,m)))
#else

#define PRINTFLIKE (n,m) /* If only */

#endif /* __ _GNUC__ */

#endif /* PRINTFLIKE */

void verrmsg(int errnum, const char *fmt, va_list ap);

void noreturn errmsg(int exitcode, int errnum, const char *fmt, ...)
PRINTFLIKE (3, 4);

void warnmsg (int errnum, const char *fmt, ...)
PRINTFLIKE (2, 3);

#endif

)

errmsg (EXIT_FAILURE, errno, "Failed to open file '%d' for reading", filename);

oo
Q.
oe
0

$ gcc -03 —g —-std=cll -Wall -Wextra -Werror -Wmissing-prototypes -Wstrict-prototypes \

> -Wold-style-definition -c erruse.c
erruse.c: In function ‘main’:

erruse.c:20:64: error: format ‘%d’ expects argument of type ‘int’, but argument 4 has type

‘const char *’ [-Werror=format=]

o

errmsg (EXIT_FAILURE, errno, "Failed to open file '&%d' for reading",

o°

s
ccl: all warnings being treated as errors

$

printf ()char intdoubleo printf() o o

#include <stdio.h>
#include <stdarg.h>

int simple_printf (const char *format, ...)

{
va_list ap; /* hold information about the variadic argument list. */
int printed = 0; /* count of printed characters */

va_start (ap, format); /* start variadic argument processing */

while (*format != '\0') /* read format string until string terminator */
{
int £ = 0;
if (*format == '%")
{
++format;

filename) ;
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switch (*format)
{
case 'c'
f = printf ("%$d", va_arg(ap, int)); /* print next variadic argument, note
type promotion from char to int */
break;
case 'd'
f = printf ("%d", va_arg(ap, int)); /* print next variadic argument */
break;

case 'f'
f = printf ("$f", va_arg(ap, double)); /* print next variadic argument */
break;
default
f = -1; /* invalid format specifier */
break;

f = printf ("%c", *format); /* print any other characters */

if (£ < 0) /* check for errors */

{
printed = £f;
break;

}

else

{
printed += £f;
}
++format; /* move on to next character in string */

va_end(ap); /* end variadic argument processing */

return printed;

int main (int argc, char *argvl[])

int x = 40;
0;

int y

y = simple_printf ("There are %d characters in this sentence", x);
simple_printf ("\n%d were printed\n", y);
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e :/* wvalo */
e :/*voido */
s ;[ *switcho */

o i [* ¥/
e LBL;/*LBLs */
e LBL /* */

Co
C jmp_bufc setjmplongjmp o

[forwhiledo-while

Examples

goto

size_t 1i,3;

for (i = 0; i < myValue && !breakout_condition;
for (j = 0; j < mySecondValue &&

/* Do something, maybe modifying breakout_condition */

/* When breakout_condition

(:gotoo °

size_t 1i,3;
for (i = 0; 1 < myValue; ++1) {
for (j = 0; j < mySecondValue;

if (breakout_condition)

goto final;

final:

[{3})
return o o

goto

ptr = malloc (N * x);
if (!ptr)
goto out_of_memory;

!breakout_condition;

true the loops end */
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/* normal processing */
free (ptr);

return SUCCESS;
out_of_memory:

free(ptr); /* harmless, and necessary if we have further errors */
return FAILURE;

gotoeo o

main ()

#include <stdlib.h> /* for EXIT_xxX macros */
int main(int argc, char ** argv)
{
if (2 < argc)
{
return EXIT_FAILURE; /* The code expects one argument:
leave immediately skipping the rest of the function's code */

/* Do stuff. */

return EXIT_SUCCESS;

1. void void * return,return; o

2. voidreturno

3. main () main () returnC99. } 0 o return,e
void

void log(const char * message_to_log)
{
if (NULL == message_to_log)
{
return; /* Nothing to log, go home NOW, skip the logging. */

fprintf (stderr, "%$s:%d %s\n", _ FILE__, _LINE__, message_to_log);

return; /* Optional, as this function does not return a value. */

break

continuebreak

#include <stdlib.h> /* for EXIT_ XXX macros */
#include <stdio.h> /* for printf() and getchar() */
#include <ctype.h> /* for isdigit () */
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void flush_input_stream(FILE * fp);

int main(void)

{
int sum = 0;
printf ("Enter digits to be summed up or 0 to exit:\n");

do
{
int ¢ = getchar();
if (EOF == c)
{
printf ("Read 'end-of-file', exiting!\n");

break;
if ("\n' != c)

{

flush_input_stream(stdin) ;

if (!isdigit(c))

{
printf ("$c is not a digit! Start over!\n", c);
continue;

if ('0' == ¢)

{

printf ("Exit requested.\n");

break;

sum += c - '0';

printf ("The current sum is %d.\n", sum);
} while (1);

return EXIT_SUCCESS;

void flush_input_stream(FILE * fp)
{

size_t 1 = 0;

int c;

while ((c = fgetc(fp)) != '"\n' && c != EOF) /* Pull all until and including the next new—
line. */

{

++1;
}
if (0 !'= 1)

{

fprintf (stderr, "Flushed %zu characters from input.\n",

ab)}
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o o
const o

volatile o

restrict o o

static extern auto register signed unsigned short long int char double

/* good practice */
/* bad practice */

static const volatile unsigned long int a = 5;
unsigned volatile long static int const b = 5;

/* "a" cannot be mutated by the program but can change as a result of external conditions */

const volatile int a = 5;
/* the const applies to array elements, i.e. "a[0]" cannot be mutated */
const int arr[] = { 1, 2, 3 };

/* for the lifetime of "ptr", no other pointer could point to the same "int" object */

int *restrict ptr;

/* "sl1l" can be mutated, but "*sl" cannot */

const char *sl = "Hello";

/* neither "s2" (because of top-level const) nor "*s2" can be mutated */

const char *const s2 = "World";

/* "*p" may change its value as a result of external conditions, "**p" and "p" cannot */

char *volatile *p;

/* "g", "*q" and "**g" may change their values as a result of external conditions */

volatile char *volatile *volatile g;

Examples

const
const int a = 0; /* This variable is "unmodifiable", the compiler
should throw an error when this variable is changed */
int b = 0; /* This variable is modifiable */

b += 10; /* Changes the value of 'b' */
a += 10; /* Throws a compiler error */
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conste o

_Bool dolIt (double const* a) {
double rememberA = *a;
// do something long and complicated that calls other functions

return rememberA == *a;

*afalsetrue o

const
const int a = 0;
int *a_ptr = (int*)&a; /* This conversion must be explicitly done with a cast */
*a_ptr += 10; /* This has undefined behavior */

printf("a = %d\n", a); /* May print: "a = 10" */

volatileo

volatile-

volatile int foo; /* Different ways to declare a volatile variable */
int volatile foo;

volatile uint8_t * pReg; /* Pointers to volatile variable */
uint8_t volatile * pReg;

volatile

* 1/0-

int quit = false;

void main ()

{

while (!quit) {
// Do something that does not modify the quit variable

void interrupt_handler (void)
{

quit = true;
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whilequitwhile (true)e SIGINTSIGTERMquite
quitvolatileo

uint8_t * pReg = (uint8_t *) 0x1717;

// Wait for register to become non-zero

while (*pReg == 0) { } // Do something else
o o
uint8_t volatile * pReg = (uint8_t volatile *) 0x1717;
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54: [forwhiledo-while

° /**/

 for[expression]; [expression]; [expression]one_statement
 for[expression]; [expression]; [expression]{zero or several statements}
» whileone_statement

* while{}

* one_statement while;

«
« //C99
« fordeclaration; [expression]; [expression]one_statement;

« for; []; [I{}

for ([<expression>]; [<expression>]; [<expression>]) <statement>
while (<expression>) <statement>

C99

for ([declaration expression]; [expression] [; [expression]]) statement

do <statement> while (<expression>);

Examples

o foroe nscanf () no

C99
#include <stddef.h> // for size_t
int array([10]; // array of 10 int
for (size_t 1 = 0; i < 10; i++) // 1 starts at 0 and finishes with 9

{

scanf ("&d", &arrayl[i]);
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scanf()nloo

io size_t o

£0orC99. for

C99

#include <stddef.h> /* for size_t */

size_t 1i;

int array[1l0]; /* array of 10 int */

for (i = 0; 1 < 10; i++) /* 1 starts at 0 and finishes at 9 */

{

scanf ("$d", &arrayl[il]);

whileo whileo 0o 0 Whiletrue

int num = 1;
while (num != 0)

{

scanf ("%d", &num);

Do-While

forwhile do-whiledowhilec do-whileo

do-while50

int num, sum;
num = sum = 0;

do
{
scanf ("$d", &num);

sum += num;

} while (sum < 50);

do-whileo

for

for ([declaration-or-expression];
{
/* body of the loop */

foro

[expression2];

[expression3])
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® declaration-or—-expression o o

