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Chapter 1

Foreword

Cénh ctia tii ti kéo ket md ra, d€ 16 mot hanh lang dai véi nhiing chdng sach truyén thuyét phu bui...
Thoi, ¢6 1€ khong phai vy dau.

Nhung ban d4 tim ra phan Tham chiéu Thu vién (Library Reference) ctia Beej’s Guide to C!

Day khong phai mot tutorial, ma la mot bd manual page day du (hay man page theo kiéu goi clia miy
dan Unix), dinh nghia moi hAm trong Thu vién chuén C, kém vi du.

“Thua ngdi, cudn ndy chita moi chit cia thit tiéng ma ching ta yéu quy.”

“Tung chii mot, thua ngdi?”

“Tung chii mgt, thua ngai!”

“O, vay thi, thua ngai, t6i mong ngai khong phién néu toi ciing giii dén vi bac si loi chiic phan-miéng-
banh-ngum (contrafribularities) néng nhiét nhdt cia minh.”

—Blackadder tréu Tién si Samuel Johnson

Thuc ra ¢c6 mot s6 ham bi bé ngoai guide nay, ding chi y nhat la miy ham “safe” tuy chon (c6 hau to

=D
Nhung moi thd ban c6 thé mudn thi chic chin déu c6 & day. Kém vi du.

Chic vay.

1.1 Doi tugng
Guide nay danh cho nguéi da thao C 6 muic kha kha.

Néu ban chua thudc nhém d6 ma muoén tré thanh, t6i xin hét long, hoan toan khéng thién vi, giéi thiéu
cudn Beej’s Guide to C Programming!, c6 sdn mién phi & bat cti dau Internet dudc ban.
1.2 Cach doc cuén nay

Dung muc luc hodc index dé tim ham hodc chu dé ban cn.

R6i lay mét t6 ngii coc yéu thich ra, va chén thoai mai ddng chii nghia ngon lanh trong day.

1.3 Nén tang va Compiler

Tbi sé ¢ bam vao ISO-standard C? ¢6 dién. U, phan 16n 1a vay. Thi thoang t6i c6 thé néi hiing néi vé
POSIX? hay gi d6, dé xem da.

Lhttps://beej.us/guide/bgc/
2https://en.wikipedia.org/wiki/ANSI_C
Shttps://en.wikipedia.org/wiki/POSIX
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Unix (Linux, BSD, v.v.) thii g6 cc hodc gcc ngoai command line, c6 thé ban d4 cé sin compiler roi.

Néu chua, tim cach cai gcc hodc clang trén distro ctia ban.

Windows thti Visual Studio Community*. Ho#ic, néu ban muén trai nghiém kiéu Unix (khuyén khich!),
cai WSL’ roi cai gec .
Mac thi cai XCode®, nhé bat command line tools.

C6 rat nhiéu compiler, va hau nhu cai nao cting dung dudc cho cudn nay. Va compiler C++ sé compile
dugc kha nhiéu code C (nhung khong phai tit ca!). Tt nhit la dung compiler C thuc thu néu cé.

1.4 Trang chu chinh thic

Dia chi chinh thiic cta tai liéu ndy 1a https://beej.us/guide/bgclr/ 7. Trubc day & day c6 mot ghi
chu vé viéc di chuyén khoi may chu & Chico State (trudng ci cta t6i), nhung d6 1a chuyén ty ndm trude
roi va cau chil van con day chi vi né dudc copy tii Network Guide sang, [hit thd] ma t6i da kha lau roi
khéng doc lai toan bd.

Hét chuyén.

1.5 Chinh siach Email

Noi chung t6i ludn sdn long gitp tra 15i cAu héi qua email, cd viét thoai mai, nhung t6i khong dam bao
sé tra 13i. Toi séng khé ban, c6 nhiing luc don gian 1a khong tra 13i néi. Nhiing lac d6 t6i thudng xoa
ludn tin nhan. Khong phai chuyén ca nhan gi dau; chi la t6i khong bao gis du thdi gian dé dua ra cau
tra 13i chi tiét ma ban can.

Theo kinh nghiém, cau hoi cang phic tap, tdi cang it kha ning tra 16i. Néu ban chiu kho thu hep cau
hoi trude khi gti, va nhé kém moi thong tin lién quan (nhu nén tang, compiler, cac thong bao 16i ban
gép, va bit ¢l gi ban nghi sé gitp tdi debug), ban c6 co hoi dudc tra 16i cao hon nhiéu.

Néu ban khong dudc tra 18, cii ciy thém, thi tu tim ra dap 4n, va néu né van l4n trén, hay viét lai cho
t6i v6i thong tin ban da thu thap dugce, va hy vong chiing d6 la du dé toi gitp dudc.

Gig khi da cin nhdn ban vé cich nén va khong nén viét thu cho tdi, t6i cling mudn noi 1a tdi hét stic
tran trong moi 16i khen ma cuén guide nhén dugc qua nhiéu ndm nay. D6 1a mot liéu tinh than thuc su,
va t6i mung khi biét n6 dang dudc ding cho muc dich t6t! :-) Cam on nhé!

1.6 Mirror

Ban hoan toan dugc hoan nghénh mirror trang nay, du cong khai hay riéng tu. Néu ban mirror cong

khai va muén t6i link t6i ti trang chinh, guti cho téi mét dong & beej@beej.us .

1.7 Ghi chu cho ngudi dich

Néu ban muodn dich guide sang ngén ngii khac, viét cho tdi 8 beej@beej.us va toi sé link t6i ban dich
cta ban tii trang chinh. Ban c6 thé thém tén va thong tin lién hé clia minh vao ban dich.

Luu y cac rang budc gidy phép 6 muc Ban quyén va Phan phoi bén duéi.

1.8 Ban quyén va Phan phdéi

Beej’s Guide to C Programming, Library Reference 1a Copyright © 2021 Brian “Beej Jorgensen” Hall.

4https://visualstudio.microsoft.com/vs/community/
Shttps://docs.microsoft.com/en-us/windows/wsl/install-win10
®https://developer.apple.com/xcode/
"https://beej.us/guide/bgclr/
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Vi mot s6 ngoai 1é cu thé cho source code va ban dich (xem bén dudi), tic phdm nay dudc cap phép
theo Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License. D& xem ban sao
cua gidy phép, vao https://creativecommons.org/licenses/by-nc-nd/3.0/ hodc gui thu téi Creative
Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

Mot ngoai 1é cu thé d6i v6i phan “No Derivative Works” ctia gidly phép 1a: guide nay c6 thé duge dich tu
do sang bt cti ngdn ngil nao, mién 1a ban dich chinh x4c va guide dudc in lai tron ven. Cac rang budc
gidly phép ap dung cho ban dich gidng nhu v6i ban gde. Ban dich ciing ¢6 thé kém tén va thong tin lién
hé ctia ngudi dich.

Source code C xuat hién trong tai liéu nay dudc tuyén bd dua vao public domain, hoan toan khéng bi
rang budc gidy phép.

Cac nha gido duc dudc khuyén khich tu do gidi thiéu hodc cung cap ban sao cua guide nay cho hoc vién
ctia minh.

Lién hé beej@beej.us dé biét thém.

1.9 Lgidé tang
Nhiing chuyén kho nhét khi viét may cudn guide nay la:

« Hoc du siu dé c6 thé giai thich dugc

« Tim ra cach giai thich sao cho rd, mét qua trinh lip di lap lai tudng chiing vo6 tin

« Dit minh ra d6 nhu mot céi goi la chuyén gia, trong khi thuc ra t6i chi la mot con ngudsi binh
thudng dang ¢d hiéu moi th, gidng moi ngudi khac

« Giti ltia v6i n6 khi nhiéu thi khac ¢t doi su chu y cta toi

Rat nhiéu ngudsi da gitp téi qua quéa trinh nay, va t6i mudn ghi cong nhiing ai da gop phan lam nén
cuodn sach nay.

« Moi ngudi trén Internet da quyét dinh chia sé kién thiic cia minh theo cach nay hay céach khac.
Viéc chia sé kién thiic huéng ddn mot cach tu do chinh 14 thit 1am nén mot Internet tuyét vdi nhu
ta thay.

« Céc tinh nguyén vién & cppreference.com®, nhiing ngusi xay ciy cau néi til spec sang thuc té.

« Nhiing ngusi t6t bung va hiéu biét § comp.lang.c’ va r/C_Programming!?, nhiing ngusi da kéo
td1 qua cac phan kho cta ngdn ngii.

« T4t ca nhiing ai da giii corrections va pull-request cho da thii tii huéng dan gay hiéu [Am dén 16i
chinh ta.

Camon! @

8https://en.cppreference.com/
“https://groups.google.com/g/comp.lang.c
Ohttps://www.reddit.com/r/C_Programming/
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Chapter 2

The C Language

DAy 14 ban tdng quan nhanh cac diém nhan thdi thugng va vui vé ctia ct phap, keyword, va nhiing “con
thd” khac trong sé thu C.

2.1 Boicanh

Mot vai thd ban can dé hiéu cac vi du bén duéi.

2.1.1 Comment
Comment trong C bat ddu bang // va kéo dén cudi dong.

Comment nhiéu dong bt dau bdng /* va kéo dén khi gip */ dong.

2.1.2 Dau phan cach

Biéu thic trong C dugc phan cich bang ddu chdm phiy ( ; ). Ching thudng xuit hién § cudi dong.

2.1.3 Biéu thiic

Néu n6 khong phai keyword hay ky tu d4c biét, kha ning né 1a mot biéu thiic. Cit nghi “toan hoc cong
thém 16i goi ham”.

2.1.4 Caulénh

Ciinghi if, while, v.v. Cac keyword thuc thi.

2.1.5 Boolean

Bo6 qua kiéu bool , s6 khong 1a false va khac khong 1a true.

2.1.6 Block

Nhiéu biéu thtic va keyword diéu khién ludng c6 thé dugc goi trong mot block, gobm { theo sau la mot

hay nhiéu biéu thiic hodc cau lénh, roi } .

2.1.7 Vidu code

Chtng nhdm cho ban hinh dung cach dung cac cau 1énh khéc nhau, chi khong phai liét ké vi du toan
dién.

Trong cac vi du dudi day, néu chd d6 c6 thé 1 biéu thic hoic ciu lénh, tii code dudc chén vao.

5
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2.2 Toan td

2.2.1 Toan tii s6 hoc
Céctoan tisé hoc: +, -, *, /, % (phan du).
Phép chia la chia s6 nguyén néu moi toan hang déu la s6 nguyén. Néu khong, két qua 1a sd thuc.

Ban ciing c6 thé d6i ddu mot biéu thiic bing cach dit - trudc né. (Ban cling c6 thé dit + trudc, viéc
nay khoéng lam gi vé mat toan hoc, nhung né khién Usual Arithmetic Conversions dugc thuc hién trén
biéu thic dé.)

2.2.2 Pre- va Post-Increment, Pre- va Post-Decrement

Toan tu post-increment ( ++ ) va post-decrement ( -- ) (ddt sau bién) lam viéc ctua chung sau khi phan
con lai cta biéu thiic da dudc tinh.

int x = 10;
int y = 20;
int z = 30;
int w = (x++) + (y--) + (z++);

print("%sd %d %d %d\n", x, y, z, w); // 11 19 31 60

Toan tii pre-increment ( ++ ) va pre-decrement ( -- ) (dat trudc bién) lam viéc ctia ching trude khi phan
con lai ciia biéu thtic dudc tinh.

int x = 10;
int y = 20;
int z = 30;

int w = (++x) + (--y) + (++2);

print("s%sd %d %d %d\n", x, y, z, w); // 11 19 31 61

2.2.3 Toan tu so sanh

T4t ca déu tra vé mot gia tri true hoic false ki€u Boolean.
Nho hon, 16n hon, va bang lan lugt la: <, >, ==.

Nho hon hoic bing va 16n hon hodc bing 1a <= va >=.

Khong béngla !=.

2.2.4 Toan tii con tro
* dit trudce bién con tro dereference bién do.
& dat trude bién lay dia chi cia bién do.

Céac toan ti s6 hoc + va - ciing chay trén con tré dé 1am sé hoc con tré.

2.2.5 Toan ti cho Struct va Union
Toan ti ddu chdm ( . ) 14y gié tri mot field tU struct hodc union .

ToAn ti mii tén ( -> ) 14y gia tri mot field tit con trd t81 struct hay union . Hai cich dudi day tuong
dudng nhau, gia st p chinh la loai con tro do:
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(*p) .bar;
p->bar;

2.2.6 Toan tli mang

Toan tii ngoic vudng c6 thé tham chiéu mot gia tri trong mang;:

a[1l0] = 99; J

Day la “syntactic sugar” boc ngoai s6 hoc con trd va dereference. Dong trén tudng duong véi:

*(a + 10) = 99; ]

2.2.7 Toan ti bit

Dich bit phai: >>, dich bit trai: <<.

int i = x << 3; // dich trdi 3 bit ’

Viéc dich phai trén mét gia tri ¢ diu ¢ duge mé rong dau hay khong 1a implementation-defined.

Bitwise AND, OR, NOT, va XOR lan lugt1a &, |, ~,va ~.

2.2.8 Toan td gan
= dling mot minh 14 phép gan cd ban.

Nhung con c6 cac phép gan két hgp, ki€u viét tit. Vi du, hai dong sau vé ¢ ban la tudng dudng:

X =X+ 1;
X +=1;

C6 cac toan ti gan két hgp cho phan 16n cac toan tii khac.

S6hoc: +=, -=, *=, /=,va %=.

2.2.9 Toantd sizeof

Déy 1a toan ti ldc compile, cho ban kich thudc tinh bing byte ctia ki€u cta d6i s6. Kiéu cta biéu thiic
dugc dung; biéu thiic khéng dudc danh gia. sizeof lam viéc véi bat ky ki€u ndo, ké ca kiéu hgp do
ngudi dung dinh nghia.

Kiéu tra vé la kiéu integer size t.

float f;
size t x = sizeof f;

printf("f is %zu bytes\n", x);

Ban cling c6 thé chi dinh truc tiép tén kiéu bing cach boc né trong ngoic:

size t x = sizeof(int);

printf("int is %zu bytes\n", x);
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2.2.10 Type Cast
Ban c6 thé ép mot biéu thiic sang kiéu khac (trong gii han hdp ly) bing cach cast sang kiéu do.
Ban dit tén ki€u mdi trong ngoic.

O day ta dang ép biéu thiic con x thanh kiéu float ngay trudc phép chial. Cai nay lam cho phép
chia, néu khong sé 1a chia s6 nguyén, tré thanh chia s6 thuc.

int x = 17;

int y 28

float f = (float)x / y;

2.2.11 Toan tii _Alignof

Ban c6 thé 1dy byte alignment cta bt ky kiéu nao véi toan ti compile-time _Alignof . Néu ban include

<stdalign.h>, ban c6 thé dung alignof thay thé.

Bat ky kiéu nao ciing c6 thé 1a d6i s6 cta toan tu, va phai dat trong ngoic. Khac v6i sizeof , ddi so
khoéng thé 1a biéu thiic.

‘ printf("Alignment of int is %zu\n", alignof(int)); ]

2.2.12 Toan ti ddu phay

Ban c6 thé phan tach cic biéu thiic con bing diu phiy, mdi biéu thic sé dudc tinh ti trai sang phai, va
gi tri cia toan biéu thiic sé 13 gia tri clia biéu thic con dling sau diu phiy cudi cung.

int x = (1, 2, 3); // Cach ngbé’c dé’ gan ‘x = 3° }

Thudng thi cai nay duge dung trong cdc ménh dé ciia vong lap. Vi du, ta c¢6 thé gan nhiéu lan trong
vong for , va c6 nhiéu biéu thiic post nhu thé nay:

‘for(i:Z,j=10;1<100;i++,j+=4){...} J

2.3 Type Specifier

Céc kiéu integer tii nho nhit dén 16n nhat: char, short, int, long, long long .

Bat ky kiéu integer nao ciing c6 thé c6 tién t6 signed (mic dinh, trii char ) hodc unsigned .

Viéc char c6 dau hay khong la implementation-defined.

Céc kiéu floating ti it chinh x4c nhat dén nhiéu nhat: float, double, long double .
void 1a kiéu biéu dién “khong c6 kiéu”.

_Bool la kiéu Boolean. Kiéu nay thanh bool trong C23. Cac phién ban C trudc d6 phai include
<stdbool.h> d€ co bool .

_Complex chi mot kiéu s6 phuc floating, khi két hgp v6i mot kiéu d6. Include <complex.h> dé dung
complex thay thé.

complex float x = 1.2 + 2.3*I;
complex double y = 1.2 + 2.3*I;

Viéc nay khong thay déi kiéu ctia x & ngii canh khac, né chi cé hiéu luc trong lan ding cu thé nay trong biéu thiic nay.
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_Imaginary lakeyword tuy chon, dung dé chi mot kiéu tudng tugng (phin imaginary ctia mot sd phiic)
khi két hgp véi kiéu floating. Include <complex.h> d€ dung imaginary thay thé. Ca GCC va clang
déu khong hd trg cai nay.

imaginary float f = 2.3*I;

_Generic 1a “cai chuyén kiéu”, cho phép ban sinh ra code khac nhau luc compile tuy vao kiéu cta dit
liéu.
2.4 Kiéu hing

Ban c6 thé khai bao hing véi kiéu cu thé (du d6i khi né 1a kiéu 16n hon). Trong vi du dudi, véi cac kiéu
khong qualifier, hoa thudng khong quan trong, va U c¢6 thé ding trude hodc sau L hodc LL .

123 int hoac 1én hon

123L long int hodc 1én hon
123LL long long int

123U unsigned int hodac 1én hon
123UL unsigned long int hodac 1én hon
123ULL unsigned long long int
123.4F float

123.4 double

123.4L long double

‘a' char

"hello, world" char* (string)

Ban cling c6 thé chi dinh hing 6 co s6 khéc:

123 thap phan
0x123 hexa
0123 bat phan

Ban cling c6 thé chi dinh hing floating theo ky hiéu luy thita co s6 10:

‘ 1.2e3 1.2 x 1073 ’

Va ban c6 thé chi dinh float & hex! Chi cé diéu trong trudng hop nay s6 mil van & thap phén, con cd s6
la 2 thay vi 10:

‘ 0x1.2p3 0x1.2 x 273 J

2.5 Kiéu hgp

2.5.1 Kiéu struct

Ban c6 thé dung mot kiéu hgp tu cic kiéu khac bdng struct rdi khai bao bién c6 kiéu do.

struct animal {
char *name;
int leg count;
s
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struct animal a;
struct animal b = {"goat", 4};
struct animal c = {.name="goat", .leg count=4};

Truy cip bang toan tii ddu chdm ( . ), hodc néu bién la con trd t8i struct , bing toan ti mdi tén ( -> ).

struct animal *p = &; // b 0" trén

printf("sd\n", b.leg count);
printf("%d\n", p->leg count);

2.5.2 Kiéu union

Chung giong kiéu struct vé cach dung, chi khac 1a ban chi dung dugc mot field tai mot thsi diém.
(Cac field chia sé cung vung bo nhé.)

union dt {
float distance;

int time;
};
union dt a;
union dt b = {6}; // Kho’i tao "distance", field dé'u
union dt c = {.distance=6}; // Kho’i tao "distance"
union dt d = {.time=6}; // Kho'i tao "time"

Truy cap bang toan ti ddu chdm ( . ), hodc néu bién 1 con trd t6i union , bing toan tu mii tén ( -> ).

union dt *p = &b;

printf("sd\n", b.time);
printf("sd\n", p->time);

2.5.3 Kiéu enum

Cho ban céch c¢6 kiéu d€ dit tén cho cac gia tri hing integer. Chung dung dudc véi switch() , hay lam
kich thuéc mang, hay & bt cti chd nao can gia tri hing.

Theo thong &, tén viét hoa.

enum animal {
ANTELOPE,
BADGER,
CAT,
DOG,
ELEPHANT,
FISH

}i

enum animal a = CAT;

if (a == CAT)
printf("The animal is a cat.\n");

Céc tén co gia tri s6 bat dau tit 0 va dém lén. (Trong vi du trén, DOG séla 3 .)
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C6 thé ghi dé gia tri s6 bang cach chi dinh mdt s6 nguyén chinh xac. Céc gia tri sau ting tu gia tri da
chi dinh do.

enum animal {
ANTELOPE = 4,
BADGER, // Sé la 5
CAT, // Sé la 6
DOG = 3,
ELEPHANT, // Sé la 4
FISH // Sé la 5
}

Nhu trén, gi4 tri truing khong phai 1a bt hgp phéap, nhung hitu dung thi cling ching bao.

2.6 Initializer

Ban c6 thé 1am vay khi bién dudc dinh nghia, nhung khong dugc 1am & chd khac.

Khéi tao céc kiéu co ban:

int x = 12;

float y = 1.2;

char ¢ = 'a';

char *s = "Hello, world!";

Khéi tao cac kiéu méang;:

int al3] = {1,2,3};
int all = {1,2,3}; // Gi6é’'ng al[3]

int a[3] = {1, 2}; // Gidé’'ng {1, 2, 0}
int a[3] = {1}; // Gié’'ng {1, 0, 0O}
int a[3] = {0}; // Gibé’'ng {0, 0, 0}

Khéi tao cac kiéu con tro:

int q;
int *p = &q;

Khéi tao struct :

struct s {
int a;
float b;
}

struct s x0 = {1, 2.2}; // Kho’i tao cadc field theo thi tu

struct s x0 = 1, .b=2.2}; // Kho’i tao cdc field theo tén
struct s x0 = {.b=2.2, .a=1}; // Cing y nghia

1
~
Q
1}

struct s x0
struct s x0

{.b=2.2}; // Céc field con lai dugc kho’i tao vé' 0
{.b=2.2, .a-=0}; // Cang y nghia

Khdi tao union :
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union u {
int a;
float b;
}:

union u x0 = {1}; // Kho’i tao field da'u tién (a)

union u x0 = {.a=1}; // Kho’i tao field theo tén
union u x0 = {.b=2.2};
//union u x0 = {1, 2}; // BA'T HOP PHAP

//union u x0 = {.a=1, .b=2}; // BA'T HOP PHAP

2.7 Compound Literal

Ban c6 thé khai bao object “khong tén” trong C. Cai nay thudng hitu dung khi truyén mot struct cho
ham ma khong can dat tén né.

Ban dung tén kiéu trong ngodc, theo sau 1a mot initializer dé tao object.

bay la vi du truyén mot compound literal cho ham. Chu y khéng c6 bién struct s nao trong main() :

#include <stdio.h>

struct s {
int a, b;
}i
int add(struct s x)
{
return x.a + x.b;
}
int main(void)
{
int t = add((struct s){.a=2, .b=4}); // <-- Day
printf("%sd\n", t);
}

Compound literal c6 thdi gian séng ding béng scope cta ching.

Ban ciing c6 thé truyén con tr6 t8i mdt compound literal bang cach 14y dia chi cta no:

foo(&(struct s){1, 2});

2.8 Type Alias

Ban c6 thé dung type alias cho tién ho#c dé€ tritu tugng hoa.
O day ta sé tao kiéu méi tén time counter , thuc ra chila int . N6 chi dung dudc hét nhu int . N6

chila alias ctia int .

typedef int time counter;

time_counter t = 3490;
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Cung chay v6i struct hay union :

struct foo {
int bar;
float baz;
}:

typedef struct foo funtype;

funtype f = {1, 2}; // "funtype" la alias cu’a "struct foo";

N6 ciing chay inline, v6i struct hay union c6 tén hodc khong tén:

typedef struct {
int bar;
float baz;

} funtype;

funtype f = {1, 2}; // "funtype" la alias cho struct khong tén

2.9 Specifier khac lién quan dén kiéu

Ban c6 thé cho compiler nhiéu ggi y hon vé tinh chit ma mot ki€u nén c6 thong qua céc specifier va
qualifier nay.

2.9.1 Storage Class Specifier

Ching c6 thé dit trudc mot kiéu dé chi dan thém vé cach dung kiéu dé.

auto int a
register int a
static int a
extern int a
thread local int a

auto 1a mic dinh, nén vé cd ban chéng ai dung. No chi ra storage duration tu dong (nhiing thi nhu
bién local dugc tu dong giai phong khi hét scope). Trong C23 keyword nay ddi nghia thanh “suy luan
kiéu” kiéu C++.

register chira ring viéc truy cip bién nay nén cang nhanh cang t6t. N6 han ché mot s6 cach dung
bién dé compiler c6 cd hoi téi uu. It gip trong cong viéc hang ngay.

static 6 function scope chi ra gia tri bién nay nén ton tai qua cac Ian goi. O file scope n6 chi ra bién
nay khong nén visible ngoai file ngudn nay.

extern chi ra bién nay tham chiéu t6i mot bién duge khai bao 6 file ngudn khac.

_Thread local nghia la méi thread cé ban copy riéng ctia bién ndy. Ban cé thé diing thread local

néu include <threads.h> .

2.9.2 Type Qualifier

Chiing c6 thé dit tridc mot kiéu dé chi dan thém vé cach dung kiéu dé.

const int a
const int *p
int * const p
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const int * const p
int * restrict p
volatile int a
atomic int a

const nghia la gia tri khong dudc stia. Ban cling c6 thé dung véi con tro:

const int a = 10; // Khéng su’a dugc "a"
const int *p = &b // Khéng su’a duoc thtt "p" tro’ téi ("b")
int *const p = &b // Khéng su’a duoc "p"

const int *const p = & // Khéng su’a duwoc ca’ "p" 14°n thit né tro’ toi

restrict trén con trd nghia la sé chi c6 mot con tro tré téi item d6, cho compiler tu do hon dé t6i uu.

volatile chira gi tri trong bién c6 thé thay déi bat ¢l lic nao, va nén duge load ti bd nhg thay vi
gili trong register. Thudng dung véi phan cling memory-mapped.

_Atomic (hodc atomic néu ban include <stdatomic.h>) bdo compiler rang viéc doc hoic ghi kiéu
ndy phai xay ra atomic. (Viéc nay c6 thé dudc thuc hién bang lock, tuy platform va kiéu.)

2.9.2.1 Pseudo-Type c6 qualifier cia C23: QVoid* , QChar* , v.v.

Trong C23 ¢6 mot s6 ham generic sé tra vé ki€u da dugc const -qualify néu mot trong cic tham s6 1a
const , va khong nhu vay trong cac trudng hgp khac.

Spec tu ché mot kiéu gia cho muc dich nay, v6i chii @ dang trude (cho “qualified”). Day khong phai
kiéu that va sé khong compile dudc, chi d€ lam tai liéu.

Cac pseudo-type nay la:

* QVoid *
e QChar *
e QWchar_t *

Vidu, ham strchr() , tim mot ky td trong chudi, cé prototype thé nay trong spec:

QChar *strchr(QChar *s, int c);

N6 la gi? N6 c6 nghia 1a néu s c¢6 kiéu const char *, thi kiéu trd vé clia ham cing sé la
const char *.

Néu s chila char *, thikiéu tra vé clia ham cling chila char *.
Noi cach khéc, tinh const ctia s dudc giii nguyén & gia tri tra veé.

Nhin kiéu khac, thi dong nay:

QChar *strchr(QChar *s, int c); ]

tuong duong véi:

char *strchr(char *s, int c);
const char *strchr(const char *s, int c);

Tém lai khi ban thdly cai nay, bd Q dau di roi ddi chit tiép theo thanh chii thudng 1a xong.
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2.9.3 Function Specifier
Dugc dung trén ham dé chi din thém cho compiler.

_Noreturn chirariang mot ham sé khong bao gis return. N6 chi c¢6 thé chay mai hodc thoat hén chudng

trinh. Néu ban include <stdnoreturn.h>, ban c6 thé dung noreturn thay thé.
inline chi ra ring cac 16i goi ham nay nén cang nhanh cang tét. Y dinh 1a code ctia ham dudc dsi

inline dé bo overhead ctia 16i goi va return. Compiler coi inline la gdiy, khong phai yéu cau.

2.9.4 Alignment Specifier

Ban c6 thé ép alignment ctia mot bién trong bo nhé bing Alignas . Néu ban include <stdalign.h>

ban c6 thé dung alignas thay thé.

alignas(0) khong cé tac dung gi.

alignas(16) int a = 12; // alignment 16-byte
alignas(long) int b = 34; // cung alignment véi "long"

2.10 Caulénh if

if (boolean_expression) code;

if (boolean expression) {
code;
code;
code;

if (boolean expression) {
code;
code;

} else
code;

if (boolean expression) {
code;
code;
} else if {
code;
code;
code;
} else {
code;

2.11 Caulénh for

Vong for cd dién.
Phan trong ngodc gdm ba phan phan cich bing ddu chdm phiy

« Khéi tao, chay mot lan.
« Diéu kién vao block, dudc danh gi4 truéc mdi Ian vao than vong lip.
« Biéu thic post, danh gia sau mbi lan chay than vong lip.



16 Chapter 2. The C Language

Viduy, khéitao i vé @, vao than vong lip khi i < 10, vating i sau mdi vong lip:

for (1 =0; i < 10; i++) {
code;
code;
code;

Ban c6 thé khai bao bién cuc bd trong vong 13p bang cach chi dinh kiéu:

for (int i = 0; i < 10; i++) {
code;
code;

Ban c6 thé phan tach cic phan cta biéu thiic bang toan tit diu phiy:

for (i =0, j =5; 1< 10; i++, j *= 3) {
code;
code;

2.12 Cau lénh while

Vong 13p nay sé khong vao néu biéu thiic Boolean 14 false. Kiém tra diéu kién tiép tuc xay ra trudc than
vong lép.

while (boolean expression) code;

while (boolean expression) {
code;
code;

2.13 Cau lénh do - while

Vong ldp nay sé chay it nhat mot lan ngay ca khi biéu thiic Boolean 14 false. Kiém tra diéu kién tiép tuc
khong xay ra cho dén sau than vong lap.

do code while (boolean expression);

do {
code;
code;
} while (boolean expression);

2.14 Cau lénh switch

Thuc hién hanh dong dua trén gia tri cia mot biéu thiic. Céc case so khdp phai la gi4 tri hang.

Néu cé default tuy chon, code d6 dudc chay khikhong case nao khdp. Khong bt budc cd ngodc nhon
quanh céac case.
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switch (expression) {
case constant:
code;
code;
break;

case constant:
code;
code;
break;

default:
code;
break;

break cuditrong switch la khong can thiét néu khéng con case nao sau no.

Néu break khong cd, case rdi qua case ké ti€p. Nén ghi comment cho chuyén d6 dé cic dev khac
khoéng ghét ban.

switch (expression) {
case constant:
code;
code;
// fall through!

case constant:
code;
break;

2.15 Cau lénh break

Lénh nay thoat khoi mot case trong switch , nhung ciing c6 thé thoat khoi bt ky vong lap nao.

while (boolean expression) {
code;

if (boolean expression)
break;

code;

2.16 Caulénh continue

C6 thé dung dé short-circuit mot vong lap va di t8i kiém tra diéu kién ti€p theo ma khong hoan tat than
vong lap.

while (boolean expression) {
code;
code;
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if (boolean expression 2)
continue;
// Né’u boolean expression 2, code du¢i ddy sé bi bo’ qua:

code;
code;

2.17 Cau lénh goto
Ban c6 thé nhay dén bat ky dau trong mot ham bang goto . (Ban khong thé goto gilia cadc ham, chi
trong cung ham véi goto .)

Dich cua goto la mot label, 1a mot identifier theo sau la dau hai chdm ( : ). Label thudng dudc canh

sat 18 trai dé dé nhin.

‘ // Code minh hoa kié’u lam dung ma dang 1é pha’i la vong while
int i = 0;
loop:
printf("sd\n", i++);
if (i < 10)
goto loop;
}

2.18 Caulénh return

Day 14 cach ban vé tit mot ham. Ban c6 thé return nhiéu lan hodc chi mot lan.

Néu mot ham kiéu trd vé void chay hét, return 1a ngdm dinh.

Néu kiéu tra vé khong phai void, cAulénh return phai chi dinh gi4 tri tra vé cung kiéu.

Khéng cin ngodc quanh gia tri return (vi day la cAu lénh, khong phai ham).

int increment(int a)

{

return a + 1;

2.19 Caulénh _Static_assert

Day 1a cach ngén compilation modt chudng trinh néu mot diéu kién hing nao d6 khong thoa.

_Static_assert(_ STDC VERSION _ >= 201112L, "You need at least C11!")

2.20 Ham

Ban cin chi dinh kiéu tra vé va kiéu tham s cho ham, thAn ham dit trong block sau d6.
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Bién trong ham la local v6i ham d6.

// Ham cbéng hai sé”
int add(int x, int y)
{

int sum = x + y;

return sum;

Ham khong return gi nén c6 ki€u trd vé void . Him khong nhan tham s6 nén c6 void lam danh sach
tham so.

// Toan tac dung phu, moi ldc!

void foo(void)

{
some_global = 12;
printf("Here we go!\n");

2.20.1 Ham main()

Day la ham chay khi ban bat d4u chudng trinh. N6 sé 6 mdt trong cic dang sau:

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

Dang dau bo qua moi tham s6 command line.

Dang thi hai luu s6 lugng tham s6 command line vao argc , va luu chinh cac tham s6 d6 thanh mang
chudi trong argv . Cai dau tién, argv[0] , thudng la tén cua file thuc thi. Con trd argv cudi cling c6
gia tri NULL .

Gia tri tra vé thudng xudt hién thanh exit status code trong OS. Néu khéng ¢ return , chay hét main()

dudc ngam coila return 0 2.

2.20.2 Ham Variadic

Mot s6 ham c6 thé nhan s6 lugng tham s6 bién ddi. Moi ham déu phai c6 it nhiat mot tham s8. Cac tham
s6 con lai dudc chi dinh bing ... va c6 thé doc qua cAc macro va_start() , va_arg() ,va va end() .

Day 14 vi du cong s6 lugng bién ddi cac gia tri integer.

int add(int count, ...)
{

int total = 0;
va list va;

va_start(va, count); // Ba’'t dd'u véi tham s6  sau "count"

for (int i = 0; 1 < count; i++) {
int n = va_arg(va, int); // La’y int ké  tié'p

total += n;

2Luu ¥ ngam dinh nay chi 4p dung cho main() , khong 4p dung cho bat cti him nio khac.
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va_end(va);

return total;

// Xong

Chapter 2. The C Language




Chapter 3

<assert.h> Runtime and Compile-time
Diagnostics

Macro Mb ta

assert() Assertion lac chay
static assert()  Assertion lic compile

Chiic néng nay lién quan t6i nhiing thit Khéng-Bao-Gig-Nén-Xay-Ra™. Néu c6 diéu gi d6 1é ra khong
bao gi dung va ban muén chuong trinh né tung khi n6 xay ra, day la header danh cho ban.

C6 hai loai assertion: assertion lic compile (goi 1a “static assertion”) va assertion lic chay (runtime).
Néu assertion thdt bai (nghia 1a thd ban cin dung thi hoé ra khong dung), chudng trinh sé& né tung &
compile-time ho#c runtime.

3.1 Macro

Néu ban define macro NDEBUG trudc khiinclude <assert.h>,macro assert() sékhong con tac dung.
Ban c6 thé define NDEBUG thanh bAt ct thi gi, nhung 1 c6 vé 1a gié tri hop ly.

Vi assert() lam chuong trinh nd tung luc chay, chic 1a ban khong mudn hanh vi d6 khi 1én production.
Define NDEBUG sé khién assert() bibd qua.

NDEBUG khong anh hudng t6i static_assert() .

3.2 assert()

NG& tung lac chay néu mot diéu kién that bai

Synopsis

#include <assert.h>

void assert(scalar expression);

21
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Mo ta

Ban truyén mot bi€u thiic vao macro nay. Néu n6 danh gié ra false, chudng trinh sé crash véi assertion
failure (bang cach goi ham abort() ).

Vé ¢6 ban, ban dang ndi, “Nay, toi dang gia dinh diéu kién nay la true, va néu khong phai vy, téi khong
muoén chay tiép niia”

Céai nay dudc dung khi debug d€ dam bao khong c6 diéu kién bat ngd nao phat sinh. Va néu trong qué

trinh phat trién ban thiy diéu kién d6 c6 phat sinh that, c6 thé ban nén stia code dé€ xti 1y n6 trudc khi

lén production.

Néu ban da define macro NDEBUG thanh bét ky gia tri ndo trude khi <assert.h> dudc include, macro
assert() sébibo qua. Day la y hay trudc khi ra production.

Khac v6i static_assert() , macro nay khong cho ban in mét théng bao tuy y. Néu ban muén lam vy,

c6 thé tu viét mot assert riéng dang preprocessor macro:

#define ASSERT(c, m) \
do { \
if (!'(c)) {\
fprintf(stderr, @ FILE  ":%d: assertion %s failed: %s\n", \
__LINE , #c, m); \
exit(1); \
H AN
} while(0)

Gia tri tra vé
Macro nay khong return (vi né goi abort() , khong bao gis return).

Néu NDEBUG dudc set, macro danh gidra ((void)0) , khong lam gi ca.

Vi du
bay 1a ham chia kich thudc dan dé ctia ta. Nhung ta gia dinh sé khéng bao gid bi truyén 0 vao.

Nén ta assert amount != 0 ... va néu cd, chudng trinh abort.

//#define NDEBUG 1 // bo’ comment dé’ ta’t assert

#include <stdio.h>
#include <assert.h>

int goat_count = 10;
void divide_goat_herd_by(int amount)
{
assert(amount != 0);
goat count /= amount;
int main(void)
{

divide goat herd by(2); // 0K

divide_goat_herd_by(0); // Kich hoat assert
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Khi tdi chay va truyén 0 cho ham, tdi nhin dugc output sau trén hé cta t6i (output cu thé c6 thé khac):

assert: assert.c:10: divide goat herd by: Assertion “amount != 0' failed.

Xem thém

static assert() , abort()

3.3 static_assert()

NG& tung lac compile néu mot diéu kién that bai

Synopsis

#include <assert.h>

static_assert(constant-expression, string-literal);

Mo ta

Macro nay ngin chudng trinh ctia ban dudc compile luén néu mot diéu kién khong dang.

Vano in ra string literal ban dua cho né.

Co ban lanéu constant-expression la false, viéc compile sé diing va string-literal sé dudc in ra.
Constant expression phai thuc su la hing, chi gia tri, khong bién. String literal cting viy: khong bién,
chi 14 literal string dit trong ddu ngo#c kép. (Phai nhu vy vi chudng trinh chua chay & thdi diém nay.)
Gia tri tra vé

Khong ap dung, vi day la chic nang compile-time.

Vidu

Day la mét vi du phan, v6i mot thuat toAn ma hiéu ning hay bo nhé chic la té néu kich thudc mang
local qua 16n. Ta phong trudng hgp d6 ngay luc compile béng cach bat nd v6i static_assert() .

#include <stdio.h>
#include <assert.h>

#define ARRAY SIZE 16

int main(void)

' static_assert(ARRAY SIZE > 32, "ARRAY SIZE too small");
int a[ARRAY_SIZE];
al[32] = 10;
printf("sd\n", a[32]);

}

Trén hé cua t6i, khi t6i ¢8 compile, né in ra (output c6 thé khac trén hé khéc):
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In file included from static assert.c:2:
static assert.c: In function ‘main’:
static_assert.c:8:5: error: static assertion failed: "ARRAY_SIZE too small"
8 | static_assert(ARRAY SIZE > 32, "ARRAY SIZE too small");
I

Xem thém

assert()
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<complex.h> Chiic nang So6 phic

Céc ham s phiic trong phan tham chiéu nay déu c6 ba phién ban: double complex , float complex,

va long double complex .

Bién thé float kétthucbang f con bién thé long double két thic bdng 1, vi du véi cosine ctia s&
phic:

ccos () double complex
ccosf() float complex
ccosl() Tlong double complex

Bang dudi chi liét ké phién ban double complex cho gon.

Ham Mo ta
cabs () Tinh gia tri tuyét doi ctia s phic
cacos() Tinh arc-cosine phtic
cacosh()  Tinh arc hyperbolic cosine phiic
carg() Tinh argument phtc
casin( Tinh arc-sine phtic

casinh()  Tinh arc hyperbolic sine phtic

catan( Tinh arc-tangent phiic

)
(
)
catanh()  Tinh arc hyperbolic tangent phtic
ccos ( Tinh cosine phtic

ccosh() Tinh hyperbolic cosine phtic
cexp ( Tinh ham mii ¢6 s6 e phiic
cimag() Tra vé phan 4o clia mot s6 phtic
clog ( Tinh logarithm phtic

CMPLX () Dung mot gié tri phtic ti kiéu thuc va do

conj ( Tinh lién hgp ctia mét s6 phiic

creal() Tra vé phan thuc ctia mot s phiic
Tinh sine phtic
csinh() Tinh hyperbolic sine phtic

csin(

csqrt() Tinh cin béc hai phtic
ctan( Tinh tangent phic

)

(

)

(

)

(

)

cproj () Tinh phép chiéu ctia mot s6 phtic
(

)

(

(

)

ctanh() Tinh hyperbolic tangent phtc

Ban c6 thé kiém tra hd trg s6 phiic bang cach xem macro _ STDC NO_COMPLEX . Néu né dudc dinh
nghia, tiic 14 s6 phiic khéng c6 sin.

25
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C6 thé c6 hai loai s6 dudc dinh nghia: complex va imaginary. Hién toi khong biét hé théng nao hién
thuc kiéu imaginary ca.

Céc kiéu complex, tiic mot gia tri thuc cOng véi boi cta i, 1a:

float complex
double complex
long double complex

Céc kiéu imaginary, tic chi chtia boi cta 1, 1a:

float imaginary
double imaginary
long double imaginary

Gia tri todn hoc i = v/—1 dugc biéu dién bing ky hiéu _Complex I hodc _Imaginary I ,néu co.
Macro I sé dudc uu tién dat thanh Imaginary I (néu cd), hodcla Complex I néu khong.

Ban c6 thé viét literal 4o (néu dudc hd trg) theo ct phéap nay:

‘ double imaginary x = 3.4 * I; J

Ban c6 thé viét literal phiic bang ky phap phic thong thudng:

‘ double complex x = 1.2 + 3.4 * I; ]

hodc dung ching bing macro CMPLX() :

‘ double complex x = CMPLX(1.2, 3.4); // Gio'ng 1.2 + 3.4 * I ]

Cach sau c6 1gi thé 1a xti ly dung cac trudng hgp dic biét cia s6 phiic (nhu nhiing trudng hdp dinh vo
cung ho#c s6 khong c6 ddu) nhu thé Imaginary I dang c6 mit, du thuc ra khong co.

Moi gia tri goc déu tinh béng radian.

Mot s6 ham c¢6 cac diém gian doan goi 1a branch cut (nhat cit nhanh). Tha that t6i khong phai dan toan
nén khong ban nghiém tic vé chuyén nay dude, nhung néu ban dang § day thi téi tin ban biét minh
dang lam gi 6 mang nay.

Néu hé ctia ban c6 s6 khong c6 diu, ban c6 thé biét minh dang & phia nao cta nhat cit dva vao dau.
Con néu khéng c6 thi chiu. Spec viét thém:

Nhiing hién thuc khong hé trg s6 khong c6 diu [...] khong thé phan biét hai phia ctia nhat cét
nhanh. Cac hién thuc nay phai 4nh xa nhat cit sao cho ham lién tuc khi ti€p cin nhat cit di
quanh diém dau hiiu han cta nhat cit theo chiéu ngugc kim dong ho. (Cac nhat cit nhanh cho
nhiing ham & day déu chi c6 mot diém dau hitu han.) Vi dy, v6i ham can bac hai, di ngugc kim
dong hd quanh diém dau hiiu han ctia nhat cat doc theo truc thuc Am thi tiép cin nhat cit tii phia
trén, vy nén nhat cat anh xa vao truc 4o dudng.

Cudi cung, c6 mot pragma tén CX_LIMITED RANGE c6 thé bat/tat (mic dinh la tit). Ban bat n6é nhu thé
nay:

#pragma STDC CX _LIMITED RANGE ON

N6 cho phép mét s6 phép toan trung gian dugc tran dudi, tran trén, hoic xui ly long tay véi vo cung,
dai khai 1a danh déi 14y téc d6. Néu ban chic chin nhiing 16i kiéu d6 khong xay ra véi cac s6 ban dang
dung VA ban dang c6 vét kiét t5c do, ban c6 thé bat macro nay Ién.

Spec ciing viét thém:



4.1. cacos() , cacosf() , cacosl()

Muc dich ctia pragma la cho phép hién thuc dung cac cong thiic:
(z +iy) X (u+iv) = (zu — yv) + i(yu + xv)
(2 +iy)/(u+iv) = [(zu+yv) +ilyu — 2v)]/(u® + %)

|z + iyl = Va* +y?

khi lap trinh vién x4c dinh dugc la ching an toan.

4.1 cacos(), cacosf(), cacosl()

Tinh arc-cosine phtic

Synopsis
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#include <complex.h>

double complex cacos(double complex z);

float complex cacosf(float complex z);

long double complex cacosl(long double complex z);

Mo ta

Tinh arc-cosine phtic ctia mét s6 phiic.

S8 phiic z s& ¢6 phén 4o trong khoang [0, 7], con phan thuc khong bi chin.

C6 céc nhat cat nhanh ndm ngoai khoang [—1, +1] trén truc thuc.

Gia tri tra vé

Tra vé arc-cosine phic ctia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

' double complex x = 8 + 1.5708 * I;
double complex y = cacos(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
}
Output:

Result: 0.195321 + -2.788006i

Xem thém

ccos() , casin() , catan()
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4.2 casin(), casinf(), casinl()

Tinh arc-sine phtic

Synopsis

#include <complex.h>

double complex casin(double complex z);

float complex casinf(float complex z);

long double complex casinl(long double complex z);

Mb6 ta
Tinh arc-sine phiic cia mot sé phiic.
S6 phiic z sé c6 phan 4o trong khoang [—n/2, +7/2], con phén thuc khong bi chin.

C6 céac nhat cat nhanh ndm ngoai khoang [—1, +1] trén truc thuc.

Gia tri tra vé

Tra vé arc-sine phtic cia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = casin(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 1.375476 + 2.7880061

Xem thém

csin() , cacos() , catan()

4.3 catan(), catanf(), catanl()

Tinh arc-tangent phtic



4.4. ccos() , ccosf(), ccosl()

Synopsis
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#include <complex.h>
double complex catan(double complex z);
float complex catanf(float complex z);

long double complex catanl(long double complex z);

Mb ta

Tinh arc-tangent phiic ctia mot sé phiic.

S6 phtic z s& c6 phan thuc trong khoang [—m/2, +/2], con phan 4o khong bi chén.

C6 cac nhat cit nhanh ndm ngoai khoang [—i, 4] trén truc 4o.

Gia tri tra vé

Tra vé arc-tangent phiic cta z .

Vidu
#include <stdio.h>
#include <complex.h>
int main(void)
{
double wheat = 8;
double sheep = 1.5708;
double complex x = wheat + sheep * I;
double complex y = catan(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
}
Output:

Result: 1.450947 + 0.023299i

Xem thém

ctan() , cacos(), casin()

4.4 ccos(), ccosf(), ccosl()

Tinh cosine phtic
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Synopsis

<complex. h> Chiic ndng S0 phiic

#include <complex.h>

double complex ccos(double complex z);

float complex ccosf(float complex z);

long double complex ccosl(long double complex z);

Mo ta

Tinh cosine phtic ctia mét sd phtc.

Gia tri tra vé

Tra vé cosine phtic cua z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

' double complex x = 8 + 1.5708 * I;
double complex y = ccos(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
}
Output:

Result: -0.365087 + -2.276818i

Xem thém

csin(), ctan() , cacos()

4.5 csin(), csinf(), csinl()

Tinh sine phiic

Synopsis

#include <complex.h>

double complex csin(double complex z);

float complex csinf(float complex z);

long double complex csinl(long double complex z);




4.6. ctan() , ctanf() , ctanl()
Mo ta

Tinh sine phtic ctia mét s6 phic.
Gia tri tra vé

Tra vé sine phtic cia z .

Vidu
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#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = csin(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 2.482485 + -0.3348401

Xem thém

ccos(), ctan() , casin()

4.6 ctan(), ctanf(), ctanl()

Tinh tangent phtc

Synopsis

#include <complex.h>

double complex ctan(double complex z);

float complex ctanf(float complex z);

long double complex ctanl(long double complex z);

Mo ta

Tinh tangent phitic ctia mét s6 phiic.

Gia tri tra vé

Tra vé tangent phtic ctia z .
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Vi du

<complex. h> Chiic ndng S0 phiic

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = ctan(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: -0.027073 + 1.0859901

Xem thém

ccos(), csin() , catan()

4.7 cacosh(), cacoshf(), cacoshl()

Tinh arc hyperbolic cosine phtic

Synopsis

#include <complex.h>

double complex cacosh(double complex z);

float complex cacoshf(float complex z);

long double complex cacoshl(long double complex z);

Mb6 ta
Tinh arc hyperbolic cosine phtic cia mdt sé phiic.

C6 mot nhat cat nhanh tai cac gia tri nho hon 1 trén truc thuc.

Gia tri tra vé sé khong Am trén truc sé thuc, va nam trong khoang [—im, +in| trén truc 4o.

Gia tri tra vé

Tra vé arc hyperbolic cosine phiic cia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

{



4.8. casinh() , casinhf() , casinhl()

double complex x = 8 + 1.5708 * I;

double complex y = cacosh(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));
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Output:

Result: 2.788006 + 0.195321i

Xem thém

casinh() , catanh() , acosh()

4.8 casinh(), casinhf(), casinhl()

Tinh arc hyperbolic sine phtic

Synopsis

#include <complex.h>

double complex casinh(double complex z);

float complex casinhf(float complex z);

long double complex casinhl(long double complex z);

Mo ta
Tinh arc hyperbolic sine phiic cia mot s6 phiic.

C6 cac nhat cat nhanh ndm ngoai [—4, +4] trén truc 4o.

Gia tri tra vé khong bi chin trén truc s6 thuc, va ndm trong khoang [—im/2, +im /2] trén truc 4o.

Gia tri tra vé

Tra vé arc hyperbolic sine phitic ctia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = casinh(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));




34 Chapter 4. <complex.h> Chiic ndng S6 phiic

Output:

Result: 2.794970 + 0.192476i

Xem thém

cacosh() , catanh(), asinh()

4.9 catanh(), catanhf(), catanhl()

Tinh arc hyperbolic tangent phtc

Synopsis

#include <complex.h>

double complex catanh(double complex z);

float complex catanhf(float complex z);

long double complex catanhl(long double complex z);

Mb6 ta
Tinh arc hyperbolic tangent phtic ctia mét s6 phiic.
C6 cac nhat cit nhanh ndm ngoai [—1, +1] trén truc thuc.

Gid tri tra vé khong bi chin trén truc s thuc, va ndm trong khoang [—in/2, +im/2] trén truc 4o.

Gia tri tra vé

Tra vé arc hyperbolic tangent phtc ctia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = catanh(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 0.120877 + 1.546821i




4.10. ccosh() , ccoshf() , ccoshl() 35

Xem thém

cacosh() , casinh() , atanh()

410 ccosh(), ccoshf(), ccoshl()

Tinh hyperbolic cosine phtc

Synopsis

#include <complex.h>

double complex ccosh(double complex z);

float complex ccoshf(float complex z);

long double complex ccoshl(long double complex z);

Mo ta

Tinh hyperbolic cosine phtic ctia mét s6 phiic.

Gia tri tra vé

Tra vé hyperbolic cosine phiic cia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = ccosh(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: -0.005475 + 1490.4788261

Xem thém

csinh() , ctanh() , ccos()

4.11 csinh(), csinhf(), csinhl()

Tinh hyperbolic sine phtic
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Synopsis

<complex. h>

Chilc nang So phiic

#include <complex.h>

double complex csinh(double complex z);

float complex csinhf(float complex z);

long double complex csinhl(long double complex z);

Mo ta

Tinh hyperbolic sine phiic ctia mot s6 phiic.

Gia tri tra vé

Tra vé hyperbolic sine phtic cua z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

' double complex x = 8 + 1.5708 * I;
double complex y = csinh(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
}
Output:

Result: -0.005475 + 1490.4791611

Xem thém

ccosh() , ctanh(), csin()

4.12 ctanh(), ctanhf(), ctanhl()

Tinh hyperbolic tangent phtic

Synopsis

#include <complex.h>

double complex ctanh(double complex z);

float complex ctanhf(float complex z);

long double complex ctanhl(long double complex z);




4.13. cexp() , cexpf() , cexpl()

Mo ta

Tinh hyperbolic tangent phtc ctia mét so phiic.

Gia tri tra vé

Tra vé hyperbolic tangent phtic ctia z .

Vidu
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#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 8 + 1.5708 * I;

double complex y = ctanh(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 1.000000 + -0.0000001

Xem thém

ccosh() , csinh() , ctan()

413 cexp(), cexpf(), cexpl()

Tinh ham mil c6 s6 e phiic

Synopsis

#include <complex.h>

double complex cexp(double complex z);

float complex cexpf(float complex z);

long double complex cexpl(long double complex z);

Mb6 ta

Tinh ham mi c6 s6 e phiic cta z .

Gia tri tra vé

Tra vé ham mil ¢d s6 e phtic ciia z .
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Vi du

<complex. h> Chiic ndng S0 phiic

#include <stdio.h>
#include <complex.h>

int main(void)

{

double complex x 1+2*1I;
double complex y = cexp(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: -1.131204 + 2.471727i

Xem thém

cpow() , clog() , exp()

414 clog(), clogf(), clogl()

Tinh logarithm phiic

Synopsis

#include <complex.h>

double complex clog(double complex z);

float complex clogf(float complex z);

long double complex clogl(long double complex z);

Mo ta

Tinh logarithm cd 6 e phtic cia z . C6 mdt nhat cit nhanh trén truc thuc m.

Gia tri tra vé khong bi chin trén truc thuc va ndm trong khoang [—im, +in] trén truc 4o.

Gia tri tra vé

Tra vé logarithm cd s6 e phiic ciia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{

double complex x =1 + 2 * I;




4.15. cabs() , cabsf() , cabsl()

39

8 double complex y = clog(x);
9
10 printf("Result: %f + %fi\n", creal(y), cimag(y));
11 }
Output:

Result: 0.804719 + 1.107149i

Xem thém

cexp() , log()

4.15 cabs(), cabsf(), cabsl()

Tinh gia tri tuyét ddi phic

Synopsis

#include <complex.h>

double cabs(double complex z);

float cabsf(float complex z);

long double cabsl(long double complex z);

Mo ta

Tinh gia tri tuyét déi phitic cha z .

Gia tri tra vé

Tra vé gia tri tuyét ddi phiic cua z .

Vidu
1 | #include <stdio.h>
2 | #include <complex.h>
3
« | int main(void)
s | 4
6 double complex x = 1 + 2 * I;
7
8 double complex y = cabs(x);
9
10 printf("Result: %f + %fi\n", creal(y), cimag(y));
u |}
Output:

Result: 2.236068 + 0.000000i
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Xem thém

fabs() , abs()

4.16 cpow(), cpowf(), cpowl()

Tinh luy thtia phtic

Synopsis

#include <complex.h>
double complex cpow(double complex x, double complex y);
float complex cpowf(float complex x, float complex y);

long double complex cpowl(long double complex X,
long double complex y);

Mb6 ta
Tinh 2¥ phic.

C6 mot nhat cat nhanh cho x doc theo truc thuc am.

Gia tri tra vé

Tra vé x¥ phic.

Vidu
#include <stdio.h>
#include <complex.h>
int main(void)
{
double complex x =1 + 2 * I;
double complex y = 3 + 4 * I;
double r = cpow(x, Yy);
printf("Result: %f + %fi\n", creal(r), cimag(r));
}
Result:

Result: 0.129010 + 0.000000i

Xem thém

csqrt() , cexp()
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4.17 csqrt(), csqrtf(), csqrtl()

Tinh cin béc hai phtic

Synopsis

#include <complex.h>

double complex csqrt(double complex z);

float complex csqrtf(float complex z);

long double complex csqrtl(long double complex z);

Mo ta
Tinh can béc hai phtic cua z .
C6 mot nhat cit nhanh doc theo truc thuc am.

Gi4 tri tra vé ndm & nuda phai clia mit phing phiic va bao gém ca truc 4o.

Gia tri tra vé

Tra vé can bic hai phiic cua z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x = 1 + 2 * I;

double complex y = csqrt(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 1.272020 + 0.786151i

Xem thém

cpow() , sqrt()

4.18 carg(), cargf(), cargl()

Tinh argument phitic
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Synopsis

Chapter 4. <complex.h> Chiic ndng S6 phiic

#include <complex.h>

double carg(double complex z);

float cargf(float complex z);

long double cargl(long double complex z);

Mo ta
Tinh argument phtc (con goi la géc pha) cta z .
C6 mot nhat cat nhanh doc theo truc thuc am.

Tra vé gia tri trong khoang [—, +7].

Gia tri tra vé

Tra vé argument phtic ctia z .

Vi du

#include <stdio.h>
#include <complex.h>

int main(void)
{
double complex x =1 + 2 * I;

double y = carg(x);

printf("Result: %f\n", y);

Output:

Result: 1.107149

4.19 cimag(), cimagf(), cimagl()

Tra vé phan 4o ctia mot sé phiic

Synopsis

#include <complex.h>

double cimag(double complex z);

float cimagf(float complex z);

long double cimagl(long double complex z);




4.20. CMPLX() , CMPLXF() , CMPLXL() 43
Mo ta
Tra vé phan 4o cua z .

Noi ngoai 1&, spec chi ra rang bat ky s6 phiic x nao ciing tuan theo dang thiic sau:

x == creal(x) + cimag(x) * I;

Gia tri tra vé

Tra vé phan ao ctia z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

{
double complex x =1 + 2 * I;
double y = cimag(x);
printf("Result: %f\n", y);

}

Output—chi phan ao:

Result: 2.000000

Xem thém

creal()

4.20 CMPLX(), CMPLXF(), CMPLXL()

Dung mdt gié tri phic tu kiéu thuc va ao

Synopsis

#include <complex.h>

double complex CMPLX(double x, double y);

float complex CMPLXF(float x, float y);

long double complex CMPLXL(long double x, long double y);

Mb ta
Cac macro nay dung mot gia tri phiic ti cac kiéu thuc va 4o.

Chic la ban dang nghi, “Nhung t6i da c6 thé dung gié tri phic ti kiéu thuc va 4o bdng macro I rdi ma,
nhu trong vi du sdp t6i”
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double complex x = 1 + 2 * I;

Va diéu d6 dang.

Nhung thuc té€ van dé la va phic.

C6 thé 1 da bi undefine, hodc c6 thé ban da redefine né.

Hodc c6 thé I duge dinh nghiald _Complex_I , thi khong nhét thiét giti duge diu cta gia tri khong.

Nhu spec chi ra, cic macro ndy dung s6 phiic nhu thé Imaginary I dang c6 mit (nhg d6 giti duge ddu
khong ctia ban) ngay ca khi n6 khong c6. Cu thé, ching dudc dinh nghia tudng dudng véi:

#define CMPLX(x, y) ((double complex)((double)(x) + \
_Imaginary I * (double)(y)))

#define CMPLXF(x, y) ((float complex) ((float)(x) + \
_Imaginary I * (float)(y)))

#define CMPLXL(x, y) ((long double complex)((long double)(x) + \
~Imaginary I * (long double)(y)))

Gia tri tra vé

Tra vé s6 phiic cho cac phan thuc x vaao y da cho.

Vi du

#include <stdio.h>
#include <complex.h>

int main(void)

{
double complex x = CMPLX(1, 2); // Gié'ng 1 + 2 * I
printf("Result: %f + %fi\n", creal(x), cimag(x));
}
Output:

Result: 1.000000 + 2.000000i

Xem thém

creal() , cimag()

4.21 conj(), conjf(), conjl()

Tinh lién hgp ctia mot s6 phiic
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Synopsis

#include <complex.h>

double complex conj(double complex z);

float complex conjf(float complex z);

long double complex conjl(long double complex z);

Mb6 ta

Ham nay tinh lién hgp phtic! ctia z . Hinh nhu né lam vy béng cach ddo ddu phén 4o, nhung trdi a,
toi la lap trinh vién chi khong phai dan toan, Jim oi!

Gia tri tra vé

Tra vé lién hgp phtic chia z

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

{

double complex x 1+2*1I;

double complex y = conj(x);

printf("Result: %f + %fi\n", creal(y), cimag(y));

Output:

Result: 1.000000 + -2.0000001

4.22  cproj(), cproj(), cproj()

Tinh phép chiéu cua mot s6 phiic

Synopsis

#include <complex.h>

double complex cproj(double complex z);

float complex cprojf(float complex z);

long double complex cprojl(long double complex z);

!https://en.wikipedia.org/wiki/Complex_conjugate
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Mo ta

Tinh phép chiéu ctia z 1én mdt mit ciu Riemann?.

Gid thi thuc sy ngoai vung chuyén mén ctia toi roi. Spec viét thé nay, toi trich nguyén van vi khéng du
hiéu biét dé viét lai cho gon. Mong 1a n6 hiéu dudc véi ai cin ding ham nay.

z chiéu thanh z trii khi moi v6 cing phtic (k€ ca nhiing vd cing c6 mdt phan vo cung va
mot phin NaN ) déu chiéu thanh v6 cung dudng trén truc thuc. Néu z c6 phén vo cung, thi
cproj (z) tuong duong véi

INFINITY + I * copysign(0.0, cimag(z)) }

DAy, c6 vay thoi.

Gia tri tra vé

Tra vé phép chiéu ctia z 1én mot mit ciu Riemann.

Vidu

Bt chéo ngon tay ciu cho vi du nay c6 ti hgp ly...

#include <stdio.h>
#include <complex.h>
#include <math.h>
int main(void)
{
double complex x =1 + 2 * I;
double complex y = cproj(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
x = INFINITY + 2 * I;
y = cproj(x);
printf("Result: %f + %fi\n", creal(y), cimag(y));
}
Output:

Result: 1.000000 + 2.000000i
Result: inf + 0.000000i

4.23 creal(), crealf(), creall()

Tra vé phan thuc ctia mot s phic

Zhttps://en.wikipedia.org/wiki/Riemann_sphere
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4.23. creal(), crealf(), creall()

Synopsis
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#include <complex.h>

double creal(double complex z);

float crealf(float complex z);

long double creall(long double complex z);

Mb6 ta
Tra vé phén thuc cta z .

Noi ngoai l&, spec chi ra rang bit ky s6 phlic x nao cling tuin theo déng thiic sau:

x == creal(x) + cimag(x) * I;

Gia tri tra vé

Tra vé phan thuc cta z .

Vidu

#include <stdio.h>
#include <complex.h>

int main(void)

{
double complex x = 1 + 2 * I;
double y = creal(x);
printf("Result: %f\n", y);

}

Output—chi phan thuc:

Result: 1.000000

Xem thém

cimag()
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Chapter 5

<ctype.h> Phan loai va Chuyén doi Ky
tu

Ham Mo ta
isalnum() Kiém tra ky tu c6 1a chii cai ho#c chit s6
isalpha() Tra vé true néu ky tu la chii cai
isblank() Kiém tra ky tu c6 1a whitespace ngan ti
iscntri() Kiém tra ky tu c6 1a ky tu diéu khién
isdigit() Kiém tra ky tu c6 1a chii s6
isgraph() Kiém tra ky tu c6 in dugc va khong phai space
islower() Kiém tra ky tu c6 la chii thudng
isprint() Kiém tra ky tu c6 in dugc
ispunct() Kiém tra ky tu c6 1a ddu cau
isspace() Kiém tra ky tu co6 1a whitespace
isupper() Kiém tra ky tu c6 1a chii hoa
isxdigit() Kiém tra ky tu c6 1a chii s6 hex
tolower() Chuyén chii cai sang chii thudng
toupper() Chuyén chii cai sang chii hoa

B0 macro nay tién dé€ kiém tra xem mot ky tu c6 thudc mot nhém nao d6 khong, chiing han chii cai, chit
s0, ky tu diéu khién, v.v.

Dang ngac nhién 1a chiing nhan tham s6 int thay vi kiéu char nao d6. Ly do 1a d€ ban tién nhét
EOF vao néu cé biéu dién int clia n6. Néu khong phai EOF , gi4 tri truyén vao phai biéu dién dudc

bang unsigned char . Ngudc lai thi (tén tén TEEEN) undefined behavior. Cho nén quén viéc nhét ky

tu UTF-8 nhiéu byte vao day di.

Ban c6 thé tranh undefined behavior nay kiéu portable bing cach ép kiéu cac ddi s6 cua nhiing ham

nay thanh (unsigned char) . Céng nhan nghe phién va x4u. Cac gia tri trong basic character set déu

dung dudc an toan vi ching 1a gia tri duong via vin trong unsigned char .
Ngoai ra, hanh vi ctia nhiing ham nay ciing thay déi theo locale.

Trong nhiéu trang & section nay, t6i c6 kém vai vi du. Ching chay & locale “C”, va c6 thé khac di néu
ban da dat locale khac.

Chu y la ky tu rong (wide character) c6 bd ham phéan loai riéng ctia nd, nén dung c6 thit dung may ham
nay trén wchar_t . Nghe khong thi biét tay!
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5.1 isalnum()

Kiém tra ky tu c6 1a chii cai ho#c chii s&

Synopsis

Chapter 5. <ctype.h> Phan loai va Chuyén doi Ky tu

#include <ctype.h>

int isalnum(int c);

Mo ta

Kiém tra xem ky tu c6 1a chii ci (A - Z hodc a -z )ho#cchiisd (0-9).

Tuong duong véi:

isalpha(c) || isdig

it(c)

Gia tri tra vé

Tra vé true néu ky tu la chii cai (A - Z hodc a -z )hoacchiisé (0-9).

Vi du
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", isalnum('a')? "yes": "no"); // yes
printf("%ss\n", isalnum('B')? "yes": "no"); // yes
printf("%ss\n", isalnum('5')? "yes": "no"); // yes
printf("%ss\n", isalnum('?')? "yes": "no"); // no
}
Xem thém

isalpha() , isdigit()

5.2 isalpha()

Tra vé true néu ky tu la chii cai

Synopsis

#include <ctype.h>

int isalpha(int c);




5.3. 1isblank()

Mo ta
Tra vé true cho cac ky tu chii cai (A - Z hodc a-z).

Vé mit ky thuat (va & locale “C”) tudng duong véi:

isupper(c) || islower(c)

Cuc ky siéu ky thuat, vi toi biét ban dang khat khao doan nay phtic tap mot cach khéng can thiét, nd

con ¢6 thé bao gobm mot s6 ky tu dic thu locale ma cai nay ding:

liscntrl(c) && !isdigit(c) && !ispunct(c) && !isspace(c)

va cai nay dung:

isupper(c) || islower(c)

Gia tri tra vé
Tra vé true cho cac ky tu chii cdi (A - Z hodc a-z).

Hodc bat ky thi dién r6 nao khéac trong phan moé ta § trén.

Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", isalpha('a')? "yes": "no"); // yes
printf("%s\n", isalpha('B')? "yes": "no"); // yes
printf("%s\n", isalpha('5')? "yes": "no"); // no
printf("s%ss\n", isalpha('?')? "yes": "no"); // no
}
Xem thém
isalnum()

5.3 isblank()

Kiém tra ky tu c6 1a whitespace ngan tu

Synopsis

#include <ctype.h>

int isblank(int c);
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Mo ta
True néu ky tu la whitespace dung dé ngén cac tu trén cing mot dong.

Vi duy, space (' ' ) hodc tab ngang ( '\t' ). Locale khac c6 thé dinh nghia cac ky tu blank khac.

Gia tri tra vé

Tra vé true néu ky tu 1a whitespace duing d€ ngin céc ti trén cing mot dong.

Vidu
<
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%ss\n", isblank(' ')? "yes": "no"); // yes
printf("%ss\n", isblank('\t')? "yes": "no"); // yes
printf("%ss\n", isblank('\n')? "yes": "no"); // no
printf("%s\n", isblank('a')? "yes": "no"); // no
printf("%ss\n", isblank('?')? "yes": "no"); // no
}
J
Xem thém
isspace()

5.4 iscntrl()

Kiém tra ky tu c6 la ky tu diéu khién

Synopsis

#include <ctype.h>

int iscntrl(int c);

M6 ta
Ky tu diéu khién (control character) 1a ky tu khong in dudc, tuy theo locale.

Véilocale “C”, nghia 1a cic ky tu diéu khién ndm trong khoang 0x00 dén 0x1F (ky tu ngay trudc SPACE)
va 0x7F (ky tu DEL).

No6i chung néu né khéng phai ky tu ASCII (hodc Unicode nho hon 128) in dudc, thi né 1a ky tu diéu
khién & locale “C”.

Gia tri tra vé

Tra vé true néu c la ky tu diéu khién.
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Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%ss\n", iscntrl('\t')? "yes": "no"); // yes (tab)
printf("%s\n", iscntrl('\n')? "yes": "no"); // yes (newline)
printf("%s\n", iscntrl('\r')? "yes": "no"); // yes (return)
printf("%s\n", iscntrl('\a')? "yes": "no"); // yes (bell)
printf("%s\n", iscntrl(' ')? "yes": "no"); // no
printf("ss\n", iscntrl('a')? "yes": "no"); // no
printf("%ss\n", iscntrl('?')? "yes": "no"); // no
}
Xem thém

isgraph() , isprint()

5.5 isdigit()

Kiém tra ky tu c6 la chii s6

Synopsis

#include <ctype.h>

int isdigit(int c);

Mo ta

Kiém tra xem c c6 la chit s6 trong khoang 0 - 9 khong.
Gia tri tra vé

Tra vé true néu ky tu la chii s6, khong c6 gi bat ngg.

Vidu

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

int main(void)

{

// kié’m tra ky tu nay

// v

printf("%s\n", isdigit('0')? "yes": "no"); // yes
printf("%s\n", isdigit('5')? "yes": "no"); // yes
printf("%ss\n", isdigit('a')? "yes": "no"); // no
printf("%s\n", isdigit('B')? "yes": "no"); // no
printf("%s\n", isdigit('?')? "yes": "no"); // no
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Xem thém

isalnum() , isxdigit()

5.6 isgraph()

Kiém tra ky tu c6 in dudc va khong phai space

Synopsis

#include <ctype.h>

int isgraph(int c);

Mo ta

Kiém tra xem ¢ c6 la ky tu in dugc ndo ma khong phai space (' ' ) khong.

Gia tri tra vé

Tra vé true néu c la ky tu in dugc nao ma khong phai space (' ).
Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", isgraph('0')? "yes": "no"); // yes
printf("%ss\n", isgraph('a')? "yes": "no"); // yes
printf("%ss\n", isgraph('B')? "yes": "no"); // yes
printf("%s\n", isgraph('?')? "yes": "no"); // yes
printf("%ss\n", isgraph(' ')? "yes": "no"); // no
printf("%ss\n", isgraph('\n')? "yes": "no"); // no
}
Xem thém

iscntrl() , isprint()

5.7 1islower()

Kiém tra ky tu c6 1a chit thudng
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Synopsis
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#include <ctype.h>

int islower(int c);

Mo ta

Kiém tra xem ky tu c6 1a chii thudng trong khoang a - z khong.

O céc locale khac, c6 thé c6 nhiing ky tu chil thudng khac. Trong moi trudng hop, dé 1a chii thusng,

diéu sau day phai dung

liscntrl(c) && !isdigit(c) && !ispunct(c) && !isspace(c)

Gia tri tra vé

Tra vé true néu ky tu 1a chit thudng.

Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", islower('c')? "yes": "no"); // yes
printf("%s\n", islower('0')? "yes": "no"); // no
printf("%s\n", islower('B')? "yes": "no"); // no
printf("%s\n", islower('?')? "yes": "no"); // no
printf("%s\n", islower(' ')? "yes": "no"); // no
}
Xem thém
isupper() , isalpha() , toupper() , tolower()

5.8 isprint()

Kiém tra ky tu c6 in dugc

Synopsis

#include <ctype.h>

int isprint(int c);

Mo ta

Kiém tra xem ky tu c6 in dugc khong, ké ca space (' ' ). Nén la giéng isgraph() , nhung lan nay
space khong bi bo roi ngoai trdi lanh.
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Gia tri tra vé
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Tra vé true néu ky tu in dudc, ké ca space (' ' ).
Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%ss\n", isprint('c')? "yes": "no"); // yes
printf("%ss\n", isprint('0')? "yes": "no"); // yes
printf("%s\n", isprint(' ')? "yes": "no"); // yes
printf("%ss\n", isprint('\r')? "yes": "no"); // no
}
Xem thém

isgraph() , iscntrl()

5.9 ispunct()

Kiém tra ky tu c6 1a ddu cau

Synopsis

#include <ctype.h>

int ispunct(int c);

Mb6 ta
Kiém tra xem ky tu c6 1a ddu cau.

O locale “C”, diéu d6 c6 nghia la:

lisspace(c) && !isalnum(c)

O cac locale khac, c6 thé c6 cac ky tu ddu cau khac (nhung ciing khong thé 1a space hoic chii-sd).

Gia tri tra vé

True néu ky tu la dau cau.

Vidu

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

int main(void)

{
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//
//

kié’m tra ky tu nay
v
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printf("%s\n", ispunct(',')? "yes": "no"); // yes
printf("%s\n", ispunct('!')? "yes": "no"); // yes
printf("%s\n", ispunct('c')? "yes": "no"); // no
printf("%ss\n", ispunct('0')? "yes": "no"); // no
printf("%ss\n", ispunct(' ')? "yes": "no"); // no
printf("%s\n", ispunct('\n')? "yes": "no"); // no
}
Xem thém

isspace() , isalnum()

5.10 isspace()

Kiém tra ky tu c6 la whitespace

Synopsis

#include <ctype.h>

int isspace(int c);

Mo ta

Kiém tra xem c¢ c6 la ky tu whitespace khong. Bao gom:

« Space (' ')

o Formfeed ( '\f')

« Newline ( '\n"' )

« Carriage Return ( '\r"' )

« Horizontal Tab (

\t')

« Vertical Tab ( '\v')

Céc locale khac c6 thé xac dinh cac ky tu whitespace khac. isalnum() la false v8i moi ky tu whitespace.

Gia tri tra vé

True néu ky tu la whitespace.

Vidu

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

int main(void)

{
//
//
printf("%s\n",
printf("%s\n",
printf("ss\n",
printf("%s\n",

kié’m tra ky tu nay
v

isspace(' ')? "yes":

isspace('\n')? "yes":

isspace('\t')? "yes":

isspace(',"')? "yes":

"no");
“no");
“no");

"no");

// yes
// yes
// yes
// no
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printf("ss\n", isspace('!')? "yes": "no"); // no
printf("%ss\n", isspace('c')? "yes": "no"); // no
}
Xem thém
isblank()

5.11 isupper(

)

Kiém tra ky tu c6 la chii hoa

Synopsis

#include <ctype.h>

int isupper(int c);

Mo ta

Kiém tra xem ky tu c6 1a chit hoa trong khoang A - Z khong.

O cac locale khac, c6 thé c6 nhiing ky tu chii hoa khac. Trong moi trudng hdp, dé 1a chii hoa, di¢u sau
day phai dung:

liscntrl(c) && !isdigit(c) && !ispunct(c) && !isspace(c)

Gia tri tra vé

Tra vé true néu ky tu la chii hoa.

Vi du
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", isupper('B')? "yes": "no"); // yes
printf("ss\n", isupper('c')? "yes": "no"); // no
printf("%ss\n", isupper('0')? "yes": "no"); // no
printf("%ss\n", isupper('?')? "yes": "no"); // no
printf("%ss\n", isupper(' ')? "yes": "no"); // no
}
Xem thém
islower() , isalpha() , toupper() , tolower()
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5.12 isxdigit()

Kiém tra ky tu c6 la chit s hex

Synopsis
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#include <ctype.h>

int isxdigit(int c);

Mo ta

Tra vé true néu ky tu 1a chii s6 hex. Cuthéla 0-9, a-f,hodc A-F.

Gia tri tra vé

True néu ky tu la chii s6 hex.

Vidu
#include <stdio.h>
#include <ctype.h>
int main(void)
{
// kié’m tra ky tu nay
// v
printf("%s\n", isxdigit('B')? "yes": "no"); // yes
printf("%ss\n", isxdigit('c')? "yes": "no"); // yes
printf("%s\n", isxdigit('2')? "yes": "no"); // yes
printf("%ss\n", isxdigit('G')? "yes": "no"); // no
printf("%s\n", isxdigit('?')? "yes": "no"); // no
}
Xem thém
isdigit()

5.13 tolower()

Chuyén chii cai sang chii thudng

Synopsis

#include <ctype.h>

int tolower(int c);

Mb6 ta

Néu ky tu la chii hoa (tiic isupper(c) la true), ham nay tra vé chii thudng tuong Ung.

Céc locale khac nhau c6 thé ¢6 tip chit hoa va chii thudng khac nhau.
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Gia tri tra vé

Tra vé gia tri chii thudng ctia mot chii hoa. Néu ky tu khong phai chii hoa, tra vé khong dai.

Vi du

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

int main(void)

{
// do’i ky tu nay
// v

printf("sc\n", tolower('B')); // b (d& chuyé’n thuong!)

printf("sc\n",
printf("%sc\n",

tolower('e'));
tolower('!'));

// e (khbng dob
// ! (khéng dé

'i)
1)

Xem thém

toupper() , islower() , isupper()

5.14 toupper()

Chuyén chii cai sang chit hoa

Synopsis

#include <ctype.h>

int toupper(int c);

Mo ta

Néu ky tu la chii thudng (téic islower(c) la true), ham nay tra vé chii hoa tudng tng.
Céc locale khac nhau c6 thé c6 tap chii hoa va chii thudng khac nhau.

Gia tri tra vé

Tra vé gia tri chii hoa ctia mot chit thudng. Néu ky tu khong phai chit thudng, tra vé khong doi.

Vidu

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

int main(void)

{

// dé’i ky tu nay

// v

printf("sc\n", toupper('B')); // B (khbéng d6°1i)
printf("sc\n", toupper('e')); // E (dd chuyé’n hoa!)
printf("sc\n", toupper('!')); // ! (khbéng d6’i)
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Xem thém

tolower() , islower() , isupper()
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Chapter 6

<errno.h> Thong tin Loi

Bién Mo ta

errno  Gifl trang thai 15i cia 15i goi gAn nhat

Header nay dinh nghia duy nhat mét bién!, errno , c6 thé kiém tra dé€ xem da xay ra 1i hay chua.

errno dudc set thanh 0 lic khéi dong, nhung khéng c¢6 ham thu vién nao set né vé 0 . Néu ban chi
dua vao né dé kiém tra 16i, set n6 vé @ trudc khi goi roi kiém tra sau d6. Khong chi vay, néu khéng cé
161, moi ham thu vién sé& dé gia tri errno nguyén khong d6i.
Tuy nhién, théng thudng ban s& nhan dugc tin hiéu 16i nao d6 tii ham dudc goi rdi méi kiém tra errno
dé xem chuyén gi d4 sai.

Cai nay thudng dung chung véi perror() dé lay mot thong bao 16i dang con ngudi doc dudc ting véi
18i cu thé.
Meo An Toan Quan Trong: Duing bao gig tu tao bién cta riéng ban tén la errno —dd 1a undefined
behavior.

Chu y 14 spec C chi dinh nghia vai ba gia tri ma errno c6 thé nhan. Unix dinh nghia thém kha kha?,
Windows cling vay®.

6.1 errno
Giil trang thai 16i cta 18i goi gan nhit

Synopsis

errno  // Kié’u khéng xdc dinh, nhung gén duoc

Mo ta

Cho biét trang thai 13i ctia 16i goi gan nhét (chu y khong phai moi 18i goi déu set gi tri nay).

Giatri Mota

0 Khéng 15i

IThat ra no chi can 1 modifiable lvalue, nén khong nhat thiét 1a bién. Nhung ban ct xem n6 nhu bién ciing dudc.
Zhttps://man.archlinux.org/man/errno.3.en
Shttps://docs.microsoft.com/en-us/cpp/c-runtime-library/errno-constants?view=msvc-160
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Giatri Mbta

EDOM L6i mién xac dinh (tli toan)
EILSEQ  L&i encoding (tii chuyén d6i ky tu)
ERANGE  L&i mién gid tri (tli toan)

Néu ban dang lam mot loat ham toan, ban ¢6 thé gip EDOM hodc ERANGE .

Vi cdc ham chuyén d6i ky tu multibyte/wide, ban c6 thé thiy EILSEQ .

Va hé thdng cta ban c¢6 thé dinh nghia thém bao nhiéu gia tri khic ma errno c6 thé nhan, tit ca déu
bat ddu bing chit E .

Chuyén Vui: ban c6 thé dung EDOM, EILSEQ, va ERANGE vdi céc chi thi preprocessor nhu #ifdef .
Nhung that long, t6i khong chic ban sé lam vy d€ lam gi ngoai viéc kiém tra su ton tai ctia ching.

Vidu
Doan sau in ra thong bao 18i, vi truyén 2.0 vao acos() la ngoai mién xac dinh ctia ham.
#include <stdio.h>
#include <math.h>
#include <errno.h>
int main(void)
{
double x;
errno = 0; // ba’m ba’o clear truéc khi goi
X = acos(2.0); // P6°1i s6  khong hop 1é cho acos()
if (errno == EDOM)
perror("acos");
else
printf("Answer is %f\n", x);
return 0;
}
Output:
acos: Numerical argument out of domain

Doan sau in ra thong bao 18i (trén hé cta tdi), vi truyén 1e+30 vao exp() tao ra két qua ngoai mién

gia tri clia double .

#include <stdio.h>
#include <math.h>
#include <errno.h>

int main(void)
{
double x;

errno = 0; // Ba’m ba’o clear truéc khi goi

x = exp(le+30); // Truyé'n vao sé’ qua khé'ng 16"
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if (errno == ERANGE)
perror("exp");

else
printf("Answer is %f\n", x);

return 0;

Output:

exp: Numerical result out of range

Vi du nay tht chuyén mot ky tu khong hgp 1é sang ky tu rong (wide), that bai. N6 set errno thanh

EILSEQ . Roita dung perror() dé in ra thong bao 16i.

#include <stdio.h>
#include <string.h>
#include <wchar.h>
#include <errno.h>
#include <locale.h>
int main(void)
{
setlocale(LC ALL, "");
char *bad_str = "\xff"; // Cé 1é la char khéng hop 1é o’ locale nay
wchar t wc;
size t result;
mbstate t ps;
memset(&ps, 0, sizeof ps);
result = mbrtowc(&wc, bad_str, 1, &ps);
if (result == (size t)(-1))
perror("mbrtowc"); // mbrtowc: Illegal byte sequence
else
printf("Converted to L'%lc'\n", wc);
return 0;
}
Output:
mbrtowc: Invalid or incomplete multibyte or wide character

Xem thém

perror() , mbrtocl6(), clértomb(), mbrtoc32(), c32rtomb(), fgetwc(),

mbrtowc() , wcrtomb() , mbsrtowcs() , wcsrtombs() , <math.h> ,
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Chapter 7

<fenv.h> Exception va Méi truong Dau
cham dong

Ham

Mo ta

feclearexcept()
fegetexceptflag()
fesetexceptflag()
feraiseexcept()
fetestexcept()
fegetround()
fesetround()
fegetenv()
fesetenv()
feholdexcept()
feupdateenv ()

Xo4 cac exception ddu chdm doéng

Luu cac c6 exception ddu cham dong

Khéi phuc cac cd exception ddu chdm dong

Raise mot exception ddu chdm dong bing phan mém
Kiém tra xem mot exception da xay ra hay chua

L&y hudng lam tron

Dat hudng lam tron

Luu toan bo méi trudng ddu chdm dong

Khéi phuc toan bo moi trudng ddu chdm dong

Luu trang thai ddu chdm dong va bat ché dd non-stop
Khéi phuc méi trudsng dau chdm dong va ap dung cac exception gan nhat

7.1 Kiéu va Macro

C6 hai kiéu dugc dinh nghia trong header nay:

Kiéu Mo ta

fenv_t Toan bo moi trudng dau chdm dong

fexcept_t Mt tip exception ddu chdm dong

“Moi trudng” ¢6 thé xem nhu trang thai tai théi diém hién tai cua hé thong xt ly ddu chdm dong: gom
exception, lam tron, v.v. N6 14 kiéu opaque, nén ban khong thé truy cip truc tiép ma phai lam qua cac
ham dang cach.

Néu céc ham ndi dén c6 ton tai trén hé ctia ban (c6 thé khong!), thi ban cling s& c6 cdc macro sau duge
dinh nghia dé biéu dién cic exception khac nhau:

Macro Mo ta

Chia cho 0
Két qua khong chinh x4c, bi lam tron

FE_DIVBYZERO
FE_INEXACT
FE_INVALID
FE_OVERFLOW

L6i mién xac dinh

Tran trén
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Macro Mb ta

FE UNDERFLOW  Tran dudi
FE ALL EXCEPT  Tat ca & trén gop lai

Y tudng 1a ban c6 thé bitwise-OR ching v6i nhau dé biéu dién nhiéu exception, vidu FE_INVALID|FE_OVERFLOW .
Cac ham bén dudi c6 tham s6 excepts sé nhén cac gia tri nay.

Xem <math.h> dé biét hAm nao raise exception nao va khi nao.

7.2 Pragma

Binh thudng C dudc tu do t6i du du thi chuyén c6 thé khién cac ¢3 khong gidng nhu ban mong dgi.
Vay nén néu ban dinh dung mé nay, nhé set pragma nay:

‘ #pragma STDC FENV_ACCESS ON }

Néu ban lam vay & scope toan cuc, n6 c6 hiéu luc cho dén khi ban tit di:

‘ #pragma STDC FENV_ACCESS OFF }

Néu ban lam 6 block scope, né phai ding trudc moi statement hodc declaration. Trong trudng hgp do,
n6 ¢6 hiéu luc cho dén khi block két thic (hodc dén khi bi tit di rd rang).

Mot canh bao: pragma nay khéng dudc hd trg trén ca hai compiler t4i dang c6 (gee va clang) 6 thoi
diém viét, nén du tdi c6 build mé code dudi day, né khong dudc test ki 1am.

7.3 feclearexcept()

Xo4 cac exception ddu chim dong

Synopsis

#include <fenv.h>

int feclearexcept(int excepts);

Mo ta
Néu c6 exception ddu chim ddng da xay ra, ham nay c6 thé xoa no.
Set excepts thanh danh sich exception noi bing bitwise-OR can xo0a.

Truyén 0 thikhdng co tac dung gi.

Gia tri tra vé

Tra vé 0 néu thanh cong va khac 0 néu that bai.
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Vidu

#include <stdio.h>

#include <math.h>

#include <fenv.h>

int main(void)

{
#pragma STDC FENV_ACCESS ON
double f = sqrt(-1);
int r = feclearexcept(FE_INVALID);

printf("%d %f\n", r, f);

Xem thém

feraiseexcept() , fetestexcept()

7.4 fegetexceptflag() fesetexceptflag()

Luu ho#c khoi phuc cac cd exception ddu chdm dong

Synopsis

#include <fenv.h>

int fegetexceptflag(fexcept t *flagp, int excepts);

int fesetexceptflag(fexcept t *flagp, int excepts);

Mo ta
Dung cac ham nay dé luu hodc khdi phuc moéi trudng ddu chAm dong hién tai trong mot bién.

Set excepts thanh tip exception ban muén luu hodc khoi phuc trang thai. Set thanh FE_ALL_EXCEPT
s€ luu hoic khoi phuc toan bo trang thai.

Chuy fexcept t lakiéu opaque—ban khong biét bén trong né co gi.
excepts co6 thé set thanh 0 d€ khong c6 tic dung gi.

Gia tri tra vé

Tra vé 0 néu thanh cdng hodc néu excepts 1a 0.

Tra vé khac 0 néu that bai.

Vidu

Chuong trinh nay luu trang thai (trudc khi c6 16i ndo xay ra), réi cé y gay 16i mién x4c dinh bing cach

thi tinh v —1.

