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String.h

e strcmp/strncmp
e strcmp.c

» strcmp - cppreference.com THE

STANDARD

<time.h> #* <limits.h> % <float.h>

i Strcat e - ocale.h>
e concat.c

#<setjmp.h>x <signal.h>
% <limits.h> % <float.h>
* <errno.h> * <locale.h>
( <ctype.h> # <sjiing.h>
< stdlib.h> = <gdsert.h>

o memcmp <time.h> # < % <float.h>

<stddef.h> * <errno.h> * <locale.h>

* memcmp.c LIBRARY

P.J. PLAUCER



https://en.cppreference.com/w/cpp/string
http://why.ink:8080/static/code/CPL2024/strcmp.c
https://en.cppreference.com/w/c/string/byte/strcmp
http://why.ink:8080/static/code/CPL2022/10/concat.c
http://why.ink:8080/static/code/CPL2024/memcmp.c

LE R FE ST RN LN H IS £

e char * array[N];

« char (* array)[N];

» char *(array[N])

* char array[N]IM];



1 = (0] BN

e char * array[N];

. selectsortf == ~F R £14H
e strcmp

int __cdecl stremp(const char *_Str1,const char *_Str2);

« BE: §—®0HFswaplEHT4?

e pointer-array-sort.c



http://why.ink:8080/static/code/CPL2022/10/pointer-array-sort.c

[

?E%Jréﬁléﬂﬂ’ﬂ% I

- (BRI LITSH

 echo.c
 ./echo hello world

int
main(int argc, char *argv[I{

}

« ./echo —a hello -=b world —c
« getopt/getopt_long


http://why.ink:8080/static/code/CPL2024/echo.c

SE ik

s XX EHARRER?
e int (*fL1)();

e int (*f)(int, double);

« int *(*g[])(int, double);



PR ET R £T

s B RTINEMSERFHILRTER

return_type (*pointer_name)(parameter_types);

« RAEFHALANEBRTES
« BABEAREMNRERISLIN
- RMSARESRT, 8— T RYEHEECHbILL

* point.c


http://why.ink:8080/static/code/CPL2022/10/point.c

ECIES R LRI REZFE

e |Inteqgration.c

b n
/ fz)dz ~ 3 f(z) Az
% i=1

b—a
A = , Ti=a+1-Ax
n

» WolframAlpha (get the right answer!)
* integrate sin x dx from x=0 to 1 - Wolfram|Alpha (wolframalpha.com)
* integrate cos x dx from x=0 to 1 - Wolfram|Alpha (wolframalpha.com)



http://why.ink:8080/static/code/CPL2024/integration.c
https://www.wolframalpha.com/input?i=integrate+sin+x+dx+from+x%3D0+to+1
https://www.wolframalpha.com/input?i=integrate+cos+x+dx+from+x%3D0+to+1

HERF

e sort.c

» gsort, gsort s - cppreference.com



http://why.ink:8080/static/code/CPL2024/sort.c
https://en.cppreference.com/w/c/algorithm/qsort

PR ET R £T

« int (*comp) (const void *left, const void *right);
« int atexit(void (*func)(void));

» char (*(*arr[3])())[5];

» void (*signal (int sig, void (*func)(int)))(int);

e char (*(*func(int num, char*str))[1)();

10



*(*func(int num,

int

func(int num, char®* str) - func

(*fun nt num, char*

A i

(*func(int num, char®* str))[]
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« AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

void (*signal (int sig, void (*func)(int)))(int);


https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

« AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

N

signal (

13


https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

« AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

signal (int sig, void (*func)(int))

* signal@— R
o SEAINM—PMREEEE (SF8int, R[EI{EAvoid)


https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

« AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

*signal (int sig, void (*func)(int))

L |

* signal@— R
o SEAINM—PMREEEE (SF8int, R[EI{EAvoid)
« REEA—...... 15



https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

o AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

\ l

(*signal (int sig, void (*func)(int)))(

* signal@— R
o SYAINF—MERRHES (RESEHAInt, RE{EAvoid)
« REEA—NMEORFNIEE (8809..., REEA...)
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https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

o AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

\ l

(*signal (int sig, void (*func)(int)))(int)

* signal@— R
o SYAINF—MERRHES (RESEHAInt, RE{EAvoid)
- REEA—NMEORNIEE (S8 int, REEA...)