C99

o foro

C99

Cstoro

® expression2 o o trueo o o true o

i expressionBUpdateo o o

C99

for(int 1 = 0; i < 10 ; i++)
{
printf ("%d", 1i);

0123456789

i =01io0 i < 10 trueo io i++ i0le

o falseo
C99

for (int i = 0; i >= 0; )

{

/* body of the loop where i is not changed*/

i O.true o io i0Ofalse o

while (true)
{
/* body of the loop */

forconditions trueo

for (;i)
{
/* body of the loop */

true breako

i10.i < 10false o

https://riptutorial.com/zh-TW/home

265


http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements
http://www.riptutorial.com/c/topic/5568/jump-statements

while (true)
{
/* statements */
if (condition)
{
/* more statements */
break;

- Bo AB.

do_B () ;

while (condition) {
do_A();
do_B();

B/Duffwnileswitcho

switch (true) while (condition)

{

case false: do_A(); /* FALL THROUGH */

default: do_B(); /* FALL THROUGH */
}
Duffo no
do {
*ptr++ ~= mask;
} while (-—-n > 0);
n4
do {

*ptr++ ~= mask;
*ptr++ ~= mask;
*ptr++ ~= mask;
*ptr++ ~= mask;

} while ((n -= 4) > 0);

Duffn4-

switch (n % 4) do {

case 0: *ptr++ ~= mask; /* FALL
case 3: *ptr++ ~= mask; /* FALL
case 2: *ptr++ ~= mask; /* FALL
case 1: *ptr++ "~= mask; /* FALL
} while ((n —= 4) > 0);

THROUGH
THROUGH
THROUGH
THROUGH

*/
*/
*/
*/
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[forwhiledo-while https://riptutorial.com/zh-TW/c/topic/5151/--for-while-do-while
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55:

» _Genericassignment-expressiongeneric-assoc-list

I —
ASSOC

type-nameassignment-expression defaultassignment-expression

1. Generico

2._Generic7o o

Examples

#include <stdio.h>

#define i1s_const_int (x) _Generic((&x), \

const int *: "a const int", \
int *: "a non-const int", \
default: "of other type")

int main(void)

{
const int i = 1;
int j = 1;
double k = 1.0;
printf("i is %$s\n", is_const_int (i));
printf("j is %$s\n", is_const_int (J));
printf ("k is %$s\n", is_const_int (k));

i is a const int

is a non-const int

AN U

is of other type

#define is_const_int (x) _Generic((x), \
const int: "a const int", \
int: "a non-const int", \
default: "of other type")

i is a non-const int
j 1s a non-const int
k is of other type

_Genericeo

#include <stdio.h>
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void print_int (int x) { printf("int: %d\n", x); }
void print_dbl (double x) { printf ("double: %g\n", x); }
void print_default () { puts ("unknown argument"),; }

#define print (X) _Generic((X), \
int: print_int, \
double: print_dbl, \
default: print_default) (X)

int main(void) {
print (42);
print (3.14);
print ("hello, world");

int: 42
double: 3.14
unknown argument

intdouble o print (X)e

_Generic

int max_int (int, int);
unsigned max_unsigned (unsigned, unsigned);
double max_double (double, double);

#define MAX (X, Y) _Generic((X)+(Y), \
int: max_int, \
unsigned: max_unsigned, \
default: max_double) \

((X), (Y))

(X)+(Y)o o

int/-

int AddIntInt (int a, int b);

int AddIntStr (int a, const char* b);

int AddStrInt (const char* a, int b );

int AddStrStr (const char* a, const char* b);

#define AddStr (y) \
_Generic ((y), int: AddStrInt, \
char*: AddStrStr, \

const char*: AddStrStr )

#define AddInt (y) \
_Generic ((y), int: AddIntInt, \
char*: AddIntStr, \

const char*: AddIntStr )

#define Add(x, Vy) \
_Generic ((x) , int: AddInt (y) , \
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char*:
const char*:
((x),

int main( void )

{

int result = 0;

result = Add( 100 , 999 );

result = Add( 100 , "999"

result = Add( "100" , 999
(

result = Add

const int a = -123;
char b[] = "4321";
result = Add( a , b );

int ¢ = 1;

const char d[] = "0";
result = Add( d , ++c );

vlo Add ( x, v e

AddStr (y)
AddStr (y))
(y))

)i
)i

"100" P "999" ),.

4

1 |SOIEC 9899201X 6.5.1.13

o

https://riptutorial.com/zh-TW/c/topic/571/
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56: IPC

IPC. CIPC. - POSIXIPC; Windows;-

Examples

- POSIX

1. 'System V IPC' - scnct1 () semop () semget () o
2. 'POSIX - sem_close () sem_destroy() sem_getvalue() sem_init () sem_open() sem_post ()

sem_trywait () sem_unlink () o

System V IPCUnix System V.

o POSIX#include <sys/types.h> :POSIXo

#include <sys/sem.h>

#define KEY Ox1111

IPC. -

union semun {
int val;
struct semid_ds *buf;
unsigned short “*array;
}i

try semwait raise semsignal o PV

struct sembuf p = , —1, SEM_UNDO}; # semwait

0
0, +1, SEM_UNDO}; # semsignal

struct sembuf v

{
{
IPCid-

int id;
// 2nd argument is number of semaphores
// 3rd argument is the mode (IPC_CREAT creates the semaphore set if needed)
if ((id = semget (KEY, 1, 0666 | IPC_CREAT) < 0) {
/* error handling code */

10
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union semun u;
u.val = 1;

if (semctl (id, 0, SETVAL, u) < 0) { // SETVAL is a macro to specify that you're setting the
value of the semaphore to that specified by the union u
/* error handling code */

o semop ()

if (semop(id, &p, 1) < 0) {
/* error handling code */

&VE&D

if (semop(id, &v, 1) < 0) {
/* error handling code */

1.1

forko

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>

int main ()
{
int pid;
pid = fork();
srand (pid) ;
if (pid < 0)
{
perror ("fork"); exit(l);
}
else if (pid)
{

char *s = "abcdefgh";
int 1 = strlen(s);
for(int i = 0; i < 1; ++1)

{
putchar(s[i]);
fflush (stdout) ;
sleep(rand() % 2);
putchar(s[i]);
fflush (stdout) ;
sleep(rand() % 2);

else
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char *s = "ABCDEFGH";

int 1 = strlen(s);

for(int i = 0; i < 1; ++1i)

{
putchar (s[i]);
fflush (stdout)
sleep(rand() % 2);

r

putchar (s[i]);
fflush (stdout)
sleep(rand() % 2);

r

aAABaBCbCbDDcEEcddeFFGGHHeffgghh

aabbccAABddBCeeCffgDDghEEhFFGGHH

1.2
1.1

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/sem.h>

#fdefine KEY Ox1111

union semun {
int val;
struct semid_ds *buf;
unsigned short “*array;

}i

struct sembuf p =

|
—~

0, -1, SEM UNDO};
struct sembuf v = { 0, +1, SEM_UNDO};

int main ()
{
int id = semget (KEY, 1, 0666 | IPC_CREAT);
if(id < 0)
{
perror ("semget"); exit (11);
}
union semun u;
u.val = 1;
if (semctl (id, 0, SETVAL, u) < 0)
{
perror ("semctl"); exit (12);
}
int pid;
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pid = fork();

srand (pid) ;

if (pid < 0)

{

perror ("fork"); exit (1l);

}

else if (pid)

{

char *s = "abcdefgh";
int 1 = strlen(s);
for(int i = 0; i < 1; ++1)

{
if (semop (id, &p, 1) < 0)
{

perror ("semop p"); exit (13);

}
putchar (s[i]);
fflush (stdout)
sleep(rand() % 2);

r

putchar (s[i]);

fflush (stdout) ;

if (semop (id, &v, 1) < 0)
{

perror ("semop p"); exit (14);

sleep(rand() % 2);

else
{
char *s = "ABCDEFGH";
int 1 = strlen(s);
for(int i = 0; i < 1; ++1)

{
if (semop (id, &p, 1) < 0)
{

perror ("semop p"); exit (15);

}
putchar (s[i]);
fflush (stdout)
sleep(rand() % 2);

putchar (s[i]);

fflush (stdout) ;

if (semop (id, &v, 1) < 0)
{

perror ("semop p"); exit (16);

sleep(rand() % 2);

aabbAABBCCccddeeDDf fEEFFGGHHgghh

IPC https://riptutorial.com/zh-TW/c/topic/10564/-ipc-
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57:

Co Coa/b/aboe ~ ++72 10

e exprl

* operator expr2

e exprlexpr2

e exprl expr2expr3

e Arity. C
o1
0 2
- 3

e " o C

a*b +c

(a * b) + ¢

a * (b + c)

C:o
||
0 1 -—>.