Sau d6, n6 khéi phuc trang thai ddu chAm dong vé trudc khi cé 16i, nhd d6 xo04 16i di.
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#include <stdio.h>
#include <math.h>
#include <fenv.h>

int main(void)

{
#pragma STDC FENV_ACCESS ON
fexcept t flag;
fegetexceptflag(&flag, FE ALL EXCEPT); //
double f = sqrt(-1); //
printf("sf\n", f); //
if (fetestexcept(FE_INVALID))
printf("1l: Domain error\n"); //
else
printf("1l: No domain error\n");
fesetexceptflag(&flag, FE ALL EXCEPT); //
if (fetestexcept(FE_INVALID))
printf("2: Domain error\n");
else
printf("2: No domain error\n"); //
}

Luu trang thai
T6i doan cai nay khoéng chay duoc
"nan"

Dong nay in!

Khéi phuc vé' trudc khi cé 1671

Dong nay in!

7.5 feraiseexcept()

Raise mot exception ddu chdm dong bang phan mém

Synopsis

#include <fenv.h>

int feraiseexcept(int excepts);

Mo ta

Céi nay cd raise mot exception dau chdm dong nhu thé né da xay ra.

Ban c6 thé chi dinh nhiéu exception dé raise.

Néu FE UNDERFLOW hodc FE OVERFLOW dudc raise, C cé thé raise thém FE INEXACT .

Néu FE_UNDERFLOW hodc FE_OVERFLOW dudc raise cing lic v4i FE_INEXACT , thi FE_UNDERFLOW hoic

FE_OVERFLOW sé dudc raise truidc FE_INEXACT phia sau hau trudng.

Thi tu cac exception khac dudc raise thi khong xac dinh.

Gia tri tra vé

Tra vé 0 néu moi exception déu dudc raise hodc néu excepts la 0.

Tra vé khac 0 trong trudng hdp khac.
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Vidu

Doan code nay cd y raise exception chia cho 0 r6i phat hién no.

#include <stdio.h>
#include <math.h>
#include <fenv.h>

int main(void)
{
#pragma STDC FENV_ACCESS ON

feraiseexcept(FE_DIVBYZERO) ;

if (fetestexcept(FE DIVBYZERO) == FE DIVBYZERO)
printf("Detected division by zero\n"); // Dong nay in!!
else
printf("This is fine.\n");

Xem thém

feclearexcept() , fetestexcept()

7.6 fetestexcept()

Kiém tra xem mot exception di x4y ra hay chua

Synopsis

#include <fenv.h>

int fetestexcept(int excepts);

Mo ta

Diit céc exception ban mudn kiém tra vao excepts , bitwise-OR ching lai v6i nhau.
Gia tri tra vé

Tra vé bitwise-OR clia cic exception da dudc raise.

Vidu

Doan code nay c0 y raise exception chia cho 0 r6i phat hién no.

#include <stdio.h>
#include <math.h>
#include <fenv.h>

int main(void)
{
#pragma STDC FENV_ACCESS ON

feraiseexcept (FE_DIVBYZERO) ;
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if (fetestexcept(FE_DIVBYZERO) == FE_DIVBYZERO)
printf("Detected division by zero\n"); // Dong nay in!!
else
printf("This is fine.\n");

Xem thém

feclearexcept() , feraiseexcept()

7.7 fegetround() fesetround()

L&y ho#c dit hudng lam tron

Synopsis

#include <fenv.h>

int fegetround(void);

int fesetround(int round);

Mo ta
Dung miy ham nay dé 14y hodc dit huéng lam tron duge dung bsi mot ddng ham toan.

Cd ban la khi mot ham “lam tron” mot s6, nd mudn biét 1am tron thé nao. Mic dinh, né lam theo cach
ta hay mong dgi: néu phan phan s6 nho hon 0.5, lam tron xuéng vé phia 0, ngudc lai lam tron 1én xa 0.

Macro Mo ta

FE_TONEAREST Lam tron vé s6 nguyén gan nhit, mic dinh
FE_TOWARDZERO  Ludn lam tron vé phia 0

FE_DOWNWARD Lam tron vé s6 nguyén nho hon ké tiép
FE_UPWARD Lam tron vé sé nguyén 16n hon ké tiép

Mot s6 hién thuc khong hé trg lam tron. Néu cé, cac macro trén sé dude dinh nghia.
Chd y ham round() ludn la “vé-gin-nhit” va khong quan tim dén ché d6 lam tron.
Gia tri tra vé

fegetround() tra vé huéng lam tron hién tai, hoic gi4 tri Am néu 14i.

fesetround() tra vé 0 néu thanh cong, khac 0 néu that bai.

Vi du

Vi du nay lam tron vai s6

#include <stdio.h>
#include <math.h>
#include <fenv.h>



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

7.8.

fegetenv() fesetenv()

// Ham phu in ra ché” dé lam tron
const char *rounding mode str(int mode)
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{
switch (mode) {
case FE TONEAREST: return "FE TONEAREST";
case FE_TOWARDZERO: return "FE TOWARDZERO";
case FE_DOWNWARD: return "FE DOWNWARD";
case FE_UPWARD: return "FE_UPWARD";
}
return "Unknown";
}
int main(void)
{
#pragma STDC FENV_ACCESS ON
int rm;
rm = fegetround();
printf("%s\n", rounding mode str(rm)); // In ché” dd hién tai
printf("sf %f\n", rint(2.1), rint(2.7)); // Thu’ lam tron
fesetround (FE_TOWARDZERO) ; // B6’1i ché” dj
rm = fegetround();
printf("ss\n", rounding mode str(rm)); // In ra
printf("%f %f\n", rint(2.1), rint(2.7)); // Thu’ lai xem!
}
Output:

FE_TONEAREST
2.000000 3.000000
FE_TOWARDZERO
2.000000 2.000000

Xem thém

nearbyint() , nearbyintf() , nearbyintl() ,

lrintl() , 1lrint() , llrintf() , llrintl()

7.8

fegetenv() fesetenv()

Luu ho#c khoi phuc toan bd méi trudng ddu chdm déng

Synopsis

rint(), rintf(), rintl(), lrint(), lrintf() ,

#include <fenv.h>

int fegetenv(fenv_t *envp);
int fesetenv(const fenv_t *envp);
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Mo ta

Ban c6 thé luu méi trudng (exception, hudng lam tron, v.v.) bang cach goi fegetenv() va khoi phuc
bing fesetenv() .

Dung céi nay néu ban mudn khoi phuc trang thai sau khi goi ham, nghia 14 gifu di khoi caller rang c6
vai exception ddu chdm dong hoic thay d6i da xay ra.

Gia tri tra vé

fegetenv() va fesetenv() travé 0 néu thanh cdéng, khac 0 trong trudng hgp khéc.

Vi du

Vi du nay luu moéi trudng, quiy véi rounding va exception, roi khoi phuc lai. Sau khi méi trudng duge
khéi phuc, ta thiy rounding da vé mic dinh va exception da bi xoa.

#include <stdio.h>
#include <math.h>
#include <fenv.h>

void show status(void)

{
printf("Rounding is FE TOWARDZERO: %d\n",
fegetround() == FE_TOWARDZERO) ;
printf("FE DIVBYZERO is set: %d\n",
fetestexcept(FE _DIVBYZERO) != 0);
}
int main(void)
{
#pragma STDC FENV_ACCESS ON
fenv_t env;
fegetenv(&env); // Luu mbéi trudng
fesetround (FE_TOWARDZERO) ; // P6’1i rounding
feraiseexcept(FE_DIVBYZERO); // Raise exception
show status();
fesetenv(&env); // Khbéi phuc méi trudng
show status();
}
Output:

Rounding is FE _TOWARDZERO: 1
FE_DIVBYZERO is set: 1
Rounding is FE_TOWARDZERO: 0
FE DIVBYZERO is set: 0

Xem thém

feholdexcept() , feupdateenv()
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7.9

feholdexcept()

Luu trang thai ddu chdm déng va bat ché do non-stop

Synopsis

#include <fenv.h>

int

feholdexcept(fenv_t *envp);

Mo ta

Cai nay giong fegetenv() chikhac la nd cip nhat moi trudng hién tai sang ché dd non-stop, tic la nd

sé khéng diing lai 6 bat ky exception nao.

No6 gili nguyén trang thai nay cho dén khi ban khoi phuc trang thai bang fesetenv() hodc

feupdateenv() .

Gia tri tra vé

Vidu

Vi du nay luu moi trudng va vao ché do non-stop, quiy vdi rounding va exception, roi khéi phuc lai. Sau
khi khéi phuc méi trudng, ta thdy rounding da vé mic dinh va exception da bi xoa. Ta cling sé khong

con G ché do non-stop niia.

{

int

#include <stdio.h>
#include <math.h>
#include <fenv.h>

void show status(void)

printf("Rounding is FE TOWARDZERO: %d\n",
fegetround() == FE_TOWARDZERO) ;

printf("FE DIVBYZERO is set: %d\n",
fetestexcept(FE _DIVBYZERO) != 0);

main(void)

#pragma STDC FENV_ACCESS ON

fenv_t env;

// Luu mbéi truong va khong dirng lai khi gap exception
feholdexcept(&env);

fesetround (FE_TOWARDZERO) ; // PO’ i rounding
feraiseexcept(FE_DIVBYZERO); // Raise exception

show status();

fesetenv(&env); // Khoi phuc mbéi trudng
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show status();

Xem thém

fegetenv() , fesetenv() , feupdateenv()

7.10 feupdateenv()

Khéi phuc méi trudng ddu chdm dong va ap dung cac exception gan nhit

Synopsis

#include <fenv.h>

int feupdateenv(const fenv_t *envp);

Mo ta
C4i nay gidng fesetenv() chikhéc la n6 chinh lai méi trudng truyén vao sao cho dudc cap nhéit véi
cac exception da xay ra trong luc do.

Vi du ban c6 mot ham c6 thé raise exception, nhung ban mudn gidu chung di khoi caller. Mot lva chon
la:
1. Luu moi trudng bing fegetenv() hoic feholdexcept() .
2. Lam gi thi 1am ma c6 thé raise exception.
3. Khoi phuc moi trudng bang fesetenv() , qua d6 gidu di cic exception da xay ra & bude 2.
Nhung cach d6 gidu todn b exception. L3 ban chi mudn gidu vai cai thi sao? Ban c6 thé dung
feupdateenv() nhu sau:

Luu moi trudng bdng fegetenv() hodc feholdexcept() .
Lam gi thi lam ma c6 thé raise exception.
Goi feclearexcept() dé xo0a cac exception ban mudn gidu khoi caller.

Lol

Goi feupdateenv() dé khoi phuc méi trudng trude do va cap nhat no véi cac exception khac da
xay ra.

Nén né giong mot cach khoi phuc moi trudng cd nang luc hon so véi chi don gidn fegetenv() / fesetenv() .

Gia tri tra vé
Tra vé 0 néu thanh cong, khac 0 trong trudng hgp khac.

Vi du

Chuong trinh nay luu trang thai, raise vai exception, roi xod mot trong cac exception, réi khoi phuc va
cép nhat trang thai.

#include <stdio.h>
#include <math.h>
#include <fenv.h>

void show status(void)

{
printf("FE DIVBYZERO: %d\n", fetestexcept(FE_DIVBYZERO) != 0);
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1= 0);

printf("FE INVALID : %d\n", fetestexcept(FE_INVALID) != 0);
printf("FE OVERFLOW : %d\n\n", fetestexcept(FE_OVERFLOW)
}
int main(void)
{
#pragma STDC FENV_ACCESS ON
fenv_t env;
feholdexcept(&env); // Luu mbéi truong
// Gia’ v& c6 chdt todn té xa’y ra o’ day:
feraiseexcept(FE_DIVBYZERO); // Raise exception
feraiseexcept(FE_INVALID); // Raise exception
feraiseexcept(FE_OVERFLOW); // Raise exception
show status();
feclearexcept(FE_INVALID);
feupdateenv(&env); // Khoi phuc moi truong
show status();
}

77

Trong output, lic dau ta khdng cb exception nao. Roi ta cb ba cai da raise. Sau d6 khi khdi phuc/céap

nhit moi trudng, ta thiy cai da xoa ( FE_INVALID ) khong dudc ap dung:

FE_DIVBYZERO:
FE_INVALID : O
FE_OVERFLOW : 0

(<]

FE_DIVBYZERO: 1
FE_INVALID : 1
FE_OVERFLOW :

=

FE_DIVBYZERO: 1
FE_INVALID
FE_OVERFLOW :

= ©

Xem thém

fegetenv() , fesetenv() , feholdexcept() , feclearexcept()
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Chapter 8

<float.h> Giéi han Dau cham dong

Macro

Do 16n tdi thiéu

Mo ta

FLT ROUNDS
FLT EVAL METHOD
FLT HAS_SUBNORM
DBL_HAS SUBNORM
LDBL_HAS_ SUBNORM
FLT RADIX

FLT MANT DIG
DBL_MANT DIG
LDBL_MANT DIG
FLT DECIMAL DIG
DBL_DECIMAL DIG
LDBL DECIMAL DIG
DECIMAL DIG

FLT DIG
DBL_DIG
LDBL DIG

FLT MIN EXP

DBL MIN EXP

LDBL_MIN EXP

FLT MIN 10 EXP

DBL_MIN 10 EXP

LDBL_MIN 10 EXP

FLT MAX_EXP

DBL_MAX_EXP

LDBL MAX EXP

10
10
10

10
10

-37

-37

-37

Ché d6 lam tron hién tai
Céc kiéu dung dé danh gia
HBO trg subnormal cho float
HO trg subnormal cho double
HO trg subnormal cho long double
Cd s6 déu chim dong (radix)
S6 chii s6 ¢6 s6 FLT_RADIX trong float
S6 chii s6 co s6 FLT_RADIX trong double
SO chii s6 c6 s FLT_RADIX trong long double
S& chit s6 thap phan can dé ma ho4d mot float
S8 chii s6 thip phan can d€ ma hoa mot double
S8 chit s6 thap phan can dé ma hod mot long double
S6 chii s6 thap phan can d€ ma ho4 s6 ddu chdm dong
réong nhat dudc hd trg
S& chit s6 thap phan co thé luu an toan trong float
S8 chii s6 thap phan c6 thé Iuu an toan trong double
S8 chii s6 thap phan c6 thé Iuu an toan trong
long double
FLT RADIX mii FLT MIN EXP-1 la float chuin hoa
nho nhat
FLT RADIX mii DBL MIN EXP-1 la double chudn hoa
nho nhat
FLT RADIX mii LDBL MIN EXP-1 la long double
chuén ho4 nhé nhit
S6 mu t6i thiéu sao cho 10 luy thiia s6 nay 1a float
chuén hoa
S6 ma t6i thiéu sao cho 10 luy thia s6 nay 1a double
chuén hoa
S6 mii t6i thi€u sao cho 10 luy thiia s6 nay la
long_double chuin hoa
FLT RADIX mii FLT MAX EXP-1 la float hiiu han
16n nhat
FLT RADIX mii DBL MAX EXP-1 1a double hiiu han
16n nhat
FLT RADIX mi LDBL MAX EXP-1 la long double
hitu han 16n nhit
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Macro

Do 16n téi thiéu

Mo ta

FLT MAX 10 EXP -37 SO mii t8i thi€u sao cho 10 luy thiia s6 nay 1a float
hiiu han

DBL_MAX 10 EXP -37 S6 mii t3i thiéu sao cho 10 luy thita s6 nay la double
hiiu han

LDBL MAX 10 EXP -37 S6 mii t8i thi€u sao cho 10 luy thiia s6 nay 1a

long double hiiu han

FLT MAX 1E+37 float hiiu han 16n nhat

DBL_MAX 1E+37 double hitiu han 16n nhit

LDBL_MAX 1E+37 long double hiiu han I6n nhat

Macro Gia tri toi da Mo ta

FLT EPSILON

DBL_EPSILON

LDBL_EPSILON

FLT MIN
DBL_MIN
LDBL MIN
FLT TRUE_MIN
DBL TRUE MIN
LDBL_TRUE_MIN

1E-5

1E-9

1E-9

1E-37
1E-37
1E-37
1E-37
1E-37
1E-37

Chénh léch giiia 1 va float biéu dién dugdc 16n hon ké
tiép

Chénh léch giifa 1 va double biéu dién dudc 16n hon
ké tiép

Chénh léch giifa 1 vad long double biéu dién dugc 16n
hon ké tiép

float chuén hoa dudng nho nhat

double chuin ho4 duong nho nhat

long double chuén ho4 duong nho nhit

float dudng nho nhat

double dudng nhoé nhit

long double dudng nho nhit

Céc gia tri toi thiéu va tdi da 6 day lay ti spec—do 1a muic t6i thiéu ban c6 thé mong ddi trén moi nén
tAng. May siéu xin ctia ban c6 thé 1am t6t hon niia!

8.1 Béicanh

Spec cho phép kha thoang trong chuyén C biéu dién s6 ddu chim dong nhu thé nao. Header nay danh

van ra cac giéi han cua nhiing con sé do.

N6 dua ra mot mo hinh c6 thé mo ta bat ky s6 ddu chim ddng nao ma tdi biét chic chin ban s& mé tit.

Tréng nhu vay:

p
x = sb° kab7k7 €min <e< Cmaz

k=1

trong do:

Bién Y nghia

S6 mil

b SIS )

D&u, —1 hoic 1
Cd s6 (radix), trén hé cta ban chéc la 2

D& chinh xac: ¢6 bao nhiéu chii s6 ¢d s6 b trong s
Tung chii s6 cua sd, tic significand

Nhung tam thdi ct b6 qua mé dé di cho nhe dau.

Gié st may ctia ban diing cd s6 2 cho ddu chdm dong (chéc 1a c6). Va trong vi du dudi ddy cac s6 1-va-0
la 6 hé nhi phéan, con lai 6 thap phan.
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Tém lai 1 ban c6 thé c6 cac s6 ddu chdm dong nhu trong vi du nay:
—0.10100101 x 2° = —10100.101 = —20.625

D6 1a phén phén s6 nhan véi ¢d s6 luy thia sé mi. S6 mi diéu khién ddu thap phin nim & dau. No

“troi” loanh quanh!

8.2 Chi tiét FLT_ROUNDS

Céi nay cho ban biét ché do lam tron. C6 thé thay ddi bing mot 15i goi fesetround() .

Chédd Mota

-1 Khoéng xac dinh dugc

0 Vé phia 0

1 Vé gan nhit

2 Vé phia dudng vé cuc

3 Vé phia &m v0 cuc... va xa hon nta!

Khong giéng moi macro khéc trong header nay, FLT _ROUNDS c6 thé khong phai la biéu thic héng.

8.3 Chi tiét FLT_EVAL_METHOD

Cé&i nay cd ban cho ban biét cac gia tri ddu chdm dong dudc promote sang kiéu khéac thé nao trong biéu
thiic.

Phuong phap Mo ta

-1 Khoéng xac dinh dugc
Danh gia moi phép toan va hing & d6 chinh xac ctia kiéu tuong ting
Danh gia phép toan float va double nhu double, phép toan long double nhu
long double

2 Danh gia moi phép toan va hing nhu long double

8.4 SO Subnormal

Chc macro FLT HAS_SUBNORM , DBL_HAS SUBNORM, va LDBL HAS SUBNORM déu cho ban biét cac kidu do
c6 hd trg s6 subnormal® khong.

Giatri Mota

-1 Khoéng xac dinh dugc
0 Subnormal khéng dugc hd trg cho kiéu nay
1 Subnormal dudc hd trg cho kiéu nay

8.5 Toi dung dugc bao nhiéu chii s6 thap phan?
Con tuy ban muén lam gi.

An toan 1 néu ban khong bao gi dung qua FLT DIG chii s§ c¢d s6 10 trong float ctia minh, ban 6n.
(Tudng td v6i DBL_DIG va LDBL_DIG cho ki€u ctia chung.)

Va “dung” tdi ndi day 1a in ra, c6 trong code, doc tit ban phim, v.v.

!https://en.wikipedia.org/wiki/Subnormal_number
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Ban c6 thé in ra tling 4y chii s6 thap phan bidng printf() va format specifier %g :

#include <stdio.h>
#include <float.h>
int main(void)
{
float pi = 3.1415926535897932384626433832795028841971;
// V&i %g hodc %G, precision chi’ sé” chit s6° cé nghia:
printf("%.*g\n", FLT DIG, pi); // V6éi t6i: 3.14159
// Nhung %f in qua nhié‘'u, vi precision la sé  chit s6” bén pha’i
// d&’u thdp phén--né khéng dé’m cac chit s6” bén trai:
printf("s.*f\n", FLT_DIG, pi); // Véi toi: 3.14159... 3 7?77
}

D4y 1a hét, nhung mdi don xem phan két hap dan ctia “T6i dung dudc bao nhiéu chii s thap phan?”

Vi ¢ s6 10 va ¢d s6 2 ( FLT_RADIX tiéu biéu cua ban) khong &n y v8i nhau 1dm, ban c6 thé thuc su c6
nhiéu hon FLT DIG chii s trong float ; cac bit luu trii kéo dai thém chut nita. Nhung ching c6 thé
lam tron theo cach ban khéng ngg téi.

Nhung néu ban mudn chuyén mot s6 ddu chdm dong sang cd s6 10 r6i c6 thé chuyén né ngugce lai thanh
cung mot s6 ddu chdm dong y hét, ban sé cAn FLT DECIMAL DIG chiisé tii float dé dam bao miy bit
Ivu trit du ra dli(jC thé hiél’l d‘ﬁy‘ dua. (Va DBL_DECIMAL DIG va LDBL DECIMAL DIG cho cac kiéu tuong
ung.)

Duéi day 1a vi du output cho thy gia tri dugc luu c6 thé c6 vai chii s6 thap phan thita & cudi.

#include <stdio.h>
#include <math.h>

#include <assert.h>
#include <float.h>

int main(void)

{
printf("FLT DIG = %d\n", FLT DIG);
printf("FLT DECIMAL DIG = %d\n\n", FLT DECIMAL DIG);
assert(FLT DIG == 6); // Code duéi gia’ dinh dié‘'u nay
for (float x = 0.123456; x < 0.12346; x += 0.000001) {
printf("As written: %.*g\n", FLT DIG, Xx);
printf("As stored: %.*g\n\n", FLT DECIMAL DIG, x);
}
}

Va output trén may ciia toi, bit dau tai 0.123456 va ting dan 0.000001 mbi lan:

FLT DIG = 6
FLT DECIMAL DIG = 9

As written: 0.123456
As stored: 0.123456001
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As
As

As
As

As
As

As
As

Vi du Toan dién

written:

stored:

written:

stored:

written:

stored:

written:

stored:

(<]

.123457
.123457

.123458
.123457998

.123459
.123458996

.12346
.123459995
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Ban c6 thé thay gi4 tri luu khong phai lic nao ciing 13 gi tri ta mong ddi, vi cd s6 2 khong biéu dién

chinh xac dugc moi phan s cd s8 10. Tét nhat nod c6 thé 1lam 1a luu thém vai chit s6 rdi lam tron.

Ciing dé y 1a du ta da c6 diing vong for trudc 0.123460 , né thuc su chay qua ca gia tri d6 vi ban luu

ctasé d61a 0.123459995 , van nhé hon 0.123460 .

S6 diu chdm dong vui ghé nhi?

8.6 Vidu Toan dién

Day 14 chudng trinh in ra chi tiét cho mot may cu thé:

#include <stdio.h>
#include <float.h>

int main(void)

{
printf("FLT RADIX: %d\n", FLT RADIX);
printf("FLT ROUNDS: %d\n", FLT ROUNDS);
printf("FLT EVAL METHOD: %d\n", FLT EVAL METHOD);
printf("DECIMAL DIG: %d\n\n", DECIMAL DIG);

printf("FLT HAS SUBNORM: %d\n", FLT HAS_ SUBNORM);
printf("FLT MANT DIG: %d\n", FLT_MANT DIG);

printf("FLT DECIMAL DIG: %d\n", FLT DECIMAL DIG);
printf("FLT DIG: %d\n", FLT DIG);

printf("FLT MIN EXP: %d\n", FLT MIN_EXP);
printf("FLT MIN 10 EXP: %d\n", FLT_MIN_10_EXP);
printf("FLT MAX EXP: %d\n", FLT MAX_EXP);
printf("FLT MAX 10 EXP: %d\n", FLT_MAX_ 10 _EXP);
printf("FLT MIN: %.*e\n", FLT DECIMAL DIG, FLT MIN);
printf("FLT MAX: %.*e\n", FLT DECIMAL DIG, FLT MAX);
printf("FLT EPSILON: %.*e\n", FLT DECIMAL DIG, FLT EPSILON);
printf("FLT TRUE MIN: %.*e\n\n", FLT DECIMAL DIG, FLT TRUE_MIN);

printf("DBL HAS SUBNORM: %d\n", DBL_HAS_SUBNORM);
printf("DBL MANT DIG: %d\n", DBL_MANT DIG);
printf("DBL DECIMAL DIG: %d\n", DBL DECIMAL DIG);
printf("DBL_DIG: %d\n", DBL_DIG);
printf("DBL MIN EXP: %d\n", DBL_MIN_EXP);
printf("DBL_MIN 10 EXP: %d\n", DBL_MIN 10 _EXP);
printf("DBL MAX EXP: %d\n", DBL_MAX EXP);
printf("DBL MAX 10 EXP: %d\n", DBL_MAX 10 EXP);
printf("DBL MIN: %.*e\n", DBL _DECIMAL DIG, DBL_MIN);
printf("DBL MAX: %.*e\n", DBL_DECIMAL DIG, DBL_MAX);
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printf("DBL EPSILON: %.*e\n", DBL DECIMAL DIG, DBL EPSILON);
printf("DBL TRUE MIN: %.*e\n\n", DBL_DECIMAL DIG, DBL_TRUE_MIN);

printf("LDBL HAS SUBNORM: %d\n", LDBL HAS SUBNORM);
printf("LDBL MANT DIG: %d\n", LDBL MANT DIG);

printf("LDBL DECIMAL DIG: %d\n", LDBL DECIMAL DIG);
printf("LDBL DIG: %d\n", LDBL DIG);

printf("LDBL MIN EXP: %d\n", LDBL_MIN_EXP);
printf("LDBL MIN 10 EXP: %d\n", LDBL_MIN 10 EXP);
printf("LDBL MAX EXP: %d\n", LDBL MAX EXP);
printf("LDBL MAX 10 EXP: %d\n", LDBL_MAX_ 10 EXP);
printf("LDBL MIN: %.*Le\n", LDBL_DECIMAL DIG, LDBL MIN);
printf("LDBL MAX: %.*Le\n", LDBL DECIMAL DIG, LDBL MAX);
printf("LDBL EPSILON: %.*Le\n", LDBL DECIMAL DIG, LDBL EPSILON);
printf("LDBL TRUE MIN: %.*Le\n\n", LDBL DECIMAL DIG, LDBL TRUE MIN);

printf("sizeof(float): %zu\n", sizeof(float));
printf("sizeof(double): %zu\n", sizeof(double));
printf("sizeof(long double): %zu\n", sizeof(long double));

Va day la output trén may cua toi:

FLT_RADIX: 2
FLT_ROUNDS: 1
FLT_EVAL_METHOD: 0
DECIMAL_DIG: 21

FLT HAS SUBNORM: 1

FLT MANT DIG: 24

FLT DECIMAL DIG: 9

FLT DIG: 6

FLT MIN EXP: -125

FLT MIN 10 EXP: -37

FLT MAX EXP: 128

FLT MAX_10 EXP: 38

FLT MIN: 1.175494351e-38

FLT MAX: 3.402823466e+38

FLT EPSILON: 1.192092896e-07
FLT TRUE MIN: 1.401298464e-45

DBL_HAS SUBNORM: 1
DBL_MANT DIG: 53

DBL DECIMAL DIG: 17

DBL DIG: 15

DBL MIN EXP: -1621

DBL_MIN 10 EXP: -307

DBL MAX EXP: 1024

DBL MAX 10 EXP: 308

DBL MIN: 2.22507385850720138e-308

DBL MAX: 1.79769313486231571e+308
DBL_EPSILON: 2.22044604925031308¢-16
DBL_TRUE_MIN: 4.94065645841246544e-324

LDBL_HAS_SUBNORM: 1
LDBL_MANT DIG: 64
LDBL DECIMAL DIG: 21
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LDBL DIG: 18

LDBL MIN EXP: -16381

LDBL MIN 10 EXP: -4931

LDBL_MAX_EXP: 16384

LDBL_MAX 10 EXP: 4932

LDBL MIN: 3.362103143112093506263e-4932

LDBL MAX: 1.189731495357231765021e+4932

LDBL EPSILON: 1.084202172485504434007e-19
LDBL TRUE MIN: 3.645199531882474602528e-4951

sizeof(float): 4
sizeof(double): 8
sizeof(long double): 16
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Chapter 9

<inttypes.h> Cac phép chuyén doi s6
nguyén thém

Ham Mo ta
imaxabs () Tinh gia tri tuyét déi cia mdt intmax_t
imaxdiv() Tinh thudng va s du cta cac intmax_t
strtoimax() Chuyén string sang kiéu intmax_t
strtoumax () Chuyén string sang kiu uintmax_t
wcstoimax () Chuyén wide string sang kiéu intmax_t
wcstoumax () Chuyén wide string sang kiéu uintmax_t

Header nay lam cac phép chuyén d6i sang s6 nguyén c6 16n nhat, chia v6i sd nguyén ¢ 16n nhit, va
ciing cung cip format specifier cho printf() va scanf() cho mot loat kiéu dugc dinh nghia trong
<stdint.h>.

Header <stdint.h> dudc include bsi header nay.

9.1 Macro
MA&y macro nay 1a dé gitp printf() va scanf() khiban dung mot kiéu nhu int_leastl6_t ... ban
dung format specifier gi?

Bat dau v8i printf() —miy macro nay bat ddu bing PRI roi theo sau la format specifier ma ban
thudng dung cho kiéu dé6. Cudi ciing, thém sd bit.

Vi duy, format specifier cho s6 nguyén 64-bit la PRId64 —chii d 14 vi thudng ban in s6 nguyén véi "%d" .
Mot s nguyén khong dau 16-bit ¢6 thé dugce in v8i PRIU16 .

M4y macro nay md rong thanh string literal. Ta c6 thé tin dung viéc C tu ddng ndi cac string literal ké
nhau va dung céc specifier nay nhu sau:

#include <stdio.h> // cho printf()
#include <inttypes.h>

int main(void)
{
intle t x = 32;

printf("The value is %" PRId16 "!\n", Xx);
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Khong c6 gi ma thuét xay ra 6 dong 8 bén trén dau. That vy, néu t6i in gia tri ctia macro:

printf("%s\n", PRId16);

ta nhin dudc cai nay trén hé cta toi:

hd

la mot format specifier ctia printf() c6 nghia “s6 nguyén c6 didu ngén”.

Nén quay lai dong 8, sau khi noi string literal, né y hét nhu téi da go:

printf("The value is %hd!\n", x);

Day la bang moi macro ban c6 thé dung cho format specifier ctia printf()

1a 8, 16, 32, hoac 64.

... thay s6 bit vao N, thudng

PRId N
PRIi N
PRIo N
PRIu N
PRIX N
PRIX N

PRIALEAST N
PRIiLEAST N
PRIOLEAST N
PRIULEAST N
PRIXLEAST N
PRIXLEAST N

PRIAFAST N
PRIiFAST N
PRIOFAST N
PRIUFAST N
PRIXFAST N
PRIXFAST N

PRIAMAX
PRIiMAX
PRIoMAX
PRIuMAX
PRIXMAX
PRIXMAX

PRIAPTR
PRIiPTR
PRIOPTR
PRIuPTR
PRIXPTR
PRIXPTR

Dé y lan niia 1a chii chii thudng & gitia dai dién cho cc format specifier thong thudng ban truyén cho
printf() : d, i, o, u, x,va X.

Va ta c6 mdt bd macro tudng tu cho scanf() dé doc cac ki€u nay:

SCNd N
SCNi N
SCNo N
SCNu N
SCNx N

SCNdLEAST N
SCNiLEAST N
SCNOLEAST N
SCNULEAST N
SCNXLEAST N

SCNdFAST N
SCNiFAST N
SCNoFAST N
SCNuFAST N
SCNXFAST N

SCNdMAX
SCNiMAX
SCNoMAX
SCNuMAX
SCNxXMAX

SCNdPTR
SCNiPTR
SCNoPTR
SCNuPTR
SCNxXPTR

Quy tic la v6i moi kiéu dude dinh nghia trong <stdint.h> s& c6 cAc macro printf() va scanf()
tuong tng dudc dinh nghia 6 day.

9.2 1imaxabs()

Tinh gia tri tuyét d6i cia mdt intmax_t

Synopsis

#include <inttypes.h>

intmax_t imaxabs(intmax_t j);




9.3. imaxdiv()

Mo ta
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Khi ban cin gid tri tuyét ddi ctia ki€u s nguyén 16n nhat trén hé théng, day 14 ham danh cho ban.

Spec ghi chu réng néu gia tri tuyét déi ctia s6 khong biéu dién dudc, hanh vi 1a undefined. Chuyén nay
x4y ra néu ban thi 14y gia tri tuyét ddi ctia s6 Am nhé nhat c6 thé trén hé théng biéu dién bu hai (two’s

complement).

Gia tri tra vé

Tra vé gia tri tuyét d6i cua dau vao, |j].

Vidu

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

int main(void)

{
intmax t j = -3490;
printf("%sjd\n", imaxabs(j)); // 3490
}
Xem thém
fabs ()

9.3 imaxdiv()

Tinh thuong va s6 du cua cac intmax_t

Synopsis

#include <inttypes.h>

imaxdiv_t imaxdiv(intmax_t numer, intmax_t denom);

Mo ta

Khi ban mudn lam phép chia nguyén va ldy s6 du trong cung mot phép, ham nay sé lam cho ban.

N6 tinh numer/denom va numers%denom rdi tra vé két qua trong mot struct ki€u imaxdiv t .

Struct nay c6 hai field kiéu imaxdiv_t, quot va rem, ma ban dung dé ldy cac gia tri mong mudn.

Gia tri tra vé

Tra vé mot imaxdiv_t chiia thuong va s6 du ctia phép toan.
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Vi du

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

int main(void)

{
intmax_t numer = INTMAX C(3490);
intmax_t denom = INTMAX C(17);
imaxdiv t r = imaxdiv(numer, denom);
printf("Quotient: %jd, remainder: %jd\n", r.quot, r.rem);
}
Output:

Quotient: 205, remainder: 5

Xem thém

remquo ()

9.4 strtoimax() strtoumax()

Chuyén string sang ki€u intmax_t va uintmax_t

Synopsis

#include <inttypes.h>

intmax t strtoimax(const char * restrict nptr, char ** restrict endptr,
int base);

uintmax t strtoumax(const char * restrict nptr, char ** restrict endptr,
int base);

Mo ta

May cai nay hoat dong y hét ho ham strtol() , chi khac la tra vé intmax_t hodc uintmax_t .
Xem trang tham chiéu strtol() dé biét chi tiét.

Gia tri tra vé

Tra vé string da chuyén dudi dang intmax_t hodc uintmax_t .

Néu két qua nim ngoai mién gié tri, gia tri tra vé sé 1a INTMAX MAX , INTMAX MIN , hodc UINTMAX MAX ,
tuy trudng hgp. Vabién errno sé dudc set thanh ERANGE .

Vidu
Vi du sau chuyén mot s6 cd s6 10 sang intmax_t . Roi nd thit chuyén mot s6 co s6 2 khong hgp 18, bat

16i.
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#include <stdio.h>
#include <inttypes.h>

int main(void)

{
intmax t r;
char *endptr;
// S6° co s6” 10 hop 1é
r = strtoimax("123456789012345", &endptr, 10);
if (*endptr != '\0")
printf("Invalid digit: %c\n", *endptr);
else
printf("Value is %jd\n", r);
// S6° nhi phédn sau chtta chit s6° khéng hop 1é
r = strtoimax("0100102010101101", &endptr, 2);
if (*endptr != '\0')
printf("Invalid digit: %c\n", *endptr);
else
printf("Value is %jd\n", r);
}
Output:

Value is 123456789012345
Invalid digit: 2

Xem thém

strtol(), errno

9.5 wcstoimax() wcstoumax()

Chuyén wide string sang kiéu intmax_t va uintmax_ t

Synopsis

#include <stddef.h> // cho wchar_t
#include <inttypes.h>

intmax t wcstoimax(const wchar t * restrict nptr,
wchar t ** restrict endptr, int base);

uintmax_t wcstoumax(const wchar_t * restrict nptr,
wchar_t ** restrict endptr, int base);

Mo ta

May cai nay hoat dong y hét ho ham wcstol() , chi khac la tra vé intmax t hodc uintmax t .

Xem trang tham chiéu wcstol() dé biét chi tiét.
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Gia tri tra vé
Tra vé wide string da chuyén dudi dang intmax_t hodc uintmax t .

Néu két qua ndm ngoai mién gia tri, gia tri trd vé sé 14 INTMAX MAX , INTMAX MIN , hoic UINTMAX MAX,
tuy trudng hgp. Va bién errno sé dudc set thanh ERANGE .

Vi du
Vi du sau chuyén mot s6 cd s6 10 sang intmax_t . R6ino thii chuyén mot sd co s8 2 khong hdp 1€, bat
15i.
#include <wchar.h>
#include <inttypes.h>
int main(void)
{
intmax t r;
wchar t *endptr;
// S6° co s6” 10 hop 1é
r = wecstoimax(L"123456789012345", &endptr, 10);
if (*endptr !'= '\0")
wprintf(L"Invalid digit: %lc\n", *endptr);
else
wprintf(L"Value is %jd\n", r);
// S6° nhi phédn sau chita chit s6° khéng hop 1é
r = westoimax(L"0100102010101101", &endptr, 2);
if (*endptr != '\0')
wprintf(L"Invalid digit: %lc\n", *endptr);
else
wprintf(L"Value is %jd\n", r);
}
Value is 123456789012345
Invalid digit: 2
J

Xem thém

wcstol() , errno
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<is0646.h> Cach Viét Thay Thé Cho
Toan Tu

ISO-646 1a mot chudn ma hoa ky tu rat giong ASCIL Nhung né thiéu vai ky tu dang cha y nhu |, ~,
va ~.

Vi day 1a cac toan ti hodc thanh phén cta toan ti trong C, header nay dinh nghia mét s6 macro ban c6
thé dung phong khi ban phim cua ban khong c6 nhiing ky tu d6. (Va C++ cling xai dudc cing bd thay
thé nay.)

Toan ti  Tuong duong trong <iso646.h>

&& and

&= and_eq

& bitand

| bitor

= compl

! not

= not eq

| | or

= or_eq
xor

= Xor_eq

Diéu thi vi 1a khong c6 eq cho ==,va & v6i ! van dudc dua vao di ching co6 trong ISO-646.
Vi du dung:

#include <stdio.h>
#include <iso0646.h>

int main(void)

{
int x = 12;
int y = 30;
if (x == 12 and y not_eq 40)
printf("Now we know.\n");
}

Cé nhén tdi chua tling thdy file nay dugdc include, nhung chic thinh thoang cling c6 ngudi dung.
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Chapter 11

<limits.h> Gidi Han So

Luu y quan trong: “minimum magnitude” (d6 16n t6i thiéu) trong bang bén dudi la gia tri t6i thiéu ma

spec yéu ciu. Rét c6 kha ning gia tri trén hé thong xin x0 ctia ban con vugt xa nhiing con s6 do.

Macro Do 16n t6i thiéu Mo ta
CHAR_BIT 8 S6 bit trong mét byte
SCHAR_MIN -127 Gia tri nho nhat cia signed char
SCHAR_MAX 127 Gia tri 16n nhét cta signed char
UCHAR MAX 255 Gi4 tri 16n nhit cia unsigned char !
CHAR_MIN 0 hodc SCHAR MIN Xem chi tiét bén dudi
CHAR MAX SCHAR MAX hoic Xem chi tiét bén dudi
UCHAR MAX
MB_LEN MAX 1 So byte t6i da trong mot ky tu multibyte 6 bat cii locale
nao
SHRT MIN -32767 Gia tri nho nhét cta short
SHRT MAX 32767 Gia tri 16n nhit cta short
USHRT_MAX 65535 Gia tri 16n nhat cia unsigned short
INT_MIN -32767 Gia tri nho nhat cia int
INT MAX 32767 Gia tri 16n nhit cta int
UINT MAX 65535 Gié tri 16n nhat ctia unsigned int
LONG_MIN -2147483647 Gia tri nho nhét cta long
LONG_MAX 2147483647 Gié tri 16n nhat ctia long
ULONG_MAX 4294967295 Gia tri 16n nhit cta unsigned long
LLONG_MIN -9223372036854775807 Gi4 tri nho nhat cia long long
LLONG_MAX 9223372036854775807 Gia tri 16n nhét caa long long
ULLONG_MAX 18446744073709551615 Gié tri 16n nhat ctia unsigned long long
11.1 CHAR_MIN va CHAR_MAX

VG6i CHAR_MIN va CHAR MAX , moi thd phu thudc vao viéc ki€u char mic dinh trén hé ban 14 signed

hay unsigned. Nhé 1a C dé tuy implementation quyét dinh chuyén d6 chit? Khong nhé? That day.

Vay néu n6 la signed, CHAR MIN va CHAR MAX c6 gia tri giong nhu SCHAR MIN va SCHAR MAX .

Con néu nd la unsigned, CHAR_MIN va CHAR MAX gidng © va UCHAR MAX .

1Gi4 tri nhé nhét ctia unsigned char 1 @ . Véi unsigned short va unsigned long ciing viy. Hay bit ky kiéu unsigned

nao, ciing thé.
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Tién thé: ban c6 thé biét luc runtime hé c¢6 char signed hay unsigned bing cich ki€ém tra xem
CHAR_MIN c6 béng 0 khong.

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

int main(void)

{
printf(“chars are %ssigned\n", CHAR MIN == 0?7 "un": "");

Trén hé cua toi, char la signed.

11.2 Chon Kiéu Cho Ding

Néu ban mudn siéu portable, hay chon mot kiéu ma bang bén trén dam bao it nhit du to nhu ban can.

Noi vay chi, kha nhiéu code—vi t6t hon hodc (kh& nang cao hon) té hon—gia dinh riing int 1a 32-bit,
trong khi thuc ra spec chi dam bao 16-bit thoi.

Néu ban can kich thudc bit dugc ddm bao, xem cac kiu int leastN_t trong <stdint.h>.

11.3 Con Two’s Complement Thi Sao?

Néu ban tinh mat va lai c6 hiéu biét sdn vé cht dé ndy, ban c6 thé da nghi t6i viét sai gia tri nhé nhit
clia cac macro bén trén.

“short ditli 32767 t4i -32767 ? Ching phai n6 phai téi -32768 a?”

Khong, toi viét dung roi. Spec liét ké d6 16n t6i thiéu cho cac macro d6, va mot s6 hé théng ¢ 16 ¢ thé
da dung cach encode khac cho s6 signed ma chi di xa dugc t6i do.

Hau nhu moi hé théng hién dai déu dung Two’s Complement? (bt hai) cho s6 signed, va véi kiéu do
short s&ditl 32767 t6i -32768 . Hé cta ban chic cling vay.

11.4 Chuong Trinh Demo

bay la chuong trinh in ra gia tri cac macro:

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

int main(void)

{
printf("CHAR BIT = %d\n", CHAR BIT);
printf("SCHAR MIN %d\n", SCHAR MIN) ;
printf("SCHAR MAX = %d\n", SCHAR MAX);
printf("UCHAR MAX = %d\n", UCHAR MAX);
printf("CHAR MIN = %d\n", CHAR MIN);
printf("CHAR MAX = %d\n", CHAR MAX);
printf("MB LEN MAX = %d\n", MB_LEN MAX);
printf("SHRT MIN = %d\n", SHRT_MIN);
printf("SHRT MAX = %d\n", SHRT MAX);
printf("USHRT MAX = %u\n", USHRT MAX);
printf("INT MIN = %d\n", INT MIN);
printf("INT MAX = %d\n", INT MAX);

Zhttps://en.wikipedia.org/wiki/Two%27s_complement
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printf ("UINT MAX = %ul\n", UINT MAX);
printf("LONG MIN = %ld\n", LONG_MIN);
printf("LONG MAX = %ld\n", LONG_MAX);
printf("ULONG MAX = %lu\n", ULONG_MAX);
printf("LLONG MIN = %lld\n", LLONG_MIN);
printf("LLONG MAX = %lld\n", LLONG MAX);
printf("ULLONG MAX = S%1llu\n", ULLONG_MAX);
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Trén hé Intel 64-bit ctia t6i véi clang, output la:

CHAR BIT = 8

SCHAR_MIN = -128
SCHAR_MAX = 127
UCHAR_MAX = 255

CHAR MIN = -128
CHAR MAX = 127

MB_LEN MAX = 6

SHRT MIN = -32768
SHRT MAX = 32767
USHRT MAX = 65535

INT MIN = -2147483648
INT MAX = 2147483647
UINT MAX = 4294967295

LONG_MIN = -9223372036854775808
LONG_MAX = 9223372036854775807

ULONG_MAX = 18446744073709551615
LLONG_MIN = -9223372036854775808
LLONG_MAX = 9223372036854775807

ULLONG_MAX = 18446744073709551615

C6 vé hé cua toi dung encoding two’s-complement cho s6 signed,

char lasigned, va int la 32-bit.
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Chapter 12

<locale.h> Xii Ly Locale

Ham Mo ta

setlocale() Dat locale
localeconv()  Liy thong tin vé locale hién tai

“Locale” 1a cac chi tiét vé cach chuong trinh nén chay tuy theo vi tri dia ly ctia n6 trén trai dat.
Vi du, & locale nay, mot don vi tién té c6 thé inrala $123, con & locale khac 1a €123 .
Hodc mot locale dung encoding ASCII va locale khac dung UTF-8.

Méc dinh, chuong trinh chay trong locale “C”. N6 ¢6 mot tap ky tu cd ban véi encoding single-byte. Néu
ban thit in ky tu UTF-8 trong locale C, sé khong c6 gi in ra. Ban phai chuyén sang mot locale thich hgp.

12.1 setlocale()

Dat locale

Synopsis

#include <locale.h>

char *setlocale(int category, const char *locale);

Mo ta
Dit locale cho category chi dinh.

Category 1a mot trong cac gia tri sau:

Category Mo ta
LC_ALL T4t ca cac category dudi day
LC_COLLATE Anh huéng t6i hAm strcoll() va strxfrm()
LC_CTYPE Anh huéng t6i cic ham trong <ctype.h>
LC_MONETARY Anh hudng t6i thong tin tién té ma

localeconv() travé

99



100 Chapter 12. <locale.h> Xui Ly Locale

Category Mo ta

LC_NUMERIC Anh huéng t6i dau thap phan cho I/O dinh dang
va ham x1 ly chudi dinh dang, ciing théng tin
tién té ma localeconv() tra vé

LC_TIME Anh huéng t6i ham strftime() va wcsftime()

Va c6 ba gi4 tri portable ban c6 thé truyén cho locale ; moi chudi khac déu 1a implementation-defined
va khong portable.

Locale Mo ta

"c bit chuong trinh vé locale C
e (Chubi rong) Pit chucng trinh vé locale native ctia hé
NULL  Khong thay d6i gi; chi tra vé locale hién tai

Khiac  Dit chuong trinh vé mét locale implementation-defined

Ldi goi pho bién nhat, t6i dam c4, 1a:

// Dbat moi cai dat locale vé' locale native cu’a hé

setlocale(LC ALL, "");

Tién1a setlocale() tra vé locale viia dugc dit, nén ban c6 thé thay locale thuc té trén hé ctia minh 1a
gl.

Gia tri tra vé

Néu thanh cdng, tra vé con trd t6i chudi biéu dién locale hién tai. Ban khong dudc modify chudi nay,
va no co6 thé bi thay d6i boi cac 15i goi setlocale() ké tiép.

Néu thit bai, tra vé NULL .

Vidu
O day ta ldy locale hién tai. Roi dit né vé locale native, va in ra.
#include <stdio.h>
#include <locale.h>
int main(void)
{
char *loc;
// L&’y locale hién tai
loc = setlocale(LC ALL, NULL);
printf("Starting locale: %s\n", loc);
// bat (va 1a’y) locale vé' locale native
loc = setlocale(LC ALL, "");
printf("Native locale: %s\n", loc);
}

Output trén hé cua toi:
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Starting locale: C
Native locale: en US.UTF-8

Luu y locale native ctia tdi (trén may Linux) c6 thé khac v6i nhiing gi ban thay.

Du vy, t6i van c6 thé dit no thing tay trén hé ctia minh, hoic dit vé bat ky locale nao da cai:

loc = setlocale(LC ALL, "en US.UTF-8"); // Khéng portable

Nhung lan niia, hé ctia ban c6 thé c6 cac locale khac dugc dinh nghia.

Xem thém

localeconv(), strcoll(), strxfrm(), strftime(), wcsftime(), printf(), scanf(),

<ctype.h>

12.2 Tlocaleconv()

L&y thong tin vé locale hién tai

Synopsis

#include <locale.h>

struct lconv *localeconv(void);

Mo ta

Ham nay chi tra vé mdt con trd t6i struct lconv , nhung van la mot tay c6 stic manh dang ké.

Struct tra vé chiia cd tdn théng tin vé locale. Dudi dy la cac trudng ctia struct lconv vay nghia clia
ching.

Trudc hét, vai quy udc. Trong tén trudng bén dudi, p_ nghia la “positive” (dudng), _n_ nghia la
“negative” (Am), va int nghia 1a “international” (qudc t€). DU khé4 nhiéu trong s6 nay c6 kiéu char
ho#ic char* , hau hét (hodc chudi ma ching tré t6i) thuc ra dudc déi xi nhu integer!.

Trudc khi di tiép, ban cAn biét CHAR MAX (tU <limits.h>)1a gi4 tri 16n nhit ma mot char c6 thé gifi.

Va kha nhiéu gi tri char bén dudi dung né dé bao hiéu ring gi4 tri khong c6 sén trong locale dé.

Trudng Mo ta

char *mon_decimal point Ky tu d4u thap phan cho tién, vidu "."

char *mon_thousands_sep Ky tu phan cach hang nghin cho tién, vidu "," .

char *mon_grouping M5 ta cach nhom cho tién (xem bén dudi).

char *positive sign D4u duong cho tién, vidu "+" hodic ""

char *negative sign Dau am cho tién, vidu "-" .

char *currency symbol Ky hiéu tién té, vidu "$" .

char frac_digits Khi in s6 tién, in bao nhiéu chii s6 sau dau thip phéan, vidu 2.

char p_cs_precedes 1 néu currency_symbol di trudc gia tri cho s6 tién khong am, 0
néu di sau.

char n_cs_precedes 1 néu currency symbol di trudc gia tri cho s0 tién 4&m, 0 néu di
sau.

INh§ 1a char chili integer cd mot byte.
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Trudng Mo ta
char p_sep by space Xac dinh cach phéan cach currency symbol khoi gia tri cho s6
khong 4m (xem bén dudi).
char n_sep by space Xac dinh cich phén cach currency symbol khoi gia tri cho s6 &m
(xem bén dudi).
char p_sign_posn Xac dinh vi tri positive sign cho s6 khong 4m.
char p_sign_posn Xac dinh vi tri positive sign cho s6 am.
char *int _curr_symbol Ky hiéu tién té quéc té, vidu "USD " .
char int_frac digits Gia tri quéc té cho frac_digits .
char int p cs precedes Gia tri qudc té cho p_cs precedes .
char int n cs precedes Gia tri quéc té cho n_cs_precedes .
char int p sep by space Gia tri quéc té cho p_sep by space .
char int_n_sep by space Gia tri quéc té cho n_sep by space .
char int_p sign posn Gia tri qudc té cho p sign posn .
char int_n_sign_posn Gia tri quéc té cho n_sign_posn .

Méic du kha nhiéu trong s8 nay c6 kiéu char , gia tri chiia trong d6 dudc truy cip nhu integer.

T4t ca bién thé sep by space xu ly khoang cich quanh ky hiéu tién té. Gia tri hgp lé:

Gi tri Mo ta
0 Khong c6 khoang trang gitia ky hiéu tién té va gia tri.
1 Phan cach ky hiéu tién té (va ddu, néu co) khoi gia tri bang khoang trang.
2 Phan cach diu khoi ky hiéu tién té (néu ké nhau) bing khoang tring,

ngudc lai phan cach diu khéi gia tri bing khoang tring.

Céc bién thé sign_posn dudc xé4c dinh bdi gia tri sau:

Gia tri

Mo ta

0

A W N =

Dt ngoic don quanh gia tri va ky hiéu tién té.
Dit chudi dau & truée ky hiéu tién té va gia tri.
Dit chudi d4u sau ky hiéu tién té va gi tri.
Dit chudi d4u ngay trude ky hiéu tién té.

Dit chudi d4u ngay sau ky hiéu tién té.

Gia tri tra vé

Tra vé con trd téi struct chita théng tin locale.

Chuong trinh khong dudc modify struct nay.

Céc 151 goi localeconv() ké ti€ép co thé ghi dé struct nay, cling nhu cac 16i goi setlocale() véi
LC_ALL, LC_MONETARY , hodc LC_NUMERIC .

Vidu

Day la chuong trinh in thong tin locale cho locale native.

#include <stdio.h>
#include <locale.h>
#include <limits.h>

// for CHAR_MAX

void print grouping(char *mg)
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lc->mon_decimal_point);
lc->mon_thousands sep);

lc->positive sign);
lc->negative sign);
lc->currency symbol);
lc->frac _digits);
lc->p_cs _precedes);
lc->n_cs_precedes);
lc->p_sep_by space);
lc->n_sep by space);
lc->p_sign posn);

lc->p _sign posn);
lc->int_curr_symbol);
lc->int_frac_digits);
lc->int p cs precedes);
lc->int n cs precedes);
lc->int _p sep by space);
lc->int n sep by space);
lc->int_p_sign_posn);
lc->int_n_sign_posn);

{
int done = 0;
while (!'done) {
if (*mg == CHAR MAX)
printf("CHAR MAX ");
else
printf("sc ", *mg + '0');
done = *mg == CHAR MAX || *mg == 0;
mg++;
}
}
int main(void)
{
setlocale(LC ALL, "");
struct lconv *1lc = localeconv();
printf("mon decimal point : %s\n",
printf("mon thousands sep : %s\n",
printf("mon grouping 2 )¢
print _grouping(lc->mon _grouping);
printf("\n");
printf("positive sign : %s\n",
printf("negative sign : %s\n",
printf("currency symbol : %s\n",
printf("frac digits : %c\n",
printf("p cs precedes : %c\n",
printf("n _cs precedes 1 %c\n",
printf("p sep by space 1 %c\n",
printf("n sep by space : %c\n",
printf("p sign posn : %c\n",
printf("p sign posn : %c\n",
printf("int curr symbol : %s\n",
printf("int frac digits 1 %c\n",
printf("int p cs precedes : %c\n",
printf("int n cs precedes : %c\n",
printf("int p sep by space: %c\n",
printf("int n sep by space: %c\n",
printf("int p sign posn : %c\n",
printf("int n sign posn : %c\n",
}
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Output trén hé cta toi:

mon_decimal point :
mon_thousands sep : ,
mon_grouping 1330
positive sign

negative sign -
currency symbol
frac _digits
p_cs precedes
n_cs precedes
p_sep by space
n_sep by space

O O = N v
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p_sign posn
p_sign posn
int curr_symbol
int frac digits

int_p_sign_posn
int n sign posn

int p cs precedes :
int _n_cs precedes :
int p sep by space:
int n _sep by space:

: USD

= = = N

Chapter 12.

<locale.h> Xt Ly Locale

Xem thém

setlocale()
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<math.h> Toan Hoc

Nhiéu ham trong phén nay c6 cac phién ban float va long double nhu mo ta ¢ dudi (vidu pow() ,
powf () , powl() ). Cacbiénthé float va long double dudcbo qua trong bang dudi d€ mit ban khoi

nd tung.
Ham Mo ta
acos() Tinh arc cosine ciia mot so.
acosh() Tinh arc hyperbolic cosine.
asin() Tinh arc sine ciia mot so.
asinh() Tinh arc hyperbolic sine.
atan() , atan2() Tinh arc tangent cia mot sé.
atanh() Tinh arc hyperbolic tangent.
cbrt() Tinh cén bac ba.
ceil() Ceiling—tra vé sd nguyén (phan nguyén hudng 1én) khong nhé hon s6 da
cho.
copysign() Chép dau cua mét gia tri sang mot gia tri khac.
cos() Tinh cosine ctia mot sé.
cosh() Tinh hyperbolic cosine.
erf() Tinh ham 16i (error function) ctia gia tri cho truéc.
erfc() Tinh ham 16i bu (complementary error function) ctia mét gia tri.
exp() Tinh e mii 1én.
exp2() Tinh 2 mi 1én.
expml () Tinh e* — 1.
fabs () Tinh gia tri tuyét doi.
fdim() Tra vé hiéu s6 duong gitia hai s6, chin dudi 6 0.
floor() Tinh s6 nguyén 16n nhat khong 16n hon gia tri cho trude.
fma () Nhan va cong Floating (con goi 1a “Fast”).

fmax () , fmin()
fmod ()
fpclassify()
frexp()
hypot ()
ilogb()
isfinite()
isgreater()
isgreatereequal()
isinf()
isless()
islesseequal()

Tra vé gia tri 16n nhat hodc nho nhit trong hai so6.
Tinh phan du floating point.

Tra vé phéan loai ciia mét so floating point cho truéc.
Tach mot s6 thanh phan phén s6 va phan mi (theo luy thua cta 2).
Tinh do6 dai canh huyén ctia tam giac.

Tra vé s6 mil ciia mot so floating point.

True néu s khong phai vé cung hay NaN.

True néu mot doi s6 16n hon déi s6 khac.

True néu mdt ddi s6 16n hon hodc bang d6i s6 khac.
True néu sé la vo cung.

True néu mot doi s6 nho hon déi s6 khéac.

True néu mdt d8i s6 nho hon hodc bang ddi s6 khac.

105



106

Chapter 13. <math.h> Toan Hoc

Ham

Mo ta

islessgreater()
isnan()
isnormal()
isunordered()
ldexp ()
lgamma()

log()

logl0()
log2()
Logb()
loglp()
lrint()

lround() , llround()
modf ()

nan()

nearbyint()
nextafter()
nexttoward()

pow ()

remainder()
remquo ()

rint()

round ()

scalbn() , scalbln()
signbit()

sin()

sqrt()

tan()

tanh()

tgamma()

trunc()

Kiém tra s floating point nay nho hon hodc 16n hon s6 kia.
True néu sé la Not-a-Number.

True néu sé la s6 “normal”.

Macro tra vé true néu bat ky dai s6 floating point nao 1a NaN.
Nhan mot s6 v6i luy thiia nguyén cua 2.

Tinh logarithm tu nhién cta gia tri tuyét déi cta I'(z).

Tinh logarithm tu nhién.

Tinh log c6 s6 10 ctia mot so.

Tinh logarithm cd s6 2 cia mét sé.

Trich s6 ma clia mot sd theo ¢d s6 FLT RADIX .

Tinh logarithm tu nhién ciia mot s6 cdng 1.

Tra vé x dugc lam tron theo hudng lam tron hién tai dudi dang s6
nguyeén.

Lam tron mot 6 theo cach ¢ dién, tra vé s6 nguyén.

Tach phéin nguyén va phin phén s6 ctia mot so.

Tra vé NAN .

Lam tron gia tri theo huéng lam tron hién tai.

Ly gia tri floating point ké tiép (hodc trudc d6) biéu dién dudc.
Ly gia tri floating point ké tiép (hodc trudc d6) biéu dién dudc.
Tinh mot gia tri luy thua.

Tinh phan du kiéu IEC 60559.

Tinh phan du va (mot phan cta) thuong.

Lam tron moét gié tri theo huéng lam tron hién tai.

Lam tron mét s6 theo cach c6 dién.

Tinh 2 x 7™ hiéu qua, v6i r la FLT_RADIX .

Tra vé ddu ctia mot sé.

Tinh sine ctia mét so.

Tinh can bac hai clia mot so.

Tinh tangent cia mot so.

Tinh hyperbolic tangent.

Tinh haim gamma, T'(x).

Cit phén phan s8 ctia mot gia tri floating point.

Mbn hoc yéu thich ctia ban day: Toan hoc! Xin chao, t6i 1a Tién si Math, va t6i sé lam cho toan tr§ nén

VUI va DE!

[tiéng 6i miia]

Dugdc roi, toi biét toan khong phai thi tuyét v3i nhat v6i mot s6 ban, nhung day chi la nhiing ham lam
toan nhanh gon, thd todn ma ban hodc biét, hoic can, hodc ching quan tAm. Tom lai l1a vay do.

13.1 Cac idiom ham Toan hoc

Nhiéu ham toan hoc nay ton tai 6 ba dang, tudng ting véi ki€u ddi s6 va/hoic kiéu trd vé ma ham su
dung: float, double, hodc long double.

Dang thay thé cho float dugdc tao bang cach thém f vao cudi tén ham.

Dang thay thé cho long double dugc tao bing cach thém 1 vao cudi tén ham.

Viduy, ham pow() dung d€ tinh 2¥ ton tai § cac dang sau:
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double pow(double x, double y); // double
float powf(float x, float y); // float
long double powl(long double x, long double y); // long double

Nhé 1a tham s6 nhén gia tri nhu thé ban gan vao ching. VAy nén néu ban truyén mot double vao
powf () , no sé chon float gin nhit co thé dé giit gia tri double d6. Néu double khong viia, hanh vi
khéng xac dinh (undefined behavior) sé xay ra.

13.2 Céc kiéu Toan hoc

Ching ta c6 hai kiéu méi rat hdp din trong <math.h> :

« float_t
« double t

Kiéu float_t it nhit chinh xac bdng float, va ki€u double t it nhit chinh xac bang double .
Y tudng ctia cac kiéu nay 1 chiing c6 thé biéu dién cach luu trii s6 hiéu qua nhat dé dat téc do toi da.

Kiéu thuc té thay d6i theo implementation, nhung c6 thé xac dinh qua gid tri cia macro
FLT EVAL METHOD .

FLT EVAL METHOD Kiéu float t Kiéu double t
0 float double
double double
2 long double long double
Khac Phu thudc implementation ~ Phu thudc implementation

V&i moi gié tri xac dinh cia FLT EVAL METHOD , float t 1a kiéu c6 do chinh xéac thip nhit dugc dung
cho moi phép tinh floating point.

13.3 Cac Macro Toan hoc

Thuc ra c6 kha nhiéu macro dudc dinh nghia, nhung ching ta sé n6i hau hét chung trong cac phan tham
chiéu tudng ting bén dudi.

Nhung day la vai céi:
NAN biéu dién Not-A-Number.

Dinh nghia trong <float.h> 14 FLT RADIX : cd s6 ma floating point ding. Thudng la 2, nhung c6
thé 1a bat ky gia tri nao.

13.4 Cac 16i Toan hoc

Nhu ta biét, khong gi ¢ thé sai trong toan hoc... ngoai trit moi thii!
Vay nén c6 vai loai 16i c6 thé xay ra khi dung cic ham nay.
. Range error (16i mién gi4 tri) nghia la két qua vugt qua nhiing gi c6 thé luu trong kiéu tra vé.
« Domain error (16i mién xac dinh) nghia la ban truyén vao mét d6i sé khong c6 két qua xac dinh
v6i ham nay.
+ Pole error nghia la giéi han ctia ham khi « tién t6i d6i s6 cho trude 1a vo cung.

- Overflow error (16i tran trén) la khi két qua rat 16n, nhung khong thé luu ma khong gay sai s6
lam tron (rounding) 16n.
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« Underflow error (16i tran duéi) gidng overflow, nhung véi cc s6 rat nho.
Gid, thu vién toan ctia C c6 thé lam vai thii khi cac 18i nay xay ra:

« Dat errno thanh mot gia tri nao do, hodc...

« Raise mét floating point exception.

Hé thdng cua ban c6 thé xi ly khac nhau. Ban cé thé kiém tra bang cach xem gia tri cua bién

math_errhandling . N6 s& bing mot trong nhiing gié tri sau':

math_errhandling Mo ta

MATH_ERRNO Hé thong dung errno cho cic 15i toan.
MATH_ERREXCEPT Hé thdng dung exception cho cac 16i toan.
MATH ERRNO | MATH ERREXCEPT Hé thdng lam ca hai! (D6 1a phép OR bit!)

Ban khong dugc phép thay d6i math_errhandling .

Muén mo ta day du hon vé cach exception hoat dong va y nghia cta ching, xem phan <fenv.h> .

13.5 Cac Pragma Toan hoc

Néi gon, pragma cho phép ta diéu khién hanh vi ctia trinh bién dich theo nhiéu cich. O day, ta noi vé
chuyén diéu khién cach thu vién toan cua C hoat dong.

Cu thé, ching ta c6 pragma FP_CONTRACT c6 thé bat/tht.
N6 c6 nghia gi?

Trudc tién, nhé rang bit ky phép toan nao trong mét biéu thiic déu c6 thé gay rounding error. Nén mdi
budc cta biéu thiic c6 thé tao thém rounding error.

Nhung sé thé nao néu compiler biét mot cach siéu bi mat dé 14y biéu thiic ban viét va chuyén né thanh
mot 1énh duy nhat, giam s6 budc dén mic rounding error trung gian khong xay ra?

N6 c6 dugc dung cach d6 khong? Y 13, két qua sé khac so véi khi ban dé rounding error tich tu qua tling
budec...

Vi két qua sé khac, ban c6 thé bao compiler réng ban c6 cho phép 1am thé hay khong.

Néu ban cho phép:

‘ #pragma STDC FP_CONTRACT ON }
va dé khong cho phép:

‘ #pragma STDC FP_CONTRACT OFF }

Néu ban lam diéu nay 6 pham vi toan cuc, no sé giii trang thai ban dit cho dén khi ban d6i noé.
Néu ban lam & pham vi block, né sé quay vé gia tri bén ngoai block khi block két thic.

Gi4 tri ban dau clia pragma FP_CONTRACT thay d6i tuy hé thong.

13.6 fpclassify()

Tra vé phan loai ctia mét s8 floating point cho trudc.

IDu hé thong dinh nghia MATH ERRNO 1 1 va MATH_ERREXCEPT 1i 2, tSt nhat luon dung tén ky hiéu. Phong hs.
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Synopsis

#include <math.h>

int fpclassify(any floating type x);

Mo ta
S6 floating point nay biéu dién loai thuc thé nao? Cé nhiing lua chon nao?
Chung ta quen thudc véi s6 floating point 1a nhiing thi binh thudéng nhu 3.14 hay 3490.0001 .

Nhung s6 floating point ciing c6 thé biéu dién nhiing thii nhu vé ciing. Hay Not-A-Number (NAN). Ham
nay cho ban biét doi s6 14 loai floating point nao.

Day 1a mot macro, nén ban c6 thé dung v6i float, double, long double , hay bat ky kiéu tudng tu
nao.
Gia tri tra vé

Tra vé moét trong cac macro sau tuy theo phan loai cua doi so:

Phén loai Mo ta
FP_INFINITE  S§1avo cing.
FP_NAN S6 1a Not-A-Number (NAN).
FP_NORMAL Chi 12 mot 8 binh thudng.
FP_SUBNORMAL  S& la s6 sub-normal.
FP_ZERO S6 la khong.

Ban vé s6 subnormal ndm ngoai pham vi guide nay, va la thit ma phan 16n dev di hét d3i ma khong phai
dung t6i. No6i ngén gon, dé la cach biéu dién cac s6 rat nhd ma binh thudng sé bi lam tron vé khong.
Néu muén biét thém, xem trang Wikipedia vé s denormal?.

Vidu

In cac phén loai s khac nhau.

#include <stdio.h>
#include <math.h>

const char *get classification(double n)

{
switch (fpclassify(n)) {
case FP_INFINITE: return "infinity";
case FP_NAN: return "not a number";
case FP_NORMAL: return "normal";
case FP_SUBNORMAL: return "subnormal";
case FP_ZERO: return "zero";
}
return "unknown";
}

int main(void)

{

“https://en.wikipedia.org/wiki/Denormal_number
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printf(" 1.23: %s\n", get classification(1.23));

printf(" 0.0: %s\n", get classification(0.0));

printf("sqrt(-1): %s\n", get classification(sqrt(-1)));
printf("1/tan(0): %s\n", get classification(1l/tan(0)));

printf(" 1le-310: %s\n", get classification(le-310)); // rd’t nho’!

Output®:

1.23: normal
0.0: zero
sqrt(-1): not a number
1/tan(0): infinity
le-310: subnormal

Xem thém

isfinite() , isinf(), isnan() , isnormal() , signbit()

13.7 isfinite(), isinf(), isnan(), isnormal()

Tra vé true néu s6 khép mot phén loai.

Synopsis

#include <math.h>

int isfinite(any floating type x);
int isinf(any floating type x);
int isnan(any floating type X);

int isnormal(any floating type x);

Mo ta
Day 1a cac macro trg gitip cho fpclassify() . Vi la macro, chung hoat dong trén moi kiéu floating
point.

Macro Mo ta

isfinite()  True néu s6 khong phai v6 cung hodc NaN.
isinf() True néu s la v6 cung.

isnan() True néu s6 1a Not-a-Number.

isnormal()  True néu sé la normal.

Dé biét thém thao luan s ludc vé s6 normal va subnormal, xem fpclassify() .

Gia tri tra vé

Tra vé khac khong néu true, va khong néu false.

3Pay la trén may téi. Mot s6 hé théng sé c6 ngudng ma s6 tré thanh subnormal khac, hodc c6 thé khong hd trg gia tri
subnormal.
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Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf(" isfinite(1.23): %d\n", isfinite(1.23)); // 1
printf(" isinf(1l/tan(0)): %d\n", isinf(1/tan(0))); // 1
printf(" isnan(sqrt(-1)): %d\n", isnan(sqrt(-1))); // 1
printf("isnormal(le-310): %d\n", isnormal(le-310)); // 0
}
Xem thém

fpclassify() , signbit() ,

13.8 signbit()

Tra vé dau cua mot sé.

Synopsis

#include <math.h>

int signbit(any floating type x);

Mo ta

Macro nay nhan vao mét sd floating point bat ky va tra vé gia tri cho biét d4u ctia s6 d6, dudng hay am.

Gia tri tra vé

Travé 1 néu diula am, ngugc laila 0.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sd\n", signbit(3490.0)); // 0
printf("sd\n", signbit(-37.0)); // 1
}
Xem thém

fpclassify() , isfinite() , isinf() , isnan() , isnormal() , copysign()
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13.9 acos(), acosf(), acosl()

Tinh arc cosine clia mot so.

Synopsis

#include <math.h>

double acos(double x);
float acosf(float x);
long double acosl(long double x);

Mo ta
Tinh arc cosine ctia mot s theo radian. (Tuc 1a gi4 tri ma cosine ctia n6 bang x .) S6 phai ndm trong

khoang -1.0 dén 1.0.

Vi nhiing ban di quén, radian la mot cach do goc khac, giong nhu d6. Dé chuyén ddi gitia dd va radian,
dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé
Tra vé arc cosine cua x, trti khi x ngoai khoang. Trong trudng hgp do, errno sé dugc dit thanh
EDOM va gia tri tra vé sé 1a NaN. Cac bién thé tra vé kiéu khac nhau.

Vi du
<
#include <stdio.h>
#include <math.h>
int main(void)
{
double acosx;
long double ldacosx;
acosx = acos(0.2);
ldacosx = acosl1(0.3L);
printf("sf\n", acosx);
printf("sLf\n", ldacosx);
}
Xem thém

asin() , atan(), atan2(), cos()

13.10 asin(), asinf(), asinl()

Tinh arc sine cia mot so.
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Synopsis

#include <math.h>

double asin(double x);
float asinf(float x);
long double asinl(long double x);

Mb6 ta
Tinh arc sine ctia mot s theo radian. (Ttc la gia tri ma sine ctia né bang x .) S6 phai ndm trong khoang
-1.0 dén 1.0.

Vi nhiing ban da quén, radian la mot cach do goc khac, giong nhu d6. Dé chuyén ddi gitia do va radian,
dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé
Tra vé arc sine ciia x , trit khi x ngoai khoang. Trong trudng hop do, errno sé dugc dit thanh EDOM
va gia tri tra vé sé 1a NaN. Cac bién thé tra vé kiéu khac nhau.

Vidu
#include <stdio.h>
#include <math.h>
int main(void)
{
double asinx;
long double ldasinx;
asinx = asin(0.2);
ldasinx = asinl(0.3L);
printf("%sf\n", asinx);
printf("sLf\n", ldasinx);
}
Xem thém

acos() , atan() , atan2(), sin()

13.11 atan(), atanf(), atanl(), atan2(), atan2f(), atan2l()

Tinh arc tangent ctia mot so.
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Synopsis

#include <math.h>

double atan(double x);
float atanf(float x);
long double atanl(long double x);

double atan2(double y, double x);
float atan2f(float y, float x);
long double atan2l(long double y, long double x);

Mb6 ta
Tinh arc tangent ctia mot s6 theo radian. (Ttc la gia tri ma tangent cia né bang x .)

Céac bién thé atan2() kha gidng goi atan() vd&ithams§ y/ x ... ngoai trii chuyén atan2() sé dung
céc gié tri d6 dé xac dinh dung goéc phin tu (quadrant) cta két qua.

Vi nhiing ban da quén, radian 1a mot cach do goc khac, gidng nhu do. Dé chuyén déi gitia do va radian,
dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé
Cac ham atan() tra vé arc tangent clia x , ndm gifia PI/2 va -PI/2. Cac ham atan2() tra vé mot goc
gitia PI va -PL

Vidu
#include <stdio.h>
#include <math.h>
int main(void)
{
double atanx;
long double ldatanx;
atanx = atan(0.7);
ldatanx = atanl(0.3L);
printf("sf\n", atanx);
printf("sLf\n", ldatanx);
atanx = atan2(7, 10);
ldatanx = atan21(3L, 10L);
printf("sf\n", atanx);
printf("sLf\n", ldatanx);
}
Xem thém

tan() , asin() , atan()
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13.12 cos(), cosf(), cosl()

Tinh cosine ctia mét so.

Synopsis

#include <math.h>

double cos(double x)
float cosf(float x)
long double cosl(long double x)

Mo ta
Tinh cosine ctia gia tri x , v6i x tinh béng radian.

Vi nhiing ban da quén, radian la mot cach do goc khac, giong nhu do. Dé chuyén ddi gilia do va radian,
dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé

Tra vé cosine ctia x . Cac bién thé tra vé kiéu khic nhau.

Vidu
#include <stdio.h>
#include <math.h>
int main(void)
{
double cosx;
long double ldcosx;
cosx = co0s(3490.0); // quay mong mong!
ldcosx = cos1(3.490L);
printf("sf\n", cosx);
printf("sLf\n", ldcosx);
}
Xem thém
sin() , tan() , acos()

13.13 sin(), sinf(), sinl()

Tinh sine cia mot s6.
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Synopsis

Chapter 13.

<math.h> Toan Hoc

#include <math.h>

double sin(double x);
float sinf(float x);
long double sinl(long double x);

Mo ta

Tinh sine cta gia tri x, v6i x tinh bing radian.

Vi nhiing ban d3 quén, radian 12 mot cach do goc khac, gidng nhu do. D chuyén ddi gitia do va radian,

dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé

Tra vé sine ctia x . Cac bién thé tra vé kiéu khac nhau.

Vi du
#include <stdio.h>
#include <math.h>
int main(void)
{
double sinx;
long double ldsinx;
sinx = sin(3490.0); // quay mong mong!
ldsinx = sinl(3.490L);
printf("sf\n", sinx);
printf("sLf\n", ldsinx);
}
Xem thém

cos(), tan(), asin()

13.14 tan(), tanf(), tanl()

Tinh tangent clia mét so.

Synopsis

#include <math.h>

double tan(double x)
float tanf(float x)
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long double tanl(long double x)

Mb6 ta
Tinh tangent clia gia tri x, v8i x tinh bing radian.

Vi nhiing ban da quén, radian la mot cach do goc khac, giong nhu do. Dé chuyén ddi gitia do va radian,
dung doan code sau:

pi = 3.14159265358979;
degrees = radians * 180 / pi;
radians = degrees * pi / 180;

Gia tri tra vé

Tra vé tangent cia x . Cac bién thé tra vé kiéu khac nhau.

Vidu
#include <stdio.h>
#include <math.h>
int main(void)
{
double tanx;
long double ldtanx;
tanx = tan(3490.0); // quay mong mong!
ldtanx = tanl(3.490L);
printf("sf\n", tanx);
printf("sLf\n", ldtanx);
}
Xem thém

sin(), cos(), atan(), atan2()

13.15 acosh(), acoshf(), acoshl()

Tinh arc hyperbolic cosine.

Synopsis

#include <math.h>
double acosh(double x);
float acoshf(float x);

long double acoshl(long double x);
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Mo ta

Fan trig muing di! C c6 arc hyperbolic cosine!

Céc ham nay tra vé acosh khong am ctia x , v6i x phail6n hon hodc bang 1.

Gia tri tra vé

Tra vé arc hyperbolic cosine trong khoang [0, +o0].

Vidu

<math.h> Toan Hoc

#include <stdio.h>
#include <math.h>

int main(void)
{
printf("acosh 1.8 = %f\n", acosh(1.8)); // 1.192911

Xem thém

asinh()

13.16 asinh(), asinhf(), asinhl()

Tinh arc hyperbolic sine.

Synopsis

#include <math.h>

double asinh(double x);

float asinhf(float x);

long double asinhl(long double x);

Mo ta

Fan trig miing di! C c6 arc hyperbolic sine!
Céac ham nay tra vé asinh ctia x .

Gia tri tra vé

Tra vé arc hyperbolic sine.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
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printf("asinh 1.8 = %f\n", asinh(1.8)); // 1.350441

Xem thém

acosh()

13.17 atanh(), atanhf(), atanhl()

Tinh arc hyperbolic tangent.

Synopsis

#include <math.h>

double atanh(double x);

float atanhf(float x);

long double atanhl(long double x);

Mo ta

Cac ham nay tinh arc hyperbolic tangent ciia x ,v8i x phéi ndm trong khoang [—1, +1]. Truyén ding
—1 hodc +1 c6 thé giy pole error.

Gia tri tra vé

Tra vé arc hyperbolic tangent clia x .

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("atanh 0.5 = %f\n", atanh(0.5)); // 0.549306
}
Xem thém

acosh() , asinh()

13.18 cosh(), coshf(), coshl()

Tinh hyperbolic cosine.
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Synopsis

#include <math.h>

double cosh(double x);

float coshf(float x);

long double coshl(long double x);

Mo ta

Nhu ban doén, cac ham nay tinh hyperbolic cosine cia x . Range error c6 thé xay ranéu x qué 14n.

Gia tri tra vé

Tra vé hyperbolic cosine cia x .

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("cosh 0.5 = %f\n", cosh(0.5)); // 1.127626
}
Xem thém

sinh() , tanh()

13.19 sinh(), sinhf(), sinhl()

Tinh hyperbolic sine.

Synopsis

#include <math.h>

double sinh(double x);

float sinhf(float x);

long double sinhl(long double x);

Mo ta
Nhu ban doéan, cAc ham nay tinh hyperbolic sine ciia x . Range error c6 thé xay ra néu x qua lén.
Gia tri tra vé

Tra vé hyperbolic sine cua x .
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Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sinh 0.5 = %f\n", sinh(0.5)); // 0.521095
}
Xem thém

sinh() , tanh()

13.20 tanh(), tanhf(), tanhl()

Tinh hyperbolic tangent.

Synopsis

#include <math.h>

double tanh(double x);

float tanhf(float x);

long double tanhl(long double x);

Mo ta

Nhu ban doan, cac ham nay tinh hyperbolic tangent ctia x .
May thay, day la trang man lién quan trig cu6i ciing tdi sé viét.
Gia tri tra vé

Tra vé hyperbolic tangent ctia x .

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("tanh 0.5 = %f\n", tanh(0.5)); // 0.462117
}
Xem thém

cosh(), sinh()
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13.21 exp(), expf(), expl()

Tinh e mi 1én.

Synopsis

Chapter 13.

<math.h> Toan Hoc

#include <math.h>

double exp(double x);

float expf(float x);

long double expl(long double x);

Mo ta

Tinh e® véi e 1a hing s6 Euler?.

S6 e dudc dat theo tén Leonard Euler, sinh ngay 15/4/1707, 6ng la nguéi chiu trach nhiém, ngoai nhiing

viéc khac, cho viéc lam trang tham chiéu nay dai hon can thiét.

Gia tri tra vé

Tra vé e”.

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("exp(1l) = %f\n", exp(1)); // 2.718282
printf("exp(2) = %f\n", exp(2)); // 7.389056
}
Xem thém

exp2() , expml() , pow(), log()

13.22 exp2(), exp2f(), exp2l()

Tinh 2 mi 1én.

Synopsis

#include <math.h>

double exp2(double x);

float exp2f(float x);

4https://en.wikipedia.org/wiki/E_(mathematical_constant)
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long double exp2l(long double x);

Mo ta

Cac ham nay tinh 2 ma mot s8. Rat tha vi, vi may tinh chdi dua toan véi luy thiia cta 2!
Cac ham nay c6 thé nhanh hon dung pow() délam cung viéc.

Ching ciing hd trg s6 mii phén s8.

Range error xay ra néu x qua lén.

Gia tri tra vé

exp2() traveé 27,

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("273 = %f\n", exp2(3)); // 273 = 8.000000
printf("278 = %f\n", exp2(8)); // 278 = 256.000000
printf("270.5 = %f\n", exp2(0.5)); // 27°0.5 = 1.414214
}
Xem thém

exp() , pow()

13.23 expml(), expmlf(), expmll()

Tinh e* — 1.

Synopsis

#include <math.h>

double expml(double x);

float expmlf(float x);

long double expmll(long double x);

Mb6 ta

Cai nay giong hét exp() ngoai trii—twist bdt ngd!—no tinh két qua do trii di mot.
Dé thao luan thém vé e 1a gi, xem trang man exp() .

Néu x khéng 16, range error c6 thé xay ra.

Vi cic gid tri x nho gan khong, expml(x) co thé chinh x4c hon exp(x)-1.
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Gia tri tra vé

Tra vé e — 1.

Vidu

<math.h> Toan Hoc

#include <stdio.h>
#include <math.h>

int main(void)
{
printf("sf\n", expml(2.34)); // 9.381237

Xem thém

exp()

13.24 frexp(), frexpf(), frexpl()

Tach mot s6 thanh phan phén s6 va phan ma (theo luy thua cta 2).

Synopsis

#include <math.h>

double frexp(double value, int *exp);

float frexpf(float value, int *exp);

long double frexpl(long double value, int *exp);

Mo ta

Néu c6 mot s6 floating point, ban c6 thé tach né thanh phin phéan s6 va phan mi (theo luy thiia cua 2).

Vi du, néu cé s6 1234.56, n6 co6 thé biéu dién duési dang bdi ctia luy thiia 2 nhu sau:

1234.56 = 0.6028125 x 211

Va ban c¢6 thé dung ham nay dé 1y phan 0.6028125 va 11 cta phudng trinh do.

Con vi sao, ciu tra 18i ciia téi don gian thoi: téi khong biét. Tim khong ra chd nao dung. K&R2 va moi

nguodn t6i tim dugde chi ndi cach dung, chit khéng ndi vi sao ban lai muén dung.

Tai liéu C99 Rationale viét:

Cacham frexp, ldexp,va modf la nguyén thuy dudc phan con lai cua thu vién st dung.

C6 y kién muon bo chung vi ly do tudng tu nhu ecvt, fcvt,va gcvt bibd, nhung phe ung
ho giii ching lai cho ding chung. Viéc dung chiung c6 van dé: trén kién tric khong nhi phan,

ldexp c6 thé mat do chinh xac va frexp c6 thé khong hiéu qua.

Véay d6. Néu ban cin dung.
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Gia tri tra vé
frexp() trd vé phan phan s6 cia value trong khoang 0.5 (bao gom) dén 1 (khong bao gom), hodc 0.
Vané luu sé mi luy thiia 2 vao bién ma exp tro téi.

Néu ban truyén vao khéng, ca gia tri trd vé 1in bién exp trd téi déu 1a khong.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)
{
double frac;
int expt;

frac = frexp(1234.56, &expt);
printf("1234.56 = %.7f x 2"%d\n", frac, expt);

Output:

1234.56 = 0.6028125 x 2711

Xem thém

ldexp() , ilogb() , modf()

13.25 1ilogb(), ilogbf(), ilogbl()

Tra vé s6 mil ciia mot s6 floating point.

Synopsis

#include <math.h>

int ilogb(double x);

int ilogbf(float x);

int ilogbl(long double x);

Mo ta

Cai nay cho ban s6 mii cta sé cho trudc... hoi la, vi s6 mit phu thudc vao gia tri cia FLT RADIX . Gid,
gia tri nay rat thudng 1a 2 —nhung khéng c6 gi ddm bao!

Thuc ra né tra vé log _|z| véirla FLT _RADIX.

Domain hoidc range error c6 thé xay ra véi gid tri x khong hdp 1&, hodc véi gia tri tra vé ndm ngoai
pham vi ctia kiéu tra veé.
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Gia tri tra vé

S6 mi cta gia tri tuyét doi cua s6 da cho, phu thudc FLT RADIX .

Cuthélalog |z|véirla FLT _RADIX .

Néu ban truyén vao 0, nd sé tra vé FP_ILOGBO .

Néu ban truyén vao v6 cung, no sé tra vé INT_MAX .

Néu ban truyén vao NaN, no sé trd vé FP_ILOGBNAN .

Spec con noi gia tri cia FP_ILOGBO séla INT MIN hoac -INT MAX . Va gia triclla FP_ILOGBNAN séla

INT_MAX hodc INT MIN, phong khi c6 ich.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sd\n", ilogb(257)); // 8
printf("sd\n", ilogb(256)); // 8
printf("sd\n", ilogb(255)); // 7

}

Xem thém

frexp() , logb()

13.26 ldexp(), Ldexpf(), Ldexpl()

Nhan mot s6 véi luy thiia nguyén cta 2.

Synopsis

#include <math.h>

double ldexp(double x, int exp);

float ldexpf(float x, int exp);

long double ldexpl(long double x, int exp);

Mb6 ta

Cac ham nay nhin s6 x v6i2 mi exp .

Gia tri tra vé

Tra vé x x 2°%P,
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Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("1 x 2710 = %f\n", ldexp(1l, 10));
printf("5.67 x 277 = %f\n", ldexp(5.67, 7));
}
Output:

1 x 2710 = 1024.000000
5.67 x 277 = 725.760000

Xem thém

exp()

13.27 log(), logf(), logl()

Tinh logarithm tu nhién.

Synopsis

#include <math.h>

double log(double x);

float logf(float x);

long double logl(long double x);

Mo ta
Logarithm tu nhién! Va moi ngudi cing reo mung.
Céc ham nay tinh logarithm cd s6 e cia mot s6, log, z, In .

No6i cach khac, v6i mot  cho trudce, giai z = e¥ tim y.

Gia tri tra vé

Logarithm cd s6 e cia gia tri da cho, log_ z, Inx.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)
{
const double e = 2.718281828459045;
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printf("sf\n", log(3490.2)); // 8.157714
printf("sf\n", log(e)); // 1.000000

Xem thém

exp() , loglo() , loglp()

13.28 1log10(), lLogl0f(), loglOl()

Tinh log c6 s6 10 ctia mot sé.

Synopsis

#include <math.h>

double loglO(double x);

float loglof(float x);

long double logl0l(long double x);

Mo ta
Ngay khi ban tuéng minh s&p phai ding Dinh luat Logarithm dé€ tinh cai nay, day 1a mdt ham xuit hién
bat ngd dé cdu ban.

Céc ham nay tinh logarithm cd s6 10 ctia mot s6, log, ; @
No6i cach khac, v6i mot x cho trude, giai = 10Y tim y.
Gia tri tra vé

Tra vé log cd 56 10 cia x , log, .

