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1. #4EZEE

1.1 #H
TR EABHARIA:

o Char: 5/ S 8 U EBH.

o short: 575 16 UEH.

o int: BRFS 32 VEH

o long: £ 32 N EZLE 32 B# (long int), £ 64 M RZKNE 64 IEE.

« long long: 55 64 L%} (long long int).

« bool: _Bool 3%, 8 {/##, 7£ stdboolh FIZEX T bool / true / false ZEF{FMH.

HFEARBRAL char AIRRREKRERFSH LS 8 (uBE, FAMEINA unsigned char /
signed char kFRREKFIEE,

£ stdinth REX T —LF F EFRHAVEEERE,

typedef signed char int8_t;

typedef short int intl6_t;
typedef int int32_t;
typedef unsigned char uint8_t;
typedef unsigned short int uintl6_t;
typedef unsigned int uint32_t;

#if __WORDSIZE == 64

typedef long int int64_t;

typedef unsigned long int uint64_t;
#else

__extension__

typedef long long int int64_t;

typedef unsigned long long int uint64_t;
#endif

A& FEEEER A R/NRFo

# define INT8_MIN (-128)

# define INT16_MIN (-32767-1)

# define INT32_MIN (-2147483647-1)

# define INT64_MIN (—__INT64_C(9223372036854775807)-1)
# define INT8_MAX (127)

# define INT16_MAX (32767)

# define INT32_MAX (2147483647)

# define INT64_MAX (__INT64_C(9223372036854775807) )

# define UINT8_MAX (255)



# define UINT16_MAX (65535)
# define UINT32_MAX (4294967295U)
# define UINT64_MAX (__UINT64_C(18446744073709551615) )

FREBRIAZ—D int BH, ERFFAIUBITREREBES char F into

char c = 'a';
printf("%c, size(char)=%d, size('a')=%d;\n", c, sizeof(c), sizeof('a'));

W

a, size(char)=1, size('a')=4;

B ENERRAENEL, 7 stdinth REFEE T HEREX.

/* Types for “void *' pointers. x/
#if _ WORDSIZE == 64

typedef unsigned long int uintptr_t;
#else

typedef unsigned int uintptr_t;
#endif

R FER I AE % A sizeof(char®) XAEE A%, ABEAE 32 £ 64 AKX 3.
KAV AR B AR R A ST,

printf("int size=%d;\n", sizeof(1));

(
printf("unsigned int size=%d;\n", sizeof(1U));
printf(*"long size=%d;\n", sizeof(1L));
printf("unsigned long size=%d;\n", sizeof(1UL));
(
(

printf("long long size=%d;\n", sizeof(1LL));

printf("unsigned long long size=%d;\n", sizeof(1ULL));
Eorfa ek
int size=4;

unsigned int size=4;

long size=4;

unsigned long size=4;

long long size=8;

unsigned long long size=8;

stdinth REX T —LLHBIR .

# if __WORDSIZE == 64

# define __INT64_C(c) c ## L
# define __UINT64_C(c) c ## UL
# else

# define __INT64_C(c) c ## LL
# define _ UINT64_C(c) c ## ULL
# endif

E: REXFWN "## BRFRIBENAESE—R, FA—PFHFS.



1 2 l#lu\ﬁ
C IR TTEBERFER,

o float: 32 i1 4 FHFRE, HBHE 6.
o double: 64 i 8 T A%, BHAE 15.
« long double: 80 i 10 FHFa#, BHE 19 fi.

FREERIAREIZ double, AJLURMESR F k3k7K float, L 37K long double, AJLARFFREEE .

printf("float %f size=%d\n", 1.F, sizeof(1.F));
printf("double %f size=%d\n", .123, sizeof(.123));
printf("long double %Lf size=%d\n", 1.234L, sizeof(1.234L));

Eorfank

float 1.000000 size=4

double 0.123000 size=8

long double 1.234000 size=12 # %57

CO9 R TEHFF, AWM HERRAMTRE S B R RE R STHAMESDT .

B float. double. long double F#1 _Complex BIAJRRE#, £ complexh FEXT
complex REEERER—EM,

#include <complex.h>

printf("float complex size=%d\n", sizeof((float complex)1.0));
printf("double complex size=%d\n", sizeof((double complex)1.0));
printf("long double complex size=%d\n", sizeof((long double complex)1.0));

i

float complex size=8
double complex size=16
long double complex size=24

1.3 frz¢
N C# th I TREI 20 o

enum color { black, red = 5, green, yellow };

enum color b = black;
printf("black = %d\n", b);

enum color r = red;
printf("red = %d\n", r);

enum color g = green;
printf('green = %d\n", g);



enum color y = yellow;

printf("yellow = %d\n", y);
BRI
black
red =
green

vl
S

6
yellow = 7

KA RMER UAEE .

enum color { black = 1, red, green = 1, yellow };

Hid:
black
red =

Nl
Juny

green 1
yellow = 2

BEERNE/IMIERARRBEEEXEE.
enum { BLACK = 1, RED, GREEN = 1, YELLOW };

printf("black = %d\n", BLACK);
printf('red = %d\n", RED);
printf("green = %d\n", GREEN);
printf("yellow = %d\n", YELLOW);

10



2. FHIE

FHIE (literal) RAREH AREREEEMNICS (token), ATREEEH. FrE. F/F. FHFH.

BR T B IRt HIEESN, WRATLR/\EEH] (0FF3K) S8t H] (0x/0X)3RR%-

int x = 010;

int y = Ox0A;

printf("x = %d, = %d\n", X, y);
g

x =8, y=10

FEXBRER, TUBIERRXSHEE.

0x200 —> int
200U —> unsigned int
oL —> long

OxfofoUL —> unsigned long

0777LL —> long long
OxFFULL —> unsigned long long

2 2 I;uu I% E

A RT3 AR IR EE
10.0 —> 10

10. —> 10

.123 —> 0.123

2.34E5 —> 2.34 x (10 *x 5)
67e-12 —> 67.0 * (10 *x -12)

RINFEREERE double, AILLA F F& R~ float, A L F& 37~ long double 2£3!,

N
W
4
o
ik
b

FREEERIAZ int 28, BRIEABTE L FRm wchar_t BEFRFRAL,

char c = 0x61;

char c2 = 'a';

char c3 = '\x61';

printf("“%c, %c, %c\n", c, c2, c3);

11



i

a, a, a

£ Linux 247, BRIAFERFER UTF-8, AILLHE wctomb &R EuH T,

wchar_t BAIARZ 4 FTKE, BUBHETE UCS-4 Unicode FfF.
setlocale(LC_CTYPE, "en_US.UTF-8");

wchar_t wec = L'd';
char buf[100] = {};

int len = wctomb(buf, wc);
printf("sd\n", len);

for (int i = 0; i < len; i++)
{
printf("0x%02X ", (unsigned char)buf[il);

}
el

3
OxE4 0xB8 OxAD

24 FHHREE

CIEETHFRFER— L NULL (52 \0) BEM char #14H.

TFERFBAANETSA—INFD, 88— P NULLFEF, URMERERT—IMKEANLHY
==

DT ) ANFH (strlen F sizeof FRRMEXAE).

char sl "Hello, World!";
charx s2 = "Hello, C!";

EIFEATAEA LIS ERE— B r /R,
setlocale(LC_CTYPE, "en_US.UTF-8");

wchar_tx ws = L"HEA";
printf("%ls\n", ws);

char buf[255] = {};
size_t len = wcstombs(buf, ws, 255);

for (int i = @; i < len; i++)
{
printf("0x%02X ", (unsigned char)buf[il);
¥
Lol
REA
OxE4 0xB8 OxAD OXE5 0x9B 0xBD OxE4 @xBA";

=

EX

12



A char FRFBLERD, wchar_t FRBU— 4 FTH NULL £53R.

wchar_t ws[] = L"HEA";
printf(*len %d, size %d\n", wcslen(ws), sizeof(ws));

unsigned charx b = (unsigned charx)ws;
int len = sizeof(ws);

for (int i = 0; i < len; i++)
{

printf("s02X ", b[il);
+

el

len 3, size 16
2D 4E 00 00 FD 56 00 00 BA 4E 00 00 00 00 00 00

HERLEANMERRINTHER, FOEFRIERIERB R EFHLBFFE.

#define WORLD "world!"
charx s = "Hello" " " WORLD "\n";

XNFRRBEHERKNFFEH, BRTEBMESTRFEN, TR "\" EITE#RIT.

charx s1 = "Hello"
" World!";

charx s2 = "Hello \
World!";

AR "\"MITRENNZEREWEABMTRFEN—Bo.

13



3. KB

HEHEFNILNREECEEATRN, SBRHTREKLR. BERIXFSHORL B IMR iRk
B, EXREREEMAERT, KK "&" NHREEE#R Dy "5E" KA.

3.1 EAREKR iR

#IXSRENAMBR VIR E R

long double > doulbe > float > long long > long > int > char > _Bool
FRMNSELEAXDNERSEEE BFSEENESNNERSXDSIAR.

ERIERA, ATRESNE char. short 2 ERIA int (unsigned int) X EE, (B float HASBEE)
HEHAERIAR double K8,

char a

char c

printf("%sd\n", sizeof(c - a));
printf("%d\n", sizeof(1.5F - 1));

el
4
4

HESLHSRIEAN, SEIBRARREZEERTPILFSRKENMEE.

long a = -1L;
unsigned int b = 100;
printf("sld\n", a >b ? a : b);

i

-1

HHEERIEABR. RE long ZRLE unsigned int &, B 32 I R%&H, S{1H2 32 &,
H long AARRUEY unsigned int FIEFBE, FILRIFSFSEXFANRIEEERFEH A unsigned
long, WHEESSRMNETFSMA, Wik (unsigned long)a MERMER T —MERIIEE.

long a = -1L;
unsigned int b = 100;

printf("slu\n", (unsigned long)a);
printf("%ld\n", a > b ? a : b);

T
4294967295
-1

14



Httpfr X a4

o MERYIIRUE, ARERS2EFEHMR AR IELREE,

o REUARR, BEFSESHEBRATSEEL,

o B return RIEXEREIE AREOREKE,

o EfA2EE 0 &0 NULL ¥5§t#3¥ 5 _Bool false, Rz 7 true.

RERAER ALY, KRERSIRXEFSUIEFLNSEAFFRED — "1TME"

3.2 IR ARG
(1) BEABRFAXBEWLHIERE A TROMES, BRIEZUTHER:

o WL sizeof ¥ 1EXL.
o FF & EEFFIRE "#ATEE".
o« FREREEH TR char/wchar_t #14H.

(2) AT B IUK BRI R S B FE £F o

int x = 123, *p = &x;
charx c = (charx)x;

(3) (EfFEEHER AT ARR T EE R  void F5%H, RZIFR.

(4) Efgsr &P rT AR e M R B E RIS ET (B2 const. volatile. restrict R ER)-

int x = 123, *p = &x;
const intx p2 = p;

(5) NULL AT RARBR U m AR B HE £t o

(6) TLL B TR IR SHEC IR N B, REFEHIRAT.

int x = 123, *p = &x;
int px = (int)p;

printf("%sp, %x, %d\n", p, px, *(intx)px);

i

0xbfc1389c, bfc1389c, 123

15



I~

BB

I

FPFREXMZEFREALREZ S, UCR—LEHFHRAHTT.

41 E/AFHE
CO9 HHEMMWE, RATATINERE LSS P — N EHRRABIES

CREZTRN WItatksIa }

EIN

intx i = &(int){ 123 }; // BETE, i8f

intx x = (int[1){ 1, 2, 3, 4 }; // B4R, #EE

struct data_tx data = &(struct data_t){ .x = 123 }; // &1, fEE

func(123, &(struct data_t){ .x = 123 }); // RESE, SIS

WREFSHEREE, BAVBLIIRLEARRENEE.

4.2 sizeof

REEER S ARESEARN, BAFET (byte). sizeof IREIEE size_t XA, PIEMATUERA
METE.

size_t size;
int x = 1;

size = sizeof(int);

size = sizeof(x);
size = sizeof x;

sizeof (&x);
sizeof &x;

size

size

ft: REA int X% size_t, EHNE 32 LM 64 fIFEE size_t KEARE.

43 ESIZER
EERE—ATTIEER, BRBEMMESERITFLE, HiREARERNERLR,

int i = 1;
long long x = (i++, (long long)i);
printf("slld\n", x);

16



4.4 fLER
CIEEMRERZANAMA, FESHEEM"0"

Loeeksiak (MEER):

KB 5 ZaE
FEEEF ([ funcO). .« ->. (type){init} MZEEIR
—TBERF  [++. -1 I~y 44 -0 kL & sizeof MEEZE
HHIzHE  [(type name) MER AL
FIRBEF  [*. /. % MZEEIA
MWREER |+, - MZEEH
MNBIEEF |<<. >> MEERA
RRBEF |<. <=. >. >= MERA
HEEERF |==. I= MEZRA
IZEE | MZEE A
VEEF |~ MEE A
VEHEF || MEE A
BHEEZEES (& MZERIA
EBEEHEFT ||| MZEERIA
FHEZEF |2 MEEZE
MEZEER |=. +=. -=. *=. /= %=. &=. A=. |=. <<=. >>= MEEE
ESIEEF MZEEIE

WRFREXP S M REFREERMER, BLAGERRETHEHTARMNELRMEF A,

ﬁWa=b=€,Wf%ﬁﬁ%ﬁﬁﬁ,W%éﬁméﬂMEﬂE%éﬁ%ﬁh=®=Cﬂ
TEE LRSI RERNEAFRER:

()" RERET

FA: *p. T

®H: (xp).f
SEpr: *(p.f)o

@I BT "

BE&: int xapl]
®’#: int (xap)[]

17



ISH

Fr: int x(apl])
(3)"=="1"1=" BFLHRIER
FEA: val & mask !'= 0

2#: (val & mask) =0
Fr: val & (mask !'= 0)

(4)"==""I="5TMERF.

EF#: c = getchar() != EOF
®#: (c = getchar()) !'= EOF
SCfR: ¢ = (getchar() != EOF)

5) EARCHEF B TUBZHER.

F#E: msb << 4 + 1sb
=#: (msb << 4) + 1lsb
SLFR: msb << (4 + lsb)

(6) ESTEHEMFEMBEEFFIMERRKRE.

BAE: 1 =1, 2
BH: 1= (1, 2)
Zpr: (1 =1), 2

18



5. 7& )

5.1 &R

BARKRRT —MERAE, MEORAFANBIZEBE el EZ BRI BRTH "} &r—

PDEIEARS, EAERBATEANBERE, XERPEEER.

int i = ({ char a = 'a'; a++; a; });
printf("sd\n", 1i);

RE—PMREXWEABIEAROEREE. BYEHNERAT.

#define test() ({ \

char _a = 'a'; \
_att; \
_a; 1)

int i = test();
printf("sd\n", 1i);

AEREEAZEBEIAMT LR, NEEZRAFRLEEEGRNERZEEFR.

5.2 IBINER]
C ¥ while. for. do..while JLFEIRIE Al

ERTENEGT, BFR2SE get_len REWZ IR

size_t get_len(const charx s)

{

printf("%ss\n", __func_);
return strlen(s);

}

int main(int argc, charx argvl[])

{

char xs = "abcde";
for (int i = 0; i < get_len(s); i++)
{

printf("sc\n", sl[i]);

}
printf("\n");

return EXIT_SUCCESS;

19



5.3 iEFiEq)

BT if . else if . else.. Flswitch{case . }ITHIER.

GCC X #F switch SEET E.

int x = 1;

switch (x)

{
case @ ... 9: printf("0..9\n"); break;
case 10 ... 99: printf("10..99\n"); break;
default: printf("default\n"); break;

+

char c = 'C';

switch (c)

{
case 'a' ... 'z': printf("a..z\n"); break;
case 'A' ... 'Z': printf("A..Z\n"); break;
case '0' ... '9': printf("0..9\n"); break;
default: printf("default\n"); break;

}

5.4 TE4BE

T &14BkEE: break, continue, goto, return.
goto (NERFNBKE, ¥ HTFBKE#®RER.

5.4.1 longjmp

WRFERFSNKEE, AJEH longjmpe.

setimp R HRIUERNEXEE (M. FFRF) REE jmp_buf £, FRE 0. HEHK

AT longjmp BREERS, BERH— DR KBHITERIRE setjmp &, F3RE longjmp

PR AR AD

#include <stdio.h>

#include <stdlib.h>
#include <stdbool.h>
#include <setjmp.h>

void test(jmp_buf xenv)

{
printf("1....\n");
longjmp(*xenv, 10);

int main(int argc, charx argv[])

{

jmp_buf env;

20



int ret = setjmp(env);

if (ret == 0)

{
test(&env);
)
else
{
printf("2....(%d)\n", ret);
)

return EXIT_SUCCESS;
¥
Hid:
loooo
2....(10)

// PUT longjmp BREZME, ret £F longjmp FTZHAVRSRE.

21



6.

&
%

X
Ay

6.1 HKE
gcc XFFRERIY R.

typedef void(xfunc_t)();

func_t test()

{
void funcl()
{
printf("%s\n", _ func__);
};
return funcl;
¥

int main(int argc, charx argvl[])

test()();
return EXIT_SUCCESS;

HHEWEX R, ERAHZR "B "EA"

NERHAI "ZE" SNERBNSHHNEE, INEZEVINERRREBZHE X

#define pp() ({ \
printf "%g: X = %d(%p), y

}

void test2(int x, char %s)
{

int y = 88;

pp();

void funcl()

{
Y+t
X++;

pp();

funcl();

X++;

funcl();
pp();

)
]

d(

o
“

p): SH=" %S(%P);\n", __funC__l X, &x, Y, &YI S, S);

\

22



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

{

test2(1234, "abc");

return EXIT_SUCCESS;
¥
BRI
test2: x = 1234(oxbffff7d4), y = 88(0xbffff7d8), s = abc(0x4ad3);
funcl: x = 1235(0xbffff7d4), y = 89(0xbffff7d8), s = abc(0x4ad3);
funcl: x = 1237(0xbffff7d4), y = 90(0xbffff7d8), s = abc(0x4ad3);
test2: x = 1237(0xbffff7d4), y = 90(0xbffff7d8), s = abc(0x4ad3);

6.2 KA

ERXDEX "R T "REIE KB KA. RBRE—MEE SRR B

typedef void(func_t)(); // BREKE
typedef void(*func_ptr_t)(); // FREFEERE
void test()
{
printf("ss\n", _ func_);
¥
int main(int argc, charx argvl[])
{
func_t*x func = test; // BER— %
func_ptr_t func2 = test; // BEZIEHER
void (*func3)(); // BRI BaRHMRMNREETTE
func3 = test;
func();
func2();
func3();
return EXIT_SUCCESS;
¥
6.3 A H

C REFNIAR A cdecl HANE, SRMEAEREEAK, BHIFAZEATSHARMEE.

int main(int argc, charx argv[])
{
int a()
{
printf("a\n");
return 1;



I}

charx s()

{
printf("s\n");
return "abc";

printf("call: %d, %s\n", a(), s());
return EXIT_SUCCESS;

i

S
a

call: 1, abc

CEEHEXNR, BIEEHAGEHE "EFEE" £E, HTTBEd

HS
void test(intxk x)
{
intx p = malloc(sizeof(int));
*p = 123;
*X = p;
¥
int main(int argc, charx argv[])
{
intx p;
test(&p);
printf("%sd\n", *p);
free(p);
return EXIT_SUCCESS;
¥

AR [E test PRREE.

6.4 &6 FF

C9

9 21

o extern: BIABMRF, BATREFR "EEIIMNBEEZNFRRF",

H. ATETEFHRRZTEAEMBITHEN.

BRI "TeETROTE " RLIIE

X R BT TERE X

o static: EFRZEHRFRIREIRNERFERFLT ORBXH) R M. B PRTRREESEHFHS

TH.

o inline: BIHFF inline W RIFSFFRERIDAEKIIARL, BRFRVETRERSTHR. B

FEESMEIATRVIREREEREX A inline KE.

24



GNU inline %77 AB:

o staticinline: NEEEEER L, EURRFRETANE. T -00 KRR Z call.
o inline: SNEZRE, HATEATTNEL, INBEETT HTIBINEZRE CEXHFHRR

BT)o

B inline X#2%F ARt AAEREE XA

6.5 AIIEEETE

ERAEEER

EXHES.

o Va_start: BB T ER — S B RWILEK va_list BT 2R B
eva_arg: KHEAIAIEBTEE, FHFHEHBE T ITHEETE.

o va_end: HAFFERTEBHNIER.

« Va_copy: AIGFRNBEZTERE (va_list) k¥lsk 5 —15%t

#include <stdarg.h>

/* IEEETEHE x/
void test(int count, ...)

{

va_list args;
va_start(args, count);

for (int i = @0; i < count; i++)

{
int value = va_arg(args, int);
printf("%d\n", value);

va_end(args);

/* LA NULL RZ5RFRIE */
void test2(const charx s, ...)

{

printf("%ss\n", s);

va_list args;
va_start(args, s);

charx value;

do
{

value = va_arg(args, charx);

if (value) printf("%s\n", value);
}

while (value != NULL);

MMinline %

25



va_end(args);

/* BEF va_list RBENHEMAMIEETERE +/
void test3(const charx format, ...)
{

va_list args;

va_start(args, format);

vprintf(format, args);

va_end(args);

int main(int argc, charx argvl[])

{
test(3, 11, 22, 33);
test2("hello", "aa", "bb", "cc", "dd", NULL);
test3("%s, %d\n", "hello, world!", 1234);
return EXIT_SUCCESS;

¥

26



7. H4AH

71 AAERKEHA
MRMARFEANEFAY, BRE static 165, MATUMIERBRELREX A

void test(int n)

{
int x[n];
for (int i = @; i < n; i++)
{
x[i] = i;
}
struct data { int xI[n]; } d;
printf("%sd\n", sizeof(d));
}

int main(int argc, charx argv[])

{
int x[1 =4{1, 2, 3, 4};
printf("sd\n", sizeof(x));
test(2);
return EXIT_SUCCESS;

}

7.2 THrfefik
X[i] HHHETF *(x + i), FAEBBIANAEOE—TENEEH.
int x[1 ={ 1, 2, 3, 4 };

x[1] = 10;
printf("sd\n", *x(x + 1));

*x(x + 2) = 20;
printf("sd\n", x[2]);

C A BATHRRSIATEERE, RENFELIFEIFEE.
HAXZBINRIEAE—TRBHMEE, m &x[i] NIRE int* X255, FBABRFRFSTER.

7.3 Mlialk
TSR TARYIA SN, B AN E AL

int x[1 = {1, 2, 3 };

27



int y[51 = {1, 2 };
int al3] = {};
int z[1[2] =
{
{1, 11},
{2, 11},
{ 7 } ’
+
HIEE e HL

o MRBANBSEFEY, BAVGUBLREFEREX.
o MNRRBYIIAKES, BAUNRBEEKE, HYBLEBNRE—NTRRE,
o RENRBKENGRLE, BARFRBDBENTREBE AL 0 3 NULL.

BAE AT AR RIR L Rs P AR (LR ERI TR

int x[1 ={ 1, 2, [6] = 10, 11 };
int len = sizeof(x) / sizeof(int);

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

printf("x[%d] = %d\n", i, x[il);
b

it
x[0] =1
x[1] = 2
x[2] =0
x[3] =0
x[4] =0
x[5] =@

N

4 FHg®
FREBZLL\O0 EREM char #4H.

char s[10] = "abc";
char x[] = "abc";

printf("s, size=%d, len=%d\n", sizeof(s), strlen(s));

printf("x, size=%d, len=%d\n", sizeof(x), strlen(x));

el

s, size=10, len=3
X, size=4, len=3



7.5 ZHEHA
SCRrEFLR "TTRAEA" HEAH, EETRENE, HARHAEEH-
ZHEANE—DNHEE TR LARIEE.
int x[1[2] =
{
{1, 11},
{2, 223},
{3,331}
+i

int col = 2, row = sizeof(x) / sizeof(int) / col;

for (int r = @; r < row; r++)

{
for (int ¢ = 0; c < col; c++)
{

printf("x[%d] [%d] = %d\n", r, c, x[rllcl);

)

¥

Hi:

x[o][0] =1

x[0][1] = 11

x[1]1[0] = 2

x[11[1] = 22

x[2][e] = 3

x[2]1[1] = 33

T HFURBEE IR "B (matrix)", HEF— row * column BIFRIE.

Eean x[31[2] MEF=1T255RME. SHFENTREZESHIN, IHEXAEFHHAN—ER
FFHIE.

int x[1[2] =
{
{1, 11 },
{2, 221},
{3,331}
};

int len = sizeof(x) / sizeof(int);
intx p = (intx)x;

for (int 1 = 0; 1 < len; i++)

{
printf("x[%d] = %d\n", i, plil);
¥
Hid:
x[0] =1
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x[1] = 11
x[2] = 2
x[3] = 22
x[4] =3
x[5] = 33

R, WANTATAYIBLEFENTR.

int x[1[2] =
{
{1, 11},
{2, 221},
{3, 331},
[4]1[1] = 100,
{6, 66 },
[71 = {9, 99 }
i

int col = 2, row = sizeof(x) / sizeof(int) / col;

for (int r = 0; r < row; r++)

{
for (int c = 0; c < col; c++)
{
printf("x[%d] [%d] = %d\n", r, c, x[rllcl);
¥
¥
it
x[0][0] =1
x[0][1] = 11
x[1]1[0] = 2
x[11[1] = 22
x[2]1[0] = o
x[21[1] = o
x[31[0] = o
x[31[1] = @
x[4]1[0] = o
x[41[1] = 100
x[51[0] =6
x[5]1[1] = 66
x[6][0] = @
x[6]1[1] = 0
x[71[0] = 9
x[71[1] = 99
7.6 HBASH

HHAENRBESEE, RRERAERAIEQOHMAE 2R, UHERBNBELTER
sizeof SRISEAEMEFRKE T o

void test(int x[])



printf("sd\n", sizeof(x));

void test2(intx x)

{
printf("sd\n", sizeof(x));

int main(int argc, charx argv[])

{
int x[1 ={1, 2, 3 };
printf("sd\n", sizeof(x));
test(x);
test2(x);
return EXIT_SUCCESS;

b

i

12

test 1 test2 AR sizeof(x) SEFFZERZE sizeof(int*). H{VEEEXNEBHAKE, HEZ2—PIL

RHEMICE ERIEZE (NULL).

CO9 XHKEATRAENTRELR. URINEBRALRE, THNSEEE

/* BAARBINEAE—TRIEE, M test2 —PER *x/
void testl(int len, int xI[1)

{
int 1i;
for (i = 0; i < len; i++)
{
printf("x[%d] = %d; ", i, x[il);
}
printf("\n");
¥

/x BEREERAASE—TTRIES */
void test2(int len, intx Xx)

{
for (int i = @0; i < len; i++)
{
printf("x[%sd] = %d; ", i, *x(x + i));
+
printf("\n");
}
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/x BiRTES: BMARIVAEAE TR, Sarray NWERHREEANKARS */

void test3(int len, int(xx)[len])

{
for (int i = 0; i < len; i++)
{
printf("x[%sd] = %d; ", i, (*x)I[il);
}
printf("\n");
¥

/* BUEEAE: BABERINEAE—TRER, AR int(x)[]1 */
void test4(int r, int c, int y[]I[c])

{
for (int a = 0; a < r; a++)
{
for (int b = 0; b < c; b++)
{
printf("y[%d] [%d] = %d; ", a, b, ylallbl);
}
}
printf("\n");
¥

/*x ZHEH: BRE—NITTRIE */
void test5(int r, int c, int (xy)[cl)

{
for (int a = 0; a < r; a++)
{
for (int b = 0; b < c; b++)
{
printf("y[%d] [%d] = %d; ", a, b, (xy)I[bl);
¥
y++;
}
printf("\n");
¥

/x ZHEEE x/
void test6(int r, int c, int (xy)[]1[c])

{
for (int a = 0; a < r; a++)
{
for (int b = 0; b < c; b++)
{
printf("y[%d] [%d] = %d; ", a, b, (xy)[allbl);
¥
)
printf("\n");
¥
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/x JTERNIEEBIIEEEA, HE T test8 x/
void test7(int count, charsx s)

{

for (int i = @0; i < count; i++)
{

printf("%s; ", x(s++));

printf("\n");

void test8(int count, charx s[count])

{

for (int i = @; i < count; i++)
{

printf("ss; ", slil);

printf("\n");

/* LA NULL ZERIIEEEEA */
void test9(intkxkx x)

{

int

intx p;
while ((p = *x) != NULL)
{

printf("sd; ", *p);

X++;

printf("\n");

main(int argc, charx argv[])

int x[1 ={1, 2, 3 };

int len = sizeof(x) / sizeof(int);
testl(len, x);
test2(len, x);
test3(len, &x);

int y[1[2] =
{
{10, 11},
{20, 21},
{30, 31}
};

int a = sizeof(y) / (sizeof(int) * 2);
int b = 2;
test4(a, b, y);
33



test5(a, b, y);
test6(a, b, &y);

charx s[] = { "aaa", "bbb", '"ccc" };
test7(sizeof(s) / sizeof(charx), s

)
test8(sizeof(s) / sizeof(charx), s);

intx xx[1 = { &(int){111}, &(int){222}, &(int){333}, NULL };
test9(xx);

return EXIT_SUCCESS;
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8. fa st

8.1 void 5§t

void* X R AL eEIEEE, AIARRAEMIF AL, EZHFZNRAELE. BRI R LA E

FREHITIIRIRIE. void* FEST AT A S H R R B R ST TR T334

void test(voidx p, size_t len)

{
unsigned charx cp = p;
for (int i = 0; i < len; i++)
{
printf("s02x ", *(cp + i));
)
printf("\n");
¥

int main(int argc, charx argv[])

{
int x = 0x00112233;

test(&x, sizeof(x));

return EXIT_SUCCESS;
¥

fanl

33 22 11 00

8.2 Mt {Lisst

AT LA FRWItR 1 239105 L ¥ £t o
o 85T EE NULL.
o HEIEENIEE, HERAREFELHIERLEIEE
o void F5%f-

FEXEAREHEEINHCEFREHEEL AR ENEERELVGRL, LLNMRBBZHRF.

char sl "abc";

charx sp = s;

int x = 5;
intx xp = &x;

void test() {}
typedef void(*test_t)();
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int main(int argc, charx argvl[])

{
static intx sx = &x;
static test_t t = test;
return EXIT_SUCCESS;

¥

8.3 iEftiZE

(1) FHEE TSR FEZE R RSO E — &R,
int x = 1;

int *xa, *b;

a = &x;

b = &x;

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

(2) XHEETHITINEZFE KRB SE n DT RIBE

int x[1 = {1, 2, 3 };
intx p = x;

printf("sd, %d\n", x[1], x(p + 1));

(3) W HITHIEAZR , DIRBUEH I ETENHARSIFS.
int x[1 = {1, 2, 3 };

intx p = x;
p++; p++;

int index = p - Xx;

printf("x[%d] = %d\n", index, x[index]);

i

x[2] = 3;

(4) SEFHTANEERZEE, B THRBERSIFS KN

int xI[1]

{1, 2, 3%

intx pl = x;
intx p2 = x;
pl++; p2++; p2++;

printf("pl < p2? %s\n", pl < p2 ? "Y" : "N");

T
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pl < p27 Y

(5) BATATAE#REA &x[i] SABIsSEFSITRMIES-
int x[1 = {1, 2, 3 };

intx p = &x[1];
*xp += 10;

printf("%sd\n", x[1]);

ERERE & &, * BEFRERLEERZHETS.

