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Chapter 1
LGi noéi dau

C khong phai la mgt ngon ngii I6n, va né khong hgp véi mot cudn sach lon.

—Brian W. Kernighan, Dennis M. Ritchie

Khong c¢6 ly do gi dé phi 16i 6 day niia, cAc ban, ta nhay thing vao code C luédn:

E((ck?main((z?(stat(M,&t)?P+=a+'{'70:3:
execv(M, k) ,a=G,i=P,y=G&255,
sprintf(Q,y/'@"'-3?A(*L(V(%d+%d)+%d,0)

Va ho song hanh phtc mai mai vé sau. Hét.
Hi1? Ban bao van con diéu gi dé chua rd vé cai ngon ngii lap trinh C nay?

U thi, néi that, chinh to6i ciing khong biét doan code trén lam gi. N6 1a mot mau trich tii mot bai du thi
n#m 2001 ctia International Obfuscated C Code Contest!, mot cudc thi tuyét véi ma ngudi du thi cé viét
code C kho doc nhit c6 thé, thudng cho ra két qua gay ngac nhién.

Tin x4u la néu ban mai bat dau véi thi nay, moi doan code C ban thay trong c6 1& déu gidng nhu bi lam
roi tung 1én! Tin tét 14, cam giac d6 sé khong kéo dai 1au dau.

Diéu t6i sé c6 lam trong sudt huéng din nay 1a dan ban til trang thai hoang mang toan tap dén kiéu
hanh phic tinh ngo chi c6 thé dat dugce qua lap trinh C thuéin tay. Ci thé nhé.

Ngay xua, C 1a mét ngdn ngii don gian hon. Rat nhiéu tinh nang trong cuén sach nay cung mgt dong
tinh nang trong tip Library Reference con chua ton tai khi K&R viét 4n ban thd hai néi tiéng vao ndm
1988. Dt vay, phén 16i clia ngdn ngii vin nho, va toi hy vong minh da trinh bay & day theo cach bit dau
tii cai 161 don gian d6 r6i mé rong dén ra.

Va d6 1a 1y do t6i bao chiia cho viéc viét mot cudn sach to dén budn cudi vé moét ngdén ngit nhoé gon va
cb dong nhu vay.

1.1 Doi tugng doc

Huéng dan nay gia dinh ring ban da c6 sn mot chit kién thiic l4p trinh tii mot ngén ngii khac, kiéu
nhu Python?, JavaScript®, Java?, Rust®, Go®, Swift’, v.v. (Dan Objective-C?® s& cuc ky dé tha!)

Chung ta sé gia dinh la ban biét bién la gi, vong lap lam gi, ham hoat dong ra sao, va dai loai thé.

https://www.ioccc.org/
Zhttps://en.wikipedia.org/wiki/Python_(programming_language)
Shttps://en.wikipedia.org/wiki/JavaScript
*https://en.wikipedia.org/wiki/Java_(programming language)
Shttps://en.wikipedia.org/wiki/Rust_(programming_language)
®https://en.wikipedia.org/wiki/Go_(programming_language)
https://en.wikipedia.org/wiki/Swift_(programming_language)
8https://en.wikipedia.org/wiki/Objective-C
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Néu diéu d6 khong dung véi ban vi Iy do ndo di nita, thi diéu t6t nhét t6i c6 thé hy vong cung cap la
mot chut giai tri chan thanh cho niém vui doc sach cta ban. Diéu duy nhit t6i ¢6 thé hita mot cach hgp
1y 12 huéng dan ndy sé khong két thic 8 mot nut that hdi hop... hay la sé két thiic nhu thé?

1.2 Cach doc cudn sach nay

Huéng din chia 1am hai tap, va day 1a tap dau: tdp huéng dan!

Tap thi hai 1a library reference’, va n6é mang tinh tham khao hon 1a huéng dan nhiéu.

Néu ban 14 ngudi méi, hiy di qua phan huéng din theo thi tu, néi chung 1 vay. Cang lén cao trong cic
chuong thi thi tu cang b6t quan trong.

Va du trinh d6 ctia ban dén dau, phan tham khao ludn s&n & d6 véi cac vi du day da vé nhiing ham trong
thu vién chuén, giap ban lam méi tri nhé bt ct khi ndo cAn. Hgp d€ doc khi dang an mot t6 ngii cdc
hodc trong nhiing lic ranh khac.

Cuéi cung, liéc qua phan muc luc (néu ban dang doc ban in), cic muc thudc phan tham khao dudc in
nghiéng.

1.3 Nén tang va trinh bién dich

Tbi sé c6 bam vao C chuan ISO kiéu cii!®. O, phan 16n thoi. Doi khi tdi c6 thé ndi hiing ma noi vé
POSIX'! hay gi d6, nhung dé xem da.
Ngusi dung Unix (vi du Linux, BSD, v.v.) thii chay cc ho#c gcc tii dong lénh, biét dau ban da c6 sén

mdt trinh bién dich cai r6i. Néu chua, tim trong ban phan phoi ctia ban cach cai gcc hodc clang .

Ngudi ding Windows nén xem qua Visual Studio Community!?. Hoic, néu ban muén trai nghiém kiéu
Unix hon (rat khuyén khich!), cai WSL' va gcc .

Ngudi dung Mac s&é mudn cai XCode!?, va dic biét 1a by command line tools.

C6 ca ta trinh bién dich ngoai kia, va hau nhu tat ca déu dung dudc cho cudn sach nay. Mot trinh bién
dich C++ ciing sé bién dich dudc phan 16n (nhung khéng phai tit ca!) code C. T6t nhit la dung mot
trinh bién dich C dung nghia néu dudc.

1.4 Trang chu chinh thic

Vi tri chinh thtic ctia tai liéu nay 1a https://beej.us/guide/bge/". C6 thé diéu nay sé thay déi trong tucng
lai, nhung kha niang cao hon la moi huéng dan khéc sé& dudc ddi khodi may tinh 6 Chico State.

1.5 Chinh sach email

Toi thudng c6 mat dé giup tra 18i cic cAu hoi qua email, nén cii viét cho tdi, nhung t6i khong thé bao
dam sé tra 16i. Toi c6 mot cudc sdng khé ban ron va c6 nhiing lic don gian 1a khong thé tra 11 cAu hoi
cua ban. Khi d6, thudng 14 t6i x6a tin nhin di ludn. Khong c6 gi ¢4 nhéan ca; chi la tdi sé khong bao gid
c6 dn thdi gian d€ dua ra ciu tra 18i chi tiét ma ban can.

Theo nguyén tic chung, cAu hoi cang phic tap thi kha ning t6i tra 16i cang thdp. Néu ban thu hep dudce
ciu hoi trude khi gii va nhé dinh kém moi théng tin lién quan (nhu nén tang, trinh bién dich, thong
b4o 16i ban dang nhan dudc, va bat ci thii gi ban nghi cé thé gitp tai tim ra van d¢), kha ning c6é héi
am sé cao hon nhiéu.

“https://beej.us/guide/bgclr/
Ohttps://en.wikipedia.org/wiki/ANSI_C
https://en.wikipedia.org/wiki/POSIX
2https://visualstudio.microsoft.com/vs/community/
Bhttps://docs.microsoft.com/en-us/windows/wsl/install-win10
4https://developer.apple.com/xcode/
Dhttps://beej.us/guide/bgc/
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Néu ban khéng nhan dudc héi am, ¢t tiép tuc md mam, ¢6 tu tim ra cau tra 15i, va néu van khong ra,
viét lai cho tdi v6i thong tin da tim dudc, hy vong khi d6 sé du dé toi giap da.

Gi6 ma t6i da can nhan xong vé chuyén viét hay khong viét email cho t6i, chi xin néi thém rang toi thuc
sy tran trong moi 16i khen ma cudn huéng dan nay da nhan dudc suét nhiing nim qua. N6 1a mot lieu
tinh than that sy, va téi vui khi biét n6 dang dudgc dung vao viéc tét! :-) Cam on ban!

1.6 Sao luu (mirror)

Ban hoan toan dugc hoan nghénh sao luu trang nay, du l1a cong khai hay riéng tu. Néu ban mirror cong
khai va muén téi lién két téi ban cta ban tu trang chinh, cG gtii cho t6i mot dong 6 beej@beej.us .

1.7 Ghi chu cho ngudi dich

Néu ban muén dich huéng dan nay sang mot ngdn ngii khac, hiy viét cho toi tai beej@beej.us va toi
sé lién két t6i ban dich cta ban ti trang chinh. C thoai mai thém tén va thong tin lién hé ctia ban vao

ban dich.

Xin luu y cac diéu khoan gidy phép 6 muc Ban quyén va Phéan phoi bén duéi.

1.8 Ban quyén va Phan phoi
Beej’s Guide to C ¢6 Ban quyén © 2021 Brian “Beej Jorgensen” Hall.

Ngoai trit mot vai trudng hdp cu thé danh cho ma ngudn va ban dich, néu & dudi, tic phdm nay dugc
cp phép theo gidly phép Creative Commons Attribution-Noncommercial-No Derivative Works 3.0. Dé
xem mot ban cua gifly phép nay, ghé https://creativecommons.org/licenses/by-nc-nd/3.0/ hoic
gui thu t6i Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

Mot ngoai 1é cu thé cho phan “No Derivative Works” ciia gidy phép nhu sau: huéng din nay cé thé dudc
tu do dich sang bat ky ngdn ngii nao, mién 1a ban dich chinh xé4c, va huéng dan dudc in lai day du. Cac
gidi han gidy phép ap dung cho ban dich cling giéng nhu 4p dung cho ban gdc. Ban dich cling ¢ thé
kem theo tén va thong tin lién hé ctia ngudi dich.

Ma nguodn C trinh bay trong tai liéu nay dudc trao cho mién cong céng, hoan toan khéng cé bat ky gisi
han gidy phép nao.

Céac nha gido duc dugc khuyén khich gisi thiéu hoic cung cip cac ban ctia huéng din nay cho hoc vién
ctia minh.

Lién hé beej@beej.us dé biét thém thong tin.

1.9 Lgitrian
Nhiing diéu khé nhat khi viét cac huéng dan nay la:

- Hoc tai liéu du ky dé co thé giang lai
« Tim ra cach giai thich rd rang nhat, mét qua trinh l3p di ldp lai tuéng nhu khéng c6 hoi két
« Ty dit minh vao vai ké dugc goi 1a ngudi c6 tham quyén, trong khi that ra toi chi 1a mot ngusi
binh thudng dang c6 hiéu moi thi, gidng nhu moi ngudi khac thoi
« Kién tri khi c6 biét bao thii khac kéo su chti y ctia t6i di chd khac
R4t nhiéu ngudi da gitp t6i di qua qua trinh nay, va t6i mudn ghi nhan nhiing ngudi da khién cuén sach
nay thanh su that.

« Moi ngudi trén Internet da quyét dinh chia sé kién thiic ctia minh dudi hinh thiic nay hay hinh
thiic khac. Chinh viéc tu do chia sé cac théng tin mang tinh huéng din da khién Internet tré
thanh noi tuyét v6i nhu hién nay.

« Nhiing tinh nguyén vién & cppreference.com'®, nhiing ngusi béc chiéc cau ndi tit ban spec sang
thé gidi thuc.

18https://en.cppreference.com/
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« Cac cao nhan than thién trén comp.lang.c'’ va r/C_Programming'®, nhiing ngudi da kéo toi qua
nhiing phan kh6 nhén cta ngdn ngi.

« Tat ca nhiing ai d giii stia 16i va pull request cho moi thi, tii huéng din gay hiéu IAm cho dén 16i
chinh ta.

Cam on ban! @

Thttps://groups.google.com/g/comp.lang.c
Bhttps://www.reddit.com/r/C_Programming/
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Hello, World!

21 KyvonggitiC

“M@y cai cau thang nay dén di dau?”
“Né6 dan di léen.”

—Ray Stantz va Peter Venkman, Ghostbusters
C la mét ngdn ngii cdp thap.

N6 dau tling nhu vay. Thoi xa xua khi ngudi ta con duc thé bia duc 16 tli ¢4 hoa cuong, C 1a mét cach
tuyét vai dé thoat khai cuc hinh clia cdc ngdn ngii cidp thap hon nhu assembly!.

Nhung 6 thsi hién dai nay, cdc ngdén ngit thé hé mdéi cung cap du thi tinh nang khong ton tai vao nim
1972 khi C dudc phat minh. Diéu d6 ¢ nghia la C la mot ngén ngit kha cé ban véi khong nhiéu tinh
ning. N6 c6 thé 1am moi thi, nhung s& bat ban d6 md héi cho chung.

Vay tai sao ta van con ding C dén bay gis?

« Nhu mot cong cu hoc tap: C khong chila mot manh lich st dang kinh ctia nganh may tinh, ma con
két néi v6i phan ciing thd? (bare metal) theo cdch ma cic ngdn ngii hién thsi khéng cé. Khi hoc
C, ban hoc vé viéc phan mém tudng tac v4i b nhé may tinh & cdp do thap nhu thé nao. Khong
c6 day an toan. Ban sé viét ra cAc phan mém bi crash, t6i bdo ddm véi ban. Va d6 la mét phan caa
cudc vui!

« Nhu mot cong cu hitu ich: C vin con dudc dung cho mét s6 ting dung nhat dinh, chdng han nhu
xay dung hé diéu hanh® hay trong hé thong nhing®*. (Mic dit ngén ngii Rust® dang dom ngd ca
hai linh vuc d6!)

Néu ban d4 quen véi mdt ngdn ngii khac, nhiéu thi trong C sé dé. C da truyén cam hiing cho rat nhiéu
ngoén ngili khac, va ban sé thay mang mang ctia né trong Go, Rust, Swift, Python, JavaScript, Java, va da
loai ngén ngii khac. Nhiing phan d6 sé quen thudc.

Thit duy nhét trong C lam ngudi ta khung lai 1a con tré (pointers). Gan nhu moi thit khac déu quen
thudc, nhung con tré 1a dda con la. Khai niém déng sau con tré c6 1& ban da biét roi, nhung C budc ban
phai tudng minh vé né, bing cic toan ti ma c6 thé ban chua tling thay bao gig.

Diéu dic biét kho chiu 1a mét khi ban da ndm duogc® con tro, n6 bdng nhién trd nén dé. Con trude thsi
diém d6, ching ct tron tudt nhu lucn.

Moi thit khéac trong C chi don gian 1a ghi nhé mot cach khac (ddi khi chinh 1a cing mot cach!) dé lam
mbt viéc ban da 1am roéi. Con tro 1a phan la Jim. V3, néu xét k¥, ngay ca con tré ciing chi 1a bién tdu

'https://en.wikipedia.org/wiki/Assembly_language
%https://en.wikipedia.org/wiki/Bare_machine
Shttps://en.wikipedia.org/wiki/Operating_system
*https://en.wikipedia.org/wiki/Embedded_system
Shttps://en.wikipedia.org/wiki/Rust_(programming_language)
®https://en.wikipedia.org/wiki/Grok
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trén mot cha dé co 1€ ban da quen.

Vay chuén bi tinh than cho mot chuyén phiéu luu néo nhiét gin nhit véi 16i cia may tinh ma ban c6
thé dén dudc ma khong can dung dén assembly, bing ngdén ngit c6 anh huéng nhat moi thsi dai’. Giti
chat!

2.2 Hello, World!

Day la vi du chuéin muc ctia mot chudng trinh C. Ai ciing dung n6. (Luu ¥ 14 cac con s3 & bén trai chi
dé ngudi doc tham khao, ching khong phai 1a mot phan cia ma ngudn.)

/* Hello world program */
#include <stdio.h>
int main(void)

{
printf("Hello, World!\n"); // Actually do the work here

Chung ta sé deo ging tay cao su loai day tay 4o dai, v6 14y con dao md, va rach thng vao thi nay dé
xem cai gi lam né hoat dong. Nao, riia tay di, vi ta bat dau. Cét nhe thoi...

Ta giai quyét cai dé trudc: moi thii nadm gifia hai cip ky hiéu /* va */ 1a chu thich (comment) va sé&
bi trinh bién dich bo qua hoan toan. Moi thit ndm trén mot dong sau // cling viy. N6 cho phép ban
dé lai thong diép cho chinh minh va cho ngusi khéc, dé khi ban quay lai doc code ctia minh & tudng lai
xa, ban biét cai quai gi minh dang dinh lam. Tin téi di, ban sé quén; chuyén d6 xay ra.

Gid, cai #include nay la gi? KINH QUA! Pudc rdi, né bao cho C Preprocessor kéo noi dung ctia mot
file khac va chén vao code ngay ché do.

Khoan, C Preprocessor 1a cai gi? Cau héi hay. Viéc bién dich c6 hai giai doan®: preprocessor va compiler.
Bat ct thit gi bat ddu bang ddu pound, d4u thiang, hay “octothorpe”, ( # ) 1a thi ma preprocessor xu ly
trudc khi compiler tham chi con bat dau. Céc chi thi preprocessor (preprocessor directives) thudng gip,
nhu ngudi ta hay goi, la #include va #define . Ban thém vé may cai do sau.

Trudc khi di tiép, tai sao toi lai day cong chi ra ring ddu pound dudc goi la octothorpe? Cau tra 15i
don gian: toi thdy ti octothorpe nd budn cudi xuit sic, nén phai rai biia cai tén d6 ra moi khi c6 dip.
Octothorpe. Octothorpe, octothorpe, octothorpe.

Nén du sao di niia. Sau khi C preprocessor xt ly xong moi thii, két qua dudc trao cho compiler d€ né
san xuat ra mi assembly’, ma may'°, hay bat cd cai gi né dinh lam. Ma may 1a “ngdn ngii” ma CPU
hiéu, va n6 c6 thé hiéu rdt nhanh. Day la mot trong nhiing 1y do chuong trinh C thudng chay nhanh.
Diing lo vé céc chi tiét ky thuét clia qué trinh bién dich lGc nay; cii biét rang code cia ban chay qua
preprocessor, rdi output cia né chay qua compiler, réi cai d6 tao ra mot file thuc thi dé ban chay.

Con phan con lai ctia dong thi sao? Cai <stdio.h> la gi? D6 la thi ngudi ta goi la header file. Chinh
cai chdm-h & cudi da tiét 16 diéu d6. Thuc ra né la header file “Standard I/O” ( stdio ) ma ban sé din
dan quen va yéu mén. N6 cho ta quyén truy cap vao mét loat chiic ning I/O'!. Vi chuong trinh demo
clia ta, ta dang xuat chudi “Hello, World!”, nén cu thé 13 ta cAn truy cip dén ham printf() délam
viéc do. File <stdio.h> cho ta quyén truy cip d6. No6i co ban, néu ta c¢d dung printf() ma khéng cod

#include <stdio.h>, compiler sé rén ri phan nan véi ta vé chuyén do.

7T6i biét s& co ngudi cii toi vé diém nay, nhung chic it nhét ciing phai nim trong top ba, ding khong?

80 thi, vé mit ky thuat thi nhiéu hon hai, nhung théi, ta cti gia v& 1a c6 hai, cang it biét cang vui, nhi?

“https://en.wikipedia.org/wiki/Assembly_language

Ohttps://en.wikipedia.org/wiki/Machine_code

11y mit ky thuat, né chida cac chi thi preprocessor va nguyén mau ham (function prototypes, ban thém sau) cho cac nhu cau
input/output théng dung.


https://en.wikipedia.org/wiki/Assembly_language
https://en.wikipedia.org/wiki/Machine_code
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Sao t6i biét phai #include <stdio.h> cho printf() ? CAu tra 15i: n6é ndm trong tai liéu. Néu ban
dang trén hé Unix, g6 man 3 printf vano sé cho ban biét ngay & dau trang man cin nhiing file header
nao. Ho#c xem phén tham khéo trong cuén sach nay. :-)

Troi dat 6i. Ngan ay chi d€ cover dong dau tién! Nhung, néi thing ra, n6 da bi mé xé hoan toan. Khong
con bi 4n nao sot lai!

Vay thé mét hai di... nhin lai ma mAu. Chi con vai dong dé niia théi.

Chao muing quay lai sau ky nghi! T6i biét ban ching nghi thuc su dau; t6i chi chiéu long ban théi.

Dong tiép theo la main() . Day la dinh nghia cia ham main() ; moi thd gilia cdp d4u ngodc nhon
ngodn ngoéo ( { va } )1a modt phan cua dinh nghia ham.

(Vay thi goi mdt ham khéc nhu thé nao nhi? Cau tra 18i ndm & dong printf() , ta sé dé€n d6 trong mot
phut niia.)

Gid, ham main 14 d4c biét theo nhiéu nghia, nhung c¢6 mot nghia ndi bat hon ca: no6 1a ham sé duge goi
tu dong khi chudng trinh cta ban bat d4u chay. Khong c6 gi ctia ban duge goi trude main() . Trong vi
du ctia ta, diéu nay 6n vi tat ca nhiing gi ta mudn lam 13 in mot dong roi thoat.

A, con chuyén nay: mot khi chuong trinh chay qua khoi cusi main() , chd ddu ngoic nhon déng 6 duéi
d6, chuong trinh sé thoat, va ban sé trd lai v8i ddu nhic dong lénh.

Vay gid ta biét rang chudng trinh d6 da kéo vao mot header file, stdio.h , vakhaibdo mdétham main()
sé chay khi chuong trinh dugc khéi dong. Bén trong main() c6 nhiing mén ngon gi?

Téi rdt vui 1a ban d4 hoi. That day! Ta chi c6 ding moét moén ngon thoi: 16i goi dén ham printf() . Ban
c6 thé nhén ra day la mot 16i goi ham chi khong phai dinh nghia ham qua nhiéu cach, nhung mot ddu
hiéu 1a khong c6 cdp diu ngoic nhon ngoan ngoéo di sau n6. Va ban két thic 181 goi hAm bang mot dau
chidm phiy dé compiler biét ddy 1a diém két ctia biéu thiic. Ban sé& d4t ddu chAm phiy sau gin nhu moi
thi, ban sé thdy.

Ban dang truyén mot déi s6 (argument) cho ham printf() : mot chudi sé dudc in ra khi ban goi n6. A
ding roi, ta dang goi mot ham! Ta gioi thé! Khoan, khoan, diing voi tu man. Cai \n khung khung 6
cudi chudi la gi? O, phan 16n cac ky tu trong chudi sé dudc in ra ding nhu cach ching dugc luu. Nhung
c6 mot s6 ky tu khong thé in trén man hinh mot cach dep dé nén duge nhing dudi dang ma hai ky tu
bat dau bang ddu chéo ngudc. Mot trong nhiing cai phd bién nhit1a \n (doc 1a “backslash-N” hodc don
gian “newline”) tuong tng véi ky tu xuéng dong. Day la ky tu lam cho viéc in tiép theo bit dau 6 dau
dong tiép chi khong 6 dong hién tai. Gidng nhu ban nhin return & cu6i dong.

Vay chép doan code @6 vao mot file tén la hello.c va build nd. Trén nén tang kiéu Unix (vi du Linux,
BSD, Mac, hay WSL), tit dong 1énh ban sé build bang 1énh kiéu thé nay:

‘ gcc -0 hello hello.c ’

(C6 nghia la “bién dich hello.c , va xudt ra file thuc thi tén la hello ”.)

Sau khi xong, ban sé& c6 mot file tén 1a hello ma ban c6 thé chay bang lénh nay:

‘ ./hello ’

(Phan ./ & dau bao shell “chay file tit thu muc hién tai”.)

Va xem thti no ra cai gi:

‘ Hello, World! ’

Xong va da test! Ship it!
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2.3 Chi tiét vé bién dich
N6i thém mét chut vé cach build chudng trinh C, va chuyén gi xay ra hau trudng.

Gidng cac ngon ngii khac, C ¢c6 ma nguon (source code). Nhung, tuy vao ngdn ngii ban dén ti dau, ¢
thé ban chua bao gi3 phai bién dich ma ngudn cta minh thanh mot file thuc thi (executable).

Bién dich 1a qua trinh 14y ma nguon C ctia ban va bién né thanh mot chudng trinh ma hé diéu hanh cé
thé thuc thi.

Dan JavaScript va Python khong hé quen véi mot buée bién dich tach biét, dit ring hau trudng n6 van
dang dién ra! Python bién dich ma ngudn ctia ban thanh thd goi 1a bytecode ma may ao Python c6 thé
chay. Dan Java thi quen véi viéc bién dich, nhung céi d6 sinh ra bytecode cho Java Virtual Machine.
Khi bién dich C, ma may dudc sinh ra. Dy 1a cac s6 1 va 0 ma CPU c6 thé chay truc ti€p va nhanh
chong.

Céc ngdn ngii thudng khong bién dich dude goi 1a ngdn ngii thong dich (interpreted). Nhung
nhu ta d4 noéi véi Java va Python, chung ciing ¢6 mét budc bién dich. Va khéng c6 luit nao noéi
C khong thé dugc thong dich. (Ngoai kia c6 ca interpreter cho C ddy!) No6i ngan gon, nd 1a mot
mé ranh gidi md. Bién dich ndi chung chi la viéc 1dy ma ngudn va bién né thanh mot dang khac,
dé thuc thi hon.

Trinh bién dich C (C compiler) la chudng trinh lam viéc bién dich dé.

Nhu d4 néi, gcc 1a mot trinh bién dich dudc cai sin trén rt nhiéu hé diéu hanh kiéu Unix!?. Va thusng

dudc chay tit dong 1énh trong terminal, nhung khong phai ludn ludn. Ban ciing c6 thé chay no tii IDE.

Vay ta build ti dong lénh kiéu gi?

2.4 Build véi gcc

Néu ban c6 mot file ngudn tén1a hello.c trong thu muc hién tai, ban c6 thé build n6 thanh mot chucng
trinh tén la hello béng lénh gd trong terminal sau:

‘ gcc -0 hello hello.c ’

C3 -0 co nghia la “xuit ra file nay”'®. Va & cudila hello.c, tén cua file ta mudn bién dich.

Néu ma ngudn dudc tach lam nhiéu file, ban c6 thé bién dich tat ca cing nhau (gin nhu thé ching 1a
mot file, du cac quy tac thuc su ¢6 phan phiic tap hon) bang cach dua tit ca cac file .c 1én dong lénh:

‘ gcc -0 awesomegame ui.c characters.c npc.c items.c ’

va tit ca ching sé dudc build cing nhau thanh mot file thuc thi to.

Thé 14 du dé bat diu, sau nay ta sé ban chi tiét vé nhiéu file ngudn, object files, va du thit vui khac.

2.5 Build véi clang

Trén may Mac, trinh bién dich méc dinh khong phai gcc, mala clang . Nhung cling c6 mét wrapper
dudc cai sdn dé ban van chay gcc dudc.

Ban ciing c6 thé cai ding trinh gcc qua Homebrew!* hay cach khac.

2https://en.wikipedia.org/wiki/Unix

13Néu ban khong chi dinh tén file xuat, né sé xuat ramot file ténla a.out theo mic dinh, cai tén nay c6 gdc ré sau trong lich
st Unix.

14https://formulae.brew.sh/formula/gcc
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2.6 Build tu IDE

Néu ban dang dung Moi tridng phat trién tich hgp (Integrated Development Environment, IDE), c6 1&
ban khong phai build tu dong 1énh.

Vi Visual Studio, CTRL-F7 sé build, va CTRL-F5 sé chay.
Vi VS Code, ban c6 thé nhian F5 dé chay qua debugger. (Ban sé phai cai C/C++ Extension.)

V6i XCode, ban ¢6 thé build bing COMMAND-B va chay bang COMMAND-R . D& c6 bd command line tools,
Google “XCode command line tools” va ban s& tim dudc huéng dan cai dit.

Dé bat dau, t6i khuyén khich ban ciing thi build tit dong 1énh, né 14 lich st ma!

2.7 Cac phién ban C

C da di mot ching dudng dai qua nhiéu nidm, va né c6 nhiéu sé hiéu phién ban dugc dit tén dé chi ra
phuodng ngii ciia ngdén ngii ma ban dang dung.

Chung thudng tham chiéu dén nam ctia ban dac ta.

Noi tiéng nhat 1a C89, C99, C11, va C23. Ta sé tap trung vao céi cudi cung trong cudn sach nay.

Nhung day la mot bang day du hon:

Phién ban Mo ta

K&R C 1978, ban gdc. Dit tén theo Brian Kernighan va Dennis Ritchie. Ritchie
thiét ké va viét ngdn ngit, con Kernighan déng tac gia cudén sach vé no.
Ngay nay it khi thay code K&R géc. Néu co thay, no sé trong la, giong
nhu tiéng Anh Trung cd trong la v6i ngudi doc tiéng Anh hién dai.

C89, ANSI C, C90 Nim 1989, Vién Tiéu chuén Qudc gia Hoa Ky (ANSI) cho ra mot ban dic
ta ngdén ngii C dat nén tang cho C kéo dai dén tin hom nay. Mot nam sau,
day cudng dudc trao cho T3 chiic Tiéu chuén héa Qudc t€ (ISO), cho ra
C90 giéng hét.

C95 Mot ban bs sung it dudc nhic téi cho C89 c6 thém hd trg ky tu rong.

C99 Dgt dai tu 16n d4u tién véi rit nhiéu bd sung vé ngdn ngii. Thi ma hau
nhu ai ciing nhé 1a thém kiéu chi thich // . Dy 1a phién ban C phé bién
nhit con duge dung tinh dén thdi diém viét cudn sach nay.

C11 Ban cap nhat 16n nay gém hé trg Unicode va da ludng. Luu y rang néu
ban bat dau dung cac tinh ning ngdn ngii nay, c¢6 thé ban dang danh déi
tinh dé chuyén vé6i nhiing noi con mac ket 6 C99. Nhung, néi that, 1999
ciing da kha lau roi.

C17,C18 Ban cap nhat stia 16i cho C11. C17 c6 vé 1 tén chinh thiic, nhung viéc
xuat ban bi hodn dén 2018. Theo t6i thay, hai tén nay c6 thé thay nhau,
C17 dugc ua chudng hon.

C23 Ban dic td méi nhat.

Ban c6 thé ép GCC dung mdt trong cac chuin nay béng tham s6 dong lénh -std=. Néu mudn né soi
ky chuén, thém -pedantic .

Vi du:

‘ gcc -std=cll -pedantic foo.c ’

Vi cudn sach nay, toi bién dich chuong trinh cho C23 véi toan b canh bao bat lén:

‘ gcc -Wall -Wextra -std=c23 -pedantic foo.c ’




Chapter 3
Bién va cau lénh

“It takes all kinds to make a world, does it not, Padre?”
“So it does, my son, so it does.”

—Pirate Captain Thomas Bartholomew Red to the Padre, Pirates

Mot chudng trinh C ¢6 thé chita du thi trén doi.

U day.

Va vi nhiéu ly do, s& dé cho tit cA ching ta néu phan loai mdt vai thi hay gip trong chuong trinh, d€ ai
ndy déu ro chung ta dang noi vé cai gi.

3.1 Bién

Ngudi ta hay noi “bién giii gia tri”. Nhung mét cAch nghi khéc 1a: bién [a mét cai tén dé doc déi véi con
ngudi, dung dé tham chiéu t6i mot mau dii liéu nao do trong bd nhé.
Chung ta sé dung lai mot nhip dé€ he hé nhin xudng cai hang thé mang tén pointer (con tro). Dling lo
ling gi ca.
Ban c6 thé hinh dung bd nhé nhu mét mang khéng 16 gom cac byte!. Dii liéu dudc Iuu trong “mang”
nay?. Néu mot s6 16n hon mét byte, n6 dude luu trong nhiéu byte. Vi bd nhé giéng nhu mot mang, mébi
byte c6 thé dugc tham chiéu qua chi s8 ctia nd. Chi s nay vao bd nhg con dudc goi la address (dia chi),
location (vi tri), hay pointer (con tro).
Khi ban ¢6 mot bién trong C, gia tri ca bién d6 nam trong bd nhd & dau dé, tai mot dia chi nao d6. Di
nhién. Cht né con & chd nao dudc nita? Nhung nhic t6i mot gia tri bing dia chi s6 thi that khé s, nén
ta dat cho no céi tén, va cai tén d6 chinh la bién.
Ly do t6i néi hét dong nay c6 hai:

1. N6 sé gitip ban dé hiéu bién con trd sau nay, chiing 1a bién chiia dia chi ctia cdc bién khéc!

2. Vané ciing giap ban dé hiéu con trd sau nay.

Tém lai, bién 12 mot cai tén cho mau dii liéu duge Iuu trong bd nhé 6 mot dia chi nao do.

3.1.1 Tén bién
Ban c6 thé dung cac ky tu trong khoang 0-9, A-Z, a-z, va diu gach dudi cho tén bién, véi cac luit sau:

« Khong dudc bat diu tén bién bang chii s6 0-9.
« Khong dudc bat diu tén bién bing hai ddu gach duéi.

1Mot “byte” thudng 1a mot s6 nhi phan 8 bit. Cli coi nhu mét s6 nguyén chi c6 thé chia gia tri tlii 0 dén 255. Vé mit ky thuat,
C cho phép byte c6 s6 bit bat ky, va néu mudén chi rd rang mot s6 8 bit, ban nén dung ti octet. Nhung lap trinh vién méc nhién
hiéu “byte” 1a 8 bit trii khi ban ndi rd khac di.

2T6i dang don gian hoa cuc d6 cach bo nhé hién dai hoat dong. Nhung mé hinh tudng tudng nay van dung dudc, nén xin thi
15i.

10
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« Khong dudc bat diu tén bién bing mot dau gach duéi rdi t6i chii hoa A-Z.
Vi Unicode thi ci thi xem. Trong spec §D.2 c6 vai ludt ndi vé dai codepoint Unicode nao dugc phép 6
phén nao ctia dinh danh, nhung viét hét ra thi dai qua, va c6 1& ddi ban ciing chdng can nghi téi.
3.1.2  Kiéu bién

Tuy vao ngdn ngii ban da biét, c6 thé ban da quen v6i khai niém type (kiéu), c6 thé chua. Nhung C hoi
kho tinh & chd nay, nén ta nén 6n lai mét chut.

Vai kiéu vi du, thudc loai cé ban nhat:

Kiéu Vidu KiéuC
S6 nguyén 3490 int

S& dau phay dong 3.14159  float?
Ky tu (don) ¢! char
Chubi "Hello, world!" char **

C ¢8 gang tu dong chuyén d6i gitta hau hét cac kiéu s6 khi ban yéu ciu. Ngoai chuyén d6, moi phép
chuyén déi déu phai lam bing tay, dic biét 1a gifia chubi va sé.
Gan nhu moi kiéu trong C déu la bién thé cta nhiing kiéu trén.

Trude khi dung mot bién, ban phai khai bao (declare) bién d6 va cho C biét bién chida kiéu gi. Mot khi
da khai bao, ki€u cta bién khong thé ddi sau nay luc chay chuong trinh. D3t 13 gi thi né la thé cho dén
khi roi ra khoi scope (pham vi) va bi vii tru hép thu lai.

Hay lay code “Hello, world” trudc d6 va thém vai bién vao:

#include <stdio.h>

int main(void)

{
int i; // Holds signed integers, e.g. -3, -2, 0, 1, 10
float f; // Holds signed floating point numbers, e.g. -3.1416
printf("Hello, World!\n"); // Ah, blessed familiarity

}

Do! Ta da khai bao vai bién. Chua dung dén, va ca hai déu chua dugc khéi tao. Mot bién giti s6 nguyén,
bién kia giti s6 didu phdy dong (vé cd ban 1a s6 thuc, néu ban c6 nén toan).

Bién chua dugc khéi tao cé gia tri khong xac dinh®. Ching phai dugdc khéi tao, néu khong ban phai gia
dinh ching chtta mot s6 nham nao doé.

R«

Day 1a mét trong nhiing chd C c6 thé “cdn” ban. Theo kinh nghiém ctia t6i, phan 16n tridng hop
cai gia tri khong xac dinh d6 14 s6 khong... nhung né c6 thé khac nhau giiia cic 1an chay! Dling
bao gi gia dinh gia tri sé 14 0, ké c& khi ban thiy dung 14 0. Ludn luén khdi tao bién mot cach rd
rang trudc khi dung*®.

“Diéu nay khong hoan toan dung 100%. Khi téi phén static storage duration (thdi gian Ivu trit tinh), ban sé thay mot
6 bién dudc tu dong khéi tao vé 0. Nhung cach an toan 1a ludn tu khdi tao.

Khoan, ban muén luu sé vao may bién d6 a? Dién ro!

3T6i dang néi déi mot chut 6 day. Veé ky thuat 3.14159 1 kiéu double , nhung ta chua t6i chd d6 va t6i mudn ban gén

float véi “Floating Point”, va C sé& vui vé ép ki€u d6 thanh float . Tém lai, dling ban tAm t6i khi gip lai sau.

“Poc 1a “pointer to a char” hogc “char pointer” (con tré téi char). “Char” 1a viét tit ctia character (ky tu). Du t6i khong tim
thay nghién ctiu nao, theo quan sat thi da s6 doc 1 “char”, mét thiéu sé doc “car”, va lac dac doc “care”. Ta sé ndi ki hon vé con
tro sau.

SNoi chung ta bao ching c6 gia tri “ngiu nhién”, nhung that ra khéng phai s6 ngiu nhién that, thim chi ciing ching phai ngau
nhién gia lap.
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Thi cti lam di:
int main(void)
{
int i;
i =2; // Assign the value 2 into the variable i
printf("Hello, World!\n");
}

Dinh. Ta vuia luu mét gia tri. Gig in noé ra nao.

Ta sé in béng cach truyén hai ddi s6 tuyét vdi cho ham printf() . D&i s6 thi nhét la mot chudi mo ta
can in gi va in nhu thé nao (goi 1 format string), va ddi s6 thi hai 1a gia tri cin in, cu thé 1a thi dang
ndm trong bién i .

printf() quét chudi format tim cic chudi dic biét bit ddu bing diu phin tram ( % ) dé biét phai in gi.
Vidu, khi gdp %d , n6 nhin vao tham s6 ké tiép va in ra dudi dang s6 nguyén. Gap %f thiin dudi dang
float. Gdp %s thiin chudi.

Nhg vy, ta c6 thé in ra gia tri ctia nhiéu ki€u khac nhau nhu nay:

#include <stdio.h>

int main(void)

{
int 1 = 2;
float f = 3.14;
char *s = "Hello, world!"; // char * ("char pointer") is the string type
printf("ss i = %d and f = %f!\n", s, i, f);
}

Va output sé la:

-

Hello, world! i =2 and f = 3.14!

Kiéu nay, printf() cé thé giong véi cac loai chudi format hay chudi tham s6 ho4 trong nhiing ngén
ngii khac ma ban da quen.

LUU Y: Trong cic muc tiép theo, toi mic dinh ban da khai b4o cic bién tu truéc. Néu vi du dung s6
nguyén i va j,ci gia dinh dau do phia trén vi du t6i da co:

int i, j;

3.1.3 Kiéu Boolean
C c6 kiéu Boolean, true hay false?
1!
Ve lich st, C khong c6 kiéu Boolean, va vai ngusi c6 thé tranh cai 1a bay gis van chua cé.
Trong C, 0 nghia la “false”, va khac khong nghia 1a “true”.
Nén 1 latrue. -37 cing true. Va 0 la false.

Ban c6 thé khai bdo Boolean nhu int :
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int x = 1;

if (x) {
printf("x is true!\n");

Trong C23, ban ¢6 bool, true,va false thuc su. Trudc d6, néu ban c6 phién ban C da méi, c6 thé
#include <stdbool.h> dé co thi tuong tu.

#include <stdio.h>
#include <stdbool.h> // not needed in (23

int main(void) {
bool x = true;

if (x) {
printf("x is true!\n");

Vély thuyét ban nén gan bién bool 1 true, false,ho#ickétqua ctabiéu thic tra ra true/false, nhung
that ra ban c6 thé ép du thd thanh bool . C6 vai luat cu thé, nhung dai khéi thi ndo gidng-sd-khong
thuong thanh false, con thit khac-khong thi thanh true.

Nhung c4n than néu ban tron 14n, vi gia tri s6 ctia true 1a 1, gin nhu chic chin®, va néu ban tréng
cdy vao mot gi tri dudng khac mang nghia true, ban c6 thé bi léch. Vi du:

printf("%d\n", true == 12); // Prints "0", false!

3.2 ToAan ti va biéu thic
Céc toan tu trong C chic da quen thudc véi ban tit ngdn ngii khac. Ta ludt nhanh qua mot s 6 day.

(C6 ca dong chi tiét hon thé nay, nhung trong muc nay ta sé lam du dé bat dau thoi.)

3.2.1 So6 hoc

Hy vong miy cai nay quen thudc:

// Addition (+) and assignment (=) operators, add 3 to 1
; // Subtraction, subtract 8 from i

// Multiplication

; // Division

// Modulo (division remainder)

NOO¥
U N O 0 W

[ = S E
I
[ A

o°

C6 cac bién thé viét tat cho tat ca may dong trén. Mdi dong c6 thé viét ngan gon hon nhu sau:

i+4=3; // Same as "i =1 + 3", add 3 to i
i-=8; // Same as "i =1 - 8"
i*=9; // Same as "i =1 * 9"
i/=2; // Same as "i =1/ 2"
i%=5; // Same as "i =1 % 5"

Ve ky thuat chi mot bit ciia char dugdc ding dé biéu dién bool , nén né chi cé thé 1a 0 hoic 1. Chi la cac bit con lai (padding)
cta char thi khong dugc quy dinh rd. Vi false , chdc chin phai toan 0. Nhung v6i true , toi khong chic la n6 phai toan 0
hay khong.
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Khong c¢6 toan ti luy thita. Ban sé phai dung mot trong cac bién thé cia ham pow() trong math.h .

Gid thi nhay vao miy thi la hon ma c6 thé ngon ngii khac cta ban khong co!

3.2.2 Toan tu ba ngoi

C cling c6 todn tii ba ngoi (ternary operator). Day 1a mot biéu thiic ma gié tri ctia n6é phu thudc vao két
qué ctia mot diéu kién dudc nhung trong biéu thic.

// If x > 10, add 17 to y. Otherwise add 37 to y.

y += x > 10?7 17: 37;

R&i that! Doc nhiéu sé quen. Dé gitip mot chut, toi viét lai biéu thic trén bing ciu lénh if :

-

// This expression:

y += x > 10?7 17: 37;

// 1s equivalent to this non-expression:

if (x > 10)
y += 17;
else
y += 37;

So sanh hai doan cho t6i khi ban nhén ra tiing thanh phan cta toan ti ba ngoi.

Ho#c mdt vi du khAc, in ra xem s6 trong x 1a chin hay lé:

printf("The number %d is %s.\n", X, X % 2 == 0?7 "even": "odd");

Format specifier %s trong printf() nghia la in mdt chudi. Néu biéu thiic x % 2 chora 0, gi4 tri

clia toan bd biéu thiic ba ngdi la chudi "even" . Ngudc lai 1a chudi "odd" . Kha nghu!

Can luu y rang toan ti ba ngdi khong phai flow control (diéu khién ludng) nhu cdu lénh if . N6 chila
mot biéu thiic cho ra mot gia tri.

3.2.3 Tang giam tién t6 va hau to

Gid nghich tiép mot thd ma c6 1€ ban chua thay.

Day 1a cap toan ti huyén thoai post-increment va post-decrement:

i++; // Add one to i (post-increment)
i--; // Subtract one from i (post-decrement)

Thudng thi ching duge dung nhu phién ban ngén cta:

i4+=1; // Add one to 1
i-=1; // Subtract one from i

nhung tinh y hon thi ching khac mot chat, may anh ban ranh méanh nay.

Xem ludn bién thé pre-increment va pre-decrement:

++1i; // Add one to i (pre-increment)
--1i; // Subtract one from i (pre-decrement)
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Vi pre-increment va pre-decrement, gia tri ciia bién dudc ting hodc gidm trude khi biéu thiic dugc tinh.
Sau d6 biéu thiic dugc tinh v6i gia tri méi.

Vi post-increment va post-decrement, gié tri ctia biéu thiic dugc tinh trudc bing gia tri hién tai, roi sau
dé gia tri mai dugdce ting hay giam sau khi gia tri cta biéu thiic da dudc xac dinh.

Ban c¢6 thé nhung chung vao biéu thiic nhu sau:

i=10;
j =5+ i++; // Compute 5 + i, then 1increment i

printf("%d, %d\n", i, j); // Prints 11, 15

So sanh véi toan ti pre-increment:

i=10;
j =5+ ++i; // Increment i, _then_ compute 5 + I

printf("sd, %d\n", i, j); // Prints 11, 16

Ky thuit nay dugc dung rat thudng xuyén khi truy cap va thao tic mang va con tré. N6 cho ban cach
dung gia tri trong mot bién, déng thdi tang hodc giam gia tri d6 trude hodc sau khi dung.

Nhung chd ban hay thay nhit 1a trong vong lip for :

for (i = 0; i < 10; i++)
printf("i is %d\n", 1i);

Dé sau ndi tiép.

3.2.4 Toan ti dau phay

Day 1a mot cach it dung dé ngin cac biéu thiic sé dudc chay tu trai sang phai:

x =10, y = 20; // First assign 10 to x, then 20 to y ’

Nghe hoi vo nghia, vi ban c6 thé thay ddu phiy bing ddu chim phiy dung khong?

x =10; y = 20; // First assign 10 to x, then 20 to y ’

Nhung hai cai hoi khac nhau diy. Cai sau 1a hai biéu thic riéng biét, con céi trudc 1a mot biéu thiic duy
nhat!

Vi toan ti ddu phiy, gia tri ctia biéu thiic ddu phiy la gia tri ctia biéu thiic ngoai cung bén phai:

x = (1, 2, 3);

printf("x is %d\n", x); // Prints 3, because 3 is rightmost in the comma list

Nhung ngay ca thé ciing kha guong gao. Mot chd phé bién hay diing toan tii du phdy 14 trong vong
lip for dé€lam nhiéu viéc trong tiing phén cta ciu lénh:

for (1 =0, j =10; 1 < 100; i++, j++)
printf("%d, %d\n", i, j);

Ta sé quay lai phan nay sau.
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3.2.5 Toan ti diéu kién

Vi gia tri Boolean, ta c6 cé loat toan ti chuin:

==b; // True if
'=b; // True if
< b; // True if
>b; // True if
<=b; // True if
>= b; // True if

is equivalent to b

is not equivalent to b

is less than b

is greater than b

is less than or equal to b

is greater than or equal to b

[V < VR < B I < I )
Q0 9 O Y Q©

Diing lan phép gan (=) v6i phép so sanh ( == )! Hai d4u bing 1a so sanh, mdt ddu bang la gan.

Ta c6 thé dung biéu thiic so sanh véi cu lénh if :

if (a <= 10)
printf("Success!\n");

3.2.6 Toan tiu Boolean

Ta c6 thé ndi hodc bién d6i cac biéu thic diéu kién béng toan ti Boolean cho and, or, va not.

Toan ttt  Nghia Boolean

&& and
|| or
! not

Vi du Boolean “and”:

// Do something if x less than 10 and y greater than 20:

if (x < 10 & y > 20)
printf("Doing something!\n");

Vi du Boolean “not™

if (!'(x < 12))
printf("x is not less than 12\n");

I ¢6 d6 uu tién cao hon cac toan ti Boolean khac, nén trong trudng hdp nay ta phai dung dau ngoic.

Di nhién, thé thi cling chi tudng duong:

if (x >= 12)
printf("x is not less than 12\n");

nhung tdi cin vi du ma!

3.2.7 Toan ti sizeof

Toan tit nay cho ban biét kich thudc (tinh bdng byte) ma mot bién hoic mot kiéu dit liéu cu thé chiém
trong bd nhd.

Chinh xac hon, né cho biét kich thudc (tinh bang byte) ma kiéu ciia mot biéu thiic cu thé (c6 thé chi la
mdt bién don) chiém trong bd nhd.

Con s8 nay c6 thé khac nhau trén cic hé théng khac nhau, trii char va céc bién thé ctia né (ludn la 1
byte).
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Va c6 thé hién tai trong né chua hitu ich 1dm, nhung ta s& nhic t6i day d6, nén dang noéi qua.
Vi no tinh s6 byte can d€ luu mot kiéu, ban c6 thé nghi né sé trd vé mot int . Hodc... vi kich thudce
khong thé am, c6 1& trd vé unsigned ?
Hoa ra C c6 mot kiéu dic biét cho gia tri trd vé tii sizeof . D6 1a size t, doc la “size tee””. T4t ca
nhiing gi ta biét 12 né 1a ki€u s6 nguyén unsigned c6 thé chita kich thudc tinh bang byte cta bét cd tha
gi ban dua vao sizeof .

size t xudt hién 6 rit nhiéu ndi khi ta truyén hodc tra vé dém sé lugng. Cii coi n6é nhu mét gia tri dai
dién cho mot phép dém.

Ban c6 thé 14y sizeof cta mot bién hodc biéu thic:

int a = 999;

// %zu is the format specifier for type size t

// If your compiler balks at the "z" part, leave it off
printf("%zu\n", sizeof a); // Prints 4 on my system
printf("%szu\n", sizeof(2 + 7)); // Prints 4 on my system

printf("%zu\n", sizeof 3.14); // Prints 8 on my system

// If you need to print out negative size t values, use %zd

Nhd nhé: d6 1a kich thudc tinh bang byte cua kiéu cia biéu thic, chit khong phai kich thudc cta chinh
biéu thtic. D6 14 1y do kich thudc cia 2+7 bang véi kich thude ctia a , ca hai déu kiéu int . Ta sé gip
lai con s6 4 & khoi code ké tiép...

...0 d6 ban sé thiy c6 thé ldy sizeof ctia mot kiéu (Iuu y cin ddu ngodc quanh tén kiéu, khac véi biéu
thic):

printf("%zu\n", sizeof(int)); // Prints 4 on my system
printf("%szu\n", sizeof(char)); // Prints 1 on all systems

M6t dieu quan trong caAn nhé: sizeof 1a phép toan thoi diém bién dich (compile-time)®. Két qua cta
biéu thtic dudc x4c dinh toan bo luc bién dich, chit khéng phai lac chay.

Ta sé tin dung diéu nay sau.

3.3 Diéu khién luéng
Boolean thi t6t, nhung chéng di t6i dau néu ta khong diéu khién duge ludng chudng trinh. Hay nhin
qua mot sb ciu tric: if, for, while,va do-while .

Trude hét, mot ghi chd chung huéng vé phia trude, vé cau lénh va khoi cau lénh, gtii t6i ban béi lap
trinh vién C than thién § khu pho cta ban:

Sau mot thi nhu if hay while, ban c6 thé dit mot cau lénh duy nhat dé€ thuc thi, hoic mot khdi cac
céu lénh thuc thi lan lugt theo tha tu.

Bit dAu v6i mot cau lénh don:

if (x == 10) printf("x is 10\n");

Cai nay cang do6i khi dugc viét trén mot dong riéng. (Whitespace trong C phéan 16n khong ¢ y nghia,
khong nhu Python.)

“Chii _t laviét tat cta type .
8Trii trudng hop variable length array, nhung chuyén dé dé dip khac.
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if (x == 10)
printf("x is 10\n");

Nhung néu ban muén nhiéu thit xay ra do diéu kién thi sao? Ban c6 thé dung d4u ngoic nhon ngoin
ngoéo dé€ danh ddu mot block hay compound statement (khdi hay cau lénh ghép).

if (x == 10) {

printf("x is 10\n");

printf("And also this happens when x is 10\n");
}

\

C6 mot phong cach kha phd bién 1a luén luén dung ngoic nhon ngay ca khi khong cén thiét:

if (x == 10) {
printf("x is 10\n");

Mot s6 dev thay code dé doc hon va tranh dudc 16i kiéu nhu vi du sau, nhin qua thi ¢6 vé ca hai dong
déu ndm trong khéi if , nhung thuc ra khong phai:

// BAD ERROR EXAMPLE

if (x == 10)
printf("This happens if x is 10\n");
printf("This happens ALWAYS\n"); // Surprise!! Unconditional!

while va for va cac cu truc 1ap khac hoat dong giong nhu cac vi du trén. Néu ban muén lam nhiéu
viéc trong vong lap hodc sau if , cii boc ching trong ngoéc nhon.
Noi cach khac, if sé chay ding mot thi ngay sau nd. Va “mot thi” d6 c6 thé 1a mot cau 1énh don hodc

mot khéi cac ciu 1énh.

3.3.1 Caulénh if - else

Tada dung if trongnhiéu vidu roi, vicé I€ ban da thiy noé trong ngdn ngii nao d6, nhung day la thém
mdt vi du niia:

int i = 10;
if (1 > 10) {

printf("Yes, i is greater than 10.\n");
printf("And this will also print if i is greater than 10.\n");

if (i <= 10) printf("i is less than or equal to 10.\n");

Trong code vi du, théng bao s& dugc in néu i 18n hon 10, con khong thi chay tiép xuéng dong ké. Dy
cic ddu ngodc nhon sau cAu lénh if . Néu diéu kién ding, hoic la cau 1énh/biéu thiic dau tién ngay sau

if sé chay, hodc la khoi code trong diu ngodc nhon sau if sé chay. Hanh vi khéi code (code block)
nay diung v6i moi cau lénh.

Di nhién, vi C cling vui theo kiéu nay, ban c6 thé lam gi d6 khi diéu kién sai bang ménh dé else :

int i = 99;

if (i == 10)
printf("i is 101\n");
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else {
printf("i is decidedly not 10.\n");
printf("Which irritates me a little, frankly.\n");

Va ban tham chi c6 thé xau chubi dé kiém tra nhiéu diéu kién khac nhau, nhu nay:

int 1 = 99;

if (i == 10)
printf("i is 10!\n");

else if (i == 20)
printf("i is 20!\n");

else if (i == 99) {
printf("i is 99! My favorite\n");
printf("I can't tell you how happy I am.\n");
printf("Really.\n");

else
printf("i is some crazy number I've never heard of.\n");

\

Du néu di huéng do6, nhé xem cau lénh switch dé€ c6 giai phap c6 kha nang t6t hon. Cai gugng la
switch chilam viéc véi so sanh bing v6i hdng s6. Cascade if - else & trén c6 thé so sanh bat dang,
khoang, bién, hay bat ct thii gi ban dung dudc trong biéu thiic diéu kién.

3.3.2 Caulénh while
while la cAu tric lap binh dan. Lam mot viéc trong khi biéu thiic diéu kién con dung.

Lam moét cai nao!

// Print the following output:

//

// 1 1s now 0!

// 1 1s now 1!

// [ more of the same between 2 and 7 ]
// 1 is now 8!

// 1 1is now 9!

int i = 0;

while (i < 10) {
printf("i is now %d!\n", 1i);
it++;

printf("All done!\n");

.

Thé 1a ban ¢6 mot vong 1dp cd ban. C cling ¢ for c6 1é sé gon hon cho vi du dé.

Mot kiéu khong hiém gip khi dung while 14 13p v6 han, lap khi diéu kién ludn dung:

while (1) {
printf("1l is always true, so this repeats forever.\n");
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3.3.3 Caulénh do-while
Gig da thuan duge while, hiay ng6 qua 6ng anh ho gan cta nd, do-while .

Vé cd ban hai thing giéng nhau, chi khac 13 néu diéu kién sai ngay lan dau, do-while van chay mot
lan, con while khoéng chay l4n nao. Noi cach khac, phép kiém tra xem c6 thuc thi khéi hay khong xay
ra 6 cudi khéi véi do-while . Con véi while la & dau khéi.

Xem vi du:

// Using a while statement:
i=10;
// this 1is not executed because i is not less than 10:
while(i < 10) {
printf("while: i is %d\n", 1i);
i++;
// Using a do-while statement:
i=10;

// this is executed once, because the loop condition is not checked until
// after the body of the loop runs:

do {
printf("do-while: i is %d\n", i);
i++;

} while (i < 10);

printf("All done!\n");

Dé y rang trong ca hai trudng hdgp, diéu kién lip 14 sai ngay tit ddu. Thé nén véi while , vong lip that
bai va khdi code sau d6 khong bao gid chay. Con v6i do-while , diéu kién dudc kiém tra sau khi khdi
code chay, nén né ludn chay it nhat mot lan. O day, né in thong béo, ting i, roi kiém tra thay diéu
kién sai, va chay tiép t6i dong “All done!”.

Bai hoc rut ra 1a: néu ban mudn vong lip chay it nhit mot lan, bat ké diéu kién 1ip thé ndo, hiy dung
do-while .

Tat ca vi du trén co6 [& da t6t hon néu dung for . Lam mot cai d6 tién dinh hon: 1dp cho dén khi mét sé
ngAu nhién nhat dinh xuét hién!

#include <stdio.h> // For printf
#include <stdlib.h> // For rand

int main(void)
{

int r;

do {
r = rand() % 100; // Get a random number between O and 99
printf("sd\n", r);
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} while (r !'= 37); // Repeat until 37 comes up

Ghi chd bén 1&: ban c6 chay cai d6 nhiéu lan khong? Néu cd, ban c6 d€ y chinh day s6 d6 lai xuét hién.
Lai. Valai? P61avi rand() la mot bd sinh s8 gia nglu nhién, né can dudc seed (gieo mam) béing mot
s6 khac nhau dé sinh diy khac nhau. Xem ham srand() ? dé biét chi tiét.

3.3.4 Caulénh for

Chao miing dén v6i mot trong nhiing vong 13p phd bién nhit thé gidi! Vong 1dp for !
Day la vong lap tuyét vSi néu ban biét trude s6 14an can lap.

Ban c6 thé lam viéc tudng tu chi v6i while , nhung for gidp code sach hon.

Day 1a hai doan code tucng duong, d€ y for chi la cach biéu dién gon hon:

// Print numbers between 0 and 9, inclusive...
// Using a while statement:
i=0;
while (i < 10) {
printf("i is %d\n", 1i);
i++;

// Do the exact same thing with a for-loop:

for (i =0; i < 10; i++) {
printf("i is %d\n", 1i);

Dung vy, thua cic ban, hai doan lam chinh x4c cing mot viéc. Nhung ban c6 thé thdy for gon hon
va dé nhin hon. (Dan JavaScript lic nay sé thiy rd nguén gdc C ciia né.)

N6 dugc chia thanh ba phin, ngin bsi ddu chdm phidy. Phan dau 1a khdi tao, phén hai 1a diéu kién l3p,
va phén ba la thi xay ra 8 cudi khéi néu diéu kién l3p con dung. Ca ba phan déu tuy chon.

for (initialize things; loop if this is true; do this after each loop)

Luu y ring vong lip sé khong chay du chi mot 1an néu diéu kién lip sai ngay ti dau.
for -loop fun fact!