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", 10910(3490.2)); // 3.542850
printf("sf\n", logl0(10)); // 1.000000
}
Xem thém

pow() , log()

13.29 loglp(), loglpf(), loglpl()

Tinh logarithm tu nhién cua mot sé cong 1.
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Synopsis
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#include <math.h>

double loglp(double x);

float loglpf(float x);

long double loglpl(long double x);

Mo ta
Ham nay tinh log_(1 + ), In(1 + ).

N6 hoat dong y nhu goi:

log(l + x)

ngoai trit 14 c6 thé chinh x4c hon véi gia tri x nho.

Véy néu x c6 d6 I6n nho, hay dung cai nay.

Gia tri tra vé

Travélog (1 + ), In(1+ ).

Vidu

Tinh vai gia tri logarithm 16n va nho dé xem khac biét gitia loglp() va log() :

#include <stdio.h>
#include <float.h> // cho LDBL DECIMAL DIG
#include <math.h>

int main(void)

{
printf("Big loglp() : %.*Lf\n", LDBL DECIMAL DIG-1,
printf("Big log() : %.*Lf\n", LDBL DECIMAL DIG-1,
printf("Small loglp(): %.*Lf\n", LDBL DECIMAL DIG-1,
printf("Small log() : %.*Lf\n", LDBL DECIMAL DIG-1,
}

loglpl(9));
logl(l + 9));

loglpl(0.01));
logl(1l + 0.01));

Output trén may toi:

Big loglp() : 2.30258509299404568403

Big log() : 2.30258509299404568403
Small loglp(): 0.00995033085316808305
Small log() : 0.00995033085316809164
Xem thém

log()
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13.30 log2(), log2f(), log2l()

Tinh logarithm cd s6 2 ciia mot so.

Synopsis

<math.h> Toan Hoc

#include <math.h>

double log2(double x);

float log2f(float x);

long double log21l(long double x);

Mo ta

Wow! Ban nghi minh da xong v6i cadc ham logarithm? Chung ta chi méi bat dau!
Ham nay tinh log, z. Tuc 14, tinh y thoa mén = = 2.

Yéu luy thua cua 2 do!

Gia tri tra vé

Tra vé logarithm cd s6 2 clia gia tri da cho, log, .

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", 1092(3490.2)); // 11.769094
printf("%f\n", log2(256)); // 8.000000
}
Xem thém
Log()

13.31 logb(), logbf(), logbl()

Trich s6 mii cia mot s6 theo ¢ s6 FLT RADIX .

Synopsis

#include <math.h>

double logb(double x);

float logbf(float x);

long double logbl(long double x);
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Mo ta
Ham nay tra vé phan nguyén ctia s6 mii ctia s6 v6i cd s6 FLT_RADIX , cu thé la phan nguyén ctia log ||
v6irla FLT RADIX . Phan phén sd bi cét.

Néu s6 1a subnormal®, logb() xtily nhu thé n6 da dugc chuin hoa.

Néu x la 0, co6 thé c6 domain error hoic pole error.

Gia tri tra vé

Ham nay tra vé phan nguyén cta log |x| véirla FLT_RADIX .

Vi du

#include <stdio.h>
#include <float.h> // Cho FLT RADIX
#include <math.h>

int main(void)

{
printf("FLT RADIX = %d\n", FLT RADIX);
printf("%f\n", logb(3490.2));
printf("sf\n", logb(256));
}
Output:

FLT_RADIX = 2
11.000000
8.000000

Xem thém

ilogb()

13.32 modf(), modff(), modfl()

Tach phan nguyén va phan phan s6 ctia mot so.

Synopsis

#include <math.h>

double modf(double value, double *iptr);

float modff(float value, float *iptr);

long double modfl(long double value, long double *iptr);

>https://en.wikipedia.org/wiki/Denormal_number
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Mo ta

Néu ban c6 mét s6 floating point, nhu 123.456 , ham nay sé trich phan nguyén ( 123.0 ) va phan phan
$0 ( 0.456 ). Trung hop tuyét doi la day ciing la nodi dung cét truyén phim hanh déng mdéi nhét cta
Jason Statham.

Ca phén nguyén va phan phan s6 déu giti diu ctia value dudc truyén vao.

Phén nguyén dudc Iuu vao dia chi ma iptr tro téi.

Xem ghi cht trong frexp() vély do né ndm trong thu vién.

Gia tri tra vé

Cac ham nay tra vé phén phéan s6 ctia s6. Phan nguyén dudc luu vao dia chi ma iptr tro téi. Ca phan

nguyén va phan phan s6 déu giii ddu ctia value dudc truyén vao.

Vidu

#include <stdio.h>
#include <math.h>

void print_parts(double x)

{
double i, f;
f = modf(x, &i);
printf("Entire number : %f\n", x);
printf("Integral part : %f\n", i);
printf("Fractional part: %f\n\n", f);
}
int main(void)
{
print parts(123.456);
print parts(-123.456);
}
J
Output:

Entire number : 123.456000
Integral part : 123.000000
Fractional part: 0.456000

Entire number : -123.456000
Integral part : -123.000000
Fractional part: -0.456000

Xem thém

frexp()
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13.33 scalbn(), scalbnf(), scalbnl() scalbln(), scalblnf(),
scalblnl()

Tinh z x r™ hiéu qua, v6irla FLT_RADIX .

Synopsis

#include <math.h>

double scalbn(double x, int n);

float scalbnf(float x, int n);

long double scalbnl(long double x, int n);

double scalbln(double x, long int n);

float scalblnf(float x, long int n);

long double scalblnl(long double x, long int n);

Mo ta
Cac ham nay tinh = x r™ hiéu qua, vir 1a FLT RADIX .
Néu FLT RADIX tinhcgla 2 (khong hia hen gi dau!), cai nay chay giéng exp2() .

Tén ham chic hdn phai c6 y nghia ro rang v6i ban. R6 rang 1a tdt ca déu bat dau bing tién t8 “scalb”
nghia la...

...O0K, t6i thti nhan! Toi chéng biét nd nghia gi. Tra hoai khong ra!

Nhung hay nhin vao cac hu to:

Hauts Y nghia

n scalbn() —sé md n la int

nf scalbnf() —phién ban float ctia scalbn()

nl scalbnl() —phién ban long double ctia scalbn()
1n scalbln() —sé mii n la long int

Inf scalblnf() —phién ban float ctia scalbln()

nl scalblnl() —phién ban long double ctia scalbln()

Nén du van mu tit vé “scalb”, it nhét t6i d4 nidm dudc phén do.

Range error c6 thé xay ra véi gia tri 16n.

Gia tri tra vé

Travé x x r", véirla FLT RADIX .

Vidu

#include <stdio.h>
#include <math.h>
#include <float.h>
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int main(void)

{
printf("FLT RADIX = %d\n\n", FLT RADIX);
printf(“"scalbn(3, 8) = %f\n", scalbn(2, 8));
printf("scalbnf(10.2, 20) = %f\n", scalbnf(10.2, 20));

}

<math.h> Toan Hoc

Output trén may toi:

FLT_RADIX = 2

scalbn(3, 8)
scalbn(10.2, 20.7)

512.000000
10695475.200000

Xem thém

exp2() , pow()

13.34 cbrt(), cbrtf(), cbrtl()

Tinh can bac ba.

Synopsis

#include <math.h>

double cbrt(double x);

float cbrtf(float x);

long double cbrtl(long double x);

Mo ta

Tinh can bac ba cia x , /3, &/x.

Gia tri tra vé

P A , 1/3
Tra vé can bac ba cia x , /3, &/x.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{

printf("cbrt(1729.03) = %f\n", cbrt(1729.03));
}
Output:

cbrt(1729.03) = 12.002384
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Xem thém

sqrt() , pow()

13.35 fabs(), fabsf(), fabsl()

Tinh gia tri tuyét doi.

Synopsis

135

#include <math.h>

double fabs(double x);

float fabsf(float x);

long double fabsl(long double x);

Mo ta

Céc ham nay tra vé thing gia tri tuyét d6i ctia x , tic |z|.

Néu ban da quén gia tri tuyét d6i, n6 chi don gian nghia 1a két qua sé dudng, ké ca khi x 1a am. Don

gian 13 16t b6 ddu Am thoi.

Gia tri tra vé

Tra vé gia tri tuyét doi cta x, |z|.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

fabs(3490.0));
fabs(3490.0));

// 3490.000000
// 3490.000000

{
printf("fabs(3490.0) = %f\n",
printf("fabs(-3490.0) = %f\n",
}
Xem thém

abs() , copysign() , imaxabs()

13.36 hypot(), hypotf(),

Tinh d¢ dai canh huyén cua tam giac.

hypotl()
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Synopsis

#include <math.h>

double hypot(double x, double y);

float hypotf(float x, float y);

long double hypotl(long double x, long double y);

Mo ta
Fan Dinh ly Pythagoras® miing 1én! Pay 1a ham ban da chs dgi!

Néu ban biét d6 dai hai canh goc vudng cta tam gidc vudng, x va y , ban c6 thé tinh d6 dai canh huyén
(canh dai nhat, chéo) bang ham nay.

Cu thé, né tinh cin bic hai cta tong binh phudng hai canh: /22 + 2.

Gia tri tra vé

Tra vé do dai canh huyén cta tam gidc vudng c6 do dai cac canh la x va y: y/x2 + 32

Vi du

1 | printf("sf\n", hypot(3, 4)); // 5.000000 ]

Xem thém

sqrt()

13.37 pow(), powf(), powl()

Tinh mot gia tri luy thua.

Synopsis

#include <math.h>

double pow(double x, double y);

float powf(float x, float y);

long double powl(long double x, long double y);

Mo ta
Tinh x luy thua y: aY.

Céc d6i s6 c6 thé 1a phan s6.

Shttps://en.wikipedia.org/wiki/Pythagorean_theorem
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Gia tri tra vé

Travé x luy thua y: a¥.

Domain error ¢6 thé xay ra néu:

« x las6 am hitu han va y 1a s6 khéng nguyén hiiu han

« x lakhongva y lakhong.
Domain error hodc pole error ¢6 thé xdy ranéu x la khéng va y 1a am.

Range error c6 thé xay ra véi gié tri 16n.

Vidu

printf("sf\n", pow(3, 4)); // 374 81.000000
printf("sf\n", pow(2, 0.5)); // sqrt 2 = 1.414214

Xem thém

exp() , exp2(), sqrt(), cbrt()

13.38 sqrt()

Tinh cén bac hai ctia mét s0.

Synopsis

#include <math.h>

double sqrt(double x);

float sqrtf(float x);

long double sqrtl(long double x);

Mb6 ta

Tinh can béc hai ctia mot s6: /. V4i ai chua biét cin bac hai 1a g, toi sé khong giai thich. Chi cin néi,
cén bac hai ctia mot s6 cho ra mét gia tri ma khi binh phudng (nhén véi chinh nd) sé cho lai s6 ban dau.
Ok, dugc rdi—toi da giai thich rdi, nhung chi vi tdi mudn khoe thoi. Khong phai kiéu toi cho ban vi du
hay gi dau, vi du nhu cén béc hai cta chin la ba, b&i vi khi nhan ba véi ba ban dudc chin, hay gi do.
Khoéng vi du. Toéi ghét vi du!

Va t6i doan ban cling mudn c6 vai thong tin thuc t€ 8 day. Ban c6 thé thiy bd ba ham quen thudc &
day—tat ca déu tinh can bac hai, nhung nhén cac kiéu ddi s6 khac nhau. Kha don gian thoi.

Domain error xay ranéu x la am.
Gia tri tra vé

Tra vé (va toi biét day han la diéu bit ngd véi ban) cin bac hai ctia x : /.



138 Chapter 13.

Vi du

<math.h> Toan Hoc

// vi du dung sqrt()

float something = 10;

]

1
(4]
I

double x1 = 8.2, yl
double x2 = 3.8, y2
double dx, dy;

Il
w
~
[(e}

printf("square root of 10 is %.2f\n", sqrtf(something));

dx = x2 - x1;

dy = y2 - yl;

printf("distance between points (x1, yl) and (x2, y2): %.2f\n",
sqrt(dx*dx + dy*dy));

Va output la:

square root of 10 is 3.16
distance between points (x1, yl) and (x2, y2): 40.54

Xem thém

hypot() , pow()

13.39 erf(), erff(), erfl()

Tinh ham 16i ctia gi4 tri cho trudc.

Synopsis

#include <math.h>

double erfc(double x);

float erfcf(float x);

long double erfcl(long double x);

Mo ta

Cac ham nay tinh ham 16i” ctia mét gia tri.

Gia tri tra vé

Tra vé ham 16i ctia x :

2 /z 2
— e dt
VT o

"https://en.wikipedia.org/wiki/Error_function
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Vidu
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for (float i = -2; i <= 2; i += 0.5)
printf("s .1f: %f\n", i, erf(i));

Output:

-2.
-1.
=dhc
=®.

0.

-0.995322
-0.966105
-0.842701
-0.520500
0.000000
0.520500
0.842701
0.966105
0.995322

= o

=
© U © U o U © U o

N

Xem thém

erfc()

13.40 erfc(), erfcf(), erfcl()

Tinh ham 16i bi ctia mot gia tri.

Synopsis

#include <math.h>

double erfc(double x);

float erfcf(float x);

long double erfcl(long double x);

Mo ta
Cac ham nay tinh ham 15i bu® ctia mét gi4 tri.

Cai nay giong nhu:

1 - erf(x)

Range error c6 thé xay ranéu x qua lén.

Gia tri tra vé

Travé 1 - erf(x),cuthéla:

2 /OO 2
— e " dt
ﬁ xT

8https://en.wikipedia.org/wiki/Error_function
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Vi du
for (float i = -2; i <= 2; i += 0.5)
printf("s .1f: %f\n", i, erfc(i));
Output:
-2.0: 1.995322
-1.5: 1.966105
-1.0: 1.842701
-0.5: 1.520500
0.0: 1.000000
0.5: 0.479500
1.0: 0.157299
1.5: 0.033895
2.0: 0.004678
Xem thém
erf()
13.41 Tlgamma(), Lgammaf() , Lgammal()

Tinh logarithm tu nhién cta gia tri tuyét doi cta I'(z).

Synopsis

#include <math.h>

double lgamma(double x);
float lgammaf(float x);

long double lgammal(long double x);

Mo ta

Tinh log tu nhién cta gia tri tuyét d6i cia ham gamma® x , log_|T'(z)].

Range error c6 thé xay ra néu x qua lén.

Pole error c6 thé xay ra néu x khong ducng.

Gia tri tra vé

Tra vé log, [T'(z)].

Vi du

for (float i = 0.5; i <= 4; i += 0.5)

printf("s%.1f: %f\n", i, lgamma(i));

Output:

*https://en.wikipedia.org/wiki/Gamma_function
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0.572365
0.000000
-0.120782
0.000000
0.284683
0.693147
1.200974
1.791759

AP W W NNRLR RO
© U1 © U1 © U1 © U

Xem thém

tgamma()

13.42 tgamma(), tgammaf() , tgammal()

Tinh ham gamma, I'(z).

Synopsis

#include <math.h>

double tgamma(double x);

float tgammaf(float x);

long double tgammal(long double x);

Mo ta

Tinh ham gamma?® cta x , T'(z).

Domain hogc pole error c6 thé xay ra néu x khong ducng.

Range error c6 thé xay ra néu x qua 16n hodc qué nho.

Gia tri tra vé

Tra vé ham gamma cua x , I'(z).

Vidu

for (float i = 0.5; 1 <= 4; i += 0.5)

printf("%.1f: %f\n", i, tgamma(i));

Output:

0.5: 1.772454

1.0: 1.000000

1.5: 0.886227

2.0: 1.000000

2.5: 1.329340

3.0: 2.000000

3.5: 3.323351

Ohttps://en.wikipedia.org/wiki/Gamma_function
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4.0: 6.000000

<math.h> Toan Hoc

Xem thém

lgamma ()

13.43 ceil(), ceilf(), ceill()

Ceiling—tra vé s6 nguyén khong nho hon s6 da cho.

Synopsis

#include <math.h>

double ceil(double x);

float ceilf(float x);

long double ceill(long double x);

Mo ta
Tra vé ceiling ctia x : [x].

DAy 1a s6 nguyén ké tiép khéng nho hon x .

Coi chiing con rong nho nay: né khong don gian 1 “lam tron 1én”. O, véi s6 duong thi ding vay, nhung
v6i s6 dm thuc ra lai lam tron vé khong. (Vi ham ceiling hudng t6i s6 nguyén 16n hon ké tiép, va —4 16n

hon —5.)

Gia tri tra vé

Tra vé s6 nguyén 16n hon ké ti€p 16n hon x .

Vidu

Chu y véi s6 &m nd hudng vé khong, tlc la hudng téi sé nguyén 16n hon ké ti€ép—giong nhu sé duong

hudng t6i s6 nguyén 16n hon ké tiép.

printf("sf\n", ceil(4.0)); // 4.000000
printf("sf\n", ceil(4.1)); // 5.000000
printf("%sf\n", ceil(-2.0)); // -2.000000
printf("sf\n", ceil(-2.1)); // -2.000000
printf("%sf\n", ceil(-3.1)); // -3.000000

Xem thém

floor() , round()

13.44 floor(), floorf(), floorl()

Tinh s6 nguyén 16n nhat khéng 16n hon gia tri cho trude.
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Synopsis
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#include <math.h>

double floor(double x);

float floorf(float x);

long double floorl(long double x);

Mo ta

Tra vé floor cua gia tri: |x|. Day 1a ngudc lai ctia ceil() .
Day la s6 nguyén 16n nhat khéng 16n hon x .

Véi s6 duong, cai nay giéng lam tron xuéng: 4.5 thanh 4.0 .
V6i s6 4m, nd giong lam tron 1én: -3.6 thanh -4.0.

Trong ca hai trudng hgp, nhiing két qua do 1a s6 nguyén 16n nhat khong 16n hon s6 da cho.
Gia tri tra vé
Tra vé so nguyén 16n nhat khong 16n hon x : [z].

Vidu

Cht y cach s6 am thuc ra lam tron ra xa khong, khong giéng sé duong.

printf("sf\n", floor(4.0)); // 4.000000
printf("sf\n", floor(4.1)); // 4.000000
printf("sf\n", floor(-2.0)); // -2.000000
printf("sf\n", floor(-2.1)); // -3.000000
printf("%f\n", floor(-3.1)); // -4.000000

Xem thém

ceil(), round()

13.45 nearbyint(), nearbyintf(), nearbyintl()

Lam tron gia tri theo huéng lam tron hién tai.

Synopsis

#include <math.h>

double nearbyint(double x);

float nearbyintf(float x);

long double nearbyintl(long double x);

Mb6 ta
Ham nay lam tron x dén s6 nguyén gan nhat theo hudng lam tron (rounding) hién tai.

Hudng 1am tron c6 thé duge dit bing fesetround() trong <fenv.h> .
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nearbyint() khong raise floating point exception “inexact”.

Gia tri tra vé

Travé x dudc lam tron theo hudng lam tron hién tai.

Chapter 13.

Vi du
#include <stdio.h>
#include <math.h>
#include <fenv.h>
int main(void)
{
#pragma STDC FENV ACCESS ON // Né’u dugc hé~ tro
fesetround (FE_TONEAREST) ; // lam tron dé’n gad'n nha’t
printf("%f\n", nearbyint(3.14)); // 3.000000
printf("%f\n", nearbyint(3.74)); // 4.000000
fesetround (FE_TOWARDZERO) ; // lam tron vé' khbéng
printf("sf\n", nearbyint(1.99)); // 1.000000
printf("sf\n", nearbyint(-1.99)); // -1.000000
}
Xem thém

rint() , lrint() , round() , fesetround() , fegetround()

13.46 rint(), rintf(), rintl()

Lam tron gia tri theo hudng lam tron hién tai.

Synopsis

#include <math.h>

double rint(double x);

float rintf(float x);

long double rintl(long double x);

Mo ta

Ham nay hoat dong y nhu nearbyint() ngoai trii la né c6 thé raise floating point exception “inexact”.

Gia tri tra vé

Tra vé x dugc lam tron theo hudng lam tron hién tai.

<math.h> Toan Hoc
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Vidu
#include <stdio.h>
#include <math.h>
#include <fenv.h>
int main(void)
{
#pragma STDC FENV_ACCESS ON
fesetround (FE_TONEAREST) ;
printf("sf\n", rint(3.14)); // 3.000000
printf("sf\n", rint(3.74)); // 4.000000
fesetround(FE_TOWARDZERO) ;
printf("sf\n", rint(1.99)); // 1.000000
printf("sf\n", rint(-1.99)); // -1.000000
}
Xem thém

nearbyint() , lrint(), round() , fesetround() , fegetround()

13.47 lrint(), 1lrintf(), 1lrintl(), 1lrint(),

1lrintl()

Tra vé x dudc lam tron theo hudng lam tron hién tai dudi dang s6 nguyén.

Synopsis

1lrintf(),

#include <math.h>

long int lrint(double x);
long int lrintf(float x);
long int lrintl(long double x);

long long int llrint(double x);
long long int llrintf(float x);
long long int 1lrintl(long double x);

Mo ta

Lam tron mot s6 floating point theo hudng lam tron hién tai, nhung lan nay tra vé s6 nguyén thay vi

float. Ban biét 6, chi dé thay ddi khong khi.
Céc ham nay c6 hai bién thé:

e lrint() —travé long int

e 1lrint() —trd vé long long int

Néu két qua khong viia kiéu tra vé, domain hodc range error c6 thé xay ra.
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Gia tri tra vé

Gid tri x dudc lam tron thanh s6 nguyén theo huéng lam tron hién tai.

<math.h> Toan Hoc

Vidu
#include <stdio.h>
#include <math.h>
#include <fenv.h>
int main(void)
{
#pragma STDC FENV_ACCESS ON
fesetround (FE_TONEAREST) ;
printf("sld\n", lrint(3.14)); // 3
printf("sld\n", lrint(3.74)); // 4
fesetround (FE_TOWARDZERO) ;
printf("sld\n", lrint(1.99)); // 1
printf("sld\n", lrint(-1.99)); // -1
}
Xem thém

nearbyint() , rint(), round(), fesetround() b fegetround()

13.48 round(), roundf(), roundl()

Lam tron mot s6 theo cach c¢d dién.

Synopsis

#include <math.h>
double round(double x);
float roundf(float x);

long double roundl(long double x);

Mb ta
Lam tron mot s6 dén gia tri nguyén gan nhit.

Vi trudng hop chinh gifia, lam tron ra xa khong (ttc “tron 1én” vé d6 16n).

Tro Jedi cia huéng lam tron hién tai khong cé tac dung véi ham nay.

Gia tri tra vé

Gié tri lam tron cta x .
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Vidu
#include <stdio.h>
#include <math.h>
int main(void)
{
printf("sf\n", round(3.14)); // 3.000000
printf("sf\n", round(3.5)); // 4.000000
printf("%f\n", round(-1.5)); // -2.000000
printf("%f\n", round(-1.14)); // -1.000000
}
Xem thém

lround() , nearbyint() , rint(), lrint() , trunc()

13.49 1lround(), lroundf(), lroundl() 1lround(), 1llroundf(),

1lroundl()

Lam tron mot s6 theo cach c6 dién, tra vé s6 nguyén.

Synopsis

#inc

long
long
long

long
long
long

Lude <math.h>

int lround(double x);
int lroundf(float x);
int lroundl(long double x);

long int 1lround(double x);
long int 1lroundf(float x);
long int 1lroundl(long double x);

Mo ta

Cac ham nay giéng nhu round() ngoai trii ching tra vé sé nguyén.

Gia tri chinh gitia lam tron ra xa khong, vi du 1.5 lam tron thanh 2 va —1.5 lam tron thanh —2.

Céac ham dugc nhom theo kiéu tra veé:

lround() —tra vé long int

1lround() —trad vé long long int

Néu gi4 tri lam tron khong viia kiéu tra vé, domain hodc range error c6 thé xay ra.

Giat

ri tra vé

Tra vé gia tri lam tron cia x dudi dang s nguyén.
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Vi du
#include <stdio.h>
#include <math.h>
int main(void)
{
printf("sld\n", lround(3.14)); // 3
printf("sld\n", lround(3.5)); // 4
printf("sld\n", lround(-1.5)); // -2
printf("sld\n", lround(-1.14)); // -1
}
Xem thém

round() , nearbyint() , rint(), lrint() , trunc()

13.50 trunc(), truncf(), truncl()

C4t phan phan s8 ctia mot gia tri floating point.

Synopsis

#include <math.h>

double trunc(double x);

float truncf(float x);

long double truncl(long double x);

Mo ta

Céac ham nay don gian bé phin phén s6 ctia mot s6 floating point. Bum.

No6i cach khac, ching luén lam tron vé khong.

Gia tri tra vé

Tra vé so floating point da bi cat.

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", trunc(3.14)); // 3.000000
printf("sf\n", trunc(3.8)); // 3.000000

printf("sf\n", trunc(-1.5)); // -1.000000
printf("sf\n", trunc(-1.14)); // -1.000000
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Xem thém

round() , lround() , nearbyint() , rint(), lrint()

13.51 fmod(), fmodf(), fmodl()

Tinh phén du floating point.

Synopsis

#include <math.h>

double fmod(double x, double y);

float fmodf(float x, float y);

long double fmodl(long double x, long double y);

Mo ta
Tra vé phan du cia % Két qua c6 cung dau véi x .

Dudéi vo boc, phép tinh thuc hién la:

X - trunc(x / y) *y

Nhung dé hon thi cii nghi vé phan du théi.

Gia tri tra vé

Tra ve phan du ctia § cung ddu véi x .

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", fmod(-9.2, 5.1)); // -4.100000
printf("sf\n", fmod(9.2, 5.1)); // 4.100000
}
Xem thém

remainder()

13.52 remainder(), remainderf(), remainderl()

Tinh phan du kiéu [EC 60559.
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Synopsis

#include <math.h>

double remainder(double x, double y);

float remainderf(float x, float y);

long double remainderl(long double x, long double y);

Mo ta
Cai nay tuong tu fmod() , nhung khéng hoan toan giéng. fmod() c6 1€ la cai ban mudn néu ban mong
phén du xoay vong nhu dong ho do dudng xe chay (odometer).

Spec C trich IEC 60559 vé cach n6 hoat dong:

Khi y # 0, phan du r = x REM y dudc x4c dinh bat ké mode lam tron bing quan hé toan hoc
r = & — ny, v6i n 14 sd nguyén gan nhit véi gia tri chinh xac cua x/y; khi |[n — x/y| = 1/2, thi
n 14 s6 chan. Néu r = 0, diu ctia né sé 1a diu cta z.

Hy vong da sang to!
OK, c6 thé chua. Tém lai:

Ban biét 1a néu fmod() cho gi d6, vi du 2.0, ban dudc két qua nao d6 ndm gitia 0.0 va 2.0 ? Va
néu ban ct tdng s6 ma ban dang ldy mod v6i 2.0 , ban thiy két qua leo 1én 2.0 roi xoay vong vé 0.0
nhu déng ho do dudng cia 6 t6?

remainder() hoat dong y vy, ngoai trtinéu y la 2.0, noé xoay vong tti -1.0 dén 1.0 thay vitu
0.0 dén 2.0.

No6i cach khéc, pham vi ctia ham chay tit -y/2 dén y/2 . Khacvdi fmod() chaytlit 0.0 dén y,output

cta remainder() chila dich xudng ntia y .

Va khong-du-bat-ky-cai-gila o .

Ngoai trii néu y la khong, ham c6 thé tra vé khong hodc domain error ¢ thé xay ra.
Gia tri tra vé

Két qua IEC 60559 ctia x -du-y .

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", remainder(3.7, 4)); // -0.300000
printf("sf\n", remainder(4.3, 4)); // 0.300000
}
Xem thém

fmod() , remquo()
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13.53 remquo(), remquof(), remquol()

Tinh phan du va (mét phén cua) thudng.

Synopsis

#include <math.h>

double remquo(double x, double y, int *quo);

float remquof(float x, float y, int *quo);

long double remquol(long double x, long double y, int *quo);

Mb6 ta

Day la mot thi hoi la dasi.

Thi nhat, gia tri tra vé 1a phan du, giéng ham remainder() , nén xem cai dé.
Va thudng trdé vé trong con trd quo .

Hodc it nhat mgt phan ctia né. Ban sé nhén it nhét 3 bit clia thudng.

Nhung vi sao?

Vai ly do.

Mot 13 thuong ctia mot sé floating point rit 16n cod thé dé dang qua khéng 16 dé via ca
long long unsigned int . Nén du sao ciing phai cit b6t mot phén.

Nhung 3 bit? Cé ich gi? Chi cho ban tii 0 dén 7!
Tai liéu C99 Rationale noi:
Cécham remquo danh cho viéc trién khai cac phép giam ddi s c6 thé khai thac vai bit thip cua

thuong. Luu ¥ ring x c6 thé quéa 16n vé d6 16n so véi y dén miic biéu dién chinh x4c ctia thuong
13 khong kha thi.

Vay la... trién khai cac phép gidm d6i s6... c6 thé khai thac vai bit thap... O & okay.
CPPReference c6 noi thé nay'! vé chuyén nay, noéi hay qué nén tdi sé trich nguyén van:

Ham nay hifu ich khi trién khai cac ham tuan hoan c6 chu ky biéu dién chinh xac dudc bang gia
tri floating point: khi tinh sin(7z) v6i x rit1dn, goi sin truc ti€p co thé cho sai s8 16n, nhung
néu d6i s6 ham dugc giam trude bang remquo , cic bit thip cta thudng c6 thé ding dé xac dinh
ddu va octant ctia két qua trong chu ky, con phén du c6 thé dung dé tinh gia tri v6i dd chinh xéc
cao.

Day. Néu ban c6 vi du khéc dung dudc... xin chiic muing! :)

Gia tri tra vé

Tra vé giong remainder : Két qua IEC 60559 cua x -du-y .

Ngoai ra, it nhat 3 bit thap nhat ciia thudng sé dudc luu vao quo véi cung diu ctia x/y .

Vidu

Coévidu cos() hay 8 CPPReference'? bao quat mot use case thuc té.

Uhttps://en.cppreference.com/w/c/numeric/math/remquo
2https://en.cppreference.com/w/c/numeric/math/remquo
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https://en.cppreference.com/w/c/numeric/math/remquo
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Nhung thay vi “mugn” né, t6i sé dang mot vi du don gidn 6 day va ban c6 thé ghé trang ho dé xem vi
du that.

#include <stdio.h>
#include <math.h>
int main(void)
{
int quo;
double rem;
rem = remquo(12.75, 2.25, &quo);
printf("%sd remainder %f\n", quo, rem); // 6 remainder -0.750000
}
Xem thém

remainder() , imaxdiv()

13.54 copysign(), copysignf(), copysignl()

Chép dau cua mét gia tri sang mot gia tri khac.

Synopsis

#include <math.h>
double copysign(double x, double y);
float copysignf(float x, float y);

long double copysignl(long double x, long double y);

Mo ta
Céc ham nay trd vé mot s6 ¢6 d0 16n ctia x va diu cta y . Ban co thé dung ching dé ép diu theo gia
tri khéac.

T4t nhiénla cd x lan y déu khéng bi thay d6i. Gia tri tra vé chiia két qua.

Gia tri tra vé

Travé giatric6 dolén cia x vadiucia y .

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
double x = 34.9;
double y -999.9;
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double z = 123.4;

printf("sf\n", copysign(x, y)); // -34.900000
printf("sf\n", copysign(x, z)); // 34.900000

Xem thém

signbit()

13.55 nan(), nanf(), nanl()
Tra vé NAN .

Synopsis

#include <math.h>

double nan(const char *tagp);

float nanf(const char *tagp);

long double nanl(const char *tagp);

Mo ta
Cac ham nay tra vé mot quiet NaN'®, Né dudc tao nhu thé goi strtod() véi "NAN" (ho#c bién thé ctia
no) lam doi sé.

tagp tro t6i mot chudi co thé 1a nhiéu thd, bao gom ca réng. Noi dung ctia chudi quyét dinh bién thé
NaN nao c6 thé dugc tra vé tuy implementation.
Phién ban NaN nao? Ban c6 biét 1a c6 thé di siu t6i mic nay v6i mot thit khdng phai 1a s6 khong?

Trudng hop 1, ban truyén vao chudi rong, trong trudng hgp d6 cac dong sau tucng duong:

nan("");

strtod("NAN()", NULL);

Trudng hdp 2, chudi chi chia chii s6 0-9, chil cii a-z, chii cai A-Z, va/hoic gach dudi:

nan("goats");

strtod("NAN(goats)", NULL);

Va Trudng hop 3, chubi chifa bt ct thi gi khac va bi bé qua:

nan("'");

strtod("NAN", NULL);

J

Con strtod() lam gi véi cac gia tri trong ngodc don, xem trang tham chiéu [ strtod() ]. Spoiler: phu
thudc implementation.

13Mot quiet NaN 1a NaN khong raise bit ky exception nao.
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Gia tri tra vé

Tra vé quiet NaN dudc yéu cau, hodc 0 néu hé thong clia ban khong hé trg nhiing thil nay.

Vi du

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", nan("")); // nan
printf("%f\n", nan("goats")); // nan
printf("%f\n", nan("!")); // nan

}

Xem thém

strtod()

13.56 nextafter(), nextafterf(), nextafterl()

Lay gia tri floating point ké tiép (ho#c trudc dé) biéu dién dudc.

Synopsis

#include <math.h>

double nextafter(double x, double y);

float nextafterf(float x, float y);

long double nextafterl(long double x, long double y);

Mo ta
Nhu ban c6 1€ di biét, sé floating point khong thé biéu dién moi s6 thuc kha di. C6 gidi han.

V4, nhu vy, ton tai mot s6 “ké tiép” va “trude d6” sau hoic trude bat ky so floating point nao.

Cac ham nay tra vé s6 ké tiép (hoic trudc d6) biéu dién dude. Nghia 13, khong c6 s6 floating point nio
ton tai gitia s6 da cho va so ké tiép.

Cach né x4c dinh 12 né chay tii x theo huéng vy , tra 15i cAu héi “s6 ké tiép biéu dién dudc tii x khi ta
di vé phia y lagi”.

Gia tri tra vé

Tra vé gi4 tri floating point ké tiép biéu dién dugc tii x theo huéng vy .

Néu x bing y,travé y.Vaca x niia, toi doan viy.
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Vidu
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#include <stdio.h>
#include <math.h>

int main(void)

{
printf("%.*f\n", DBL DECIMAL DIG, nextafter(0.5, 1.0));
printf("s.*f\n", DBL DECIMAL DIG, nextafter(0.349, 0.0));

Output trén may toi:

0.50000000000000011
0.34899999999999992

Xem thém

nexttoward()

13.57 nexttoward() , nexttowardf() , nexttowardl()

L4y gi4 tri floating point ké tiép (hoidc trudc d6) biéu dién dudc.

Synopsis

include <math.h>
double nexttoward(double x, long double y);
float nexttowardf(float x, long double y);

long double nexttowardl(long double x, long double y);

Mo ta

Cac ham nay giéng nextafter() ngoai trit tham s6 thii hai luén 1a long double .

Gia tri tra vé

Tra vé giéng nextafter() ngoaitriinéu x bing y,tra vé y cast sang kiéu tra vé cia ham.

Vidu

#include <stdio.h>
#include <float.h>
#include <math.h>

int main(void)

{
printf("%.*f\n", DBL_DECIMAL DIG, nexttoward(0.5, 1.0));
printf("%.*f\n", DBL DECIMAL DIG, nexttoward(0.349, 0.0));
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Output trén may toi:

0.50000000000000011
0.34899999999999992

Xem thém

nextafter()

13.58 fdim(), fdimf(), fdiml()

Tra vé hiéu s6 duong gitia hai s6, chan duéi 6 0.

Synopsis

#include <math.h>

double fdim(double x, double y);

float fdimf(float x, float y);

long double fdiml(long double x, long double y);

Mo ta

Hiéu s6 dudng gitia x va y la hiéu... ngoai trit néu hiéu nhé hon 0,nd6bikep & 0.
Céc ham nay c6 thé ném range error.

Gia tri tra vé

Tra vé hiéu ctia x-y néu hiéulén hon 0 . Ngugc lai travé 0.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", fdim(10.0, 3.0)); // 7.000000
printf("sf\n", fdim(3.0, 10.0)); // 0.000000, bi kep

13.59 fmax(), fmaxf(), fmaxl(), fmin(), fminf(), fminl()

Tra vé gia tri 16n nhat hodc nhé nhét trong hai so.
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Synopsis

#include <math.h>

double fmax(double x, double y);

float fmaxf(float x, float y);

long double fmaxl(long double x, long double y);

double fmin(double x, double y);

float fminf(float x, float y);

long double fminl(long double x, long double y);

Mo ta

DPon gian, cac ham nay tra vé gia tri nho nhat hodc 16n nhat trong hai s6 da cho.

Néu mot trong cac s6 la NaN, cac ham tra vé s6 khong phai NaN. Néu ca hai d6i s6 déu la NaN, cac ham
tra vé NaN.

Gia tri tra vé

Tra vé gia tri nho nhit hodc 16n nhat, véi NaN dudce xti ly nhu trén.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sf\n", fmin(10.0, 3.0)); // 3.000000
printf("%f\n", fmax(3.0, 10.0)); // 10.000000

13.60 fma(), fmaf(), fmal()

Nhén va cong Floating (con goi 1a “Fast”).

Synopsis

#include <math.h>

double fma(double x, double y, double z);

float fmaf(float x, float y, float z);

long double fmal(long double x, long double y, long double z);
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Mo ta

Ham nay thuc hién phép toan (x X y) + z, nhung theo mot cach rat dinh. N6 lam phép tinh nhu thé c6
dd chinh x4c v6 han, r6i lam tron két qua cudi cung vé kiéu dii liéu cudi cing theo mode lam tron hién
tai.

So vé6i cach ban tu 1am toan, trong dé c6 thé 1am tron 6 méi buéc.

Ngoai ra, mot sd kién tric ¢6 1énh CPU dé lam dung phép tinh ndy, nén c6 thé lam siéu nhanh. (Néu
khong c6, dang ké chdm hon.)

Ban c6 thé biét CPU cfia minh c6 hd trg phién ban nhanh khéng béng cach kiém tra macro FP_FAST FMA
dugc dit thanh 1. (Bién thé float va long cuia fma() c6 thé dudc kiém tra v6i FP_FAST FMAF va
FP_FAST FMAL tuong ting.)

Cac ham nay c6 thé giy range error.

Gia tri tra vé

Travé (x *y) + z.

Vi du

printf("sf\n", fma(l.0, 2.0, 3.0)); // 5.000000

13.61 isgreater(), isgreaterequal(), isless(), islessequal()

Cac macro so sanh floating point.

Synopsis

#include <math.h>

int isgreater(any floating type x, any floating type y);

int isgreaterequal(any floating type x, any floating type y);

int isless(any floating type x, any floating type y);

int islessequal(any floating type x, any floating type y);

Mo ta

Céc macro nay so sanh cac s6 floating point. Vi 1a macro, ta c¢6 thé truyén bat ky kiéu floating point
nao.

Ban c6 thé nghi minh d4 lam dudc diéu d6 chi véi cic toan tii so sanh binh thudng—va ban néi dang!

Tri mot ngoai 1&: todn ti so sanh raise floating exception “invalid” néu mot hodc nhiéu toan hang la
NaN. Cac macro nay khong nhu vay.

Luu y la ban chi dugc truyén kiéu floating point vao cidc haim nay. Truyén s6 nguyén hay bat ky kiéu
nao khac la hanh vi khong xac dinh.
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Gia tri tra vé

isgreater() travékétquacha x > y.

isgreaterequal() travé kétquaciua x >= y.

isless() travékétquacta x < y.

islessequal() travé kétquacua x <= y.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sd\n", isgreater(10.0, 3.0)); // 1
printf("%sd\n", isgreaterequal(10.0, 10.0)); // 1
printf("sd\n", isless(10.0, 3.0)); // 0
printf("sd\n", islessequal(10.0, 3.0)); // 0

}

Xem thém

islessgreater() , isunordered()

13.62 islessgreater()

Kiém tra s floating point nay nho hon hoéc 16n hon s6 kia.

Synopsis

#include <math.h>

int islessgreater(any floating type x, any floating type y);

Mo ta
Macro nay tudng tu isgreater() va dong bon, nhung né lam tén section qua dai néu tdi bao né vao
trén kia. Nén né dudc c6 chd riéng.

Cai nay tra vé true néu z < y hodc = > y.
Du 14 macro, ta c6 thé yén tam ring x va y chi dudc tinh gi tri mot lan.

Vaké cakhi x ho#c y la NaN, cai nay sé khong ném exception “invalid”, khong gidng cic toan ti so
sanh thudng.

Néu ban truyén kiéu khong phai floating point, hanh vi khéng xac dinh.
Gia tri tra vé

Travée (x <vy) || (x >y).
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Vi du

<math.h> Toan Hoc

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sd\n", islessgreater(10.0, 3.0)); // 1
printf("sd\n", islessgreater(10.0, 30.0)); // 1
printf("%d\n", islessgreater(10.0, 10.0)); // 0

}

Xem thém

isgreater() , isgreaterequal() , isless() , islessequal() , isunordered()

13.63 isunordered()

Macro tra vé true néu bat ky doi sd floating point nao la NaN.

Synopsis

#include <math.h>

int isunordered(any floating type x, any floating type y);

Mo ta
Spec viét:

| Macro isunordered xac dinh xem cac déi s6 ctia n6 c6 unordered khéng.
Théy chua? Téi da néi C dé ma!

N6 cling néi thém la cac déi sé la unordered néu mot hoéc ca hai la NaN.

Gia tri tra vé

Macro nay tra vé true néu mot hoéc ca hai déi s6 1a NaN.

Vidu

#include <stdio.h>
#include <math.h>

int main(void)

{
printf("sd\n", isunordered(1.0, 2.0)); // 0
printf("sd\n", isunordered(1.0, sqrt(-1))); // 1
printf("sd\n", isunordered(NAN, 30.0)); // 1
printf("s%d\n", isunordered(NAN, NAN)); // 1
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Xem thém

isgreater() , isgreaterequal() , isless(), islessequal() , islessgreater()
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Chapter 14

<setjmp.h> Goto Khong Cuc Bo

Cac ham nay cho phép ban tua ngudc call stack vé mot diém trude do, v6i mot déng cai bay di kem.
Hiém khi dugc dung.

Ham Mo ta

longjmp()  Quay vé chd danh dau da dit trudc dé
setjmp() Danh dau ché nay dé quay vé sau

Con c6 mot kiéu md (opaque type) méi, jmp_buf , giti toan bo thong tin can thiét dé€ lam dugc trd ao
thuét nay.
Néu ban mudn bién local ti déng ciia minh van ding sau 15i goi longjmp() , khai b4o chung la

volatile & chéd ban goi setjmp() .

14.1 setjmp()

Luu vi tri nay dé quay vé sau

Synopsis

#include <setjmp.h>

int setjmp(jmp_buf env);

Mo ta
Day 1a cach ban luu vi tri d€ sau nay c6 thé longjmp() quay vé. Coi nhu dang set diém warp dé dung
sau.

V@ co ban, ban goi ham nay, dua cho né mot env dé€ no dién vao moi thong tin cin thiét d€ quay lai
day sau. Cai env nay la thi ban sé truyén cho longjmp() sau nay khi muon teleport vé day.

Va phén funky thuc su 12 ham ndy c6 thé tra vé theo hai kiéu khéc nhau:

1. Cothétravé 0 tuldigoi set up diém jump dich.

2. C6 thé tra vé non-zero khi ban thuc su warp vé day tu 15i goi longimp() .
Ban c6 thé kiém tra gia tri tra vé dé biét case nao dang xay ra.

Ban chi dugc goi setjmp() trong mdt so trudng hop gidi han.

163
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1. Nhu mot biéu thiic ding riéng:

setjmp(env); }

Ban ciing c6 thé cast n6é vé (void) néuvily do gi d6 mudn lam viy.

2. Nhu biéu thiic diéu khién day du trong if hodc switch .

if (setjmp(env)) { ... }

switch (setjmp(env)) { ... }

Nhung khong dudc thé nay, vi n6 khong phai biéu thic diéu khién day du trong trudng hdp nay:

if (x == 2 && setjmp()) { ... } // Undefined behavior

3. Gidng (2) phia trén, trit viéc c6 so sanh vdi integer constant:

if (setjmp(env) ==0) { ... }

if (setjmp(env) >2) { ... }

\

4. Nhu toan hang cho toan tii phti dinh (! ):

if (!setjmp(env)) { ... }

Moi thi khac déu la (ban doan dung roi) undefined behavior!

Day c6 thé 1a macro ho#c ham, nhung ban xt né cung cach trong moi trudng hgp.

Gia tri tra vé
Cai nay funky. N6 tra vé mot trong hai thi:
Travé 0 néu day 1aldigoi setjmp() dé set up.

Tra vé non-zero néu viéc dang & day 1a két qua cua 13i goi longjmp() . (Cu thé, no tra vé gia tri dudc

truyén vao ham longjmp() .)

Vi du
Day la mot ham goi setjmp() dé set up (ndiné tra vé 0 ), roi goi xudng sau vai level vao cac ham, va
cudi cung cit ngang dudng return bang longjmp() quay vé chd setjmp() da dudc goi trudc d6. Lan

nay, noé truyén 3490 lam gia tri, va setjmp() sé tra vé gia tri do.

#include <stdio.h>
#include <setjmp.h>

jmp_buf env;

void depth2(void)

{
printf("Entering depth 2\n");
longjmp(env, 3490); // Nha’y vé' setjmp()!!
printf("Leaving depth 2\n"); // Cai nay khbéng chay
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void depthl(void)
{
printf("Entering depth 1\n");
depth2();
printf("Leaving depth 1\n"); // Cdi nay khéng chay
}
int main(void)
{
switch (setjmp(env)) {
case 0:
printf("Calling into functions, setjmp() returned 0\n");
depthl();
printf("Returned from functions\n"); // C4i nay khéng chay
break;
case 3490:
printf("Bailed back to main, setjmp() returned 3490\n");
break;
}
}
Chay thi output:

Calling into functions, setjmp() returned 0O
Entering depth 1
Entering depth 2
Bailed back to main, setjmp() returned 3490

Chay printf() thi haitrong case 0 khong chay;né bi longjmp() nhay qua!

Xem thém

longjmp()

14.2 longjmp()

Quay vé vitri setjmp() trudc do

Synopsis

#include <setjmp.h>

_Noreturn void longjmp(jmp buf env, int val);

Mo ta

Ham nay tra vé mot 161 goi setjmp() trudc do trong call history. setjmp() sétra vé giatri val dudc
truyén vao longjmp() .

env truyén cho setjmp() nén la chinh céi ban truyén cho longjmp() .

C6 ca d6ng van dé tiém tang khi lam chuyén nay, nén ban phai cin thin tranh undefined behavior bang
cach khong lam miy diéu sau:
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1. Duing goi longjmp() néuldigoi setjmp() tuong (ing nam trong thread khac.
2. Dung goi longjmp() néu ban chua goi setjmp() trudc do.
3. Dling goi longjmp() néuham da goi setjmp() da hoan thanh.

4. Duing goi longjmp() néu lsi goi setjmp() c6 mot variable length array (VLA) trong scope va
scope d6 da két thuc.
5. Dling goi longjmp() néu c6 bat ky VLA nao trong cac scope dang active gilia setjmp() va
longjmp() . Nguyén tic nim long & day 1a diing mix VLA vSi longjmp() .
Du longjmp() cd géng khdi phuc may vé trang thai lic setjmp() , gdom ca bién local, van c6 vai thi
khéng dugc héi sinh lai:

« Bién local khong phai volatile ma c6 thé da thay déi
« Floating point status flags

« File dang mé

« Bat ky thanh phan nao khéc cta abstract machine

Gia tri tra vé
Cai nay ciing funky & chd n6 1a mét trong s6 it ham ctia C khong bao gid tra ve!

Vidu

Day 12 mot ham goi setjmp() dé€ set up (ndi nd tra vé 0 ), roi goi xudng siu vai level vao cac ham, va
cudi ciing cit ngang dudng return bing longjmp() quay vé chd setjmp() di dudc goi trudc d6. Lan

nay, né truyén 3490 lam gia tri, va setjmp() sé tra vé gia tri do.

#include <stdio.h>
#include <setjmp.h>

jmp_buf env;

void depth2(void)

{
printf("Entering depth 2\n");
longjmp(env, 3490); // Nha’y vé&' setjmp()!!
printf("Leaving depth 2\n"); // Cai nay khéng chay
}
void depthl(void)
{
printf("Entering depth 1\n");
depth2();
printf("Leaving depth 1\n"); // Cdi nay khéng chay
}
int main(void)
{
switch (setjmp(env)) {
case 0:
printf("Calling into functions, setjmp() returned 0\n");
depthl();
printf("Returned from functions\n"); // Cdi nay khéng chay
break;

case 3490:
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printf("Bailed back to main, setjmp() returned 3490\n");
break;
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Chay thi output:

Calling into functions, setjmp() returned 0
Entering depth 1
Entering depth 2
Bailed back to main, setjmp() returned 3490

Chay printf() thi haitrong case 0 khong chay;né bi longjmp() nhay qua!

Xem thém

setjmp()
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Chapter 15

<signal.h> Xi Ly Signal

Ham Mo ta

signal()  Dit signal handler cho mét signal
raise() Lam cho mot signal dudc raise 1én

Xt ly signal kiéu portable, dai khai!

Cac signal nay dugc raise vi da ly do nhu ngudi dung bAm CTRL-C, yéu cau terminate tii chuong trinh
ngoai, vi pham truy cép bo nhd, van van.

OS ctia ban nhiéu kha nang con dinh nghia thém ca déng signal khac.

Hé thong nay kha gidi han, nhu ban sé thdy bén dudi. Néu ban trén Unix, gan nhu chic chin OS cua

ban c6 kha nang xti ly signal xin hon han so véi thu vién chuén C. Xem sigaction .

15.1 signal()

bat signal handler cho mot signal

Synopsis

#include <signal.h>

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

Mo ta
Cai khai bao ham dé nhin sao ta?
Thoi bo qua né moét chit, ndi vé ham nay lam gi da.

Khi moét signal dudc raise, diéu gi dé sé xay ra. Ham nay cho phép ban chon mot trong céc viéc sau dé
lam khi signal xay ra:

« B0 qua signal
« Thuc hién hanh dong méc dinh
« C6 mdt ham cu thé duge goi

Thttps://man.archlinux.org/man/sigaction.2.en
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Ham signal() nhén hai tham s6. Tham s6 dau, sig, la tén signal can xu ly.

Signal Mo ta

SIGABRT  Dugdc raise khi abort() dudc goi

SIGFPE Exception s6 hoc floating-point

SIGILL CPU thti thuc thi 1énh khong hgp 1é

SIGINT Signal interrupt, nhu khi CTRL-C dudc bam
SIGSEGV ~ Segmentation Violation: thi truy cip bo nhé bi cAm
SIGTERM  Yéu ciu terminate?

Véay d6 la phan dau khi ban goi signal() —nodi cho né biét signal can xti:

signal(SIGINT, ... }

Nhung tham s6 func kiala gi?

Tiét 16 ludn, d6 1a pointer t8i mot ham nhén tham s6 int va trd vé void . Ta c6 thé dung no6 d€ goi
mot ham tuy y khi signal xay ra.

Trudc khi 1am chuyén d6, xem may céi dé trudc: bao hé théng bé qua signal hoic thuc hién hanh déng
mic dinh (day la cai n6é lam mac dinh néu ban khong bao gis goi signal() ).

Ban c6 thé dit func bang mot trong hai gia tri dic biét dé€ lam chuyén nay:

func Mo ta

SIG DFL  Thuc hién hanh dong mac dinh cho signal nay
SIG IGN B qua signal nay

Vi du:

signal(SIGTERM, SIG DFL); // Hanh dbéng mac dinh véi SIGTERM
signal(SIGINT, SIG IGN); // Bo’ qua SIGINT

Nhung néu ban mudn handler cta riéng minh lam gi d6 thay vi default hay ignore thi sao? Ban c6 thé
truyén vao mot ham cta ban d€ dugce goi. D6 14 ly do cai function signature dién ro kia ton tai (mot
phén). N6 noéi rdng tham s8 c6 thé 1a con trd t6i ham nhan tham s8 int va trd vé void .

Vay néu ban mudn goi handler ctia minh, ban c6 thé viét code thé nay:

int handler(int sig)

{
// Xu’ ly signal

int main(void)
{
signal(SIGINT, handler);

Trong signal handler ban c6 thé lam gi? Khong nhiéu.

Néu signal la do abort() hodc raise() , handler khong dugc goi raise() .

Néu signal khong phai do abort() hodc raise() , ban chi dugc goi miy ham sau tif thu vién chuin
(du spec khéng cAm goi cac ham non-library khac):

INhu kiéu dugc giii tli lénh kill trén Unix.]
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« abort()

. Exit()

e quick exit()

« Ham trong <stdatomic.h> khi tham s6 atomic la lock-free

+ signal() v&itham s dau bing tham s6 dugc truyén vao handler

Thém nita, néu signal khong phai do abort() ho#c raise() , handler khong dugdc truy cap bat ky
object nao c6 static hodc thread-storage duration trit khi né la lock-free.

Ngoai lé 12 ban ¢6 thé gan cho bién kiéu volatile sig atomic_t . Spec khong rd liéu ban c6 doc dudc
bién kiéu d6 khong. T6i nghi ban lam vy an toan, nhung lic ban quyét dinh vita doc viia ghi bién do
trong handler, ban da mé ctia cho kha néng race condition. Chéc t&t nhét la chi set n6 nhu mot flag bao
signal da xay ra va dé thé giéi bén ngoai xu ly.

Tuy implementation, nhung signal handler c6 thé bi reset vé SIG DFL ngay trudc khi handler dudc goi.
Goi signal() trong chuong trinh multithread la undefined behavior.

Return ti handler cho SIGFPE, SIGILL, SIGSEGV , hodc bit ky gia tri implementation-defined nao la
undefined behavior. Ban phai exit.

Implementation c6 thé ngan hodc khong ngin cac signal khac phat sinh khi dang & trong signal handler.

Gia tri tra vé
Khi thanh céng, signal() tra vé con tro téi signal handler trudc d6 da dugde dat qua 16i goi signal()
cho signal number d6. Néu ban chua tiing goi signal() dé dit, tra vé SIG DFL .

Khi that bai, SIG_ERR dudc tra vé va errno dudc set thanh mét gia tri dudng.

Vidu

Day la chuong trinh khién SIGINT bi bd qua. Thong thudng ban trigger signal nay béng cich bam
CTRL-C .

#include <stdio.h>

#include <signal.h>

int main(void)

{
signal(SIGINT, SIG IGN);
printf("You can't hit CTRL-C to exit this program. Try it!\n\n");
printf("Press return to exit, instead.");
fflush(stdout);
getchar();

}

Output:

You can't hit CTRL-C to exit this program. Try it!

Press return to exit, instead.”C*"C ChCACACACACACACNC

Chuong trinh nay dat signal handler, r6i raise signal. Signal handler dugc kich hoat.

#include <stdio.h>
#include <signal.h>
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void handler(int sig)

{
// Undefined behavior khi goi printf() né’u handler nay khdéng
// pha’i do raise(), tdc la né’u ban ba’m CTRL-C.
printf("Got signal %d!\n", sig);
// Thuong reset handler phong khi implementation set né vé'
// SIG DFL khi signal xa’y ra.
signal(sig, handler);
}
int main(void)
{
signal (SIGINT, handler);
raise(SIGINT);
raise(SIGINT);
raise(SIGINT);
}
J
Output:

Got signal 2!
Got signal 2!
Got signal 2!

Vi du nay bit SIGINT roiset mot flag thanh 1. Roi main loop thdy flag va exit.

#include <stdio.h>
#include <signal.h>

volatile sig atomic t x;

void handler(int sig)

{
X =1;

}

int main(void)

{
signal (SIGINT, handler);
printf("Hit CTRL-C to exit\n");
while (x != 1);

}

Xem thém

raise() , abort()

15.2 raise()

Lam cho mét signal dudc raise 1én
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Synopsis

#include <signal.h>

int raise(int sig);

Mo ta
Lam cho signal handler cho signal sig dudc goi. Néu handler la SIG DFL hodc SIG_IGN, thi hanh
doéng mac dinh hodc khong gi ca sé xay ra.

raise() tra vé sau khi signal handler da chay xong.
Thu vi 13, néu ban gy ra signal bing raise() , ban c6 thé goi cac ham thu vién tu trong signal handler
ma khéng gy undefined behavior. Tuy nhién t6i khong chic su that d6 hitu dung thuc té  chd nao.
Gia tri tra vé
Travé @ khithanh cong. Khac 0 néu khong.
Vidu

Chuong trinh nay dit signal handler, roi raise signal. Signal handler dudc kich hoat.

#include <stdio.h>
#include <signal.h>

void handler(int sig)

{
// Undefined behavior khi goi printf() né’u handler nay khdéng
// pha’i do raise(), ti&c la né’u ban ba’m CTRL-C.
printf("Got signal %d!\n", sig);
// Thuong reset handler phong khi implementation set né vé'
// SIG DFL khi signal xa’y ra.
signal(sig, handler);

}

int main(void)

{
signal (SIGINT, handler);
raise(SIGINT);
raise(SIGINT);
raise(SIGINT);

}

Output:

Got signal 2!
Got signal 2!
Got signal 2!

Xem thém

signal()
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Chapter 16

<stdalign.h> Macro Cho Alignment

Néu ban dang code tht gi d6 low-level nhu mot memory allocator giao tiép véi OS, ban c6 thé cin
header nay. Nhung hau hét dev C trai ca su nghiép ma chua bao gig dung no.

Alignment' 1a vé boi s8 clia dia chi ma object c6 thé dudc luu. Object cé thé Iuu & bat ky dia chi nao?
Hay phai 1a dia chi chia hét cho 2? Hay 8? Hay 16?

Tén Mo ta
alignas() Chi dinh alignment, expand thanh _Alignas
alignof() Lay alignment, expand thanh _Alignof

Hai macro b6 sung sau dugc dinh nghia bing 1 :

~_alignas is defined
~_alignof is defined

Ghi chi nhanh: cac alignment 16n hon cia max_align_t dudc goi la overalignment va la
implementation-defined.

16.1 alignas() _Alignas()
Bét bién phai c6 mot alignment nhit dinh

Synopsis

#include <stdalign.h>

alignas(type-name)
alignas(constant-expression)

_Alignas(type-name)
_Alignas(constant-expression)

Mo ta
Dung alignment specifier nay dé bat budc alignment cho bién cu thé. Vi du, ta c6 thé khai bao ¢ 1a
char , nhung align giéng nhu né 1a int :

!https://en.wikipedia.org/wiki/Data_structure_alignment
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char alignas(int) c;

]

Ban ciing c6 thé dit biéu thic integer hing vao d6. Compiler c6 1 sé ap limit 1én gia tri ma biéu thic
nay c6 thé nhan. Liy thiia nho cua 2 (1, 2, 4, 8, va 16) thudng 14 dit cudc an toan.

char alignas(8) c; // align theo ranh giéi 8-byte

Cho tién, ban ciing c6 thé chi dinh @ néumuén alignment mic dinh (nhu thé ban khong néi alignas()

gi ca):
char alignas(0) c; // diung alignment mdc dinh cho kié’u nay
Vidu

#include <stdalign.h>

#include <stdio.h> // for printf()

#include <stddef.h> // for max_align_ t

int main(void)

{
int i, j;
char alignas(max align t) a, b;
char alignas(int) c, d;
char e, f;
printf("i: %p\n", (void *)&i);
printf("j: %p\n\n", (void *)&j);
printf("a: %p\n", (void *)&a);
printf("b: %p\n\n", (void *)&b);
printf("c: %p\n", (void *)&c);
printf("d: %p\n\n", (void *)&d);
printf("e: %p\n", (void *)é&e);
printf("f: %p\n", (void *)&f);

}

Output trén hé cta t6i bén dudi. Chu y su khac biét gitia cac cip gia tri.

« i va j,déula int,align theo ranh gidi 4-byte.

+ a va b bibit vé ranh gi6i ctia kiéu max_align t , tlic moi 16 byte trén hé cta toi.

« ¢ va d bibitvé cing alignment véi int , tiic 4 byte, gidng nhu i va j .

« e va f khong cé alignment chi dinh, nén ching dudc luu véi alignment méc dinh la 1 byte.

i: Ox7ffee7dfb4dcc
j: Ox7ffee7dfb4c8

a: Ox7ffee7dfb4co
b: Ox7ffee7dfb4b0

c: Ox7ffee7dfbdac
d: Ox7ffee7dfb4a8

e: Ox7ffee7dfb4a7
f: Ox7ffee7dfbdab

<-- difference of 4 bytes

<-- difference of 16 bytes

<-- difference of 4 bytes

<-- difference of 1 byte
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Xem thém

alignof , max_align t, memalignment()

16.2 alignof() _Alignof()

Lay alignment cia mot kiéu

Synopsis

#include <stdalign.h>

alignof(type-name)

_Alignof(type-name)

Mb6 ta

Biéu thtic nay eval thanh mot gia tri ki€u size_t cho biét alignment ctia mot ki€u cu thé trén hé cua
ban.

Gia tri tra vé

Tra vé gia tri alignment, tiic 1a dia chi bat dau cua object kiéu da cho phai 6 ranh gidi chia hét cho s6
nay.

Vidu

In ra alignment cta du loai kiéu khac nhau.

#include <stdalign.h>
#include <stdio.h> // for printf()
#include <stddef.h> // for max align t

20

21

22

struct t {
int a;
char b;
float c;

};

int main(void)

{
printf("char 1 %zu\n", alignof(char));
printf("short : %zu\n", alignof(short));
printf("int : %zu\n", alignof(int));
printf("long : %zu\n", alignof(long));
printf("long long : %zu\n", alignof(long long));
printf("double 1 %zu\n", alignof(double));
printf("long double: %zu\n", alignof(long double));
printf("struct t : %zu\n", alignof(struct t));
printf("max_align_ t: %zu\n", alignof(max_align_ t));

}

Output trén hé cua toi:
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char 1
short 2
int H
long : 8
long long 8
double 8
long double: 16
struct t 1 16
max_align_t: 16

Xem thém

alignas , max _align t, memalignment()



Chapter 17

<stdarg.h> Tham So6 Bién Doi

Macro Mo ta
va_arg() Lay tham s8 bién ddi ké tiép
va_copy() Copy mdt va_list va cong viéc da lam t6i thdi diém do
va_end() Béo hiéu ta da xt ly xong tham s8 bién d6i
va start() Khdi tao mot va_list dé€ bt dau xu ly tham s6 bién déi

Header file nay la cai cho phép ban viét ham nhén s6 lugng tham s bién d6i.

Ngoai cac macro, ban con c6 mot kiéu méi gidp C theo dai vi tri dang xt ly dén d4u trong qua trinh xu
ly tham s6 bién d6i: va_list . Kiéu nay la opaque, va ban sé truyén n6 quanh cac macro khac nhau dé
giup lay tham sé.

Cht y mdi ham variadic can it nhat mdt tham s non-variable. Ban cin cai nay dé khéi dong xt 1y véi
va start() .

17.1 va_arg()
L&y tham s8 bién d6i ké tiép

Synopsis

#include <stdarg.h>

type va arg(va list ap, type);

Mo ta
Néu ban c6 variable argument list da dugdc khdi tao bdng va_start() , truyén no vao day cung véi kiéu
cta tham s6 ban dang mudn 13y, vi du:

int x = va_ arg(args, int);

float y = va_arg(args, float);

Gia tri tra vé
Eval thanh gia tri va kiéu cia tham s& bién ddi ké tiép.

179
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Vi du

Day la demo cdng s6 lugng integer tuy y lai v8i nhau. Tham s6 d4u tién 1a s6 lugng integer can cdng.
Ta s& dung cai d6 dé biét phai goi va_arg() bao nhiéu lan.

#include <stdio.h>
#include <stdarg.h>

int add(int count, ...)
{
int total = 0;
va_list va;

va_start(va, count); // Ba't da'u véi tham sé  sau "count"

for (int 1 = 0; 1 < count; i++) {
int n = va_arg(va, int); // L&’y int ké” tié'p

total += n;

va_end(va); // Xong hé’'t

return total;

}
int main(void)
{

printf("%sd\n", add(4, 6, 2, -4, 17)); // 6 +2 - 4 + 17 = 21

printf("sd\n", add(2, 22, 44)); // 22 + 44 = 66
}

J
Xem thém

va _start(), va end()

17.2  va_copy()

Copy mdt va_list va cong viéc da lam t6i thai diém do

Synopsis

#include <stdarg.h>

void va copy(va list dest, va list src);

Mo ta
Muc dich chinh ctia hAm nay la luu trang thai giifa chiing trong qua trinh xtt ly tham s6 bién d6i dé ban
c6 thé scan t6i roi rewind lai chd da Iuu.

Ban truyén vao src va_list vand copy sang dest .

Néu da goi ham nay mot Ian cho mot dest cu thé, ban khong dudce goi lai (hay goi va_start() ) véi
cung dest d6 tri khi ban goi va_end() cho cai dest do trudc.
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va_copy(dest, src);
va copy(dest, src2); // SAI!

va_copy(dest, src);
va_start(dest, var); // SAI!

va_ copy(dest, src);
va_end(dest);
va_copy(dest, src2); // OK!

va_copy(dest, src);
va _end(dest);
va_start(dest, var); // OK!

Gia tri tra vé
Khong tra vé gi.
Vidu

Day la vi du cong tat ca tham sd bién d6i lai, rdi quay lai cong thém tat ca cac sd tu thi ba trd di nita, vi
du néu tham sé la:

10 20 30 40

DAu tién ta cOng tit ca dugc 100 , roi cong thém moi thi tu s6 thi ba, tic cong 30+40 , tong ra 170 .
Ta sé& 1am vay bang cach luu vi tri trong qué trinh xti ly tham s6 bién déi v6i va_copy , roi dung no sau
dé xti ly lai phan tham s6 dudi.

(Va ding roi, toi biét c6 cach toan hoc lam chuyén nay ma khéng can rewind, nhung t6i dang kho long
nghi ra vi du hay!)

#include <stdio.h>
#include <stdarg.h>

// Cbéng téd't ca’ cac sé6” lai, ro'i cong lai 1&'n nita téd’t ca’ cac sé’
// tr sau s6” tht hai.
int contrived adder(int count, ...)
{
if (count < 3) return 0; // OK, téi dang luoi. Ba't dugc ré'i dé.
int total = 0;
va list args, mid_args;
va_start(args, count);

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

// Né’u ta dang o’ s6  tht hai, luu ch6” vao
// mid args:

if (i == 2)
va_copy(mid args, args);

total += va_arg(args, int);
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va_end(args); // Xong cai nay
// Nhung gio ba’t da'u véi mid args va céng hé’t nhitng cai do:
for (int i = 0; i < count - 2; i++)

total += va_arg(mid args, int);

va_end(mid_args); // Xong cai nay lubn

return total;

}
int main(void)
{
// 10+20+30 + 30 == 90
printf("sd\n", contrived adder(3, 10, 20, 30));
// 10+20+30+40+50 + 30+40+50 == 270
printf("sd\n", contrived_adder(5, 10, 20, 30, 40, 50));
}
Xem thém

va start(), va arg(), va end()

17.3 va_end()

Béao hiéu ta da xt ly xong tham s bién ddi

Synopsis

#include <stdarg.h>

void va end(va list ap);

Mo ta
Sau khi ban di va_start() hodc va _copy moét va_list mdi, ban phai goi va_end() véiné trude
khi n6 ra khoi scope.

Ban ciing phai lam viy néu dinh goi va_start() hodc va_copy() Ilgitrén bién ma ban da lam vay roi.
D6 la luit néu ban mudn tranh undefined behavior.

Nhung cti nghi né nhu cleanup thoéi. Ban goi va_start() , nén ban sé goi va_end() khi xong.
Gia tri tra vé

Khéng tra vé gi.

Vidu

Day la demo cOng s6 lugng integer tuy y lai v6i nhau. Tham s6 dau tién la s6 lugng integer cin cdng.
Ta sé& dung cai d6 dé biét phai goi va_arg() bao nhiéu lan.
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#include <stdio.h>
#include <stdarg.h>

int add(int count, ...)
{

int total = 0;

va list va;

va_start(va, count); // Ba't déd'u véi tham s6” sau "count"

for (int 1 = 0; i < count; i++) {
int n = va arg(va, int); // L&’y int ké” tié’p

total += n;

va_end(va); // Xong hé’t

return total;

}
int main(void)
{
printf("sd\n", add(4, 6, 2, -4, 17)); // 6 + 2 - 4 + 17 = 21
printf("sd\n", add(2, 22, 44)); // 22 + 44 = 66
}
Xem thém

va_start() , va copy()

17.4 va_start()

Khéi tao mot va_list dé bat dau xt ly tham s bién d6i

Synopsis

#include <stdarg.h>

void va start(va list ap, parmN);

Mo ta
Ban d3 khai bio mot bién kiéu va_list dé theo ddi qua trinh xti ly tham s6 bién déi... gid 1am sao khéi
tao n6 dé co thé bat dau goi va_arg() lay cac tham s6 d6?

va_start() ra tay cliu nguy!
Viéc ban lam 13 truyén va list cta ban vao, 8 day thé hién qua tham s6 ap . Chi truyén list, khong
truyén pointer t6i no.

R6i cho tham s6 thi hai ctia va_start() , ban dua tén tham s6 ma ban mudn bat dau xu ly tham s sau
né. Cai nay phai la tham s6 ngay truée ... trong danh sach tham sd.
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Néu ban da goi va_start() trénmdt va list cu thé va mudn goi va start() lai trén no6, ban phai

goi va_end() trudc!
Gia tri tra vé
Khong tra vé gi!

Vi du

béay la demo cong s6 ludng integer tuy y lai v6i nhau. Tham s6 d4u tién la s6 lugng integer cin cong.
Ta s& dung cai d6 dé biét phai goi va_arg() bao nhiéu lan.

#include <stdio.h>
#include <stdarg.h>

int add(int count, ...)
{

int total = 0;

va_ list va;

va_start(va, count); // Ba't déd'u véi tham s6” sau "count"

for (int i = 0; i < count; i++) {
int n = va_arg(va, int); // La’y int ké  tié'p

total += n;

va_end(va); // Xong hé’t

return total;

}
int main(void)
{
printf("sd\n", add(4, 6, 2, -4, 17)); // 6 + 2 - 4 + 17 = 21
printf("sd\n", add(2, 22, 44)); // 22 + 44 = 66
}
Xem thém

va arg() , va end()
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<stdatomic.h> Cac Ham Lién Quan

Pén Atomic

Ham

Mo ta

atomic_compare exchange strong explicit()

atomic compare exchange strong()

atomic compare exchange weak explicit()
atomic_compare exchange weak()
atomic_exchange explicit()
atomic_exchange()

atomic fetch add explicit()

atomic fetch add()
atomic_fetch_and_explicit()

atomic_fetch and()
atomic fetch or explicit()
atomic_ fetch or()

atomic_ fetch sub explicit()

atomic_fetch sub()

atomic fetch xor explicit()
atomic_fetch xor()

atomic flag clear explicit()
atomic_ flag clear()

atomic flag test and set explicit()
atomic flag test and set()
atomic init()
atomic_is lock free()
atomic_ load explicit()
atomic load()

atomic_signal fence()
atomic store explicit()
atomic_store()

atomic thread fence()
ATOMIC VAR INIT()

Compare-and-exchange nguyén ti, strong,
explicit

Compare-and-exchange nguyén tu, strong
Compare-and-exchange nguyén td, weak, explicit
Compare-and-exchange nguyén ti, weak

Thay gia tri trong mdt object nguyén t, explicit
Thay gia tri trong mdt object nguyén tu

Cong nguyén tii vao mot sé nguyén atomic,
explicit

Cong nguyén tli vao mdt s6 nguyén atomic
AND bit nguyén ti mdt sé nguyén atomic,
explicit

AND bit nguyén ti médt sé nguyén atomic

OR bit nguyén tii mot s6 nguyén atomic, explicit
OR bit nguyén ti mot s6 nguyén atomic

Tru nguyén ti khoi mot s6 nguyén atomic,
explicit

Tru nguyén ti khoi mét s6 nguyén atomic

XOR bit nguyén tit mot s6 nguyén atomic, explicit
XOR bit nguyén ti mot s6 nguyén atomic

Xoa mot atomic flag, explicit

Xo4 mot atomic flag

Test-and-set mot atomic flag, explicit
Test-and-set mot atomic flag

Khdi tao mot bién atomic

Xéac dinh xem mot kiéu atomic c6 lock-free khong
Tra vé gia tri ti mot bién atomic, explicit

Tra vé gia tri ti mot bién atomic

Fence cho signal handler trong cung thread

Luu mét gia tri vao bién atomic, explicit

Luu mdt gia tri vao bién atomic

Dung mot fence

Tao initializer cho mot bién atomic

185
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Ham

Mo ta

kill dependency()

Két thiic mét chubi dependency

Trén cac hé diéu hanh kiéu Unix, ban c6 thé cAn thém -latomic vao dong lénh bién dich.

18.1 Cac Kiéu Atomic

Header nay dinh nghia sin mét déng kiéu:

Kiéu atomic Dang day du tuong dudng
atomic_bool _Atomic Bool

atomic char _Atomic char

atomic schar _Atomic signed char

atomic uchar

atomic short

atomic ushort
atomic_int

atomic uint
atomic_long

atomic ulong
atomic_llong

atomic ullong

atomic charl6 t
atomic_char32_t
atomic wchar t
atomic_int least8 t
atomic uint least8 t
atomic_int leastl6 t

atomic uint leastl6 t

atomic_int least32 t

atomic uint least32 t

atomic_int least64 t

atomic uint least64 t

atomic_int fast8 t
atomic_uint fast8 t
atomic int fastl6 t
atomic uint fastl6 t
atomic_int fast32 t
atomic uint fast32 t
atomic_int fast64 t
atomic_uint fast64 t
atomic intptr t
atomic uintptr t
atomic_size t

atomic ptrdiff t
atomic intmax t

atomic_uintmax_t

_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic
_Atomic

_Atomic

unsigned char
short

unsigned short
int

unsigned int
long

unsigned long
long long
unsigned long long
charl6 t
char32_t
wchar t
int_least8 t
uint least8 t
int_leastl6_t
uint leastl6 t
int_least32_t
uint least32 t
int_least64_t
uint least64 t
int fast8 t
uint_fast8 t
int fastl6 t
uint fastl6 t
int fast32 t
uint fast32 t
int fast64 t
uint fast64 t
intptr t
uintptr t
size t
ptrdiff t
intmax_t

uintmax_t

Ban c6 thé ty 1am thém kiéu cta minh bang type qualifier _Atomic :
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‘ _Atomic double x; }

hodc type specifier _Atomic() :

‘ _Atomic(double) x; ’

18.2 Cac Macro Lock-free

Cac macro nay cho ban biét mot kiéu c6 lock-free hay khong. Co thé.

Chung c6 thé dung & compile time v6i #if . Chung ap dung cho ca kiéu signed va unsigned.

Kiéu Atomic Macro Lock-Free
atomic bool ATOMIC BOOL LOCK FREE
atomic_char ATOMIC_CHAR LOCK FREE

atomic charl6 t ATOMIC CHAR16 T LOCK FREE
atomic char32 t ATOMIC CHAR32 T LOCK FREE

atomic wchar t ATOMIC WCHAR T LOCK FREE
atomic_short ATOMIC_SHORT LOCK_ FREE
atomic_int ATOMIC_INT_LOCK_FREE
atomic_long ATOMIC_LONG_LOCK FREE
atomic_1long ATOMIC LLONG LOCK FREE

atomic_intptr t  ATOMIC POINTER LOCK FREE

Thu vi 14 cAc macro nay c6 thé co t6i ba gia tri khac nhau:

Giatri Y nghia

0 Khong bao gid lock-free.
1 Déi khilock-free!.
2 Ludn lock-free.

18.3 Atomic Flag

Kiéu m3 (opaque type) atomic flag la thi duy nhit duge dam bao la lock-free. Du implementation
trén PC cua ban chic sé lam dugc nhiéu hon thé.

N6 dudc truy cip qua cac ham atomic_flag_test and_set() va atomic_flag_clear() .

Trudc khi dung, c6 thé khéi tao no vé trang thai clear bang:

atomic_flag f = ATOMIC_FLAG_INIT;

18.4 Memory Order (Thi tu bo nhd)

Header nay gidi thiéu mot ki€u enum mdi tén 12 memory order . N6 dugc ding béi mot ddng ham dé
chi dinh cac memory order (thi tu bd nhd) khac véi sequential consistency (tinh nhat quan tuén tu).

1C6 thé né phu thudc vao mdi trudng run-time va khong thé biét & compile-time.
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memory order Mo ta

memory order_seq cst  Sequential Consistency
memory order acq _rel  Acquire/Release
memory order release Release

memory order_acquire Acquire

memory order _consume  Consume

memory order relaxed Relaxed

Ban c¢6 thé truyén may thit nay vao cac ham atomic c6 hu t6 _explicit .

Cac phién ban khong c6 _explicit hoat dong y nhu khi ban goi phién ban _explicit tudng tGng véi

memory order seq cst .

18.5 ATOMIC_VAR_INIT()

Tao mét initializer cho bién atomic

Synopsis

#include <stdatomic.h>

#define ATOMIC VAR INIT(C value) // Deprecated

Mo ta

Macro nay md rong thanh mot initializer, nén ban c6 thé dung né khi dinh nghia bién.
Kiéu cua value phaila kiéu cg s8 cua bién atomic.

Buon cudi 14, ban than viéc khéi tao khong phai thao tc nguyén ti (atomic).

CPPReference néi rang cai nay da bi deprecated? va nhiéu kha ning sé bi bé. Tai liéu tiéu chuin p1138r0°
giai thich thém ring macro nay bi han ché & chd khéng thé khai tao diing cac atomic struct , valy do
ton tai ban d4u ctia n6 ho4 ra chang hitu dung.

Cii khdi tao bién truc tiép di la xong.

Gia tri tra vé

MG rong thanh initializer phu hgp cho bién atomic nay.

Vidu

#include <stdio.h>
#include <stdatomic.h>

int main(void)

{
atomic_int x = ATOMIC_VAR INIT(3490); // Deprecated
printf("%sd\n", x);

2https://en.cppreference.com/w/cpp/atomic/ ATOMIC_VAR_INIT
*http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1138r0.pdf


https://en.cppreference.com/w/cpp/atomic/ATOMIC_VAR_INIT
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1138r0.pdf

18.6. atomic_init()

Xem thém

atomic_init()

18.6 atomic_init()

Khdi tao mot bién atomic

Synopsis
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#include <stdatomic.h>

void atomic init(volatile A *obj, C value);

Mo ta

Ban c6 thé dung n6 dé khéi tao mot bién atomic.

Kiéu cta value phai la kiéu cG s8 cta bién atomic.

Bubn cudi 1a, ban than viéc khéi tao khdng phai thao tac nguyén tu.

Theo nhu téi thiy, chéng c6 gi khac biét gitia cai ndy va viéc gan truc tiép cho bién atomic. Spec néi nd
c6 mit dé cho phép compiler chén thém bat ky viéc khai tao b6 sung nao cin lam, nhung moi thii van

6n néu khong c6 nd. Néu ai d6 c6 thém thong tin, gii cho toi nhé.

Gia tri tra vé

Khéng tra vé gi ca!

Vidu

#include <stdio.h>
#include <stdatomic.h>

int main(void)
{
atomic int x;

atomic_init(&x, 3490);

printf("sd\n", x);

Xem thém

ATOMIC_VAR_INIT() , atomic_store() , atomic_store_explicit()

18.7 kill _dependency()

Két thiic mét chubi dependency
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Synopsis

#include <stdatomic.h>

type kill dependency(type y);

Mb6 ta
Céi nay c6 kha ning hiiu ich d€ t6i uu néu ban dang dung memory order consume & dau do.

Va néu ban biét minh dang lam gi. Néu khong chéc, tim hiéu thém trudc khi thit dung.
Gia tri tra vé

Tra vé gia tri dudc truyén vao.

Vi du

Trong vi du nay, i mang theo mét dependency vao x . Va cling sé mang vao y , nhung vi c6 16i goi

kill_dependency() nén khong.

#include <stdio.h>
#include <stdatomic.h>
int main(void)
{
atomic int aj;
int i =10, X, y;
atomic store explicit(&a, 3490, memory order release);
= atomic load explicit(&a, memory order consume);
X = 1i;
= kill dependency(i);
printf("%sd %d\n", x, y); // 3490 and either 3490 or 10
}

18.8 atomic_thread_fence()

Dung mot fence (hang rao)

Synopsis

#include <stdatomic.h>

void atomic thread fence(memory order order);

Mo ta

Ham nay dung mot memory fence (rao can bd nhg) véi order chi dinh.
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order Mo ta

memory _order_seq_cst Fence acquire/release theo sequential consistency

memory_order_acq_rel Fence acquire/release

memory_order_release Fence release

memory_order_acquire Fence acquire

memory order consume Fence acquire (again)

memory order_relaxed Khong c6 fence gi ca—goi vdi cai nay ching co y
nghia gi

Ban c6 thé ¢8 tranh dung mAy cai nay va c bam vao cac ché do khac nhau véi atomic store explicit()

va atomic_load_explicit() . Hodc khong.

Gia tri tra vé

Khéng tra vé gi ca!

Vidu

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

atomic_int shared 1 = 1;
atomic_int shared 2 2;

int thread 1(void *arg)

{
(void)arg;
atomic store explicit(&shared 1, 10, memory order relaxed);
atomic thread fence(memory order release);
atomic store explicit(&shared 2, 20, memory order relaxed);
return 0;

}

int thread 2(void *arg)
(void)arg;
// If this fence runs after the release fence, we're
// guaranteed to see thread 1's changes to the shared
// varaibles.
atomic_thread fence(memory order acquire);
if (shared 2 == 20) {
printf("Shared 1 better be 10 and it's %d\n", shared 1);

} else {
printf("Anything's possible: %d %d\n", shared 1, shared 2);

return 0;
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}

int main(void)

{
thrd t t1, t2;
thrd _create(&t2, thread 2, NULL);
thrd_create(&tl, thread 1, NULL);
thrd join(tl, NULL);
thrd join(t2, NULL);

}

Xem thém

atomic _store explicit() , atomic load explicit() , atomic_signal fence()

18.9 atomic_signal_fence()

Fence cho signal handler trong cung thread

Synopsis

#include <stdatomic.h>

void atomic signal fence(memory order order);

Mo ta

Ham nay hoat dong giéng atomic_thread_fence() nhung muc dich la trong pham vi mét thread duy
nhit; dang chi y 1a d€ dung trong signal handler ctia thread do.

Vi signal ¢6 thé xay ra bat ci lic no, ta c6 thé can mot cach dé chac chan rdng moi write cua thread
x4y ra trudc signal handler sé nhin thdy dudc bén trong signal handler do.

Gia tri tra vé

Khéng tra vé gi ca!

Vi du

Demo mdt phan. (Luu y ring vé mat ky thuét thi viéc goi printf() trong signal handler 1a undefined
behavior.)

#include <stdio.h>
#include <signal.h>
#include <stdatomic.h>

int global;
void handler(int sig)

{

(void)sig;
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// If this runs before the release, the handler will
// potentially see global ==

//

// Otherwise, it will definitely see global == 10.

atomic _signal fence(memory order acquire);

printf("sd\n", global);

}
int main(void)
{
signal(SIGINT, handler);
global = 10;
atomic signal fence(memory order release);
// If the signal handler runs after the release
// it will definitely see the value 10 in global.
}
Xem thém

atomic_thread fence() , signal()

18.10 atomic_is lock free()

Xac dinh xem mot kiéu atomic c6 lock-free khong

Synopsis

#include <stdatomic.h>

~Bool atomic_is lock free(const volatile A *obj);

Mo ta
Xac dinh xem bién obj kiéu A c6 lock-free khong. Dung dudc v6i bat ky kiéu nao.

Khac véi cic macro lock-free c6 thé dung & compile-time, ddy thuin tuy 1a ham run-time. Vi vy &
nhiing ché ma macro tra 15i “cé thé”, ham nay sé& chic chin cho ban biét bién atomic c6 lock-free hay

khoéng.

Cai nay hiiu ich khi ban tu dinh nghia bién atomic ciia minh va mudén biét trang thai lock-free ctia chung.
Gia tri tra vé

True néu bién lock-free, false néu khong.

Vidu

Kiém tra xem mot cip struct va mdt double atomic c6 lock-free khong. Trén hé théng cua toi,
struct 16n hon thi to qua khong lock-free dugdc, nhung hai cai con lai thi OK.
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#include <stdio.h>
#include <stdatomic.h>

int main(void)

{
struct foo {
int x, y;
}i
struct bar {
int x, y, z;
}i
_Atomic(double) a;
struct foo b;
struct bar c;
printf("a is lock-free: %d\n", atomic_is lock free(&a));
printf("b is lock-free: %d\n", atomic is lock free(&b));
printf("c is lock-free: %d\n", atomic is lock free(&c));
}

Output trén hé théng cta toi (YMMYV):

a is lock-free: 1
b is lock-free: 1
c is lock-free: 0

Xem thém

Cac Macro Lock-free

18.11 atomic_store()

Luu mét gia tri vao bién atomic

Synopsis

#include <stdatomic.h>
void atomic store(volatile A *object, C desired);

void atomic store explicit(volatile A *object,
C desired, memory order order);

Mo ta
Luu mot gié tri vao bién atomic, c6 thé dugc dong bo.
Cai nay giong nhu mot phép gan thong thudng, nhung linh hoat hon.

M4y cai sau ¢6 cung hiéu {ing luu trii v6i mot atomic_int x :
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x = 10;
atomic_store(&x, 10);
atomic store explicit(&x, 10, memory order seq cst);

Nhung ham cudi, atomic_store_explicit() , cho ban chi dinh memory order.

Vi day la thao tac kiéu “release-y”, khong c6 memory order kiéu “acquire-y” nao hgp 1é. order chi cé
thé 1a memory order seq cst, memory order release , hoic memory order relaxed .

order khong thé1a memory order acq rel , memory order acquire , hodc memory order consume .

Gia tri tra vé

Khong tra vé gi ca!

Vidu

#include <stdio.h>
#include <stdatomic.h>

int main(void)

{

0;
0;

atomic int x
atomic_int y

atomic store(&x, 10);
atomic store explicit(&y, 20, memory order relaxed);

// Will print either "10 20" or "10 0":
printf("%sd %d\n", x, y);

Xem thém

atomic init() , atomic load() , atomic load explicit() , atomic exchange() ,
atomic_exchange explicit() , atomic compare exchange strong() ,
atomic_compare exchange strong explicit() , atomic compare exchange weak() ,

atomic_compare exchange weak explicit() , atomic_ fetch *()

18.12 atomic_load()

Tra vé gia tri tll mot bién atomic

Synopsis

#include <stdatomic.h>
C atomic load(const volatile A *object);

C atomic load explicit(const volatile A *object, memory order order);
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Mo ta

Vi mot con tro t6i object ki€u A, nguyén tii trad vé gid tri C ctia n6. Day 1a ham generic c6 thé dung
v6i bat ky kiéu nao.

Ham atomic load explicit() cho ban chi dinh memory order.

Vi day la thao tac kiéu “acquire-y”, khéng c6 memory order kiéu “release-y” nao hgp 1&. order
chi c6 thé la memory order seq cst, memory order acquire, memory order_consume, hodc

memory order relaxed .
order khong thé1a memory order acq _rel hodc memory order release .
Gia tri tra vé

Tra vé gia tri dudc luu trong object .