8.4 [REFF
FREFRF const ATLAFRR "RE NIEHMEE" 1 " EEMEH" -
int x[1 = {1, 2, 3 };

// BEER: BHEASHEE, FUBH, EABKERNR.
intx const pl = x;

*x(pl + 1) = 22;

printf("sd\n", x[1]);

// BEEBIEt: BIRNRAEE, TAEW, BrfEiEst.
int const *p2 = x;

pP2++;

printf("sd\n", *p2);

X AT const 2121 p B=Z *p.

BA restrict REFIEH M AREIRS . SRRF[ERTEFRHN, RegBI XK

MR, BaREFRTHEIREZSERMZEN .

8.5 #AES
SRR S M, MIRAE TR

int x[1 = {1, 2, 3 };
int(xp) [1 = &x;

for (int i = 0; i < 3; i++)

{
printf("x[%d] = %d\n", i, (xp)[il);
printf("x[%d] = %d\n", i, *x(*p + i));

37



&x REIHLATES, *p KRENH x HHEMIES, BHIIREE—TENIES, RETURTIRSIES

EHFHETR.

8.6 fEFTHI4H

TREEHNEE, BEATRIFHEHASENH. HATREERNR (T2 ASEM

XR) HFEST, MAFSKFFRARR.

intx x[3] = {};

x[0] = (int[1){ 1 };
x[1] = (int[1){ 2, 22 };
x[2] = (int[1){ 3, 33, 33 };

intkx x1 = *(x + 1);
for (int i = 0; i < 2; i++)
{
printf("sd\n", x1[i]);
printf("sd\n", x(k(x + 1) + i));
¥
it
2
2
22
22

EHEAE x 2=1MER BN REE)RET

*(x + 1) REVBERA SR, B2 x[1].
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9.1 FEBEH

MR BTEBECIENNREE, EALIES HEHEC LR PIEFHA.

struct list_node

{
struct list_nodex prev;
struct list_nodex next;
voidx value;

I3

EXANTREMRE, QAEER/MIE, RTEXHL typedef 38

typedef struct

{
list_nodex prev;
list_nodex next;
voidx value;

} list_node;

I TE

$ make

gcc -Wall -g -c¢ —-std=c99 -0 main.o main.c

KRB ZIRENTH

main.c:15: error: expected specifier—qualifier-list before ‘list_node’

EEHERAE.

typedef struct node_t

{
struct node_t* prev;
struct node_t* next;
void* value;

} list_node;

INREERATAM typedef EXHISER B AEE

typedef struct node_t

{
struct node_t* prev;
struct node_t* next;
void* value;

} node_t;

9.2 ERLEW

FEMENBEREREWERR, B —FRE LA,
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typedef struct

{
struct
{
int length;
char chars[100];
}os;
int x;
} data_t;

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

{
data_t d = { .s.length = 100, .s.chars = "abcd", .x = 1234 };
printf("%d\n%s\n%d\n", d.s.length, d.s.chars, d.x);
return EXIT_SUCCESS;

}

HEEEEX—TERZE.

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

{
struct { int a; char b[100]; } d = { .a = 100, .b = "abcd" };
printf("%d\n%s\n", d.a, d.b);
return EXIT_SUCCESS;

+

9.3 KAmPFE
FIF stddef h H1fY offsetof ZER U KENE M R REE.

typedef struct

{
int x;
short y[3];
long long z;
} data_t;

int main(int argc, charx argvl[])

{
printf("x %d\n", offsetof(data_t, x));
printf("y %d\n", offsetof(data_t, y));
printf("y[1] %d\n", offsetof(data_t, y[1]));
printf("z %d\n", offsetof(data_t, z));
return EXIT_SUCCESS;

}
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AR REERET I

o

4 ENX
EX AR ESFHRENHR .

int main(int argc, charx argvl[])

{
/x BEEXSEHEBNTE *x/
struct { int x; short y; Ya=4{1, 2}, a2 = {};
printf("a.x = %d, a.y = %d\n", a.x, a.y);
/* REBREMAUEX S */
struct data { int x; short y; };
struct data b = { .y = 3 };
printf("b.x = %d, b.y = %d\n", b.x, b.y);
/x EEFHEE */
struct datax c = &(struct data){ 1, 2 };
printf("c.x = %d, c.y = %d\n", c—>x, c—>y);
/x WA EEREHEENEXNEESFTHER */
voidx p = &(struct data2 { int x; short y; }){ 11, 22 };
/* HEIRNER RSB R */
struct datax d = (struct datax)p;
printf("d.x = %d, d.y = %d\n", d->x, d->y);
return EXIT_SUCCESS;

¥

Hid:

a.x =1, a.y = 2

b.x =0, b.y =3

c.x =1, c.y =

d.x =11, d.y = 22

9.5 #MiR1L

FERENYIACMBE—HEEIE, SEERTRLSTIRETENRLERR. REIRLEY

SRR IR E S O,

typedef struct

{
int x;
short y[3];
long long z;
} data_t;

int main(int argc, charx argvl[])
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data_t d = {};
data_t d1 = { 1, { 11, 22, 33 }, 2LL };
data_t d2 = { .z = 3LL, .y[2] =2 };

return EXIT_SUCCESS;

d = {X = 01 y = {el 01 0}1 Zs 0}
di = {x =1, y = {11, 22, 33}, z = 2}
d2 ={x=90, y=1A{e, 0, 2}, z = 3}

9.6 SRR HIRL 5

BENXRE TEKEW, MEEEBRRERERE— 1 REEKENEA.
Fi sizeof IZE /Y, ZEAKRITANER.

typedef struct string

{
int length;
char charsl[];
} string;

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

{
int len = sizeof(string) + 10; // ITEEE—D 10 FOKENFRFE (85 \0) IHEHKE.
char buf[len]; /! Mk ESEIAFENRNETE.
string *s = (stringx)buf; // BEHARR struct string #&%t.
s—>length = 9;
strcpy(s—>chars, "123456789");
printf("%d\n%s\n", s—>length, s—>chars);
return EXIT_SUCCESS;
¥

EZEFRE TR ANSI C FRoEm @@, W char chars[1] 2k char chars[0] 3&{X% .
IHX K E WA ITENNR R, EREBMRRTSEES .

int main(int argc, char % argvl[])
{
int len = sizeof(string) + 10;
char buf[len];

string *s = (stringx)buf;
s—>length = 10;
strcpy(s—>chars, "123456789");

string s2 = x*s; // &%) struct string s.
printf("%sd\n%ss\n", s2.length, s2.chars); // s2.length E%, s2.chars H&REIT .
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return EXIT_SUCCESS;
¥

i B AN B XSS MR R B THIIA 1L o
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10. BX&

BEMEMNXAET: BRESRARFE—TRR, BRENKEHRERREERE.

typedef struct
{
int type;
union
{
int ivalue;
long long lvalue;
} value;
} data_t;

data_t d = { 0x8899, .value.lvalue = 0x1234LL };
data_t d2;

memcpy (&d2, &d, sizeof(d));

printf('"type:%d, value:%lld\n", d2.type, d2.value.lvalue);

LR AT e S RSEH L BIThRE, 1B union &3 RSB, F 34T memcpy %

BRIEEMGERE, mMBLXHHITIES LB .
AT AWIR B ¥R B s, MRRBIEERABMRF, WERKIAZRE —THR.
union value_t
{
int ivalue;
long long lvalue;

¥;

union value_t vl = { 10 };
printf("%d\n", vl.ivalue);

union value_t v2 = { .lvalue = 20LL };
printf("%lld\n", v2.lvalue);

union value2_t { char c; int x; } v3 = { .x = 100 };
printf("%sd\n", v3.x);

— 1 EANES AX.

union { int x; struct {char a, b, c, d;} bytes; } n = { 0x12345678 };

printf("s#x => %x, %X, %X, %x\n", n.x, n.bytes.a, n.bytes.b, n.bytes.c, n.bytes.d);

W

0x12345678 => 78, 56, 34, 12
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11. {57k
TBEMRB AR S A RLR R E— 2B, MBLN.

struct

{
unsigned int year : 22;
unsigned int month : 4;
unsigned int day : 5;

} d={ 2010, 4, 30 };

printf(“size: %d\n", sizeof(d));
printf("year = %u, month = %u, day = %u\n", d.year, d.month, d.day);

Hid:
size: 4
year = 2010, month = 4, day = 30

FRMARS AL, LEAVBEEREEN, ETERF.

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

{
struct
{
bool a: 1;
bool b: 1;
bool c: 1;
} flags = { .b = true };
printf("%s\n", flags.b ? "b.T" : "b.F");
printf("%s\n", flags.c ? "c.T" : "c.F");
return EXIT_SUCCESS;
¥

RREFTFER AR R offsetof
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12. =HA

= HA (declaration) R BFRHF, ATUEZAFRE—TBRR, BREF—1PEX (definition). &
XECEXNSREE, AESEEMETE (AFE), MERRS.

FRREaER:

o PG BESMEERABEXEE (UDT).

. P

o« FRHEX—1EREE.
o FI—INEREE

o f typedef AEBREBPE—DHEF-

QNSRS B R A B B LR B R s, ULt oR A 75 IR B A R 2 RE X
WRFAXNGRANXNRAOEARF CENMEXETE), BARNRERHENEREX.

12.1 HEUEHG

C99 TEX KK EUZ T

o CONnst: EEBMR, EXFLEERX.
« volatile: BFRATREH H b AR E 18k, FRZTERT, HAMEEFEEHNREL.
o restrict: B1ffsEt. BR7TiZfEE, TREAEMEMAEXBRBERTR.

12.2 kA

TE FHEKRE | (BRI | £FAR | HEKE
£ R/BUDT S Mgk
#EUDT % MsEHE
BEUDT R Fo gkt
cREH. T8 extern S KA SNERE
B RRBNEE static Xt KA N
RHTE. ¥8 auto TEFFIR g Teske
BREHSETE. B8 static R KA FoghtE
cREE S KA MaEEE
BAEREE static S KA M5EHEE
BEX Xt M
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12.3 e #1a 1k

AEERSEFRBNINSR, SWARKMEIAME O (FEEFANULL) .
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13. fnsb

RANIEFE S LA # FHia (HBIE ATAA space X tab),

13.1 =
miFsmaREARIRER.
#define SIZE 10

int main(int argc, charx argvl[])

{
int x[SIZE] = {};
return EXIT_SUCCESS;
¥
BTt

$ gcc -E main.c

int main(int argc, charx argvl[])
{

int x[10] = {};

return 0;

e

13.2 ReR ¥l

MARAAEX g, BEA (. ) RARZITIEG, KRE—PRELEAREE L return,

BEAN""ER).

#define test(x, y) ({ \
int _z = x + y; \
_z; 1)

int main(int argc, charx argv[])

{
printf("sd\n", test(1, 2));
return EXIT_SUCCESS;
¥
It
int main(int argc, charx argvl[])
{
printf("sd\n", ({ int _z =1+ 2; _z; }));
return 0;
¥

w

T

o
\

4

, {BRIPAA "\" #1T.
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133 A[iEHT =
__ VA_ARGS__ #¥riRfFARFR—AFTEMEBLTE

#define printin(format, ...) ({ \
printf(format "\n", __ VA_ARGS_ ); })

int main(int argc, charx argv[])

{
println("%ss, %d", "string", 1234);
return EXIT_SUCCESS;
¥
R
int main(int argc, charx argvl[])
{
({ printf("ss, %d" "\n", "string", 1234); });
return 0;
¥

13.4 FRBUIEER

SN RBSHERATFE.

&
g
l
o
gy
H*
~

#define test(name) ({ \
printf("ss\n", #name); })

int main(int argc, charx argvl[])

{
test(main);
test("\"main");
return EXIT_SUCCESS;

¥

It

int main(int argc, charx argvl[])

{
({ printf("ss\n", "main"); });
({ printf("ss\n", "\"\\\"main\""); });
return 0;

¥

XN, =BEITEXERE

13.5 $ENMGiC Sz & F/F

ZIInEFT ## B EMARERE AR —ME 5.

#define test(name, index) ({

int i, len = sizeof(name ## index) / sizeof(int);

for (i = 0; i < len; i++)

~
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printf("%d\n", name ## index[il]);
)

int main(int argc, charx argvl[])

{
int x1[] ={ 1, 2, 3 };
int x2[1 = { 11, 22, 33, 44, 55 };
test(x, 1);
test(x, 2);
return EXIT_SUCCESS;
¥
R
int main(int argc, charx argv[])
{
int x1[1 ={ 1, 2, 3 };
int x2[1 = { 11, 22, 33, 44, 55 };

({ int i, len = sizeof(x1) / sizeof(int); for (i = @0; i < len; i++) { printf("%d\n",
x1[il); }3});

({ int i, len = sizeof(x2) / sizeof(int); for (i
x2[i1); }3);

0; i < len; i++) { printf("%d\n",

return 0;

13.6 & HERmiF
AL A "#if . #elif . #else . #endif'. #define. #undef H{T&HERIF.

#define V1

#if defined(V1) || defined(V2)
printf("0ld\n");

#else
printf("New\n");

#endif

#undef V1
BRIt
int main(int argc, charx argvl[])

{
printf("0ld\n");
return 0;

AL #ifdef. #ifndef X% #if,

#define V1



#ifdef V1
printf("0ld\n");
#else
printf("New\n");
#endif

#undef A

FEH:

int main(int argc, charx argvl[])
{

printf("0ld\n");

return 0;

13.7 typeof

fFFH GCC ¥ & typeof AJLARENSETAY L EY .

#define test(x) ({
typeof(x) _x = (x);
X +=1;

~ s s

Xy

})

int main(int argc, charx argvl[])

{
float f = 0.5F;
float f2 = test(f);
printf("sf\n", f2);
return EXIT_SUCCESS;

¥

13.8 Efth

—LE AR EE.

« #error "message" : EX—MRIFRBEIRES.
o _DATE_ : mIFHEF/FE.

o TIME__: FRiFRJEFRFE.

o _FILE__: HBIEBEIHZ.

e _ LINE_ : HEIERLITS.

o __func__: HBEIEREEFR.
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14. A

EIIREEH assert ZHITRESEMBITREHIET, XATLAE AR Z R
#include <assert.h>

void test(int x)

{

assert(x > 0);
printf("sd\n", x);

int main(int argc, charx argvl[])

{

test(-1);

return EXIT_SUCCESS;
¥
BABR:

$ gcc -E main.c
void test(int x)
{

((x >0) ? (void) (@) : __assert_fail ("x > 0", "main.c", 16, _ PRETTY_FUNCTION__));
printf("sd\n", x);

R assert FHFRZEXLAN true, NEBFLRIEFHE,
$ ./test

test: main.c:16: test: Assertion ‘x > @' failed.
Aborted

AR IEZRIF Release kA, 2% 0_E -DNDEBUG 34,
$ gcc —E -DNDEBUG main.c

void test(int x)

{
((void) (@));
printf("%d\n", x);
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1. 55Tt 2

BEZH—T C WigstA%, ETFES.

11E$TEE
EHEERE "RANEHNER", YhkETEWESR, BEBRENAFHLL.
BT EELIESTBBMNE, ERLUESIEH s BRMRR.

int x[1 ={1, 2, 3, 4 };
intx const p = Xx;

for (int i = 0; i < 4; i++)
{

int v = x(p + 1i);

*(p + 1) = ++v;

printf("%sd\n", v);

//p++; // Compile Error!
¥

EBIFRTES p RARIEEEBA x NE—PTR, MEER x FAMEE. BTEHASGEEE, BR
TERIT p+++ ++p ZEMEFRE, BNSFEREHER.

1.2 2485t

FRIEHRE "TEEAEREIENEM", BHEMEIANERLE REREFT—EEFE), T8
ABEdfEsHMELE. EHASHIEER, TUEEHEMNME, ERATREMBERE.

int x =1, y = 2;

int constkx p = &x;
//*xp = 100; // Compile Error!

p = &y;
printf("%sd\n", xp);

//*p = 100; // Compile Error!
BINEEREE const EERTEE SR,
const intx p = &x;

BILFMFIRIE N :

(1) TEHMARBEERAE VC TRARE, 12 GCC ZRIH.
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const int x = 1;
intx p = &x;

printf("%sd\n", *p);

xp = 1234;
printf("sd\n", *p);

(2) const int* p 8@ const int BRRBOI@A, B85 EHREEEI I8 MEE0K.

const int x = 1;
const intkx p = &x;

printf("%sd\n", *p);

*xp = 1234; // Compile Error!

() FHEREENEHER, XREL, EHRIFER.

int x = 10;
const intx const p = &i;

p++; // Compile Error!
*xp = 20; // Compile Error!

XAFEHEEBMEERIHARER: & const BIHNZE, BHE * & const NEDLER AL

« int* const p: const BIffEET L E p, FBEHEEE.
« int const *p: const BIHIEEEIIEAMAR *p, BEFEMIEE. HEK constint *p.
« const int* const p: F5MEENIEFTEE. A const &/ p £E, % const KM *p "EE.

1.3 fesTHITEEt
A SNERNER N—MEEEE, BRBTUARBNETRERE.

int x = 10;
intx p = &x;
intkk p2 = &p;

printf("p = %p, *p = %d\n", p, *p);
printf("p2 = %p, *p2 = %x\n", p2, *p2);
printf("x = %d, %d\n",*p, **p2);

Eorfa ek

p = @xbfba3e5c, xp = 10

p2 = @xbfba3e58, *p2 = bfba3e5c

x = 10, 10

BATRIALI p2 FHERZTES p Mthit. R4 B T iEsHfEs —k.
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1.4 #2855t
AR T, MARNISHRMAE— N TENIEHEE.

int x[1 ={ 1, 2, 3, 4 };
intx p = x;

for (int i = 0; i < 4; i++)
{
printf("sd, %d, %d\n", x[il, *(x + i), , *p++);

-

REFHANTATA *(x + 1) IFRIATER, BRERIT x++ / ++x k.

B "SEAMTES" A RHTE D RE, HAEIREIMEASIH— YR, MAREPHNKR

(tHR)-
int x[1 ={1, 2, 3, 4 };

intx p = Xx;
int (xp2)[] = &x; // BRFEE

for(int i = 0; i < 4; i++)

{
printf("sd, %d\n", xp++, (*p2)[il);

BEZFIESE «<HAERD .

1.5 a3t &4
TR LB IS MARRZ Sta s 84,

int x[1 = {1, 2, 3, 4 };
{x, x+1, x+2, x+31};

intx ps[]
for(int i = @0; i < 4; i++)

{
printf("sd\n", x(ps[il));

x A IEAE— P RNIES, BL x + n BRRBEEITRNE .

FeSHEARE S AR IBET R4 (Jagged Array, XIREENKE, FE2Z

FTREHAT .

void test(const charxx x, int len)

),

w IAHLE

b go)
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for (int i = 0; i < len; i++)
{

printf("test: %d = %s\n", i, x(x + 1));

int main(int argc, charx argvl[])

{
charx a = "aaa";
charx b = "bbb";
charx ss[] = { a, b };
for (int i = 0; i < 2; i++)
{
printf("%sd = %s\n", i, ss[il);
}
test(ss, 2);
return EXIT_SUCCESS;
¥

BEZIFESE s .

1.6 F#HET
BIMERT, EREBRBHEE LR B HE,

void inc(intx x)
{

*X += 1;

int main(void)

{
void (xf)(intx) = inc;
int i = 100;
f(&1);
printf("sd\n", i);
return 0;

¥

INRBEREIEFTNFE AT E, TG C# ZREBHEEX — R EFEE K E,
typedef void (xinc_t) (intx);
int main(void)

{

inc_t f = inc;



RER, A7 typedef, TEHHNRBE ZRSEMER.

inc_t getFunc()
{

return inc;

int main(void)

{

inc_t inc = getFunc();
}
AR

o EXEEFEF A typedef void (*inc_t)(int*)
o EXEEZE: typedef void (inc_t)(int*)

void test()
{
printf("test");

typedef void(func_t)();
typedef void(xfunc_ptr_t)();

int main(int argc, charx argv[])

{
func_tx f = test;
func_ptr_t p = test;
f();
p();
return EXIT_SUCCESS;
}
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2. HHFEE
AR THERBEHIEFHEK .
int x[] = {1,2,3,4,5,6};

int *pl = x; // tEOEEATEE
int (xp2) [1 = &x; // TEEEAHTEE

pl MIKAR int*, WMBRWMETRE —PEEEEE . HAZRAEOEAFNE IR, Fik x B

B int* 27,

P2 MENEIEE— "HHKE" NIt TERE "HAXE MAR "HMATRAR", XHARLE

FARRSHERAA LM — PR, EAMKEBENRD, FAXBMMATRABERMES. Bt
"p2 = &x" H x RERNEZHAARTMAZEANE — PR, &x BN HARES, MAE
"B NIRRT

BTR, BINEFNMAKARETHRIE—HHH.

void arrayl()

{
int x[] = {1,2,3,4,5,6};
int (xp)[] = &x; // ¥8Et p BE%A
for(int i = @; i < 6; i++)
{
printf("sd\n", Ckp)[il); // *p REZHA, (xp)[i]l #HHTF x[i]
+
¥

BT EEMIEE, XMIFHRRTERT .
"p = &x" £S5 p FiE T IZBANTES, p BRIZRBUZEA. BA Cp)lil LHET x[il.

AR p WBEMRREZHAE, FEit p++ BONAZHET—NE, M2 "B M HEZE" B (EA
+ SizeOf(x)), X2 ZBHEEHETET .

FLAIEE N AR AR 1

void array2()

{
int x[1[4] = {{1' 25 3; 4}1 {111 22, 33, 44}};
int (xp) [4] = x; // HHEF p = &x[0]

for(int i = 0; i < 2; i++)
{

for (int c = 0; c < 4; c++)
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printf("[%d, %d] = %d\n", i, c, (kp)lcl);

p++;

X 2—DNITHEA, x BABRZHEANE—1 TR, e {1,2,3,4}. FEEFE, XE 1T
ZA= int, ma—1int]], x SEprER int(*)[] 55t Bt "p = x" WA=ZE "p = &x", &N p i

[ int () 7 -

R piEAE—ITER, BLp BREMBETHAT, i {1,2,3,4}, Cp)l2] HEXHZE

B—ITHE=ZATHR. p++ NERBRUHMZIEAT—1T. RANEATUEER “(p + 1) K5O

x[1].

void array2()

{
int X[][4] = {{1' 21 3! 4}1 {111 22: 331 44}};
int (xp)[4] = x;
printf("[1, 3] = %d\n", (x(p + 1))I[3]);

¥

BANGEEF int (I KWEIF-

void array3()

{
int x[1[4] = {{1, 2, 3, 4}, {11, 22, 33, 44}};
int (xp) [1[4] = &x;
for(int i = 0; i < 2; i++)
{
for (int c = 0; c < 4; c++)
{
printf("[%d, %d] = %d\n", i, c, (kp)I[illcl);
¥
¥
¥

XE "p = &x", MERREEDS"ERAIR—PERE, B p REMISEN"HHAE, At p+

+ WHARET .

By AN AR UNEAEFRIEaH, RS HEAUERK.

AR S MRS B LE.

void testl(p,len)
int(xp) [1;
int len;
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for(int 1 = 0; i < len; i++)
{
printf("sd\n", (xp)[il);

void test2(voidx p, int len)

{
int(xpa) [l = p;
for(int i = 0; i < len; i++)
{
printf("sd\n", (xpa)l[il);
)
¥

int main (int args, charx argv[])

{
int x[1 = {1,2,3};
testl(&x, 3);
test2(&x, 3);
return 0;

¥

AFHARSRETERES, F testl NEHEXBERLERE, FIIBHLEFT .
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3. 83T 8 A

B EARIE TR AR RENEAE, BE ARLE "EHAE",

MTHEHARE, BHBEANTRRZ—NMEH, RUEDRENRE, S TRAEA4F
B, Xt BEHANBE. (E

fF=iE, mEEZHHEDE. AN, 8P TREENKERUAR
C#h, “H#MAM [ &R, A D

int main(int argc, charx argv[])

{
int x[1 = {1,2,3};
int y[1 = {4,5};
int z[] = {6,7,8,9};
intx ints[] = { NULL, NULL, NULL };
ints[0] = x;
ints[1] = vy;
ints[2] = z;
printf("sd\n", ints[2]1[2]);
for(int i = 0; 1 < 4; i++)
{
printf("[2,%d] = %d\n", i, ints[2][i]);
}
return 0;
b
B
8
[2,0] =6
[2,1] = 7
[2,2] = 8
[2,3] =9

BMNEE—TEHHA ints WAFLIE.

(gdb) x/3w ints
0xbf8801d0: 0xbf880fdc 0xbf880fe8 0xbf880Tc0O

(gdb) x/3w x
Oxbf880fdc: 0x00000001 0x00000002 0x00000003

(gdb) x/2w y
0xbf880fe8: 0x00000004 0x00000005

(gdb) x/4w z
0xbf880fcO: 0x00000006 0x00000007 0x00000008

Xz HEHAEH .

0x00000009

REl%)
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AL, EHEAFENEEBRTRNE.

MARIAERT ints WAL NFEEIE? ZLANRY, BHAZRMAREAE—PTENIES, B
AFE—NITRETAR? #A? SRFE, mE—1int* PiEsmE. & "ints[0] = x;" X51E
f], PR x REIRIRZ &x[0] FOTEE! (int*), MIE &a XFEMEEIEE(int ()I]).

k%2, *ints IEE—PITERNSE (0xbf880fdc), XPMABRXZ—11EST, EI ints RIXKA—1
FRETMFESH(int ), MBEEM S, EFRRIATED ints[0][0].

int main(int argc, charx argvl[])

{
int x[1 = {1,2,3};
int y[1 = {4,5};
int z[] = {6,7,8,9};
intx ints[] = { NULL, NULL, NULL };
ints[0] = x;
ints[1] = vy;
ints[2] = z;
printf("%d\n", skxints);
printf("%sd\n", x(xints + 1));
printf("sd\n", xx(ints + 1));
return 0;

+

fanl

1

2

4

F— printf BARIE T BN AN E. RINBELITEEARINELEBEEZRM printf 1549
(1) *(*ints + 1)

H% *ints WA TH—ATE, BHRE ints[0][0] AsEE. IA4 "*ints + 1" S5 LR R EEBH—
isst, BICGHETE ints[0][1] ME%. "(*ints + 1)" AR ints[0][1] MIET -

(2) **(ints + 1)

ints 5@ E—1 & (0xbf880fdc), "ints + 1" 5@ _ Nt &E(0xbf880fe8). "*(ints + 1)" EX
i ints[1] AR, XPMRBTEFIN—RIBE, AL "**(ints + 1)" FEEE ints[1][0] AR

THXMEZXL BLEAERHER L,

int main(int argc, charx argv[])
{
int x[]
int yIl

{1,2,3};
{4,5};
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int z[] = {6'71819};

intx ints[] = { NULL, NULL, NULL };

ints[0] = x;
ints[1] = y;
ints[2] = z;

intx*x p = ints;

//
// *xp B ints[0] &Mt (&ints[e][0])
// xxp B ints[e][0] &

printf("%sd\n", *xp);

//

// p #EE ints[1]
p++;

// *xp B ints[1] ZFf&EREst(&ints[1][0])
// *xp EXH ints[1][0] HIE(= 4)

printf("%sd\n", *xp);

//

// p A ints[2]
pt+;

// *p B ints[2] ZFfERfsst(&ints[2][0])
// *p + 1 REFTREIESHE—NMUE

// *x(xp + 1) BUE ints[2][0 + 1] WE(= 7)
printf("sd\n", x(kp + 1));

return 0;

RS HAZEEINEREFRBHANTE
int main (int args, charx argv[])
{

charx strings[] = { "Ubuntu", "C", "C#", "NASM" };

for (int i = 0; i < 4; i++)

{

printf("ss\n", strings[il);
¥
printf(" \n");

printf("[2,1] = '%c'\n", strings[2][1]);

strings[2] = "CSharp";
printf("%ss\n", strings[2]);



printf(" \n");

charxx p = strings;
printf("ss\n", x(p + 2));

return 0;
¥
it
Ubuntu
C
C#
NASM

[2,1] = '#'
CSharp

CSharp

main S AEFHEE.

int main(int argc, charx argvl[])

{
for (int i = @; i < argc; i++)
{
printf("%ss\n", argv[il);
}
return 0;
¥

int main(int argc, charxx argv)

{
for (int i = @; i < argc; i++)
{
printf("ss\n", *(argv + i));
)
return 0;
¥

SR, EHBARUNARGEHA.

int main (int args, charx argv[])
{
intx ints[] = { NULL, NULL, NULL, NULL };

int a 1;
int b 2;

ints[2] = &a;
ints[3] = &b;



for(int i = 0; i < 4; i++)

{

intx p = ints[il;

printf("%d = %d\n", i, p == NULL ? 0 :
}
return 0;

*p) ;
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4. R
SR E— I HBIBIT

B

#include <stdio.h>

int test(int x, charx s)

{
s = "Ubuntu!";

return ++x;

int main(int args, charx argv[])

{
charx s = "Hello, World!";
int x = 0x1234;
int ¢ = test(x, s);
printf(s);
return 0;

}

wWE CERRBFEARLSED:
$ gcc -Wall -g -o hello hello.c

Iz, Bk REFNRG, FMERRE,

$ gdb hello

(gdb) set disassembly-flavor intel g
(gdb) disass main g
Dump of assembler code for function main:

0x080483d7 <main+0>: lea ecx, [esp+0x4]

0x080483db <main+4>: and esp,Oxfffffffo

0x080483de <main+7>: push DWORD PTR [ecx-0x4]

0x080483el <main+10>: push ebp g
0x080483e2 <main+11>: mov ebp,esp 5
0x080483e4 <main+13>: push ecx g
0x080483e5 <main+14>: sub esp,0x24 g

0x080483e8 <main+17>: mov DWORD PTR [ebp-0x8],0x80484f8 ;
0x080483ef <main+24>: mov DWORD PTR [ebp-0xc],0x1234 5

0x080483f6 <main+31>: mov eax,DWORD PTR [ebp-0x8] g
0x080483f9 <main+34>: mov DWORD PTR [esp+0x4],eax g
0x080483fd <main+38>: mov eax,DWORD PTR [ebp-0xc] ]
0x08048400 <main+41>: mov DWORD PTR [esp],eax 5

REBRCHEESTER
L4 main

main HERMIITIA
fEIE ebp it
RIS ERIT
TR ER HE AR = [E)

WETE s, AFRFRMmL.
T8 x, AEANKERE.