Ban c6 thé dung toan ti diu phiy dé€ lam nhiéu viéc trong tiing vé ctia for !

for (i =0, j =999; i < 10; i++, j--) {
printf("sd, %d\n", i, j);

Mot for rdng sé chay mai mai:

for(;;) { // "forever"
printf("I will print this again and again and again\n" );
printf("for all eternity until the heat-death of the universe.\n");

“https://beej.us/guide/bgclr/html/split/stdlib.html#man-srand
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printf("Or until you hit CTRL-C.\n");

3.3.5 Caulénh switch

Tuy ngon ngit ban dang ding, c6 thé ban quen hodc chua quen v8i switch , hodc phién ban C cta né

c6 thé chat ché hon ban tudng. Day la cau lénh cho phép ban thuc hién nhiéu hanh dong khac nhau tuy
thudc vao gia tri cia mot biéu thiic s6 nguyén.

Co ban 1a no tinh biéu thiic ra mot gié tri s6 nguyén, roi nhay dén case tudng lng véi gia tri d6. Thuc
thi tiép tuc ti diém dy. Néu gip cau lénh break , thuc thi nhay ra khéi switch .

Day la vi du, v6i mot sb dé cho trudc, ta in ra cdm nhén vé s6 dé do.

-

#include <stdio.h>

int main(void)

{
int goat_count = 2;

switch (goat count) {
case 0:
printf("You have no goats.\n");
break;

case 1:
printf("You have a singular goat.\n");
break;

case 2:
printf("You have a brace of goats.\n");
break;

default:
printf("You have a bona fide plethora of goats!\n");
break;

Trong vidu dé, switch nhaytéi case 2 vachay tit d6. Khi (néu) gdp break ,nénhayrakhoi switch .

Ban ciing c6 thé thidy nhan default & dudi cung. Céi nay chay khi khéng case nao khép.

Moi case, ké cA default, déu tuy chon. Va chung c6 thé xuit hién theo bit ky thi tu nao, nhung
thong thudng default , néu cd, dudgc dit cudi cung.

Cho nén toan bd hoat ddng nhu mot cascade if - else:

if (goat count == 0)
printf("You have no goats.\n");

else if (goat count == 1)

printf("You have a singular goat.\n");
else if (goat count == 2)

printf("You have a brace of goats.\n");
else

printf("You have a bona fide plethora of goats!\n");

V6i vai diém khéac biét chu chét:
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« switch thudng nhay t6i doan code dung nhanh hon (du spec khong bao dam diéu do).
« if - else co thé lam cic so sanh quan hé nhu < va >=, cdng s6 ddu phdy dong va cac kiéu
khéc, con switch thikhong.

Con mot thi kha tha vi vé switch d6i khi ban sé thay: fall through (réi xuyén qua).
Nhé break lam ta nhay ra khoi switch chii?
Thé, chuyén gi xay ra néu ta khéng break ?

Hoé ra ta ct ti€p tuc chay xudng case ké tiép! Demo!

switch (x) {
case 1:
printf("1\n");
// Fall through!
case 2:
printf("2\n");
break;
case 3:
printf("3\n");
break;
}
Néu x == 1, switch nay trudc hét tring case 1,néin 1, nhung roi ct chay ti€p xuéng dong code

ké...inra 2!

RO1, cudi cung, ta gdp break nén nhay ra khoi switch .

néu x == 2, thita chitring case 2,in 2,va break nhu thudng.
Khoéng c6 break dudc goi la fall through.

ProTip: LUON LUON dit comment trong code chd ban chu ¥ fall through, nhu t6i da 1am phia trén. N6
sé ctiu lap trinh vién khac khoi thic méc ban ¢6 ¢ y 1am thé khong.

Thuc té, day 12 mot trong nhiing chd phéd bién phat sinh bug trong chuong trinh C: quén dit break
trong case . Ban phai dit né néu khéng muén roi ti€p xudng case k&'’

O trén toi di néi switch lam viéc véi kiéu s6 nguyén, cd giii nhu thé. Diing dung s6 ddu phiy dong
hay kiéu chubi trong d6. Mot ké hg 6 day 14 ban c6 thé dung kiéu ky tu vi ky tu bi mat 1a s6 nguyén.
Nén doan nay hoan toan chip nhén dugc:

char ¢ = 'b';
switch (c) {
case 'a':
printf("It's 'a'!\n");
break;
case 'b':
printf("It's 'b'!\n");
break;
case 'c':
printf("It's 'c'!\n");
break;
}

1°Chuyén nay dude xem la nguy hiém dén miic nhiing ngudi thiét ké ngdn ngit Go da dit break lam mic dinh; ban phai ding

ro rang ciu lénh fallthrough cta Go néu mudn rdi sang case ké.
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Cudi cung, ban c6 thé dung enum trong switch vi chung ciing 13 kiéu s8 nguyén. Nhung dé sau, &
chuong enum .



Chapter 4
Ham

“Sir, not in an environment such as this. That’s why I've also been programmed for over thirty
secondary functions that—"

—C3PO, before being rudely interrupted, reporting a now-unimpressive number of additional
functions, Star Wars script

R4t gidng véi cac ngdn ngit khac ban da quen, C c6 khai niém function (ham).

Ham c6 thé nhan nhiéu loai argument (d6i s6) va tra vé mot gia tri. C6 mot diéu quan trong: kiéu ctia
doi s6 va gia tri tra vé phai dudc khai béo trudc, vi C thich thé!

Hay nhin m6t ham. Day la ham nhan mét int lam doi s6, va trd vé mot int .

#include <stdio.h>

int plus_one(int n) // The "definition"
{

return n + 1;

Chit int truéc plus_one chikiéu tra veé.

int n chirdng ham nhin mot d6i s6 int , dude luu trong parameter (tham s8) n . Parameter 1a mot
loai bién cuc bd dac biét ma doi s6 dudc sao chép vao.

Téi s& nhan manh ring déi s6 dudc sao chép vao parameter. Nhiéu thii trong C dé hiéu hon néu ban biét
parameter la mot bdn sao ctia d6i s6, chii khong phai ban thin déi s6. N6i thém sau mét chut.

Di tiép xudng main() , ta c6 thé thiy 16i goi ham, ndi ta gan gia tri tra vé vao bién cuc bd j :

int main(void)

{
int i =10, j;
j = plus_one(i); // The "call"
printf("i + 1 is %d\n", j);

}

Trude khi quén, d€ y rang t6i da dinh nghia ham trudc khi dung né. Néu khong lam viy, trinh
bién dich sé chua biét gi vé ham khi bién dich main() va sé ving 16i goi ham khong xac dinh. Co
céch chuin chinh hon dé viét doan code trén bang function prototype (nguyén mau ham), nhung
sé noi sau.

25
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Dé y luon ring main() ciing la mot ham!
N6 tra vé int .
Nhung cai void nay la gi? Day 12 mot keyword dung d€ néi rang ham khong nhén d6i s6 nao.

Ban ciing c6 thé trd vé void dé€ noi ring ban khong tra vé gia tri nao:

#include <stdio.h>

// This function takes no arguments and returns no value:

void hello(void)

{
printf("Hello, world!\n");
}
int main(void)
{
hello(); // Prints "Hello, world!"
}

w .’ .
4.1 Truyén theo gia tri
To61i da noéi trude d6 rang khi ban truyén mot ddi sé cho ham, mot ban sao cta d6i s6 d6 dudce tao ra va
luu vao parameter tudng Ung.
Néu doi s6 la mot bién, mot ban sao cta gia tri bién d6 dudc tao ra va luu vao parameter.
Téng quat hon, toan bd biéu thiic d8i s6 dudc tinh ra gia tri. Gié tri d6 dugc sao chép vao parameter.

Trong moi trudng hdp, gia tri trong parameter 1a cta riéng nd. N6 doc lap véi bat ky gia tri hay bién
nao ban dung lam doi s6 khi goi ham.

Hay xem mot vi du. Nghién ctiu va thit doan output trude khi chay:

-

#include <stdio.h>

void increment(int a)

{
a++;
}
int main(void)
{
int i = 10;
increment(i);
printf("i == %d\n", i); // What does this print?
}

Thoat nhin, c6 vé i 1a 10, va ta truyén né vao ham increment() . G dé gi4 tri dudc ting, nén khi in
raphaila 11 dang khong?

“Get used to disappointment.”
—Dread Pirate Roberts, The Princess Bride

Nhung khong phai 11 ,néinra 10 ! Sao thé?
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Moi chuyén ndm & viéc biéu thiic ban truyén vao ham dudc sao chép vao parameter tudng ing. Parameter
la ban sao, khéng phai ban géc.

Vay i la 10 ngoai main() . VA ta truyén nd vao increment() . Parameter tudng tGng c6 tén la a
trong ham do.

Va phép sao chép xay ra, nhu thé 1a mot phép gan. Dai khai, a = i . Nén tai thdi diém d6, a la 10.
Vangoai main() , i clingla 10.

Roi ta ting a lén 11 . Nhung ta khong cham vao i chit nao! N6 vanla 10 .

Cuéi ciing, ham két thic. T4t ca bién cuc bd bi bé di (chao nhé, a!) va ta quay lai main() ,nci i van
la 10.

Réi ta in ra, dugc 10 , va xong.

Day 1a ly do trong vi du trudc v6i ham plus_one() , ta d3 return gia tri da bi stia cuc bd dé c6 thé
thay no lai trong main() .

Nghe han ché nhi? Kiéu nhu ban chi 18y vé dugc mot mau dii liéu tit ham, ban dang nghi vay day. Tuy
nhién, con mot cach khac dé 14y dii liéu vé; dan C goi cach d6 1a passing by reference (truyén theo tham
chiéu) va d6 1a cau chuyén dé danh dip khéc.

Nhung diing dé cai tén hoa l4 canh d6 danh liia ban khoi su that ring MOI THU ban truyén vao ham,
KHONG NGOAI LE, déu dudc sao chép vao parameter tuong ting, va ham thao tac trén ban sao cuc bd
d6, BAT KE THE NAO. Nh6 ldy, ngay ca khi ta dang néi vé cai goi la truyén theo tham chiéu.

4.2 Function Prototype

Néu ban con nhé tii théi ky bang ha vai muc trudc, toi c6 ndi rang ban phai dinh nghia ham trudc khi
dung né, khong thi trinh bién dich s& chua biét gi vé ham, va sé& ving 13i.

Diéu nay khong hoan toan nghiém ngit ding. Ban c6 thé bao trude cho trinh bién dich ring ban sé
dung mot ham c¢6 kiéu nhat dinh véi danh sach parameter nhit dinh. Nhu thé, ham c6 thé dugc dinh
nghia § dau ciing dudc (ké ca & file khac), mién 1a function prototype da dudc khai bao trude khi ban goi
ham do.

May thay, function prototype thuc ra kha dé. N6 chi 1a ban sao ctia dong dau tién trong dinh nghia ham,
kém thém d4u chim phidy & cudi cho chic &n. Vi du, doan code nay goi mot ham duge dinh nghia 6
phia sau, vi prototype da dugc khai bao trudc:

#include <stdio.h>

int foo(void); // This is the prototype!

int main(void)

{
int i;
// We can call foo() here before it's definition because the
// prototype has already been declared, above!
i = fool();
printf("sd\n", i); // 3490
}

int foo(void) // This is the definition, just like the prototype!

return 3490;
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Néu ban khong khai bdo ham trudc khi dung (bing prototype hodc bang dinh nghia), ban dang lam
mot thi goi 1a implicit declaration (khai bAo ngam). Chuyén nay dugc cho phép trong chuin C dau tién
(C89), va chuin d6 c6 quy dinh cho né, nhung ngay nay khong con dugc phép niia. Va khong c6 ly do
chinh dang nao dé€ trong ciy vao nd trong code mdi.

Ban c6 thé dé y mot diéu vé cic doan code mau ta da dung... D6 1a ta 43 dung ham printf() cii k§ ma
tét lanh ma khong dinh nghia cling khéng khai bao prototype! Lam sao ta thoat dudc su vo luat phap
nay? Thét ra ta khong thoat dau. Co prototype; né ndm trong file header stdio.h ma ta da kém vao
bang #include , nhé khong? Nén ta vin hgp phap do, thua dng canh sat!

4.3 Danh sich parameter rong

Ban c6 thé thdy cai nay day d6 trong code cii, nhung khong bao gi nén viét no trong code méi. Ludn
dung void dé chi rdng ham khéng nhan parameter nao. Khéng bao gis! c6 ly do dé bé qua chuyén
nay trong code hién dai.

Néu ban gioi nhé viéc bd void vao cho danh sach parameter rong trong ham va prototype, ban c6 thé
bd qua phén con lai cia muc nay.

C6 hai boi canh cho chuyén nay:

« B6 hét parameter khi dinh nghia ham
« B6 hét parameter trong prototype

Trudc tién xem dinh nghia ham tiém tang:

void foo() // Should really have a ‘void' in there

{
printf("Hello, world!\n");

Du spec ¢6 noi hanh vi trong trudng hgp ndy nhu thé ban da ghi void (C11 §6.7.6.3914), kiéu void &
do co ly do. Hay dung né.

Nhung trong trudng hgp function prototype, c6 mot khac biét dang ké gitia dung void va khong:

void foo();
void foo(void); // Not the same!

B6 void khoi prototype bao cho trinh bién dich ring khong c6 thong tin thém vé cic parameter cta
ham. N6 hiéu qua tat hét moi kiém tra kiéu.

Vi prototype, chdc chin dung void khi ban c6 danh sach parameter rong.

!Pling bao gis néi “khong bao gis”.



Chapter 5

Con tro, khép nép ma run!

“How do you get to Carnegie Hall?”
“Practice!”

—20th-century joke of unknown origin
Pointer (con trd) 1a mét trong nhiing thid bi s¢ nhat trong ngén ngii C. That ra, d6 chinh la thd khién
ngon ngli nay cé chut thu thach. Nhung vi sao?
Vi né, néi that, c6 thé tao ra dong dién chay ngudc tii ban phim 1én r6i hdn tay ban dinh vinh vién tai
chd, day ban ca d6i trude ban phim véi ngdn ngii tit nhiing ndm 70!
That a? U, khong that dau. T6i chi dang dung sdn bdi canh dé ban thanh cong.
Tuy ngdn ngit ban dén tit dau, c6 thé ban da hi€u khai niém reference (tham chiéu), néi mot bién tham
chiéu t6i mét doi tugng nao do.
Chuyén trong C cling rat giéng, chi la ta phai néi ro rang véi C hon vé viée dang nodi téi tham chiéu hay
noi téi thit dude tham chiéu.

5.1 BO nhé va bién

B6 nhé may tinh chia du loai dii liéu, ding khong? N6 chita float, int, va du thii khac. D€ bd nhé
dé xi1 ly, mdi byte trong bd nhé dudc gon mét s6 nguyén dé nhan dang. Cac s6 nay ting dan khi ban di
lén trong bd nhé!. Ban c6 thé hinh dung nhu mét d6ng hop dudc danh s, mdi hop chiia mot byte? dit
liéu. Hodc nhu mdt mang 16n ma mbi phén t chifa mét byte, néu ban dén ti ngdén ngii c6 mang. Con
s6 dai dién cho mdi hop dudc goi 1a address (dia chi).

Va khong phai ki€u dii liéu nao ciing chi dung mot byte. Vidu, int thudng bon byte, float ciing viy,

nhung that ra tuy hé thong. Ban c6 thé dung toan ti sizeof dé xem mot kiéu dung bao nhiéu byte bd
nhé.

// %zu is the format specifier for type size t
printf("an int uses %zu bytes of memory\n", sizeof(int));

// That prints "4" for me, but can vary by system.

Su that vui vé by nhé: Khi ban c6 mot ki€u dii liéu (nhu int dién hinh) dung nhiéu hon mot
byte, cic byte tao nén dii liéu ludén ndm lién ké nhau trong bd nhd. Déi khi ching theo thd tu
ban nghi, d6i khi khéng®. Du C khéng bao dam thi tu bd nhé cu thé (tuy nén tang), vin hoan

'Théng thudng. Téi chéic chin c6 ngoai 1¢ dau d6 trong nhiing hanh lang t3i tim cta lich st dién toan.
2Byte 14 mot s6 gom khong qua 8 chit s6 nhi phan, goi tit 1a bit. Nghia la tinh theo chii s6 thap phan, giéng thii ba ctia ban
ting dung, né c6 thé chia mot s6 khong dau tit 0 dén 255, bao gdm ca hai dau.

29
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toan c6 thé viét code theo hudng khong phu thudc nén tang, noi ban thim chi khéng phai nghi
téi cai trat tu byte phién phtc dé.

9Th tu cac byte sép xép dudc goi la endianness cua s6. Céc {ing cii vién quen thudc la big-endian (byte quan trong
nhét 6 dau) va little-endian (byte quan trong nhat & cudi), hodc, hiém gip hon bay gid, mixed-endian (byte quan trong
nhét 6 dau do).
Vay du sao thi, néu ta c6 thé di tiép va lam mot hoi trdng cung chit nhac don dap cho dinh nghia cta con
tro, con tré la mot bién chita dia chi. Hay tudng tugng ban nhac kinh dién cta 2001: A Space Odyssey
ngay lac nay. Ba bum ba bum ba bum BAAAAH!

Dugc r6i, ¢6 1é hoi 1én gan nhi? Con tro khong c6 nhiéu bi hiém 1dm dau. N6 la dia chi cua di liéu.
Ciing nhu bién int c¢6 thé chiia gia tri 12, bién con trod c6 thé chia dia chi cta di liéu.

Nghia 14 cac thi sau day ciing mang mot nghia, tiic 1a mot con s6 biéu dién mot diém trong bo nhé:

« Chi s6 vao bd nhé (néu ban nghi bd nhé nhu mot mang 16n)
« Dia chi (Address)
« Vi tri (Location)

Téi sé dung 14n 1on. Va ding, t6i d4 quing location vao d6, vi khong bao gid 1a dt tit dong nghia ca.
Va bién con tré giti con s8 dia chi d6. Ciing nhu bién float c6 thé chita 3.14159 .

Hay tudéng tugng ban c6 mot xap gidy nhd Post-it® dugdce danh so6 thi tu theo dia chi. (Cai dau tién 6 chi
s6 0, caiké chisd 1, vacithé)

Ngoai con s8 biéu dién vi tri, ban ciing c6 thé viét 1én mdi td mot s§ khac tuy thich. C6 thé 1a s cho
ban c6. Hodc sé mit tring quanh sao Hoa...

...Hod#c, dé co thé la chi s6 ctia mot to Post-it khac!

Néu ban da viét s& cho ban cé, d6 chi la mét bién binh thudng. Nhung néu ban viét chi s§ cia mét t6
Post-it khac, dé la mét con trd. N6 trd t6i t gidly kia!

Mot phép tuong tu khac co thé 1a véi dia chi nha. Ban c6 thé c6 mot can nha véi nhiing dic tinh nhat
dinh, sAn vudn, mai kim loai, tim pin mit trdi, v.v. Ho#c ban c6 thé c6 dia chi cia can nha d6. Dia chi
khong phai la cin nha. M6t bén la nguyén cén nha, bén kia chi la vai dong chii. Nhung dia chi ctia can
nha la mét con tré téi can nha d6. N6 khong phai can nha, nhung né néi cho ban biét tim cin nha 6 dau.
Va ta c6 thé lam diéu tudng tu trong méy tinh véi dit liéu. Ban c6 thé c6 mot bién dii liéu chita gia tri
nao d6. Va gia tri d6 ndm trong bo nhé & mot dia chi ndo d6. Va ban c6 thé c6 mot bién con tré khac
chia dia chi cta bién dii liéu do.

N6 khong phai chinh bién dii liéu, nhung, giéng nhu dia chi nha, né néi cho ta biét tim bién d6 6 dau.
Khi c6 dudc diéu do, ta noi ta c6 mot “con trod t6i” miu dit liéu d6. Va ta c6 thé di theo con tré dé truy
cip dén ban than di liéu.

(Tuy dén gid trong chua c6 vé dic biét hiiu ich, tit ca sé tré nén khong thé thiéu khi dung véi 13i goi
ham. Chiu khé véi t6i dén khi t6i chd d6.)

GiS néu ta ¢6 mdt int, va ta mudn modt con tro t8i nd, thi ta mudn la cach nao d6 dé 1ay dia chi cla

int do, ding khong? Xét cho cung, con tro chi giii dia chi ciia dii liéu. Ban doan xem ta dung toan tu
nao dé tim dia chi ciia int ?

O, v6i mot bt ngd kinh hoang ma chéc hin gy s6c téi ban, ngusi doc diu dang, ta dung toan ti
address-of (hod rala diu va: “ & ”) d€ tim dia chi cta dii liéu. Ampersand (d4u va).

Vi du nhanbh, ta sé gigi thiéu mot format specifier méi cho printf() dé€ ban c6 thé in mot con tré. Ban
da biét %d in sd nguyén thip phan ding khéng? Thi %p in mot con tro. Gid, con trd nay sé trong nhu
mdt con s6 rac (va cé thé dudc in & dang hexadecimal® thay vi thap phan), nhung né chi 1a chi s vao
bd nhd nai dii liéu dudc luu. (Hoic chi s6 vao bd nhd noi byte dau tién cta dii liéu dudc luu, néu dii liéu
gdbm nhiéu byte.) Trong hau nhu moi tinh huéng, ké ca trudng hdp nay, gia tri thuc té ctia con s8 dudc
in 12 khong quan trong v6i ban, va t6i dua ra day chi dé minh hoa toan ti address-of .

3Tlc c6 s6 16 véi cac chii s6 0, 1, 2, 3,4, 5,6,7,8,9,A,B,C,D,E, va F.
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#include <stdio.h>

int main(void)

{
int i = 10;
printf("The value of i is %d\n", 1i);
printf("And its address is %p\n", (void *)&i);
}

Doan code trén c6 mét cast (ép kiéu) ndi ta cudng ép kiéu ctia biéu thiic & thanh kiéu void* .
Day la dé ngan trinh bién dich ving ra canh bao. T4t ca thi nay déu la chuyén ta chua noi téi,
nén ci ké (void*) trong doan code trén va gia vé né khong c6 6 do.

Trén may tinh cta t6i, doan nay in ra:

The value of 1 is 10
And its address is Ox7ffddf7072a4

Néu ban to mo, con s6 hexadecimal d6 1a 140.727.326.896.068 trong thap phan (cd s6 10 y nhu ba cta
ban tiing dung). D6 la chi s6 vao bd nhd ndi dii liéu cua bién i dudc luu. D6 la dia chicta i . D6 la
vitricia i.Dolacontrotsi i.

Khoan, ban c6 140 terabyte RAM a? Cé! Ban khong c¢6 a? Nhung t6i dang boc phét thoi; di
nhién t6i khong c6 (khoang 2024). May tinh hién dai dung mét cong nghé ky diéu goi la virtual
memory? (b nhé 40) khién cac process nghi rdng né c6 toan b khong gian bd nhg ciia may tinh
cho riéng né, bat ké bao nhiéu RAM vét Iy thuc su hau thuin. Nén du dia chi 1 con s6 khéng 16
do6, n6 dudc hé thong bd nhé 4o ctia CPU anh xa vé mot dia chi bd nhé vat ly thap hon. May tinh
cu thé nay c6 16 GB RAM (lai niia, khoang 2024, nhung t6i dang chay Linux, nén vay 1a du da).
Terabyte RAM &? Téi la gi4o vién, khong phai ty pht dot-com. Chéng c6 gi trong miy chuyén
nay ma ai trong ching ta can lo ca, trii phan t6i khong phai giau dén khiung khiép.

“https://en.wikipedia.org/wiki/Virtual_memory

N6 14 con trd vi nd cho ban biét i & dau trong bd nhé. Nhu dia chi nha viét trén miu gidy cho ban biét
c6 thé tim cin nha nao d6 & dau, con s8 nay chi cho ta biét chd nao trong bd nhé ta c6 thé tim thay gia
tricha i.NOtrotéi 1.

Lai niia, thudng thi ta khong thuc su quan tAm con s6 dia chi chinh xac la gi. Ta chi quan tAm né 1a con
tro toi 1.

5.2 Kiéu con tro

Dudc roi... tit ca thé nay on thoi. Gid ban c6 thé thanh cong 14y dia chi ctia bién va in ra man hinh. Co6
mot chut gi d6 cho ban CV ddy nhi? Day la lic ban tom ¢ t6i va lich sy héi con tré rdt cude c6 ich cai
quai gi.

Cau hoi tuyét voi, va ta sé dén d6 ngay sau cac thong diép tu nha tai trg.

ACME ROBOTIC HOUSING UNIT CLEANING SERVICES. YOUR HOMESTEAD WILL BE
DRAMATICALLY IMPROVED OR YOU WILL BE TERMINATED. MESSAGE ENDS.

Chao mting tré lai v6i mot ky niia ctia Beej’s Guide. Lan gap trudc ta dang noéi vé cach tin dung con tro.
T6t, thi ta sé 1am 14 luu mot con tro vao bién dé c6 thé dung sau. Ban c6 thé nhan ra kiéu con tré vi c6
ddu sao ( * ) dung trudc tén bién va sau kiéu cta noé:

int main(void)

{


https://en.wikipedia.org/wiki/Virtual_memory
https://en.wikipedia.org/wiki/Virtual_memory
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int i; // i's type is "int"
int *p; // p's type is "pointer to an int", or "int-pointer"

Nay, vay ta c6 mot bién kiéu con trd, va no6 c6 thé trd t6i cac int khac. Tic 13, n6 c6 thé chita dia chi
cua cic int khac. Ta biét no tré t6i int , viki€u ciand la int* (doc la “int-pointer”).

Khi ban gan vao mot bién con tro, kiéu ctia v€ phai phép gan phai trung véi kiéu bién con trd. May thay,
khi ban ldy address-of mot bién, kiéu két qua la con tro téi ki€u bién do, nén cac phép gan kiéu sau
day 1a hoan hao:

int i;
int *p; // p is a pointer, but is uninitialized and points to garbage

p=2&i; // p is assigned the address of i--p now "points to" 1

Bén trai phép gan, ta c6 mot bién kiéu pointer-to- int ( int* ), va bén phai 1a biéu thiic kiéu pointer-
to-int vi i la int (bdi address-of mot int cho ban mot con tro téi int ). Dia chi cia mot thi cé
thé dugc Iuu trong mot con tro t6i thit do.

Hiéu cht? Téi biét van chua hgp 1y 1dm vi ban chua thay cong dung thuc t& ctia bién con trd, nhung
ta dang di tiing budc nho dé khong ai lac. Gig ta sé gidi thiéu toan ti nghich-address-of. N6 hdi giéng
address-of trong Thé gidi Bizarro viy.

5.3 Dereference

Bién con tré c6 thé duge xem la refer (nhic t81) mot bién khac bang cach tré t6i né. Hiém khi ban nghe
dan C noi vé “refer” hay “references” dau, nhung tdi nhic t6i d€ cai tén clia toan ti nay c6 chut y nghia
hon.

N3

Khi ban c6 con trd t6i mot bién (dai khéai “mot reference t6i mot bién”), ban c6 thé dung bién géc thong
qua con trd bing cach dereference con tro. (Cé thé nghi nhu “de-pointering” con tro, nhung khong ai
tling noéi “de-pointering” ca.)

Tré lai phép so sanh, viéc nay hdi giéng nhin dia chi nha réi di dén cin nha dé.

Gid, “truy cap dén bién gdc” nghia 1 gi? Néuban cobiéntén i,vacocontrétéi i tén p, ban co thé
dung con tro p da dudc dereference y hét nhu chinh bién i goc!

Ban gin nhu c6 du kién thiic € xem vi du. Miu cudi cing ban cin biét that ra 1a: toan ti dereference la
gi? N6 thét ra dugc goi la indirection operator (toan ti gian ti€p), vi ban dang truy cap gia tri gian tié€p
qua con trd. Vané 1a ddu sao, lan nifa: * . Gid, diing nhim l4n né véi d4u sao ban da dung lic khai bao

con tré, & trude. Cung 1a mét ky tu, nhung cé nghia khac nhau & cac bdi canh khac nhau?.

Day la mét vi du day du:

#include <stdio.h>
int main(void)
{
int i;
int *p; // this is NOT a dereference--this is a type "int*"

p=2&i; // p now points to i, p holds address of i

10; // 1 is now 10

-
]

4Chua hét! No con ding trong /*comments*/ va trong phép nhan, va trong function prototype véi variable length array!

Tat ca cungla * , nhung béi canh cho né nghia khac nhau.
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*p = 20; // the thing p points to (namely i!) is now 20!!

printf("i is %d\n", i); // prints "20"
printf("i is %d\n", *p); // "20"! dereference-p is the same as 1i!

Nhé ring p giil dia chictia i, nhu ban thdy & chd ta gan cho p & dong 8. Cai toan ti indirection lam
14 bao may tinh dung doi tugng ma con tré tré t6i thay vi dung chinh con tro. Bing cach nay, ta da bién
*p thanh mot dang bi danh cho i .

Tuyét, nhung sao chii? Lam tat ca thit nay dé lam gi?

AN

5.4 Truyén con tro lam doi s

Dén gid, ban dang nghi 13 minh c¢6 kha nhiéu kién thlc vé con tré nhung khong mét chut tng dung,
dung chd? Kiéu, *p co ich gi néu ban ci viéc viét i ?

Ban cua t6i 6i, stic manh thuc su ctia con tro xuat hién khi ban bat d4u truyén ching cho ham. Sao lai
quan trong? Ban c6 thé nhé tii trude rang co thé truyén du loai ddi s6 cho ham, ching sé duge ngoan
ngoan sao chép vao parameter, va roi ban c6 thé thao tac cac ban sao cuc bo ctia bién bén trong ham, va
roi c6 thé tra vé mot gia tri duy nhait.

L& ban muén dem vé nhiéu hon mot mau dii liéu ti ham thi sao? Y I ban chi c6 thé tra vé mot thi duy
nhat, ding khong? L t6i tra 15i cau hoi d6 bang mot cau héi khac? ...0, hai cau hoi?

Chuyén gi xay ra khi ban truyén mot con trd lam do6i s6 cho ham? Mot ban sao cua con tré c6 duge dat
vao parameter tuong ting khong? Tat nhién c6 luén. Nhé hoi trude téi huyén thuyén vé chuyén MOI
DOI SO dugc sao chép vao parameter va ham dung mot ban sao ctia doi s6 khong? Ciing nhu vay 6 day.
Ham s€ nhan mot ban sao cta con tro.

Nhung, va day 1a phan thong minh: ta da dung s&n con tré dé trd t6i mot bién... va roi ham cé thé
dereference ban sao con trd ctia no dé quay lai bién géc! Ham khong thay dugc chinh bién d6, nhung
chic chin no c6 thé dereference mot con tré téi bién do!

Viéc nay tudng tu nhu viét mét dia chi nha lén manh gidy, réi chép né sang mot manh gidy khac. Gig
ban c6 hai con tré t6i cin nha d6, va ca hai déu din t6t nhu nhau t6i chinh cin nha.

Trong trudng hgp 16i goi ham, mét trong cac ban sao dudc lvu trong mot bién con trd & scope goi ham,
ban kia dudc luu trong mét bién con tré 1a parameter cia ham.

Vi du nao! Hay quay lai ham increment() ci cda ta, nhung lan nay lam sao cho né thuc su ting gia
tri  phia ngudi goi.

#include <stdio.h>

void increment(int *p) // note that it accepts a pointer to an int

{
*p o= *p + 1; // add one to the thing p points to

int main(void)
{
int i = 10;
int *j = &i; // note the address-of; turns it into a pointer to 1

printf("i is %d\n", 1i); // prints "10"
printf("i is also %d\n", *j); // prints "10"

increment(j); // J 1s an int*--to 1
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printf("i is %d\n", 1i); // prints "11"!

Dudc roi! C6 vai thi can d€ y & day... khong kém phin quan trong 1a hAm increment() nhan int*
lam d6i s6. Ta truyén cho né modt int* trong 15i goi bing cach d6ibién int i thanh int* qua toan
ti address-of . (NhG nhé, con tré giil dia chi, nén ta tao con tré tdi bién béng cach cho chung chay
qua toan tii address-of .)

Ham increment() nhin mot ban sao cta con trd. Ca con tré goc j (trong main() ) 14n ban sao cua
né p (parameter trong increment() ) déu trd t6i cuing mot dia chi, cu thé 1a dia chi chta gia tri 1.
(Lai niia, theo phép so sanh, nhu hai manh gidy cing ghi mét dia chi nha.) Dereference bét ky cai nao
ciing cho phép ban stia bién g6c i ! Ham c6 thé stia mot bién & scope khac! Tuyét vai!

Vi du trén thudng duge viét gon hon trong 16i goi bing cich dung address-of ngay trong danh sach déi
s0:

printf("i is %d\n", i); // prints "10"
increment(&i);
printf("i is %d\n", i); // prints "11"!

Quy tic chung, néu ban mudn ham sta thi ban dang truyén vao sao cho ban thiy két qua, ban sé phai
truyén mot con tro téi thi do.

5.5 Con tro NULL

B4t ky bién con tré kiéu nao ciing c6 thé duge gan mot gia tri dic biét [a NULL . Diéu nay cho biét con
tré khong tro téi thi gi.

int *p;

p = NULL;

Vi né khong tré téi gia tri ndo, dereference né 1a hanh vi khong xac dinh, va c6 1& s& din dén crash:

int *p = NULL;

*p = 12; // CRASH or SOMETHING PROBABLY BAD. BEST AVOIDED.

Du bi goi 14 16i 1am ty d9, béi chinh ngudi tao ra nd®, con tré NULL 1a mét sentinel value® tét va l1a chi
dau chung cho thiay mét con tré chua dudc khdi tao.

(Di nhién, ciing giong cac bién khac, con tro tro téi rac tri khi ban gan ré rang cho né tro t6i mét dia
chi hodc NULL .)

5.6 Mot ghi cha vé khai bao con tro

Cu phép khai bao con trd ¢ thé hoi ky quic. Hiy xem vi du nay:

int a;
int b;

Ta c6 thé gop thanh mot dong chii?

Shttps://en.wikipedia.org/wiki/Null_pointer#History
®https://en.wikipedia.org/wiki/Sentinel_value
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int a, b; // Same thing

Nén a va b déula int.Khong van deé.

Nhung con cai nay?

int a;
int *p;

C6 gop dudc thanh mot dong khong? Pugdc. Nhung * dat 6 dau?

Quy tic la * ding trudc bat ky bién nao 1a kiéu con tro. Tlc la, * khong phdi la mot phan ctia int
trong vi du nay, n6 la mét phan ctia bién p .

Vi diéu d6 trong dau, ta co thé viét:

int a, *p; // Same thing

Quan trong cin luu y rang dong sau day khong khai béo hai con tro:

int *p, q; // p is a pointer to an int; q is just an int.

Trong cang gian tra hon néu lap trinh vién viét dong (hdp 1€) sau, c6 chiic ning giéng hét dong trén.

int* p, q; // p is a pointer to an int; q is just an int.

Gi6 xem cai nay va xac dinh bién nao la con tro, bién nao khong:

int *a, b, c, *d, e, *f, g, h, *i;

Toi sé dé dap an & footnote’.

5.7 sizeof va con tré
Chi mot chut cd phap 6 day co6 thé giy boi roi, doi khi ban sé gip.

Nhé rang sizeof hoat ddng trén kiéu cua biéu thiic.

int *p;

// Prints size of an 'int'
printf("%zu\n", sizeof(int));

// p is type 'int *', so prints size of 'int*'
printf("%zu\n", sizeof p);

// *p 1is type 'int', so prints size of 'int'
printf("%zu\n", sizeof *p);

Ban c6 thé gip code ngoai d6i v8i sizeof cudi cung d6. Chi cAn nhd sizeof néi vé kiéu cta biéu
thic, chi khong phai vé ban than cc bién trong biéu thic.

"Cacbiénkiucontrdld a, d, f,va i,viddlanhiingbiéncod * ding trudc.
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Mang

“Should array indices start at 0 or 1? My compromise of 0.5 was rejected without, I thought, proper
consideration.”

—Stan Kelly-Bootle, computer scientist

May thay, C c6 mang. Y t6i 13, toi biét né dudc xem 1a ngdn ngii cip thap! nhung it nhat n6 c6 khai
niém mang dudc tich hgp sén. Va vi kha nhiéu ngén ngii 14y cam hiing ct phap tii C, c6 18 ban da quen
véiviecdung [ va ] dékhai b4o va dung mang.

Nhung C chi vita di ¢6 mang tho6i! Nhu ta sé thiy sau, mang chi 13 dudng ct phép (syntactic sugar)
trong C, sau thdm bén trong chiing la con tro va du thi. Hodng lén di! Nhung bay gid, cit dung chiing
nhu mang da. Phu.

6.1 Vidudé

Xén tay lam vi du luén:

#include <stdio.h>
int main(void)
{
int i;
float f[4]; // Declare an array of 4 floats
f[0] = 3.14159; // Indexing starts at 0, of course.
f[1] = 1.41421;
f[2] = 1.61803;
f[3] = 2.71828;
// Print them all out:
for (i = 0; i < 4; i++) {
printf("sf\n", f[il);
}
}

Khi khai bAo mdt mang, ban phai cho né kich thuéc. Va kich thudc phai c§ dinh?.
Trong vi du trén, ta tao mot mang 4 float . Gia tri trong ddu ngodc vudng 6 khai bao cho ta biét diéu
do.

't ra 14 dao nay.
?Lai nita, khong hén, nhung variable-length array, thit ma t6i khong khoai lim, 1a chuyén dé danh dip khac.

36
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O cac dong sau, ta truy cip cac gia tri trong mang, gan hoic doc, lai bing ddu ngoic vuong.

Hy vong cai nay quen thudc tii cic ngdn ngii ban da biét!

6.2 Lay chiéu dai cuia mang

Ban khong thé... § miic dd nao d6. C khong ghi lai thong tin nay®. Ban phai quan ly riéng trong mot
bién khéc.

Khi tai néi “khong thé”, that ra c6 mot s hoan canh ban ¢6 thé. C6 mdt meo dé 14y s6 phén tii cia mang
trong scope ma mang dugc khai bao. Nhung, néi chung, né sé khong hoat ddng nhu ban mong muén
néu ban truyén mang cho ham*.

Xem c4i meo ndy. Y tudng cd ban 1a ban 14y sizeof mang, roi chia cho kich thudc ctia méi phén ti dé
ra chiéu dai. Vi du, néu mdt int 13 4 byte, va mang dai 32 byte, vay chic chan cé chd cho % hay 8

int trong do.

int x[12]1; // 12 ints

printf("%zu\n", sizeof Xx); // 48 total bytes
printf("%szu\n", sizeof(int)); // 4 bytes per int

printf("%zu\n", sizeof x / sizeof(int)); // 48/4 = 12 ints!

Néu la mang char , thi sizeof mang chinh ld s6 phan tii, vi sizeof(char) dudc dinh nghiala 1. Véi
bAt ci thi gi khac, ban phai chia cho kich thudc ctia mdi phan tiL.

Nhung meo nay chi hoat ddng trong scope ma mang dugdc dinh nghia. Néu ban truyén mang cho ham,
n6 khong hoat dong. Ngay ca khi ban 1am cho né “to” trong signature ciia ham:

void foo(int x[12])
{
printf("%zu\n", sizeof x); // 87! What happened to 487
printf("%szu\n", sizeof(int)); // 4 bytes per int
printf("%zu\n", sizeof x / sizeof(int)); // 8/4 = 2 ints?? WRONG.
}

D6 1a vi khi ban “truyén” mang cho ham, ban chi truyén mot con tro téi phan ti dau tién, va d6 la thi
sizeof do. S€ noi thém & muc Passing Single Dimensional Arrays to Functions phia duéi.

Mot thi nita ban c6 thé lam v8i sizeof va mang la ldy kich thudc ctia mot mang c6 s6 phén tii ¢§ dinh
ma khong cin khai bdo mang. Gidng nhu cach ban 1ay kich thudc cia int bang sizeof (int) .

Vi du, d€ xem can bao nhiéu byte cho mdt mang 48 double , ban c6 thé lam:

sizeof(double [48]);

6.3 Khdi tao mang

Ban c6 thé khéi tao mang bang hing s6 tii trudc:

#include <stdio.h>

3Vi mang, sau bén dudi, chi 1a con trd téi phin tit dau tién, khong co thong tin bé sung nao ghi lai chiéu dai.
4Vi khi ban truyén mang cho ham, that ra ban chi dang truyén mot con tré téi phin ti d4u tién ctia mang, chii khong phai

A

“toan bd” mang.
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int main(void)
{
int i;
int a[5] = {22, 37, 3490, 18, 95}; // Initialize with these values
for (i =0; i <5; i++) {
printf("sd\n", al[il);
}
}

Diing bao gi¢ d€ nhiéu phén tu trong initializer hon miic mang chiia dugc, khong thi trinh bién dich sé
kho chiu:

foo.c: In function ‘main’:
fo0.c:6:39: warning: excess elements in array initializer
6 | int a/5] = {22, 37, 3490, 18, 95, 999};

I ~

f00.c:6:39: note: (near initialization for ‘a’)

Nhung (vui day!) ban c6 thé dé it phin ti trong initializer hon miic mang c6. Céc phan ti con lai trong
mang sé dudc tu dong khdi tao bing zero. Diéu nay ding véi tat ca cac dang khdi tao mang: néu ban
c6 initializer, bat ci thit gi khong dudc gan gia tri r6 rang sé dugc dat thanh zero.

int al5] = {22, 37, 3490};

// 1is the same as:

int a[5] = {22, 37, 3490, 0, 0};

C6 mot meo tit phd bién ban hay thiy trong initializer khi muén dit toan bd méang vé zero:

int a[100] = {0};

\

Nghia 13, “D3t phén tt d4u tién thanh zero, roi tu ddng dit phan con lai ciing thanh zero”

Ban ciling c6 thé dit phén ti cu thé clia mang trong initializer, bdng cach chi dinh chi s6 cho gia tri! Khi
lam thé, C sé vui vé tiép tuc khdi tao cac gia tri ké sau cho ban dén khi initializer can, ldp phan con lai
bang 0.

Dé lam vay, dit chi s6 trong ngodc vudng v6i = theo sau, roi dit gia tri.

Day la vi du ta dung mot mang:

[int al10] = {0, 11, 22, [5]=55, 66, 77}; ’

Vi ta liét ké chi s6 5 1a diém bat dau cho 55, dit liéu két qua trong mang la:

{011220055667700 ’

Ban ciling c6 thé dat biéu thic hang s6 don gian vao dé.

#define COUNT 5

int alCOUNTT = {[COUNT-3]=3, 2, 1};

cho ra:

00321
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Cudi cling, ban ciing c6 thé dé C tu tinh kich thudc mang ti initializer, bing cich bo trong kich thudc:

int a[3] = {22, 37, 3490};

// 1s the same as:

int all = {22, 37, 3490}; // Left the size off!

6.4 Vugt bién!

C khong ngén ban truy cdp mang vugt bién. Co6 khi con khong canh bao luén.

Chom vi du phia trén va ct thé in vugt qua cudi mang. N6 chi ¢6 5 phan ti, nhung ci thi in 10 xem
chuyén gi xay ra:

#include <stdio.h>
int main(void)
{
int i;
int a[5] = {22, 37, 3490, 18, 95};
for (1 = 0; i < 10; i++) { // BAD NEWS: printing too many elements!
printf("sd\n", alil);
}
}

Chay trén may tinh cta téi, no in:

-

22

37

3490

18

95

32765
1847052032
1780534144
-56487472
21890

Hua hon! Cai gi thé? Hod ra in vudt qua cudi mang din dén thd ma dan C goi 13 undefined behavior
(hanh vi khéng xac dinh). Ta sé ndi thém vé con quai nay sau, nhung hién gid né nghia la, “Ban da lam
diéu gi d6 x4u, va bét ci diéu gi cling c6 thé xay ra trong lic chuong trinh chay”

Va “bat cti diéu gi”, thudng 1a nhu tim thiy zero, tim thiy s8 rac, hay crash. Nhung thit ra spec C néi
trong trudng hdp nay trinh bién dich dudc phép sinh code lam bdt cit thit gi°.

Phién ban ngin: diing lam bat ¢ thi gi gdy ra undefined behavior. Bao gis®.

6.5 Mang nhiéu chiéu

Ban c6 thé thém bao nhiéu chiéu tuy thich cho mang.

STrong nhiing ngay xua tt dep ctia MS-DOS trudc khi memory protection ra ddi, t6i dang viét mot s6 code C dic biét bao luc,
6 tinh dam dau vao dt loai undefined behavior. Nhung t6i biét minh dang lam gi, va moi thi van chay kha t6t. Cho t6i khi t6i
13 budc 1am treo may va, sau khi reboot, phat hién toan bd cai dit BIOS da bi xoa sach. Vui ddo dé. (Gui 18i t6i @man vi nhiing
luc vui d6.)

C6 rat nhiéu thi giy undefined behavior, khong chi truy cdp mang vugt bién. Day chinh 1 tht lam ngén ngii C trd nén soi
dong.
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int a[10];
int b[2]1[71;
int c[41[5]1[6];

Chung dugc Ivu trong bd nhd theo thit tu row-major order’. Nghia la v6i mang 2D, chi s8 dau tién dugc
liét ké chi hang, chi s6 thi hai chi c6t.

Ban ciing c6 thé dung initializer trén mang nhiéu chiéu bing cach 16ng chung:

#include <stdio.h>

int main(void)
{

int row, col;

int a[2][5] = { // Initialize a 2D array
{0, 1, 2, 3, 4},
{5, 6, 7, 8, 9}

}:

for (row = 0; row < 2; row++) {
for (col = 0; col < 5; col++) {
printf("(%d,%d) = %d\n", row, col, alrow][coll);

|
© 00 N O Ul A WN H O

Va ban c6 thé khdi tao v6i chi s6 rd rang:

// Make a 3x3 identity matrix

int a[31[3] = {[0l[0]=1, [11[11=1, [2][2]=1};

sé dung mot mang 2D nhu nay:

100
0610
001

6.6 Mang va con tré

[Thén nhién] Thi... t6i c6 1& da dé cap phia trén ring sau thdm bén trong mang la con tr6 nhi? Gid ta

https://en.wikipedia.org/wiki/Row-_and_column-major_order
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nén lam mot ¢t lin can vao chuyén do6, dé moi thi khong bi hoan toan réi rdm. Sau nay, ta sé nhin ky
mdi quan hé thuc su gilia mang va con tro, nhung bay gid téi chi muén xem chuyén truyén mang cho
ham.

6.6.1 Lay con tro t6i mot mang

T61 mudn ké ban nghe mdt bi mat. N6i chung, khi mot 1ap trinh vién C néi vé con trd t6i mot mang, ho
dang néi vé con trd t6i phin ti ddu tién ctia mang®.

Nao, 14y mot con tro t6i phan ti dau tién ctia mang.

#include <stdio.h>
int main(void)
{
int a[5] = {11, 22, 33, 44, 55};
int *p;
p = &l[0]; // p points to the array
// Well, to the first element, actually
printf("sd\n", *p); // Prints "11"
}

Chuyén nay qua phé bién trong C, dén ndi ngdn ngii cho phép ta mét cach viét tét:

p = &l[0]; // p points to the array

// 1is the same as:

p = a; // p points to the array, but much nicer-looking!

Chi cAn nhic dén tén mang diing mdt minh 1a tudng dudng véi 1dy mot con tro t6i phan tit du tién clia
mang! Ta sé dung diéu nay rong rai trong cac vi du sip téi.

Nhung khoan da, p chéng phaila int* sao? Va *p chota 11, cung gidng a[0] ? Dudtung. Ban
dang bat dau thiy thoang qua mdi quan hé gitia mang va con tro trong C. (Ta sé ndi nhiéu hon vé chuyén
nay trong chudng Pointers II, 8 muc Array/Pointer Equivalence.)

6.6.2 Truyén mang mot chiéu cho ham
Lam mdt vi du v8i mang mot chiéu. To6i sé viét vai ham ma ta c6 thé truyén mang vao dé lam viéc khac
nhau.

Chuén bi cho vai signature ham lam d4u 6c bung né!

#include <stdio.h>

// Passing as a pointer to the first element
void times2(int *a, int len)
{
for (int i = 0; 1 < len; i++)
printf("%sd\n", a[i] * 2);

// Same thing, but using array notation
void times3(int all, int len)

8Ve ky thuat thi khong chinh xac, vi con tro t6i mot mang va con tro téi phan tii dau tién ctia mang c6 kiéu khac nhau. Nhung
ta sé dot cau khi dén do.
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for (int i = 0; i < len; i++)
printf("sd\n", a[i] * 3);

// Same thing, but using array notation with size
void times4(int a[5], int len)

{
for (int i = 0; i < len; i++)
printf("sd\n", alil * 4);
}
int main(void)
{
int x[5] = {11, 22, 33, 44, 55};
times2(x, 5);
times3(x, 5);
timesd(x, 5);
}

Tat ca cac cach liét ké mang lam parameter trong ham d6 déu giong hét nhau.

void times2(int *a, int len)
void times3(int all, int len)
void times4(int a[5], int len)

Trong cach dung cta dan C quen tay, cach dau tién phd bién nhit, bo xa cac cich con lai.

V4, that ra, § tinh huéng cudi, trinh bién dich tham chi khéng quan tdm ban truyén s6 nao (mién lén
hon khéng®). N6 khong ép budc gi ca.

Gid sau khi da ndi vay, kich thuéc mang trong khai bao ham that ra c6 y nghia khi ban truyén mang
nhiéu chiéu vao ham, nhung hiy quay lai chuyén do sau.

6.6.3 Thay d6i mang trong ham

Ta da néi mang chi la con tro6 tra hinh. Nghia la néu ban truyén mang cho ham, nhiéu kha néng ban
dang truyén con tro6 t6i phan ti dau tién ctia mang.

Nhung néu ham c6 con tro t6i dii liéu, nd co thé thao tac trén dit liéu d6! Vay nén nhiing thay d6i ma
ham lam véi mang sé thiy dugdce 6 phia ngudi goi.

Day la vi du ta truyén mot con trd t6i mang cho ham, ham thao tac trén cac gia tri trong mang do, va
cac thay déi d6 thay dugc & phia ngudi goi.

#include <stdio.h>

void double array(int *a, int len)
{
// Multiply each element by 2
//
// This doubles the values in x in main() since x and a both point
// to the same array in memory!

9C11 §6.7.6.291 yéu cau n6 phai 16n hon khong. Nhung ban c6 thé thdy code ngoai ddi v6i mang chiéu dai bing khéng 6 cusi
cic struct ,va GCC dic biét dé dai chuyén do trii khi ban bién dich v6i -pedantic . Mang chiéu dai bing khong 14 mdt co ché
kiéu hack d€ tao struct c6 chiéu dai bién d6i. Khong may, vé ky thuat truy cdp mang nhu vy 1a undefined behavior, du n6 gan
nhu chay dudc 6 moi ndi. C99 chuin hoa mét phucng n thay thé dudc dinh nghia rd goi 1a flexible array members, ta sé tan gau
chuyén d6 sau.
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for (int i = 0; i < len; i++)

ali] *= 2;
}
int main(void)
{
int x[5] = {1, 2, 3, 4, 5};
double array(x, 5);
for (int 1 = 0; 1 < 5; i++)
printf("sd\n", x[il); // 2, 4, 6, 8, 10!
}

Mic du ta truyén mang vao parameter a kiéu int*, nhin cich ta truy cip né bang ky phip mang

Sau nay khi néi vé su tuong dudng gitia mang va con tro, ta sé thay chuyén nay hdp ly hon nhiéu. Gig,
du dé biét rang ham c6 thé thay ddi mang ma thiy dugc 6 phia ngudi goi.

6.6.4 Truyén mang nhiéu chiéu cho ham
Cau chuyén thay ddi mot chut khi ta ndi vé mang nhiéu chiéu. C can biét tit ca cac chiéu (trit chiéu dau
tién) dé€ c6 du thong tin biét tim gia tri 6 dau trong bo nhd.

Day la vi du ta n6i rd tat ca cac chiéu:

-

#include <stdio.h>

void print 2D array(int a[2][3])

{
for (int row = 0; row < 2; row++) {
for (int col = 0; col < 3; col++)
printf("sd ", alrow][coll);
printf("\n");
}
}
int main(void)
{
int x[2][3] = {
{1, 2, 3},
{4, 5, 6}
};
print 2D array(x);
}

Nhung trong tridng hdp nay, hai cach nay'® 13 tuong duong:

void print 2D array(int a[2][3])
void print 2D array(int a[][3])

Trinh bién dich that ra chi can chiéu thd hai dé biét cAn nhay bao xa trong bd nhé cho méi lan ting
chiéu dau tién. N6i chung, nd cin biét tat ca cac chiéu tri chiéu dau tién.

1C4ch nay ciing tuong dudng: void print 2D array(int (*a)[3]) , nhung d6 la chuyén t6i khong mudn di siu ngay lic
nay.
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Ngoai ra, nhd rang trinh bién dich chi lam kiém tra bién t&i thiéu liic bién dich (néu ban may méan), va C
khong kiém tra bién gi hét lic chay. Khong day an toan! Diing crash bang cch truy cip phan ti mang

vugt bién!
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Chuoi

Cudi cung! Chubi! Cé gi don gian hon dugc niia?
Nhung hoa ra chubi that ra khong phai chudi trong C. Pung vay ddy! Chiing 1a con tré! Di nhién roi!
Gidng nhu mang, chudi trong C viia di: dé ton tai.

Nhung cit xem nao, khéng phai chuyén ghé gém 1dm dau.

7.1 String Literal

Trudc khi bat dau, hiy néi vé string literal trong C. Pay 1a cic chudi ky tu ndm trong diu nhay kép (" ).
(Nhay don boc quanh ky tu, va d6 la con thi hoan toan khac.)

Vi du:

"Hello, world!\n"
"This is a test."
"When asked if this string had quotes in it, she replied, \"It does.\""

Cai d4u tién c6 newline & cudi, kha phd bién.

Cai cudi c6 ddu nhay kép nhing bén trong, nhung ban thdy méi cai dudc dit trude (ta nédi “dudc escape
bdi”) mot dau gach chéo ngudc (\ ) bao cho biét mot ddu nhay kép chii thudc vé chudi tai diém dé. Day
14 cach trinh bién dich C phan biét gifia in ddu nhay kép va ddu nhay kép & cudi chudi.

7.2 Bién chubi

Gid ta da biét cach lam mot string literal, hdy gan no6 vao bién dé lam gi d6 véi no.

char *s = "Hello, world!";

Dé y kiéu: pointer t6i char . Bién chudi s that rala con tré téi ky tu dau tién trong chudi d6, chinh la
H.

Va ta c6 thé in n6 bang format specifier %s (viét tit cho “string”):

char *s = "Hello, world!";

printf("%s\n", s); // "Hello, world!"

45
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7.3 Bién chudi dudi dang mang

Mot lua chon khac, gan nhu tudng dudng véi cach dung char* phia trén:

char s[14] = "Hello, world!";

// or, if we were properly lazy and have the compiler
// figure the length for us:

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

Nghia 14 ban c6 thé dung ky phap mang dé truy cap cac ky tu trong chudi. Lam ding thé dé in tit ca
ky tu trong chudi trén cing moét dong:

#include <stdio.h>

int main(void)

{
char s[] = "Hello, world!";
for (int i = 0; i < 13; i++)

printf("sc", s[il);

printf("\n");

}

Dé y ta dung format specifier %c dé€ in mot ky tu don.

Va, xem cai nay. Chuong trinh van chay t6t néu ta déi dinh nghia s thanh kiéu char* :

#include <stdio.h>
int main(void)
{
char *s = "Hello, world!"; // char* here
for (int i = 0; i < 13; i++)
printf("sc", s[il); // But still use arrays here...?
printf("\n");
}

Va ta van c6 thé dung ky phap mang dé in ra! Bit ngd nhi, nhung chi vi ta chua néi vé su tuong ducng
gilta mang va con trd. Nhung diy la thém mot ggi y niia rang sau thim bén trong, mang va con tro la
cung mot tha.

7.4 Khéi tao chudi

Ta da thdy vai vi du khéi tao bién chudi béng string literal:

char *s = "Hello, world!";
char t[] = "Hello, again!";

Nhung hai cach khéi tao nay khac nhau mot chat tinh té. Mét string literal, tudng tu mot integer literal,
¢6 bd nhd dugce trinh bién dich tu dong quan ly gitp ban! Véi s6 nguyén, tiic 1a mot miu dit liéu kich
thuéc 6 dinh, trinh bién dich kha dé quan ly. Nhung chudi 13 con thi s6 byte thay d6i, dudc trinh bién
dich thuan ho4 béng cach quing vao mdt miu bd nhé va dua cho ban mdt con tré téi do.

Cach viét nay tré t6i bat cli noi dau chudi duge dit. Thudng thi noi d6 ndm trong ving dat xa xo6i so véi
phén con lai ctia bd nhé chuong trinh, bd nhd chi doc, vi 1y do lién quan dén hiéu nang va an toan.
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char *s = "Hello, world!";

Nén néu ban tht d6t bién chudi bing:

char *s = "Hello, world!";

s[0] = 'z'; // BAD NEWS: tried to mutate a string literal!

Hanh vi 1a khong xé4c dinh. C6 1§, tuy hé thong, sé din dén crash.

Nhung khai b4o né dudi dang mang thi khac. Trinh bién dich khong cét cac byte d6 6 phan khac cua
thanh phé, chting & ngay cudi dudng. Cai nay 1a mot bén sao cé thé dot bién ctia chudi, cai ta c6 thé déi
tuy thich:

char t[] = "Hello, again!"; // t is an array copy of the string
t[0] = 'z'; // No problem

printf("%s\n", t); // "zello, again!"

Nén nhé nhé: néu ban cé con trod t6i mét string literal, diing c6 di né! Va néu ban dung chudi trong
diu nhay kép d€ khdi tao mang, d6 that ra khong phai 14 string literal.

7.5 Lay chiéu dai chuoi
Ban khéng thé, vi C khong theo ddi ho ban. Va khi t6i n6i “khong thé”, t6i that ra muén néi “cé thé”!.

C6 mdt ham trong <string.h> ténla strlen() c6 thé dugc dung dé tinh chiéu dai cta bat ky chudi
nao tinh béng byte?.

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

int main(void)
{

char *s = "Hello, world!";

printf("The string is %zu bytes long.\n", strlen(s));

Ham strlen() tra vé kiéu size_t ,1a mot kiéu s6 nguyén nén ban c6 thé dung no6 cho phép toan s
nguyén. Tain size t bang %zu .

Chuong trinh trén in:

The string is 13 bytes long.

Tuyét! Vay 1 c6 thé 1ay chiéu dai chubi!