Vidu
#include <stdio.h>
#include <stdatomic.h>
int main(void)
{
atomic _int x = 10;
int v = atomic_ load(&x);
printf("sd\n", v); // 10
}
Xem thém

atomic store() , atomic store explicit()

18.13 atomic_exchange()
Thay gia tri trong mot object nguyén tu

Synopsis

#include <stdatomic.h>

C atomic_exchange(volatile A *object, C desired);

C atomic_exchange_explicit(volatile A *object, C desired,
memory order order);

Mo ta

Dat gia tri trong object thanh desired .

object c6 kiéu A, mot ki€u atomic nao dé.

desired co6 kiéu C, kiéu non-atomic tudng ting v6i A .

Cai nay rat gidéng atomic_store() , trii viéc gi tri trudc d6 dugc tra vé mot cach nguyén tu.
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Gia tri tra vé

Tra vé gia tri trudc d6 chia object .

Vidu
#include <stdio.h>
#include <stdatomic.h>
int main(void)
{
atomic_int x = 10;
int previous = atomic_exchange(&x, 20);
printf("x is %d\n", x);
printf("x was %d\n", previous);
}
Output:
X is 20
X was 10
Xem thém

atomic _init(), atomic load() , atomic load explicit() , atomic store() ,
atomic_store explicit() atomic compare exchange strong() ,
atomic compare exchange strong explicit() , atomic compare exchange weak() ,

atomic_compare exchange weak explicit()

18.14 atomic_compare_exchange *()

Compare-and-exchange nguyén tu

Synopsis

#include <stdatomic.h>

_Bool atomic_compare_exchange_strong(volatile A *object,
C *expected, C desired);

~Bool atomic compare exchange strong explicit(volatile A *object,
C *expected, C desired,
memory order success,
memory order failure);

~Bool atomic_ compare exchange weak(volatile A *object,
C *expected, C desired);

~Bool atomic compare exchange weak explicit(volatile A *object,
C *expected, C desired,
memory_order success,
memory order failure);
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Mo ta

Nén tang lau d6i cho v6 s6 thi lock-free: compare-and-exchange (CAS).

Trong cac prototype & trén, A la kiéu clia object atomic, va C 14 ki€u ¢ s8 tudng ducng.

Bo6 qua cac phién ban _explicit mdt luc, cac ham nay lam:

« Néu gia tri dugc tro t8i bsi object bang gia tri dudc trd t6i bsi expected , thi gia tri dudc trd
t6ibdi object dudc dit thanh desired . Va ham tra vé true cho biét trao déi da dién ra.

« Ngudc lai, gia tri dudc tro t6i bdi expected (vang, expected ) dugc dit thanh desired va ham
tra vé false cho biét trao d6i khong dién ra.

Pseudocode cho trao ddi sé trong nhu thé nay*:

bool compare exchange(atomic A *object, C *expected, C desired)
{
if (*object is the same as *expected) {
*object = desired
return true
}
*expected = desired
return false
}
Céc bién thé weak c6 thé thit bai mot cach tu phat, nén ngay ca khi *object == *desired , n6 co

thé khong déi gia tri va sé tra vé false . Vi thé ban s& muén dit né trong vong lip néu dung’.

Céc bién thé _explicit c6 hai memory order: success néu *object dugc dit thanh desired, va

failure néu khong.

Day la cac ham test-and-set, nén ban c6 thé dung memory order_acq_rel vdicacbiénthé explicit .
Gia tri tra vé

Tra vé true néu *object la *expected . Ngudc lai, false.

Vidu

Mot vi du gudng ép, ndi nhiéu thread cong 2 vao mét gia tri chia sé theo cach lock-free.

(Ngoai dai thuc thi t6t hon la dung += 2 délam viéc nay, trii khi ban dang dung phép thuat _explicit
nao dé.)

#include <stdio.h>
#include <threads.h>
#include <stdatomic.h>
#define LOOP_COUNT 10000

atomic_int value;

int run(void *arg)

“Hiéu qua thi ci nay lam cling viéc, nhung ré rang né khong nguyén ti.

SSpec ndi: “Cai that bai tu phat nay cho phép cai dit compare-and-exchange trén mot 16p may rong hon, vi du nhu cac may
load-locked store-conditional” Va thém: “Khi compare-and-exchange nim trong vong lip, phién ban weak sé& cho hiéu ning tot
hon trén mot s6 nén tang. Khi mot compare-and-exchange weak sé can vong ldp con strong thi khong, thi strong dugc uu tién
hon”
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(void)arg;
for(int i = 0; i < LOOP_COUNT; i++) {

int cur = value;
int next;

do {

next = cur + 2;
} while (!atomic compare exchange strong(&value, &cur, next));

return 0;

int main(void)
{
thrd t t1, t2;

thrd create(&tl, run, NULL);
thrd create(&t2, run, NULL);

thrd join(tl, NULL);
thrd join(t2, NULL);

printf("%d should equal %d\n", value, LOOP_COUNT * 4);

Chi cn thay cai nay bdng value = value + 2 thdila giy ra chuyén dap dii liéu.

Xem thém

atomic_ load() , atomic load explicit() , atomic_store() , atomic store explicit() ,

atomic_exchange() , atomic exchange explicit() , atomic fetch *()

18.15 atomic_fetch_*()

Stta ddi bién atomic mot cach nguyén tu

Synopsis

#include <stdatomic.h>
C atomic_fetch _KEY(volatile A *object, M operand);

C atomic fetch KEY explicit(volatile A *object, M operand,
memory order order);

Mo ta
That ra day 1a mot nhém gom 10 ham. Ban thay KEY b&ng mot trong céc tii dudi dé thuc hién thao tac
do:

« add



200 Chapter 18. <stdatomic.h> Cac Ham Lién Quan Dén Atomic

e« sub
e or

e« Xor
« and

Vay cac ham nay c6 thé cong hoic trii gia tri vao/khoi mot bién atomic, hodc c6 thé thuc hién OR, XOR,
hodc AND bit trén chung.

Dung v6i cac kiéu integer ho#c pointer. DU spec ¢6 hoi mo ho vé van dé ndy, cac kiéu khac sé lam C
khong vui. N6 con ¢ tranh undefined behavior véi signed integer:

C18 §7.17.7.5 q3:

Déi véi cac kiéu signed integer, s§ hoc dudc dinh nghia dung biéu dién bu hai véi quin vong im
lang khi tran; khéng c6 két qua undefined nao.

Trong synopsis & trén, A 1a ki€u atomic, va M la kiéu non-atomic tudng ting v6i A (hodc ptrdiff t

cho pointer atomic), va C 1a kiéu non-atomic tudng Ging véi A .

Vi du, day la mot s6 thao tac trén mot atomic_int .

atomic fetch add(&x, 20);
atomic_fetch sub(&x, 37);
atomic fetch xor(&x, 3490);

Chuing tuong dudng +=, -=, |=, "= va &=, tru viéc gia tri tra vé la gia tri trudc dé ctia object atomic.
(Vi céc toan tii gan, gia tri cha biéu thic 1a gia tri sau khi danh gia.)

atomic_int x = 10;
int prev = atomic fetch add(&x, 20);
printf("%sd %d\n", prev, x); // 10 30

so va4i:

atomic _int x = 10;
int prev = (x += 20);
printf("%sd %d\n", prev, x); // 30 30

Va, tit nhién, phién ban _explicit cho phép ban chi dinh memory order con tit ca cac toan ti gan

déula memory order seq cst .

Gia tri tra vé

Tra vé gia tri trudc d6 cua object atomic trude khi stia doi.

Vi du

#include <stdio.h>
#include <stdatomic.h>

int main(void)

{
atomic int x = 0;
int prev;

atomic_ fetch add(&x, 3490);
atomic fetch sub(&x, 12);
atomic_ fetch xor(&x, 444);
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atomic fetch or(&x, 12);
prev = atomic_ fetch and(&x, 42);

printf("%d %d\n", prev, x); // 3118 42

Xem thém

atomic_exchange() , atomic_exchange explicit() , atomic_compare exchange strong() ,
atomic_compare exchange strong explicit() , atomic compare exchange weak() ,

atomic_compare exchange weak explicit()

18.16 atomic_flag_test_and_set()

Test-and-set mot atomic flag

Synopsis

#include <stdatomic.h>
~Bool atomic flag test and set(volatile atomic flag *object);

~Bool atomic flag test and set explicit(volatile atomic_flag *object,
memory order order);

Mb6 ta
Mot trong cac ham lau dsi dang kinh cta lap trinh lock-free, ham nay set atomic flag dugc chi dinh
trong object , va tra vé gia tri trudc d6 cua flag.

Nhu thudng 1&, explicit cho phép ban chi dinh memory order khac.
Gia tri tra vé
Tra vé true néu flag da dudc set trude do, va false néu chua.

Vidu

Dung test-and-set dé cai diat mot spin lock®:

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

// Shared non-atomic struct
struct {

int x, y, z;
} s =11, 2, 3};

atomic flag f = ATOMIC FLAG INIT;

*Piing diing cai nay trii khi ban biét minh dang lam gi—dung chtic ning mutex cia thread thay vao d6. N6 sé cho phép thread
bi chdn ngu va ngting gam CPU.
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int run(void *arg)

{
int tid = *(int*)arg;
printf("Thread %d: waiting for lock...\n", tid);
while (atomic flag test and set(&f));
printf("Thread %d: got lock, s is {%d, %d, %d}\n", tid,
S.X, S.Y, S.2);
s.x = (tid + 1) * 5 + 0;
s.y = (tid + 1) * 5 + 1;
s.z = (tid + 1) * 5 + 2;
printf("Thread %d: set s to {%d, %d, %d}\n", tid, s.x, s.y, s.z);
printf("Thread %d: releasing lock...\n", tid);
atomic flag clear(&f);
return 0;
}
int main(void)
{
thrd t t1, t2;
int tid[] = {0, 1};
thrd create(&tl, run, tid+0);
thrd create(&t2, run, tid+l);
thrd_join(tl, NULL);
thrd join(t2, NULL);
}

Output vi du (thay ddi gitia cic 1an chay):

Thread 0: waiting for lock...
Thread 0: got lock, s is {1, 2, 3}
Thread 1: waiting for lock...
Thread 0: set s to {5, 6, 7}
Thread 0: releasing lock...
Thread 1: got lock, s is {5, 6, 7}
Thread 1: set s to {10, 11, 12}
Thread 1: releasing lock...

Xem thém

atomic flag clear()

18.17 atomic_flag clear()

Xo4 mot atomic flag
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Synopsis

#include <stdatomic.h>
void atomic flag clear(volatile atomic flag *object);

void atomic flag clear explicit(volatile atomic flag *object,
memory order order);

Mo ta
Xoa mot atomic flag.

Nhu thuong 1¢, _explicit cho phép ban chi dinh memory order khac.
Gia tri tra vé
Khéng tra vé gi ca!

Vidu

Dung test-and-set dé cai dit mot spin lock:

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

// Shared non-atomic struct
struct {
int x, y, z;
} S = {11 2; 3};
atomic flag f = ATOMIC FLAG INIT;

int run(void *arg)

{
int tid = *(int*)arg;
printf("Thread %d: waiting for lock...\n", tid);
while (atomic flag test and set(&f));
printf("Thread %d: got lock, s is {%d, %d, %d}\n", tid,
S.X, S.Y, S.2);
s.x = (tid + 1) * 5 + 0;
s.y = (tid + 1) * 5 + 1;
s.z = (tid + 1) * 5 + 2;
printf("Thread %d: set s to {%d, %d, %d}\n", tid, s.x, s.y, s.z);
printf("Thread %d: releasing lock...\n", tid);
atomic_flag clear(&f);
return 0;
}

"Piing diing cai nay trii khi ban biét minh dang lam gi—dung chtic ning mutex cia thread thay vao d6. N6 sé cho phép thread
bi chdn ngu va ngling gam CPU.
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{

int main(void)

thrd t t1, t2;
int tid[] = {0, 1};

thrd create(&tl, run, tid+0);
thrd create(&t2, run, tid+l);

thrd join(tl, NULL);
thrd join(t2, NULL);
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Output vi du (thay déi gitia cAc lan chay):

Thread 0: waiting for lock...
Thread 0: got lock, s is {1, 2, 3}
Thread 1: waiting for lock...
Thread 0: set s to {5, 6, 7}
Thread 0: releasing lock...
Thread 1: got lock, s is {5, 6, 7}
Thread 1: set s to {10, 11, 12}
Thread 1: releasing lock...

Xem thém

atomic_flag test and set()
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<stdbit.h> Cac Ham Lién Quan Dén

Bit

Header file nay cung v4i toan bo cac ham bén trong déu la méi trong C23!

Luu y: khéng c6 compiler nao ctia toi hd trg cai nay, nén toan bd code chua dugc kiém thi!

Ham

Mo ta

stdc bit ceil()

stdc _bit floor()
stdc bit width()
stdc_count ones()
stdc_count zeros()

stdc _first leading one()
stdc_first leading zero()
stdc_first_trailing_one()
stdc_first trailing zero()
stdc_has single bit()

stdc_leading ones()
stdc_leading zeros()
stdc_trailing ones()
stdc_trailing zeros()

Tra vé lay thita cia 2 nho nhat khong nho hon mot sé
Tra vé liy thtia cta 2 16n nhat khéng 16n hon mét s6
Tra vé s6 bit cAn dung dé luu mot gia tri

Dém 0 bit 1 trong mot s6 unsigned

Dém sd bit 0 trong mot s unsigned

Tim bit 1 d4u tién ti phia trude trong mot s6 unsigned
Tim bit 0 d4u tién tu phia trudc trong mot s6 unsigned
Tim bit 1 d4u tién ti phia sau trong mét s6 unsigned
Tim bit 0 d4u tién tu phia sau trong moét s unsigned
Kiém tra xem mot s6 nguyén unsigned c6 ding mdt bit duge
set khong

Dém s6 1 dau (d€m s6 1 dau) trong mdt sd unsigned
Dém s6 0 dau (dém s6 0 dau) trong mdt s6 unsigned
Dém s6 1 cudi (dém s8 1 cudi) trong mdt sé unsigned
Dém s6 0 cudi (dém s6 0 cudi) trong mdt s6 unsigned

19.1 Macro Kiém Tra Su Tén Tai

Vi day 1a mot tinh ning mdi, ban c6 thé kiém tra su ton tai clia nd bang cich ddm bao macro
__STDC_VERSION STDBIT H  ton taiva cé gia trila 202311L hodc 16n hon.

19.2 Cac Macro Endian

Header file nay dinh nghia mot s6 macro c6 thé dung dé€ xac dinh endian cia hé thong. (Nghia 13, trong
mot gi4 tri nhiéu byte, byte dau tién c6 biéu dién phin c6 trong s6 16n nhét ciia gia tri khéng, hay nho
nhit? Hay chéng phai ci nao?)

Co hai gia tri khac nhau cho cac endian dd dinh nghiala _ STDC_ENDIAN BIG__ va _ STDC_ENDIAN LITTLE_ .

Ngoai ra, con c6 mot macro _ STDC_ENDIAN NATIVE  (native endian) cho ban biét endian ctia hé thong
nay. Ban c6 thé so sanh no v6i hai macro kia d€ xem minh dang c6 gi. Néu nd khong bang cai nao trong
hai, thi chic ban dang § trén mot hé thong mixed-endian nao do.

205
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Tht xem hé thong nay 1a gi nao:

#include <stdio.h>
#include <stdbit.h>
int main(void)
{
switch(_STDC ENDIAN NATIVE ) {
case  STDC ENDIAN BIG :
puts("Big-endian!");
break;
case _ STDC ENDIAN LITTLE :
puts("Little-endian!");
break;
default:
puts("Other-endian!");
}
}

19.3 Cau Tric Chung Cia Cac Ham Nay

T4t ca cac ham trong header nay déu di theo mdt khuén miu chuén, nén ta ciing nén diém qua mot lan
§ day ngay tit dau dé khoi dai dong 1é thé vé sau.

Mbi ham déu c6 sau dang than thanh, tiy theo cac kiéu lién quan.

Trude hét, chiing chi lam viéc trén cac kiéu s6 nguyén unsigned, nén ta gat chuyén dé ra khoi dau ludn.

Va ching phan I6n sé trd vé unsigned int .

Va chung di theo hai dang con: dang type-specific va dang type-generic.

Ta nhin dang type-specific trudc. Ta sé dung ham dém s6 bit 0 dau trong moét gia tri lam vi du. Day:

unsigned int
unsigned int
unsigned int
unsigned int
unsigned int

stdc_leading_zeros_uc(unsigned char value);

stdc leading zeros us(unsigned short value);
stdc_leading zeros ui(unsigned int value);
stdc_leading zeros ul(unsigned long value);
stdc_leading zeros ull(unsigned long long value);

Qi chao. OK, ta c6 gi nao?

Dé tranh 6 nhiém namespace, tit ca déu bat dau bang stdc_.

Con mdy cai uc, us, ull,v.v. thisao? Ching tudng ting v6i ki€u cta tham s, ban sé thdy néu dé y

mot chut.

Hautd Kiéu tham s6

_uc unsigned char

_us unsigned short
_ui unsigned int

~ul unsigned long
~ull unsigned long long

Nhung khoan! Con niia!
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Mbi ho ham nay trong header con c6 mét bién thé generic.

Laildy count_leading_zeros lam vi du, c6 mot phién ban khong can chi dinh kiéu, n6 chi 14 tén ham
khong c6 hau t6 nao.

generic_return type stdc leading zeros(generic value type value);

Trong vi du d6, cac chli generic_return_type va generic_value_type khoéng phai la ti khoa C.
Ching chi 1a placeholder dé b4o cho ban biét chd d6 can thay bang thi dung,.

unsigned short x = 3490;

unsigned int a = stdc leading zeros(x);
auto b = stdc leading zeros(1234);

Céc ham generic lam viéc v6i tét ca cac kiéu unsigned, khong tinh bool .

19.4 stdc_leading zeros()

Dém s6 0 dau (d€m s6 0 dau) trong mdt s6 unsigned

Synopsis
Mgdi trong C23!

#include <stdbit.h>

unsigned int stdc leading zeros uc(unsigned char value);
unsigned int stdc leading zeros us(unsigned short value);
unsigned int stdc leading zeros ui(unsigned int value);
unsigned int stdc leading zeros ul(unsigned long value);
unsigned int stdc leading zeros ull(unsigned long long value);

generic_return type stdc leading zeros(generic value type value);

Mo ta
Ham nay tra vé s6 bit 0 6 ddu cia mot gia tri nhat dinh, tinh tu bit c6 trong s6 16n nhit. Con s6 nay sé
bi anh huéng béi kich thude ctia tham sé.

Gia tri tra vé

Tra vé s6 bit 0 6 dau.

Vidu

#include <stdio.h>
#include <stdbit.h>

int main(void)
{
unsigned int value = 3490;
unsigned int count = stdc leading zeros ui(value);
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printf("%su\n", count);

unsigned long long value2 = 3490;
auto count2 = stdc leading zeros(value2);

printf("su\n", count2);

Xem thém

stdc_leading ones() , stdc trailing zeros()

19.5 stdc_leading ones()

Dém s6 1 dau (d€m s6 1 dau) trong mot sé unsigned

Synopsis
MGdi trong C23!

#include <stdbit.h>

unsigned int stdc leading ones uc(unsigned char value);
unsigned int stdc leading ones us(unsigned short value);
unsigned int stdc leading ones ui(unsigned int value);
unsigned int stdc leading ones ul(unsigned long value);
unsigned int stdc_leading ones ull(unsigned long long value);

generic_return type stdc leading ones(generic value type value);

Mo ta
Ham nay tra vé s6 bit 1 6 dau cia mét gia tri nhét dinh, tinh ti bit c6 trong s6 16n nhat. Con s8 nay sé
bi anh hudng béi kich thudc cua tham sé.

Gia tri tra vé

Tra vé s6 bit 1 6 dau.

Vi du

#include <stdio.h>
#include <stdbit.h>

int main(void)
{
unsigned int value = 3490;
unsigned int count = stdc leading ones ui(value);

printf("su\n", count);

unsigned long long value2 = 3490;
auto count2 = stdc leading ones(value2);
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printf("%u\n", count2);

Xem thém

stdc leading zeros() , stdc trailing ones()

19.6 stdc_trailing_zeros()

Dém s6 0 cudi (d€m s6 0 cudi) trong mot sé unsigned

Synopsis

Mgdi trong C23!

unsigned int
unsigned int
unsigned int
unsigned int
unsigned int

#include <stdbit.h>

stdc_trailing zeros uc(unsigned char value);
stdc_trailing zeros us(unsigned short value);
stdc_trailing _zeros_ui(unsigned int value);

stdc trailing zeros ul(unsigned long value);
stdc_trailing zeros ull(unsigned long long value);

generic_return type stdc trailing zeros(generic value type value);

Mo ta

Ham nay tra vé sé bit 0 § cudi ctia mot gia tri nhit dinh, tinh ti bit ¢6 trong s6 nho nhit. Con s6 nay sé

bi anh huéng béi kich thudc cta tham so.

Gia tri tra vé

Tra vé s6 bit 0 & cudi.

Vidu

#include <stdio.h>
#include <stdbit.h>

int main(void)

{

unsigned int value = 3490;

unsigned int count = stdc trailing zeros ui(value);

printf("%u\n", count);

unsigned long long value2 = 3490;

auto count2 = stdc_trailing zeros(value2);

printf("%u\n", count2);
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Xem thém
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stdc_trailing ones() , stdc_leading zeros()

19.7 stdc_trailing_ones()

Dém s6 1 cudi (d€m s6 1 cudi) trong mot sé unsigned

Synopsis
MGdi trong C23!

unsigned int
unsigned int
unsigned int
unsigned int
unsigned int

#include <stdbit.h>

stdc_trailing ones uc(unsigned char value);
stdc_trailing_ones_us(unsigned short value);
stdc trailing ones ui(unsigned int value);
stdc_trailing ones ul(unsigned long value);
stdc_trailing ones ull(unsigned long long value);

generic return type stdc trailing ones(generic value type value);

Mo ta

Ham nay tra vé sé bit 1 § cudi ctia mot gia tri nhit dinh, tinh ti bit ¢6 trong s6 nho nhét. Con s6 nay sé

bi anh hudng béi kich thudc cta tham so.

Gia tri tra vé

Tra vé s6 bit 1 3 cudi.

Vidu
#include <stdio.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = 3490;
unsigned int count = stdc trailing ones ui(value);
printf("su\n", count);
unsigned long long value2 = 3490;
auto count2 = stdc_trailing_ones(value2);
printf("su\n", count2);
}
Xem thém

stdc_trailing zeros() , stdc leading ones()
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19.8 stdc_first_leading_zero()

Tim bit 0 d4u tién ti phia trudc trong mét sé unsigned

Synopsis
MGdi trong C23!

#include <stdbit.h>

unsigned int stdc first leading zero uc(unsigned char value);
unsigned int stdc first leading zero us(unsigned short value);
unsigned int stdc first leading zero ui(unsigned int value);
unsigned int stdc first leading zero ul(unsigned long value);
unsigned int stdc_first_ leading_zero_ull(unsigned long long value);

generic_return type stdc first leading zero(generic value type value);

Mb6 ta

Ham nay tim chi s8 (index) cta bit 0 dau tién ti phia trudc trong mot s6. Chi s duge danh tit 1 1a vi
tri bit c6 trong s6 16n nhat (bit bén trai nhat). (C6 thé cai nay khéc véi cach ban van quen danh s6 chi
s0 bit.)

N6 danh theo c6 s6 1 d€ ban ¢6 thé dung nhanh gia tri trd vé nhu mot biéu thiic Boolean d€ xem c6 tim
thdy bit 0 hay khong.

Gia tri tra vé
Tra vé chi s6 bat dau tu 1, tinh tli bit c6 trong s6 16n nhat, cta bit 0 dau tién trong value , hoic 0 néu
khéng c6 bit 0 nao.

Vidu
#include <stdio.h>
#include <limits.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = UINT MAX;
unsigned int index = stdc first leading zero ui(value);
printf("su\n", index);
unsigned long long value2 = UINT MAX >> 2;
auto index2 = stdc first leading zero(value2);
printf("su\n", index2);
}
Xem thém

stdc_first leading one() , stdc first trailing zero()
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19.9 stdc_first_leading_one()

Tim bit 1 d4u tién ti phia trudc trong mot s6 unsigned

Synopsis

Mdi trong C23!

#include <stdbit.h>

unsigned int stdc_first_leading_one_uc(unsigned char value);
unsigned int stdc first leading one us(unsigned short value);
unsigned int stdc first leading one ui(unsigned int value);
unsigned int stdc first leading one ul(unsigned long value);
unsigned int stdc first leading one ull(unsigned long long value);

generic return type stdc first leading one(generic value type value);

Mo ta
Ham nay tim chi s6 ctia bit 1 d4u tién tu phia trudc trong mét s6. Chi s6 dugc danh tit 1 la vi tri bit ¢6
trong s6 16n nhat (bit bén trai nhat). (C6 thé cai nay khéac véi cAch ban vAn quen danh sé chi sé bit.)

N6 danh theo cd s6 1 d€ ban c6 thé dung nhanh gia tri trd vé nhu mot biéu thiic Boolean dé xem ¢6 tim
thay bit 1 hay khong.

Gia tri tra vé
Tra vé chi s6 bat dau ti 1, tinh tl bit ¢ trong s6 13n nhit, ctia bit 1 dau tién trong value , hodc 0 néu
khong c6 bit 1 nao.

Vi du
#include <stdio.h>
#include <limits.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = UINT MAX;
unsigned int index = stdc_first leading one ui(value);
printf("su\n", index);
unsigned long long value2 = UINT MAX >> 2;
auto index2 = stdc first leading one(value2);
printf("%su\n", index2);
}
Xem thém

stdc_first leading zero() , stdc first trailing one()
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19.10 stdc_first_trailing_zero()

Tim bit 0 d4u tién ti phia sau trong mét s& unsigned

Synopsis

Mgdi trong C23!

#include <stdbit.h>

unsigned int stdc_first_trailing_zero_uc(unsigned char value);
unsigned int stdc first trailing zero us(unsigned short value);
unsigned int stdc first trailing zero ui(unsigned int value);
unsigned int stdc first trailing zero ul(unsigned long value);
unsigned int stdc_first trailing zero ull(unsigned long long value);

generic return type stdc first trailing zero(generic value type value);

Mo ta

Ham nay tim chi sé cta bit 0 dau tién tu phia sau trong moét s6. Chi sé duge danh tu 1 la vi tri bit ¢6
trong s6 16n nhat (bit bén trai nhat). (Cé thé cai nay khac véi cach ban vAn quen danh s6 chi s6 bit.)

N6 danh theo cd s6 1 d€ ban c6 thé dung nhanh gia tri tra vé nhu mot biéu thiic Boolean dé xem c6 tim
thay bit 0 hay khong.

Gia tri tra vé
Tra vé chi s6 bat dau ti 1, tinh ti bit ¢6 trong s6 16n nhat, cta bit 0 d4u tién trong value , hodc 0 néu
khong c6 bit 0 nao.

Vidu
#include <stdio.h>
#include <limits.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = UINT MAX;
unsigned int index = stdc first trailing zero ui(value);
printf("su\n", index);
unsigned long long value2 = UINT MAX >> 2;
auto index2 = stdc first trailing zero(value2);
printf("%u\n", index2);
}
Xem thém

stdc_first leading zero() , stdc first trailing one()
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19.11 stdc_first_trailing_one()

Tim bit 1 d4u tién ti phia sau trong mot s6 unsigned

Synopsis

Mdi trong C23!

#include <stdbit.h>

unsigned int stdc_first_trailing_one_uc(unsigned char value);
unsigned int stdc first trailing one us(unsigned short value);
unsigned int stdc first trailing one ui(unsigned int value);
unsigned int stdc first trailing one ul(unsigned long value);
unsigned int stdc first trailing one ull(unsigned long long value);

generic return type stdc first trailing one(generic value type value);

Mo ta
Ham nay tim chi s6 ctia bit 1 dau tién tu phia sau trong mét s6. Chi s6 dudc danh ti 1 la vi tri bit ¢6
trong s6 16n nhat (bit bén trai nhat). (C6 thé cai nay khéac véi cAch ban vAn quen danh sé chi sé bit.)

N6 danh theo cd s6 1 d€ ban c6 thé dung nhanh gia tri trd vé nhu mot biéu thiic Boolean dé xem ¢6 tim
thay bit 1 hay khong.

Gia tri tra vé
Tra vé chi s6 bat dau ti 1, tinh tl bit ¢ trong s6 13n nhit, ctia bit 1 dau tién trong value , hodc 0 néu
khong c6 bit 1 nao.

Vi du
#include <stdio.h>
#include <limits.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = UINT MAX;
unsigned int index = stdc first trailing one ui(value);
printf("su\n", index);
unsigned long long value2 = UINT MAX >> 2;
auto index2 = stdc first trailing one(value2);
printf("%su\n", index2);
}
Xem thém

stdc_first leading one() , stdc first trailing zero()
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19.12 stdc_count_zeros()

Dém s6 bit 0 trong mot s6 unsigned

Synopsis
MGdi trong C23!

#include <stdbit.h>

unsigned int stdc_count_zeros_uc(unsigned char value);
unsigned int stdc_count zeros us(unsigned short value);
unsigned int stdc count zeros ui(unsigned int value);
unsigned int stdc_count zeros ul(unsigned long value);
unsigned int stdc_count zeros ull(unsigned long long value);

generic_return type stdc count zeros(generic value type value);

Mb ta

Ham nay tra vé s6 bit 0 trong mot gia tri nhat dinh. Con 6 nay sé bi anh hudng bdéi kich thudc cta
tham so.

Gia tri tra vé

Tra vé s6 bit 0.

Vidu
#include <stdio.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = 3490;
unsigned int count = stdc count zeros ui(value);
printf("%u\n", count);
unsigned long long value2 = 123456;
auto count2 = stdc_count zeros(value2);
printf("%u\n", count2);
}
Xem thém

stdc_count ones()(), stdc leading zeros()() , stdc trailing zeros()()

19.13 stdc_count_ones()

Dém sé bit 1 (population count / popcount — dém s bit 1) trong mot s6 unsigned
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Synopsis

Mdi trong C23!

Chapter 19. <stdbit.h> Cac Ham Lién Quan Dén Bit

unsigned int
unsigned int
unsigned int
unsigned int
unsigned int

#include <stdbit.h>

generic_return type stdc count ones(generic value type value);

stdc_count ones uc(unsigned char value);
stdc_count ones us(unsigned short value);
stdc_count ones ui(unsigned int value);
stdc_count ones ul(unsigned long value);
stdc_count_ones_ull(unsigned long long value);

Mo ta

Ham nay tra vé s6 bit 1 trong mot gia tri nhat dinh. Con s6 nay sé bi anh hudng béi kich thude caa

tham sé.

Gia tri tra vé

Tra vé sé bit 1.

Vi du
#include <stdio.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = 3490;
unsigned int count = stdc_count ones ui(value);
printf("su\n", count);
unsigned long long value2 = 123456;
auto count2 = stdc _count ones(value2);
printf("su\n", count2);
}
Xem thém

stdc_count zeros()(), stdc leading ones()() , stdc trailing ones() ()

19.14 stdc_has_single bit()

Kiém tra xem mot s6 nguyén unsigned c6 diing mot bit dugc set khong

Synopsis
MGdi trong C23!
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#include <stdbit.h>

bool stdc_has single bit uc(unsigned char value);

bool stdc_has single bit us(unsigned short value);
bool stdc has single bit ui(unsigned int value);

bool stdc _has single bit ul(unsigned long value);

bool stdc_has single bit ull(unsigned long long value);

bool stdc _has single bit(generic value type value);

Mo ta

Céc ham nay tra vé true néu c6 ding mot bit bang 1 trong value unsigned.

Néu true, né ciing c6 nghiala value la moét lay thiia cua 2 (liy thia cta 2).

Gia tri tra vé

Tra vé true néu value c6 ding mot bit dudc set bing 1.

Vidu

#include <stdio.h>

#include <stdbit.h>

int main(void)

{
unsigned int value = 0b0001000;
unsigned int result = stdc has single bit ui(value);
printf("sd\n", result); // 1
unsigned long long value2 = 0b000011000
auto result2 = stdc has single bit(value2);
printf("sd\n", result2); // 0

}

19.15 stdc_bit_width()

Tra vé s0 bit (bit width / 6 rong bit) cAn dung d€ luu mot gia tri

Synopsis
Mgdi trong C23!

#include <stdbit.h>

unsigned int stdc_bit width_uc(unsigned char value);
unsigned int stdc _bit width us(unsigned short value);
unsigned int stdc bit width ui(unsigned int value);

unsigned int stdc_bit width ul(unsigned long value);

unsigned int stdc_bit width ull(unsigned long long value);
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generic return type stdc bit width(generic value type value);

Chapter 19. <stdbit.h> Cac Ham Lién Quan Dén Bit

Mot

Cho mét gia tri s6 nguyén unsigned, s6 bit nh6 nhit can dung dé luu n6 1a bao nhiéu? D6 14 cAu hoi ma

a

ham nay tra 16i.

Gia tri tra vé

Tréa vé s6 bit cAn dung d€ luu mot value dudng. Tra vé 0 néu value truyénvaola 0.

Vidu

int

{

#include <stdio.h>
#include <stdbit.h>

main(void)

unsigned int value = 0b0001000;
unsigned int result = stdc bit width ui(value);

printf("sd\n", result); // 4

unsigned long long value2 = 0b000011010
auto result2 = stdc bit width(value2);

printf("sd\n", result2); // 5

19.16 stdc_bit_floor()

Tra vé lay thiia cua 2 (liy thiia ctia 2) 16n nhit khéng 16n hon mét sé

Synopsis

Mdi t

rong C23!

uns

unsigned
unsigned

#include <stdbit.h>

igned

char stdc bit floor uc(unsigned char value);

short stdc bit floor us(unsigned short value);
unsigned int stdc _bit floor ui(unsigned int value);
long stdc _bit floor ul(unsigned long value);

unsigned long long stdc _bit floor ull(unsigned long long value);

generic value type stdc bit floor(generic value type value);

Mo ta

Ham nay tra vé liy thiia cia 2 16n nhit khong 16n hon value .

No6i cach khéc, “nho6 hon ho#c bang” value .

No6i cach khac, lam tron xuéng (floor) dén liy thiia ctia 2 gin nhét.
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Noi cach khac, tra vé gia tri ctia bit dudc set cao nhat trong mét so.
Vi du: | value |Gia tri tra vé| |-|-| | 0b101 | 0b160 | | 061000 | 6b1000 | | 0b160101 | 6b100000 |
Gia tri tra vé

Tra vé luy thiia ctia 2 16n nhat khéng 16n hén value . Travé 0 néu value la 0.

Vidu
#include <stdio.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = 0b0001000;
unsigned int result = stdc bit floor ui(value);
printf("sb\n", result); // 1000
unsigned long long value2 = 0b000011010
auto result2 = stdc bit floor(value2);
printf("sb\n", result2); // 10000
}
Xem thém

stdc bit ceil()

19.17 stdc_bit_ceil()

Tra vé luy thiia cia 2 nho nhat khong nho hon mét sé

Synopsis
Mgdi trong C23!

#include <stdbit.h>

unsigned char stdc _bit ceil uc(unsigned char value);

unsigned short stdc bit ceil us(unsigned short value);
unsigned int stdc_bit_ceil ui(unsigned int value);

unsigned long stdc bit ceil ul(unsigned long value);

unsigned long long stdc bit ceil ull(unsigned long long value);

generic value type stdc bit ceil(generic value type value);

Mo ta

Ham nay tra vé liy thiia ctia 2 nho nhat khong nho hon value .
No6i cach khéc, “I6n hon hodc bang” value .

Noi cach khac, 1am tron 1én (ceil) dén liy thiia clia 2 gin nhét.

Vi du: | value |Gia tri tra vé| |-|-| | 6b161 | ©b1660 | | 6b1660 | 6b1660 | | 6b160161 | 6b106006060 |
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Néu két qua khong vita véi kiéu tra vé, hanh vi 1a khoéng xac dinh (undefined).

Gia tri tra vé

Tra vé lay thita ctia 2 nho nhat khéng nhé hon value .

Vidu
#include <stdio.h>
#include <stdbit.h>
int main(void)
{
unsigned int value = 0b00O10E0O;
unsigned int result = stdc bit ceil ui(value);
printf("sb\n", result); // 1000
unsigned long long value2 = 0b000011010
auto result2 = stdc bit ceil(value2);
printf("sb\n", result2); // 100000
}
Xem thém

stdc_bit floor()



Chapter 20

<stdbool.h> Kiéu Boolean

Day 1a header file nho dinh nghia vai macro Boolean tién tay. Néu ban thuc su cin miy thd nay.

Macro Mb ta

bool Kiéu cho Boolean, expand thanh Bool
true Gié tri true, expand thanh 1
false  Gia tri false, expand thanh 0

Con mot macro nita téi khong cho vao bang vi tén dai ngodng sé pha nét bang:

~_bool true false are defined

expand thanh 1.

20.1 Vidu

Day 1a vi du hét stic tAm thudng dé show off may macro nay.

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

int main(void)
{
bool x;

x = (3> 2);

if (x == true)
printf("The universe still makes sense.\n");

x = false;

printf("x is now %d\n", x); // 0

Output:

The universe still makes sense.
X is now O
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20.2 _Bool?

_Bool la sao? Sao ho khong dit luén la bool ?

Ch4, ngoai kia c6 ca déng code C ma ngudi ta da tu dinh nghia ki€u bool cua riéng minh, va thém mot
bool chinh thiic sé lam hong nhiing typedef doé.

Nhung C d4 reserve sdn moi dinh danh b4t dau bang ddu gach duéi theo sau 14 chii cai viét hoa, nén rd

rang cach lam 13 nén ra ki€u _Bool mdi va xai no.

V4, néu ban biét code ctia minh xtt dudc, ban c6 thé include header nay dé 14y d6ng syntax ngon nghé

nay.

Mot ghi chid niia vé chuyén chuyén ddi: khac v6i chuyén sang int , thi duy nhdt chuyén thanh false

trong mot _Bool la gié tri scalar bing khong. BAt ci thi gi khac khong, nhu -3490, 0.12, hay NaN,

déu chuyén thanh true .



Chapter 21

<stddef.h> Vai Dinh Nghia Chuan

Du tén goi vay, t6i hiém khi thiy header nay dugc include.

N6 gém vai kiéu va macro.

Tén Mo ta
ptrdiff t Integer c6 diu cho hiéu gitia hai pointer
size t Kiéu integer khong ddu ma sizeof tra vé
max_align_t Khai bdo mot kiéu véi alignment 16n nhat c6 thé
wchar_t Kiéu ky tu rong
NULL Con trd NULL , dudc dinh nghia & vai chd
offsetof Lay byte offset cua trudng trong struct hoac

union

21.1 ptrdiff_t

Kiéu nay giti hiéu giiia hai pointer. Ban c6 thé luu két qua nay vao ki€u khac, nhung kiéu cta két qua
phép tru pointer 1a implementation-defined; portable t&i da thi dung ptrdiff_t .

#include <stdio.h>
#include <stddef.h>

int main(void)
{
int cats[100];

int *f = cats + 20;
int *g = cats + 60;

ptrdiff t d =g - f; // hiéu la 40

Va ban c6 thé in n6 bang cach thém prefix t vao format specifier integer:

printf("std\n", d); // In thap phan: 40
printf("stX\n", d); // In hex: 28
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21.2 size_t

Day la ki€u ma sizeof tra vé va dugc dung & vai chd khac. N6 1a integer khong dau.

Ban c6 thé in n6 dung prefix z trong printf() :

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

int main(void)
{
size t x;

x = sizeof(int);

printf("szu\n", x);

J

Mot s6 ham tra vé s§ 4m cast thanh size t lam gié tri 16i (nhu mbrtoc16() ). Néu mudn in miy cai

d6 dudi dang gia tri Am, ban c6 thé dung %zd :

charl6 t a;
mbstate t mbs;
memset (&mbs, 0, sizeof mbs);

X = mbrtocl6(&a, "b", 8, &mbs);

printf("%zd\n", Xx);

21.3 max_align_t

Theo hiéu cta tdi, cdi ndy ton tai d€ cho phép tinh runtime alignment' fundamental t3i da trén nén tang

hién tai. Ai biét thém cong dung khac lam on mail cho téi.

Co6 1€ ban can cai nay néu dang viét memory allocator cta riéng minh hay gi d6.

#include <stddef.h>
#include <stdio.h> // For printf()
#include <stdalign.h> // For alignof

int main(void)
{

int max = alignof(max_align_t);

printf("Maximum fundamental alignment: S%d\n", max);

Trén hé cua toi, in ra:

Maximum fundamental alignment: 16

Xem thém alignas, alignof .

!https://en.wikipedia.org/wiki/Data_structure_alignment
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21.4 wchar_t

Cai nay tuong tu char , chi khac 14 n6é danh cho ky tu réong (wide character).

Day la kiéu integer c6 tam du 16n dé giii gia tri duy nhét cho moi ky tu trong moi locale dugc hd trg.
Giatri 0 lakytd NUL rong.

Cudi cung, gia tri cuia cac hing ky tu tu tdp ky tu cd ban sé bing véi gia tri wchar t tudng Gng... tri
khi  STDC MB MIGHT NEQ WC _ dudc dinh nghia.

21.5 offsetof

Néu ban ¢6 struct hodc union, ban cé thé dung ci nay dé€ 14y byte offset cta cic trudng trong kiéu
do.
Cach dung:

offsetof(type, fieldname);

Gia tri két qua co kiéu size t.

Day 1a vi du in offset trudng ciia mot struct :

#include <stdio.h>
#include <stddef.h>

struct foo {
int a;
char b;
char c;
float d;

int main(void)

printf("a: %zu\n", offsetof(struct foo, a));
printf("b: %zu\n", offsetof(struct foo, b));
printf("c: %zu\n", offsetof(struct foo, c));
printf("d: %zu\n", offsetof(struct foo, d));

Trén hé cta toi, output la:

o n T o
o0 U b~ o

Va ban khong thé dung offsetof trén bitfield, nén diing hi vong hio.
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Chapter 22

<stdint.h> Thém Kiéu Integer

Header nay cho ta quyén truy cp (c6 thé) cac kiéu c6 s bit ¢d dinh, hoic, it ra, cac kiéu c6 it nhat tling
do bit.

N6 ciing cho ta miy macro tién tay.

22.1 Integer Kich Thuéc Cu Thé
C6 ba nhém kiéu chinh dudc dinh nghia & day, c6 dau va khong diu:

« Integer chinh xac mot kich thuéc (int N _t, uint N _t)
« Integer it nhat mot kich thude (int_least N _t, uint_least N _t)
« Integer it nhat mot kich thudc va nhanh hét miic ¢6 thé (int _fast N _t, uint fast N t)

Chd N xuit hién, ban thay vao sé bit, thudng 1a bdi ctia 8, vi du uintl6 t .

Céc kiéu sau dugc dam bao c6 dinh nghia:

int least8 t uint least8 t
int leastl6 t uint leastl6 t
int least32 t uint least32 t
int least64 t uint least64 t
int fast8 t uint fast8 t

int fastl6 t uint fastl6 t
int fast32 t uint fast32 t
int fast64 t uint fast64 t

Nhiing cai con lai 14 tuy chon, nhung ban c6 thé sé& c6 ludn cic kiéu sau, chung dugc yéu ciu khi hé
thong co integer ding kich thuéc d6 khong c6 padding va ding biéu dién two’s-complement... day la
trudng hop véi Mac, PC va ca dong hé théng khac. Tém lai, ban nhiéu kha ning c6 s&n may cai nay:

int8 t uint8 t

intl6_t uintle t
int32 t uint32 t
int64 t uint64 t

S8 bit khac cing c6 thé dudc hd trg néu implementation muén lam chuyén dién ro.

Vi du:
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#include <stdint.h>

int main(void)
{
intle t x = 32;
int fast32 t y = 3490;

4 oao

22.2 Cac Kiéu Integer Khac

C6 vai kiéu tuy chon la integer c6 kha néng giit kiéu pointer.

intptr t
uintptr_t

Ban c6 thé convert void* thanh mot trong cac kiéu nay, réi tré lai. Va cic void* sé so sanh bang
nhau.

Use case 1 bat cli chd nao ban cin mét integer dai dién cho pointer vi Iy do nao dé.

Ngoai ra, c6 vai kiéu ton tai chi dé 12 integer 16n nhit ma hé ctia ban hé trg:

intmax_t
uintmax_t

Fact vui: ban c6 thé in cac kiéu nay véi format specifier "%jd" va "sju" cla printf() .

Ciing c6 c4 ddng macro trong <inttypes.h> (#¥inttypes) ban c6 thé dung d€ in bat ky kiéu nao & trén.

22.3 Macros

Céc macro sau dinh nghia gia tri min va max cho cac kiéu nay:

INT8_MAX
INT16 MAX
INT32_MAX
INT64 MAX

INT LEAST8 MAX
INT_LEAST16 MAX
INT LEAST32 MAX
INT_LEAST64 MAX

INT FAST8 MAX
INT FAST16 MAX
INT FAST32 MAX
INT FAST64 MAX
INTMAX_MAX

INTPTR_MAX

INT8_MIN
INT16 _MIN
INT32_MIN
INT64 MIN

INT LEAST8 MIN
INT LEAST16 MIN
INT LEAST32 MIN
INT_LEAST64 MIN

INT FAST8 MIN
INT FAST16 MIN
INT FAST32 MIN
INT FAST64 MIN
INTMAX_MIN

INTPTR_MIN

UINT8_MAX

UINT16_MAX
UINT32_MAX
UINT64_MAX

UINT LEASTS MAX
UINT LEAST16 MAX
UINT LEAST32 MAX
UINT LEAST64 MAX

UINT FAST8 MAX
UINT FAST16 MAX
UINT FAST32 MAX
UINT FAST64 MAX
UINTMAX_MAX

UINTPTR_MAX

Véi kiéu signed kich thudc chinh x4c, min chinh xac 1a —(2¥~!) va max chinh x4c 1a 2V~1 — 1. Va véi

kiéu unsigned kich thudc chinh x4c, max chinh x4c la oN _ 1.
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Vi bién thé signed “least” va “fast”, d6 16n va ddu ctia min it nhat 1a —(2V~! — 1) va max it nhat 1a
oN-1 _ 1. Vavéi unsigned, it nhat la oN 1.

INTMAX MAX it nhat1a 263 —1, INTMAX MIN it nhatla —(25% —1) xét vé ddu va do 16n. Va UINTMAX MAX
it nhat 1a 264 — 1.

Cudi cing, INTPTR MAX it nhatla 2'5 — 1, INTPTR MIN it nhatla —(2'° — 1) xét vé ddu va do I6n. Va

UINTPTR_MAX it nhat 13 216 — 1.

22.4 Gidéi Han Khac

C6 mot d6ng kiéu trong <inttypes.h> (#inttypes) c6 gidi han duge dinh nghia 6 day. ( <inttypes.h>

include <stdint.h>

)

Macro

Mo ta

PTRDIFF_MIN
PTRDIFF_MAX

SIG_ATOMIC MIN
SIG_ATOMIC MAX

Gia tri min cta
Gia tri max cta
Gia tri min cta

Gia tri max cua

ptrdiff t
ptrdiff_t
sig atomic t
sig atomic t

SIZE MAX Gia tri max clla size t
WCHAR_MIN Gia tri min cia wchar t
WCHAR_MAX Gia tri max cua wchar_t
WINT MIN Gia tri min cia wint t
WINT MAX Gia tri max clia wint t

Spec néi PTRDIFF MIN vé d6 l6n sé it nhat 1a -65535. VA PTRDIFF MAX vGi SIZE MAX sé it nhit la
65535.

SIG_ATOMIC MIN va MAX sé hodc la -127 va 127 (néu signed) hodc 0 va 255 (néu unsigned).
Tuong tu vGi WCHAR MIN va MAX .

WINT_MIN va MAX sé hodc 1a -32767 va 32767 (néu signed) hodc 0 va 65535 (néu unsigned).

22.5 Macro Dé Khai Bao Hang

Néu ban con nhd, ban cé thé chi dinh kiéu cho hing integer:

int x = 12;
long int y = 12L;

unsigned long long int z = 12ULL;

Ban c6 thé dung macro INT N _C() va UINT N () trongdo N1a 8, 16, 32 hoic 64.

uint leastl6 t x
uint least64 t y

INT16_C(3490);
INT64_C(1122334455);

Bién thé cia may cai nay 1a INTMAX_C() va UINTMAX C() . Chung tao mot hing phu hgp dé luu trong

intmax_t ho#c uintmax t .

intmax t x =
uintmax_t x =

INTMAX_C(3490) ;
UINTMAX_C(1122334455);
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Chapter 23

<stdio.h> Thu Vién I/O Chuan

Ham Mo ta
clearerr() Xo4 c6 trang thai feof va ferror
fclose() Doéng mot file dang mé
feof () Tra vé trang thai end-of-file (cudi file) cua file
ferror() Tra vé trang thai 16i cta file
fflush() Flush (d4y dém) toan bo output c¢6 dém ra file
fgetc() Doc mét ky tu tit mot file
fgetpos() Lay vi tri I/O cua file
fgets() Doc mot dong ti file
fopen () Mé mot file
fprintf() In output c6 dinh dang ra file
fputc() In mot ky tu ra file
fputs() In mét chudi ra file
fread() Doc dii liéu nhi phan tu file
freopen() Déi file gén v6i mot stream
fscanf() Doc input c6 dinh dang tu file
fseek() Dbat vi tri I/O cua file
fsetpos() bat vi tri I/O cua file
ftell() LAy vi tri I/O cua file
fwrite() Ghi dii liéu nhi phén ra file
getc() Lay mot ky tu tti stdin
getchar() Lay mot ky tu ti stdin
gets() Lay mot chudi tii stdin (da bi g& bo trong C11)
perror() In mot thong béo 16i dé doc cho ngusi dung
printf() In output c6 dinh dang ra stdout
putc() In mot ky tura stdout
putchar() In mét ky tura stdout
puts() In mot chudi ra stdout
remove () Xoa mot file khoi dia
rename () Déi tén hoic di chuyén mot file trén dia
rewind () Dat vi tri I/O vé dau file
scanf() Doc input c6 dinh dang ti stdin
setbuf() Cau hinh dém cho céc thao tac I/O
setvbuf() Cau hinh dém cho céc thao tac I/O
snprintf() In output cé dinh dang ra chudi véi gi6i han do
dai
sprintf() In output c6 dinh dang ra chudi
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Ham Mo ta
sscanf () Doc input c¢6 dinh dang tit chudi
tmpfile() Tao mot file tam
tmpnam () Sinh mét tén duy nhat cho file tam
ungetc() Diy ngudc mot ky tu trd lai input stream
vfprintf() Phién ban variadic ctia in output c6 dinh dang ra
file
vfscanf () Phién ban variadic ctia doc input c6 dinh dang tu
file
vprintf() Phién ban variadic ctia in output c6 dinh dang ra
stdout
vscanf () Phién ban variadic ctia doc input c6 dinh dang tu
stdin
vsnprintf() Phién ban variadic cuia in output c6 dinh dang ra
chubi véi giéi han @6 dai
vsprintf() Phién ban variadic ctia in output c6 dinh dang ra
chudi
vsscanf () Phién ban variadic ctia doc input c6 dinh dang tu
chudi

Co ban nhit trong tit ca cic thu vién cta thu vién chun C chinh 1a thu vién I/O chuin. N6 duge dung
dé doc va ghi file. Toi biét ban dang rit hio hic chuyén nay.

Vay nén toi sé ké tiép. N6 cling duge dung dé doc va ghi ra console, nhu ching ta da thiy nhiéu lan véi
ham printf() .

(Mot bi mat nho ¢ day—trong nhiéu hé diéu hanh, rat nhiéu thi thuc ra siu bén trong déu la file, va
console cing khong phai ngoai 1. “Moi thit trong Unix déu la file!” :-) )

Ch&c ban sé mudn c6 prototype ctia cAic ham minh c6 thé dung phai khong? Dé dat d6i ban tay nho xiu
ban thiu ctia ban 1én ching, ban can include stdio.h .

Anyway, chiing ta c6 thé lam du tro hay ho véi I/O file. PHAT HIEN NOI DOL Dudc r6i, dudc roi. Ching
ta c6 thé lam du tht v6i I/0 file. Vé co ban, chién lugc nhu sau:

1. Dung fopen() délay mot con tré dén ciu truc file ki€u FILE* . Con trd ndy la thii ban sé truyén
vao nhiéu ham I/O file khac.

2. Dung mot vai ham file khac, nhu fscanf() , fgets(), fprintf(), v.v. bdng FILE* ma

fopen() tra vé.

3. Khi xong, goi fclose() v8i FILE* . Diéu nay cho hé diéu hanh biét rdng ban da thuc su xong
véi file, khong c6 take-back nao niia.

Trong FILE* c6 gi? Nhu ban c6 thé doan, né tré t6i mot struct chda du loai thong tin vé vi tri doc
ghi hién tai trong file, file dugc md nhu thé nao, va nhiing thi tuong tu. Nhung thanh that ma noi, ai
quan tdm. Khong ai ca. Ciu triic FILE la opaque doi v6i ban la mot 1ap trinh vién; nghia la ban khong
cin biét bén trong c6 gi, va ban ciing khong mudn biét bén trong c6 gi. Ban chi cin truyén né vao cac
ham I/O chuén khéac va ching biét phai lam gi.

Thuc ra diéu nay kha quan trong: ¢d ging dling nghich nggm bén trong ciu triic FILE . N6 tham chi
con khac nhau gitia cac hé théng, va ban sé két cuc viét code rit khong portable (khéng di dong).

N

Mot diéu niia cAn nhic vé thu vién I/O chufn: rit nhiéu ham thao tac trén file dung tién t6 “f” trong
tén ham. Ham tudng dudng thao tac trén console sé bo “f” di. Vi du, néu mudn in ra console ban dung
printf() , con néu mudn in ra file thi dung fprintf() , thay chua?

Khoan! Néu ghi ra console, vé c¢d ban, giong nhu ghi ra file vi moi thi trong Unix déu la file, thi tai sao
lai c6 hai ham? CAu tra 18i: tién hon. Nhung quan trong hon, ¢6 ton tai FILE* nao gin véi console ma
ban c6 thé dung khong? Cau tra 16i: CO!
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Thuc té, c6 ba (dém di!) FILE* dic biét ma ban c6 sin chi bing viéc include stdio.h . Mot cho input,
va hai cho output.

Nghe c6 vé khong cong bang ldm—sao output lai dugc hai file, con input chi c6 mot?

Diling voi—ci xem ching trudc da:

Stream Mb ta

stdin Input tii console.
stdout  Output ra console.
stderr  Output ra console trén file stream 16i.

Standard input ( stdin ) mic dinh la nhiing gi ban go ti ban phim. Ban c6 thé dung n6 véi fscanf()
néu mudn, nhu thé nay:

/* dong nay: */
scanf("%sd", &x);

/* tuong duong dong nay: */
fscanf(stdin, "%d", &x);

Va stdout ciing hoat dong tudng tu:

printf("Hello, world!\n");
fprintf(stdout, "Hello, world!\n"); /* gibé'ng dong trén! */

Vay stderr lacaigi? Chuyén gi xay ra khi ban output ra d6? Thong thudng nd ciing ra console giong

stdout , nhung ngudi ta ding né cho cac théng béo 16i néi riéng. Tai sao? Trén nhiéu hé thdng, ban
c6 thé redirect output ctia chudng trinh vao mét file tit dong 1énh...va déi khi ban chi quan tAm t6i phan
output 16i théi. Vay nén néu chuong trinh ngoan va ghi hét 16i ra stderr , ngudi dung c6 thé redirect
chi stderr vao mot file va chi xem phan d6. D6 la mot diéu hay ma ban, véi tu cach lap trinh vién, c6
thé lam.

Cudi cuing, kha nhiéu ham & day tra vé int trong khi ban c6 thé mong dgi char . D6 1a vi ham c6 thé
trad vé mot ky tu hodc end-of-file ( EOF ), va EOF c6 kha ning 1a mdt s6 nguyén. Néu khong nhan duge
EOF lam gi4 tri tra vé, ban c6 thé an toan luu két qua vao mot char .

23.1 remove()

Xoa mét file

Synopsis

#include <stdio.h>

int remove(const char *filename);

Mb6 ta

Xoa file da chi dinh khoi hé théng tép tin. Don gian la xod. Khong c6 gi phép thuat. Chi can goi ham
nay va hién t€ mot con ga nho, file ban yéu cau sé bi xo4.

Gia tri tra vé

Tra vé 0 khi thanh cong, va -1 khi 16i, dong thdi set errno .
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#include <stdio.h>
int main(void)
{

char *filename = "evidence.txt";

remove(filename) ;

Xem thém

rename ()

23.2 rename()

D6i tén file va tuy chon di chuyén né sang vi tri méi

Synopsis

#include <stdio.h>

int rename(const char *old, const char *new);

Mo ta

Déi tén file old thanh new. Dung ham nay néu ban di chan céi tén cil ca file va sdn sang d6i méi.
Doi khi d6i tén file don gian lai khién né cam gidc nhu mdi, va c6 thé tiét kiém tién so véi viéc mua toan

bo file méi!

Mot diéu hay niia ban c6 thé lam v6i ham nay 14 thuc su di chuyén mét file tit thu muc nay sang thu

muc khac béng cach chi dinh dudng dan khac cho tén méi.

Gia tri tra vé

Tra vé 0 khi thanh cong, va -1 khi 16i, ddng thdi set errno .

Vidu
#include <stdio.h>
int main(void)
{
// D6’ i tén mot file
rename("foo", "bar");
// D6’ i tén va chuyé’n sang thu muc khéc:
rename("/home/beej/evidence.txt", "/tmp/nothing.txt");
}
Xem thém

remove ()
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23.3 tmpfile()

Tao mét file tam

Synopsis

#include <stdio.h>

FILE *tmpfile(void);

Mo ta
Day la mot ham nho nho tién 16i, n6 sé tao va m3 cho ban mot file tam, va trd vé mot FILE* dé ban

dung. File dugc mg & ché d6 “ r+b ”, nén phu hgp d€ doc, ghi va dii liéu nhi phan.

Bang mot chut phép thuét, file tam sé& tu dong bi xo04 khi n6 dugc close() ho#c khi chudng trinh cta
ban két thtc. (Cu thé, theo cich Unix, tmpfile() unlinks' file ngay sau khi m&. Nghia 1a né da dugc
dit trong trang thai sin sang bi xo4 khoi dia, nhung van ton tai vi tién trinh ctia ban van dang mé né.
Ngay khi tién trinh ctia ban két thic, moi file mé déu duge dong lai, va file tam bién vao hu khong.)

Gia tri tra vé

Ham nay tra vé mot FILE* d4 md khi thanh cong, hodc NULL khi that bai.

Vidu
#include <stdio.h>
int main(void)
{
FILE *temp;
char s[128];
temp = tmpfile();
fprintf(temp, "What is the frequency, Alexander?\n");
rewind(temp); // quay vé' da'u
fscanf(temp, "%s", s); // doc lai ra
fclose(temp); // déng (va xod mét cdch théd'n ky)
}
Xem thém

fopen() , fclose() , tmpnam()

23.4 tmpnam()

Sinh mét tén duy nhat cho file tam

Thttps://man.archlinux.org/man/unlinkat.2.en¥DESCRIPTION
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Synopsis

#include <stdio.h>

char *tmpnam(char *s);

Mo ta

Ham nay nhin ky céc file dang ton tai trén hé théng ctia ban, roéi nghi ra mot céi tén duy nhat cho file

mdi phi hgp dé€ dung lam file tam.

Gia st ban ¢6 mot chudng trinh cin luu dii liéu trong thdi gian ngén, nén ban tao mét file tam cho dit

liéu do, sé bi xoa khi chudng trinh két thiac. Gid tudng tugng ban dit tén file nay la foo.txt . Tat ca

déu 8n, cho dén khi ngudi dung da c6 mot file tén foo.txt & thu mucban dang chay chudng trinh. Ban

sé ghi deé file ctia ho, ho s& khong vui va stalk ban mai mai. Va ban chic khong muon thé dung khong?

Ok, nén ban khon ra va quyét dinh dit file vao /tmp dé€ khong ghi dé noi dung quan trong nao. Nhung

khoan! L3 c6 ngudi khac dang chay chudng trinh cung lic va ca hai muén dung cing moét tén file thi

sao? Hodc 18 c6 chudng trinh khac da tao sén file d6?

Thiy chua, tit ca nhiing vin dé dang sg nay c6 thé tranh hoan toan néu ban dung tmpnam() dé1liy mot

tén file an toan sdn dung.

Véy dung noé thé nao? Co hai cach tuyét véi. Mét, ban khai bdo mét mang (hodc malloc() nd—sao

ciing dudc) du 16n dé chia tén file tam. Lén bao nhiéu? May thay, di c6 mdt macro sdn danh cho ban,
L_tmpnam , cho biét mang phai I6n bao nhiéu.

Va céch thi hai: chi cin truyén NULL cho tén file. tmpnam() sé luu tén tam trong mot mang tinh va
tra vé con tré dén d6. Nhiing lan goi sau v8i tham sd NULL sé ghi dé méang tinh, nén hay chic la ban
da dung xong trudc khi goi tmpnam() lan nita.

Mot 1an niia, ham nay chi tao tén file cho ban. Viéc tu fopen() file va dung noé la tuy ban.

Mot luu y nita: mot s6 compiler canh bao khong nén dung tmpnam() vi c6 hé thong c6 ham t6t hon

(nhu ham mkstemp() trén Unix). Ban c6 thé xem tai liéu local @€ tim tuy chon t&t hon. Tai liéu Linux

el

tham chi con ndi, “Duling bao gi¢ dung ham nay. Dung mkstemp() thay thé

Tuy nhién, tdi s& lam ké khé chiu va khéng néi vé mkstemp() ? vi né khéng nim trong chuin ma tbi
dang viét. Nyaah.

Macro TMP_MAX chiia s8 lugng tén file duy nhat c6 thé dugc tmpnam() sinh ra. Tré tréu thay, d6 14 s6
t0i thiéu cac tén do.

Gia tri tra vé

Tra vé con tré dén tén file tam. DAy c6 thé 1a con tré dén chudi ban truyén vao, hodc con tré dén ving

nhé tinh ndi bd néu ban truyén NULL . Khi 16i (vi du khong tim dudc tén tam duy nhat ndo), tmpnam()
tra vé NULL .

Vidu

#include <stdio.h>

int main(void)

{
char filename[L tmpnam];
char *another filename;

Zhttps://man.archlinux.org/man/mkstemp.3.en
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if (tmpnam(filename) != NULL)

printf("We got a temp file name: \"%s\"\n", filename);
else

printf("Something went wrong, and we got nothing!\n");

another filename = tmpnam(NULL);

printf("We got another temp file name: \"%s\"\n", another filename);
printf("And we didn't error check it because we're too lazy!\n");

Trén hé Linux cta t6i, chudng trinh nay cho ra output sau:

We got a temp file name: "/tmp/filew9PMuz"
We got another temp file name: "/tmp/fileOwrgPO"
And we didn't error check it because we're too lazy!

Xem thém

fopen() , tmpfile()

23.5 fclose()

Ngudc v6i fopen() —dong mot file khi ban xong v6i nd dé giai phdng tai nguyén hé thdng

Synopsis

#include <stdio.h>

int fclose(FILE *stream);

Mo ta

Khi ban m& mot file, hé thdng danh ra mot it tai nguyén dé duy tri thong tin vé file dang ma d6. Thudng
chi c6 thé mg dén mot gidi han sé file cing lic. Du sao, Viéc Dung Dan 1a dong file khi ban xong dung
dé tai nguyén hé thong dudc giai phong.

Ngoai ra, c6 thé ban sé& thiy ring khong phai moi thong tin ban da ghi vao file da thuc su dugc ghi
xudng dia cho dén khi file dugc dong. (Ban c6 thé ép chuyén nay bing cach goi fflush() .)

Khi chuong trinh cta ban thoat binh thudng, né sé dong tat ca file dang mé ho ban. Nhiéu khi, ban c6
chuong trinh chay dai, va t6t hon la déng file trude d6. Du sao, khong dong file ban d& md khién ban
tréng té hai. Vay nén nhé fclose() file khi ban xong dung nd!

Gia tri tra vé

Khi thanh cong, tra vé 0 . Thudng khong ai kiém tra cai nay. Khi 18i tra vé EOF . Thudng ciing khong
ai kiém tra.
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Vi du

#include <stdio.h>

int main(void)
{
FILE *fp;

fp = fopen("spoon.txt", "r");

if (fp == NULL) {
printf("Error opening file\n");

} else {
printf("Opened file just fine!\n");
fclose(fp); // Xong hé’t!

Xem thém

fopen()

23.6 fflush()

X ly toan bo I/0 c6 dém ctia mot stream ngay bay gid

Synopsis

#include <stdio.h>

int fflush(FILE *stream);

Mo ta

Khiban 1am I/O chuén, nhu d3 nhic trong phan vé ham setvbuf () , diiliéu thudng dudc luu trong buffer
cho dén khi nhép xong mét dong, hodc buffer day, hoic file duge dong. D61 khi, ban thuc su muén output
x4y ra ngay gidy nay, khong chg trong buffer. Ban c6 thé ép diéu d6 bang cach goi fflush() .

Lgi ich ctia viéc buffered (c6 dém) 12 OS khong can cham dia mdi 1an ban goi fprintf() . Nhugc diém
12 néu ban nhin vao file trén dia sau khi goi fprintf() , c6 thé n6 van chua dudc ghi ra thuc su. (“Téi
goi fputs() , nhung file vin dai 0 byte! Sao thé&?!”) Trong hau hét moi tinh huéng, 1i ich ctia dém 16n
hon nhuge diém; véi nhiing tinh hudng con lai, dung fflush() .

Luu y rang theo spec, fflush() chi dudc thiét ké dé dung trén output stream. Chuyén gi xay ra néu

Gia tri tra vé
Khi thanh céng, fflush() tra vé 0. Néu c6 16i, n6 trd vé EOF va dit diéu kién 18i cho stream (xem
ferror() ).

Vi du

Trong vi du nay, ching ta sé dung carriage return, '\r' . N6 giong newline (xuéng dong) ( '\n' ), chi
khéc 1a khong chuyén sang dong ké. N6 chi quay vé dau dong hién tai.
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Diéu ching ta dinh lam 1a mot thanh trang thai van ban nho nhé nhu nhiéu chuong trinh dong 1énh
van dung. N6 sé dém ngudc til 10 xudng 0, in dé 1én cing mét dong.

Diém mau chdt 14 gi, va né lién quan t6i fflush() ra sao? Mau chét la terminal rit c¢6 kha ning dang
“line buffered” (dém theo dong) (xem muc setvbuf() dé biét thém), nghia la n6 sé khong hién thi gi
cho dén khi in ra newline. Nhung chung ta khéng in newline; chi in carriage return, nén cin mot cach
dé ép output xay ra du van dang 6 cing mot dong. Pung vay, fflush()!

#include <stdio.h>
#include <threads.h>
void sleep seconds(int s)
{
thrd sleep(&(struct timespec){.tv sec=s}, NULL);
}
int main(void)
{
int count;
for(count = 10; count >= 0; count--) {
printf("\rSeconds until launch: "); // mo’ d&'u bang CR
if (count > 0)
printf("%s2d", count);
else
printf("blastoff!\n");
// ép output ngay!!
fflush(stdout);
sleep seconds(1);
}
}
Xem thém

setbuf() , setvbuf()

23.7 fopen()

Mg mot file d€ doc hodc ghi

Synopsis

#include <stdio.h>

FILE *fopen(const char *path, const char *mode);

Mo ta
fopen() md mot file dé doc hodc ghi.

Tham s§ path c6 thé 1a dudng dan tucng déi hodc dudng dan day du kém tén file.
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Tham s6 mode bao cho fopen() cach md file (doc, ghi, hay ca hai) va c6 phai file nhi phan khong. Cac
mode kha dung:

Mode Mo ta
r Mé file dé doc (chi doc).
W MBS file dé ghi (chi ghi). File sé dugc tao néu chua
ton tai.
r+ M file dé doc va ghi. File phai da ton tai.
w+ M file dé ghi va doc. File sé duge tao néu chua
ton tai.
a M file dé append (ghi thém vao cudi). Gidng ma

dé ghi, nhung dit file pointer & cudi file, nén lan
ghi ké sé& ndi vao cudi. File sé dudc tao néu chua
ton tai.

a+ M3 file dé doc va append. File sé dugc tao néu
chua ton tai.

~y &

B4t ky mode nao ciing c6 thé thém chii “ b ” 6 cudi, nhu “ wb ” (“write binary”), d€ bao rang file d6 1a file
binary (ché d6 nhi phén). (“Binary” ¢ day thudng nghia 1a file chta cc ky tu phi chit s6 trong gidng rac
d6i v6i mat ngudi). Nhiéu hé thong (nhu Unix) khong phan biét giita file nhi phin va khong nhi phén,
nén “ b ” la thita. Nhung néu dii liéu 14 binary, thém “ b ” cling khong hai, va c6 thé gitp ngudi khac
khi port code ctia ban sang hé théng khac.

Macro FOPEN_MAX cho biét (it nhit) c6 thé ma bao nhiéu stream cung luc.
Macro FILENAME MAX cho biét tén file hgp 1é c6 thé dai nhat bao nhiéu. Diing lam qua nhé.
Gia tri tra vé

fopen() trd vé mot FILE* co thé dung trong cic 16i goi lién quan t6i file sau do.

Néu c6 chuyén gi khong 6n (vi du ban thii ma dé doc mot file khong ton tai), fopen() s& trd vé NULL .

Vidu
#include <stdio.h>
int main(void)
{
FILE *fp;
fp = fopen("spoon.txt", "r");
if (fp == NULL) {
printf("Error opening file\n");
} else {
printf("Opened file just fine!\n");
fclose(fp); // Xong hé’'t!
}
}
Xem thém

fclose() , freopen()
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23.8 freopen()

M0 lai mot FILE* da c6, gdn nd véi mot dusng dan méi

Synopsis

#include <stdio.h>

FILE *freopen(const char *filename, const char *mode, FILE *stream);

Mo ta
Gia sti ban c6 mot FILE* stream dd md, nhung dot nhién mudn né dung mét file khac thay vi file dang

dung. Ban c6 thé dung freopen() dé€ “re-open” stream v3i mot file méi.

Vi sao trén d6i ban lai mudn lam thé? Ly do phd bién nhit 1a néu ban c6 chudng trinh thudng doc tu
stdin , nhung ban mudn né doc tit mot file. Thay vi d6i moi scanf() sang fscanf() , ban c6 thé don

gidn reopen stdin trén file ma ban muén doc.

Mot cach dung khac dude mot sé hé thdng cho phép la truyén NULL cho filename va chi dinh mode
mdi cho stream. VAy ban c6 thé ddi file ti “ r+ ” (doc va ghi) thanh chi “ r ” (doc), chdng han. Viéc
mode nao cé thé d6i la tuy cai dat.
Khi ban goi freopen() , stream cii sé bi dong. Ngoai ra, ham hoat ddng y hét fopen() chuén.
Gia tri tra vé

freopen() tra vé stream néu moi thi &n.

Néu c6 chuyén gi khong 6n (vi du ban thi m& dé doc mot file khong ton tai), freopen() sé& tra vé

NULL .

Vidu

#include <stdio.h>
int main(void)
{
int i, i2;
scanf("%d", &i); // doc i tu stdin

// gio d6’i stdin dé’ tro’ dé’n file thay vi ban phim
freopen("someints.txt", "r", stdin);

scanf("%d", &i2); // & n nay doc tir file "someints.txt"
printf("Hello, world!\n"); // in ra man hinh

// db6’i stdout dé’ di ra file thay vi terminal:
freopen("output.txt", "w", stdout);

printf("This goes to the file \"output.txt\"\n");

// dugc phép trén mdt s6” hé thb 'ng--cé thé’ d6’ i mode cu’a file:
freopen(NULL, "wb", stdout); // d6°i sang "wb" thay vi "w"
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Xem thém

fclose() , fopen()

23.9 setbuf(), setvbuf()

C4u hinh dém cho céc thao tac I/O chuin

Synopsis

#include <stdio.h>

void setbuf(FILE *stream, char *buf);

int setvbuf(FILE *stream, char *buf, int mode, size t size);

Mo ta

Binh tinh di vi diéu sdp ndi c6 thé hoi bat ngd: khi ban printf() hodc fprintf() hodc dung bat ky
ham I/O kiéu nhu thé, thudng né khong chay ngay lap tiic. Vi hiéu nang, va dé lam ban buc minh, I/O
trén mot FILE* stream dudc buffered (c6 dém) cit an toan cho dén khi thoa méan diéu kién nhét dinh,
va chi lac d6 I/O thuc su méi duge thuc hién. Cac ham setbuf() va setvbuf() cho phép ban ddi
nhiing diéu kién d6 va hanh vi dém.

Vay ¢6 nhiing kiéu hanh vi dém nao? Ldn nhat la “full buffering” (dém day du), khi d6 toan bd I/O duge
luu trong buffer 16n dén khi day, réi méi do ra dia (hodc bat ky file nao). K& tiép la “line buffering” (dém
theo dong); véi line buffering, I/O dudc gom tliing dong mot (dén khi gip ky tu newline ( '\n' )) roi
dong d6 méi duge xti ly. Cudi cung 1a “unbuffered” (khong dém), nghia 1a I/O dugc xi ly ngay lap tic
v6i mdi 16i goi I/0 chudn.

C6 thé ban tiing thiy va thic méc vi sao goi putchar() hétlan nay dén lan khac ma khong thiy output

nao cho dén khi goi putchar('\n') ; ddng r6i— stdout la line-buffered!
Vi setbuf() chila phién ban don gian hoa cia setvbuf() , chung ta sé néi vé setvbuf() trudc.

stream 1a FILE* ban mudn chinh. Chuén néi ring ban phdi goi setvbuf() trudc khi bit ky thao tac
I/O nao dugc thuc hién trén stream, khong thi dén lic d6 da qua mudn.
Tham s0 tiép theo, buf, cho phép ban tu lam vung buffer (dung malloc() hodc chi mot mang char)
dé dung cho dém. Néu khong quan tim, ct d4t buf 1a NULL .

Gig dén phin quan trong ctia ham: mode cho phép ban chon loai dém mudn dung trén stream nay.
bat 1a mot trong cac gia tri sau:

Mode Mb ta

_IOFBF stream sé dugc dém day du (full buffered).
_IOLBF stream sé dugc dém theo dong (line buffered).
_ IONBF stream sé khong c6 dém (unbuffered).

Cudi cung, tham s§ size la kich thuéc mang ban truyén vao cho buf ...trti khi ban truyén NULL cho
buf , trong trudng hdp do no sé resize buffer hién c6 thanh kich thudc ban chi dinh.

Con ham “hang nho” setbuf() thisao? N6 chi nhu goi setvbuf() véi cic tham s nhéat dinh, chi
khacla setbuf() khong tra vé gia tri. Vi du sau cho thiy tinh tucng duong:
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// hai dong nay tuong duong:
setbuf(stream, buf);
setvbuf(stream, buf, IOFBF, BUFSIZ); // dém da'y du’

// va hai dong nay tuong duong:
setbuf(stream, NULL);
setvbuf(stream, NULL, IONBF, BUFSIZ); // khbng dém

Gia tri tra vé

setvbuf () tra vé 0 khi thanh cong, va khac 0 khi that bai. setbuf() khéng cé gia tri tra vé.

Vidu
#include <stdio.h>
int main(void)
{
FILE *fp;
char lineBuf[1024];
fp = fopen("somefile.txt", "w");
setvbuf(fp, lineBuf, IOLBF, 1024); // dat dém theo dong
fprintf(fp, "You won't see this in the file yet. ");
fprintf(fp, "But now you will because of this newline.\n");
fclose(fp);
fp = fopen("anotherfile.txt", "w");
setbuf(fp, NULL); // dat khéng dém
fprintf(fp, "You will see this in the file now.");
fclose(fp);
}
Xem thém
fflush()

23.10 printf(), fprintf(), sprintf(), snprintf()

In mot chudi cé dinh dang ra console hoic ra file

Synopsis

#include <stdio.h>

int printf(const char *format, ...);
int fprintf(FILE *stream, const char *format, ...);
int sprintf(char * restrict s, const char * restrict format, ...);

int snprintf(char * restrict s, size t n, const char * restrict format, ...);
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Mo ta

Cac ham nay in output c6 dinh dang ra nhiéu dich khac nhau.

Ham bich output

printf() In ra console (méc dinh thudng la man hinh).
fprintf() In ra mot file.

sprintf() In ra mot chudi.

snprintf()  Inra mét chudi (an toan).

Khéac biét duy nhat gifia ching 1a cdc tham sé diing truéc chudi format ma ban truyén vao.

Ham Tha ban truyén truéc format

printf() Khéng c6 gi ding truéc format .

fprintf() Truyén vao FILE* .

sprintf() Truyén vao char* dén buffer d€ in vao.

snprintf()  Truyén vao char* dén buffer va do dai buffer téi da.

Ham printf() la huyén thoai vé su linh hoat, mét trong nhiing hé théng xuit c6 kha ning tuy bién
nhét tling dudc nghi ra. N6 ciing c6 thé hoi ma quai d6i chd, rd nhat 1a & chudi format . Ta sé di ting
budc.

Cach dé nhat nhin vao chudi format 1a: n6 sé in moi thi trong chudi nhu nguyén ban, tri khi mot ky tu
c6 d4u phén tram ( % ) diing trude. D6 1a lac phép thuat xay ra: tham sé ké tiép trong danh sach tham

sO clia printf() sé dudc in theo cach mo ta bdi ma phén trim. Nhiing ma phén trim nay goi la format

specifiers (b6 chi dinh dinh dang).

Day la nhiing format specifier phd bién nhat.

Specifier Mo ta

o

d In tham s6 ké ti€p dudi dang sd thip phan c6 diu, nhu 3490 . Tham s6 in theo cach
nay phaila int , ho#c thi dudc promote lén int .

In tham s6 ké ti€ép dudi dang sd thuc c6 d&u, nhu 3.14159 . Tham s6 in theo cich nay
phaila double , hodc thii dugc promote 1én double .

In tham s6 ké ti€p nhu mot ky tu, nhu 'B' . Tham s6 in theo cach nay phai 14 bién thé
cta char .

In tham s6 ké tiép nhu mét chudi, nhu "Did you remember your mittens?" . Tham

o®
b

o°
(@]

o°
w

s6 in theo cach nay phaila char* hodc char[] .
Khong c6 tham s6 nao duge chuyén d6i, in mot ddu phan tram binh thudng. Day la
cach in ky tu ‘%’ bang printf() .

of
o°

D6 1a phén co ban. Tbi sé cho ban thém format specifier lat niita, nhung trudc hét hay 1y thém bé rong.
Thuc ra con rat nhiéu thi ban c6 thé chi dinh sau d4u phén tram.

Mot diéu, ban c6 thé dit field width (46 rong trudng) trong d6—day 1a con s cho printf() biét dé bao

nhiéu khoang trang vao modt bén hodc bén kia cuia gia tri ban dang in. Gidp ban xép thanh cot dep dé.
Néu s nay am, két qua dugc canh trai thay vi canh phai. Vi du:

printf("s10d", x); /* in X o’ phia pha’i cu’a truong 10 khoa’ng tra’'ng */
printf("%-10d", x); /* in X o’ phia trdi cu’a truong 10 khoa’ng tra’'ng */

Néu ban khong biét trude field width, ban c6 thé dung kung-foo nho d€ 14y né tit danh sach tham s6
ngay trudc tham s6 cin in. Lam bdng cach dit ghé va ban an & vi tri thing ding. DAy an toan dudc cai
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bing cach—ho khu. C6 vé t6i da bay qua nhiéu gan day. Bo qua su that vo dung d6 hoan toan, ban c6
thé chi dinh field width dong bang cach dit * thay cho width. Néu ban khong sin sang hoic khong
thé thuc hién tac vu nay, vui 1ong b4o tiép vién va chiing téi sé xép lai chd cho ban.

int width
int value

12;
3490;

printf("s*d\n", width, value);

Ban ciing c6 thé dit “0” trudc con s6 néu mudn néd dugc pad bing s6 0:

int x = 17;
printf("%s05d", x); /* "00017" */

Vi s6 thuc, ban ciing ¢6 thé chi dinh mudén in bao nhiéu chit s6 thip phin bdng mot field width dang
“x.y ” trong d6 x la field width (ban c6 thé bé qua néu mudn né chi du rong) va y 1a s8 chil s6 sau
dau thip phan cin in:

float f = 3.1415926535;

printf("s.2f", f); /* "3.14" */
printf("%7.3f", f); /* " 3.141" <-- 7 khoa’ng tra’ng ngang qua */

Ok, cac phan trén chic chin 1a cAch dung printf() phd bién nhit, nhung hay 14y full coverage nao.

23.10.0.1 B& cyc Format Specifier
Vé mit ky thuat, b6 cuc ctia format specifier gobm cac phan sau theo thii tu nay:

1. %, theo sau bdi...

2. Tuy chon: khong hoi#c nhiéu flag, canh tréi, pad bing s6 0, v.v.

3. Tuy chon: Field width, d6 rong ctia trudng output.

4. Tuy chon: Precision (d6 chinh xac), hay bao nhiéu chit s6 thip phén cén in.

5. Tuy chon: Length modifier, cho viéc in nhiing thi 16n hon int hodc double .
6. Conversion specifier (chi dinh chuyén d46i), nhu d, f,v.v.

Tém lai, toan b format specifier duge xép nhu thé nay:

%[flags][fieldwidth][.precision][lengthmodifier]conversionspecifier

Con gi dé hon?

23.10.0.2 Conversion Specifier

Hay noi vé conversion specifier trudc. Mdi cai sau day chi dinh kiéu ¢ thé in, nhung ciing c6 thé in bat
ci thii gi dugc promote 1én ki€u d6. Vidy, %d c6 théin int, short,va char.

Specifier nhi phan la méi trong C23!

Conversion
Specifier Mo ta

d In tham s6 int dudi dang s6 thap phan.

Gidng hét d .

In unsigned int dudi dang nhi phén (co s 2).

Giong hét b, trit dang thay thé€ (alternate form), xem dudi.
In unsigned int dudi dang bat phan (cd s6 8).

In unsigned int dudidang thap phén.

In unsigned int dudi dang hex véi chii cai thudng.

X © O W T -
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Conversion
Specifier Mo ta

X In unsigned int dudi dang hex véi chii cai hoa; ciing chu y dang thay thé, xem dudi.
f In double duéidang thip phan. V6 cuc dugc inla infinity hodc inf ,va NaN
dugc inla nan , bat ky cai ndo ciing c6 thé c6 diu trit ding dau.

Giong f,nhungin INFINITY, INF, hodc NAN toan chii hoa.

In s6 theo ky hiéu khoa hoc, vi du 1.234e56 . Xii ly vd cuc va NaN nhu f .

Gidéng e, nhung in s6 mit E (va vo cdc va NaN) bang chit hoa.

In s6 nhé nhu f va s616n nhu e . Xem luu y dudi.

In s6 nhé nhu F va s616n nhu E . Xem luu y dudi.

In double dudidang hex 0xh.hhhhpd trong dé h la chii s6 hex thudng va d la so
mi thap phan ctia 2. V6 cuc va NaN dang nhu f . Xem thém bén duéi.

Giéng a nhung moi thii viét hoa.

Chuyén tham s§ int sang unsigned char va in duéi dang ky tu.

In chubi bat dau ti char* da cho.

In mot void* dudidang s8, chic 1a dia chi s6, c6 thé § dang hex.

Luu s0 ky tu da ghi tinh dén gié vao int* da cho. Khong in gi. Xem dudi.

In dau phan tram literal.

Q oo Qe m o® M

>S5 T »w o >

o°

23.10.0.2.1 Luuy vé %a va %A Khi in s6 thuc dang hex, c6 mdt chii s6 trude dau thap phan, va
phan con lai tinh dén precision.

double pi = 3.14159265358979;

printf("%.3a\n", pi); // 0x1.922p+1

C ¢6 thé chon chit s§ dau sao cho cac chii s6 tiép theo canh theo ranh gidi 4-bit.

Néu precision bi bd qua vd macro FLT RADIX la luy thiia ctia 2, dt precision sé& dugc dung dé biéu dién
s6 chinh xac. Néu FLT RADIX khong phai luy thiia cia 2, du precision duge dung dé c6 thé phan biét
bat ky hai gia tri floating nao.

Néu precision 1a 0 va flag # khong dudc chi dinh, diu thap phan dude bo di.

23.10.0.2.2 Luuyvé %g va %6 Y nghia chung la dung ky hiéu khoa hoc khi 8 tré nén qua “extreme”,
va dung ky hiéu thap phan thudng trong cac trudng hdp khac.

Hanh vi chinh xac vé viéc in nhu %f hay %e phu thudc vao vai yéu to:

Néu s6 mi 16n hon hodc bang -4 va precision 16n hon s6 mi, ching ta dung %f . Trong trudng hgp nay,
precision dugc chuyén theo p = p — (z 4 1), trong d6 p 1a precision da chi dinh va 14 s6 m.

Ngudc lai chiing ta dung %e , va precision tré thanh p — 1.
Cac s6 0 6 cudi phan thip phén bi xoa. Va néu khéng con céi nao, ddu thap phan cling bi xoa ludn. Tat

ca nhiing diéu nay tru khi flag # dudc chi dinh.

23.10.0.2.3 Luuy vé %n Specifier nay ngau va khac biét, va hiém khi cAn. N6 thuc ra khong in gi,
nhung luu s6 ky tu d4 in tinh dén lac d6 vao tham sé pointer (con tro) ké tiép trong danh sach.

int numChars;
float a = 3.14159;
int b = 3490;

printf("sf %d%n\n", a, b, &umChars);
printf("The above line contains %d characters.\n", numChars);
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Vi du trén sé in cac gia tri a va b, roi luu s6 ky tu da in dén lic d6 vao bién numChars . Ldi goi
printf() ké in két qua do.

3.141590 3490
The above line contains 13 characters

23.10.0.3 Length Modifier

Ban c6 thé dan length modifier truéc mdi conversion specifier, néu muén. Phan 16n cac format specifier
hoat dong véi ki€u int hodc double , nhung néu ban muén kiéu 16n hon hay nhé hon thi sao? Do la
lic may céi nay co ich.

Vi du, ban c6 thé in long long int vé&i modifier 11 :

long long int x = 3490;

printf("slld\n", x); // 3490

Length
Modifier Conversion Specifier ~ Mo ta
hh b,d, i, o, u, x, Chuyéntham sdsang char (signed hoic unsigned tuy ngiti
X canh) trudc khi in.
h b,d, i, o, u, x, Chuyéntham sdsang short int (signed hodc unsigned
X tuy ngii canh) trude khi in.
1 b,d, i, 0, u, x, Thams6éla long int (signed hoic unsigned tuy ngi canh).
X
1 b,d, i, 0, u, x, Thamso6la long long int (signed hoic unsigned tuy ngit
X canh).
j b,d, i, 0, u, x, Thamso6la intmax t hodc uintmax t (tuy ngi canh).
X
z b,d, i, o, u, x, Thams6la size t.
X
t b,d, i, o, u, x, Thams6la ptrdiff t.
X
L a,A,e, E, f, F, Thams6la long double.
, G
1 c Tham s6 ndm trong wint_t , mot wide character (ky tu
rong).
1 s Tham s nim trong wchar_t* , mot chudi wide character.
hh n Luu két qua vao tham sd signed char* .
n Luu két qua vao tham s6 short int* .
n Luu két qua vao tham s6 long int* .
11 n Luu két qua vao tham s6 long long int* .
j n Luu két qua vao tham s6 intmax_t* .
z n Luu két qua vao tham s6 size t* .
t n Luu két qua vao tham s§ ptrdiff t* .

23.10.0.4 Precision

Trudc length modifier, ban c6 thé dit precision (dd chinh x4c), ma thudng c6 nghia 14 ban muén bao
nhiéu chii s6 thip phan cho s6 thuc.

Dé lam diéu nay, ban dit ddu chidm ( . ) va s chii s6 thap phan sau dé.