17


https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

o AEARTNERA (STFW: clockwise/spiral rule)

o L% AR IIRAY R e A U g9 =41
* Clockwise/Spiral Rule

void (*signal (int sig, void (*func)(int)))(int);

T |

* signal@— R
o SYAINF—MERRHES (RESEHAInt, RE{EAvoid)
- REEA—NMEORENIEE (S803int, RE{Evoid)

s KEHRT> <, BRBEHENIMNE
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https://c-faq.com/decl/spiral.anderson.html

— ISR BEIE R BB F

o AEARTNERA (STFW: clockwise/spiral rule)
o ZNAE A REYEHR EE N

void (*signal (int sig, void (*func)(int)))(int);

* signal@— R
o SEOAINF—MERIRENEE (RESENiInt, REE Vo)
« IREIEA—NMERQREBIEE (S8 0int, RE{EAvoid)
void (*signal (int sig, void (*func)(int)))(int);

void (*signal (int sig, func))(int);

void (*)(int);

19



— ISR BEIE R BB F

« AEARTNERA (STFW: clockwise/spiral rule)
o« ZZIRAER MY EH IR e AN

void (*signal (int sig, void (*func)(int)))(int);

* ASXAJEEARZN

typedef void (*sighandler_t)(int);
sighandler_t signal(int, sighandler_t);



man 2 signal

i Applications Terminal - why@debian... | 09:42 EN S& why

Ej Terminal - why@debian: ~ v =
File Edit View Terminal Tabs Help

SIGNAL(2) Linux Programmer's Manual SIGNAL(2)
NAME

signal - ANSI C signal handling

SYNOPSIS
#include <signal.h>

typedef void (*sighandler_t)(int);
sighandler_t signal(int signum, sighandler_t handler);
DESCRIPTION
The behavior of signal() varies across UNIX versions, and has also varied histori-

cally across different versions of Linux. Avoid its wuse: use sigaction(2) in-
stead. See Portability below.

signal() sets the disposition of the signal signum to handler, which is either
SIG_IGN, SIG_DFL, or the address of a programmer-defined function (a "signal han-
dler").

If the signal signum is delivered to the process, then one of the following hap-
pens:

* If the disposition is set to SIG_IGN, then the signal is ignored.

* If the disposition is set to SIG_DFL, then the default action associated with
the signal (see signal(7)) occurs.

* If the disposition is set to a function, then first either the disposition is

reset to SIG DFL, or the signal is blocked (see Portability below), and then
Manual page signal(2) line 1 (press h for help or q to quit)




End

e cdecl: C qgibberish <~ English
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https://cdecl.org/
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A7

int main(int argc, char *argvl]) {
int *p = (void *) 1; //OK
*p = 1; //Segmentation fault
1

25



N7

fBEt: a8

— Bk

\_/ int *p

void *p

RIEE: |
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N7

XFattt it F GBI FFRIFEIE: long

|
(. 8BS BAfrbit

a‘
long *

P oiEtt: $5H— bt
* (Iong * ) Y%oplan Hitita
b void *p
void printptr(void *p) { BRI EIE longhilit

printf("p = %p; *p = %0161lx\n", p, *(long *)p);
} | Tlunki=ka gr=l]psichl

LA16ALT 6 FIEE T E . 16*4=64bit

27



main, argcflargv

» —1J] &5 A Uitk |

void printptr(void *p) { 15 [m B9 b HE L R 77 REIE 9 long e H 16431633 &
printf("p = %p; *p = %016Ix\n", p, *(long *)p);