Nhung... néu C khong theo dai chiéu dai chudi 6 dau, lam sao né biét chudi dai bao nhiéu?

7.6 Két thic chudi

C xt ly chudi hai khac nhiéu ngdn ngii 1ap trinh, va that ra khac véi gin nhu moi ngdn ngii 1ap trinh
hién dai.

Dt ding 14 C khong theo dbi chigu dai chudi.
2Néu ban duing bd ky tu cd ban hosic mot bo ky tu 8 bit, ban quen véi chuyén mot ky tu 1a mot byte. Nhung diéu nay khong
ding v6i moi bo ma ky tu.
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Khi ban 1am moét ngdn ngii méi, vé co ban ban c6 hai lua chon dé Iuu chudi trong bo nhé:
1. Luu cac byte ctia chudi cting v6i mot con sé chi chiéu dai chudi.

2. Luu cac byte ctia chudi, va danh diu diém két thiic chudi bing mot byte dic biét goi 1a terminator

(két thic).

Néu ban muén chudi dai hon 255 ky tu, phudng 4n 1 cin it nhat hai byte dé Iuu chiéu dai. Con phuong
an 2 chi cAn mét byte dé két thiic chudi. Vay 1a tiét kiém dudc chit it.

Di nhién, ngay nay nghe c6 vé 16 bich khi lo tiét kiém mot byte (hay 3, nhiéu ngdn ngii vui vé cho phép
ban c6 chudi dai 4 gigabyte). Nhung ngay xua, d6 1a chuyén 16n hon.

Nén C chon phuong 4n #2. Trong C, mdt “chudi” dudc dinh nghia béi hai dic tinh co ban:

« Mot con tré t6i ky tu dau tién trong chubi.
« Mot byte c6 gia tri bang khong (hay ky tu NUL *) nidm dau d6 trong bd nhé sau con trd, bao hiéu
két thic chudi.

Ky tu NUL c6 thé dugc viét trong code C 1a \0 , du ban khong hay phai lam thé.

Khi ban dit chudi trong dau nhay kép trong code, ky tu NUL dudc tu dong, ngam dinh, dua vao.

char *s = "Hello!"; // Actually "Hello!\0" behind the scenes

V6i chuyén nay trong dau, hay viét hAm strlen() cua riéng ta, dém cac char trong chudi cho t6i khi
gap NUL .

Quy trinh 1a quét doc chudi tim mét ky ti NUL duy nhat, dém khi di qua*:

int my_strlen(char *s)
{
int count = 0;
while (s[count] != '\0') // Single quotes for single char
count++;
return count;
}

Va d6 vé co ban 1a cach strlen() co sén lam chuyén nay.

7.7 Sao chép mét chudi

Ban khong thé sao chép chudi qua toan til gan ( = ). T4t ca nhiing gi n6 1am 14 tao mét ban sao clia con
trd téi ky tu dau tién... nén ban két thic véi hai con trd ciing trd t6i mot chudi:

#include <stdio.h>

int main(void)

{
char s[] = "Hello, world!";
char *t;

// This makes a copy of the pointer, not a copy of the string!
t =5;

// We modify t

3Cai nay khac véi con tré NULL , va toi sé viét tét né thanh NUL khinéi vé ky tu so véi NULL cho con tré.
4Sau nay ta sé hoc cach lam gon hon véi pointer arithmetic.
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t[o] = 'z';

// But printing s shows the modification!
// Because t and s point to the same string!

printf("s%ss\n", s); // "zello, world!"

Néu ban muén tao mot ban sao ctia chudi, ban phai chép tiing byte, nghia 1a ban sé 14y tling byte ctia
chudi tii mot chd trong bd nhé va nhan déi ching & chd khac trong bd nhé. Chuyén nay dudc lam dé
hon nhd ham strepy() .°

Truéc khi sao chép chudi, ddm bao ban c6 chd dé chép vao, tiic mang dich sé chiia cac ky tu phai dai it
nhét bing chudi ban dang chép.

#include <stdio.h>
#include <string.h>
int main(void)
{
char s[] = "Hello, world!";
char t[100]; // Each char is one byte, so plenty of room
// This makes a copy of the string!
strepy(t, s);
// We modify t
t[e] = 'z';
// And s remains unaffected because it's a different string
printf("%s\n", s); // "Hello, world!"
// But t has been changed
printf("%ss\n", t); // "zello, world!"
}

Dé y v6i strecpy() , con troé dich 1a ddi s6 dau tién, con tré ngudn 1a d6i s6 tha hai. Mot meo nhé toi
dung 12 @6 14 thi ti ma ban sé dit t va s néuphép gan = chay dudc cho chudi, véi ngudn & bén phai
va dich & bén trai.

5C6 mot ham khac tén strncpy() han ché s6 byte dude sao chép. C6 ngudi néi ban nén ludn ding strncpy() vi bao vé
chéng tran bd dém. Ngusi khac néi ban khong bao gis nén ding strncpy() viné khong nhit thiét két thic chudi cia ban, mot
cai bay tu ban chan cuc ky kinh di khac. Néu ban that su muén an toan, c6 thé viét phién ban strncpy() cta riéng minh luén

ludn két thic chudi.
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Struct

Trong C, ¢6 mot thit goi la struct , mot kiéu do ngudi dung dinh nghia dudc, gitt nhiéu mau di liéu,
c6 thé thudc cac kiéu khac nhau.

Day 14 cach tién 1gi dé goi nhiéu bién vao lam mot. Viéc ndy c6 ich khi truyén bién cho ham (chi can
truyén mét thay vi nhiéu), va hitu dung dé t6 chic dii liéu va 1am code dé doc hon.

Néu ban dén tit ngdn ngii khac, c6 thé ban da quen v6i khai niém class va object. Nhiing thit nay khong
ton tai sin trong Cl. Ban c6 thé nghi v& struct nhu class chi c6 cac trudng dii liéu, khong c6 method.

8.1 Khai bao mot struct

Ban c¢6 thé khai bdo mdt struct trong code ciia minh nhu nay:

struct car {
char *name;
float price;
int speed;
};

Chuyén nay thudng dudc 1am & scope toan cuc bén ngoai cic ham dé struct kha dung toan cuc.

Khi lam vay, ban dang tao mot kiéu (type) mdi. Tén kiéu day du1a struct car . (Khong phai chi car,
viét thé khong hoat dong.)

Chua c6 bién nao kiéu d6, nhung ta c6 thé khai bao vai bién:

struct car saturn; // Variable "saturn" of type "struct car"

Gid ta c6 bién chua khéi tao saturn 2 kiéu struct car .
Ta nén khdi tao nd! Nhung lam sao dat gia tri cho tling trudng riéng 1&?

Giong nhu nhiéu ngon ngii khac 13y lai tit C, ta sé ding toan tit chdm ( . ) d€ truy cép tlng trudng.

saturn.name = "Saturn SL/2";
saturn.price = 15999.99;
saturn.speed = 175;

printf("Name: %s\n", saturn.name);

Mic du trong C cac mAu riéng 1é trong bd nhé nhu int dudc goi la “object”, chiing khong phai object theo nghia lap trinh
hudng dai tugng.

2Saturn 1a mot hing xe phé thong kha dugc ua chudng 6 Hoa Ky cho t6i khi bi déng ctia vi khitng hoang 2008, budn thay véi
nhiing fan nhu ching ta.
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printf("Price (USD): %f\n", saturn.price);
printf("Top Speed (km): %d\n", saturn.speed);

O cac dong dau, ta dit gia tri vao struct car, roi 6 doan sau, in cac gia tri do ra.

8.2 Khdi tao Struct

Vi du 8 muc trude hoi cong kénh. Chic phéi c6 cach t6t hon dé khdi tao bién struct !

Ban c6 thé lam vdi initializer bang cach dat gi4 tri cho cac trudng theo thit tu chiing xudt hién trong
struct khi ban dinh nghia bién. (Cach nay khong chay sau khi bién da dugc dinh nghia, phai xay ra
ngay luc dinh nghia).

struct car {
char *name;
float price;
int speed;
};

// Now with an initializer! Same field order as in the struct declaration:
struct car saturn = {"Saturn SL/2", 16000.99, 175};

printf("Name: %s\n", saturn.name);
printf("Price: %f\n", saturn.price);
printf("Top Speed: %d km\n", saturn.speed);

Viéc cac trudng trong initializer phai cling thi tu nghe hdi ruing minh. Néu ai dé d6i thi tu trong
struct car, c6 thé lam hong hét code khac!

Ta c6 thé cu thé hon véi initializer:

struct car saturn = {.speed=175, .name="Saturn SL/2"};

Gid n6 ddc lap véi thii tu trong khai bdo struct . Code an toan hon hén.

Tudng tu nhu initializer ctia mang, bt ky field designator nao bi bo sot déu duge khdéi tao vé khong
(trong trudng hop nay, dé la .price , t6i da bo qua).

8.3 Truyén Struct cho ham

Ban c6 vai cach d€ truyén struct cho ham.

1. Truyén ban than struct .
2. Truyén con tro t6i struct .

Nhé réng khi ban truyén thi gi d6 cho ham, mot bdn sao cta thit d6 dudc tao ra cho ham thao tac, bat
ké d6 1a ban sao cta con trd, cia int, clia struct , hay bat ci thd gi.

V& c¢d ban ¢4 hai trudng hgp ban muén truyén con tro téi struct :

1. Ban cin ham c6 thé thay d6i struct dugc truyén vao, va dé nhiing thay d6i d6 hién ra & phia
ngudi goi.
2. struct hdilén va chép né lén stack tén hon 1a chép mét con trd®.
Vihaily do d6, truyén con tro t6i struct cho ham ph6 bién hon nhiéu, du truyén ca struct thikhong
hé pham luat.

Thi truyén con tro, lam mét ham cho phép ban dit trudng .price cia struct car:

3Mbt con tré c6 1& 8 byte trén hé thong 64 bit.
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#include <stdio.h>

struct car {
char *name;
float price;

int speed;

};

int main(void)

{
struct car saturn = {.speed=175, .name="Saturn SL/2"};
// Pass a pointer to this struct car, along with a new,
// more realistic, price:
set price(&saturn, 799.99);
printf("Price: %f\n", saturn.price);

}

Ban nén c6 thé nghi ra signature cia ham set_price() chibéng cich nhin kiéu cta cac d6i s6 ta c6 &

do.

saturn la struct car,nén &saturn phaila diachicua struct car,tlclacontrd téi struct car,

cuthéla struct car*.
Va 799.99 la float .

Nén khai bao ham phai nhu nay:

void set price(struct car *c, float new price)

Ta chi cAn viét phan than. Lan thit dau tién c6 thé la:

void set price(struct car *c, float new price) {
c.price = new price; // ERROR!!

Cach d6 khong chay vi toan ti chdm chi chay trén struct ... n6 khéng chay trén con tré t6i struct .

Dudc roi, ta c6 thé dereference bién c dé “de-pointer” n6 d€ t6i ban than struct . Dereference mot
struct car* chora struct car ma con trd tro téi, ta nén c6 thé dung toan tit chdm lén do:

void set price(struct car *c, float new price) {
(*c).price = new price; // Works, but is ugly and non-idiomatic :(

Va chay! Nhung hoi 16i théi khi gé hét ddm diu ngoic véi diu sao. C c6 mdt thit dudng ct phap goi la
toan tif mii tén (arrow operator) giup chuyén do.

8.4 Toan ti miui tén

Toan ti mii tén giup tham chiéu téi cic trudng trong con tro téi struct .

void set price(struct car *c, float new price) {
// (*c).price = new price; // Works, but non-idiomatic :(
//
// The line above is 100% equivalent to the one below:
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c->price = new price; // That's the one!

Vay khi truy cép cac trudng, khi nao dung chdm va khi nao dung mdi tén?

« Néuban c¢6 struct, dung chdm ( . ).
« Néu ban c6 con trod t6i struct , dung mii tén ( -> ).
8.5 Sao chép vatra vé struct

Day la phan dé cho ban!

Chi cin gan tl cai nay sang cai kia!

struct car a, b;

b =a; // Copy the struct

Va tra vé mot struct (thay vi tra vé mot con tro t6i nd) ti ham cling tao mdt ban sao tuong tu vao
bién nhéan.

Day khéng phai “deep copy™. Tat ca cac trudng dudc chép y nguyén, ké ca con tro tdi cac thil.

8.6 So sanh struct

Chi c6 mot cach an toan duy nhat: so sanh tling trudng mét.
Ban c6 thé nghi c6 thé dung memcmp() °, nhung n6 khéng xt ly dudc trudng hop cé thé c6 padding
bytes nidm 1an trong dé.

Néuban xo4 struct vé khong truéc bing memset () ©, thiné cé thé chay, di van c6 thé c6 nhiing phan
tit la khéng so sanh nhu ban mong”.

4Mot deep copy di theo cac con trd trong struct va chép ca dii liéu chiing trd t6i. Mot shallow copy chi chép cac con trd, chit
khong chép thii ching tro téi. C khong cé san chiic ning deep copy tich hgp nao.

Shttps://beej.us/guide/bgclr/html/split/stringref html#man-stremp

®https://beej.us/guide/bgclr/html/split/stringref. html#man-memset

"https://stackoverflow.com/questions/141720/how-do-you-compare-structs-for-equality-in-c
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Chapter 9

File Input/Output

Ta da thay vai vi du vé /O v8i printf() délam /O & console.

Nhung 6 chudng nay ta sé& ddy cac khai niém d6 di xa hon mot chit.

9.1 Kiéu diiliéu FILE*

Khi lam bit ky dang I/O nao trong C, ta lam thong qua mot mau dit liéu dudi dang kiéu FILE* . FILE*
nay giti moi thong tin can dé giao ti€p v6i hé thong I/0 vé file ban dang md, vi tri hién tai trong file, v.v.
Dic ta goi nhiing thi nay la stream, tlic mét dong dii liéu chay ra ti file hodc ti bat ky nguoén nao. Toi
sé dung 1an “file” véi “stream”, nhung thuc su ban nén coi “file” 1a médt trudng hop dic biét ctia “stream”.
C6 nhiing cach khac dé ddy dii liéu vao chudng trinh ngoai chuyén doc tii file.

Chut niia ta sé xem céch di ti mot tén file t6i mot FILE* da md, nhung trudc hét téi mudn nhic dén
ba stream d3 dugc mé sén va c6 thé dung ngay.

Tén FILE* Mota

stdin Standard Input (d4u vao chuin), mic dinh thudng la ban phim
stdout Standard Output (d4u ra chudn), mic dinh thudng 12 méan hinh
stderr Standard Error (16i chuén), mic dinh ciing thudng la man hinh

Ho4 ra ta da dung ching ngdm sudt roi. Ching han, hai 16i goi nay 1a mot:

printf("Hello, world!\n");
fprintf(stdout, "Hello, world!\n"); // printf to a file

Nhung chuyén d¢ dé sau.

Ban ciing s& nhan ra ring cA stdout va stderr déura man hinh. Nhin qua tuéng nhu s suat hay
trung lap, nhung thuc ra khong phai. C4c hé diéu hanh dién hinh cho phép ban redirect (chuyén huéng)
dau ra cua bat ky cai nao trong hai vao céc file khac nhau, va viéc tach thong béo 16i khoi dau ra thudng
c6 thé rat tién.

Vi du, trong shell POSIX (nhu sh, ksh, bash, zsh, v.v.) trén hé théng kiéu Unix, ta c6 thé chay chudng
trinh va ddy dau ra khéng-13i ( stdout ) vao mot file, con dau ra 16i ( stderr ) vao file khac.

./foo > output.txt 2> errors.txt # This command is Unix-specific

Vily do d6, ban nén gtii cic thong b4o 16i nghiém trong ra stderr chii diing ra stdout .

Cach lam sé noi sau.
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9.2 Doc file van ban

Stream dudc phan loai dai khai theo hai cach: text (van ban) va binary (nhi phén).

Stream vin ban dudc phép dich dii liéu kha nhiéu, dang cht y nhat 1a dich cic newline sang cac biéu
dién khac nhau'. File van ban vé mit logic 1a mot chudi dong dudc ngin bsi newline. Dé portable, dit
liéu dau vao nén ludn két thic bang mot newline.

Nhung quy tic chung la néu ban c6 thé chinh sta file d6 trong mot trinh soan thao vin ban thong
thudng thi d6 1a file vin ban. Ngudc lai la nhi phan. Nhi phén thi dé sau.

Vay, vao viéc, lam sao m3 mot file d€ doc va kéo dii liéu ra?

Tao mét file hello.txt chichtia mdi:

Hello, world!

R6i viét mdt chuong trinh md file, doc mot ky tu ra, roi dong file khi xong. K€ hoach thé!

#include <stdio.h>

int main(void)

‘ FILE *fp; // Variable to represent open file
fp = fopen("hello.txt", "r"); // Open file for reading
int ¢ = fgetc(fp); // Read a single character
printf("%sc\n", c); // Print char to stdout
fclose(fp); // Close the file when done

}

\

Thiy dédy, khi md file v6i fopen() , nd trd FILE* vé cho ta d€ dung sau.

(Tdi bd qua d€ gon, nhung fopen() sé trd vé NULL néu c6 gi truc tric, nhu khong tim thiy file, nén

ban thét su phai check 16i cho né!)

Ciing cht y chubdi "r" ta truyén vao, nghia ld “m& mot stream van ban dé doc”. (C6 nhiéu chudi khac

nhau c6 thé truyén cho fopen() véiy nghia khac, nhu ghi, append, v.v.)

Sau d6 ta dung ham fgetc() délady mot ky tu tii stream. Co6 thé ban thic méc sao t6i khai bdo c 1a
int chi khong phai char, giii cau hoi d6 lai nhé!

Cuoi cung ta dong stream khi xong. Moi stream déu dugc dong tu dong khi chuong trinh thoat, nhung
dong file thu cong khi khong con dung niia la phong cach t8t va can than.

FILE* theo doi vi tri cua ta trong file. Nén cac 16i goi fgetc() tiép theo sé lay ky tu ké, roi ky tu ké
nita, cho t4i hét.

Nhung nghe khé s6 qua. Xem cé cach nao dé hon khéng.

9.3 Heét file: EOF

C6 mot ky tu ddc biét duge dinh nghia dang macro: EOF . Day la thit fgetc() sé tra vé khi da t6i cudi
file va ban ¢6 doc thém mét ky tu nita.

GiS ké mot Fun Fact™. Hoa ra EOF laly do fgetc() va cic ham kiéu no trd vé int thay vi char.

EOF khong phai ky tu dung nghia, va gia tri ctia né nhiéu kha ning nim ngoai mién cta char. Vi

ITrudc kia ta c6 ba loai newline dung rong rai: Carriage Return (CR, dung trén Mac ddi cit), Linefeed (LF, dung trén hé Unix),
va Carriage Return/Linefeed (CRLF, dung trén hé¢ Windows). May min 1a su xudt hién cta OS X, von dua trén Unix, da rat con
$6 xudng con hai.
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fgetc() phai c6 kha ning tra vé bat ky byte nao va EOF , n6 cin mot kiéu rong hon dé chita nhiéu
gia tri hon. Nén la int . Nhung trt khi ban dang so sanh gia tri tra vé v6i EOF , trong tham tam ban
c6 thé yén tim ring d6 la mot char .

On! Quay lai thuc t&! Ta c6 thé ding cai nay dé doc ca file trong mot vong Lip.

#include <stdio.h>

int main(void)

{
FILE *fp;
int c;
fp = fopen("hello.txt", "r");
while ((c = fgetc(fp)) !'= EOF)

printf("sc", c);

fclose(fp);

}

(Néu dong 10 la qué, clt mé né ra bat dau ti ngoic long trong cung. Viéc dau tién 1a gan két qua cua
fgetc() vao c, roi méi so sanh cdi d6 v6i EOF . Ta viuia nhét tit ca vao mot dong. Doc ¢d vé kho,
nhung nghién ngim di, day 1a C idiomatic d4y.)

Chay thu, ta thay:

Hello, world!

Nhung vAn dang xt ly tling ky tu mot, ma nhiéu file vin ban hgp ly hon khi nhin theo dong. Chuyén
sang cai do.

9.3.1 Doc tling dong mot

Viy lam sao 14y nguyén mot dong cung lac? fgets() giai ctiu! Tham s6 gom mot con trd téi buffer

char dé chiia byte, s6 byte t6i da dugc doc, va mot FILE* dé€ doc tu d6. N6 tra vé NULL khi hét file
hodc 16i. fgets() con ti t& dén mlic NUL-terminate chudi khi xong?.

Lam mot vong 1dp tuong tu trude, nhung 14n nay véi file nhiéu dong va doc tiing dong mét.

bay la file quote.txt :

A wise man can learn more from

a foolish question than a fool

can learn from a wise answer.
--Bruce Lee

Va day 1 doan code doc file d6 tiing dong mét va in s6 dong trudc mdi dong:

#include <stdio.h>

int main(void)

{
FILE *fp;
char s[1024]; // Big enough for any line this program will encounter
int linecount = 0;

2Néu buffer khong du 16n dé doc hét mdt dong, né sé diing gitia dong, va 15i goi fgets() ké tiép sé tiép tuc doc phan con lai

cta dong do.
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fp = fopen("quote.txt", "r");

while (fgets(s, sizeof s, fp) != NULL)
printf("sd: %s", ++linecount, s);

fclose(fp);

Cho ra:

A wise man can learn more from
a foolish question than a fool
can learn from a wise answer.

--Bruce Lee

S~ W N =

9.4 Dau vao c6 dinh dang

Ban biét cich 1y d4u ra c6 dinh dang bing printf() chi (va ciing vy v6i fprintf() ta sé thiy &
dudéi)?
Ban c6 thé lam y nhu thé v6i fscanf() .

Trude khi bat d4u, xin luu y ring dung cac ham ki€u scanf() c6 thé nguy hiém véi dau vao
khong dang tin. Néu khong chi dinh do rong trudng cho %s , ban c6 thé tran buffer. Té hon,
chuyén d6i s6 khéng hgp 1é sé dan t6i undefined behavior. Cach an toan véi dau vao khong dang
tin1a dung %s kém dd rong trudng, roi dung cac ham nhu strtol() hay strtod() déchuyén
doi.
Ta c¢6 mot file v8i mot day ban ghi dit liéu. Trudng hdp nay 1a ca voi, véi tén, chiéu dai tinh bang mét,
va cAn ning tinh bdng tAn. whales.txt :

blue 29.9 173
right 20.7 135
gray 14.9 41
humpback 16.0 30

Phai, ta c6 thé doc bing fgets() rodiparse chudibing sscanf() (vacach dé chéng d6 tét hon véi file
hong), nhung lan nay ci dung fscanf() kéo thang vao.

Ham fscanf() bé qua whitespace & dau khi doc, va tra vé EOF khi hét file hoic 14i.

#include <stdio.h>

int main(void)
{
FILE *fp;
char name[1024]1; // Big enough for any line this program will encounter
float length;
int mass;

fp = fopen("whales.txt", "r");

while (fscanf(fp, "%s %f %d", name, &length, &mass) != EOF)
printf("%s whale, %d tonnes, %.1f meters\n", name, mass, length);

fclose(fp);
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Cho ra:

blue whale, 173 tonnes, 29.9 meters
right whale, 135 tonnes, 20.7 meters
gray whale, 41 tonnes, 14.9 meters
humpback whale, 30 tonnes, 16.0 meters

9.5 Ghi file van ban

Gidng hét nhu cich ta dung fgetc() , fgets() ,va fscanf() dé€ doc stream vin ban, ta c6 thé dung

fputc() , fputs(),va fprintf() dé ghi stream van ban.

Dé lam vay, ta phai fopen() file 8 ché d0 ghi bing cich truyén "w" lam d6i s thd hai. M3 mot file
dang ton tai 6 ché d0 "w" sé lap tic cit file d6 vé 0 byte dé€ ghi dé hoan toan.

Ta sé ghép mot chuong trinh don gian xuit ra file output.txt dung vai ham xuat khac nhau.

#include <stdio.h>

int main(void)

{
FILE *fp;
int x = 32;
fp = fopen("output.txt", "w");
fputc('B', fp);
fputc('\n', fp); // newline
fprintf(fp, "x = %d\n", x);
fputs("Hello, world!\n", fp);
fclose(fp);

}

Chudng trinh nay tao ra file output.txt véindidung:

-

B
X = 32
Hello, world!

Fun fact: vi stdout la mot file, ban c6 thé thay dong 8 bang:

fp = stdout;

va chuong trinh sé xuit ra console thay vi ra file. Thii xem!

9.6 1/0 file nhi phan

Téi gid ta méi ndi file vin ban. Nhung con con thi con lai nhic hoi dau goi 14 file nhi phan (binary), hay
binary stream.

Chung hoat dong kha giéng file vin ban, chi khac & chd hé théng /0 khong dich dii liéu nhu c6 thé s&
lam vdi file van ban. Vi file nhi phan, ban c6 mot dong byte thd, thé thoi.
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Khac biét 16n khi mé file 14 phai thém "b" vao mode. Ttc 13, dé doc file nhi phin, m& 6 mode "rb" .
Dé ghi file, m§ 8 mode "wb" .

Vi la dong byte, va dong byte c6 thé chiia ky tu NUL, ma ky tu NUL 1a diu két chudi trong C, hiém khi
ngudi ta dung fprintf() va dong bon dé thao tac file nhi phan.

Thay vao d6 hai ham phd bién nhit1a fread() va fwrite() . Cac ham nay doc va ghi mot s6 byte chi
dinh vao stream.

Demo cho biét, ta sé viét may chudng trinh. Mot chudng trinh sé ghi mét day gia tri byte ra dia cung
ltc. Chuong trinh thi hai s& doc tling byte mét va in ra®.

#include <stdio.h>
int main(void)
{
FILE *fp;
unsigned char bytes[6] = {5, 37, 0, 88, 255, 12};
fp = fopen("output.bin", "wb"); // wb mode for "write binary"!
// In the call to fwrite, the arguments are:
//
// * Pointer to data to write
// * Size of each "piece" of data
// * Count of each "piece" of data
// * FILE*
fwrite(bytes, sizeof(char), 6, fp);
fclose(fp);
}

Hai d6i s6 gifia cia fwrite() trong hoiky. Nhung dai khai y ta mudn néi véi ham la: “Ta c¢6 cac muc
16n ngan nay, va muodn ghi bdy nhiéu muc” Tién 16i néu ban c6 ban ghi c6 d6 dai cb dinh, va c6 mot
mang ching. Ban chi cin bao kich ¢8 mot ban ghi va bao nhiéu ban ghi cin ghi.

Trong vi du trén, ta bao kich c& mdi ban ghila char, vacé 6 muc.

Chay chudng trinh xong ta c6 file output.bin , nhung md né trong trinh soan thao vin ban thi chéng
thay gi than thién! D6 13 dii liéu nhi phan, khong phai vin ban. Va la dii liéu nhi phan ngau nhién téi
vua ché ra iy chu!

Néu diy qua chuong trinh hex dump?, ta c6 thé thiy dau ra duéi dang céac byte:

05 25 00 58 ff Oc

Nhiéu hé Unix c6 sin chuong trinh tén hexdump dé lam viéc nay. Ban c6 thé dung nhu nay véi

c8 -C (“canonical”) dé c6 dau ra dep:

$ hexdump -C output.bin
00000000 05 25 00 58 ff Oc |.%.X. .|

00000000 la offset trong file ma dong dau ra nay bat dau. 05 25 00 58 ff Oc la cac gia tri
byte (va s& dai hon, t6i 16 byte mdi dong, néu c6 nhiéu byte hon trong file). Va bén phai gitia hai
ky hiéu pipe ( | ) 12 nd luc hét minh ctia hexdump dé in ra cc ky tu Uing v6i nhiing byte d6. N6

3Théng thusng chuong trinh thit hai s& doc tat ca byte cling lic, r6i méi in ra trong vong lip. Cach d6 hiéu qua hon. Nhung
3 day cot 1a @€ demo.
*https://en.wikipedia.org/wiki/Hex_dump
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in dau chdm néu ky tu khéng in dugc. Trudng hgp nay, vi ta chi in dii liéu nhi phan ngiu nhién,
phén dau ra d6 chi 1a rac. Nhung néu ta in mdt chudi ASCII ra file, sé thiy n6 & trong do.
Va céc gia tri hex d6 khép véi cac gia tri (thap phan) ta da ghi ra.
Gig thi doc lai bing mot chuong trinh khac. Chudng trinh nay sé md file d€ doc nhi phan (mode "rb" )
va doc tling byte mot trong vong lap.

fread() co6 dic diém hay & chd tra vé s6 byte da doc, hodc 0 khi EOF. Nén ta c6 thé lip dén khi thdy
thé, in s6 ra trong luc chay.

#include <stdio.h>
int main(void)
{
FILE *fp;
unsigned char c;
fp = fopen("output.bin", "rb"); // rb for "read binary"!
while (fread(&c, sizeof(char), 1, fp) > 0)
printf("%sd\n", c);
fclose(fp);
}

V4, chay no, ta thiy lai cac con s6 goc!

-

5
37
0
88
255
12

Woo hoo!

9.6.1 Luuyvé struct vaso

Nhu da thay 6 phan struct, compiler dugdc tu do thém padding vao struct theo cach né thay hgp.
Va cac compiler khac nhau c6 thé 1am khac nhau. Cing mot compiler trén kién tric khac nhau c6 thé
lam khéc. Cuing mdt compiler trén cung kién tric ciing c6 thé 1am khac.

Y t6i la: khong portable néu ban chi fwrite() nguyén mot struct ra file khi khong biét padding sé
ndm dau.

Fix sao day? Giii y d6 lai, ta sé xem vai cach lam chuyén nay sau khi ngdé qua mot van dé lién quan khéc.
Sé!
Ho4 ra khong phai moi kién tric déu biéu dién s6 trong bd nhé theo cling mét cach.

Xem mot fwrite() don gian clia mot s§ 2 byte. Ta sé& viét né dang hex d€ mdi byte hién rd. Byte co
gia tri cao nhat sé c6 gia tri 0x12 , byte thip nhat sé ¢ gi tri 0x34 .

unsigned short v = 0x1234; // Two bytes, 0x12 and 0x34

fwrite(&v, sizeof v, 1, fp);

Stream sé chtia gi?

Tudng nhu phaila 0x12 ro6i t6i 0x34 , ding khong?
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Nhung néu téi chay cai nay trén may minh va hex dump két qua, t6i thay:

34 12

Dao ngudc réi! Chuyén gi thé?

Chuyén nay lién quan téi cai goi 1a endianess® ctia kién triic. Cé ndi ghi byte c6 gia tri cao truée, c6 ndi
ghi byte c6 gia tri thip trude.

Diéu nay nghia la néu ban ghi thing mét s nhiéu byte ra tlii b nhé, ban khong thé 1am portable dugc®.
Mot van dé tudng tu ton tai v6i s6 dau phiy dong. Hau hét hé théng dung cung format cho s6 floating
point, nhung vai hé thi khéng. Khong dam bao gi hét!

Vay... lam sao fix hét d6ng vin dé nay v6i s va struct d€ ghi dit liéu ra mot cach portable?

Tém gon la serialize (tuan tu hod) dit liéu, thuat ngili chung mang nghia 1dy hét dii liéu va ghi ra theo
mot dinh dang ban kiém soét, ro rang, va lap trinh duge d€ hoat dong giéng nhau trén moi nén tang.
Nhu ban doan, day 13 bai todn da gii. C6 mot loat thu vién serialization s&n sang dé dung, chéng han
protocol buffers’ ctia Google. Chiing lo moi chi tiét vit cho ban, va thim chi cho phép dii liéu tli chucng
trinh C ctia ban tudng tac véi cac ngdn ngii khac hd trg ciing phuong thiic serialization.

Lam on mot diéu cho ban than va moi ngudi! Serialize dii liéu nhi phan khi ghi ra stream! Sé giti moi
thti gon va portable, ké ca khi ban chuyén file dii liéu tu kién triic nay sang kién tric khac.

Shttps://en.wikipedia.org/wiki/Endianess
®Va day la ly do t6i dung tiing byte riéng trong cac vi du fwrite() va fread() & trén, khon ddy chi.
"https://en.wikipedia.org/wiki/Protocol_buffers
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typedef: Tao kiéu mdi

Thuc ra khong hén 14 tao ki€u mdi, ma 1a dat tén mdi cho kiéu da c6. Thoat nghe hdi vo nghia, nhung
ta c6 thé duing no6 dé 1am code gon gang hon hén.

10.1 typedef vé ly thuyét

Dai khai, ban 1dy mot ki€u da c6 roi tao alias (bi danh) cho n6 bang typedef .

Nhu nay:

typedef int antelope; // Make "antelope" an alias for "int"

antelope x = 10; // Type "antelope" is the same as type "int"

Ban c6 thé 1am thé véi bat ky kiéu c6 sin nao. Con cé thé tao nhiéu kiéu béng list ngin bsi dau phiy:

typedef int antelope, bagel, mushroom; // These are all "int"

Tién ghé, nhi? Danh may dudc mushroom thay cho int ? Chéc ban dang phdn khich lim véi tinh ning
nay!

Dudc rdi Gi4o su Ché Giéu, chit nifa sé t6i nhiing cach diing phd bién hon.

10.1.1 Scoping

typedef tuin theo quy tic scope thong thudng.

Vi vay, rat hay gap typedef 4 file scope (“global”) d€ moi ham déu dung dugc ki€u mdéi thoai mai.
10.2 typedef trong thuc té
DGitén int thanh cai khac thi ciing khong thd vi lam. Xem typedef thudng xuit hién & dau.

10.2.1 typedef va struct

Do6i khi mot struct sé dugc typedef ratén mdi dé khoi phai go tit struct di struct lai

struct animal {

char *name;

int leg count, speed;
};
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// original name new name
// | |

// v v

// [o=esacacsas [ (l===2]

typedef struct animal animal;

struct animal y; // This works
animal z; // This also works because "animal" is an alias

Ca nhéan t6i khong thich kiéu nay lam. Téi thich su rd rang ma code c6 dugc khi thém chii struct vao
trudc kiéu, lap trinh vién biét ngay minh dang xt 1y céi gi. Nhung vi n6é phé bién nén t6i dua vao day.

Gig téi mudn chay lai dung vi du do theo cach ban hay thdy. Ta sé dat struct animal wvdo bén trong
typedef . C6 thé gop hét vao nhu nay:

// original name
// |
// v
// [EEEEEEEEELE |
typedef struct animal {
char *name;
int leg count, speed;
} animal; // <-- new name

struct animal y; // This works
animal z; // This also works because "animal" is an alias

Y chang vi du trudc, chi ngan gon hon.

Nhung chua hét! Con mot kiéu rat gon phd bién niia ban c6 thé thiy trong code, dung cai goi la
anonymous structure (cAu tric vo danh)!. Ho4 ra 6 nhiéu chd ban khong can dit tén cho structure, va
dung v6i typedef 1a mot trong nhiing chd dé.

Lam lai vi du v6i anonymous structure:

// Anonymous struct! It has no name!
// |
// v
// J====]
typedef struct {
char *name;
int leg_count, speed;
} animal; // <-- new name

//struct animal y; // ERROR: this no longer works--no such struct!
animal z; // This works because "animal" is an alias

\

Mot vi du khac, c6 thé gip thi kiéu nhu:

typedef struct {
int x, y;
} point;
point p = {.x=20, .y=40};

printf("sd, %d\n", p.x, p.y); // 20, 40

!Ta s& néi thém vé ching sau.
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10.2.2 typedef va cac kiéu khac
Khong phai dung typedef v6imotkiéu don giannhu int 14 hoan toan vo ich, né gitp ban tritu tugng
hoa céc kiéu dé dé dai sau nay.

Viduy, néu float rai khip code ctia ban & 100 ti chd, sé rit dau dau néu ddi hét sang double khi sau
nay vi ly do nao do ban phai lam thé.

Nhung néu ban chuin bi mot chut:

typedef float app float;
// and

app_float f1, f2, f3;

Thi sau nay mudn d6i sang kiéu khéc, ching han long double , ban chi cAn d6i typedef :

// voila!
// Je===cssss |
typedef long double app float;

// and no need to change this line:

app_float fl1, f2, f3; // Now these are all long doubles

10.2.3 typedef va con tro

Ban c6 thé tao mot kiéu la con tro.

typedef int *intptr;

int a = 10;
intptr x = &; // "intptr" is type "int*"

Toi rat khong thich kiéu nay. N6 gidu di chuyén x 14 kiéu con trd vi ban khong thiy ddu * nao trong
khai béo.

IMHO, tét hon 1a thé hién rd ban dang khai bao kiéu con trd d€ cac dev khac nhin thiy rd va khong
nhim x 14 kiéu khong phai con tré.

Nhung lan dém gan nhat thi ¢6 chiing 832.007 ngudi khong dong y véi toi.

10.2.4 typedef va cach viét hoa

Toi da thdy du loai cAch viét hoa cho typedef .

typedef struct {
int x, y;
} my point; // lower snake case

typedef struct {
int x, y;
} MyPoint; // CamelCase

typedef struct {
int x, y;
} Mypoint; // Leading uppercase
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typedef struct {
int x, y;
} MY_POINT; // UPPER SNAKE CASE

Dic ta C11 khong ép theo cach nao, va c6 vi du ca viét hoa hét 1an viét thudsng hét.

K&R2 chu yéu dung leading uppercase, nhung ciing c6 vai vi du viét hoa hét va snake case (v6i hau t6
_t).

Néu ban dang c6 style guide, theo n6. Néu chua, v4 14y mét cai roi theo.
10.3 Mang va typedef

Cu phéap hdi ky, va theo kinh nghiém cuta t6i thi hiém gip, nhung ban c6 thé typedef mot mang véi
0 phén ti xac dinh.

// Make type five ints an array of 5 ints
typedef int five ints[5];

five ints x = {11, 22, 33, 44, 55};

Tbi khong thich vi nd gidu di ban chit mang ctia bién, nhung lam dugc.
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Pointers II: S6 hoc con tro

Dén luc lao vao sau hon véi mot loat cht dé mdi vé con trd! Néu ban chua ndm viing con trd, xem lai
muc dau trong sach vé chu dé nay.

11.1  So6 hoc con tro

Hoa ra ban c6 thé 1am toan trén con tro, cu thé 1 cong va trii.
Nhung nhu thé c6 nghia la gi?

Ngén gon, néu ban c6 con tro t8i mot kiéu, cong 1 vao con trod sé chuyén né t6i item ké tiép cta kiéu d6
ndm ngay sau trong bd nhd.

Diéu quan trong can nhé 1a khi di chuyén con trd va nhin vao cac chd khac nhau trong b6 nhé, ta phai
dam bao con tré ludn tré dén mot chd hop 1é trude khi dereference. Néu dang lang thang dau dé ngoai
dong co6 va c6 xem 6 d6 c6 gi, hanh vi la undefined va chuong trinh thudng sé crash.

Chuyén nay hai kiéu ga-véi-tring so v6i Array/Pointer Equivalence & duéi, nhung ta van sé thu.

11.1.1 Cong vao con tro

DAu tién, 1y mdt mang so.

int a[5] = {11, 22, 33, 44, 55};

\

R61 14y con tro t6i phan ti d4u tién clia mang:

int a[5] = {11, 22, 33, 44, 55};

int *p = &l[01; // Or "int *p = a;" works just as well

RO6i in gia tri 6 d6 bang cach dereference con tro:

printf("%d\n", *p); // Prints 11

GiS dung s6 hoc con tro dé in phan tii ké tié€p trong mang, phan tii § index 1:

printf("sd\n", *(p + 1)); // Prints 22!!

Chuyén gi vita xay ra? C biét p 1a con trd t6i mot int . N6 biét sizeof clia mdt int ' va biét phai

nhay bao nhiéu byte d€ t6i int ké ti€p sau cai dau!

INh6 ring toan tii sizeof cho biét kich c@ tinh béng byte ctia mot déi tugng trong bo nhé.
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Thuc ra, vi du trudc c6 thé viét hai cach tuong ducng:

printf("sd\n", *p); // Prints 11
printf("sd\n", *(p + 0)); // Prints 11

vicoéng 0 vao con trd cho ra cing moét con tro.

Rut ra gi? Ta c6 thé duyét cac phan tit clia mang theo cach nay thay vi dung méang;:

int a[5] = {11, 22, 33, 44, 55};

int *p = &l[01; // Or "int *p = a;" works just as well

for (int i = 0; 1 < 5; i++) {
printf("sd\n", *(p + i)); // Same as p[i]!

Va no chay giong hét nhu dung ky hiéu mang! Oooo! Dén gin hon vdi array/pointer equivalence roi!
Sé ndi thém & phan sau ctia chuong.

Nhung thuc chit chuyén gi dang xay ra  day? N6 hoat dong thé nao?
Nh§ tii dau ring bd nhé gidng nhu mot mang 16n, mdi index ctia mang luu mot byte?
Va index vao bd nhd cé vai tén goi:

« Index vao b nhé

« Location

« Address (dia chi)

« Pointer! (con tro)
Vay con tré la index vao bd nhé, 6 mot chd nao dé.

LAy vi du ngau nhién, gia st s6 3490 dudc Iiu & dia chi (“index”) 23.237.489.202. Néu ta c6 mot con trd
int t8is6 3490 do, gia tri chia con tré d6 1a 23.237.489.202... bdi vi con trd 14 dia chi bd nhé. Cung mot
thi, chi khac cach goi.

Gig gia st ta c6 thém s6 niia, 4096, duge luu ngay sau 3490 & dia chi 23.237.489.210 (cao hon 3490 la 8 vi
mdi int trong vi du nay dai 8 byte).

Néu cong 1 vao con trd, thuc ra né nhay t6i triuSc sizeof(int) byte dé t6i int ké. NO biét nhay
chiing d6 vila con tré6 int . Néu la con trd float , nd sé nhay t6i trudc sizeof (float) byte d€ t6i
float ké!

Vay ban c6 thé nhin int ké tiép bing cach cong 1 vao con tro, cai sau d6 bang cach cong 2, v.v.

11.1.2 Thay d6i con tro
O muc trudce ta thdy cach cong mot sé nguyén vao con tro. Lan nay, ta sé tu siia chinh con tro.
Ban c6 thé cong (hodc trui) truc tiép gia tri sd nguyén vao (hoic tit) bit ky con tré nao!

Lam lai vi du d6, nhung c6 vai thay d6i. Dau tién, t6i sé thém 999 vao cudi day s6 dé 1am sentinel (gia
tri canh). Gié tri d6 sé bao cho ta biét dau 1a cuéi dii liéu.

int a[] = {11, 22, 33, 44, 55, 999}; // Add 999 here as a sentinel

int *p = &al[0]l; // p points to the 11

Vatacing c6 p tro t6i phén tii § index 0 cua a, tic 11, giéng nhu trudc.

Gig, bat dau tang p d€ no tro téi cac phin ti tiép theo cia mang. Ta lam vay cho dén khi p tro téi
999 , tlic la cho dén khi *p == 999 :
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while (*p != 999) { // While the thing p points to isn't 999
printf("sd\n", *p); // Print it
p++; // Move p to point to the next int!

}

bién ghé, nhi?
Chay tht, dau tién p tro t6i 11 . R6itang p, nd trd t6i 22, roéi lai ting, tro t61 33 . Cii thé cho dén
khi tré t3i 999 thi thoat.

11.1.3 Tru con tro

Ban c6 thé trii mot gia tri tli con trd dé lui vé dia chi trude d6, y nhu ta cdng vao vay.

Nhung ta cting c6 thé tri hai con tré dé tim khoang cach gifia chung, ching han ta c6 thé tinh gitia hai
int* c6 bao nhiéu int . Diém luu v la chuyén nay chi hoat déng trong cling mét mang?, néu cac con

tré tro téi thi khac, ban nhan undefined behavior.

Nhé chubila char* trong C chti? Xem tht c6 dung cai nay viét mot bién thé strlen() dé tinh do dai
chudi bing phép tri con trd dugde khong,

Y tudng 1a néu co con trd téi dau chudi, ta co thé tim con trod t6i cudi chudi bang cach quét t6i khi gap
ky tu NUL .

Va néu co con trod téi dau chudi, va tinh dudc con tré tdi cudi chudi, ta chi cin tri hai con tré la ra d6
dai!

#include <stdio.h>

int my strlen(char *s)

{
// Start scanning from the beginning of the string
char *p = s;
// Scan until we find the NUL character
while (*p != '\0')
p++;
// Return the difference in pointers
return p - s;
}
int main(void)
{
printf("%d\n", my strlen("Hello, world!")); // Prints "13"
}

Nhd réing ban chi dugc trii con tro gitia hai con tro tré t6i cing mot mang!

11.2 Array/Pointer Equivalence

Cuéi cung thi cling dén ltc néi chuyén nay! Ta da thay kha kha vi du chd nao d6 tron 1an ky hiéu mang,
nhung gid xin dua ra cong thiic cdn ban ciua array/pointer equivalence:

alb] == *(a + b)

Nghién di! Ching tudng dudng va dung thay cho nhau dugc!

?Hotc chudi, thuc ra la mang char . Hai ky la ban ciing c6 thé c6 con tro tham chiéu téi mét chd sau phan cudi mang ma van
lam toan véi n6 duge. Chi la khong dudc dereference khinoé 6 do.
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T6i da don gidn hoa mot chut, vi trong vidu trén a va b déu c6 thé 1a biéu thiic, va c6 khi ta cAn thém
ngodc dé ép thi tu toan tit néu biéu thiic phiic tap.

Spec thi ludn cu thé, tuyén bd (trong C11 §6.5.2.192):

| E1[E2] isidentical to (*((E1)+(E2)))
nhung céi d6 hai kho hinh dung. Chi cAn dam bao ding ngodc néu biéu thiic phiic tap dé€ phép toan
dién ra dung thi tu.

Nghia 14 ta c6 thé quyét dinh dung ky hiéu mang hay ky hiéu con tré cho bat ky mang hay con tré nao
(gia dinh no tré t6i moét phin ti cia mot mang).

Dung c4 mang va con tro véi ca hai ky hiéu:

#include <stdio.h>
int main(void)
{
int all = {11, 22, 33, 44, 55};
int *p = a; // p points to the first element of a, 11
// Print all elements of the array a variety of ways:
for (int i = 0; i < 5; i++)
printf("%sd\n", a[il); // Array notation with a
for (int i = 0; 1 < 5; i++)
printf("%sd\n", p[il); // Array notation with p
for (int 1 = 0; 1 < 5; i++)
printf("sd\n", *(a + i)); // Pointer notation with a
for (int 1 = 0; 1 < 5; i++)
printf("sd\n", *(p + i)); // Pointer notation with p
for (int 1 = 0; 1 < 5; i++)
printf("sd\n", *(p++)); // Moving pointer p
//printf("%sd\n", *(a++)); // Moving array variable a--ERROR!
}

C6 thé thdy nhin chung, néu ban c6 bién mang, c6 thé dung ky hiéu con tré hay ky hiéu mang dé truy
cép phan tu. Tudng tu véi bién con tro.

Khéc biét 16n duy nhat 14 ban c6 thé siia mot con tré dé trd sang dia chi khac, nhung khong 1am thé
dudc v6i bién mang. Noi cach khac, ban khong gan dudce vao bién mang, chi gan vao tliing phan ti cta
mang do thoi.

Néu thuc st mudn copy mang nay sang mang khac, ban phai dung ham nhu memcpy() (hay mét vong
lp).

11.2.1 Array/Pointer Equivalence trong 16i goi ham
Day chic chén 1a ché ban gip khai niém nay nhiéu nhat.

Néu ban ¢6 ham nhan d6i s6 14 con tro, vi du:

int my strlen(char *s)

nghia 12 ban c6 thé truyén ho#ic mang, hodc con trd vao ham nay va né van chay!
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char s[] = "Antelopes";
char *t = "Wombats";

printf("sd\n", my strlen(s)); // Works!
printf("s%d\n", my strlen(t)); // Works, too!

Va d6 ciing 1a 1y do hai signature ham nay tudng duong:

int my_strlen(char *s) // Works!
int my strlen(char s[]) // Works, too!

11.3 Con tro void

Ban da thay tit khoa void dung v6i ham dé chi khong c6 tham s6 hay khong c6 gia tri tra vé, nhung
cai nay la mot con tht hoan toan tach biét, khéng lién quan.

Mot void* chic chdn 14 con tré t6i mot thii dang ton tai. Nhung phan void chi ra rdng ta khong
biét kiéu ctia thi d6. Va doi khi, tin hay khong tuy ban, cai d6 thuc sy hiiu ich. N6 cho phép viét code
ki€u-bat-kha-tri hon mot chat, mot su linh hoat rit nice trong mot ngdn ngii c6 kiéu nhu C.

V@ ¢ ban c6 hai trudng hgp st dung, xem va giai hodc mot chut bi an.

1. Ham sé xu ly mot thit gi d6 theo ting byte. Vi du, memcpy() chép byte bo nhé tii con tré nay
sang con trd kia, nhung cac con trd do c6 thé tro t6i kiéu bat ky. memcpy () tin dung chuyén néu
ban duyét qua cic char* , ban dang duyét qua cic byte cia mot ddi tugng bat ké doi tugng 1a
kiéu gi. S& ndi thém & tiéu muc Multibyte Values.

2. Mot ham khac goi mot ham ban truyén vao cho né (callback), va né truyén dit liéu cho ban. Ban
biét ki€u ctia dii liéu, nhung ham goi ban thi khong. Nén n6 truyén void* cho ban, vi n6 khoéng
biét kiéu, roi ban chuyén céi d6 vé ki€u minh can. gsort() ® va bsearch() * c6 sdn déu dung ky
thuat nay.

Xem vi du, hAm memcpy () c6 san:

void *memcpy(void *sl, void *s2, size t n);

Ham nay chép n byte bd nhd bit dau tii dia chi s2 vao bd nhé bat dau ti dia chi sl .
Nhung nhin! s1 va s2 la void* ! Visao? Nghia la gi? Tht thém vi du.

Chiéng han, ta c6 thé chép mét chudi béng memcpy() (dit strcpy() phu hdp hon cho chudi):

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

int main(void)

{
char s[] = "Goats!";
char t[100];
memcpy(t, s, 7); // Copy 7 bytes--including the NUL terminator!
printf("ss\n", t); // "Goats!"
}

Hodc chép vai int :

Shttps://beej.us/guide/bgclr/html/split/stdlib.html#man-qsort
4https://beej.us/guide/bgclr/html/split/stdlib.html#man-bsearch
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#include <stdio.h>
#include <string.h>

int main(void)

{
int a[] = {11, 22, 33};
int b[3];
memcpy (b, a, 3 * sizeof(int)); // Copy 3 ints of data
printf("sd\n", b[1]); // 22
}

Cai nay hoi hoang day, thiy ta viia lam gi v8i memcpy() chi? Ta chép dii liéu tii a sang b, nhung
phai chi r6 chép bao nhiéu byte, va modt int thilén hon moét byte.

Vay, mOt int chiém bao nhiéu byte? Tra 16i: tuy hé thong. Nhung ta c6 thé biét bao nhiéu byte mot
kiéu chiém bing toan ti sizeof .

Vay day roi: mot int ciAn sizeof(int) byte bo nhd dé luu.
Va néu co 3 cai trong mang, nhu vi du do, téng dung lugng ding cho 3 int phaila 3 * sizeof(int) .

(O vi du chudi truéce, chit ché ky thuat hon thi phai chép 7 * sizeof(char) byte. Nhung char theo
dinh nghia ludn dai moét byte, nén cai d6 thoai hoa thanh 7 * 1)

Ta tham chi c6 thé chép mot float hay struct bing memcpy() ! (Du ddy 14 lam dung, ta nén dung
= cho chuyén do):

struct antelope my antelope;
struct antelope my clone antelope;

J) oo

memcpy (&my clone antelope, &my antelope, sizeof my antelope);

Nhin memcpy() da ning chua! Néu c6 con trd t6i ngudn va con tro téi dich, va biét s6 byte mudn chép,
ban c6 thé chép bat ky kiéu dii liéu ndo.

Tudéng tucng néu khong c6 void* . Ta sé phai viét cic hAm memcpy() chuyén biét cho méi kiéu:

memcpy int(int *a, int *b, int count);

memcpy_ float(float *a, float *b, int count);

memcpy double(double *a, double *b, int count);

memcpy char(char *a, char *b, int count);

memcpy unsigned char(unsigned char *a, unsigned char *b, int count);

// etc... blech!

Tét hon nhiéu 1a ¢t dung void* va c6 moét ham lo hét.

D6 14 stic manh ctia void* . Ban c6 thé viét ham khéng quan tAm kiéu bién ma vin lam dugc viéc véi
no.
Nhung stic manh 16n di kém trach nhiém 16n. C6 thé trach nhiém khong dén miic d6 trong trudng hgp
nay, nhung c6 nhiing giéi han.

1. Khong lam dudc s6 hoc con trd trén void* .

2. Khong dereference dugc void* .
3. Khong dung dudc toan ti mili tén trén void* , vi d6 ciing 14 dereference.
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4. Khoéng dung dudc ky hiéu mang trén void* , vi d6 ciing la dereference®.

Va néu nghi ky, cac quy tic nay hgp ly. Tat ca thao tac do dva vao viéc biét sizeof cua kiéu dit liéu
dugc tro t6i, ma v6i void* ta khong biét kich ¢ cua dit liéu dudce tro téi, co thé 1a bat cu gi!

Nhung khoan, néu khéng dereference duge void* thind cé ich gi cho ban?

Gidng nhu v6i memcpy () , nd giup ban viét cac ham téng quét x1i 1y dugc nhiéu kiéu dii liéu. Nhung bi
mat 13, § c6t 161, ban chuyén void* sang kiéu khac trudc khi dung!

Va chuyén thi dé: chi cin gan vao bién c6 kiéu mong mudn®.

char a = 'X'; // A single char

void *p = &; // p points to the 'X'
char *q = p; // q also points to the 'X'

printf("%c\n", *p); // ERROR--cannot dereference void*!
printf("%sc\n", *q); // Prints "X"

Viét memcpy() cla riéng minh dé€ thii. Ta c6 thé chép byte ( char ), va biét s& byte vi n6é dugc truyén
vao.

void *my memcpy(void *dest, void *src, int byte count)
{
// Convert void*s to char*s
char *s = src, *d = dest;
// Now that we have char*s, we can dereference and copy them
while (byte count--) {
*d++ = *s++;
}
// Most of these functions return the destination, just in case
// that's useful to the caller.
return dest;
}

Ngay d4u, ta chép void* vao char* dé co6 thé dung chung nhu char* . Don gian vay thoi.
R6i vui vé trong mdt vong while, ndi ta gidm byte count dén khi thanh false (0 ). Nhé ring véi
post-decrement, gia tri cta biéu thiic dugc tinh (cho while dung) réi bién méi dudc giam.

Va vui vé trong phan copy, ndi ta gdn *d = *s dé chép byte, nhung lam véi post-increment dé ca d
vd s chuyén sang byte ké sau khi gan xong.

Cuoi ciing, hau hét cac ham vé bo nhé va chudi tra vé mot ban sao ciia con tro t6i dich phong khi caller
can dung.

Xong roi, t6i chi mudn nhanh chéng chi ra rang ta ¢ thé dung ky thuat nay dé duyét qua cac byte cua
bat ky ddi tugng nao trong C, float, struct, hay gi ciing dugc!

Lam thém mot vi du thuc t€ v6i routine c6 sdn gsort() , c6 thé sip xép bdt cit gi nhd phép mau cua
void* .

(Trong vi du dudi, c6 thé bd qua tii const , ta chua noi téi.)

Vi nhd réng ky hiéu mang chi 1a mot dereference cong chiit toan til con tré, ma ban khong dereference duge void* !
Ban ciing c6 thé cast void* sang kiéu khac, nhung ta chua téi cast.
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-

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

// The type of structure we're going to sort
struct animal {

char *name;

int leg count;
};

// This is a comparison function called by gsort() to help it determine
// what exactly to sort by. We'll use it to sort an array of struct

// animals by leg count.

int compar(const void *eleml, const void *elem2)

{
// We know we're sorting struct animals, so let's make both
// arguments pointers to struct animals
const struct animal *animall = eleml;
const struct animal *animal2 = elem2;
// Return <0 =0 or >0 depending on whatever we want to sort by.
// Let's sort ascending by leg count, so we'll return the difference
// in the leg counts
if (animall->leg count > animal2->leg count)
return 1;
if (animall->leg count < animal2->leg count)
return -1;
return 0;
}

int main(void)

// Let's build an array of 4 struct animals with different
// characteristics. This array is out of order by leg count, but
// we'll sort it in a second.
struct animal a[4] = {
{.name="Dog", .leg count=4},

{.name="Monkey", .leg count=2},
{.name="Antelope", .leg count=4},
{.name="Snake", .leg count=0}

IF

// Call qgsort() to sort the array. qsort() needs to be told exactly
// what to sort this data by, and we'll do that inside the compar()
// function.

//

// This call is saying: qsort array a, which has 4 elements, and

// each element is sizeof(struct animal) bytes big, and this is the
// function that will compare any two elements.

gsort(a, 4, sizeof(struct animal), compar);

// Print them all out
for (int i = 0; 1 < 4; i++) {
printf("sd: %s\n", a[il.leg count, a[i].name);
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Chi cin ban dua cho gsort() mot ham c6 thé so sanh hai item trong mang cin sort, n6 sip dugc moi
thti. Valam vy ma khong cin phai hard-code kiéu ctia item & dau ca. gsort() chi sap xép lai cac khdi

byte dua vao két qua ctia ham compar() ban truyén vao.



Chapter 12

Cap phat bo nhé thu cong

Day la mot trong nhiing mang 16n C c6 kha ning khac véi cac ngdn ngii ban da biét: cdp phat by nhd
thii cong.

Cac ngon ngit khac dung reference counting, garbage collection, hay cac cach khac dé quyét dinh khi
nao cip phat bd nhé méi cho di liéu, va khi nao giai phong khi khong con bién nao tham chiéu t6i nd
nita.

Va chuyén d6 nice. Nice khi khong cin lo nghi, ct tha hét tham chiéu t6i mot item va tin rdng & lac nao
d6 bo nhé gan véi nd sé duge giai phong.

Nhung C khéng hoan toan nhu vay.

Di nhién trong C, mot s6 bién dudc cap phat va giai phéong tu dong khi ching vao scope va ra scope. Ta
goi chung 1a bién automatic. D6 1a cac bién “local” block-scope binh thudng. Khong van dé gi.

Nhung néu ban mudn cai gi d6 ton tai 1au hon mot block cu thé thi sao? Day 1a luc quan ly bd nhé thu
coéng vao cudc.