! ~ +4+ —— + — * (type) sizeof

* /%

;-

<< >>

< <=>>=
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Il
+
Il
|
Il
>*
Il
~
Il
o©
Il
gl
Il
>
Il
Il
AN
A
Il
\
Vv
Il

a-b-c-d

((a = Db) —c) - d

dereference *post-increment ++o
* ptr ++
¥ (PE’ 4FF)

++ o

Examples

o 100 if while for o

1 = 0p /* evaluates to 0. */
1 = g /* evaluates to 1. */
int x = 5;
int y = 5;

int *xptr = &x, *yptr = &y;

xptr == yptr; /* evaluates to 0, the operands hold different location addresses.

*/
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*xptr == *yptr; /* evaluates to 1,

=)

“ "

o
1 !'= 0; /* evaluates to 1.
1 !=1; /* evaluates to 0
int x = 5;
int y = 5;
int *xptr = &x, *yptr = &y;

xptr != yptr; /* evaluates to 1,
*xptr != *yptr; /* evaluates to 0
=)

equals == -

“wn

0 o

i
!'someVal

someVal ==

11 >”

5> 4 /* evaluates to 1. */
4 > 5 /* evaluates to 0. */
4 > 4 /* evaluates to 0. */

5 < 4 /* evaluates to 0. */
4 < 5 /* evaluates to 1. */
4 < 4 /* evaluates to 0. */

the operands point at locations that hold the same value.

*/
*/

the operands hold different location addresses. */
the operands point at locations that hold the same value.

https://riptutorial.com/zh-TW/home

277



5 >= 4 /* evaluates to 1. */
4 >= 5 /* evaluates to 0. */
4 >= 4 /* evaluates to 1. */

11 <:H

5 <= /* evaluates to 0. */
4 <=5 /* evaluates to 1. */
4 <= 4 /* evaluates to 1. */
int x = 5; /* Variable x holds the value 5. Returns 5. */
char y = 'c'; /* Variable y holds the value 99. Returns 99
* (as the character 'c' is represented in the ASCII table with 99).
=
float z = 1.5; /* variable z holds the value 1.5. Returns 1.5. */
char const* s = "foo"; /* Variable s holds the address of the first character of the string
'foo'. */
a +=b /* equal to: a =a + b */
a -—=>b /* equal to: a =a - b */
a *= b /* equal to: a =a * b */
a/=b /* equal to: a =a / b */
a $=b /* equal to: a =a % b */
a &= b /* equal to: a = a & b */
a |=b /* equal to: a =a | b */
a "=b /* equal to: a =a ~ b */
a <<= b /* equal to: a = a << b */
a >=b /* equal to: a = a > b */
ao p
*p += 27;
pO
*p = *p + 27;
a =Dbo o o
rvalueifswitch ifeo
char *buffer;
if ((buffer = malloc(1024)) != NULL)

{
/* do something with buffer */
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free (buffer);
}

else

{

/* report allocation failure */

int a = 2;
7% ooo #f
if (a = 1)

/* Delete all files on my hard drive */

a = 11if o ==

int a = 2;
/% coo ®/f
if (a == 1)
/* Delete all files on my hard drive */

int a, b =1, ¢c = 2;

#include <stdio.h>

int main(void)

{

int a 5p
int b 78

int ¢ = a + b; /* ¢ now holds the value 12 */

printf("$d + %d = &d",a,b,c); /* will output "5 + 7 = 12" */

return 0;

#include <stdio.h>

int main (void)
{
int a = 10;
int b 7
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int ¢ = a - b;

printf ("%d - %d = %d",a,b,c);

return 0

r

#include <stdio.h>

int main(void)

{
int a =
int b

int ¢ =

printf ("

return 0

S5;
7;

/* ¢ now holds the value 3 */

a * b; /* ¢ now holds the value 35 */

8d * %d =

’

« dereferences

#include <st

int main (vo

{
int a =
int b =
int ¢ =
int d =
double e
double f
double g
double h

return 0

o°
o

dio.h>

id)

19 / 2 ;
18 / 2 ;
255 / 2;
44 / 4 ;
=19 / 2
18.0 /
= 255 /
= 45.0 /

/ 2 =
/ 2 =

r

%d",a,b,c

/~k
/~k
/~k
/~k

holds
holds
holds
holds

QO Q0 O o

/* will output "10 - 7 = 3" */

); /* will output "5 * 7 = 35" %/

value 9
value 9
value 127
value 11

.0 ; /* e holds value
2 ; /* f holds value
2.0; /* g holds value
4 ; /* h holds value

%d\n", a);
$d\n", b);
%$d\n", c)
sd\n", d);

/* Will
/* Will
2 /* Will
/* Will

= %g\n", e); /* Will

= %g\n", f);

= %g\n",

/* Will
g); /* Will

= %g\n", h); /* Will

*/

*/

*/

*/
9.5
9.0
127.5
11.25

output
output
output
output
output
output
output
output

*/
*/
*/
*/

"19 / 2 = 9" */
"18 / 2 = 9" */
"255 / 2 = 127" */
"44 / 4 = 11" */

"19 / 2.0 = 9.5"
"18.0 / 2 = 9"

"255 / 2.0 = 127.5"
"45.0 / 4 = 11.25"

*/
*/
*/
*/
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#include <stdio.h>

int main (void) {

int a = 25 % 2; /* a holds
int b = 24 % 2; /* b holds
int ¢ = 155 % 5; /* ¢ holds
int d = 49 % 25; /* d holds
printf("25 % 2 = %d\n", a);
printf("24 % 2 = %d\n", b);
printf ("155 % 5 = %d\n", c);
printf ("49 % 25 = %d\n", d);

return 0;

#include <stdio.h>

int main(void)

{

int a = 1;

int b = 4;

int ¢ = 1;

int d = 4;

at+;

printf ("a = %d\n",a);
b-—;

printf ("b = %d\n",Db);

if (++c > 1) { /* c is incremented by 1 before being compared in the condition */

value
value
value
value

/*
/*
/*
/*

printf ("This will print\n");

} else {

Will
Will
Will
Will

*/
*/
*/
*/

output
output
output
output

/* Will output "a = 2"

/* Will output "b = 3"

*/

*/

/* This is printed */

printf ("This will never print\n");

if (d-—— < 4) {

printf ("This will never print\n");

} else {

printf ("This will print\n");

cde 4+ ——o

/o

AND1. ANDint
0 && 0 /* Returns 0. */
0 && 1 /* Returns 0. */
2 & 0 /* Returns 0. */

/* This is not printed */

/* This is printed */

= 1"
= Q"

O"
24m

/* d is decremented after being compared */
/* This is not printed */

*/
*/
*/
*/
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2 && 3

OR1-

N D O O

o NOTint o

11 /%
15 /*
10 /*

&& | |

const char *name_for_value (int wvalue)

{

value >= 0 termfalsevalue < NuM_NaMES t€rme

*/

/* Returns 1.

ORint o

/*
/*
/*
/*

*/
*/
*/
*/

Returns
Returns
Returns

w o~ o
= R 2o

Returns

NOT10.1;

*/
*/
*/

Returns O.
Returns O.
Returns 1.

RHSLHS

LHS*| |RHS™"
LHS"ssRHS™

static const char *names/(]
enum { NUM_NAMES = sizeof (n

return

int a = 1;

int b = 1;

int tmp = 0;

tmp = ++a; /* increments
tmp = at+; /* increments
tmp = —--b; /* decrements
tmp = b——; /* decrements

++—— o

= {

ames)

a by
a by
b by
b by

"zero",

"one" ,

"two" ,

/ sizeof (names[0]) }

one,
one,
one,

one,

(value >= 0 && value < NUM_NAMES)

and
but
and
but

? names [value]

returns
returns
returns
returns

new
old
new
old

"three",

’

value;
value;
value;
value;

o o 9o o

=2,

"infinity";

tmp == %/
3, tmp == 2 */
0, tmp == 0 */
-1, tmp == 0 */
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if (b)
a = c;
else
a = d;
condition ? value_if_true : value_if_false o o
int x = 5;

int y = 42;
printf ("$i, %i\n", 1 ? x : vy, 0 ? x : y); /* Outputs "5, 42" */

big=a >b ? (a >c ? a : c)
(b >c ? b : c);

#include<stdio.h>

int main ()

{
FILE *even, *odds;
int n = 10;
size_t k = 0;

even fopen("even.txt",

"w");
odds = fopen ("odds.txt", "w");
for(k = 1; k < n + 1; k++)
{

k%$2==0 ? fprintf (even, "\t%5d\n", k)
fprintf (odds, "\t%5d\n", k);

}
fclose (even) ;
fclose (odds) ;

return 0;

expl ? exp2 : exp3 ? expd : expb

expl ? exp2 : ( exp3 ? expd : exp5 )

int x = 42, y = 42;
printf ("$i\n", (x *= 2, y)); /* Outputs "42". */
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printf () o

printf ("%i\n", (x *= 2, y)); /* Outputs "42". */

A ~ ~ this is a comma operator */
A this is a separator */
fore

for(k = 1; k < 10; printf ("\&d\\n", k), k += 2); /*outputs the odd numbers below 9/*