J B IS EHE B A ok

int x;

int main(int argc, char *argv[]) {
printptr(main); // /44
printptr(&main);
printptr(&x); // 2075
printptr(&argc); // #7%
printptr(argv);
printptr(&argv);
printptr(argv[0]);

28



C Type System

« KA W—EREFRNFEEL I
- JEEC4R: ®Bclass, polymorphism, type traits, ......
- CERNFrARNEIEEI T AR L ($85) +258) (XIHubpOfREE )

- BIF (RREREFHTHETCES)

int main(int argc, char *argv[]) {
int (*f)(int, char *[]) = main;
if (argc = 0) {
char ***a = &argv, *first = argv[0], ch = argv[0][0];
printf("arg = \"%s\"; ch = '%c'\n", first, ch);
assert(***a == ch);

flarge - 1, argv + 1); $ ./a.out 1 2 3 hello
¥ arg = "./a.out"; ch="."
} arg = "1"; ch = '1'
arg = "2"; c¢ch = '2'
arg = "3"; c¢ch = '3’
arg = "hello"; ch = 'h'




=» int main(int argc, char *argv(]) {

int (*f)(int, char *[]) = main; BRI EFE £

if (argc = 0) {
char ***g = &argv, *first = arn\/r(ﬂ ~rh — arend NN

printf("arg = \"%s\"; ch = '%
assert(***a == ch);

| 1
| |
1 1

f(argc - 1, argv + 1);

RFF

gy (Ar@e | AT
argv | ? 18§, F6aEMLE, 644UNZE, 8FDH
f ? 18§t, TEMEMLUE, 640IHEE, 8=

W fm

main

T XHERBIPIFAIRREE: int

} fgEt: IEm— Mt j)
b int *p

char *argv[] =» char **argv = (char *

)*argv

30



int main(int argc, char *argvl(]) {
> int (*f)(int, char *[]) = main;
if (argc != 0) {
char ***a = &argv, *first = ar
printf("arg = \"%s\"; ch = '%
assert(***a == ch);
f(argc - 1, argv + 1);

T IHEFBINFRIMRE: int

jEbt: IEE— it )
b int *p

}
}
char *argv[] =@ char **argv = (char * )*argv
N
e fi# i A char * fRiE M char
e argc | 4F®
itk o D
argv - gers
—_— e a
f 8%-13 ﬂf,i_”:, 8 ................................................... 1$_|_I_j|_
main] &8

31



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

if (argc = 0) {
char ***a = &argv, *first = argv[0], ch = argv[0][0];

= printf("arg = \"%s\"; ch = '%c'\n", first, ch);
assert(***a == ch);
f(argc - 1, argv + 1);

}
"""""""""""""" 4
N#F
... | argc | 4%¥W . 2 H—m]/r——
gy Qe T e -
argv ..... 8?'{3" tmi_l_l:, 8%13 \1\;13
S fEIE Achar
f 8F T
1

32



int main(int argc, char *argvl(]) {
int (*f)(int, char *[]) = main;
if (argc = 0) {
char ***a = &argv, *first = argv[0], ch = argv[0][0];
printf("arg = \"%s\"; ch = '%c'\n", first, ch);
assert(***a == ch);

> f(argc - 1, argv + 1);
}
}
N
. | argc | 4FW .
argv - 8F 1
f 8=FT

int *p; 9 p+1
RintfE F— 1N ARFRbiE

y
.,

main

|

K5




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

if (argc != 0) {
char ***a = &argv, *first = argv[0], ch = argv[0][0];

=
printf("arg = \"%s\"; ch = '%c'\n", first, ch);
assert(***a == ch);
f(argc - 1, argv + 1);

}

}
N
e |argc | AFE

.v argv ..... 8$‘;_‘||'j|'

; f 8FH

*, i =

a | 85T #charfiig. .-

y
.,

main

»
—
PG
—~
JdFA




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

int (*f)(int, char *[]) = main;
if (argc != 0) {

char ***a = &argv, *first = argv[0], ch = argv[0][0];
printf("arg = \"%s\"; ch = '%c'\n", first, ch);

f(argc - 1, argv + 1);

->
assert(***a == ch);
}
}
NF
., argc | 4F1T
HERE J T
:' argv - 8%13
SIS
i a 8FH
ch €« H
mainy (£

"'
.