SHETE s
BEFEREAFHRAE
EHTE x
BEHERS AFHRAE
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0x08048403 <main+44>: call 0x80483c4 <test> ; AR test

0x08048408 <main+49>:  mov DWORD PTR [ebp-0x10],eax ; R7E test REME
0x0804840b <main+52>:  mov eax,DWORD PTR [ebp-0x8] ; EHEE s AR

0x0804840e <main+55>:  mov DWORD PTR [espl,eax ; REEFERIFNE
0x08048411 <main+58>: call 0x80482f8 <printf@plt> ; M printf

0x08048416 <main+63>: mov eax, 0x0 ; EF printf REE
0x0804841b <main+68>: add esp,0x24 ; RS esp ElfMTEFRERIVE
0x0804841e <main+71>: pop ecx ; E ecx ®RIFEIZ
0x0804841f <main+72>:  pop ebp 7 BIERT— A HERRMUELE
0x08048420 <main+73>: lea esp, [ecx-0x4] ; 1BIE esp 355t

0x08048423 <main+76>: ret
End of assembler dump.

(gdb) disass test ; L4 test

Dump of assembler code for function test:

0x080483c4 <test+0>: push  ebp i RERT— AR AL
0x080483c5 <test+1>: mov ebp,esp ; fBIE ebp Eit

0x080483c7 <test+3>: mov DWORD PTR [ebp+0xc],0x80484f0 ; 184 5¥ s, =ri—iHEMbithut
0x080483ce <test+10>: add DWORD PTR [ebp+0x8],0x1 ; RIS x

0x080483d2 <test+14>: mov eax,DWORD PTR [ebp+0x8] ; EREETFA eax
0x080483d5 <test+17>:  pop ebp ; k& ebp

0x080483d6 <test+18>: ret
End of assembler dump.

B—ZE02, FHFAREERBERIRES.

(1) £ 0x080483f6 AR BEHMT R, XKH&E main STH T EAARNYIA LN EBMIE.

(gdb) b *0x080483f6
Breakpoint 1 at 0x80483f6: file hello.c, line 14.

(gdb) r
Starting program: /home/yuhen/Projects/Learn.C/hello

Breakpoint 1, main () at hello.c:14
14 int ¢ = test(x, s);

FAEIET ebp F esp guthiit.

(gdb) p $ebp
$8 = (void %) @xbfcb3c78

(gdb) p $esp

$9 = (void *) @xbfcb3c50 # $ebp — $esp = 0x28, F™E 0x24? EMEXEENHLE "push ecx" To
(gdb) p x # BRERRRGEEER

$10 = 4660

(gdb) p &x # T8 x itk = ebp (0xbfcb3c78) - 0xc = Oxbfcbh3cbe
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$11 = (int *) @xbfcb3c6c

(gdb) p s # TE s EERFEETFHFEE rodata ERIMIE
$12 = 0x80484f8 "Hello, World!"

(gdb) p &s # T8 s it = ebp (0xbfcb3c78) — 0x8 = 0Oxbfcb3c70
$13 = (char *x) 0xbfcb3c70

X R R R RN T

esp
-28
-24
-20
-1C
-18
main
-14
_10 "'1 _
x = 0x1234
-0C -rodat
S g

-08

p_ecx
-04

p_ebp ebp

Stack

(2) TR, FAVKEHT IR call test 27T, BEEARNERIESER.

(gdb) b *x0x08048403
Breakpoint 2 at 0x8048403: file hello.c, line 14.

(gdb) ¢

Continuing.

Breakpoint 2, 0x08048403 in main () at hello.c:14
14 int c = test(x, s);

0x08048403 ZHIM 4 FI5LBI eax i3, 7714 [esp+0x4] F [esp] AEH TEE s« x
MR

(gdb) x/12w $esp

0xbfcb3c50: 0x00001234 0x080484f8 0xbfcb3c68 0x080482c4
0xbfcb3c60: 0xb8081ff4 0x08049ff4 0xbfcb3c88 0x00001234
Oxbfcb3c70: 0x080484f8 Oxbfcb3c90 Oxbfcb3ce8 0xb7f39775
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B 1T EFMNEE x, EFMNEEs, KMEM, KEH
58217 REEM, KRIEM, KEM, TE X
B31TXEs, exRIPE, ebp RIFE, eip RIFE.

arg x esp
-28
arg s
24
-20
-1C
-18 \“
main
-14 kY
3
-10 /,‘V
x =0x1234
-0C rodat
. .
-08
p_ecx
-04
p_ebp ebp
Stack

ATLAFN frame E RN IBEE

(gdb) info frame

Stack level 0, frame at 0xbfcb3c80:

eip = 0x8048403 in main (hello.c:14); saved eip 0xb7f39775
source language c.

Arglist at @xbfcb3c78, args:

Locals at @xbfcb3c78, Previous frame's sp at @Oxbfcb3c74

Saved registers:
ebp at Oxbfcb3c78, eip at @xbfcb3c7c

YRR FEAG Sk HEARDA (frame) MR B A M call #8545 eip AFFIE, MAER(ITBERIEEE
ER ebp fNE. LA ebp AEHELAGERZ N T HIEREHE, AXXHUARHERER. WHEIRE call
test 7B, NEIHFEEFTHHN s M x . MAFRMBEZT C RESHRZBMEILZNFRA
%o

fy: XFARFERTARSEARIMBEENLERXE CRIANNIARNE cdecl, ARAZERT SEAK,
WRTTHEMROFIE . ML stdcall WEFALRLE: cdec RFTTASHBEREE.
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(3) £ test FIREUTR, FAVEF test HAMRIDXSHERIZIT.

(gdb) b test
Breakpoint 3 at 0x80483c7: file hello.c, line 5.

(gdb) ¢
Continuing.
Breakpoint 3, test (x=4660, s=0x80484f8 "Hello, World!") at hello.c:5
5 s = "Ubuntu!";
p_ebx ebp,
test
p_eip
arg x esp
-28
arg s
-24
-20
-1C
-18
main
-14
-10
x = 0x1234
e -rodat
s .
-08
p_ecx
-04
p_ebp ebp
Stack

main FfY call $82 =5 eip FEARK, MERMERRATURERABME. REAEHET
test REFUEA O EIELF 1L test RIREAIKTR(0X080483¢7)FHlTRY, test HERMAME T
p_eip A p_ebp MW EHE-

(gdb) x/2w $esp
Oxbfcb3c48: Oxbfcb3c78 0x08048408

5 3{R# T main ebp A main call F—%¥<$H eip Hiitt.

HEMELSEREEX [ebp+0xc] AR, FEERFHFRFE "Ubuntu"s RER N [ebp+0x8] HY
B, HH eax HHFRREIRILER.
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0x080483c7 <test+3>: mov DWORD PTR [ebp+@xc],0x80484f0
0x080483ce <test+10>: add DWORD PTR [ebp+0x8],0x1
0x080483d2 <test+14>:  mov eax,DWORD PTR [ebp+0x8]

EREEEEN main RPN EFIRBHTHRE, FHREE test Hbih R X 15,

(gdb) x/s 0x80484f0@

0x80484f0: "Ubuntu!"
p_ebx ebp,
test
p_eip
arg x = 0x1235 esp
-28
arg s
-24
-20
-1C
-18
main
-14
-10
x =0x1234 ‘
~0c e rodat
S o
-08
p_ecx
-04
p_ebp ebp
Stack

PUTEIRMER, REBRAL main EMNNEES.

(gdb) finish # test BITER, EE| main frame.

Run till exit from #0 test (x=4660, s=0x80484f8 "Hello, World!") at hello.c:5
0x08048408 in main () at hello.c:14

14 int c
Value returned is $21

test(x, s);
4661

(gdb) p $eip # eip EFIEM main HHES
$22 = (void (%)()) 0x8048408 <main+49>

(gdb) x/12xw $esp # BF main HERWIAE

0xbfcb3c50: 0x00001235 0x08048410 0xbfcb3c68 0x080482c4
0xbfch3c60: 0xb8081ff4 0x08049ff4 0xbfcb3c88 0x00001234
Oxbfcb3c70: 0x080484f8 0xbfcb3c90 Oxbfcb3ce8 0xb7f39775
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BEHEE main BEMER, RINSATKIA N EFHLENEENE.
(3) &7, EEENENREXN FERBITME.

Y call test &5, HiREE eax HIREE [ebp-0x10] &, UFETE c AR

arg x esp
-28
args
-24
-20
-1C
-18
main
-14
" c=0x1235
x = 0x1234 ,
-0C -rodat
. .
-08
p_ecx
-04
p_ebp ebp
Stack

k% "printf(s)", FN=LIA call test —+F, FXREFITEE s T [esp]o
0x0804840b <main+52>: mov eax,DWORD PTR [ebp-0x8]

0x0804840e <main+55>: mov DWORD PTR [espl,eax
0x08048411 <main+58>: call 0x80482f8 <printf@plt>

RER, X2EE test B2UME. {17 0x08048411 iR BHT =, BHEMERMANETL.

(gdb) b *0x08048411
Breakpoint 4 at 0x8048411: file hello.c, line 15.

(gdb) ¢

Continuing.

Breakpoint 4, 0x08048411 in main () at hello.c:15
15 printf(s);

(gdb) x/12w $esp

0xbfcb3c50: 0x080484f8 0x080484f0 0xbfcb3c68 0x080482c4
0xbfcb3c60: 0xb8081ff4 0x08049ff4 0x00001235 0x00001234
0xbfcb3c70: 0x080484f8 Oxbfcb3c90 0xbfcb3ce8 0xb7f39775
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M H R AGFETLEL, [esp] 1 [ebp-0x8) EHEE, #BZ1E[ "Hello, World!" gttt

-28

=
-24
-20
-1C
-18
main
-14
" c=0x1235
x = 0x1234
-0C
S
-08
p_ecx
-04
p_ebp
Stack

ebp

.-rodat

FILAT L, test MERIFR AN BEIBAERZNT. XHEFTE et A S HE2REEE" AR,

FARNILERRRERIDEFS, EHRAZHEKIET .
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1. ELF File Format

Executable and Linking Format, 485 ELF. £ Linux &% B#r3XfF (Object File) 8=
TERWMT=FhEE:

(1) ATEELMX M (relocatable file), FJSHE BFRH—REIEBAIHITH S H=Z BFRCH.
$ gcc —g —c hello.c

$ file hello.o
hello.o: ELF 32-bit LSB relocatable, Intel 80386, version 1 (SYSV), not stripped

(2) AT#ITX 1 (executable file).

$ gcc —g hello.c -0 hello
$ file hello

hello: ELF 32-bit LSB executable, Intel 80386, version 1 (SYSV), dynamically linked (uses shared
libs), for GNU/Linux 2.6.15, not stripped

(3) £E=B#rXfF (shared object file), BE R "REE", W HEESIEM ELF XX, oS
T E SR HERZMR (R (210l DLD).

$ gcc —shared —fpic stack.c -o hello.so

$ file hello.so
hello.so: ELF 32-bit LSB shared object, Intel 80386, version 1 (SYSV), dynamically linked, not
stripped

1.1 BEREH
FATATLAMS A (Linking) 134T (Execution) BN BE R ELF 454 (Jusr/include/elf h).
1 Windows COFF #& =X 3f8l, ELF W BE—PMFENXHL, BFE—1MEFEMNIFES (Magic).

AL FRIRIAR T ELF SUHRRZA (Version), BFr#1238S (Machine), 2 A Otk (Entry point
Address) £z 8. ZiEHEWETEMFER LK (Program Header Table) F1% 1Bk (Section),
Hh BRANTRABNERE T HITRIBH text .

ELF fEFHE% 3 (Section Header Table) Z#&BRHMEXER, SFEAMR. BEVNE. KE. YRE
MEE BRTER, ELF FiEE/FS% (Symbol Table). FfFE %k (String Table, B R¥%Z
) Fo
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Section 1 Segment X EFRERAZ "&R", EENIHAZ—1TEE. Section TEZEEBIRX
friE#ERS, M Segment NWEEEHITNEHE, FEHWANZEANEFMREN. KX EESHT ELF 5
DX, BHRWEER Section 13218, MAX ELF HERNEH BRI 530F1R .

ELF Header ELF Header
Program Header Table (Optional) Program Header Table

Sectionl Segment 1

Section 2 Segment 2

Section n Segment n

Section Header Table Section Header Table (Optional)

String Tables || ..
SymbolTables || ...

Linking Executing

HRAATRERTEXNEIF, NIFREA, FBERXXHEHZ 32 fi.
$ cat hello.c

#include <stdio.h>

int main(int argc, charx argvl[])

{

printf("Hello, World!\n");
return 0;

$ gcc —g —c hello.c
$ gcc —g hello.c -0 hello

$ 1s
hello.c hello.o hello

$ file hello

hello: ELF 32-bit LSB executable, Intel 80386, version 1 (SYSV), dynamically linked (uses shared
libs), for GNU/Linux 2.6.15, not stripped
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Bt ELFSZHRRfE R 2
20 22 90 FK, —E FBRERILT —1MZEAS, BEHAH T —1 ELF XHEAXFREHRRD
FER, FAFEMBARGEEXIFREFBEMPIRE. 1993 F, ZRELHT ELF SUHR
. UNS5ZZRASNBERETHRIFRN /&, W Watcom F Borland; kB CPU B &

IBM #1 Intel; RERERAMI W IBM F Microsoft. 1995 &£, ZRE%%H T ELF
1.2 ¥, BUZRESTRTESHNFES, RAFMMEELT . Bl ELF &HFhRAAL. 2.

1.2 ELF Header

HANEEE elf h HRIHEKEN .

typedef uintl6_t E1f32_Half;
typedef uint32_t E1f32_Word;
typedef uint32_t E1f32_Addr;
typedef uint32_t E1f32_0ff;

#define EI_NIDENT (16)

typedef struct

{

unsigned char e_ident[EI_NIDENT]; /x*

E1f32_Half e_type; /*
E1f32_Half e_machine; /*
E1f32_Word e_version; /%
E1f32_Addr e_entry; /*
E1f32_0ff e_phoff; VES
E1f32_0ff e_shoff; /%
E1f32_Word e_flags; /*
E1f32_Half e_ehsize; /%
E1f32_Half e_phentsize; /%
E1f32_Half e_phnum; /*
E1f32_Half e_shentsize; /*
E1f32_Half e_shnum; /%
E1f32_Half e_shstrndx; /%

} EUf32_Ehdr;

BEKERZ 52 (0x34) 1.

$ xxd -g 1 -1 0x34 hello

Magic number and other info *x/
Object file type */

Architecture x/

Object file version x/

Entry point virtual address x/
Program header table file offset x/
Section header table file offset */
Processor-specific flags */

ELF header size in bytes x/

Program header table entry size x/
Program header table entry count *x/
Section header table entry size x/
Section header table entry count x/
Section header string table index x/

0000000: 7f 45 4c 46 01 01 01 00 00 00 00 00 00 00 00 00 .ELF............
0000010: 02 00 03 00 01 00 00 00 30 83 04 08 34 00 00 00 ........ 0...4...
0000020: 80 16 00 00 00 00 00 00 34 00 20 00 08 00 28 00 ........ 4. ... (.

0000030: 26 00 23 00

BATRLLEES readelf XN T EREFIFMER.

$ readelf -h hello
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ELF Header:
Magic: 7f 45 4c 46 01 01 01 00 00 00 00 00 00 00 00 00

Class: ELF32

Data: 2's complement, little endian
Version: 1 (current)

0S/ABI: UNIX - System V

ABI Version: 0

Type: EXEC (Executable file)
Machine: Intel 80386

Version: 0x1

Entry point address: 0x8048330

Start of program headers: 52 (bytes into file)
Start of section headers: 5760 (bytes into file)
Flags: 0x0

Size of this header: 52 (bytes)

Size of program headers: 32 (bytes)

Number of program headers: 8

Size of section headers: 40 (bytes)

Number of section headers: 38

Section header string table index: 35

IfFEP, HITBEXTHNE Entry point address. Start of section headers.
$ objdump -dS hello | less

08048330 <_start>:

8048330: 31 ed xor %ebp, %ebp
8048332: 5e pop %sesi

8048333: 89 el mov %esp, %secx
8048335: 83 e4 f0 and $oxFffffffo,%esp
8048338: 50 push  %eax

S¥E Entry point address 56 <_start> fiE mian(), HI1TBEEBRRES.
$ readelf -S hello
There are 38 section headers, starting at offset 0x1680:

Section Headers:

[Nr] Name Type Addr off Size ES Flg Lk Inf Al
[ o] NULL 00000000 000000 000000 00 o 0 o
[ 1] .interp PROGBITS 08048134 000134 000013 00 A 0 0 1
[ 2] .note.ABI-tag NOTE 08048148 000148 000020 00 A 0 0 4
[ 3] .note.gnu.build-i NOTE 08048168 000168 000024 00 A 0 0 4
[ 41 .hash HASH 0804818c 00018c 000028 04 A 6 0 4
[ 5] .gnu.hash GNU_HASH 080481b4 0001b4 000020 04 A 6 0 4
[ 6] .dynsym DYNSYM 080481d4 0001d4 000050 10 A 7 1 4
[ 71 .dynstr STRTAB 08048224 000224 00004a 00 A 0 0 1
[ 8] .gnu.version VERSYM 0804826e 00026e 00000a 02 A 6 0 2
[ 91 .gnu.version_r VERNEED 08048278 000278 000020 00 A 7 1 4
[10] .rel.dyn REL 08048298 000298 000008 08 A 6 0 4
[11] .rel.plt REL 08048220 000220 000018 68 A 6 13 4
[12] .init PROGBITS 080482b8 0002b8 000030 00 AX © 0 4



[13] .plt PROGBITS
[14] .text PROGBITS
[15] .fini PROGBITS
[16] .rodata PROGBITS
[17] .eh_frame PROGBITS
[18] .ctors PROGBITS
[19] .dtors PROGBITS
[20] .jcr PROGBITS
[21] .dynamic DYNAMIC
[22] .got PROGBITS
[23] .got.plt PROGBITS
[24] .data PROGBITS
[25] .bss NOBITS

[26] .comment PROGBITS
[27] .debug_aranges PROGBITS
[28] .debug_pubnames  PROGBITS
[29] .debug_info PROGBITS
[30] .debug_abbrev PROGBITS
[31] .debug_line PROGBITS
[32] .debug_frame PROGBITS
[33] .debug_str PROGBITS
[34] .debug_loc PROGBITS
[35] .shstrtab STRTAB

[36] .symtab SYMTAB

[37] .strtab STRTAB

Key to Flags:

080482e8
08048330
0804849c
080484b8
080484d0
08049f0cC
08049114
08049f1c
08049120
0804970
0804914
0804a00c
08042014
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

0002e8
000330
00049c
0004b8
0004d0
000f0c
00014
000f1c
000720
000ff0
000ff4
00100c
001014
001014
001060
0010a0
0010e0
00128e
001351
00140c
001438
0014fe
00152a
001c70
002110

000040
00016¢
00001c
000016
000004
000008
000008
000004
0000d0
000004
000018
000008
000008
000046
000040
000040
0001ae
0000c3
0000ba
00002c
0000c6
00002c
000156
000420
000202

W (write), A (alloc), X (execute), M (merge), S (strings)

I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

"starting at offset 0x1680" ¥ L+ HHIs = 5760.

1.3 Program Header

RFAREFRRG AR P HERR .

04
00
00
00
00
00
00
00
08
04
04
00
00
01
00
00
00
00
00
00
01
00
00
10
00

AX
AX
AX

WA
WA
WA
WA
WA
WA
WA
WA
MS

MS

S © OO0 OO0 OO0 OO0 0O 0O No oo oo o

w
[N

S © O © © 0 © 0 © 0 ©O 0O O 0O 0O OO oo o

(]
[S I

Jany
() I

P AR P PARPP PR OFLDMDEMPDDREDDNSSEDDRDND

BRERRKIBZRII BRI = EFHITH R (Segment), FKEZREIENHE "WHR" #HiTEME

MBPREHE.

typedef struct

{
E1f32_Word
E1f32_0ff
E1f32_Addr
E1f32_Addr
E1f32_Word
E1f32_Word
E1f32_Word
E1f32_Word

} E1f32_Phdr;

p_type;
p_offset;
p_vaddr;
p_paddr;
p_filesz;
p_memsz;
p_flags;
p_align;

/%
/%
/*
/*
/%
/%
/*
/*

Segment type

*/

Segment file offset x/

Segment virtual address x/

Segment physical address x/

Segment size in file x/
Segment size in memory */

Segment flags */

Segment alignment x/
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ELF k58

32(0x20) F75, BKE 256(0x100) FH.

$ readelf -h hello
ELF Header:

Start of program header
Size of program headers
Number of program heade

$ xxd —-g 1 -s 0x34 -1 0x100

0000034:
0000044:
0000054
0000064:
0000074:
0000084
0000094
00000a4:
00000b4:
00000c4:
00000d4:
00000e4:
00000f4:
0000104:
0000114:
0000124:

06
00
03
13
01
da
01
08
02
do
04
44
51
00
52
f4

00
01
00
00
00
04
00
01
00
00
00
00
e5
00
e5
00

00
00
00
00
00
00
00
00
00
00
00
00
74
00
74
00

00
00
00
00
00
00
00
00
00
00
00
00
64
00
64
00

34
00
34
13
00
d4
oc
10
20
do
48
44
00
00
oc
f4

00
01
01
00
00
04
of
01
of
00
01
00
00
00
of
00

S: 52
3 32
rs:

(bytes into
(bytes)

hello

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

34
05
34
04
00
05
oc
06
20
06
48
04
00
06
oc
04

80
00
81
00
80
00
9f
00
9f
00
81
00
00
00
of
00

04
00
04
00
04
00
04
00
04
00
04
00
00
00
04
00

08
00
08
00
08
00
08
00
08
00
08
00
00
00
08
00

34
04
34
01
00
00
0c
00
20
04
48
04
00
04
0c
01

80
00
81
00
80
10
9f
10
9f
00
81
00
00
00
9f
00

file)

FEZ%LH T Program FIMEREHE, 2B E 52(0x34), #HE2 8, B LEEKE

MBEFRIES, BATUAMBITAERERIERFNMIRSS ELF SCHE4E (Section to Segment
mapping), W{A#EZE (Segment) MERFZE. NEEMMIIARNERME (Flag). MFHER

EEE.

$ readelf -1 hello

E1f file type is EXEC (Exec
Entry point 0x8048330

There are 8 program headers

Program Headers:

Type Offset
PHDR 0x000034
INTERP 0x000134
[Requesting program
LOAD 0x000000
LOAD 0x000f0c
DYNAMIC 0x00020
NOTE 0x000148
GNU_STACK 0x000000
GNU_RELRO 0x000f0cC

utable file)

, starting at offset 52

VirtAddr PhysAddr FileSiz

0x08048034 0x08048034 0x00100
0x08048134 0x08048134 0x00013

interpreter: /1lib/1ld-linux.so.

0x08048000
0x08049f0C
0x0804920
0x08048148
0x00000000
0x08049f0cC

0x08048000
0x08049f0C
0x08049T20
0x08048148
0x00000000
0x08049f0C

0x004d4
0x00108
0x000d0
0x00044
0x00000
0x000t4

MemSiz
0x00100
0x00013
2]
0x004d4
0x00110
0x000d0
0x00044
0x00000
0x000f4

Flg
R E
R

R E
RW
RW
R
RW
R

Align
0x4
0x1

0x1000
0x1000
ox4
0x4
0x4
ox1
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Section to Segment mapping:
Segment Sections...

00
01
02
03
04
05
06
07

.interp

.interp .note.ABI-tag .note.gnu.build-id .hash .gnu.hash .dynsym ...
.ctors .dtors .jcr .dynamic .got .got.plt .data .bss

.dynamic

.note.ABI-tag .note.gnu.build-id

.ctors .dtors .jcr .dynamic .got

1.4 Section Header Table

SHT Section ZBI, RIITEES T Section Header Table, EARNEEBILEESN Section,
FIREMABEHBEEE S

M ELF Header FRILfITRAI AR ARG E . BBFICRKE . BIEREURFRE EMFRHERNE

51558,

$ readelf -h hello

ELF Header:
Start of section headers: 5760 (bytes into file)
Size of section headers: 40 (bytes)
Number of section headers: 38

Section header string table index: 35

elf h #3%F Section Header BB HE N

typedef struct

{
E1f32_Word sh_name; /* Section name (string tbl index) x/
E1f32_Word sh_type; /* Section type x/
E1f32_Word sh_flags; /* Section flags *x/
E1f32_Addr sh_addr; /* Section virtual addr at execution x/
E1f32_0Off sh_offset; /* Section file offset */
E1f32_Word sh_size; /* Section size in bytes x/
E1f32_Word sh_link; /* Link to another section x/
E1f32_Word sh_info; /* Additional section information */
E1f32_Word sh_addralign; /* Section alignment */
E1f32_Word sh_entsize; /* Entry size if section holds table x/

} E1f32_Shdr;

5% Header i EE 40(0x28) 1. B INBELITEE.

$ readelf -S hello

There are 38 section headers, starting at offset 0x1680:

Section Headers:
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[Nr] Name Type Addr off Size ES Flg Lk Inf Al

[ o] NULL 00000000 000000 000000 00 06 0 0
[ 1] .interp PROGBITS 08048134 000134 000013 00 A 0 0 1
[ 2] .note.ABI-tag NOTE 08048148 000148 000020 60 A © 0 4
[35] .shstrtab STRTAB 00000000 00152a 000156 00 06 0 1
[36] .symtab SYMTAB 00000000 001c70 000420 10 37 54 4
[37] .strtab STRTAB 00000000 002110 000202 00 0o 0 1

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)
I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

$ xxd —-g 1 -s 0x1680 -1 0x78 hello

0001680: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 .........cvnunsn
0001690: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ........0ovunnsns
0001620: 00 00 00 00 00 00 00 00 1b 00 00 00 01 00 00 00 ........cvuovusuas
00016b0: 02 00 00 00 34 81 04 08 34 01 00 00 13 00 00 00 ....4...4.......
00016c0: 00 00 00 00 00 00 00 00 01 00 00 00 00 00 00 00 .........cvnunsn
00016d0: 23 00 00 00 07 00 00 00 02 00 00 00 48 81 04 08 #.....v.u0us. o o
00016e0: 48 01 00 00 20 00 00 00 00 00 00 00 00 00 00 00 H... ....ovueuas
00016T0: 04 00 00 00 00 00 00 60 ...

Sections[0] A=, FATHM [1] .interp FFaG5 47, Bk 40 PFT5, M 0x1680 + 0x28 =
0x16a8 FrIAHMEE 1z .

$ xxd —-g 1 -s 0x16a8 -1 0x28 hello

00016a8: 1b 00 00 00 01 00 00 00 02 00 00 00 34 81 04 08 ..........s. 4...
00016b8: 34 01 00 00 13 00 00 00 00 00 00 00 00 00 00 00 4........0vuuuns
00016c8: 01 00 00 00 00 00 00 00 Liaiaaaas

Melfh EMEXHFEH, B 4 M FUHEE T ZEREMEFRHERPFS.
$ readelf —p .shstrtab hello ; MARIfERAZRS|S "readelf —p 35 hello"

String dump of section '.shstrtab':
[ 1] .symtab
[ 9] .strtab
[ 11] .shstrtab
[ 1b] .interp
[ 23] .note.ABI-tag
[ 31] .note.gnu.build-id

REF, BHRE"[ 1b].interp”.

sh_type(Section type) = 0x00000001 = SHT_PROGBITS.
#define SHT_PROGBITS 1 /* Program data */

sh_flags(Section flags) = 0x00000002 = SHF_ALLOC



#define SHF_ALLOC (1 << 1) /* Occupies memory during execution x/

sh_addr(virtual addr) = Qx08048134
sh_offset(Section file offset) = 0x00000134
sh_size(Section size) = 0x00000013

IWHEX {5 E M readelf wWHAEXN EST .