Ban c6 thé bao C cap phat tudng minh cho ban mdt s6 byte nhat dinh dé€ dung theo y mudn. Céc byte
nay sé van dudc cap phat cho dén khi ban tudng minh giai phéng bd nhé do’.

Quan trong la giai phong bd nhé khi xong viéc v6i nd! Néu khong, ta goi do 1a memory leak (ro ri b
nhd) va process cta ban sé tiép tuc chiém bd nhg d6 cho dén khi thoat.

Ban da cdp phat thi cong, thi ban phdi gidai phong thi cong khi xong viéc.

Vay lam sao? Ta sé hoc thém vai ham, va dung toan tii sizeof dé gitip biét cAn cip phat bao nhiéu
byte.

Noi kiéu phd thong trong C, dev hay néi bién automatic local dugc cdp phat “trén stack”, con bo nhé
cip phat thu cong thi “trén heap”. Spec khong ndi téi hai thit 36, nhung moi dev C déu hiéu néu ban
nhic téi.

Moi ham ta sé& hoc trong chudng nay déu nim trong <stdlib.h> .

12.1 Cap phat va giai phong, malloc() va free()

Ham malloc() nhén sé byte cin cip phat, va tra vé con tro void t6i khoi b nhd viia cip phat.

Viné la void* , ban c6 thé gan vao bt ky kiéu con trd ndo tuy v, thudng con trd do sé ting theo cach
nao do véi sé byte ban dang cip phat.

Vay nén cap phat bao nhiéu byte? Ta c6 thé dung sizeof gitp cho chuyén d6. Néu mudn cip phat du
chd cho mot int , ta c6 thé ding sizeof(int) va truyén vao malloc() .

"Hoac cho dén khi chuong trinh thoat, lic d6 moi bo nhé dudc cip phét sé dudc gidi phong. Diu sao: mot sé hé théng cho
phép cép phat bd nhé ton tai ca sau khi chudng trinh thoat, nhung chuyén dé phu thudc hé théng, ngoai pham vi cta sach nay,
va chic chan ban sé khong v6 tinh lam thé.

75
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Sau khi xong viéc v8i doan bd nhé da cip phat, ta goi free() dé bao da xong v6i bd nhé d6 va c6 thé
dung cho viéc khac. Déi s6 1a cung con tro ban nhéan ti malloc() (hodc ban sao cia nd). Dung vung
bod nhd sau khi free() la undefined behavior.

Thit xem. Ta sé cap phat di chd cho mot int , réi luu cai gi d6 vao dé, rdi in ra.

// Allocate space for a single int (sizeof(int) bytes-worth):

int *p = malloc(sizeof(int));

*p = 12; // Store something there

printf("%d\n", *p); // Print it: 12

free(p); // All done with that memory

//*p = 3490; // ERROR: undefined behavior! Use after free()!

Trong vi du bia dit dé, thuc su ciing ching 16i gi. Ta c6 thé ding mot int automatic va no6 van chay.
Nhung r6i sé thily kha nang cip phat bo nhé cach nay c6 nhiing 161 thé, dac biét véi cac ciu truc dii liéu
phiic tap hon.

Mot diéu khac hay gip tdn dung chuyén sizeof c6 thé cho biét kich ¢ cta kiéu két qua cua bat ky
biéu thiic hing nao. Nén ban cling c6 thé dat tén bién vao d6 dung. Day la vi du, y nhu cai trudc:

int *p = malloc(sizeof *p); // *p is an int, so same as sizeof(int)

12.2  Kiém loi
Moi ham cap phat déu tra vé con tr6 t8i ving bd nhd viia cap phat, hodc NULL néu vily do nao dé bd
nhd khong cap phat duge.

Mot s6 OS nhu Linux c6 thé dugc ciu hinh sao cho malloc() khong bao gis trd NULL , ké ca khi hét
bd nhé. Nhung du vay, ban van luén nén viét code c6 phong bi.

int *x;
x = malloc(sizeof(int) * 10);
if (x == NULL) {

printf("Error allocating 10 ints\n");
// do something here to handle it

Day 1a mau phé bién ban sé thdy, gan va kiém tra trén cing mot dong:

int *x;

if ((x = malloc(sizeof(int) * 10)) == NULL) {
printf("Error allocating 10 ints\n");
// do something here to handle it

12.3 Cap phat cho mang

Ta da xem cach cp phat cho mot thi, gid thé nao v6i mot dong chiing trong mang?
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Trong C, mang la mot déng nhiing thi gidng nhau xép sat nhau trong mét vung bd nhd lién tuc.

Ta c6 thé cap phat mot ving bo nhd lién tuc, da thay cich roi. Néu mudn 3490 byte b nhd, ct doi:

char *p = malloc(3490); // Voila

Va, ding thé!, d6 1a mang 3490 char (ciing 1a mdt chudi!) vi méi char la 1 byte. Néi cach khac,
sizeof(char) la 1.

Chu y: b6 nhd viia cip phat khong duge khdi tao gi, day rac. Don sach bang memset() néu cin, hodc
xem calloc() 6 dudi.

Nhung ta chi cAn nhan kich ¢ thd ta mudn véi s6 phan tii mudn, roi truy cap bing ky hiéu con tré hay
ky hiéu mang. Vi du!

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

int main(void)
{
// Allocate space for 10 ints
int *p = malloc(sizeof(int) * 10);

// Assign them values 0-45:

for (int i = 0; i < 10; i++)
p[i] = i * 5;

// Print all values 0, 5, 10, 15,
for (int i = 0; i < 10; i++)
printf("sd\n", p[il);

// Free the space
free(p);
}

\

Chia kho4 6 dong malloc() . Néu biét mdi int chiém sizeof(int) byte, vA muén 10 cai, ta cdp phat

ding chiing d6 byte véi:

sizeof(int) * 10

Va méanh nay chay cho moi kiéu. Cd truyén vao sizeof rdinhan véi kich c8 mang.

12.4 Phuong an khac: calloc()

Day la mot ham cap phat niia, hoat ddong tudng tu malloc() , v4i hai khac biét then chét:

« Thay vi mot déi s6, ban truyén kich ¢8 ctia mot phén td, va sd phan ti mudn cap phat. C nhu

sinh ra dé cip phat mang.
« N6 x0a bd nhé vé khong.

Ban van dung free() dé giai phong bo nhé 18y qua calloc() .

Day la so sanh gitia calloc() va malloc() .

// Allocate space for 10 ints with calloc(), initialized to 0:

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

// Allocate space for 10 ints with malloc(), initialized to 0O:
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int *q = malloc(10 * sizeof(int));
memset(q, 0, 10 * sizeof(int)); // set to 0

LAn niia, két qua giéng nhau ca hai, chi khac malloc() khéng xoa bo nhé vé 0 mic dinh.

12.5 Doi kich ¢8 da cap phat véi realloc()

Néu ban da cap phat 10 int , nhung sau lai quyét dinh cén 20, lam sao?
Mot Iia chon 1a cAp phat chd méi réi memcpy () sang... nhung ho ra déi khi khéng can dich chuyén gi.

Va c6 mot ham vita dt thong minh dé€ lam diéu dung trong moi trudng hgp dung: realloc() .

N6 nhén con tro6 t6i viung bé nhé da cap phat trude (qua malloc() hodc calloc() ) va kich ¢ méi cho
vung bo nhé do.

N6 sé& néi rong hodc thu nho bd nhé do, roi tra vé con tréd t6i nd. Doi khi nd co thé tra vé cung con tro
(néu dit liéu khong can chuyén di dau), hodc con trd khac (néu dii liéu phai bi chép di).

Chéc chdn khi goi realloc() , ban phai chi dinh s6 byte can cap phat, khong phai s§ phin ti mang!
Thc la:

num_floats *= 2;

np realloc(p, num floats); // WRONG: need bytes, not number of elements!

np = realloc(p, num floats * sizeof(float)); // Better!

Cap phat mot mang 20 float , roi d6i y thanh 40 cai.

Ta s& gén gia tri tra vé clia realloc() vao mot con tro khic dé kiém tra xem no c¢6 phai NULL khong. Néu
khong phai, ta c¢6 thé gan lai vao con tro gde. (Néu gan thing gia tri trad vé vao con tro goc, ta s& mat
con tr6é d6 néu ham tra vé NULL ma khong c6 cach nao 14y lai.)

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

int main(void)
{
// Allocate space for 20 floats
float *p = malloc(sizeof *p * 20); // sizeof *p same as sizeof(float)

// Assign them fractional values 0.0-1.0:
for (int i = 0; i < 20; i++)
plil =1 / 20.0;

// But wait! Let's actually make this an array of 40 elements
float *new p = realloc(p, sizeof *p * 40);

// Check to see if we successfully reallocated
if (new_p == NULL) {

printf("Error reallocing\n");

return 1;

// If we did, we can just reassign p
p = new p;
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// And assign the new elements values in the range 1.0-2.0
for (int i = 20; i < 40; i++)
pli] = 1.0 + (i - 20) / 20.0;

// Print all values 0.0-2.0 in the 40 elements:
for (int i = 0; i < 40; i++)
printf("sf\n", p[il);

// Free the space
free(p);
}

\

Chu y ché ta lay gia tri tra vé tii realloc() rdigan lai vio cling bién contré p ditruyén vao. Chuyén
nay kha phd bién.

Ciing vay, néu dong 7 trong la, v6i sizeof *p § d6, nhd ring sizeof hoat dong trén kich c8 cta ki€u
cua biéu thtic. Va kiéu ctia *p 13 float , nén dong dé tudng dudng v6i sizeof(float) .

Cudi cung, c6 thé hdi la 14 t6i khong c6 free(new p) & diu ca, du d6 1a con trod tra vé tit realloc() .
Ly do la ta chép new p vao p & dong 23, nén ca hai cing gia tri; ca hai tro t6i cing mot khoi b nhd,

va chi c6 mot khéi. Nén khi free() , thuc ra téi free cai ndo ciing dugc két qua nhu nhau.

12.5.1 Doc dong c6 do dai bat ky
T6i mudn minh hoa hai chuyén bang vi du day du nay.
1. Dung realloc() dé ndi buffer khi doc thém dit liéu.
2. Dung realloc() dé co buffer vé kich ¢ hoan héo sau khi da doc xong.
Thii ta thily day 1a mot vong 13p goi fgetc() lip di lip lai d€ ndi vao buffer dén khi thiy ky tu cudi la
newline.

Khi tim thay newline, né thu buffer vé dung kich ¢ réi tra vé.

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

// Read a line of arbitrary size from a file

//

// Returns a pointer to the line.

// Returns NULL on EOF or error.

//

// It's up to the caller to free() this pointer when done with it.
//

// Note that this strips the newline from the result. If you need
// it in there, probably best to switch this to a do-while.

char *readline(FILE *fp)
{

int offset = 0; // Index next char goes in the buffer
int bufsize = 4; // Preferably power of 2 initial size
char *buf; // The buffer

int c; // The character we've read in

buf = malloc(bufsize); // Allocate initial buffer

if (buf == NULL) // Error check
return NULL;
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int

// Main loop--read until newline or EOF
while (c = fgetc(fp), c != '\n' && c != EOF) {

// Check if we're out of room in the buffer accounting

// for the extra byte for the NUL terminator

if (offset == bufsize - 1) { // -1 for the NUL terminator
bufsize *= 2; // 2x the space

char *new buf = realloc(buf, bufsize);
if (new buf == NULL) {

free(buf); // On error, free and bail
return NULL;

buf = new _buf; // Successful realloc

buf[offset++] = ¢c; // Add the byte onto the buffer

// We hit newline or EOF..

// If at EOF and we read no bytes, free the buffer and
// return NULL to indicate we're at EOF:
if (c == EOF && offset == 0) {

free(buf);

return NULL;

// Shrink to fit
if (offset < bufsize - 1) { // If we're short of the end
char *new buf = realloc(buf, offset + 1); // +1 for NUL terminator

// If successful, point buf to new buf;
// otherwise we'll just leave buf where it 1is

if (new buf != NULL)
buf = new buf;

// Add the NUL terminator
buf[offset] = '\0';

return buf;

main(void)

FILE *fp = fopen("foo.txt", "r");

char *line;

while ((line = readline(fp)) != NULL) {

printf("%ss\n", line);
free(line);

80
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fclose(fp);

Khi néi b nhé kiéu nay, thudng (dit chdng phai luat) 1a nhan d6i khéng gian can thiét § mbi buée dé
gidm sd lan realloc() .

Cudi ciing ban c6 thé dé y rdng readline() trd vé con tro t6i buffer duge malloc() . Vivay, caller cd

trach nhiém free() tudng minh bo nhé dé khi xong viéc.

12.5.2 realloc() v3i NULL

Gi6 t6i Trivia! Hai dong nay tudng dudng:

char *p = malloc(3490);
char *p = realloc(NULL, 3490);

C6 thé tién khi ban c6 vong lip cdp phat va khong mudn xu ly riéng cho malloc() lan dau.

int *p = NULL;
int length = 0;

while (!done) {
// Allocate 10 more ints:
length += 10;
p = realloc(p, sizeof *p * length);

// Do amazing things
M) coc

Trong vi du d6, ta khéng cAn malloc() khditaovi p ban d4ula NULL .

12.6 Cap phat c6 canh lé

Chéc ban sé khong phai dung céi nay.

Va toi khéng muén di qua xa chd cé dai ban vé n6 ngay bay gid, nhung c6 mét thd goi 1a memory
alignment (canh 1€ bo nhg), lién quan t6i chuyén dia chi bd nhd (gia tri con trd) 1a bdi ciia mot s6 cu thé.

Vi du, hé théng c6 thé yéu cau cic gi tri 16-bit phai bat dau & dia chi bo nhé 14 bdi cua 2. Hoic gia tri
64-bit phai bat dau & dia chi 1a boi ctia 2, 4, hay 8, ching han. Tuy CPU.

Vai hé théng yéu cau kiéu canh 1é nay dé truy cip bd nhd nhanh, hodc mot s6 hé thi dé truy cap dudce
bo nhd ti nao.

Néu ban dung malloc() , calloc() , hay realloc() , C sé dua ban mot khéi bo nhé duge canh 1& 6n
cho bat ky gia tri ndo, ké ca struct . Chay trong moi trudng hgp.

Nhung c6 thé c6 luc ban biét mét s6 dit liéu canh dudc theo bién nhoé hon, hodc vi Iy do nao dé phai
canh theo bién 16n hon. T6i doan chuyén nay phd bién hon véi lap trinh hé nhung.

Trong nhiing trudng hgp d6, ban c6 thé chi dinh mot alignment v6i aligned alloc() .

Alignment la s6 nguyén luy thiia ctia hai 16n hon khéng, nénla 2, 4, 8, 16, v.v. va ban dua cai d6
cho aligned alloc() trudc sd byte ban quan tim.

Rang budc kia 14 s8 byte ban cdp phat phai la boi cta alignment. Nhung chuyén nay c6 thé dang thay
ddi. Xem C Defect Report 4602

2http://www.open-std.org/jtc1/sc22/wgl4/www/docs/summary.htm#dr_460
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Vi du, cap phat trén bién 64-byte:

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
int main(void)
{
// Allocate 256 bytes aligned on a 64-byte boundary
char *p = aligned alloc(64, 256); // 256 == 64 * 4
// Copy a string in there and print it
strcpy(p, "Hello, world!");
printf("%ss\n", p);
// Free the space
free(p);
}

T6i mudn ghichi § day vé realloc() va aligned_alloc() . realloc() khongcdbao dam giveé align-

ment, nén néu ban can 14y dugc vung cip phat lai da canh 1&, ban sé phai lam ki€u kho v6i memcpy () .

Day la mot ham aligned realloc() khong chuén, néu ban can:

void *aligned realloc(void *ptr, size t old size, size t alignment, size t size)
{
char *new ptr = aligned alloc(alignment, size);

if (new ptr == NULL)
return NULL;

size t copy size = old size < size? old size: size; // get min

if (ptr != NULL)
memcpy (new ptr, ptr, copy size);

free(ptr);

return new ptr;

Chu y rang né6 luén luén chép dit liéu, ton thdi gian, trong khi realloc() that sé tranh chép néu c6 thé.
Nén nd kém hiéu qua. Tranh phai cap phat lai dii liéu canh 1é tuy chinh.
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Scope

Scope noi vé chuyén bién nao nhin thdy dudc trong ngii canh nao.

13.1 Block scope
Day la scope ctia gan nhu moi bién dev dinh nghia. N6 bao gom cé cai ma ngén ngii khéc c6 thé goi la
“function scope”, tlic bién khai bdo bén trong ham.

Quy tic cd ban la néu ban khai bao bién trong mét block dugc bao bdi cip ngodc xodn xodn xuyt, scope
cta bién do la block do.

Néu c6 block trong block, thi bién khai bao trong block bén trong 1a local véi block d6, khong thay dudc
8 scope ngoai.

Khi scope ctia mot bién két thuc, bién d6 khong thé tham chiéu nila, va ban c6 thé coi gia tri ctia n6 da
bay vao bit bucket! khéng 16 trén trdi.

Vi du véi scope 16ng nhau:

#include <stdio.h>
int main(void)
{
int a = 12; // Local to outer block, but visible in inner block
if (a == 12) {
int b = 99; // Local to inner block, not visible in outer block
printf("%d %d\n", a, b); // OK: "12 99"
}
printf("sd\n", a); // OK, we're still in a's scope
printf("sd\n", b); // ILLEGAL, out of b's scope
}

13.1.1 Cho nao dinh nghia bién

Mot su that vui 1 ban c6 thé dinh nghia bién & bat cit dau trong block, trong miic dd hdp ly, chung c6
scope cua block dé, nhung khong dung dudc trude khi duge dinh nghia.

Uhttps://en.wikipedia.org/wiki/Bit_bucket
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#include <stdio.h>
int main(void)
{
int i = 0;
printf("sd\n", 1i); // OK: "0"
//printf("%sd\n", j); // ILLEGAL--can't use j before it's defined
int j = 5;
printf("sd %d\n", i, j); // OK: "0 5"
}

Trude day, C yéu cAu moi bién phai dinh nghia trudc bat ky code nao trong block, nhung chuin C99
khong con thé nita.
13.1.2 Che bién

Néu ban c6 bién dit tén gidéng nhau 6 scope trong va scope ngoai, cai & scope trong dugdc uu tién trong
khi ban dang chay 6 scope trong. Tic la né che cai § scope ngoai suét thdi gian ton tai.

#include <stdio.h>
int main(void)
{
int i = 10;
{
int i = 20;
printf("sd\n", i); // Inner scope i, 20 (outer i is hidden)
}
printf("sd\n", i); // Outer scope i, 10
}

C6 thé ban da dé y trong vi du d6 t6i quing ludn mot block vao & dong 7, chdng c6 ca for hay if
khdéi su! Chuyén nay hoan toan hgp 1é. Thinh thoang dev muén gom mot mé bién local lai cho mot
tinh toadn nhanh va sé lam thé, nhung hiém khi thay.

13.2 File scope

Néu ban dinh nghia bién ngoai block, bién d6 c6 file scope. N6 nhin thay dugc trong moi ham trong file
xudt hién sau nd, va dugc chia sé giita chung. (Trudng hgp ngoai 1é 13 néu mot block dinh nghia bién
cung tén, noé sé che cai ¢ file scope.)

Day la cai gin nhat v6i khai niém ban c6 thé coi 1a scope “global” trong ngdn ngit khac.

Vi du:

#include <stdio.h>
int shared = 10; // File scope! Visible to the whole file after this!

void funcl(void)
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{
shared += 100; // Now shared holds 110
}
void func2(void)
{
printf("%sd\n", shared); // Prints "110"
}
int main(void)
{
funcl();
func2();
}

Chu y rdng néu shared dugc khai b4o & cudi file, n6 sé khong compile. N6 phai dugdc khai bao trudc
bat ky ham nao dung né.

C6 nhiing cach chinh thém cac item 6 file scope, cu thé v4i static va extern, nhung sé néi thém sau.

13.3 Scope vong lap for

That su t6i khong biét goi né 1a gi, vi C11 §6.8.5.391 khong cho né mot tén riéng. Ta da dung vai lan
trong sach nay r6i. N6 la khi ban khai bao bién bén trong ménh dé dau ctia vong for :

for (int 1 = 0; 1 < 10; i++)
printf("sd\n", 1i);

printf("%sd\n", 1i); // ILLEGAL--i is only in scope for the for-loop

Trong vi du d6, thdi gian sng clia i bat dau ngay lic n6 dude dinh nghia, va tiép tuc trong sudt vong
lap.

Néu thin vong ldp ndm trong mot block, cac bién dinh nghia trong for nhin thiy dudc tii scope bén
trong do.

Di nhién 1a tru khi scope trong dé che ching di. Vi du dién r6 nay in 999 nam lan:

#include <stdio.h>

int main(void)

{
for (int i = 0; i <5; i++) {
int i = 999; // Hides the i in the for-loop scope
printf("sd\n", 1i);
}
}

13.4 Ghi chu vé function scope

Spec C c6 dé cap function scope, nhung né dugc dung chi véi label, thi ta chua ban t6i. Sé néi thém hom
khac.
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Types II: Con nhiéu kiéu niia!

Ta da quen v§i cic ki€u char, int,va float, nhung gig la lic nang nhiing thi d6 1én tAm cao mdéi
va xem con gi nlia § khoan kiéu!
14.1 SO nguyén c6 dau va khong dau

Téi gid ta dung int nhu kiéu c6 ddu (signed), tlic gia tri ¢6 thé Am hodc dudng. Nhung C con c6 cac
kiéu nguyén khong ddu (unsigned) cu thé, chi chia dugc s6 duong.

Céac kiéu nay dung tii kho4 unsigned di trudc.

int a; // signed

signed int a; // signed

signed a; // signed, "shorthand" for "int" or "signed int", rare
unsigned int b; // unsigned

unsigned c; // unsigned, shorthand for "unsigned int"

Vi sao? Vi sao ban quyét dinh chi muén chia sé ducng?

Dap: véi bién unsigned, ban c6 thé chia 8 16n hon so véi bién signed.

Nhung vi sao thé?

Ban c6 thé nghi vé s6 nguyén dudc biéu dién bsi mot s6 bit!. Trén may tdi, mot int dudc biéu dién
boi 64 bit.

Va mbi hoan vi cac bit1a 1 hay @ biéu dién mot s6. Ta c6 thé quyét dinh chia cac s6 nay thé nao.
V6i s6 signed, ta dung (x4p xi) mot niia s6 hoan vi dé biéu dién s6 am, nta kia biéu dién s6 dudng,

Véi unsigned, ta dung tdt cd cdc hoan vi d€ biéu dién s duong.

Trén may t6i v6i int 64-bit dung two’s complement? dé biéu dién s, to6i c6 cac gi6i han sau vé mién
s6 nguyén:

Kiéu Min Max
int -9,223,372,036,854,775,808 9,223,372,036,854,775,807
unsigned int 0 18,446,744,073,709,551,615

Chu y s6 unsigned int duong 16n nhét xap xi gdp d6i s6 int dudng l6n nhat. Nén ban c6 mét chut
linh hoat.

1%

Bit” 1a viét tit ctia binary digit (chii s6 nhi phan). Nhi phan chi 12 mdt cach biéu dién s6 khac. Thay vi cic chil s6 0-9 nhu ta
quen, la cac chit s6 0-1.
2https://en.wikipedia.org/wiki/Two%27s_complement
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14.2 Kiéuky tu

Nhé char chi? Kiéu dung dé chita mot ky tu?

char ¢ = 'B';

printf("%c\n", c); // "B"

Téi 6 tin sdc cho ban: né thit ra la mot s6 nguyén.

char ¢ = 'B';

// Change this from %c to %d:
printf("%d\n", c); // 66 (!!)

O tang sau, char chilamot int nho, cu thé 1a mot s6 nguyén dung ding mot byte chd, han ché mién
gia tri xudng con...

O day spec C hoi khé chiu. N6 dam bao ring char 1a mot byte, tic sizeof(char) == 1. Nhung rdi &
C11 §3.693 no di thang ra noi:

A byte is composed of a contiguous sequence of bits, the number of which is implementation-
defined.

Khoan, ci gi? Cé 1& mot s6 ban quen véi ¥ niém mdt byte 12 8 bit chti? Y téi 1a ding vay ma, ding
khoéng? Va cau tra 18i 13, “Gan nhu chic chin”® Nhung C 1a ngdn ngit ddi cii, va may méc thsi d6 co,
hay néi 13, y kién thodng hon vé chuyén mot byte c¢6 bao nhiéu bit. Va qua nim thang, C van giil su
linh hoat dé.

Nhung gia dinh byte trong C la 8 bit, nhu thuc té€ véi gdn nhu moi may trén thé gidi ban tiing thiy, mién
ctia mot char la...

Khoan, trudc khi t6i ndi dudc, hod ra char c6 thé signed ho#c unsigned tuy compiler. Trii khi ban chi
dinh ro.

Nhiéu trudng hgp, c6 char la 6n vi ban khong quan tAm dau cua dii liéu. Nhung néu cin signed hodc
unsigned char , ban phdi chi dinh ré:

char a; // Could be signed or unsigned
signed char b; // Definitely signed
unsigned char c; // Definitely unsigned

Dudc r6i, gid cudi cung, ta c6 thé tinh mién cac s6 néu gia dinh char 1a 8 bit va hé thdng ban dung
biéu dién two’s complement gan nhu phé bién cho signed va unsigned*.

Vi cac rang budc d6, cudi cung ta c6 mién:

Kiéu char Min Max
signed char -128 127
unsigned char 0 255

Va mién cho char la implementation-defined.
Cho t61 xac nhan lai. char thuc ra la mot s8, vay ta lam toan véi n6 dude khong?

Dugc! Chi can nhd giii moi thi trong mién ctia char !

3Thuat ngil nganh cho mot diy chinh xéc, khong tranh cai, 8 bit 1 octet.
4N6i chung, néu ban c6 s6 two’s complement 7 bit, mién signed 1a —2"~! t6i 2”1 — 1. Con mién unsigned la 0 t&i 2" — 1.
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#include <stdio.h>
int main(void)
{
char a = 10, b = 20;

printf("sd\n", a + b); // 30!

Thé con cac hang ky tu trong ddu nhdy don nhu 'B' ? Lam sao nd c6 gia tri s6?
Spec 8 diy ciing md ho, vi C khong dudc thiét ké dé chay trén mot ki€u hé théng nén duy nhat.

Nhung ct gia dinh tam réng b ky tu ctia ban dua trén ASCII® it nhét cho 128 ky tu dau. Trudng hop
do, hang ky tu sé dudc chuyén thanh mot char c6 gia tri bang gia tri ASCII cta ky tu do.

Nghe nhiéu nhi. Xem vi du:

#include <stdio.h>

int main(void)

{
char a = 10;
char b = 'B'; // ASCII value 66
printf("sd\n", a + b); // 76!
}

\

Chuyén nay tuy vao mdi trudng thuc thi va bd ky tu dudc ding®. Mat trong nhiing bo ky tu phd bién
nhit hién nay 1a Unicode’ (v6n 1a tap cha ctia ASCII), nén véi cac 0-9, A-Z, a-z va ddu ciu cd ban, ban
gan nhu chic chin 13y ra dugdc gia tri ASCIL

14.3 Thém kiéu nguyén: short, long, long long
T4i gid néi chung ta méi dung hai kiéu s6 nguyén:

« char

- int
va gan day hoc thém cac bién thé unsigned ctia cac kiéu nguyén. Va ta da biét char bimatla mot int
nho tra hinh. Nén ta biét int c6 thé téi véi nhiéu kich ¢3 bit.
Nhung con vai ki€u nguyén nita ta nén xem, va mién t6i thi€u chiing c6 thé chda. (Cai dit caa ban c6
thé c6 mién rong hon so véi spec yéu ciu, nhung cac mién & day 1a cai ban c6 thé chic chdn c6 portable
khép noi.)
File header <limits.h> dinh nghia cic macro chtia mién cho céc kiéu khac nhau; dua vao d6 cho chic,
va dting bao gid hard-code hay gia dinh cac gia tri nay.
Cackiéu thétmnayla short int, long int,va long long int . Khi dung cac kiéu nay, dev C thudng

bo phian int di(vidu long long ), va compiler van vui vé.

// These two lines are equivalent:
long long int x;
long long x;

Shttps://en.wikipedia.org/wiki/ASCII
Shttps://en.wikipedia.org/wiki/List_of_information_system_character_sets
"https://en.wikipedia.org/wiki/Unicode
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// And so are these:
short int x;
short x;

89

Xem cac kiéu dii liéu nguyén va kich ¢8 theo thi tu ting, nhém theo tinh signed. Lan niia, cic giéi han
min/max nay 14 cai spec ddm bao portable; hé thdng ctia ban c6 thé c6 mién rong hon.

Kiéu Min Bytes Min Max
char 1 -128 or 0 127 or 2558
signed char 1 -128 127
short 2 -32768 32767
int 2 -32768 32767
long 4 -2147483648 2147483647
long long 8 -9223372036854775808 9223372036854775807
unsigned char 1 0 255
unsigned short 2 0 65535
unsigned int 2 0 65535
unsigned long 4 0 4294967295
unsigned long long 8 0  18446744073709551615

Khong c6 kiéu long long long . Ban khong thé ct thém long vao thé. Puing ngdc.

Fan two’s complement c6 thé da nhan ra gi d6 hai vé cac s6 d6. Viduy, visao signed char diing
& -127 chii khong phai -128? Nhé: day chi 13 t6i thiu spec yéu cu. Vai cach biéu dién s6 (nhu
sign and magnitude®) chin 6 +127.

“https://en.wikipedia.org/wiki/Signed_number_representations#Signed_magnitude_representation

Chay lai bang d6 trén hé thong 64-bit two’s complement cua toi xem ra gi:

Kiéu My Bytes Min Max
char 1 -128 127°
signed char 1 -128 127
short 2 -32768 32767
int 4 -2147483648 2147483647
long 8 -9223372036854775808 9223372036854775807
long long 8 -9223372036854775808 9223372036854775807
unsigned char 1 0 255
unsigned short 2 0 65535
unsigned int 4 0 4294967295
unsigned long 8 0 18446744073709551615
unsigned long long 8 0 18446744073709551615

Hop ly hon chit, nhung ta c6 thé thiy hé thdng cta t6i c6 gidi han 16n hon so v6i t6i thiéu trong spec.

Vay cac macro trong <limits.h> la gi?

Kiéu Min Macro  Max Macro
char CHAR_MIN CHAR_MAX
signed char SCHAR_MIN SCHAR_MAX

8Tuy vao char mic dinhla signed char hay unsigned char

9

char cua toi la signed.


https://en.wikipedia.org/wiki/Signed_number_representations#Signed_magnitude_representation

Chapter 14. Types II: Con nhiéu kiéu niia! 90

Kiéu Min Macro  Max Macro
short SHRT MIN SHRT MAX
int INT MIN INT MAX
long LONG_MIN LONG_MAX
long long LLONG MIN LLONG _MAX
unsigned char 0 UCHAR_MAX
unsigned short 0 USHRT MAX
unsigned int 0 UINT_MAX
unsigned long 0 ULONG_MAX
unsigned long long 0 ULLONG MAX

Cht y c6 cach kin d4o 6 d6 d€ xac dinh hé théng ding char signed hay unsigned. Néu
CHAR_MAX == UCHAR _MAX , n6 phai la unsigned.

Ciing cht y khong ¢6 macro min cho cac bién thé unsigned , chung chila 0.

14.4 Thém float: double va long double

Xem spec noi gi vé s6 ddu phiy dong & §5.2.4.2.291-2:

The following parameters are used to define the model for each floating-point type:

Parameter Definition

S sign (1)

b base or radix of exponent representation (an
integer > 1)

e exponent (an integer between a minimum
€min and a maximum e, )

P precision (the number of base-b digits in the
significand)

I nonnegative integers less than b (the
significand digits)

A floating-point number (z) is defined by the following model:

max

P
x = sb* Z fkbikﬂ Cmin S € S €
k=1

Hy vong moi chuyén gis da sang to véi ban.
Théi duge. Lui lai mot bude xem cai gi thuc té.
Chu y: ta nhic dén mdt ddng macro trong muc nay. Chung nidm & header <float.h> .

S6 dau phdy dong duge ma hoa theo mot chudi bit cu thé (dinh dang IEEE-754' v6 ciing phd bién) trong
cac byte.

Dao sau thém, sd d6 vé cd ban dudc biéu dién 14 significand (phén s8, ban than cac chii s6 cé nghia, d6i
khi con goi 14 mantissa) va exponent (s6 mi), tiic luy thiia ma ta dung dé nang céc chii s6 1én. Nhé rang
$6 mil &m lam s6 nho di.

Tudng tugng ta dung 10 lam s8 d€ nang theo s mil. Ta c6 thé biéu dién cac s6 sau bang cach dung
significand 1a 12345, va s6 mi1 1a —3, 4, va 0 d€ ma hoa cé4c gié tri ddu phdy dong sau:

12345 x 1073 = 12.345

Ohttps://en.wikipedia.org/wiki/I[EEE_754
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12345 x 10* = 123450000
12345 x 10° = 12345
V4i tat ca cac sb do, significand gilt nguyén. Khéac biét duy nhét 1a sé6 mi.

Trén may ban, base cta s6 mii 6 1& 1a 2, khong phai 10, vi may tinh thich nhi phan. Ban c6 thé kiém
bing cach in macro FLT RADIX .

Vay ta c6 mot s6 biéu dién bing mot s6 byte, ma hoa theo cach nao d6. Vi s§ mau bit c6 gidi han, s§
d4u phdy dong biéu dién dudc ciing c6 gidi han.

Cu thé hon, chi mét s6 chil s thap phan c6 nghia nhit dinh dudc biéu dién chinh xac.
Lam sao dé c6 nhiéu hon? Ban dung kiéu dii liéu 16n hon!

Va ta c6 vai cai. Ta biét float rdi, nhung dé c6 chinh xac hon thi c6 double . Va cho chinh x4c hon
niia, c6 long double (khoéng lién quan téi long int ngoai cai tén).

Spec khong ghi méi kiéu nén chiém bao nhiéu byte luu trii, nhung trén may toi, ta c6 thé thiy kich cd
tang tuong doi:

Kiéu sizeof
float 4
double 8
long double 16

Nén moi kiéu (trén may t6i) dung cac bit thém dé cho dd chinh xac cao hon.
Nhung chinh xdc t6i dau? Bao nhiéu s6 thap phan c6 thé biéu dién dudc bang cac gia tri nay?
Thi C cung cip cho ta mdt déng macro trong <float.h> d€ gitp hinh dung chuyén dé.

Hoi 14t 1éo néu ban ding hé base-2 (nhi phéan) d€ luu s6 (thuc ra 14 gan nhu moi ngudi trén hanh tinh
nay, cd 1& ké ca ban), nhung chiu kho theo khi ta tinh ra.

14.4.1 Bao nhiéu chii s6 thip phan?

Cau hoi triéu do 14, “T6i c6 thé Iuu bao nhiéu chit s6 thip phan c¢6 nghia trong mot kiéu dau phidy dong
nhét dinh dé 14y ra ding s6 thap phan dé khi in?”

S8 chii s6 thap phan ban c6 thé luu trong kiéu diu phay dong va chic chin 13y lai dung s6 d6 khi in
dudc cho béi cac macro sau:

Kiéu Chii s6 thap phan luu dugc  Min
float FLT DIG 6
double DBL_DIG 10
long double LDBL DIG 10

Trén méy toi, FLT DIG la 6, nén t6i c6 thé chic rdng néuinra float 6 chii s, toi sé 14y lai dung tha
dd. (C6 thé nhiéu chit s6 hon, mot s6 s6 sé trd vé ding véi nhiéu chii s6 hon. Nhung 6 thi chac chén tré
ve.)

Vidu, inracic float theo miu ting dn chii s6, c6 vé ta t6i 8 chii s6 trudc khi cé gi dé sai, nhung sau
do ta quay vé 7 chii s6 diung.

0.12345
0.123456
0.1234567
0.12345678
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0.123456791 <-- Things start going wrong
0.1234567910

Lam demo nita. Trong code ndy ta c6 hai float déu chiia sd co FLT DIG chit sd thap phan c6 nghia®'.
Réi ta cong chung lai, dang 1& dugc 12 chit s6 thap phan c6 nghia. Nhung thé nhiéu hon ta c6 thé luu
trong mot float va khoi phuc vé chudi diing dudc, nén ta thay khi in ra, moi thd bat dau sai sau chil
0 c6 nghia thi 7.

#include <stdio.h>

#include <float.h>

int main(void)

{
// Both these numbers have 6 significant digits, so they can be
// stored accurately in a float:
float f = 3.14159f;
float g = 0.00000265358f;
printf("%.5f\n", f); // 3.14159 -- correct!
printf("%.11f\n", g); // 0.00000265358 -- correct!
// Now add them up
f += g; // 3.14159265358 is what f should be
printf("s.11f\n", f); // 3.14159274101 -- wrong!

}

(Code tréncé f sau cac hang sd, cai nay cho biét hing d6 lakiéu float , khic v6i mic dinh1a double .
Sé noi thém sau.)

Nhg rang FLT DIG la s6 chii s6 an toan ban c6 thé Iuu trong mot float va ldy lai dung.
Do6i khi ban c6 thé 1iy ra thém mot hai chii s6. Nhung d6i khi chi ¢6 FLT DIG chii s6 trg vé. Diéu chic

chén: néu ban luu bt ky s6 chit s6 nao 1én t6i va bao gdbm FLT DIG trong mdt float , ban chic chin

14y lai ching dang.
Véy la hét chuyén. FLT DIG . Hét.

...Hay chua hét?

14.4.2 Chuyén sang thap phan va tré lai

Nhung luu s6 base 10 trong s6 ddu phiy dong va ldy ra chi méi 1a mot nita cau chuyén.

Ho4 ra s6 ddu phdy dong c6 thé ma ho4 cac s6 cAn nhiéu chii s§ thap phan hon d€ in ra day da. Chi la
s6 thap phan 16n cta ban c6 thé khong anh xa t6i mot trong céc sd do.

Ttc 13, khi nhin cic s6 ddu phiy dong di ti cAi nay sang ci ké, c6 khoang hd. Néu ban thii ma hoa mot
s6 thap phan trong khoang hg d6, n6 sé dung sé ddu phiy dong gin nhat. D6 14 vi sao ban chi c6 thé
ma hod FLT DIG cho mot float .

Nhung con cac s6 dau phdy dong khong ndm trong khoang hg thi sao? Can bao nhiéu chii s6 dé in
ching ra chinh xac?

Mot cach dit cau hoi khac 1a v6i mot s6 dau phdy dong bat ky, toi cin gill bao nhiéu chit s§ thap phan
néu mudn chuyén sd thap phan d6 ngudc lai thanh cting s6 ddu phiy dong? Tc la téi phai in bao nhiéu
chii s6 base 10 dé khoi phuc tit ca cic chii s6 base 2 trong s goc?

1Chuong trinh nay chay nhu binh luan cho biét trén hé théng c6 FLT_DIG la 6 , dung s6 ddu phay dong IEEE-754 base-2.

Ngoai ra, ban c6 thé c6 output khac.
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Do6i khi c6 thé chi vai cai. Nhung cho chic, ban s&é mudn chuyén sang thip phan vi mot s vi tri thap
phén an toan nhat dinh. S6 d6 dudc ma hoa trong cac macro sau:

Macro Mb ta

FLT_DECIMAL_DIG S6 chit s6 thap phin ma hoa trong float .
DBL_DECIMAL DIG S6 chii s6 thap phan ma hoa trong double .
LDBL_DECIMAL_DIG  S& chii s6 thip phan ma hoa trong long double .
DECIMAL DIG Gidng nhu cach ma hoa rong nhat, LDBL_DECIMAL DIG .

Xem vi du v6i DBL DIG la 15 (nén d6 la hét ta co thé c6 trong mot héng), nhung DBL_DECIMAL DIG la
17 (nén ta phai chuyén sang 17 s6 thap phan dé€ gili hét moi bit cia double gdc).

Gan s6 c6 15 chii s6 c6 nghia 0.123456789012345 cho x, va gin sd c6 1 chii s6 c6 nghia
0.0000000000000006 cho vy .

X 1s exact: 0.12345678901234500 Printed to 17 decimal places
y is exact: 0.00000000000000060

Nhung cdng ching lai. Danglé ra 0.1234567890123456 , nhung thé la nhiéu hon DBL_DIG , nén chuyén
la c6 thé xay ra... xem:

X + y not quite right: 0.12345678901234559 Should end in 4560! ’

D6 1a céi ta c6 vi in nhiéu hon DBL DIG , diing khong? Nhung xem nay... s6 do, & trén, dudc biéu dién
chinh xac ding y nhu vay!

Néu ta gdn 0.12345678901234559 (17 chii s8) cho z roiin, ta co:

z is exact: 0.12345678901234559 17 digits correct! More than DBL_DIG! ’

Néu ta ct z vé 15 chii s8, n6 sé khong con 1a cung mot s8. D6 14 vi sao d€ giti toan bd bit ctia mot
double , ta cAn DBL_DECIMAL_DIG, chii khong chi DBL DIG nho hon.

T4t ca da ndi, ro rang khi nghich s6 thap phan ndéi chung, khéng an toan khi in nhiéu hon FLT DIG,
DBL DIG, hay LDBL DIG chii s6 dé hgp ly tudng ting véi cac s6 base 10 gdc va bat ky phép toan tiép
theo.

Nhung khi chuyén ti float sang biéu dién thap phan rdi tré lai float, chic chin dung
FLT DECIMAL DIG dé bao toan chinh xac moi bit.
14.5 Kiéu hing so6

Khi ban viét mot s6 hing, nhu 1234 , n6 c6 kiéu. Nhung kiéu gi? Xem cach C quyét dinh kiéu hang la
gi, va cach ép no6 chon kiéu cu thé.

14.5.1 Heé cos6 16 va cosod 8
Ngoai hé thap phan cii k§ nhu ba ngoai hay nuéng, C con hd trg hing & cac hé co s6 khac.

Néu ban mé dau mot s6 bing 0x , nd duge doc nhu s6 hex:

int a = 0x1A2B; // Hexadecimal
int b = 0x1la2b; // Case doesn't matter for hex digits

printf("sx", a); // Print a hex number, "la2b"
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Néu ban m& ddu mot s bing 0, n6 dudge doc nhu s6 bat phan:

int a = 012;

printf("so\n", a); // Print an octal number, "12"

Cai nay dic biét ric rdi véi lap trinh vién méi, khi ho ¢8 don s6 thap phan bén trai bing 0 dé canh cho
dep, vo tinh déi ludn cd s6 cta s6:

int x = 11111; // Decimal 11111
int y = 00111; // Decimal 73 (Octal 111)
int z = 01111; // Decimal 585 (Octal 1111)

14.5.1.1 Ghi chu vé nhj phan

Mot mé rong khong chinh thiic'? trong nhig¢u compiler C cho phép ban biéu dién sé nhi phan véi tién
té b :

int x = 0b101010; // Binary 101010

printf("sd\n", x); // Prints 42 decimal

Khong c6 format specifier cia printf() nao d€ in s6 nhi phan. Ban phai lam tiing ky tu mot bang toan
tu bitwise.

14.5.2 Hang s6 nguyén

Ban c¢6 thé ép mot hing nguyén thanh kiéu cu thé bang cach gén hau t3 chi kiéu do.

Ta sé lam vai gan dé demo, nhung dev hau hét bo héu t8 tri khi can chinh xac. Compiler kha gidi trong
viéc ddm bao cac kiéu tudng thich.

int X 1234;
long int X = 1234L;
long long int x = 1234LL

unsigned int X = 1234U;
unsigned long int X = 1234UL;
unsigned long long int x = 1234ULL;

HAu t6 c6 thé viét hoa hay thudng. VA U cing L hay LL c6 thé xuit hién cai nao trude cling dudc.

Kiéu Hau té
int Khoéng
long int L
long long int LL
unsigned int U
unsigned long int uL

unsigned long long int ULL

Toi c6 nhic trong bang rang “khong hiu t6” nghia la int ... nhung thuc té phiic tap hon thé.

Vay chuyén gi xay ra khi ban c6 s6 khong hiu té nhu:

12T6i kh4 ngac nhién 1a C chua c6 cai niy trong spec. Trong tai liéu C99 Rationale, ho viét, “A proposal to add binary constants
was rejected due to lack of precedent and insufficient utility” Nghe hoi ngéc khi so v6i mét sé tinh nang khac ho tong vao! To6i
cudc mot trong cac ban phat hanh téi sé cé.
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int x = 1234;

N6 kidu gi?
Cai C thudng lam 1a chon ki€u nhé nhit tii int tré 1én c6 thé chia gia tri do.
Nhung cu thé, diéu d6 ciing tuy vao cd s8 cta s6 (thip phén, hex, hay bat phan).

Spec c6 mdt bang ngon chi ra kiéu nao duge dung cho gia tri khéng hau t6 nao. Thuc ra, toi sé chi chép
y nguyén vao day.

C11 §6.4.4.195 ghi, “The type of an integer constant is the first of the first of the corresponding list in
which its value can be represented.”

RO1 tiép theo la bang nay:

Héng bat phan hoic
Hau t6 Héng thap phan hexadecimal
khéng co int int
long int unsigned int
long int

unsigned long int
long long int

unsigned long long int

u hay u unsigned int unsigned int
unsigned long int unsigned long int
unsigned long long int unsigned long long int
1 hay L long int long int
long long int unsigned long int

long long int

unsigned long long int

Ca u hay U unsigned long int unsigned long int
va 1 hay L unsigned long long int unsigned long long int
11 hay LL long long int long long int

unsigned long long int

Ca u hay U unsigned long long int unsigned long long int
va 11 hay LL

Y nghia 13, chang han, néu ban chi dinh mo6t s6 nhu 123456789V , C sé thii xem né c¢6 viia unsigned int
khong. Néu khong viia, nd sé thit unsigned long int . R6i unsigned long long int . N6 sé dung
kiéu nhé nhat c6 thé chia s6 do.

14.5.3 Hang ddu phay dong

Ban nghi hing diu phdy dong nhu 1.23 sé c6 kifu mic dinh 14 float chu?

B4t ngd! Hoa ra s6 diu phiy dong khong hau t6 1a ki€u double ! Chiic miing sinh nhat mudn nhé!

Ban c6 thé ép no6 thanh kiéu float béng cach gan f (hodc F, khong phan biét hoa thudng). Ban ¢
thé ép n6 thanh long double béng cach gan 1 (hodc L).
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Kiéu Hau t6
float F
double Khéng

long double L

Vi du:
float x = 3.14f;
double x = 3.14;
long double x = 3.14L;

Sudt thdi gian qua ta vin lam thé nay, ding khong?

float x = 3.14;

Bén trai khong phai float va bén phai double sao? Pung vdy! Nhung C khé gioi véi chuyén d6i s6
tu dong, nén hing diu phiy dong khong hau t8 con phd bién hon c6 hiu té. S& noi thém sau.
14.5.3.1 Ky hiéu khoa hoc

Nh§ trude d6 ta néi vé chuyén sé ddu phdy dong co thé biéu dién bsi significand, base, va exponent
cht?

Co6 mdt cach viét phd bién cho s6 kiéu do, thé hién & day kém cai tucng dudng dé nhan hon 1a thi ban
c6 khi thuc su chay tinh toan:

1.2345 x 103 = 1234.5

Viét s6 dang s x b® goi 1a scientific notation'® (ky hiéu khoa hoc). Trong C, chiing dudc viét bang “E
notation”, nén cac cai nay tudng duong:

Scientific Notation E notation

1.2345 x 1073 = 0.0012345  1.2345e-3
1.2345 x 108 = 123450000 1.2345e+8

Ban c¢6 thé in s6 theo ky hiéu nay véi %e :

[printf(“%e\n“, 123456.0); // Prints 1.234560e+05 ’

Vai su that vui vé ky hiéu khoa hoc:

- Ban khong bt budc phai viét v6i ddng mot chii s6 trude dau thap phan. Cé thé bao nhiéu chit s6
cling dugc déng trudc.

‘ double x = 123.456e+3; // 123456 ’

Tuy nhién khi in ra, n sé ddi s6 mt dé chi ¢6 mot chit s6 trude ddu thap phan.

+ D&u cdng c6 thé bo 6 s6 mi, vi d6 1a mic dinh, nhung theo t6i thiy it thiy trong thuc té.

‘ 1.2345e10 == 1.2345e+10 ’

« Ban c6 thé 4p hdu td F hay L cho hing E-notation:

Bhttps://en.wikipedia.org/wiki/Scientific_notation
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1.2345el0F
1.2345el0L

14.5.3.2 Héng d4u phiy dong hexadecimal

Nhung khoan, con nhiéu diu phiy dong dé xu!

Ho4 ra ciing c¢6 héng ddu phdy dong hexadecimal!

Chung hoat dong tudng tu sé ddu phiy dong thap phan, nhung bit dau bing 0x y nhu s8 nguyén.
biéu luu y la ban phdi chi dinh s6 mii, va s6 mii nay tao ra luy thua cta 2. Ttc la: 2.

R6i ban dung p thay cho e khi viét sé:

Nén 0xa.1p3 14 10.0625 x 23 == 80.5.

Khi dung héng hex diu phdy dong, Ta c6 thé in hex scientific notation véi %a :

double x = 0xa.1lp3;

printf("%sa\n", x); // 0x1.42p+6
printf("sf\n", x); // 80.500000




Chapter 15

Types III: Chuyén doi

O chuong nay, ta mudn néi hét vé chuyén chuyén déi tii kiéu nay sang kiéu khac. C c6 nhiéu cach dé
lam diéu nay, va mot s8 ¢ thé hai khac ban quen 8 ngdn ngii khac.

Trudce khi néi cach ép chuyén d6i xay ra, hiy ban vé cach chung hoat dong khi chiing da xay ra.

15.1 Chuyén d6i chudi
Khéc nhiéu ngén ngii, C khong lam chuyén ddi chudi-sang-s6 (va ngudc lai) theo kiéu gon gang nhu
v68i chuyén déi so.

V6i may thi nay, ta phai goi ham d€ lam viéc ban.

15.1.1 Gia tri s8 sang chudi

Khi mudn chuyén s8 sang chudi, ta c6 thé dung sprintf() (phat am la SPRINT-f) ho#c snprintf()
(s-n-print-f)?

M4y cai nay vé co ban hoat déong nhu printf() , chi khac ching xuit ra chudi, va ban c6 thé in chudi
do sau, hay gi tuy y.

Vi du, bién mdt phan gia tri w thanh chubi:

#include <stdio.h>
int main(void)
{
char s[10];
float f = 3.14159;
// Convert "f" to string, storing in "s", writing at most 10 characters
// including the NUL terminator
snprintf(s, 10, "s%f", f);
printf("String value: %s\n", s); // String value: 3.141590
}

Ban c6 thé dung %d hay %u nhu ban quen cho s& nguyén.

IChiing giéng nhau, chi khac snprintf() cho phép ban chi dinh s6 byte xuét t5i da, tranh tran cudi chudi. Nén an toan hon.

98
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15.1.2 Chudi sang gia tri s&

C6 hai ho ham lam viéc nay trong C. Ta sé goi chiung la ho atoi (phat &m a-to-i) va ho strtol
(stir-to-long).

Dé chuyén déi cd ban tii chudi sang s6, thii cic ham atoi tli <stdlib.h>. Ching c6 dic tinh xti Iy 16i
té (ké ca undefined behavior néu ban truyén chudi x4u), nén dung cin than.

Ham Mo ta

atoi  Chubisang int
atof  Chudisang float
atol Chudi sang long int

atoll  Chubisang long long int

Du spec khong thita nhan, chii a dau tén ham la viét tit cia ASCII?, nén thucra atoi() la “ASCII-to-
integer”, nhung noi thé gis hoi quy ASCII vé lam trung tam.

Vi du chuyén chuéi sang float :

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

int main(void)

{
char *pi = "3.14159";
float f;
f = atof(pi);
printf("sf\n", f);

}

Nhung, nhu da noi, ta c6 undefined behavior ti nhiing chuyén la lung nhu:

int x = atoi("what"); // "What" ain't no number I ever heard of

(Khi chay cai do, toi nhan vé 0, nhung ban that su khong nén tréng cay vao d6 bang bat ci cach nao.
C6 thé ban nhan vé thii hoan toan khac.)

DEé c6 dic tinh xti ly 16i t6t hon, xem déng hAim strtol , ciing trong <stdlib.h> . Khéng chi thé, ching
con chuyén sang nhiéu kiéu va nhiéu cg s6 hon!

Ham Mo ta

strtol Chudi sang long int

strtoll Chudi sang long long int

strtoul Chubi sang unsigned long int
strtoull  Chudi sang unsigned long long int
strtof Chubi sang float

strtod Chudi sang double

strtold  Chudi sang long double

Cac ham nay déu di theo mau dung tuong tu, va la trai nghiém dau tién ctia nhiéu ngusi véi con-tro-
téi-con-trd! Nhung diing lo, dé hon trong thdy nhiéu.

Zhttps://en.wikipedia.org/wiki/ASCII
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Vi du chuyén chubi sang unsigned long , bd qua thong tin 16i (ttic théng tin vé ky tu sai trong chudi
dau vao):

#include <stdio.h>

#include <stdlib.h>

int main(void)

{
char *s = "3490";
// Convert string s, a number in base 10, to an unsigned long int.
// NULL means we don't care to learn about any error information.
unsigned long int x = strtoul(s, NULL, 10);
printf("%lu\n", x); // 3490

}

Chu y vai thit. Du ta khong ha c6 14y thong tin gi vé ky tu 16i trong chudi, strtoul() khong cho ta
undefined behavior; n6 chi tra vé 0.
Ta ciing chi dinh day la s6 thap phén (base 10).

Thé nghia 14 ta c6 thé chuyén s6 6 ¢d s6 khac? Chéc roi! Lam nhi phén!

#include <stdio.h>
#include <stdlib.h>
int main(void)
{
char *s = "101010"; // What's the meaning of this number?
// Convert string s, a number in base 2, to an unsigned long int.
unsigned long int x = strtoul(s, NULL, 2);
printf("slu\n", x); // 42
}

Dudc roi, vui thu do, nhung cai NULL trong d6 1a gi? D€ lam gi?

N6 gitip ta biét c6 16i xay ra khi x@ Iy chudi hay khéng. La mét con trd téi con trd téi char , nghe dang
s¢, nhung khong con dang sg khi ban ghép dudc trong dau.

Lam vi du véi s6 x4u ¢0 tinh, xem strtol() bao cho ta vi tri ctia chii s6 hgp 1é dau tién thé nao.

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

int main(void)

{
char *s = "34x90"; // "x" is not a valid digit in base 10!
char *badchar;

// Convert string s, a number in base 10, to an unsigned long int.

unsigned long int x = strtoul(s, &badchar, 10);
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// It tries to convert as much as possible, so gets this far:
printf("slu\n", x); // 34

// But we can see the offending bad character because badchar
// points to it!

printf("Invalid character: %c\n", *badchar); // "x"

Théla strtoul() chinh cii badchar tré téi dé€ bao cho ta chd c6 chuyén khong hay?.

Nhung néu khéng c6 gi truc tric thi sao? Trudng hgp d6, badchar sé& tro téi ky tu két chudi NUL &
cudi chudi. Nén ta c6 thé kiém tra:

#include <stdio.h>
#include <stdlib.h>
int main(void)
{
char *s = "3490"; // "x" is not a valid digit in base 10!
char *badchar;
// Convert string s, a number in base 10, to an unsigned long int.
unsigned long int x = strtoul(s, &badchar, 10);
// Check if things went well
if (*badchar == '\0') {
printf("Success! %lu\n", Xx);
} else {
printf("Partial conversion: %lu\n", Xx);
printf("Invalid character: %c\n", *badchar);
}
}

Vay la xong. Ham kiéu atoi() t6t khi tinh hudng gép c6 kiém soat, nhung ham kiéu strtol() cho
ban kiém soat t6t hon han vé xtt ly 18i va co s8 dau vao.

15.2 Chuyén do6i char

Néu ban ¢ mot ky tu chiia chit s6, nhu '5' ... ¢6 gidng gia tri 5 khong?

Tht xem.

[printf("% %d\n", 5, '5'); ’

Trén hé théng UTF-8 cua t6i, cai nay in:

‘553 ’

Vay... khong. Con 53? La gi? D6 la code point trong UTF-8 (va ASCII) cho ky tu '5' *

3Ta phai truyén con trd t6i badchar cho strtoul() chi khéng né khong chinh dugc theo cach ta thiy, tuong tu Iy do ban
phéi truyén con tro t6i int cho ham néu mudn ham d6 c6 thé d6i gia tri cia int do.
4M3i ky tu c6 mot gia tri gin véi nd ting véi so dd ma hoa ky tu cu thé nao dé.
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Vay lam sao chuyén ky tu '5' (c6 gia tri 53 o rang) thanh gi4 tri 5 ?
Bang mot trick lanh 1gi, day nay!

Chuén C dam bao cac ky tu nay co code point lién tiép va theo thi tu nay:

© 1 2 3 4 5 6 7 8 9

Nghi mét gidy, ta c6 thé tin dung thé ndo? Spoiler & dudi...

Xem cac ky tu va code point ciia ching trong UTF-8:

6 1 2 3 4 5 6 7 8 9
48 49 50 51 52 53 54 55 56 57

Ban thdy '5' la 53,ynhutadacd. Va 'e' 1a 48.

Nén ta c6 thé trii '0' khoi bt ky ky tu chit s6 nao dé 14y gia tri s6 ctia no:

char c = '6';

int x = ¢; // x has value 54, the code point for '6'

inty=c¢- '0"; // y has value 6, just like we want

Va ta ciing c6 thé chuyén chiéu kia, chi viéc cdng gia tri vao.

int x = 6;

char c = x + '0'; // c has value 54

printf("sd\n", c); // prints 54
printf("%sc\n", c); // prints 6 with %c

Ban c6 thé nghi day 1a cach la lung d€ chuyén d6i, va theo chuéin ngay nay, ding la thé. Nhung hoéi xua
khi may tinh dudc 1am béng gb theo ding nghia den, day 1a cach chuyén déi. Va khong hu, nén C chua
sua.

15.3 Chuyén doi so

15.3.1 Boolean

Néu ban chuyén mot s6 0 sang bool , két quala 0. Ngugclaila 1.

15.3.2 Chuyén giiia s6 nguyén

Néu kiéu s6 nguyén dudc chuyén sang unsigned ma khong viia, két qua unsigned sé wrap-around kiéu
cong-to-mét cho t6i khi vila ki€u unsigned®.