Hello

-----
------------
. "~
[N L
. .
. .
o .

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

int (*f)(int, char *[]) = main;
if (argc != 0) {

char ***a = &argv, *first = argv[0], ch = argv[0][0];
printf("arg = \"%s\"; ch = '%c'\n", first, ch);

f(argc - 1, argv + 1);

=
assert(***a == ch);
}
}
N
. argc | 4FT |
A e R
» argv - 8%13
it | 8FE®E
1 a 8F T
ch € H
mainy {t75

"'
.

-----
------------
. "~
[N L
0
- ‘e
o .

Hello
\
Hie|l|l]|o 0
T — YRR

- fiZ A char

PY

.
.
st

printf(first): Hello

printf(ch): H
HF—®HitargvigE Ay iEAL
RNENFHFRNE—NFNT
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int main(int argc, char *argv(]) {

int (*f)(int, char *[]) = main;

: $ ./a.out 1 2 3 hello
if (argc 1= 0) { arg = "./a.out"; ch = "'."
char ***a = &argy, *first = argv[0], ch qarg = "1"; ch = '1°
- printf("arg = \"%s\"; ch = '%c'\n", firstarg = "2"; ch = '2'
assert(***a == ch); arg = "3"; ch="'3"
f(argc - 1, argv + 1); arg = "hello"; ch = 'h'
}
} | f&izAachar * Hello
““ u,
& o .
5 /|al.|olu 0
... | argc 5| o =T
i&*ﬂz argv - e® tmill: 8?% ........................................................ :I.'?"-I'j"
.' "R B ) ‘:o .
! : . fEIEAchar
L P S-4 i targviga fb L AT At
T ﬂm#m$ﬁ$ﬁﬁ_¢$ﬁ
-' arg = “./a.out”; ch = “’
ch
mainy A7
Ja.out 12 3 Hello
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int main(int argc, char *argv(]) {

int (*f)(int, char *[]) = main; $ ./a.out 1 2 3 hello
if (argc != 0) { arg = "./a.out"; ch = "'."
char ***a = &argy, *first = argv[0], ch qarg = "1"; ch = '1°
= printf("arg = \"%s\"; ch = '%c'\n", firstarg = "2"; ch = '2'
assert(***a == ch); arg = "3"; ch="'3"
f(argc - 1, argv + 1); arg = "hello"; ch = 'h'
}
} Hello
e \
: Mo
4 +
Cip argc o /T =
i&*& ““ ............................................. o m o
R 4 al’gV hauus® o}%-lj
: f “‘ﬁ:m,djchar
5 CharEIE... .o 54585 Hargvisi S0 T E b
....................... iW#Eﬁ%ﬂ%sﬁj%_/\ ﬂ
- arg = “./a.out”; ch = “’
Ch g4 €q9
arg="1;ch="1
main %0
Ja.out 12 3 Hello -




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

int (*f)(int, char *[]) = main; $ ./a.out 1 2 3 hello
if (arge != 0) { arg = "./a.out"; ch = ".
char ***a = &argy, *first = argv[0], ch qarg = "1"; ch = '1°
= printf("arg = \"%s\"; ch = '%c'\n", firstarg = "2"; ch = '2'
assert(***a == ch); arg = "3"; ch="'3"
f(argc - 1, argv + 1); arg = "hello"; ch = 'h'
}
} ﬁgié:lgz\j.ghar * Hello
¢““ hay,
W \
: %lo
- argc 3 et
gt 29[0T e ge s
3 : . fEIEAchar
3 2 Char i oo G4t Hargvigm Ayt T it
.......... (-: ---a":---ﬁ ----- ﬂmﬁﬁl\]$ﬁ$$ﬂ%_4\$ﬁ
-" arg = “./a.out”; ch = “’
Ch 1P R (PR
arg= 1;ch="1
'T%EEB arg = u2”; ch = c2’
main _
Ja.out 12 3 Hello 2