Vi du, chting ta c6 thé in 7 1am tron hai chit s6 thap phan nhu sau:
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double pi = 3.14159265358979;

printf("s.2f\n", pi); // 3.14

Conversion Specifier Y nghia gi4 tri Precision
b,d, i, 0, u, x, X Vi kiéu s6 nguyeén, s6 chii s6 t6i thiéu (sé pad bing s6 0 dau)
a,e, f,A,E,F Vi kiéu s6 thuc, precision la s6 chii s sau ddu thap phan.
g, G Vi kiéu s6 thuc, precision la s8 chii s ¢ nghia dugc in.
s S6 byte t6i da (khong phai ky tu multibyte (da byte)!) dugc ghi.

Néu khong c6 s6 nao sau dau thap phén trong precision, precision 14 0.

Néu * dudc chi dinh sau dau thap phén, diéu ky diéu xay ra! N6 c6 nghia la tham s6 int truyén vao
printf() ngay trudc sd cin in chlia precision. Ban c6 thé dung c4i nay néu khong biét precision lic

compile.

int precision;
double pi = 3.14159265358979;

printf("Enter precision: "); fflush(stdout);
scanf("%sd", &precision);

printf("s.*f\n", precision, pi);

Két qua:

Enter precision: 4
3.1416

23.10.0.5 Field Width

Trudc precision tuy chon, ban c6 thé chi dinh field width (d6 rong trudng). Day 1a sd thap phan chi ra
vung in tham s8 nén rong bao nhiéu. Vung d6 sé dugc pad bing khoang trang dau (hoic cudi) d€ dam
bao du rong.

Néu field width chi dinh qua nho dé chiia output, n6 bi bé qua.
Xem trudc, ban c6 thé cho field width 4m dé canh hudng khéc.

Hay in mot s6 trong trudng rong 10. Chung ta sé dat vai ddu ngoic nhon quanh n6 dé nhin rd khoang
tring pad trong output.

printf("<<%10d>>\n", 3490); // canh pha’i
printf("<<%-10d>>\n", 3490); // canh tréai

<< 3490>>
<<3490 >>

Gidng precision, ban c6 thé dung diu sao ( * ) cho field width

int field width;
int val = 3490;

printf("Enter field width: "); fflush(stdout);
scanf("%sd", &field width);
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printf("<<%*d>>\n", field width, val);

23.10.0.6 Flags

Trudc field width, ban c6 thé dit vai flag tuy chon dé kiém so4t thém output cta cac trudng sau. Ta vila
thdy flag - c6 thé dung dé canh trai hoic phai. Nhung con nhiéu niia!

Flag Mo ta
- Vi field width, canh trai trong trudéng (méc dinh la phai).
+ Néu s6 ¢6 ddu, luon diat + hodc - & dau.
[SPACE] Néu s6 ¢6 ddu, dat khoang trang cho s6 dudng, hodc - cho s6 am.
0 Pad trudng canh phai bang s6 0 d4u thay vi khoang tring dau.
# In theo dang thay thé (alternate form). Xem bén dudi.

Vi du, ching ta c6 thé pad mot s hex v6i s6 0 dau dén field width 8 bing:

printf("%08x\n", 0x1234); // 00001234

Két qua ctia “alternate form” # phu thudc vao conversion specifier.

Conversion Specifier Y nghia dang thay thé (# )

o Tang precision clia sd khac khong viia du d€ 6 mot s6 0 dling dau sd bat
phén.

Thém tién t& 0b cho s6 khac khong.

Giéng b, nhung viét hoa 0B .

Thém tién t6 0x cho s6 khac khong.

Gidng x , nhung viét hoa 0X .

Luén in diu thap phan, ngay ca khi khong co gi theo sau.

Giong hét a, e, f.

Ludn in d4u thap phén, ngay ca khi khong c6 gi theo sau, va giii cic s6 0 cudi.

> o
Qa -
S.m ® X X W T
a v -

M —h

23.10.0.7 Chi tiét sprintf() va snprintf()

Ca sprintf() va snprintf() déu co tinh chit la néu ban truyén NULL lam buffer, khéng gi dudc
ghi—nhung ban van c6 thé kiém tra gia tri tra vé dé xem sé ghi dugc bao nhiéu ky tu néu dugc ghi.

snprintf() luén két thic chudi biang ky tu NUL . Nén néu ban thil ghi nhiéu hon sé ky tu t6i da chi
dinh, v tru sé két thuc.

Dua thoi. Néu ban lam thé, snprintf() sé& ghin — 1ky tu d€ n6 con da chd ghi ky tu két thuc § cudi.

Gia tri tra vé

Tra vé s6 ky tu da output, hodic mot s6 Am khi 16i.

Vidu

#include <stdio.h>

int main(void)

{
int a = 100;
float b = 2.717;
char *c = "beej!";
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char d = 'X';
int e = 5;
printf("%d\n", a); /* "100" */
printf("sf\n", b); /* "2.717000" */
printf("%ss\n", c); /* "beej!" */
printf("sc\n", d); /* "X" */
printf("110%%\n"); /* "110%" =
printf("%10d\n", a); /* " 100" */
printf("%s-10d\n", a); /* "100 "X/
printf("s*d\n", e, a); /* " 100" =
printf("s.2f\n", b); /¥ "2.72" */
printf("shhd\n", d); /* "88" <-- md ASCII cu’a 'X' */
printf("%s5d %5.2f %c\n", a, b, d); /* " 100 2.72 X" */
}
Xem thém

sprintf() , vprintf()

23.11 scanf(), fscanf(), sscanf()

Doc chudi, ky tu, hoidc dii liéu s6 c6 dinh dang tii console hoic tii file

Synopsis

#include <stdio.h>

int scanf(const char *format, ...);

int fscanf(FILE *stream, const char *format, ...);

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

Céac ham nay doc output c6 dinh dang tii nhiéu nguén khac nhau.

Ham Ngubn input

scanf () Doc tli console (mdc dinh thudng la ban phim).
fscanf()  Doc ti file.
sscanf()  Doc tii mot chubi.

Khéc biét duy nhat gifia ching 14 cc tham s8 dling trudc chudi format ma ban truyén vao.

Ham Tha ban truyén trudc format

scanf() Khong c6 gi ding trudc format .
fscanf()  Truyén vao FILE* .
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Ham Thi ban truyén trudc format

sscanf()  Truyénvao char* dén buffer d€ doc tu do.

Ho ham scanf() doc dit liéu tii console hodc tii FILE stream, phén tich va luu két qua vao cac bién
ban dua vao trong danh sach tham sd.

Chudi format rit giong ctia printf() & chd ban c6 thé bdo né doc mdt "sd" , ching han cho int .
Nhung né ciing c6 thém kha ning, ndi bat 1a n6 c6 thé nudt nhiing ky tu khac trong input ma ban chi

dinh trong chudi format.

Nhung hay bt dau don gian, xem cach ding co ban nhat trudc khi ddm vao chiéu sdu ctia ham. Ta sé
bat dau bing cach doc mot int ti ban phim:

int a;

scanf("%d", &a);

scanf() hién nhién cin mot pointer dén bién néu no6 dinh thay ddi bién d6, nén ta dung toan ti
address-of dé 13y pointer.

Trong trudng hop nay, scanf() ditheo chudi format, tim thdy “ %d ”, roi biét né cin doc mot s6 nguyén
va luu vao bién ké tiép trong danh sach tham s, a .

Day la vai format specifier khac ban cé thé dit trong chudi format:

Format Specifier Mo ta

o°

d Doc mot s6 nguyén dé luu vao int . S8 nay c6 thé co dau.

Doc mot s6 nguyén dé luu vao unsigned int .

DPoc mbt s6 thuc, dé Iuu vao float .

Poc mot chudi cho dén ky tu whitespace (khoang tring) dau tién.
Poc mot char .

® o° o°
n —+H <

o°
0

Va dé 1a hét chuyén!

Haha! Dua thoi. Néu ban viia ti trang printf() qua, ban biét con gan nhu v6 tin noi dung thém.

23.11.0.1 Tiéu thu ky tu khac
scanf() sé di doc chudi format khép véi bat ky ky tu ndo ban bd vao.

Vi du, ban c6 thé doc mot ngay c6 gach nédi nhu thé nay:

scanf("%u-%u-%u", &yyyy, &mm, &dd);

Trong trudng hgp do, scanf() sé co tiéu thu mét s6 thip phén unsigned, r6i mot dau gach, réi mot sé
unsigned niia, r6i mot ddu gach niia, r6i mot s6 unsigned niia.

Néu tai bt ky diém nao khong khép (vi du ngudi dung nhap “foo”), scanf() sé bo di ma khong tiéu
thu nhiing ky tu la.
Va né sé tra vé s6 bién dudc chuyén déi thanh céng. Trong vi du trén, néu ngudi dung nhap chudi hop

1, scanf() sétravé 3, mot cho mdibién dugc doc thanh cong.

23.11.0.2 VAin dé v4di scanf()

Téi (va C FAQ, va nhiéu ngudi) khuyén khong nén dung scanf() dé doc truc tiép tii ban phim. Qué dé
dé€ no6 ngung tiéu thu ky tu khi ngudi dung nhap di liéu xau.

Néu ban c6 dit liéu trong file va tu tin no & tinh trang t6t, fscanf() c6 thé thuc sy hitu dung.
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Nhung trong trudng hop ban phim hoic file, ban ludn c6 thé dung fgets() dé doc mot dong day du
vao buffer, roi dung sscanf() dé tach moi thi ra khoi buffer. Cach nay cho ban diém t6t cta ca hai
bén.

23.11.0.3 Vian dé v6i sscanf()

Céch diy khong 1au, mot lap trinh vién bén thd ba néi tiéng vi nghi ra cach cét thdi gian load cia GTA
Online di 70%°.

Diéu ho phat hién 1a cai dat ctia sscanf() dau tién sé goi ngdm strlen() ... nén ngay ca khi ban chi
dung sscanf() dé tach vai ky tu dau khéi chudi, né van chay téi tin cudi chubi trudc.

Trén chudi ngén, khong van dé, nhung trén chudi dai véi 16i goi lip lai (ding céi xay ra trong GTA) nd
tr6 nén chammmmmmm...

Vay nén néu ban chi chuyén chudi thanh s6, hay can nhic atoi() , atof() , hodchoham strtol()
va strtod() .

(Lap trinh vién d6 nhan dugc bug bounty $10.000 cho cdéng stic d6.)

23.11.0.4 Chi tiét sau

Hay xem mot scanf ()

Va déy la vai ma niia, nhung nhiing cai nay khong hay dung thudng xuyén. Dudng nhién ban c6 thé
dung chung nhiéu nhu ban muén!

Dau tién, chudi format. Nhu da nhic, né c6 thé chia ky tu binh thudng va cac format specifier %. Va
ky tu whitespace.

Ky tu whitespace c6 vai tro dic biét: mot ky tu whitespace sé€ khién scanf() tiéu thu cang nhiéu ky
tu whitespace cang tot cho dén ky tu non-whitespace tiép theo. Ban c6 thé dung cai nay dé bo qua moi
whitespace d4u hoic cudi.

Ngoai ra, tit ca format specifier trit s, c,va [ tu dong tiéu thu whitespace dau.

Nhung t6i biét ban dang nghi gi: phan thit clia hAm nay nim trong cic format specifier. Ching trong
thé nao?

Chung gém cac phén sau, theo thi tu:

. Dau %

. Tuy chon: mot * dé chiin viéc gin—sé ndi sau

. Tuy chon: field width—s6 ky tu t6i da dé doc

. Tuy chon: length modifier, d€ chi dinh kiéu dai hon hodc ngén hon

. Conversion specifier, nhu d hay f chira kiéu can doc

T W N =

23.11.0.5 Conversion Specifier
Hay bét dau vdi cai hay nhat va cudi cung: conversion specifier.
DAy la ph#n cua format specifier cho ta biét scanf() nén doc vao kiéu bién ndo, nhu %d hay %f .

Chuyén d6i nhi phan 12 méi trong C23!

Conversion
Specifier Mo ta

d Khép int thap phan. Co thé c6 ddu dau.

b Khép unsigned int nhiphan (cd s8 2). Co thé c6 ddu dau.

i Gidng d, chi khac la xt ly dudc néu ban dit 0x (hex) hay 0 (bat phin) hay 0b (nhi
phén) ding dau so.

o Khép unsigned int béat phan (cd s6 8). Bé qua sd 0 dau.

Shttps://nee.lv/2021/02/28/How-I-cut-GTA-Online-loading-times-by-70/
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Conversion
Specifier Mo ta

Khép unsigned int thép phan.

Khép unsigned int hex (cd so 16).

Khép s6 thuc (hodc ky hiéu khoa hoc, ho#c bat cti thii gi strtod() xu ly dugc).
Khép mdt char , hodc nhiéu char néu c6 field width.

Khép mét chudi char non-whitespace.

Khép mét chudi ky tu tii mot tap. Tap két thic bing 1 . Xem thém bén dudi.
Khép mét pointer, ngudc lai v6i %p ctia printf() .

Luu s6 ky tu da ghi tinh dén lac d6 vao int* da cho. Khong tiéu thu gi.

Khép diu phén tram literal.

S T — u 0 —Hh X <

o°

Tat ca nhiing cai sau déu tudng dudng véi specifier f: a, e, g, A, E, F, G.

Va X hoa tuong duong véi x thudng.

23.11.0.5.1 Conversion Specifier Scanset %[]1 DAy chéc la format specifier ky quiic nhat. N6 cho
phép ban chi dinh mot tip ky tu (scanset) dé dugc Iuu (kha ning cao vao mang char ). Viéc chuyén ddi
dung khi gip ky tu khong thudc tép.

Vidu, %[0-9] nghiala “khép moi s6 tit 0 dén 9”. Va %[AD-G34] nghia la “khép A, D dén G, 3, hodc 4”.

Gig, d€ rdi ram thém, ban c6 thé bao scanf() khdp cic ky tu khéng nadm trong tip bang cach dit dau
caret (~ ) ngay sau %[ va theo sau la tdp, nhu: %[~A-C] , nghia la “khép moi ky tu khong tit A dén C”
Dé khép ddu ngodc vudng dong, dit né lam ky tu dau tién trong tap, nhu: %[]A-C] hodc %[~]A-C] .
(T6i thém “ A-C ” dé rd réing “ ] ” d4u tién trong tap.)

Dé khdp ddu gach ndi, dat n6é lam ky tu cudi cung trong tap, vi du dé khdp A-dén-C hodc gach néi:
%[A-C-] .

Vay néu ching ta muén khép moi chii cai trir “%”, “*”, “17, “B”, “C”, “D”, “E”, va “-”, ta c6 thé dung chudi
format nay: %[~]%"B-E-] .

Hiéu chua? Gid ta c6 thé qua ham tié—khoan! Con niia! Vang, vin con nifa dé biét vé scanf() . Khong

bao gid két thic a? Hay thit tudng tugng t6i cAm thdy thé nao khi viét vé nd!

23.11.0.6 Length Modifier

Véay ban biét “ %d ” luu vao int . Nhung lam sao luu vao long, short ,hodc double ?

Cha, gidng nhu trong printf() , ban c6 thé thém modifier trudc type specifier d€ bio scanf() rang
ban c6 kiéu dai hon hodc ngén hon. Sau day 1a bang cac modifier kha dung:

Length
Modifier Conversion Specifier =~ Mo ta
hh b, d, i, o, u, x, Chuyéninputsang char (signed hodc unsigned tuy ngi
X canh) trugc khi in.
h b, d, i, o, u, x, Chuyéninputsang short int (signed hodc unsigned tuy
X ngii canh) trude khi in.
1 b,d, i, o, u, x, Chuyéninputsang long int (signed ho#c unsigned tuy
X ngii canh).
11 b,d, i, o, u, x, Chuyéninputsang long long int (signed ho#c unsigned
X tuy ngii canh).
j b,d, i, o, u, x, Chuyéninputsang intmax t hodc uintmax t (tuy ngi
X canh).
z b,d, i, o, u, x, Chuyéninputsang size t.
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Length
Modifier Conversion Specifier =~ M ta
t b,d, i, o, u, x, Chuyéninputsang ptrdiff t.
X
L a,A,e, E, f, F, Chuyén input sang long double .
g, G
1 c,s, [ Chuyén input sang wchar_t , mot wide character.
1 s Tham s nidm trong wchar_t* , mot chudi wide character.
hh n Luu két qua vao tham s6 signed char* .
h n Luu két qua vao tham s6 short int* .
1 n Luu két qua vao tham s6 long int* .
11 n Luu két qua vao tham s6 long long int* .
j n Luu két qua vao tham s6 intmax t* .
z n Luu két qua vao tham s§ size t* .
t n Luu két qua vao tham s6 ptrdiff t* .

23.11.0.7 Field Widths

Field width néi chung cho phép ban chi dinh s6 ky tu t&i da dudc tiéu thu. Néu thi ban ¢d khép ngan
hon field width, input d6 sé ngling dudc xt ly trude khi dat field width.

Vay mot chudi sé ngiing tiéu thu khi tim thay whitespace, ngay ca khi khép it hon field width ky tu.
Va mot s6 float sé nguing tiéu thu & cudi sé, ngay ca khi it ky tu hon field width duge khép.

Nhung %c thi tha vi—né khéng ngling tiéu thu ky tu v6i bat ci diéu gi. Nén n6 sé di dung dén field
width. (Hodc 1 ky tu néu khéng c6 field width.)

23.11.0.8 Bo6 qua Input v6i *

Néuban dit * trong format specifier, nd bio scanf() thuc hién chuyén ddi da chi dinh, nhung khong
lvu vao dau ca. N6 chi don gian vit dii liéu di khi doc. D4y la thi ban dung néu muén scanf() &n
chut dit liéu nhung khong mudn luu vao dau; ban khong truyén tham s6 cho scanf() cho chuyén d6i
nay.

// Poc 3 int, nhung bo’ cdi o’ gilta
scanf("%d %*d %d", &intl, &int3);

Gia tri tra vé
scanf() tra vé s6 item dudc gan vao bién. Vi viéc gan vao bién dung khi gip input khéng hgp 1é cho
mot format specifier ndo d6, né c6 thé cho ban biét da nhap du dii liéu dang chua.

Ngoaira, scanf() travé EOF khi gip end-of-file.

Vidu

#include <stdio.h>

int main(void)

{
int a;
long int b;
unsigned int c;
float d;
double e;
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long double f;
char s[100];

scanf("%d", &); // luu mbét int

scanf(" %d", &a); // an whitespace, r6'i luu mét int
scanf("%s", s); // lvu mot chud”i

scanf ("%Lf", &f); // luvu mot long double

// luu mét unsigned, doc whitespace, ro i luu mét long int:
scanf("%u %ld", &c, &b);

// luu mét int, doc whitespace, doc "blendo", doc whitespace,
// ré6’i luu mot float:
scanf("%d blendo %f", &a, &d);

// doc whitespace, r6°i luu moi ky tu cho dé’'n newline
scanf(" %[~\n]", s);

// luu mot float, doc (va bo’) mét int, ré i luu mdt double:
scanf("%f %*d %Lf", &d, &e);

// luu 10 ky tu:
scanf("%10c", s);

255

Xem thém

sscanf() , vscanf(), vsscanf(), vfscanf()

23.12  vprintf(), vfprintf(), vsprintf(), vsnprintf()

Bién thé printf() dung danh sach tham s6 bién d6i (va_list )

Synopsis

#include <stdio.h>
#include <stdarg.h>

int vprintf(const char * restrict format, va list arg);

int vfprintf(FILE * restrict stream, const char * restrict format,
va list arg);

int vsprintf(char * restrict s, const char * restrict format, va list arg);

int vsnprintf(char * restrict s, size t n, const char * restrict format,
va list arg);

Mo ta

Céc ham nay giong bién thé printf() chikhac la thay vi nhin s6 tham s8 bién déi thuc, ching nhan

mot s6 ¢6 dinh—cudi cing la mot va_list tham chiéu dén cac tham s6 bién doi.

Gidng v6i printf() , cic bién thé khac nhau gtii output dén nhiing ndi khac nhau.
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Ham bich output
vprintf() In ra console (méc dinh thudng la man hinh).
vfprintf() In ra file.
vsprintf() In ra chudi.
vsnprintf()  Inra chubi (an toan).

Ca vsprintf() va vsnprintf() déu cé tinh chit 1a néu ban truyén NULL lam buffer, khéng gi dudc
ghi—nhung ban van c6 thé kiém tra gia tri tra vé dé xem da ghi dudc bao nhiéu ky tu néu dugc ghi.

Néu ban tht ghi nhiéu hon s6 ky tu ti da, vsnprintf() sé lich su chi ghi n — 1 ky tu dé con dt chd
cho ky tu két thic & cudi.

Con vi sao d8i ban lai mudn lam thé, 1y do phd bién nhit 1a dé tao phién ban chuyén biét riéng cua cac
ham ki€u printf() , &n bam lén moi diéu t6t dep ctia printf() .

Xem vi du d€ c6 vi du, du doan dudc théi.

Gia tri tra vé
vprintf() va vfprintf() tra vé sé ky tu da in, hodc gia tri Am khi 13i.
vsprintf() tra vé s6 ky tu da in vao buffer, khong tinh ky tu két thic NUL, ho#c gi4 tri 4m néu c6 16i.
vnsprintf() tra vé s6 ky tu da in vao buffer. Hodc s6 sé dudc in néu buffer du 16n.

Vi du

Trong vi du nay, ta tao phién ban riéng cta printf() goila logger() , c6 timestamp output. Chu y

cac 16i goi logger() c6 du do choicta printf() .

#include <stdio.h>
#include <stdarg.h>
#include <time.h>

int logger(char *format, ...)
{

va_list va;
time t now_secs = time(NULL);
struct tm *now = gmtime(&now secs);

// Output timestamp dang "YYYY-MM-DD hh:mm:ss : "
printf("%04d-%02d-%02d %02d:%02d:%02d : ",
now->tm year + 1900, now->tm mon + 1, now->tm mday,
now->tm _hour, now->tm min, now->tm sec);
va start(va, format);
int result = vprintf(format, va);
va_end(va);

printf("\n");

return result;

int main(void)

int x = 12;
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float y = 3.2;

logger("Hello!");
logger("x = %d and y = %.2f", x, y);

Output:

2021-03-30 04:25:49 : Hello!
2021-03-30 04:25:49 : x = 12 and y = 3.20

Xem thém

printf()

23.13 vscanf(), vfscanf(), vsscanf()

Bién thé scanf() dung danh sach tham s6 bién d6i (va_list )

Synopsis

#include <stdio.h>
#include <stdarg.h>

int vscanf(const char * restrict format, va list arg);

int vfscanf(FILE * restrict stream, const char * restrict format,
va list arg);

int vsscanf(const char * restrict s, const char * restrict format,
va list arg);

Mo ta
Céc ham nay giéng bién thé scanf() chikhac la thay vi nhin s6 tham s6 bién d6i thuc, ching nhan
mot s8 ¢d dinh—cudi cung 1a mdt va list tham chiéu dén cic tham s6 bién ddi.

Ham Nguobn input

vscanf () Doc tii console (mac dinh thudng la ban phim).
vfscanf()  Doc tu file.
vsscanf()  Poc tii chudi.

Gidng v6i ho ham vprintf() , day la cich t6t d€ thém chiic nang phu tin dung stic manh ma scanf ()
mang lai.

Gia tri tra vé

Tra vé s6 item scan thanh cong, hodic EOF khi gip end-of-file hoic 13i.
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Vi du

Toi phai thu nhan da vat 6c dé nghi khi ndo ban mudn dung céi nay. Vi du t6t nhit toi tim dugc 1a mot
cai trén Stack Overflow? kiém tra 16i gia tri trd vé tii scanf() so v6i mong dgi. Mot bién thé ctia n6
dugc trinh bay bén dudi.

#include <stdio.h>
#include <stdarg.h>
#include <assert.h>

int error_check scanf(int expected count, char *format, ...)
{

va_list va;
va_start(va, format);
int count = vscanf(format, va);

va_end(va);

// Dong nay sé crash chuong trinh né’u dié'u kién sai:
assert(count == expected count);

return count;

}
int main(void)
{
int a, b;
float c;
error _check scanf(3, "%d, %d/%f", &, &b, &c);
error_check scanf(2, "%d", &a);
}
J
Xem thém
scanf ()

23.14 getc(), fgetc(), getchar()

Lay mot ky tu don ti console hoac tu file

Synopsis

#include <stdio.h>

int getc(FILE *stream);

int fgetc(FILE *stream);

int getchar(void);

“https://stackoverflow.com/questions/17017331/c99-vscanf-for-dummies/17018046#17018046



https://stackoverflow.com/questions/17017331/c99-vscanf-for-dummies/17018046#17018046
https://stackoverflow.com/questions/17017331/c99-vscanf-for-dummies/17018046#17018046
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Mo ta
TA&t ca cac ham nay, theo cach nay hay cach khac, doc mét ky tu don tii console hodc tli mot FILE . Khac
biét kha nho, va day 1a moé ta:

getc() tra vé mot ky tu ti FILE da chi dinh. V& mat st dung, né tudng ducng véi 16i goi fgetc()
tudng tu, va fgetc() thudng gdp hon. Chi khac 6 cach cai dit cta hai ham.

fgetc() tra vé mot ky tu tit FILE da chi dinh. V& mat st dung, né tudng dudng v6i 161 goi getc()
tuong tu, chi khacla fgetc() thudng gép hon. Chi khac & cach cai dét ciia hai ham.

Dung vy, toi da gian lan va copy-paste doan trén.

getchar() trd vé mot ky tu tit stdin . Thuc ra, n gidong goi getc(stdin) .

Gia tri tra vé
Ca ba ham tra vé unsigned char ma ching doc dudc, tru viéc né dugc cast sang int .

Néu gip end-of-file hoic 16i, ca ba ham déu tra vé EOF .

Vidu

Vi du nay doc tat ca ky tu ti mot file, chi output nhiing chit ‘b’ né tim thiy..

#include <stdio.h>
int main(void)
{
FILE *fp;
int c;
fp = fopen("spoon.txt", "r"); // nhé kié’m tra 1671 cai nay!
// cédu while duéi gan vao c, ro'i so véi EOF:
while((c = fgetc(fp)) != EOF) {
if (c == 'b') {
putchar(c);
}
}
putchar('\n');
fclose(fp);
}
Xem thém

23.15 gets(), fgets()

Doc mét chubdi tii console hoic file
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Synopsis

#include <stdio.h>

char *fgets(char *s, int size, FILE *stream);
char *gets(char *s);

Mo ta

Day la nhiing ham 14y mot chudi két thic béing newline tii console ho#c mot file. Néi cach khac binh
thudng, ching doc mét dong vin ban. Hanh vi hoi khéac, va vi thé, cach dung ciing khac. Vi du, day la
cach dung gets() :

Dung dung gets() . Thuc té, tit C11 nd da bi loai bo! Day la mot trong nhiing trudng hdp hiém hoi
mot ham bi g& khoéi chuén.

Phai thita nhén 1a c6 giai thich 1y do sé hiiu ich, ding khéng? Thi nhat, gets() khoéng cho phép ban
chi dinh d6 dai cta buffer @€ luu chudi. Digu nay cho phép ngudi dung tiép tuc nhap dii liéu qua kheéi
duoi buffer ctia ban, va tin toi di, d6 sé la Tin X4u.

Va d6 la cong dung ctia tham s6 size trong fgets() . fgets() sé doc toi da size-1 ky tu réi dat
mot terminator NUL sau do.

Téi dinh thém 1y do khac, nhung vé cd ban d6 1a ly do chinh va duy nhat khong dung gets() . Nhu
ban c6 thé doan, fgets() cho phép ban chi dinh d9 dai chubi téi da.

Mot khac biét gitia hai ham: gets() sé nudt va vit di ky tu newline cuéi dong, con fgets() sé luu
né vao cudi chudi ctia ban (néu con chd).

bay 1a vi du dung fgets() ti console, lam cho né cu xii giéng gets() hon (ngoai tri viéc chia
newline):

char s[100];
gets(s); // dirng ding cédi nay--doc mét dong (tir stdin)
fgets(s, sizeof(s), stdin); // doc mét dong tur stdin

Trong trudng hgp ndy, toan tii sizeof() cho ta téng kich thuSc mang theo byte, va vi char la mot
byte, né tién 1¢i cho ta tng kich thudc ctia mang.

Di nhién, nhu ti d4 noi, chudi tra vé tii fgets() rat cé kha ning cé newline § cudi ma ban cé thé

khong mudn. Ban c6 thé viét mot ham ngén cit newline di—thuc té, hay gop ludn nd vao phién ban
gets() cuariéng ta

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

char *ngets(char *s, int size)
{

char *rv = fgets(s, size, stdin);

if (rv == NULL)
return NULL;

char *p = strchr(s, '\n'); // Tim mét newline

if (p !'= NULL) // né’u cé newline
*p = '\0'; // ca’t chué”i o’ do
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return s;

Vay, tom lai, dung fgets() dé doc mot dong van ban ti ban phim hoic file, va diing dung gets() .

Gia tri tra vé
Ca gets() va fgets() deéu trd vé con trd dén chudi da truyén vao.

Khi 15i ho#ic end-of-file, cAc ham tra vé NULL .

Vi du
#include <stdio.h>
int main(void)
{
FILE *fp;
char s[100];
gets(s); // doc tir standard input (dirng ding--dung fgets()!)
fgets(s, sizeof s, stdin); // doc 100 byte tir standard input
fp = fopen("spoon.txt", "r"); // (ban nén kié’m tra 16°i cdi nay)
fgets(s, 100, fp); // doc 100 byte tir file datafile.dat
fclose(fp);
fgets(s, 20, stdin); // doc t6°i da 20 byte tu stdin
}
Xem thém

getc() , fgetc() , getchar(), puts(), fputs(), ungetc()

23.16 putc(), fputc(), putchar()

Ghi moét ky tu don ra console hoéc ra file

Synopsis

#include <stdio.h>
int putc(int ¢, FILE *stream);
int fputc(int c, FILE *stream);

int putchar(int c);

Mo ta

Ca ba ham output mét ky tu don, hodc ra console hoédc ra mot FILE .
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putc() nhin mdt tham s6 ky tu, va output ra FILE da chidinh. fputc() lamy hét, chikhac putc()
8 céch cai dat. Hau hét moi ngudi dung fputc() .

putchar() ghiky tu ra console, va giong goi putc(c, stdout) .
Gia tri tra vé

Ca ba ham tra vé ky tu da ghi khi thanh céng, hosic EOF khi 16i.

Vidu
In bang chii cai:
1 | #include <stdio.h>
2
s | int main(void)
o {
5 char i;
6
7 for(i = 'A'; i <= 'Z'; i++)
8 putchar(i);
9
10 putchar('\n'); // dat moét newline o’ cubé’i cho dep
u |}
Xem thém

23.17 puts(), fputs()

Ghi mét chudi ra console hoic ra file

Synopsis

#include <stdio.h>

int puts(const char *s);

int fputs(const char *s, FILE *stream);

Mo ta
Ca hai ham nay output mot chudi két thic bang NUL. puts() output ra console, con fputs() cho
phép ban chi dinh file dé output.

Gia tri tra vé
Ca hai ham tra vé khong Am khi thanh céng, hodc EOF khi 13i.

Vidu

Doc chudi ti console va luu chiing vao file:

1 | #include <stdio.h>

2



1
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int main(void)

{
FILE *fp;
char s[100];
fp = fopen("somefile.txt", "w"); // nhé kié’m tra 1671 cai nay!
while(fgets(s, sizeof(s), stdin) != NULL) { // doc mdt chué”i

fputs(s, fp); // ghi vao file d& mo’

}
fclose(fp);

}

Xem thém

23.18 ungetc()

Dy mot ky tu trg lai input stream

Synopsis

#include <stdio.h>

int ungetc(int c, FILE *stream);

Mo ta
Ban biét getc() doc ky tu ké tiép tit mot file stream cht? Day 1a ngudc lai—no6 didy mot ky tu tré lai

file stream d€ n6 sé xuat hién lai 6 1an doc ké tiép tli stream, nhu thé ban chua tiing 14y n6 bang getc()
ngay tu dau.

Vi sao, nhan danh tat ca nhiing gi linh thiéng, ban lai mudn lam thé? C6 1é ban c6 mét stream dit liéu
ma ban dang doc tung ky tu mét, va ban sé khong biét khi nao dung cho dén khi ldy dugc mét ky tu
nhat dinh, nhung ban muén c6 thé doc ky tu d6 lai sau. Ban c6 thé doc ky tu, thiy rdng né la cai can
diing, rdi ungetc() né dé€ nd xuit hién & lan doc ké.

Dung r6i, chuyén nay khéng xay ra thudng xuyén, nhung thi do.

Day la diém cin chid y: chudn chi ddm bao ban c6 thé ddy lai mot ky tu. Mot s8 cai dit ¢6 thé cho phép
ddy nhiéu hon, nhung khong c6 cich nao biét chic ma van portable.

Gia tri tra vé

Khi thanh céng, ungetc() tra vé ky tu ban truyén vao. Khi that bai, no tra vé EOF .

Vidu

Vi du nay doc mot dau ciu, roi moi thit sau né cho dén diu cau ké. N6 tra vé dau cau dau, va lvu phan
con lai vao mdt chuoi.

#include <stdio.h>
#include <ctype.h>
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int read punctstring(FILE *fp, char *s)
{

int origpunct, c;

origpunct = fgetc(fp);

if (origpunct == EOF) // tra’ vé' EOF khi end-of-file
return EOF;

fgetc(fp), !ispunct(c) && c != EOF)
c; // luu vao chué”i

while (c
*s++

*s = '\0'; // ké't thic chué”i bang NUL
// né’u vira doc la déd u cdu, ungetc né dé’ 1&4'n sau fgetc 14’y lai:
if (ispunct(c))

ungetc(c, fp);

return origpunct;

int main(void)

char s[128];
char c;

while((c = read punctstring(stdin, s)) != EOF) {
printf("s%sc: %s\n", c, S);

Input mau:

! foo#bar*baz }

Output mau:

11 foo
#: bar
*: baz

Xem thém

fgetc()

23.19 fread()

Doc dii liéu nhi phan tu file
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Synopsis

#include <stdio.h>

size t fread(void *p, size t size, size t nmemb, FILE *stream);

Mb6 ta

C6 thé ban con nhé ring ban c6 thé goi fopen() véi flag “ b ” trong chudi mode dé mé file & ché do
“binary” (ché do nhi phan). File mé 6 ché d6 khong nhi phan (ASCII hay text mode (ché do vén ban)) c6
thé dugc doc bang cac 13i goi huéng ky tu chuéin nhu fgetc() hay fgets() . File mé 6 binary mode
thudng dugc doc bang ham fread() .

Cai ham nay 1am 1a néi, “E, doc bang nay thii, mdi thii [A mot s6 byte nhat dinh, roi luu ca déng vao bo
nhd bit dau ti con tro nay”

Céi nay c6 thé rat c6 ich, tin t6i di, khi ban muén lam thit nhu luu 20 int vao file.

Nhung khoan—khoéng phai ban c6 thé dung fprintf() vdiformat specifier “ %d ” dé luu int vao file
text va Iuu ching kiéu d6 sao? U, chéc chin. Cai d6 c6 1¢i thé 1a con ngudi c6 thé mé file va doc sé.

Nhugc diém 1a chuyén s6 tif int sang text cham hon, va s6 c6 kha ning chiém nhiéu chd hon trong
file. (Nhé ring mot int kha ning 13 4 byte, nhung chudi “12345678” 1a 8 byte.)

Vay nén luu dit liéu nhi phin chic chén c6 thé gon hon va doc nhanh hon.

Gia tri tra vé
Ham nay tra vé s6 item doc thanh cong. Néu moi item yéu cau déu doc dudc, gia tri tra vé sé bang tham

sO6 nmemb . Néu gap EOF, gia tri tra vé sé 1a 0.

Dé 1am ban béi réi, n6 ciing sé tra vé 0 néu c6 16i. Ban c6 thé dung feof() ho#ic ferror() dé biét cai
nao thuc su xay ra.

Vidu
Doc 10 so6 tu file va luu chung vao mang:
#include <stdio.h>
int main(void)
{
int i;
int n[10]
FILE *fp;
fp = fopen("numbers.dat", "rb");
fread(n, sizeof(int), 10, fp); // doc 10 int
fclose(fp);
// in ching ra:
for(i = 0; i < 10; i++)
printf("n[%sd] == %d\n", i, n[i]);
}
Xem thém

fopen() , fwrite() , feof(), ferror()
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23.20 fwrite()

Ghi dii liéu nhi phan ra file

Synopsis

#include <stdio.h>

size t fwrite(const void *p, size t size, size t nmemb, FILE *stream);

Mb6 ta
Day la d6i tac cia ham fread() . N6 ghi khdi dii liéu nhi phan ra dia. D€ hiéu diéu d6 nghia 1a gi, xem

muc fread() .

Gia tri tra vé

fwrite() tra vé so item ghi thanh cong, hy vong sé 1a nmemb ma ban truyén vao. N6 sé tra vé 0 khi

18i.
Vi du
Luu 10 s6 ngiu nhién vao file:
N
#include <stdio.h>
#include <stdlib.h>
int main(void)
{
int i;
int n[10];
FILE *fp;
// dié’n ma’ng bdng sé° ngd~u nhién:
for(i = 0; i < 10; i++) {
n[i] = rand();
printf("n[%d] = %d\n", i, n[i]);
}
// luu s6” ngéd~u nhién (10 int) vao file
fp = fopen("numbers.dat", "wb");
fwrite(n, sizeof(int), 10, fp); // ghi 10 int
fclose(fp);
}
Xem thém

fopen() , fread()

23.21 fgetpos(), fsetpos()

LAy vi tri hién tai trong file, hodc dat vi tri hién tai trong file. Trén hau hét hé thong thi giéng ftell()
va fseek()
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Synopsis

#include <stdio.h>
int fgetpos(FILE *stream, fpos t *pos);

int fsetpos(FILE *stream, fpos t *pos);

Mo ta

Cac ham nay giong ftell() va fseek() , chikhac la thay vi dm theo byte, chiing dung mét cau tric
dii liéu opaque € giti thong tin vi tri vé file. (Opaque, § day, nghia la ban khong dugc phép biét kiéu di
liéu dudc tao tu cai gi.)

Trén gan nhu moi hé thong (va chic chin trén moi hé thdng tdi biét), ngudi ta khong dung nhiing ham
nay, ma dung ftell() va fseek() thay thé. Cac ham nay ton tai dé phong hé thong cta ban khéng
nhé dugc vi tri file dudi dang offset byte don gian.

Vibién pos la opaque, ban phai gan vao né bang chinh 16i goi fgetpos() . Roi ban luu gié tri cho sau

nay va dung no dé reset vi tri bing fsetpos() .

Gia tri tra vé

Ca hai ham tra vé 0 khi thanh cong, va -1 khi 16i.

Vidu
#include <stdio.h>
int main(void)
{
char s[100];
fpos t pos;
FILE *fp;
fp = fopen("spoon.txt", "r");
fgets(s, sizeof(s), fp); // doc mot dong tir file
printf("%ss", s);
fgetpos(fp, &pos); // lueu vi tri sau khi doc
fgets(s, sizeof(s), fp); // doc mét dong khdc tur file
printf("%ss", s);
fsetpos(fp, &pos); // gio khéi phuc vi tri d& luu
fgets(s, sizeof(s), fp); // doc lai dong trudc dé
printf("%s", s);
fclose(fp);
}
Xem thém

fseek() , ftell() , rewind()
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23.22 fseek(), rewind()

Dinh vi file pointer dé chuin bi cho lan doc hoic ghi ké tiép

Synopsis

#include <stdio.h>

int fseek(FILE *stream, long offset, int whence);

void rewind(FILE *stream);

M6 ta

Khi doc ghi mot file, OS theo d6i ban dang & dau trong file bang mot bo dém goi chung 14 file pointer.
Ban c6 thé dat lai file pointer d€n mot diém khac trong file bing 16i goi fseek() . Coi né nhu céch truy
cap ngau nhién file.

Tham s6 diu 14 file dang ndi dén, hién nhién roi. Tham s6 offset 14 vi tri ban mudn seek (seek / di
chuyén) dén, va whence 1a cai offset d6 so vdi cai gi.

Di nhién, chic ban muén nghi offset 1a tinh tit dau file. Y toi 13, “Seek dén vi tri 3490, cai d6 nén 1a 3490
byte tinh ti dau file” O, né c6 thé thé, nhung khong bat budc. Hiy tudng tudng siic manh ban dang

ndm giit. C6 kiém ché sy hiing tha ctia ban.

Ban c6 thé dit gia tri whence thanh mot trong ba thii:

whence Mb ta

SEEK_SET offset la tuong ddi so véi dau file. DAy chic 1a cai ban dang nghi, va 1a gia tri dung
phd bién nhit cho whence .

SEEK_CUR offset la tudng d6i so véi vi tri file pointer hién tai. Nén, thuc t&, ban c6 thé noi,
“Di chuyén dén vi tri hién tai cong 30 byte,” hodc, “di chuyén dén vi tri hién tai trti 20
byte”

SEEK_END offset la tuong déi so véi cudi file. Giong SEEK_SET nhung tinh tit dau kia cta

file. Nhé dung gia tri &m cho offset néu mudn lui ti cudi file, thay vi di qua duoi
vao hu vé.

Nhéc dén seek ra khoi cudi file, lam duge khong? Dugc ludn. Thuc té, ban c6 thé seek xa tit khoi cudi
roi ghi mot ky tu; file sé duge md rong ra du 16n dé€ chita ca déng s6 0 ra dén ky tu do.

Gid ham phiic tap da xong, rewind() ma toi viia dé cap la gi? N6 dit lai file pointer vé dau file:

fseek(fp, 0, SEEK SET); // 9ib 'ng rewind()
rewind(fp); // gib6’'ng fseek(fp, 0, SEEK SET)

Gia tri tra vé
V6i fseek() , khi thanh cong trad vé 0; -1 khi that bai.

L3igoi rewind() khong bao gis that bai.
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Vidu
#include <stdio.h>
int main(void)
{
FILE *fp;
fp = fopen("spoon.txt", "r");
fseek(fp, 100, SEEK SET); // seek dé’n byte thi 100 cu’a file
printf("100: %c\n", fgetc(fp));
fseek(fp, -31, SEEK CUR); // seek lui 30 byte t&r vi tri hién tai
printf("31 back: %c\n", fgetc(fp));
fseek(fp, -12, SEEK END); // seek dé’n byte th& 10 trudc cub’i file
printf("12 from end: %c\n", fgetc(fp));
fseek(fp, 0, SEEK SET); // seek vé' da'u file
rewind(fp); // clng seek vé' da'u file
printf("Beginning: %c\n", fgetc(fp));
fclose(fp);
}
Xem thém

ftell() , fgetpos(), fsetpos()

23.23 ftell()

Cho ban biét mét file sip doc tii hay ghi vao ché nao

Synopsis

#include <stdio.h>

long ftell(FILE *stream);

Mo ta

Ham nay la ngudc cia fseek() . N6 cho ban biét vi tri trong file ma thao tac file ké ti€p sé xay ra, tinh
tu dau file.

Hiiu ich néu ban muén nhdé vi tri hién tai trong file, fseek() di chd khac, roi quay lai sau. Ban c6 thé

lay gia tritra vé ti ftell() vadualaivao fseek() (véitham s6 whence datla SEEK_SET ) khi muén
quay vé vi tri trudc do.

Gia tri tra vé

Tra vé offset hién tai trong file, hodc -1 khi 15i.
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Vi du
#include <stdio.h>
int main(void)
{
char c[6];
FILE *fp;
fp = fopen("spoon.txt", "r");
long pos;
// seek téi 10 byte:
fseek(fp, 10, SEEK SET);
// luu vi tri hién tai vao bié’'n "pos":
pos = ftell(fp);
// Poc vai byte
fread(c, sizeof ¢ - 1, 1, fp);
c[5] = '\o';
printf(“Read: \"%s\"\n", c);
// va quay vé' vi tri ba’t déa'u, da luu trong "pos":
fseek(fp, pos, SEEK SET);
// Poc lai dung nhitng byte dé
fread(c, sizeof ¢ - 1, 1, fp);
c[5]1 = '\0';
printf("Read: \"%s\"\n", c);
fclose(fp);
}
Xem thém

fseek() , rewind() , fgetpos(), fsetpos()

23.24 feof(), ferror(), clearerr()

Xac dinh xem file da dén end-of-file chua hoic c6 16i khong

Synopsis

#include <stdio.h>

int feof(FILE *stream);

int ferror(FILE *stream);

void clearerr(FILE *stream);
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Mo ta
Mbi FILE* ban dung dé doc ghi dii liéu véi file déu chtia cac flag ma hé théng set khi xay ra su kién
nhit dinh. Néu bi 161, né set ¢ 16i; néu dat cuéi file trong lic doc, n6 set ¢ EOF. Kha don gian.

Cacham feof() va ferror() cho ban cich don gian dé test cac flag nay: ching sé tra vé khac 0 (true)
néu dudc set.

Khi céc flag da dudc set cho mot stream nao d6, chiing giti nguyén dén khi ban goi clearerr() dé xoa.
Gia tri tra vé

feof() va ferror() tra veé khéc 0 (true) néu file da dat EOF hodc c6 16i, tucng ung.

Vidu
Doc dii liéu nhi phan, kiém tra EOF hoic 18i:
#include <stdio.h>
int main(void)
{
int aj;
FILE *fp;
fp = fopen("numbers.dat", "r");
// doc tirng int mét, dirng khi EOF hodc 1671i:
while(fread(&a, sizeof(int), 1, fp), !feof(fp) && !ferror(fp)) {
printf("Read %d\n", a);
}
if (feof(fp))
printf("End of file was reached.\n");
if (ferror(fp))
printf("An error occurred.\n");
fclose(fp);
}
Xem thém

fopen() , fread()

23.25 perror()

In thong béo 16i gan nhéat ra stderr

Synopsis

#include <stdio.h>
#include <errno.h> // chi’ c&'n né’u ban mub’'n dung truc tié’p bié’n "errno"

void perror(const char *s);
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Mo ta

Nhiéu ham, khi gip diéu kién 16i vi bat cii 1y do gi, sé set cho ban mét bién toan cuc tén errno (trong
<errno.h>). errno chila mét s6 nguyén dai dién cho mét 16i duy nhat.

Nhung véi ban, ngudi dung, mot con s thudng khong hitu ich lam. Vily do d6, ban c6 thé goi perror()
sau khi xay ra 16i dé in ra 16i thuc su da xay ra dudi dang chudi dé doc cho con ngudi.

Va dé gitip ban, ban c6 thé truyén tham s s sé& dugc dit trude chudi 16i.

Mot meo khéo khac 13 kiém tra gi4 tri cia errno (phai include errno.h méi thiy no) déi véi cac 16i
cu thé va cho code ctia ban 1am nhiing viéc khac nhau. Cé 1& ban muén bd qua mét s6 16i nhung khong
phai 16i khéc, chéng han.

Chuén chi dinh nghia ba gi4 tri cho errno , nhung hé thdng cta ban chic chin dinh nghia nhiéu hon.
Ba gia tri dudc dinh nghia la:

errno Mo ta

EDOM Phép toan ngoai mién.

EILSEQ Sequence (chudi) khong hop 1é trong encoding
multibyte (da byte) sang wide character.

ERANGE K&t qua phép toan khong via kiéu da chi dinh.

Diém can chu y 1a cac hé théng khic nhau dinh nghia gia tri errno khac nhau, nén khong portable
lam ngoai 3 cai trén. Tin tot 1a it nhat cic gia tri phdn I6n portable gitia cic hé thong gidng Unix.

Gia tri tra vé

Khong tra vé gi hét! Xin 16i!

Vidu

fseek() tra vé -1 khildi, va set errno, vay nén dung no. Seek trén stdin vo nghia, nén sé sinh

16i:

#include <stdio.h>
#include <errno.h> // pha’i include cdi nay dé’ thd’y "errno" trong vi du nay

int main(void)

{
if (fseek(stdin, 10L, SEEK SET) < 0)
perror("fseek");

fclose(stdin); // ngirng dung stream nay
if (fseek(stdin, 20L, SEEK CUR) < 0) {

// kié’m tra cu thé” errno dé’ xem loai 1671
// nao d& xa’y ra...cai nay hoat dbéng trén Linux,
// nhung trén hé khdc cé thé’ khac!

if (errno == EBADF) {
perror("fseek again, EBADF");
} else {
perror("fseek again");
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Va output la:

fseek: Illegal seek
fseek again, EBADF: Bad file descriptor

Xem thém

feof (), ferror(), strerror()
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Chapter 24

<stdlib.h> Cic Ham Thu Vién Chuan

Mot s6 ham dudi day c6 cac bién thé xti 1y cac ki€u khac nhau: atoi() , strtod(), strtol(), abs(),

va div() . O day téi chi liét ké mot cai cho gon.

Ham Mo ta

_Exit() Thoat (exit) chuong trinh dang chay va khong ngoai dau nhin lai
abort() Két thic chuong trinh dot ngot

abs () Tinh gi4 tri tuyét d6i ciia mot sé nguyén

aligned alloc()
at quick exit()
atexit()

atof()

atoi()
bsearch()
calloc()

div()

exit()

free()

getenv()
malloc()
mblen()
mbstowcs ()
mbtowc ()
gsort()

quick exit()
rand ()
realloc()
srand()
strtod()
strtol()
system()
wcstombs ()
wctomb ()

Cap phat bo nhd dudc can chinh cu thé

Dang ky handler chay khi chudng trinh thoat nhanh
bang ky handler chay khi chudng trinh thoat
Chuyén chudi thanh gi4 tri ddu phdy dong

Chuyén mét s6 nguyén trong chudi sang kiéu s§ nguyén
Binary Search (c6 thé) trén mot mang déi tugng

Céap phat va dién 0 b nhé dé dung tuy y

Tinh thuong va phén du cua hai s6

Thoat chuong trinh dang chay

Giai phong mot vung bd nhé

Lay gia tri cia mot bién moi trudng

Cap phét bo nhé dé dung tuy y

Tra vé so byte ctia mot ky tu multibyte

Chuyén chudi multibyte thanh chudi ky tu rong
Chuyén mot ky tu multibyte thanh ky tu rong
Quicksort (c6 thé) dii lieu

Thoat chuong trinh dang chay moét cach nhanh chéng
Tra vé mot s6 gia ngau nhién

D6i kich thude mot viing bo nhé da cap phat trude do
Seed b sinh s6 gia ngiu nhién cé sin

Chuyén chubi thanh s§ diu phdy dong

Chuyén chubi thanh s§ nguyén

Chay mot chudng trinh bén ngoai

Chuyén chudi ky tu rong thanh chudi multibyte
Chuyén ky tu rong thanh ky tu multibyte

Header <stdlib.h> géi dit moi loai hAm—dam néi lu6n—linh tinh nhét hét vao day. Bao gom:

« Chuyén ddi tli s6 sang chudi
« Chuyén dai tii chudi sang s6

« Sinh s8 gia ngiu nhién

275
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« Cép phat bo nhé dong

« Nhiéu cach d€ thoat chuong trinh

« Kha nang chay chudng trinh bén ngoai

« Binary search (hodc vai ki€u tim ki€ém nhanh nao dé)
+ Quicksort (ho#c vai kiéu sip x€p nhanh nao do)

« Cac ham s6 hoc véi s6 nguyén

« Chuyén ddi ky tu va chudi multibyte va ky tu réng

Vay dé... mdi thii mot ti.

24.1 Kiéu va Macro cua <stdlib.h>

Vai kiéu va macro méi dudc gidi thiéu, dt mét s6 cé thé cling dudc dinh nghia & chd khac:

Kiéu Mo ta

size t Dudc tra vé tii sizeof va dung & nhiéu ché khac
wchar_t  Cho céc thao tac v6i ky tu rong

div t Cho ham div()

ldiv_t Cho ham 1div()

1ldiv t Choham 1ldiv()

Va moét vai macro:

Kiéu Mb ta
NULL Ngudi ban con tré tot ctia chung ta
EXIT_SUCCESS M3 thoat dep khi moi thii suén sé
EXIT_FAILURE Mai thoat dep khi moi thii té hai
RAND MAX Gia tri 16n nhat ma hAm rand() c6 thé tra vé
MB_CUR MAX So byte toi da trong mot ky tu multibyte tai locale
hién tai

Vay d6. Bao nhiéu ham vui vé va hiiu ich trong day. Cung xem thu nao!

24.2 atof()

Chuyén chubi thanh gi tri ddu phiy dong

Synopsis

#include <stdlib.h>

double atof(const char *nptr);

Mo ta
Ngay xua cai tén nay viét tit cho “ASCII-To-Floating” hdi d6', nhung bay gid khong ai dam dung kiéu
ngdn ngii tho thién do nita.

!http://man.cat-v.org/unix-1st/3/atof
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Nhung y tuéng thi vin nhu cii: ching ta sé chuyén mét chudi chia chii s6 va (tuy chon) mot ddu thap
phan thanh gia tri diu phiy dong. Khoang trang dau chudi bi bé qua, va viéc chuyén déi diing & ky tu
khong hogp 1é dau tién.

Néu két qua khéng viia trong double , hanh vi la khéng xac dinh.

N6 thudng hoat ddong nhu thé ban da goi strtod() :

strtod(nptr, NULL)

Nén xem trang tham chiéu d6 dé€ biét thém thong tin.

Thucra strtod() xin hon va ban chic nén dung né.

Gia tri tra vé

Tra vé chudi da dudc chuyén thanh double .

Vidu

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

int main(void)

{
double x = atof("3.141593");
printf("sf\n", x); // 3.141593
}
Xem thém

atoi(), strtod()

24.3 atoi(), atol(), atoll()

Chuyén mét s6 nguyén trong chudi sang kiéu sé nguyén

Synopsis

#include <stdlib.h>

int atoi(const char *nptr);

long int atol(const char *nptr);

long long int atoll(const char *nptr);

Mb6 ta
Ngay xua, atoi() viét tit cho “ASCII-To_Integer”® nhung gid spec khong nhéc dén chuyén d6 niia.

Cac ham nay nhan mét chudi c6 s6 trong d6 va chuyén n6 thanh s6 nguyén ciia kiéu tra vé tudng ting.
Khoang trang d4u bi bd qua. Viéc chuyén ddi diing 6 ky tu khong hgp 1é dau tién.

Zhttp://man.cat-v.org/unix-1st/3/atoi
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Néu két qua khong viia trong ki€u tra vé, hanh vi 1a khong xéac dinh.

N6 thudng hoat dong nhu thé ban da goi ho ham strtol() :

atoi(nptr) // vé' co ba’n gié’ng nhu. ..
(int)strtol(nptr, NULL, 10)

atol(nptr) // vé' co ba’n gibé’'ng nhu. ..
strtol(nptr, NULL, 10)

atoll(nptr) // vé' co ba’n gid’'ng nhu. ..
strtoll(nptr, NULL, 10)

Lan niia, cAc ham strtol() nhin chung t6t hon, nén téi khuyén dung ching thay vi may ham nay.

Gia tri tra vé

Tra vé két qua s6 nguyén tudng ing véi kiéu tra ve.

Vi du

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

int main(void)

{
int x = atoi("3490");
printf("sd\n", x); // 3490
}
Xem thém

atof() , strtol()

24.4 strtod(), strtof(), strtold()

Chuyén chudi thanh s6 dau phiy dong

Synopsis

#include <stdlib.h>
double strtod(const char * restrict nptr, char ** restrict endptr);
float strtof(const char * restrict nptr, char ** restrict endptr);

long double strtold(const char * restrict nptr, char ** restrict endptr);

Mo ta
Day la may ham hay ho, chuyén chudi thanh s diu phdy dong (tham chi ca NaN hoic Infinity) va lai
con cung cip chut kiém tra 16i nita.

Dau tién, khoang tring dau chudi bi bo qua.
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R6i cac ham ¢8 ging chuyén tiing ky tu thanh két qua ddu phdy dong. Cudi cung, khi gip ky tu khong
hgp 1é (hoac ky tu NUL), ching dit endptr tré téi ky tu khong hop 1é do.

Dit endptr thanh NULL néu ban khdéng quan tdm dén vi tri ky tu khéng hop 1é dau tién 6 dau.

Néu ban khong @4t endptr thanh NULL , né sé tro t6i ky tu NUL néu qué trinh chuyén d6i khong gip
ky tu xdu nao. Nghia la:

if (*endptr == '\0') {
printf("What a perfectly-formed number!\n");
} else {

printf("I found badness in your number: \"%s\"\n", endptr);

Nhung doan xem! Ban ciing c6 thé chuyén chudi thanh céc gi4 tri dic biét, nhu NaN va Infinity!

Néu nptr tré t6i chudi chiia INF hoic INFINITY (chii hoa hay chii thudng ciing dudc), gia tri Infinity
sé dudc tra vé.

Néu nptr trd téi chudi chiia NAN , thi (mdt NaN yén ling, khong b4o hiéu) sé dudc tra vé. Ban c6 thé
gin tag cho NAN béng mot chudi ky tutlitdp 6-9, a-z, A-Z,vad _ bing cich bao chiing trong
dau ngoic:

NAN(foobar 3490)

Viéc compiler ctia ban 1am gi v6i cai nay 1a do implementation quyét dinh, nhung né c6 thé dugc dung
dé chi dinh cac kiéu NaN khéac nhau.

Ban ciing c6 thé chi dinh s6 6 dang thép luc phan véi s6 mi luy thia 2 (2%) néu bit ddu bang 0x (hodc
0X ). V6i phan s6 mii, dung p theo sau la s mil cd s 10. (Ban khong thé dung e vi d6 1a chii s6 hex

hop 1¢!)

Vi du:

Oxabc.123p15

Cé gié tri bang Oxabc.123 x 215.

Ban c6 thé dua vao FLT DECIMAL DIG, DBL DECIMAL DIG, hodc LDBL DECIMAL DIG chii s6 va nhan
dugc két qua 1am tron chinh xac cho kiéu do.

Gia tri tra vé
Tra vé s6 da chuyén d6i. Néu khong c6 s6 nao, tra vé 0. endptr dudc dit tro t6i ky tu khong hop 1é
d4u tién, hoic téi ky tu NUL két thic néu tat ca ky tu déu dugde xt ly.

Néu c6 tran s6, HUGE_VAL , HUGE VALF ,hodc HUGE_VALL sé dudc tra vé, mang diu clia input, va errno
dugdc dit thanh ERANGE .

Néu c6 underflow, né tra vé s6 nhé nhit gan 0 nhit v6i ddu cta input. errno c6 thé duge dit thanh
ERANGE .

Vidu

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

int main(void)
{
char *inp =" 123.4567beej";
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char *badchar;
double val = strtod(inp, &badchar);

printf("Converted string to %f\n", val);
printf("Encountered bad characters: %s\n", badchar);

val = strtod("987.654321beej", NULL);
printf("Ignoring bad chars for result: %f\n", val);

val = strtod("11.2233", &badchar);

if (*badchar == '\0')
printf("No bad chars: %f\n", val);
else
printf("Found bad chars: %f, %s\n", val, badchar);
}
Output:

Converted string to 123.456700
Encountered bad characters: beej
Ignoring bad chars: 987.654321
No bad chars: 11.223300

Xem thém

atof(), strtol()

24.5 strtol(), strtoll(), strtoul(), strtoull()

Chuyén chubi thanh s6 nguyén

Synopsis

#include <stdlib.h>

long int strtol(const char * restrict nptr,
char ** restrict endptr, int base);

long long int strtoll(const char * restrict nptr,
char ** restrict endptr, int base);

unsigned long int strtoul(const char * restrict nptr,
char ** restrict endptr, int base);

unsigned long long int strtoull(const char * restrict nptr,
char ** restrict endptr, int base);

Mo ta
M4y ham nay chuyén chuéi thanh s6 nguyén giéng atoi() , nhung chiing c6 thém vai tinh ning hay
ho.
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DPang chu ¥ nhat, chiing c6 thé cho ban biét chd nao viéc chuyén dai bit dau sai, tiic 1a ky tu khong hop
1&, néu ¢, xuit hién & dau. Khoang tring dau bi bd qua. Ddu + ho#ic - c¢6 thé ding trudc s6.
Y tudng co ban la néu moi thii 6n, cac him ny sé tra vé gia tri s6 nguyén chia trong chudi. Va néu ban

truyén vao endptr kiéu char** , né sé dit bién d6 tro vao ky tu NUL & cudi chudi.

Néu moi thit khong 6n, chung sé dit endptr trd vao ky tu dau tién c6 vin dé. Nghia 13, néu ban dang
chuyén gia tri 103z2! & hé 10, ching sé dat endptr tro vao ky td z vi do6 1a ky tu khong phai s6 dau
tién.

Ban c6 thé truyén NULL cho endptr néu khéng mudén lam kiéu kiém tra 16i do.

Khoan—tdi vita noi 1a ching ta c6 thé chi dinh co s6 cho viéc chuyén ddi a? Dung roi! Dung, t6i noi
vay. Ma cd s6° thi ndm ngoai pham vi tai liéu nay ro6i, nhung chic chdn mét s6 cd s6 quen thudc hon la
nhi phéan (cd 6 2), bat phan (cd s6 8), thap phén (co s6 10), va théap luc phan (co s6 16).

Ban c6 thé chi dinh c6 s6 d& chuyén d6i lam tham s thii ba. Cac cd s6 tii 2 dén 36 dudc hd trg, véi cac
chii s6 khong phén biét hoa thudng chay tu 0 t6i z.

Néu ban chi dinh ¢6 s61a 0, ham sé ¢8 géng tu xac dinh nd. Mic dinh 14 ¢6 s6 10 trit vai tridng hgp:
Chuyén nhi phan 1a mdéi trong C23!

« Néu s6 bat dau bdng 6b hodc 0B, né sé la nhi phan (cd s6 2)
« Néu s6 bat ddu bang 0, n6 sé 1a bat phan (cd sd 8)
« Néu s6 bat dau bang 0x ho#c X, né sé 1a hex (cd s6 16)

Locale c6 thé anh hudng dén hanh vi cta cdc ham nay.

Gia tri tra vé
Tra vé gia tri da chuyén déi.
endptr , néu khong phai NULL , dudc dit tré vao ky tu khong hop 1é dau tién, hodc vao diu chudi néu

khong c6 chuyén déi nao dudce thuc hién, hodc vao ky tu NUL két thic chudi néu tit ca ky tu déu hop
1é.

Néu c6 tran s8, mdt trong cac gié tri sau sé dudc tra vé: LONG_MIN , LONG_MAX , LLONG MIN, LLONG MAX,
ULONG_MAX , ULLONG MAX . Va errno dudc dat thanh ERANGE .

Vidu

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

int main(void)

{
// Té&'t ca’ output o° hé thap phédn (co s6” 10)
printf("sld\n", strtol("123", NULL, 0)); // 123
printf("sld\n", strtol("123", NULL, 10)); // 123
printf("sld\n", strtol("101010", NULL, 2)); // nhi phén, 42
printf("sld\n", strtol("123", NULL, 8)); // bat phéan, 83
printf("sld\n", strtol("123", NULL, 16)); // hex, 291
printf("sld\n", strtol("0123", NULL, 0)); // bat phéan, 83
printf("sld\n", strtol("06x123", NULL, 0)); // hex, 291

char *badchar;
long int x = strtol(" 1234beej", &badchar, 0);

Shttps://en.wikipedia.org/wiki/Radix
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printf("Value is %ld\n", x); // Value is 1234
printf("Bad chars at \"%s\"\n", badchar); // Bad chars at "beej"

Output:

123

123

42

83

291

83

291

Value is 1234

Bad chars at "beej"

Xem thém

atoi() , strtod(), setlocale(), strtoimax() , strtoumax()

24.6 rand()

Tra vé mot s§ gia ngau nhién

Synopsis

#include <stdlib.h>

int rand(void);

Mb6 ta

Ham nay tra vé mot s6 gia ngiu nhién trong khoang 0 t6i RAND MAX , bao gom ca hai dau. ( RAND_MAX
sé toi thiéu 1 32767.)

Néu mudn ép nd vao mdt khoang nhit dinh, cach cd dién la dung toan ti modulo %, du viéc nay c6
gy ra bias? néu RAND MAX+1 khong phai boi s ciia s6 ban chia du. Xii ly chuyén nay ndm ngoai pham

vi guide nay.

Néu mudn tao mot s ddu phdy dong gitta 0 va 1 bao gdm ca hai, ban ¢ thé chia két qua cho
RAND_MAX . Hodc RAND_MAX+1 néu khong mudn bao gobm 1. Nhung tat nhién, ciing c6 nhiing vin
dé ngoai pham vi niia®.

Tém lai, rand() la cach tuyét voi dé 18y cac s6 ngau nhién c6 thé té mot cach dé dang. Chéc cling du
dung cho tro6 chdi ban dang viét.

Spec ndi rd thém:

Khong c6 ddm bao nao vé chat lugng ctia chudi ngau nhién dugc sinh ra va mot s§ implementation
dudc biét 1a sinh ra cic chudi véi cic bit thap kém ngiu nhién dén mic dang lo. Ung dung c6
yéu cau riéng nén dung bo sinh dugc biét la du t6t cho nhu ciu ctia ching.

“https://stackoverflow.com/questions/10984974/why-do-people-say-there-is-modulo-bias-when-using-a-random-number-
generator
Shttps://mumble.net/~campbell/2014/04/28/uniform-random-float
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Hé théng ctia ban chic c6 bd sinh s6 ngAu nhién t6t néu ban cin nguén manh hon. Ngusi dung Linux
c6 getrandom() , vi du viy, va Windows c6 CryptGenRandom() .

Véi cac cong viéc s6 ngau nhién doi hdi cao hon, ban c6 thé thdy mét thu vién nhu GNU Scientific
Library® hitu ich.

Véi da s6 implementation, cic s6 do rand() sinh ra sé giéng nhau qua cac lan chay. D€ khic phuc, ban
can bat dau n6é 6 mot vi tri khac béing cch truyén mot seed vao bo sinh s§ ngau nhién. Ban c6 thé lam
viéc nay v8i srand() .

Gia tri tra vé
Tra vé mot s8 ngau nhién trong khoang @ t6i RAND_MAX , bao gom ca hai dau.

Vidu

Luu y rang tat ca cic vi du nay déu khong sinh ra phan phéi hoan toan déu. Nhung du t6t cho mét
ngudi khong luyén, va thuc su rat phé bién trong st dung chung khi chat lugng s6 ngau nhién trung
binh la chap nhan dudc.

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

int main(void)

{
printf("RAND MAX = %d\n", RAND MAX);
printf("0 to 9: %d\n", rand() % 10);
printf("10 to 44: %d\n", rand() % 35 + 10);
printf("0 to 0.99999: %f\n", rand() / ((float)RAND MAX + 1));
printf("10.5 to 15.7: %f\n", 10.5 + 5.2 * rand() / (float)RAND_MAX);
}

Output trén may téi:

RAND_MAX = 2147483647

0 to 9: 3

10 to 44: 21

0 to 0.99999: 0.783099
10.5 to 15.7: 14.651888

Vi du seed cho RNG bing thdi gian:

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

int main(void)

{
// time(NULL) gé&'n nhu cha’c cha’n tra’ vé' sé’ gidy ké’ tu
// ngay 1 thdng 1 nam 1970:

srand(time(NULL));

for (int i = 0; i < 5; i++)
printf("sd\n", rand());

Shttps://www.gnu.org/software/gsl/doc/html/rng.html
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Xem thém

srand()

24.7 srand()

Seed bd sinh s6 gia ngau nhién c6 sin

Synopsis

#include <stdlib.h>

void srand(unsigned int seed);

Mo ta

Bi mat nho nhd bén thiu ctia viéc sinh s6 gia ngiu nhién la ching hoan toan x4c dinh (deterministic).
Khéng c6 gi ngiu nhién vé ching ca. Chung chi tréng ngiu nhién thoi.

Néu ban ding rand() va chay chudng trinh nhiéu lan, ban c6 thé thidy mot chuyén dang ngd: chung
sinh ra cling cc s6 ngau nhién lip di lap lai.

Dé thay d6i, chiing ta can cho bd sinh s6 gia ngiu nhién mot “diém bt ddu” méi, goi 1a vay. Ching ta

goi do la seed. N6 chi 1a mét s6, nhung né dudc dung lam nén tang cho viéc sinh s tiép theo. Cho seed

khéc, ban s& c6 diy s6 ngau nhién khac. Cho seed gidng nhau, ban sé c6 cliing diy s6 ngiu nhién tuong

ting’.

Nén néu ban goi srand(3490) trudc khi bat dau sinh s6 v6i rand() , ban s& c6 cung diy moi lan.

srand(37) ciing sé cho ban cung ddy mdi lan, nhung d6 sé 1 day khac véi ddy ban c6 tit srand(3490) .
Nhung néu ban khéng thé hardcode seed (vi lam vay sé& cho ban ciing diy méi lan), thi ban 1am thé nao?
R4t phd bién 1a dung s6 gidy ké tlii ngdy 1 thang 1 nim 1970 (ngay nay dudc biét dén 1a Unix epoch®)
dé seed cho bd sinh. Cai nay nghe c6 vé kha tuy tién nhung thuc ra d6 chinh x4c 1a gia tri ma da s6
implementation tra vé tii 16i goi thu vién time(NULL) °.

Chung ta s€ lam vay trong vi du.

Néu ban khong goi srand() , né nhu thé ban da goi srand(1) .

Gia tri tra vé

Khong tra vé gi!

Fan ctia Minecraft c6 thé nhd ring khi tao thé giéi méi, ho dude cho tuy chon nhap vio mét seed s6 ngau nhién. Gié tri duy
nhit d6 dugc dung dé sinh ra toan bo thé giéi ngiu nhién d6. Va néu ban ctia ban bit d4u thé gidi véi ciing seed ban ding, ho sé
nhén dudc cung thé gidi ban co.

8https://en.wikipedia.org/wiki/Unix_time

9Spec ctia C khong quy dinh chinh xac time(NULL) s& tra vé gi, nhung spec POSIX thi c6! Va gin nhu ai ciing tra vé ding
tht do: s6 gidy ké ti epoch.


https://en.wikipedia.org/wiki/Unix_time
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Vidu

#include <stdio.h>
#include <stdlib.h>
#include <time.h> // cho loi goi time()

int main(void)
{
srand(time(NULL));

for (int i = 0; i < 5; i++)
printf("sd\n", rand() % 32);

Output:

20
22
14

Output ti lan chay tiép theo:

19
0

31
31
24

Xem thém

rand() , time()

24.8 aligned_alloc()

Cép phat bo nhé dudc cin chinh cu thé

Synopsis

#include <stdlib.h>

void *aligned alloc(size t alignment, size t size);

Mb6 ta
C6 1é ban mudn dung malloc() ho#c calloc() thay vicai nay. Nhung néu chic chin la khong, doc
tiép!

Binh thudng ban khong can nghi vé chuyén nay, vi malloc() va realloc() ca haidéu cung cip viung
bd nhé dude cin chinh!® phu hgp dé dung véi bat ky kiéu dii liéu nao.

Nhung néu ban cin cin chinh cu thé hdn, ban c6 thé chi dinh né v4i ham nay.

Ohttps://en.wikipedia.org/wiki/Data_structure_alignment
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Khi xong viéc v6i ving bd nhd, nhé gidi phong né bang mot 15i goi free() .
Duing truyén 0 cho size. N6 chic khong lam gi ban muén dau.

Néu ban thic mic, tit ca bd nhd cdp phat dong déu dudce hé thdng tu dong giai phong khi chudng trinh
két thic. Du vay, viéc free() ro rang moi thi ban da cip phat dudc coi la Good Form (phong cach tot).
Céch nay céc 1ap trinh vién khéac sé khong nghi ban ciu tha.

Gia tri tra vé
Tra vé con tro t6i vung bo nhd viia duge cip phat, can chinh nhu yéu ciu. Tra vé NULL néu c6 gi d6
sai.

Vi du
#include <stdio.h>
#include <stdlib.h>
#include <stdint.h>
int main(void)
{
int *p = aligned alloc(256, 10 * sizeof(int));
// Cho vui, chuyé’n sang intptr t va mod véi 256
// dé&’ chd’c cha’n ching ta that su can chi’nh trén bién 256 byte.
//
// Chuyén nay cha’c la mot kié’u hanh vi do implementation dinh nghia,
// nhung téi ca la né hoat dbng.
intptr t ip = (intptr_t)p;
printf("sld\n", ip % 256); // 0!
// Gia'i phdng
free(p);
}
Xem thém

malloc() , calloc(), free()

24.9 calloc(), malloc()

Cap phat bo nhé dé dung tuy y

Synopsis

#include <stdlib.h>
void *calloc(size t nmemb, size t size);

void *malloc(size t size);
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Mo ta
C4 hai ham nay déu cap phat b nhé cho muc dich chung. Ving nhé sé dudc cin chinh sao cho c6 thé
dung luu trii bat ky kiéu dit liéu nao.

malloc() cép phéat chinh x4c s byte bo nhé dudce chi dinh trong mot khéi lién tuc. Vung bo nhé ¢
thé day dii liéu rac. (Ban c6 thé xoa n6 bang memset() , néu mudn.)

calloc() thikhac & chd né cép phat chd cho nmemb d&i tugng, mdi cai size byte. (Ban c6 thé lam
diéu tudng tu v6i malloc() , nhung ban phai tu nhéan.)

calloc() c6 thém tinh nang: né xo04 toan bo bo nhé vé 0 .
Nén néu ban dinh sao ciing zero out b nhd, calloc() c6 lé 1a Iua chon dung. Néu khong, ban c6 thé
tranh chi phi d6 bang cach goi malloc() .
Khi xong viéc v6i vung bd nhd, giai phong nd bang mot 16i goi free() .
Duing truyén 0 cho size. N6 chic khong lam gi ban muén dau.

Néu ban thic mic, tt ca b nhd cip phat dong déu duge hé thong tu dong giai phong khi chudng trinh
két thac. Du vay, viéc free() ro rang moi thi ban da cip phat dudc coi la Good Form (phong céch tot).
Céch nay cac lap trinh vién khac sé& khong nghi ban cdu tha.

Gia tri tra vé

Ca hai ham tra vé con tré t6i bd nhd méi toanh, sdng bong viia duge cidp phat. Hodc NULL néu cb
chuyén gi d6 xay ra.

Vidu

So sanh malloc() va calloc() khicdp phat5 int:

#include <stdlib.h>

int main(void)
{
// C&°p phat ché™ cho 5 int
int *p = malloc(5 * sizeof(int));

plo]
pl1]

12;
30;

// C&’p phat ché™ cho 5 int
// (P6'ng thoi xo0a bd nhé dé vé' 0)
int *q = calloc(5, sizeof(int));

qlo]
qlll]

12;
30;

// Xong ré'i
free(p);
free(q);

Xem thém

aligned alloc() , free()
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2410 free()

Giai phong mot vung bo nhé

Synopsis

#include <stdlib.h>

void free(void *ptr);

Mo ta
Ban biét con tré ban nhan dugce tit malloc() , calloc() , hodc aligned alloc() chi? Ban truyén

con tro d6 cho free() dé gidi phong bd nhd gin véi no.

Néu ban khéng lam vay, bo nhé sé van dudc cap phat MAT MAT! (O, cho dén khi chuong trinh thoat, du
sao di niia.)

Su that tha vi: free(NULL) khong lam gi ca. Ban c6 thé goi n6 an toan. Dai khi diéu d6 tién.

Diling free() mot con tré di dudc free() trudc do. Pling free() mot con tré ma ban khéng nhan
dudc tlii mot trong cdc ham cip phat. Nhu vay sé 1a Bad'!.

Gia tri tra vé

Khéng tra vé gi!

Vi du
#include <stdlib.h>
int main(void)
{
// Ca’p phat ché™ cho 5 int
int *p = malloc(5 * sizeof(int));
pl[0] = 12;
pll] = 30;
// Gia’i phéng ché~ dé
free(p);
}
Xem thém

malloc() , calloc() , aligned alloc()

24.11 realloc()

D6i kich thude mot viing bd nhé da cip phat trude do

U“Thii tuéng tugng moi su song nhu ban biét diing ngay lap tiic va moi phan tit trong cd thé ban né tung 6 t6c d6 anh sang.”
—Egon Spengler



20

21

22

23

24
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Synopsis

#include <stdlib.h>

void *realloc(void *ptr, size t size);

Mo ta
Ham nay 1y mot con tr6 t6i viing b nhé da cdp phat trude d6 v6i malloc() hodc calloc() va doi
kich thuéc né thanh kich thuéc méi.

Néu kich thudc méi nhoé hon kich thuée cii, phén dit liéu vugt qua kich thudc mdi sé bi loai bo.

Néu kich thudc méi 16n hon kich thudce ¢, phan 16n hon méi sé khong duge khéi tao. (Ban c6 thé xo4
noé bang memset() .)

Luu ¥ quan trong: bd nhd ¢ thé bi di chuyén! Néu ban dai kich thude, hé thong cé thé can chuyén bo
nhé sang mot khoi lién tuc 16n hon. Néu chuyén nay xay ra, realloc() sé sao chép dii liéu cii sang vi
tri méi cho ban.

Vi chuyén nay, viéc luu gié tri tra vé vao con trd cia ban dé cAp nhat vi tri méi khi c6 di chuyén 1a quan
trong. (Ciing nhé kiém tra 16i dé khong ghi dé con tro cii bdng NULL , gay ro ri bo nhd.)

Ban cling c6 thé relloc() bd nhd cip phat béi aligned alloc() , nhung no c6 thé mit can chinh néu
khdi bi di chuyén.

Gia tri tra vé

Tra vé con tré t6i ving b nhé da déi kich thudc. N6 ¢6 thé bing v6i ptr truyén vao, hodc c6 thé & vi

tri khac.

Vidu

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

int main(void)
{
// Cé&°p phdt ché™ cho 5 int
int *p = malloc(5 * sizeof(int));

12;
30;

pLo]
pl1]

// Realloc cho 10 byte
int *new p = realloc(p, 10 * sizeof(int));

if (new p == NULL) {
printf("Error reallocing\n");

} else {
p=newp; //0'nréi; giit lai théi
pl71 = 99;

}

// Xong

free(p);
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Xem thém

malloc() , calloc()

24.12 abort()

Keét thic chuong trinh dot ngdt

Synopsis

#include <stdlib.h>

_Noreturn void abort(void);

Mo ta
Ham nay két thuc viéc thuc thi chuong trinh khong binh thudng va ngay lap tic. Dung né trong nhiing
tinh huéng hiém va bat ngs.

Céc stream dang mg c6 thé khong dudc flush. File tam da tao c6 thé khong bi xo4. Exit handler khong
dugc goi.

M3 thoat khac 0 dudc tra vé moi trudng.
Trén mot s6 hé théng, abort() cé thé dump core!?, nhung chuyén nay nim ngoai pham vi spec.

Ban c6 thé gy ra tuong duong abort() bang cich goi raise(SIGABRT) , nhung t6i khong biét vi sao
ban lai lam vay.

Céch portable duy nhit d€ diing mot 181 goi abort() gitia chling 14 dung signal() dé bit SIGABRT

roi exit() trong signal handler.

Gia tri tra vé

Ham nay khéng bao gid tra veé.

Vidu

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

int main(void)

{
int bad thing = 1;

if (bad_thing) {
printf("This should never have happened!\n");
fflush(stdout); // ba’m ba’o théng diép ra duoc
abort();

Trén may téi, output la:

Zhttps://en.wikipedia.org/wiki/Core_dump
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1

2

4
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This should never have happened!
zsh: abort (core dumped) ./foo

Xem thém

signal()

24.13 atexit(), at_quick_exit()

béng ky handler chay khi chudng trinh thoat

Synopsis

#include <stdlib.h>

int atexit(void (*func)(void));

int at quick exit(void (*func)(void));

Mb6 ta

Khi chuong trinh thoat binh thudng biang exit() ho#c return ti main() , nd sé tim cic handler da
dang ky trudc d6 dé goi trén dudng ra. Cac handler nay dugce dang ky bang 15i goi atexit() .

C nghi n6 nhu 13, “Nay, lac chuén bi thoat, 1am miy viéc thém nay nhé”

V6ildigoi quick exit() ,bancéthé dungham at _quick exit() dédiangky handler choné'. Khong

c6 su chong chéo trong handler gitia exit() va quick exit() , tic la khi goi mot ham, khéng handler
nao ctia ham kia dudc kich hoat.

Ban c6 thé ding ky nhiéu handler dé chay—it nhat 32 handler dugc hd trg bsi cad exit() va

quick exit() .

Tham s§ func trong cidc ham nhin hdi la—no 1a con tro t8i mot ham d€ goi. Vé cd ban ct dit tén ham
can goi vao d6 (khong c6 diu ngodc dang sau). Xem vi du bén dudi.

Néu ban goi atexit() tu bén trong handler atexit() cua ban (hodc tudng duong trong handler
at _quick exit() ), thi khong ro liéu né c¢6 dudc goi hay khong. Vay nén hay ding ky tét ca trudce khi
thoat.

Khi thoat, cac ham sé dudc goi theo thil tu ngudc véi thi tu ching dude dang ky.
Gia tri tra vé
Cac ham nay tra vé 0 khi thanh céng, hoédc khac 0 khi that bai.

Vidu

atexit() :

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

void exit handler 1(void)

13 quick exit() khac exit() & chd file dang md c6 thé khong dudc flush va file tam c6 thé khong bi xo4.
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{
printf("Exit handler 1 called!\n");
}
void exit handler 2(void)
{
printf("Exit handler 2 called!\n");
}
int main(void)
{
atexit(exit handler 1);
atexit(exit_handler 2);
exit(0);
}
Output:

Exit handler 2 called!
Exit handler 1 called!

Va mot vi du tudng tu v6i quick exit() :

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

void exit handler 1(void)

{
printf("Exit handler 1 called!\n");
}
void exit handler 2(void)
{
printf("Exit handler 2 called!\n");
}
int main(void)
{
at_quick exit(exit_handler_1);
at_quick_exit(exit_handler_2);
quick exit(0);
}
Xem thém

exit(), quick exit()

24.14 exit(), quick_exit(), _Exit()

Thoat chuong trinh dang chay
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Synopsis

#include <stdlib.h>

_Noreturn void exit(int status);

_Noreturn void quick exit(int status);

_Noreturn void Exit(int status);

Mo ta

T&t ca cac ham nay khién chuodng trinh thoat, v4i cac miic don dep khac nhau.
exit() don dep nhiéu nhat va la cach thoat binh thudng nhit.
quick exit() la cach thd hai vé mtic d6 don dep.

_Exit() bd hét moi thi khong mot chit thi tuc va ragequit tai chd.

Goi exit() ho#c quick exit() khiéncéachandler tuonging atexit() hoic at_quick_exit() dudc
goi theo thi tu ngudc véi thi tu ching dude ding ky.

exit() sé flush tat ca stream va xo4 tat ca file tam.
quick_exit() hodc _Exit() co thé khdong lam cac thao tac lich su do.
_Exit() ciling khong goi cac at-exit handler nao ca.

Vi tat ca cadc ham, ma thoat status dudc tra vé moi trudng.

Cac ma thoat dugc dinh nghia:

Status Mo ta

EXIT_SUCCESS Thudng tra vé khi chuyén t6t dep xay ra
0 Giéng EXIT SUCCESS

EXIT FAILURE Oi khong! Chéc chin la that bai!

Gia tri dudng bat ky  Thudng chi mét loai thét bai khac

Luuy OS X: quick exit() khong dudc hd trg.

Gia tri tra vé

Khéng ham nao trong s6 nay ting tra veé.

Vidu

#include <stdlib.h>

int main(void)
{

int contrived exit type = 1;
switch(contrived exit type) {
case 1:

exit (EXIT SUCCESS);

case 2:
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// Khéng dugc hé~™ trg trong 0S X
quick exit(EXIT SUCCESS);

case 3:
_Exit(2);
}
}
Xem thém

atexit() , at quick exit()

24.15 getenv()

Lay gia tri cia mot bién moi trudng

Synopsis

#include <stdlib.h>

char *getenv(const char *name);

Mo ta

Environment (mo6i trudng) thudng cung cip cac bién duge dit trudc khi chudng trinh chay ma ban c6

thé truy cap lac runtime.

T4t nhién chi tiét cu thé tuy hé thdéng, nhung cac bién nay 1a ciip key/value, va ban c6 thé 1dy value bing

cach truyén key cho getenv() quatham sd name .

Ban khong dudc phép ghi dé chubdi tra vé.

Cai nay kha han ché trong standard, nhung OS ctia ban thudng cung cip chiic ning t6t hon.

Gia tri tra vé

Tra vé con tro téi gia tri cia bién moi trudng, hodc NULL néu bién khéng ton tai.

Vidu

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

int main(void)
{
printf("PATH is %s\n", getenv("PATH"));

Output (bi cat trong trudng hdp cta toi):

PATH is /usr/bin:/usr/local/bin:/usr/sbin:/home/beej/.cargo/bin [...]
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24.16 system()

Chay mot chuong trinh bén ngoai

Synopsis

#include <stdlib.h>

int system(const char *string);

Mo ta
Ham nay sé chay mot chuong trinh bén ngoai roi tra vé cho bén goi.

Céch n6 chay chudng trinh 1a do hé théng quy dinh, nhung thudng 14 ban c6 thé truyén cho né cai gi
d6 giong nhu ban go trén dong lénh, tim trong PATH , v.v.

Khong phai hé théng nao ciing c6 kha ning nay, nhung ban c6 thé kiém tra bang cach truyén NULL
cho system() vaxem no tra vé 0 (khong c6 command processor) hay khac 0 (c6 command processor!
Yay!)

Néu ban dang 14y input tii ngudi dung va truyén no6 cho system() , hiy cuc ky cin thin escape tit ca
ky tu dic biét cta shell (tat ca ky tu khong phai chii c4i/s6) bing diu backslash d€ ngin ké xau chay cai
gi d6 ban khong mudn.

Gia tri tra vé

Néu truyén NULL , trd vé khac 0 néu c6 command processor (ttic la system() sé hoat dong).

Ngudc lai tra vé gia tri do implementation dinh nghia.

Vidu

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

int main(void)
{
printf("Here's a directory listing:\n\n");

system("ls -1"); // Chay l1énh nay va tra’ vé’

printf("\nAll done!\n");

Output:

Here's a directory listing:

total 92
drwxr-xr-x
drwxr-xr-x

3 beej beej 4096 Oct 14 21:38 bin

2 beej beej 4096 Dec 20 20:07 examples
-rwxr-xr-x 1 beej beej 16656 Feb 23 21:49 foo
-rw-rw-rw- 1 beej beej 155 Feb 23 21:49 foo.c
-rw-r--r-- 1 beej beej 1350 Jan 27 22:11 Makefile
-rw-r--r-- 1
drwxr-xr-x 3
drwxr-xr-x 6

beej beej 4644 Jan 18 09:12 README.md
beej beej 4096 Feb 23 20:21 src
beej beej 4096 Feb 21 20:24 stage
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drwxr-xr-x 2 beej beej 4096 Sep 27 20:54 translations
drwxr-xr-x 2 beej beej 4096 Sep 27 20:54 website

All done!

24.17 bsearch()

Binary Search (c6 thé) trén mot mang déi tugng

Synopsis

#include <stdlib.h>

// Truéc C23:

void *bsearch(const void *key, const void *base,

size t nmemb, size t size,

int (*compar)(const void *, const void *));
// C23:

QVoid *bsearch(const void *key, QVoid *base,
size t nmemb, size t size,
int (*compar)(const void *, const void *));

Mb6 ta

Ham tréng dién r6 nay tim kiém mot gia tri trong mang.

N6 chic 1a binary search hodc mot kiéu tim kiém nhanh, hiéu qua ndo d6. Nhung spec khong noi ro.
Tuy nhién, mang phai dugdc sip x€p! Nén binary search c6 vé kha thi.

« key la con tro t6i gia tri cAn tim.

« base 14 con tro6 téi ddu mang—mang phai dudc sip xép!

« nmemb la s6 phan ti trong mang.

+ size la sizeof ctia mbi phén tii trong mang.

« compar la con tré t6i ham so sanh key véi cac gia tri khac.