/* outputs sum to first 9 natural numbers */
for(sumk = 1, k = 1; k < 10; k++, sumk += k)
printf ("\%$5d\%5d\\n", k, sumk);

int x = 3;
int y = 4;
printf ("$f\n", (double)x / y); /* Outputs "0.750000". */

xdouble ydouble doubleprintfo

sizeof

size_to o

printf ("$zu\n", sizeof (int)); /* Valid, outputs the size of an int object, which is platform-
dependent. */

printf ("$zu\n", sizeof int); /* Invalid, types as arguments need to be surrounded by
parentheses! */

size_to o ;o

char ch = 'a';

printf ("$zu\n", sizeof(ch)); /* Valid, will output the size of a char object, which is always
1 for all platforms. */

printf ("$zu\n", sizeof ch); /* Valid, will output the size of a char object, which is always
1 for all platforms. */

N No
int arr[] = {1, 2, 3, 4, 5};
printf ("* (arr + 3) = %$i\n", *(arr + 3)); /* Outputs "4", arr's fourth element. */

o 3 + arro arrlk]k+larr+karr(k]e arrarr+O0arr([0] arr+larr[2]e *(arr+k)arr[k]e
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lintdo 4o o

#include<stdio.h>
static const size_t N = 5

int main ()
{
size_t k = 0;
int arr[] = {1, 2, 3, 4, 5};
for(k = 0; k < N; k++)
{
printf ("\n\t%d", *(arr + k));
}

return 0;

#include<stdio.h>
static const size_t N = 5

int main ()

{
size_t k = 0;
int arr[] = {1, 2, 3, 4, 5};
int *ptr = arr; /* or int *ptr = &arr[0]; */
for(k = 0; k < N; k++)
{
printf ("\n\t&%d", ptrl[kl);
/* or printf ("\n\t%d", *(ptr + k)); */
/* or printf ("\n\t%d", *ptr++); */
}
return 0;
}
+++arre ptr---o
ptrdiff_to
int arr[] = {1, 2, 3, 4, 5};
int *p = &arr[2];

int *gq = &arr[3];
ptrdiff_t diff = g - p;

printf("g - p = %ti\n", diff); /* Outputs "1". */
printf("*(p + (g — p)) = %d\n", *(p + diff)); /* Outputs "4". */

.—> structe

struct MyStruct
{

int x;

int y;
bi
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struct MyStruct myObject;
42;
123;

myObject .x

myObject.y

printf(".x = %i, .y = %$i\n", myObject.x, myObject.y); /* Outputs ".x = 42, .y = 123". */

o X—>y(*X).y - o

struct MyStruct
{

int x;

int y;
}i

struct MyStruct myObject;
struct MyStruct *p = &myObject;

p—>x = 42;
p—>y = 123;

printf(".x = %$i, .y = %i\n", p->x, p->y); /* Outputs ".x = 42, .y = 123". */

printf(".x = %$i, .y = %i\n", myObject.x, myObject.y); /* Also outputs ".x = 42, .y = 123", */
&o o o

int x = 3;

int *p = &x;

printf ("$p = %$p\n", Ovoid *)&x, (void *)p); /* Outputs "A = A", for some implementation-

defined A. */

*o o

int x = 42;
int *p = &x;
printf ("x = %d, *p = %d\n", x, *p); /* Outputs "x = 42, *p = 42". */

*p = 123;
printf("x = %d, *p = %d\n", x, *p); /* Outputs "x = 123, *p = 123". */

o afi]*(a + i) = o
int arr[] = { 1, 2, 3, 4, 5 };
printf ("arr[2] = %$i\n", arr[2]); /* Outputs "arr([2] = 3". */

pointer + integer == integer + pointer o

arr[3]3[arr]e

printf ("3[arr] = %i\n", 3[arr]); /* Outputs "3[arr] = 4". */

3larrlarr[3] o o
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int myFunction (int x, int vy)

return x * 2 + y;

int (*fn) (int, int) = &myFunction;
int x = 42;
Y

int vy = 123;

printf (" (*fn) (%1, %i) = %i\n", x, y, (*fn) (x, y)); /* Outputs "fn (42, 123) = 207". */
printf ("fn(%i, %i) = %$i\n", x, vy, fn(x, y)); /* Another form: you don't need to dereference

explicitly */

AND
| OR
N

<<

>>

#include <stdio.h>

int main (void)

{

unsigned int a = 29; /* 29 = 0001 1101 */
unsigned int b = 48; /* 48 = 0011 0000 */
int ¢ = 0;

c =a & b; /* 32 = 0001 0000 */

printf ("$d & %d $d\n", a, b, c );

c =a | b; /* 61 = 0011 1101 */
printf ("%d | %d %d\n", a, b, c );

c =a " b; /* 45 = 0010 1101 */
printf ("%d ~ %d %d\n", a, b, c );

c = ~a; /* =30
printf ("~%d = %d\n", a, c );

1110 0010 */

c = a << 2; /* 116 = 0111 0100 */
printf ("%d << 2 = %d\n", a, c );

c =a >> 2; /* 7 = 0000 0111 */
printf ("%d >> 2 = %d\n", a, c );
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return 0;

e 1.
e Jo
« OAND
e 10R-

#include <limits.h>
void bit_pattern(int u)
{

int i, x, word;

unsigned mask = 1;
word = CHAR_BIT * sizeof (int);
mask = mask << (word - 1); /* shift 1 to the leftmost position */
for(i = 1; i1 <= word; i++)
{
x = (u & mask) 2?2 1 : 0; /* identify the bit */
printf ("&d", x); /* print bit value */
mask >>= 1; /* shift mask to the right by 1 bit */

_Alignof
C11

o 2o Csize_to

<stdalign.h>alignofo

int main(void)

{

printf ("Alignment of char = %$zu\n", alignof (char));

printf ("Alignment of max_align_t = %$zu\n", alignof (max_align_t));
printf ("alignof (float[10]) = %$zu\n", alignof (float[10]));

printf ("alignof (struct{char c¢; int n;}) = %zu\n",

alignof (struct {char c; int n;}));
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Alignment of char =1
Alignment of max_align_t = 16
alignof (float[10]) = 4

alignof (struct{char c; int n;})

4

http://en.cppreference.com/w/c/language/_Alignof
if / while / .... &&falsel|true-

#include <stdio.h>

int main(void) {
int a = 20;

int b = -5;

/* here 'b == -5' is not evaluated,
since a 'a != 20' is false. */

if (a !'= 20 && b == -5) {

printf ("I won't be printed!\n");

return 0;

#include <stdio.h>

int print (int 1) {
printf ("print function %d\n", 1i);
return i;

int main(void) {
int a = 20;

/* here 'print(a)' is not called,
since a 'a != 20' is false. */

if (a !'= 20 && print(a)) {
printf ("I won't be printed!\n");

/* here 'print(a)' is called,
since a 'a == 20' is true. */
if (a == 20 && print(a)) {
printf ("I will be printed!\n");

return 0;

$ ./a.out
print function 20
I will be printed!

13k} 4
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https://riptutorial.com/zh-TW/home 290


https://riptutorial.com/zh-TW/c/topic/256/%E9%81%8B%E7%87%9F%E5%95%86
https://riptutorial.com/zh-TW/c/topic/256/%E9%81%8B%E7%87%9F%E5%95%86
https://riptutorial.com/zh-TW/c/topic/256/%E9%81%8B%E7%87%9F%E5%95%86
https://riptutorial.com/zh-TW/c/topic/256/%E9%81%8B%E7%87%9F%E5%95%86

58:

Examples
if

ifo o

Cif

if (cond)
{

statement (s) ; /*to be executed, on condition being true*/

if (a > 1) {
puts("a is larger than 1");

a > ltrueifo a > 1"al”
if{}e

if (a > 1)
puts("a is larger than 1");

ifo ifo

if ((a > 1) && (b > 1)) |
puts("a is larger than 1");
at+;

printfa++ abl o
if... else
iftrue if [ elsetruefalseo

if (a > 1)

puts("a is larger than 1");
else

puts("a is not larger than 1");

ififelseo ifelseo
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if (a > 1)

{
puts("a is larger than 1");
a-—=;

}

else

{
puts("a is not larger than 1");
at+;

switch

switcheo

switch

int a = 1;

switch (a) {

case 1:
puts("a is 1");
break;

case 2:
puts("a is 2");

break;

default:
puts("a is neither 1 nor 2");
break;