1.5 String Table
FREBREN "H(Heap) WA XFHEN, UHER "F5" LR LEFHEEZENRENE.
$ readelf -x .shstrtab hello ; =HFEAZXRS|S "readelf -x 35 hello"
Hex dump of section '.shstrtab':
0x00000000 002e7379 6d746162 002e7374 72746162 ..symtab..strtab
0x00000010 002e7368 73747274 6162002e 696e7465 ..shstrtab..inte

0x00000020 7270002e 6e6f7465 2414249 2d746167 rp..note.ABI-tag
0x00000030 002e6e6f 74652e67 6e752e62 75696c64 ..note.gnu.build

HAE—T:

.symtab F=
.strtab F=

=

=
=

=

FREB 0" ERE, FHURSBIRPNZDFRE,
$ readelf —p .shstrtab hello

String dump of section '.shstrtab':

[ 1] .symtab
[ 9] .strtab
[ 11] .shstrtab
[ 1b] .interp

1.6 Symbol Table
RERERTEFHRFSNEXEENSIBER, E2—1MEHR, SFIERVE—IFS.

ICRAPFEETHSHEMR. KB RNFER, XLRRATEXN RN . EHEE. FENE
HRERNEXE,

LEATAREFN, XEFEEEMTRINIREEMCIBFE, BRINAIUERFSEREENS, &
2 E Z R RO 4R

typedef uintl6_t E1f32_Section;
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typedef struct

{
E1f32_Word st_name; /* Symbol name (string tbl index) x/
E1f32_Addr st_value; /* Symbol value x/
E1f32_Word st_size; /* Symbol size *x/
unsigned char st_info; /* Symbol type and binding x/
unsigned char st_other; /% Symbol visibility x/
E1f32_Section st_shndx; /* Section index x/

} E1f32_Sym;
FHRICRIKER 16 (0xF) F9. HNTATLLA "readelf -s" EERFSRKIFHER.
$ readelf -s hello

Symbol table '.dynsym' contains 5 entries:
Num: Value Size Type Bind Vis Ndx Name

0: 00000000 © NOTYPE LOCAL DEFAULT UND

1: 00000000 © NOTYPE WEAK DEFAULT UND _ gmon_start__

2: 00000000 O FUNC GLOBAL DEFAULT UND __libc_start_main@GLIBC_2.0 (2)
3: 00000000 0 FUNC GLOBAL DEFAULT UND puts@GLIBC_2.0 (2)

4: 080484bc 4 OBJECT GLOBAL DEFAULT 16 _IO_stdin_used

Symbol table '.symtab' contains 74 entries:

Num: Value Size Type Bind Vis Ndx Name
0: 00000000 0 NOTYPE LOCAL DEFAULT UND
1: 08048134 0 SECTION LOCAL DEFAULT 1

35: 00000000 0 FILE LOCAL DEFAULT ABS init.c
36: 00000000 0 FILE LOCAL DEFAULT ABS crtstuff.c
37: 08049foc 0 OBJECT LOCAL DEFAULT 18 __ CTOR_LIST__

49: 00000000 0 FILE LOCAL DEFAULT ABS hello.c
50: 08049ff4 0 OBJECT LOCAL HIDDEN 23 _GLOBAL_OFFSET_TABLE_

72: 080483e4 28  FUNC GLOBAL DEFAULT 14 main
73: 080482b8 0 FUNC GLOBAL DEFAULT 12 _init

FNEEF "symtab" BEEFHNHEREFEE. FERAGTNFRELUEGFME strtab &%,
$ readelf -S hello
There are 38 section headers, starting at offset 0x1680:

Section Headers:

[Nr] Name Type Addr oOff Size ES Flg Lk Inf Al
[14] .text PROGBITS 08048330 000330 00016c 00 AX 0 0 16
[36] .symtab SYMTAB 00000000 001c70 000420 10 37 54 4
[37] .strtab STRTAB 00000000 002110 000202 00 0 0 1

FA1FH "72: 080483e4 28 FUNC GLOBAL DEFAULT 14 main" iX %12 3R R EE X E04E -



$ readelf —-x .symtab hello

Hex dump of section
0x00000000 00000000 00000000 00000000 00000000 ....u:evuusrnnns

.symtab':

0x00000010 00000000 34810408 00000000 03000100 ....4...........
0x00000020 00000000 48810408 00000000 03000200 ....H...........
0x00000030 00000000 68810408 00000000 03000300 ....h...........

0x00000040 00000000 8c810408 00000000 03000400 ........00nvunss
0x00000050 00000000 b4810408 00000000 03000500 ......veveswnrns

0x00000410 9b010000 189f0408 00000000 11021300 .....evevesvarns
0x00000420 28010000 10840408 52000000 12000€00 ........ Zoncoonaoo
0x00000430 b8010000 14200408 00000000 1000TLff ........vvuuuuus
0x00000440 c4010000 1ca00408 00000000 1000T1ff ................
0x00000450 c9010000 00000000 00000000 12000000 ........0c0vvuuss
0x00000460 d9010000 14200408 00000000 1000T1ff .........c.uuuns
0x00000470 0010000 62840408 00000000 12020€00 ....jevsssssnrss
0x00000480 7010000 e€4830408 1c000000 12000€00 ........v0vuusns
0x00000490 fc010000 b8820408 00000000 12000CO0 ......oevesvarns

IERKEZ 16, Eir—17, RNEERLAFTRICE (72 * 16 = 0x480).

0x00000480 7010000 e€4830408 1c000000 12000€00 ........v0vvusns

st_name(Symbol name) = 0x000001f7
st_value(Symbol value) = 0x080483e4
st_size(Symbol size) = 0x0000001c
st_info(Symbol type and binding) = 0x12
st_other(Symbol visibility) = 0x00
st_shndx(Section index) = 0x000e

BHAEMFRFRERKL Name.
$ readelf —p .strtab hello

String dump of section '.strtab':
[ 1] init.c

[ 1f7] main
[ 1fcl _init

elf h FRAEXENX:

#define STT_FUNC 2 /* Symbol is a code object x/

#define STB_GLOBAL 1 /* Global symbol x/

#define STV_DEFAULT @ /* Default symbol visibility rules x/
BIE— T

0x000001f7 —> "main"
0x080483e4
0x0000001c —> 28

st_name(Symbol name)
st_value(Symbol value)

st_size(Symbol size)



st_info(Symbol type and binding) =

st_other(Symbol visibility)
st_shndx(Section index)

MEME, W EST.

FADERTLLA strip S HBRFFS 3K symtab, XA[A4ER R -

$ 1s -1 hello

0x12 —> &% elf RHHEIHAT
0x00 —> STV_DEFAULT

0x000e —> "[14]

text"

—-rwxr-xr—x 1 yuhen yuhen 8978 2009-12-04 00:24 hello

$ strip hello

$ 1s -1 hello

—-rwxr-xr—x 1 yuhen yuhen 5528 2009-12-04 20:27 hello

$ readelf -s hello ; .symtab RILT

Symbol table '.dynsym' contains 5 entries:

Num: Value Size Type Bin
0: 00000000 @ NOTYPE LOCAL
1: 00000000 0 NOTYPE WEAK
2: 00000000 ® FUNC GLOBA
3: 00000000 @ FUNC GLOBA
4: 080484bc 4 OBJECT GLOBA

d Vis Ndx
DEFAULT UND

Name

DEFAULT UND _ gmon_start__
L DEFAULT UND __libc_start_main@GLIBC_2.0 (2)
L DEFAULT UND puts@GLIBC_2.0 (2)
L DEFAULT 16 _IO_stdin_used

$ readelf -S hello ; Section /> THR%

There are 28 section headers, starting at offset 0x1138:

Section Headers:

8] .gnu.version

[Nr]l Name

[ o]

[ 1] .interp

[ 2] .note.ABI-tag
[ 3] .note.gnu.build-i
[ 4] .hash

[ 5] .gnu.hash

[ 6] .dynsym

[ 71 .dynstr

[

[ 9] .gnu.version_r
[10] .rel.dyn

[11] .rel.plt

[12] .init

[13] .plt

[14] .text

[15] .fini

[16] .rodata

[17] .eh_frame
[18] .ctors
[19] .dtors
[20] .jcr

Type
NULL
PROGBITS
NOTE
NOTE
HASH
GNU_HASH
DYNSYM
STRTAB
VERSYM
VERNEED
REL

REL
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS

Addr

00000000
08048134
08048148
08048168
0804818c
080481b4
080481d4
08048224
0804826e
08048278
08048298
080482a0
080482b8
080482e8
08048330
0804849c
080484b8
080484d0
08049f0c
08049114
08049f1c

Off

000000
000134
000148
000168
00018c
0001b4
0001d4
000224
00026e
000278
000298
000220
0002b8
00028
000330
00049c
0004b8
0004d0
000f0c
00014
000f1c

Size

000000
000013
000020
000024
000028
000020
000050
00004a
00000a
000020
000008
000018
000030
000040
00016¢
00001c
000016
000004
000008
000008
000004

ES Flg Lk Inf Al

00
00
00
00
04
04
10
00
02
00
08
08
00
04
00
00
00
00
00
00
00

> > > > > > > > > > >
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[21] .dynamic DYNAMIC 0804920 000f20 0000d0 68 WA 7 0 4
[22] .got PROGBITS 08049ff0 000Tf0 000004 04 WA © 0 4
[23] .got.plt PROGBITS 08049ff4 000ff4 000018 04 WA © 0 4
[24] .data PROGBITS 0804200c 00100c 000008 00 WA © 0 4
[25] .bss NOBITS 08042014 001014 000008 00 WA © 0 4
[26] .comment PROGBITS 00000000 001014 000046 01 MS © 0 1
[27] .shstrtab STRTAB 00000000 00105a 0000de 00 o 0 1

1.7 Section .text

text BRHPRE T ERBMBITREE, F1TEE main FRCHARDH text FHELE.
$ objdump -d hello | less

080483e4 <main>:

80483e4: 55

80483e5: 89 e5

80483e7: 83 e4 f0

80483ea: 83 ec 10

80483ed: c7 04 24 co 84 04 08
80483f4: e8 1f ff ff ff
80483f9: b8 00 00 00 00
80483fe: c9

80483ff: c3

08048400 <__ libc_csu_fini>:

8048400: 55

8048401: 89 e5

8048403: 5d

8048404: c3

8048405: 8d 74 26 00

8048409: 8d bc 27 00 00 00 00

$ readelf -x .text hello
Hex dump of section '.text':
0x080483e0 xxxkkkkkx 5589e583 e4f083ec 10c70424

0x080483f0 c0840408 e81fffff ffb8000O 0000c9c3
0x08048400 5589e55d c38d7426 008dbc27 00000000

BYXMEERE, RMN2LH text RPRRE T AARBVSEG, FREEMNERS, SRERER
M BIGNESFS. BARFERDARHERDRENBRALEBVNEMKER? XESLHEH
MAERENFSRNERT .

$ readelf -s hello

Symbol table '.symtab' contains 74 entries:
Num: Value Size Type Bind Vis Ndx Name
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72: 080483e4 28 FUNC GLOBAL DEFAULT 14 main

Type = FUNC RIFIZICRE N EE, RAMVEHME Value:080483e4, RIEBKE 28(0x1c) T,
FHERSISH 14 EH. BAF? XEXN ETIE. RIENOM, REARRENFTSRHAL
RIERE AL, F AT E RIS S A SERR L B MR ?

3 VA - Section Address + Offset = SRR3R B
$ readelf -S hello

There are 38 section headers, starting at offset 0x1680:

Section Headers:
[Nr] Name Type Addr oOff Size ES Flg Lk Inf Al

[14] .text PROGBITS 08048330 000330 00016c 00 AX © 0 16

0x080483e4 — 0x08048330 + 0x000330 = Ox3E4
WIE—To
$ xxd —-g 1 —-s 0x3e4 -1 0x1lc hello

00003e4: 55 89 e5 83 e4 f0 83 ec 10 c7 04 24 c0 84 04 08
00003f4: e8 1f ff ff ff b8 00 00 00 00 c9 c3

R A strip MR T HSR, RCEIRMILBREIET, &5F text B, EEMNATTLCHSR
R XA o

$ strip hello
$ objdump -d hello | less

Disassembly of section .text:

08048330 <.text>:

8048330: 31 ed

8048332: Se

8048333: 89 el

80483e4: 55 ; EEY <main> BLRMIXEIAFIAR
80483e5: 89 e5

80483e7: 83 e4 fO

80483ea: 83 ec 10

80483ed: c7 04 24 c0 84 04 08

80483f4: e8 1f ff ff ff

80483f9: b8 00 00 00 00
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80483fe: c9

80483ff: c3

8048400: 55 5 XFRKE < libc_csu_fini>
8048401: 89 e5

8048403: 5d

8048404: c3

8048405: 8d 74 26 00

8048409: 8d bc 27 00 00 00 00

1.8 Section .rodata .data

data REEZTHENEREE. B8, B#LRMEEZENFTEVIHRUNEIE, M rodata RUES
RBHPNEEFHFECIETERH B LN S R)FREHIE.

data RRAER, KhrNBEEEHHEEE, M rodata MEDREE.
ATEELHFRIR, TEBRN—TEREF.
#include <stdio.h>

const charx format = "Hello, %s !'\n";
charx name = "Q.yuhen";

int main(int argc, charx argv[])
{

printf(format, name);

return 0;

BAF B DT R R E R S o

$ objdump -dS -M intel hello | less

080483e4 <main>:

const charx format = "Hello, %s !'\n";
charx name = "Q.yuhen";

int main(int argc, charx argvl[])

{
80483e4: push ebp
80483e5: mov ebp, esp
80483e7: and esp,oxfffffffo

80483ea: sub esp,0x10
printf(format, name);

80483ed: mov edx,DWORD PTR ds:0x804a018 ; T2 name
80483f3: mov eax,ds:0x804a014 ; ®2 format
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80483f8: mov DWORD PTR [esp+0x4],edx

80483fc: mov DWORD PTR [esp],eax

80483ff: call 804831c <printf@plt>
return 0;

8048404: mov eax, 0x0

8048409: leave
804840a: ret
804840b: nop
804840c: nop
804840d: nop
804840e: nop

BT AN SRAPHEBERPEXEE . BIXEL, HATLURIEC RS H AY R I Ik A SEFR 2

Xo

$ readelf -s hello

Symbol table '.symtab' contains 76 entries:

Num: Value Size Type Bind Vis Ndx Name
57: 08042014 4 OBJECT GLOBAL DEFAULT 24 format
70: 08042018 4 OBJECT GLOBAL DEFAULT 24 name

74: 080483e4 39 FUNC GLOBAL DEFAULT 14 main

$ readelf -S hello
There are 38 section headers, starting at offset 0x16f0:
Section Headers:

[Nr] Name Type Addr Off Size ES Flg Lk Inf Al

[16] .rodata PROGBITS 080484c8 0004c8 00001d 00 A 0 0 4
[24] .data PROGBITS 0804a00c 00100c 000010 00 WA © O 4

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)
I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

format A name #EEE data i, HiZE 25, XRPZTEZZMHREZE. F{1¢Hs:

% data EHAERAR.
$ readelf -x .data hello

Hex dump of section '.data':
0x0804a00c 00000000 00000000 d0840408 dd840408 .....vvvusrnnrns

B
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MFFS RN Value BEIFRATAIAEER]:

0x080484d0
0x080484dd

[format]
[name]

.data PEERIEST B SR8 rodata E& (0x080484c8 ~ 0x080484e5).

$ readelf -x .rodata hello

Hex dump of section '.rodata':
0x080484c8 03000000 01000200 48656c6C 6f2Cc2025 ..vuuwn. Hello, %
0x080484d8 7320210a 00512e79 7568656e 00 s !..Q.yuhen.

rodata BRR AT RXELTERIEENFRTE.

1.9 Section .bss

bss BEELprERITEASRBR, HAGHAXH=E (TH bss A .comment Offset 48[E), HXxZH
T A% Linux/ELF RERBL T2 E.

$ readelf -S hello

Section Headers:

[Nr] Name Type Addr oOff Size ES Flg Lk Inf Al
[25] .bss NOBITS 0804a01c 00101c 000008 00 WA 0 0 4
[26] .comment PROGBITS 00000000 00101c 000046 01 MS 0 0 1

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)
I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

$ readelf -x .bss hello

Section '.bss' has no data to dump.
ELF I IBEFTREMIL M E:

o bss  ZRERVBUNLBABRSEBLTES. BFETHVIBAZE, TEXHTE.
o data : B HERAFRENYIHAELEE (@%E%ﬂﬁ“ftﬂ’\]é)ﬁﬁix BAREEES).
o .rodata : G EFREHHREHE, BEERBHINEEFRE ERFS8).

o .shstrtab : FfFHE5k, B3 Section &R.

o .Strtab : FFEEK, BEFSRKICHE (Symbol Table Entry) ZFR.

o .symtab: FSEK, GFENHAEEMEFFSEXMS|HARFEENEE.

o text: GEEFHNTHITES.
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2. Linux Process Model

TEERE— 1SRN EERERER.

H LR (Segment) M ATHITCHME R, BX ELF
Section # Segment FUBRET = &, FRATATLLM ELF Program Headers F3kEXAEX1E B

REXE

0x08048000

.init, .text, .rodata (R)

MAETBAT SO INE

.data, .bss (RW)

¥ (Heap)

€-------

Hl
%

0x40000000

H = BRI SRR ST X

H}
3K

0xC0000000

% (Stack)

R izt 31 = ]

A PRBEARET I

$ readelf -1 hello

Elf file type is EXEC (Executable file)

Entry point 0x8048410

There are 8 program headers, starting at offset 52

Program Headers:

Type Offset

PHDR 0x000034
INTERP 0x000134
LOAD 0x000000
LOAD 0x000f0cC
DYNAMIC 0x000f20
NOTE 0x000148
GNU_STACK 0x000000
GNU_RELRO 0x000f0C

Section to Segment mapping:

Segment Sections...

00

01 .interp

02 va. o init

03 ... .data .bss

VirtAddr

PhysAddr FileSiz MemSiz

Flg

0x08048034 0x08048034 0x00100 0x00100 R E
0x08048134 0x08048134 0x00013 0x00013 R
0x08048000 0x08048000 0x0064c 0x0064c R E
0x08049f0c 0x08049f0c 0x0011c 0x00128 RW
0x08049120 0x08049f20 0x000d0 0x000d0 RW
0x08048148 0x08048148 0x00044 0x00044 R
0x00000000 0x00000000 0x00000 0x00000 RW
0x08049T0c 0x08049f0c 0x000f4 0x000T4 R

plt .text .fini .

rodata

Align
0x4
0x1
0x1000
0x1000
0x4
0x4
0x4
0x1
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04 .dynamic

05 .note.ABI-tag .note.gnu.build-id
06
07 .ctors .dtors .jcr .dynamic .got

W RERE, RITTLET text, .rodata, .data, .bss #NZFE| 0x08048000 ~ 5, LMEF=
02, 03 A LOAD Segemtn Ef. ELF Section 2 HH Virtual Address h2—1P 5%,

$ readelf -S hello
There are 38 section headers, starting at offset 0x1al@:

Section Headers:

[Nr] Name Type Addr Off Size ES Flg Lk Inf Al
[14] .text PROGBITS 08048410 000410 000lec 00 AX 0 0 16
[16] .rodata PROGBITS 08048618 000618 000030 00 A @ 0 4
[24] .data PROGBITS 08042018 001018 000010 00 WA 0 0 4
[25] .bss NOBITS 08042028 001028 00000c 00 WA 0 0 4
[35] .shstrtab STRTAB 00000000 0018b8 000156 00 0 0 1
[36] .symtab SYMTAB 00000000 002000 000540 10 37 56 4
[37] .strtab STRTAB 00000000 002540 000263 00 0 0 1

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)
I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

EERTNZT AR Section BB INEHFIHERNES G-
EEHBZTHAEER:

(1) pmap
$ ps aux | grep hello | grep -v grep

yuhen 6649 0.0 1.6 39692 8404 pts/0 S1+ Declo 0:13 vim hello.c
yuhen 12787 0.0 0.0 1664 396 pts/1 S+ 08:24 0:00 ./hello

$ pmap —-x 12787

12787: ./hello

Address Kbytes RSS Anon Locked Mode Mapping
00110000 1272 - - - r-x— libc-2.10.1.so0
0024000 8 = = - r———— libc-2.10.1.so0
00250000 4 = = - rw—— 1libc-2.10.1.so0
00251000 12 - - - rw—— [ anon 1
002b2000 108 - - - r-x— 1d-2.10.1.so0
002cdo0o 4 = = - r——— 1d-2.10.1.so0
002ce000 4 = = - rw—— 1d-2.10.1.so0
00c4d000 4 - - - r-x— [ anon 1
08048000 4 = = - r-x— hello

08049000 4 = = - r——— hello
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08042000 4
09789000 132
b7848000 4
b7855000 16
bfc40000 84

e —
e
e
T
R

total kB 1664 =
(2) maps

$ cat /proc/12787/maps

00110000-0024€000 r—xp 00000000 08:
0024€000-00250000 r——p 0013e000 08:
00250000-00251000 rw—p 00140000 08:
00251000-00254000 rw—p 00000000 00:
002b2000-002cd000 r—xp 00000000 08:
002cd000-002ce000 r——p 00012000 08:
002ce000-002cf000 rw-p 0001b000 08:
00c4d000-00c4e000 r—xp 00000000 00:
08048000-08049000 r—xp 00000000 08:
08049000-0804a000 r——p 00000000 08:
08042000-0804b000 rw—-p 00001000 08:
09789000-09faad00 rw—p 00000000 00:
b7848000-b7849000 rw-p 00000000 00:
b7855000-b7859000 rw—-p 00000000 00:
bfc40000-bfc55000 rw—p 00000000 00:

(3) gdb
$ gdb ——pid=12787
(gdb) info proc mappings

process 12619

01
01
01
00
01
01
01
00
01
01
01
00
00
00
00

5231
5231
5231

0

1809
1809
1809

0
135411
135411
135411
0

0
0
0

cmdline = '/home/yuhen/Projects/Learn.C/hello’

cwd = '/home/yuhen/Projects/Learn.C'
exe = '/home/yuhen/Projects/Learn.C/hello’

Mapped address spaces:

Start Addr End Addr

0x8048000
0x8049000
0x8042000
0x9f89000
0xb7848000
0xb7855000
0xbfc40000

0x8049000
0x8042000
0x804b000
0x9faa000
0xb7849000
0xb7859000
0xbfc55000

Siz

0x1000
0x1000
0x1000
0x21000
0x1000
0x4000
0x15000

e

hello
[ anon 1
[ anon 1
[ anon 1
[ stack ]

/lib/t1s/i1686/cmov/libc-2.10.1.s0
/1lib/t1s/i686/cmov/libc-2.10.1.s0
/1lib/t1s/i686/cmov/libc-2.10.1.s0

/lib/1d-2.10.1.5s0
/1lib/1d-2.10.1.s0
/lib/1d-2.10.1.s0

[vdsol
/home/yuhen/Projects/Learn.C/hello
/home/yuhen/Projects/Learn.C/hello
/home/yuhen/Projects/Learn.C/hello
[heap]

[stack]

Offset objfile

0
0

0x1000
0

0
0
0

/home/yuhen/Projects/Learn.C/hello

/home/yuhen/Projects/Learn.C/hello

/home/yuhen/Projects/Learn.C/hello
[heap]

[stack]

BETRBMNAFTAAEFERREAHET HNLE.

#include <stdi

0.h>
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#include <stdlib.h>
#include <stdbool.h>
#include <string.h>

int x = 0x1234;
char xs;

int test()
{
static int a = 0x4567;

static int b;

return ++a;

int main(int argc, charx argvl[])

{
int i = test() + x;
s = "Hello, World!";
charx p = malloc(10);
return EXIT_SUCCESS;
}

HEDHT ELF XHEENRNARELNEL BREEMNFS BT ERRFHATURE T HRFHbLL.
$ readelf -s hello

Symbol table '.symtab' contains 79 entries:
Num: Value Size Type Bind Vis Ndx Name

50: 08042018
51: 08042024
57: 08042028
65: 08042014

OBJECT LOCAL DEFAULT 24 a.2344
OBJECT LOCAL DEFAULT 25 b.2345
OBJECT GLOBAL DEFAULT 25 s
OBJECT GLOBAL DEFAULT 24 x

E N )

$ readelf -S hello

There are 38 section headers, starting at offset 0x1al@:

Section Headers:

[Nr] Name Type Addr off Size ES Flg Lk Inf Al
[16] .rodata PROGBITS 0804848 00048 000016 00 A 0 4
[24] .data PROGBITS 0804a00c 00100c 000010 00 WA 0 4
[25] .bss NOBITS 0804a0lc 00101c 000010 00 WA 0 4

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)



I (info), L (link order), G (group), x (unknown)
0 (extra 0S processing required) o (0S specific), p (processor specific)

BEUNEARE, BNUHESTHRLNERMBFSLERSEKE data 1, ARG E BN
SEEBNSEHE bsso

.data 0804a00c ~ 0804a0lb : x(0804a014), a(0804a018),
.bss 0804a0lc ~ 0804a02b : b(0804a2024), s(0804a028)

mREHPHNERE "Hello, World!" #4Bc £ .rodata H.
$ readelf —p .rodata hello
String dump of section '.rodata':
[ 8] Hello, World!
$ readelf -x .rodata hello
Hex dump of section '.rodata':

0x08048418 03000000 01000200 48656c6¢C 6f2c2057 ........ Hello, W
0x08048508 6f726c64 2100 orld!.

AT AR RARERIRIE— T o
$ objdump -dS -M intel hello | less

int x = 0x1234;

char xs;

int test()

{
80483e4: push  ebp
80483e5: mov ebp, esp

static int a = 0x4567;
static int b;
return ++a;

80483e7: mov eax,ds:0x804a018 ; BATE a

80483ec: add eax, 0x1 ; iFE (eax) = (eax) + 1
80483ef: mov ds:0x804a018, eax ; BEREE a

80483f4: mov eax,ds:0x804a018

int main(int argc, charx argvl[])

{
int 1 = test() + x;
8048404: call 80483e4 <test> ; test() RE{EHAEN eax
8048409: mov edx,DWORD PTR ds:0x804a014 ; BERETE x ERA edx
804840f: add eax,edx ; IE (eax) = test() + x
8048411: mov DWORD PTR [esp+@x1c],eax ; BT E i = (eax), BR 1 &SR

s = "Hello, World!";
8048415: mov DWORD PTR ds:0x804a028,0x8048500 ; 4% "Hello..." HitEH %4 s
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charx p = malloc(10);

804841f: mov
8048426: call
804842b: mov

return EXIT_SUCCESS;
804842f: mov

DWORD PTR [espl,@xa
804831c <malloc@plt>
DWORD PTR [esp+0x18],eax

eax,0x0

WAIPLH gdb EEBITHAERIRTS.

(gdb) p &i
$1 = (int %) Oxbffff74c

(gdb) p p
$2 = 0x804bo08 "

(gdb) info proc mappings

Mapped address spaces:
Start Addr End Addr
0x804b000 0x806c000
0xbffeb00d 0xc0000000

RER, BELTE i 2T Stack, 1 malloc p NZ7E Heap EHHE-

; main() FEHETE i ik

; malloc REZEEIEST p

Size
0x21000
0x15000

0ffset objfile
0
0

[heap]
[stack]
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3. Core Dump
BEREATERRN. . XEES, BRE!

FIF setrlimit REIATATLURE "core file size" iR BR—1IE 0 &, XA ATEARREY B BIER
core X7 . (AIZ% bshell ulimit &<

#include <sys/resource.h>

void test()

{

charx s = "abc";
*s = 'x';

int main(int argc, charxx argv)

{
struct rlimit res = { .rlim_cur = RLIM_INFINITY, .rlim_max = RLIM_INFINITY };
setrlimit (RLIMIT_CORE, &res);
test();
return (EXIT_SUCCESS);
¥

BRI, INE test BEHIEEFNIET —1 "Segmentation fault", BT —TEERR.

$ ./test
Segmentation fault (core dumped)

$ 1s -1

total 104

-rw——————— 1 yuhen yuhen 172032 2010-01-14 20:59 core
—-rwxr-xr-x 1 yuhen yuhen 9918 2010-01-14 20:53 test
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4. Thread

4.1 Memory Leak

ZAEXT T Linux WAREHE — MR "BERYE". WE fork EFHE—H, HLEER

B, Ex#%R—I&NEG, HhREARE

REX LR, MRBPMNALEXNIG, BARSRERNFHE.

void* test(void* arg)

{

printf("%ss\n", (charx)arg);

return (voidx)0;

int main(int argc, charkx argv)

{

pthread_t tid;
pthread_create(&tid, NULL, test, "a");

sleep(3);
return (EXIT_SUCCESS);

iR, (1A Valgrind & 0—T.

$ valgrind ——leak-check=full ./test

==11224==
==11224==
==11224==
==11224==
==11224==
a

==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==
==11224==

Memcheck, a memory error detector
Copyright (C) 2002-2009, and GNU GPL'd, by Julian Seward et al.
Using Valgrind-3.5.0-Debian and LibVEX; rerun with -h for copyright info

Command: ./test

HEAP SUMMARY :

in use at exit:
total heap usage:

136 bytes in 1 blocks
1 allocs, @ frees, 136 bytes allocated

136 bytes in 1 blocks are possibly lost in loss record 1 of 1
at 0x4023F5B: calloc (vg_replace_malloc.c:418)
by 0x40109AB: _dl_allocate_tls (dl-tls.c:300)
by 0x403F102: pthread_create@@GLIBC_2.1 (allocatestack.c:561)
by 0x80484F8: main (main.c:51)

LEAK SUMMARY:

definitely lost:
indirectly lost:
possibly lost:
still reachable:
suppressed:

@ bytes in @ blocks
@ bytes in @ blocks
136 bytes in 1 blocks
0 bytes in @ blocks
@ bytes in @ blocks

WEFROR, ETREHEMLZEA thread_join
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==11224==
==11224== For counts of detected and suppressed errors, rerun with: -v
==11224== ERROR SUMMARY: 1 errors from 1 contexts (suppressed: 15 from 8)

R &5 ER pthread_create ZERNFEME

#NXE M pthread_join REAIRRT, BEEAREESEUX MUHENLAZRRNF.

void* test(void* arg)

{
printf("%s\n", (charx)arg);
return (voidx)123;

int main(int argc, charxx argv)

pthread_t tid;
pthread_create(&tid, NULL, test, "a");

void* state;
pthread_join(tid, &state);
printf("%d\n", (int)state);

return (EXIT_SUCCESS);

$ valgrind ——leak-check=full ./test

==11802== Memcheck, a memory error detector

==11802== Copyright (C) 2002-2009, and GNU GPL'd, by Julian Seward et al.
==11802== Using Valgrind-3.5.0-Debian and LibVEX; rerun with -h for copyright info
==11802== Command: ./test

==11802==

a

123

==11802==

==11802== HEAP SUMMARY:

==11802== in use at exit: @ bytes in @ blocks

==11802==  total heap usage: 1 allocs, 1 frees, 136 bytes allocated
==11802==

==11802== All heap blocks were freed —— no leaks are possible

==11802==

==11802== For counts of detected and suppressed errors, rerun with: -v
==11802== ERROR SUMMARY: @ errors from @ contexts (suppressed: 15 from 8)

KRN RFE, AERBME. AT pthread_join 1 waitpid Z 2R EERAELL, FEIKE
R, HBHNRZE2EWAEXANEX .