Néu ki€u s6 nguyén duge chuyén sang s6 signed ma khong viia, két qua la implementation-defined!
Chuyeén gi d6 c6 ghi sé xay ra, nhung ban phai tra tai liéu®

STrong thuc té, cai nhiéu kha ning dang xay ra trén ci dit ctia ban 14 cAc bit bac cao bi bo khéi két qua, nén s 16-bit 0x1234
khi chuyén sang s6 8-bit sé thanh 0x0034 , hay chi 0x34 .

Lin niia, trong thuc té, cai c6 kha ning xay ra trén hé théng ctia ban 1a miu bit ctia s§ gdc s& bi cit roi dung ludn dé bidu
dién s6 signed, two’s complement. Vi du, hé ctia t6i ldy mot unsigned char 192 vachuyén thanh signed char -64 . Trong

two’s complement, mau bit cho ca hai s nay 1a nhi phan 11000000 .
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15.3.3 Chuyén s6 nguyén va s4 dau phay dong
Néu kiéu d&u phdy dong dugc chuyén sang kiéu nguyén, phan 1é bi viit di khong thuong tiéc’.

Nhung, va day la bay, néu s& quéa 16n khong viia kiéu nguyén, ban cé undefined behavior. Nén diing
lam thé.

Di tit s6 nguyén hay d4u phdy dong sang dau phiy dong, C c8 ging hét stic d€ tim s6 diu phiy dong
géin nhat v6i s6 nguyén.

Lan niia, néu gié tri gdc khong biéu dién dudc, d6 1a undefined behavior.
15.4 Chuyén do6i ngam
Day la cac chuyén ddi compiler tu lam cho ban khi ban tron cac kiéu.

15.4.1 Integer Promotions

O nhiéu chd, néu mdt int cb thé dung dé biéu dién gia tri tli char hay short (signed hay unsigned),
gia tri d6 dudc promote (nang) lén int . Néu khong viia int , né dudc ning lén unsigned int .

Do la cach ta lam dudc chuyén nhu:

char x = 10, y = 20;
int i =x+y;

Trudng hop d6, x va y dudc C nanglén int trddc khi phép toan dién ra.

Integer promotion xay ra trong The Usual Arithmetic Conversions, v6i ham variadic®, toan tii + va -
don, hodc khi truyén gi tri cho ham khong c6 prototype’.

15.4.2 The Usual Arithmetic Conversions

Day 1a c4c chuyén déi tu ddong C lam quanh cAc phép toan s6 ban yéu cau. (Tén goi that su 1a thé, nhan
tién, theo C11 §6.3.1.8.) Chu ¥ 8 muc nay, ta chi néi kiéu s, chubi sé ban sau.

Céc chuyén ddi nay tra 16i cdu hoi chuyén gi xay ra khi ban tron kiéu, nhu:

int x = 3 + 1.2; // Mixing int and double
// 4.2 is converted to int
// 4 is stored in x

float y = 12 * 2; // Mixing float and int
// 24 is converted to float
// 24.0 is stored in y

Chiang thanh int ? Chung thanh float ? Hoat dong thé nao?
Day 1a cac buéc, dién giai lai cho d& nuét.

1. Néu c6 mot thi trong biéu thiic la kiéu ddu phiy dong, chuyén cac thi khac sang kiéu diu phdy
dong do.

2. Ngudc lai, néu ca hai déu 1a kiéu nguyén, thuc hién integer promotion trén moi cai, réi lam kiéu
cta cic toan hang du 16n d€ chiia gi4 tri 16n chung. Doéi khi viéc nay lién quan dén chuyén déi
signed sang unsigned.

"That ra khéong, cd viit nhu thudng.

8Ham c6 s6 di s6 thay déi.

“Hiém lam vi compiler sé than phién va c6 prototype 1 Cach lam ding. T6i nghi cai nay van chay vi Iy do lich st, trugc khi
prototype ra doi.
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Néu mudn biét chi tiét vun, xem C11 §6.3.1.8. Nhung chic ban khong mudn dau.

Nhé dai khéi 1a kiéu int thanh kiéu float néu ¢ kiéu ddu phdy dong & dau trong dd, va compiler ¢ gang
dam bao cac kiéu int tron khong bi tran.

Cudi cung, néu ban chuyén ti kiu dau phdy dong nay sang kiéu diu phiy dong khac, compiler sé ¢
chuyén ddi chinh xac. Néu khong dudc, no sé lam xap xi tét nhat c6 thé. Néu s6 qua 16n khong viia
kiéu ban dang chuyén qua, bum: undefined behavior!

15.4.3 void*

Kiéu void* thu vivino co6 thé chuyén tit hay sang bat ky kiéu con tré nao.

int x = 10;

void *p = &x; // &x is type int*, but we store it in a void*

int *q = p; // p 1is void*, but we store it in an int*

15.5 Chuyén doi tudng minh

Day la cic chuyén déi tit ki€u sang kiéu ma ban phai yéu ciu, compiler sé khong tu lam.
Ban c6 thé chuyén ti ki€u ndy sang kiéu khac bing cich gan véi =.

Ban ciing c6 thé chuyén tudng minh bang cast.

15.5.1 Casting

Ban c6 thé déi tudng minh ki€u ctia bi€u thiic bang cach dat mot kiéu méi trong ngoic trude nbd. Vai
dev C cau may véi cach nay tri khi that su can, nhung ban c¢6 kha néng gip mot it code C c6 cast bén
trong.

Lam vi du mudn chuyén int sang long déluu trong long .

Chu y: vi du nay bia dat va cast 3 day hoan toan khong cin vi biéu thiic x + 12 sé tu chuyén sang
long int d€ hgp véikiéu rong hon cua vy .

int x = 10;
long int y = (long int)x + 12;

Trong vi du d6, mic du x la kiéu int trudc d6, bi€u thic (long int)x cd kiéu long int . Ta ndi,

“Ta cast x sang long int ”

Thudng gip hon, ban c6 thé thiy cast duge dung dé chuyén void* thanh kiéu con trd cu thé dé co thé
dereference.

Callback tli ham c6 s&n gsort() c6 thé thé hién hanh vi ndy vi n6 cé6 void* dudc truyén vio:

int compar(const void *eleml, const void *elem2)

{
if (*((const int*)elem2) > *((const int*)eleml)) return 1;
if (*((const int*)elem2) < *((const int*)eleml)) return -1;
return 0;

}

Nhung ban ciing c6 thé viét r6 rang bang phép gan:
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int compar(const void *eleml, const void *elem2)
{

const int *el = eleml;

const int *e2 = elem2;

return *e2 - *el;
}

Mbt chd ban thay cast phd bién hon 1a dé tranh warning khi in gia tri con trd v6i %p hiém dung, céi
nay kho tinh véi bat ¢t thi gi khéng phai void* :

int x = 3490;
int *p = &x;

printf("sp\n", p);

\

sinh ra warning nay:

warning: format ‘%p’ expects argument of type ‘void *’, but argument
2 has type ‘int *’

Ban c6 thé fix bing cast:

printf("sp\n", (void *)p);

Cho khéc 1a véi ddi con tré tudng minh, néu khéng muén ding void* & giiia, nhung cai nay ciing kha
hiém:

long x = 3490;
long *p = &x;
unsigned char *c = (unsigned char *)p;

Cho thii ba thudng yéu cau la véi cac ham chuyén d6i ky tu trong <ctype.h> '° § d6 ban nén cast cac

gié tri signedness dang ngd sang unsigned char d€ tranh undefined behavior.

Mot 1an niia, cast hiém khi can trong thuc té€. Néu ban thiy minh dang cast, c6 kha néng c6 cach khac
lam cung chuyén d6, hoic co thé ban dang cast khong cn thiét.

Hodc c6 thé 1a cAn. C4 nhén t6i, tdi ¢ tranh, nhung khong ngai dung néu phai.

Ohttps://beej.us/guide/bgclr/html/split/ctype.html
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Chapter 16

Types IV: Qualifiers va Specifiers

Gid ta da c6 thém vai kiéu dudi tay rdi, hoa ra ta c6 thé gin cho ching thém vai thudc tinh dé€ diéu khién
cach chung cu xt. D6 chinh 12 type qualifier (b tii ki€u) va storage-class specifier (specifier 16p luu trii).

16.1 Type Qualifier

M4y thi nay sé cho phép ban khai béo gia tri hdng, va cling cho compiler thém ggi y t6i uu héa ma no6
c6 thé dung.

16.1.1 const

Day la type qualifier phd bién nhat ban s& gip. N6 nghia la bién d6 1a hiing, va bat ky né luc nao hong
stia n6 sé khién compiler néi doa.

const int x = 2;

X = 4; // COMPILER PUKING SOUNDS, can't assign to a constant

Ban khong thé d6i gia tri const .

Ban ciing hay thidy const trong danh sach tham sé ctia ham:

void foo(const int x)

{
printf("%sd\n", x + 30); // OK, doesn't modify "x"

16.1.1.1 const va con tro
Chd nay hoi la d6i, vi c6 hai cach dung mang hai y nghia khac nhau khi dinh téi con tro.

Mot 14, ta c6 thé 1am sao cho ban khong d6i dugc thi ma con tro tréo dén. Ban lam thé bing cach dit
const ra phia trudc cuing véi tén kiéu (trudc diu sao) trong khai bao kiéu.

int x[]1 = {16, 20};
const int *p = x;

p++; // We can modify p, no problem

*p = 30; // Compiler error! Can't change what it points to

Hoi kho hiéu ti, nhung hai thit sau 14 tudng dudng:

106
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const int *p; // Can't modify what p points to
int const *p; // Can't modify what p points to, just like the previous line

Hay rdi, vay 1a ta khong d6i dudc thii con tré tré dén, nhung vin d6i dudc ban than con trd. Thé néu
mudn ngudc lai thi sao? Ta mudn déi dugc thi con tro tré dén nhung khong déi dugc ban than con tro?

Chi can chuyén const ra sau diu sao trong khai bao:

int *const p; // We can't modify "p" with pointer arithmetic

p++; // Compiler error!

Nhung ta van déi dugc tht né tro dén:

int x = 10;
int *const p = &x;

*p = 20; // Set "x" to 20, no problem

\

Ban ciing c6 thé lam ca hai thi déu const :

-

const int *const p; // Can't modify p or *p!

Cubi cung, néu ban c6 nhiéu miic gian tiép, ban nén dit const & dung miic. Mot con tré const khong
c6 nghia 1a con tré ma nd tro téi cling phai thé. Ban c6 thé dit tudng minh nhu may vi du sau:

char **p;
p++; // OK!
(*p)++; // OK!

char **const p;
p++; // Error!
(*p)++; // OK!

char *const *p;
p++; // OK!
(*p)++; // Error!

char *const *const p;
p++; // Error!
(*p)++; // Error!

16.1.1.2 const Correctness

Con mdt chuyén niia tdi phai nhic, 1a compiler sé canh bao véi thi kiéu thé nay:

const int x = 20;
int *p = &x;

noi dai loai nhu:

initialization discards 'const' qualifier from pointer type target

C6 chuyén gi 6 day?

Ta can nhin kiéu & hai bén d4u gan:
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const int x = 20;

int *p = &x;
// ~ ~
// | |
// int* const int*

Compiler dang canh béao ring gia tri bén phai ddu gan 13 const , con bén trai thi khong. Va compiler
dang bao cho ta biét ring né dang vt di tinh “const” ctia biéu thiic bén phai.

Tic 1a ta vdn c6 thé thii lam nhu dudi day, nhung né sai. Compiler sé canh bao, va d6 1a hanh vi khéng
xac dinh:

const int x = 20;
int *p = &x;

*p = 40; // Undefined behavior--maybe it modifies "x", maybe not!

printf("sd\n", x); // 40, if you're lucky

16.1.2 restrict

TLDR: ban khéng bao gid phai ding cai nay va c6 thé 16 né di mdi khi thdy. Néu ban dung ddng, rit co
thé ban sé dugc chut hiéu ning. Néu dung sai, ban sé dugc undefined behavior.

restrict la ggiy cho compiler rang mot viing bd nhé cu thé sé chi dugc truy cap qua dung mot con
tro chi khéng phai qua cai khac. (Ttc la sé khong c6 aliasing véi d6i tudng ma con tré restrict tro
t6i) Néu dev khai bdo mot con trd la restrict roi truy cap doi tugng d6 theo cach khéc (vi du qua
con tro khac), hanh vi 14 khong xéc dinh.

Vé cd ban ban dang noi véi C: “Nay, t6i dam bao rang cai con tré duy nhit nay la dudng duy nhit toi
truy cip bd nhg d6, va néu tdi néi doi thi anh cit quing undefined behavior vao mat tdi”

Va C dung thong tin d6 dé thuc hién mot s6 t3i uu. Vi du, néu ban dereference con trd restrict lip
di 13p lai trong vong 13p, C c6 thé quyét dinh cache két qua trong mot thanh ghi va chi luu két qua cudi
cung khi vong lap xong. Néu cb con trd khac cung tré dén vung nhé dé va truy cip trong vong lap, két
qua s€ khong chinh xac.

(Luuyla restrict khong co tic dung néu doi tudng dudc tro t6i khong bao gis duge ghi. Tat ca la vé
t6i uu quanh chuyén ghi vao b nhdé.)

Ta viét thi mot ham hoan d6i hai bién, va sé dung ti khoa restrict d€ cam két véi C rang ta sé khong
bao gi¢ truyén vao hai con tré cling trd t6i mot chd. Roi ta 1am héng cam két d6 va thi truyén hai con
tré ciing tré t6i mot chd.

void swap(int *restrict a, int *restrict b)

{
int t;
t = *a;
*g = *b;
*b = t;
}

int main(void)
int x = 10, y = 20;

swap(&x, &y); // OK! "a" and "b", above, point to different things
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swap(&x, &x); // Undefined behavior! "a" and "b" point to the same thing

Néu tabo cic tlikhda restrict ra, ca hailsi goi trén déu an toan. Nhung khi d6 compiler c6 thé khong
téi vu dugc.

restrict c6 block scope, tiic la han ché chi kéo dai trong scope nd dudgc dung. Néu né 6 danh sach
tham s6 ctia mét ham, né 6 trong block scope ctia ham dé.

Néu con tro bi restrict trdo vao mét mang, né chi ap dung cho tiing doi tugng trong mang. Cac con tro
khac van c6 thé doc va ghi mang d6 mién 1a khong doc hay ghi cing phén tii ma con tré restrict da
cham vao.

Néu n6 6 ngoai moi ham, tic § file scope, han ché ap dung cho toan bd chuong trinh.

Ban rét c6 thé sé thiy cai nay trong cdc ham thu vién nhu printf() :

int printf(const char * restrict format, ...);

Van thé, n6 chi bdo véi compiler ring bén trong ham printf() , chi c6 ding mot con trd nao dé trd
dén phan bat ky cua chudi format .

Mot chi ¥ cudi: néu vily do nao dé ban ding ky phap mang cho tham s6 ham thay vi ky phép con tro,
ban c6 thé dung restrict nhu sau:

void foo(int pl[restrict]) // With no size

void foo(int pl[restrict 10]) // Or with a size

Nhung ky phép con tré thi phé bién hon.

16.1.3 volatile
Ban it khi gdp hay cén cai nay tri khi dang truc ti€p lam viéc véi phan clng.

volatile bao véi compiler ring mot gia tri c6 thé thay déi sau lung né va phai dudc tra ctiu lai méi
lan.
Vi du: compiler dang nhin vao bé nhé ¢ mot dia chi ma lién tuc dudc cap nhat trong hau trudng, vi du
nhu mo6t bo dém thdi gian phén cing.
Néu compiler quyét dinh t6i du chuyén d6 bing cach luu gia tri trong mot thanh ghi suét mot quang
dai, gia tri trong bd nhd sé d6i con thanh ghi thi khong phan anh.
Khi khai bdo mot thi 14 volatile , ban dang néi v8i compiler: “Nay, thi con trd nay tré dén cé thé déi
bét ct lic nao vi ly do ngoai ma ctia chuong trinh nay”

volatile int *p;

16.1.4 _Atomic

Day la mot tinh néng C tuy chon ma ta sé ban 6 chuong Atomics.

16.2 Storage-Class Specifiers

Storage-class specifier tudng tu nhu type qualifier. Ching cho compiler thém thong tin vé kiéu ctia mot
bién.
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16.2.1 auto

Ban gin nhu khéng bao gid thdy tii khoa nay, vi auto 1a mic dinh cho bién & block scope. N6 dudc
ngam dinh.

Hai doan sau la nhu nhau:

int a; // auto is the default...
auto int aj; // So this is redundant

Tu khoa auto cho biét déi tugng nay c6 automatic storage duration (thdi gian ton tai tu dong). Ttc la
no ton tai trong scope ma nd duge dinh nghia, va tu ddng dugdc giai phéng khi thoat scope.

Mot cai bay véi bién automatic 1 gia tri ctia chting 13 khong xac dinh cho dén khi ban khéi tao tusng
minh. Ta néi ching day dii liéu “random” hodc “rac”, du tdi khong ua cé hai cach goi d6 lim. Du sao,
ban sé khong biét trong d6 cd gi tri khi ban khéi tao noé.

Lu6n khéi tao moi bién automatic trude khi dung!

16.2.2 static
T khoa nay c6 hai nghia, tuy thudc bién 6 file scope hay block scope.

Bat dau véi block scope.

16.2.2.1 static ¢ block scope
O day, vé co ban ta dang noi: “T6i chi muén mot phién ban duy nhat ctia bién nay ton tai, dung chung
gilta cac lan goi”
Thc la gia tri ctia n6 sé giii nguyén gitia cac 16i goi.

static & block scope kém initializer sé chi dudc khdi tao ding mét lan lic khéi dong chuong trinh,
chii khong phai mdi lan ham dugc goi.

Lam vi du cai xem:

#include <stdio.h>

void counter(void)

{
static int count = 1; // This is initialized one time
printf("This has been called %d time(s)\n", count);
count++;

}

int main(void)

{
counter(); // "This has been called 1 time(s)"
counter(); // "This has been called 2 time(s)"
counter(); // "This has been called 3 time(s)"
counter(); // "This has been called 4 time(s)"

}

Thay céch gia tri cia count con giii gifia cac 16i goi khong?

Mot chuyén déng luu y la bién static & block scope mic dinh dudc khdi tao bang 0 .
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static int foo; // Default starting value is '0°...
static int foo = 0; // So the "0 assignment is redundant

Cudi ciing, hiy nhé réng néu ban viét chudng trinh da ludng, ban phai chic chin khong d€ nhiéu ludng
cing dim lén mot bién.

16.2.2.2 static ¢ file scope

Khi ra téi file scope, ngoai moi block, nghia thay d6i kha kha.

Bién 6 file scope von di ton tai gifia cAc 15i goi ham, nén chuyén dé da sdn & d6 roi.

Thay vao d6, static trong ngii canh nay nghia la bién nay khéng nhin thdy dugc bén ngoai file ma
ngudn nay. Hoi gidng “global”, nhung chi trong file nay.

S€ néi thém 6 phan build tii nhiéu file ma nguén.

16.2.3 extern
Storage-class specifier extern cho ta cach tham chi€u dén cac d6i tugng trong file ma nguodn khac.

Vi duy, gia st file bar.c chicé ding doan sau:

// bar.c

int a = 37;

Chi vay thoi. Khai bdo mét int a mdi 6 file scope.
Nhung néu ta c6 file ma ngudn khacla foo.c, va mudn tham chiéu dén a & trong bar.c thisao?

Dé véi tii khéa extern :

// foo.c

extern int a;

int main(void)

{

printf("sd\n", a); // 37, from bar.c!

a = 99;

printf("sd\n", a); // Same "a&" from bar.c, but it's now 99
}

Ta ciing c6 thé dit extern int a trong block scope, né van tham chiéu t6i a trong bar.c :

// foo.c
int main(void)
{
extern int a;
printf("sd\n", a); // 37, from bar.c!

a = 99;

printf("sd\n", a); // Same "a" from bar.c, but it's now 99
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Bay gid, néu a trong bar.c dadudc danhdiu static, chuyénnay sé khéng hoat dong. Bién static
¢ file scope khong nhin thiy dugdc bén ngoai file do.

Mot ghi cht cudivé extern v8iham. V6i ham, extern 1a mic dinh, nén né thita. Ban c6 thé khai b4o
ham la static néu chi mudn nd nhin thdy dugc trong mot file ma nguén duy nhat.

16.2.4 register

Day la tit khoa dé ggi y cho compiler riing bién nay dugc dung thudng xuyén, va nén duge lam cho truy
cap nhanh nhit c6 thé. Compiler khong c6 nghia vu phai dong y.

Gig thi, bd t6i uu ctia compiler C hién dai kha gidi trong viéc tu tim ra chuyén nay, nén hiém khi thay
tit khoa nay ngay nay.

Nhung néu ban phai ding:

#include <stdio.h>

int main(void)

{
register int a; // Make "a" as fast to use as possible.
for (a = 0; a < 10; a++)
printf("sd\n", a);
}

C6 cai gia di kém. Ban khong thé 14y dia chi cia mot register:

register int aj;
int *p = &aj; // COMPILER ERROR! Can't take address of a register

Diéu tudng tu ap dung cho bét ky phin nao cia mot mang:

register int all] = {11, 22, 33, 44, 55};
int *p = a; // COMPILER ERROR! Can't take address of a[0]

Hoac dereference phén nao d6 ctia mang:

register int al[l = {11, 22, 33, 44, 55};

int a = *(a + 2); // COMPILER ERROR! Address of a[@] taken

Tht vi 13, véi phién ban tuong dudng dung ky phap mang, gec chi canh bao:

register int al[l = {11, 22, 33, 44, 55};

int a = a[2]; // COMPILER WARNING!

\

véi:

warning: ISO C forbids subscripting ‘register’ array

\

Viéc khong 14y dugc dia chi bién register giai phong compiler dé no c6 thé tdi uu quanh gia dinh do,
néu nod chua tu tim ra r6i. Thém register vao bién const con ngén ta vo tinh truyén con tré cua nd
cho ham khéc s&n sang ngé 1o tinh const!.

!https://gustedt.wordpress.com/2010/08/17/a-common-misconsception-the-register-keyword/
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Chut gdc gac lich st cho vui: sau trong CPU c6 may “bién” nhé chuyén dung goi la thanh ghi*. Chiing
truy cap siéu nhanh so v6i RAM, nén dung ching thi 1én dudc it toc d6. Nhung ching khong & trong
RAM, nén khong c6 dia chi bd nhé gin kem (d6 14 1y do ban khong thé 14y dia chi ctua hay 14y con tro
téi ching).

Nhung, nhu tdi noi, compiler hién dai rit gioi sinh ma t8i uu, dung thanh ghi bat ct khi nao c6 thé bat
ké ban c6 ghi tli khéa register hay khong. Khong nhiing thé, spec con cho phép chung coi nhu ban
gd auto néu ndé mudn. Nén khéng c6 dam bao gi.

16.2.5 _Thread_local

Khi ban dung nhiéu ludng va ban c6 vai bién & global scope hodc 8 static block scope, day la cach
dé moi ludng c6 ban sao riéng clia bién. N6 sé gitip ban tranh race condition va viéc cac luéng ddm lén
chan nhau.

Néu ban dang & block scope, ban phai dung cai nay cung v6i extern hodc static .

Ngoai ra, néu ban include <threads.h>, ban c6 thé dung thread_local dé nuét hon, lam alias cho

cai _Thread local xAu xi.

Thong tin thém c6 6 phan Threads.

2https://en.wikipedia.org/wiki/Processor_register
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Chapter 17

Du an nhiéu file

Tt d4u dén gid ta chi xem miy chuong trinh d6 choi ma phén 16n déu nhét viia trong mot file. Nhung
chuong trinh C phiic tap dudc tao ti nhiéu file, tt ca dugdc bién dich va link lai thanh mét file thuc thi.

Chuong nay ta sé xem vai mau va 16i 1am thudng gip khi ghép cac du 4n 16n hon lai v6i nhau.

17.1 Include va function prototype

Mot tinh hudng rat phd bién 14 vai ham cta ban dudc dinh nghia trong mot file, va ban muén goi ching
tu file khac.

Chuyén nay thuc ra chay dudgc ngay v6i mot canh bao, ci thii trude rodi ta xem cach ding dé dep canh
bao do.

Dé bién dich, ban can chi dinh moi file ngudn trén dong lénh:

# output file  source files
# 1% v

N EET I PEPPRPRES |

gcc -o foo foo.c bar.c

Trong vidu d6, foo.c va bar.c dugdc build thanh file thuc thi tén foo .

V6i may vi du ndy, ta dé tén file nhu comment dau tién trong ngudn. Xem file ngudn bar.c :

// File bar.c

int add(int x, int y)
{

return x + y;

Vafile foo.c c6 main trong do:

// File foo.c
#include <stdio.h>
int main(void)

{
printf("sd\n", add(2, 3)); // 5!

114
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Théy cach tit main() tagoi add() cht, ma add() lai nim trong mot file nguén hoan toan khac! N6
§ bar.c, con 18i goi t6i né ndm trong foo.c !

Néu build céi nay bang:

‘ gcc -o foo foo.c bar.c ’

ta s& nhan dugc 16i nay:

error: implicit declaration of function 'add' is invalid in (99 ’

(Hod#c ban c¢6 thé nhan dudc canh bao. Ma thit ban khong nén bo qua. Dling bao gid bé qua canh béao
trong C, xt ly hét di.)

Néu ban con nhd ti phén vé prototype, khai bao ngdm bi cim trong C hién dai va khong c6 1y do chinh
dang nao dé dua ching vao code mdi. Ta nén stia no.

implicit declaration nghia la ta dang dung mot ham, 6 ddy la add() , ma khong cho C biét trude
cai gi vé no6 ca. C mudn biét no tra vé gi, nhan kiéu gi lam déi s6, va cac thi kiéu vay.
Ta da thay cach stia chuyén dé tu trude véi function prototype. Pung thé, néu ta thém mot céivao foo.c
trude khi goi, moi thi sé 6n:

-

// File foo.c

#include <stdio.h>

int add(int, int); // Add the prototype

int main(void)

{

printf("sd\n", add(2, 3)); // 5!
}
Hét 16i!

Nhung chuyén d6 ciing nhoc, phai go prototype mdi khi muén ding mot ham. Ua kia, ta viia dung
printf() ngay d6 ma dau can gd prototype, vay la sao?

That ra ta da include prototype cho printf() roi! N6 6 trong file stdio.h ! Va ta da include file d6
béng #include !

Ta lam tuong tu v6i ham add() cta minh dugc khong? Lam prototype cho né va nhét vao mot file
header?

Di nhién dudc!

Header file trong C theo quy udc ¢6 phan mé rong .h . Va ching thudng, du khéng phai luén ludn, cb
cung tén vdifile .c tuong Uing. Vay ta tao file bar.h cho file bar.c, va nhét prototype vao do:

// File bar.h

int add(int, int);

GiS stia foo.c déinclude file d6. Gia stino 6 cung thu muc, ta include n6 bén trong dau nhay kép (thay
vi ddu ngodc nhon):

// File foo.c

#include <stdio.h>
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#include "bar.h" // Include from current directory

int main(void)
{
printf("sd\n", add(2, 3)); // 5!

Chu y ta khéng con prototype trong foo.c niia, ta include né tii bar.h . Gid bdt cii file ndo muén
dung chiic ning add() chicin #include "bar.h" 1a c6, khong cén lo chuyén go prototype cia ham.

Nhu ban c6 thé doan, #include theo dung nghia den dua file dugc goi tén ngay vdo dé trong ma ngudn
cta ban, y nhu la ban da gé vao.

R61 build va chay:

./foo
5

Dung roi, ta nhan dudc két qua 2 + 3! Ha hoén!

Nhung diing vdi khui chai d6 udng yéu thich. Gan xong th6i! Con mot méu boilerplate niia phai thém.

17.2 Xi ly include bi lap

Ciing khong hiém chuyén mét file header lai #include cac header khac can cho chiic nang cta cac file
C tuong ling. Kiéu, sao khong?

Va c6 thé ban c6 mot header dugc #include nhiéu lan ti nhiéu chd khac nhau. C6 khi chéng sao, c6
khi lai gay 16i compiler. Va ta khong kiém soat dudc c6 bao nhiéu chd #include no!

Té hon, ¢6 khi ta réi vao tinh hudng dién ro6 kiéu header a.h include header b.h,va b.h lai include

a.h ! Bung la chu ky #include vo6 han!

Thii build mot thit nhu vy sé bao 16i:

error: #include nested depth 200 exceeds maximum of 200

Biét dau budc thit 201 n6 da giai dudc chu ky...

Viéc ta cin lam 1a néu mot file da dudc include moét 1an réi, cic #include sau cho cung file d6 sé bi 16
di.

Ma4y thi ta sip lam phd bién dén miic ma ban cd tu dong lam mbi Ian tao file header!

Va cach phd bién dé 1am chuyén nay 1a mot bién preprocessor ma ta dit vao 1an dau tién #include file.
Roi véi cac #include sau, ta ki€m tra trudc dé chic rang bién do chua dugce dinh nghia.

V@ tén bién, cuc ky phd bién viéc ldy tén file header, nhu bar.h , viét hoa 1én, va thay ddu chim bing
gach dudi: BAR H.

Vay dit mot kiém tra 6 sat dau file xem n6 da dugc include chua, va coi nhu comment c file di néu roi.

(Duing dit gach dudi 6 dau (vi gach dudi dau theo sau la chit hoa da dugc reserved) hay hai gach duéi 6
dau (vi cai d6 cling dudc reserved).)

#ifndef BAR H // If BAR H isn't defined...
#define BAR H // Define it (with no particular value)

// File bar.h
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int add(int, int);

#endif // End of the #ifndef BAR H

Cai nay sé khién file header chi dudc include ding mot 1an, bat ké bao nhiéu chd c§ #include né.

17.3 static va extern

Ban c¢6 thé tham chiéu dén cic d6i tugng & file khac bing extern .

Ban c6 thé dam bao bién va ham & file scope khong nhin thiy dudc tii cic file ngudn khac (du c6 extern )
béng tii khoa static .

Thém théng tin, xem c4c phéan trong sach vé storage-class specifier static va extern.

17.4 Bién dich vdéi object file

Chuyén nay khong co trong spec, nhung no 1a 99.999% phé bién trong thé gisi C.

Ban c6 thé bién dich file C thanh dang biéu dién trung gian goi la object file. Ching chiia ma may (ttic
la cac bit 1 va 0 cta cac lénh thuc su) nhung chua dudc ghép thanh file thuc thi.

Object file trong Windows c6 phan md rong .0BJ ; trong cac hé Unix-like, ching la .o .

Trong gcec, ta c6 thé build may cai d6 thé nay, v6icd -c (chi compile thoi!):

gcc -c foo.c # produces foo.o
gcc -c bar.c # produces bar.o

ROi ta c6 thé link chung lai thanh mot file thuc thi duy nhit:

‘ gcc -o foo foo.o bar.o ’

Voila, ta da tao ra file thuc thi foo tu hai object file.

Nhung ban nghi, t6i gi cho kh§? Ching phai ta c6 thé:

(gcc -0 foo foo.c bar.c ’

va ha' hai con chim bing mét vién da?
V6i chuong trinh nhd thi én. Téi van lam vay suét.

Nhung v6i chudng trinh 16n hon, ta c6 thé tin dung chuyén bién dich tli ngudn ra object file thi tudng
do6i cham, con link mét déng object file lai thi tudng d6i nhanh.

Diéu nay thé hién rd nhét véi cong cu make , thit chi build lai nhiing ngudén méi hon output cta ching.
Gia sti ban c6 mot nghin file C. Ban dau ban compile tit ca chiing thanh object file (chdm) r6i gop tat ca
cac object file d6 thanh file thuc thi (nhanh).

Gig gia st ban stia ding mot trong s6 cac file nguén C do, day mdéi 1a phép mau: ban chi cin build lai
ding object file cho file nguon do! Roéi build lai file thuc thi (nhanh). Moi file C khac khéng can dung t6i.
Noi cach khac, nhd chi build lai nhiing object file can, ta cit giam thsi gian compile dit ddi. (Di nhién
trii khi ban 1am build “clean”, khi d6 tit ca object file déu phai dudc tao lai.)

!https://en.wikipedia.org/wiki/Boids
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Chapter 18
Moéi trudng bén ngoai

Khi ban chay mdt chudng trinh, thuc ra 14 ban dang noi chuyén véi shell, kiéu: “Nay, chay gitm cai nay
v61” Réi shell noéi: “Dude,” roi nd bao hé diéu hanh: “Nay, anh tao tién trinh méi r6i chay céai nay gium
dudc khong?” Va néu moi chuyén suén sé, OS lam theo va chudng trinh ctia ban chay.

Nhung ngoai chudng trinh, trong shell ¢4 cA mot thé gidi ma tu trong C c6 thé tudng tac dugc. Ta sé
ngo qua vai thi trong chuong nay.

18.1 Tham s6 dong lénh

Nhiéu tién ich dong lénh nhin tham s6 dong Iénh. Vi du, néu ta mudn xem moi file két thic bdng . txt,
ta c6 thé go dai loai thé nay trén hé Unix-like:

s *.txt

(hodc dir thay cho 1s trén hé Windows).
Trong trudng hop nay, 1énh 1a 1s , nhung tham s6 ctia n6 1a moi file két thic bing .txt 1.
Vay lam sao d€ xem thi gi dugc truyén vao chudng trinh tit dong lénh?

Gia st ta c6 chudng trinh tén add cong moi sb truyén trén dong lénh roi in két qua:

./add 10 30 5
45

Ché&c chén cai nay sé kiém du tién tra hoa don day!
Nhung nghiém ttc, day la cong cu hay dé xem cach 1dy tham s6 tit dong 1énh réi xti 1y chung.
DAu tién, xem cach 14y ching ra da. Cho chuyén nay, ta cin mot main() méi!

Day 1a chuong trinh in ra tat ca tham sé dong 1énh. Vi du, néu dit tén file thuc thila foo , ta chay thé
nay:

./foo i like turtles

va ta sé thiy output:

arg 0: ./foo
arg 1: i

1yé mit lich st, chuong trinh trén MS-DOS va Windows lam chuyén nay khac Unix. O Unix, shell s& md rong ky tu dai dién
thanh moi file khdp trude khi chuong trinh ctia ban thdy dugdc, con may ban ctua Microsoft sé chuyén ca biéu thtic ky tu dai dién
vao chudng trinh dé tu xii. Du sao, van c6 tham sé dudc chuyén vao chuong trinh.

118
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arg 2: like
arg 3: turtles

Hoi la, vi tham s6 thi khong 1a tén file thuc thi. Nhung quen thoi. Cic tham s6 con lai thi theo sau truc
tiép.

Nguon:

#include <stdio.h>

int main(int argc, char *argv[])
{
for (int i = 0; i < argc; i++) {
printf("arg %d: %s\n", i, argv[il);

04i! Co chuyén gi véi chii ky ctia main() thé? argc va argv ? (docla arg-cee va arg-vee) 13 gi vay?

Bét dau vdi cai dé trude: argc . Day la argument count, tlic s6 lugng tham s8, bao gom ca tén chuong
trinh. Néu ban hinh dung moi tham s6 nhu mot mang chudi, ma chiing ding 1 vay, thi argc la d6 dai
ctia mang d6, ma né dung la thé.

Va vdy chuyén ta lam trong vong lap la duyét qua moi argv va in tliing cai mot, nén véi input:

./foo i like turtles

ta c6 output tudng ling:

arg 0: ./foo
arg 1: i
arg 2: like

arg 3: turtles

Véi chiing d6 trong dau, ta du 6 dé€ lam chuong trinh cong.
Ké hoach:

« Xem moi tham s6 dong 1énh (qua khoi argv[@] , tén chudng trinh)
- D&i ching sang s6 nguyén

« Cong don vao tdng dang chay

« In két qua

Bét tay vao!

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

int main(int argc, char **argv)
{
int total = 0;

for (int i = 1; i < argc; i++) { // Start at 1, the first argument
int value = atoi(argv[il); // Use strtol() for better error handling

total += value;

2Vi ching chi la tén tham s6 thong thudng, ban khong nhat thiét phai goila argc va argv . Nhung d6 la idiomatic dén miic
néu ban sang tao, dev C khac sé nhin ban bing 4nh mét nghi hodc that su ddy!
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}
printf("sd\n", total);
}
Vai lan chay thu:

./add

./add 1

$

0

$

1

$ ./add 1 2
3

$ ./add 1 2 3
6
$

./add 1 2 3 4
10

Di nhién n6 c6 thé phun bay néu ban truyén vao cai gi khong phai s6 nguyén, nhung viéc lam cling cap
chuyén d6 xin d€ lai lam bai tp cho ngusi doc.

18.1.1 argv cudicungla NULL

Mot digu vui vui vé argv 1a sau chudi cudi cing 1a mot con trd t6i NULL .

Thc la:

argv[argc] == NULL

ludén dung!
Chuyén nay c6 vé vo nghia, nhung héa ra lai hitu ich & vai chd, ta s& xem mot trong s6 d6 ngay bay gis.
18.1.2 Dang thay thé: char **argv

Nhé réing khi goi ham, C khong phan biét ky phap mang va ky phap con tro trong chit ky ham.

Thc 13, hai thi sau 1a nhu nhau:

void foo(char all])
void foo(char *a)

LAu nay ta hinh dung argv nhu mét mang chudi, tiic 1a mot mang cic char* , nén cai nay nghe hop
ly:

int main(int argc, char *argvl[]) ’

nhung vi su tudng duong d6, ban ciing cd thé viét:

int main(int argc, char **argv) ’

U, con tro tré téi con tro! Néu thay dé hon, ci nghi né nhu con troé téi chudi. Nhung thuc ra, né la con
tro tro t6i mot gia tri ma gia tri do tro téi char .

Ciing nhd ring hai thi ndy tudng duong:

argv([il
*(argv + 1)
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nghia 1a ban c6 thé 1am s6 hoc con trd trén argv .

Vay mot cach khéc d€ tiéu thu tham s6 dong 1énh ¢6 thé 1a di doc mang argv bing cach ting con tro
lén cho t6i khi cham NULL & cudi.

Stia chudng trinh cdng cua ta dé lam vay:

int

{

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

main(int argc, char **argv)

int total = 0;

// Cute trick to get the compiler to stop warning about the
// unused variable argc:

(void)argc;

for (char **p = argv + 1; *p != NULL; p++) {
int value = atoi(*p); // Use strtol() for better error handling

total += value;

printf("sd\n", total);

C4 nhan t6i dung ky phap méang d€ truy cip argv , nhung t6i van thdy kiéu nay lang vang dau do.

18.1.3 It chuyén vui

Con vai thii vé argc va argv .

Vai moi trudng co thé khong dat argv[0] 1a tén chudng trinh. Néu né khong c6, argv[0] séla
chudi rong. Toi chua bao gid thay chuyén nay xay ra.

Spec thuc ra kha thoang trong chuyén implementation c6 thé lam gi v8i argv va cac gia tri d6
dén tu dau. Nhung moi hé téi ting dung déu hoat dong giong nhau, nhu ta da ban § phan nay.

Ban c6 thé stia argc, argv , hodc bat ky chudi ndo ma argv tré t6i. (Chila diing lam may chudi
d6 dai hon kich thudc sin c6 ciia né!)

Trén vai hé Unix-like, stia chudi argv[0] sé& khién output ctia ps thay d6i’.

Thong thudng, néu ban c6 chuong trinh tén foo chay bang ./foo , ban c6 thé thiy trong output
cia ps:

‘ 4078 ttyl S 0:00 ./foo ’
Nhung néu stia argv[0] thé ndy, cin thin d€ chudi méi "Hi! " c6 cung do dai véi chudi cit
*./foo" :

strcpy(argv[0], "Hi! "); ’

roi chay ps khi chudng trinh ./foo con dang chay, ta sé thay:

‘ 4079 ttyl S 0:00 Hi! ’

3 ps , Process Status, la lénh Unix d€ xem tién trinh nao dang chay lac do.
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Hanh vi nay khong c6 trong spec va phu thudc rit nhiéu vao hé thong.

18.2 Exit status

Ban c6 d€ y chii ky ctia main() tra vé ki€u int khong? Chuyén d6 1a sao? N6 lién quan téi thit goi
14 exit status, mot s6 nguyén c6 thé dugce tra lai chuong trinh da khéi chay chudng trinh cta ban dé bao
moi chuyén ra sao.

C6 ca ddng cach dé chudng trinh thoat trong C, bao gdm return ti main() , hay goi mot trong cac
bién thé exit() .

T4t ca cac cach nay nhin int lam tham so.

Nhéc 1é: ban c6 thdy trong phén 16n cic vi du cta tdi, du main() 1€ ra phai trd vé int, t6i that ra
khong return gi hét? Trong moi ham khéc, chuyén nay la bat hdp phép, nhung c6 mot ngoai 1é dic
biét trong C: néu ludng thuc thi cham dén cudi main() ma khéng tim thiy return, né tu dong lam

return 0.
Nhung 0 d6 nghiala gi? Céc s6 khac ta c6 thé diat vao do6 1a gi? Va chiung dudc dung ra sao?
Spec viia rd vila md hd vé chuyén nay, nhu thudng lé. RS vi n6 ndi ra ban c6 thé lam gi, ms ho vi no6
khong gidi han gi miy.
Chéang con cach nao khic 1a ¢t tién lén va tim ra!
Ta Inception? mot chit: hoa ra khi ban chay chuong trinh, ban dang chay né tii mot chuong trinh khac.
Thudng chudng trinh kia 1a kiéu shell® nao d6 ma tu né khéng lam mdy ngoai chuyén khéi chay chucng
trinh khac.
Nhung day la quy trinh nhiéu giai doan, nhat la véi shell dong 1énh thay ro:
. Shell khdi chay chudng trinh cta ban
. Shell thudng di ngt1 (vé6i shell dong 1énh)
. Chudng trinh cta ban chay

. Chuong trinh két thuc
. Shell thiic day va dgi lénh tiép theo

U =~ WO N =

Bay gid, c6 mdt mau thong tin lién lac dién ra gifia budc 4 va 5: chuong trinh cé thé tra vé mot gia tri
trang thai ma shell c6 thé hoi. Thudng gia tri nay dugc dung dé bao chudng trinh thanh cong hay thit
bai, va néu thit bai thi kiéu that bai nao.

Gia tri nay 1a c4i ta vin return ti main() . D6 la status.

Gig, spec C cho phép hai gia tri status khac nhau, c6 tén macro dugc dinh nghia trong <stdlib.h> :

Status Mb ta

EXIT_SUCCESS hay 0  Chuong trinh két thic thanh cong.
EXIT FAILURE Chuong trinh két thic v6i 161,

Hay viét mot chudng trinh ngén nhén hai s6 tit dong lénh. Ta sé yéu ciu ban chi dinh chinh x4c hai gia
tri. Néu khong, ta in thong bao 16i va thoat véi status 16i.

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

int main(int argc, char **argv)
{
if (argc !'= 3) {

*https://en.wikipedia.org/wiki/Inception
Shttps://en.wikipedia.org/wiki/Shell_(computing)
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printf("usage: mult x y\n");
return EXIT FAILURE; // Indicate to shell that it didn't work

printf("sd\n", atoi(argv[l]) * atoi(argv[2]));

return 0; // same as EXIT SUCCESS, everything was good.

Gig thii chay, ta sé thiy dung nhu y cho dén khi truyén ding s6 lugng tham s6 dong 1énh:

$ ./mult
usage: mult x y

$ ./mult 345
usage: mult x y

$ ./mult 3 4
12

Nhung cai d6 khong that su cho thdy exit status ma ta tra vé, dting khong? Ta c6 thé bat shell in né ra.
Gia st ban dang dung Bash hodc shell POSIX khac, c6 thé dung echo $? dé xem®.

Tht xem:

$ ./mult

usage: mult x y
$ echo $?

1

$ ./mult 3 45
usage: mult x y

$ echo $?

1

$ ./mult 3 4
12

$ echo $?

0

Thu vi! Ta thiy trén hé cua t6i, EXIT_FAILURE la 1. Spec khong néird chuyén ndy, nén né c6 thé la
6 bat ky. Nhung ci thii, trén hé cta ban chic cing la 1.

18.2.1 Cac gia tri exit status khac
Status 0 chic chin nghia la thanh céng, nhung moi s6 nguyén khac, ké ca am, thi sao?

O day ta di ra khoi spec C ma budc vao dia phan Unix. Nhin chung, 0 la thanh c6ng, con s6 duong
khéc khong 1a thit bai. VAy ban chi c6 mot ki€u thanh cong, nhung nhiéu kiéu thét bai. Bash noi exit
code nén ndm trong khoang 0 dén 255, di mot sd code da dudc reserved.

No6i ngén, néu muén bao cac exit status 16i khac nhau trong méi trudng Unix, ban c6 thé bt dau tii 1

va tang dan.

Trén Linux, néu ban tht code nao ndm ngoai khoang 0-255, né sé AND bitwise code v4i 0xff , kep nd
vao khoang do.

Ban c6 thé script shell € dung cac code status nay quyét dinh lam gi tiép theo.

®Trén Windows cmd.exe , gd echo %errorlevel% . Trong PowerShell, g6 $LastExitCode .
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18.3 Bién moi trudng
Trudc khi di vao phan nay, t6i phai canh bao ring C khong dinh nghia bién moéi trudng 1a gi. Nén toi sé
md ta hé théng bién moi trudng hoat dong trén moi nén tang 16n tdi biét.

V@ 6 ban, moi trudng 1a chudng trinh sé chay chudng trinh cta ban, vi du shell bash. Va né c¢6 thé c6
vai bién bash dugc dinh nghia. Néu ban chua biét, shell c6 thé tu tao bién riéng. Méi shell mdi khac,
nhung trong bash ban chi can go set 1a n6 hién hét cho ban.

Day la trich doan tui 61 bién dugc dinh nghia trong bash shell cua to6i:

HISTFILE=/home/beej/.bash history
HISTFILESIZE=500

HISTSIZE=500

HOME=/home/beej
HOSTNAME=FBILAPTOP
HOSTTYPE=x86_64

IFS=$' \t\n'

Chu y ching ¢ dang cap key/value. Vi du, mot key la HOSTTYPE va gia trila x86_64 . Tl goc nhin C,
tAt ca gi4 tri 1a chudi, du chiing 13 s&’.
Vay du sao! Chuyén dai ké ngin, ban c6 thé ldy cic gia tri ndy ti bén trong chudng trinh C cta ban.

Viét chuong trinh ding ham chuin getenv() dé tra mot gia tri ma ban dit trong shell.

getenv() sétra vé con trd téi chudi gia tri, hosic NULL néu bién méi trusng khong ton tai.

#include <stdio.h>
#include <stdlib.h>
int main(void)
{
char *val = getenv("FROTZ"); // Try to get the value
// Check to make sure it exists
if (val == NULL) {
printf("Cannot find the FROTZ environment variable\n");
return EXIT FAILURE;
}
printf("Value: %s\n", val);
}

Néu chay truc tiép, t6i thiy thé nay:

$ ./foo
Cannot find the FROTZ environment variable

chuyén d6 hdp ly, vi toi chua dit no.

Trong bash, téi c6 thé dit né bang?:

$ export FROTZ="C is awesome!"

R6i khi chay, t6i thay:

"Néu ban cin gia tri s8, chuyén chudi bing thii nhu atoi() hay strtol() .
8Trong Windows CMD.EXE, ding set FROTZ=value . Trong PowerShell, ding $Env:FROTZ=value .
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$ ./foo
Value: C is awesome!

Theo cach nay, ban c6 thé dit dii liéu trong bién moi trudng, va c6 thé 1y né trong code C roi thay déi
hanh vi tudng tng.

18.3.1 Dit bién mai trudng
Cai nay khong chuén, nhung nhiéu hé c6 cach dé dat bién moi trudng.

Néu trén hé Unix-like, tra tai liéu cho putenv() , setenv() , va unsetenv() . Trén Windows, xem

_putenv() .

18.3.2 Bién moi trudng thay thé trén Unix-like

Néu ban dang trén hé Unix-like, nhiéu kha ning ban c6 thém vai cach niita d€ truy cip bién méi trudng.
Luu y réng du spec chi ra day 12 phan m& rong phd bién, n6 khong that su 1a phan caa chuin C. Nhung
n6 1a phan ctia chudn POSIX.

Mot trong s6 d6 1a bién tén environ phai dugce khai bao thé nay:

extern char **environ;

N6 1a mot mang chudi két thic bang con tré NULL .
Ban nén tu khai bdo trude khi duing, hodc c6 thé tim thay no trong file header khong chudn <unistd.h> .
Mbi chudi 6 dang "key=value" nén ban phai tu tach rdi phan tich néu muén ldy key va value ra.

Day 1a vi du 13p qua va in cc bién moi trudng bang vai cach khac nhau:

#include <stdio.h>

extern char **environ; // MUST be extern AND named "environ"

int main(void)

{
for (char **p = environ; *p != NULL; p++) {
printf("ss\n", *p);
}
// Or you could do this:
for (int i = 0; environ[i] != NULL; i++) {
printf("%ss\n", environ[i]);
}
}

Cho ra mét déng output nhu thé nay:

SHELL=/bin/bash
COLORTERM=truecolor
TERM PROGRAM VERSION=1.53.2
LOGNAME=beej
HOME=/home/beej

. etc ...

Dung getenv() néu c6 thé vino di dong hon. Nhung néu ban phai lap qua cac bién moi trudng, dung

environ c6 thé 1a cach hgp.
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Mot cach khong chuin khac dé 14y bién mdi trudng 1a 1am tham s cia main() . N6 hoat dong kha
giéng, nhung ban khoi phai thém bién extern environ . Ngay ca spec POSIX ciing khong hé trg céi
nay’ theo t6i biét, nhung né phd bién & chén Unix.

#include <stdio.h>
int main(int argc, char **argv, char **env) // <-- env!
{
(void)argc; (void)argv; // Suppress unused warnings
for (char **p = env; *p != NULL; p++) {
printf("%ss\n", *p);
}
// Or you could do this:
for (int i = 0; env[i] !'= NULL; i++) {
printf("ss\n", env[il);
}
}

Gidng nhu dung environ nhung con kém di dong hon. Co6 muc tiéu la tot.

“https://pubs.opengroup.org/onlinepubs/9699919799/functions/exec.html


https://pubs.opengroup.org/onlinepubs/9699919799/functions/exec.html
https://pubs.opengroup.org/onlinepubs/9699919799/functions/exec.html

Chapter 19

C Preprocessor

Trudc khi chuong trinh duge bién dich, né thit ra chay qua mét pha goi la preprocessing. Gan nhu la c6
mot ngdn ngii ndm trén ngdn ngli C chay trude. Va nod xuit ra code C, rdi code d6 méi duge bién dich.

Ta da thdy chuyén nay phan nao véi #include ! D6 1a C Preprocessor! Chd nao né thdy directive do,
né nhét file duge goi tén ngay vao, y nhu ban da gé vao do. Va réi compiler méi build ca md.

Nhung héa ra n6 manh hon nhiéu so véi chi biét include. Ban ¢6 thé dinh nghia macro d€ dugc thay
thé... va thAm chi ca macro nhin tham so!

19.1 #include
Bat dau v4i cai ta da thdy nhiéu lan. Day di nhién 1a mot cach d€ include cic ngudn khac vao ngudn
cua ban. Rt hay dung véi file header.

Du spec cho phép #include hanh xt du kiéu, ta sé chon cach thuc dung hon va néi vé cach né hoat
dong trén moi hé t6i tliing gép.

Ta c6 thé chia file header thanh hai loai: hé théng va noi bo. Nhiing thii dung sén nhu stdio.h,
stdlib.h, math.h vav.v, ban c6 thé include bang ngodc nhon:

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

Ngodc nhon néi véi C: “Nay, diing tim file header nay ¢ thu muc hién tai, tim trong thu muc include
chung cua hé thong kia”

Cai do, di nhién, ngdm béo rang phai c6 cach dé include file noi bd tii thu muc hién tai. Va cé: dung
nhay kép:

#include "myheader.h"

Hodgc rit ¢6 thé ban tim dudc 6 thu muc tudng d6i bang diu gach chéo xudi va ddu chim, kiéu thé nay:

#include "mydir/myheader.h"
#include "../someheader.py"

Dling dung dau gach chéo ngudc (\ ) lam d4u ngin dudng din trong #include ! D6 1a undefined
behavior! Chi dung gach chéo xuéi ( / ), ngay ca trén Windows.

Tém lai, dung ngodc nhon (< va > ) cho include hé thong, va dung nhay kép (" ) cho include c4 nhan
cua ban.

127
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19.2 Macro don gian

Macro 1a mot dinh danh dudc md rong thanh mot mau code khac trudce khi compiler thiy duge. Hay coi
n6 nhu mdt chd tréng, khi preprocessor thdy mét trong cic dinh danh d6, né thay béng gia tri ma ban
da dinh nghia.

Ta lam chuyén nay bang #define (thudng doc la “pound define”, hay “hash define”, va hiém khi, néu
c6, doc 1a “octothorpe define”). Vi du:

#include <stdio.h>

#define HELLO "Hello, world"
#define PI 3.14159

int main(void)
{

printf("%s, %f\n", HELLO, PI);
}

O dong 3 va 4 ta dinh nghia vai macro. O diu ma ching xuit hién trong code (dong 8), ching sé dugdc
thay bang gié tri da dinh nghia.

T géc nhin ctia compiler C, y hét nhu ta da viét thé nay:

#include <stdio.h>

int main(void)
{
printf("%s, %f\n", "Hello, world", 3.14159);

Thiy cach HELLO dugc thay bang "Hello, world" va PI dudc thay bing 3.14159 chii? Tu goc nhin
compiler, giéng nhu nhiing gia tri d6 da c6 mit ngay trong code.

Luu y rdng macro khong c6 ki€u cu thé, ty than né. That ra chi la chung dudc thay nguyén xi bdng bat
cu thi gi duge #define thanh. Néu code C két qua khong hdp 1, compiler sé phun bay ra.

Ban ciing c6 thé dinh nghia macro khong c¢6 gia tri:

#define EXTRA_HAPPY

trong trudng hop do, macro ton tai va duge dinh nghia, nhung dinh nghia 1a khong c6 gi. Nén chd nao
no6 xudt hién trong van ban cling sé dudc thay bang khong co gi. Ta sé thiy cach dung cta céi nay sau.

Theo quy udc, tén macro viét ALL CAPS du ky thuat thi khong bat budc.

Nhin chung, c4i nay cho ban cach dinh nghia gia tri hing gin nhu toan cuc va dung dudc bdt cii chd
nao. K& ca chd ma bién const khong diung dudc, vi du trong case ctia switch va dd dai mang cd
dinh.

Du vay, cudc tranh cii van né ra trén mang vé viéc ding bién const c6 kiéu c6 t6t hon macro #define
trong trudng hgp chung khong.

N6 ciling c6 thé dudc dung dé thay thé hoic stia cac tit khoa, mot khai niém hoan toan xa la v6i const ,
du chuyén nay nén dung tiét kiém.
19.3 Bién dich c6 diéu kién

C6 thé bit preprocessor quyét dinh c6 dua mot s6 block code cho compiler hay khong, hodc x6a ching
hén di trudc khi compile.

Ta lam chuyén d6 bang cach boc code trong cac block diéu kién, giong nhu ciu lénh if - else .
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19.3.1 Néu da dinh nghia, #ifdef va #endif

Dau tién, thit compile code cu thé tiry thudc vao macro c6 dude dinh nghia hay khong.

#include <stdio.h>

#define EXTRA_HAPPY

int main(void)
{

#ifdef EXTRA HAPPY
printf("I'm extra happy!\n");
#endif

printf("0K!\n");

Trong vi du do, ta dinh nghia EXTRA HAPPY (thanh khéng gi c4, nhung né dugc dinh nghia), r6i 6 dong
8 ta kiém tra xem nd c¢6 dugc dinh nghia hay khong béing directive #ifdef . Néu co, code tiép sau dé
sé dugc dua vao cho dén #endif .

Vi né dudc dinh nghia, code sé dugc dua vao dé compile va output sé la:

I'm extra happy!
OK!

Néu ta comment cai #define di, kiéu:

‘ //#define EXTRA_HAPPY

thi n6 sé khong duge dinh nghia, va code sé khéng dudc dua vao compile. Va output sé chi la:

e

Quan trong 1a nhd rang nhiing quyét dinh nay xay ra liic compile! Code thuc su duge compile hodc bi
bo di tiy vao diéu kién. Chuyén nay khac véilénh if tiéu chuin dudce danh gia ldc chudng trinh chay.

19.3.2 Néu chua dinh nghia, #ifndef

»_ <

Ciing ¢6 nghia phu dinh cta “néu da dinh nghia”: “néu chua dinh nghia”, hay #ifndef . Ta c6 thé sta
vi du trude dé in ra thit khac dua trén viéc mot thit c6 duge dinh nghia hay khong:

#ifdef EXTRA_HAPPY
printf("I'm extra happy!\n");
#endif

#ifndef EXTRA _HAPPY
printf("I'm just regular\n");
#endif

Ta sé thdy cach gon hon d€ lam &6 phén sau.

Noi lai vdi file header, ta da thiy cach khién file header chi dugc include dung mot lan bang cach boc
ching trong directive preprocessor thé nay:
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#ifndef MYHEADER H // First line of myheader.h
#define MYHEADER H

int x = 12;

#endif // Last line of myheader.h

Cai nay cho thiy cach mot macro ton tai qua céc file va qua nhiéu #include . Néu chua dugc dinh
nghia, ta dinh nghia n6 r6i compile c4 file header.

Nhung l4n sau khi n6é dugc include, ta thdy MYHEADER H da dudc dinh nghia, nén ta khong gi file
header cho compiler niia, né bi x6a hén di.

19.3.3 #else

Nhung chua phai tit ca! Con cd #else ma ta c6 thé quang vao md do.

Stia vi du trudc:

#ifdef EXTRA HAPPY

printf("I'm extra happy!\n");
#else

printf("I'm just regular\n");
#endif

Gi6 néu EXTRA_HAPPY chua dudc dinh nghia, n6 sé tring nhanh #else va in:

-

I'm just regular

19.3.4 Else-If: #elifdef , #elifndef

Tinh nang nay méi c6 6 C23!

Thé néu ban mudn cai gi phic tap hon? C6 thé ban can ciu truc if-else ndi ting dé€ code dugc build
diung?

May 14 ta c6 may directive nay dé xai. Ta c6 thé dung #elifdef cho “else if defined”:

#ifdef MODE 1

printf("This is mode 1\n");
#elifdef MODE 2

printf("This is mode 2\n");
#elifdef MODE 3

printf("This is mode 3\n");
#else

printf("This is some other mode\n");
#endif

Ngudc lai, ban c6 thé dung #elifndef cho “else if not defined”.