}

int a = 1;

if (a == 1) {

puts("a is 1");
} else if (a == 2) {
puts("a is 2");
} else {
puts("a is neither 1 nor 2");

al switch a is 1o a2 a is 2a is 2 ¢ a is neither 1 nor 2a is neither 1 nor 2a is neither 1 nor 2

o

case n:switchlle NswitchN o

default:case n:case n: o SWitChdefaulto

break; switcheo

casebreak o DUff o Co

break;break;
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int a = 1;
switch (a) {
case 1:
case 2:
puts("a is 1 or 2");
case 3:
puts("a is 1, 2 or 3");
break;
default:
puts("a is neither 1, 2 nor 3");
break;

al2 a2 is 1 or 2 a is 1, 2 or 3o ada is 1, 2 or 3o a is neither 1, 2 nor 3a is neither 1, 2 nor
3a is neither 1, 2 nor 3o
defaultswitche
enumswitch o
enum msg_type { ACK, PING, ERROR };
void f (enum msg_type t)
{
switch (t) {
case ACK:
// do nothing
break;
case PING:
// do something
break;
case ERROR:
// do something else
break;
}
}
® default
® enum default
e " default:default: "enum™ o enumdefault
® enume
enum msg_type t = (enum msg_type)666; // I'm evil
o
void f (enum msg_type t)
{
if (!is_msg_type_valid(t)) {
// Handle this unlikely error
}
switch(t) {
// Same code than before
}
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If... else Ladder Chainingif... else

if ()... elseif ()if ()

int a = ... /* initialise to some value.

if (a >= 1)
{

(13}
elseelse

7
o

*/

printf ("a is greater than or equals 1.\n");

}

else if (a == 0) //we already know that a is smaller than 1

{
printf ("a equals 0.\n");
}

else /* a is smaller than 1 and not equals 0, hence: */
{
printf ("a is negative.\n");
}
if... else VS if.. else Ladder
if()...elseif()...elseif()...elseif()if()..elseif()else if()o

1f()...else

#include <stdio.h>

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

int a, b, c;

printf ("\nEnter Three numbers = ");

scanf ("%$d%d%sd", &a, &b, &c);

if ((a < b) && (a < c))
{
printf ("\na = %d is the smallest.", a);
}
else 1if ((b < a) && (b < ¢))

{

}

printf ("\nb = %d is the smallest.", Db);

else 1if ((c < a) && (c < b))
{
printf ("\nc = %d is the smallest.", c);
}
else

{

}

printf ("\nImprove your coding logic");

return 0;

1£()

...else

#include <stdio.h>
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int main (int argc, char *argv[])

{

int a, b, c;

printf ("\nEnter Three numbers = ");

scanf ("%d%d%d", &a,
if (a < b)
{

if (a < ¢)

{

printf ("\na =

}

else

{

printf ("\nc =

}
else
{
if(b < ¢)
{
printf ("\nb
}
else

{

&b, &c);

$d is the smallest.", a);

$d is the smallest.", c);

$d is the smallest.", b);

printf ("\nc = %d is the smallest.", c);

}

return 0;
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e #include <errno.h>

e interrno;/**/
 #include <string.h>

e char * strerrorint errnum;
e #include <stdio.h>
 void perrorconst char * s;

errnoe errnoo

Examples
errno- C3errno
[

ERANGE

EILSEQ

perror<string.h>strerroro

int main(int argc, char *argv[])
{
FILE *fout;

int last_error = 0;
if ((fout = fopen(argv[l], "w")) == NULL) {
last_error = errno;

/* reset errno and continue */
errno = 0;

/* do some processing and try opening the file differently, then */

if (last_error) {
fprintf (stderr, "fopen: Could not open %s for writing: %s",
argv([l], strerror(last_error));
fputs ("Cross fingers and continue", stderr);

/* do some other processing */

return EXIT_SUCCESS;

PERROR
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stderr<stdio.h>perror -

int main (int argc, char *argvl([])
{
FILE *fout;

if ((fout = fopen(argv[l], "w")) == NULL) {
perror ("fopen: Could not open file for writing");
return EXIT_FATILURE;

}
return EXIT_SUCCESS;

}

errnoe
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C. CGLib- -

nexto

struct singly_node
{

struct singly_node * next;
bi

previousnext. o

struct doubly_node
{

struct doubly_node * prev;
struct doubly_node * next;

bi

Topoliges

Null \ Doubly node >< Doubly node
Prev Next Prev Next
Doubly node >< Doubly node
Prev Next Prev Next
Doubly node >< Doubly node
Prev Next Prev Next
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Prev Next
Node Node

void doubly_node_bind (struct doubly_node * prev, struct doubly_node * next)
{

prev->next = next;

next—->prev = prev;

Head Head
Node Node

void doubly_node_make_empty_circularly_list (struct doubly_node * head)
{

doubly_node_bind (head, head);

Head Tall Head
Node Node Node

void doubly_node_make_empty_ linear list (struct doubly_node * head, struct doubly_node * tail)

{
head->prev = NULL;
tail->next = NULL;
doubly_node_bind (head, tail);

NULL. NULL-

void doubly_node_insert_between

https://riptutorial.com/zh-TW/home 299


http://i.stack.imgur.com/77UwB.png
http://i.stack.imgur.com/z6COC.png
http://i.stack.imgur.com/E39Kc.png

(struct doubly_node * prev, struct doubly_node * next, struct doubly_node * insertion)
{

doubly_node_bind (prev, insertion);

doubly_node_bind (insertion, next);

void doubly_node_insert_before
(struct doubly_node * tail, struct doubly_node * insertion)
{

doubly_node_insert_between (tail->prev, tail, insertion);

void doubly_node_insert_after
(struct doubly_node * head, struct doubly_node * insertion)

{

doubly_node_insert_between (head, head->next, insertion);

Examples

/* This program will demonstrate inserting a node at the beginning of a linked list */

#include <stdio.h>
#include <stdlib.h>

struct Node {
int data;
struct Node* next;

}i

void insert_node (struct Node **head, int nodeValue);
void print_list (struct Node *head);

int main(int argc, char *argv[]) {
struct Node* headNode;
headNode = NULL; /* Initialize our first node pointer to be NULL. */
size_t listSize, 1i;
do {
printf ("How many numbers would you like to input?\n");
} while (1l != scanf ("%zu", &listSize));

for (i = 0; 1 < listSize; i++) {
int numToAdd;
do {
printf ("Enter a number:\n");
} while (1 != scanf ("%d", &numToAdd));

insert_node (&headNode, numToAdd) ;

printf ("Current list after your inserted node: \n");
print_list (headNode) ;

return 0;
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void print_list (struct Node *head) {
struct node* currentNode = head;

/* Iterate through each link. */
while (currentNode != NULL) {

printf ("Value: %d\n", currentNode->data);
currentNode = currentNode -> next;

void insert_node (struct Node **head, int nodeValue) {
struct Node *currentNode = malloc(sizeof *currentNode) ;
currentNode->data = nodeValue;
currentNode->next = (*head);

*head = currentNode;

1. HEAD

| HEAD | --> NULL

currentNode->next = *headNode;currentNode->nextNULLheadNodeNULL o

|HEAD | ——> |CURRENTNODE| —-> NULL /* The head node points to the

*headNode = currentNode;

currentNode->next = *headNode

currentNode —--> HEAD —--> POINTER TO FIRST NODE —--> NULL

*headNodecurrentNode o

HEAD -> currentNode —--> NODE —> NULL

*headNode = currentNode;

n

current node */
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o

o insert ()o

#include <stdio.h>
#include <stdlib.h>

struct Node {

int data;
struct Node* next;

}i

struct Node* insert (struct Node* head, int value, size_t position);
void print_list (struct Node* head);

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

struct Node *head = NULL; /* Initialize the list to be empty */

/* Insert nodes at positions with values: */
head = insert (head, 1, 0);

head = insert (head, 100, 1);

head = insert (head, 21, 2);

head = insert (head, 2, 3);

head = insert (head, 5, 4);

head = insert (head, 42, 2);

print_list (head);
return O;

struct Node* insert (struct Node* head, int value, size_t position) {

size_t 1 = 0;
struct Node *currentNode;

/* Create our node */
currentNode = malloc(sizeof *currentNode) ;
/* Check for success of malloc () here! */

/* Assign data */
currentNode—->data = value;

/* Holds a pointer to the 'next' field that we have to link to the new node.
By initializing it to &head we handle the case of insertion at the beginning. */
struct Node **nextForPosition = &head;
/* Iterate to get the 'next' field we are looking for.
Note: Insert at the end if position is larger than current number of elements. */
for (i = 0; i1 < position && *nextForPosition != NULL; i++) {
/* nextForPosition is pointing to the 'next' field of the node.
So *nextForPosition is a pointer to the next node.
Update it with a pointer to the 'next' field of the next node. */
nextForPosition = & (*nextForPosition)->next;

/* Here, we are taking the link to the next node (the one our newly inserted node should
point to) by dereferencing nextForPosition, which points to the 'next' field of the node
that is in the position we want to insert our node at.