HEXFAER, BINHTRAEXROEZENRERSTS. GRS ER, FREIAFTELRE, AR

REFO WIS . XMRAT, BAITLAA "2 BLIE (detach)" RBANZLEHEFFRTELRE,

HELOKEHRNE,
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AILATA R pthread_detach B4 B2

int main(int argc, charxx argv)

{
pthread_t tid;
pthread_create(&tid, NULL, test, "a");
pthread_detach(tid);
sleep(3);
return (EXIT_SUCCESS);
¥

Wk, WATLLFE thread function FiEAH.

voidx test(voidx arg)

{
printf("ss\n", (charx)arg);
pthread_detach(pthread_self());
return NULL;

¥

FEEALRERL.

int main(int argc, charxx argv)
{
pthread_attr_t attr;
pthread_attr_init(&attr);
pthread_attr_setdetachstate(&attr, PTHREAD_CREATE_DETACHED);

pthread_t tid;
pthread_create(&tid, &attr, test, "a");

sleep(3);
pthread_attr_destroy(&attr);

return (EXIT_SUCCESS);

RIERBDHE, EEHE R,

4.2 Cancel

pthread_cancel 2 1 ERMNAKR, KANESERNEAFELE,

voidx test(void* arg)
{
for (int 1 = 0; 1 < 10; i++)
{

printf("start: %d; ", i);

102



sleep(1);
printf("end: %d\n", i);

return (voidx)0;

int main(int argc, charx argvl[])

// BIEZLFRE
pthread_t tid;
pthread_create(&tid, NULL, test, NULL);

// 3WEBUEZRE
sleep(3);
pthread_cancel(tid);

// BRER

voidx ret;

pthread_join(tid, &ret);

if ((int)ret !'= @) fprintf(stderr, "cancel!\n");

return EXIT_SUCCESS;

BRRAT=THR— 1T EBNEFEE.

printf("start: %d; ", i);
sleep(1);
printf("end: %d\n", i);

AARITHIE R AT REBIX o
$ ./test

start: 0; end: 0
start: 1; end: 1
start: 2;
cancel!

"end: 2" AT, MREZELHIEIZEFEESEL KK REREEARGIFH "sleep(1)" &—
MNBUHA", XPNERBSERSE, RAMESBTAEER .

HXNENLIZIAH thread_cancel iY, S¥LREIRBR "RAARE", HHTH "BUER" MKk
2472, ALLE R pthread_setcancelstate &2 MERIARI PTHREAD_CANCEL_ENABLED 24 A%
PTHREAD_CANCEL_DISABLE, EFTHIZEHITB/EHERE .

voidk test(voidk arg)
{
for (int i = 0; i < 10; i++)
{
pthread_setcancelstate (PTHREAD_CANCEL_DISABLE, NULL);
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printf("start: %d; ", 1i);
sleep(1);
printf("end: %d\n", 1i);

pthread_setcancelstate(PTHREAD_CANCEL_ENABLE, NULL);

pthread_testcancel();

return (voidx)0;

XEEET, THRKMEMR. FEHF %@ PTHREAD_CANCEL_ENABLE &, {NFRRIZZLIER
DA HRRT T, B EIFA pthread_testcancel R mBIX )X R o

$ ./test

start: 0; end: 0

start: 1; end: 1

start: 2; end: 2
cancel!

MER(ETR — X2 BIBiEfF A~z Bl B PTHREAD _CANCEL_ENABLE, #hE fE4&EIRERIEAA

PTHREAD_CANCEL_DISABLE 1% 8, H "RFRET" KASREN . BISR TEXFF.
void* test(void* arg)
{
for (int i = 0; i < 10; i++)
{
pthread_setcancelstate(PTHREAD_CANCEL_DISABLE, NULL);
printf("start: %d; ", i);
sleep(1);
printf("end: %d\n", 1i);
if (i > 7)
{
pthread_setcancelstate(PTHREAD_CANCEL_ENABLE, NULL);
pthread_testcancel();
}
}
return (voidx)0;
}
Hid:
$ ./test
start: 0; end: 0
start: 1; end: 1
start: 2; end: 2
start: 3; end: 3
start: 4; end: 4
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start: 5; end: 5
start: 6; end: 6
start: 7; end: 7
start: 8; end: 8
cancel!

4.3 Synchronization
BN AP EEIRE PTHREAD_MUTEX_RECURSIVE B, BHEIEH .

pthread_mutex_t mutex;
pthread_cond_t cond;

void* test(void* arg)

{

pthread_mutex_lock(&mutex) ;

for (int i = 0; i < 10; i++)
{
printf("T1: %d\n", i);
sleep(1);

// B, SR/ESEERMPBEERIT.
if (i == 5) pthread_cond_wait(&cond, &mutex);

pthread_mutex_unlock(&mutex) ;
return (voidx)0;

void* test2(voidx arg)

{
// ZRmpt
pthread_mutex_lock(&mutex);
pthread_mutex_lock(&mutex) ;

for (int i = 0; i < 10; i++)
{
printf("T2: %d\n", i);
sleep(1);

// REES
pthread_cond_signal(&cond);

pthread_mutex_unlock(&mutex);
pthread_mutex_unlock(&mutex) ;
return (voidx)0;

int main(int argc, charx argv[])

{
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I}

/! &REEME: B
pthread_attr_t p_attr;
pthread_attr_init(&p_attr);

pthread_attr_setdetachstate(&p_attr, PTHREAD_CREATE_DETACHED);

// ERERM: E—%ENTZIR M
pthread_mutexattr_t m_attr;
pthread_mutexattr_init(&m_attr);

pthread_mutexattr_settype(&m_attr, PTHREAD_MUTEX_RECURSIVE);

// WAk
pthread_mutex_init(&mutex, &m_attr);
pthread_cond_init(&cond, NULL);

// BIELRE

pthread_t tidl, tid2;

pthread_create(&tidl, &p_attr, test, NULL);
sleep(1);

pthread_create(&tid2, &p_attr, test2, NULL);

/! BT
pthread_attr_destroy(&p_attr);
pthread_mutexattr_destroy(&m_attr);

sleep(30);
return EXIT_SUCCESS;

W

$ ./test

T1:
T1:
T1:
T1:
T1:
T1:
T2:
T2:
T2:
T2:
T2:
T2:
T2:
T2:
T2:
T2:
T1:
T1:
T1:
T1:

0

———> B, FREFES.

————> 2 SHRREUFEMT.

-——> REESE, B
———> 1 SHEFHMIT.

© 00 NN OO O 0NN OO Ul B W NP SO U B WN P
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5. Signal

5.1 Payload

MAESEHREEEERE, FTE int RENRE, HERNEZAFMIE. A TETIEE,
T E D AT BR EOR BB R BT HmER T ...

#include <stdio.h>
#include <stdlib.h>
#include <stdbool.h>
#include <string.h>
#include <sys/types.h>
#include <sys/wait.h>
#include <unistd.h>
#include <signal.h>

void sig_test(int signo, siginfo_t* si, voidx p)

{
// BFFEFHBEEBRIRT, BRTEEIN, EAIAEHZRNFMML.
printf("signo:%d pid:%d value:%d\n", signo, si->si_pid, si->si_int);

void parent()

{
// iLFHEREEBEY, BERAEBIFREFTERXHRE wait.
struct sigaction sat_cld = { .sa_handler = SIG_IGN, .sa_flags = SA_NOCLDWAIT };
sigaction(SIGCHLD, &sat_cld, NULL);

// EESAERERF
struct sigaction sat_usr = { .sa_flags = SA_SIGINFO, .sa_sigaction = sig_test };
sigaction(SIGUSR1, &sat_usr, NULL);

/ OHERIZTWTUE, (EARBRFEHALERER Ko
while(true) pause();

void child()
{
if (fork() == 0)
{
/] RE—T, FER/HBTRESLEREFIM.
sleep(1);

for (int 1 = 0; 1 < 10; i++)

{
// BEMRMBEENGES, WAIULZEENHZRNFMML.
sigqueue(getppid(), SIGUSR1, (union sigval){ .sival_int = i });
// ERR—T, BEELEESSEEIM.
usleep(1);

}
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// FHBEREH
exit(EXIT_SUCCESS);

int main(int argc, charx argv[])

{

child();

parent();

return EXIT_SUCCESS;
¥

5.2 Blocking

WA REEEMIRE F EERITHERE, RENTESKRFERF. BTR2FREEA, HITEFR
EEEXMTA, BERINHRBEEERTENT.

FE—PAFFEZERA.

void sig_handler(int signo)
{

printf("signal: %d\n", signo);

void test()

{
for (int 1 = 0; 1 < 10; i++)
{
printf("%s: %d\n", _ func__, i);
sleep(1);
)
¥

void child()

{
if (fork() == 0)
{
sleep(1);
for (int i = 0; i < 10; i++)
{
if (kill(getppid(), SIGUSR1) == -1) perror("kill");
sleep(1);
}
exit (EXIT_SUCCESS);
)
¥

int main(int argc, charx argv[])
{
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signal(SIGUSR1, sig_handler);

child();
test();

return EXIT_SUCCESS;

WIFPHIT, BRER test BEZ RBES P
$ ./test

test: 0
signal: 10
test: 1
signal: 10
test: 2
signal: 10
test: 3
signal: 10
test: 4
signal: 10
test: 5
signal: 10
test: 6
signal: 10
test: 7
signal: 10
test: 8
signal: 10
test: 9
signal: 10

#@IT sigprocmask EEFNTATASEI A S HIR AT E AR o

void test()

{
sigset_t set,;
sigemptyset(&set);
sigaddset(&set, SIGUSR1);
sigprocmask(SIG_BLOCK, &set, NULL);
for (int i = 0; i < 10; i++)
{
printf("%s: %d\n", _ func__, i);
sleep(1);
}
sigprocmask(SIG_UNBLOCK, &set, NULL);
¥

WERIT, FSHEE. INEIEXHEHEBNGESRE—PEHBA (Linux).
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$ ./test

test:
test:
test:
test:
test:
test:
test:
test:
test:
test:
signal: 10

O 00 N OO U1 D W N R

RATERLA sigfillset 5kBARLER SIGKILL F1 SIGSTOP Z ShFT A1 S

void test()

{
sigset_t set, oldset;
sigemptyset(&set);
sigfillset(&set);
sigprocmask(SIG_SETMASK, &set, &oldset);
for (int 1 = 0; 1 < 10; i++)
{
printf("%s: %d\n", _ func__, i);
sleep(1);
)
sigprocmask(SIG_SETMASK, &oldset, NULL);
b

IRET AR IR AEIEAT #BiE % <CTRL> + C it

110



6. Zombie Process

HEEZHERFEFNRIE, 217 ELNREFHE. ATILRSEFKNEERIEHE, RINFH
ALENBHINRN X LEMERENTERN]. B, X7, EEFEBFEF.

int main(int argc, charx argvl[])

{
for (int 1 = 0; i < 10; i++)
{
pid_t child = fork();
if (child == 0)
{
printf("child: %d, parent: %d\n", getpid(), getppid());
exit (EXIT_SUCCESS);
}
else if (child == -1)
{
perror("fork");
}
}
while(true) pause();
return EXIT_SUCCESS;
¥
HIFEHIT.
$ ./test

child: 2038, parent: 2035
child: 2039, parent: 2035
child: 2040, parent: 2035
child: 2041, parent: 2035
child: 2042, parent: 2035
child: 2043, parent: 2035
child: 2037, parent: 2035
child: 2036, parent: 2035
child: 2044, parent: 2035
child: 2045, parent: 2035
~Z

[2]+ Stopped ./test

$ ps aux | grep test

yuhen 2035 0.0 0.0 1632 376 pts/@ T 17:32 0:00 ./test

yuhen 2036 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>
yuhen 2037 0.0 0.0 0 0 pts/0 Z 17:32 0:00 [test] <defunct>
yuhen 2038 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>
yuhen 2039 0.0 0.0 0 0 pts/0 YA 17:32 0:00 [test] <defunct>
yuhen 2040 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>
yuhen 2041 0.0 0.0 0 0 pts/0 Z 17:32 0:00 [test] <defunct>



yuhen 2042 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>
yuhen 2043 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>
yuhen 2044 0.0 0.0 0 0 pts/0 Z 17:32 0:00 [test] <defunct>
yuhen 2045 0.0 0.0 0 0 pts/0 z 17:32 0:00 [test] <defunct>

WEEFW. FHERENSRE— " x/N\IF, EhERYREBERE, SHEHEEH. B
INERT, BINBEAERXFFEA wait / waitpid ZZEHIREHITAERE, BRASESk. BEPR
FEuEF, BINHFTNRESTERMFHENERIRS.

MTEHMEREPRIE—IE, E&EREFE.

6.1 fork + fork

MR MERX fork BA, THEFAERCZEEFRTFHE, MBEICIE—1 Son, REHEH
Son BIZESLFRHI B R T2 Grandson. Son #f£€1# Grandson 3 BliRE, FHE#HE waitpid
miiE. MEIEABLR Grandson EA "£R" Son FLEM# init 7, REEEWAERK.

void create_child()

{
pid_t son = fork();
if (son == @)
{
pid_t grandson = fork();
if (grandson == 0)
{
printf("child: %d, parent: %d\n", getpid(), getppid());
exit (EXIT_SUCCESS);
}
exit (EXIT_SUCCESS);
}
else if (son > 0)
{
waitpid(son, NULL, 0);
}
else
{
perror("fork");
}
}

int main(int argc, charx argvl[])

{
for (int i = 0; i < 10; i++)
{
create_child();
}
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while(true) pause();
return EXIT_SUCCESS;

-

6.2 signal
RFFEFA SIGCHLD 55 AR 7R R F25 wait BIUHR1E.

void create_child()

{
pid_t son = fork();
if (son == 0)
{
printf(*child: %d, parent: %d\n", getpid(), getppid());
exit (EXIT_SUCCESS);
}
else if (son == -1)
{
perror("fork");
}
}

void sig_child(int signo)

{
if (signo != SIGCHLD) return;
int status;
pid_t pid = wait(&status);
printf("child %d exited!\n", pid);
Y

int main(int argc, charx argvl[])
signal(SIGCHLD, sig_child);
for (int i = 0; i < 10; i++)

{

create_child();

while(true) pause();
return EXIT_SUCCESS;

6.3 sigaction
AHEES, BXIETFRIENNZ: 3SRT, BEERTE.

void create_child()
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pid_t son = fork();

if (son == 0)

{
printf("child: %d, parent: %d\n", getpid(), getppid());
exit (EXIT_SUCCESS);

+

else if (son == -1)

{
perror(*"fork");

+

int main(int argc, charx argv[])

struct sigaction act_nowait = { .sa_handler = SIG_IGN, .sa_flags = SA_NOCLDWAIT};
sigaction(SIGCHLD, &act_nowait, NULL);

for (int i = 0; i < 10; i++)
{

create_child();

while(true) pause();
return EXIT_SUCCESS;



7. Dynamic Linking Loader

EBTHN SN AE (so), HiIAHRERNEE

7.1 S E
BAVARN BAFRERE testfunc.

mylib.c

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

void testfunc(const charx s, int x)

{
printf("testfunc call.\n");
printf("%s, %d\n", s, x);

+

WERNSEE.

$ gcc —fPIC -shared —o libmy.so mylib.c

$ nm libmy.so
000004ac T testfunc

e REaa T BHREREH.

7.2 R

BB EMRBAE "difcn h" PRI E. BAXREES B

main.c

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

int main(int argc, charx argv[])

{
// BAFIREENZSEE AAE

void*x handle = dlopen("./libmy.so", RTLD_LAZY);

// WERAMEA NULL, FTENHEEEER
if ('handle)

\

"man 3 dlopen" &,
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fprintf(stderr, "errorl: %s\n", dlerror());

return EXIT_FAILURE;

// FERAREFEE
void (xfunc)(const charx, int);

// BERFS BIRRE & s
func = dlsym(handle, "testfunc");

// MR dlerror() &RAH NULL Rt

charx error = dlerror();

if (error)

{
fprintf(stderr, "error2: %s\n", error);
return EXIT_FAILURE;

// AR

func("Hello, Dynamic Library!", 1234);

// FARSE
dlclose(handle);

return EXIT_SUCCESS;

ZRIFFF I o
$ gcc —g —o test -1dl main.c
$ ./test

testfunc call.
Hello, Dynamic Library!, 1234

ERA-1dI" FHFESE
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8. Unit Testing

NEGBTTMXRG, MKHE, ITMREAZFBERFMN. CUnit MEZELELBNNERTTE
BZRER, SERRER.

o Test Registry: i, BESZENXABFRMERN K. ATEE% D "Test Suite”s
« Test Suite: I%%/I\J'Jﬁ QEVARR — DB HITINF RNIZ 84 -

« Test Function: X Mg, BME—1PE %A "void test_func(void)" BIREL.
FRSE:

(1) wEMIX R

(2) MBFBERIER AR "Test Suite" € init/cleanup E%.

(3) #WtAfk "Test Registry"s

(4) FmIN—DE %A "Test Suite" & "Test Registry”s

(5) 70 "Test Function" & "Test Suite"s

(6) IBfTERITNIKREL, BIEN CU_basic_run_tests()o

(7) 7B "Test Registry"s

HESMHRENETRE EXLFFIEF, BN AETMXE]EE—DF B RMIRIZAVFEREEX
o

#define _GNU_SOURCE

#include <stdio.h>
#include <stdlib.h>
#include <stdbool.h>
#include <string.h>
#include <errno.h>
#include <CUnit/Basic.h>

[k R £ */
int max(int a, int b)

{

return a > b ? a : b;

}

/*———BA T */
static int init()

{

return 0;

I

static int cleanup()

{

return 0;

I
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static void test_max()

{
CU_ASSERT_EQUAL(3, max(1, 3));
CU_ASSERT_NOT_EQUAL(1, max(1, 3));

void utest()

{
CU_initialize_registry();
CU_pSuite suitel = CU_add_suite("my suitel", init, cleanup);
CU_add_test(suitel, "max", test_max);
CU_basic_set_mode(CU_BRM_VERBOSE) ;
CU_basic_run_tests();
CU_cleanup_registry();
¥
/* */
int main(int argc, charx argvl[])
{
utest();
return EXIT_SUCCESS;
¥
Hid:
Suite: my suitel
Test: max ... passed
—Run Summary: Type Total Ran Passed Failed
suites 1 1 n/a 0
tests 1 1 1 0
asserts 2 2 2 (/]

CUnit 24t 7 RE#Y CU_ASSERT_ IR TG EIANTMIXE R H T T4 Suite ATLIFEE init/

cleanup &%, ESFEFHR(THAEM NUnit setup/teardown, HHURE 0 FRFITH I

typedef void (xCU_TestFunc) (void)
typedef int (*CU_InitializeFunc)(void)
typedef int (*CU_CleanupFunc) (void)

Br T 5 FIBAIA CU_initialize_registry s&%%, FINEATLAER CU_create_new_registry S1&#%

Test Registry #TIK. HXMETHSEE Y.

0
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9.

libmm: Memory Pool

ASCH libmm & T Share Memory, tAJf Memory Pool A, B2 A mmap fseilHE— KRR

7, ERNDERIEESTIAEXRRNERNSBIHIT, 8 malloc. calloc. free

Memory Pool FIEFLR A ERE, UEERA, @2 X ERZIERSRNBRNE,
—ERE LIRS T M. BINABFBEME Pool BIAEMAIENNERN, BREAGTHENLZE.

Z & libmm EE:
$ sudo apt—get libmm14 libmm-dev libmm-dbg

33244 Jusr/include/mm.h
/* Standard Malloc-Style API x/

MM
int
void
void
int
int
void
void
void
void
char

xmm_create(size_t, const char x);
mm_permission(MM %, mode_t, uid_t, gid_t);
mm_reset (MM x);
mm_destroy (MM x);
mm_lock(MM *, mm_lock_mode);
mm_unlock (MM x);

smm_malloc(MM %, size_t);

*mm_realloc(MM *, void %, size_t);
mm_free(MM %, void *);

*mm_calloc(MM %, size_t, size_t);

*mm_strdup(MM %, const char x);

size_t mm_sizeof(MM *, const void *);

size_t mm_maxsize(void);
size_t mm_available(MM x);

char
void

*mm_error(void);
mm_display_info(MM x*);

MREERFEIREBERS, RFER.

#inc
#inc
#inc
#inc
#inc

int

{

lude <stdio.h>
lude <stdlib.h>
lude <stdbool.h>
lude <string.h>
lude <mm.h>

main(int argc, charx argv([])

// BI#& 10KB WTEt (Hv/\ 8192), "abc" ZOIBRBIEIRAI M Z.

MM pool = mm_create(1024 x 10, "abc");

// B, EHFERTEE abc.sem Xff.
mm_Tlock(pool, MM_LOCK_RW);

// FEMASERNFR.
intx x = mm_malloc(pool, sizeof(int));

*X = 1234;

// FREUERASERF DK
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}

printf("%sp = %d\n", x, mm_sizeof(pool, x));

// BREMHRERER.
mm_display_info(pool);

printf("max:%d, avail:%d\n", mm_maxsize(), mm_available(pool));

getchar();

// Mgk abc.sem, FEBREIE.
mm_unlock(pool);

[/ BEREEAM.
mm_destroy(pool);

return EXIT_SUCCESS;

i

$ gcc —g —o test —lmm main.c

$ 1ldd ./test

linux—gate.so.1 => (@0xb7729000)

libmm.so0.14 => /usr/lib/libmm.so.14 (0xb771c000)
libc.so0.6 => /1lib/t1s/1686/cmov/libc.s0.6 (0xb75d7000)
/1lib/1d-1linux.so0.2 (@xb772a000)

$ ./test
0xb7850034 = 4
Information for MM

0xb7850014 — 0xb78a0314

memory area

memory size = 10264
memory offset = 40

bytes spare = 10224

bytes free = 0 (@ chunks)
bytes allocated = 16

List of free chunks:
<empty-list>

max:33546216, avail:10224

X RRRIE AL E R, FATATLLE [test 2RI FRR N IR

$ ps aux | grep test

yuhen 2406 0.0 0.0 1576 440 pts/1 S+ 19:37 0:00 ./test

$ cat /proc/2406/maps

08048000-08049000 r—xp 00000000 fc:00 30456 /home/yuhen/projects/c/test
08049000-0804a000 r—p 00000000 fc:00 30456 /home/yuhen/projects/c/test
0804a000-0804b000 rw—p 00001000 fc:00 30456 /home/yuhen/projects/c/test
b7701000-b7703000 rw—p 00000000 00:00 0

b7703000-b7841000 r—xp 00000000 fc:00 690 /lib/t1ls/i686/cmov/1libc-2.10.1.s0
b7841000-b7842000 ———p 0013e000 fc:00 690 /lib/t1ls/i686/cmov/1libc-2.10.1.s0
b7842000-b7844000 r——p 0013e000 fc:00 690 /1lib/t1s/1686/cmov/1ibc-2.10.1.s0
b7844000-b7845000 rw—-p 00140000 fc:00 690 /lib/t1ls/1686/cmov/1ibc-2.10.1.s0
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b7845000-b7848000
b7848000-b784b000
b784b000-b784d000
b784d000-b784f000
b784f000-b7853000
b7853000-b7855000
b7855000-b7856000
b7856000-b7871000
b7871000-b7872000
b7872000-b7873000
bfd3c000-bfd51000

rw—p
r=xp
rw—p
rw—p
rw—s
rw—p
r=xp
r=xp
r=-p
rw—p
rw—p

B E AR .

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

int main(int argc, charx argv[])

{

MMx pool = mm_create(1024 x 10,

>
h>
h>
h>

00000000
00000000
00003000
00000000
00000000
00000000
00000000
00000000
00012000
0001b000
00000000

00:
fc:
fc:
00:
00:
00:
00:
fc:
fc:
fc:
00:

00
00
00
00
09
00
00
00
00
00
00

(/]

50664 /usr/lib/libmm.so0.14.0.22
50664 /usr/lib/libmm.so0.14.0.22
(/]

491521 /SYSV00000000 (deleted)

0

0 [vdso]

599 /1lib/1d-2.10.1.s0

599 /1lib/1d-2.10.1.s0

599 /lib/1d-2.10.1.s0

0 [stack]

"abc" ) :

/%

DUP

*/

I

charx s1 = mm_malloc(pool, 10);
strcpy(sl, "abcd");

charx s2 = mm_strdup(pool, s1);
printf("sl1=%p,%s, s2=%p,%s\n", s1, sl, s2, s2);

printf("[Befor Reset] available: %d\n", mm_available(pool));

/% RESET */
mm_reset (pool);
printf (" [After Reset] available: %d\n", mm_available(pool));

intx x = mm_malloc(pool, sizeof(int));
*X = 0x1234;
printf("x=%p,0x%x\n", X, *x);

/% ERROR */
charx s = mm_malloc(pool, 1024 x 20);
if (!'s) printf("%ss\n", mm_error());

/% INFO */
mm_display_info(pool);

mm_destroy(pool);

return EXIT_SUCCESS;

i
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$ ./test

5$1=0xb78d8034,abcd, s2=0xb78d804c,abcd

[Befor Reset] available: 10200

[After Reset] available: 10240
x=0xb78d8034,0x1234

mm:alloc: out of memory

Information for MM
memory area 0xb78d8014 — 0xb7928314

memory size = 10264

memory offset = 40

bytes spare = 10224

bytes free = 0 (0 chunks)
bytes allocated = 16

List of free chunks:
<empty-list>

BH mm_reset FREMER "MK" 2, HBHHZFARTEIRE NULL. XEBRERSSHAE
WEE . REMGENEBYIRLH 0, EBEESEABEN, thE— BB ABNRETE, FHit
SFEFH mm_malloc #1 mm_calloc.

$ valgrind ——leak-check=full ./test

==2654== Memcheck, a memory error detector

==2654== Copyright (C) 2002-2009, and GNU GPL'd, by Julian Seward et al.

==2654== Using Valgrind-3.5.0-Debian and LibVEX; rerun with -h for copyright info
==2654== Command: ./test

==2654==

==2654==

==2654== HEAP SUMMARY:

==2654== in use at exit: @ bytes in @ blocks

==2654== total heap usage: 0 allocs, @ frees, 0 bytes allocated
==2654==

==2654== All heap blocks were freed —— no leaks are possible
==2654==

==2654== For counts of detected and suppressed errors, rerun with: -v
==2654== ERROR SUMMARY: @ errors from @ contexts (suppressed: 15 from 8)

mm.h BE—HUKXEFE MM LR, TE2AT —12RTEEFMTIES, RKERWBIAHA
Mm_XXX M2 o

000016cO <MM_reset>:

16¢0: 55 push ebp

16c¢1: 89 e5 mov ebp, esp

16c3: 53 push ebx

16c4: e8 4e fd ff ff call 1417 <mm_lib_error_set@plt+@xch>
16c9: 81 c3 2b 29 00 00 add ebx,0x292b

16c¢cf: 83 ec 04 sub esp, 0x4
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16d2:
16d8:
l6da:
l6dc:
ledf:
16e4:
16e7:
16e8:
16e9:
l6ea:

8b
85
74
89
e8
83
5b
5d
c3
8d

83
co
08
04
ds8
c4

b6

34

24
fa
04

00

01 00 00

ff ff

00 00 00

mov
test
je
mov
call
add
pop
pop
ret
lea

eax,DWORD PTR [ebx+0x134]
eax, eax

16e4 <MM_reset+0x24>
DWORD PTR [esp],eax

1lbc <mm_reset@plt>
esp,0x4

ebx

ebp

esi, [esi+0x0]
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10. libgc: Garbage Collector

ST NET F1Java SFERREFR, AREESX C HRENNFEMEGFEEMAMAAER. HSL C—#
BIFA. BAmSBARIRERE —— libgc.

BAMEER%L%HT 7.2 Alphad, 83% Mozilla. Mono ETHE#EE AP
BNEAE—ITREHENGF, YREBEMHEARNGTME R LEEHE (Heap) Lo

#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

void test()

{

char *s = malloc(102400);
*xs = 0x10;

int main(void)

{
for (int i = 0; i < 10000; i++)
{
printf("sd\n", i);
test();
sleep(1);
)
}

$ gcc -0 test —g test.c

A&, RNERANFZL.
$ ps aux | grep test
yuhen 3474 0.0 0.0 2360 416 pts/1 S+ 20:44 0:00 ./test

$ top -p 3474

Mem: 509336k total, 499840k used, 9496k free, 55052k buffers
Swap: 409616k total, 116k used, 409500k free, 307464k cached
PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
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3474 yuhen 20 0 4160 492 324 S 0.0 0.1 0:00.00 test

W 4a A (VIRT) Tf £, BRARAFEHELEELE.

ETRBENERXSIA libge, BERBSREMEXNE
$ sudo apt-get install libgc-dev

B EE libgc leNAFHENAE.

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <gc/leak_detector.h>
void test()
{
char xs = malloc(102400);
*xs = 0x10;
int main(void)
GC_find_leak = 1;
for (int i = 0; i < 10000; i++)
{
printf("%sd\n", 1i);
test();

CHECK_LEAKS() ;

getchar();
return 0;

GC_find_leak 1 CHECK_LEAKS {2 7]£% /usr/include/gc/gc.h. leak_detector.h.
$ gcc -0 test —g test.c -lgc

$ ./test

0

1

2

B

4

5

Leaked composite object at 0x8c94010 (test.c:13, sz=102400, NORMAL)

Leaked composite object at 0x8c7a010 (test.c:13, sz=102400, NORMAL)
Leaked composite object at 0x8c60010 (test.c:13, sz=102400, NORMAL)
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BB SR —ENERRREAFEERTR, RIFHE, SEEERBAZEMAN.

JIRT libgc MAFHERNAS, BABMENXEA GCIE,

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <gc/gc.h>

void test()

{
char xs = GC_MALLOC(102400);
*s = 0x10;

int main(void)
{
for (int i = 0; i < 10000; i++)
{
printf("%d, heap=%d\n", i, GC_get_heap_size());
test();
sleep(1);

getchar();
return 0;

$ gcc -0 test -g test.c -1gc

./test
heap=0
heap=192512
heap=360448
heap=585728
heap=585728

, heap=585728

, heap=585728

, heap=585728

~

~

~N o U A WN RO W

BERBHA top EESXIARAFEFE—MRENET, THIEK, XERENMREUET 1F
Fo

NFEBNTEER, Bt ALAERZEMRE malloc. free Ziti GC_MALLOC. GC_FREE,
B main.c FEXEEIT.