19.3.5 Diéu kién tong quat: #if, #elif

Cai nay hoat dong rit giong #ifdef va #ifndef & chd ban ciing c6 thé co #else va ca mé dude khép
lai bing #endif .

Khéc biét duy nhit 1a biéu thic hdng sau #if phai tinh ra true (khac khong) thi code trong #if mdéi

dudc compile. Nén thay vi viéc mot thit c6 duge dinh nghia hay chua, ta mudén mot biéu thic tinh ra
true.
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#include <stdio.h>
#define HAPPY FACTOR 1

int main(void)

{

#1f HAPPY FACTOR ==

printf("I'm not happy!\n");
#elif HAPPY FACTOR == 1

printf("I'm just regular\n");
#else

printf("I'm extra happy!\n");
#endif

printf("0K!\n");
}

.

Lai mot 1an nita, v6i cac nhanh #if khong khdp, compiler sé khéng nhin thiy nhiing dong d6. Véi
code trén, sau khi preprocessor lam xong, tit ca compiler thdy chi la:

#include <stdio.h>

int main(void)

{
printf("I'm just regular\n");

printf("0K!\n");

Mot cach dung hdi hacker 12 d€ comment nhanh mot mé dong.

Néu ban dit #if 0 (“if false”) 6 ddu block cAn comment va #endif & cudi, ban dudc hiéu qua nay:

#if 0
printf("All this code"); /* is effectively */
printf("commented out"); // by the #if 0
#endif

Thé néu ban trén compiler ci hon C23 va khéng c6 hd trg directive #elifdef hay #elifndef thisao?
Lam sao dat cung hiéu qua v6i #if ? Vi dy, néu to6i mudn cai nay:

#ifdef FOO
X = 2;

#elifdef BAR // POTENTIAL ERROR: Not supported before (23
X = 3;

#endif

Lam sao lam dugc?
Hoa ra c6 mot toan tii preprocessor tén defined ma ta c6 thé dung véilénh #if .

Cac thi sau la tuong dudng:

!Ban khéng thé lic nao ciing boc code trong comment /* */ vichting khong l6ng dudc.
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#ifdef FOO
#1if defined FOO
#if defined(F00) // Parentheses optional

Cac thi sau cliing vay:

#ifndef FOO
#if !defined FOO
#1if !defined(F00) // Parentheses optional

Chu y cach ta dung toén ti NOT logic tiéu chuéin ( ! ) cho “chua dinh nghia”.
Vay gid ta quay lai ving dat #if va c6 thé dung #elif ma khong phai sg gi!

DPoan code hong nay:

#ifdef FOO
X = 2;

#elifdef BAR // POTENTIAL ERROR: Not supported before (23
X = 3;

#endif

.

6 thé dugc thay béng:

#if defined FOO

X = 2;

#elif defined BAR
X = 3;

#endif

19.3.6 Viit macro di: #undef

Néu ban da dinh nghia gi d6 nhung khong cn niia, ban c6 thé bo dinh nghia bing #undef .

#include <stdio.h>

int main(void)
{
#define GOATS

#ifdef GOATS
printf("Goats detected!\n"); // prints
#endif

#undef GOATS // Make GOATS no longer defined

#ifdef GOATS

printf("Goats detected, again!\n"); // doesn't print
#endif
}

19.4 Macro dung sin

Chuén dinh nghia mot d6ng macro dung sin ma ban c6 thé kiém tra va diing cho bién dich c6 diéu kién.
Xem qua 6 day.
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19.4.1 Macro bit budc

T4t ca nhiing cai nay déu dugc dinh nghia:

Macro Mb ta

__DATE Ngay compile, kiéu lac ban dang compile file ndy,  dinh dang Mmm dd yyyy
_ TIME Gid compile 6 dinh dang hh:mm:ss

_ FILE Mot chubi chiia tén file nay

_ LINE__ S6 dong cua file ma macro nay xuét hién 6 do

_ func__ Tén ham ma céi nay xuét hién trong, dudi dang chudi?

_ STDC__ Dugc dinh nghia baing 1 néu day 1a compiler C chuin

_ STDC_HOSTED _ Séla 1 néu compiler 13 hosted implementation®, ngudc lai ©
__STDC_VERSION__ Phién ban cua C, mot hing long int & dang yyyymmL , vidu 201716L

Ghép chung lai.

#include <stdio.h>

int main(void)

{
printf("This function: %s\n", _ func_ );
printf("This file: %s\n", _ FILE );
printf("This line: %d\n", _ LINE );
printf("Compiled on: %s %s\n", _DATE , TIME );
printf("C Version: %ld\n",  STDC VERSION );

}

Output trén hé cua toi la:

This function: main

This file: foo.c

This line: 7

Compiled on: Nov 23 2020 17:16:27
C Version: 201710

__FILE , _func__ va _ LINE  dic biét hiiu ich dé bao tinh trang 13i trong thong diép cho dev.

Macro assert() trong <assert.h> dung chtng dé chi ra chd nao trong code assertion that bai.

19.4.1.1 __STDC_VERSION__

Néu ban to mo, day la cac s6 phién ban cho nhiing ban phat hanh 16n khac nhau ciia Spec Ngon ngii C:

Release Phién ban ISO/IEC ~ STDC VERSION
C89 ISO/IEC 9899:1990 khong dinh nghia
C89 ISO/IEC 9899:1990/Amd.1:1995 199409L

C99 ISO/IEC 9899:1999 199901L

C11 ISO/IEC 9899:2011/Amd.1:2012 201112L

Chu y macro nay ban dau khéng ton tai trong C89.

2Pay khong hén 1a macro, vé ky thuat thi n6 12 mot dinh danh. Nhung n6 14 dinh danh dudc dinh nghia trudc duy nhat va
cam giac rit giéng macro, nén tdi d€ n6 § day. Kiéu néi loan ti.

3Hosted implementation vé cd ban nghia la ban dang chay chuan C diy du, c6 1& trén mot hé diéu hanh nao d6. Ma chéc la
dung thé. Néu ban dang chay trén phén cling tran trong kiéu hé embedded, ban chic dang trén standalone implementation.
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Ciing chu y réng ké hoach 14 s phién ban sé& ting nghiém ngit, nén ban ludn c6 thé kiém tra, ching
han “it nhat C99” bing:

#if _ STDC VERSION _ >= 1999901L

19.4.2 Macro tuy chon

Implementation ctia ban c6 thé ciing dinh nghia nhiing ci nay. Hodc khong.

Macro Mo ta
__STDC_ISO 10646 Néu dugc dinh nghia, wchar_t chiia gia tri Unicode, ngudc lai thi chia gi
khéc

_ STDC_MB MIGHT NEQ WC Giatri 1 bao rang cac gia tri trong ky tu da byte c6 thé khong anh xa bing
véi gia tri trong ky tu wide

__STDC_UTF_16__ Gia tri 1 béo ring hé théng dung ma héa UTF-16 trong kiéu charl6 t

_ STDC UTF 32 Giatri 1 béo ring hé thdng dung ma hoa UTF-32 trong kiéu char32 t

__ STDC_ANALYZABLE Giatri 1 béo code c6 thé phan tich dugc*

_ STDC_IEC 559 1 néu hé trg floating point IEEE-754 (con goi 1a IEC 60559)

_ STDC_IEC 559 COMPLEX_ 1 néu hd trg floating point phiic IEC 60559

_ STDC_LIB EXT1 1 néu implementation nay hd trg nhiéu ham thu vién chuin “an toan”
thay thé (ching c6 hdutd _s trong tén)

__STDC_NO_ATOMICS 1 néu implementation nay khéng hé trg _Atomic hay <stdatomic.h>

__STDC_NO_COMPLEX 1 néu implementation nay khéng hé trg kiéu complex hay <complex.h>

_ STDC_NO_THREADS 1 néu implementation nay khéng hé trg <threads.h>

__STDC_NO_VLA 1 néu implementation nay khéng hé trd mang c6 dé dai thay déi

19.5 Macro c6 tham sé

Macro manh hon la chi thay thé don gian. Ban c6 thé cai chung nhan tham s§ dé€ thay vao.

Céu hoi thudng nay ra 1 khi ndo diing macro c6 tham s6 thay cho ham. Tra 18i ngan: dung ham. Nhung
ban sé thdy vo s6 macro ngoai ddi va trong thu vién chuén. Ngudi ta hay dung ching cho miy thit ngén,
tinh toan, va cho cac tinh ning c6 thé thay ddi tiy nén tang. Ban c6 thé dinh nghia cac tu khoa khac
nhau cho nén tang nay hay nén tang khéc.

19.5.1 Macro c6 mot tham so

Bat dau v4i cai don gian binh phudng mot so:

#include <stdio.h>
#define SQR(x) x * x // Not quite right, but bear with me
int main(void)

{
printf("sd\n", SQR(12)); // 144

Cai d6 ndi “6 dau thdy SQR véi gi tri ndo d6, thay bing gia tri 6 nhan véi chinh no”.
Nén dong 7 sé d6i thanh:

“Pugc, toi biét d6 la cau tra 15i né tranh. Vé co ban c6 mot phan md rong thy chon ma compiler c6 thé cai, trong d6 ching
dbng y gisi han vai kiéu undefined behavior dé code C dé lam static code analysis hon. It kha ning ban can dung cai nay.
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printf("sd\n", 12 * 12); // 144

C thoai méi chuyén thanh 144.

Nhung ta da pham 15i so dang trong macro d6, 16i ma ta can tranh.

Cung xem. Néu ta mudn tinh SQR(3 + 4) ? U, 3+ 4 = 7, nén ta chic mudn tinh 72 = 49. biy, 49,
cau tra 16i cudi cung.

Cho vao code va ta dudc... 19?

‘ printf("%d\n", SQR(3 + 4)); // 19!17?? ’

C6 chuyén gi?

Néu ta theo d6i mé rong macro, ta cé

( printf("sd\n", 3 + 4 * 3 + 4); // 19! ’

Oi! Vi nhan cé d0 uu tién cao hon, ta lam 4 x 3 = 12 trudc, r6i dudc 3 + 12 + 4 = 19. Khong phai tha
ta muodn.

Nén ta phai stia cho n6 dung.
C4i nay phd bién téi mic ci tu dong 1am méi khi ban tao macro tinh to4n c6 tham sé!

Stia thi dé: thém vai cip ngodc don!

‘ #define SQR(x) (x) * (x) // Better... but still not quite good enough! ’

Va gid macro ctia ta mé rong thanh:

[ printf("sd\n", (3 + 4) * (3 + 4)); // 49! Woo hoo! ’

Nhung that ra ta van con cling van dé, c6 thé tho ra néu quanh dé c6 toan ti uu tién cao hon nhan ( * ).

Nén céch an toan, ding bai dé ghép macro 14 boc ¢4 cuc trong thém cip ngodc don, thé nay:

{#define SOR(x) ((x) * (x)) // Good! ’

Cti bién no thanh thoi quen khi tao macro tinh toan la khong sai dudc.

19.5.2 Macro c6 nhiéu hon mo6t tham so

Ban c¢6 thé xép chong mdy thi nay 1én bao nhiéu tuy y:

#define TRIANGLE AREA(w, h) (0.5 * (w) * (h))

Lam vai macro giai = dung cdng thtic nghiém bac hai. Phong khi ban khdong con nhé nim long, véi
phuong trinh dang:

ar? +br+c=0
ban c6 thé giai x bang cong thiic nghiém bic hai:

—b+ Vb —4dac
r=-—--—ow—
2a
Cai d6 dién r6. D€ y ca cai dau cong-trii (4) trong do, bao ring that ra c6 hai nghiém.

Nén ta lam macro cho ca hai:
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#define QUADP(a, b, c) ((-(b) + sqrt((b) * (b) - 4 * (a) * (c))) / (2 * (a)))
#define QUADM(a, b, c) ((-(b) - sqrt((b) * (b) - 4 * (a) * (c))) / (2 * (a)))

Vay la c6 dudc ti tinh toan. Nhung ta dinh nghia thém mot céi niia dé dung lam tham s6 cho printf()

in ca hai dap an.

// macro replacement

1/ EESCRPSORRE | [emmmmm e |
#define QUAD(a, b, c) QUADP(a, b, c), QUADM(a, b, c)

D6 chi la vai gia tri ngan cach bdi ddu phiy, va ta c6 thé dung cai d6 nhu tham s6 “ghép” ctia printf()

thé nay:

printf("x = %f or x = %f\n", QUAD(2, 10, 5));

Ghép lai thanh code:

#include <stdio.h>
#include <math.h> // For sqrt()

#define QUAD(a, b, c) QUADP(a, b, c), QUADM(a, b, c)

int main(void)
{

printf("2*x*2 + 10*x + 5 = 0\n");

printf("x = %f or x = %f\n", QUAD(2, 10, 5));
}

\

#define QUADP(a, b, c) ((-(b) + sqrt((b) * (b) - 4 * (a) * (c))) / (2 * (a)))
#define QUADM(a, b, c) ((-(b) - sqrt((b) * (b) - 4 * (a) * (c))) / (2 * (a)))

Va cai nay cho output:

2*¥x"2 + 10*x + 5 =0
X = -0.563508 or x = -4.436492

Thé gia tri nao vao cling cho xap xi khong (hdi léch vi cac s6 khong chinh xac):

2 x —0.563508% + 10 x —0.563508 + 5 ~ 0.000003

19.5.3 Macro vdi tham so bién

Ciing c6 cach truyén sd lugng tham s& bién d6i vao macro, dung ddu ba chidm (

... ) sau cac tham sd c6

tén da biét. Khi macro mé rong, moi tham s8 thiia sé 6 trong danh sach ngan bgi diu phiy trong macro

__VA _ARGS__, va ¢4 thé dugc thay tit do:

#include <stdio.h>

// Combine the first two arguments to a single number,
// then have a commalist of the rest of them:

#define X(a, b, ...) (10*(a) + 20*(b)), VA ARGS
int main(void)

{
printf("sd %f %s %d\n", X(5, 4, 3.14, "Hi!", 12));
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Viéc thay thé dién ra & dong 10 sé la:

‘ printf("%d %f %s %d\n", (10*(5) + 20*(4)), 3.14, "Hi!'", 12); ’

cho output:

{130 3.140000 Hi! 12 ’

Ban ciing c6 thé “stringify” VA ARGS  béng cach dit # & trudc:

#define X(...) # VA ARGS

printf("%s\n", X(1,2,3)); // Prints "1, 2, 3"

19.5.4 Stringification

Nhu viia nhic & trén, ban c6 thé bién tham s8 thanh chudi béng cach dit # phia truéc né trong phan
thay thé.

Vi du, ta cé thé in bat ct thi gi dudi dang chudi v6i macro nay va printf() :

#define STR(x) #x

printf("%s\n", STR(3.14159));

Trong trudng hop dé, phép thay thé dan dén:

printf("%ss\n", "3.14159");

Xem ta c6 thé dung cai nay hiéu qua hon khong béng cach truyén bat ky tén bién int nao vao macro,
roi cho nod in ra tén va gia tri.

#include <stdio.h>

#define PRINT INT VAL(x) printf("%s = S%d\n", #x, Xx)
int main(void)

{

int a = 5;

PRINT_INT VAL(a); // prints "a = 5"

O dong 9, ta c6 phép thay thé macro sau:

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

19.5.5 N&i chubi

Ta ciing c6 thé ndi hai tham s6 v6i nhau bing ## . Vui qua di!

#define CAT(a, b) a ## b

printf("%f\n", CAT(3.14, 1592)); // 3.141592




Chapter 19. C Preprocessor 138

19.6 Macro nhiéu dong

C6 thé kéo dai macro qua nhiéu dong néu ban escape ky tu xuéng dong bang gach chéo ngugce (\ ).

Hay viét mot macro nhiéu dong in cac s6 ti 0 dén tich cta hai tham s6 truyén vao.

#include <stdio.h>

#define PRINT NUMS TO PRODUCT(a, b) do { \
int product = (a) * (b); \
for (int i = 0; 1 < product; i++) { \
printf("%d\n", i); \
A\
} while(0)

int main(void)

{
PRINT_NUMS_TO_PRODUCT(2, 4); // Outputs numbers from 0 to 7
}
Vai diéu chu y:

« Escape 6 cudi méi dong trii dong cudi dé bao macro con tiép.
« Ca m§ dudgc boc trong vong do - while(0) vdi ngodc xodn xoén xuyt.

Diém thi hai c6 thé hoi la, nhung tét ca la dé nudt ddu ; ma coder quing vao sau macro.

Lic dau toi tudng chi cAn ngodc xodn 1a du, nhung c¢6 mot tinh hudng né hong néu coder dit ddu chdm
phiy sau macro. Day 1a tinh huéng d6:

#include <stdio.h>
#define FOO(x) { (x)++; }
int main(void)
{
int i = 0;
if (i == 0)
FOO(i);
else
printf(":-(\n");
printf("sd\n", 1i);
}

Trong c6 vé don gian, nhung n6 khéng build dude vi 16i ct phap:

{foo.c:ll:S: error: ‘else’ without a previous ‘if’

Ban thiy chua?

Xem doan mg rong:

if (1 == 0) {
(1)++;
i // <-- Trouble with a capital-T!

else
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printf(":-(\n");

Diu ; kétthic caulénh if,nén else ctlo liing ngoai d6 mdt cach bat hop phap®.

Nén hdy boc macro nhiéu dong dé trong do - while(0) .

19.7 Vidu: Macro Assert

Thém assert vao code 1a cich hay dé bt cAc tinh trang ma ban nghi khong nén xay ra. C c6 sin chtic
ning assert() . N6 kiém tra mot diéu kién, va néu 1a false, chuong trinh né tung bao cho ban biét file
va s6 dong ma assertion that bai.

Nhung céi nay con thiéu.

1. Trudc hét, ban khong thé dic ta thém thong diép di kém assert.
2. Th hai, khong c6 cong téc bat/tit dé dang cho toan bo assert.

Ta c6 thé giai quyét cai dau bing macro.

V@ cd ban, khi t6i ¢6 code nay:

ASSERT(x < 20, "x must be under 20");

T6i mudn cai gi d6 nhu thé nay xay ra (gia st ASSERT() & dong 220 clia foo.c ):

if ('(x < 20)) {
fprintf(stderr, "foo.c:220: assertion x < 20 failed: ");
fprintf(stderr, "x must be under 20\n");
exit(1l);

Ta c6 thé ldy tén file timacro _ FILE  ,vasédongtli LINE . Théng diép d4la chudi, con x < 20
thi khong, nén ta phai stringify n6 bang # . Ta c6 thé 1am macro nhiéu dong bing cach escape gach
chéo ngudc & cudi dong.

#define ASSERT(c, m) \
do { \
if (!(c)) {\
fprintf(stderr, @ FILE ":%d: assertion %s failed: %s\n", \
_LINE _, #c, m); \
exit(1l); \
I\
} while(0)

(N6 trong hoila v6i  FILE & dau nhu vy, nhung nhd ring né 1a string literal, va céc string literal

ndm canh nhau sé tu dong ndilai. _ LINE__ thingudc lai, n6 chila int .)

Va né chay! Néu tdi chay cai nay:

int x = 30;

ASSERT(x < 20, "x must be under 20");

Toi dudc output nay:

foo0.c:23: assertion x < 20 failed: x must be under 20

>Breakin’ the law... breakin’ the law...
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Ngon lanh!
Cai con lai 14 cach bat/tat, va ta ¢6 thé lam v6i bién dich c6 diéu kién.

bPay la vi du hoan chinh:

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

#define ASSERT ENABLED 1

#1if ASSERT ENABLED
#define ASSERT(c, m) \

do { \
if (1(c)) {\
fprintf(stderr, @ FILE ":%d: assertion %s failed: %s\n", \
__LINE , #c, m); \
exit(1l); \
I\
} while(0)
#else
#define ASSERT(c, m) // Empty macro if not enabled
#endif

int main(void)

{
int x = 30;

ASSERT(x < 20, "x must be under 20");

Cai nay co output:

fo0.c:23: assertion x < 20 failed: x must be under 20

19.8 Directive #error

Directive nay bat compiler bao 15i ngay khi n6 thay.

Thudng thi dung trong mot diéu kién dé ngin bién dich tri khi vai diéu kién tién quyét dugc thoéa man:

#ifndef  STDC IEC 559
#error I really need IEEE-754 floating point to compile. Sorry!
#endif

Vai compiler c6 directive #warning khoéng chuén bd sung sé xudt canh bao nhung khong diing bién
dich, nhung cai nay khong c6 trong spec C11.

19.9 Directive #embed

Méi ¢ C23!

Va hién chua chay véi bat ky compiler nao cta t6i, nén hay doc phan nay v4i mot hat muéi!

Y 1a ban c6 thé include cac byte ctia mot file dudi dang hing s6 nguyén y nhu la ban da gé ching vio.

Vi du, néu ban c6 file nhi phin tén foo.bin chtia bon byte véi gia tri thip phan 11, 22, 33, va 44, va
ban lam cai nay:
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int a[] = {
#embed "foo.bin"
}:

Thi y nhu ban da go:

int a[l = {11,22,33,44};

Day la cich rit manh d€ khdéi tao mang véi dii liéu nhi phan ma khong cin chuyén tit ca sang code
trudc, preprocessor lam gitm ban!

Trudng hgp dung dién hinh hon ¢6 thé 1a mét file chiia hinh dnh nho dé hién thi ma ban khéng mudn
nap lic runtime.

Day la vi du khéac:

int a[] = {
#embed <foo.bin>

}:

Néu ban dung ngodc nhon, preprocessor tim trong mot loat vi tri do implementation dinh nghia dé tim
file, giong nhu #include lam. Néu ban dung nhay kép ma tai nguyén khong tim thdy, compiler sé thu
nhu 12 ban d4 ding ngo#ic nhon, nhu mdt nd luc tuyét vong cudi ciing dé tim file.

#embed hoat dong nhu #include & chd no dan gia tri vao trude khi compiler thay. Tic 1a ban c6 thé
dung né & du loai chd:

return
#embed "somevalue.dat"

’

hoac

int x =
#embed "xvalue.dat"

’

Gig, day co6 ludn 1a byte khong? Nghia 14 gia tri sé tii 0 dén 255, bao gdm ca? Cau tra 16i mic dinh chic
chén la “c6”, tri khi 1a “khong”.

Ve ky thuét, cac phén tli sé rong CHAR_BIT bit. Va rat c6 thé 1a 8 trén hé ctia ban, nén ban sé c¢6 khoang
0-255 trong cac gia tri. (Chung sé luén khéng am.)

Ciing c6 thé mot implementation cho phép ghi dé cai nay theo cach nao do, vi du trén dong 1énh hay
v6i tham sé.

Kich thuéc file tinh bang bit phai 12 bdi ctia kich thudc phén ti. Tdc 13, néu mi phan ti 1a 8 bit, kich
thudc file (tinh bing bit) phai 1a bdi ctia 8. Trong sti dung hing ngay, day la cach néi vong vo rang méi
file phai 14 s6 nguyén lan byte... di nhién la viy r6i. Thanh that ma ndi, t6i cling ching biét sao minh
lai ban tAm viét doan nay. Doc spec néu ban that su t6 mo.

19.9.1 Tham s6 cho #embed

C6 du loai tham s8 ban c6 thé chi dinh cho directive #embed . DAy 1a vi du v6i tham s6 limit() con
chua gié6i thiéu:

int a[] = {
#embed "/dev/random" limit(5)
};
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Nhung néu ban da dinh nghia limit & chd khac thi sao? May la ban c6 thé dit  quanh tii khoa va
no sé hoat dong y vay:

int all = {
#embed "/dev/random"  limit (5)
};

Gig... cai limit nay la gi?

19.9.2 Tham sé limit()
Ban c6 thé dit gidi han s6 phéan tii d€ embed bang tham sd nay.

Day 1a gié tri t6i da, khong phai tuyét ddi. Néu file dugc embed ngédn hon gidi han chi dinh, chi bay
nhiéu byte sé dugc nhap vao.

Vidu /dev/random & trén la vi du cho dong luc ctia chuyén nay, trong Unix, d6 la mét character device
file sé& tra vé dong s6 ngau nhién v6 han.

Embed v6 han byte thi 4c v6i RAM, nén tham s6 limit cho ban cach diing sau mot s6 nhat dinh.

Cudi cung, ban duge phép dung macro #define trong limit , phong khi ban to mo.

19.9.3 Tham s6 if_empty

Tham s6 nay dinh nghia két qua embed phai la gi néu file ton tai nhung khoéng chita dit liéu. Gia st file
foo.dat chita mot byte duy nhét véi gia tri 123. Néu ta lam:

int x =
#embed "foo.dat" if empty(999)

ta sé co:

(int x = 123; // When foo.dat contains a 123 byte

Nhung néu foo.dat dai 0 byte (tiic 1a khong chia dii liéu va rdng)? Néu vay, né sé md rong thanh:

int x = 999; // When foo.dat is empty

Dang chd y la néu limit d&t thanh 0, thi if empty s& ludn dudc thay vao. Tic 14, gii han bang
khong c6 nghia 1a file réng.

Céai nay sé luon phatra x = 999 bt ké trong foo.dat co gi:

int x =
#embed "foo.dat" limit(0) if empty(999)

19.9.4 Tham s0 prefix() va suffix()

Day la cach dé thém dii liéu vao trudc/sau embed.

Chu y réing cac tham s6 nay chi anh huéng dii liéu khong rong! Néu file réng, ca prefix lan suffix
déu khong c6 tac dung.

Vi du ta embed ba s6 ngu nhién, nhung thém tién t6 11, vahauts ,99:
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int x[] = {
#embed "/dev/urandom" limit(3) prefix(11,) suffix(,99)
}i

Vi du két qua:

int x[1 = {11,135,116,220,99};

Khong bt budc phai dung ca prefix va suffix . Ban c6 thé dung ca hai, mot cai, cai kia, hay khong
cai nao.

Ta c6 thé tan dung dic tinh chi 4p dung véi file khéng réng nay dé c6 hiéu qua hay ho, nhu trong vi du
sau &n cp trdng trgn tl spec.

Gia sti o file foo.dat co dii liéu trong d6. Va ta mudn ding n6 dé khéi tao mot mang, réi mudn hau
t6 ctia mang la mot phan ti khong.

Khéng van dé, ding khong?

int x[] = {
#embed "foo.dat" suffix(,0)
};

Néu foo.dat chua 11, 22, va 33, ta sé co:

int x[] = {11,22,33,0}; ’

Nhung khoan! Néu foo.dat réng thisao? Ta cé:

[int x[1 = {}; ’

va cai d6 khéng tét.

Nhung ta c6 thé stia thé nay:

int x[] = {

#embed "foo.dat" suffix(,)
0

};

Vi tham s6 suffix bibé di néu file rong, cai nay sé bién thanh:

int x[]1 = {0};

thé 13 6n.

19.9.5 Dinh danh __has_embed()

Day 1a cich hay dé kiém tra xem mot file cu thé c6 sén sang dé embed khong, va ciing xem né cé rong
hay khong.

Ban dung né véi directive #if .

Day 1a mdt doan code 1dy 5 s6 ngiu nhién tii character device sinh s6 ngiu nhién. Néu ci d6 khong
ton tai, no thi 14y tu file myrandoms.dat . Néu cai d6 khong ton tai, né dung vai gia tri cling:

int random nums[] = {
#1if _ has _embed("/dev/urandom")
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#embed "/dev/urandom" limit(5)
#elif  has embed("myrandoms.dat")

#embed "myrandoms.dat" limit(5)
#else

140,178,92,167,120
#endif

}i

Vé ky thuat, dinh danh _ has_embed() phan giai ra mét trong ba gi4 tri:

Két qua _ has_embed() Mo ta

_ STDC_EMBED NOT FOUND__  Néu file khong tim théy.

__ STDC_EMBED_FOUND__ Néu file tim thdy va khéng réng.
__STDC_EMBED EMPTY Néu file tim thiy va réng.

T6i ¢6 ly do chinh dang d€ tin rdng _ STDC_EMBED_NOT_FOUND__ 1a 0 va mdy cai con lai khac khong
(vi diéu d6 dudc ngam chi trong dé xuit va hop logic), nhung tbi dang vt va tim chd d6 trong ban du
thao spec nay.

TODO

19.9.6 Tham s6 khac

Mot implementation ctia compiler ¢6 thé dinh nghia cac tham s§ embed khac tuy y, tim cac tham s
khong chuin nay trong tai liéu cta compiler.

Vi du:

(#embed "foo.bin" limit(12) frotz(lamp) ’

Chung thudng c6 tién t& dé gitip namespace:

‘ #embed "foo.bin" limit(12) fmc::frotz(lamp) ’

C6 1& hop ly 1a thii phat hién xem nhiing c4i nay c6 s&n khong trudc khi ding, va may 14 ta c6 thé dung
__has_embed dé giup.

Thudng, _ has_embed() sé chi bao file c6 6 d6 hay khong. Nhung, va day 1a phin vui, nd cling sé tra
false néu thém bat ky tham sé nao khéng dudc hé trg!

Vay néu ta dua ndé mét file ma ta biét ton tai cung v6i tham sé ma ta mudn test su tén tai, né sé hiéu
qua bao tham s6 d6 c6 dudgc hd tré khong.

Nhung file ndo luén ton tai? Hoa ra ta c6 thé dung macro _ FILE _, md rong thanh tén file ngudn
tham chiéu dén nd! File d6 phdi ton tai, khong thi c6 chuyén cuc ky nghiém trong trong mang con ga
deé tring.

Test tham s6 frotz xem c6 dung dugc khong:

#if  has embed( FILE  fmc::frotz(lamp))
puts("fmc::frotz(lamp) is supported!");
#else
puts("fmc::frotz(lamp) is NOT supported!");
#endif
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19.9.7 Embed gia tri nhiéu byte
Thé con viéc nhét vai int vao thay vi byte don thi sao? Thé con gia tri nhiéu byte trong file embed?

Day khéong phai cai dugc chuidn C23 hd trg, nhung c6 thé c6 cac extension implementation dinh nghia
cho né trong tudng lai.

19.10 Directive #pragma
Day la mot directive ky cuc, viét tt cha “pragmatic”. Ban c6 thé dung d€ lam... 8, bat ¢ gi ma compiler
ctia ban hé trg ban lam véi né.

Vé c¢d ban, lan duy nhat ban thém cai nay vao code 1 khi tai liéu nao d6 bao ban lam vay.

19.10.1 Pragma khong chuin

Day la mot vi du khong chuéin dung #pragma dé bat compiler chay vong lip for song song trén nhiéu
thread (néu compiler hé trg extension OpenMP®):

#pragma omp parallel for
for (int i = 0; i < 10; i++) { ... }

Cé du loai directive #pragma dugc ghi chép 6 khap bon goc cua dia cau.

Moi #pragma khéng nhén dién dugc déu bi compiler bo qua.

19.10.2 Pragma chuin

Ciing c6 vai cai chuln, va ching bat ddu bang STDC , theo cung dang:

#pragma STDC pragma name on-off

Phan on-off c6théla ON, OFF, hodc DEFAULT .

Va pragma_name c6 thé la mot trong cic cai sau:

Tén Pragma Mo ta

FP_CONTRACT Cho phép biéu thiic floating point dugc rat gon thanh mot phép toan duy nhat
dé tranh 16i lam tron c6 thé xay ra tii nhiéu phép toan.

FENV_ACCESS Dat ON néu ban dinh truy cip cac cd trang thai floating point. Néu OFF ,
compiler c6 thé thuc hién t6i uu gy ra gia tri trong c§ khong nhat quan hodc
khéng hgp 1é.

CX_LIMITED RANGE  D#t ON dé compiler bd qua kiém tra tran khi lam s6 hoc phiic. Mic dinh 1a

OFF .
Vi du:

#pragma STDC FP_CONTRACT OFF
#pragma STDC CX LIMITED RANGE ON

V& CX_LIMITED_RANGE , spec chi ra:
Muc dich cta pragma la cho implementation dung cac cong thiic:
(x +1y) X (u+iv) = (zu —yv) + i(yu + zv)
(@ +iy)/(u+iv) = [(vu+ yo) + i(yu — 2v)]/(u? +0?)

Chttps://www.openmp.org/
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|z +iy| = /22 + y?

khi 14p trinh vién c6 thé x4c dinh ring ching an toan.

19.10.3 Toan ti _Pragma
Day la cach khac d€ khai bdo pragma ma ban c¢6 thé dung trong mot macro.

Hai tht sau la tudng duodng:

#pragma "Unnecessary" quotes
_Pragma("\"Unnecessary\" quotes")

Cai nay c6 thé ding trong macro, khi cin:

#define PRAGMA(x) _Pragma (#x)

19.11 Directive #line
Cai nay cho phép ban ghi dé gia tricho _ LINE_ va _ FILE . Néu ban mudn.
Toi chua bao gid muon lam chuyén nay, nhung trong K&R2, ho viét:
| Déhitu ich cho céc preprocessor khac sinh ra chudng trinh C [...]
Vay c¢6 khi c6 chd cho né.

Dé ghi de sd dong thanh, chdng han, 300:

‘ #line 300 ’

va _ LINE  sé tiép tuc dém lén tu do.

Dé ghi dé s6 dong va tén file:

{#line 300 "newfilename" ’

19.12 Directive Null

Mot ky tu # trén mot dong dling mot minh sé€ bi preprocessor bé qua. Thanh that ma noi, téi khong
biét ca dung cho chuyén nay la gi.

Toi da thdy vi du kiéu nay:

#ifdef FOO
#
#else
printf("Something");
#endif

d6 chi 12 vé mit thim my; dong v6i # don doc cd thé bi xd6a di ma khong cb tac dong gi x4u.

Hay c0 1& vi tinh nhit quan thim my, thé nay:

#

#ifdef FOO
X = 2;

#endif
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#

#1if BAR == 17
X = 12;

#endif

#

Nhung, vé mit thim my, cai d6 chi la xau.

Mot bai dang khac nhic dén chuyén x6a comment, rang trong GCC, mot comment sau # sé khong
dudc compiler nhin thay. Cai d6 téi khéng nghi ngd, nhung spec dudng nhu khéng néi day la hanh vi
chuén.

M4y tim kiém cuta t6i cho nguyén do khéng mang vé nhiéu qua. Nén t6i danh néi day 1a mét tha C
esoterica kiéu c6 dién.



Chapter 20

struct II: Nghich struct vui hon

Hoa ra con khé nhiéu thi c6 thé lam v6i struct ma ta chua ban, nhung né chi 1a mot déng thi linh
tinh. Nén ta nhét hét vao chuong nay.

Néu ban d4 thao can ban vé struct , ban c6 thé 1am tron kién thiic & day.

20.1 Khdi tao struct 1ong nhau va mang

Nhg cach ban c6 thé khéi tao thanh vién struct theo cic dong nay khong?

struct foo x = {.a=12, .b=3.14}; ’

Hoa ra ta ¢ nhiéu stic manh trong cac initializer nay hon la lac dau chia sé. Hap dan!

Mot chuyén 13, néu ban c6 substructure 16ng nhau nhu sau, ban c6 thé khéi tao thanh vién cua substruc-
ture d6 bing cach di theo tén bién xudng dan:

struct foo x = {.a.b.c=12}; ’

Xem vi du:

#include <stdio.h>

struct cabin information {
int window count;
int o2level;

};

struct spaceship {
char *manufacturer;
struct cabin information ci;

}:

int main(void)
{
struct spaceship s = {
.manufacturer="General Products",
.Ci.window count = 8, // <-- NESTED INITIALIZER!
.ci.o2level = 21
}:

printf("%s: %d seats, %d%% oxygen\n",

148
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s.manufacturer, s.ci.window count, s.ci.o2level);

Xem dong 16-17! D6 la chd ta khéi tao cac thanh vién cia struct cabin_information trong dinh

nghia s, tlic struct spaceship cua ta.

Va day la lua chon khac cho cung initializer d6, 14n nay ta lam mot thé trong chuén hon, nhung cach
nao ciing chay:

struct spaceship s = {
.manufacturer="General Products",
.ci={
.window count = 8,
.02level = 21

i

Gig, nhu thé thong tin & trén con chua du ngoan muc, ta cling c6 thé tron initializer mang vao do ludn.

Stia cai nay d€ c6 mang thong tin hanh khéch, va ta c6 thé xem initializer hoat dong trong do ra sao.

#include <stdio.h>

struct passenger {

char *name;

int covid vaccinated; // Boolean
}i

#define MAX_PASSENGERS 8

struct spaceship {

char *manufacturer;

struct passenger passenger[MAX PASSENGERS];
}i

int main(void)
{
struct spaceship s = {
.manufacturer="General Products",
.passenger = {
// Initialize a field at a time
[0].name = "Gridley, Lewis",
[0].covid vaccinated = 0,

// Or all at once
[7]1 = {.name="Brown, Teela", .covid vaccinated=1},

}i
printf("Passengers for %s ship:\n", s.manufacturer);

for (int i = 0; i < MAX PASSENGERS; i++)
if (s.passenger[i].name != NULL)
printf(" %S (%svaccinated)\n",
s.passenger[i].name,
s.passenger[i].covid vaccinated? "": "not ");
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20.2 struct vo danh

A%

Day 1a “struct khong tén”. Ta cling c6 nhic miy cai nay 6 phan typedef , nhung ta sé 6n lai & day.

Dayla struct thudng:

struct animal {

char *name;

int leg count, speed;
};

Va day la phién ban v6 danh tucng duong:

struct { // <-- No name!
char *name;
int leg count, speed;

}:

Uuuuu. Vay ta co mot struct khong tén, khong co cach nao dung sau nay? Nghe c6 vé v6 dung.
Cong nhan, trong vi du d6, ding 14 thé. Nhung ta van c6 thé tin dung né biang vai cach.

Mot cach hiém, nhung vi struct vo6 danh dai dién mot kiéu, ta c6 thé dit vai tén bién ngay sau nd va

dung chung.

struct { // <-- No name!
char *name;
int leg count, speed;

}a, b, ¢; // 3 variables of this struct type
a.name = "antelope";
c.leg count = 4; // for example

Nhung ciing khong hiiu dung may.

Phd bién hon nhiéu la dung struct vo6 danh v8i typedef dé c6 thé dung sau (vi du d€ truyén bién
cho ham).

typedef struct { // <-- No name!
char *name;
int leg count, speed;

} animal; // New type: animal

animal a, b, c;

a.name = "antelope";
c.leg count = 4; // for example

C4 nhan t6i khong dung nhidu struct vé danh. Téi thdy dé chiu hon khi thiy cd struct animal
trudce tén bién trong khai bao.

Nhung d6 chi 14, kiéu, y kién cta tdi thoi, anh ban.

20.3 struct tu tham chiéu

Vi bat ky clu tric dit liéu dang d6 thi nao, ¢ con tro téi cac node/dinh néi v8i nd 1a hitu ich. Nhung
diéu nay nghia la trong dinh nghia mét node, ban cén c¢6 con trd t6i moét node. Con ga va qua tring!

Nhung héa ra ban lam dugc chuyén nay trong C ma khong gap van dé gi.
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Vi du, day la mot node cua linked list:

struct node {

int data;

struct node *next;
};

Quan trong la next la con tré. Day la diéu cho phép ca mé build duge. Du compiler chua biét nguyén
struct node tréng thé nao, moi con tré déu cung kich thude.

Day la mot chudng trinh linked list 4u dé thu no:

#include <stdio.h>
#include <stdlib.h>
struct node {
int data;
struct node *next;
};
int main(void)
{
struct node *head;
// Hackishly set up a linked list (11)->(22)->(33)
head = malloc(sizeof(struct node));
head->data = 11;
head->next = malloc(sizeof(struct node));
head->next->data = 22;
head->next->next = malloc(sizeof(struct node));
head->next->next->data = 33;
head->next->next->next = NULL;
// Traverse it
for (struct node *cur = head; cur != NULL; cur = cur->next) {
printf("sd\n", cur->data);
}
}

Chay n6 in ra:

11
22
33

20.4 Flexible array member

Ngay xlia ngay xua, khi ngudi ta con déo code C til gb, c6 ngudi nghi s& hay néu c6 thé cdp phat struct
ma c¢6 mang d6 dai bién d6i 6 cudi.

T6i mudn noi rod rang phan dau ctia doan nay la cach cii, va ta sé lam cach méi 6 phéan sau.

Vi du, c6 thé ban dinh nghia mét struct dé chtia chudi cing d9 dai chudi d6. N6 sé& c6 do dai va mot
mang dé chita dii liu. Co khi thé nay:

struct len string {
int length;
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char datal8];
}:

Nhung cai d6 c6 8 dudc dong cling 1am dd dai t6i da ctia chudi, ma khong nhiéu ldm. Thé néu ta lam
gi d6 ngdu va chi cAn malloc() thém khong gian & cudi sau struct, roi dé di liéu tran vao khong gian
dé?

Lam thé di, roi cip phat thém 40 byte:

struct len string *s = malloc(sizeof *s + 40);

Vi data la field cubi cha struct, néu ta lam tran field d6, n6é chay ra khong gian ma ta da cip phat!
Vi viy, tro nay chi hoat dong néu mang ngan 1a field cudi cta struct .

// Copy more than 8 bytes!

strcpy(s->data, "Hello, world!"); // Won't crash. Probably.

That ra, c6 mot cach lach thudng gip cho compiler d€ lam chuyén nay, ban cip phat mot mang do dai
khong & cudi:

struct len string {
int length;
char datal0];
Y

Va r6i mdi byte thiia ban cip phat da sin sang dé dung trong chudi dé.

Vi data la field cudi cia struct, néu ta lam tran field d6, n6 chay ra khong gian ma ta da cip phat!

// Copy more than 8 bytes!

strcpy(s->data, "Hello, world!"); // Won't crash. Probably.

Nhung di nhién, truy cép di liéu vugt cudi mang doé la undefined behavior! Trong thsi hién dai, ta
khoéng con ha minh 1am kiéu man rg do.

May cho ta, ta van c6 hiéu qua tudng tu véi C99 trd vé sau, nhung gid 13 hop phap.
Chi viéc ddi dinh nghia trén dé€ mang khong c6 kich thudc':

struct len string {
int length;
char datall;

}i

Van thé, cai nay chi chay néu flexible array member 1a field cuéi ctia struct .

Roi ta c6 thé cdp phat bao nhiéu khong gian tuy y cho céc chudi d6 béng cach malloc() 16n hon
struct len string, nhu trong vi du ndy tao mot struct len string mdi ti chudi C:

struct len string *len string from c string(char *s)

{

int len = strlen(s);

// Allocate "len" more bytes than we'd normally need

Ky thuat ma néi, ta goi né cé incomplete type.
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struct len string *ls = malloc(sizeof *1s + len);
ls->1length = len;

// Copy the string into those extra bytes
memcpy (ls->data, s, len);

return 1s;

20.5 Byte dém (padding)

Cén than ring C dugc phép thém byte dém bén trong ho#c sau mot struct tuy y nd. Ban khong thé

tin ring chtng sé lién ké nhau trong by nhé?.

Xem chudng trinh nay. Ta xuit hai s6. Mot 1a tdng sizeof cla tlng kiéu field riéng 1é. Cai kia la
sizeof ca struct.

Lé ra ta ky vong chung bang nhau. Kich thudc cta cai toan thé 14 tdng kich thudc cac phan, dung khong?

-

#include <stdio.h>

struct foo {

int a;
char b;
int c;
char d;
};
int main(void)
{
printf("szu\n", sizeof(int) + sizeof(char) + sizeof(int) + sizeof(char));
printf("%zu\n", sizeof(struct foo));
}

Nhung trén hé cta t6i, cai nay xuit:

10
16

Chuing khong biang nhau! Compiler da thém 6 byte dém dé gitip né chay nhanh hon. C6 thé ban nhan
két qua khac véi compiler cia ban, nhung trii khi ban ép budc, ban khong thé chic khong c6 dém.

20.6 offsetof

Trong doan trudc, ta thdy compiler c6 thé chém byte dém tuy y vao trong cdu tric.
Néu ta cin biét chung 6 dau? Ta c6 thé do bdng offsetof , dinh nghia trong <stddef.h> .

Stia code 6 trén d€ in offset cua tiing field trong struct :

#include <stdio.h>
#include <stddef.h>

struct foo {

2Du vai compiler c6 tity chon ép chuyén ndy xay ra, tra __attribute  ((packed)) dé xem cach lam véi GCC.
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int a;
char b;
int c;
char d;
};
int main(void)
{
printf("%szu\n", offsetof(struct foo, a));
printf("%szu\n", offsetof(struct foo, b));
printf("s%szu\n", offsetof(struct foo, c));
printf("szu\n", offsetof(struct foo, d));
}

Vi téi, cai nay xudt:

12

cho biét ta dang dung 4 byte cho méi field. Hoi la, vi char chi c6 1 byte, ding khong? Compiler dang
dit 3 byte dém sau mdi char dé moi field déu dai 4 byte. Chic chuyén nay sé chay nhanh hon trén
CPU cuia toi.

20.7 OOP gia

C6 mot tro hoi lam dung, kiéu kiéu OOP, ma ban c6 thé lam v6i struct .

Vicon tro t8i struct trung véi con tro t6i phan ti dau tién ctia struct , ban c6 thé thoai mai ép kiéu
con trd t6i struct sang con trod t6i phan ti dau tién.

Diéu nay c6 nghia 14 ta c6 thé dung tinh hudng thé nay:

struct parent {
int a, b;
};

struct child {
struct parent super; // MUST be first
int ¢, d;

};

Roi ta c6 thé truyén con tro t6i struct child cho mot ham mong dgi hodic con trd t8i struct parent !

Vi struct parent super la phin ti dau ctia struct child, con tro téi bat ky struct child nao
cling trung véi con tré téi field super do’.

Dung vi du luén. Talam struct nhu trén, roi truyén con tré t6i struct child cho ham cin con tro
t6i struct parent ... va van chay.

#include <stdio.h>

struct parent {
int a, b;
};

3Nhan tién, super khéng phai tit khoa. Téi chi mugn vai thuat ngit OOP théi.
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struct child {
struct parent super; // MUST be first
int ¢, d;

b

// Making the argument ‘void*' so we can pass any type into it
// (namely a struct parent or struct child)
void print parent(void *p)

{
// Expects a struct parent--but a struct child will also work
// because the pointer points to the struct parent in the first
// field:
struct parent *self = p;
printf("Parent: %d, %d\n", self->a, self->b);
}
void print_child(struct child *self)
{
printf("Child: %d, %d\n", self->c, self->d);
}
int main(void)
{
struct child c = {.super.a=1, .super.b=2, .c=3, .d=4};
print child(&c);
print_parent(&c); // Also works even though it's a struct child!
}

Thay chuyén ta lam & dong cuéi main() chd? Ta goi print_parent() ma truyén struct child*
lam tham s6! DU print parent() can tham sd trd t6i struct parent , ta thodt dudc vi field dau ctia

struct child la struct parent .

Van vay, cai nay chay dudc vi con trd t6i struct cé cling gid tri v6i con tro téi field dau trong struct
doé.

TAat ca dua trén phan nay cta spec:

§6.7.2.1915 [...] A pointer to a structure object, suitably converted, points to its initial member
[...], and vice versa.

va

§6.597 An object shall have its stored value accessed only by an lvalue expression that has one
of the following types:

« a type compatible with the effective type of the object
o [.]

va gia dinh cua tdi rdng “suitably converted” nghia 1a “ép kiéu sang kiéu hiéu luc ctia phan tit dau”.

20.8 Bit-field

Theo kinh nghiém cta t6i, miy cai nay it khi dung, nhung ban c6 thé thiy day do, dic biét trong ting
dung tang thip ndi ngudi ta don bit vao khong gian 16n hon.

Xem doan code dé minh hoa trudng hgp dung:
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#include <stdio.h>

struct foo {
unsigned int a;
unsigned int b;
unsigned int c;
unsigned int d;

};
int main(void)
{
printf("%szu\n", sizeof(struct foo));
}

Vi toi, cai nay in 16 . Hop ly, vi unsigned la 4 byte trén hé cta toi.

Nhung néu ta biét moi gia tri sé dudc luu trong a va b déu chia dudc trong 5 bit, va gia tri trong ¢
va d chta dudc trong 3 bit? Téng cong mdi 16 bit. Sao lai phai danh 128 bit cho chting néu ta chi dung
167

Ta ¢6 thé noi véi C lam-on-thii-goi cc gia tri nay lai. Ta c6 thé chi dinh s6 bit t6i da ma gia tri ¢6 thé
chiém (tu 1 1én kich thudc kiéu chita).

Lam béng cach dit ddu hai chdm sau tén field, roi t6i do rong field tinh béng bit.

struct foo {
unsigned int a:5;
unsigned int b:5;
unsigned int c:3;
unsigned int d:3;
}i

Gid khi t61 hoi C struct foo 16n ¢d nao, né ndi 4! Trudc 1a 16 byte, gid chi con 4. N6 da “goi” 4 gia tri
do6 vao 4 byte, tiét kiém bo nhé gip bon.

Déanh d6i di nhién 1a field 5-bit chi chia gia tri 0-31 va field 3-bit chi chda gia tri 0-7. Nhung d3i sau
cing vén la vé thoa hiép.
20.8.1 Bit-field khong lién keé

Mot cai bay: C chi gop bit-field lién ké thoi. Néu ching bi ngét bai non-bit-field, ban khong tiét kieém
dugc gi:

struct foo { // sizeof(struct foo) == 16 (for me)
unsigned int a:1; // since a is not adjacent to c.
unsigned int b;
unsigned int c:1;
unsigned int d;

bBE

\

Trong vi du d, vi a khong lién ké c, ching déu duge “géi” vao int riéng ctia minh.
Nén ta co mot int chomdi a, b, c, d. Vi int cua tdila 4 byte, téng cong 16 byte.

Sap xép lai nhanh tiét kiém khong gian tit 16 byte xudng 12 byte (trén hé cua toi):

struct foo { // sizeof(struct foo) == 12 (for me)
unsigned int a:1;
unsigned int c:1;
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unsigned int b;
unsigned int d;

}:

Vagid, vi a ké bén c, compiler dit ching vao mot int duy nhéit.

Nén ta c6 mot int cho a va c gdp, va modt int mdicaicho b va d. Tdng cdng 3 int , hay 12
byte.

Dit hét bitfield chung v8i nhau d€ compiler gop ching.

20.8.2 int c6 dau hay khong dau

Néu ban chi khai bao bit-field [a int , cac compiler khac nhau sé xti ly n6 1a signed ho#c unsigned .
Giong tinh hudng véi char .

Hay r6 rang vé diu khi dung bit-field.

20.8.3 Bit-field khong tén

Trong vai tinh huéng cu thé, ban c6 thé can danh mot s6 bit vi ly do phén ciing, nhung khéng cin dung
chung trong code.

Vi du, gia st ban c6 mdt byte ma 2 bit trén c6 y nghia, 1 bit dudi c6 y nghia, con 5 bit gitta khong dugc
ban dung*.

Ta ¢6 thé lam thé nay:

struct foo {
unsigned char a:2;
unsigned char dummy:5;
unsigned char b:1;

}i

Va céi d6 chay, trong code ta dung a va b, khong bao gis dung dummy . N6 chi 8 d6 d€ an hét 5 bit dé
chicring a va b & dung vi tri “yéu ciu” (theo vi du gia dinh nay) trong byte.

C cho ta mot cach don cai nay: bit-field khong tén. Ban chi can bo tén ( dummy ) trong trudng hdp nay,
va C hoan toan hai long cho hiéu qua tudng tu:

struct foo {
unsigned char a:2;
unsigned char :5; // <-- unnamed bit-field!
unsigned char b:1;

};

20.8.4 Bit-field khong tén do rong zero
Thém ti thd bi hi€ém ngoai day... Gia st ban dang géi bit vao mot unsigned int , va ban cin vai bit-field
lién ké dudc goi vao unsigned int tiép theo.

Thc 14, néu ban lam thé nay:

struct foo {
unsigned int a:l;
unsigned int b:2;
unsigned int c:3;

4Gia sti char 8bit, ticla CHAR BIT == 8 .
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unsigned int d:4;
};

compiler goi hét tit cA vao mot unsigned int duy nhit. Nhung néubancin a va b trong mot int,

va ¢ va d trong mot cai khac?

Co6 giai phap: dit bit-field khong tén d6 rong 6 & chd ban muén compiler bat du lai viéc goéi bit vao
int khac:

struct foo {
unsigned int a:1;
unsigned int b:2;
unsigned int :0; // <--Zero-width unnamed bit-field
unsigned int c:3;
unsigned int d:4;

b

N6 tudng tu nhu ngit trang tudng minh trong word processor. Ban néi véi compiler: “Duing goéi bit vao
unsigned nay, va bat dau goi vao cai tiép theo”

Béng cach thém bit-field khong tén d6 rong zero & chd d6, compiler dit a vaA b vaomot unsigned int
vad ¢ v6i d vao mot unsigned int khac. Téng cong hai, ¢ 8 byte trén hé cua t6i (unsigned int

mdi cai 4 byte).

20.9 Union

Vé cd ban miy cai nay giong struct , chi khac 1a cac field chong 1én nhau trong bo nhd. union sé chi
dt 16n cho field 16n nhét, va ban chi ding dudc mot field méi lan.

Day la cach tai st dung cung khong gian bd nhé cho cac kiéu dit liéu khac nhau.

Ban khai b4o chung y nhu struct , chi d6i sang union . Xem cai nay:

union foo {
int a, b, ¢, d, e, f;
float g, h;
char i, j, k, 1;

};

D4y, c6 mot d6ng field. Néu day 1a struct , hé tdi sé noi cin 36 byte dé chua tat ca.

Nhung day la union, nén moi field d6 chong lén cing doan bd nhé. Field 16n nhét la int (hoic
float ), chiém 4 byte trén hé t6i. Va dung thé, néu t6i hoi sizeof clia union foo , nd nodi 4!

Dénh d6i 1a ban chi dung dudc di dong mdt trong cic field d6 mdi lan. Tuy nhién...

20.9.1 Union va type punning

Ban c6 thé ghi vao mot field ctia union roi doc tu field khac, nhung khong di dong!

Lam vay goi 1a type punning®, va ban diing né néu ban that su biét minh dang lam gi, thudng 13 trong
kiéu l4p trinh tAng thip nao do.

Vi cac thanh vién cta union chia sé cung bo nhd, ghi vao mot thanh vién tat yéu anh hudng cac thanh
vién khac. Va néu ban doc tl cai da dudc ghi vao cai khac, ban sé c6 nhiing hiéu ting ky la.

Shttps://en.wikipedia.org/wiki/Type_punning
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#include <stdio.h>

union foo {

float b;
short a;
};
int main(void)
{
union foo x;
x.b = 3.14159;
printf("sf\n", x.b); // 3.14159, fair enough
printf("sd\n", x.a); // But what about this?
}

Trén hé cua to6i, cai nay in ra:

3.141590
4048

vi duéi mui xe, biéu dién déi tugng cho float 3.14159 giéng hét biéu dién d6i tucng cho short 4048 .
Trén hé cta t6i. K&t qua cta ban c6 thé khac.

20.9.2 Con tro t3i union

Néu ban ¢6 con tro t6i union , ban c6 thé ép ki€u con tro d6 sang bat ky kiéu nao cta cic field trong
union dé valdy gia tri ra theo cach do.

Trong vi du nay, ta thdy union c6 int va float trong db. Va ta ldy con tro téi union , nhung ép
sang ki€u int* va float* (cast dé lam im compiler). Roi néu ta dereference chiing, ta thiy chung c6
gia tri ta da luu truc tiép trong union .

#include <stdio.h>

union foo {
int a, b, ¢, d, e, f;
float g, h;
char i, j, k, 1;

int main(void)

union foo Xx;

int *foo int p = (int *)&x;
float *foo float p = (float *)&x;

x.a = 12;
printf("sd\n", x.a); // 12
printf("sd\n", *foo int p); // 12, again

X.g = 3.141592;
printf("sf\n", x.g); // 3.141592
printf("sf\n", *foo_float_p); // 3.141592, again
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Diéu ngudc lai cling dung. Néu ta ¢ con tro tdi mot kiéu bén trong union , ta ¢ thé ép sang con tro
t6i union va truy cép céc thanh vién cta né.

union foo Xx;
int *foo_int_p = (int *)é&x; // Pointer to int field
union foo *p = (union foo *)foo_int_p; // Back to pointer to union

p->a = 12; // This line the same as...
x.a = 12; // this one.

Tat ca chuyén nay chi cho ban biét ring, dudi mui xe, moi gia tri trong mdt union bat dau cung chd
trong bd nhé, va d6 ciing 1a chd ca union &.

20.9.3 Common initial sequence trong union

Néu ban c¢6 mdt union cdc struct, va tit cad struct do6 bat dau bang mot common initial sequence,
truy cép cac thanh vién cta sequence dé tit bat ky thanh vién nao ctia union 1a hgp lé.

Gi ca?

Déy la hai struct véicommon initial sequence:

struct a {
int x; //
float y; // Common initial sequence

char *p;

Y

struct b {
int x; //
float y; // Common initial sequence

double *p;
short z;
};

Ban thdy chua? La ching bat d4u bang int tiép theola float, d6 la common initial sequence. Cac
thanh vién trong sequence cta cac struct phaila ki€u tudng thich. Va ta thdy v6i x va y,la int

va float .

Gig8 xay mdt union ctia miy cai nay:

union foo {
struct a sa;
struct b sb;
};

Quy tic nay ndi cho ta rang ta dugc dam bao cic thanh vién ctia common initial sequence c6 thé hoan
ddi cho nhau trong code. Tic la:

« f.sa.x giong f.sb.x.
« f.sa.y giong f.sb.y.

Vifield x va y déunam trong common initial sequence.
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Ngoai ra, tén cuia cac thanh vién trong common initial sequence khong quan trong, chi quan trong kiéu
phai giéng nhau.

T4t ca gop lai cho ta cich an toan d€ thém vai thong tin chia sé gitia cAc struct trong union . Vidu
hay nhit cta chuyén nay c6 1€ 1a dung mot field d€ xac dinh ki€u struct nao trong tit ca cic struct
cta union dang “dugc dung”.

Tic 14, néu ta khéng dudc phép lam thé va ta truyén union cho mot ham, ham d6 lam sao biét thanh
vién nao ctia union la cai n6é nén nhin?

Xem cac struct ndy. D€ y common initial sequence:

-

#include <stdio.h>

struct common {
int type; // common initial sequence

};

struct antelope {
int type; // common initial sequence

int loudness;
};

struct octopus {
int type; // common initial sequence

int sea creature;
float intelligence;

b

Gi8 quang chung vao union :

union animal {
struct common common;
struct antelope antelope;
struct octopus octopus;
};

Ngoai ra, lam dn chiéu t6i hai #define sau cho vi du:

#define ANTELOPE 1
#define OCTOPUS 2

T6i gid, ching c6 gi dic biét xay ra § day. Co vé field type hoan toan vo dung.