We assign this link to our next value. */

currentNode—->next = *nextForPosition;

/* Now, we want to correct the link of the node before the position of our
new node: it will be changed to be a pointer to our new node. */
*nextForPosition = currentNode;
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return head;

void print_list (struct Node* head) {
/* Go through the list of nodes and print out the data in each node */
struct Node* i = head;

while (i != NULL) {
printf ("$d\n", i->data);
i = i->next;

#include <stdio.h>
#include <stdlib.h>

#define NUM_ITEMS 10

struct Node {
int data;
struct Node *next;

}i

void insert_node (struct Node **headNode, int nodeValue, int position);
void print_list (struct Node *headNode) ;
void reverse_list (struct Node **headNode) ;

int main (void) {
int 1i;
struct Node *head = NULL;

for(i = 1; i1 <= NUM_ITEMS; i++) {
insert_node (&head, i, 1i);

}

print_list (head);

printf ("I will now reverse the linked list\n");
reverse_list (&head) ;

print_list (head);

return O;

void print_list (struct Node *headNode) {
struct Node *iterator;

for (iterator = headNode; iterator != NULL; iterator = iterator->next) {

printf ("Value: %d\n", iterator->data);

void insert_node (struct Node **headNode, int nodeValue, int position) {

int 1i;

struct Node *currentNode = (struct Node *)malloc(sizeof (struct Node)) ;
struct Node *nodeBeforePosition = *headNode;

currentNode->data = nodeValue;

if (position == 1) {
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currentNode->next = *headNode;

*headNode = currentNode;
return;
}
for (i = 0; i < position - 2; i++) {

nodeBeforePosition = nodeBeforePosition->next;

currentNode->next = nodeBeforePosition->next;
nodeBeforePosition->next = currentNode;

vold reverse_list (struct Node **headNode) {
struct Node *iterator = *headNode;
struct Node *previousNode = NULL;
struct Node *nextNode = NULL;
while (iterator != NULL) {
nextNode = iterator->next;
iterator->next = previousNode;

previousNode = iterator;
iterator = nextNode;

/* Iterator will be NULL by the end, so the last node will be stored in
previousNode. We will set the last node to be the headNode */
*headNode = previousNode;

previousNodeNULLNULL o NULL o

Head —> 1 -—> 2 -> 3 -=> 4 -> 5

1 <= 2 <= 3 <= 4 <- 5 <- Head

50

Inurne 2132

nextNode o

#include <stdio.h>
#include <stdlib.h>

/* This data is not always stored in a structure, but it is sometimes for ease of use */
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struct Node {
/* Sometimes a key is also stored and used in the functions */
int data;
struct Node* next;
struct Node* previous;
bi

void insert_at_beginning(struct Node **pheadNode, int value);
void insert_at_end(struct Node **pheadNode, int wvalue);

void print_list (struct Node *headNode);
void print_list_backwards (struct Node *headNode) ;

void free_list (struct Node *headNode);

int main(void) {
/* Sometimes in a doubly linked list the last node is also stored */
struct Node *head = NULL;

printf ("Insert a node at the beginning of the list.\n");
insert_at_beginning(&head, 5);
print_list (head);

printf ("Insert a node at the beginning, and then print the list backwards\n");
insert_at_beginning(&head, 10);
print_list_backwards (head) ;

printf ("Insert a node at the end, and then print the list forwards.\n");

insert_at_end(&head, 15);
print_list (head);

free_list (head);

return 0;

void print_list_backwards (struct Node *headNode) {
if (NULL == headNode)
{
return;
}
/*
Iterate through the list, and once we get to the end, iterate backwards to print
out the items in reverse order (this is done with the pointer to the previous node) .
This can be done even more easily if a pointer to the last node is stored.
=)
struct Node *i = headNode;
while (i->next != NULL) {
i = i->next; /* Move to the end of the list */

while (i != NULL) {
printf ("Value: %d\n", i->data);
i = i->previous;

void print_list (struct Node *headNode) {
/* Iterate through the list and print out the data member of each node */

struct Node *i;
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for (i = headNode; i != NULL; i = i->next) {
printf ("Value: %d\n", i->data);

void insert_at_beginning(struct Node **pheadNode, int wvalue) {

struct Node *currentNode;

if (NULL == pheadNode)
{
return;
}
/*
This is done similarly to how we insert a node at the beginning of a singly linked
list, instead we set the previous member of the structure as well
=)

currentNode = malloc(sizeof *currentNode) ;

currentNode->next = NULL;
currentNode->previous = NULL;
currentNode—->data = value;

if (*pheadNode == NULL) { /* The list is empty */
*pheadNode = currentNode;
return;

currentNode->next = *pheadNode;
(*pheadNode) ->previous = currentNode;
*pheadNode = currentNode;

void insert_at_end(struct Node **pheadNode, int value) {

struct Node *currentNode;

if (NULL == pheadNode)
{
return;
}
/*
This can, again be done easily by being able to have the previous element. It
would also be even more useful to have a pointer to the last node, which is commonly
used.
=)

currentNode = malloc(sizeof *currentNode) ;
struct Node *i = *pheadNode;

currentNode—->data = value;
currentNode->next = NULL;
currentNode->previous = NULL;

if (*pheadNode == NULL) {
*pheadNode = currentNode;
return;

}

while (i->next != NULL) { /* Go to the end of the list */
i = i->next;
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i->next = currentNode;

currentNode->previous

vold free_list (struct Node *node)
while (node != NULL)
struct Node *next

free (node) ;

node = next;

struct Node *lastNode

- Node

struct Node {
int dataj;
int key;
struct Node*

struct Node* previous;

}i

https://riptutorial.com/zh-TW/c/topic/560/

next;

= i;

node—>next;

NULL;

{
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61:

rand() o

® arcdrandom () OS XBSD
® random() Linux
e drandas () POSIX

Examples

rand () ORAND_MAX ORAND_MAX o
srand (int)e rand()e rand()ec o
time (NULL) time (NULL)o o o
srand (1) e

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
int main (void) {

int 1i;

srand (time (NULL) ) ;

i = rand();

printf ("Random value between [0, %d]: %d\n", RAND_MAX, 1i);
return 0;

Random value between [0, 2147483647]: 823321433

Co rand()o rand()-

rand() o

pcg-random.orgPCG32 RNG. -

#include <stdint.h>

/* *Really* minimal PCG32 code / (c) 2014 M.E. O'Neill / pcg-random.org
* Licensed under Apache License 2.0 (NO WARRANTY, etc. see website) */

typedef struct { uint64_t state; wuint64_t inc; } pcg32_random_t;

uint32_t pcg32_random_r (pcg32_random_t* rng) {
uint64_t oldstate = rng->state;

https://riptutorial.com/zh-TW/home 308


https://developer.apple.com/library/mac/documentation/Darwin/Reference/ManPages/man3/arc4random.3.html
http://linux.die.net/man/3/random
http://pubs.opengroup.org/onlinepubs/9699919799/functions/drand48.html
http://www.pcg-random.org
http://www.pcg-random.org
http://www.pcg-random.org

/* Advance internal state */
rng->state = oldstate * 6364136223846793005ULL + (rng->inc | 1);
/* Calculate output function (XSH RR), uses old state for max ILP */

uint32_t xorshifted = ((oldstate >> 18u) » oldstate) >> 27u;
uint32_t rot = oldstate >> 59u;
return (xorshifted >> rot) | (xorshifted << ((-rot) & 31));

void pcg32_srandom_r (pcg32_random_t* rng, uint64_t initstate, uint64_t initseq)

rng->state = 0U;

rng->inc = (initseq << 1lu) | 1lu;
pcg32_random_r (rng) ;

rng->state += initstate;
pcg32_random_r (rng) ;

#include <stdio.h>
int main(void) {
pcg32_random_t rng; /* RNG state */

int i;

/* Seed the RNG */
pcg32_srandom_r (&rng, 42u, 54u);

/* Print some random 32-bit integers */
for (i = 0; 1 < 6; i++)
printf ("0x%08x\n", pcg32_random_r (&rng)) ;

return 0;

0.01.0ap- NRAND_MAX-

#define uniform() (rand() / (RAND_MAX + 1.0))

0.01.0eps - epsilon

i = (int) (uniform() * N)

i0ON-1-

RAND_MAXdoubleo ranp_max + 1.0RAND_MAX1. -
Xorshift

rand () XOrshift George Marsaglia. xorshift.  xorshift Wikipedia

#include <stdint.h>

/* These state variables must be initialised so that they are not all zero.

uint32_t w, x, vy, z;

uint32_t xorshiftl28 (void)
{

*/
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uint32_t t = x;

=t << 11U;

=t >> 8U;

Yi Y = 2; Z = W;
= w >> 19U;

A= t;

return w;

>

t
t
X
w
w
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62:

o

(TR t131]
o

Examples

C116.3.1.3-

6.3.1.3
_Bool-

o C"%

int320

#include <stdio.h>
#include <stdint.h>

void param_u8 (uint8_t wval) {
printf ("$s val is %d\n", _ func_ ,

void param_ulé6 (uintle_t wval) {
printf ("$s val is %d\n", _ func_ ,

void param_u32 (uint32_t wval) {
printf ("$s val is %u\n", _ func_ ,

void param_u64 (uint64_t wval) {

val); /* val is

val); /* val is

promoted to int */

promoted to int */

val); /* here val fits into unsigned */

printf ("$s val is " PRI64u "\n", _ func_ , wval); /*

void param_s8 (int8_t wval) {
printf ("$s val is %d\n", _ func_ ,

void param_sl6(intl6_t wval) {
printf ("$s val is %d\n", _ func_ ,

void param_s32 (int32_t wval) {
printf ("$s val is %d\n", _ func_ ,

void param_s64 (int64_t wval) {

val); /* val is

val); /* val is

val); /* val has

Fixed with format string */

promoted to int */

promoted to int */

same width as int */
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printf ("$s val is " PRI64d "\n", _ func_ , val); /* Fixed with format string */

int main(void) {

/* Declare integers of various widths */
uint8_t u8 = 127;
uint8_t s64 = INT64_MAX;