Ham so sanh nhén key lam d6i s6 thi nhat va gia tri cin so sanh lam déi s6 thit hai. N6 nén tra vé so
am néu key nho hon gié tri, 0 néu key bing gia tri, va s6 dudng néu key 16n hon gia tri.

Kiéu nay thudng dudc tinh bing cach 13y hiéu gifia key va gi4 tri cAn so sanh. Néu phép trii dugc hd
trg.

Gié tri tra vé tt ham stremp() c6 thé dung d€ so sanh chudi.

Lan niita, mang phai dudc sap xé€p theo thi tu cia ham so sanh trudc khi chay bsearch() . May cho

ban, ban chi cin goi gsort() véicung ham so sanh d€ lo viéc nay.

N6 12 ham da dung—no sé tim bat ky kiéu mang nao cho bat ct thi gi. Danh déi la ban phai viét ham
so sanh.

Va chuyén d6 khong dang s¢ nhu nhin. Nhay xuéng vi du.
Gia tri tra vé

Ham tra vé con tro téi gia tri tim dudc, hodc NULL néu khéng tim thiy.
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Vidu
#include <stdio.h>
#include <stdlib.h>
int compar(const void *key, const void *value)
{
const int *k = key, *v = value; // Cé&'n int, khéng pha’i void
return *k - *v;
}
int main(void)
{
int a[9] = {2, 6, 9, 12, 13, 18, 20, 32, 47};
int *r, key;
key = 12; // 12 c6 trong ma’ng
r = bsearch(&key, a, 9, sizeof(int), compar);
printf("Found %d\n", *r);
key = 30; // Khbéng tim thad’y 30
r = bsearch(&key, a, 9, sizeof(int), compar);
if (r == NULL)
printf("Didn't find 30\n");
// Tim véi key khéng tén, con tro’ téi 32
r = bsearch(&(int){32}, a, 9, sizeof(int), compar);
printf("Found %d\n", *r); // Tim thad’y
}
Output:
Found 12
Didn't find 30
Found 32
Xem thém

strcmp() , gsort()

24.18 qgsort()

Quicksort (c6 thé) dii lieu

Synopsis

#include <stdlib.h>

void gsort(void *base, size t nmemb, size t size,
int (*compar)(const void *, const void *));
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Mo ta
Ham nay sé quicksort (hodc mot kiéu sip xép khac, chic ciing nhanh) mét mang dii liéu tai ch*.
Gibng bsearch() , nd khong biét gi vé dit liéu. B4t ky dit liéu nao c6 thé dinh nghia thi tu tudng déi
déu co thé sip x€p, dula int, struct, hay bat ky thi gi khac.
Ciing gidng bsearch() , ban phai cho mot ham so sanh dé€ thuc hién viéc so sanh thuc su.

« base 1a con tro t6i ddu mang can sip xép.

« nmemb la sé phén ti trong mang.

. size 1a sizeof ctia mdi phan ti.

« compar la con tro t3i ham so sanh.
Ham so sanh nhan con tro t6i hai phén ti cia mang lam doi s6 va so sanh ching. N6 nén tra vé s6 am
néu d6i s thi nhat nhoé hon d6i s thi hai, ® néu ching bang nhau, va s6 dudng néu déi s6 thi nhat
16n hon déi s6 thi hai.
Kiéu nay thudng dugc tinh bing cach 14y hiéu gitia ddi s6 thi nhat va d6i s6 thi hai. Néu phép trit dudc
h trg.
Gid tri tra vé ti ham stremp() c6 thé cung cap thi tu sip xép cho chudi.
Néu ban phai sdp xép mdt struct , chi viéc trii theo trudng cu thé ma ban muén sap xép theo.
Ham so sanh nay c6 thé dugdc dung bsi bsearch() dé tim kiém sau khi danh sach da dugc sép xép.

Dé dao ngugce thii tu sip x€p, trit d6i s6 thd hai cho ddi s§ thi nhit, tic 14 dao diu gia tri tra vé tu
compar() .

Gia tri tra vé

Khéng tra vé gi!

Vidu

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

int compar(const void *elem@, const void *eleml)

{
const int *x = elem@, *y = eleml; // Cé&'n int, khbng pha’i void
if (*x > *y) return 1;
if (*x < *y) return -1;
return 0;
}

int main(void)

int a[9] = {14, 2, 3, 17, 10, 8, 6, 1, 13};

// Sa’p xé’p danh sach

gsort(a, 9, sizeof(int), compar);

// In danh sach da sa’p xé’p

for (int 1 = 0; 1 < 9; i++)
printf("sd ", a[il);

14“Taj chd” (in-place) nghia la mang gdc s& chiia két qua; khong c6 mang méi nao dudc cip phat.
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putchar('\n'");

// Dung cing ham compar() dé’ binary search
// cho 17 (truyé'n vao nhu mét dé’i tuong khbéng tén)

int *r = bsearch(&(int){17}, a, 9, sizeof(int), compar);
printf("Found %d!\n", *r);

Output:

1236810 13 14 17
Found 17!

Xem thém

strcmp() , bsearch()

24.19 abs(), labs(), 1labs()

Tinh gia tri tuyét déi cia mét s6 nguyén

Synopsis

#include <stdlib.h>

int abs(int j);

long int labs(long int j);

long long int 1labs(long long int j);

Mo ta
Tinh gia tri tuyét d6i ctia j . Néu ban khéng nhd, d6 1a khoang cach tti j dén 0.

Noi cach khéc, néu j am, tra vé né dudi dang dudng. Néu né dudng, tra vé nd dudi dang dudng. Lic
nao cting duong. Tan hudng cudc song di.

Néu két qua khong thé biéu dién dudc, hanh vi 1a khéng xac dinh. Dic biét dé y ntia trén cta cac sé
unsigned.

Gia tri tra vé

Tra vé gia tri tuyét ddi cha j , |j|.

Vi du

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

int main(void)

{
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6 printf("|-2| = %d\n", abs(-2));
7 printf("|4| = %d\n", abs(4));
s |
Output:
|-2] =2
4] =4
Xem thém
fabs ()

24.20 div(), ldiv(), lldiv()

Tinh thudng va phan du cta hai s6

Synopsis

#include <stdlib.h>

div_t div(int numer, int denom);

ldiv_t ldiv(long int numer, long int denom);

1ldiv_t 1ldiv(long long int numer, long long int denom);

Mo ta
Cac ham nay cho ban thudng va phén du ctia mét cédp sé trong mot lan.

Chuing tra vé mot ciu trac c6 hai trudng, quot va rem, kiéu ctia chung khép véi ki€u cia numer va

denom . D& ¥ mdi ham tra vé mot bién thé khac ctia div_t .

Céc bién thé div_t nay tucng dudng véi:

typedef struct {
int quot, rem;
} div_ t;

typedef struct {
long int quot, rem;
} ldiv_t;

typedef struct {
long long int quot, rem;
} lldiv_t;

Tai sao lai dung mdy cai nay thay vi toan tu chia?
C99 Rationale néi:
Vi C89 ¢6 ngii nghia do implementation dinh nghia cho phép chia s nguyén c6 diu khi c6 toan

hang 4m, div va ldiv,va lldiv trong C99, dudc phat minh dé cung cip ngii nghia dugc xac
dinh 13 cho chia va phép du s6 nguyén c6 d4u. Ngit nghia dugc 1ay giong nhu trong Fortran. Vi
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cac ham ndy tra vé ca thudng va phan du, ching cling dong vai tro 14 cich tién 16i d€ mo hinh
hiéu qua phin cling bén dudi tinh ca hai két qua nhu mét phén ctia cung thao tac. Bang 7.2 tom
tit ngli nghia cta cac ham nay.

That vay, K&R2 (C89) nobi:
I Hudng truncation cho / va dau ctia két qua cho % phu thudc may véi toan hang am [...]

Rationale sau d6 tiép tuc néi rd dau ctia thuong va phan du sé 1a gi cho trudc dau cia ti va mau khi
dung cac ham div() :

numer denom quot rem
+ + + +
— + — J—
+ — — +
— — + —

Gia tri tra vé
Mot cdu truc div_t, ldiv_t, hodc 1ldiv_t véi cic trudng quot va rem chia thudng va phan du

cta phép toan numer/denom .

Vidu

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

int main(void)

{
div t d = div(64, -7);
printf("64 / -7 = %d\n", d.quot);
printf("64 %% -7 = %d\n", d.rem);
}
Output:
64 / -7 = -9
64 % -7 =1
Xem thém

fmod() , remainder()

24.21 mblen()

Tra vé s6 byte ciia mot ky tu multibyte

Synopsis

#include <stdlib.h>

int mblen(const char *s, size t n);
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Mo ta
Néu ban c6 mot ky tu multibyte trong mdt chudi, hAm nay sé cho ban biét n6 dai bao nhiéu byte.

n la s6 byte téi da mblen() sé quét trudc khi bo cudc.

Néu s lacontrd NULL ,kiém tra xem encoding ndy c6 phu thudc trang thai khong, nhu da néi 8 phan
gia tri trd vé bén dudi. N6 clng reset trang thai, néu co.

Hanh vi cia ham nay chiu anh hudéng béi locale.

Gia tri tra vé

Tra vé s6 byte duge dung dé ma hoa ky tu nay, hodc -1 néu khong c6 ky tu multibyte hgp 1é trong n
byte tié€p theo.

Hodc, néu s la NULL, tra vé true néu encoding nay c6 phu thudc trang thai.

Vi du

Cho vi du, t6i dung bd ky tu md rong dé dit ky tu Unicode vao source. Néu cai nay khong hoat dong
v6i ban, dung escape \UXXXX .

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

int main(void)

{
setlocale(LC _ALL, "");
printf("State dependency: %d\n", mblen(NULL, 0));
printf("Bytes for €: %d\n", mblen("€", 5));
printf("Bytes for \u00e9: %d\n", mblen("\u00e9", 5)); // \ube9 == é
printf("Bytes for &: %d\n", mblen("&", 5));
}

Output (trong trudng hgp cta tdi, encoding 14 UTF-8, nhung ctia ban c6 thé khac):

State dependency: 0
Bytes for €: 3
Bytes for é: 2
Bytes for &: 1

Xem thém

mbtowc() , mbstowcs()) , setlocale()

24.22 mbtowc()

Chuyén mot ky tu multibyte thanh ky tu rong
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Synopsis

#include <stdlib.h>

int mbtowc(wchar t * restrict pwc, const char * restrict s, size t n);

Mo ta

Néu ban c6 mot ky tu multibyte, ham nay sé chuyén né thanh ky tu rong va luu tai dia chi do pwc tro
t6i. T6i da n byte ctia ky tu multibyte sé dudc phén tich.

Néu pwc 1a NULL , ky tu két qua sé khong dudc luu. (Hitu ich khi chi mudn 14y gia tri tra veé.)

Néu s lacontrd NULL ,kiém tra xem encoding ndy c6 phu thudc trang thai khong, nhu da néi 8 phan
gia tri tra vé bén dudi. N6 cling reset trang thai, néu co.

Hanbh vi ctia ham nay chiu anh hudng béi locale.

Gia tri tra vé
Tra vé s6 byte dudc dung trong ky tu rong da ma ho4, hodc -1 néu khong cé ky tu multibyte hgp 1é
trong n byte tiép theo.

Travé 0 néu s tro téi ky tu NUL.

Hodc, néu s la NULL, tra vé true néu encoding nay c6 phu thudc trang thai.

Vidu

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

int main(void)
{
setlocale(LC ALL, "");

printf("State dependency: %d\n", mbtowc(NULL, NULL, 0));

wchar t wc;
int bytes;

bytes = mbtowc(&wc, "€", 5);

printf("L'%slc' takes %d bytes as multibyte char '€'\n", wc, bytes);

Output trén may toi:

State dependency: 0
L'€' takes 3 bytes as multibyte char '€'

Xem thém

mblen() , mbstowcs() , wcstombs() , setlocale()
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24.23 wctomb()

Chuyén ky tu rong thanh ky tu multibyte

Synopsis

#include <stdlib.h>

int wctomb(char *s, wchar t wc);

Mo ta
Néu ban dang ndm trong tay mot ky tu rong, ban c6 thé dung cai nay dé bién no6 thanh multibyte.

Ky tu rong wec dudc luu dudi dang ky tu multibyte trong chudi dudc tré bsi s . Buffer ma s trod téi
nén dai it nhdt MB CUR MAX ky tu. Luuy MB _CUR MAX thay ddi theo locale.

Néu wc 1a ky tu rong NUL, mot NUL sé dudce luu vao s sau cac byte cin thiét dé reset shift state (néu
co).

Néu s lacontrd NULL , kiém tra xem encoding nay c6 phu thudc trang thai khong, nhu da noi 6 phan
gia tri tra vé bén dudi. N6 ciing reset trang thai, néu co.

Hanh vi cia ham nay chiu anh hudng béi locale.
Gia tri tra vé

Tra vé s6 byte dugc dung trong ky tu multibyte dd ma hod, hodc -1 néu wc khéng tudng tGng véi ky
tu multibyte hgp 1é nao.

Hodc, néu s la NULL, tra vé true néu encoding nay c¢6 phu thudc trang thai.

Vi du

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

int main(void)
{
setlocale(LC ALL, "");

printf("State dependency: %d\n", mbtowc(NULL, NULL, 0));

int bytes;
char mb[MB_CUR MAX + 1];

bytes = wctomb(mb, L'€");
mb[bytes] = '\0';

printf("L'€' takes %d bytes as multibyte char '%s'\n", bytes, mb);

Output trén may toi:

State dependency: 0
L'€' takes 3 bytes as multibyte char '€'




24.24. mbstowcs () 305

Xem thém

mbtowc () , mbstowcs() , wcstombs() , setlocale()

24.24 mbstowcs()

Chuyén chudi multibyte thanh chudi ky tu rong

Synopsis

#include <stdlib.h>

size t mbstowcs(wchar t * restrict pwcs, const char * restrict s, size t n);

Mo ta

Néu ban c6 mot chudi multibyte (hay chudi thudng), ban cé thé chuyén né thanh chudi ky tu réng véi
ham nay.

Téida n ky tu rong duge ghi vao dich pwes tlingudn s .

Ky tu NUL dudc luu duéi dang ky tu NUL rong.

Phan md rong POSIX khéng portable: néu ban dang dung mét thu vién tuan tha POSIX, ham nay cho
phép pwcs la NULL néu ban chi quan tim téi gia tri tra vé. Dang chu y nhét 13, viéc nay sé cho ban s6

ky tu trong chudi multibyte (trai ngudc véi strlen() dém s6 byte.)
Gia tri tra vé

Tra vé s6 ky tu rong dugce ghi vao dich pwes .

Néu tim thay ky tu multibyte khong hop 18, tra vé (size t)(-1) .

Néu gia tri trd vé 1a n , nghia la két qua khong dudc két thic bang NUL.

Vidu

Source nay dung bd ky tu mé réong. Néu compiler ctia ban khong hé trg, ban sé phai thay ching bang
escape \u .

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

int main(void)

{
setlocale(LC ALL, "");

char

wchar_t wcs[128];

*s = "€200 for this spoon?";

size t char_count, byte count;

char _count = mbstowcs(wcs, s, 128);
byte count

strlen(s);

/] 20 ky tu
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printf("Wide string: L\"%ls\"\n", wcs);
printf("Char count : %zu\n", char _count); // 20
printf("Byte count : %zu\n\n", byte count); // 22 trén mdy téi

// Ph&'n mo’ réng POSIX cho phép ban truyé'n NULL cho
// dich d@é’ chi’ dung gid tri tra’ vé' (la s6” ky tu cu’a
// chubé”i, né’u khéng cé 167i xa’y ra)

s = "§9°xn€s"; // 7 ky tu

char_count = mbstowcs(NULL, s, 0); // Chi’ POSIX, khéng portable
byte count = strlen(s);

printf("Multibyte str: \"%s\"\n", s);
printf("Char count : %zu\n", char count); // 7
printf("Byte count : %zu\n", byte_count); // 16 trén mdy toi

Output trén may t6i (sd byte sé tuy thudc vao encoding ctia ban):

Wide string: L"€200 for this spoon?"
Char count : 20
Byte count : 22

Multibyte str: "§f°xn€e"

Char count Y
Byte count : 16
Xem thém

mblen() , mbtowc() , wcstombs() , setlocale()

24.25 wcstombs()

Chuyén chudi ky tu rong thanh chudi multibyte

Synopsis

#include <stdlib.h>

size t wcstombs(char * restrict s, const wchar t * restrict pwcs, size t n);

Mo ta

Néu ban c6 chudi ky tu réng va mudén bién né thanh chudi multibyte, day 1 ham cho ban!

No sé 1y cac ky tu rdong duge pwcs trod téi va chuyén chung thanh ky tu multibyte luu vao s . Khong

qua n byte sé dudc ghivao s.

Phan mé rong POSIX khong portable: néu ban dang dung mét thu vién tuan thu POSIX, ham nay cho
phép s 1a NULL néu ban chi quan tAm t8i gia tri trd vé. Dang chd y nhét, viéc nay sé cho ban s byte

can thiét @& ma ho4 cac ky tu rong thanh chudi multibyte.
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Gia tri tra vé
Tra vé s6 byte duge ghi vao s, hodc (size t)(-1) néu mdt trong cic ky tu khong thé ma hoa thanh
chudi multibyte.

Néu gié tri tra vé 14 n , nghia 1 két qua khong dugc két thic bdng NUL.

Vi du

Source nay dung bd ky tu mé rong. Néu compiler ctia ban khong hd trg, ban sé phai thay chiing bang
escape \u.

#include <stdio.h>
#include <stdlib.h>
#include <locale.h>
#include <string.h>
int main(void)
{
setlocale(LC ALL, "");
char mbs[128];
wchar_t *wcs = L"€200 for this spoon?"; // 20 ky tu
size t byte_ count;
byte count = wcstombs(mbs, wcs, 128);
printf("Wide string: L\"%ls\"\n", wcs);
printf("Multibyte : \"%s\"\n", mbs);
printf("Byte count : %zu\n\n", byte count); // 22 trén mdy téi
// Phé&'n mo’ réng POSIX cho phép ban truyé'n NULL cho
// dich dé’ chi’ ding gid tri tra’ vé' (la s6” ky tu cu’a
// chubé”i, né’u khéng cé 167i xa’y ra)
wcs = L"§9°=n€e"; // 7 ky tu
byte count = wcstombs(NULL, wcs, 0); // Chi’ POSIX, khéng portable
printf("Wide string: L\"%ls\"\n", wcs);
printf("Byte count : %zu\n", byte count); // 16 trén mdy téi
}

Output trén may toi (s6 byte sé tuy thudc vao encoding ctia ban):

Wide string: L"€200 for this spoon?"
Multibyte : "€200 for this spoon?"
Byte count : 22

Wide string: L"§f°+m€e"
Byte count : 16

Xem thém

mblen() , wctomb() , mbstowcs() , setlocale()
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24.26 memalignment()

Synopsis
MGdi trong C23!

#include <stdlib.h>

size t memalignment(const void * p);

Mo ta

Ham nay sé cho ban biét memory alignment (cin chinh bd nhd) (tinh bing byte) ctia d6i tugng dudgc tro
téi.

Y tudng 1a ching ta sé& 1ay dudc ciing thong tin nhu khi dung alignof , chi khéc la ching ta c6 thé lam
viéc d6 v8i void* khong co kiéu.

Va ban c¢6 thé mudn lam diéu nay vi dii liéu cin chinh sai ¢6 thé chdm hon hodc khong dung dugc trén
nhiéu nén tang.

Gia tri tra vé

Tra vé cin chinh dang s6 nguyén cua p, sé la luy thia ctia 2. Tra vé 0 néu truyén vao NULL .

0 nghia la con tro khong thé dung dé truy cip doi tugng cta bat ky kiéu nao.

Vidu
(Luu y: chua cé compiler nao ctia téi hd trg ham nay, nén doan code phan 16n chua dudc test.)

Dé xuit cho tinh ning nay ggi y ring modt macro c6 thé hiiu ich d€ x4c dinh xem con tré cé can chinh
t6t cho mot kiéu cu thé hay khong, nén chiing ta sé an cap cai d6 lam vi du:

#include <stdio.h>

#include <stdalign.h>

#include <stdlib.h>

#define isaligned(P, T) (memalignment (P) >= alignof(T))

void check(void *p)

{
printf("slu %lu\n", memalignment(p), alignof(int));
if (isaligned(p, int)) {
puts("The pointer p is well-aligned for an int! :)");
// Nén téi thoa’i madi lam thé’ nay:
int *i = p;
*i = 3490;
} else
puts("The pointer p is poorly-aligned for an int! :(");
}

int main(void)
{
char *p = malloc(10);
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check(p);
check(p + 1);
}
Xem thém

alignof() , alignas() , max align t
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Chapter 25

<stdnoreturn.h> Macro Cho Ham
Khong Tra Vé

Header nay cung cdp mdt macro noreturn la bi danh tién tay cho _Noreturn .

Dung macro nay dé bao cho compiler biét mdt ham sé khéng bao gid tra vé chd goi. Undefined behavior
néu ham dudc danh ddu nhu vy ma van tra ve.

Vi du st dung:

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

noreturn void foo(void) // Ham nay khbéng bao gio nén return!

{
printf("Happy days\n");
exit(1); // Va né khéng return--né exit o’ day!
}
int main(void)
{
foo();
}
C6 vy thoi.

311



312 Chapter 25. <stdnoreturn.h> Macro Cho Ham Khong Trd Vé



Chapter 26

<string.h> Thao Tac Chuoéi

Ham Mo ta

memccpy () Sao chép mét vung bd nhé sang vung khac, diung
lai tai mét ky tu dugc chi dinh.

memchr () Tim lan xuit hién dau tién cta mot ky tu trong bo
nhé.

mememp () So sanh hai viing b6 nhé.

memcpy () Sao chép mot vung bd nhé sang vung khac.

memmove () Di chuyén mét viing bo nhé (c6 thé chong nhau).

memset () Dit mot vung bd nhd vé mot gia tri.

memset_explicit() Dét mot vung bd nhd vé mot gia tri theo cach
khong thé bi t&i vu hod bo di.

strcat() Concatenate (ndi) hai chudi lai véi nhau.

strchr() Tim lan xuat hién dau tién ctia mot ky tu trong
chusbi.

strcmp() So sanh hai chudi.

strcoll() So sanh hai chudi c6 tinh dén locale.

strepy() Sao chép mot chudi.

strcspn() Tim d9 dai cia moét chudi khong chtia mot tap
cac ky tu nao do.

strdup() Nhén ban mét chudi trén heap.

strerror() Tra vé thong bao 16i dé doc ting v6i mot ma cho
trude.

strlen() Tra veé do dai cia mot chudi.

strncat() Concatenate (n6i) hai chudi, c6 giéi han d6 dai.

strncmp() So sanh hai chudi, c6 giéi han d6 dai.

strncpy() Sao chép hai chubi, c6 gi6i han do dai.

strndup() Nhan ban mét chudi trén heap, c6 gidi han d6 dai.

strpbrk() Tim trong chudi mot trong cac ky tu ctia mot tap
hgp.

strrchr() Tim lan xuat hién cu6i cing ctia mét ky tu trong
chudi.

strspn() Tim d9 dai ctia modt chudi chi gom mét tap cac ky
tu.

strstr() Tim mot chudi con trong mot chubi.

strtok() Téach chubi thanh cac token.

strxfrm() Chuén bi mot chudi dé so sanh nhu thé bing

strcoll() .
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Nhu da nhéc tii s6m trong guide, mot string (chudi) trong C 1a mot chudi cac byte trong bd nhé, dudc
két thtic bang mot ky tu NUL (“ \0 ’). Cai NUL & cudi rat quan trong, vi n6 cho tat ca cac ham chudi
nay (va printf() va puts() va moithii khic cé dinh ddng dén chubi) biét diém két thic thuc su ctia
chudi & dau.

May thay, khi ban thao tac v6i mot chudi béng mot trong rit nhiéu ham c6 sn nay, ching sé tu thém
null terminator (két thic bang NUL) gitp ban, nén thuc ra hiém khi ban phai tu theo déi né. (Doi lac
ban ciing phai lam, d4c biét néu ban dang tu tay dung mot chudi tit ddu bing cach thém ting ky tu mot
hoic dai loai vay.)

Trong muc nay ban s& tim thy cidc ham dé 14y chubi con ra khéi chudi, concatenate (n6i) cac chudi véi
nhau, 14y d6 dai (length) ctia mét chudi, van van va may may.

26.1 memcpy(), memccpy(), memmove()

Sao chép byte tii vi tri nay sang vi tri khac trong b nhé

Synopsis

memccpy () la méi trong C23!

#include <string.h>

void *memcpy(void * restrict sl, const void * restrict s2, size t n);

void *memccpy(void * restrict sl, const void * restrict s2, int c,
size t n);

void *memmove(void *sl, const void *s2, size t n);

Mo ta
May ham nay sao chép bd nhé—bao nhiéu byte ban muén ciing dugc! Tu nguén sang dich, véi sb byte
ma ban chi dinh!

memccpy () cho ban thém mot tuy chon: diing lai sau khi gdp moét ky tu nhét dinh trong nguén.

Khaéc biét chinh gitia cdc bién thé memcpy () va memmove() la cai trudc khong thé sao chép an toan cac
vung bo nhé overlap (chong) nhau, con cai sau thi cé.

T6i khong chéc vi sao ban lai mudn diing memcpy () thay vi memmove() , nhung toi dodn chic nd nhanh
hon mét chut.

Céc tham s6 c6 thi tu dic biét: dich trudc, roi dén ngudn. Téi nhd thi tu nay vi nd gidng nhu mot phép
gan “ = ”: dich ndm & bén trai.

Gia tri tra vé

Ca hai ham déu tra vé dung cai ban truyén vao 6 tham sd sl cho tién.

Vi du

#include <string.h>

int main(void)
{
char s[100] = "Goats";
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char t[100];
memcpy(t, s, 6); // Sao chép bdé nhé khdéng ché ng nhau

memmove(s + 2, s, 6); // Sao chép bd nhé ché ng nhau

Xem thém

strcpy() , strncpy()

26.2 strcpy(), strncpy()

Sao chép mot chudi

Synopsis

#include <string.h>
char *strcpy(char *dest, char *src);

char *strncpy(char *dest, char *src, size t n);

Mo ta
M4y ham nay sao chép mot chudi tii mot dia chi sang dia chi khac, diing lai tai null terminator trén

chudi src.

strncpy() cling gidng strcpy() , chi khicla chi n ky tu dau dudc sao chép thuc su. Cin than nhé:

néu ban cham téi gidi han n truéc khi gdp null terminator trén chudi src, chudi dest ctia ban sé&
khéng dugc NUL-terminated (két thiic bing NUL). Can than! CAN THAN!

(Néu chubi src coithon n ky tu, né hoat dong ding nhu strcpy() .)

Ban c6 thé tu minh két thiic chudi béng cach nhét '\@' vao:

char s[10];
char foo = "My hovercraft is full of eels."; // nhié'u hon 10 ky tu

strncpy(s, foo, 9); // chi’ chép 9 ky tu vao vi tri 0-8
s[9] = '\0'; // vi tri 9 nhén ky tu ké’'t thic

Gia tri tra vé

Ca hai ham déu tra vé dest cho tién, khéng tinh thém phi gi.

Vidu

#include <string.h>

int main(void)

{
char *src = "hockey hockey hockey hockey hockey hockey hockey hockey";
char dest[20];




316 Chapter 26. <string.h> Thao Tac Chudi

int len;
strcpy(dest, "I like "); // dest gio la "I like "
len = strlen(dest);

// hoi héc bua, nhung ta dung chiut sé” hoc con tro’ dé’ append

// dugc cang nhié'u src vao cué’i dest cang té’t, -1 trong d6 dai dé’
// chira ch6™ cho ky tu ké’'t thic:

strncpy(dest+len, src, sizeof(dest)-len-1);

// nhé rdng sizeof() tra’ vé' kich thuéc cu’a ma’ng theo byte
// va mot char la mét byte:
dest[sizeof(dest)-1] = '\0'; // ké’t thic chub"i

// dest gio la: v null terminator
// I like hockey hocke
// 01234567890123456789012345

Xem thém

memcpy() , strcat(), strncat()

26.3 strdup(), strndup()

Nhén ban (duplicate) mot chudi trén heap

Synopsis
Mdi trong C23!

#include <string.h>

char *strdup(const char *s);

char *strndup(const char *s, size t size);

Mo ta
Cai nay giong strcpy() , chi khac 1a né tu cdp phat chd cho chudi méi, nhu thé dudc lam bing

malloc() .

Con tré t6i chudi nhan ban ma né tra vé nén dudc giai phong bang mot Ian goi free() khi ban dung
xong.

strndup() hoat dong tudng tu, chi khac la ban c6 thé gii han s byte dudc duplicate. strndup()
luén tao ra mdt chudi NUL-terminated.

Gia tri tra vé
Ca hai ham déu tra vé con tré t6i chudi méi dudgc tao, hogic NULL néu khong cap phat dude bd nhé cho
ban nhéan ban.
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Vidu

Day 1a vi du nhan ban mot chudi roi viét hoa chii cdi ddu ctia ban nhan ban.
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#include
#include
#include
#include

<string.h>
<stdio.h>
<stdlib.h>
<ctype.h>

char *dup cap(const char *s)

{
char *d = strdup(s);
if (d !'= NULL)
d[0] = toupper(d[0]);
return d;
}
int main(void)
{
char *s = dup_cap("hello, world!");
if (s != NULL)
puts(s); // Hello, world!
else
puts("Error duplicating string");
free(s);
}
Xem thém

strcpy() , strncpy(), malloc(), free()

26.4 strcat(), strncat()

Concatenate (ndi) hai chudi thanh mot chudi duy nhat

Synopsis

#include

int strcat(const char *dest, const char *src);

int strncat(const char *dest, const char *src, size t n);

<string.h>

Mo ta

“Concatenate”, cho ai chua biét, nghia 1a “dan vao nhau”. May ham ndy nhén hai chudi, din chtng lai,
roi luu két qua vao chudi dau tién.

Cac ham nay khong tinh dén kich thuéc ctia chudi thii nhit khi néi. Dich ra thuc t& nghia 1a ban c6
thé ¢4 nhét mot chudi 2 megabyte vio mot chd chi c6 10 byte. Piéu nay sé din dén hau qua ngoai y
mudn, trif khi ban ¢6 y dan dén hau qua ngoai y muédn, trong trudng hop d6 né sé dan dén hau qua
ngoai-y-mudn-mot-cach-co-chu-y.
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Gat chuyén dua ki thuat sang mot bén, sép va/hodc gido su clia ban sé ndi dién.

Néu ban muén chic chin khong tran chudi dau tién, hiy kiém tra d6 dai ctia cac chubi truée va dung
mot phép tru cuc ky cao siéu d€ ddm bao moi thi via vin.

Thuc ra ban c6 thé chi concatenate n ky tu d4u ctia chubi thi hai bing cach dung strncat() va chi
dinh s6 ky tu tdi da cin sao chép.

Gia tri tra vé

Ca hai ham déu tra vé mét con trd t6i chudi dich, nhu hiu hét cac ham xti ly chudi khac.

Vi du

#include <stdio.h>

#include <string.h>

int main(void)

{
char dest[30] = "Hello";
char *src = ", World!";
char numbers[] = "12345678";
printf("dest before strcat: \"%s\"\n", dest); // "Hello"
strcat(dest, src);
printf(“"dest after strcat: \"%s\"\n", dest); // "Hello, world!"
strncat(dest, numbers, 3); // strcat 3 ky tw da'u cu’a numbers
printf("dest after strncat: \"%s\"\n", dest); // "Hello, world!123"

}

DE y t6i c6 tron 1an ky phap con tro va mang 6 6 v6i src va numbers ; v6i cac ham chudi thi chuyén
do6 khong sao ca.

Xem thém

strlen()

26.5 strcmp(), strncmp(), memcmp()

So sanh hai chudi hodc hai viing bo nhé va tra vé phan chénh léch

Synopsis

#include <string.h>
int strcmp(const char *sl, const char *s2);
int strncmp(const char *sl, const char *s2, size t n);

int memcmp(const void *sl, const void *s2, size t n);
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Mo ta
T4t ca cAc ham nay déu so sanh cac khoi byte trong bd nhé.

strcmp() va strncmp() lam viéc véi chudi NUL-terminated, trong khi memcmp() sé so sanh dting s6
byte ban chi dinh, bé di moi ky tu NUL ma n6 v6 tinh gdp trén dudng.

strcmp() so sanh toan bo chudi dén cudi, con strncmp() chiso sanh n ky tu dau cta cac chudi.
Gia tri ching tra vé hoi ky ky. Vé cd ban né 13 phan chénh léch clia cac chudi, nén néu cac chudi giong
nhau thi né tra vé 0 (vi chénh léch bing 0). N6 sé& tra vé khac 0 néu cac chudi khac nhau; vé ¢ ban né sé

tim ky tu dau tién khong khdp va tra vé gia tri nho hon 0 néu ky tu d6 trong sl nho hon ky tu tuong
Ung trong s2 . N6 sé tra vé gia tri 16n hon 0 néu ky tu d6 trong sl 16n hon trong s2 .

Vay néu chung tra vé 0 , phép so sanh 1a bing nhau (ttic 1a chénh léch bing 0 .)

Cac ham nay c6 thé dung 1am ham so sanh cho gsort() néu ban c6 mdt mang cac char* can sip xép.

Gia tri tra vé

Tra vé 0 néu cac chudi hay cac viing bo nhé giong nhau, nho hon 0 néu ky tu khac biét dau tién trong
s1 nho hon ky tu tuong ting trong s2 , ho#c 16n hon 0 néu ky tu khac biét dau tién trong sl 16n hon

trong s2.

Vidu

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

int main(void)

{
char *sl = "Muffin";
char *s2 = "Muffin Sandwich";
char *s3 = "Muffin";
int rl = strcmp("Biscuits", "Kittens");

printf("%d\n", rl); // in ra < 0 vi 'B' < 'K'

int r2 = stremp("Kittens", "Biscuits");
printf("s%d\n", r2); // in ra > 0 vi 'K' > 'B'

if (strcmp(sl, s2) == 0)
printf("This won't get printed because the strings differ\n");

if (strcmp(sl, s3) == 0)
printf("This will print because sl and s3 are the same\n");

// hoi la...nhung né’u céc chué”i gi6é’'ng nhau, né sé tra’ vé'
// 0, ma ciing cé thé’ hié’u la "false". Not-false

// la "“true", nén (!strcmp()) sé la true né’u cadc chubé”i gid 'ng
// nhau. U, ky that, nhung ban sé thd 'y céi nay sué 't ngoai doi
// nén ctt quen déd'n di:

if (!strcmp(sl, s3))
printf("The strings are the same!\n");

if (!strncmp(sl, s2, 6))
printf("The first 6 characters of sl and s2 are the same\n");
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Xem thém

memcmp () , gsort()

26.6 strcoll()

So sanh hai chudi c6 tinh dén locale

Synopsis

#include <string.h>

int strcoll(const char *sl, const char *s2);

Mo ta
DAy vé coban la stremp() , chi khac la né xti ly cac ky tu c6 dau tét hon tuy theo locale.

Vidu, stremp() cua toi béo rang ky tu “é” (c6 dau) 16n hon “f”. Nhung chuyén d6 ching c6 miy tac
dung cho viéc sép xép theo bang chit cai.

Bang cich set gié tri locale LC_COLLATE (theo tén ho#ic qua LC_ALL ), ban c6 thé khién strcoll() s&p
x€p theo cach c6 y nghia hon véi locale hién tai. Vi du, ¢6 “é” xuat hién mot cach tu té€ trude “f”.

N6 cling chAm hon stremp() kha kha nén chi dung khi bat budc. Xem strxfrm() dé c6 cach ting tdc
tiém nang.

Gia tri tra vé
Gidng cac ham so sanh chudi khac, strcoll() tra vé gia tri &m néu s1 nhé hon s2, hoic gia tri
duong néu sl 16nhon s2 . Hodc 0 néu ching bing nhau.

Vidu
#include <stdio.h>
#include <string.h>
#include <locale.h>
int main(void)
{
setlocale(LC ALL, "");
// Né’u bd ky tu ngué'n cu’a ban khéng hé~ tro "é" trong chud”i
// ban cé thé’ thay bdng ‘\ub0e9', 1& code point Unicode
// cu’a "é".
printf("%sd\n", strcmp("é", "f")); // Bado é > f, e.
printf("%sd\n", strcoll("é", "f")); // Bao é < f, hoan hé!
}
Xem thém

strcmp()
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26.7 strxfrm()

Chuyén déi (transform) mot chudi dé so sanh dua trén locale

Synopsis

#include <string.h>

size t strxfrm(char * restrict sl, const char * restrict s2, size t n);

Mo ta

Day 1a mot ham be bé ky la, nén chiu kho theo t6i nhé.

Trudc tién, néu ban chua lam quen, hay tim hiéu strcoll() vi cai nay lién quan mét thiét téi né.

OK! Gi6 ban da quay lai, ban c6 thé nghi vé strxfrm() nhu phin dau trong rudt caa strcoll() . Vé

co ban, strcoll() phai transform (chuyén d6i) mot chudi sang mot dang c6 thé dem so sanh bing
stremp() . VA no 1am viéc nay bing strxfrm() cho ca hai chudi méi Ian ban goi.

strxform() 14y chudi s2 va transform né (chuin bi cho strcmp() ) luu két qua vao sl. N6 ghi

khong qua n byte, bao vé ta khoi nhiing vu tran buffer (buffer overflow) kinh khing.

Nhung khoan—con mét ché do khac niia! Néu ban truyén NULL cho sl va 0 cho n, nd sé tra vé
s6 byte ma chudi da transform déang ra sé can'. Cai nay hiiu ich khi ban cin cip phat sdn chd dé chta
chubi da transform trudc khi stremp() né véi chudi khac.

Y to6i 14, néi thing ra, strcoll() cham so v6i stremp() . N6 phai lam thém rét nhiéu viéc khi chay

strxfrm() trén tit ca cac chudi.

Thuc té, ta c6 thé thiy cach né hoat ddong bang cach tu viét mot ban nhu thé nay:

int my strcoll(char *sl1, char *s2)

{
// Ding n = 0 dé’ chi’ 14"y d6 dai cu’a cdc chué”i dd transform
int lenl = strxfrm(NULL, s1, 0) + 1;
int len2 = strxfrm(NULL, s2, 0) + 1;
// C&°p phét du’ ché~ cho mbé~i chud”i
char *d1 = malloc(lenl);
char *d2 = malloc(len2);
// Transform cadc chu6”i dé’ so sdnh
strxfrm(dl, sl1, lenl);
strxfrm(d2, s2, len2);
// So sanh cdc chué”i da transform
int result = strcmp(dl, d2);
// Gia’i phdéng céc chué”i d& transform
free(d2);
free(dl);
return result;

}

IN6 luén tra vé s6 byte ma chudi da transform chiém, nhung trong trudng hop nay vi s1 1a NULL , n6 khéng thuc su ghi ra
mbt chudi da transform.
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Ban thay & dong 12, 13 va 16 phia trén, ta transform hai chudi input r6i goi strcmp() trén két qua.
Vay tai sao ta c6 ham nay? Khong thé cii goi strcoll() cho xong chuyén a?

Y tudng 1a: néu ban c6 mot chudi sé dudc dem so sanh véi rat nhiéu chudi khac, c6 1& ban chi muén
transform chudi d6 mot lan, réi dung strcmp() nhanh hon dé tiét kiém ca dong cong viéc ta da phai
lam trong ham phia trén.

Ta sé lam diéu do trong vi du.

Gia tri tra vé

Tra vé s6 byte ctia chudi da transform. Néu gia tri 16n hon n , két qua trong s1 khéng c6 ¥ nghia.

Vidu

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

// Transform mt chué”i dé’ so sanh, tra’ vé' ké’'t qua’ d&d malloc
char *get_xfrm_str(char *s)

{
int len = strxfrm(NULL, s, 0) + 1;
char *d = malloc(len);
strxfrm(d, s, len);
return d;
}

// Lam mdt nu’a cbébng viéc cu’a strcoll() théng thuong vi chué”™i thi hai
// da duoc transform sa“n khi truyé'n vao.
int half strcoll(char *sl, char *s2 transformed)

' char *sl1 transformed = get xfrm str(sl);
int result = strcmp(sl transformed, s2 transformed);
free(sl transformed);
return result;

}

int main(void)
setlocale(LC ALL, "");

// Transform trudc chué”i dung dé’ so sénh
char *s = get xfrm str("éfg");

// So sanh lap di lap lai véi "éfg"

printf("sd\n", half_strcoll("fgh", s)); // "fgh" > "éfg"
printf("%d\n", half_strcoll("abc", s)); // "abc" < "éfg"
printf("sd\n", half strcoll("hij", s)); // "hij" > "éfg"

free(s);
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Xem thém

strcoll()

26.8 strchr(), strrchr(), memchr()

Tim mot ky tu trong chudi

Synopsis

// Pre-C23:

#include <string.h>

char *strchr(char *str, int c);

char *strrchr(char *str, int c);

void *memchr(const void *s, int c, size t n);

// C23:

QChar *strchr(QChar *s, int c);

QChar *strrchr(QChar *s, int c);

QVoid *memchr(QVoid *s, int c, size t n);

Mo ta
Cac ham strchr() va strrchr lan lugt tim lan xuét hién dau tién hodc cudi cung cua mot chit cai

~ K

trong chudi. (Chit “r” thia trong strrchr() la viét tit cua “reverse” (ngugc)—n6 bat dau tim tit cudi
chudi va di ngugc vé.) Mdi ham tra vé con trd t6i char d6, hosic NULL néu khong tim thdy chii cai trong
chubi.

memchr() tudng tu, chi khac la thay vi diing lai 6 ky tu NUL dau tién, no tiép tuc tim trong bao nhiéu
byte ban chi dinh.

Kha thang thin.
Mot viéc ban c6 thé lam néu mudn tim 1an xuAt hién tiép theo ctia ky tu sau khi tim dudc lan d4u, 1a goi

lai ham véi gia tri tra vé trude d6 cong mot. (NhG sé hoc con trod chi?) Hodc tri mot néu ban tim ngudc.
Diing 16 tay di qua cudi chudi!

Gia tri tra vé

Tra vé con trd téi noi xudt hién cta ky tu trong chudi, hodc NULL néu khéng tim thay ky tu.
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Vi du
#include <stdio.h>
#include <string.h>
int main(void)
{
// "Hello, world!"
7/ A A A
// A B C
char *str = "Hello, world!";
char *p;
p = strchr(str, ',"); // p gio tro’ vao vi tri A
p = strrchr(str, '0'); // p gio tro’ vao vi tri B
p = memchr(str, '!', 13); // p gio tro’ vao vi tri C
// tim ldp lai td't ca’ cdc l&'n xud’t hién cu’a chit 'B'
str = "A BIG BROWN BAT BIT BEEJ";
for(p = strchr(str, 'B'); p != NULL; p = strchr(p + 1, 'B')) {
printf("Found a 'B' here: %s\n", p);
}
}
Output:
Found a 'B' here: BIG BROWN BAT BIT BEEJ
Found a 'B' here: BROWN BAT BIT BEEJ]
Found a 'B' here: BAT BIT BEEJ
Found a 'B' here: BIT BEEJ
Found a 'B' here: BEEJ
26.9 strspn(), strcspn()

Tra vé d6 dai ctia mét chudi chi gom mot tap cac ky tu, hodc khéng thudc mot tap cac ky tu

Synopsis

#include <string.h>

size t strspn(char *str, const char *accept);

size t strcspn(char *str, const char *reject);

Mo ta

strspn() sé cho ban biét d6 dai cia mdt chudi chi gom toan bd cac ky tu trong tip accept . Tic 13,

n6 bat dau di doc str cho dén khi tim thdy mot ky tu khong ndm trong tap (nghia la mot ky tu khong
dudc chip nhan), rdi tra vé do dai ctia chubi tinh dén dé.
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strecspn() hoat dong tudng tu, chi khéc la né di doc str cho téi khi tim thdy mot ky tu trong tip

reject (tap loai trli—nghia 1a mot ky tu can bi loai bo.) Réi no tra vé dd dai cia chudi tinh dén do.

Gia tri tra vé
D6 dai ctia chubi gom toan bd ky tu trong accept (v6i strspn() ), ho#ic d6 dai ctia chudi gom toan bd

ky tu khong thudc reject (v6i strcspn() )

Vidu

#include <stdio.h>

#include <string.h>

int main(void)

{
char strl[] = "a banana";
char str2[] = "the bolivian navy on maenuvers in the south pacific";
int n;
// €6 bao nhiéu chit cdi trong strl truéc khi gap thit khéng pha’i nguyén am?
n = strspn(strl, "aeiou");
printf("%d\n", n); // n==1, chi’ "a"
// €6 bao nhiéu chit cdi trong strl truéc khi gdp thi khéng pha’i a, b,
// hay khoa’ng trd’'ng?
n = strspn(strl, "ab ");
printf("sd\n", n); // n == 4, "a ba"
// €6 bao nhiéu chit cdi trong str2 truéc khi gap "y"?
n = strcspn(str2, "y");
printf("%d\n", n); // n = 16, "the bolivian nav"

}

Xem thém

strchr() , strrchr()

26.10 strpbrk()

Tim trong chudi mot trong cc ky tu ctia mot tap hop

Synopsis

#include <string.h>

// Pre-C23:

char *strpbrk(const char *sl, const char *s2);
// C23:

QChar *strpbrk(QChar *sl, const char *s2);




326 Chapter 26. <string.h> Thao Tac Chudi

Mo ta

Ham nay tim trong chudi s1 bat ky ky tu nio c6 trong chudi s2 .

N6 gidng cich strchr() tim motky tu cu thé trong mét chudi, chi khac 1a né sé khép bdt ky ky tu nao
co trong s2 .

Nghi vé stic manh d6 di!

Gia tri tra vé

Tra vé con trd t6i ky tu dau tién duge khdp trong sl , hodc NULL néu khong tim thay.

Vidu
#include <stdio.h>
#include <string.h>
int main(void)
{
// p tro’ vao day sau strpbrk
// v
char *sl1 = "Hello, world!";
char *s2 = "dow!"; // Khép bad’'t ky ky tu nao trong s6  nay
char *p = strpbrk(sl, s2); // p tro’ vao chit o
printf("%ss\n", p); // "o, world!"
}
Xem thém

strchr() , memchr()

26.11 strstr()

Tim mét chudi trong mdt chudi khac

Synopsis

#include <string.h>

// Pre-C23:

char *strstr(const char *str, const char *substr);

// C23:

QChar *strstr(QChar *sl, const char *s2);

Mo ta
Gia st ban c¢6 mdt chudi dai loéing ngoing, va ban mudn tim mot tii, ho#c bat ky chubi con nao khién
ban thich thi, bén trong chudi dau tién. Vay thi strstr() la danh cho ban! N6 s& tra vé con tré téi

substr ndm trong str !
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Gia tri tra vé
Ban nhén lai mét con tro6 t6i noi xuét hién cta substr béntrong str,hoic NULL néukhong tim thiy
chudi con.

Vidu
#include <stdio.h>
#include <string.h>
int main(void)
{
char *str = "The quick brown fox jumped over the lazy dogs.";
char *p;
p = strstr(str, "lazy");
printf("%s\n", p == NULL? "null": p); // "lazy dogs."
// p la NULL sau dong nay, vi chudé”i "wombat" khbéng cdé trong str:
p = strstr(str, "wombat");
printf("%s\n", p == NULL? "null": p); // "null"
}
Xem thém

strchr() , strrchr(), strspn(), strcspn()

26.12 strtok()

Tach chudi thanh cac token

Synopsis

#include <string.h>

char *strtok(char *str, const char *delim);

Mo ta

Néu ban c6 moét chudi chiia mot déng dau phan cach, va ban muén chia chudi dé thanh tiing mu riéng,
ham nay c6 thé lam viéc d6 cho ban.

Céach dung hoi ky ky, nhung it ra méi khi ban thdy ham nay ngoai ddi, n6 déu ky mot cach nhat quan.

Veé co ban, lan d4au tién goi no, ban truyén chudi str ban muén chia ra lam tham s6 dau tién. Cho mdi
lan goi tiép theo dé 1y thém token tli chudi, ban truyén NULL . Hoi ky, nhung strtok() ghinhé chudi
ban dau ban di truyén vao, va tiép tuc 16t cac token ra cho ban.

Luu y rdng no lam viéc nay bang cach thuc sy dit mot null terminator sau token, roi tra vé con tro t6i
dau token. Vi vay chubi géc ban truyén vao bi pha huy, c6 thé néi thé. Néu ban can giii chudi nguyén,
hay chic chin truyén mot ban sao ctia né vao strtok() dé chudi géc khong bi pha.

Gia tri tra vé

Con tro téi token tiép theo. Néu hét token, NULL sé dugc tra veé.
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Vi du
#include <stdio.h>
#include <string.h>
int main(void)
{
// chia chué”i thanh mét loat t&r duoc phédn tédch bo’i khoa’ng tra’ng
// hodc dé’u céu
char str[] = "Where is my bacon, dude?";
char *token;
// Luu y cadi céd’u tric if-do-while sau ddy réd’t ré’t ré’t rdé’t réa’t
// phé’ bié’n khi ding strtok().
// 14’y token dd‘'u tién (nhé da’m ba’o cé mét token da'u tién!)
if ((token = strtok(str, ".,?! ")) != NULL) {
do {
printf("Word: \"%s\"\n", token);
// gio, dié'u kién tié’p tuc cu’a while 147y
// token ké  tié’'p (bdng cdch truyéd'n NULL lam tham sb6  d& u)
// va tié’p tuc né’u token khbéng pha’i NULL:
} while ((token = strtok(NULL, ".,?! ")) != NULL);
}
}
Output:
Word: "Where"
Word: "is"
Word: "my"
Word: "bacon"
Word: "dude"
Xem thém

strchr() , strrchr(), strspn(), strcspn()

26.13 memset(), ‘memset_explicit

Dit mot vung bd nhd vé mot gia tri nhat dinh

Synopsis

memset explicit() la mditrong C23!

#include <string.h>

void *memset(void *s, int c, size t n);

void *memset explicit(void *s, int c, size t n);
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Mo ta

Ham nay 14 thd ban ding dé dat mot viing bo nhé vé mot gia tri cu thé, cu thé la ¢ duge chuyén sang
unsigned char .

Céch dung phd bién nhat 1a d€ zero out (dit vé 0) mot mang hodc modt struct .

memset_explicit() chikhac & chd né s& khong bao gid bi t6i uu hoa bé di (nhu memset () c6 thé bi).
Y tudng 1a ban c6 thé dung né dé xo sach thong tin nhay cam (nhu mat khau) khéi b nhé truée khi
dam hacker kho ua nao dé cham tay vao.

Gia tri tra vé

memset() va memset explicit() tra vé ding cai ban truyén vaolam s cho tién vui vé.

Vidu
#include <stdio.h>
#include <string.h>
int main(void)
{
struct banana {
float ripeness;
char *peel color;
int grams;
};
struct banana b;
memset (&b, 0, sizeof b);
printf("sd\n", b.ripeness == 0.0); // True
printf("sd\n", b.peel color == NULL); // True
printf("%d\n", b.grams == 0); // True
}
Xem thém

memcpy () , memmove()

26.14 strerror()
Lay phién ban chudi ctia mét ma 16i

Synopsis

#include <string.h>

char *strerror(int errnum);

Mo ta
Ham nay gin rét chit véi perror() (ham in théng bao 16i dé doc tucng ting véi errno ). Nhung thay

viinra, strerror() trd vé con trd t6i chudi thong bao 16i tuy theo locale.
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Nén néu ban vi ly do nao dé cin cai chudi d6 (vi du ban dinh fprintf() no ra file chdng han), ham
ndy sé dua n6 cho ban. Ban chi cn truyén errno lam d6i s6. (Nhé rdng errno dudc set lam trang
thai 16i bdi rat nhiéu ham khac nhau.)

Thuc ra ban c6 thé truyén s6 nguyén bat ky vao errnum tuy y. Ham sé tra vé mgt thong bao nao do,
ké ca khi s6 d6 khong ting v6i gia tri errno da biét nao.

CAc gia tri ctia errno va cac chudi dudc strerror() tra vé phu thudc vao hé théng.
Gia tri tra vé
Mot chudi théng bao 16i ting véi ma 16i cho trude.

Ban khong dudc phép chinh stia chubi dudc tra ve.

Vidu

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

int main(void)

{
FILE *fp = fopen("NONEXISTENT FILE.TXT", "r");
if (fp == NULL) {
char *errmsg = strerror(errno);
printf("Error %d opening file: %s\n", errno, errmsg);
}
}
Output:

Error 2 opening file: No such file or directory

Xem thém

perror()

26.15 strlen()

Tra vé do dai cia mot chudi

Synopsis

#include <string.h>

size t strlen(const char *s);

M6 ta
Ham nay tra vé d6 dai cia chudi null-terminated dudc truyén vao (khong tinh ky tu NUL & cudi). N6

lam diéu nay béng cch di doc chudi va dém byte cho t6i ky tu NUL, nén né hdi tén thsi gian mét chit.
Néu ban phai 14y d6 dai ctia ciing mét chudi nhiéu lan, hay iu né vao mét bién dau doé.
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Gia tri tra vé

331

Tra vé s6 byte trong chudi. Luu ¥ rdng con s6 nay c6 thé khac véi s6 ky tu trong mot chudi multibyte.

Vidu

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

int main(void)

{
char *s = "Hello, world!"; // 13 ky tu
// in ra "The string is 13 characters long.":
printf("The string is %zu characters long.\n"
}

, strlen(s));

Xem thém



332 Chapter 26. <string.h> Thao Tac Chudi



Chapter 27

<tgmath.h> Ham Toan Type-Generic

bay 1a cac macro type-generic wrap quanh cac ham toan trong <math.h> va <complex.h>. Header

nay include ca hai cai do.

Nhung nhin bé mit, ban c6 thé nghi vé ching nhu kha niang dung, vi du, ham sqrt() véi bat ky kiéu

nao ma khong can nghi xem né 1a double hay long double hay tham chi complex .

Day la cac macro dude dinh nghia—vai cai khong c6 doi ting trong khong gian thuc hoéc phtic. Type
suffix dugc bo qua trong bang 6 cac cot Real va Complex. Khong macro generic nao c6 type suffix.

Ham Thuc Ham Phic  Macro Generic
acos cacos acos
asin casin asin
atan catan atan
acosh cacosh acosh
asinh casinh asinh
atanh catanh atanh
cos ccos cos
sin csin sin
tan ctan tan
cosh ccosh cosh
sinh csinh sinh
tanh ctanh tanh
exp cexp exp
log clog log
pow cpow pow
sqrt csqrt sqrt
fabs cabs fabs
atan2 — atan2
fdim — fdim
cbrt — cbrt
floor — floor
ceil — ceil
fma — fma
copysign — copysign
fmax — fmax
erf — erf
fmin — fmin
erfc — erfc
fmod — fmod
exp2 — exp2

333
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Ham Thuc Ham Phiic Macro Generic

frexp — frexp
expml — expml
hypot — hypot
ilogb — ilogb
ldexp — ldexp
lgamma — lgamma
1lrint — 1lrint
1lround — 1lround
log10 — logl0
loglp - loglp
log2 — log2

logb - Llogb
lrint — lrint
lround — lround
nearbyint — nearbyint
nextafter — nextafter
nexttoward — nexttoward
remainder — remainder
remquo — remquo
rint — rint
round — round
scalbn — scalbn
scalbln — scalbln
tgamma — tgamma
trunc — trunc

— carg carg

— cimag cimag

— conj conj

— cproj cproj

— creal creal

271 Vidu

Day 1a vi du ta goi ham sqrt() type-generic trén nhiéu ki€u khac nhau.

{

#include <stdio.h>
#include <tgmath.h>

int main(void)

double x = 12.8;
long double y = 34.9;
double complex z =1 + 2 * I;

double x result;
long double y result;

double complex z_ result;

// Ta goi cung ham sqrt()--né la type-generic!

x_result = sqrt(x);
y result = sqrt(y);
z result = sqrt(z);
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21
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27.1. Vidu

printf("x _result: %f\n", x_result);
printf("y result: %Lf\n", y result);
printf("z result: %f + %fi\n", creal(z result), cimag(z result));

335

Output:

x_result: 3.577709
y result: 5.907622
z result: 1.272020 + 0.7861511i
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Chapter 28

<threads.h> Cac Ham Multithreading

Ham

Mo ta

call once()
cnd_broadcast()

cnd _destroy()
cnd_init()
cnd_signal()

cnd_timedwait()
cnd wait()
mtx_destroy()
mtx_init()
mtx_lock()
mtx_timedlock()
mtx_trylock()
mtx_unlock()
thrd create()
thrd current()
thrd detach()
thrd equal()

thrd_exit()
thrd join()
thrd yield()
tss create()
tss delete()
tss get()

tss set()

Goi mot ham ding mét 1an du ¢6 bao nhiéu
thread cung thu

Danh thiic tit ca thread dang chg trén mét
condition variable

Giai phong tai nguyén cta mot condition variable
Khi tao mot condition variable dé sin sang dung
DPanh thtic mot thread dang chd trén mot
condition variable

Chg trén mdt condition variable c6 timeout

Chd mot signal trén mot condition variable

Don dep mot mutex khi xong viéc

Khéi tao mot mutex dé dung

Gianh lock trén mét mutex

Khoa mot mutex cho phép timeout

Thii khod moét mutex, tra vé ngay néu khong duge
Giai phong mot mutex khi xong critical section
Tao mét thread thuc thi méi

Lay ID ctia thread dang goi

Tu dong don dep thread khi thoat

So sanh hai thread descriptor xem c6 bédng nhau
khéng

Duing va thoat thread nay

Chd mét thread thoat

Diing chay dé céc thread khac c6 thé chay

Tao thread-specific storage méi

Don dep mot bién thread-specific storage

L4y dii liéu thread-specific

Dat dii liéu thread-specific

Cai header nay cho ching ta ca dong thit hay ho:

Threads (thread)

+ Mutex

« Condition Variable (bién diéu kién)

» Thread-Specific Storage (b6 nhd riéng cho thread)

« V4, cudi cung nhung khéng kém phén vui vé, ham call_once() ludn thu vi!

337
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Téan hudng nao!

28.1 call_once()

Goi mét ham ding mét 1an du ¢6 bao nhiéu thread cing thu

Synopsis

#include <threads.h>

void call once(once flag *flag, void (*func)(void));

Mo ta

Néu ban c6 mot dong thread cung chay trén cung doan code c¢6 goi mot ham, nhung ban chi muén ham
do6 chay dung mot lan, thi call once() c6 thé gitp ban.

Diém bat tién la ham dugc goi khong tra vé gi va khong nhin tham s6 nao ca.

Néu cin nhiéu hon thé, ban sé phai tu dat mot ¢S threadsafe, kiéu nhu atomic_flag , hodc mot c§ dudc

bao vé bang mutex.

Dé dung dugc no, ban cin truyén vao mot con tro t81 ham cin thuc thi, func, va cd mot con tré téi ¢
kiéu once flag .

once flag la kiéu opaque, nén tit cd nhiing gi ban can biét 1a ban khéi tao n6 bing gia tri
ONCE_FLAG INIT.

Gia tri tra vé

Khéng tra vé gi ca.

Vidu

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

once _flag of = ONCE_FLAG_INIT; // Kho'i tao nhu thé’” nay
void run_once function(void)

{
printf("I'll only run once!\n");

int run(void *arg)
{
(void)arg;
printf("Thread running!\n");

call once(&of, run once function);

return 0;
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#define THREAD COUNT 5
int main(void)
{
thrd t t[THREAD COUNT];
for (int i = 0; i < THREAD COUNT; i++)
thrd create(t + i, run, NULL);
for (int i = 0; i < THREAD COUNT; i++)
thrd join(t[il, NULL);
}

Output (c6 thé khac giiia cac lan chay):

Thread running!
Thread running!
I'll only run once!
Thread running!
Thread running!
Thread running!

28.2 cnd_broadcast()

Danh thiic tit ca thread dang chd trén mot condition variable

Synopsis

#include <threads.h>

int cnd broadcast(cnd t *cond);

Mb6 ta
Ham nay giéng hét cnd_signal() & chd no danh thiic cic thread dang chd trén mot condition variable...
khéc biét 1a thay vi chi khéu day mdt thread, né danh thiic toan bo.

Tat nhién, chi mot thread sé 1y dudc mutex, va may thread con lai phai chd dén lugt. Nhung thay vi
ngt dé chd signal, ching sé ngt dé€ chd gianh lai mutex. N6i cach khac, chung d3 s&n sang nhay vao
cudc.

Diéu nay tao nén khac biét trong mot tinh hudng cu thé ma cnd_signal() c6 thé d€ ban ket ciing.

Néu ban dua vao céc thread tiép theo d€ phat cnd_signal() ké tiép, nhung cnd wait() cta ban lai

ndm trong vong while ! khéng cho thread nao thoat ra dudc, ban sé ket ludén. Khong con thread nao
dudc danh thic ti viéc chd niia.

Nhung néu ban cnd_broadcast() , tit ca thread déu dugc danh thic, va gia dinh la it nh4t mot trong

s6 do sé dugc phép thoat khoi vong while , r6i né lai broadcast cho lan danh thtc tiép theo khi xong
viéc.

Gia tri tra vé

Tra vé thrd success hodc thrd error tuy theo moichuyén dién ra thé nao.

!Puing ra nén nhu vay vi c6 spurious wakeup.
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Vi du

Trong vi du duéi day, ching ta khéi dong mot dong thread, nhung ching chi duge phép chay néu ID

cta chung khép v6i ID hién tai. Néu khong, chung quay lai chg.

Néu ban dung cnd_signal() dé danh thtic thread tiép theo, c6 thé n6 khong phai la thread c6 ID dung
dé chay. Néu khong phai, n6 quay lai ngi va ching ta treo (vi khong con thread nao dang thic dé goi
cnd_signal() lan niia).

Nhung néu ban cnd broadcast() dé danh thiic tit ca, tit ca chung sé lan lugt thu thoat khoi vong

while . Va mot trong s6 d6 sé thanh cong.

Thit d6i cnd broadcast() sang cnd signal() dé thiy deadlock c6 kha nang xay ra. Khong xay ra
mdi lan, nhung thudng 1a cé.

#include <stdio.h>
#include <threads.h>
cnd_t condvar;
mtx_ t mutex;
int run(void *arg)
{
int id = *(int*)arg;
static int current id = 0;
mtx_lock(&mutex) ;
while (id != current _id) {
printf("THREAD %d: waiting\n", id);
cnd wait(&condvar, &mutex);
if (id != current_id)
printf("THREAD %d: woke up, but it's not my turn!\n", id);
else
printf("THREAD %d: woke up, my turn! Let's go!\n", id);
}
current id++;
printf("THREAD %d: signaling thread %d to run\n", id, current_id);
//cnd _signal(&condvar);
cnd _broadcast(&condvar) ;
mtx_unlock(&mutex) ;
return 0;
}
#define THREAD COUNT 5
int main(void)
{
thrd t t[THREAD COUNT];
int id[]1 = {4, 3, 2, 1, 0};
mtx_init(&mutex, mtx plain);
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cnd_init(&condvar);

for (int i = 0; i < THREAD_COUNT; i++)
thrd create(t + i, run, id + 1i);

for (int 1 = 0; i < THREAD_COUNT; i++)
thrd _join(t[i], NULL);

mtx_destroy(&mutex);
cnd _destroy(&condvar) ;

Mot 1an chay miu v6i cnd_broadcast() :

THREAD 4: waiting

THREAD 1: waiting

THREAD 3: waiting

THREAD 2: waiting

THREAD 0: signaling thread 1 to run
THREAD 2: woke up, but it's not my turn!
THREAD 2: waiting

THREAD 4: woke up, but it's not my turn!
THREAD 4: waiting

THREAD 3: woke up, but it's not my turn!
THREAD 3: waiting

THREAD 1: woke up, my turn! Let's go!
THREAD 1: signaling thread 2 to run
THREAD 4: woke up, but it's not my turn!
THREAD 4: waiting

THREAD 3: woke up, but it's not my turn!
THREAD 3: waiting

THREAD 2: woke up, my turn! Let's go!
THREAD 2: signaling thread 3 to run
THREAD 4: woke up, but it's not my turn!
THREAD 4: waiting

THREAD 3: woke up, my turn! Let's go!
THREAD 3: signaling thread 4 to run
THREAD 4: woke up, my turn! Let's go!
THREAD 4: signaling thread 5 to run

Mot 1an chay miu v6i cnd_signal() :

THREAD 4: waiting

THREAD 1: waiting

THREAD 3: waiting

THREAD 2: waiting

THREAD 0: signaling thread 1 to run
THREAD 4: woke up, but it's not my turn!
THREAD 4: waiting

[deadlock at this point]

Thiy THREAD 0 da signal rdng t6i lugt THREAD 1 chua? Nhung—tin xdu— THREAD 4 lai 1a dtia dudc
danh thtc. Thé la khong con ai tiép tuc qua trinh. cnd_broadcast() thi sé danh thic tit ca, nén sau

cung THREAD 1 sé chay, thoat khoi while , va broadcast dé thread tiép theo chay.
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Xem thém

cnd signal() , mtx lock() , mtx unlock()
28.3 cnd_destroy()

Giai phoéng tai nguyén ctia mot condition variable

Synopsis

#include <threads.h>

void cnd destroy(cnd t *cond);

Mb6 ta

Day la cap doi nghich cia cnd _init() vanén dudc goi khi tit ca thread da dung xong mot condition

variable.

Gia tri tra vé

Khong tra vé gi cal

Vidu

Vi du condition variable téng quat & day, nhung ban c6 thé thdy cnd_destroy() & gan cudi.

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)
{
(void)arg;
mtx_lock(&mutex) ;
printf("Thread: waiting...\n");
cnd wait(&condvar, &mutex);
printf("Thread: running again!\n");

mtx_unlock(&mutex) ;

return 0;

int main(void)
thrd t t;

mtx_init(&mutex, mtx plain);
cnd_init(&condvar);
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printf("Main creating thread\n");
thrd create(&t, run, NULL);

// Ngu’ 0.1s dé’ thread kia c6 thoi gian vao trang thai cho
thrd sleep(&(struct timespec){.tv nsec=100000000L}, NULL);

mtx_lock(&mutex) ;

printf("Main: signaling thread\n");
cnd signal(&condvar);
mtx_unlock(&mutex) ;

thrd join(t, NULL);

mtx_destroy(&mutex);
cnd_destroy(&condvar); // <-- HUY’ CONDITION VARIABLE

Output:

Main creating thread
Thread: waiting...
Main: signaling thread
Thread: running again!

Xem thém

cnd _init()

28.4 cnd_init()

Khdi tao mot condition variable d€ sdn sang dung

Synopsis

#include <threads.h>

int cnd_init(cnd_t *cond);

Mo ta
Day la cip d6i nghich cia cnd_destroy() . Ham nay chuén bi mot condition variable dé dung, lam du
thi viéc hau trudng trén noé.

Diing dung mot condition variable ma chua goi ham nay trudc!
Gia tri tra vé
Néu moi chuyén sudn sé, trd vé thrd_success . Néu khong sudn sé, n6 c6 thé tra vé thrd_nomem khi

hé théng hét bd nhé, hodc thread error trong trudng hgp 16i khac.

Vidu

Vi du condition variable t6ng quat & day, nhung ban c6 thé thdy cnd_init() & dau main() .
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int

{

int

cnd
mtx_

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

t condvar;
t mutex;

run(void *arg)

(void)arg;

mtx_lock(&mutex);

printf("Thread: waiting...\n");

cnd wait(&condvar, &mutex);
printf("Thread: running again!\n");

mtx_unlock(&mutex) ;

return 0;

main(void)
thrd t t;

mtx_init(&mutex, mtx_plain);
cnd_init(&condvar);

printf("Main creating thread\n");
thrd create(&t, run, NULL);

// Ngu’ 0.1s dé’ thread kia c6é thdi gian vao trang thdi cho
thrd sleep(&(struct timespec){.tv nsec=100000000L}, NULL);

mtx_lock(&mutex) ;

printf("Main: signaling thread\n");
cnd_signal(&condvar);
mtx_unlock(&mutex) ;

thrd join(t, NULL);

mtx_destroy(&mutex);
cnd_destroy(&condvar);

// <-- KHO'I TAO CONDITION VARIABLE

Output:

Main creating thread
Thread: waiting...
Main: signaling thread

Thread:

running again!

Xem thém

cnd destroy()
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28.5 cnd_signal()

Danh thiic mot thread dang chd trén mdt condition variable

Synopsis

#include <threads.h>

int cnd signal(cnd t *cond);

Mo ta
Néu ban c6 mét thread (hodc mot ddng thread) dang chd trén mot condition variable, ham nay sé danh
thtic mot trong s6 d6 dé chay.

Sovéi cnd_broadcast() vén danh thic tt ca thread. Xem trang cnd_broadcast() dé biét thém thong
tin vé 14c nao nén dung cai kia va lic nao nén dung cai nay.

Gia tri tra vé

Tra vé thrd_success hodc thrd_error tuy xem chucng trinh ctia ban dang vui hay buon.

Vi du

Vi du condition variable tong quat ¢ day, nhung ban c6 thé thdy cnd_signal() & gitia main() .

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)

{
(void)arg;
mtx_lock(&mutex) ;
printf("Thread: waiting...\n");
cnd wait(&condvar, &mutex);
printf("Thread: running again!\n");
mtx_unlock(&mutex) ;
return 0;
}

int main(void)
thrd t t;

mtx_init(&mutex, mtx plain);
cnd_init(&condvar);

printf("Main creating thread\n");
thrd create(&t, run, NULL);
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// Ngu’ 0.1s dé’ thread kia cé thoi gian vao trang thai cho
thrd sleep(&(struct timespec){.tv nsec=100000000L}, NULL);

mtx_lock(&mutex);

printf("Main: signaling thread\n");

cnd_signal(&condvar); // <-- SIGNAL THREAD CON TAI PAY!
mtx_unlock(&mutex) ;

thrd join(t, NULL);

mtx_destroy(&mutex);
cnd_destroy(&condvar);

Output:

Main creating thread
Thread: waiting...
Main: signaling thread
Thread: running again!

Xem thém

cnd _init() , cnd destroy()

28.6

cnd_timedwait()

Chg trén mét condition variable c6 timeout

Synopsis

#include <threads.h>

int cnd_timedwait(cnd_t *restrict cond, mtx_t *restrict mtx,

const struct timespec *restrict ts);

Mo ta

Ham nay giéng cnd_wait() chikhac la ching ta dugc phép chi dinh thém mét timeout.

Luu y la thread van phai gianh lai mutex dé lam thém viéc ké ca sau khi timeout. Khac biét chinh la
cnd_wait() théng thudng chi thii gianh mutex sau khi ¢6 cnd_signal() ho#c cnd_broadcast() ,

trong khi cnd_timedwait() clng lam vay, va con thii gianh mutex sau khi timeout.

Timeout dugc chi dinh duéi dang théi gian tuyét d6i (thdi gian tuyét d6i) theo UTC tinh ti Epoch. Ban
c6 thé ldy gia tri ndy qua ham timespec_get() roi cdng thém vao két qua dé timeout mudn hon thsi

diém hién tai, nhu trong vi du.

Coi chiing chuyén ban khéng dudc cé nhiéu hon 999999999 nano gidy (nanosecond) trong trudng
tv_nsec cua struct timespec . Dung phép mod d€ ching nim trong khoang cho phép.

Gia tri tra vé

Néu thread thic day vi ly do khong phai timeout (vi du signal hay broadcast), trd vé thrd success .

Néu thiic day do timeout, tra vé thrd_timedout . Ngudc lai tra vé thrd_error .
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Vidu

347

Vi du nay cho moét thread chd trén moét condition variable t6i da 1.75 gidy. Va né ludn timeout vi cha c6

ai gtii signal ca. Bi kich.

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)

{
(void)arg;
mtx_lock(&mutex) ;

struct timespec ts;

// L&’y thoi gian hién tai
timespec get(&ts, TIME UTC);

// Céng thém 1.75 gidy ké’ tir bdy gio
ts.tv_sec += 1;
ts.tv_nsec += 750000000L;

// Xu’ ly tran nsec
ts.tv_sec += ts.tv _nsec / 1000000000L;
ts.tv_nsec = ts.tv _nsec % 1000000000L;

printf("Thread: waiting...\n");
int r = cnd_timedwait(&condvar, &mutex, &ts);

switch (r) {

case thrd success:
printf("Thread: signaled!\n");
break;

case thrd timedout:
printf("Thread: timed out!\n");
return 1;

case thrd_error:
printf("Thread: Some kind of error\n");
return 2;

mtx_unlock(&mutex) ;

return 0;

int main(void)
thrd_t t;

mtx_init(&mutex, mtx plain);
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cnd_init(&condvar);

printf("Main creating thread\n");
thrd create(&t, run, NULL);

// Ngu’ 3s dé’ thread kia cé thoi gian timeout
thrd sleep(&(struct timespec){.tv_sec=3}, NULL);

thrd_join(t, NULL);

mtx_destroy(&mutex);
cnd_destroy(&condvar);

Output:

Main creating thread
Thread: waiting...
Thread: timed out!

Xem thém

cnd wait() , timespec get()

28.7 cnd_wait()

Chd mot signal trén mét condition variable

Synopsis

#include <threads.h>

int cnd wait(cnd t *cond, mtx t *mtx);

M6 ta

Ham nay dua thread dang goi vao gidc ngu cho t6i khi n6 duge danh thiic b6i mét 16i goi cnd_signal()
hodc cnd broadcast() .

Gia tri tra vé

Néu moi thi tuyét vdi, tra vé thrd_success . Ngudc lai, né tra vé thrd_error dé béo rang c6 gi d6 da
sai nghiém trong dén miic kinh hoang.

Vi du

Vi du condition variable tong quat & day, nhung ban c6 thé thdy cnd wait() trong ham run() .

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

cnd_t condvar;
mtx_t mutex;
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int

{

int

mtx _destroy()

run(void *arg)

(void)arg;

mtx_lock(&mutex) ;

printf("Thread: waiting...\n");

cnd_wait(&condvar, &mutex); // <-- CHO' TAI PAY!
printf("Thread: running again!\n");

mtx unlock(&mutex);

return 0;

main(void)
thrd t t;

mtx_init(&mutex, mtx plain);
cnd_init(&condvar);

printf("Main creating thread\n");
thrd create(&t, run, NULL);

// Ngu’ 0.1s dé’ thread kia c6 thoi gian vao trang thdi cho
thrd sleep(&(struct timespec){.tv _nsec=100000000L}, NULL);

mtx_lock(&mutex) ;

printf("Main: signaling thread\n");

cnd_signal(&condvar); // <-- SIGNAL THREAD CON TAI PAY!
mtx_unlock(&mutex) ;

thrd_join(t, NULL);

mtx_destroy(&mutex);
cnd_destroy(&condvar) ;

349

Output:

Main creating thread
Thread: waiting...
Main: signaling thread
Thread: running again!

Xem thém

cnd_timedwait()

28.8

mtx_destroy()

Don dep mot mutex khi xong viéc
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Synopsis

#include <threads.h>

void mtx destroy(mtx_t *mtx);

Mb6 ta

Ngudc lai ctia mtx_init() , ham nay giai phéng moi tai nguyén lién quan dén mutex dudc truyén vao.
Ban nén goi ham nay khi tét ca thread da xong viéc v4i mutex do.

Gia tri tra vé

Khong tra vé gi ca, cai d6 vo on ich ky!

Vi du

Vi du mutex tong quat ¢ day, nhung ban c6 thé thdy mtx_destroy() & gan cudi.

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)
{
(void)arg;
static int count = 0;

mtx_lock(&mutex) ;

printf("Thread: I got %d!\n", count);
count++;

mtx_unlock(&mutex) ;

return 0;

#define THREAD COUNT 5
int main(void)
{
thrd _t t[THREAD COUNT];

mtx_init(&mutex, mtx plain);

for (int i = 0; i < THREAD COUNT; i++)
thrd create(t + i, run, NULL);

for (int i = 0; i < THREAD COUNT; i++)
thrd_join(t[i], NULL);

mtx_destroy(&mutex); // <-- HUY’ MUTEX TAI DAY
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Output:

Thread: I got 0!
Thread: I got 1!
Thread: I got 2!
Thread: I got 3!
Thread: I got 4!

Xem thém

mtx_init()

28.9 mtx_init()

Khéi tao mot mutex dé€ dung

Synopsis

#include <threads.h>

int mtx _init(mtx_t *mtx, int type);

Mo ta
Trudc khi ban c6 thé dung mot bién mutex, ban phai khéi tao n6 bang 18i goi nay dé chuin bi moi thi
s&n sang.

Nhung khoan! Khéng don gian thé dau. Ban phai néi cho nd biét ban muén tao type mutex loai gi.

Loai Mo ta
mtx_plain Mutex xua nay thudng thay
mtx_timed Mutex h trg timeout

mtx_plain|mtx_recursive  Mutex recursive (dé quy)
mtx_timed|mtx recursive  Mutex recursive hd trg timeout

Nhu ban thdy, ban c6 thé bién mutex plain hoic timed thanh recursive bang cach OR bit v6i
mtx_recursive .

“Recursive” nghia 1a ké dang giii lock c6 thé goi mtx_lock() nhiéu lan trén cing mot lock. (N6 phai
unlock ciing bang s6 l4n tudng dudng thi ngudi khac méi 1y duge mutex.) Diéu nay c6 thé gidp code
dé chiu hon trong mot s trudng hdp, dic biét néu ban goi mdt ham cin khoa mutex ma ban da dang
giti mutex d6 roi.

Va timeout cho thread mot cd héi thi gianh lock trong mét khoang thdi gian, roi bd cude néu khong
gianh dugc trong khung thdi gian d6. Ban dung haAm mtx_timedlock() v&i mutex kiéu mtx timed .

Gia tri tra vé
Tra vé thrd_success trong mot thé gidi hoan hao, va c6 théla thrd_error trong mot thé gidi khong
hoan hao.
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Vi du

Vi du mutex t6ng quat & day, nhung ban c6 thé thdy mtx init() & dau main() :

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)
{
(void)arg;
static int count = 0;

mtx lock(&mutex);

printf("Thread: I got %d!\n", count);
count++;

mtx_unlock(&mutex) ;

return 0;

#define THREAD_COUNT 5

int main(void)

{
thrd t t[THREAD COUNT];
mtx_init(&mutex, mtx_plain); // <-- TAO MUTEX TAI DAY
for (int i = 0; i < THREAD COUNT; i++)
thrd create(t + i, run, NULL);
for (int i = 0; i < THREAD COUNT; i++)
thrd join(t[i], NULL);
mtx_destroy(&mutex); // <-- HUY’ MUTEX TAI DAY
}
Output:

Thread: I got 0!
Thread: I got 1!
Thread: I got 2!
Thread: I got 3!
Thread: I got 4!

Xem thém

mtx destroy()
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28.10 mtx_lock()

Gianh lock trén mét mutex

Synopsis

#include <threads.h>

int mtx_ lock(mtx_t *mtx);

Mo ta

Néu ban la mét thread va muén budc vao critical section (doan t6i han), t6i ¢6 mot ham hgp y ban day!
Mot thread goi ham nay sé chd cho téi khi gianh dugc mutex, roi né sé toém lay, tinh day va chay!

Néu mutex 1a recursive va da bi khoa bdi chinh thread nay roi, né sé duge khoa lan nita va sé dém lock
sé ting 1én. Néu mutex khong phai recursive va thread da gifi n6 roi, 15i goi nay sé& béo 16i.

Gia tri tra vé

Tra vé thrd success khimoi thi tot dep va thrd error khi truc tric.

Vidu

Vi du mutex téng quat & day, nhung ban c6 thé thdy mtx_lock() trong ham run() :

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)
{
(void)arg;
static int count = 0;

mtx_lock(&mutex); // <-- KHOA TAI DAY

printf("Thread: I got %d!\n", count);
count++;

mtx_unlock(&mutex) ;

return 0;

#define THREAD COUNT 5
int main(void)
{
thrd t t[THREAD COUNT];

mtx_init(&mutex, mtx_plain); // <-- TAO MUTEX TAI DAY
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for (int i = ©; i < THREAD COUNT; i++)
thrd create(t + i, run, NULL);
for (int i = ©; i < THREAD COUNT; i++)
thrd join(t[i], NULL);
mtx_destroy(&mutex); // <-- HUY’ MUTEX TAI DAY
}
Output:
Thread: I got 0!
Thread: I got 1!
Thread: I got 2!
Thread: I got 3!
Thread: I got 4!
Xem thém

mtx_unlock() , mtx trylock() , mtx timedlock()

28.11

mtx_timedlock()

Khoa mot mutex cho phép timeout

Synopsis

#include <threads.h>

int mtx_timedlock(mtx_t *restrict mtx, const struct timespec *restrict ts);

Mo ta

Gidng hét mtx lock() chikhac la ban c6 thé thém timeout néu khong muén chd mai mai.

Timeout dugc chi dinh duéi dang thdi gian tuyét d6i theo UTC tinh tii Epoch. Ban c6 thé 13y gia tri
ndy qua ham timespec_get() roicdng thém vao két qua dé timeout mudn hon thdi di€ém hién tai, nhu
trong vi du.

Coi chiing chuyén ban khong dugc cé nhiéu hon 999999999 nano gidy trong trudng tv nsec cla

struct timespec . Dung phép mod dé ching nam trong khoang cho phép.

Gia tri tra vé

Néu moi chuyén 6n va mutex dudc gianh, trd vé thrd success . Néu timeout xay ra trudc, tra vé
thrd_timedout .

Ngoai ra tra vé thrd_error . Vi néu cha c6 gi dung thi moi thit déu sai.

Vi du

Vi du nay cho mét thread chd trén mutex toi da 1.75 gidy. Va n6 ludn timeout vi cha c6 ai gti signal ca.



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

28.11.

mtx_timedlock()

355

int

{

int

mtx_

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

t mutex;

run(void *arg)
(void)arg;

struct timespec ts;

// L&’y thoi gian hién tai
timespec get(&ts, TIME UTC);

// Céng thém 1.75 gidy ké’ tir bdy gid
ts.tv_sec += 1;

ts.tv_nsec += 750000000L;

// Xu’ ly tran nsec

ts.tv_sec += ts.tv_nsec / 1000000000L;
ts.tv_nsec = ts.tv _nsec % 1000000000L;

printf("Thread: waiting for lock...\n");
int r = mtx_timedlock(&mutex, &ts);

switch (r) {

case thrd success:
printf("Thread: grabbed lock!\n");
break;

case thrd_timedout:
printf("Thread: timed out!\n");
break;

case thrd error:
printf("Thread: Some kind of error\n");
break;

mtx_unlock(&mutex) ;

return 0;

main(void)

thrd t t;

mtx_init(&mutex, mtx plain);
mtx_lock(&mutex) ;

printf("Main creating thread\n");
thrd create(&t, run, NULL);

// Ngu’ 3s dé’ thread kia cé thoi gian timeout




356 Chapter 28. <threads.h> Cac Ham Multithreading

thrd sleep(&(struct timespec){.tv_sec=3}, NULL);
mtx_unlock(&mutex) ;
thrd join(t, NULL);

mtx_destroy(&mutex);

Output:

Main creating thread
Thread: waiting for lock...
Thread: timed out!

Xem thém

mtx lock() , mtx trylock() , timespec get()

28.12 mtx_trylock()

Thi khod mot mutex, trd vé ngay néu khong dudc

Synopsis

#include <threads.h>

int mtx_trylock(mtx_ t *mtx);

Mo ta

Ham nay hoat dong giéng hét mtx_lock chi khéc 1 n6 tra vé ngay lap tlic néu khong thé gianh duge
lock.

Spec ¢6 ghi ring c6 kha ning mtx_trylock() c6 thé that bai kiéu spurious v6i thrd busy ngay ca khi
khong c6 thread nao khac dang giti lock. Téi khong chic tai sao lai vdy, nhung ban nén viét code phong
tha chong lai diéu nay.

Gia tri tra vé

Tra vé thrd_success néu moi chuyén 6n. Hodc thrd busy néu cé thread khac dang giti lock. Hodc

thrd error , nghia la c6 gi 6 da di ding. A y t6ila “sai”.

Vidu

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

mtx_t mutex;

int run(void *arg)

{
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{

int id = *(int*)arg;
int r = mtx_trylock(&mutex); // <-- THU’ GIANH LOCK

switch (r) {
case thrd success:
printf("Thread %d: grabbed lock!\n", id);
break;

case thrd busy:
printf("Thread %d: lock already taken :(\n", id);
return 1;

case thrd error:
printf("Thread %d: Some kind of error\n", id);
return 2;

mtx_unlock(&mutex) ;

return 0;

#define THREAD COUNT 5

int main(void)

thrd_t t[THREAD COUNTI;
int id[THREAD COUNT];

mtx_init(&mutex, mtx_plain);
for (int i = 0; i < THREAD COUNT; i++) {

id[i] = i;
thrd create(t + i, run, id + 1i);

for (int 1 = 0; i < THREAD COUNT; i++)
thrd join(t[i], NULL);

mtx_destroy(&mutex);

357

Output (khac nhau giita cac lan chay):

Thread 0: grabbed lock!
Thread 1: lock already taken :(
Thread 4: lock already taken :(
Thread 3: grabbed lock!
Thread 2: lock already taken :(

Xem thém

mtx_lock() , mtx_timedlock() , mtx_unlock()
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28.13 mtx_unlock()
Giai phong mot mutex khi xong critical section

Synopsis

#include <threads.h>

int mtx_unlock(mtx_t *mtx);

Mo ta

Sau khi ban da lam xong hét mdy thii nguy hiém, noi ma cac thread lién quan khong dugdc gidm chan
lén nhau... ban c6 thé budng tay siét chit clia minh khoi mutex béng cach goi mtx_unlock() .

Gia tri tra vé

Tra vé thrd_success khithanh cong. Hodc thrd _error khildi. Khong gi sang tao 1dm trong khoan
nay.

Vi du

Vi du mutex t6ng quat & day, nhung ban c6 thé thdy mtx_unlock() trong ham run() :

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

cnd_t condvar;
mtx_t mutex;

int run(void *arg)
{
(void)arg;
static int count = 0;

mtx_lock(&mutex) ;

printf("Thread: I got %d!\n", count);
count++;

mtx_unlock(&mutex); // <-- UNLOCK TAI DAY

return 0;

#define THREAD COUNT 5
int main(void)
{
thrd t t[THREAD COUNT];

mtx_init(&mutex, mtx plain);

for (int i = 0; i < THREAD COUNT; i++)
thrd create(t + i, run, NULL);
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for (int i = 0; i < THREAD COUNT; i++)

thrd join(t[i], NULL);

mtx_destroy(&mutex);
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Output:

Thread: I got 0!
Thread: I got 1!
Thread: I got 2!
Thread: I got 3!
Thread: I got 4!

Xem thém

mtx_lock() , mtx_timedlock() , mtx_trylock()

28.14 thrd_create()

Tao mét thread thuc thi méi

Synopsis

#include <threads.h>

int thrd_create(thrd_t *thr, thrd start_t func, void *arg);

Mo ta

Gi6 thi ban c6 QUYEN NANG!

Phai khéong nao?

Day 1a cach ban khéi dong thread méi dé chuong trinh 1am nhiéu viéc cling lic?!

Dé lam dugc chuyén nay, ban cin truyén vao mot con tré t8i thrd_t sé dugc dung dé dai dién cho
thread ma ban dang spawn (tao).

Thread d6 sé bat dau chay ham ma ban truyén con trd vao qua tham sd func . Day 1a mot gia tri ki€u
thrd start t, tdcla con tro t6i mot ham trd vé int va nhin moét tham s6 void* duy nhit, vi du:

int thread run_func(void *arg)

V4, nhu ban c6 thé doan, con tré ban truyén vao thrd create() chothamsd arg sé dugc chuyén tiép

dén ham func . Day la cach ban cung cép thém théng tin cho thread khi n6 khdéi dong.