Nhung gic ta lam ham chung in union animal . N6 phai cach nao d6 biét dugc minh dang nhin vao
struct antelope hay struct octopus .

Nh& phép thuat cia common initial sequence, n6 cé thé tra kiéu animal & bat ky chd nao cho mot
union animal x cu thé:

int type X.common.type; 1) @Fc oo
int type = x.antelope.type; // or...
int type = x.octopus.type;

T4t ca déu tro dén cung gia tri trong bd nhd.

Va, nhu ban c6 thé doan, struct common & dd dé code c6 thé nhin kiéu mot cich téng quit ma khong
phai nhic t6i con vat cu thé.
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Xem code dé in union animal :

void print_animal(union animal *x)

{
switch (x->common.type) {
case ANTELOPE:
printf("Antelope: loudness=%d\n", x->antelope.loudness);
break;
case OCTOPUS:
printf("Octopus : sea creature=%d\n", x->octopus.sea creature);
printf(" intelligence=%f\n", x->octopus.intelligence);
break;
default:
printf("Unknown animal type\n");
}
}
int main(void)
{
union animal a = {.antelope.type=ANTELOPE, .antelope.loudness=12};
union animal b = {.octopus.type=0CTOPUS, .octopus.sea creature=1,
.octopus.intelligence=12.8};
print _animal(&a);
print animal(&b);
}

\

Xem cach 8 dong 29 ta chi truyén vao union, ta khong biét kiéu animal struct nao dang dugc dung
bén trong.

Nhung khong sao! Vi § dong 31 ta kiém tra ki€u xem la antelope hay octopus. Rdi ta c6 thé nhin vao
ding struct déldy thanh vién.

Hoan toan c6 thé c6 hiéu qua tuong tu chi dung struct , nhung ban c6 thé lam thé nay néu muén hiéu
qua tiét kiém b nhé ctia union .

20.10 Union va struct vo danh

Ban biét cach c6 struct vo6 danh, thé nay:

struct {
int x, y;

} s;

Cai d6 dinh nghia bién s thudc kiéu struct vo6 danh (vi struct khong cé tag tén), v6i thanh vién
X va y.

Nén nhiing chuyén ki€u nay 1a hgp lé:

. 34;
s.y = 90;

printf("sd %d\n", s.x, s.y);

Hoa ra ban c6 thé tha struct vo danh vao union y nhu ban ngh:
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union foo {
struct { // unnamed!
int x, y;
} a;
struct { // unnamed!
int z, w;
} b;
};

\

R61 truy cap ching nhu binh thudng:

union foo f;

f.a.x = 1;
f.a.y = 2;
f.b.z = 3;
f.b.w = 4;
Khoéng sao!

20.11 Truyén va tra struct va union

Ban c6 thé truyén struct hodc union cho ham theo gi tri (thay vi con tro t8i nd), mot ban sao ciua
doi tugng d6 sé dudc tao cho tham sé nhu khi gan théng thudng.

Ban cling c6 thé trd struct hodc union ti ham va né cling dudc truyén ngudc lai theo gia tri.

#include <stdio.h>

struct foo {

int x, y;
};
struct foo f(void)
{
return (struct foo){.x=34, .y=90};
}
int main(void)
{
struct foo a = f(); // Copy is made
printf("sd %d\n", a.x, a.y);
}

Chuyén vui: néu lam thé, ban c6 thé dung toan ti . ngay trén 15i goi ham:

-

printf("sd sd\n", f().x, f().y);

(Di nhién vi du d6 goi ham hai lan, khong hiéu qua.)

Va diéu tuong tu dung véi viée tra con tro t6i struct va union, chicin nhé dung toan ti mai tén ->
trong trudng hdp do.
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Ky tu va chuoi II

Ta da ndi vé chuyén kiéu char thuc ra chi 1a ki€u s6 nguyén nho, va ky tu ndm trong dau nhay don
cling vay.

Nhung chudi trong ddu nhay kép thi c6 kiéu const char *.

Hoba ra con vai kiéu chudi va ky tu niia, va né dan téi mot trong nhiing hang tho khét tiéng nhat cta
ngoén ngii nay: ca cai mé multibyte/wide/Unicode/localization.

Ta sé ghé nhin xuéng hang thé do, nhung chua chui vao. Chua dau!

21.1 Escape sequence

Ta quen vé6i chudi va ky tu gém chii cai, diu cAu va s6 thong thudng:

char *s = "Hello!";
char t = 'c';

Nhung 18 ta mudn nhét miy ky tu dic biét ma ban phim khong go dudce vi n6 khéng ¢ 6 d6 (vi du “€”),
hay ké ca khi ta mudn mot ky tu 1a ddu nhay don, thi sao? Ro rang ta khong thé viét:

char t = '""; ’

Dé lam may chuyén nay, ta dung thd goi 1 escape sequence (chudi thoat). N6 1a ky tu backslash (\ )
theo sau la mot ky tu khac. Hai (ho#c nhiéu) ky tu di v6i nhau mang nghia dac biét.

Vi vi du ky tu nhay don, ta c6 thé dat mot escape (ttic 1a \ ) trude ddu nhay don & gitia d€ giai quyét:

char t = "\'"; ’

Gid C biét \' nghia la d4u nhay that ma ta mudn in ra, chii khong phai diém két thtic chudi ky tu.
Ban c6 thé ndi “backslash” ho#c “escape” trong ngii canh nay (“escape cai nhiy d6 di”) va dan C sé hiéu
ban dang ndi gi. Luu y “escape” 8 day khac véi phim Esc hay ma ASCII ESC .

21.1.1 MaAy escape hay dung

Theo v toi, mdy escape duéi day chiém 99.2%' clia moi escape.

Code Mo ta
\n Ky tu newline, khi in ra, phan sau tiép tuc § dong ké
\! Nhay don, dung cho hing ky tu 1a ddu nhay don

IT5i bia con s6 d6, nhung chic khong sai léch bao xa
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Code M6 ta
\" Nhay kép, dung cho dau nhay kép trong string literal
\\ Backslash, dung cho ky tu \ theo ding nghia trong chudi hay ky tu

Vai vi du vé escape va cai ching in ra:

printf("Use \\n for newline\n"); // Use \n for newline
printf("Say \"hello\"!'\n"); // Say "hello"!
printf("sc\n", '\''); /7

21.1.2 MaAy escape it dung

Con nhiéu escape khac nita! Chi la ban it gép chung hon.

Code Mo ta
\a Alert. Khién terminal kéu hodc chdp sang, hodc ca hai!
\b Backspace. Lui con tro vé mot ky tu. Khong xéa ky tu do.
\f Formfeed. Nhéy sang “trang” tiép theo, nhung chuyén d6 chdng con miy y nghia & thai
nay. Trén may t6i, n6 hanh xt nhu \v .
\r Return. Vé dau cung dong hién tai.
\t Tab ngang. Nhay t6i tab stop ngang ké ti€p. Trén may tdi, né déong vao cac cot la boi sé
cta 8, nhung YMMV.
\v Tab doc. Nhay tdi tab stop doc ké tiép. Trén may t6i, n6 nhay sang cung cot 6 dong keé.
\? Dau hoi theo ding nghia. Ddi khi ban cin cai nay dé tranh trigraph, sé ndi bén duéi.

21.1.2.1 Céap nhét trang thai trén mot dong

Mot ca dung ctia \b hay \r 1a hién thi cAp nhat trang thai trén cing mot dong man hinh ma khong
1am ndi dung cudn. Pay 1a vi du dém ngugc tii 10. (Néu compiler ctia ban khong hé trg threading, ban
¢ thé dung ham POSIX khéng chudn sleep() ti <unistd.h>, néu khong & hé Unix-like, tim nén
tang cta ban cong v8i sleep dé€ co cai tudng duong.)

#include <stdio.h>
#include <threads.h>
int main(void)
{
for (int i = 10; i >= 0; i--) {
printf("\rT minus %d second%s... \b", i, i != 1? "s": "");
fflush(stdout); // Force output to update
// Sleep for 1 second
thrd sleep(&(struct timespec){.tv sec=1}, NULL);
}
printf("\rLiftoff! \n");
}

C6 kha kha chuyén x4y ra & dong 7. Dau tién, ta mad d4u bing \r dé vé dau dong hién tai, roi ghi de
lén bit cti thi gi dang 8 d6 bing doan dém ngugc hién tai. (C6 toan tu ternary ¢ d6 d€ dam béo ta in
1 second chi khong phai 1 seconds .)

Ciing c6 mot khoang tring sau ... D6 la dé ta ghi dé ding ddu . cudicung khi i tutti 10 xudng
9 va ta bi hut di mot cdt. Thit bo khoang tring d6 di d€ thiy toi mudn noi gi.
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Va ta két bang \b dé It qua khoang tring dé cho con tréo ndm dung cudi dong, cho dep.
Chu y dong 15 ciing c6 nhiéu khoang tring & cudi dé ghi dé cac ky tu con sét lai tit doan dém ngugc.

Cudi cing, c6 mot dong fflush(stdout) la la, ma khong hiéu nghia la gi. Ngin gon 13 phan 16n
terminal méc dinh line buffered, nghia la ching khong that su in ra gi cho t6i khi gap ky tu newline. Vi
ta khong c6 newline (chi cé \r ), néu khoéng cé dong do, chuong trinh sé ngdi im cho t6ilac Liftoff!
roi in tat ca trong mot nhay. fflush() ghi dé hanh vi nay va ép output dién ra ngay bay gid.

21.1.2.2 Escape cho diu hoi

Sao phai ban tdm chuyén nay? Cai nay chay t6t ma:

‘ printf("Doesn't it?\n"); ’

Va dung escape ciing chay tot:

‘ printf("Doesn't it\?\n"); // Note \? ’

Vay thi dé lam gi??!

Ta nhan manh hon chit v4i thém mot ddu héi va mot dau chdm than:

printf("Doesn't it??!\n");

\

Khi t6i compile cai nay, t6i nhan dudc canh bao:

foo.c: In function ‘main’:
foo.c:5:23: warning: trigraph ??! converted to | [-Wtrigraphs]
5| printf("Doesn't it??!\n");
I

Va chay no thi cho két qua kho tin:

Doesn't it|

Vay trigraph? Cai quai gi day??!

Toi chic ta sé quay lai cAi goc bui bim nay ctia ngdn ngii sau, nhung ngén gon 1a compiler tim mot s&
bo ba ky tu nhit dinh bat ddu bing ?? roi thay chiing bing ky tu khac. Vay néu ban dang ngdi trude
mdt terminal c8 16 si khong c6 ky hiéu pipe ( | ) trén ban phim, ban c6 thé gd ??! thay thé.

Ban c6 thé stia bing cach escape dau hoi thi hai, kiéu vay:

printf("Doesn't it?\?!\n");

Va r6i n6é compile va chay nhu mong dgi.

T4t nhién, ngdy nay chang ai dung trigraph nfia. Nhung c4i ??! d6 ddi khi vin xuit hién néu ban
quyét dinh diing n6 trong mdt chudi d€ nhin manh.

21.1.3 Escape dang sd

Ngoai ra, con co cac cich dé chi dinh hing s6 hay gia tri ky tu khac bén trong chudi hay hing ky tu.

Néu ban biét biéu dién octal hay hexadecimal ctia mét byte, ban c6 thé dua né vao mdt chudi hay hing
ky tu.

Bang dudi c6 cac con s6 vi du, nhung bét ky sé hex hay octal nao ciing dung dudc. Pad thém s6 0 dau
néu can dé du s6 chii sd.
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Code Mo ta

\123 Nhung byte c6 gia tri octal 123, dang 3 chit so.

\x4D Nhung byte c6 gia tri hex 4D, 2 chii sé.

\u2620 Nhung ky tu Unicode tai code point c6 gia tri hex 2620 , 4 chii so.

\U0001243F Nhing ky tu Unicode tai code point c6 gia tri hex 1243F , 8 chii sé.

Day la vi du dung ky phép octal it gip dé biéu dién chii B nim gilia A va C. Thudng cich nay dudc
dung cho ky tu d4c biét khong in dudc, nhung ta c6 cach khac d€ lam thé bén dudi, day chi 14 demo
octal thoi:

printf("A\102C\n"); // 102 is "B’ in ASCII/UTF-8

Chu y khong c6 s6 0 dau 6 s6 octal khi ban viét theo ki€u nay. Nhung né cin ding ba ky tu, nén hay
pad thém s6 0 dau néu can.
Nhung phd bién hon nhiéu ngay nay la dung hing hex. Day la mdt demo ma ban khong nén dung,

nhung né minh hoa viéc nhing cac byte UTF-8 0xE2, 0x80, va 0xA2 vio trong mdt chudi, ting véi ky tu
Unicode “bullet” (o).

printf("\xE2\x80\xA2 Bullet 1\n");
printf("\xE2\x80\xA2 Bullet 2\n");
printf("\xE2\x80\xA2 Bullet 3\n");

Sinh ra output sau néu ban dang & console UTF-8 (hoéc c6 khi 1a rac néu khong):

e Bullet 1
e Bullet 2
e Bullet 3

Nhung d6 la cach 16m khém d€ 1am Unicode. Ban c6 thé dung escape \u (16-bit) hoic \U (32-bit) dé
tham chiéu Unicode bang s6 code point thing ludn. Bullet la 2022 (hex) trong Unicode, nén ban c6 thé
lam vay dé€ c6 két qua portable hon:

printf("\u2022 Bullet 1\n");
printf("\u2022 Bullet 2\n");
printf("\u2022 Bullet 3\n");

Nhé pad \u du s6 0 dau cho da bén ky tu, va \U du dé ra tAm.

Vi du, cai bullet d6 c6 thé lam bing \U vd8i bon s6 0 dau:

printf("\U00002022 Bullet 1\n");

Airanh ma dai dong thé?



Chapter 22
Kiéu liét ké: enum

C cho ta thém mot cAch nita d€ c6 gia tri s6 nguyén hang dit tén: enum .

Vi du:

enum {
ONE=1,
TWO=2
};

printf("sd %d", ONE, TWO); // 1 2

O vai chd, né co thé t6t hon, hoic khac, so véi dung #define . May khéc biét chinh:

« enum chi c6 thé 1a kiéu s§ nguyén.

« #define thi dinh nghia dugc bat ci thi gi.

« enum thudng hién ra bing tén ky hiéu trong debugger.

« SO #define chi hién ra dudi dang s6 tho, kho biét y nghia lic debug.

Vi ching 14 ki€u s8 nguyén, ching dung dugc & bat cti ddu ma s6 nguyén dung dudce, ké ca kich thudc
mang va cau case .

M3 xé thém nhé.

22.1 Hanh vi cia enum

22.1.1 Danh o
enum dudc danh sé tu dong trit khi ban ghi de.

Chuing bat dau tit 0, roi tu ting dan 1én, theo mic dinh:

enum {
SHEEP, // Value is 0
WHEAT, // Value is 1
wooD, // Value is 2
BRICK, // Value is 3
ORE // Value 1is 4

Y;

printf("%d %d\n", SHEEP, BRICK); // 0 3

Ban c6 thé ép gié tri s6 nguyén cu thé, nhu ta da thdy & trén:
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enum {
X=2,
Y=18,
Z=-2
};

Trung gia tri cling khong sao:

enum {
X=2,
Y=2,
=2
};

Néu gi4 tri bi bo di, viéc danh s6 tiép tuc dém theo hudng duodng tit gia tri nao duge chi dinh gin nhit.
Vi du:

enum {
A, // 0, default starting value
’ // 1
=4, // 4, manually set
’ // 5
, // 6
=3, // 3, manually set
’ // 4
// 5

I o mmooO

22.1.2 D4u phiy duoi

Céi nay hoan toan dn, néu ban thich kiéu do:

enum {
X=2,
Y=18,
7=-2, // <-- Trailing comma

}:

M4y thap ky gan day nd phd bién hon trong cic ngdn ngii khic, nén ban c6 thé thay vui khi gip lai.

22.1.3 Pham vi

enum c6 scope ding nhu ban ky vong. Néu 6 file scope, ca file thdy nd. Néu trong mot block, nd cuc
bd trong block do.

Rét thudng gip chuyén enum dugdc dinh nghia trong file header dé€ c6 thé #include vao 6 file scope.

22.1.4 Style
Nhu ban d3 dé y, rat pho bién viéc khai bao ky hiéu enum bang chii hoa (v6i gach duéi).

Day khong phai yéu cau, nhung 1& mét idiom rit, rit phd bién.

22.2  enum cua ban 1a mot kiéu

Day 1a chuyén quan trong cin biét vé enum : ching 12 mot kiéu, tudng tu cich struct la mot kiéu.

Ban c6 thé gan cho chiing mot tén tag dé vé sau tham chiéu kiéu va khai bao bién cta kiéu do.
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Ma nay, vi enum 1 kiéu s6 nguyén, sao khong xai ludn int ?

Trong C, 1y do t6t nhat 13 dé code rd rang, day 1a cach dep, co kiéu, dé dién ta suy nghi ctia ban trong
code. C (khéac v8i C++) that ra khong ép gia tri phai ndm trong pham vi cia mot enum cu thé.

Lam vi du khai bao bién r kiéu enum resource co thé giii cic gia tri do:

// Named enum, type is "enum resource"

enum resource {
SHEEP,
WHEAT,
wooD,
BRICK,
ORE

};

// Declare a variable "r" of type "enum resource"
enum resource r = BRICK;

if (r == BRICK) {
printf("I'll trade you a brick for two sheep.\n");

Ban ciing c6 thé typedef cai nay, di nhién, du cd nhan t6i khong thich.

typedef enum {
SHEEP,
WHEAT,
wooD,
BRICK,
ORE

} RESOURCE;

RESOURCE r = BRICK;

Mot 16i tat khac hgp 1é nhung hiém la khai bao bién ngay khi khai bdo enum :

// Declare an enum and some initialized variables of that type:

enum {
SHEEP,
WHEAT,
wooD,
BRICK,
ORE
} r = BRICK, s = WOOD;

Ban ciing c6 thé dit tén cho enum dé vé sau dung lai, day c6 1 1a diéu ban mudn lam trong phan 16n
trudng hop:

// Declare an enum and some initialized variables of that type:

enum resource { // <-- type 1s now "enum resource"
SHEEP,
WHEAT,
wooD,
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BRICK,
ORE
} r = BRICK, s = WOOD;

Ngin gon, enum la cach hay d€ viét code dep, c6 scope, c6 kiéu, sach sé.
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Pointer III: Pointer t6i pointer va hon
thé

Day 1a chd ta néi vé cach diing pointer 6 miic trung cip va nang cao. Néu ban chua nim chéc pointer,
xem lai cic chuong trude vé pointer va pointer arithmetic trude khi bat dau may thi nay.

23.1 Pointer tdi pointer

Néu ban c6 thé c6 pointer t6i mot bién, va mot bién c6 thé 1a pointer, thi ban c6 thé c6 pointer t6i mot
bién ma ban than né la pointer khéng?

C6 chi! Cai nay la pointer tdi pointer, va no dugc giil trong bién kiéu pointer-pointer.

Trudc khi mé xé, tdi mudn ¢d tao cdm gidc tric gidc vé cach pointer t6i pointer hoat dong.

Nhé la pointer chi 1a mot con 8. N6 1a con s6 dai dién cho mot chi s6 trong bo nhé may tinh, thudng
la chi s6 gitt mot gia tri ma ta dang quan tAm vi ly do nao do.

Cai pointer d6, 1d mot con s6, thi ciing phai dudc luu & ddu d6. Va chd dé 1a bo nhé, nhu moi thi khac!.

Nhung vi né dudc luu trong bd nhd, né phai cé mét chi s6 noi n6é dudce luu, ding khong? Cai pointer
d6 phéi c6 mot chi 6 trong b nhd ndi né ndm. Va chi s6 d6 1a mot con s8. D6 14 dia chi cta pointer.
D6 1a pointer téi pointer.

Hay bat d4u v4i mot pointer thudng t6i int , trd lai tit cic chudng trude:

#include <stdio.h>

int main(void)

{
int x = 3490; // Type: int
int *p = &x; // Type: pointer to an int
printf("sd\n", *p); // 3490

}

Kha don gian, nhi? Ta c6 hai kiéu dugc dai dién: int va int*,vatadung p d€trotdi x . Roitaco

thé dereference p 3 dong 8 vainra gia tri 3490 .

Nhung, nhu ta da noi, ta c6 thé co pointer t6i bat ky bién nao, vay c6 phai nghia la ta c6 thé c6 pointer
téi p khong?

Noi cach khéc, biéu thiic nay c¢6 kiéu gi?

1C6 chut 14t 1éo véi gia tri dugde luu chi trong thanh ghi, nhung & day ta c6 thé bd qua an toan. Véi lai spec C khong c6 quan
diém gi vé may chuyén “thanh ghi” d6 ngoai tii khéa register , ma phin mo ta ctia n6 ciing khong nhic t6i thanh ghi.
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int x = 3490; // Type: int
int *p = &x; // Type: pointer to an int

& // <-- What type is the address of p? AKA a pointer to p?

Néu x la int,thi & la pointer t6i int ma ta da luu trong p cé ki€u int* . Theo dudc chi? (Poc
lai doan nay cho dén khi hiéu!)

Vado dé &p la pointer t6i int* , hay con goi la “pointer t8i pointer t6i int . Hay la © int -pointer-
pointer”.

Hiéu r6i chti? (Poc lai doan trudc cho dén khi hiéu!)

Ta viét kiéu nay véi hai diu sao: int ** . Xem n6 trong hanh dong.

#include <stdio.h>
int main(void)
{
int x = 3490; // Type: int
int *p = &x; // Type: pointer to an int
int **q = &p; // Type: pointer to pointer to int
printf("sd %d\n", *p, **q); // 3490 3490
}

Ta bia ra vai dia chi gia cho c4c gia tri trén 1am vi du va xem ba bién d6 c6 thé trong thé ndo trong bd
nhd. Cac gia tri dia chi duéi day do téi bia cho c6 vi du:

Bién Luu tai diachi Gia triluu 6 do

X 28350 3490 , gia tri tli code
p 29122 28350 , dia chi cia x!
q 30840 29122 , dia chicua p!

That vay, hay thii that trén may t6i% va in cac gia tri pointer bing %p va t6i sé 1ap bang d6 lai v6i tham
chiéu that (in bang hex).

Bién Luu tai dia chi Gia tri luu 6 do

0x7ffd96a07b94 3490 , gia tri tu code
0x7ffd96a07b98 0x7ffd96a07b94 , dia chicta x!

0x7ffd96a07bald 0x7ffd96a07b98 , dia chi cua p !

Ban c6 thé thiy miy dia chi nay gidng nhau trii byte cudi, nén chi cn dé y byte do.
Trén hé ctia tdi, int chiém 4 byte, vi vay ta thiy dia chi ting thém 4 tii x sang p > roi ting thém 8 ti

p sang q . Trén hé cta t6i, moi pointer chiém 8 byte.

Cé quan trong chuyén nd la int* hay int** khéng? Cai nao nhiéu byte hon cai nao? Khong hé!
Nhé réing moi pointer déu 1a dia chi, ttic 1a chi s6 vao bo nhé. Va trén may téi ta c6 thé biéu dién mot
chi s6 béng 8 byte, ching lién quan cai gi dugc Iuu & chi s6 do.

Gi6 dé y xem ta da lam gi 6 dong 9 ctia vi du trudc: ta dereference hai lan q d€ quay lai duge 3490 .

Day la diém quan trong vé pointer va pointer t6i pointer:

Trén may ban rét c6 thé ra s6 khac.
3Spec khong néi gi chuyén cai nay sé ludn hoat dong kiéu niy, nhung tinh ¢ trén may tdi n6 vay.



Chapter 23. Pointer III: Pointer tGi pointer va hon thé 174

« Ban c6 thé 14y pointer t6i bat cii thi gi bing & (ké ca t6i mot pointer!)
- Ban c6 thé 14y thii ma mot pointer dang tro t8i bdng * (k€ ca mot pointer!)

Vay ban c6 thé nghi & dugc dung d€ tao pointer, con * thi ngudc lai, di theo chiéu ngugc véi &, dé
t6i dudc thit dudc tro téi.

Veé kiéu, médi lan ban &, ci d6 thém mot mic pointer vao kiéu.

Néuban c6 Roiban chay Kiéukét quala

int x &x int *
int *x &x int **
int **x &x int *x*
int ***x &x int ***k

Va mbi lan ban dereference ( * ), né lam ngudc lai:

Néubanc6 Réibanchay Kiéukét quala

int ****X *X int ko
int ®¥kx *X int **
int **x *Xx int *
int *x *x int

Luu y ban c6 thé dung nhiéu * lién ti€p dé dereference nhanh, y nhu trong vi du code v6i **q G trén.
Mbi cai béc di mot 16p gian tiép.

Néubancé Roibanchay Kiéukét quala

int koK ke *kok oy int *

int ***x **x int *

int **x **x int
Téng quat, &*E == E *. Dereference “hoan tac” address-of.

Nhung & thi khong chay kiéu d6, ban chi lam tiing cii mot dudc, va phai luu két qua vao mot bién
trung gian:

int x = 3490; // Type: int

int *p = &x; // Type: int *, pointer to an int

int **q = &p; // Type: int **, pointer to pointer to int

int ***r = &q; // Type: int ***, pointer to pointer to pointer to int

int ****g = &r; // Type: int ****, you get the idea
int ®k*k¥xt = §s; // Type: int *¥**x*

23.1.1 Pointer-pointer va const

Néu ban con nhd, khai bao pointer kiéu vay:

int *const p;

nghia la ban khong thé stia p . C§ p++ sé cho 16i lic compile.
Nhung né hoat dong ra sao v6i int ** hay int *** ? const di dau va nghia la gi?

Bat d4u ti phan don gian. const ngay canh tén bién 4m chi chinh bién d6. Vay néu ban mudn mot
int*** ma khong thé d6i, ban c6 thé lam vay:

“Kécakhi E la NULL,lathay.
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int ***const p;

p++; // Not allowed

Nhung day 1a chd moi thii hoi la.
L3 ta gap tinh huéng nay thi sao:

-

int main(void)

{
int x = 3490;
int *const p = &x;
int **q = &p;

}

Khi téi build cai do, toi nhan dugc canh bao:

warning: initialization discards ‘const’ qualifier from pointer target type
7 | int **q = &p;
| A~

Chuyén gi vay? Compiler dang bdo ta rdng ta c6 mot bién const , va ta dang gan gia tri ctia n6 vao
bién khac khéng const theo cung cich. Tinh “ const ” bi bo di, ma c¢6 1& d6 khong phai thit ta mudn.

Kiéucta p la int *const p,nén &p c6 kiéu int *const * . VatacO gan cai do vao q.

Nhung q la int **! Mot ki€u véi tinh const khac ¢ ddu * d4u tién! Nén ta nhan canh bdo la

const trong int *const * cta p dang bibd qua va vt di.

Ta c6 thé stia bing cach dam bao kiéu clia q it nhat ciing const bing p .

int x = 3490;
int *const p = &x;
int *const *q = &p;

Va gid ta vui roi.
Ta c6 thélam q const hon niia. Hién tai § trén, ta dang noi, “ q ban thin khong const , nhung tha
no tré t6ila const ” Nhung ta c6 thé 1am c& hai const :

int x = 3490;
int *const p = &x;
int *const *const q = &p; // More const!

Va chay ngon. Gi ta khong thé stia q , hay cai pointer ma q tro téi.

23.2 Gia tri nhiéu byte

Ta d bong gié chuyén nay & vai chd trudc day, nhung rd rang khong phai moi gia tri déu luu viia trong
mot byte b nhd. Moi thit chiém nhiéu byte bd nhé (gia st ching khong phai char ). Ban c6 thé biét
chiém bao nhiéu byte bang sizeof . Va ban c6 thé biét dia chi nao trong bd nhé la byte dau tién cua
ddi tugng bing toan ti chudn &, ludn tra vé dia chi cua byte dau.

Va day la su that thu vi khac! Néu ban duyét qua cac byte ctia bat ky d6i tugng nao, ban nhan dudc biéu
dién dbi tugng ctia né. Hai thi c6 cling biéu dién d6i tudng trong bo nhd thi bang nhau.

Néu ban muén duyét biéu dién déi tugng, ban nén lam véi pointer t6i unsigned char .
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Hay lam phién ban riéng ctia memcpy () ° lam dting chuyén nay:

void *my memcpy(void *dest, const void *src, size t n)
{
// Make local variables for src and dest, but of type unsigned char
const unsigned char *s = src;
unsigned char *d = dest;
while (n-- > @) // For the given number of bytes
*d++ = *s++; // Copy source byte to dest byte
// Most copy functions return a pointer to the dest as a convenience
// to the caller
return dest;
}

(Trong d6 ciing c6 vi du post-increment va post-decrement hay dé ban nghién ctu.)

Quan trong ma luu y la phién ban 6 trén c6 1€ kém hiéu qua hon céi di kém véi hé ctua ban.

Nhung ban c¢6 thé truyén pointer t6i bat cti thit gl vao nd, va né sé copy cac doi tugng d6. C6 thé la
int*, struct animal* , hay bat cu gi.

Lam thém vi du niia in ra cAc byte biéu dién déi tuong ctia mot struct dé ta xem cé padding trong dé
khéng va né ¢ gia tri gi®.

-

#include <stdio.h>

struct foo {

char aj;
int b;

};

int main(void)

{
struct foo x = {0x12, 0x12345678};
unsigned char *p = (unsigned char *)&x;
for (size t i = 0; i < sizeof x; i++) {

printf("%02X\n", p[il);

}

}

Caitacod ddla struct foo dugdc dung sao cho khuyén khich compiler chén byte padding vao (du né
khong phai lam). Ro6i ta 14y unsigned char * t6ibyte dau ctia bién struct foo tén x .

T d6, ta chi cin biét sizeof x la co thé lap qua ting Ay byte, in cac gi4 tri ra (bdng hex cho dé doc).

Chay cai nay cho ra mot dong sd. T6i chii thich bén dudi dé chi ra cac gia tri dugdc luu & dau:

12 | x.a == 0x12

AB |
BF | padding bytes with "random" value
26 |

Shttps://beej.us/guide/bgclr/html/split/stringref html#man-memcpy
SCompiler C khong bi bat budc phai chén byte padding, va gia tri ctia bit ct byte padding nao dugc chén 1a khong x4c dinh.
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56
34

78 | x.b == 0x12345678
I
|
12 |

Trén moi hé, sizeof(char) la 1, va ta thiy byte d4u tién 6 dau output giit gia tri 0x12 ma ta da luu 6
do.

ROi ta 6 vai byte padding, v6i toi, may cai nay thay déi gifia cac lan chay.

Cudi cung, trén hé cua t6i, sizeof(int) la 4, va ta thiy 4 byte d6 6 cudi. Chua y ching chinh la cac
byte trong gia tri hex ©x12345678 , nhung ky la la ngugc thi tu’.

Vay d6 la mot cai nhin hé 16 vao cic byte cia mot thuc thé phic tap hon trong b nhd.

23.3 Pointer NULL vaso 0

M4y tht nay c6 thé dung thay qua lai:

o NULL

« 0

. I\OI

e (void *)0

C4 nhan t6i, toi ludn dung NULL khi t6i mudn néi NULL , nhung ban c6 thé thinh thoang thdy cac bién
thé khac. Du '\0' (byte v8i moi bit bdng 0) cling so sanh ra bing, nhung dem so né v8i mot pointer
thi ky cuc, ban nén so NULL véi pointer. (Di nhién, nhiéu Ian khi xt ly chubi, ban so sanh cdi ma pointer
dang tr6 t6i v6i '\0' , va cai do thi dung.)

0 dudc goi 1a null pointer constant, va khi so sanh hay gan vao mot pointer khéc, né duge chuyén thanh
null pointer cung kiéu.

23.4 Pointer nhu s6 nguyén

Ban c6 thé cast pointer thanh s nguyén va ngudc lai (vi pointer chi 1 chi s8 vao bd nhd), nhung c6 1&
ban chi can lam diéu nay néu dang lam miy thii phin cling mic thap. Két qua ctia nhiing tro nhu viy
14 implementation-defined, nén khong portable. Va chuyén la c6 thé xay ra.

Tuy nhién, C c6 ddm bao mot chuyén: ban c6 thé chuyén mot pointer sang kiéu uintptr t va ban sé
c6 thé chuyén no vé lai pointer ma khong mét dii liéu.

uintptr_t dudc dinh nghia trong <stdint.h> 8.

Thém niia, néu ban muén c6 diu, ban c6 thé dung intptr t véi tac dung y vay.

23.5 Cast pointer sang pointer khac

Chi ¢6 mot cach chuyén pointer an toan:
1. Chuyén sang intptr_t hodc uintptr_t.
2. Chuyén sang va tii void* .

HAI! C6 hai cich chuyén pointer an toan.

3. Chuyén sang va tii char* (hodc signed char* / unsigned char*).

BA! C6 ba cach chuyén an toan!

7C4i nay sé khac nhau tuy kién triic, nhung hé ctia téi little endian, nghia la byte nho nhat ctia s6 dudc luu trude. Hé big endian
sé co 12 trudcva 78 sau. Nhung spec khong ra lénh gi vé biéu dién nay.
8Pay la tinh ning thy chon, nén né c6 thé khong cé, nhung cé 1& c6.
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4. Chuyén sang va tii pointer t6i struct va pointer t6i thanh vién dau tién ctia no, va ngudc lai.
BON! C6 bén cach chuyén an toan!

Néu ban cast sang pointer ki€u khéc rdi truy cap d6i tugng no tro t6i, hanh vi 1a khong xac dinh do mot
thi goi 1a strict aliasing.

Aliasing thuin tiy nghia la kha nang c6 nhiéu hén mot cach dé truy cip cing mot d6i tugng. Cac diém
truy cép la alias ctia nhau.

Strict aliasing ndi ban chi duge phép truy cap mot ddi tugng qua pointer t6i kiéu tuong thich véi doi
tugng do.

Vi du, céi nay chic chan dugc phép:

int a = 1;
int *p = &aj;

p la pointer t6i int , va no trd t6i mot kiéu tudng thich, cu thé la int , nén ta ngon.

Nhung cai dudi khong dn vi int va float khong phai la cac kiéu tudng thich:

int a = 1;
float *p = (float *)&a;

Day 1a chuong trinh demo lam chit aliasing. N6 14y bién v ki€u int32 t va alias n6 thanh pointer
t6i mot struct words . struct d6 co hai int16 t . Cac ki€u nay khong tudng thich, nén ta dang vi
pham lut strict aliasing. Compiler sé gia dinh rang hai pointer nay khong bao gid tré t6i cing mot ddi
tudng, nhung ta dang lam cho ching tré t6i. Diéu d6 that hu cua ta.

Hay xem c6 lam v6 dudc gi khong.

#include <stdio.h>
#include <stdint.h>

struct words {

intle t v[2];
};
void fun(int32 t *pv, struct words *pw)
{
for (int i = 0; 1 < 5; i++) {
(*pv)++;
// Print the 32-bit value and the 16-bit values:
printf("%sx, %x-%x\n", *pv, pw->v[1l], pw->v[0]);
}
}

int main(void)
{
int32 t v = 0x12345678;

struct words *pw = (struct words *)&v; // Violates strict aliasing

fun(&v, pw);
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Thiy cach tdi truyén hai pointer khong tudng thich vao fun() cht? Mot kiéula int32 t* va cai kia
la struct words* .

Nhung ca hai tro téi cing d6i tugng: gi tri 32-bit dugc khdéi tao bang 0x12345678 .

Vay néu ta nhin cac field trong struct words , ta sé thiy hai ntia 16-bit cia con s6 d6. Dung khong?

Vatrong vong ldp fun() , ta tang pointer t6i int32_t . Chivay. Nhung vi struct tré téi cung bd nhé
do, no ciing sé dudc cap nhat thanh cung gia tri.

Véy chay thi va ta nhan dudc cai nay, v6i gia tri 32-bit bén trai va hai phan 16-bit bén phai. Phai khép
nhau’:

12345679, 1234-5679
1234567a, 1234-567a
1234567b, 1234-567b
1234567c, 1234-567c
1234567d, 1234-567d

va no c6 khép... CHO TOI NGAY MAI!

Thi compile baing GCC v8i -03 va -fstrict-aliasing :

12345679, 1234-5678
1234567a, 1234-5679
1234567b, 1234-567a
1234567c, 1234-567b
1234567d, 1234-567c

Léch nhau mot don vi! Ma ching tro t8i cung bd nhd! Sao c6 thé? Giai dap: aliasing bd nhd kiéu d6 1a
hanh vi khong xac dinh. Bdt cii chuyén gi cing c6 thé xdy ra, nhung khong phai theo nghia tét.

Néu code ctia ban vi pham luét strict aliasing, viéc né chay hay khong phu thudc vao cach ai d6 quyét
dinh compile n6. Va d6 1a diéu dang ti€c vi n6 ngoai tAm kiém soat clia ban. Tru khi ban la mot tha
than thanh toan ning nao do.

Kho c6 kha ning vay, tiéc.

GCC c6 thé bi ép khong dung luat strict aliasing bing -fno-strict-aliasing . Compile chudng trinh
demo & trén v6i -03 va cd nay khién output ding nhu mong dgi.

Cudi cung, type punning la dung pointer ctia cac kiéu khac nhau d€ nhin cung dii liéu. Truéc khi c6
strict aliasing, mdy chuyén kiéu nay kha phd bién:

int a = 0x12345678;
short b = *((short *)&a); // Violates strict aliasing

Néu ban muén lam type punning (tucng d6i) an toan, xem phan Union va Type Punning.

23.6 Hiéu cua pointer

Nhu ban da biét tli phan pointer arithmetic, ban cé thé trii mot pointer tli pointer khac!® dé cé hiéu gitia
ching theo s6 phan ti mang.

Gid kiéu cua cai hiéu d6 tiy implementation quyét dinh, nén c6 thé khac nhau gitia cac hé.

Dé portable hdn, ban c6 thé luu két qua vao bién kiéu ptrdiff_t dinh nghia trong <stddef.h> .

T6i in hai gi tri 16-bit theo thi tu dao vi toi dang 6 may little-endian va lam vay dé doc hon ¢ day.
10Gia sit chiing trd téi cing mot déi tugng mang
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int cats[100];

int *f = cats + 20;
int *g = cats + 60;

ptrdiff t d =g - f; // difference is 40

Va ban c6 thé in n6 bing cich thém t dau format specifier cho s6 nguyén:

printf("std\n", d); // Print decimal: 40
printf("stX\n", d); // Print hex: 28

23.7 Pointer t6i ham

Ham chi 13 tip hgp 1énh may trong bd nhd, nén khong co ly do gi ta khong 14y dudc pointer téi 1énh
dau tién cua ham.

Va roi goi no.

Diéu nay c6 thé hitu ich khi truyén mdt pointer t8i ham vao mot ham khac nhu dai s8. Réi ham thi hai
c6 thé goi bat cii cai gi dudc truyén vao.

Tuy nhién, phan kho v6i mdy cai nay 1a C can biét ki€u cta bién 1a pointer t8i ham.

Va noé that su mudn biét moi chi tiét.

Kiéu nhu “day 14 pointer t6i ham nhan hai d6i s6 int vatra vé void "

Viét hét mé d6 ra sao d€ khai bao dugc bién?

Hoéa ra nd trong rét giéng function prototype, chi thém vai cip ngodc:

// Declare p to be a pointer to a function.
// This function returns a float, and takes two ints as arguments.

float (*p)(int, int);

Luu y ban khong cin dit tén cho tham s8. Nhung ban c6 thé néu mudn, chiing chi bi bé qua.

// Declare p to be a pointer to a function.
// This function returns a float, and takes two ints as arguments.

float (*p)(int a, int b);

Gig ta da biét cach khai bao bién, lam sao biét gan gi vao? Lam sao 14y dia chi cia mot ham?

Hoéa ra c6 16i tit y nhu 14y pointer t6i mang: ban c6 thé chi viét tén ham tran khong c6 ngoic. (Ban c6
thé thém & dang trude néu thich, nhung khong can va khong idiomatic.)

Mot khi c6 pointer t6i ham, ban c6 thé goi né bang cach thém ngoic va danh sach déi sé.
Lam vi du don gian t6i dit hén alias cho ham béng cach dung mdt pointer t8i n6. Réi ta goi no.

Code nay in ra 3490 :

#include <stdio.h>

void print_int(int n)
{
printf("sd\n", n);
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int main(void)
{

// Assign p to point to print int:

void (*p)(int) = print int;

p(3490); // Call print int via the pointer
}

Luu y cach ki€u ctia p dai dién cho gi tri tra vé va kiéu tham s§ cia print_int . Bit budc phai thé,
khong thi C sé phan nan vé kiéu pointer khong tudng thich.

Thém mot vi du nita cho thay ta c6 thé truyén pointer t6i ham nhu d6i s6 cho ham khac thé nao.
Ta sé viét ham nhan vai déi s6 s6 nguyén, cong v4i pointer t6i ham nao do thao tac trén hai déi sé do.
R6i noé in két qua.

-

#include <stdio.h>

int add(int a, int b)

{
return a + b;
}
int mult(int a, int b)
{
return a * b;
}
void print math(int (*op)(int, int), int x, int y)
{
int result = op(x, y);
printf("sd\n", result);
}
int main(void)
{
print math(add, 5, 7); // 12
print math(mult, 5, 7); // 35
}

Danbh ti thdi gian tiéu hoa chuyén d6. Y 6 day 1a ta sé truyén mat pointer t6i ham vao print math() ,
va no sé goi ham d6 dé lam vai phép toan.

Bang cach nay ta c6 thé d6i hanh vi ctia print _math() bing cich truyén ham khac vao. Ban thdy ta
lam thé 6 dong 22-23 khi truyén vao pointer t6i ham add va mult, theo thi tu.

Gid, 6 dong 13, t6i nghi ai ciing dong y signature ctia print_math() la mét canh ngoan muc. Va, tin
hay khong, cai nay thuc ra con kha thing thém so véi vai thii ban c6 thé dung ra'l.

Nhung hiy tiéu héa né. Hoa ra chi c¢6 ba tham s8, nhung chiing hoi kho thay:

// op X y
// [EEEEEELELLLLLLLLL 1 === [===]
void print_math(int (*op)(int, int), int x, int y)

11Ng6n ngit Go 1dy cam hing ct phap khai bao kiéu til diéu ngugc lai véi cai C lam.
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Cai dau, op, la pointer t6i ham nhan hai int lam d6i s6 va trd vé int . Cai nay khdp signature cta
ca add() lan mult() .

Caithi hai vaba, x va y,chilathamsé int chuin.

Cham va c¢6 chu dich, hdy dé méit ban di qua signature rdi xac dinh cic phan. Mot thii ludn nhay ra véi
t6i la chudi (*op) ( , cip ngodc va diu sao. D6 la ddu hiéu né 1a pointer t6i ham.

Cusi ciing, nhay lai chuong Pointer IT d€ xem vi du pointer-téi-ham ding qgsort() co sén.



Chapter 24
Phép bitwise

M4y phép s6 nay cho phép ban thao tac tling bit trong bién, ciing hdp vi C 1a ngdén ngii miic thap.

Néu ban chua quen véi phép bitwise, Wikipedia cé bai viét vé bitwise kha t&t?.

24.1 Bitwise AND, OR, XOR va NOT

Véi tiing phép nay, cac quy déi s6 hoc thong thudng dién ra trén toan hang (trong trudng hgp nay phai
1 kiéu s6 nguyén), roi phép bitwise tuong ting dugc thuc hién.

Phép Toantl Vidu

AND & a=bé&c
OR | a=b | c
XOR ~ a=b"~c
NOT ~ a = ~c

Luu y chiing giong toan tli Boolean && va || .

M4y cai nay c6 bién thé gan tit tuong tu += va -=:

Toan ti  Vidu Tudng duong day du

&= a & c =aé&c
|= a|=C a=a|c
~= a"=c a=a’”c

24.2 Bitwise shift
V6i méy céi ndy, integer promotion dién ra trén tling toan hang (phai 1a kiéu s§ nguyén) roi bitwise
shift dugc thuc hién. Kiéu ctia két qua 14 kiéu cta toan hang trai sau khi promote.

Bit m&i dugc 14p béng 0, v3i mot ngoai 1€ c6 thé co dugce ndi trong phan hanh vi implementation-defined,
bén dudi.

Phép Toanti Vidu

Shift trai << a=b<<c

!Khéng phai cic ngdn ngii khac khong lam vay, ching c6 lam. Thi vi 1a bao nhiéu ngén ngit hién dai ding cing toan tit
bitwise nhu C.
“https://en.wikipedia.org/wiki/Bitwise_operation
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Phép Toantd Vidu

Shift phai >> a=b> c

Ciing c6 dang viét tit tudng tu cho shift:

Toantid Vidu Tudng duong day da
>>= a >>= C a=a > C
<<= a <<= C a =a << C

Coi chiing hanh vi khong xac dinh: khéng shift s6 4m, va khong shift 16n hon kich thudce cua toan hang
trai sau khi promote.

Cling coi chiing hanh vi implementation-defined: néu ban shift phai mot s6 am, két qua la
implementation-defined. (Shift phai mot int c6 ddu thi hoan toan 6n, chi cin né 1a sé dudng.)
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Ham variadic

Variadic 1a tit kéu kéu dé chi ham nhéan s6 ddi 6 tuy y.

Ham thudng nhin mot s6 d6i s6 cu thé, vi du:

int add(int x, int y)
{

return x + y;

}

Ban chi c6 thé goi né v8i dung hai d6i s6 tudng (ing tham s6 x va vy .

add(2, 3);
add(5, 12);

Nhung néu thit nhiéu hon, compiler khéng cho:

add(2, 3, 4); // ERROR
add(5); // ERROR

Ham variadic vugt qua giéi han nay 6 mét miic nao do.

Ta da thdy mot vi du néi tiéng trong printf() ! Ban c6 thé truyén du kiéu thi vao no.

printf("Hello, world!\n");
printf("The number is S%d\n", 2);
printf("The number is %d and pi is %f\n", 2, 3.14159);

N6 ¢6 vé ching quan tAm ban dua bao nhiéu d4i sd!

U, khong hén. Khong déi s6 nao sé cho 16i:

printf(); // ERROR

Diéu ndy din ta t6i mét giéi han ctia ham variadic trong C: chiing phai cé it nhit mot déi sé.

Nhung ngoai chuyén d6, ching khé linh hoat, tham chi cho phép ddi s6 c¢6 kiéu khac nhau nhu
printf() lam.

Xem chung hoat dong sao nhé!

25.1 Dau ba cham trong signature ham

Véay né chay thé nao, vé ct phap?

185
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Viéc ban lam la dat moi d&i s8 bdt budc phai truyén vao trude (va nhd phai c6 it nhit mot) va sau do,
ban dat ... . Nhu vay:

void func(int a, ...) // Literally 3 dots here

Day 14 it code dé demo:

-

#include <stdio.h>

void func(int a, ...)
{
printf("a is %d\n", a); // Prints "a is 2"
}
int main(void)
{
func(2, 3, 4, 5, 6);
}

RO1, hay, ta 14y dugdc doi s6 dau 6 bién a, nhung con phén déi s6 con lai thi sao? Lam sao t6i dudc
chung?

Day la chd vui bt dau!

25.2 Lay cac doi so du

Ban sé mudn include <stdarg.h> dé lam may chuyén nay.

Trudc tién, ta sé dung mot bién dic biét ki€u va list (variable argument list) d€ theo déi ta dang truy
cap bién nao tai thsi diém do.

Y tudng la ta bat dau xu ly déi s6 bang mot 15i goi va_start() , xti Iy tiing d6i s6 mot bang va_arg() ,
roi, khi xong, két bdng va_end() .

Khi ban goi va_start() , ban can truyén tham s cé tén cudi cung (cdi ngay trudc ... ) dé no biét chd
cin bit dau tim céac d6i s6 thém.

Va khi ban goi va_arg() délay ddi s6 ké, ban phai cho né biét kiéu cua déi s6 ké tiép can 1ay.

Day la demo cong lai mot s6 tuy y cac s6 nguyén. Doi sé dau la s6 ludng s6 nguyén can cong. Ta sé
dung né 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); // Start with arguments after "count"

for (int i = 0; i < count; i++) {
int n = va_arg(va, int); // Get the next int

total += n;
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va_end(va); // ALl done

return total;

}

int main(void)

{
printf("%d\n", add(4, 6, 2, -4, 17)); // 6 + 2 - 4 + 17 = 21
printf("sd\n", add(2, 22, 44)); // 22 + 44 = 66

}

(Luu y khi goi printf() ,né dung s6 %d (hay bat ct thu gi) trong chudi format dé biét con bao nhiéu
déi s6 niia!)

Néu ct phép clia va_arg() trong la véiban (vic6 tén kiéu 16 liing trong d6), ban khong don doc. Ching
dugc cai dit bing macro preprocessor dé c6 dugc moi phép mau cin thiét.

25.3 Chiic nang va_list

Cai bién va list ta dang dung 6 trén la gi? D6 1a bién ma! gifi thong tin vé viéc ta sé 13y ddi s6 nao
ké tiép bang va_arg() . Théy cach ta goi va_arg() lip dilip lai ddy? Bién va_list la chd gifi chd
dang theo doi tién do cho téi gid.

Nhung ta phai khéi tao bién d6 bing mot gia tri hgp ly. D6 la luc va_start() ra san.

Khi ta goi va_start(va, count) & trén, ta dang noi, “Khéi tao bién va dé tro t6i ddi s6 bién ngay sau
count ”
Va dé6 1a Iy do ta can c6 it nhat mot bién c6 tén trong danh sach déi s6.
Mot khi cé pointer t6i tham s6 ban dau, ban c6 thé dé dang 14y cac gia tri d6i s6 sau bing cach goi
va_arg() lip dildp lai. Khilam vAy, ban phai truyén vao bién va_list cta minh (d€ né tiép tuc theo
ddi ban dang & dau), cung véi kiéu ctia d6i s6 ban sip copy ra.
Tuy ban, ngudi 14p trinh, nghi ra kiéu ban sé truyén cho va_arg() . Trong vi du 6 trén, ta chilam int .
Nhung trong trudng hdp printf() , né diung format specifier dé xac dinh kiéu nao cin 13y ké tiép.
Va khi xong, goi va_end() dé két lai. Ban phai (spec noi) goi cai ndy trén mot bién va list cu thé
trudc khi ban quyét dinh goi lai va_start() hay va_copy() trén nd lan niia. T6i biét ta chua nodi vé
va_copy() .
Vay tién trinh chuén la:
« va start() dé€khditao bién va list ctia ban
« Laplai va_arg() déldy gia tri
« va end() dékétbién va list ctia ban
Toi cling c6 nhic va_copy() & trén; nd lam ban sao bi€n va list clia ban § ding cung trang thai.
Ttc 13, néu ban chua bit ddu dung va_arg() vdibién ngudn, bién méi cling chua bat ddu. Néu ban da

ngdn 5 bién bing va_arg() cho t6i gid, ban sao ciing phan anh y viy.

va_copy() c6 thé hitu ich néu ban cin quét truéc qua déi s6 nhung van cin nhé vi tri hién tai.

!Nghia 1a ddm dev thép c6 bé hong nhu ta khong phai biét trong d6 c6 gi hay y nghia gi. Spec khong ra lénh chi tiét né 1 gi.
2Thanh that ma néi, loai bd giéi han nay khoi ngon ngit 14 kha thi, nhung y tuéng la cAc macro va_start() , va_arg() va
va_end() co thé viét duge bang C. Va dé lam dugc diéu do, ta can cach nao d6 khdi tao mot pointer téi vi tri ctia tham s§ dau.
Va dé lam diéu do, ta can tén clia tham s6 dau. Sé cAn md rong ngdn ngit dé lam dudce viéc nay, va téi gid uy ban chua tim ra ly
do chinh dang.
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25.4 Ham thu vién dung va_list

Mot trong nhiing cach dung khac ctia méy cai nay kha hay: viét bién thé printf() tuy y ctariéng ban.
Sé dau dau néu phai xit moi format specifier d6 phai khéng? Ca ty cai?

May thay, c6 cic bién thé printf() nhin mot va_list dang hoat dong lam ddi s6. Ban c6 thé ding
chung dé€ boc lai va tulam printf() riéng!

Cac ham nay bat diu bang chit v, nhu vprintf() , vfprintf(), vsprintf() va vsnprintf() . Veé

6 ban 12 moi ban hit kinh dién clia printf() chithém v ding trudc.

Hay lam ham my printf() chayy printf() chikhacla nhin thém mot d6i s6 dau.

#include <stdio.h>
#include <stdarg.h>

int my printf(int serial, const char *format, ...)
{

va list va;

int rv;

// Do my custom work
printf("The serial number is: %d\n", serial);

// Then pass the rest off to vprintf()
va start(va, format);
rv = vprintf(format, va);

va_end(va);
return rv;
}
int main(void)
{
int x = 10;
float y = 3.2;
my printf (3490, "x is %d, y is %f\n", x, y);
}

Thay ta lam gi d6 chua? O dong 12-14 ta md mot bién va list méi, 16i cl thé truyén théng vao

vprintf() . Va né biét ngay phai lam gi véi nd, vi nd c6 san moi dau 6c cia printf() gai vao.

Tuy vAy, ta van phai goi va_end() khi xong, nén dling quén!

25.5 BAay macro variadic

Nhu t6i di nhic, va start() va va end() co thé la macro. Mot hé qua ctia chuyén nay c6 thé 1a
chiing ¢6 tiém nang md ra mot scope cuc bd mai. (Tic 14, néu va_start() cd6 { va va_end() chiia
)

Nén ta cin canh gi4c v6i chuyén scope c6 thé gip vin dé. Ly vi du sau:

va start(va, format); // may contain {
int rv = vprintf(format, va);
va_end(va); // may contain }
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return rv;

Néu va_start() md scope mdi, rv sé cuc bd trong scope d6 roi cdu return sé fail. Nhung chuyén

nay sé am tham chi xay ra trén cac compiler tinh c¢ lam vay véi macro va .
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Locale va quoc té hoa

Localization (ban dia ho4) 1a qua trinh lam cho app ctia ban sin sang hoat déng t6t & cac locale (hay
quoc gia) khac nhau.

Nhu ban c6 thé biét, khong phai ai cling dung cung ky tu cho diu thap phan hay cho d4u phan cach
hang nghin, hay cho don vi tién té.

Cac locale nay c6 tén, va ban c6 thé chon mot cai dé dung. Vi duy, locale My c6 thé viét mot con s nhu:
100,000.00

Con & Brazil, ciing s8 d6 c6 thé dudc viét v6i ddu phay va diu chdm dai cho:

100.000,00

Chuyén nay dé dang hon khi ban viét code sao cho dé chuyén sang cic qudc tich khac!

U, kiéu kiéu. Hoa ra C chi c6 ding mot locale sin, va né bi giéi han. Spec chiia ra kha nhié¢u chd map
md § day; kho ma that su portable hoan toan.

Nhung ta sé cd gang hét stc!

26.1 Dit localization, nhanh va ban

Vi cac 16i goi nay, include <locale.h> .

V@ ¢6 ban chi c6 mot viéc ban c6 thé lam portable & day khi khai bAo mot locale cu thé. Day rit c¢6 thé
la diéu ban mudn lam néu dinh dung t6i locale:

setlocale(LC ALL, ""); // Use this environment's locale for everything ’

Ban s& mudn goi n6é dé chuong trinh duge khdi tao véi locale hién tai cta ban.

Di vao chi tiét hon, c6 m6t chuyén niia ban lam didc ma van portable:

setlocale(LC_ALL, "C"); // Use the default C locale ’

nhung cai d6 dudc goi mic dinh mdi lan chuong trinh ctia ban khai chay, nén khong may khi can tu goi.

Trong chudi thi hai dé, ban c6 thé chi dinh bat ky locale ndo dudc hé thong ctia ban h trg. Chuyén
nay hoan toan phu thudc hé, nén sé khic nhau. Trén hé cua toi, toi ¢6 thé chi dinh cai nay:

setlocale(LC_ALL, "en US.UTF-8"); // Non-portable! ’

Va céi d6 sé chay. Nhung no chi portable sang cac hé c6 ding cung tén do6 cho dung locale do, va ban
khong thé bao dam dugc.

190



Chapter 26. Locale va qudc té hoa

191

Béng cach truyén chudi rong ( "" ) lam déi s6 thi hai, ban dang néi véi C, “Nay, tu tim xem locale hién
tai trén hé nay la gi d€ t6i khoi phai ndi cho.”

26.2 Lay thiét lap locale cho tién té

Vi di chuyén miy t8 gidy xanh hiia hen 1a chia khoa t6i hanh phuc!, hiy néi vé locale cho tién té. Khi
ban viét code portable, ban phai biét phai gé gi cho tién mat, dung khong? Du né la “$”, “€”, “¥”, hay “£”.

Lam sao viét code d6 ma khong phat dién? May thay, khi ban goi setlocale(LC_ALL, "") ,ban co thé

tra may cai ndy bang mot 18i goi localeconv() :

struct lconv *x = localeconv();

Ham nay tra vé pointer t6i mot struct lconv dudc cip phét tinh c6 moi théng tin ngon lanh ban dang

tim.

bay la cac field ctia struct lconv va nghia ctia ching.

Trudc hét, vai quy udc. _p_ nghia la “positive” (dudng), n_

nghia la “negative” (dm), va int_ nghia

14 “international” (quéc t€). Du nhiéu cai c6 kiéu char hodc char* , phan 16n (hoic cic chudi ching
tré t6i) that ra duge xem nhu s6 nguyén?.

Trudce khi di tiép, biét rdng CHAR MAX (tU <limits.h>)la gia tri t6i da luu dugc trong mot char . Va
nhiéu gia tri char dudi day dung no dé cho biét gia tri khong c6 6 locale do.