/* Integer argument is widened when function parameter is wider */
param_u8 (u8) ; /* param_u8 val is 127 */
param_ulé6 (u8); /* param_ul6 val is 127 */
param_u32 (u8); /* param_u32 val is 127 */
param_u64 (u8); /* param_u64 val is 127 */
param_s8 (u8) ; /* param_s8 val is 127 */
param_s16(u8); /* param_sl6 val is 127 */
param_s32(u8); /* param_s32 val is 127 */
param_s64 (u8); /* param_s64 val is 127 */

/* Integer argument is truncated when function parameter is narrower */
param_u8 (s64); /* param_u8 val is 255 */
param_ul6 (s64); /* param_ulé6 val is 65535 */
param_u32 (s64); /* param_u32 val is 4294967295 x/
); /* param_u64 val is 9223372036854775807 */
param_s8 (s64) ; /* param_s8 val is implementation defined */
param_sl6 (s64

param_u64 (s64

); /* param_sl6 val is implementation defined */
param_s32 (s64); /* param_s32 val is implementation defined */
param_s64 (s64); /* param_s64 val is 9223372036854775807 */

return 0;

void*o o o

#include <stdio.h>

void func_voidp (void* voidp) {

printf ("$s Address of ptr is %$p\n", __ _func__, voidp);

/* Structures have same shape, but not same type */
struct struct_a {

int a;

int b;
} data_a;

struct struct_b {
int a;
int b;

} data_b;

void func_struct_b(struct struct_b* bp) {
printf ("$s Address of ptr is %$p\n", __ _func__, (void*) bp);

int main (void) {

/* Implicit ptr conversion allowed for void* */
func_voidp (&data_a);
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* Explicit ptr conversion for other types

* Note that here although the have identical definitions,
* the types are not compatible, and that the this call is
* erroneous and leads to undefined behavior on execution.
v

func_struct_b ((struct struct_b*)&data_a);

/* My output shows: */

/* func_charp Address of ptr is 0x601030 */

/* func_voidp Address of ptr is 0x601030 */

/* func_struct_b Address of ptr is 0x601030 */

return 0;
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63:
#o AC#defineo CCo

OC-'}'O

- POSIX-& - gccstdout

$ gcc -E cprog.c
cpp e -o gCC-PO

$ cpp -P cprog.c

Examples

#if #ifdef #else #endifo

/* Defines a conditional “printf’ macro, which only prints if ‘DEBUG"
* has been defined
)

#ifdef DEBUG

#define DLOG(x) (printf(x))

#else

#define DLOG (x)

#endif

Csif

#if _ STDC_VERSION_ _ >= 201112L
/* Do stuff for Cll or higher */
#elif _ STDC_VERSION_ _ >= 199901L
/* Do stuff for C99 */

#else

/* Do stuff for pre C99 */

#endif

#ifC ifo defined( identifier ) 10 o

#if defined (DEBUG) && !defined(QUIET)
#define DLOG(x) (printf(x))

#else

#define DLOG (x)

#endif
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SHORT SerOpPluAllRead (PLUIF *pPif, USHORT usLockHnd) o o

o o SerOpPluAllRead () SerOpPluAllRead_Debug()e°

#if O
// function declaration and prototype for our debug version of the function.
SHORT SerOpPluAllRead_Debug (PLUIF *pPif, USHORT usLockHnd, char *aszFilePath, int nLineNo);

// macro definition to replace function call using old name with debug function with
additional arguments.

#define SerOpPluAllRead (pPif,usLock) SerOpPluAllRead_Debug (pPif,uslLock,__ FILE_ ,_ LINE_ )
#else

// standard function declaration that is normally used with builds.

SHORT SerOpPluAllRead (PLUIF *pPif, USHORT usLockHnd) ;

#endif

SerOpPluAllRead() e

o SerOpPluAllRead()SerOpPluAllRead_Debug/()-e°

#1f defined(SerOpPluAllRead)
// forward declare the replacement function which we will call once we create our log.

SHORT SerOpPluAllRead_Special (PLUIF *pPif, USHORT usLockHnd) ;
SHORT SerOpPluAllRead_Debug (PLUIF *pPif, USHORT usLockHnd, char *aszFilePath, int nLineNo)
{

int iLen = 0;

char xBuffer[256];

// only print the last 30 characters of the file name to shorten the logs.

iLen = strlen (aszFilePath);
if (iLen > 30) {
iLLen = iLen - 30;
}
else {
iLen = 0;
}
sprintf (xBuffer, "SerOpPluAllRead_Debug(): husHandle = %d, File %s, lineno = %d", pPif-

>husHandle, aszFilePath + iLen, nLineNo);
IssueDebuglog (xBuffer) ;

// now that we have issued the log, continue with standard processing.
return SerOpPluAllRead_Special (pPif, usLockHnd);

// our special replacement function name for when we are generating logs.

SHORT SerOpPluAllRead_Special (PLUIF *pPif, USHORT usLockHnd)

#else

// standard, normal function name (signature) that is replaced with our debug version.
SHORT SerOpPluAllRead (PLUIF *pPif, USHORT usLockHnd)

#endif

{
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if (STUB_SELF == SstReadAsMaster()) {
return OpPluAllRead (pPif, usLockHnd);

}
return OP_NOT_MASTER;

#include

#include <stdio.h>
#include "myheader.h"

#includeo <>"

#if VERSION == 1
#define INCFILE "versl.h"
#elif VERSION == 2

#define INCFILE "vers2.h"
/* and so on */
#else
#define INCFILE "versN.h"
#endif
/* L. %/
#include INCFILE

manifest constant

#define ARRSIZE 100
int array[ARRSIZE];

10

#define TIMES10 (A) ((A) *= 10)

double b = 34;
int ¢ = 23;

TIMES10 (b) ; // good: ((b) *= 10);

TIMES10 (c); // good: ((c) *= 10);
TIMES10 (5) ; // bad: ((5) *= 10);

o TIMES10 Ab o TIMES1O0

#define TIMES10(A) ((A) = (A) * 10)
Ao
#define max(a, b) ((a) > (b) ? (a) : (b))
int maxVal = max (11, 43); /* 43 */

int maxValExpr = max (11 + 36, 51 - 7); /* 47 */
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/* Should not be done, due to expression being evaluated twice */
int j =0, i = 0;
int sideEffect = max(++i, ++3); /* i == 4 %/

o Cll_Generico

#erroro

#define DEBUG
#ifdef DEBUG
#error "Debug Builds Not Supported"

#endif

int main(void) {
return 0;

$ gcc error.c
error.c: error: #error "Debug Builds Not Supported"

#if O

/* Block comment around whole function to keep it from getting used.

* What's even the purpose of this function?
int myUnusedFunction (void)
{
int i = 5;

return i;

*/

*/,

/* Block comment around whole function to keep it from getting used.

* What's even the purpose of this function?
int myUnusedFunction (void)
{

int i = 5;

/* Return 5 */
return i;

}

=/
* o #if 0o
#if 0

/* #1if 0 evaluates to false, so everything between here and the #endif are
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* removed by the preprocessor. */
int myUnusedFunction (void)
{
int i = 5;
return i;

}
#endif

“#if O"O
#if 0o o
#if O#definedo #if defined (POSSIBLE_DEAD_CODE) #if defined (FUTURE_CODE_REL_020201) o o

o front##backfrontback o WIN32<rcHar.H>e Cr"string"e WINdows APl#define iNQg unicoDE.
TCHAR.H

#ifdef UNICODE
#define TEXT (x) L##x
#endif

TEXT ("hello, world") UNICODECL1. 1"hello, world"L"hello, world" o

C-
e FILE
e LINE
®  DATE

e TIME o

__func__ ISO/IEC 9899201186.4.2.2

func func

static const char _ func_ [] = "function-name";
function-name-
__FILE__ _ LINE func__o

fprintf (stderr, "%s: %s: %d: Denominator is 0", _ FILE_ , _ func__, _ LINE_ );

C99_ func__ - gccC89_ runcTION o

e _ stpCc_vERSION_ Co yyyymmL 2011121.C11199901.C99;C89 / C90
* _ STDC_HOSTED__ 10 o

e stoc_1Co

ISO / IEC 9899201186.10.9.2
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_ STDC_ISO_10646__yyyymmL 199712L- UniCO(jewchar_tO

o o

__STDC_MB_MIGHT_NEQ_WC__lwchar_t0

_ stpc_utF_16_ lcharie tUTF-160 o

__stpc_uTF_32_ lchar32_tchar32_tUTF-32-

ISO /IEC 9899201186.10.8.3

__sTpCc_aNALYzZaRLE__ 1l

__stpc_1Ec_559_ 1FIEC 60559,

_stpc_1ic_559_compLEx__1GIEC 60559,
_stoc_t1s_ext1__2011121. KBounds-checking interfaces.