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

int (*f)(int, char *[]) = main; $ ./a.out 1 2 3 hello
if (argc != 0) { arg = "./a.out"; ch = "'."
char ***a = &argy, *first = argv[0], ch qarg = "1"; ch = '1°
= printf("arg = \"%s\"; ch = '%c'\n", firstarg = "2"; ch = '2'
assert(***a == ch); arg = "3"; ch = '3’
f(argc - 1, argv + 1); arg = "hello"; ch = 'h'
}
} ﬁgi::':'?\j-c- -a.r.‘: He”O
N . \
. 3
0. 0
. argc 2 o’ :
Rk v argv _"___,.--“' Hoht, 8=H 000 e .‘:I,?;Ia-jl—
3 : . fEIEAchar
S 2 Char i oo f-~4Hy H argvig (At Fr 77t
- E—— charfig. .- i el M e e
arg = “./a.out”; ch =
Ch 1P R (PR
arg="1;ch="1
- arg = “2”;ch = ‘2
maln“ = (13 ”. _ ¢ )
Ja.out 12 3 Hello g = gen= e .




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

: $ ./a.out 1 2 3 hello
if (arge != 0) { arg = "./a.out"; ch = ".
char ***a = &argy, *first = argv[0], ch qarg = "1"; ch = '1°
= printf("arg = \"%s\"; ch = '%c'\n", firstarg = "2"; ch = '2'
assert(***a == ch); arg = "3"; ch = '3’
f(argc - 1, argv + 1); arg = "hello"; ch = 'h'
}
} #@itchar Hello
it TTTTR
: ell|llo 0
. argc 1 oo -
i&*& v argv Eery . f&iﬂ:, 8?13 .‘:I,?—lﬁ-
3 : . fEIEAchar
. e S5 Hargvigia Fdb AT et
' - ........................ P b M 0 ity
arg = “./a.out”; ch =
Ch g4 €q9
arg="1;ch="1
A e arg = “2”7; ch = ‘2
maln“ = 13 ”. _ (4 b
Ja.out 12 3 Hello dg= fien= ¢ :
arg = “hello”; ch = ‘h’




void printptr(void *p) { BRI R 9 longii i 164371 613
printf("p = %p; *p = %0161x\n", p, *(long *)p);

} IS ET S RIATHELE

dniERe:

: L. $ ./a.out

int main(int argc, char *argv[]) { . —
Elntnte(near s o g giggg::gggiiggl *p = 10ec8348e5894855
printptr(&main); ’ =
rintptr(&x); // # Ox563afd3d2034; HBAEXX, HALXXAFHIAE

printptr(Rargc); // 27 p = Ox/ffcada0761c; *p = fd3cf1d00OOOOOOL
Pzng&g")) p = 0x7ffcada®7708;w s p = 00007 ffcadad84fe
ey p = 0x7ffcada07610;/**p = 00007ffcada®7708
) p = Ox7ffcada®84fe’ *p = 0074756f2e612f2e
C d
R 1F P J N/
. 89 argC 4?:"%‘ “““
e R e L e ———
i‘mi-”:, 8?%‘. ................................................... 1 $__I'_j'_
i Achar
p *p
printptr(&argc) a argc{E
printptr(argv) c d
ARFD printptr(&argv) b (o
main - . ¥ N
printptr(argv[0]) d AL FFF & "




Mmain& & H IR 1T

s fREMECERMMmainFBHRT
(BE: wEANmMan? #ERTHE—FKIESEMH4A? )

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

« argc (argument count): S &
e argv (argument vector): 2#%I15& (NULLZZR )

e |s —al
e argc = 2, argv = ["Is", "-al", NULL]
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End
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