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <gc/gc.h>
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#define malloc(n) GC_MALLOC(n);
#define free(n) GC_FREE(n);

void test()

{
char *xs = malloc(102400);
*s = 0x10;
free(s);

¥

$ objdump -dS -M intel test | less

void test()

{
char *s = malloc(102400);
804865a: mov DWORD PTR [esp],0x19000
8048661: call 8048550 <GC_malloc@plt>
8048666: mov DWORD PTR [ebp-0xc],eax
free(s);
804866T: mov eax,DWORD PTR [ebp-0xc]
8048672: mov DWORD PTR [esp],eax
8048675: call 8048570 <GC_free@plt>

b

WA ARSI IE, AR LTI D mi.
$ gcc -0 test —g test.c /usr/lib/libgc.a —1lpthread

void test()

{
char xs = malloc(102400);
804930a: mov DWORD PTR [espl,0x19000
8049311: call 8049290 <GC_malloc>
8049316: mov DWORD PTR [ebp-0xc],eax
b

S¥E: libge A3 GC_MALLOC &5 %S RNNES BHY.
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11. libconfig: Configuration File

FeESHREZE, INI K55, XML AXZE, Linux *.conf 1RE.

BT EFLFMEENEE, &5 2 hyperrealm libconfig I8 KEFAH, HEATHSE EHF
e JERHIARAR 1.3.2-1, BAIAEE HXETHETRA.

$ sudo apt-get install libconfig8 libconfig8-dev

TEEMAUHNREIEE, XFIR. 88, HRRE. HE. JIRURIFEEHREMA.

test.conf

# Example application configuration file

title = "Test Application"; // scalar value
version = 1; // int, int64, float, bool, string

app:

{

// group
user:
{
name = "Q.yuhen";
code = "XXX—XXX—XXX";
tags = ["t1", "t2", "t3"]; // array
data = ( "Hello", 1234 ); // list
}

11.1 Path

BEEAZRBRFZENERME, IRREENEE. TR 2SHF path A name X3, FEX
AL AR

int
int
int
int
int

config_lookup_int (const config_t * config, const char * path, int % value)
config_lookup_int64 (const config_t * config, const char *x path, long long * value)
config_lookup_float (const config_t * config, const char x path, double x value)
config_lookup_bool (const config_t * config, const char x path, int *x value)
config_lookup_string (const config_t * config, const char * path, const char *xx value)

AT E.

#include <stdio.h>

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

#include <libconfig.h>

void scalar(config_tx conf)

{
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charx title;
config_lookup_string(conf, "title", &title);
printf("title = %s;\n", title);

int version;
config_lookup_int(conf, "version", &version);
printf("version = %d;\n", version);

charx user_name;
config_lookup_string(conf, "app.user.name", &user_name);
printf("app.user.name = %s;\n", user_name);

charx tag;
config_lookup_string(conf, "app.user.tags.[2]", &tag);
printf("app.user.tags[2] = %s;\n", tag);

int data;
config_lookup_int(conf, "app.user.data.[1]", &data);
printf("app.user.data.[1] = %d;\n", data);

int main(int argc, charx argv[])

config_t* conf = &(config_t){};
config_init(conf);
config_read_file(conf, "test.conf");

scalar(conf);

config_destroy(conf);
return EXIT_SUCCESS;
¥
fanl
title = Test Application;
version = 1;
app.user.name = Q.yuhen;
app.user.tags[2] = t3;
app.user.data. [1] = 1234;

11.2 Config_Setting

Er BRI Group FE Member £82 Config_Setting, F{TATLLH config_lookup ¥4 BiriE, RE
{#£H Name 35E.

config_setting_t * config_lookup (const config_t * config, const char * path)

int config_setting_lookup_int (const config_setting_t * setting, const char *x name, int * value)
int config_setting_lookup_int64 (const config_setting_t * setting, const char *x name, long long *
value)

int config_setting_lookup_float (const config_setting_t *x setting, const char x name, double x
value)
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int config_setting_lookup_bool (const config_setting_t * setting, const char * name, int x value)
int config_setting_lookup_string (const config_setting_t * setting, const char * name, const char
*x value)

=z
=]

¥ & config_setting_lookup_xxx R&Ef#H Member Name, A2 Path.

void group(config_t* conf)

{
config_setting_t* user = config_lookup(conf, "app.user");
charx code;
config_setting_lookup_string(user, "code", &code);
printf("user.code = %s;\n", code);

¥

FAMHEXNEE, FABERTLLEBF Array/List BIEFH Element.

void group(config_tx conf)

{
config_setting_t*x user = config_lookup(conf, "app.user");
config_setting_t* tags = config_setting_get_member(user, "tags");
int count = config_setting_length(tags);
int i;
for (i = 0; i < count; i++)
{
printf("user.tags[%d] = %s;\n", i, config_setting_get_string_elem(tags, i));
)
}
Eorfa ek
user.tags[0] = t1;
user.tags[1] = t2;
user.tags[2] = t3;

R, BT A LA config_lookup BH#$k % app.user.tags, REEH.

void group(config_t* conf)

{
config_setting_t* tags = config_lookup(conf, "app.user.tags");
int count = config_setting_length(tags);

int i;
for (i = @0; i < count; i++)

{

printf("user.tags[%d] = %s;\n", i, config_setting_get_string_elem(tags, i));
)
printf(" \n");

config_setting_t*x code = config_lookup(conf, "app.user.code");
printf("user.code = %s;\n", config_setting_get_string(code));
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)

i

user.tags[0] = t1;
user.tags[1l] = t2;
user.tags[2] = t3;
user.code = XXX—XXX—XXX;

LTERNGFE, FRANETLEER lookup T B E app.user.code, g AMEXTEIRE

&,

int
long
doub
int
cons

TEHRRE Name.

config_setting_get_int (const config_setting_t * setting)
long config_setting_get_int64 (const config_setting_t * setting)
le config_setting_get_float (const config_setting_t * setting)
config_setting_get_bool (const config_setting_t * setting)
t char * config_setting_get_string (const config_setting_t * setting)

Array/List BIRERAILLE Group, IAIAILAA config_setting_get_elem() REUEZEFSMITEEHEERE.

conf
conf

ig_setting_t * config_setting_get_member (config_setting_t * setting, const char * name)
ig_setting_t * config_setting_get_elem (const config_setting_t * setting, unsigned int idx)

11.3 Write

MEXMHD, EHXRETESRT.

int
int
int
int
int

conf
conf

config_setting_set_int (config_setting_t * setting, int value)
config_setting_set_int64 (config_setting_t * setting, long long value)
config_setting_set_float (config_setting_t * setting, double value)
config_setting_set_bool (config_setting_t * setting, int value)
config_setting_set_string (config_setting_t * setting, const char * value)

ig_setting_t * config_setting_set_int_elem (config_setting_t * setting, int idx, int value)
ig_setting_t * config_setting_set_int64_elem (config_setting_t * setting, int idx, long long

value)

conf

ig_setting_t * config_setting_set_float_elem (config_setting_t % setting, int idx, double

value)

conf
conf
* va

conf

int
int

cons

ig_setting_t * config_setting_set_bool_elem (config_setting_t * setting, int idx, int value)

ig_setting_t * config_setting_set_string_elem (config_setting_t * setting, int idx, const char

lue)

ig_setting_t * config_setting_add (config_setting_t x parent, const char * name, int type)

config_setting_remove (config_setting_t * parent, const char *x name)
config_setting_remove_elem (config_setting_t *x parent, unsigned int idx)

t char * config_setting_name (const config_setting_t * setting)

ATHEEE, REE"RE" T stdout 7.

void

{

write(config_t* conf)
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config_setting_t* user = config_lookup(conf, "app.user");

config_setting_t*x name = config_setting_get_member(user, "name");
config_setting_t*x tags = config_setting_get_member(user, "tags");
config_setting_t* data = config_setting_get_member(user, "data");

/% Add */
config_setting_t*x comment = config_setting_add(user, "comment", CONFIG_TYPE_STRING);
config_setting_set_string(comment, "test...");

/% Remove */

config_setting_remove(user, "code");
config_setting_remove_elem(tags, 1);

VES Set */
config_setting_set_string(name, "Rainsoft");

config_setting_set_string_elem(data, @, "Ubuntu");

/% Write */
config_write(conf, stdout);

}
i

title = "Test Application";
version = 1;

app :
{
user :
{
name = "Rainsoft";
tags = [ "t1", "t3" 1;
data = ( "Ubuntu", 1234 );
comment = "test...";
};
5

114 Q&A
(1) JBH config_destroy /5, ENRHMFHFESWEIBEN, FISBEDEE strcpy / strdup.
(2) B X#HFRAA T "Libconfig is not thread-safe”, "Libconfig is not async-safe” ......

L Array/List 4512 Group Member, FEEZE R EMAR G,
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12. libevent: Event Notification

libevent H1UZ Linux TEEMRERSHBINEXRAN. DREATUECSHepoll 5, TZ2AEH,
R AR F R R T FF R AR. ITRIEFD libev, EIFEE libevent ILRIE, A
EHREE.

THEZZ libevent SRR, (MESE.

#define

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

_GNU_SOURCE

<stdio.h>
<stdlib.h>
<stdbool.h>
<string.h>
<errno.h>
<time.h>

<sys/types.h>
<sys/stat.h>

<sys/wait.h>

<sys/epoll.h>

<unistd.h>
<pthread.h>
<signal.h>
<event.h>

void sig_exit(int signo)

{

event_loopbreak();

void test(int fd, short event, voidx arg)

{

char buf[256] = {};
scanf("%s", buf);
tf (" [R] %s\n", buf);

prin

void test2(struct buffereventx bv, voidx arg)

{

/] EROEH

u_ch

while((sep = evbuffer_find(bv->input, (u_charx)";", 1))

{

arkx sep;

int size = sep - bv—>input->buffer;

/! EBYRFREB
char buf[size + 2];

memset (buf,
size_t len =

/] BIRBITR

"\0', sizeof(buf));
bufferevent_read(bv, buf, size + 1);
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for (int i = 0; i < sizeof(buf); i++)

{
if (buflil == '\n') buf[i]l = '-';

// BRFRBUAREFERFIRAFRE
printf("[Read Chars] %s; len:%d;\n", buf, len);
printf("[Cache Chars] %d;\n", strlen((charkx)bv—>input->buffer));

void test3(int fd, short event, voidx arg)

{
char buf[50];
time_t curtime;
struct tmx loctime;

curtime = time(NULL);
loctime = localtime(&curtime);

strftime(buf, 50, "%F %T", loctime);

printf("%ss\n", buf);

int main(int argc, charx argvl[])

/* ——— Signal */
signal(SIGINT, sig_exit);
signal(SIGHUP, sig_exit);

/* ——— Event Init */

event_init();

/* ——— Standard usage */
//struct eventx e = malloc(sizeof(struct event));

//event_set(e, STDIN_FILENO, EV_READ | EV_PERSIST, test, NULL);
//event_add(e, NULL);

/* —— I/0 Buffers */
struct buffereventx bv = bufferevent_new(STDIN_FILENO, test2, NULL, NULL, NULL);
bufferevent_enable(bv, EV_READ | EV_PERSIST);

/* ——— Timers */
//struct timevalx time = malloc(sizeof(struct timeval));
//time—>tv_sec = 5;

//time->tv_usec = 0;

//struct eventx e = malloc(sizeof(struct event));
//evtimer_set(e, test3, NULL);
//evtimer_add(e, time);

/* —— Event Dispatch */
event_dispatch();
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/* —— Free Memory */
//free(e);
bufferevent_free(bv);

//free(e); free(time);

printf("exit!\n");
return EXIT_SUCCESS;
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1. GCC

1.1 FiisbE

BTN IR R TS
$ gcc —-E main.c —-o main.i
RE X RE
$ gcc —C -E main.c -0 main.1i
240 -Dname EX R (FEXHHTRBEENXZE), -Uname BUHE GCCIREHREXHIE -
$ tail -n 10 main.c
int main(int argc, charx argvl[])
{
#if MY
printf("a");
#else
printf("b");
#endif
return EXIT_SUCCESS;
$ gcc —-E main.c -D__MY__ | tail -n 10
int main(int argc, charx argvl[])
{

printf("a");
return 0;

-Idirectory IR &L XX (h)FIE R

$ gcc —g -I./lib -I/usr/local/include/cbase main.c mylib.c

EERBO -

$ gcc -M -I./1lib main.c
$ gcc -MM -I./lib main.c # ZRiTHEEE

1.2 L%

BATATLURE CIRREB 4R IFRCCHIES (5).

$ gcc -S main.c
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$ head -n 20 main.s

.file "main.c"
.section .rodata
.LCO:
.string "Hello, World!"
. text
.globl main
.type main, @function
main:

pushl %ebp

mov 1 %sesp, %ebp
andl $-16, %esp
subl $16, %esp

mov 1 $.LCO, (%esp)

call test

mov L $0, %eax
leave

ret

.Size main, .-main
.ident "GCC: (Ubuntu 4.4.1-4ubuntu9) 4.4.1"
.section .note.GNU-stack,"",@progbits

£ -fverbose-asm ST UKL £33 F. WRFERELHERX, ATLAUERA "-masm=intel"

¥,

1.3 §E#E

SR - NERBFRXM (0), REFERAHERESR (link) FZ BRI HERRE T HITX .

$ gcc —g —c main.c mylib.c

S - SEREEMEE, LU0 -Ipthread 552 libpthread.so. SiEE -static SEBHTEEANME. K

IERTIA B EAEE T EEE (S0, .a) TTEER.
$ gcc —g -0 test main.c ./libmy.so ./libtest.a

$ 1ldd ./test
linux-gate.so.1 => (0xb7860000)
./libmy.so (@xb785b000)
libc.so0.6 => /1lib/t1ls/i1686/cmov/libc.so0.6 (0xb7710000)
/1lib/1d-linux.so0.2 (0xb7861000)

SIN—MECERZ A -L B EERRIREZ.
$ gcc —g -0 test -L/usr/local/lib -1gdsl main.c
$ ldd ./test

linux-gate.so.1 => (0xb77b6000)
libgdsl.so0.1 => /usr/local/lib/libgdsl.so0.1 (@0xb779b000)
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libc.so0.6 => /lib/t1s/i686/cmov/libc.so0.6 (0xb7656000)
/1ib/1ld-1linux.so0.2 (0xb77b7000)

1.4 ZEE

f# /8 "-fPIC -shared" 284 R EISEE.
$ gcc —fPIC —-c -02 mylib.c

$ gcc —shared —o libmy.so mylib.o

$ nm libmy.so

00000348 T _init
00002010 b completed.6990
00002014 b dtor_idx.6992

0000047c T test

BOENTEREE ar TR Z DB (o) T8,

c$ gcc —c mylib.c

$ ar rs libmy.a mylib.o
ar: creating libmy.a

1.5 ik

S8 -00 XA (BAUA); -O1 (3K -0) iL AT/, BEER; -02 RAJLFARAEMIILK
FEe.

$ gcc -02 -o test main.c mylib.c

1.6 ik

SH -9 ENRXM (o) FITXHHAERFSRIMERLBITSEE, EFEM gdb T TRHITH

$ gcc —g —o test main.c mylib.c

$ readelf -S test
There are 38 section headers, starting at offset 0x18a8:

Section Headers:

[Nr] Name Type Addr oOff Size ES Flg Lk Inf Al
[27] .debug_aranges PROGBITS 00000000 001060 000060 00 0 0
[28] .debug_pubnames PROGBITS 00000000 0010c0O 00005b 00 0 0
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[29] .debug_info
[30] .debug_abbrev
[31] .debug_line
[32] .debug_frame
[33] .debug_str
[34] .debug_loc

PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS
PROGBITS

00000000
00000000
00000000
00000000
00000000
00000000

00111b
00138d
0014d8
0015cc
001624
001679

000272
00014b
000011
000058
0000d5
000058

00
00
00
00
01
00

MS

S O 0 0

S & 0 & &

S N = =

SH -pg SHEIRFPARMIERER T (profiling) %, ATFRITEFPREBNBHNRE. ZFHIT
B, BitER

RFFE gmon.out X, FIELA gprof

$ gcc —g —pg main.c mylib.c

HoB

BER
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2. GDB

TERREMNEEANIEKE, GDB BRBELAIFRNHLAL

THARARZZNIRA VIM =%, 20R "&1E" BT

I AR

#include <stdio.h>

int test(int a, int b)
{
int ¢ = a + b;
return c;

int main(int argc, charx argv[])
{
int a = 0x1000;
int b 0x2000;
int ¢ = test(a, b);
printf("%d\n", c);

printf("Hello, World!\n");
return 0;

e

FwiFEHL CERER -9 ZRERBRFS):

$ gcc —g -0 hello hello.c

TR

$ gdb hello

GNU gdb 6.8-debian

Copyright (C) 2008 Free Software Foundation, Inc.

This GDB was configured as '"i486-linux-gnu"...

(gdb)

2.1 %74

PLAfEF GDB, iF&PTA Linux

FERIREPEERRBELIAN. list (#ES ) XFHFEHHXEFRB.

(gdb) 1 # BRFERE
2

3 int test(int a, int b)

4 {

5 int ¢ = a + b;

6 return c;
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9 int main(int argc, charx argvl[])
10 {

11 int a = 0x1000;

(gdb) 1 # MRERR
12 int b = 0x2000;

13 int ¢ = test(a, b);

14 printf("sd\n", c);

15

16 printf("Hello, World!\n");
17 return 0;

18 ¥

(gdb) 1 3, 10 # BRFFESEE AR
3 int test(int a, int b)

4 {

5 int c = a + b;

6 return c;

7 )

8

9 int main(int argc, charx argvl[])
10 {

(gdb) 1 main # BRRFEREURNREE
5 int ¢ = a + b;

6 return c;

7 }

8

9 int main(int argc, charx argvl[])
10 {

11 int a = 0x1000;

12 int b = 0x2000;

13 int ¢ = test(a, b);

14 printf("sd\n", c);

AJA AT A L B BUR R B IR ITH

(gdb) set listsize 50

2.2 =
AT RASE PR B A S R R AR T SR B A

(gdb) b main # IRBREMTR
Breakpoint 1 at 0x804841b: file hello.c, line 11.

(gdb) b 13 # REBEIRRBITH R
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Breakpoint 2 at 0x8048429: file hello.c, line 13.

(gdb) b # BT—imgkEAm R (B3, 2EEEXEEH)
Breakpoint 5 at 0x8048422: file hello.c, line 12.

(gdb) tbreak main # RBIRNER (HETERK)
Breakpoint 1 at 0x804841b: file hello.c, line 11.

(gdb) info breakpoints # EEMBIR

Num Type Disp Enb Address What

2 breakpoint keep y 0x0804841b in main at hello.c:11

3 breakpoint keep y 0x080483fa in test at hello.c:5

(gdb) d 3 # delete: MBRET/R (ERICAASERE "d 1-3", TSEASHIBR S ERMT =)
(gdb) disable 2 # ZRR (GERLAAER "disable 1-3")

(gdb) enable 2 # BRAER (GERLAEE "enable 1-3")

(gdb) ignore 2 1 # 7B 2 S 1 X

HRDOART AT

(gdb) b test if a == 10
Breakpoint 4 at 0x80483fa: file hello.c, line 5.

(gdb) info breakpoints
Num Type Disp Enb Address What

4 breakpoint keep y 0x080483fa in test at hello.c:5
stop only if a == 10

AJLAF condition B2 &M, FRFREXATER ifo
(gdb) condition 4 a == 30

(gdb) info breakpoints

Num Type Disp Enb Address What

2 breakpoint keep y 0x0804841b in main at hello.c:11
ignore next 1 hits

4 breakpoint keep y 0x080483fa in test at hello.c:5

stop only if a == 30

2.3 $47T
BEEAT, B<5IRE main AOB A

(gdb) b main
Breakpoint 1 at 0x804841b: file hello.c, line 11.

(gdb) r # FEHAT (Run)
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Starting program: /home/yuhen/Learn.c/hello
Breakpoint 1, main () at hello.c:11

11 int a = 0x1000;

(gdb) n # BEPIT (FIRERFIREAZ, Step Over)
12 int b = 0x2000;

(gdb) n

13 int ¢ = test(a, b);

(gdb) s # BIHIT (BREFZIREAF, Step In)
test (a=4096, b=8192) at hello.c:5

5 int ¢ = a + b;

(gdb) finish # BEPITEHDLAIREGER (Step Out)

Run till exit from #0 test (a=4096, b=8192) at hello.c:5
0x0804843b in main () at hello.c:13

13 int ¢ = test(a, b);

Value returned is $1 = 12288

(gdb) c # Continue: #ZHIT, HEEIT— TR
Continuing.
12288

Hello, World!

Program exited normally.

2.4 kR
EERFAHERLESARIREHIEEEENES.
(gdb) where # EFEFARAERE (HEERN®SESR info s A bt)

#0 test (a=4096, b=8192) at hello.c:5
#1 0x0804843b in main () at hello.c:13

(gdb) frame # EELRERN, A BRERREE

#0 test (a=4096, b=8192) at hello.c:5
5 int ¢ = a + b;

(gdb) info frame # FRECY BRI EIFEARNES

Stack level 0, frame at 0xbfad3290:

eip = 0x80483fa in test (hello.c:5); saved eip 0x804843b
called by frame at Oxbfad32c0@

source language c.

Arglist at @xbfad3288, args: a=4096, b=8192

Locals at @xbfad3288, Previous frame's sp is Oxbfad3290
Saved registers:
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ebp at @xbfad3288, eip at Oxbfad328c
AL H frame EEL TR, REEEHFMRESR.

(gdb) frame 1
#1 0x0804843b in main () at hello.c:13
13 int ¢ = test(a, b);

(gdb) info frame

Stack level 1, frame at 0xbfad32co:

eip = 0x804843b in main (hello.c:13); saved eip 0xb7e59775
caller of frame at O0xbfad3290

source language c.

Arglist at @xbfad32b8, args:

Locals at 0xbfad32b8, Previous frame's sp at @Oxbfad32b4
Saved registers:
ebp at @xbfad32b8, eip at @xbfad32bc

25 TEMSH

(gdb) info locals # RRRELE

c=20

(gdb) info args # BrRHSH(EEE)
a = 4096

b = 8192

BAEFRIAIR frame, REEEREHELMAIES.

(gdb) p a # print &SRB RBHMETEMNSHE
$2 = 4096
(gdb) p/x a # TNt
$10 = 0x1000
(gdb) pa +b # ERABITRIAITE
$5 = 12288
x fp TN EFRIHAE:
o d: THEH

o Ul THEFILFFS
o X: T7NEEH]

o 0: J\3HI

o U Tt

o CFRF

set variable °A] R BH LT E1E.
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(gdb) set variable a=100
(gdb) info args

a = 100
b = 8192

2.6 NEREFRS
X A BRI E U A FEURE
#®=®: x/nfu [address]

o N BIRRFEN (FHTHETT)-
o 1 (BT print 35N, BHF F/RFE s MLHi)o
o U NFFEALL (b: 15295 h: 2% w: 4FT5; g: 8F ).

(gdb) x/8w 0x0804843b # BUFT(w) B 8 HRNFHIE
0x804843b <main+49>: 0x8bT04589 0x4489f045 0x04c70424
0x804844b <main+65>: 0xfecbe808 0xQ4c7ffff 0x04853424
(gdb) x/8i 0x0804843b # B 8 fHlRies

0x804843b <main+49>: mov DWORD PTR [ebp-0x10@],eax

0x804843e <main+52>: mov eax,DWORD PTR [ebp-0x10]

0x8048441 <main+55>: mov DWORD PTR [esp+0x4],eax

0x8048445 <main+59>: mov DWORD PTR [esp],0x8048530

0x804844c <main+66>: call 0x804831c <printf@plt>

0x8048451 <main+71>: mov DWORD PTR [espl,@x8048534

0x8048458 <main+78>: call 0x804832c <puts@plt>

0x804845d <main+83>: mov eax, 0x0

(gdb) x/s 0x08048530 # BRFREB

0x8048530: "%d\n"

Bk 78I "info frame" EHEFHEHREN, T BN TES.

(gdb) info registers # BRI ESRLUE
eax 0x1000 4096

ecx Oxbfad32d0 -1079168304

edx 0x1 1

ebx Oxb7falff4 -1208344588

esp Oxbfad3278 Oxbfad3278

ebp 0xbfad3288 0xbfad3288

esi 0x8048480 134513792

edi 0x8048340 134513472

eip 0x80483fa 0x80483fa <test+6>
eflags 0x286 [ PF SF IF ]

0x04853024
0xfecfe808
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cs 0x73 115

Ss 0x7b 123

ds 0x7b 123

es 0x7b 123

fs 0x0 0

gs 0x33 51

(gdb) p $eax # BREANFFREUE
$11 = 4096

2.7 RiC4
Y ATRT CRRRREE, TR intel #HXMLF.

(gdb) set disassembly—flavor intel # ®REBRLCHIEN
(gdb) disass main # ROLCHmeRER

Dump of assembler code for function main:

0x0804840a <main+0>: lea ecx, [esp+0x4]
0x0804840e <main+4>: and esp,Oxfffffffo
0x08048411 <main+7>: push  DWORD PTR [ecx—0x4]

0x08048414 <main+10>: push  ebp

0x08048415 <main+11>: mov ebp,esp

0x08048417 <main+13>: push  ecx

0x08048418 <main+14>: sub esp,0x24

0x0804841b <main+17>: mov DWORD PTR [ebp-0x8],0x1000
0x08048422 <main+24>:  mov DWORD PTR [ebp-0xc],0x2000
0x08048429 <main+31>: mov eax,DWORD PTR [ebp-0xc]
0x0804842c <main+34>: mov DWORD PTR [esp+0x4],eax
0x08048430 <main+38>: mov eax,DWORD PTR [ebp-0x8]
0x08048433 <main+41>: mov DWORD PTR [esp],eax
0x08048436 <main+44>: call 0x80483f4 <test>
0x0804843b <main+49>: mov DWORD PTR [ebp-0x10],eax
0x0804843e <main+52>: mov eax,DWORD PTR [ebp-0x10]
0x08048441 <main+55>: mov DWORD PTR [esp+0x4],eax
0x08048445 <main+59>: mov DWORD PTR [esp],0x8048530
0x0804844c <main+66>: call 0x804831c <printf@plt>
0x08048451 <main+71>: mov DWORD PTR [esp],0x8048534
0x08048458 <main+78>: call 0x804832c <puts@plt>
0x0804845d <main+83>: mov eax,0x0

0x08048462 <main+88>: add esp,0x24

0x08048465 <main+91>: pop ecx

0x08048466 <main+92>: pop ebp

0x08048467 <main+93>: lea esp, [ecx-0x4]

0x0804846a <main+96>: ret

End of assembler dump.

AILAR "b *address" REL AT R, REH si M ni #TICHERESHIT, XXNForfsstFT i

FEER.
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N

.8 HFE
EEHREHEXES, THRE maps AEHIEEIEEEHLN.
(gdb) help info proc stat

Show /proc process information about any running process.

Specify any process id, or use the program being debugged by default.
Specify any of the following keywords for detailed info:

mappings —— list of mapped memory regions.
stat —— Tlist a bunch of random process info.
status — 1list a different bunch of random process info.
all — list all available /proc info.
(gdb) info proc mappings # #H¥TF cat /proc/{pid}/maps

process 22561
cmdline = '/home/yuhen/Learn.c/hello’
cwd '/home/yuhen/Learn.c'

exe = '/home/yuhen/Learn.c/hello’
Mapped address spaces:

Start Addr End Addr Size Offset objfile
0x8048000 0x8049000 0x1000 0 /home/yuhen/Learn.c/hello
0x8049000 0x804a000 0x1000 0 /home/yuhen/Learn.c/hello
0x804a000 0x804b000 0x1000 0x1000 /home/yuhen/Learn.c/hello
0x8a33000 0x8a54000 0x21000 0x8a33000 [heap]
0xb7565000 0xb7f67000 0xa02000 0xb7565000
0xb7f67000 0xb80c3000 0x15c000 0 /1ib/t1ls/i686/cmov/1libc-2.9.
0xb80c3000 0xb80c4000 0x1000 0x15c000 /1lib/t1ls/1686/cmov/1libc-2.9.
0xb80c4000 0xb80c6000 0x2000 0x15c000 /1lib/t1ls/1686/cmov/1libc-2.9.
0xb80c6000 0xb80c7000 0x1000 0x15e000 /1lib/t1ls/i686/cmov/1libc-2.9.
0xb80c7000 0xb80cad00 0x3000 0xb80c7000
0xb80d7000 0xb80d9000 0x2000 0xb80d7000
0xb80d9000 0xb80da000 0x1000 0xb80d9000 [vdsol
0xb80da000 0xb80f6000 0x1c000 0 /1lib/1d-2.9.s0
0xb80f6000 0xb80f7000 0x1000 0x1b000 /1lib/1d-2.9.s0
0xb80f7000 0xb80f8000 0x1000 0x1c000 /1lib/1d-2.9.s0
O0xbfee2000 0xbfef7000 0x15000 0xbffeb00@ [stackl]

2.9 %72

ATLATE pthread_create AMEEBERT R, HEECEBENSERRRER
(gdb) c

Continuing.
[New Thread 0xb7e78b70 (LWP 2933)]

(gdb) info threads # TEMBLETIR

SO
SO
SO
SO
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* 2 Thread 0xb7e78b70 (LWP 2933) test (arg=0x804b008) at main.c:24

1 Thread 0xb7e796c@ (LWP 2932) 0xb7fe2430 in

__kernel_vsyscall ()

(gdb) where # WIRHAIZLTEVE R

#0 test (arg=0x804b008) at main.c:24

#1 0Oxb7fc580e in start_thread (arg=0xb7e78b70) at pthread_create.c:300
#2 0xb7f478de in clone () at ../sysdeps/unix/sysv/linux/i386/clone.S:130

(gdb) thread 1 # TR

[Switching to thread 1 (Thread 0xb7e796c@ (LWP 2932))]#@ 0xb7fe2430 in __kernel_vsyscall ()

(gdb) where # EEUWREAIZE AR

#0 0xb7fe2430 in __kernel_vsyscall ()

#1 0Oxb7fc694d in pthread_join (threadid=3085405040, thread_return=0xbffff744) at pthread_join.c:89
#2 0x08048828 in main (argc=1, argv=0xbffff804) at main.c:36

2.10 Eft

I F#iE.

(gdb) set follow-fork-mode child

GRS HEA Shell 31178 <, ExitiR[E.
(gdb) shell

R B8 R .

(gdb) call test("abc")

fEF "--tui" 28, AMELHEDLBER—

$ gdb ——tui hello

EEWSHE.
(gdb) help b

EREBHSS
(gdb) q

BREEER.