__STDC_NO_ATOMICS__l_Atomic<stdatomic.h>o

__ STDC_NO_COMPLEX__l<complex.h>o

__STDC_NO_THREADS__1<threads.h>0

e  sTDC NO VLA 1o
include guard

file.h

#ifndef MY HEADER_FILE H
#define MY HEADER_FILE H

// Code body for header file

#endif

#include "my-header-file.h"o

typedef struct {
} MyStruct;

int myFunction (MyStruct *value);

2.H

#include "header-1.h"

int myFunction2 (MyStruct *value);

main.c

#include "header-1.h"

UnicodelSO / IEC 10646
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#include "header-2.h"

int main () {
// do something

MyStructe o

#ifndef HEADER_ 1_H
#define HEADER 1 _H

typedef struct {
} MyStruct;
int myFunction (MyStruct *value);

fendif

2.H

#ifndef HEADER_2_H
#define HEADER_2_H

#include "header-1.h"
int myFunction2 (MyStruct *value);

#endif

main.c

#include "header-1.h"
#include "header-2.h"

int main () {
// do something

#ifndef HEADER 1 H
#define HEADER 1 H

typedef struct {

} Mygtruct;

int myFunction (MyStruct *value);
#endif

#ifndef HEADER 2_H
#define HEADER 2_H

#ifndef HEADER_1_H // Safe, since HEADER_1_H was #define'd before.
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#define HEADER_1_H

typedef struct {

} Mygtruct;

int myFunction (MyStruct *value);
#endif

int myFunction2 (MyStruct *value);
#endif

int main () {

// do something

header- HEADER 1_H HEADER_1_Ho

#define HEADER_1_H

typedef struct {

} Mygtruct;

int myFunction (MyStruct *value);
#define HEADER_2_H

int myFunction2 (MyStruct *value);

int main () {
// do something

o HEADER_2_H MY PROJECT_HEADER_ 2 _Ho o

o o CFILE'/OO header-1.h

#ifndef HEADER 1 H
#define HEADER 1 H

typedef struct MyStruct MyStruct;
int myFunction (MyStruct *value);

#endif

Mystruct - tagstypedefvystructMystruct { .. } o “struct MyStructMyStruct "o

struct MyStruct {

https://riptutorial.com/zh-TW/home 321


https://en.wikipedia.org/wiki/Opaque_data_type
https://en.wikipedia.org/wiki/Opaque_data_type
https://en.wikipedia.org/wiki/Opaque_data_type
https://en.wikipedia.org/wiki/Opaque_data_type
https://en.wikipedia.org/wiki/Opaque_data_type
https://en.wikipedia.org/wiki/Opaque_data_type

bi

Clltypedef struct MyStruct MyStruct;Co include gU&I’dCllo

#pragma once

file.h

fpragma once

// Code for header file

#pragma onceCo

o <assert.h>o NDEBUG o ,o o

FOREACH

o Cforeacho

#include <stdio.h>
#include <stdlib.h>

struct LinkedListNode
{

int data;

struct LinkedListNode *next;
}i

#define FOREACH_LIST (node, list) \
for (node=list; node; node=node->next)

/* Usage */

int main(void)

{
struct LinkedListNode *1list, **plist = &list,
int i;

for (i=0; i<10; i++)
{

*plist = malloc(sizeof (struct LinkedListNode)) ;

(*plist)->data = i;
(*plist) —>next NULL;
plist & (*plist) —>next;

/* printing the elements here */
FOREACH_LIST (node, list)
{

printf ("$d\n", node->data);
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FOREACHFOREACH

#include <stdio.h>
#include <stdlib.h>

typedef struct CollectionItem_
{

int dataj;

struct CollectionItem_ *next;
} CollectionItem;

typedef struct Collection_

{
/* interface functions */
void* (*first) (void *coll);
void* (*last) (void *coll);

void* (*next) (void *coll, CollectionItem *currItem);

CollectionItem *collectionHead;
/* Other fields */
} Collection;

/* must implement */
void *first (void *coll)
{

return ((Collection*)coll)->collectionHead;

/* must implement */
void *last (void *coll)
{

return NULL;

/* must implement */
void *next (void *coll, CollectionItem *curr)

{

return curr->next;

CollectionItem *new_CollectionItem(int data)

{

CollectionItem *item = malloc(sizeof (CollectionItem));

item->data = data;
item->next = NULL;
return item;

void Add_Collection(Collection *coll, int data)
{
CollectionItem **item = &coll->collectionHead;
while (*item)
item = & (*item)->next;
(*item) = new_CollectionItem(data);

Collection *new_Collection ()

{
Collection *nc = malloc(sizeof (Collection));
nc—>first = first;

last;

nc—>last
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nc—>next = next;

return nc;

/* generic implementation */

#define FOREACH (node, collection) \
for (node = (collection)->first (collection); \
node != (collection)->last (collection); \

node = (collection)->next (collection, node))

int main(void)

{
Collection *coll = new_Collection();
CollectionItem *node;

int i;

for (i=0; 1<10; i++)
{
Add_Collection(coll, 1i);

/* printing the elements here */
FOREACH (node, coll)

{
printf ("$d\n", node->data);

1. wvoid* (*first) (void *coll);
2. wvoid* (*last) (void *coll);
3. void* (*next) (void *coll, CollectionItem *currItem);

__cplusplusC ++C ++C -

CC ++o

CC ++. C ++C ++C. C ++C ++mangling- C ++C-
CC ++__cplusplus C ++ _ cplusplus _ cpluspluso

CC ++__cplusplusC ++Co #ifdef#ifdefined()C ++C.

#ifdef cplusplus
printf ("C++\n");
#else

printf ("C\n");
#endif

#1f defined(__cplusplus)
printf ("C++\n");

#else

printf ("C\n");

#endif
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C ++CC__cplusplusextern "c" { /* ... */ };C ++Co C extern "c" { */ ... */ };o extern "C" {
/% ... %/ 1;C ++Co

#ifdef _ cplusplus

// 1f we are being compiled with a C++ compiler then declare the
// following functions as C functions to prevent name mangling.
extern "C" {

#endif

// exported C function list.
int foo (void);

#ifdef _ cplusplus

// 1f this is a C++ compiler, we need to close off the extern declaration.
}i

#endif

inline

#ifdef DEBUG
# define LOGFILENAME "/tmp/logfile.log"

# define LOG(str) do { \
FILE *fp = fopen (LOGFILENAME, "a"); \
if (fp) { \

fprintf (fp, "%s:%d %s\n", _ FILE_ , _ LINE_ , \
/* don't print null pointer */ \

str ?str :"<null>"); \

fclose (fp) ; \

} \
else { \
perror ("Opening '" LOGFILENAME "' failed"); \

} \

} while (0)
#else
/* Make it a NOOP if DEBUG is not defined. */
# define LOG(LINE) (void)O
#endif

#include <stdio.h>

int main (int argc, char* argvl[])
{
if (argc > 1)
LOG ("There are command line arguments");
else
LOG ("No command line arguments");
return 0;

DEBRUG voide if/elseo

DEBUGdo { ... } while(0)o (void) 0o

#define LOG(LINE) do { /* empty */ } while (0)
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GCCGNU - -

#include <stdio.h>

#define POW(X, Y) \

({ \
int i, r = 1; \
for (i = 0; 1 < Y; ++i) \
r *= X; \

r; \ // returned value is result of last operation

})
int main(void)
{

int result;

result = POW(2, 3);
printf ("Result: %d\n", result);

C99
print-macro

#define debug_print (msg) printf("%$s:%d %$s", __FILE__, _ LINE__, msg)
somefunc()'lo

int retVal = somefunc();
if (retval == -1)
{
debug_printf ("somefunc () has failed");
/* some other code */
retVal = somefunc();
if (retval == -1)

{

debug_printf ("somefunc () has failed");

somefunc () c

debug_printf (retval) ; /* this would obviously fail */
debug_printf ("$d", retvVal); /* this would also fail */

__VA_ARGS__o X-macro

#define debug_print (msg, ...) printf(msg, __ VA _ARGS_ ) \
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printf ("\nError occurred in file:line (%s:%d)\n", _ FILE_ ,
___LINE)

int retVal = somefunc();

debug_print ("retvVal of somefunc() is-> %d", retval);

debug_print ("Hey") ;

debug_print ()o debug_print ("Hey",) ;o
##__ VA_ARGS__ o

#define debug_print (msg, ...) printf (msg, ##__ VA _ARGS_ ) \
printf ("\nError occured in file:line (%s:%d)\n", _ FILE_ ,
___LINE)

debug_print ("Ret val of somefunc()?");
debug_print ("%d", somefunc());
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3  Valgrind

10
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