TA4t nhién, v6i arg , ban phai chic chin truyén con tré t6i mot object thread-safe hoic méi thread méot
cai riéng.

Néu thread tra vé ti ham d6, n6 thoat y nhu thé da goi thrd_exit() .

Cudi cung, gi tri ma ham func tra vé c6 thé dudc thread cha nhit bang thrd_join() .

2Um, it nhat la chiing nio ban c6 du core ranh. OS sé& lén lich cho chiing tuy kha ning.
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Gia tri tra vé

Trong trudng hdp tét dep, tra vé thrd_success . Néu ban hét bo nhd, sé tra vé thrd_nomem . Ngudc

lai, thrd error.

Vidu

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

int run(void *arg)

{
int id = *(int*)arg;
printf("Thread %d: I'm alive!!\n", id);
return id;

}

#define THREAD COUNT 5

int main(void)

{
thrd t t[THREAD COUNT];
int id[THREAD COUNT]; // M6°i thread mot cai
for (int i = 0; i < THREAD COUNT; i++) {
id[i] = i; // Truyé'n sé” tht tu thread lam ID
thrd create(t + i, run, id + 1i);
}
for (int i = 0; i < THREAD COUNT; i++) {
int res;
thrd join(t[i], &res);
printf("Main: thread %d exited with code %d\n", i,
}
}

res);

Output (c6 thé khac nhau gifia cic lan chay):

Thread 1: I'm alive!!
Thread 0: I'm alive!!
Thread 3: I'm alive!!
Thread 2: I'm alive!!
Main: thread 0 exited with code
Main: thread 1 exited with code
Main: thread 2 exited with code
Main: thread 3 exited with code
Thread 4: I'm alive!!
Main: thread 4 exited with code 4

w N = o

Xem thém

thrd exit() , thrd join()
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28.15 thrd_current()

L&y ID ctia thread dang goi

Synopsis

#include <threads.h>

thrd t thrd current(void);

Mo ta

Mbi thread c6 mot ID opaque kiéu thrd t. DAy 1a gia tri ma ta thdy dudc khéi tao khi goi
thrd create() .

Nhung néu ban muén 14y ID cta thread dang chay thi sao?

Khéng van dé gi! Goi ham nay thoi 1a né tra vé cho ban.

Dé lam gi u? Ai ma biét!

Thuc ra, thanh that ma néi, t6i c6 thé thiy n6 dudc dung & vai ché.

1. Ban c6 thé dung dé mot thread tu detach (detach) chinh minh bang thrd_detach() . Toi khong
rd tai sao ban lai mudn lam diéu nay.

2. Ban c6 thé dung dé so sanh ID cta thread hién tai v6i mot ID khac ma ban luu trong bién nao d6
bing ham thrd equal() . Céi nay nghe hgp ly nhat.

3. ..

4. Kiém 1si!

Néu ai ¢6 cach dung khac, cho tdi biét nhé.
Gia tri tra vé
Tra vé ID cua thread dang goi.

Vidu

Day 1a vi du chung chung cho thay cach 14y ID thread hién tai va so sanh v4i mot ID thread da ghi trude
d6 ro6i dua ra hanh dong kich tinh dua trén két qua! V4i su tham gia ctia Arnold Schwarzenegger!

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

thrd t first thread id;
int run(void *arg)
{
(void)arg;
thrd t my id = thrd current(); // <-- LA'Y ID THREAD CU’A TOI
if (thrd _equal(my id, first thread id))
printf("I'm the first thread!\n");
else

printf("I'm not the first!\n");

return 0;
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int main(void)
{
thrd t t;
thrd create(&first thread id, run, NULL);
thrd create(&t, run, NULL);
thrd join(first thread id, NULL);
thrd join(t, NULL);
}
J
Output:

Come on, you got what you want, Cohaagen! Give deez people ay-ah!

A khong, doi da, d6 1a cau thoai ctia Arnold Schwarzenegger trong Total Recall, mét trong nhiing phim
khoa hoc vién tudng hay nhat moi théi dai. Xem né ngay rdi quay lai doc ti€p trang tham khao nay.

Troi—két phim mdéi dinh 1am sao! Con Johnny Cab? Xuat sic. Thoi tiép nao!

Output:

I'm the first thread!
I'm not the first!

Xem thém

thrd equal() , thrd detach()

28.16 thrd_detach()

Tu dong don dep thread khi thoat

Synopsis

#include <threads.h>

int thrd_detach(thrd_t thr);

Mo ta
Binh thudng ban phai thrd_join() d€ miy tai nguyén lién quan dén thread da chét duge don dep.
(Péang chu y nhit 13 exit status ctia né van con 16n vén chd dudc nhit.)

Nhung néu ban goi thrd_detach() trén thread trudc, thi khong can don thu cong nita. Chung ct thé
thoat va dugc OS don dep.

(Luu y rang khi main thread chét thi tit ca thread déu chét, du trong trudng hgp nao.)
Gia tri tra vé

thrd_success néu thread dugc detach thanh cong, ngude laila thrd_error .
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Vidu
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#include <stdio.h>
#include <threads.h>

thrd t first thread id;

int run(void *arg)

{
(void)arg;
printf("Thread running!\n");
return 0;

}

#define THREAD COUNT 5

int main(void)
{
thrd t t;

for (int i = 0; i < THREAD_COUNT; i++) {
thrd create(&t, run, NULL);
thrd detach(t);

// Khéng cé'n thrd join()!

// Ngu’ 1/4 gidy dé’ chidng kip chay xong hé’t
thrd sleep(&(struct timespec){.tv nsec=250000000}, NULL);

Xem thém

thrd join() , thrd exit()

28.17 thrd_equal()

So sanh hai thread descriptor xem c6 bdng nhau khong

Synopsis

#include <threads.h>

int thrd_equal(thrd t thr0, thrd t thrl);

Mo ta

Néu ban c6 hai thread descriptor trong cac bién thrd t , ban c6 thé kiém tra ching c6 bang nhau khéng

bing ham nay.

Vi du, ¢6 thé mot trong cac thread c6 “siéu ning luc” dic biét ma cac thread khac khong c6, va ham run

cin phén biét dugce ching, nhu trong vi du.
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Gia tri tra vé

Tra vé khac 0 néu hai thread bing nhau. Tra vé @ néu khong.

Vidu

<threads.h> Cac Ham Multithreading

bay la vi du chung chung cho thay cach lay ID thread hién tai va so sanh v6i mot ID thread da ghi trude

d6 roi dua ra hanh dong nham chéan dya trén két qua.

#include <stdio.h>

#include <threads.h>

thrd t first thread id;

int run(void *arg)

{
(void)arg;
thrd t my id = thrd current();
if (thrd equal(my id, first thread id)) // <-- SO SANH!

printf("I'm the first thread!\n");
else
printf("I'm not the first!\n");

return 0;

}

int main(void)

{
thrd t t;
thrd create(&first thread id, run, NULL);
thrd create(&t, run, NULL);
thrd join(first thread id, NULL);
thrd join(t, NULL);

}

Output:

I'm the first thread!
I'm not the first!

Xem thém

thrd current()

28.18 thrd_exit()

Diing va thoat thread nay
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Synopsis

#include <threads.h>

_Noreturn void thrd exit(int res);

Mo ta
Thread thudng thoat bing cach return tit ham run cta nd. Nhung néu né mudn thoat sém (c6 thé ti

sau trong call stack), ham nay sé lam viéc do.

M3 res co thé dugec mot thread khac nhit ldy qua thrd_join() , va né tudng dudng véi viéc tra vé
mot gia tri ti ham run.

Nhu khi return tii ham run, ham nay ciing sé don dep ding cach toan bo thread-specific storage lién
quan dén thread nay—tat ca destructor cho cac bién TSS ctia thread sé dugc goi. Néu van con bién TSS
véi destructor sau dgt don dep dau tién®, cAc destructor con lai sé dudc goi. Viéc nay Lip lai cho téi khi
khong con gi nita, hodc s6 vong tan sat dat TSS_DTOR_ITERATIONS .

Néu main thread goi ham nay, n6 nhu thé ban da goi exit(EXIT SUCCESS) .
Gia tri tra vé
Ham nay khong bao gid tra vé vi thread goi no bi giét trong qua trinh nay. Ao diéu thiét!

Vidu

Céc thread trong vi du nay thoat sém véi két qua 22 néu ching nhan dudc gia tri NULL cho arg .

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

thrd t first thread id;

int run(void *arg)

{
(void)arg;
if (arg == NULL)
thrd exit(22);
return 0;
}

#define THREAD COUNT 5

int main(void)

{
thrd t t[THREAD COUNTI;

for (int i = 0; i < THREAD_COUNT; i++)
thrd create(t + i, run, i == 27 NULL: "spatula");

for (int i = 0; i < THREAD COUNT; i++) {
int res;
thrd join(t[i], &res);

3Vi du, néu mot destructor lam cho nhiéu bién khac dudc dit lai.
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printf("Thread %d exited with code %d\n", i, res);
}
}
Output:

Thread 0 exited with code
Thread 1 exited with code
Thread 2 exited with code
Thread 3 exited with code
Thread 4 exited with code

22
0
0

Xem thém

thrd join()

28.19 thrd_join()

Chd mot thread thoat

Synopsis

#include <threads.h>

int thrd join(thrd t thr,

int *res);

Mo ta

Khi thread cha bin ra mot dong thread con, né c6 thé chd ching chay xong béng 15i goi nay

Gia tri tra vé

Vidu

Cac thread trong vi du nay thoat sém véi két qua 22 néu chung nhan dude gia tri NULL cho arg.

Thread cha nhit ma két qua nay bang thrd join() .

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

thrd t first thread id;

int run(void *arg)

{
(void)arg;
if (arg == NULL)
thrd exit(22);
return 0;
}

#define THREAD COUNT 5
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int main(void)

{
thrd t t[THREAD COUNTI;

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

thrd create(t + i, run, i == 2?7 NULL: "spatula");

for (int i = 0; i < THREAD COUNT; i++) {
int res;
thrd join(t[i], &res);

printf("Thread %d exited with code %d\n", i, res);

Output:

Thread 0 exited with code ©
Thread 1 exited with code 0
Thread 2 exited with code 22
Thread 3 exited with code 0
Thread 4 exited with code 0

Xem thém

thrd exit()

28.20 thrd_sleep()

Ngu trong mot s6 gidy va nano gidy nhat dinh

Synopsis

#include <threads.h>

int thrd sleep(const struct timespec *duration, struct timespec *remaining);

Mo ta
Ham nay dua thread hién tai vao gidc ngti (ng1) mot lac* cho phép cac thread khéc chay.
Thread dang goi sé thic day sau khi hét thdi gian, hodc néu né bi signal ngat hodc gi do.

Néu khong bi ngit, né sé ngu it nhit la bang chiling ban yéu ciu. C6 khi lau hon chut. Ban biét ddy, rai
khoi giudng kho cd nao.

CAu tric nhin nhu thé nay:

struct timespec {

time_t tv_sec; // Gidy

long tv_nsec; // Nano gidy (phd'n ty’ cu’a mft gidy)
}

4Céc h¢ kiéu Unix c6 syscall sleep() ngh theo sb gidy nguyén. Nhung thrd_sleep() c6 & portable hon va thém niia con
cho do phan giai dugi-giay!



368 Chapter 28. <threads.h> Cac Ham Multithreading

Diing dit tv_nsec 16n hon 999,999,999. T6i khong rd chuyén gi sé chinh thic x4y ra néu ban lam vy,
nhung trén may t6i thi thrd_sleep() travé -2 va théit bai.
Gia tri tra vé

Travé 0 khihét thsi gian, hodic -1 néu bi signal ngat. Hodc bit ky gia tri am nao khac khi c6 16i khéc.
Ky la 13 spec cho phép “gia tri 4m khac cho 16i khac” ciing 1a -1, nén chiic may man véi chuyén doé.

Vi du

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

int main(void)

{
// Ngu’ 3.25 gidy
thrd sleep(&(struct timespec){.tv sec=3, .tv nsec=250000000}, NULL);
return 0;
}
Xem thém

thrd_yield()

28.21 thrd_yield()

Diing chay dé céc thread khac c6 thé chay

Synopsis

#include <threads.h>

void thrd yield(void);

Mo ta
Néu ban c6 mot thread dang hdc hét CPU va ban mudn cho céc thread khac théi gian chay, ban c6 thé

goi thrd_yield() . Néu hé théng thiy hdp ly, n6 sé dua thread dang goi vao gidc ngt va mot trong cac
thread khac sé chay thay.

2«

Day la cach hay dé “lich su” véi cac thread khac trong chudng trinh néu ban muén khuyén khich ching
chay thay.

Gia tri tra vé

Khéng tra vé gi ca!

Vidu

Vi du nay hdi té vi OS du sao cling sé tu 1én lich lai cac thread trén output, nhung né thé hién dugc y
chinh.

Main thread cho cac thread khac mot co hdi chay sau mdi khéi cong viéc ngu ngéc ma né lam.



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

28.21. thrd yield() 369

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

int run(void *arg)

{

int main_thread = arg != NULL;

if (main_thread) {
long int total = 0;

for (int i = 0; i < 10; i++) {
for (long int j = 0; j < 1000L; j++)
total++;

printf("Main thread yielding\n");

thrd yield(); // <-- YIELD TAI DAY
}

} else
printf("Other thread running!\n");

return 0;

#define THREAD COUNT 10

int main(void)

{
thrd_t t[THREAD_COUNT];
for (int i = 0; i < THREAD COUNT; i++)
thrd_create(t + i, run, i == 0?7 "main": NULL);
for (int 1 = 0; i < THREAD COUNT; i++)
thrd_join(t[i], NULL);
return 0;
}

Output sé khac giita cAc lan chay. D€ y ring ké cd sau thrd_yield() , cac thread khéac c6 thé van chua

sén sang chay va main thread sé tiép tuc.

Main thread yielding
Main thread yielding
Main thread yielding
Other thread running!
Other thread running!
Other thread running!
Other thread running!
Main thread yielding
Other thread running!
Other thread running!
Main thread yielding
Main thread yielding
Main thread yielding
Other thread running!
Main thread yielding
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Main thread yielding
Main thread yielding
Other thread running!
Other thread running!

Xem thém

thrd sleep()

28.22 tss_create()

Tao thread-specific storage méi

Synopsis

#include <threads.h>

int tss create(tss t *key, tss dtor t dtor);

Mo ta
Ham nay gitp ban khi can luu cac gia tri khac nhau theo tling thread.

Mot chd hay gip 1a khi ban c6 mot bién 6 pham vi file dudc chia sé gifia cA déng ham va thudng xuyén
bi tra vé. Cai d6 khong threadsafe. Mot cach refactor 13 thay né béng thread-specific storage dé méi
thread c6 code riéng ctia minh va khong gidm chéan 1én nhau.

Dé lam viéc nay, ban truyén vao con tro t6i mot khod tss_t —day 1a bién ban sé dung trong cac 15i goi

tss_set() va tss_get() sau d6 dé dit va ldy gia tri gn v4i khoa nay.

Phén thi vi 14 con tré destructor dtor kiéu tss dtor t . N6 thucrala con tré t6i mot ham nhan tham

s& void* vatrd vé void, ttcla

void dtor(void *p) { ... }

Ham nay sé dudc goi cho mdi thread khi thread thoat bing thrd_exit() (hoic return tii ham run).

Goi ham nay khi cac destructor cta thread khic dang chay la hanh vi khong xac dinh (unspecified
behavior).

Gia tri tra vé

Khéng tra vé gi ca!

Vi du

Day 14 vi du TSS chung chung. D€ y bién TSS dudc tao 6 gan dau main() .

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

tss_t str;

void some_function(void)
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28.22. tss create()

{
// L&’y gia tri per-thread cu’a chué”i nay
char *tss string = tss get(str);
// Va in né ra
printf("TSS string: %s\n", tss string);
}
int run(void *arg)
{
int serial = *(int*)arg; // L&’y s6  tht tu cu’a thread nay
free(arg);
// malloc() ché” chia dit 1iéu cho thread nay
char *s = malloc(64);
sprintf(s, "thread %d! :)", serial); // MOt chu6~i nho nho’ vui tuoi
// P&t bié’'n TSS nay tro’ téi chud”i
tss_set(str, s);
// Goi mét ham sé 1a’y bié’n
some_function();
return 0; // Tuong duong thrd exit(0); kich hoat destructor
}

#define THREAD_COUNT 15

int main(void)
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{
thrd t t[THREAD COUNTI;
// Tao bié’n TSS méi, ham free() la destructor
tss create(&str, free); // <-- TAO BIE'N TSS!
for (int i = 0; i < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Chita s6” thu tu thread
*n = i;
thrd create(t + i, run, n);
}
for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[i], NULL);
}
// Va té’t ca’ thread d& xong, nén gia’i phdng cai nay
tss_delete(str);
}
Output:

TSS string: thread 0!
TSS string: thread 2!
TSS string: thread 1!
TSS string: thread 5!
TSS string: thread 3!
TSS string: thread 6!

—_— — — — ~— ~—
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TSS string: thread 4!
TSS string: thread 7!
TSS string: thread 8!
TSS string: thread 9!
TSS string: thread 10!
TSS string: thread 13!
TSS string: thread 12!
TSS string: thread 11!
TSS string: thread 14!

e — ~— ~—

—_— — — — ~—

Xem thém

tss delete() , tss set(), tss get(), thrd exit()

28.23 tss_delete()

Don dep mot bién thread-specific storage

Synopsis

#include <threads.h>

void tss delete(tss t key);

Mo ta
Day la cdp d6i nghich ctia tss create() . Ban tao (khdi tao) bién TSS trudc khi dung, r6i khi tat ca
thread can dung da xong, ban xo4 (huy/giai phong) nd bing ham nay.

Ham nay khong goi destructor nao ca! May cai d6 déu do thrd_exit() goi!
Gia tri tra vé

Khong tra vé gi ca!

Vi du

Day 1a vi du TSS chung chung. D€ y bién TSS dudc x04 & gin cudi main() .

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

tss t str;

void some function(void)

{
// L&’y gid tri per-thread cu’a chué”™i nay
char *tss string = tss get(str);

// Va in né ra
printf("TSS string: %s\n", tss string);
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28.23. tss delete()

int run(void *arg)

{
int serial = *(int*)arg; // L&'y s6  tht tu cu’a thread nay
free(arg);
// malloc() ché™ chita dit liéu cho thread nay
char *s = malloc(64);
sprintf(s, "thread %d! :)", serial); // MOt chu6”i nho nho’ vui tuoi
// bat bié’n TSS nay tro’ téi chud”i
tss set(str, s);
// Goi mét ham sé 1&°y bié’n
some_function();
return 0; // Tuong duong thrd exit(0); kich hoat destructor
}

#define THREAD COUNT 15

int main(void)
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{
thrd t t[THREAD COUNTI;
// Tao bié’'n TSS méi, ham free() la destructor
tss create(&str, free);
for (int 1 = 0; 1 < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Chtta s6” tht tu thread
*n = i;
thrd create(t + i, run, n);
}
for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[i], NULL);
}
// Va td’t ca’ thread d& xong, nén gia’i phdng cai nay
tss_delete(str); // <-- XOA BIE'N TSS!
}
Output:

TSS string: thread 0!
TSS string: thread 2!
TSS string: thread 1!
TSS string: thread 5!
TSS string: thread 3!
TSS string: thread 6!
TSS string: thread 4!
TSS string: thread 7!
TSS string: thread 8!
TSS string: thread 9!
TSS string: thread 10!
TSS string: thread 13!
TSS string: thread 12!
TSS string: thread 11!

e = = = = = — — — ~—

—_— — — —




374 Chapter 28. <threads.h> Cac Ham Multithreading

TSS string: thread 14! :)

Xem thém

tss create() , tss set(), tss get(), thrd exit()

28.24 tss_get()

Lay dii liéu thread-specific

Synopsis

#include <threads.h>

void *tss get(tss t key);

Mo ta

Mot khi ban da dat mot bién bing tss_set() , ban c6 thé 14y gia tri qua tss_get() —chi cin truyén

vao khoa la ban nhén lai dugc con tro téi gia tri.

Diing goi ham nay tii trong destructor.

Gia tri tra vé

Tra vé gia tri da luu cho key dudc cho, hodc NULL néu cd truc tric.

Vi du

Day 1a vi du TSS chung chung. D€ y bién TSS dugc 1ay trong some function() , bén dudi.

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

tss t str;

void some_ function(void)

{
// L&’y gid tri per-thread cu’a chudé”i nay
char *tss string = tss get(str); // <-- LAY GIA TRI
// Va in né ra
printf("TSS string: %s\n", tss string);
}

int run(void *arg)

int serial = *(int*)arg; // L&’y s6’ thd tu cu’a thread nay
free(arg);

// malloc() chdé™ chita dir 1iéu cho thread nay
char *s = malloc(64);

sprintf(s, "thread %d! :)", serial); // MOt chudé”i nho nho’ vui tuoi
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// D&t bié’n TSS nay tro’ téi chud”i
tss_set(str, s);

// Goi mét ham sé 1a’y bié’n
some_function();

return 0; // Tuong duong thrd exit(0); kich hoat destructor

#define THREAD_ COUNT 15

int main(void)

375

{
thrd_t t[THREAD COUNTI;
// Tao bié’'n TSS méi, ham free() la destructor
tss create(&str, free);
for (int i = 0; i < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Chita s6” thu tu thread
*n = 1i;
thrd create(t + i, run, n);
}
for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[i]l, NULL);
}
// Va téd’t ca’ thread dé xong, nén gia’i phdng cdi nay
tss delete(str);
}
Output:

TSS string: thread 0!
TSS string: thread 2!
TSS string: thread 1!
TSS string: thread 5!
TSS string: thread 3!
TSS string: thread 6!
TSS string: thread 4!
TSS string: thread 7!
TSS string: thread 8!
TSS string: thread 9!
TSS string: thread 10!
TSS string: thread 13!
TSS string: thread 12!
TSS string: thread 11!
TSS string: thread 14!

D e = = = = = — — ~— ~—

—_— — — — —

Xem thém

tss set()
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28.25 tss_set()

Dat dii liéu thread-specific

Synopsis

#include <threads.h>

int tss set(tss t key, void *val);

Mo ta
Mot khi ban da thiét 1ap bién TSS bdng tss create() , ban c6 thé dit no theo tling thread qua
tss set() .
key la dinh danh cta dii liéu nay, con val la con tro téi dii liéu.
Destructor dugc chi dinh trong tss_create() sé dudc goi cho gia tri dugc dat khi thread thoat.
Ngoai ra, néu c6 destructor va da co6 gia tri sdn cho khoa nay rdi, destructor s& khong dudc goi cho gia
tri da c6. Thuc t€, ham nay khong bao git khién destructor dudc goi. Nén ban phai tu lo 1dy—tdt nhat
la don dep gié tri cti trude khi ghi dé bang gia tri méi.
Gia tri tra vé

Tra vé thrd_success khivui,va thrd_error khikhong.

Vi du
Day 1a vi du TSS chung chung. D€ y bién TSS dugc dit trong run() , bén duéi.

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

tss t str;

void some function(void)

{
// L&’y gid tri per-thread cu’a chué”i nay
char *tss string = tss get(str);
// Va in né ra
printf("TSS string: %s\n", tss string);
}

int run(void *arg)

int serial = *(int*)arg; // L& y s6” tht tu cu’a thread nay
free(arg);

// malloc() ché” chia dit 1iéu cho thread nay
char *s = malloc(64);
sprintf(s, "thread %d! :)", serial); // MOt chué”i nho nho’ vui tuoi

// P&t bié’n TSS nay tro’ téi chud”i
tss set(str, s); // <-- DAT BIE'N TSS
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int

{
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// Goi mét ham sé 1&°y bié’'n
some_function();

return 0; // Tuong duong thrd exit(0); kich hoat destructor

#define THREAD COUNT 15

main(void)
thrd t t[THREAD COUNT];

// Tao bié’'n TSS méi, ham free() la destructor
tss create(&str, free);

for (int 1 = 0; 1 < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Chtta s6” tht tu thread
*n = i;
thrd create(t + i, run, n);

for (int i = 0; i < THREAD COUNT; i++) {
thrd_join(t[i], NULL);

// Va té’t ca’ thread déd xong, nén gia’i phdéng cai nay
tss delete(str);

Output:

TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS

string: thread 0!
string: thread 2!
string: thread 1!
string: thread 5!
string: thread 3!
string: thread 6!
string: thread 4!
string: thread 7!
string: thread 8!
string: thread 9!
string: thread 10!
string: thread 13!
string: thread 12!
string: thread 11!
string: thread 14!

e e e = = — — — ~— ~—

—_— — — — —

Xem thém

tss get()
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Chapter 29

<time.h> Cac ham vé ngay va gio

Ham Mo ta

clock() Xem tién trinh nay da dung bao nhiéu thdi gian CPU

difftime() Tinh chénh léch gitia hai méc thdi gian

mktime () Chuyén struct tm thanh time t

time() L&y calendar time (thdi gian lich) hién tai

timespec_get() LAy thoi gian c6 d0 phan giai cao hon, thudng la ngay bay gid
asctime() Tra vé phién ban dé doc cho ngudi ctia struct tm

ctime() Tra vé phién ban dé doc cho ngudi ctia time_t

gmtime() Chuyén calendar time thanh broken-down time (thdi gian da tach thanh

trudng) theo UTC

localtime() Chuyén calendar time thanh broken-down time theo gi$ dia phucng
strftime() In output ngay gid c¢6 dinh dang

Khi noéi dén thdi gian trong C, ¢6 hai ki€u chinh cin dé y:
« time_t chtia mot calendar time (thdi gian lich). Day 1a mot kiéu s6 ¢6 tiém nang 13 opaque (khong

16 bén trong), dai dién cho mot thdi diém tuyét déi va c6 thé chuyén déi sang UTC! hoic gid dia
phuong.

« struct tm chda mdt broken-down time (thdi gian da tach thanh trudng). N6 c6 cac thi nhu ngay
trong tudn, ngay trong thang, gis, phat, gidy, v.v.

Trén cac hé thdng POSIX va Windows, time_t 1a mot s6 nguyén va dai dién cho s8 giay da trdi qua ké
tu 1 thang 1 nam 1970 lic 00:00 UTC.

Mot struct tm chia cac trudng sau:

struct tm {
int tm_sec; // s6” gidy sau phdt -- [0, 60]
int tm min; // s6° phdt sau gio -- [0, 59]

int tm_hour; // s6° gio ké’ ti&r nu’a dém -- [0, 23]
int tm_mday; // ngay trong thang -- [1, 31]
int tm_mon; // s6° thang ké’ tu thang Mot -- [0, 11]
int tm_year; // s6° nam ké’ tir 1900
int tm wday; // s6” ngay ké’ tur Chu’ Nhat -- [0, 6]
int tm_yday; // s6” ngay ké’ tir 1 thdng 1 -- [0, 365]
int tm_isdst; // co Daylight Saving Time

};

1Khi ban n6i GMT, trii khi ban dang néi cu thé vé mui gid cht khong phai vé théi diém, c6 1é thi ban muén néi 1a “UTC”.

379
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Ban c6 thé chuyén qua lai giiia hai ki€éu nay bing mktime() , gmtime() ,va localtime() .

Ban c6 thé in thong tin thdi gian ra chudi bing ctime() , asctime() ,va strftime() .

29.1 Canh bao vé Thread Safety

asctime() , ctime() : Hai hAm nay tra vé con trd t6i mot ving nhg static . Ca hai c6 thé tra vé ciing
mot con trd. Néu ban cén thread-safe (an toan véi thread), ban sé cin mot mutex bao quanh chiing. Néu
ban can ca hai két qua cling lic, strcpy() mdt trong hai ra ché khac.

Moi vin dé v6i asctime() va ctime() c6 théné dugc bang cich dung ham strftime() thay thé—no
linh hoat va thread-safe hon.

localtime() , gmtime() : Hai hdm nay ciing tra vé con tro t6i mot ving nhé static . Ca hai c6 thé
tra vé cung mot con tré. Néu ban can thread-safe, ban sé can mét mutex bao quanh ching. Néu ban
can ca hai két qua cung ldc, hiy sao chép struct sang mot chd khac.

29.2 clock()

Xem tién trinh nay da dung bao nhiéu thdi gian CPU

Synopsis

#include <time.h>

clock_t clock(void);

M6 ta
B0 xtit 1y cua ban lic nay dang tung hiing rat nhiéu tht. Chi vi mét tién trinh da séng dudc 20 phut
khong c6 nghia la n6é da dung 20 phut “thdi gian CPU”.

Phén 16n thdi gian, tién trinh trung binh ctia ban ngoéi khong (dang ngu), va cai d6 khong tinh vao thai
gian CPU da dung.

Ham nay tra vé mot kiéu opaque dai dién cho s6 “clock tick” (tick dong ho)? ma tién trinh da tiéu tén
dé chay.

Ban c6 thé ldy ra s6 gidy ti d6 bang cach chia cho macro CLOCKS_PER_SEC . DAy la s8 nguyén, nén ban
sé phai ép mot phin cta biéu thiic sang kiéu s6 thuc d€ c6 thsi gian c6 phén 1é.

Chu y rang day khong phai “wall clock time” (thdi gian dong ho treo tudng) cta chuong trinh. Néu
ban mudn 14y céai d6 thi ding mot cach dai khai time() va difftime() (c6 thé chi cho do phén giai

1 gidy) hodc timespec_get() (cling cé thé chi cho do phén giai thip, nhung it ra n6 cé thé xudng téi
muc nano giay).

Gia tri tra vé

Tra vé lugng thsi gian CPU ma tién trinh nay da dung. Gia tri nay tra vé dudi dang c6 thé chia cho
CLOCKS_PER SEC dé ra dudc thdi gian tinh bang giay.

ZSpec thuc ra khong néi “clock tick”, nhung t6i... thi néi.
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Vidu

#include <stdio.h>
#include <time.h>

// Fibonacci c6” tinh ngdy tho
long long int fib(long long int n) {

if (n <= 1) return n;

return fib(n-1) + fib(n-2);

}
int main(void)
{
printf("The 42nd Fibonacci Number is Slld\n", fib(42));
printf("CPU time: %f\n", clock() / (double)CLOCKS PER SEC);
}

Output trén may cua toi:

The 42nd Fibonacci Number is 267914296
CPU time: 1.863078

Xem thém

time() , difftime() , timespec get()

29.3 difftime()

Tinh chénh 1éch giiia hai mdc théi gian

Synopsis

#include <time.h>

double difftime(time t timel, time t time0);

Mo ta
Vikiéu time t vé mit ky thuat 12 opaque, ban khong thé ci thé 14y thing ra roi tri di d€ c6 chénh
léch gifia hai c4i®. Hay dung ham nay dé lam viéc d6.

Khong c6 gl dam bao vé do phan giéi clia chénh léch nay, nhung chic t6i mic giay.

Gia tri tra vé

Tra vé chénh léch gitia hai time t tinh bing giay.

3Trii khi ban dang & trén mot hé théng POSIX noi time t chic chin la s8 nguyén, lic d6 ban c6 thé tri. Nhung ban van nén
dung difftime() dé portable (kha chuyén) tdi da.
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Vidu
#include <stdio.h>
#include <time.h>
int main(void)
{
// 12 théng 4, 1982 va le’
struct tm time a = { .tm year=82, .tm mon=3, .tm mday=12,
.tm _hour=4, .tm min=00, .tm sec=04, .tm isdst=-1,
}i
// 15 théng 11, 2020 va le’
struct tm time b = { .tm year=120, .tm mon=10, .tm mday=15,
.tm _hour=16, .tm min=27, .tm sec=00, .tm isdst=-1,
}i
time t cal a = mktime(&time a);
time t cal b = mktime(&time b);
double diff = difftime(cal b, cal a);
double years = diff / 60 / 60 / 24 / 365.2425; // gé'n du’ rd6'i
printf("s%f seconds (%f years) between events\n", diff, years);
}
Output:
1217996816.000000 seconds (38.596783 years) between events

Xem thém

time() , mktime()

29.4 mktime()

Chuyén struct tm v6igid dia phuong thanh time_t

Synopsis

#include <time.h>

time t mktime(struct tm *timeptr);

Mo ta

Néu ban c6 ngay va gid 6 local (gis dia phudng) va mudn chuyén no6 sang time t (d€rdi difftime()

noé hay lam gi d6), ban c6 thé chuyén d6i bdng ham nay.

Vé ¢ ban ban dién vao cac trudng trong struct tm cua minh theo gi6 dia phudng, va mktime() sé

chuyén chung sang time_t UTC tudng Ung.

Vai luu y:
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« Dling ban tim dién tm wday hay tm yday . mktime() sé dién ching giip ban.

« Ban c6 thé dat tm_isdst thanh © dé bao rdng gid cta ban khong phai Daylight Saving Time
(DST / gid tiét kiém anh sang), 1 d€ béo la c6, va -1 dé mktime() tu dién theo s§ thich cua
locale.

Néu ban khong c6 compiler C23 va cin nhép input theo UTC, xem cac ham khong chuén timegm() *
cho cac hé Unix-like vd _mkgmtime() > cho Windows.

Gia tri tra vé

Tra vé gid dia phuong trong struct tm dudi dang time_t calendar time.

Travé (time t)(-1) néu c6 I6i.

Vidu
Trong vi du sau, chung ta dé mktime() cho biét thdi diém do c6 phai DST hay khong.
#include <stdio.h>
#include <time.h>
int main(void)
{
struct tm broken down time = {
.tm_year=82, // s6 " nam ké’ tir 1900
.tm_mon=3, // s6° thang ké’ tw thang Mot -- [0, 11]
.tm _mday=12, // ngay trong thang -- [1, 31]
.tm_hour=4, // s6° gio ké’ tu nu’a dém -- [0, 23]
.tm_min=00, // s6” phdt sau gio -- [0, 59]
.tm_sec=04, // s6° gidy sau phut -- [0, 60]
.tm_isdst=-1, // co Daylight Saving Time
};
time t calendar time = mktime(&broken down time);
char *days[] = {"Sunday", "Monday", "Tuesday",
"Wednesday", "Furzeday", "Friday", "Saturday"};
// Cai nay sé in ra nhitng gi cé trong broken down time
printf("Local time : %s", asctime(localtime(&calendar time)));
printf("Is DST : %d\n", broken_down_time.tm isdst);
printf("Day of week: %s\n\n", days[broken down time.tm wdayl);
// Cdi nay sé in UTC cho gi¢ dia phuong o’ trén
printf("UTC 1 %s", asctime(gmtime(&calendar time)));
}

Output (d6i véi t6i 6 Pacific Time—UTC di trudce 8 tiéng):

Local time : Mon Apr 12 04:00:04 1982
Is DST 1 0
Day of week: Monday

uTC : Mon Apr 12 12:00:04 1982

*https://man.archlinux.org/man/timegm.3.en
Shttps://docs.microsoft.com/en-us/cpp/c-runtime-library/reference/mkgmtime-mkgmtime32-mkgmtime64?view=msvc-160
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Xem thém

timegm() , localtime() , gmtime()

29.5 timegm()

Chuyén struct tm véigi6 UTC thanh time t

Synopsis
Mdi trong C23!

#include <time.h>

time t timegm(struct tm *timeptr);

Mo ta
Néu ban ¢6 ngay va gid § UTC va mudn chuyén n6 sang time t (d€ rdi difftime() né hay lam gi
do), ban c6 thé chuyén déi béng ham nay.

Vé c¢6 ban ban dién cac trudng trong struct tm clia minh theo gid dia phudng, va mktime() sé&chuyén
ching sang time_t UTC tuong lng.

Vai luu y:
« Dling ban tim dién tm_wday hay tm yday . mktime() sé dién ching gitp ban.
« Spec khong ndi gi vé c8 Daylight Saving tm_isdst , nhung vi UTC mién nhiém véi DST, t6i doan
la n6 bi bo qua hodc duge dit thanh 0 gium ta.

Néu ban khong c6 compiler C23 va cin nhap input theo UTC, xem cac ham khong chuidn timegm() °

cho cac hé Unix-like vd _mkgmtime() 7 cho Windows.

Gia tri tra vé
Tra vé gi6 UTC trong struct tm dudidang time_t calendar time.

Travé (time t)(-1) néu co 16i.

Vidu

#include <stdio.h>
#include <time.h>

int main(void)
{
struct tm broken down time = {
.tm_year=82, // sb6  nam ké’ tir 1900

.tm_mon=3, // s6” thang ké’ tir thang Mot -- [0, 11]
.tm_mday=12, // ngay trong thang -- [1, 31]
.tm_hour=4, // s6° gio k&  tu nu’a dém -- [0, 23]
.tm min=00, // s6° phuat sau gio -- [0, 59]
.tm_sec=04, // sO6  gidy sau phat -- [0, 60]

.tm_isdst=-1, // co Daylight Saving Time

®https://man.archlinux.org/man/timegm.3.en
"https://docs.microsoft.com/en-us/cpp/c-runtime-library/reference/mkgmtime-mkgmtime32-mkgmtime64?view=msvc-160
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Y
time t calendar_time = timegm(&broken_down_time);

char *days[] = {"Sunday", "Monday", "Tuesday",
"Wednesday", "Furzeday", "Friday", "Saturday"};

// Cai nay sé in ra nhitng gi cé trong broken down time
printf("UTC 1 %s", asctime(gmtime(&calendar time)));
printf("Day of week: %s\n\n", days[broken down time.tm wdayl);

// Céi nay sé in UTC cho gio dia phuong o’ trén
printf("Local time : %s", asctime(localtime(&calendar time)));

Xem thém

mktime() , timegm() , localtime() , gmtime()

29.6 time()

L4y calendar time hién tai

Synopsis

#include <time.h>

time t time(time t *timer);

Mo ta
Tra vé calendar time ngay lic nay. Y téi 13, bay gis. Khong, bay gid!
Néu timer khong phai NULL , né ciing sé dudc nap thdi gian hién tai.

Gi4 tri nay c6 thé chuyén thanh struct tm bing localtime() hodc gmtime() , hodc in truc tiép bang

ctime() .

Gia tri tra vé
Tra vé calendar time hién tai. Cling nap timer vdi thoi gian hién tai néu né khong phai NULL .

Hodc tra vé (time_t)(-1) néu khong ldy dudc thdi gian vi ban da roi khoi dong khong-théi gian
va/hodc hé théng khong hd trg thdi gian.

Vidu

#include <stdio.h>
#include <time.h>

int main(void)

{
time t now = time(NULL);
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printf("The local time is %s", ctime(&now));

Vi du output:

The local time is Mon Mar 1 18:45:14 2021

Xem thém

localtime() , gmtime() , ctime()

29.7 timespec_get()

LAy thoi gian c6 d6 phan giai cao hon, thudng la ngay bay gid

Synopsis

#include <time.h>

int timespec get(struct timespec *ts, int base);

Mo ta

Ham nay nap thdi gian UTC hién tai (trti khi dudc chi dinh khéc) vao struct timespec, ts,ban dua

vao.

Struct d6 c6 hai trusng:

struct timespec {
time t tv_sec; // SO0  nguyén gidy
long tv_nsec; // Nano gidy, 0-999999999

Nano gidy la mot phan ty cta gidy. Ban c6 thé chia cho 1000000000.0 dé chuyén sang giay.

Tham s6 base theo spec chi c6 mot gia tri duge dinh nghia: TIME UTC . VAy nén dé dam bao tinh kha
chuyén thi d4t no 1a cii d6. Viéc nay sé nap vao ts thdi gian hién tai tinh bang s6 gidy ké ti mot
Epoch® (méc thdi gian) do hé théng dinh nghia, thudng 1a 1 thang 1 nam 1970 lic 00:00 UTC.

Implementation (ban cai dit) ctia ban c6 thé dinh nghia cac gia tri khac cho base .

Gia tri tra vé

Khi base la TIME_UTC , ham nap vao ts thdi gian UTC hién tai.

Khi thanh céng, tra vé base , cic gi4 tri hop 1¢ ctia né sé luon khac khong. Khi c6 18i, tra vé @ .

Vidu

struct timespec ts;

timespec get(&ts, TIME UTC);

8https://en.wikipedia.org/wiki/Unix_time
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printf("sld s, %ld ns\n", ts.tv sec, ts.tv nsec);

double float time = ts.tv sec + ts.tv nsec/1000000000.0;
printf("%f seconds since epoch\n", float time);

Vi du output:

1614654187 s, 825540756 ns
1614654187.825541 seconds since epoch

Day 12 mot ham tién ich d€ cong gia tri vao mot struct timespec, c6 xtii ly gia tri Am va tran nano
giay.

#include <stdlib.h>

// Cbéng delta gidy va delta nano gidy vao ts.

// Cho phép gid tri am. M6~i thanh phd n dugc cbéng riéng ré.
//

// Trir di 1.5 gidy kho’i gid tri hién tai:

//

// timespec add(&ts, -1, -500000000L);

struct timespec *timespec add(struct timespec *ts, long dsec, long dnsec)
{

long sec = (long)ts->tv_sec + dsec;

long nsec = ts->tv_nsec + dnsec;

ldiv t gr = ldiv(nsec, 1000000000L) ;

if (qr.rem < 0) {
nsec = 1000000000L + qr.rem;
sec += qr.quot - 1;
} else {
nsec = qr.rem;
sec += qr.quot;

ts->tv_sec = sec;
ts->tv_nsec = nsec;

return ts;

Va day la vai ham d€ chuyén ti long double sang struct timespec va ngudc lai, phong khi ban
thich suy nghi duéi dang s6 thip phan. Cach nay cé it chii s6 c6 nghia hon so v6i dung cac gia tri s6
nguyeén.

#include <math.h>

// Chuyé’n struct timespec thanh long double
long double timespec_to_ld(struct timespec *ts)

{
return ts->tv _sec + ts->tv _nsec / 1000000000.0;

// Chuyé’n long double thanh struct timespec




1

2

4

388

struct timespec ld to timespec(long double t)
{

long double f;

struct timespec ts;

ts.tv _nsec = modfl(t, &f) * 1000000000L;
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ts.tv_sec = f;
return ts;
}
Xem thém

time() , mtx timedlock() , cnd timedwait()

29.8 asctime()

Tra vé phién ban dé doc cho ngudi ctia struct tm

Synopsis

#include <time.h>

char *asctime(const struct tm *timeptr)

Mo ta

Ham nay ldy thdi gian trong struct tm va tra vé mot chudi chiia ngay d6 & dang:

Sun Sep 16 01:03:52 1973

c6 kém mot newline § cudi, kha 1a khoéng hitu ich. ( strftime() sé cho ban nhiéu linh hoat hon.)

N6 y hét ctime() , chi khac la nhdn struct tm thay vi time t .

CANH BAO: Ham nay tra vé con trd t6i mot viing static char* ma khong phai thread-safe va c6 thé

dung chung v4i ham ctime() . Néu ban cin thread-safe, hiay dung strftime() hodc dung mot mutex

bao ca ctime() lan asctime() .
Hanh vi la khéng xac dinh déi véi:
« Nam nho hon 1000
« Nam 16n hon 9999

- Bat ct thanh vién nao ctia timeptr nam ngoai khoang

Gia tri tra vé

Tra vé con trd téi chudi ngay dé doc cho ngudi.

Vi du

#include <stdio.h>
#include <time.h>

int main(void)
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{
time t now = time(NULL);
printf("Local: %s", asctime(localtime(&now)));
printf("UTC : %s", asctime(gmtime(&now)));

}
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Vi du output:

Local: Mon Mar 1 21:17:34 2021
UTC : Tue Mar 2 05:17:34 2021

Xem thém

ctime() , localtime() , gmtime()

29.9 ctime()

Tra vé phién ban dé doc cho ngudi ctia time t

Synopsis

#include <time.h>

char *ctime(const time t *timer);

Mo ta

Ham nay nhén thdi gian trong mot time_t va trd vé mot chudi chia gis dia phuong va ngay & dang:

Sun Sep 16 01:03:52 1973

c6 kém mot newline & cudi, kha 1a khong hitu ich. ( strftime() sé cho ban nhiéu linh hoat hon.)

N6 y hét asctime() , chi khacla nhidn time t thay vi struct tm.

CANH BAO: Ham nay tra vé con tré t6i mot ving static char* ma khong phai thread-safe va c6
thé dung chung v8i ham asctime() . Néu ban cin thread-safe, hdy dung strftime() hodc dung mot

mutex bao ca ctime() lan asctime() .
Hanh vi la khéng xac dinh doi véi:

« Nam nho hon 1000
« Niam I6n hon 9999

« B4t cd thanh vién ndo cia timeptr nim ngoai khoang

Gia tri tra vé

Mot con trd t6i chudi gid dia phucng va ngay dé doc cho ngudi.
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Vi du

time_t now = time(NULL);

printf("Local: %s", ctime(&now));

Vi du output:

Local: Mon Mar 1 21:32:23 2021

Xem thém

asctime()

29.10 gmtime()

Chuyén calendar time thanh broken-down time theo UTC

Synopsis

#include <time.h>

struct tm *gmtime(const time t *timer);

Mb6 ta

Néu ban c6 mot time t, ban c6 thé cho né chay qua ham nay d€ nhin vé mot struct tm diy thong

tin broken-down time theo UTC tudng tng.

N6 y hét localtime() , chi khac la lam theo UTC thay vi gi6 dia phudng.
Khi da c6 struct tm d6, ban c6 thé dua n6 cho strftime() dé€inra.

CANH BAO: Ham nay tra vé con tro t6i mot viing static struct tm* ma khong phai thread-safe
va c6 thé dung chung v8i ham localtime() . Néu ban can thread-safe, hiy ding mot mutex bao ca

gmtime() lan localtime() .

Gia tri tra vé

Tra vé con tro t6i broken-down time theo UTC, hodc NULL néu khéng lay dugc.

Vi du

#include <stdio.h>
#include <time.h>

int main(void)

{
time t now = time(NULL);
printf("UTC : %s", asctime(gmtime(&now)));
printf("Local: %s", asctime(localtime(&now)));
}

Vi du output:
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UTC : Tue Mar 2 05:40:05 2021
Local: Mon Mar 1 21:40:05 2021

Xem thém

localtime() , asctime() , strftime()

29.11 1localtime()

Chuyén calendar time thanh broken-down time theo gig dia phudng

Synopsis

#include <time.h>

struct tm *localtime(const time t *timer);

Mo ta

Néu ban c6 mdt time_t , ban c6 thé cho né chay qua haim nay dé nhan vé mot struct tm diy thoéng

tin broken-down time theo gis dia phuodng tucng ting.
N6 y hét gmtime() , chi khéac 1a lam theo gid dia phudng thay vi UTC.

Khi da c6 struct tm do, ban c6 thé dua n6 cho strftime() dé€inra.

CANH BAO: Ham nay tra vé con tré t6i mot viing static struct tm* ma khéng phai thread-safe va
c6 thé dung chung v6i ham gmtime() . Néu ban can thread-safe, hay dung mot mutex bao ca gmtime()

lAn localtime() .

Gia tri tra vé

Tra vé con tro t6i broken-down time theo gis dia phudng, hodc NULL néu khong lay dudc.

Vidu

#include <stdio.h>
#include <time.h>

int main(void)

{
time t now = time(NULL);
printf("Local: %s", asctime(localtime(&now)));
printf("UTC : %s", asctime(gmtime(&now)));

}

Vi du output:

Local: Mon Mar 1 21:40:05 2021
UTC : Tue Mar 2 05:40:05 2021
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Xem thém

gmtime() , asctime() , strftime()

29.12 strftime()

In output ngay gid c6 dinh dang

Synopsis

#include <time.h>

size t strftime(char * restrict s, size t maxsize,
const char * restrict format,
const struct tm * restrict timeptr);

Mo ta
Payla sprintf() danh cho cAc ham ngay gis. N6 sé nhan mét struct tm va tao ra mot chudi & gan
nhu bét ¢t dang nao ban muén, vi du:

2021-03-01
Monday, March 1 at 9:54 PM
It's Monday!

Day la phién ban siéu linh hoat ctia asctime() . Va con thread-safe niia, vi né khong dua vao mot

buffer static dé giti két qua.

V@ ¢d ban thi ban lam la dua cho n6 mot diém dich s , va kich thudc t8i da tinh bang byte ctia né trong
maxsize . Ngoai ra, cung cAp mot chudi format tuong tu nhu chudi format ctia printf() , nhung véi
céc format specifier khac. Va cudi cing 1a mdt struct tm chia thong tin broken-down time dé€ dung

cho viéc in.

Chudi format hoat dong nhu thé nay, vi du:

‘ "It's %A, %B %d!" ]
Sé cho ra:
‘ It's Monday, March 1! ]

%A la tén day du clia ngay-trong-tudn, %B la tén diy du cia thang, va %d 1a ngay trong thang.
strftime() thay thé dung thi cin d€ tao ra két qua. Tuyét vdi!

Véy thi c6 nhiing format specifier nao? Miing la ban da hoi!

Toi sé ludi va chép nguyén cai bang nay tu spec.

Specifier =~ Mo ta

Tén viét tt ngay-trong-tuan theo locale. [ tm_wday ]

o°
)

o°
b

Tén day du ngay-trong-tuan theo locale. [ tm wday ]

%b Tén viét tit ctia thang theo locale. [ tm_mon ]

%B Tén day du cua thang theo locale. [ tm_mon ]

%C Céach biéu dién ngay va gid phu hop theo locale.

%C Nim chia cho 100 roi cat 1y s6 nguyén, dudi dang s6 thap phan (00-99). [ tm_year ]
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Specifier =~ Mo ta

o

d Ngay trong thang dudi dang s6 thip phan (01-31). [ tm_mday ]

o°
(w)

Tuong duong "%sm/%d/%y" . [ tm_mon, tm_mday , tm year ]

Ngay trong thang dudi dang s6 thap phan (1-31); mét chii sé don dudc dit trude béi mot
diu céch. [ tm_mday ]

Tudng duong “%Y-%m-%d” (dinh dang ngay ISO 8601). [ tm_year, tm mon, tm mday ]

o
D

o°
S

%g Hai chii s6 cudi ctia ndm dua-trén-tuan (xem dudi) dudi dang sd thap phan (00-99).
[ tm year, tm wday, tm yday ]

%G Nam dua-trén-tuin (xem duéi) dudi dang sé thap phéan (vi du 1997). [ tm year,
tm_wday , tm_yday ]

%h Tudng duong “%b”. [ tm_mon ]

%H Gig (dong ho 24 gis) dudi dang s6 thap phan (00-23). [ tm hour ]

%I Gid (dong ho 12 gid) dudi dang s6 thap phén (01-12). [ tm_hour ]

%] Ngay trong nam dudi dang s6 thap phan (001-366). [ tm_yday ]

%m Théang dudi dang s6 thap phan (01-12).

%M Phut dudi dang s6 thip phan (00-59). [ tm_min ]

%n Mot ky tu new-line.

%p Céi tudng dudng theo locale ctia ky hiéu AM/PM gin v6i dong ho 12 gid. [ tm_hour ]

%I Gis dang 12 gid theo locale. [ tm_hour, tm min, tm sec ]

%R Tuong duong "%H:%M" . [ tm_hour, tm_min ]

%S Giay dudi dang s6 thap phan (00-60). [ tm_sec ]

st Mot ky tu tab ngang.

%T Tuong duong "%H:%M:%S" (dinh dang gic ISO 8601). [ tm_hour , tm min, tm_sec ]

%u Ngay trong tuan theo ISO 8601 dudi dang s6 thap phan (1-7), v4i thii Hai la 1. [ tm_wday ]

%U S6 tuén trong ndm (Chu Nhat dau tién 1a ngay dau cta tuin 1) dudi dang sé thip phan
(00-53). [ tm_year, tm wday, tm yday ]

%V S6 tuén theo ISO 8601 (xem dudi) dudi dang s thap phan (01-53). [ tm_year, tm wday ,
tm_yday ]

%W Ngay trong tuan dudi dang s6 thap phan (0-6), v6i Chu Nhét la 0.

%W S6 tuén trong nam (thd Hai d4u tién 1a ngay dau cta tudn 1) dudi dang s6 thip phan
(00-53). [ tm_year , tm wday, tm_yday ]

%X Cach biéu dién ngay phu hgp theo locale.

%X Cach biéu dién gid phi hop theo locale.

%y Hai chii s6 cu6i ciia ndm dudi dang s6 thap phan (00-99). [ tm year ]

o°
<

Ném dudi dang s6 thap phan (vi du 1997). [ tm_year ]

Do léch so v6i UTC & dinh dang ISO 8601 "-0430" (nghia la chdm hon UTC 4 tiéng 30
phut, phia tiy Greenwich), hoac khong c6 ky tu nao néu khéng xac dinh duge mui gid.

[ tm isdst ]

Tén hodc viét tit mai gis theo locale, hodc khong cé ky tu nao néu khong xac dinh dudc
mui gid. [ tm isdst ]

Mot dau % binh thudng

o°
N

o°
N

o
o°

Phu. Dung la tinh yéu.

%G, %g,va %v hdi khic ngudi & chd ching dung thd goi 1a nam dua-trén-tuan ISO 8601. Téi chua
ting nghe t6i. Nhung, lai chép tii spec, cac quy téc la:

%g, %G, va %V cho cac gia tri theo nim dua-trén-tuéin ISO 8601. Trong hé nay, tuan bit dau
vao thit Hai va tun 1 cia ndm la tuin bao gém ngay 4 thang 1, cling 1a tuén bao goém thi Nam
d4u tién clia ndm, va cing la tuén dau tién chda it nhit bon ngay trong nam. Néu thi Hai dau
tién ctia thang Mot la ngay 2, 3, hodc 4, cac ngay trude d6 thudc vé tuan cudi cung ctia nim trudc;
do d6, v6i thi Bay ngay 2 thang 1 nam 1999, %G dudc thay bing 1998 va %V dugc thay bang

53 . Néu ngay 29, 30, hodc 31 thang 12 1a thi Hai, ngay d6 va cic ngay tiép theo 1a phan cia
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tudin 1 cia nam ké tiép. Do do, véi thii Ba ngay 30 thang 12 nam 1997, %G dudc thay bing 1998
va %V dugc thay bang 01 .

Moi ngay hoc dugc dieu méi! Néu ban muén biét thém, Wikipedia c6 mot trang vé né’.

Néu ban dang & locale “C”, cac specifier sinh ra nhu sau (lai chép tui spec):

Specifier Mo ta

%a Ba ky tu d4u cua %A .

%A Mot trong Sunday , Monday , ..., Saturday .

%b Ba ky tu d4u ctia %B .

%B Mot trong January , February,..., December .

o°
0

Tudng dudng %a %b %e %T %Y .

%p Mot trong AM hoac PM.

%I Tudng duong %I:%M:%S %p .
%X Tuong duong %m/%d/%y .
%X Tuong duong %T .

%Z Tuy implementation.

C6 thém cac bién thé cta format specifier dé€ bao ring ban muén dung dinh dang thay thé cta locale.
Chung khoéng ton tai v6i tit ca cac locale. D6 la mot trong cac format specifier 6 trén, vdi tién té6 E
hodc 0:

%Ec %EC SEx %EX %Ey %SEY %0d %0e %0H %0I
0m %0M %0S %0u %0U %0V %0w %O0W %0y

o°

»

Céctién t6 E va 0 bibo qua 6 locale “C”.

Gia tri tra vé
Tra vé téng s6 byte da dit vao chudi két qua, khong tinh ky tu NUL két thic.

Néu két qua khong viia trong chudi, tra vé 0 va gia tri trong s 1a khong xac dinh.

Vidu

#include <stdio.h>
#include <time.h>

int main(void)
{
char s[128];
time t now = time(NULL);

// %c: in ngay theo locale hién tai
strftime(s, sizeof s, "%c", localtime(&now));
puts(s); // Sun Feb 28 22:29:00 2021

// %A: tén dd'y du’ ngay-trong-tud'n

// %B: tén dad'y du’ cu’a théang

// %d: ngay trong thang

strftime(s, sizeof s, "%A, %B %d", localtime(&now));
puts(s); // Sunday, February 28

// %I: gid (d6'ng hé™ 12 gio)

*https://en.wikipedia.org/wiki/ISO_week_date
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// %M: phut

// %S: gidy

// %p: AM hodac PM

strftime(s, sizeof s, "It's %I:%M:%S %p", localtime(&now));
puts(s); // It's 10:29:00 PM

// %F: IS0 8601 yyyy-mm-dd

// %T: IS0 8601 hh:mm:ss

// %z: dé léch mii gio ISO 8601

strftime(s, sizeof s, "ISO 8601: %FT%T%z", localtime(&now));
puts(s); // IS0 8601: 2021-02-28T22:29:00-0800
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Xem thém

ctime() , asctime()
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Chapter 30

<uchar.h> Ham Tién Ich Unicode

Ham Mo ta
clértomb()  Chuyén charl6_t sang ky tu multibyte
c32rtomb()  Chuyén char32 t sang ky tu multibyte
mbrtocl6()  Chuyén ky tu multibyte sang charl6_t
mbrtoc32()  Chuyén ky tu multibyte sang char32_t

Cac ham nay 1a restartable, tiic 1a nhiéu ludng c6 thé cing goi ching an toan. Chung xt dugc chuyén
d6 nhd gifi bién conversion state riéng (kiéu mbstate t ) cho mdi lan goi.

30.1 Kiéu

Header nay dinh nghia bon kiéu.

Kiéu Mo ta
charl6 t Kiéu giit ky tu 16-bit
char32_t Kiéu giit ky tu 32-bit
mbstate_t Giii conversion state cho cac ham restartable (ciing dinh nghia trong
<wchar.h>)
size_t Giii cac count (ciing dinh nghia trong <stddef.h>)

String literal cho cac kiéu ky tunay1d u cho charl6 t va U cho char32 t.

charle t *strl
char32_t *str2

u"Hello, world!";
U"Hello, world!";

charl6e t *chrl
char32 t *chr2

U'A’;
U'B';

Luu y charl6 t va char32_t c6 thé chda Unicode. Hodc khong. Néu _ STDC UTF 16 hoic
__STDC_UTF_32__ dudc dinh nghia bing 1, thi charl6_t va char32_t tudng ting dung Unicode.
Khéng thi ching khéng dung va gia tri that luu lai phu thudc locale. Va néu ban khong xai Unicode, t6i
xin chia buén.

30.2 Van de trén OS X

Header nay khong c6 trén OS X—budn nhi. Néu chi cin mdy kiéu théi, ban c6 thé lam:

397
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#include <stdint.h>

typedef int leastl6 t charl6 t;
typedef int least32 t char32_t;

Nhung néu ban con can ca cac ham niia thi tu lo.

30.3 mbrtocl6e() mbrtoc32()

Chuyén ky tu multibyte sang charl6_t hodc char32_t kiéu restartable

Synopsis

#include <uchar.h>

size t mbrtocl6(charl6 t * restrict pcl6, const char * restrict s, size t n,
mbstate t * restrict ps);

size t mbrtoc32(char32 t * restrict pc32, const char * restrict s, size t n,
mbstate t * restrict ps);

Description

Cho mot source string s va buffer dich pc16 (hodc pc32 v6i mbrtoc32() ), chuyén ky tu dau tién

cta nguobn thanh cac charl6_t (hodc char32_t véi mbrtoc32() ).
Dai loai ban c6 mot ky tu thudng va muén né 6 dang charlé t hay char32 t. Dung miy ham nay
la xong. Luu y chi mot ky tu dude chuyén théi bat ké s c¢6 bao nhiéu ky tu.

Khi cic ham scan s , ban khéng mudn chung chay qua khoi dau cudi. Nén ban truyén n 13 s6 byte t6i
da dugc kiém. Ham sé diing sau khi xét du tling 4y byte ho#c khi ¢6 di mot ky tu multibyte hoan chinh,
tuy cai nao téi trudc.

Vi ching restartable, truyén vao mot bién conversion state cho ham lam viéc.

Va két qua sé dugc dat vao pcl6é (hodc pc32 v8i mbrtoc32() ).

Return Value

Khi thanh cong, ham tra vé s6 gitia 1 va n (bao gom ca hai dau) biéu thi s6 byte tao nén ky tu multibyte
do.

Hodc, ciing tinh 1a thanh cdng, ching c6 thé trd 0 néu ky tu ngudn 1a NUL (gia tri 0).

Khi khong hoan toan thanh cong, chung c6 thé tra du loai code. Tat ca déu kiéu size t , nhung la gia
tri Am cast sang kiéu do.

Gia tri tra vé Mo ta
(size_t)(-1) Lbi encoding—day khong phai chudi byte hgp 1é. errno dugc dat thanh
EILSEQ .
(size t)(-2) n byte da dudc xét va tao thanh mot phdn ky tu hop 1é, nhung chua hoan
chinh.
(size t)(-3) Mot gia tri tiép theo ctia ky tu khong biéu dién duge bing mot gia tri don.

Xem dudi.
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Trudng hop (size t)(-3) hoila. Co ban la c6 vai ky tu khong biéu dién dudc bang 16 bit nén khéong

Ivu dudc trong charl6_t . Cac ky tu nay dudc luu trong cai (goi trong thé giéi Unicode) 1a surrogate

pair. Tic 12 c6 hai gia tri 16-bit di lién nhau biéu dién mét gia tri Unicode 16n hon.

Vi du, néu ban muén doc ky tu Unicode \U0001fbc5 (1a mdt hinh ngudi que' —tdi khong dé trong text

vi font ctia t6i khéng render né dudc) thi né dai hon 16 bit. Nhung méi lan goi mbrtocl6() chitra mét
charl6 t!

Nén cac lan goi mbrtocl6() ké ti€p sé giai gia tri tiép theo trong surrogate pair va tra vé (size t)(-3)
dé bao cho ban biét chuyén nay da xay ra.

Ban ciing c6 thé truyén NULL cho pclé hodc pc32 . Lam viy sé khong Iuu két qua, nhung ban c6 thé
dung néu chi quan tAm dén gia tri tra vé ctia ham.

Cuoi cung, néu ban truyén NULL cho s, lénh goi tudng duong véi:

mbrtocl6(NULL, "", 1, ps)

Vi ky tu la NUL trong trudng hgp do, chuyén nay cé tic dung dat state trong ps vé conversion state
ban dau.

Example

Vi du use case thudng thdy, 14y hai gia tri ky tu dau tién ti chudi multibyte "€zillion" :

#include <uchar.h>

#include <stdio.h> // cho printf()

#include <locale.h> // cho setlocale()

#include <string.h> // cho memset()

int main(void)

{
char *s = "\u20aczZillion"; // 20ac la "€"
charl6 t pcl6;
size t r;
mbstate t mbs;
setlocale(LC ALL, "");
memset (&mbs, 0, sizeof mbs);
// Kié’m 8 byte ké” xem cé ky tu nao trong dé
r = mbrtocl6(&pcl6, s, 8, &mbs);
printf("szu\n", r); // In mot gid tri >= 1 (3 trong locale UTF-8)
printf("s#x\n", pcl6); // In 0x20ac cho "€"
s +=r; // Sang ky tu ké~’
// Kié’m 8 byte ké  xem cé ky tu nao trong dé
r = mbrtocl6(&pcl6, s, 8, &mbs);
printf("%zu\n", r); // In 1
printf("s#x\n", pcl6); // In Ox5a cho "Z"

}

J

Vi du v6i surrogate pair. Trong trudng hgp nay ta doc dit dé c6 toan bd ky tu, nhung két qua phai duge
Ivu trong hai charl6 t, cin hailan goi d€ 14y ca hai.

Ihttps://en.wikipedia.org/wiki/Symbols_for_Legacy_Computing
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#include <uchar.h>
#include <stdio.h> // cho printf()
#include <string.h> // cho memset()
#include <locale.h> // cho setlocale()
int main(void)
{
char *s = "\U0001fbc5*"; // Glyph hinh nguoi que, hon 16 bit
charlé t pcl6;
mbstate t mbs;
size t r;
setlocale(LC ALL, "");
memset (&mbs, 0, sizeof mbs);
r = mbrtocl6(&pcl6, s, 8, &mbs);
printf("%szd\n", r); // r la 4 byte trong locale UTF-8
printf("s%#x\n", pcl6); // Gid tri dd'u cu’a surrogate pair
s +=r; // Sang ky tu ké”’
r = mbrtocl6(&pcl6, s, 8, &mbs);
printf("%zd\n", r); // r la (size t)(-3) o’ day dé’ bao...
printf("s#x\n", pcl6); // ...Gid tri thd hai cu’a surrogate pair
// Vi r la -3, nghia la ta vd"n dang xu’ cung mét ky tu,
// nén PUNG sang ky tu ké  1&'n nay
//s +=r; // Comment di
r = mbrtocl6(&pcl6, s, 8, &mbs);
printf("%szd\n", r); // 1 byte cho "*"
printf("s#x\n", pcl6); // 0x2a cho "*"
}

Output trén hé clia t6i, cho thay ky tu dau dugdc biéu dién bdi cip (0xd83e, 0xdfc5)

dudc biéu dién bsi 0x2a :

va ky tu thi hai

0xd83e
-3
0xdfch

0x2a

See Also

clértomb() , c32rtomb()

30.4

clértomb() c32rtomb()

Chuyén charl6_t hodc char32_t sang ky tu multibyte kiéu restartable
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Synopsis

#include <uchar.h>
size t clértomb(char * restrict s, charl6 t cl6, mbstate t * restrict ps);

size t c32rtomb(char * restrict s, char32 t c32, mbstate t * restrict ps);

Description

Néu ban c6 mot ky tu trong charl6_t hodc char32_t, dung cac ham nay dé chuyén sang ky tu
multibyte.

Céc ham nay tinh ra can bao nhiéu byte cho ky tu multibyte trong locale hién tai va Iuu vao buffer dudc
tro boi s .
Nhung buffer d6 phai bu ¢6 nao? May la ¢6 mot macro giap: n6 khoéng can 16n hon MB_CUR MAX .

Trudng hop ddc biét, néu s 1a NULL , nd giong nhu goi

clértomb(buf, L'\0', ps); // hoac...
c32rtomb(buf, L'\0', ps);

trong d6 buf la buffer do hé thong quan ma ban khong truy cap dudc.

Chuyén nay c6 tac dung dat state ps vé trang thai ban dau.

Cudi cung vdi surrogate pair (khi ky tu bi chia thanh hai charl6_t ), ban goi lan d4u véi phan tit dau
cta cdp—lic nay ham sé tra 0 . Roi goi lai v6i phén ti thi hai cta cép, ham sé tra s6 byte va luu két
qua trong mang s .

Return Value

Tra vé s6 byte da luu vao mang dudc tro béi s .

Tra vé 0 néu viéc xu ly ky tu hién tai chua xong, nhu trong trudng hgp surrogate pair.

Néu c6 16i encoding, ham tra (size t)(-1) va errno dudc dat thanh EILSEQ .

Example

#include <uchar.h>

#include <stdlib.h> // cho MB_CUR_MAX
#include <stdio.h> // cho printf()
#include <string.h> // cho memset()
#include <locale.h> // cho setlocale()

int main(void)
{
charle t cl6 = 0x20ac; // Unicode cho ky hiéu Euro
char dest[MB_CUR_MAX];
size t r;
mbstate t mbs;

setlocale(LC ALL, "");
memset (&mbs, 0, sizeof mbs); // Reset conversion state

// Convert
r = clértomb(dest, cl6, &mbs);
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printf("r == %zd\n", r); // r == 3 trén hé cu’a toi

// Va cai nay sé in ky hiéu Euro
printf("dest == \"%s\"\n", dest);

Output trén hé cta toi:

r ==

dest

== "g"

J

Day 1 vi du phtic tap hon, chuyén mét ky tu gid tri 16n trong chudi multibyte thanh surrogate pair (nhu

vidu

mbrtocl6() & trén) roi chuyén ngudc lai thanh chudi multibyte dé in.

#inc
#inc

int

{

#include <stdio.h> // cho printf()
#include <string.h> // cho memset()
#include <locale.h> // cho setlocale()

Llude <uchar.h>
lude <stdlib.h> // cho MB_CUR_MAX

main(void)

char *src = "\U0001fbc5*"; // Glyph hinh nguoi que, hon 16 bit
char dest[MB_CUR MAXI;

charlé t surrogate®, surrogatel;

mbstate t mbs;

size t r;

setlocale(LC ALL, "");
memset (&mbs, @, sizeof mbs); // Reset conversion state

// L&’y ky tu surrogate da'u
r = mbrtocl6(&surrogate@, src, 8, &mbs);

// L&’y ky tu surrogate ké~’
src +=r; // Sang ky tu ké~’
r = mbrtocl6(&surrogatel, src, 8, &mbs);

printf("Surrogate pair: %#x, S%#x\n", surrogate®, surrogatel);

// Gi¢ da’o nguoc lai
memset (&mbs, O, sizeof mbs); // Reset conversion state

// Xu’ ky tu surrogate da'u
r = clértomb(dest, surrogate®, &mbs);

// r nén la 0 lic nay, vi ky tu chua duoc xu’ xong.
// Va dest sé chua cé gi xai duoc... chua dau!
printf("r == %zd\n", r); // r ==

// Xu’ ky tu surrogate thit hai
r = clértomb(dest, surrogatel, &mbs);

// Gio thi 6°n ré'i. r cé s6” byte, va dest gilt ky tu.
printf("r == %zd\n", r); // r == 4 trén hé cu’a téi
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3 // Va cai nay sé in hinh nguoi que, né’u font cu’a ban hé~ tro
m printf("dest == \"%s\"\n", dest);
45 }

See Also

mbrtocl6() , mbrtoc32()
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Chapter 31

<wchar.h> Xii Ly Wide Character

Ham Mo ta
btowc() Chuyén ky tu mot byte sang wide character
fgetwc() Lay mot wide character tit mot wide stream
fgetws () Doc mot wide string tii mot wide stream
fputwc() Ghi mo6t wide character ra mét wide stream
fputws () Ghi moét wide string ra mét wide stream
fwide() Lay hoac dit orientation cta stream
fwprintf() Xuét wide c6 dinh dang ra mot wide stream
fwscanf () Nhép wide c6 dinh dang tti mot wide stream
getwchar() L4y mot wide character tii stdin
getwc() Lay mot wide character tit stdin
mbrilen() Tinh s6 byte cia mot ky tu multibyte kiéu restartable
mbrtowc () Chuyén multibyte sang wide character kiéu restartable
mbsinit() Kiém tra mot mbstate t c6 dang & conversion state ban dau khong

mbsrtowcs ()
putwchar()
putwc ()

swprintf()

(
swscanf ()
ungetwc ()
vfwprintf()
vfwscanf ()
vswprintf()
vswscanf ()
vwprintf()
vwscant ()
wcscat (
weschr(
wcscmp (
wcscoll()
wcscpy (

)
wcsftime()
wcslen(
wcsncat()

)
)
)
(
)
wcscspn(
e
)
(
wcsnemp ()

Chuyén chudi multibyte sang chudi wide character kiéu restartable
Ghi mot wide character ra stdout

Ghi moét wide character ra stdout

Xuit wide c6 dinh dang ra mot wide string

Nhép wide c6 dinh dang ti mét wide string

Diay mot wide character trd lai input stream

Xuat wide c6 dinh dang variadic ra mot wide stream
Nhép wide c6 dinh dang variadic ti mot wide stream
Xuét wide c6 dinh dang variadic ra mot wide string
Nhép wide c6 dinh dang variadic tii mot wide string
Xuét wide c6 dinh dang variadic

Nhép wide c6 dinh dang variadic

N&i wide string kiéu nguy hiém

Tim mét wide character trong mét wide string

So sanh wide string

So sanh hai wide string c6 tinh dén locale

Copy mot wide string kiéu nguy hiém

Dém cac ky tu khong thudc tip bat dau tit ddu mdt wide string
Xuét ngay gid c6 dinh dang

Tra vé do dai ctia mot wide string

N&i wide string an toan hon

So sanh wide string, giéi han d6 dai

405
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Ham Mo ta

wesnepy () Copy mot wide string an toan hon

wespbrk () Tim moét wide character trong mot tip 6 mot wide string
wesrchr() Tim moét wide character trong mét wide string ti cu6i
wcsrtombs () Chuyén chudi wide character sang chudi multibyte kiéu restartable
wcsspn() Dém cac ky tu thudc mot tip 6 dau mot wide string
wesstr() Tim moét wide string trong mot wide string khac
westod () Chuyén mot wide string sang double

westof () Chuyén mot wide string sang float

westok() Tach token mot wide string

westold() Chuyén mot wide string sang long double
westoll() Chuyén mot wide string sang long long

westol() Chuyén mot wide string sang long

westoull() Chuyén mot wide string sang unsigned long long
westoul () Chuyén mot wide string sang unsigned long
wesxfrm() Bién d6i mot wide string d€ so sanh dua trén locale
wctob () Chuyén mot wide character sang ky td mot byte
wctombr () Chuyén wide sang multibyte kiéu restartable
wmemcmp () So sanh wide character trong b nhé

wmemcpy () Copy b6 nhé wide character

wmemmove () Copy bd nhé wide character, c6 thé dé nhau
wprintf() Xuit wide c6 dinh dang

wscanf () Nhép wide c6 dinh dang

Day la céc bién thé wide character ctia nhiing ham c¢6 trong <stdio.h> .

Nhé la ban khéng dudc mix-and-match cac ham xuat multibyte (nhu printf () ) véi cAc ham xuat wide
character (nhu wprintf() ). Output stream c6 mot orientation (dinh huéng) hoac la multibyte hodc la

wide, dugc dit ngay 16i goi I/O dau tién 1én stream d6. (Hodc co thé dit bang fwide() .)
Nén chon moét trong hai va bam 14y no.

Ban c6 thé dic td wide character constant va string literal bdng cach thém tién t6 L & dau:

wchar t *s = L"Hello, world!";
wchar t ¢ = L'B";

Header nay ciing gidi thiéu ki€éu wint_t dugc cdc ham I/O ky tu dung. Day 1a kiéu cd thé giti bat ky

wide character don nao, va ciing gilt dugc macro WEOF d€ bdo wide end-of-file.

31.1 Ham Restartable

Cudi cling, vai 16i vé cac ham “restartable” cé trong day. Khi conversion dang dién ra, mot s encoding
yéu cau C phai theo ddi mot it state (trang thai) vé tién do conversion cho dén thdi diém do.

V6i nhiéu ham, C dung mot bién noi b cho state do, dung chung gitia cac 16i goi ham. Véan dé 1a néu
ban viét code da ludng, state nay c6 thé bi cac ludng khac ddm dap.

Dé tranh chuyén d6, mdi ludng cin tu giii state clia riéng né trong mot bién kiéu opaque mbstate t .

Va cac ham “restartable” cho phép ban truyén state d6 vao dé méi ludng dung bién ctia riéng minh.
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31.2 wprintf(), fwprintf(), swprintf()

Xudt c6 dinh dang v6i mot wide string

Synopsis

#include <stdio.h> // For fwprintf()
#include <wchar.h>

int wprintf(const wchar t * restrict format, ...);
int fwprintf(FILE * restrict stream, const wchar t * restrict format, ...);

int swprintf(wchar t * restrict s, size t n,
const wchar t * restrict format, ...);

Description
bay 1a cac phién ban wide cia printf() , fprintf()](#man-printf), va [ sprintf()".
Xem céc trang d6 dé biét cach dung cu thé.

Chung giéng hét nhau trii cdi format string 1a mot chudi wide character thay vi mot chudi multibyte.

Va swprintf() thituong ti snprintf() & chd ca hai déu nhan kich thuéc ctia mang dich lam tham
s0.

Mot chuyén niia: precision ddc td cho mot %s specifier tudng ting véi s6 wide character dudc in, khong
phai s6 byte. Néu ban biét khac biét nao khéc, bao téi.

Return Value

Tra vé s6 wide character di xuit, hodc -1 néu c6 16i.

Example
#include <stdio.h>
#include <wchar.h>
int main(void)
{
char *mbs = "multibyte";
wchar t *ws = L"wide";
wprintf(L"We're all wide for %s and %ls!\n", mbs, ws);
double pi = 3.14159265358979;
wprintf(L"pi = %f\n", pi);
}
Output:

We're all wide for multibyte and wide!
pi = 3.141593
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See Also

printf() , vwprintf()

31.3 wscanf() fwscanf() swscanf()

Scan mot wide stream hodc wide string d€ nhap c6 dinh dang

Synopsis

#include <stdio.h> // for fwscanf()
#include <wchar.h>

int wscanf(const wchar_t * restrict format, ...);
int fwscanf(FILE * restrict stream, const wchar t * restrict format, ...);

int swscanf(const wchar t * restrict s, const wchar t * restrict format, ...);

Description

Day 14 cac bién thé wide ctia scanf() , fscanf() ,va sscanf() .

Xem trang scanf() dé biét moi chi tiét.

Return Value

Tra vé s6 muc scan dudc thanh céng, hodc EOF néu c6 16i input nao do.

Example
#include <stdio.h>
#include <wchar.h>
int main(void)
{
int quantity;
wchar t item[100];
wprintf(L"Enter \"quantity: item\"\n");
if (wscanf(L"%d:%991s", &quantity, item) != 2)
wprintf(L"Malformed input!\n");
else
wprintf(L"You entered: %d %Lls\n", quantity, item);
}

Output (véi input la 12: apples ):

Enter "quantity: item"
12: apples
You entered: 12 apples
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See Also

scanf (), vwscanf()

31.4 vwprintf() vfwprintf() vswprintf()

Céc bién thé ctia wprintf() dung danh sich tham s6 bién thién ( va_list )

Synopsis

#include <stdio.h> // For vfwprintf()
#include <stdarg.h>
#include <wchar.h>

int vwprintf(const wchar t * restrict format, va list arg);

int vswprintf(wchar t * restrict s, size t n,
const wchar t * restrict format, va list arg);

int vfwprintf(FILE * restrict stream, const wchar t * restrict format,
va list arg);

Description

Cac ham nay 14 bién thé wide character ctia coic ham vprintf() . Ban c6 thé xem trang tham khéao do
dé biét thém chi tiét.

Return Value

Tra vé s6 wide character da luu, hodc mdt gi4 tri Am néu c6 16i.

Example

Trong vi du nay, ching ta tu lam phién ban riéng ctia wprintf() ténla wlogger() d€chdm timestamp

vao output. D€ y ring cac 16i goi wlogger() co6 di hét nhiing thii hay ho cia wprintf() .

#include <stdarg.h>
#include <wchar.h>
#include <time.h>

int wlogger(wchar t *format, ...)

{
va_list va;
time t now secs = time(NULL);
struct tm *now = gmtime(&now secs);

// In timestamp theo dinh dang "YYYY-MM-DD hh:mm:ss : "
wprintf(L"%04d-%02d-%02d %02d:%02d:%02d : ",
now->tm year + 1900, now->tm mon + 1, now->tm mday,
now->tm_hour, now->tm min, now->tm sec);

va_start(va, format);
int result = vwprintf(format, va);
va _end(va);
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wprintf(L"\n");

return result;

}
int main(void)
{
int x = 12;
float y = 3.2;
wlogger(L"Hello!");
wlogger(L"x = %d and y = %.2f", X, y);
}
Output:

2021-03-30 04:25:49 : Hello!
2021-03-30 04:25:49 : x = 12 and y = 3.20

See Also

printf() , vprintf()

31.5 vwscanf(), vfwscanf(), vswscanf()

Céc bién thé ctia wscanf() dung danh sich tham s6 bién thién (va_list )

Synopsis

#include <stdio.h> // For vfwscanf()
#include <stdarg.h>
#include <wchar.h>

int vwscanf(const wchar t * restrict format, va list arg);

int vfwscanf(FILE * restrict stream, const wchar t * restrict format,
va list arg);

int vswscanf(const wchar t * restrict s, const wchar t * restrict format,
va_list arg);

Description

Day 1a cac ddi tac wide ctia tdp ham vscanf() . Xem trang tham khao cta ching dé€ biét chi tiét.

Return Value

Tra vé s6 muc scan dudc thanh céng, hodc EOF néu c6 16i input nao do.

Example

T6i phai thd nhan 14 toi vat 6c mai méi nghi ra bao gid thi ban mudn ding cai nay. Vi du hay nhét toi
tim dudc 12 mot cai trén Stack Overflow! kiém tra 16i cho gi4 tri trd vé til scanf() so véi gi tri ky

Thttps://stackoverflow.com/questions/17017331/c99-vscanf-for-dummies/17018046#17018046


https://stackoverflow.com/questions/17017331/c99-vscanf-for-dummies/17018046#17018046
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vong. Mot bién thé cta cai d6 6 duéi.
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#include <stdarg.h>
#include <wchar.h>
#include <assert.h>

int error_check wscanf(int expected count, wchar t *format,

{

va_ list va;
va_start(va, format);
int count = vwscanf(format, va);

va _end(va);

// Dong nay sé lam chuong trinh crash né’u dié'u kién sai:
assert(count == expected_count);

return count;

.)

}
int main(void)
{
int a, b;
float c;
error_check wscanf(3, L"%d, %d/%f", &, &b, &c);
error_check wscanf(2, L"%d", &a);
}
See Also
wscanf ()

31.6 getwc() fgetwc() getwchar()

Lay mot wide character tit mot input stream

Synopsis

#include <stdio.h> // For getwc() and fgetwc()
#include <wchar.h>

wint t getwchar(void);
wint t getwc(FILE *stream);

wint t fgetwc(FILE *stream);

Description

DPay la cic bién thé wide ctia fgetc() .

fgetwc() va getwc() gidng hét nhau, chi khac getwc() c6 thé duge hién thuc dudi dang macro va

dudc phép evaluate stream nhiéu lan.
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getwchar() giong hét getwc() vdi stream 1a stdin.

Toi chéng hiéu sao ban lai ding getwc() thay vi fgetwc() , nhung néu ai biét thi bao tdi mot tiéng.

Return Value
Tra vé wide character ti€p theo trong input stream. Tra vé WEOF & end-of-file hogc khi c6 16i.
Néu c6 16i I/O, ¢ 16i cling dudc dit trén stream.

Néu gap byte sequence khong hdp 1é, errno dudc dit thanh ILSEQ .

Example

Doc tat ca ky tu ti mot file, chi xuit ra nhiing chit ‘b’ né tim thay trong file:

#include <stdio.h>
#include <wchar.h>
int main(void)
{
FILE *fp;
wint t c;
fp = fopen("datafile.txt", "r"); // error check this!
// this while-statement assigns into c, and then checks against EOF:
while((c = fgetc(fp)) != WEOF)
if (c == L'b")
fputwc(c, stdout);
fclose(fp);
}
See Also

fputwc , fgetws, errno

31.7 fgetws()

Doc mot wide string tit mot file

Synopsis

#include <stdio.h>
#include <wchar.h>

wchar t *fgetws(wchar t * restrict s, int n, FILE * restrict stream);

Description

Day la phién ban wide cia fgets() . Xem trang tham khéo ctia né dé biét chi tiét.

Mot ky tu wide NUL dudc ding dé két thiic chudi.
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Return Value

Tra vé s néu thanh cong, hodc con trd NULL néu end-of-file ho#c c6 16i.

Example

Vi du sau day doc tling dong tii mot file va danh sé vao dau mdi dong:

#include <stdio.h>

#include <wchar.h>

#define BUF SIZE 1024

int main(void)

{
FILE *fp;
wchar t buf[BUF SIZE];
fp = fopen("textfile.txt", "r"); // error check this!
int line_count = 0;
while ((fgetws(buf, BUF SIZE, fp)) '= NULL)

wprintf(L"%04d: %ls", ++line count, buf);

fclose(fp);

}

Output vi du cho mét file c6 cac dong (khong c6 s6 da thém):

0001: line 1
0002: line 2
0003: something
0004: line 4

See Also

fgetwc() , fgets()

31.8 putwchar() putwc() fputwc()

Ghi mét wide character don ra console hoac ra file

Synopsis

#include <stdio.h> // For putwc() and fputwc()
#include <wchar.h>

wint t putwchar(wchar t c);

wint t putwc(wchar t c, FILE *stream);

wint t fputwc(wchar t c, FILE *stream);
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Description

Day 14 cac tudng dudng wide character ctia nhém ham ‘fputc()’. Ban c6 thé tim thém thong tin ‘3 phan
tham khao d6’.

fputwc() va putwc() gidng hét nhau, chi khic putwc() c6 thé duge hién thuc dudi dang macro va

dudc phép evaluate stream nhiéu lan.
putwchar() gidong hét putwc() véi stream la stdin .

Toi chéng hi€u sao ban lai dung putwc() thay vi fputwc() , nhung néu ai biét thi bdo tdi mot tiéng.

Return Value
Tra vé wide character da ghi, hoic WEOF néu c6 16i.
Néu 14 16i I/O, ¢& 16i sé dudc dit cho stream.

Néu 12 16i encoding, errno sé& dudc dit thanh EILSEQ .

Example

Doc tt ca ky tu tit mot file, chi xuét ra nhiing chii ‘b’ né tim thdy trong file:

#include <stdio.h>
#include <wchar.h>
int main(void)
{
FILE *fp;
wint_t c;
fp = fopen("datafile.txt", "r"); // error check this!
// this while-statement assigns into c, and then checks against EOF:
while((c = fgetc(fp)) != WEOF)
if (c == L'b")
fputwc(c, stdout);
fclose(fp);
}
See Also

fgetwc() , fputc(), errno

319 fputws()

Ghi moét wide string ra mét file

Synopsis

#include <stdio.h>
#include <wchar.h>

int fputws(const wchar t * restrict s, FILE * restrict stream);
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Description
Day la phién ban wide cua fputs() .

Truyén vao mét wide string va mot output stream, va né sé dudc ghi ra.

Return Value

Tra vé mot gia tri khong Am néu thanh céng, hodc EOF néu c6 16i.

Example

#include <stdio.h>
#include <wchar.h>

int main(void)

{

fputws(L"Hello, world!'\n", stdout);
}
See Also

fputwc() fputs()

31.10 fwide()

L&y hod#c dit orientation clia stream

Synopsis

#include <stdio.h>
#include <wchar.h>

int fwide(FILE *stream, int mode);

Description

Stream c6 thé 1a wide-oriented (nghia la cic ham wide dang dudc dung) ho#c byte-oriented (cAc ham
multibyte thudng dang dudc dung). Hodc, trudc khi orientation dugdc chon, thi la unoriented.

C6 hai cach dat orientation cho mot stream unoriented:

« Ngam: chi cin dung mo6t ham nhu printf() (byte oriented) hodc wprintf() (wide oriented),
va orientation sé dugc dit.

« Tudng minh: dung ham nay dé dat.

Ban c6 thé dit orientation cho stream bang cach truyén cac s6 khac nhau vao mode :

mode Mo ta

0 Khong thay d6i orientation
-1 Dat stream thanh byte-oriented
1 Dat stream thanh wide-oriented

(T6indi -1 va 1 G do, nhung thuc ra c6 thé 1a bat ky s6 duong hay 4m nao.)



416 Chapter 31. <wchar.h> Xit Ly Wide Character

Hau hét moi ngudi chon cac ham wide hodc byte ( printf() hodc wprintf() ) va ci xai, khéng bao

gis dung fwide() dé€ dat orientation.

Va mot khi orientation da dugc dit, ban khong déi dugc. Nén ban cling ching dung fwide() cho viéc

do6 dudc.

Vay dung n6 dé lam gi?

Ban c6 thé kiém tra xem mot stream dang & orientation ndo bing cach truyén 0 vao mode vakiém tra

gia tri tra vé.

Return Value
Tra vé s6 16n hon 0 néu stream 1a wide-oriented.
Tra vé s6 nho hon 0 néu stream la byte-oriented.

Tra vé 0 néu stream 1a unoriented.

Example

Vi du dat thanh byte-oriented:

#include <stdio.h>
#include <wchar.h>

int main(void)

‘ printf("Hello world!\n"); // Nga'm dat thanh byte
int mode = fwide(stdout, 0);
printf("Stream is %s-oriented\n", mode < 0? "byte": "wide");
}
Output:

Hello world!
Stream is byte-oriented

Vi du dat thanh wide-oriented:

#include <stdio.h>
#include <wchar.h>

int main(void)

{

int mode = fwide(stdout, 0);

wprintf(L"Hello world!\n"); // Ng&d'm dat thanh wide

wprintf(L"Stream is %ls-oriented\n", mode < 0?7 L"byte": L"wide");

Output:

Hello world!
Stream is wide-oriented
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31.11 ungetwc()

D4y mot wide character tré lai input stream

Synopsis

#include <stdio.h>
#include <wchar.h>

wint t ungetwc(wint t c, FILE *stream);

Description
Day 1a bién thé wide character clia ungetc() .
N6 lam diéu ngugc v8i fgetwe() , ddy mot ky tu tré lai input stream.