F0 Linux Base Shell S&—#, XFIEAEN®HS, TUEBRABIILNFEERZ Tab 12,

2.11 Core Dump

7£ Windows THNE& 3R 7T A Windbg X TREIFK dump X, M rHABREFIETT
A $81R. 7E Linux TR LR EA T1E —— Core Dumps.

BAEBEERXNRE

149



$ ulimit -a

core file size (blocks, -c) @

data seg size (kbytes, —-d) unlimited
scheduling priority (-e) 20

file size (blocks, —-f) unlimited
pending signals (-i) 16382

max locked memory (kbytes, -1) 64

max memory size (kbytes, —-m) unlimited
open files (-n) 1024

pipe size (512 bytes, -p) 8

POSIX message queues (bytes, -q) 819200
real-time priority (-r) o

stack size (kbytes, -s) 8192

cpu time (seconds, -t) unlimited
max USer processes (-u) unlimited
virtual memory (kbytes, -v) unlimited
file locks (-x) unlimited

"core file size (blocks, -¢) 0" BkEERERF RN ASER core dump X, BINBEBHR—
SNERE. NRRMB—HFEBREE XY, BAMBGA TEXHEHSIE

$ sudo sh -c "ulimit -c unlimited; ./test" # test EAHITXHZ.
5. BANER AT DK B R,

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

void test()

{
charx s = "abc";
*s = 'x';

int main(int argc, charxx argv)

test();
return (EXIT_SUCCESS);

REBR, HMNEtest EEET M RZEMNEER, XERSRTE. ERAUTRITXEE, BiTLEAE
<o

$ sudo sh -c "ulimit -c unlimited; ./test"
Segmentation fault (core dumped)

$ s -1

total 96
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—rW—————— 1 root root 167936 2010-01-06 13:30 core
—-rwxr-xr=x 1 yuhen yuhen 9166 2010-01-06 13:16 test

X core XHMBTERS dump HkEY, BN TERREET -
$ sudo gdb test core

GNU gdb (GDB) 7.0-ubuntu
Copyright (C) 2009 Free Software Foundation, Inc.

Reading symbols from .../dist/Debug/test...done.

warning: Can't read pathname for load map: Input/output error.
Reading symbols from /lib/tls/i686/cmov/libpthread.so0.0... ...done.
(no debugging symbols found)...done.

Loaded symbols for /lib/tls/i686/cmov/libpthread.so.0

Reading symbols from /lib/t1ls/i686/cmov/libc.s0.6... ...done.

(no debugging symbols found)...done.

Loaded symbols for /1lib/tls/i686/cmov/1libc.so0.6

Reading symbols from /lib/ld-1linux.so0.2... ...done.

(no debugging symbols found)...done.

Loaded symbols for /lib/ld-1linux.so.2

Core was generated by './test'.
Program terminated with signal 11, Segmentation fault.
#0 0x080483f4 in test () at main.c:16

warning: Source file is more recent than executable.
16 *s = 'x';

EREXJUTRZAEEEIFRVMERNERMRBLAE, ETROMFXZEZ gdb MIFXIZT, AL

A where E&1AR#E.

(gdb) where

#0 0x080483f4 in test () at main.c:16
#1 0x08048401 in main (argc=1, argv=0xbfd53e44) at main.c:22

(gdb) p s
$1 = 0x80484d0 "abc"

(gdb) info files

Symbols from ".../dist/Debug/test".
Local core dump file:

Local exec file:
“.../dist/Debug/test', file type elf32-1i386.
Entry point: 0x8048330
0x08048134 — 0x08048147 is .interp

0x08048330 — 0x080484ac is .text
0x080484ac — 0x080484c8 is .fini
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0x080484c8 - 0x080484d4 is .rodata
RES abc BF rodata, =ZiERK.

i MRAREIRHIR Release (-02) Wi, TEMBR(strip) T HSR, BERELITELHR
. A Debug MRAIRIZITRBEEH! | |
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3. VIM

Unix-like SME T &R E A RIESE, NIZEERERNRERERE.
£ OSX THJLAF macvim %, EREREAREEELE—R.

£ REENXH: /etc/vim/vimrc
FRPBECESF: ~/.vimrc

" BRITS
set nu

" ERYEIT

set cursorline

" A=K ETab
set expandtab

" BxigEt

set autoindent
set smartindent
set smarttab
set cindent

" AT
set tabstop=4
set shiftwidth=4

n ORIt EE
BEE=

syntax on

" ZFfE Makefile HUl§ Tab IR =4
autocmd FileType make set noexpandtab

x5l REEGE

1R

:tabnew

BIEH tab B

PR ‘tabe <file>

EFE DT X .

:tabnext, :tabprev

i tab @O

‘e <file> FIF 1
:enew =

S

W, 1wa, 1w <file>

®F; EERE BZHEN.

.g, ‘Wq

Bit; RERIERE

X

REFRE. (NERIEKH TR,
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REEGE

1t AR

:qa, :q!

EHKE; EFRE.

esc, <ctrl>c

e SR .

i, I A, EHRIITEREA.
SCAR
a, A RERERA ITREA.
RV, V B, FRIEEEL; TEEES
~ % 78, 7R
gg, G Xk X
SeAR 5G BKEIZES51T.
<ctrl>b, <ctrl>f LE#m; TEIR
<ctrl>u, <ctrl>d EEETL TEF .
u, . B, =M
dd RS 4 AT1T, FFHEIEIBINER .
3dd FBR 31T
d~, d$ MBRZ1TE; WEREITE
diG, dG AR ZISCALSKER ; MIRR B SR BT
:3,5d R S 31TEIHE 51T
Yy, 5yy PEOLEREITT; $EW51T.
i
v, v$ MR, —E#NE SR
:3,5y ENE3IFE5T.
p, P SEFRERENG; EARRIHER
>>, <<, == MR ZEi; B NG, BEhgaEt.
:set wrap, :set nowrap B sk 22 F B s T.
<ctrl>v<tab> SBHEA tab, T AT,
‘retab 1§ tab ¥ AT,
:/printf &= printf
n, N T—1 REABET—1.
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251 REEHE 15t BA
. :s/old/new/g HEIT R R E .
:%s/old/new/g TR EH#.
:%s/old/new/gc A
:5,9s/old/new/g MEESITEIEIT IR R E .
:split, :vsplit HE M
:new, :vnew BIEFTER.
B s :sf <file> EFTERFFTF XM
:close X E R
<ctrl>ww TR E R o
m<letter> EXHBE. 1 maigHaiiTics a B¥E.
g * <letter> PREEP .
:marks BEMBEHE
<ctrl>o0, <ctrl>i B2 E—X BB .
! ctags -R . H X ctags X1
<ctrl>] BEREEX -
ctags
<ctrl>T R [E ERAE
<shift>k & man #E.
g9=G IR,
;| <command> AT shell <,
Ao :r <file> HASHRE
:r l<command> AR RILER.
:cd <path>, :pwd B3Rk .
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4. Make

— M ER Makefile BEH "BILAN" "BBAMN". "FEEX" "TERF IR AEoAE
o

o BRMN: R T T FER TUAEFH— D Z D EFR

o FEXHN: make BRIAGIZE BFRSCHRIHN . (JEE)

o« TEEN: Kl shell TEH C &, A— M HREAMRER—EIIA.

o FERF: BFEE R (include). FHEHIT. REX(ZITEE)ERNS.

o iEFE FHH ERRNEWAETR.
(1) EILEEF#% "GNUmakefile. makefile. Makefile GEE)" IFEH#IT, = -f EE.
(2) MR TE make BTERIBEBIFMN B, WECAFERE— DB,
(3) Makefile /i $. # BHEFFRA X, TLAHITEEX "\#". "$3"

)
)
)
(4) ATRAE A \ #2497 CERATH R LAMER), ERERAREETRK, MITERLIUA Tab FFLF4H

ER AXXRRIIMNBERFXFEER "0", EMNERIEHF (o KX (h) F.

4.1
MM T

target...: prerequisites...
command

o target: BH#Ro
« prerequisites: fk#i5lk. XHFRFIFR (B2 F, BEE "o, ¢, .h", AIFHBRR).
o command: §¥1T. shell §&HIEF, B TAB Fr3k (RBE HLHITEIR)-

RBBSTHMNAEIERAREIX R, RERBIAIANIER "0 BEBR, mIk " B,
BRI ZI R ATARTY GCC -MM 2403k 15
ML TT

o BFFEXXHAREFRE, EREMRN (BRI €=,
o B, BMREM—MERBOFEL BARUHERRS B "H", WEFEBRX .
o BRI, BEERTAWEOCH "5, W A8 H.

4.1.1 FaxXE
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ARMNAHEZXMNA, RIEXANMSER. SRFTTUEBFBR XML .

o S
%.0: 6.

C
$(CC) $(CFLAGS) -0 $@ -c $<

REXMNZZE RN Z oK N #EB = fE AHEE TR

# BRI
%.0: %.C
@echo $<
@echo $*
$(CC) $(CFLAGS) -0 $@ —c $<

all: test.o main.o
$(CC) $(CFLAGS) $(LDFLAGS) -o $(OUT) $~

main.o: test.o test.h

i

$ make

./lib/test.c
./lib/test.c
gcc -Wall -g -std=c99 -I./lib -I./src -o test.o -c

./src/main.c
./src/main.c test.o ./lib/test.h
gcc -Wall -g -std=c99 -I./lib -I./src -0 main.o -c

gcc -Wall -g -std=c99 -I./lib -I./src -lpthread -o test test.o main.o

./src/main.c

testo MUAEE, FHEAMNU. maino BREGS, FRBRIAMANNEE, E&&6HF KR,

AAEZRAMN, tean:

4.1.2 &=
AR XMNWEERNFEN B, KT RN .

test.o main.o: %.0: %.cC
$(CC) $(CFLAGS) -0 $@ -c $<

5.1.3 #&RKEF
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ELPRIME R RITBEREBXXH2EEZ TNEREY, BXELEFEE A Makefile £RFKG, ItAFAT
M E A VPATH T EEEHRER.

all: lib/test.o src/main.o
$(CC) $(CFLAGS) $(LDFLAGS) -o $(OUT) $~

BER VPATH 773/, BRAEMBBRAELZ T .

# RBBEMERERE
VPATH = ./src:./lib

# BRICHN

%.0:%.C
—@echo "source file: $<"
$(CC) $(CFLAGS) -0 $@ —c $<

all:test.o main.o
$(CC) $(CFLAGS) $(LDFLAGS) -o $(OUT) $~

HIT:

$ make

source file: ./lib/test.c
gcc -Wall -g —-std=c99 -I./lib -I./src -o test.o -c ./lib/test.c

source file: ./src/main.c
gcc -Wall -g —-std=c99 -I./lib -I./src -0 main.o -c ./src/main.c

gcc -Wall -g -std=c99 -I./lib -I./src -lpthread -o test test.o main.o
A make X5 vpath. Lb VPATH RBERE, EEATUARMAENXHEXER.
vpath %.c ./src:./lib # EXERER (SERERDFR) AERER.

vpath %.c # BUHZIER
vpath # BUHFrAER

HENERERXAIENXZ R, make RIZREXIMFERIXZ N EX BB,

vpath %.c ./src
vpath %.c ./lib
vpath %.h ./lib

VPATH # vpath & X8RN makefile MNUBER, 3 gcc/g++ LT, LLATARE
BEXGFLITAXHERERES .

4.1.4 AB%F
HRMATHITHSMIECIEBEISUEFR, SaFERMHMERT, L cean. ABRZEHIIT.
clean:

—-rm *.0
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.PHONY: clean

£/ "-" BISR AT AZRg a2 5HIR, " PHONY" MYfE @ e =R B R TR 2R (TES | &

HHN) o

42 &%

BERHCEHME—NIIZ shell FMFEHFMIT, MABEER— shell 1T, TUA"" KaLEE—1T.

test:
cd test; cp test test.bak

fRom: ATRAA "\ H9T, ML,

MINBERAT, ZTRLRMFHIT. BMRGSHE, RMASBIEREHIT. ARUAM"-" 8

ZEE IR BINEAIARM "@" kiR B RS LSITAS.
all: test.o main.o

@echo "build ..."
@$(CC) $(CFLAGS) $(LDFLAGS) -o $(0OUT) $~

AT E A E ]
all: test.o main.o
$(MAKE) info

@$(CC) $(CFLAGS) $(LDFLAGS) -o $(0OUT) $~

info:
@echo "build..."

43T

Makefile 373Kl shell WZEINRE, LT C &, KR EFENXAE,
ZREBXAKRNG, TEZBWERATE. BFMTIIZLAER. 5IBAFHIH $var) 5 ${var}
SIRAAREXZER, =,

43 1TEENX

BIUERRE ="M " =" X 5.

BIARAEE, NEBMRANASER, UREHEAUSIBEREEXNEE.
=  HERAZE, AEXHNMEERF, EXERFESIH.

A= "a: $(C)"

Zsk
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B := "b: $(C)"
C = "haha..."

all:
@echo $A
@echo $B
g

$ make

a: haha...
b:

BT B EXH CHAENX, ILEERANERUET. B—T, BE.

= "none..."
= "a: $(0)"
= "b: $(CO)"
= "haha..."

O mw = 0O

all:
@echo $A
@echo $B

i

$ make

a: haha...
b: none...

AJIL A #0 B R RS HMAIX 5.

BRTER "=" "="40, EAILLA "define . endef" EXZITERE (&, BIRARF, RFEFANR
N @ BIA]).

define help
echo nn
echo " make release : Build release version."

echo make clean : Clean templ files."

echo
endef

debug:
@echo "Build debug version..."
@$(help)
@$(MAKE) $(OUT) DEBUG=1

release:
@echo "Build release version..."
@$(help)
@$(MAKE) clean $(0UT)
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4.3.2 1R1EH
=" RRBEBNTYNRE XN A FHITRERIE,
A= "a"

A ?= ||A||
B ?= "B"

all:
@echo $A
@echo $B

i

$ make

"+="EMELEE. TETERANL

all:
@echo $A

i

$ make
haha ...

4.3.3 %ik5| B

f£F "$(VAR:A=B)" ATLUR & VAR FFTHLL A SERAVSRIRBHAIL B .

A = "a.o b.o c.o"
all:

@echo $(A:o=c)
i
$ make

a.c b.c c.o

434 HEITE

AP
il

WLITRES B Makefile PEXMNEEME, FrIF(EHA override.

= llaaall
override B = "bbb"
C += "ccc"
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override D += "ddd"

all:
@echo $A
@echo $B
@echo $C
@echo $D

AT

¢ make A="111" B="222" (="333" D="444"
111

bbb

333
444 ddd

RABEEZNEMS R EF A override EAMGLSITEES H.

435 BT E
NEEMFEBRPER, HATRBLTE.
testl: A = "abc"

testl:
@echo "testl" $A

test2:
@echo "test2" $A

i

$ make testl test2

testl abc
test2

B AEXERTE
test%: A = "abc"

testl:
@echo "testl" $A

test2:
@echo "test2" $A

i

$ make testl test2

testl abc
test2 abc
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43.6 BELTE

o $7 : LL BFRETRY RN

o $@: BFRER.

o $< F MBI BIR REFHR).

o A FTEKEIN IRREHE, HF&%E’Elﬁ)o

7 BEFF
HETZEEXPFEHBRFNEEER wildcard.
FILES = $(wildcard *.0)

all:
@echo $(FILES)
438 IMETE

M shell =4, AILUEM "export VAR" GEEIRENIMEEE, DUMELLHSTIEITIEMAA make %
CRERFIZH.

f5130: £ GCC C_INCLUDE_PATH BT ERKRE -| 8.

C_INCLUDE_PATH := ./lib:/usr/include:/usr/local/include
export C_INCLUDE_PATH

4 &
SRR FIIR R

CFLAGS = -Wall -std=c99 $(INC_PATHS)
ifdef DEBUG

CFLAGS += —g
else

CFLAGS += -03
endif

KL A ifeqg. ifneq. ifndef
1&3(: ifeq (ARG1, ARG2) = ifeq "ARG1" "ARG2"

# DEBUG == 1
ifeq "$(DEBUG)" "1"

else

endif
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# DEBUG FAZE
ifneq ($(DEBUG), )

else

endif

SRR, AT if RECRRE . HETHREESHPHN=tREHX 72"

CFLAGS = -Wall $(if $(DEBUG), -g, -03) -std=c99 $(INC_PATHS)

4.5 HE

*nix TH "RE" #HER "HAIES" FHEK.
make ZHEFEREAIEER, BT E "$(function args)” 3¢ "${function args}".
" (ERNEEARERNASEN—EBD).

Han: 3% "Hello, World!" #&#25{ "Hello, GNU Make!",

A = Hello, World!
all:
@echo $(subst World, GUN Make, $(A))

AR FRHEREMSISEZER, URFFEFESISTH, R "\" ¥

4.5.1 foreach

X/ foreach R%F, BUTERBSE "[1]112] [3]%.
A=123

all:
@echo $(foreach x,$(A), [$(x)])

5.5.2 call

PSR EA

BIEATIBEX — 1M EH, HXHEA I ZERRBERANRAL, LA EEAFHNS.

A=xyz
func = $(foreach x, $(1), [$(x)])
all:

@echo $(call func, $(A))
@echo $(call func, 1 2 3)

RENSH D HZE "$(1), $2) "
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FA define ILEX — 1 EE R —RHNZITERE.
A=xyz
define func

echo "$(2): $(1) —> $(foreach x, $(1), [$(x)])"
endef
all:

@$(call func, $(A), char)
@$(call func, 1 2 3, num)

i

$ make

char: xyz —> |[x]I Iyl I[z]
num: 12 3 —> [1] [2] [3]

453 eval

eval BEHERZDNSERK Makefile AR
define func
$(1) = $(1)...

endef

$(eval $(call func, A))
$(eval $(call func, B))

all:
@echo $(A) $(B)

FEBIFHRMITERSER L2 "IS" EXTRIMZEMS . SR, 5 foreach AIIE R F—L,

$(foreach x, A B, $(eval $(call func, $(x))))

4.5.4 shell
4T shell 8%, XM IEELH.

A = $(shell uname)
all:
@echo $(A)

B MRS RMNMFMEEBIESEZ MR X .

46 G915
include 841V E fth A Makefile XHERE, HEMSFIABERFF -
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BEER"mK" (EAY RA, XEXHRBES, SUFHEXN ML,

4.7 17
Makefile & FHBfR&:

« all: BRIAEFRo

o Clean: JFIEINE AR TAB FR.

o install: ZEF ) HIFLINNTE XM
o tar: SIEEBESHEE.

o dist: BIEFAHRIRBES S

« tags: 81& VIM £ CTAGS 3t fF.

make ¥ HG <SS

o —N: BARFFHITH® L, BAHIT,

o —U EFERHREE, UMIRMERTIRENR, BWAEHERIHE,

o -k HEER, BEHTT

o -B: TREKFFIR, BEIEHBFR

o —C: #1117 make &7, HAFFEER. LLFENTATLAEIE Makefile BR THIT make %<,
o € FHAGHRETEEEZRAZEE.

o —i: ZBHSHIR. MYTF "-" B,

o -I: #§E include BEXHEEER.

o —p: B7RFTE Makefile 1 make XS HIER.

o -S! AERBITHG LT HAE T "@" A1

IRFHITZ A B #F:

$ make clean debug
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5. Scons
Scons ¥ Python 4R 5, Fsk#&#: GNU Make M EENMLRIFWET H. Lt Makefile FZEMBLHY
ZHE, scons EERE, FEE,

5.1 BiZA

EIME B R T 61 &5 SConstruct (3 Sconstruct. sconstruct) B2, TEFZ{L Makefile. ST
B Es=Z py RS

fa] SR AR

Program("test", ["main.c"])

BRSS!

$ scons # ME, HHFEEER.

scons: Reading SConscript files ...
scons: done reading SConscript files.
scons: Building targets ...

gcc —0 main.o —-c main.c

gcc —o test main.o

scons: done building targets.

$ scons —c # 5312, Z{l make clean.
scons: Reading SConscript files ...

scons: done reading SConscript files.

scons: Cleaning targets ...

Removed main.o

Removed test

scons: done cleaning targets.

$ scons —Q # WE, FrESEHE.
gcc -0 main.o —C main.c
gcc —o test main.o

$ scons —i # REESEIR, SEMIT.

$ scons -n # MEEHITHSG S, BHTENRIT.
$ scons -s # REHIT, PRHEAIEHIRER.
$ scons —j 2 # FITHHE.

WEIER, FEIWEA "import pdb; pdb.set_trace()", #<1T75% "--debug=pdb" FHREFH.
A] A SConscript(path/filename) G2 Hthig B X4 (5 F15K), &R FI4 &7 SConscripto
5.2 ;88

220 scons ${THIFREE (Environment ) B&EBFE:

« External: 4MERERE. 1T scons NRRIERGINET R, AJLAF os.environ 35(d.
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« Construction: ##If5E, FXRIZEFISLIRAIGRIFIT .
« Execution: H17EE, ATIRBEMHXTEREIRE. LW PATH AT ZRER.

BIRIRfF, R EEEARIARIRESIG).

env = DefaultEnvironment(CCFLAGS = "-g") # REIFINEERELE, FHRESH.
Program("test", ["main.c"1) # #H%F env.Program()
Lol

gcc —0 main.o —-c —-g main.c
gcc —o test main.o

WNFHEZNEEINE, ATH Environment REOIE. BB HZFZDER, LLOBHERKRERF
BRSEMBEFHITIER

env = Environment (CCFLAGS = "-03")
env.Library("my", ["test.c"], srcdir = "1ib")
env.Program("test", ["main.c"], LIBS ["my"], LIBPATH = ["."])

i

gcc —o lib/test.o -c -03 lib/test.c
ar rc libmy.a lib/test.o

ranlib libmy.a

gcc —o main.o —c -03 main.c

gcc —o test main.o -L. -lmy
T RMESE

o CC: 4iF2:, BN "gcc's

o CCFLAGS: Hi¥FZ ¥,

« CPPDEFINES: =E X

o CPPPATH: L3S RIER.
e LIBPATH: EX{HERER.
o LIBS: FEHEZAIE B

B E R HEESESN, T AZ N parse_flags USRS E— R MR, ©4£W ParseFlags /53%
Sy

env = Environment(parse_flags = "-Ilib -L.")
print env["CPPPATH"], env["LIBPATH"]

Hi:

['lib'] ['.']

\\

A Dictionary 757 AREIMESEFH, HEEA Dump 757EIRE Pretty-Print F#/F &

print env.Dictionary(); print env.Dictionary("LIBS", "CPPPATH")
print env.Dump(); print env.Dump("LIBS")
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F"ENV" BT ET#. RATBEIUMITEEE, FHTRE.
import os

env = DefaultEnvironment(ENV = os.environ)
print env["ENV"] ["PATH"]

5.3 A&

5.3.1 fi¥

B—MERE, AJABXTEREZDBIR. RFROXETXZARINF, RE<BRILBKREIX
7, ZHMEINFF.

o Program: SR HITIEF (ELF. .exe).

o Library, StaticLibrary: 8355 (a, .lib).
« SharedLibrary: 8 sIZSEE (so, .dylib, .dll).
« Object: 8IEB#r3CH (0)o

MR BZEMEINELA, AL R B BRI SL 6.

AEMNMIESHIEEBERXH® (E8EY R’RA), =M target. source f5Ed £S5 source &
BNEXHE (BRT B R) 355k,

Program("test1", "main.c")

Program("test2", ["main.c", "lib/test.c"]) # 5k
Program("test3", Split("main.c lib/test.c")) # DRERTIER
Program("test4", "main.c lib/test.c".split()) # DRI

Glob FBIRFREZ X, A0 A srcdir I8 ERBER B HRYIFR. N ERMRHINE
SENENIZTT%E, A BREMEITR.

Library("my", "test.c", srcdir = "1ib")
Program("test2", Glob("x.c"), LIBS = ["my"], LIBPATH = ["."], CPPPATH = "1lib")

i

gcc —o lib/test.o -c lib/test.c
ar rc libmy.a lib/test.o
ranlib libmy.a

gcc —o main.o —c -Ilib main.c

gcc —o test2 main.o -L. -lmy
BIEHZEE,

SharedLibrary("my", "test.c", srcdir = "1lib")
Program("test", Glob("x.c"), LIBS = ["my"], LIBPATH = ["."], CPPPATH = "1lib")

el
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gcc —o lib/test.os —-c —fPIC lib/test.c
gcc —o libmy.dylib —-dynamiclib lib/test.os

gcc —o main.o —-c -Ilib main.c
gcc —o test main.o -L. -lmy

wIFTARETIR, B—tREBIRXHER.
print env.Library("my", "test.c", srcdir = "1lib")
i

['libmy.a"']

5.3.2 5%

Append: 1B &%

env = Environment(X = "a")

env.Append(X = "b") # "a" + "b".

env.Append(X = ["c"]) # MRESHIEFHERTIER, B4 [1 + [1.
print env["X"]

Hi:

[*ab', 'c']

AppendUnique: | ZIEMPIEIBE BT ELFE. delete_existing SEMIBRFEEE, ABRHME
FIRER. RSEELTETIR,

env = Environment(X = ["a", "b", "c"I])
env.AppendUnique(X = "d")
env.AppendUnique(1, X = "b")

print env["X"]

i

['a', IC', Id', 'b']
Prepend, PrependUnique: J§{&75 N E 538

env = Environment(X = ["a", "b", "c"])
env.Prepend(X = "d")
print env["X"]

el

[Idl, IaI' Ibl' ICI]
AppendENVPath, PrependENVPath: EH{TIREIB MK, £E.

env = Environment()
print env["ENV"] ["PATH"]

env.AppendENVPath("PATH", "./lib")
env.AppendENVPath("PATH", "./lib")
print env["ENV"] ["PATH"]
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Eorfank
/opt/bin:/usr/bin:/bin:/usr/sbin:/sbin:/usr/local/bin
/opt/bin:/usr/bin:/bin:/usr/sbin:/sbin:/usr/local/bin:./lib

Replace: B#i5 % WMEHRERE, Hik.

env = Environment(CCFLAGS = ["-g"])
env.Replace(CCFLAGS = "-03")
print env["CCFLAGS"]

W

-03

SetDefault: #1 Python dict setdefault fEFMEE, (X BIRBANFEER TR

env = Environment(CCFLAGS = "-g")
env.SetDefault(CCFLAGS = "-03")
env.SetDefault(LIBS = ["m", "pthread"])
print env["CCFLAGS"], env["LIBS"]

i

-g ['m', 'pthread']
MergeFlags: &HS#FH#, £&,

env = Environment(CCFLAGS = ["option"], CPPATH = ["/usr/local/include"])
env.MergeFlags ({"CCFLAGS" : "-03" })

env.MergeFlags('"-I/usr/opt/include -03 -I/usr/local/include")

print env['CCFLAGS'], env["CPPPATH"]

i

['option', '-03'] ['/usr/opt/include', '/usr/local/include']
ParseFlags: 225 %
env = Environment()

d = env.ParseFlags("-I/opt/include -L/opt/lib -1foo")
env.MergeFlags(d)

print d

print env["CPPPATH"], env["LIBS"], env["LIBPATH"]

i

{'LIBPATH': ['/opt/lib'], 'LIBS': ['foo'l, ..., 'CPPPATH': ['/opt/include']}

['/opt/include'] ['foo']l ['/opt/lib']

5.3.3 Hfth
Clone: IMEXNGREES|, AIIEEBEEZSE.

env = Environment(CCFLAGS = ["-g"], LIBS = ["m", "pthread"])
env2 = env.Clone(CCFLAGS = "-03")
print env2["CCFLAGS"], env2["LIBS"]
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i

-03 ['m', 'pthread'l
NoClean: 7% "scons —-c" NEFIBIX LT,

my = Library("my", "test.c", srcdir = "1lib")
test = Program('test", "main.c")

NoClean(test, my) # WA EEFERAXHS, FE2E libmy.a.

subst: EFAFBIMES .

print env["CCCOM"]
print env.subst("$CCCOM")

Hi:
'$CC -0 $TARGET —c $CFLAGS $CCFLAGS $_CCCOMCOM $SOURCES'
'gcc -0 —-c -03'

EFEFMEREAS%E "man scons” 3 fE4 F o

5.4 ik
MRS LT ER, BERFFEIFEF. TEH Decider RETFIHRNSH, ATHEIEIE:

o MD5: BUARE, RI\XHABHITHIMT.

o timestamp-newer: MREXHLL B30T, MRREELTE,

« timestamp-match: &R HENRT B F_LXRIFR 2B HEE .

o MD5-timestamp: icRRBE Lk, ERBEXHEXN BTN ETE,

A touch EFHENEXHBLEE, BMEXHERRTRELL, timestamp-newer th&it scons E
FriRIFZ B AR

env.Decider("timestamp-newer")
env.Program("test", "main.c")

FRUER %, scons TLERNEMKTIX R, FBATLLA Depends &R IEEKHT
env.Decider("timestamp—-newer")

test = env.Program("test", "main.c")
env.Depends(test, ["lib/test.h"])

Ignore ZE&{k#i*x %, Require IEEHEFINF. THIF, ERERFE my FIKRTLBE test, B
BEENZERBEMEKBIXR.

my = env.Library("my", "test.c", srcdir = "1ib")
test = env.Program("test", "main.c")
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env.Requires(my, test)

AlwaysBuild fE R B S 2 W FE. TERBIEEXE, XTENESESBERTE.

my = env.Library("my", "test.c", srcdir = "1ib")

env.AlwaysBuild(my)

5.5 AF AT

\

scons It T =FMABNSLSITSE:

« Options: I—PEHEAN "-" FEHNSE, BERRSESH, U E.
o Variables: EENHFXEHR.
« Targets: FEGHRIFNBIR.