Spec bao dam ban lam dudc chuyén nay mot lan lién ti€p. Co6 thé ban lam dudc nhiéu lAn hon, nhung
tuy implementation. Néu goi qua nhiéu lin ma khéong c6 15i doc xen vao, c6 thé sé tra vé 16i.

Dit vi tri file sé huy moi ky tu da dudc ungetwc() ddy vao ma chua doc lai.

Cd end-of-file sé dugc xo0a sau mot 16i goi thanh cong.

Return Value

Tra vé gia tri ctia ky tu da ddy néu thanh cdng, hodc WEOF néu thit bai.

Example

Vi du nay doc mot ddu ciu, réi moi thi sau né cho dén diu cau tiép theo. N6 tra vé dau cau din dau va
luu phéan con lai vao mét chudi.

#include <stdio.h>
#include <wctype.h>
#include <wchar.h>

wint t read punctstring(FILE *fp, wchar t *s)
{
wint_t origpunct, c;

origpunct = fgetwc(fp);

if (origpunct == WEOF) // tra’ vé' EOF khi end-of-file
return WEOF;

fgetwc(fp), !iswpunct(c) && c !'= WEOF)
c; // lwu vao chubé”i

while (c
*s++

s = L'\0'; // nul-terminate chud”i

// né’u doc duoc dd’u cdu cub’i cung, ungetc né dé’ 1&'n sau fgetc
// 1la’y lai duoc:
if (iswpunct(c))

ungetwc(c, fp);

return origpunct;
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int main(void)
{
wchar t s[128];
wint t c;
while ((c = read punctstring(stdin, s)) != WEOF) {
wprintf(L"%slc: %ls\n", c, s);
}
}
Sample Input:
| foo#bar*baz

Sample output:

1. foo
#: bar
*: baz
J
See Also

fgetwc() , ungetc()

31.12 wcstod() wcstof() wcstold()

Chuyén mot wide string sang s6 ddu phiy dong

Synopsis

#include <wchar.h>

double wcstod(const wchar t * restrict nptr, wchar t ** restrict endptr);

float wcstof(const wchar t * restrict nptr, wchar t ** restrict endptr);

long double wcstold(const wchar t * restrict nptr, wchar t ** restrict endptr);

Description

Day 14 cac ddi tac wide ctia ho ham strtod() . Xem trang tham khao ctia ching dé biét chi tiét.

Return Value
Tra vé chudi di dudc chuyén sang gia tri ddu phay dong.
Tra vé @ néu khong co6 s6 hop 1é trong chudi.

Khi overflow, trd vé HUGE VAL, HUGE_VALF , hodc HUGE VALL vdi diu thich hgp tuy kiéu tra vé, va
errno dudc dat thanh ERANGE .

Khi underflow, tra vé mot s6 khong 18n hon s6 ducng normalized nho nhit, c6 dau thich hgp. Imple-
mentation cé thé dit errno thanh ERANGE .
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Example

#include <wchar.h>

int main(void)

{
wchar t *inp = L" 123.4567beej";
wchar t *badchar;
double val = wcstod(inp, &badchar);
wprintf(L"Converted string to %f\n", val);
wprintf(L"Encountered bad characters: %ls\n", badchar);
val = wcstod(L"987.654321beej", NULL);
wprintf(L"Ignoring bad chars: %f\n", val);
val = wcstod(L"11.2233", &badchar);
if (*badchar == L'\0")

wprintf(L"No bad chars: %f\n", val);
else
wprintf(L"Found bad chars: %f, %ls\n", val, badchar);
}
Output:

Converted string to 123.456700

Encountered bad characters: beej

Ignoring bad chars: 987.654321

No bad chars: 11.223300

See Also

wcstol() , strtod() , errno

31.13 wcstol() wcstoll() wcstoul() wcstoull()

Chuyén mot wide string sang gia tri s& nguyén

Synopsis

#include <wchar.h>

long int wcstol(const wchar t * restrict nptr,
wchar_t ** restrict endptr, int base);

long long int wcstoll(const wchar t * restrict nptr,
wchar t ** restrict endptr, int base);

unsigned long int wcstoul(const wchar t * restrict nptr,
wchar t ** restrict endptr, int base);

unsigned long long int wcstoull(const wchar t * restrict nptr,
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wchar t ** restrict endptr, int base);

Description

Day la céc ddi tac wide ctia ho hAm strtol() , nén xem trang tham khao cta ching dé biét chi tiét.

Return Value
Tra vé gia tri s nguyén ctia chubi.
Néu khong tim dugce gi, tra vé 0 .

Néu két qua nam ngoai pham vi, gid tri trd vé la mot trong LONG _MIN, LONG MAX, LLONG MIN,
LLONG MAX , ULONG MAX hoic ULLONG MAX , tuy trudng hop. Va errno dudc dit thanh ERANGE .

Example
N

#include <wchar.h>

int main(void)

{
// All output in decimal (base 10)
wprintf(L"sld\n", wcstol(L"123", NULL, 0)); // 123
wprintf(L"sld\n", wcstol(L"123", NULL, 10)); // 123
wprintf(L"sld\n", wcstol(L"101010", NULL, 2)); // binary, 42
wprintf(L"%ld\n", wcstol(L"123", NULL, 8)); // octal, 83
wprintf(L"sld\n", wcstol(L"123", NULL, 16)); // hex, 291
wprintf(L"sld\n", wcstol(L"0123", NULL, 0)); // octal, 83
wprintf(L"%ld\n", wcstol(L"0Ox123", NULL, 0)); // hex, 291
wchar t *badchar;
long int x = wcstol(L" 1234beej", &badchar, 0);
wprintf(L"Value is Sld\n", Xx); // Value is 1234
wprintf(L"Bad chars at \"%Lls\"\n", badchar); // Bad chars at "beej"

}

Output:

123

123

42

83

291

83

291

Value is 1234

Bad chars at "beej"

J

See Also

wcstod() , strtol(), errno, wcstoimax() , wcstoumax()
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31.14 wcscpy() wesncpy()

Copy mot wide string

Synopsis

#include <wchar.h>
wchar t *wcscpy(wchar t * restrict sl, const wchar t * restrict s2);

wchar t *wcsncpy(wchar t * restrict sl1,
const wchar_t * restrict s2, size t n);

Description

Day la cac phién ban wide ciia strcpy() va strncpy() .

Ching copy mét chubi dén khi gip wide NUL. Hoic, v6i phién ban an toan hon wcsncpy() , dén d6
hodc dén khi n wide character da dudc copy.

Néu chudi trong s1 ngin hon n, wcsncpy() sé dém s2 bing cic wide NUL character cho dén khi
cham wide character thit n .

Du wcsncpy() an toan hon vi né sé khong bao gid chay vudt cudi s2 (gia st ban dit n dung), nd
van khéng an toan néu khong tim thidy NUL trong n Kky tu d4u ctia s1 . Trong trudng hop d6, s2 sé
khéng duge NUL-terminate. Luén dam bao n 16n hon d6 dai chudi s1'!

Return Value

Travé si.

Example

#include <wchar.h>

int main(void)

{
wchar_t *sl = L"Hello!";
wchar t s2[10];
wcsncpy(s2, s1, 10);

wprintf(L"\"%ls\"\n", s2); // "Hello!"

See Also

wmemcpy () , wmemmove() strcpy(), strncpy()

31.15 wmemcpy() wmemmove()

Copy wide character
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Synopsis

#include <wchar.h>

wchar t *wmemcpy(wchar t * restrict sl,
const wchar t * restrict s2, size t n);

wchar_t *wmemmove(wchar_t *sl, const wchar_t *s2, size t n);

Description
DPay la cac phién ban wide cia memcpy() va memmove() .
Chung copy n wide character tii s2 vao sl.

Ching giong nhau trii chuyén wmemmove() dudc bao dam hoat déng véi cac ving nhé dé nhau, con

wmemcpy () thikhong.

Return Value

C4 hai ham déu tra vé con tro sl .

Example
#include <wchar.h>
int main(void)
{
wchar t s[100] = L"Goats";
wchar t t[100];
wmemcpy(t, s, 6); // Copy bd nhé khong dé nhau
wmemmove(s + 2, s, 6); // Copy bé nhé dé nhau
wprintf(L"s is \"%ls\"\n", s);
wprintf(L"t is \"%ls\"\n", t);
}
Output:

s is "GoGoats"
t is "Goats"

See Also

wcscpy () , wesnepy() , memcpy() , memmove ()

31.16 wcscat() wcsncat()

N&i wide string
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Synopsis

#include <wchar.h>
wchar t *wcscat(wchar t * restrict sl, const wchar t * restrict s2);

wchar t *wcsncat(wchar t * restrict sl,
const wchar t * restrict s2, size t n);

Description

Day la cac bién thé wide cia strcat() va strncat() .

Chung néi s2 vao cudi sl.

Chuing giong nhau trti wesncat() cho ban chon gidi han sé wide character duge néi.

Luuy wcsncat() ludn thém mot NUL terminator vao cudi, ké ca khi n ky tu da dugc néi. Nén nhé

chuia chd cho cai d6.

Return Value

C4 hai ham déu tra vé con tré sl .

Example
#include <wchar.h>
int main(void)
{
wchar t dest[30] = L"Hello";
wchar_t *src = L", World!";
wchar t numbers[] = L"12345678";
wprintf(L"dest before strcat: \"%ls\"\n", dest); // "Hello"
wcscat(dest, src);
wprintf(L"dest after strcat: "%Lls\"\n", dest); // "Hello, world!"
wcsncat(dest, numbers, 3); // strcat 3 ky tw da'u cu’a numbers
wprintf(L"dest after strncat: \"%ls\"\n", dest); // "Hello, world!123"
}
See Also

strcat(), strncat()

31.17 wcscmp(), wesncmp() , wmemcmp ()

So sanh wide string hoac b6 nhé
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Synopsis

#include <wchar.h>
int wecscmp(const wchar t *sl1, const wchar t *s2);
int wcsncmp(const wchar t *sl, const wchar t *s2, size t n);

int wmemcmp(const wchar t *sl, const wchar t *s2, size t n);

Description

Day 1a cac bién thé wide ctia memcmp() , strcmp() ,va strncmp() .
wesemp () va wesnemp() déu so sanh chubi dén ky tu NUL.
wesnemp () con thém han ché 1a chi so sanh n ky tu dau.
wmemcmp () gidng wesncmp() trit chuyén né khéng diing 6 NUL.

So sanh dudc thuc hién dua trén gia tri ky tu (c6 thé (hodc khong) 1a Unicode code point cta no).

Return Value
Tra vé 0 néu ca hai ving bang nhau.
Tra vé mot sé A&m néu vung sl trod t6i nho hon s2 .

Tra vé mot s6 dudng néu viung sl trd t6ilén hon s2 .

Example

#include <wchar.h>

int main(void)

{
wchar t *s1 = L"Muffin";
wchar t *s2 = L"Muffin Sandwich";
wchar t *s3 = L"Muffin";

wprintf(L"%d\n", wcscmp(L"Biscuits", L"Kittens")); // <@ since 'B' < 'K'
wprintf(L"%sd\n", wcscmp(L"Kittens", L"Biscuits")); // >0 since 'K' > 'B'

if (wcscmp(sl, s2) == 0)
wprintf(L"This won't get printed because the strings differ\n");

if (wcscmp(sl, s3) == 0)
wprintf(L"This will print because sl and s3 are the same\n");

// hoi la...nhung né’u cdc chué”i gi6é 'ng nhau, né sé tra’ vé' 0,
// ma @ cing c6é thé’ hié’u la "false". Not-false la "true",

// nén (!wcscmp()) sé la true né’u cac chué™i gié 'ng nhau. Véng,
// la that, nhung ban thd’y hoai ngoai kia nén cit quen dé'n di:

if (!wcscmp(sl, s3))
wprintf(L"The strings are the same!\n");

if (!'wcsncmp(sl, s2, 6))
wprintf(L"The first 6 characters of sl and s2 are the same\n");
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This will print because sl and s3 are the same
The strings are the same!
The first 6 characters of sl and s2 are the same

See Also

wcscoll() , memcmp() , strcmp() , strncmp()

31.18 wcscoll()

So sanh hai wide string c6 tinh dén locale

Synopsis

#include <wchar.h>

int wcscoll(const wchar t *sl, const wchar t *s2);

Description

Day la phién ban wide cia strcoll() . Xem trang tham khdo dé dé biét chi tiét.

Cai nay chim hon wcscmp() , nén chi dung khi ban can so sanh theo locale.

Return Value
Tra vé 0 néu c hai ving bang nhau trong locale nay.
Tra vé mot s6 am néu vung sl tro t6i nho hon s2 trong locale nay.

Tra vé mot s6 dudng néu ving sl tro t6ilén hon s2 trong locale nay.

Example

#include <wchar.h>
#include <locale.h>

int main(void)
{
setlocale(LC ALL, "");

// Né’u source character set khéng h6™ tro "é" trong chudé”i thi
// c6 thé’ thay bdng ‘\u@0e9', Unicode code point cu’a "é".

wprintf(L"%sd\n", wcscmp(L"é", L"f")); // Reports é > f, yuck.
wprintf(L"%sd\n", wcscoll(L"é", L"f")); // Reports é < f, yay!
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See Also

wesemp () , wesxfrm() , strcoll()
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31.19 wcesxfrm()

Bién ddi mot wide string d€ so sanh dua trén locale

Synopsis

#include <wchar.h>

size t wcsxfrm(wchar t * restrict sl,
const wchar t * restrict s2, size t n);

Description

Day la bién thé wide ctia strxfrm() . Xem trang tham khao d6 dé biét chi tiét.

Return Value

Tra vé do dai cia wide string da bién d6i tinh theo wide character.

Néu gia tri tra vé 16n hon n , két qua trong s1 coi nhu bo, khong doan dudc gi.

Example

#include <wchar.h>
#include <locale.h>
#include <stdlib.h>

// Bié’n d6’i mét chubé”i dé’ so sanh, tra’ vé' ké’t qua’
wchar_t *get_xfrm_str(wchar_t *s)

{
int len = wesxfrm(NULL, s, 0) + 1;
wchar t *d = malloc(len * sizeof(wchar t));
wcsxfrm(d, s, len);
return d;
}

// dé’n da duoc bié’'n d6’i sa"n.
int half wcscoll(wchar t *sl, wchar t *s2 transformed)
{

wchar t *sl1 transformed = get xfrm str(sl);

int result = wcscmp(sl transformed, s2 transformed);

free(sl transformed);

return result;

// Lam moét nu’a céng viéc cu’a wcscoll() thuong vi chudé™i tht hai

da malloc'd
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int main(void)
{
setlocale(LC ALL, "");
// Bié’n d6’i truéc chu6”i dé’ so sanh
wchar t *s = get xfrm str(L"éfg");
// So sanh lap lai véi "éfg"
wprintf(L"%d\n", half wcscoll(L"fgh", s)); // "fgh" > "éfg"
wprintf(L"%d\n", half wcscoll(L"abc", s)); // "abc" < "éfg"
wprintf(L"%d\n", half wcscoll(L"hij", s)); // "hij" > "éfg"
free(s);
}
Output:
1
=il
1
See Also

wesemp() , wescoll() , strxfrm()

31.20 wcschr() wcsrchr()

Tim mot wide character trong mot wide string

Synopsis

#include <wchar.h>

// Pre-C23:

wchar t *wcschr(const wchar t *s, wchar t c);

wchar t *wcsrchr(const wchar t *s, wchar t c);

wchar t *wmemchr(const wchar t *s, wchar t ¢, size t n);

// C23:

QWchar t *wcschr(QWchar t *s, wchar t c);

QWchar_t *wcsrchr(QWchar_t *s, wchar t c);

QWchar_t *wmemchr(QWchar t *s, wchar t ¢, size t n);

Description
Dbay 1a cac tuong duong wide ctia strchr() , strrchr() ,va memchr() .

Chung tim wide character trong mét wide string ti dau (wcschr() ), tit cudi (wesrchr() ) hodc tim
trong mot s6 ludng wide character tuy y (wmemchr() ).
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Return Value

Ca ba ham déu tra vé con tré dén wide character tim dudc, hodic NULL néu khéng tim thay (buon thét).

Example
#include <wchar.h>
int main(void)
{
// "Hello, world!"
// A A A
// A B C
wchar_t *str = L"Hello, world!";
wchar t *p;
p = wcschr(str, ','); // p bdy gio tro’ dé’n vi tri A
p = wesrchr(str, '0'); // p bay gio tro’ dé’n vi tri B
p = wmemchr(str, '!'', 13); // p bdy gio tro’ dé’n vi tri C
// Ldp dé’ tim td’'t ca’ cdc chir 'B'
str = L"A BIG BROWN BAT BIT BEEJ";
for(p = wcschr(str, 'B'); p != NULL; p = wcschr(p + 1, 'B')) {
wprintf(L"Found a 'B' here: %ls\n", p);
}
}
Output:
Found a 'B' here: BIG BROWN BAT BIT BEEJ
Found a 'B' here: BROWN BAT BIT BEEJ
Found a 'B' here: BAT BIT BEEJ
Found a 'B' here: BIT BEEJ]
Found a 'B' here: BEEJ
See Also

strchr() , strrchr() , memchr()

31.21 wcsspn() wcscspn()

Tra vé do dai ctia mot wide string gébm toan cac ky tu thudc mot tap wide character, hodc khéng thudc

mot tdp wide character

Synopsis

#include <wchar.h>
size t wcsspn(const wchar t *s1l, const wchar t *s2);

size t wcscspn(const wchar t *s1, const wchar t *s2);
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Description
Day la cac doi tac wide character cua [ strspn() ] (#man-strspn) va strcspn() .

Chuing tinh d6 dai ctia chudi sl tré téi gom toan cac ky tu c6 trong s2 . Hodc, v6i wescspn() , cac ky

tu khong co6 trong s2 .

Return Value
Do dai ctia chudi sl trd téi gom toan cic ky tu trong s2 (v6i wesspn() ) hodc toan cac ky tu khéng

co trong s2 (v6i wescspn() ).

Example
#include <wchar.h>
int main(void)
{
wchar t strl[] = L"a banana";
wchar_t str2[] = L"the bolivian navy on maneuvers in the south pacific";
int n;
// €6 bao nhiéu ky tu trong strl truéc khi gdp ky tu khéng pha’i nguyén &am?
n = wcsspn(strl, L"aeiou");
wprintf(L"%d\n", n); // n ==1, just "a"
// c6 bao nhiéu ky tw trong strl truéc khi gap ky tu khéng pha’i
// a, b, hodc space?
n = wcsspn(strl, L"ab ");
wprintf(L"%sd\n", n); // n == 4, "a ba"
// c6 bao nhiéu ky tu trong str2 truéc khi gap "y"?
n = wcscspn(str2, L"y");
wprintf(L"%d\n", n); // n = 16, "the bolivian nav"
}
See Also

wcschr() , wesrchr() , strspn()

31.22 wcspbrk()

Tim mot wide character trong mot tap 6 mot wide string

Synopsis

#include <wchar.h>
// Pre-C23:
wchar t *wcspbrk(const wchar t *sl1l, const wchar t *s2);

// C23:
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QWchar_t *wcspbrk(QwWchar t *sl1, const wchar t *s2);

Description

Day 1a bién thé wide character ctia strpbrk() .

N6 tim vi tri xudt hién dau tién cta bat ky ky tu ndo trong mot tap wide character c6 trong mét wide

string.

Return Value
Tra vé con tré dén ky tu dAu tién trong chudi s1 ton tai trong chudi s2 .

Hodc NULL néu khéng tim thiy ky tu nao ca s2 trong sl.

Example
#include <wchar.h>
int main(void)
{
// p tro’ vao day sau wcspbrk
// v
wchar t *sl1 = L"Hello, world!";
wchar t *s2 = L"dow!"; // Match ba’t ky ky tu nao trong day
wchar t *p = wcspbrk(sl, s2); // p tro’ vao chi o
wprintf(L"%ls\n", p); // "o, world!"
}
See Also

wcschr() , wmemchr() , strpbrk()

31.23 wcsstr()

Tim moét wide string trong mot wide string khac

Synopsis

#include <wchar.h>

// Pre-C23:

wchar t *wcsstr(const wchar t *s1, const wchar t *s2);
// C23:

QWchar_t *wcsstr(QWchar t *sl1, const wchar t *s2);
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Description
Day la bién thé wide ctia strstr() .

N6 tim vi tri mot chudi con trong mot chudi.

Return Value
Tra vé con tro dén vi tri trong s1 c6 chiia s2 .

Hodc NULL néu khong tim thdy s2 trong sl.

Example
#include <wchar.h>
int main(void)
{
wchar_t *str = L"The quick brown fox jumped over the lazy dogs.";
wchar t *p;
p = wcsstr(str, L"lazy");
wprintf(L"%ls\n", p == NULL? L"null": p); // "lazy dogs."
// p sé la NULL sau doan nay, vi chu6”i "wombat" khéng cé trong str:
p = wcsstr(str, L"wombat");
wprintf(L"%sls\n", p == NULL? L"null": p); // "null"
}
See Also

wcschr() , wesrchr() , wesspn() , wecscspn() , strstr()

31.24 wcstok()

Tach token mot wide string

Synopsis

#include <wchar.h>
wchar t *wcstok(wchar t * restrict sl, const wchar t * restrict s2,
wchar t ** restrict ptr);

Description
DAy 1a phién ban wide ctia strtok() .
V3, cling nhu né, né chinh stia chudi s1 . Nén hay copy né ra truéc néu muén gifi chudi géc.

Mot khéc biét quan trong 1a wcstok() co thé threadsafe vi ban truyén vao con tré ptr trd dén state
hién tai ctia qua trinh bién d6i. Cai nay dudc khdéi tao tu dong khi s1 dudc truyén vao lan dau dudi
dang khac NULL . (Cac lan goi sau v6i s1 la NULL lam state cp nhat.)
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Return Value
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Example
#include <wchar.h>
int main(void)
{
// téch chubé”i thanh chubé”i cac tir cdch nhau bo’i space
// hodc dé’u céu
wchar_t str[] = L"Where is my bacon, dude?";
wchar t *token;
wchar t *state;
// Luu y cd’u tric if-do-while sau ddy ré’t réa’t ré’t
// ré’t réd’t thuong thad’y khi dung strtok().
// 14’y token dd‘'u tién (da’m ba’o c6 token dd‘'u tién!)
if ((token = wcstok(str, L".,?! ", &state)) != NULL) {
do {
wprintf(L"Word: \"%ls\"\n", token);
// bdy gi¢, dié'u kién tié’p tuc cu’a while 14’y token
// tié’p theo (bdng céch truyé'n NULL lam tham sé  da'u)
// va tié’p tuc né’u token khéng NULL:
} while ((token = wcstok(NULL, L".,?! ", &state)) != NULL);
}
}
Output:
Word: "Where"
Word: "is"
Word: "my"
Word: "bacon"
Word: "dude"
See Also
strtok()
31.25 wcslen()

Tra vé d6 dai ctia mot wide string

Synopsis

#include <wchar.h>

size t wcslen(const wchar t *s);

Description

bay la doi tac wide ctia strlen() .
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Return Value

Tra vé s6 wide character tridc wide NUL terminator.

Example

#include <wchar.h>
int main(void)
{
wchar t *s = L"Hello, world!"; // 13 ky tu

// in "The string is 13 characters long.":

wprintf(L"The string is %zu characters long.\n", wcslen(s));

See Also

strlen()

31.26 wcsftime()

Xuit ngay gid c6 dinh dang

Synopsis

#include <time.h>
#include <wchar.h>

size t wcsftime(wchar t * restrict s, size t maxsize,
const wchar t * restrict format,
const struct tm * restrict timeptr);

Description

Day la tuong duong wide ctia strftime() . Xem trang tham khao d6 dé biét chi tiét.

maxsize & ddy 13 s6 wide character t5i da c6 thé c6 trong chudi két qua.

Return Value
Néu thanh cong, tra vé s6 wide character da ghi.

Néu that bai vi két qua khong vila chd da cap, trd vé 0 va noi dung ctia chudi c6 thé 1a bat ky thi gi.

Example

#include <wchar.h>
#include <time.h>

#define BUFSIZE 128

int main(void)

{
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wchar t s[BUFSIZE];
time t now = time(NULL);

// %c: in ngay theo locale hién hanh
wcsftime(s, BUFSIZE, L"%c", localtime(&now));
wprintf(L"%ls\n", s); // Sun Feb 28 22:29:00 2021

// %A: tén dd'y du’ cu’a tha

// %B: tén dd'y du’ cu’a théng

// %d: ngay trong thang

wcsftime(s, BUFSIZE, L"%A, %B %d", localtime(&now));
wprintf(L"%ls\n", s); // Sunday, February 28

// %I: gid (d6'ng hé™ 12 gio)

// %M: phut

// %S: gidy

// %p: AM hoac PM

wcsftime(s, BUFSIZE, L"It's %I:%M:%S %p", localtime(&now));
wprintf(L"sls\n", s); // It's 10:29:00 PM

// %F: IS0 8601 yyyy-mm-dd

// %T: IS0 8601 hh:mm:ss

// %z: IS0 8601 offset mii gid

wcsftime(s, BUFSIZE, L"ISO 8601: %FT%T%z", localtime(&now));
wprintf(L"sls\n", s); // IS0 8601: 2021-02-28T22:29:00-0800

See Also

strftime()

31.27 btowc() wctob()

Chuyén mot ky td mot byte sang mot wide character

Synopsis

#include <wchar.h>

wint t btowc(int c);

int wctob(wint_t c);

Description

Cac ham nay chuyén qua lai giita ky tu mot byte va wide character.

Tuy c¢6 int trong day, diing dé né danh liia; thuc chit chung dude chuyén thanh unsigned char bén

trong.

Cac ky tu trong basic character set dugc dam bao la mot byte.

Return Value

btowc () tra vé ky tu mot byte dudi dang wide character. Tra vé WEOF néu EOF dudc truyén vao, hoic

byte khong tucng ting wide character hgp 1é.
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wctob() tra vé wide character dudi dang ky tu mot byte. Tra vé EOF néu WEOF dudc truyén vao, hoic
wide character khong tuong ting ky tu mot byte hogp 1é.

Xem mbtowc() va wctomb() dé chuyén multibyte sang wide character.

Example
#include <wchar.h>
int main(void)
{
wint t wc = btowc('B'); // Chuyé’n byte don sang wide char
wprintf(L"Wide character: %lc\n", wc);
unsigned char ¢ = wctob(wc); // Chuyé’n nguoc vé' byte don
wprintf(L"Single-byte character: %c\n", c);
}
Output:

Wide character: B
Single-byte character: B

See Also

mbtowc() , wctomb()

31.28 mbsinit()

Kiém tra mot mbstate_t c6 dang & conversion state ban dau khong

Synopsis

#include <wchar.h>

int mbsinit(const mbstate t *ps);

Description

Vé6i mdt conversion state cho san trong bién mbstate t , ham nay xac dinh xem né c6 dang & conversion
state ban dau khong.

Return Value

Tra vé khac 0 néu gia tri ps tro téi dang 6 conversion state ban dau, hodc néu ps la NULL .

Travé 0 néugiatri ps tro t6i khdng & conversion state ban dau.

Example

Vi toi, vi du nay chéng c6 gi thd vi, noi rang bién mbstate_t ludn ludn & state ban dau. Yay.
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Nhung néu ban c6 mot encoding cé state nhu 2022-JP, thit nghich véi céi nay xem c6 vao dudc state
trung gian nao khong.

Chuong trinh nay ¢6 mot doan code § dau bao xem encoding cta locale ban c6 cén state nao khong.

#include <locale.h> // For setlocale()

#include <string.h> // For memset()

#include <stdlib.h> // For mbtowc()

#include <wchar.h>

int main(void)

{
mbstate_t state;
wchar t wc[128];
setlocale(LC ALL, "");
int is_state dependent = mbtowc(NULL, NULL, 0);
wprintf(L"Is encoding state dependent? %d\n", is state dependent);
memset (&state, 0, sizeof state); // Dat vé' state ban dd'u
wprintf(L"In initial conversion state? %d\n", mbsinit(&state));
mbrtowc(wc, "B", 5, &state);
wprintf(L"In initial conversion state? %d\n", mbsinit(&state));

}

See Also

mbtowc() , wctomb() , mbrtowc() , wcrtomb()

31.29 mbrlen()

Tinh s8 byte cia mot ky tu multibyte, kiéu restartable

Synopsis

#include <wchar.h>

size t mbrlen(const char * restrict s, size t n, mbstate t * restrict ps);

Description

Day 1a phién ban restartable ctia mblen() .

N6 xét téi da n byte ctia chudi s xem cé bao nhiéu byte trong ky tu nay.
Conversion state dudgc luu trong ps .

Ham nay khong c6 chiic nang cia mblen() cho phép ban truy vin xem encoding ky tu nay cé stateful
khoéng va reset state ndi bo.
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Return Value

Tra vé s0 byte can cho ky tu multibyte nay.

Travé (size_t)(-1) néudiliéu trong s khong phai ky tu multibyte hop 1é.

Travé (size t)(-2) néudiiliéu trong s hdp 1é nhung chua di mot ky tu multibyte hoan chinh.

437

Example
Néu character set ctia ban khong hé tro ky hiéu Euro “€”, thay béng chudi escape Unicode \u26ac , &
dudi.
#include <locale.h> // For setlocale()
#include <string.h> // For memset()
#include <wchar.h>
int main(void)
{
mbstate t state;
int len;
setlocale(LC ALL, "");
memset (&state, 0, sizeof state); // Dat vé' state ban da'u
len = mbrlen("B", 5, &state);
wprintf(L"Length of 'B' is %d byte(s)\n", len);
len = mbrlen("€", 5, &state);
wprintf(L"Length of '€' is %d byte(s)\n", len);
}
Output:

Length of 'B' is 1 byte(s)
Length of '€' is 3 byte(s)

See Also

mblen()

31.30 mbrtowc()

Chuyén multibyte sang wide character kiéu restartable

Synopsis

#include <wchar.h>

size t mbrtowc(wchar t * restrict pwc, const char * restrict s,
size t n, mbstate t * restrict ps);
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Description

Day 1a doi tac restartable ctia mbtowc() .

N6 chuyén cac ky tu don tit multibyte sang wide, theo ddi conversion state trong bién dugc ps tro téi.
Téida n byte dugc xét dé chuyén sang mot wide character.

Hai bién thé€ sau day gidng nhau va 1am state ma ps tro tSi duge dit vé conversion state ban dau:

mbrtowc(NULL, NULL, 0, &state);
mbrtowc(NULL, "", 1, &state);

Ngoai ra, néu ban chi quan tdm dén do dai tinh béng byte cta ky tu multibyte, c6 thé truyén NULL cho
pwc va khéng c6 gi dudc luu cho wide character:

int len = mbrtowc(NULL, "€", 5, &state);

Ham nay khong c6 chiic nang ctia mbtowc() cho phép ban truy van xem encoding ky tu nay c6 stateful
khéng va reset state ndi bo.

Return Value

Néu thanh cong, tra vé mot s6 dudng tudng ting vdi sb byte trong ky tu multibyte.

Tra vé 0 néu ky tu dudc encode la wide NUL character.

Travé (size t)(-1) néu diliéu trong s khong phai ky tu multibyte hgp 1é.

Travé (size t)(-2) néudiliéu trong s hdp lé nhung chua di mot ky tu multibyte hoan chinh.

Example

Néu character set ctia ban khong hé trg ky hiéu Euro “€”, thay béng chudi escape Unicode \u20ac , &
dudi.

#include <string.h> // For memset()
#include <stdlib.h> // For mbtowc()
#include <locale.h> // For setlocale()
#include <wchar.h>
int main(void)
{
mbstate_t state;
memset (&state, 0, sizeof state);
setlocale(LC ALL, "");
wprintf(L"State dependency: %d\n", mbtowc(NULL, NULL, 0));
wchar t wc;
int bytes;
bytes = mbrtowc(&wc, "€", 5, &state);
wprintf(L"L'%lc' takes %d bytes as multibyte char '€'\n", wc, bytes);
}

Output trén may toi:
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State dependency: 0
L'€' takes 3 bytes as multibyte char '€'

See Also

mbtowc() , wcrtomb()

31.31 wcrtomb()

Chuyén wide sang multibyte kiéu restartable

Synopsis

#include <wchar.h>

size t wcrtomb(char * restrict s, wchar t wc, mbstate t * restrict ps);

Description
Dbay la doi tac restartable cia wctomb() .

N6 chuyén cac ky tu don tii wide sang multibyte, theo déi conversion state trong bién dugc ps tro téi.

Mang dich s can c6 kich thuéc t6i thi€u MB_CUR_MAX ® byte—ban sé& khong nhan dugc thii gi 16n hon
ti ham nay.

Luu y cac gia tri trong mang két qua nay sé khong duge NUL-terminate.

Néu ban truyén vao mot wide NUL character, két qua sé chiia cic byte cin thiét d€ phuc hoi conversion
state vé state ban dau, theo sau la mot NUL character, va state ps tro t6i sé dudc reset vé state ban dau:

// Reset state
wcrtomb(mb, L'\0', &state)

Néu ban khong quan tAm két qué (nghia 1a ban chi mudn reset state hoic 14y gia tri tra vé), c¢6 thé lam
vay bang cach truyén NULL cho s:

wcrtomb(NULL, L'\0', &state); // Reset state

int byte count = wctomb(NULL, "X", &state); // Count bytes in 'X'

Ham nay khong c6 chiic ndng ctia wctomb() cho phép ban truy van xem encoding ky tu nay c6 stateful
khong va reset state ndi bo.

Return Value
Néu thanh cong, tra vé sd byte cin dé encode wide character nay trong locale hién hanh.

Néu input la wide character khong hdp 16, errno sé dugc dit thanh EILSEQ va ham tra vé
(size_t)(-1) . Khi chuyén nay xay ra, conversion state coi nhu bo, ban cii reset ludén cho roi.

2Pay la mot bién, khong phai macro, nén néu ban dung né dé dinh nghia mang, d6 sé 12 mang c6 do dai bién thién (variable-
length array).
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Example

Néu character set ctia ban khong hé trg ky hiéu Euro “€”, thay béng chudi escape Unicode \u26ac , &
dudi.

#include <string.h> // For memset()
#include <stdlib.h> // For mbtowc()
#include <locale.h> // For setlocale()
#include <wchar.h>
int main(void)
{
mbstate_t state;
memset (&state, 0, sizeof state);
setlocale(LC ALL, "");
wprintf(L"State dependency: %d\n", mbtowc(NULL, NULL, 0));
char mb[10] = {0};
int bytes = wcrtomb(mb, L'€', &state);
wprintf(L"L'€' takes %d bytes as multibyte char '%s'\n", bytes, mb);
}
See Also

mbrtowc() , wctomb() , errno

31.32 mbsrtowcs()

Chuyén mét chudi multibyte sang chudi wide character kiéu restartable

Synopsis

#include <wchar.h>

size t mbsrtowcs(wchar t * restrict dst, const char ** restrict src,
size t len, mbstate t * restrict ps);

Description
bay la phién ban restartable clia mbstowcs() .
N6 chuyén mét chudi multibyte sang chudi wide character.

Két qua dudc dit vao buffer ma dst trod téi, vi con tré src dudc cap nhat dé chi ra phan chudi da dudc
tiéu thu (trti khi dst 13 NULL ).

To6i da len wide character sé dudc luu.
Ham nay ciing nhin con tré dén bién mbstate t cla riéng no trong ps d€ gifi conversion state.

Ban c6 thé dit dst thanh NULL néu chi quan tim dén gia tri tra vé. Chuyén nay c6 thé hitu ich khi
mudn 14y s6 ky tu trong chudi multibyte.
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Trong trudng hop binh thudng, chudi src sé dudc tiéu thu dén ky tu NUL, va két qua sé dudc luu vao
buffer dst , bao gom ca wide NUL character. Trong trudng hgp nay, con trdé dude src trd téi sé duge
dat thanh NULL . Va conversion state sé dudc dat vé conversion state ban dau.

Néu c6 su ¢b vi chudi ngudn khong phai chudi ky tu hgp 1€, conversion sé diing va con tro dude src
trod t6i sé duge dat thanh dia chi ngay sau ky tu multibyte duge bién ddi thanh cdéng cudi cung.
Return Value

Néu thanh cong, tra vé s ky tu da dudc chuyén, khong tinh NUL terminator.

Néu chudi multibyte khong hop 1&, ham tra vé (size t)(-1) va errno dudc dit thanh EILSEQ .

Example

O day chuing ta s& chuyén chudi “€5 + n” sang chudi wide character:

#include <locale.h> // For setlocale()
#include <string.h> // For memset()
#include <wchar.h>
#define WIDE STR SIZE 10
int main(void)
{
const char *mbs = "€5 = n"; // That's the exact price range
wchar_t wcs[WIDE_STR SIZE];
setlocale(LC ALL, "");
mbstate t state;
memset (&state, 0, sizeof state);
size t count = mbsrtowcs(wcs, &mbs, WIDE STR SIZE, &state);
wprintf(L"Wide string L\"%ls\" is %d characters\n", wcs, count);
}
Output:

Wide string L"€5 + n" is 6 characters

Day 1a mot vi du khac diing mbsrtowcs () dé 1dy do dai tinh theo ky tu ctia mét chudi multibyte ké ca
khi chudi day ky tu multibyte. Cai ndy ngudc v6i strlen() , ham tra vé tong sb byte trong chudi.

#include <stdio.h> // For printf()
#include <locale.h> // For setlocale()

#include <string.h> // For memset()
#include <stdint.h> // For SIZE MAX
#include <wchar.h>

size t mbstrlen(const char *mbs)
{
mbstate t state;

memset (&state, 0, sizeof state);
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return mbsrtowcs(NULL, &mbs, SIZE MAX, &state);

}

int main(void)

{
setlocale(LC ALL, "");
char *mbs = "€5 = n"; // That's the exact price range
printf("\"%s\" is %zu characters...\n", mbs, mbstrlen(mbs));
printf("but it's %zu bytes!\n", strlen(mbs));

}

Output trén may toi:

"€5 + n" is 6 characters...
but it's 10 bytes!

See Also

mbrtowc() , mbstowcs() , wcsrtombs() , strlen() , errno

31.33 wcsrtombs()

Chuyén mét chudi wide character sang chudi multibyte kiéu restartable

Synopsis

#include <wchar.h>

size t wcsrtombs(char * restrict dst, const wchar_t ** restrict src,
size t len, mbstate t * restrict ps);

Description

Néu ban c6 mdt chudi wide character, ban c6 thé chuyén né sang chudi ky tu multibyte trong locale
hién hanh bing ham nay.

Téida len byte dii liéu sé dugc luu vao buffer ma dst trd t6i. Conversion sé diing ngay sau khi NUL
terminator dudc copy, hoiic len byte da dudc copy, ho#c c6 16i nao khac xay ra.

Néu dst la con trd6 NULL , khong c6 két qua nao dudc luu. Ban c6 thé lam vy néu chi quan tam dén
gi4 tri tra vé (thudng 14 s6 byte chudi nay diing trong chudi multibyte, khéng tinh NUL terminator).

Néu dst khong phai NULL, con tro dude src tro téi sé dude chinh d€ cho biét bao nhiéu dii liéu da
dugc copy. Néu 8 cudiné chlta NULL , nghia 1a moi chuyén 6n. Trong trudng hdp nay, state ps sé dugc
dat vé conversion state ban dau.

Néu len di cham hoic c6 16i xay ra, né sé tré téi dia chi ngay sau dst+len .

Return Value
Néu moi chuyén 6n, tra vé s6 byte cin cho chudi multibyte, khong tinh NUL terminator.

Néu c6 ky tu nao trong chudi khong tucng tng ky tu multibyte hgp 1é trong locale hién hanh, né tra vé
(size t)(-1) va EILSEQ dudc luuvao errno.
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Example

O day chiing ta sé chuyén chudi wide “€5 + " sang chudi ky tu multibyte:
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#include <locale.h> // For setlocale()

#include <string.h> // For memset()

#include <wchar.h>

#define MB STR SIZE 20

int main(void)

{
const wchar_ t *wcs = L"€5 = n"; // That's the exact price range
char mbs[MB _STR SIZE];

setlocale(LC ALL, "");

mbstate t state;
memset (&state, 0, sizeof state);

size t count = wcsrtombs(mbs, &wcs, MB STR SIZE, &state);

wprintf(L"Multibyte string \"%s\" is %d bytes\n", mbs, count);

Day 1a mot vi du helper function khac malloc() via du bd nhé dé gifi chudi da chuyén, roi tra veé két

qua. (Céi nay vé sau di nhién phai free, d€ tranh leak bd nhd.)

#include <stdlib.h> // For malloc()
#include <locale.h> // For setlocale()
#include <string.h> // For memset()
#include <stdint.h> // For SIZE MAX
#include <wchar.h>

char *get mb string(const wchar t *wcs)

{
setlocale(LC ALL, "");

mbstate t state;
memset (&state, 0, sizeof state);

// C&'n copy cai nay vi wcsrtombs thay d6’i né
const wchar_t *p = wcs;

// Tinh sé” byte céd'n dé’ gilt ké 't qua’
size t bytes needed = wcsrtombs(NULL, &p, SIZE MAX, &state);

// Né’u chuyé’n chua du’ dang hoang, bo’ qua
if (bytes needed == (size t)(-1))
return NULL;

// C&°p ché”™ cho ké’'t qua’
char *mbs = malloc(bytes needed + 1); // +1 cho NUL terminator

// Dat conversion state vé' state ban dad'u
memset (&state, 0, sizeof state);
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// Chuyé’n va luu ké't qua’
wcsrtombs (mbs, &wcs, bytes needed + 1, &state);

// Pa’m ba’o moi chuyén 6’n
if (wcs != NULL) {
free(mbs);
return NULL;

}
// Thanh cbéng!
return mbs;

}

int main(void)

{
char *mbs = get mb string(L"€5 + n");
wprintf(L"Multibyte result: \"%s\"\n", mbs);
free(mbs);

}

See Also

wcrtomb() , westombs() , mbsrtowcs() , errno



Chapter 32

<wctype.h> Phan Loai va Bién Doi
Wide Character

Ham Mo ta
iswalnum() Ki€m tra wide character c6 la chii cai hoic chii s6.
iswalpha() Kiém tra wide character c6 1a chii cai
iswblank() Kiém tra day c6 phai wide blank character
iswentrl() Kiém tra day c6 phai wide control character.
iswctype() Xac dinh phéan loai wide character
iswdigit() Kiém tra wide character c6 1a chii s6
iswgraph() Kiém tra wide character c6 in dugc ma khong phai space
iswlower() Kiém tra wide character c6 1a chii thudng
iswprint() Kiém tra wide character c6 in dudc
iswpunct() Kiém tra wide character c6 1a diu cau
iswspace() Kiém tra wide character c6 1a whitespace
iswupper() Kiém tra wide character c6 1a chii hoa

iswxdigit()
towctrans()
towlower()
towupper()
wctrans()
wctype()

Kiém tra wide character c6 1a chii s6 hex

Chuyén wide character sang chit hoa hoic chii thudng
Chuyén wide character hoa sang chii thudng

Chuyén wide character thudng sang chii hoa

Ham phu trd cho towctrans()

Ham phu trg cho iswctype()

Cai nay giong <ctype.h> nhung danh cho wide character (ky tu rong).

Vi n6 ban c6 thé kiém tra phan loai ky tu (kiéu “ky tu nay c6 phai whitespace khéng?”) hodc lam vai
chuyén d6i ky tu cd ban (ki€u “ép ky tu nay thanh chit thudng”).

32.1 iswalnum()

Kiém tra wide character c6 1a chii cai ho#c chii s6.

445
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Synopsis

#include <wctype.h>

int iswalnum(wint t wc);

Description

Vé c¢6 ban 1a kiém tra xem mot ky tu c6 1a chii cai (A - Z hodc a - z ) hodc chii s6 (0 - 9 ). Nhung vai
ky tu khac cling c6 thé tinh 13 hgp 1é tuy theo locale.

Céi nay tuong dudng véi viéc kiém tra iswalpha() hodc iswdigit() c6 true khong.

Return Value

Tra vé true néu ky tu la chii cai hodc chii s6.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%ls\n", iswalnum(L'a')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswalnum(L'B')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswalnum(L'5')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswalnum(L'?')? L"yes": L"no"); // no
}
See Also

iswalpha() , iswdigit() , isalnum()

32.2 iswalpha()

Kiém tra wide character c6 1a chii cai

Synopsis

#include <wctype.h>

int iswalpha(wint t wc);

Description

Vé ¢6 ban 1a kiém tra mot ky tu co la chii cdi (A - Z hodc a - z ). Nhung vai ky tu khac ciing c6 thé
tinh 13 hgp 1€ tuy theo locale. (Néu ky tu khac dudc tinh, ching sé khong phai ky tu diéu khién, chii s6,

dau cu hay space.)

Céai nay giong nhu kiém tra iswupper() hodc iswlower() .
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Return Value

Tra vé true néu ky tu 1a chii cai.
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Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%ls\n", iswalpha(L'a')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswalpha(L'B')? L"yes": L"no"); // yes
wprintf(L"%Lls\n", iswalpha(L'5')? L"yes": L"no"); // no
wprintf(L"%Lls\n", iswalpha(L'?')? L"yes": L"no"); // no
}
See Also

iswalnum() , isalpha()

32.3 iswblank()

Kiém tra day c6 phai wide blank character

Synopsis

#include <wctype.h>

int iswblank(wint t wc);

Description

Blank character 1a whitespace déng thdi dudc dung lam d4u ngin tii trén cing mot dong. O locale “C”,

cac blank character duy nhit 1a space va tab.

Céc locale khac c6 thé dinh nghia blank character khéc.

Return Value

Tra vé true néu day la blank character.

Example

#include <wchar.h>
#include <wctype.h>

int main(void)

{
// testing this char

// v

wprintf(L"%sls\n", iswblank(L' ')? L"yes":

L"no");

// yes
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wprintf(L"%sls\n", iswblank(L'\t')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswblank(L'\n')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswblank(L'a')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswblank(L'?')? L"yes": L"no"); // no

See Also

iswspace() , isblank()

32.4 iswcntrl()

Kiém tra day c6 phai wide control character.

Synopsis

#include <wctype.h>

int iswcntrl(wint t wc);

Description

Spec kha trong trai 6 chd nay. Nhung t6i cl gia dinh 1a n6 hoat dong giéng ban khong-wide. Vay thi
xem ban kia.

Control character (ky tu diéu khién) 1a ky tud khong in dudc, phu thudc locale.

Vi locale “C”, nghia la control character ndm trong khoang 0x00 dén 0x1F (ngay trudc ky tu SPACE)
va 0x7F (ky tu DEL).

Vé co ban néu khong phai ky tu ASCII in dugc (hodc Unicode nho hon 128), thi d6 la control character
trong locale “C”.

Chic 1a vay.

Return Value

Tra vé true néu day la control character.

Example

#include <wchar.h>
#include <wctype.h>

int main(void)

{
// testing this char
// v
wprintf(L"%ls\n", iswcntrl(L'\t')? L"yes": L"no"); // yes (tab)
wprintf(L"%ls\n", iswcntrl(L'\n')? L"yes": L"no"); // yes (newline)
wprintf(L"%ls\n", iswcntrl(L'\r')? L"yes": L"no"); // yes (return)
wprintf(L"%ls\n", iswcntrl(L'\a')? L"yes": L"no"); // yes (bell)
wprintf(L"%ls\n", iswcntrl(L' ')? L"yes": L"no"); // no
wprintf(L"sls\n", iswcntrl(L'a')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswcntrl(L'?')? L"yes": L"no"); // no
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See Also

iscntrl()

32.5 iswdigit()

Kiém tra wide character c6 la chii s6

Synopsis

#include <wctype.h>

int iswdigit(wint t wc);

Description

Kiém tra wide character c6 la chii s6 (0 - 9).

Return Value

Tra vé true néu ky tu la chii so.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%sls\n", iswdigit(L'0')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswdigit(L'5')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswdigit(L'a')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswdigit(L'B')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswdigit(L'?')? L"yes": L"no"); // no
}
See Also

iswalnum() , isdigit()

32.6 iswgraph()

Kiém tra wide character c6 in dugc ma khong phai space
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#include <wctype.h>

int iswgraph(wint t wc);

Description

Tra vé true néu day la ky tu in dudc (khong phai control) va cling khéng phai whitespace.

Veé c¢d ban néu iswprint() true va iswspace() false.

Return Value

Tra vé true néu day la ky tu in dugc ma khéng phai space.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%ls\n", iswgraph(L'0')? L"yes": L"no"); // yes
wprintf(L"sls\n", iswgraph(L'a')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswgraph(L'B')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswgraph(L'?')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswgraph(L' ')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswgraph(L'\n')? L"yes": L"no"); // no
}
See Also

iswprint() , iswspace() , isgraph()

32.7 iswlower()

Kiém tra wide character c6 1a chii thudng

Synopsis

#include <wctype.h>

int iswlower(wint t wc);

Description

Kiém tra mot ky tu c6 1a chit thudng, trong khoang a - z .

O cic locale khéc, c6 thé c6 ky tu chii thudng khac. Trong moi trudng hop, dé 1a chii thudng thi nhiing

diéu sau phai dung:
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liswentrl(c) && !iswdigit(c) && !iswpunct(c) && !iswspace(c)

Return Value

Tra vé true néu wide character la chii thudng.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"sls\n", iswlower(L'c')? L"yes": L"no"); // yes
wprintf(L"%Lls\n", iswlower(L'0')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswlower(L'B')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswlower(L'?')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswlower(L' ')? L"yes": L"no"); // no
}
See Also

islower() , iswupper() , iswalpha() , towupper() , towlower()

32.8 iswprint()

Kiém tra wide character c6 in dudc

Synopsis

#include <wctype.h>

int iswprint(wint t wc);

Description

Kiém tra wide character c6 in dugc, bao gdm cé space ( ' ' ). Nén gidng nhu isgraph() , chi khac 1a

space khéng bi bo roi ngoai trdi lanh.

Return Value

Tra vé true néu wide character in dudgc, bao gom ca space (' ' ).

Example

#include <wchar.h>
#include <wctype.h>

int main(void)

{
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// testing this char
// v
wprintf(L"sls\n", iswprint(L'c')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswprint(L'0')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswprint(L' ')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswprint(L'\r')? L"yes": L"no"); // no
}
See Also
isprint() , iswgraph() , iswcntrl()
32.9 iswpunct()
Kiém tra wide character cé 12 dau cau
Synopsis
#include <wctype.h>
int iswpunct(wint t wc);
Description
Kiém tra wide character c6 1a dau cau.
O bt ky locale nao, diéu nay c6 nghia la:
lisspace(c) && !isalnum(c)
Return Value
True néu wide character 1a diu cau.
Example
K&t qua c6 thé khac nhau tuy locale.
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%sls\n", iswpunct(L',6')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswpunct(L'!"')? L"yes": L"no"); // yes
wprintf(L"sls\n", iswpunct(L'c')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswpunct(L'0')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswpunct(L' ')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswpunct(L'\n')? L"yes": L"no"); // no
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See Also

ispunct() , iswspace() , iswalnum()

32.10 iswspace()

Kiém tra wide character c6 1a whitespace

Synopsis

#include <wctype.h>

int iswspace(wint t wc);

Description

Kiém tra c¢ c6 1a ky tu whitespace. Chc 1a bao gom:

« Space (' ')
« Formfeed ( '\f"')
« Newline ( '\n')

« Carriage Return ( '\r"')
« Horizontal Tab ( '\t"')

« Vertical Tab ( '\v')

Céc locale khéac c6 thé dic ta ky tu whitespace khac. iswalnum() , iswgraph() ,va iswpunct() déu

false v6i moi ky tu whitespace.

Return Value

True néu ky tu la whitespace.

Example

K&t qua c6 thé khac nhau tuy locale.

#include <wchar.h>

#include <wctype.h>

int main(void)

{
// testing this char
// v
wprintf(L"%sls\n", iswspace(L' ')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswspace(L'\n')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswspace(L'\t')? L"yes": L"no"); // yes
wprintf(L"%Lls\n", iswspace(L',')? L"yes": L"no"); // no
wprintf(L"%sls\n", iswspace(L'!')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswspace(L'c')? L"yes": L"no"); // no

}

See Also

isspace() , iswblank()
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32.11 iswupper()

Kiém tra wide character cé 1a chii hoa

Synopsis

#include <wctype.h>

int iswupper(wint t wc);

Description
Kiém tra mot ky tu c6 1a chii hoa trong locale hién tai.

Dé 1a chii hoa, nhiing diéu sau phai dung:

liscntrl(c) && !isdigit(c) && !ispunct(c) && !isspace(c)

Return Value

Tra vé true néu wide character 1a chii hoa.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// v
wprintf(L"%ls\n", iswupper(L'B')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswupper(L'c')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswupper(L'0')? L"yes": L"no"); // no
wprintf(L"sls\n", iswupper(L'?')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswupper(L' ')? L"yes": L"no"); // no
}
See Also

isupper() , iswlower() , iswalpha() , towupper() , towlower()

32.12 iswxdigit()

Kiém tra wide character cé 1a chii s hex

Synopsis

#include <wctype.h>

int iswxdigit(wint t wc);
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Description

Tra vé true néu wide character 13 chii s6 hex. Cu thé 12 néu né thuéc 0 -9, a-f,hoic A-F.

Return Value

True néu ky tu la chii s6 hex.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// testing this char
// %
wprintf(L"%ls\n", iswxdigit(L'B')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswxdigit(L'c')? L"yes": L"no"); // yes
wprintf(L"%sls\n", iswxdigit(L'2')? L"yes": L"no"); // yes
wprintf(L"%ls\n", iswxdigit(L'G')? L"yes": L"no"); // no
wprintf(L"%ls\n", iswxdigit(L'?')? L"yes": L"no"); // no
}
See Also

isxdigit() , iswdigit()

32.13 iswctype()

Xac dinh phéan loai wide character

Synopsis

#include <wctype.h>

int iswctype(wint t wc, wctype t desc);

Description
Day 1a con dao Thuy Si cta cAc ham phén loai; n6 gom hét may ham kia vao mot.

Ban goi n6 kiéu nay:

if (iswctype(c, wctype("digit"))) // or "alpha" or "space" or...

va n6 hanh xt y nhu ban da goi:

if (iswdigit(c))

Khéc biét 1 ban c6 thé dic ta ki€u matching muén lam dudi dang chudi lic runtime, nghe thi tién.
iswctype() dua vao gia tritra vé cta 16i goi wctype() délam viéc.

Chom tu spec, day la cac 16i goi iswctype() va cac ham tudng duong:
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Loi goi iswctype()

Tuong duong hard-code

iswctype(c, wctype("alnum")) iswalnum(c)
iswctype(c, wctype("alpha")) iswalpha(c)
iswctype(c, wctype("blank")) iswblank(c)
iswctype(c, wctype("cntrl")) iswecntrl(c)
iswctype(c, wctype("digit")) iswdigit(c)
iswctype(c, wctype("graph")) iswgraph(c)
iswctype(c, wctype("lower")) iswlower(c)
iswctype(c, wctype("print")) iswprint(c)
iswctype(c, wctype("punct")) iswpunct(c)
iswctype(c, wctype("space")) iswspace(c)
iswctype(c, wctype("upper")) iswupper(c)
iswctype(c, wctype("xdigit")) iswxdigit(c)

Xem tai lieu wctype() dé biét ham phu trg d6 hoat dong ra sao.

Return Value

Tra vé true néu wide character we khdp vé6i l6p ky tu 6 desc .

Example

Kiém tra mot phan loai ky tu nao d6 khi khong biét phén loai tai thdi diém compile:

#include <stdio.h> // for fflush(stdout)
#include <wchar.h>
#include <wctype.h>
int main(void)
{
wchar t c; // Holds a single wide character (to test)
char desc[128]; // Holds the character class
// Get the character and classification from the user
wprintf(L"Enter a character and character class: ");
fflush(stdout);
wscanf(L"%lc %s", &c, desc);
// Compute the type from the given class
wctype t t = wctype(desc);
if (t == 0)
// If the type is 0, it's an unknown class
wprintf(L"Unknown character class: \"%s\"\n", desc);
else {
// Otherwise, let's test the character and see if its
// classification
if (iswctype(c, t))
wprintf(L"Yes! 'Slc' is %s!\n", c, desc);
else
wprintf(L"Nope! '%lc' is not %s.\n", c, desc);
}
}

that

Output:
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Enter a character and character class: 5 digit
Yes! '5' is digit!

Enter a character and character class: b digit
Nope! 'b' is not digit.

Enter a character and character class: x alnum
Yes! 'x' is alnum!

See Also

wctype()

32.14 wctype()

Ham phu trg cho iswctype()

Synopsis

#include <wctype.h>

wctype t wctype(const char *property);

Description

Ham nay tra vé mot gia tri opaque cho property cho trudc, dung dé€ truyén lam tham s8 thit hai cho

iswctype() .
Gia tri tra vé c6 kiéu wctype t .

Cac property hdp 1é trong moi locale la:

"alnum" "alpha" "blank" "cntrl"
"digit" "graph" "lower" "print"
"punct" "space" "upper" "xdigit"

Céc property khéc c6 thé duge dinh nghia tuy category LC_CTYPE cua locale hién tai.
Xem trang tham khéo iswctype() dé biét chi tiét st dung.

Return Value

Tra vé gia tri wctype t tudng (ing v6i property cho trudc.

Néu truyén gia tri khong hgp 1é cho property , travé 0.

Example

Kiém tra mot phén loai ky tu nao d6 khi khong biét phén loai tai thi diém compile:

#include <stdio.h> // for fflush(stdout)
#include <wchar.h>
#include <wctype.h>

int main(void)
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wchar t c; // Holds a single wide character (to test)
char desc[128]; // Holds the character class

// Get the character and classification from the user
wprintf(L"Enter a character and character class: ");
fflush(stdout);

wscanf(L"%lc %s", &c, desc);

// Compute the type from the given class
wctype t t = wctype(desc);

if (t == 0)
// If the type is 0, it's an unknown class
wprintf(L"Unknown character class: \"%s\"\n", desc);
else {
// Otherwise, let's test the character and see if its that
// classification
if (iswctype(c, t))
wprintf(L"Yes! 'Slc' is %s!\n", c, desc);
else
wprintf(L"Nope! 'Slc' is not %s.\n", c, desc);

Output:

Enter a character and character class: 5 digit
Yes! '5' is digit!

Enter a character and character class: b digit
Nope! 'b' is not digit.

Enter a character and character class: x alnum
Yes! 'x' is alnum!

See Also

iswctype()

32.15 towlower()

Chuyén wide character hoa sang chii thudng

Synopsis

#include <wctype.h>

wint t towlower(wint t wc);

Description
Néu ky tu la chii hoa (tic iswupper(c) true), ham nay tra vé chii thudng tuong Ung.

Céc locale khac nhau c6 thé ¢6 chii hoa va chit thudng khac nhau.
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Return Value
Néu chii cai wc 1a chit hoa, phién ban chii thudng cta chit d6 sé dugc tra vé theo locale hién tai.

Néu chii cai khong phai chii hoa, wc dudc tra vé nguyén khong doi.

Example
#include <wchar.h>
#include <wctype.h>
int main(void)
{
// changing this char
// v
wprintf(L"%slc\n", towlower(L'B')); // b (made lowercase!)
wprintf(L"%slc\n", towlower(L'e')); // e (unchanged)
wprintf(L"%slc\n", towlower(L'!')); // ! (unchanged)
}
See Also

tolower() , towupper() , iswlower() , iswupper()

32.16 towupper()

Chuyén wide character thudng sang chii hoa

Synopsis

#include <wctype.h>

wint t towupper(wint t wc);

Description
Néu ky tu la chii thudng (tlic iswlower(c) true), ham nay tra vé chii hoa tudng ting.

Céc locale khac nhau c6 thé ¢6 chii hoa va chii thudng khac nhau.

Return Value
Néu chii cai wc 1a chii thudng, phién ban chit hoa cta chii d6 sé dugc tra vé theo locale hién tai.

Néu chit cai khong phai chii thudng, we dugc tra vé nguyén khong doi.

Example

#include <wchar.h>
#include <wctype.h>

int main(void)

{
// changing this char

// v
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8 wprintf(L"%slc\n", towupper(L'B')); // B (unchanged)
9 wprintf(L"%lc\n", towupper(L'e')); // E (made uppercase!)
10 wprintf(L"%lc\n", towupper(L'!')); // ! (unchanged)
n |}
See Also

toupper() , towlower() , iswlower() , iswupper()

32.17 towctrans()

Chuyén wide character sang chii hoa hoic chii thudng

Synopsis

#include <wctype.h>

wint t towctrans(wint t wc, wctrans_t desc);

Description

Day la con dao Thuy Si ctia cac ham chuyén d6i ky tu; né gom hét may ham kia vao moét. Va “miy ham
kia” 6 day nghia la towupper() va towlower() , vidod la tit ca nhiing gi co.

Ban goi n6 kiéu nay:

if (towctrans(c, wctrans("toupper"))) // or "tolower" }

va nd hanh xt y nhu ban da goi:

‘ towupper(c); ]

Khéc biét 1a ban c6 thé dic ta ki€u chuyén ddi mudn lam duéi dang chubi lic runtime, nghe thi tién.

towctrans() dua vao gia tri trd vé cta 13i goi wctrans() dé lam viéc.

Loi goi towctrans() Tuong duong hard-code
towctrans(c, wctrans("toupper")) towupper(c)
towctrans(c, wctrans("tolower")) towlower(c)

Xem tai liéu wctrans() dé biét ham phu trg d6 hoat dong ra sao.

Return Value

Tra vé ky tu wc nhu thé da chay qua towupper() hodc towlower() , tiy gi tri cha desc .

Néu ky tu da khép s&n vé6i phan loai, n6 dudc tra vé nguyén xi.
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#include <stdio.h> // for fflush(stdout)
#include <wchar.h>
#include <wctype.h>

int main(void)

{
wchar t c; // Holds a single wide character (to test)
char desc[128]; // Holds the conversion type

// Get the character and conversion type from the user
wprintf(L"Enter a character and conversion type: ");
fflush(stdout);

wscanf(L"%lc %s", &c, desc);

// Compute the type from the given conversion type
wctrans t t = wctrans(desc);

if (t == 0)
// If the type is 0, it's an unknown conversion type
wprintf(L"Unknown conversion: \"%s\"\n", desc);
else {
// Otherwise, let's do the conversion
wint t result = towctrans(c, t);
wprintf(L"'%lc' -> %s -> '%lc'\n", c, desc, result);

Output trén may toi:

Enter a character and conversion type: b toupper
'b'" -> toupper -> 'B'

Enter a character and conversion type: B toupper
'B' -> toupper -> 'B'

Enter a character and conversion type: B tolower
'B' -> tolower -> 'b'

Enter a character and conversion type: ! toupper
"I'' -> toupper -> '!'

See Also

wctrans() , towupper() , towlower()

32.18 wctrans()

Ham phu trg cho towctrans()
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Synopsis

#include <wctype.h>

wctrans t wctrans(const char *property);

Description

Day 1a ham phu trg d€ sinh tham s6 thi hai cho towctrans() .
Ban c6 thé truyén vao mot trong hai thi cho property :

« toupper dé towctrans() hanh xt nhu towupper()

« tolower dé towctrans() hanh xti nhu towlower()

Return Value

Néu thanh cong, tra vé gia tri c¢6 thé dung 1am tham s6 desc cho towctrans() .

Ngudc lai, néu property khong nhéin ra, tra vé 0.

Example

#include <stdio.h> // for fflush(stdout)
#include <wchar.h>
#include <wctype.h>

int main(void)

{
wchar t c; // Holds a single wide character (to test)
char desc[128]; // Holds the conversion type

// Get the character and conversion type from the user
wprintf(L"Enter a character and conversion type: ");
fflush(stdout);

wscanf(L"%lc %s", &c, desc);

// Compute the type from the given conversion type
wctrans t t = wctrans(desc);

if (t == 0)
// If the type is 0, it's an unknown conversion type
wprintf(L"Unknown conversion: \"%s\"\n", desc);
else {
// Otherwise, let's do the conversion
wint t result = towctrans(c, t);
wprintf(L"'slc' -> %s -> '%lc'\n", c, desc, result);

Output trén may toi:

Enter a character and conversion type: b toupper
'b'" -> toupper -> 'B'

Enter a character and conversion type: B toupper
'‘B' -> toupper -> 'B'
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Enter a character
'B' -> tolower ->

Enter a character
‘I'' -> toupper ->

and
lbl

and

conversion type: B tolower

conversion type:

! toupper
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See Also

towctrans()
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ATOMIC BOOL LOCK FREE macro, 187
atomic_char type, 186
atomic_charl6_t type, 186

ATOMIC CHAR16 T LOCK FREE macro, 187
atomic_char32_t type, 186

ATOMIC CHAR32 T LOCK_FREE macro, 187
ATOMIC CHAR LOCK FREE macro, 187
atomic_compare_ exchange *() function, 197
atomic_exchange() function, 196
atomic_fetch *() function, 199
atomic_flag type, 187

atomic_flag clear() function, 202
atomic_flag test and set() function, 201
atomic_init() function, 189
atomic_int type, 186
atomic_int_fastl6_t type, 186
atomic_int_fast32_t type, 186
atomic_int_fast64_t type, 186
atomic_int_fast8_t type, 186
atomic_int_least16_t type, 186
atomic_int_least32_t type, 186
atomic_int_least64_t type, 186
atomic_int_least8_t type, 186
ATOMIC INT LOCK_FREE macro, 187
atomic_intmax_t type, 186
atomic_intptr_t type, 186
atomic_is lock free() function, 193
atomic_llong type, 186
ATOMIC LLONG LOCK FREE macro, 187
atomic_load() function, 195
atomic_long type, 186

ATOMIC_LONG LOCK_FREE macro, 187
ATOMIC POINTER LOCK FREE macro, 187
atomic_ptrdiff_t type, 186
atomic_schar type, 186

atomic_short type, 186
ATOMIC SHORT LOCK FREE macro, 187
atomic_signal fence() function, 192
atomic_size_t type, 186
atomic_store() function, 194
atomic_thread fence() function, 190
atomic_uchar type, 186

atomic_uint type, 186
atomic_uint_fastl6_t type, 186
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atomic_uint_fast32_t type, 186
atomic_uint_fast64_t type, 186
atomic_uint_fast8_t type, 186
atomic_uint_leastl6_t type, 186
atomic_uint_least32_t type, 186
atomic_uint_least64_t type, 186
atomic_uint_least8_t type, 186
atomic_uintmax_t type, 186
atomic_uintptr_t type, 186
atomic_ullong type, 186
atomic_ulong type, 186
atomic_ushort type, 186
ATOMIC_VAR_INIT() macro, 188
atomic_wchar_t type, 186
ATOMIC WCHAR T LOCK_FREE macro, 187

Bell, see \a operator

bitand macro, 93

bitor macro, 93

bool macro, 221

Boolean AND, see && operator
Boolean NOT, see ! operator
Boolean OR, see | | operator
bsearch() function, 296
btowc () function, 434

cl6rtomb () function, 400
c32rtomb () function, 400
cabs () function, 39
cabsf () function, 39
cabs1() function, 39
cacos () function, 27
cacosf () function, 27
cacosh () function, 32
cacoshf() function, 32
cacoshl() function, 32
cacosl() function, 27
call once() function, 338
calloc() function, 286
carg() function, 41, 333
cargf () function, 41
cargl() function, 41
Carriage return, see \r operator
casin() function, 28
casinf() function, 28
casinh() function, 33
casinhf() function, 33
casinhl() function, 33
casinl() function, 28
catan() function, 28
catanf() function, 28
catanh() function, 34
catanhf () function, 34
catanhl() function, 34
catanl() function, 28
cbrt() function, 134, 333
cbrtf() function, 134
cbrtl() function, 134
ccos () function, 29

ccosf () function, 29
ccosh () function, 35
ccoshf () function, 35
ccoshl() function, 35
ccosl() function, 29
ceil() function, 142, 333
ceilf() function, 142
ceill() function, 142
cexp() function, 37
cexpf () function, 37
cexpl() function, 37

charl6_t type, 397

char32_t type, 397

CHAR_BIT macro, 95

CHAR_MAX macro, 95

CHAR_MIN macro, 95

cimag() function, 42, 333

cimagf () function, 42

cimagl() function, 42

clearerr() function, 270

clock() function, 380

clog() function, 38

clogf () function, 38

clogl() function, 38

CMPLX() macro, 43

CMPLXF () macro, 43

CMPLXL () macro, 43

cnd_broadcast() function, 339

cnd_destroy() function, 342

cnd_init() function, 343

cnd_signal() function, 345

cnd_timedwait () function, 346

cnd_wait() function, 348

compl macro, 93

complex.h header file, 25

conj () function, 44, 333

conjf() function, 44

conjl() function, 44

copysign() function, 152, 333

copysignf () function, 152

copysignl() function, 152

cos () function, 115, 333

cosf () function, 115

cosh () function, 119, 333

coshf () function, 119

coshl() function, 119

cosl() function, 115

cpow() function, 40

cpowf () function, 40

cpowl () function, 40

cproj () function, 45, 333

cprojf() function, 45
U
()
f(
U
)
(

cprojl() function, 45
creal() function, 46, 333
crealf() function, 46
creall() function, 46
csin() function, 30
csinf () function, 30
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function, 35
) function, 35
) function, 35

csinh()
(
(
) function, 30
)
(
(

(
csinhf
csinhl
csinl(
csqrt () function, 41
csqrtf() function, 41
csqrtl() function, 41
ctan() function, 31
ctanf() function, 31
ctanh() function, 36
ctanhf () function, 36
ctanhl() function, 36
ctanl() function, 31
ctime() function, 389
ctype.h header file, 49
CX_LIMITED RANGE macro, 26

DBL DECIMAL DIG macro, 82
DBL DIG macro, 81
DBL_EPSILON macro, 80
DBL_HAS SUBNORM macro, 81
DBL_MANT_DIG macro, 79
DBL MAX macro, 79
DBL_MAX_10 EXP macro, 79
DBL_MAX EXP macro, 79
DBL_MIN macro, 80
DBL_MIN 10 EXP macro, 79
DBL_MIN_EXP macro, 79

DBL TRUE_MIN macro, 80
DECIMAL DIG macro, 79
difftime() function, 381
div() function, 300

div_t type, 276

Division operator, see / division operator
double complex type, 26
double imaginary type, 26
double_t type, 107

Endianess, 205-206
erf() function, 138, 333
erfc() function, 139, 333
erfcf () function, 139
erfcl() function, 139
erff() function, 138
erfl() function, 138
errno variable, 63
errno.h header file, 63
exit () function, 292
EXIT FAILURE macro, 276
EXIT SUCCESS macro, 276
exp () function, 122, 333
exp2() function, 122, 333
exp2f () function, 122
exp21() function, 122
expf () function, 122
expl() function, 122
expml () function, 123, 333
expmlf () function, 123
expmll() function, 123

fabs () function, 135, 333
fabsf () function, 135
fabs1() function, 135

false macro, 221

fclose() function, 237
fdim() function, 156, 333
fdimf () function, 156
fdiml() function, 156
FE_ALL_EXCEPT macro, 67
FE_DIVBYZERO macro, 67
FE_INEXACT macro, 67
FE_INVALID macro, 67

FE OVERFLOW macro, 67
FE_UNDERFLOW macro, 67
feclearexcept () function, 68
fegetenv () function, 73
fegetexceptflag() function, 69
fegetround() function, 72
feholdexcept() function, 75
fenv.h header file, 67
FENV_ACCESS pragma, 68
fenv_t type, 67

feof () function, 270
feraiseexcept () function, 70
ferror() function, 270
fesetenv() function, 73
fesetexceptflag() function, 69
fesetround() function, 72
fetestexcept () function, 71
feupdateenv () function, 76
fexcept_t type, 67

fflush() function, 238
fgetc() function, 258
fgetpos () function, 266
fgets() function, 259
fgetwc () function, 411
fgetws () function, 412
FILE* type, 232

float complex type, 26
float imaginary type, 26
float.h header file, 79
float_t type, 107

floor () function, 142, 333
floorf() function, 142
floorl() function, 142

FLT DECIMAL DIG macro, 82
FLT DIG macro, 81

FLT EPSILON macro, 80

FLT EVAL METHOD macro, 79, 81, 107
FLT HAS SUBNORM macro, 81
FLT MANT DIG macro, 79

FLT MAX macro, 79

FLT MAX 10 EXP macro, 79
FLT MAX EXP macro, 79

FLT MIN macro, 80
FLT_MIN 10 EXP macro, 79
FLT MIN EXP macro, 79

FLT RADIX macro, 79
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FLT ROUNDS macro, 81
FLT_TRUE_MIN macro, 80
fma() function, 157, 333
fmaf () function, 157
fmal() function, 157
fmax () function, 156, 333
fmaxf () function, 156
fmax1() function, 156
fmin() function, 156, 333

(

(

)

(

(

fminf () function, 156
fminl() function, 156
fmod () function, 149, 333
fmodf () function, 149

)
fmodl() function, 149
fopen() function, 239
FP_CONTRACT pragma, 108
fpclassify() function, 108
fprintf() function, 243
fputc() function, 261
fputwc () function, 413
fputws () function, 414
fread() function, 264
free() function, 288
freopen() function, 241
frexp() function, 124, 333
frexpf() function, 124
frexpl() function, 124
fscanf () function, 250
fseek() function, 268
fsetpos () function, 266
ftell() function, 269
fwide () function, 415
fwprintf () function, 407
fwrite() function, 266
fwscanf () function, 408

getc() function, 258
getchar() function, 258
getenv() function, 294
gets() function, 259
getwc () function, 411
getwchar() function, 411
gmtime() function, 390

Hexadecimal, see 0x hexadecimal
hypot () function, 135, 333
hypotf () function, 135

hypotl() function, 135

I macro, 26

ilogb() function, 125, 333
ilogbf () function, 125
ilogbl() function, 125
imaxabs () function, 88
imaxdiv () function, 89
INT_FASTn_MAX macros, 228
INT_FASTn_MIN macros, 228
int_fastN_t types, 227

INT LEASTn MAX macros, 228

INT LEASTn_MIN macros, 228
int_leastN_t types, 227
INT MAX macro, 95

INT MIN macro, 95
INTMAX C() macro, 229
INTMAX_MAX macros, 228
INTMAX_MIN macros, 228
intmax_t type, 228
INTn_C() macros, 229
INTn_MAX macros, 228
INTn_MIN macros, 228
intN_t types, 227
INTPTR_MAX macros, 228
INTPTR_MIN macros, 228
intptr_t type, 228
inttypes.h header file, 87
isalnum() function, 50
isalpha() function, 50
isblank() function, 51
iscntrl() function, 52
isdigit() function, 53
isfinite() function, 110
isgraph() function, 54
isgreater() function, 158
isgreaterequal() function, 158
isinf() function, 110
isless() function, 158
islessequal() function, 158
islessgreater() function, 159
islower() function, 54
isnan() function, 110
isnormal() function, 110
i150646.h header file, 93
isprint() function, 55
ispunct () function, 56
isspace() function, 57
isunordered() function, 160
isupper() function, 58
iswalnum() function, 445
iswalpha() function, 446
iswblank() function, 447
iswentrl() function, 448
iswctype() function, 455
iswdigit() function, 449
iswgraph() function, 449
iswlower () function, 450
iswprint() function, 451
iswpunct () function, 452
iswspace() function, 453
iswupper() function, 454
iswxdigit () function, 454
isxdigit() function, 59

kill dependency() function, 189

labs () function, 299

LDBL DECIMAL DIG macro, 82
LDBL_DIG macro, 81

LDBL EPSILON macro, 80
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LDBL_HAS SUBNORM macro, 81
LDBL_MANT DIG macro, 79
LDBL MAX macro, 79
LDBL_MAX 16 EXP macro, 79
LDBL_MAX EXP macro, 79
LDBL_MIN macro, 80
LDBL_MIN_ 16 EXP macro, 79
LDBL_MIN EXP macro, 79
LDBL_TRUE_MIN macro, 80
ldexp () function, 126, 333
ldexpf () function, 126
ldexpl() function, 126
1div() function, 300
ldiv_t type, 276

lgamma () function, 140, 333
lgammaf () function, 140
lgammal() function, 140
limits.h header file, 95
1labs () function, 299
1ldiv() function, 300
1ldiv_t type, 276
LLONG_MAX macro, 95
LLONG_MIN macro, 95
1lrint() function, 145, 333
1lrintf() function, 145
1lrintl() function, 145
1lround() function, 147, 333
1lroundf() function, 147
1lroundl() function, 147
locale.h. header file, 99
localeconv() function, 101
localtime() function, 391
log() function, 127, 333
log10() function, 128, 333
1og10f() function, 128
1og101() function, 128
loglp() function, 128, 333
loglpf() function, 128
loglpl() function, 128
log2() function, 130, 333
log2f () function, 130
log21() function, 130
logb() function, 130, 333
logbf () function, 130
logbl() function, 130
logf () function, 127
logl() function, 127

long double complex type, 26
long double imaginary type, 26
LONG_MAX macro, 95
LONG_MIN macro, 95
longjmp() function, 165
lrint() function, 145, 333
lrintf() function, 145
1rintl() function, 145
lround() function, 147, 333
lroundf () function, 147
lroundl() function, 147
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malloc() function, 286

math.h header file, 105

MATH_ERREXCEPT macro, 108

math_errhandling variable, 108

MATH_ERRNO macro, 108

max_align_t type, 224

MB_CUR_MAX macro, 276

MB_LEN MAX macro, 95

mblen() function, 301

mbrlen() function, 436

mbrtocl6() function, 398

mbrtoc32() function, 398

mbrtowc () function, 437

mbsinit() function, 435

mbsrtowcs () function, 440

mbstate_t type, 397, 406

mbstowcs () function, 305

mbtowc () function, 302

memalignment () function, 308

memccpy () function, 314

memchr () function, 323

memcmp () function, 318

memcpy () function, 314

memmove () function, 314

memory order_acq_rel enumerated type, 187

memory order_acquire enumerated type, 187

memory order_consume enumerated type, 187

memory_order_relaxed enumerated type, 187

memory order_release enumerated type, 187

memory order_seq_cst enumerated type, 187

memset () function, 328

memset_explicit() function, 328

mktime() function, 382

modf () function, 131

modff () function, 131

modf1l() function, 131

Modulus operator, see % modulus operator

mtx_destroy() function, 349

mtx_init() function, 351

mtx_lock() function, 353

mtx_timedlock() function, 354

mtx_trylock() function, 356

mtx_unlock() function, 358

Multiplication operator, see * multiplication oper-
ator

NAN macro, 107

nan() function, 153

nanf () function, 153

nanl() function, 153

NDEBUG macro, 21

nearbyint () function, 143, 333
nearbyintf() function, 143
nearbyintl() function, 143
New line, see \n newline
nextafter() function, 154, 333
nextafterf() function, 154
nextafterl() function, 154
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nexttoward() function, 155, 333
nexttowardf () function, 155
nexttowardl() function, 155
noreturn macro, 311

not macro, 93

not_eq macro, 93

NULL macro, 276

offsetof operator, 225
or macro, 93
or_eq macro, 93

perror() function, 271
pow () function, 136, 333
powf () function, 136
powl () function, 136
PRIAFASTn macros, 88
PRIALEASTn macros, 88
PRIAMAX macro, 88
PRIdn macros, 88
PRIAPTR macro, 88
PRIiFASTn macros, 88
PRIiLEASTn macros, 88
PRIiMAX macro, 88
PRIin macros, 88
PRIiPTR macro, 88
printf() function, 243
PRIOFASTn macros, 88
PRIOLEASTn macros, 88
PRIOMAX macro, 88
PRIon macros, 88
PRIOPTR macro, 88
PRIUFASTNn macros, 88
PRIULEASTn macros, 88
PRIUMAX macro, 88
PRIun macros, 88
PRIUPTR macro, 88
PRIXFASTn macros, 88
PRIXFASTn macros, 88
PRIXLEASTn macros, 88
PRIXLEASTn macros, 88
PRIXMAX macro, 88
PRIXMAX macro, 88
PRIXn macros, 88

PRIxn macros, 88
PRIXPTR macro, 88
PRIXPTR macro, 88
PTRDIFF MAX macro, 229
PTRDIFF_MIN macro, 229
ptrdiff_t type, 223
putc() function, 261
putchar() function, 261
puts() function, 262
putwc () function, 413
putwchar() function, 413

gsort () function, 297
quick exit() function, 292

raise() function, 172
rand () function, 282
RAND_MAX macro, 276
realloc() function, 288
remainder () function, 149, 333
remainderf () function, 149
remainderl() function, 149
remove () function, 233
remquo () function, 151, 333
remquof () function, 151
remquol() function, 151
rename () function, 234
rewind() function, 268
rint() function, 144, 333
rintf() function, 144
rintl() function, 144
round() function, 146, 333
roundf () function, 146
roundl() function, 146

scalbln() function, 133, 333
scalblnf() function, 133
scalblnl() function, 133
scalbn() function, 133, 333
scalbnf() function, 133
scalbnl() function, 133
scanf () function, 250
SCHAR_MAX macro, 95
SCHAR_MIN macro, 95
SCNdFASTn macros, 88
SCNdLEASTn macros, 88
SCNdMAX macro, 88

SCNdn macros, 88
SCNdPTR macro, 88
SCNiFASTn macros, 88
SCNiLEASTn macros, 88
SCNiMAX macro, 88

SCNin macros, 88
SCNiPTR macro, 88
SCNoFASTn macros, 88
SCNoLEASTn macros, 88
SCNoMAX macro, 88

SCNon macros, 88
SCNoPTR macro, 88
SCNuFASTn macros, 88
SCNuULEASTn macros, 88
SCNuMAX macro, 88

SCNun macros, 88
SCNuPTR macro, 88
SCNxFASTn macros, 88
SCNxXLEASTn macros, 88
SCNxMAX macro, 88

SCNxn macros, 88
SCNxPTR macro, 88
setbuf () function, 242
setjmp () function, 163
setjmp.h header file, 163
setlocale() function, 99
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SHRT MAX macro, 95

SHRT MIN macro, 95

SIG_ATOMIC_MAX macro, 229

SIG ATOMIC MIN macro, 229

signal() function, 169

signal.h header file, 169

signbit() function, 111

sin() function, 115, 333

sinf() function, 115

sinh() function, 120, 333

sinhf() function, 120

sinhl() function, 120

sinl() function, 115

SIZE MAX macro, 229

size_t type, 224, 276, 397

snprintf() function, 243

sprintf() function, 243

sqrt() function, 137, 333

sqrtf() function, 137

sqrtl() function, 137

srand() function, 284

sscanf () function, 250

static assert() macro, 23
stdalign.h header file, 175

stdarg.h header file, 179
stdatomic.h header file, 185
stdbit.h header file, 205

stdbool.h header file, 221

stdc_bit ceil() function, 219
stdc_bit floor() function, 218
stdc_bit width() function, 217
stdc_count_ones() function, 215
stdc_count_zeros() function, 215
stdc_first leading one() function, 212
stdc_first leading zero() function, 211
stdc_first trailing one() function, 214
stdc_first trailing zero() function, 213
stdc_has_single bit() function, 216
stdc leading ones() function, 208
stdc_leading zeros() function, 207
stdc_trailing ones() function, 210
stdc_trailing zeros() function, 209
stddef.h header file, 223

stderr standard error, 233

stdin standard input, 233

stdint.h header file, 227

stdio.h header file, 231

stdlib.h header file, 275
stdnoreturn.h header file, 311

stdout standard output, 233

strcat() function, 317
strchr() function, 323
strcmp() function, 318
strcoll() function, 320
strcpy () function, 315
strcspn() function, 324
strdup() function, 316
strerror() function, 329
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strftime() function, 392
String, see char *
string.h header file, 313
strlen() function, 330
strncat() function, 317
strncmp () function, 318
strncpy () function, 315
strndup() function, 316
strpbrk() function, 325
strrchr() function, 323
strspn() function, 324
strstr() function, 326

strtod() function, 278

strtof() function, 278

strtoimax() function, 90

strtok() function, 327

strtol() function, 280

strtold() function, 278

strtoll() function, 280

strtoul() function, 280

strtoull() function, 280

strtoumax() function, 90

struct tmtype, 379

strxfrm() function, 321

Subtraction operator, see - subtraction operator
swprintf () function, 407

swscanf () function, 408

system() function, 295

Tab (is better), see \t operator
tan () function, 116, 333
tanf () function, 116

tanh () function, 121, 333
tanhf () function, 121
tanhl() function, 121

tanl() function, 116

Ternary operator, see ?: ternary operator
tgamma () function, 141, 333
tgammaf () function, 141
tgammal() function, 141
tgmath.h header file, 333
thrd_create() function, 359
thrd_current() function, 361
thrd_detach() function, 362
thrd_equal() function, 363
thrd_exit() function, 364
thrd_join() function, 366
thrd_yield() function, 368
threads.h header file, 337
time() function, 385

time.h header file, 379
time_t type, 379

timegm() function, 384
timespec_get() function, 386
tmpfile() function, 235
tmpnam() function, 235
tolower() function, 59
toupper() function, 60



472

towctrans () function, 460
towlower() function, 458
towupper () function, 459
true macro, 221

trunc() function, 148, 333
truncf() function, 148
truncl() function, 148
tss create() function, 370
tss delete() function, 372
tss_get() function, 374
tss_set() function, 376

UCHAR_MAX macro, 95
UINT_FASTn_MAX macros, 228
UINT_LEASTn_MAX macros, 228
UINT MAX macro, 95
UINTMAX C() macro, 229
UINTMAX MAX macros, 228
uintmax_t type, 228

UINTn MAX macros, 228
UINTPTR_MAX macros, 228
uintptr_t type, 228
ULLONG_MAX macro, 95
ULONG_MAX macro, 95
ungetc() function, 263
ungetwc () function, 417
USHRT MAX macro, 95

va_arg() macro, 179
va_copy () macro, 180
va_end() macro, 182
va_list type, 179
va_start() macro, 183
vfprintf() function, 255
vfscanf () function, 257
vfwprintf () function, 409
vfwscanf () function, 410
vprintf() function, 255
vscanf () function, 257
vsnprintf () function, 255
vsprintf() function, 255
vsscanf () function, 257
vswprintf () function, 409
vswscanf () function, 410
vwprintf() function, 409
vwscanf () function, 410

wchar.h header file, 405
WCHAR _MAX macro, 229
WCHAR _MIN macro, 229
wchar_t type, 225, 276
wcrtomb () function, 439
wcscat () function, 422
wcschr() function, 427
wecscmp () function, 423
wcscoll() function, 425
wescpy () function, 421
wecscspn () function, 428
wcsftime() function, 433
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wcslen() function, 432

wecsncat () function, 422
wesnemp () function, 423
wesnepy () function, 421
wespbrk() function, 429

wcsrchr() function, 427
wesrtombs () function, 442
wesspn () function, 428
wesstr() function, 430
wcstod () function, 418
wcstof () function, 418
wcstoimax () function, 91
westok() function, 431
westol() function, 419
wcstold() function, 418
wcstoll() function, 419
wcstombs () function, 306
westoul() function, 419
wecstoull() function, 419
wcstoumax () function, 91
wesxfrm() function, 426
wctob () function, 434
wctomb () function, 304
wctrans () function, 461
wctype () function, 457
wctype.h header file, 445
WINT MAX macro, 229
WINT MIN macro, 229
wmemcmp () function, 423
wmemcpy () function, 421
wmemmove () function, 421
wprintf() function, 407
wscanf () function, 408

X0or macro, 93
Xor_eq macro, 93
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