5.5.1 Variables
Fr B B{EH R ARGUMENTS 8, 7] A Help RERMEBEIEE .

vars = Variables(None, ARGUMENTS)
vars.Add('RELEASE', 'Set to 1 to build for release', 0)

env = Environment(variables = vars)
Help(vars.GenerateHelpText(env))

if not GetOption('help"):
print ARGUMENTS
print ARGUMENTS.get("RELEASE", "0")

i

$ scons -Q -h

RELEASE: Set to 1 to build for release
default: 0
actual: 0

Use scons -H for help about command-line options.
$ scons -Q RELEASE=1

{'RELEASE': '1'}

1

$ scons -Q

{}
0

%4 BoolVariable. EnumVariable. ListVariable. PathVariable &3St —H 48,
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5.5.2 Targets

Program. Library S4iFEFRX R, AliEIT COMMAND_LINE_TARGETS %|3R3KEL,
print COMMAND_LINE_TARGETS

Library("my", "lib/test.c")

env = Environment()

env.Program("test", "main.c")

Ty

$ scons -Q test
['test']

gcc -0 main.o —C main.c
gcc —o test main.o

$ scons -Q libmy.a

['libmy.a']

gcc —o lib/test.o -c lib/test.c
ar rc libmy.a lib/test.o

ranlib libmy.a

$ scons -Q -c test libmy.a
['test', 'libmy.a'l
Removed main.o

Removed test

Removed lib/test.o

Removed libmy.a

K3E F Default REFEEBIAEIR, BN scons SMWEREBFRr. ZXIAMH Default WERSHE
H, =771t DEFAULT_TARGETS %% 4.

my = Library("my", "lib/test.c")
test = Program('test", "main.c")
Default(my) # AMHEEZB#R, Lk Default(my, test).

it

$ scons -Q

gcc —o lib/test.o -c lib/test.c
ar rc libmy.a lib/test.o

ranlib libmy.a

MEIRETERINBFR, RAUKRRATLAA "scons -Q." kMERMBEIR, BEIRE.

Ffif: scons it A Install. InstallAs. Alias. Package %75 % FAsRMELETITE, FMERASE
B F .

SCons User Guide
Man page of SCons

174


http://www.scons.org/doc/production/HTML/scons-user/index.html
http://www.scons.org/doc/production/HTML/scons-user/index.html
http://www.scons.org/doc/production/HTML/scons-man.html
http://www.scons.org/doc/production/HTML/scons-man.html

6. Git

6.1 RFIRE
BEELT, RINIABHEERER M EEMECREDT.

$ git config ——global user.name "Q.yuhen"

$ git config ——global user.email gyuhen@abc.com
$ git config ——global color.ui true

AILAfE A "—-list" EEHRETIRE

$ git config —-list

6.2 MGt
SIEIME BR, REWIT gitinit ¥lkk. X=EMEBREE git BE, BATHEEEERE.
$ git init

BERMTERTECE - ZKEE X "gitignore", HFAEMTAMBHEMTRBECEFHN.

A

cat > .gitignore << end
*. [oal

*.S0

b 3%

test

tmp/

>

>

>

> la.so
>

>

> end

RFER Server e, MARUZBIIEER, UARBEEL{FE.

$ git ——bare init
& P, BATAILAER clone < REEANINH. X SSH / HTTP/ GIT &1

$ git clone ssh://user@server:3387/git/myproj
$ git clone git://github.com/schacon/grit.git mygrit

6.3 ERME

Git 2 "THEER". "EFX". "RIEBEE" =1#7.
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6.3.1 %N
@Y "git add <file>" #ARMEIEFX , WML EFXGHE—H SRR,
$ git add .

$ git add filel file2
$ git add *.c

g

"gitadd" R T AR INFT XA EIE FRETREESN, ERIRFHTEWREXHFNEFXRR. F2E
e, BIRZFRBEeENSEFRMNRER, mATITEERPHS I F.

6.3.2 1%
"git commit -m <message>" S HFEEX FIRIBIZZEREBEE.

$ git commit -m "message"

EPIT commit 232, RITBEREEMEM "-a" 28 ZZHNEXE: RIFEERRR, 2%
Y B BRI MR A BIRSHEFRARMARWRERNF M, KRAFERIT "gitadd <file>"
#BR1E.

$ git commit -am "message"

6.3.3 k%

ATPUE "git status" EEEEXRE, BEEE "SI LE2X (Branch)'. "#EXMME BRESCH
(Changed but not updated)", PAX "RERERHUF U (Untracked files)" =2 EE.

$ git status
# On branch master
Changed but not updated:
(use "git add <file>..." to update what will be committed)

(use "git checkout —— <file>..." to discard changes in working directory)

modified: readme

H OH R R B R

# Untracked files:

# (use "git add <file>..." to include in what will be committed)
#

# install

no changes added to commit (use "git add" and/or "git commit -a")

6.3.4 tb&;
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ZHR=AREBNXHER, FEEH "git diff" &<,

£/ "git diff [file]" EELIEARNEHFXMNER.

£/ "git diff --staged [file]" =k "git diff -—cached [file]" EEE FX MR ECEMNZEZR.
$ git diff readme

diff ——git a/readme b/readme

index e69de29..df8285e 100644

——— a/readme
+++ b/readme

@@ _010 +112 @@
+1111111111111111111

+

EESIMAARRINER, RIIEERTNEFX.

$ git diff HEAD

6.3.5 #iH
ERRBEEETLE, FBERNALL"RIE"

£ "git reset HEAD <filename>" @S A BUHE 7 X A IR B (B B il e — MR AR
K), XA ITIERRHIXXHBR.

f#H "git checkout —- <filename>" MEERE TIEBRXH, BEEXAZEM,
$ git chekcout -- readme

£ Git f "HEAD" RARECERRE—MEXAMA, "HEADA" 2EIE - MRA, "HEAD~2" N2 F
ZHIRRZR

BT ERE "SH" RIBEEFNRDIXAHRAZ THEER, ZRIEENSBUHEFXIRR.

$ git checkout HEAD” readme

MREKEANTNE BREARTRR DR, ATLMER "git reset”s ATLUEERNSEHEIERIAR "--
mixed" 1 "--hard", BIERSBUHIIEERMNER, MEENBFEBNENR. ZRIEFSERR
FERBE.

$ git reset ——hard HEAD"

6.3.6 HE
BRRZASABEIIMB QB — A, RIMNTUBEASREERXEER.
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2481 "git log -p" AIUEHEFMAEE, SFEBHRHNAR.
2¥ "gitlog -2" BEEREMFHS.
247 "git log —-stat" AU EERITHE.

$ git log —--stat -2 —p

commit c11364dalbde38f55000bc6dea9clddad26c00f9
Author: Q.yuhen <gyuhen@hotmail.com>
Date: Sun Jul 18 15:53:55 2010 +0800

0 files changed, 0 insertions(+), @ deletions(-)

diff ——git a/install b/install
new file mode 100644
index 0000000..e69de29

commit 784b289acc8dccd1d2d9742d17f586ccaa56a3f0
Author: Q.yuhen <gyuhen@hotmail.com>
Date: Sun Jul 18 15:33:24 2010 +0800

0 files changed, @ insertions(+), @ deletions(-)
diff ——git a/readme b/readme

new file mode 100644
index 0000000..e69de29

6.3.7 Efif

4

OH%E, £ "git commit ——amend" AILEMHRFE—IXIZ.
$ git commit —--amend —am "b2"
[master 6abac48] b2
0 files changed, @ insertions(+), @ deletions(-)
create mode 100644 abc
create mode 100644 install
$ git log
commit 6abac48c014598890c6c4f47b4138T6be020e403
Author: Q.yuhen <gyuhen@hotmail.com>
Date: Sun Jul 18 15:53:55 2010 +0800

b2

commit 784b289acc8dccd1d2d9742d17f586ccaa56a3f0
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Author: Q.yuhen <gyuhen@hotmail.com>
Date: Sun Jul 18 15:33:24 2010 +0800

6.38&F
f£H "git show" AJAEFHEHXHMEEREE, BIARTRRE—1hZA (HEAD).

$ git show readme
$ git show HEAD™ readme

6.3.9 IR&E

ATLAE FRRZE (tag) WERERIZMARAMATIE, WA LAFERIZARIE, XBHEBE— 1 EREEN
FRi&o

$ git tag v@.9

$ git tag
v0.9

$ git show v0@.9

commit 3fcdd49fcOf@ad5cd283a86bc743b4e5aldfdf5d
Author: Q.yuhen <gyuhen@hotmail.com>

Date: Sun Jul 18 14:53:55 2010 +0300

AILEEZARESKE HSRASHTRE,
$ git log v0.9
commit 3fcdd49fc@f@ad5cd283a86bc743b4e5aldfdf5d

Author: Q.yuhen <gyuhen@hotmail.com>
Date: Sun Jul 18 14:53:55 2010 +0800

6.3.10 #p T

EARGEAZRBEE, HEEX—MRENRMANREN, TUZEBRTHT XHNGARIZR
Bigk.

BT

$ git diff > patch.txt
$ git diff HEAD HEAD~ > patch.txt
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EFHAT:

$ git apply < patch.txt

6.4 TENX
H Git —ES IR T ITE.

£/ "git branch <name>" €I 93X, EAJLAGIEARAZHAIMA IR X "git branch
<name> HEADA",

£ "git checkout <name>" l#5%.

$ git branch yuhen

$ git checkout yuhen
Switched to branch 'yuhen'

$ git branch
master
* yuhen

&£/ "git chekcout -b <name>" —)X 5T A4 X BIEF I HaR1E.

$ git checkout -b yuhen
Switched to a new branch 'yuhen'

$ git branch
master
* yuhen

ENXHRMIRE, RETHRE X2 3#HITEFF (git merge) F Mikk (git branch -d <name>) #
T/Ec

$ git checkout master
Switched to branch 'master'

$ git merge yuhen

Updating 6abac48..7943312

Fast-forward

0 files changed, @ insertions(+), @ deletions(-)
create mode 100644 abc.txt

$ git branch -d yuhen
Deleted branch yuhen (was 7943312).

$ git branch
* master
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ByE: MRLGET TEERERRINAS, BEEVMIAEMOIXSBEE—RH A

6.5 PRS2

(1) BkRERSHKBECE.
$ git clone git@192.168.1.202:/git.server/projectl # SSH
TS, RTULF origin RIB RS EElt. £/ "git remote" SEFEHXER.

$ git remote
origin

$ git remote show origin
* remote origin
Fetch URL: ...
Push URL: ...
HEAD branch: master
Remote branch:
master tracked
Local branch configured for 'git pull':
master merges with remote master
Local ref configured for 'git push':
master pushes to master (up to date)

HRTLABIEEHTAY remote IR E -

$ git remote add projectl git@192.168.1.202:/git.server/projectl
$ git remote

origin

projectl

$ git remote rm projectl

(2) TEGEBIR A (push) FIRF2EZE, BAZWMAEXEFHCEESHIEL . ENIZFEMRS
SRRIFT (pull) &FTARED, AFHIREC RIS ARIIRZ ARG,

$ git pull origin master
$ git push origin master

Q) ERZFEEIRS R, TEIOMEE (LT git push 1232, REBMITIZER).

$ git push origin ——tags
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$ git fsck
RIRT FEE.

$ git gc
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7. Debug

HEWF LAY, MS-DOS debug.com S E MR

71 &%

<

i3

o HIAFES: a[address]

e [C4R: u [range]

o B11T: g [=address] [breakpoint]
o $17T: p [=address] [number]

o« Bt

 BETGFRRI

o BREFRR r <reg>

e NERR: d [range]

o ATELLE: ¢ <range> <address>
o WTFBI: e <address> <list>
o« N7FE%: f <range> <list>

SRR

o range: FR—ENTSEE, AIAE "<&IF> <FEHR>", = "<@iA>L<KE>".
o listt RIR—1HENAFEFTE, ARGESSMR.

7.1.1iC%
MNLHRIES, BBV SBEEAEEMLE.

a [address]

address AILLZRBE, ETEMEMLE (CS:SA).

-a 100
1396:0100 mov bx, fefe
1396:0103 mov ax, bx

1396:0105

-u 100 103

1396:0100 BBFEFE MOV BX, FEFE
1396:0103 89D8 MoV AX, BX

BRTRANLHRIES, WANERLMER db F1 dw XE PN AR

EMSLR T A,
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-a
1396:0105 db 1,2,3,4
1396:0109 dw 5,6,7,8
1396:0111 db '"Hello, World!"
1396:011E

-d 100

1396:0100 BB FE FE 89 D8 01 02 03-04 05 00 06 00 07 00 08 ............nunn
1396:0110 00 48 65 6C 6C 6F 2C 20-57 6F 72 6C 64 21 33 44  .Hello, World!3D
1396:0120 55 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 U........evuusns
1396:0130 11 22 33 00 00 00 00 00-00 00 00 00 00 00 00 00 e
1396:0140 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .........:00nsn-
1396:0150 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........cvuunsns
1396:0160 33 44 55 33 00 00 00 00-00 00 00 00 00 00 00 00 3DU3............
1396:0170 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........:ovuusns

XTRRY, FATAIAA U ST R dRo
u [rangel

WREHE range, MM ERERMEBE BRI Ho

-u 100 105

1396:0100 BBFEFE MoV BX, FEFE
1396:0103 89D8 MOV AX, BX
1396:0105 0102 ADD [BP+SI],AX
—-u

1396:0107 0304 ADD AX, [SI]
1396:0109 050006 ADD AX,0600
1396:010C 0007 ADD [BX],AL
1396:010E 0008 ADD [BX+SI],CL
1396:0110 004865 ADD [BX+SI+65],CL
1396:0113 6C DB 6C
1396:0114 6C DB 6C
1396:0115 6F DB 6F
1396:0116 2C20 SUB AL,20
1396:0118 57 PUSH DI
1396:0119 6F DB 6F
1396:011A 726C JB 0188
1396:011C 64 DB 64
1396:011D 2101 AND [BX+DI], AX
1396:011F 0203 ADD AL, [BP+DI]
1396:0121 0000 ADD [BX+SI],AL
1396:0123 0000 ADD [BX+SI1,AL
1396:0125 0000 ADD [BX+SI1,AL
712 0t%

EERMBAFERENER.

C <range> <address>
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e range: "RRNFE—BANFX .

« address:

-d 100

1396:0100
1396:0110
1396:0120
1396:0130

= &5 —

EFH—

B Rtt.

BB FE FE 89 D8 01 02 03-04 05 00 06 00 07 00 08
48 65 6C 6C 6F 2C 20-57 6F 72 6C 64 21 33 44
00 00 00 00 00 00 00-00 00 00 00 00 00 00 00
22 33 00 00 00 00 00-00 00 00 00 00 00 00 00

00

55
11

-c 10013 160

1396:0100
1396:0101
1396:0102

—-c 100 102
1396:0100
1396:0101
1396:0102

BB
FE
FE

160
BB
FE
FE

7.13 BR

33
44

55

33
44
55

ETRAFRER.

d [rangel

AJANIEE range, M ERBREBHRREREEAR .

-d 100

1396:0100
1396:0110
1396:0120
1396:0130

-d

1396:0180
1396:0190
1396:01A0
1396:01B0

-d 10015
1396:0100

-d 100 11f
1396:0100
1396:0110

BB
00

55
11

00
00
00
00

BB

BB
00

7.1.4 &

FE
48

00
22

00
00
00
00

FE

FE
48

B REEIE.

FE
65
00
33

00
00
00
00

FE

FE
65

1396:
1396:
1396:

1396:
1396:
1396:

89
6C
00
00

00
00
00
00

89

89
6C

D8
6C
00
00

00
00
00
00

D8

D8
6C

0160
0161
0162

0160
0161
0162

01
6F
00
00

00
00
00
00

01
6F

02
2C
00
00

00
00
00
00

02
2C

03-04
20-57
00-00
00-00

00-00
00-00
00-00
00-00

03-04
20-57

05
6F
00
00

00
00
00
00

05
6F

00
72
00
00

00
00
00
00

00
72

00
00
00
00

06
6C

00
64
00
00

00
00
00
00

00
64

21
00
00

00
00
00
00

07
21

00
00
00
00

00
33

WATPAR TR E KE S 4R R AE .

08
44
00
00

00
00
00
00

08
44

.Hello, World!3D
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e <address> [list]
FRESSRZIME.

-d 100

1396:0100 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........cvuunsns
1396:0110 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........ovunssns
1396:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .........ovuasus

-e 100 1,2,3,4,5,6
-d 100
1396:0100 01 02 03 04 05 06 00 00-00 00 00 00 00 00 00 00 .........:u0nsns

1396:0110 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........cvuunsns
1396:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .......ceonunssnn

WA F TRAERE. FRSALEE, &£F5 """ FRAHE, SKREET—FT, O
R

-e 100
1396:0100 0l.aa 02.bb 03.cc

-d 100
1396:0100 AA BB CC 04 05 06 00 00-00 00 00 00 00 00 00 00 .........:00nsns

1396:0110 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........cvuunsns
1396:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........covunssnn

7.1.5EFE

{55 PR R HIR TS 75 o
f <range> <list>
TR SIFH,

-f 10016 ff

-d 100

1396:0100 FF FF FF FF FF FF 00 00-00 00 00 00 00 00 00 00 .........c:uussua
1396:0110 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........:ovuasas
1396:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .........:u0nsns

-f 100 120 1,2,3,4,5
-d 100
1396:0100 01 02 03 04 05 01 02 03-04 05 01 02 03 04 05 01 ........cvnunnnn

1396:0110 02 03 04 05 01 02 03 04-05 01 02 03 04 05 01 02 ......veevunnsnn
1396:0120 03 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ........:onuasns

BBERAZeSBEER AT, UWENREES
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f 100150 00

7.1.6 iIZ1T

BITLHEES .

g [=address] [breakpoint]

ERTREE MR "=" MRAI AFroathar, WA CS:IP.

-a 100

1396:0100 mov bx,
1396:0103 mov ax,
1396:0105 add ax,
1396:0108

-g =100 108

AX=3000 BX=1000 CX=0000 DX=0000 SP=FFE6 BP=0000 SI=0000 DI=0000
§5=1396 (S=1396 1IP=0108 NV UP EI PL NZ NA PE NC

DS=1396 ES=1396
1396:0108 0405

< P G EE—L, AIEEEEZEHNITHES!

1000
bx
2000

ADD AL, 05

p [=address] [number]

number ZLIAZE 1.

-p =100 3

AX=0000 BX=1000
DS=1396 ES=1396
1396:0103 89D8

AX=1000 BX=1000
DS=1396 ES=1396
1396:0105 050020

AX=3000 BX=1000
DS=1396 ES=1396
1396:0108 0405

CX=0000 DX=0000 SP=FFE6 BP=0000 SI=0000 DI=0000
SS=1396 (S=1396 1IP=0103 NV UP EI PL NZ NA PE NC

MOV AX, BX

CX=0000 DX=0000 SP=FFE6 BP=0000 SI=0000 DI=0000
SS=1396 (S=1396 1IP=0105 NV UP EI PL NZ NA PE NC

ADD AX,2000

CX=0000 DX=0000 SP=FFE6 BP=0000 SI=0000 DI=0000
SS=1396 (S=1396 1IP=0108 NV UP EI PL NZ NA PE NC

ADD AL, 05

TSR T, ERIMITLEES.

-r ip ; BEEHFR IP, FEABNITHLE

IP 4444
1100

-t

AX=1000 BX=1000 CX=0000 DX=0000 SP=FFE4 BP=0000 SI=0000 DI=0000
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DS=1396 ES=1396 SS=1396 (S=1396 IP=0103 NV UP EI PL NZ NA PE NC

1396:0103 89D8 MoV AX, BX

-t

AX=1000 BX=1000 CX=0000 DX=0000 SP=FFE4 BP=0000 SI=0000 DI=0000
DS=1396 ES=1396 SS=1396 (S=1396 IP=0105 NV UP EI PL NZ NA PE NC

1396:0105 050020 ADD AX,2000

-t

AX=3000 BX=1000 C(X=0000 DX=0000 SP=FFE4 BP=0000 SI=0000 DI=0000
DS=1396 ES=1396 SS=1396 (S=1396 IP=0108 NV UP EI PL NZ NA PE NC

1396:0108 0405 ADD AL, 05

7178

T MER R 5

h <valuel> <value2>

F—MERR A, BIARE

-h 2000 1000
3000 1000

7.1.8 &l
EHIAFR,

m <range> <address>

range RN EHLSERE, address 2 BFriEiaht.

~d 100

1396:0100 BB 00 10 89 D8 05 00 20-04 05 01 02 03 04 05 01
1396:0110 02 03 04 05 01 02 03 04-05 01 02 03 04 05 01 02
-m 10016 110

~d 100

1396:0100 BB 00 10 89 D8 05 00 20-04 05 01 02 03 04 05 01
1396:0110 BB 00 10 89 D8 05 03 04-05 01 02 03 04 05 01 02

7.19 5
ERSERFFHEAR.

r [register]
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-r
AX=3000 BX=1000
DS=1396 ES=1396
1396:0108 0405

-r ip
IP 0108
: 100

7.1.10 iRH

BRHIE S

CX=0000 DX=0000 SP=FFE4
SS=1396 (S=1396 IP=0108
ADD AL, 05

7.2 8086 FHLIER

7.2.1 SENFHEFN

HEBRERERERES

—a

1396:0100 mov ax, 1234

1396:0103

-t

BP=0000 SI=0000 DI=0000

NV UP EI PL NZ NA PE NC

o ZIREHRNEH, BERRVIBLTES.

AX=1234 BX=0000 C(X=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=1396 ES=1396
1396:0103 0000

5§5=1396 (CS=1396 1IP=0103
ADD [BX+SI],AL

722 EHEHFIFUAK

NV UP EI PL NZ NA PO NC

DS:0000=CD

RIFMERTSFET, BYSERATHIRE.

-a 100

1396:0100 mov ax,

5555

1396:0103 mov bx, ax

1396:0105
-p =100 2
AX=5555 BX=0000
DS=1396 ES=1396

1396:0103 89C3

AX=5555 BX=5555
DS=1396 ES=1396

CX=0000 DX=0000 SP=FFEE
5§5=1396 (CS=1396 1IP=0103
MoV BX, AX

CX=0000 DX=0000 SP=FFEE
5§5=1396 (CS=1396 1IP=0105

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC
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1396:0105 0000 ADD [BX+SI],AL

723 EESHAN
HiEAER<SHABBURIERIEE MmEHL.

-a 100

139B:0100 mov ax, [0010] ; M DS:0010 AbIEENZ#E

139B:0103

-p =100 1

DS:5555=00

AX=0DFF BX=0000 C(X=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

DS=139B ES=139B SS=139B (S=139B IP=0103
139B:0103 BE0200 MOV SI, 0002

-d 001016
139B:0010 FF oD 17 @03 FF @D

724 FEH#EEEFESUHEAK

KRBt FRESFEP, BYFESREEENERSE.

-a 100
1396:0100 mov bx, 0010

1396:0103 mov ax, [bx] ; #%F "mov ax, [0010]"

1396:0105

-p =100 2

AX=0000 BX=0010 CX=0000 DX=0000 SP=FFEE
DS=1000 ES=1396 SS=1396 (S=1396 IP=0103
1396:0103 8B07 MoV AX, [BX]
AX=E85B BX=0010 C(X=0000 DX=0000 SP=FFEE
DS=1000 ES=1396 SS=1396 (S=1396 IP=0105

1396:0105 0000 ADD [BX+SI],AL

-d 001016
1000:0010 5B E8 59 00 E8 D8

7.2.5 FEREXNFUTN
Rt = SERAR + RBEL
"COUNTI[BX]" 5k "[BX + COUNT]".

-a 100
139B:0100 mov bx, 0010

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

DS:0010=E85B

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

139B:0103 mov ax, 2[bx] ; #H%F "mov ax, [0010 + 2]"

DS:0010=5B
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139B: 0106

-p =100 2

AX=0000 BX=0010
DS=139B ES=139B
139B:0103 8B4702

AX=0317 BX=0010
DS=139B ES=139B
139B:0106 0000

-d 001016

139B:0010 FF @D

CX=0000 DX=0000 SP=FFEE
SS=139B (CS=139B 1IP=0103
MoV AX, [BX+02]

CX=0000 DX=0000 SP=FFEE
SS=139B (CS=139B IP=0106
ADD [BX+SI],AL

17 03 FF @D

7.2.6 EHTHIHAN

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

DS:0012=0317

BP=0000 SI=0000 DI=0000
NV UP EI PL NZ NA PO NC

DS:0010=FF

Rl = BRI FHFBAR + TUFFHENR.

"[BXI[DI]" A "[BX + DI]"

-a 100

139B:0100 mov bx,
139B:0103 mov di,
139B:0106 mov ax,
139B:0108

-p =100 3

AX=0317 BX=0010
DS=139B ES=139B
139B:0103 BF0200

AX=0317 BX=0010
DS=139B ES=139B
139B: 0106 8B01

AX=0317 BX=0010
DS=139B ES=139B
139B:0108 0000

-d 001014
139B:0010 FF @D

0010
2
[bx][di] ; #HTF "mov ax,

CX=0000 DX=0000 SP=FFEE
S§S=139B (CS=139B 1IP=0103
MOV DI, 0002

CX=0000 DX=0000 SP=FFEE
SS=139B (CS=139B 1IP=0106
MOV AX, [BX+DI]

CX=0000 DX=0000 SP=FFEE
SS=139B (CS=139B 1IP=0108
ADD [BX+SI],AL

17 03

7.2.7 X EUTH I UAK

[0010 + 2]"

BP=0000 SI=0000 DI=0000

NV UP EI PL NZ NA PO NC

BP=0000 SI=0000 DI=0002
NV UP EI PL NZ NA PO NC

DS:0012=0317

BP=0000 SI=0000 DI=0002
NV UP EI PL NZ NA PO NC

DS:0010=FF

R = BUSERAR + TUFHFERAE + FREE

"MASKI[BX][SI]" 3 "MASK[BX + SI]" 5k "[MASK + BX + SI]"

-a 100
139B:0100 mov bx,

0010



139B:0103 mov si, 2
139B:0106 mov ax, 2[bx][si] ; #HXF "mov ax, [0010 + 2 + 2]"
139B:0109

-p =100 3

AX=0317 BX=0010 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0002
DS=139B ES=139B SS5=139B (S=139B 1IP=0103 NV UP EI PL NZ NA PO NC
139B: 0103 BE0200 MOV SI, 0002

AX=0317 BX=0010 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0002 DI=0002
DS=139B ES=139B SS5=139B (S=139B 1IP=0106 NV UP EI PL NZ NA PO NC
139B: 0106 8B4002 MOV AX, [BX+SI+02] DS:0014=0DFF

AX=0DFF BX=0010 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0002 DI=0002
DS=139B ES=139B SS5=139B (S=139B 1IP=0109 NV UP EI PL NZ NA PO NC
139B:0109 0000 ADD [BX+SI],AL DS:0012=17

-d 001016
139B:0010 FF @D 17 @3 FF OO ...

EE B34S 1753 COUNTIESI * 4] == [ ESI * 4 + COUNT]
Euttb F1EHE S 77 [EAX][EDX * 8] == [EDX * 8 + EAX]
AN EAIEEE 53R 1k 541 75 70 MASK[EBP][EDI * 4] == [EDI * 4 + EBP + MASK]
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8. Binutils

8.1 addr2line
BREFHUE (VA R ER B2 MITS .

S
o f: BREREZ
o s: NBRXHZ, FNEFEREZ.
e P: VL Pretty-Print 7 & 7o
o € XHH

$ addr2line —pfe test 8028783

8.2 ar

FSREIZE. 182 $RENESSEE M.

SR
oS! BB EFEFBSERS|, HETF ranlib.
o I B R E R B AR
o C MIBRE B, CIEFERSE.
U B RBERNRE
o X: BEFEMR.

A& RER SR

$ ar rs libfunc.a func.o

EEFHSEAM.

$ ar t libfunc.a

RIBISEE.

$ ar x libfunc.a
8.3 gcc

GNU ZgiFzs.

S5
o C ERBIFH, BMEEE.
o O ERMEHIBAER.
o LM include L HEREER. (FRIKE)
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o L: 10 library &R KR,

o I SERZEESC . EEUN -Im FoREEEE libm.so .

o Static: Ea58EEE

T

o O: fLkREG, 70,1, 2,3 O1MER.

e M, MM: > ERE X HF-
o Wall: B REFAATREME LR,

HIFTEFF o

$ gcc —g Wall -std=c99 -I./include -I/usr/include/gc -o test -1lgc main.o func.o

4 NS EE .
$ gcc —c func.c
$ gcc —fPIC -shared —-o libfunc.so func.o

8.4 Idd

BYEIETT, EFETRITXHEISENS. BEBTEEISEMRRWESR.

S8
o V: BRIFHMEE

$ ldd test

8.5 nm
EEERXHRFSRPEXHRTS.

ZH
o I BRXHRZIITS.
o N FRIHEHEFF

$ nm func.o

8.6 objcopy

AFE—FHBEFEXHPHNAREFE S —MEAM B R

8.7 objdump

EREFXHER, BERTRLHK.

o
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S8
o a: WRERSERFR, U s -lo
e 9 BRIAIRIER.
o X: BIRLFBIER
o d: I %o
o I ROCHA T X2 FTS -
o M: RLHRSHL, LLANFERE intel =X att 58,
o S L ZREYHIL C RS,

$ objdump -dS -M intel test

8.8 readelf
AT 2R ELF XXHFMiER.
S
e a EFE R
e h: ELF 3L,
o |: Program EZ.
« S: Section k.
o X: AIZHF B REANR
e P AFFEREEBREAR.

B section table 52,
$ readelf -S test

R section ZHFIAR, AJLARZ -S HH B FSHE BT
$ readelf -x 13 test
$ readelf —-x .text test

BIR section FHFEAR.

$ readelf —p .strtab test

8.9 size
Hl| H BRSNS AR KN,

S
[ ) A Ei‘éﬁéﬁifgzl—/%\ o

$ size test
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8.10 strings

BREFRXR AT F R

$ strings test

8.11 strip
iR B ARSI RS o

S
o s: HBREHF S
o d: UHERIFIXFFS .

$ strip test
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9. Manpages

B|RLEARE MSDN %, EhZAEARBERTHARA.

$ sudo apt—get install manpages-dev
REFATARN T aSEEINVEERRTMT

$ man 3 <function>

un:

man 3 printf

TR -k SHRRMBAXNER

$ man -k printf

printf (1) — format and print data

printf (3) — formatted output conversion

vsnprintf (3) - formatted output conversion

vsprintf (3) - formatted output conversion

vswprintf (3) — formatted wide-character output conversion
vwprintf (3) — formatted wide-character output conversion
wprintf (3) — formatted wide-character output conversion
BERETETFM XS

$ man -wa printf

/usr/share/man/manl/printf.1.9z
/usr/share/man/man3/printf.3.9z
ManPages Section:

— commands

- system calls

— library calls

— special files

file formats and convertions

— games for linux

— macro packages and conventions
- system management commands

© 00 N O Ul A W N R
|

- others
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