Field

Mb ta

char
char
char
char
char
char
char

char

char

char

char

char
char
char
char
char
char
char
char

char

*mon_decimal _point
*mon_thousands_sep
*mon_grouping
*positive sign
*negative sign
*currency_symbol
frac digits

p_cs precedes

n_cs precedes

p_sep by space

n_sep by space

p_sign posn

n_sign posn
*int_curr_symbol
int frac digits
int p cs precedes
int_n_cs_precedes
int p sep by space
int n sep by space

int_p_sign_posn

Ky tu d4u thap phan cho tién, vi du
Ky tu phén cach hang nghin cho tién, vidu "," .
Mo ta cach nhom cho tién (xem bén dudi).
D4u duong cho tién, vidu "+" hodc "" .
Dau am cho tién, vidu "-" .
Ky hiéu tién té, vidu "$" .
Khi in lugng tién, in bao nhiéu chii s6 sau d4u thap phan, vidu 2.
1 néu currency_symbol diing trudc gia tri cho lugng tién khong
am, 0 néu sau.
1 néu currency symbol ding trudc gia tri cho lugng tién 4m, 0
néu sau.
Quy dinh cach ngan cach currency symbol khoi gia tri cho lugng
khoéng am (xem bén dudi).
Quy dinh cach ngan cach currency symbol khoi gia tri cho ludng
am (xem bén dudi).
Quy dinh vi tri cia positive sign cho gia tri khong am.
Quy dinh vi tri cia positive sign cho gia tri &m.
Ky hiéu tién té quoc té, vidu "USD " .
Gié tri quéc té cho frac digits .
Gia tri qudc té cho p_cs_precedes .
Gié tri qudc té cho n_cs_precedes .
Gié tri quéc té cho p sep by space .
Gia tri qudc té cho n_sep_by space .

Gié tri quéc té cho p_sign_posn .

1»

Hanh tinh nay c6, hay ding hon, da c6 mot van dé, dé la: phan 16n nhiing ngudi séng trén né khong hanh phic gan nhu
sudt ca thdi gian. Nhiéu giai phap duge dé xudt cho vin dé nay, nhung phan 16n déu lién quan dén viéc di chuyén céc t3 gidy xanh
nho, ky cuc 1a nhin chung chéng phai mdy t3 gify xanh nho khong hanh phuc.” The Hitchhiker’s Guide to the Galaxy, Douglas
Adams

2Nh¢la char chila s6 nguyén c8 mot byte.
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Field Mo ta

char int n_sign posn Gié tri quéc té cho n_sign posn .

26.2.1 Nhom chii s6 cho tién té

Dudc rdi, cai nay hoi chap cheng. mon_grouping la char* , nén ban c6 thé nghi né la chudi. Nhung
trong trudng hgp nay, khong, né thuc ra 12 mang cidc char . N6 ludn phai két thic bdng © hoidc
CHAR_MAX .

Céc gia tri nay mo ta cach nhom céc tap sé trong tién té & phia trdi ddu thap phan (phan nguyén).

Vi du, ta c6 thé co:

$100,000,000.00

Day 1a cac nhoém ba chii s6. Nhom 0 (ngay bén trai dau thap phan) c¢6 3 chii s6. Nhém 1 (nhom ké tiép
veé trai) c6 3 chit s6, va nhoém cudi cling c6 3.

Vay ta c6 thé mo ta cdc nhom nay, ti phai (ddu thip phéin) sang trai bing mot loat s6 nguyén dai dién
cho kich thuéc nhém:

‘333 ’

Va chiing d6 sé 6n véi gia tri t8i $100,000,000.
Nhung 18 ta c6 nhiéu hon? Ta c6 thé cli thém 3 ...

{33333333333333333 ’

nhung ki€u d6 dién ro. May thay, ta c6 thé chi dinh 0 dé bao ring kich thudc nhém trude dugce 1ap lai:

&G |

Nghia la lap mbi 3. Cai d6 sé xii dudc $100, $1,000, $10,000, $10,000,000, $100,000,000,000, va ct thé.
Ban c6 thé chinh thiic phat khiing v6i mAy cai nay dé chi ra vai kiéu nhom ky cuc.

Vi du:

{43210 ’

sé cho ra:

‘ $1,0,0,0,0,00,000,0000.00 ’

Mot gia tri nifa c6 thé xuat hién 1a CHAR_MAX . Cai ndy bao ring khong con nhom nao nifa, va c6 thé
xudt hién & bat ky chd nao trong mang, ké ca gia tri dau.

‘ 3 2 CHAR_MAX ’

sé cho ra:

( 100000000,00,000.00 ’

chéng han.

Va chi cin c6 CHAR_MAX § vi tri dau ctia mang la bao cho ban biét khéng c6 nhém nao hét.
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26.2.2 Dau phan cach va vi tri dau

Moi bién thé sep_by_space xi ly khoang tring quanh ky hiéu tién té. Gia tri hop 1é 1a:

Gié tri Mo ta
0 Khong ¢ khoang tring gitia ky hiéu tién té va gia tri.
1 Tach ky hiéu tién té (va d4u, néu c6) khoi gia tri bing mot khoang trang.
2 Tach ky hiéu d4u khoi ky hiéu tién té (néu ké nhau) bang khoang trang,

ngudc lai tich ky hiéu d4u khoi gia tri bing khoang tring.

Céac bién thé sign posn dudc quyét dinh béi cic gia tri sau:

Giatri Mota

0 Boc gia tri va ky hiéu tién té bing cip ngoic.
1 Dit chudi ddu trude ky hiéu tién té va gia tri.
2 Dit chudi dau sau ky hiéu tién té va gi tri.

3 Dit chudi ddu ngay trude ky hiéu tién té.

4 Dit chudi ddu ngay sau ky hiéu tién té.

26.2.3 Vidu gia tri

Khi t6i 14y cac gia tri trén hé cia minh, day 1a thi toi thay (chudi grouping hién thi duéi dang cac gia
tri byte riéng):

mon_decimal_point = "."
mon_thousands sep = ","
mon_grouping =330
positive sign = "
negative sign = "."
currency_symbol = "$"
frac digits =
p_cs precedes =
n_cs precedes =
p_sep by space =
n_sep by space =
p_sign_posn =
n_sign _posn =
int curr_symbol = "USD "
int frac digits =
int_p _cs_precedes =
int_n_cs_precedes
int p sep by space
int n_sep by space
int p sign_posn
int_n_sign_posn

R R ® 0 Rk RPN

||
[ N = ~ N ST ST N

26.3 Chi tiét localization

Déy ta da truyén macro LC_ALL cho setlocale() & trén, chuyén ndy gdi y c6 thé c6 bién thé khac
cho phép ban chinh xac hon vé phan ndo cua locale ban dang dat.

Hay xem céc gia tri ban c6 thé thiy cho miy cai nay:
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Macro Mo ta
LC_ALL Dit tat ca nhiing cai dudi day vé locale da cho.
LC_ COLLATE Kiém soat hanh vi cia hAm strcoll() va strxfrm() .
LC CTYPE Kiém soat hanh vi ctia cac ham xt ly ky tu®.
LC_MONETARY Kiém soét gia tri ma localeconv() tra vé.
LC_NUMERIC Kiém soé4t dau thap phin cho ho ham printf() .
LC_TIME Kiém soét dinh dang thdi gian cho cdc ham in théi gian va ngay strftime()

va wesftime() .

Kha phd bién thdly LC ALL dudc dit, nhung, nay, it nhit ban c6 lua chon.

Ciling nén néi LC_CTYPE 1a mot trong nhiing cai 16n vi n6 gan véi wide character, mot mé bung nhuing
ta s€ noi sau.

3Trit isdigit() va isxdigit() .
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Unicode, wide character, va may thii do

Trude khi bat dau, luu y day 1a ving ngdn ngii C dang phat trién sdi dong khi n6 ¢d vugdt qua vai, Sm,
con dau trudng thanh. Gig C23 da ra mét, cAp nhat ¢ day 1a kha nang cao.
Phén 18n moi ngudi vé c¢d ban quan tAm cau hoi tuéng don gian nhung liia gat, “Lam sao dung bd ky tu
nay-no trong C?” Ta sé& t6i d6. Nhung nhu ta sé thay, c6 khi né da chay sén trén hé ctia ban roi. Hoidc
ban c6 thé phai d6 qua thu vién bén thi ba.
Ta s€ noi vé kha nhiéu thi trong chudng nay, vai cai khong phu thudc nén tang, vai cai riéng cta C.
Hay xem s d6 nhiing gi ta sip xem:

« Nén tang Unicode

« Nén tang encoding ky tu

« BO ky tu nguon va bd ky tu thuc thi

+ Dung Unicode va UTF-8

- Dung céc kiéu ky tu khac nhu wchar_t, charlé_t,va char32_t

Lao vao nao!

27.1 Unicode la gi?

Ngay xua, 8 My va phan 16n thé gidi, phé bién dung encoding 7-bit hay 8-bit cho ky tu trong bd nhd.
Diéu nay nghia 14 ta c6 thé c6 128 hay 256 ky tu (ké ca ky tu khong in dugc) tong cong. Chiing d6 én
v6i mot thé giéi lay My lam trung tdm, nhung hoda ra ngoai kia con bang chii cai khac, ai ma biét duge?
Tiéng Trung c6 hon 50.000 ky tu, va ngan d6 khong nhét viia mot byte.

Thé 1a ngudi ta dé ra da kiéu cach khac nhau dé biéu dién b6 ky tu riéng clia minh. Va vay ciing 6n,
nhung bién thanh con 4c mong tudng thich.

Dé thoat khoi d6, Unicode dugc phat minh. Mot bd ky tu dé€ cai tri tit ca. No trai ra t6i vo han (vé ¢
ban) nén ta sé& khong bao gid hét chd cho ky tu méi. N6 c6 tiéng Trung, Latin, Hy Lap, chit hinh ném,
ky hiéu ¢8 vua, emoji... gin nhu moi thi, that day! Va lién tuc c¢6 thém cai méi!

27.2 Code point
T6i muodn nodi vé hai khai niém 6 day. Hoi r6i vi ca hai déu 1a s6, cac s6 khac nhau cho cing mot tha.
Nhung rang theo t6i nao.

Dinh nghia code point mot cach long 1éo 1a mét gia tri s6 dai dién cho mot ky tu. (Code point ciing ¢
thé dai dién cho ky tu diéu khién khong in dugc, nhung ct gia dinh t6i mudn néi téi cai gi d6 nhu chit
“B” hay ky tu ")

Mbi code point dai dién cho mdt ky ti duy nhat. Va mdi ky tu c6 mot code point s§ duy nhét gén véi
nos.
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Vi du, trong Unicode, gia tri s6 66 dai dién cho “B”, va 960 dai dién cho “n”. Cac anh xa ky tu khac khong
phai Unicode dung gi4 tri khac, c6 thé, nhung hay quén ching va tip trung vao Unicode, tudng lai!

Vay do la mét chuyén: c6 mét con sd dai dién cho tiing ky tu. Trong Unicode, cic s6 nay chay ti 0 t6i
hon 1 triéu.

Hiéu ro6i chu?

Vi ta s&p l1at ban ti day.

27.3 Encoding

Néu ban con nhg, mot byte 8-bit c6 thé giii gia tri tli 0-255, gobm ca hai dau. Chiing d6 6n véi “B” 1a 66,

cai d6 vua van trong mot byte. Nhung “n” 1a 960, cai d6 khong viia mot byte! Ta can byte khac. Lam
sao ta luu hét mé d6 trong bd nhd? Hay miy s6 16n hon, nhu 195.024? Cai d6 sé cAn mdt s6 byte dé gitl.

Cau héi 16n: cac con s6 nay dudc biéu dién ra sao trong bd nhd? Day 1a cai ta goi 13 encoding cia cac
ky tu.

Vay ta c6 hai tht: mot la code point cho ta biét vé cd ban s8 sé-ri ciia mot ky tu cu thé. Vata c6 encoding
cho ta biét ta sé& biéu dién con s6 d6 ra sao trong b6 nhd.

C6 ca ddng encoding. Ban c6 thé tu nghi ra encoding ctia minh ngay bay gid, néu ban muén'. Nhung
ta s& xem vai encoding thuc su phd bién dang dugc duing v6i Unicode.

Encoding Mo ta
UTF-8 Encoding hudng byte, dung s& byte thay d&i trén mdi ky tu. Day la ci nén
dung.
UTF-16 Encoding 16-bit cho méi ky tu?.
UTF-32 Encoding 32-bit cho méi ky tu.

V6i UTF-16 va UTF-32, thi tu byte c6 v nghia, nén ban c6 thé thdy UTF-16BE cho big-endian va UTF-
16LE cho little-endian. Y vay cho UTF-32. Vé ky thuit, néu khong chi dinh, ban nén gia dinh big-endian.
Nhung vi Windows dung UTF-16 nhiéu va no little-endian, doi khi diéu d6 dudc gia dinh®.

Xem vai vi du. Tdi sé viét gia tri theo hex vi n6 ding hai chii s cho méi byte 8-bit, va lam vay dé thay
moi thit xép ra sao trong bo nhé hon.

Ky tu Code Point UTF-16BE UTF-32BE UTF-16LE UTF-32LE =~ UTF-8

A 41 0041 00000041 4100 41000000 41

B 42 0042 00000042 4200 42000000 42

= 7E 007E 0000007E 7E00 7E000000 7E

n 3C0 03Co 000003C0 C003 C0030000 CF80
3 20AC 20AC 000020AC AC20 AC200000 E282AC

Ngb trong d6 tim miu xem. Dé y UTF-16BE va UTF-32BE chi 13 code point dudc biéu dién thing duéi
dang gia tri 16 va 32-bit*.

Little-endian ciing y vay, chi khac la cac byte theo thi tu little-endian.

R6i ta c6 UTF-8 & cudi. Pau tién ban c6 thé dé y code point mét-byte dudc biéu dién dudi dang mot byte.
Cai d6 hay. Ban ciing c6 thé dé y code point khac nhau chiém s6 byte khac nhau. Day 14 encoding do
rong thay déi.

Vi dy, ta c6 thé Iuu code point trong mot s6 nguyén 32-bit big-endian. Thang thém! Ta viia phat minh ra mot encoding! That
ra thi khong; d6 1a cai encoding UTF-32BE. Chao 61, quay lai véi cong viéc thoi!

Kiéu kiéu vay. Ve ky thuat, n6 c6 do rong thay di, c6 cach biéu dién code point 16n hon 216 biing cach ghép hai ky tu UTF-16
lai.

3C6 mot ky tu dic biét tén Byte Order Mark (BOM), code point 0xFEFF, c6 thé tuy chon di trudc ludng dii liéu va cho biét
endianness. Tuy nhién né khong bét budc.

“Lai, diéu nay chi ding trong UTF-16 cho céc ky tu viia trong hai byte.
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Nén ngay khi vugt qua mot gia tri nao d6, UTF-8 bit dau dung thém byte dé luu gi tri. Va ching c6 vé
khong tuong quan véi gia tri code point.

Chi tiét encoding UTF-8> ndm ngoai pham vi sach nay, nhung biét thé nay 1a dt: né co s byte thay déi
cho mdi code point, va cc gia tri byte d6 khong khép véi code point trir 128 code point déu tién. Néu
ban that su muén biét thém, Computerphile c6 video vé UTF-8 rat hay v6i Tom Scott®.

Céi cudi do 1a diéu thu vi vé Unicode va UTF-8 tlt gbc nhin Bic M§: n6 tudng thich ngudgce véi encoding
ASCII 7-bit! Nén néu ban quen v8i ASCII, UTF-8 gidng y vay! Moi tai liéu dugc encode bang ASCII
cting dugc encode bing UTF-8! (Di nhién khong phai ngudc lai.)

Co6 1& chinh diém cudi nay, hon bat cit diém nao khac, dang ddy UTF-8 thdng tri thé gisi.

27.4 B0 ky tu nguon va thuc thi

Khi 1ap trinh C, c6 (it nhat) ba bo ky tu dang chdi:

« Cai code cua ban ton tai trén dia duéi dang.

- Cai compiler dich sang ngay khi bit ddu compile (b9 ky tu nguon). C6 thé gidng céi trén dia, hodc
khéng.

« Céi compiler dich bd ky tu ngudn sang dé thuc thi (b ky tu thuic thi). C6 thé giéng bo ky tu ngudn,
hoac khéng.

Compiler cta ban c6 1& c¢6 tiy chon dé chon céac bd ky tu nay ldac build.

B0 ky tu co ban cho ca ngudn va thuc thi sé chiia cac ky tu sau:

ABCDEFGHIJKLM
NOPQRSTUVWXY?Z
abcdefghijklm
nopgrstuvwxyz
0123456789

P " # %S & () *+, - ./
y<=>2[\N1"~_A1]1}~
space tab vertical-tab
form-feed end-of-line

D6 14 cac ky tu ban c6 thé dung trong ngudn va van portable 100%.
B6 ky tu thuc thi sé c6 thém ky tu cho alert (chuéng/chdp), backspace, carriage return, va newline.

Nhung phan 16n moi ngudi khong di t6i miic cuc doan d6 va thoai mai dung b ky tu md rong trong
ngudn va chuong trinh chay, nhat 1a bay gid Unicode va UTF-8 dang phd bién hon. Y t6i 13, bo ky tu co
ban tham chi khéng cho phép @, $,hay " !

Dang chu y, dau dau (du lam dugc bing escape sequence) khi gd ky tu Unicode chi bang bd ky tu cd
ban.

27.5 Unicode trong C

Trudc khi di vao encoding trong C, hay néi vé Unicode tit goc d6 code point. C6 cach trong C dé chi
dinh ky tu Unicode va ching sé dugc compiler dich sang bo ky tu thuc thi’.

Véay lam sao ta lam?

Thit ky hiéu euro, code point 0x20AC. (Tbi viét né bang hex vi ca hai cach biéu dién né trong C déu
dung hex.) Lam sao ta dat n6 vao code C?

Dung escape \u dé dit n6 trong chudi, vi du "\u20AC" (viét hoa thudng hex khong quan trong). Ban
phai dat dung bén chii s hex sau \u , pad bing s6 0 dau néu can.

Shttps://en.wikipedia.org/wiki/UTF-8
Shttps://www.youtube.com/watch?v=MijmeoH9LT4
7Cé 1& compiler c& hét stic dich code point sang encoding output nao dé, nhung téi khong tim thay dam bao nao trong spec.
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Day la vi du:

char *s = "\u20ACl.23";

printf("%ss\n", s); // €1.23

Vay \u chay véi code point Unicode 16-bit, con may cai 16n hon 16-bit thi sao? Cho cai dd, ta can chii
hoa: \U.

Vi du:

char *s = "\U0001D4D1";

printf("%s\n", s); // Prints a mathematical letter "B"

Gidng \u , chi la 32-bit thay vi 16. Hai cai nay tudng duodng:

\u03Co
\U000003CO

Lai, cic cai nay dudc dich sang bd ky tu thuc thi lic compile. Ching dai dién cho code point Unicode,
khong phai encoding cu thé ndo. Thém niia, néu mot code point Unicode khéng biéu dién dudc trong
bo ky tu thuc thi, compiler ¢6 thé lam gi v8i n6 ciing dude.

Gid, ban c6 thé thic mic sao khong lam thé nay:

char *s = "€1.23";

printf("%s\n", s); // €1.23

Va c6 1€ ban lam dudc, v6i compiler hién dai. B ky tu nguén sé dudc compiler dich sang bd ky tu thuc
thi cho ban. Nhung compiler ¢6 quyén noén ra néu tim thay ky tu nao khong c6 trong bd ky tu mé rong
ctia no, va ky hiéu € chic chin khong c6 trong bo ky tu cd ban.

Luu y tu spec: ban khong thé dung \u hay \U d€ encode bat ky code point nao dudi 0xA0 trit 0x24
($), 0x40 (@), va 0x60 (), dung roi, d6 12 bd ba ddu cau phd bién bi thiéu khoi bd ky tu c6 ban. Rd
rang han ché nay dudc ndi long trong phién ban spec sép téi.

Cudi cung, ban cling c6 thé dung cic cai nay trong dinh danh trong code ctia minh, vé8i vai han ché.
Nhung t6i khong muén di vao dé & day. Chuong nay ta chi tap trung xi ly chudi.

Va d6 gan nhu la toan bd vé Unicode trong C (trit encoding).

27.6 Ghi chid nhanh vé UTF-8 trudc khi lao vao bui rim
C6 thé file ngudn clia ban trén dia, cic ky tu ngudn md rong, va cac ky tu thuc thi mé rong déu & dinh
dang UTF-8. Va cac thu vién ban dung mong dgi UTF-8. Day la tudng lai ruc rd ctia UTF-8 § moi ndi.
Néu dung vay, va ban khéng ngai khong portable sang cac hé khong nhu thé, cii chay. Nhét ky tu
Unicode vao ngudn va dii liéu thoai mai. Dung chubi C thudng va vui vé.
Nhiéu thi sé chay dudc (du khong portable) vi chudi UTF-8 c6 thé két thiic bing NUL an toan y nhu
chudi C nao khac. Nhung cé thé déi tinh portable dé xti Iy ky tu dé hon 1a cai danh ddi dang gia véi ban.
Tuy nhién, c6 vai luu y:

« Nhiing thit nhu strlen() bdo sd byte trong chudi, khong phai s6 ky tu. ( mbstowcs() tra vé s§

ky tu trong chudi khi ban chuyén né sang wide character. POSIX mé rong cai nay dé ban c6 thé
truyén NULL lam ddi s6 dau néu chi mudn dém sé ky tu.)
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« Nhiing cai sau sé khong chay dang véi ky tu hon mot byte: strtok() , strchr() (dung
strstr() thay thé), ho ham strspn(), toupper(), tolower() ,hoham isalpha() , va chic
con nita. Canh giac véi bat ci gi hoat dong trén byte.

« Cacbién thé printf() cho phép chiin ra mét s6 byte ctia chudi®. Ban can chic chén in ding s6
byte dé két thic & ranh gidi ky tu.

« Néu ban muén malloc() chd cho chudi, hay khai bAo mang char cho mot chudi, luu y kich
thuée t3i da c6 thé nhieu hon ban nghi. MS&i ky tu c6 thé chiém t6i MB_LEN MAX byte (tu
<limits.h>), trii cac ky tu trong bo ky tu cd ban dam bao 1a mot byte.

Va chic con nila ma t6i chua kham pha ra. Cho téi biét con cai by nio ngoai kia nifa nhé...

27.7 Cac kiéu ky tu khac nhau

To6i mudn gidi thiéu thém kiéu ky tu. Ta quen v6i char , ding khong?

Nhung céi d6 qua dé. Hiy lam moi thi khé hon nhiéu! Hoan ha!

27.7.1 Ky tu multibyte

Trudc hét, tdi mudn c6 thé thay ddi cach ban nghi vé chudi (mang char )1a gi. Chiing 1 chudi multibyte
dudc tao tu ky tu multibyte.

Dung rdi, cai chudi ky tu binh thudng ctia ban 1a multibyte. Khi ai 6 néi “C string”, ho dang néi “chudi
multibyte C”.

Ké ca khi mt ky tu cu thé trong chudi chi 12 mot byte, hay néu chudi dudc tao chi tit ky tu don, né van
dudc goi 1a chudi multibyte.

Vi du:

char c[128] = "Hello, world!"; // Multibyte string

Cai ta dang noi 8 day la mot ky tu cu thé khong thudc bd ky tu ¢ ban c6 thé dudc tao tli nhiéu byte.
T6ida MB_LEN MAX byte (tli <limits.h> ). Chic, trén man hinh né chi trong nhu mot ky tu, nhung c6
thé 1a nhiéu byte.

Ban ciing c6 thé ném gia tri Unicode vao d6, nhu ta thdy trudc do:

char *s = "\u20ACl1.23";

printf("%ss\n", s); // €1.23

Nhung & day ta vao vung ky la, vi xem nay:

char *s = "\u20AC1.23"; // €1.23

printf("%szu\n", strlen(s)); // 7!

Do dai chudi ctia "€1.23" 1a 7 ?! Dung vay! O, trén hé ctia t6i, ding! Nhé strlen() tra vé s6 byte
trong chudi, khéng phai sé ky tu. (Khi ta téi “wide character”, sip t6i, ta sé thay cach 13y sé ky tu trong
chubi.)

Luu y C cho phép hiing char multibyte riéng 1é (khac v8i char* ), nhung hanh vi cta ching thay d6i
theo implementation va compiler c6 thé canh bao vé né.

GCC, ching han, canh béo vé hing ky tu multi-character cho hai dong sau (va, trén hé cta toi, in ra
encoding UTF-8):

8V6i format specifier kiéu "%.12s" ching han.
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printf("%sx\n", '€');
printf("%x\n", '\u20ac');

27.7.2 Wide character
Néu ban khong phai ky tu multibyte, thi ban 1a wide character.

Wide character 12 mot gi tri don c6 thé dai dién duy nhit cho bat ky ky tu nao trong locale hién tai. N6
tuong dudng véi code point Unicode. Nhung c6 thé khong. Hodc c6 thé.

Veé ¢ ban, chubi ky tu multibyte 12 mang cic byte, thi chubdi wide character 1a mang cac ky ti. Nén ban
c6 thé bit dau suy nghi theo kiéu tling-ky-tu thay vi tling-byte (cai sau réi mu khi ky tu bat dau chiém
s6 byte thay d6i).

Wide character c6 thé dudc biéu dién bing mot s6 kiéu, nhung cai néi bat nhit 1a wchar_t . N6 1a cai

chinh. Giéng char , chi la wide.

Ban c6 thé thic méc néu ban khong biét c¢6 phai Unicode hay khong, sao ma cho ban nhiéu linh hoat
trong viéc viét code? wchar_t md vai ctia d6 ra, vi c6 bd ham phong phu ban c6 thé dung dé€ xii ly

chudi wchar t (nhu ldy do dai, v.v.) ma khéng quan tAm encoding.

27.8 Dung wide character va wchar_t

Dén ldc cho kiéu méi: wchar_t . Dy la kiéu wide character chinh. Nhé cich char chi mot byte chit?
Va mdt byte c6 thé khong du dai dién moi ky tu? U, cai nay du.

Dé dung wchar_t , include <wchar.h>.
N6 to bao nhiéu byte? Khong rd 1dm. Co6 thé 16 bit. Co thé 32 bit.

Nhung khoan, ban dang ndi, néu chi 16 bit, n6 khéng du giti hét code point Unicode dung khong? Ding,
khéng du. Spec khong yéu ciu né phai thé. N6 chi phai biéu dién dude moi ky tu trong locale hién tai.
Diéu nay c6 thé gay dau d4u v6i Unicode trén nén ting wchar_t 16-bit (3 hém, Windows). Nhung cai
do6 ngoai pham vi sach nay.

Ban c6 thé khai béo chudi hay ky tu kiéu nay véi tién t8 L , va ban c6 thé in ching véi format specifier
%ls (“ell ess”). Hodc in mot wchar_t riéng lé v6i %lc .

wchar t *s = L"Hello, world!";
wchar_t ¢ = L'B';

printf("%ls %lc\n", s, c);

Gig, cac ky tu d6 c¢6 dugc luu dudi dang code point Unicode hay khong? Tuy implementation. Nhung
ban c6 thé kiém tra xem c6 phai khong bdng macro _ STDC_ISO0_10646__ . Néu cai nay dugc dinh nghia,
cau tra 15i 13, “N6 1a Unicode!”

Chi tiét hon, gia tri trong macro d6 1a s6 nguyén dang yyyymm cho ban biét ban c6 thé dua vao chuin
Unicode nao, bt ci cai nao dang c6 hiéu luc vao ngay do.

Nhung dung ching thé nao?

27.8.1 Chuyén multibyte sang wchar_t

Vay lam sao tii chudi chudn huéng byte sang chudi wide huéng ky tu va ngudc lai?
Ta c6 thé dung vai ham chuyén chudi dé lam chuyén nay.

Diu tién, vai quy udc dit tén ban sé thiy trong cic ham nay:

« mb : multibyte
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+ wc : wide character
« mbs : multibyte string
« wcs : wide character string
Vay néu ta mudn chuyén chudi multibyte thanh chudi wide character, ta c6 thé goi mbstowcs() . Va

chiéu ngudc lai: wecstombs() .

Ham chuyén Mo ta

mbtowc () Chuyén ky tu multibyte sang wide character.
wctomb () Chuyén wide character sang ky tu multibyte.
mbstowcs()  Chuyén chudi multibyte sang chudi wide.
westombs()  Chuyén chudi wide sang chudi multibyte.

Lam demo nhanh ta chuyén chudi multibyte thanh chudi wide character, r6i so d6 dai chudi ctia hai cai
béng cac ham tudng lng.

#include <stdio.h>
#include <stdlib.h>
#include <wchar.h>
#include <string.h>
#include <locale.h>
int main(void)
{
// Get out of the C locale to one that likely has the euro symbol
setlocale(LC ALL, "");
// Original multibyte string with a euro symbol (Unicode point 20ac)
char *mb_string = "The cost is \u20acl.23"; // €1.23
size t mb _len = strlen(mb _string);
// Wide character array that will hold the converted string
wchar_t wc_string[128]; // Holds up to 128 wide characters
// Convert the MB string to WC; this returns the number of wide chars
size t wc_len = mbstowcs(wc _string, mb _string, 128);
// Print result--note the %ls for wide char strings
printf("multibyte: \"%s\" (%zu bytes)\n", mb_string, mb_len);
printf("wide char: \"%ls\" (%zu characters)\n", wc _string, wc_len);
}

Trén hé cua toi, cai nay in ra:

multibyte: "The cost is €1.23" (19 bytes)
wide char: "The cost is €1.23" (17 characters)

(May ban c6 thé khac s6 byte tuy locale.)

Mot digu thi vi cin luu ¥ 1a mbstowcs () , ngoai viéc chuyén chudi multibyte sang wide, con tra vé do
dai (tinh bang ky tu) ctia chudi wide character. Trén hé tuan tha1 POSIX, ban c6 thé tin dung ché d6 dic
biét noi né chi tra vé do dai tinh béng ky tu ctia mét chudi multibyte cho trudc: ban chi truyén NULL
cho dich, va @ cho s6 ky tu tdi da can chuyén (gia tri nay bi bd qua).

(Trong code dudi, t6i dang dung bo ky tu ngudn mé rong ctia minh, ban c6 thé phai thay bang escape
\u .)
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setlocale(LC ALL, "");

// The following string has 7 characters
size t len_in chars = mbstowcs(NULL, "§f°+n€<", 0);

printf("%szu", len_in chars); // 7

Lai, d6 1a mé rong POSIX khong portable.

V4, di nhién, néu ban muén chuyén chiéu ngudgc lai, d6 13 wcstombs () .

27.9 Chic nang wide character

Mot khi da 6 xt wide character, ta ¢6 du loai chiic ning trong tay. T6i sé chi tém tit mot déng ham 6
day, nhung vé cd ban cai ta c6 & day la phién ban wide character ctia cac ham chudi multibyte ta quen
thudc. (Vi du, ta biét strlen() cho chudi multibyte; c6 weslen() cho chudi wide character.)

27.9.1 wint_t

Nhiéu ham trong ddm nay dung wint_t d€ giti ky tu don, du ching dudc truyén vao hay tra vé.

Vé ban chit no c¢6 lién quan dén wchar t. wint t 14 s8 nguyén c6 thé dai dién moi gia tri trong bd
ky tu mé rong, va ciing mot ky tu end-of-file dic biét, WEOF .

Céi nay dudc dung bsi mot s6 ham wide character huéng ky tu don.

27.9.2 Hudng luong I/0

Tém gon & day la diing tron 1an ham hudéng byte (nhu fprintf() ) vé6i ham huéng wide (nhu
fwprintf() ). Quyét dinh xem ludng sé hudng byte hay huéng wide va bam 13y kiéu ham I/O dé.

Chi tiét hon: ludng c6 thé hudng byte hoic hudng wide. Khi ludng méi dudc tao, né khong céd hudng,
nhung lan doc hodc ghi dau sé dat hudng.

Néu ban dung phép wide trudc (nhu fwprintf() ) n6 sé dit hudng ludng sang wide.
Néu ban dung phép byte trude (nhu fprintf() ) né sé dit hudng ludng theo byte.

Ban c6 thé dit thu cong mot ludng chua c6 hudng theo cach nay ho#c cach kia bang 16i goi fwide() .
Ban c6 thé dung cuing ham d6 dé€ 14y hudéng cua ludng.

Néu can déi hudng gitia chiing, ban c6 thé lam bang freopen() .

27.9.3 Ham /O

Thudng include <stdio.h> va <wchar.h> cho miy cai nay.

Ham I/O Mbé ta
wprintf() Output console c6 dinh dang.
wscanf () Input console c6 dinh dang.

getwchar() Input console huéng ky tu.
putwchar() Output console hudng ky tu.
fwprintf() Output file c6 dinh dang.

fwscanf () Input file ¢6 dinh dang.
fgetwc () Input file hudng ky tu.
fputwe () Output file hudng ky tu.
fgetws () Input file huéng chubi.
fputws () Output file huéng chubi.
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Ham I/O Mo ta
swprintf() Output chudi c¢6 dinh dang.
swscanf () Input chudi cé dinh dang.

vfwprintf()
vfwscanf ()
vswprintf()
vswscanT ()
vwprintf()
vwscanf ()
ungetwc ()
fwide()

Output file c6 dinh dang, variadic.

Input file ¢6 dinh dang, variadic.
Output chudi c6 dinh dang, variadic.

Input chudi cé dinh dang, variadic.

Output console c6 dinh dang, variadic.

Input console c6 dinh dang, variadic.

Diay mot wide character ngugc lai ludng output.
Lay hodc dit hudng multibyte/wide cua ludéng.

27.9.4 Ham chuyén kiéu

Thudng include <wchar.h> cho may cai nay.

27.9.5 Ham copy chubi va bo nhé

Ham chuyén

Mo ta

wcstod (
wcstof (
wcstold

wcstoll

)
)
(
wecstol ()
(
wcstoul (

1

wcstoul

)

)
)
(

)

Chuyén chubi sang

Chuyén chubi sang

Chuyén chubi sang

Chuyén chubi sang

Chuyén chubi sang

Chuyén chudi sang

Chuyén chudi sang

double .
float .

long double .
long .

long long .

unsigned long .
unsigned long long .

Thudng include <wchar.h> cho miy cai nay.

Ham copy Mo ta

wesepy () Copy chubi.

wesnepy () Copy chubi, giéi han do6 dai.
wmemcpy () Copy b0 nhé.

wmemmove ()  Copy bd nhg c6 thé chong 1an.
wescat () N&i chudi.

wcsncat () N&i chudi, gi6i han do dai.

27.9.6 Ham so sanh chudi va by nhé

Thudng include <wchar.h> cho may cai nay.

203

Ham so sanh

Mo ta

wecscmp ()
wcsnemp ()
wcscoll()
wmemcmp ()
)

wesxfrm(

So sanh chudi theo thi tu tii dién.

So sanh chudi theo thii tu ti dién, giéi han d6 dai.

So sanh chudi theo thii tu tii dién ctia locale.
So sanh bd nhd theo thi tu tit dién.

Bién chudi thanh phién ban khién wcscmp() hanh xt nhu wescoll() °.

9

wescoll() la wesxfrm() rditheo sau bdi wescmp() .
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27.9.7 Ham tim kiém chudi

Thuong include <wchar.h> cho miy cai nay.

Ham tim Mo ta

weschr() Tim mét ky tu trong chudi.

wesrchr()  Tim mét ky tu trong chudi til phia sau.

wmemchr()  Tim moét ky tu trong b nhd.

wesstr() Tim chudi con trong chubi.

wespbrk()  Tim bat ky ky tu ndo trong mdt tap ky tu trong chubi.

wesspn () Tim dé dai chudi con gom bat ky ky tu nao trong tap.

wescspn()  Tim d6 dai chudi con tride bat ky ky tu nao trong tap.
)

westok ( Tim token trong chudi.

27.9.8 Ham vé d6 dai/linh tinh

Thudng include <wchar.h> cho mdy cai nay.

Ham Length/Misc M5 ta

weslen() Tra vé do dai chudi.
wmemset () Dit ky tu trong b nhd.
wesTtime() Output ngay va gid c6 dinh dang.

27.9.9 Ham phan loai ky tu

Include <wctype.h> cho mdy cai nay.

Ham Length/Misc Mo ta

iswalnum() True néu ky tu la chii va so.
iswalpha() True néu ky tu la chii cai.
iswblank() True néu ky tu 1a khoang tring (gidong space, nhung khong phai newline).
iswentrl() True néu ky tu 1a ky tu diéu khién.
iswdigit() True néu ky tu la chii s6.

iswgraph () True néu ky tu in dudc (tru space).
iswlower () True néu ky tu 1a chii thudng.
iswprint() True néu ky tu in dudc (ké ca space).
iswpunct() True néu ky tu la dau cau.
iswspace() True néu ky tu 1a khoang trang.
iswupper() True néu ky tu la chii hoa.
iswxdigit() True néu ky tu la chii s6 hex.
towlower () Chuyén ky tu thanh chii thudng.
towupper () Chuyén ky tu thanh chit hoa.

27.10 Parse state, ham restartable

Ta sé& di sAu chut vao rudt gan ctia chuyén multibyte, nhung day la chuyén hay dé hiéu, vé khai niém.

Tudéng tugng chucng trinh ctia ban 14y mét chudi ky tu multibyte va bién ching thanh wide character,
ho#c ngudc lai. C6 lac, no c6 thé dang phan tich dd mot ky tu, hodc co thé phai dgi thém byte trudc khi
chot gia tri cudi.

Parse state ndy dudc Iuu trong mot bién md kiéu mbstate t va dude dung mdi khi chuyén dude thuc
hién. D6 1a cach cac ham chuyén theo doi chung dang & dau giia chiing.
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Va néu ban déi sang chudi ky tu khac gifia chiing, hoc c6 seek sang chd khéc trong chudi input, né cé
thé bi réi.

Gid ban c6 thé bt bé tdi: ta viia chuyén vai ci § trén, ma tdi chua bao gid nhic t6i mbstate t nao.
D6 1a vi cAc ham chuyén nhu mbstowcs() , wctomb() , v.v. mdi cai cé bién mbstate t riéng ma ching

dung. Tuy nhién chi c6 mot cho mdi ham, nén néu ban dang viét code da ludng, ching khong an toan
dé dung.
May thay, C dinh nghia phién ban restartable ciia cac ham nay, trong d6 ban c6 thé truyén vao

mbstate_t riéng trén cd sd tling ludng néu cin. Néu ban lam da ludng, dung may cai nay!

Ghi cht nhanh vé khdi tao bién mbstate t : chi cin memset() no vé 0. Khong c6 ham sén nao dé ép
né khdéi tao.

mbstate t mbs;

// Set the state to the initial state
memset (&mbs, 0, sizeof mbs);

>

Day 1a danh sach cac ham chuyén restartable, dé y quy udc dit tén chén thém “ r ” sau kiéu “from”:

« mbrtowc() , multibyte sang wide character

« wcrtomb() , wide character sang multibyte

« mbsrtowcs() , chudi multibyte sang chubi wide character

« wcsrtombs () , chudi wide character sang chudi multibyte
Chung thuc su giong v8i dong nghiép khong restartable, trit viéc ching yéu ciu ban truyén vao pointer
téi bién mbstate t riéng ctia ban. Va ching ciing stia pointer chudi nguén (dé giip ban néu phat hién

byte khong hgp 18), nén c6 thé hiiu ich khi luu ban sao cta ban géc.

Day 1a vi du trude d6 trong chuong, stia lai d€ truyén mbstate t riéng vao.

#include <stdio.h>
#include <stdlib.h>
#include <stddef.h>
#include <wchar.h>
#include <string.h>
#include <locale.h>

int main(void)

{
// Get out of the C locale to one that likely has the euro symbol
setlocale(LC ALL, "");

// Original multibyte string with a euro symbol (Unicode point 20ac)
char *mb_string = "The cost is \u20acl.23"; // €1.23
size t mb_len = strlen(mb_string);

// Wide character array that will hold the converted string
wchar t wc string[128]; // Holds up to 128 wide characters

// Set up the conversion state
mbstate t mbs;
memset(&mbs, 0, sizeof mbs); // Initial state

// mbsrtowcs() modifies the input pointer to point at the first
// invalid character, or NULL if successful. Let's make a copy of
// the pointer for mbsrtowcs() to mess with so our original 1is




Chapter 27. Unicode, wide character, va mady thi d6 206

// unchanged.

//

// This example will probably be successful, but we check farther
// down to see.

const char *invalid = mb_string;

// Convert the MB string to WC; this returns the number of wide chars
size t wc_len = mbsrtowcs(wc_string, &invalid, 128, &mbs);

if (invalid == NULL) {
printf("No invalid characters found\n");

// Print result--note the %ls for wide char strings

printf("multibyte: \"%s\" (%zu bytes)\n", mb_string, mb_len);

printf("wide char: \"%ls\" (%zu characters)\n", wc_string, wc_len);
} else {

ptrdiff t offset = invalid - mb_string;

printf("Invalid character at offset Std\n", offset);

Vi cac ham chuyén tu quan state riéng, ban c6 thé reset state ndi bo cta chiing vé trang théi ban dau
bang cach truyén NULL cho cac d6isd char* cua chung, vi du:

mbstowcs (NULL, NULL, 0); // Reset the parse state for mbstowcs()
mbstowcs(dest, src, 100); // Parse some stuff

V6i 1/0, mdi ludng wide tu quan mbstate t ctia minh va dung né cho chuyén input va output theo
dién bién.
Va mot s6 ham I/O hudng byte nhu printf() va scanf() gili state noi bd riéng khi lam viéc.

Cudi cung, cadc ham chuyén restartable nay that ra cé state ndi bo riéng néu ban truyén NULL cho tham
s6 mbstate_t . Diéu nay lam ching hanh xt giéng véi dong nghiép khong restartable hon.

27.11 Encoding Unicode va C

Trong phan nay, ta sé xem C lam dudc (va khong lam dudc) gi v6i ba encoding Unicode cu thé: UTF-8,
UTF-16, va UTF-32.

27.11.1 UTF-8

Dé lam méi truée phan nay, doc lai ghi chtt nhanh UTF-8 & trén.
Ngoai ra, C c6 kha nang UTF-8 gi?

0, khong nhiéu, tiéc thay.

Ban c6 thé néi v6i C ring ban mudn cu thé mot string literal duge encode UTF-8, va né sé lam cho ban.
Ban c6 thé dit tién t6 u8 trudc chubi:

char *s = u8"Hello, world!";

printf("ss\n", s); // Hello, world!--if you can output UTF-8

Gid, ban c6 thé nhét ky tu Unicode vao d6 khong?

char *s = u8"€123";
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Dudc! Néu bd ky tu nguén md rong héd trg né. (gee hd trg.)
Néu khong hd trg thi sao? Ban c6 thé chi dinh code point Unicode v6i ngudi ban than \u va \U, nhu
da noéi 6 trén.

Nhung cai d6 1a hét. Khong c6 cach portable nao trong thu vién chuén dé 14y input tuy y va bién nd
thanh UTF-8 tru khi locale ctia ban 1a UTF-8. Hoéc parse UTF-8 tru khi locale ctia ban la UTF-8.

Nén néu ban muén lam, hoac 6 trong locale UTF-8 va:

setlocale(LC ALL, "");

hodc tim ra tén locale UTF-8 trén méy cuc bd va dit né tudng minh kiéu:

setlocale(LC ALL, "en US.UTF-8"); // Non-portable name

Hoéc dung thu vién bén thi ba.

27.11.2 UTF-16, UTF-32, charlé_t,va char32_t

char1l6_t va char32_t la vaikiéu ky tu c6 tiém nang wide khac véi kich thude 16 bit va 32 bit, tudng
Uing. Khong nhat thiét 12 wide, vi néu chiing khong thé dai dién moi ky tu trong locale hién tai, ching
maét di tinh wide character. Nhung spec goi chung la kiéu “wide character” khip ndi, nén danh vay.
M4y ci nay c6 & day dé 1am moi thi than thién v6i Unicode hon mét chut, 6 tiém ning.

«

Dé dung, include <uchar.h>. (D6 14 “u”, khong phai “w”.)

Header file nay khong c6 trén OS X, tiéc. Néu ban chi mudn kiéu, ban c6 thé:

#include <stdint.h>

typedef int leastl6 t charl6 t;
typedef int least32 t char32 t;

Nhung néu ciing muén ham, cai dé tuy ban.

Gia sti ban van 6n dé tiép, ban c6 thé khai bdo chudi hay ky tu cac kiéu ndy véi tien té u va U:

charle t *s = u"Hello, world!";
charle t ¢ = u'B';

char32 t *t = U"Hello, world!";
char32 t d = U'B';

Gig, gia tri trong may cai nay c6 dudc luu theo UTF-16 hay UTF-32 khong? Tuy implementation.
Nhung ban c6 thé kiém tra xem c6 phai khong. Néu cic macro _ STDC_UTF_ 16 hodc
__STDC_UTF_32_ dudgc dinh nghia (thanh 1) nghia 1a cac ki€u gitt UTF-16 hodc UTF-32, tudng
ung.

Néu ban to mo, va toi biét ban to mo, cac gia tri, néu la UTF-16 hay UTF-32, dudc luu theo endianness
ctia may. Tic 13, ban c6 thé so ching thing véi gia tri code point Unicode:

-

charlé t pi = u"\u03C0"; // pi symbol

#if  STDC UTF 16

pi == 0x3C0; // Always true
#else

pi == 0x3C0; // Probably not true
#endif
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27.11.3 Chuyén Multibyte
Ban c6 thé chuyén tii encoding multibyte sang char16_t hay char32_t béng vai ham hé trg.

(Nhu t6i da noi, két qua c6 thé khong phai UTF-16 hay UTF-32 trii khi macro tudng ting dudc dit thanh
1.)

Moi ham nay déu restartable (ttic 1a ban truyén vao mbstate t riéng), va moi ham déu thao tac theo

tiing ky tu'’.

Ham chuyén Mo ta

mbrtocl6()  Chuyén ky tu multibyte sang ky tu charl6 t .
mbrtoc32()  Chuyén ky tu multibyte sang ky tu char32_t .
clértomb()  Chuyénky tu charl6_t sang ky tu multibyte.
c32rtomb()  Chuyénky tu char32 t sang ky tu multibyte.

27.11.4 Thu vién bén thii ba

Cho chuyén hang ning gitla cac encoding cu thé khac nhau, c6 vai thu vién chin mudi dang xem. Luu
y toi chua dung cai ndo trong sd nay.
« iconv'!, Internationalization Conversion, mét API chudn POSIX phd bién ¢b sin trén cic nén tang
16n.
« ICU?, International Components for Unicode. It nhat mét blogger thay cai nay dé dung.

Néu ban biét thu vién dang chu y khac, cho t6i biét.

10Kjéu kiéu vy, moi thii tré nén la véi encoding UTF-16 multi- char16_t .
Uhttps://en.wikipedia.org/wiki/Iconv
12http://site.icu-project.org/
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Chapter 28

Thoat khéi chuong trinh

Hoéa ra c6 kha nhiéu cach d€ lam chuyén nay, va con ca cach cai “méc” d€ ham nao do chay khi chudng
trinh thoat.

Trong chudng nay ta sé dao vao va xem chung.

Ta da ndi vé y nghia clia ma exit status trong phan Exit Status, nén nhay ngudc lai d6 va xem lai néu
can.

Moi ham trong phin nay ndm ¢ <stdlib.h> .

28.1 Thoat binh thudng

Bat d4u v4i cac cach thoat thudng, rdi nhay sang vai cai hi€ém va quai hon.

Khi ban thoat chudng trinh binh thudng, moi luéng I/O mé dudc flush va file tam dudc x6a. Vé cd ban
day 1a 16i thoat dep noi moi thii dudc don dep va xti ly. Day la thii ban mudn lam gan nhu moi luc, tru
khi c6 1y do khac.

28.1.1 Tré veé ti main()

Néuban déy, main() cokiéutravéla int ... nhung tdi hi€ém khi, néu c6, return batcid gitli main() .

D6 1a vi chi rieng main() (va t6i khong thé nhdn manh du ring trudng hop dic biét nay chi 4p dung

cho main() chii khong ham nao khac § dau) c6 ngdm return 0 néu ban rdi khoi du6i ham.

Ban c6 thé return ti main() tudng minh bat ¢ lic ndo ban mudn, va vai lap trinh vién cam thiy no

Diing hon khi ludn ¢6 return & cudi main() . Nhung néu ban bo do, C sé dit mot cai d6 vao gitp ban.
Vay... day la luat return cho main() :

« Ban c6 thé tra vé exit status tU main() bdng ciulénh return. main() 1a ham duy nhét c6 hanh
vi ddc biét nay. Dung return trong bat ky ham nao khac chi tra vé ti ham do téi noi goi.

« Néu ban khong return tudng minh ma chi réi khoi dudi cia main() , y nhu ban da return 0
hay EXIT_SUCCESS .

28.1.2 exit()

Cai nay ciing da xult hién vai lan. Néu ban goi exit() tu bat ci dau trong chudng trinh, no sé thoat
tai diém do.

D&i s6 ban truyén cho exit() la exit status.

209
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28.1.3 Cai exit handler véi atexit()

Ban c6 thé dang ky cac ham dudc goi khi chudng trinh thoat, di bang cach return tit main() hay goi

ham exit() .

Mot 181 goi atexit() vditén ham handler sé xong viéc. Ban c6 thé dang ky nhiéu exit handler, va
ching sé dugdc goi theo thi tu ngudc lai v6i thi tu dang ky.

Day 1a vi du:

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

void on_exit 1(void)

{
printf("Exit handler 1 called!\n");
}
void on_exit 2(void)
{
printf("Exit handler 2 called!\n");
}
int main(void)
{
atexit(on_exit 1);
atexit(on_exit 2);
printf("About to exit...\n");
}

Va output la:

About to exit...
Exit handler 2 called!
Exit handler 1 called!

28.2 Thoat nhanh hon véi quick_exit()

Cai nay tudng tu thoat thudng, tru:

« File mg c6 thé khong dugc flush.
- File tam c¢6 thé khong dugc xda.
« Handler atexit() s€ khong dudc goi.

Nhung c6 cach dé dang ky exit handler: goi at_quick exit() tuong tu cach ban goi atexit() .

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

void on quick exit 1(void)

{
printf("Quick exit handler 1 called!\n");

void on quick exit 2(void)

{
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printf("Quick exit handler 2 called!\n");

}
void on_exit(void)
{
printf("Normal exit--I won't be called!\n");
}
int main(void)
{
at quick exit(on quick exit 1);
at quick exit(on quick exit 2);
atexit(on_exit); // This won't be called
printf("About to quick exit...\n");
quick exit(0);
}

Cho ra output:

About to quick exit...
Quick exit handler 2 called!
Quick exit handler 1 called!

N6 chay y nhu exit() / atexit() , tri viéc flush file va don dep c6 thé khong dugc lam.

28.3 Ban no ti quy dao: _Exit()

Goi Exit() thoat ngay lap tiic, hét chuyén. Khong c6 ham callback on-exit nao dugc thuc thi. File sé
khéng dudc flush. File tam sé khong dugdc x6a.

Dung cai nay néu ban phai thoat ngay tiic khdc.

28.4 Thoat d6i khi: assert()

Cau lénh assert() dugc dung dé ép mot diéu gi d6 phai dung, khong thi chudng trinh sé thoat.

Dev thudng dung assert dé bt 16i kiéu Never-Should-Happen (khéng bao gid nén xay ra).

#define PI 3.14159

assert(PI > 3); // Sure enough, it is, so carry on
so véi:
goats -= 100;

assert(goats >= 0); // Can't have negative goats

Trong trudng hdp do, néu t6i cb chay né va goats tut dudi 0, chuyén nay xay ra:

goat counter: goat counter.c:8: main: Assertion ‘goats >= 0' failed.
Aborted
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va tbi bi da vé dong lénh.
Cai nay khong than thién 1dm v8i ngudi dung, nén né chi duge dung cho miy thd ma ngudsi dung sé
khong bao gid thdy. Va thudng ngudi ta tu viét macro assert riéng c6 thé tit dé hon.

28.5 Thoat bat thudng: abort()

Ban c6 thé dung cai nay néu c6 gi d6 sai khing khiép va ban mudn béo nhu vay cho mdi trudng bén
ngoai. Cai nay ciing khong nhét thiét don dep file md nao.

Tbi hiém thdy cai nay dugc dung.

Hé 16 chut vé signal: cai nay thuc ra hoat dong bang cach raise mot SIGABRT sé két thiic tién trinh.

Chuyén gi xay ra sau d6 tuy hé thdng, nhung trén cac hé Unix-like, thudng dump core! khi chuong
trinh két thuc.

!https://en.wikipedia.org/wiki/Core_dump
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Chapter 29
Xt ly signal

Trude khi bat d4u, t6i mudn khuyén ban nén bo qua ca chudng nay va dung cac ham xt ly signal (rdt

c6 thé) ngon hon ctia OS. Cac hé Unix-like c6 ho ham sigaction() , con Windows thi cé... thi gi d6
5 1

ctanod’.

Dep chuyén d6 sang bén, vay signal la gi?

29.1 Signal la gi?

Mot signal dudgc raise khi c6 du kiéu su kién bén ngoai xay ra. Chudng trinh ban c6 thé dudc ciu hinh
dé bi ngit nham handle signal, va tuy chon, chay tiép chd bi bé d& sau khi da xt 1y xong.

Nghi n6 nhu mét ham dudc goi tu dong khi mdt trong cac su kién ngoai nay xay ra.

Cac su kién nay la gi? Trén hé ctia ban, c6 1€ c6 kha kha, nhung trong spec C chi c6 vai cai:

Signal Mo ta

SIGABRT  Két thuc bat thudng, thit xay ra khi abort() dudc goi.
SIGFPE Ngoai 1é dau chdm dong.

SIGILL Lénh khong hop 1é.

SIGINT Ngét, thudng 1a két qua ctia viéc bAm CTRL-C .

SIGSEGV  “Segmentation Violation”: truy cip bo nhé khong hop 1é.
SIGTERM  Yéu cau két thuc.

Ban c6 thé cai chudng trinh dé b qua, xti ly, hodc cho chay hanh vi mic dinh d6i véi tiing signal bang
ham signal() .

29.2 Xu ly signal véi signal()

L&i goi signal() nhan hai tham sé: signal cin quan tdm, va hanh dong can lam khi signal d6 dudc
raise.
Hanh dong c6 thé 1a mot trong ba thi:

« Mot con tré t6i ham xt ly (handler).
« SIG_IGN dé bo qua signal.
« SIG DFL dé€ khoi phuc handler mic dinh cho signal.

Viét mot chudng trinh ma ban khong CTRL-C ra ndi. (Dung lo, trong chudng trinh sau, ban ciing c6
thé bAm RETURN dé thoat.)

'Hinh nhu Windows khéng 1am signal kiéu Unix & ting sau, va ching dudc gia lap cho cac app console.

213
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#include <stdio.h>

#include <signal.h>

int main(void)

{
char s[1024];
signal(SIGINT, SIG IGN); // Ignore SIGINT, caused by "C
printf("Try hitting ~C... (hit RETURN to exit)\n");
// Wait for a line of input so the program doesn't just exit
fgets(s, sizeof s, stdin);

}

Dé y dong 8, ta bao chuong trinh bd qua SIGINT , signal ngit dugc raise khi CTRL-C dudc bdm. Ban
bim bao nhiéu tuy thich, signal van bi ng6 16. Néu ban comment dong 8 di, ban sé thiy c6 thé CTRL-C
thoai mai va thoat chuong trinh tai chd.

29.3 Viét signal handler
Toi c6 noi ring ban ciing c6 thé viét mot ham handler dude goi khi signal dudc raise.
M4y cai nay kha don gian, nhung ciing rat bi giéi han vé nang Iuc khi dinh téi spec.

Trudc khi bat dau, xem prototype cia signal() :

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

Dé doc chua?
SAI! )
Danh chit dé€ thdo no ra cho quen tay.
signal() nhén hai d6i s6: mot s6 nguyén sig dai dién cho signal, va mot con tré func t6i handler

(handler tra vé void va nhidn mot int lam dai sd), td ddm phia dudi:

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

V@ cd ban, ta sé truyén vao sd signal cAn bat, va truyén mot con tro t8i ham c6 dang:

void f(int x);

ham d6 sé lam phan bat signal thuc su.

Gid, con phin con lai cta prototype thi sao? Vé co ban d6 1a toan bo kiéu tra vé. Thiy khong, signal()
sé tra vé bat c thi gi ban truyén lam func khi thanh céng... tiic 1a né dang tra vé mot con tr6 t6i ham
tra vé void vanhin int lam déi so.

returned

function indicates we're and

returns returning a that function
void pointer to function takes an int

void (*signal(int sig, void (*func)(int)))(int);
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Ngoai ra, n6 c6 thé tra vé SIG_ERR khi c6 16i.
Lam mot vi du ban phai bAm CTRL-C hai lan méi thoat.

Téi mudn ndi rd rang chuong trinh nay dinh hanh vi khong xac dinh (undefined behavior) & vai chd.
Nhung né chic sé chay véi ban, va khé nghi ra demo di ddong ma khong trivial.

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

int count = 0;

void sigint handler(int signum)
{

// The compiler is allowed to run:
//

// signal(signum, SIG DFL)

//

// when the handler is called. So we reset the handler here:
signal(SIGINT, sigint handler);

(void)signum; // Get rid of unused variable warning

count++; // Undefined behavior
printf("Count: %d\n", count); // Undefined behavior

if (count == 2) {

printf("Exiting!\n"); // Undefined behavior
exit(0);

int main(void)
signal(SIGINT, sigint handler);
printf("Try hitting ~C...\n");

for(;;); // Wait here forever

Mot diéu ban sé dé y 1a 6 dong 14 ta reset signal handler. D6 la vi C c6 quyén reset signal handler vé
hanh vi SIG_DFL trudc khi chay handler tuy chinh ctia ban. N6i cach khéc, né c6 thé chi chay mot lan.

Nén ta reset ngay lap tic dé bat dugc 1an ké tiép.

Ta bo qua gia tri tra vé ciia signal() trong trudng hgp nay. Néu ta da set mot handler khac truée do,

no sé tra vé con tro t6i handler d6, ma ta c6 thé 1y kiéu nay:

// old handler is type "pointer to function that takes a single
// int parameter and returns void":

void (*old handler) (int);

old handler = signal(SIGINT, sigint handler);

Noi that t6i khong rd use case phd bién cho chuyén nay. Nhung néu ban can handler cii vi 1y do nao do,
ban c6 thé 13y theo cach do.
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Ghi chu nhanh vé dong 16, d6 chi 1a cich bdo compiler dliing warning rang ta khong dung bién nay.
Gidng nhu ndi, “T6i biét toi khong dung nd, dng khong cin canh béo toi dau”

Va cudi cung ban sé thdy t6i da danh ddu hanh vi khong x4c dinh & vai chd. Xem thém & phan ké tiép.

29.4 Ta thuc su lam dugc gi?

Ho4 ra ta kha bi gidi han vé nhiing gi c6 thé va khong thé 1lam trong signal handler. Day 1a mot trong
nhiing ly do t6i bao ban diing thém dinh vao cai nay va dung signal handling ctia OS thay thé (vi du
sigaction() cho cac hé Unix-like).

Wikipedia ndi thing ring thit duy nhat thuc su di dong ban lam dugc 1a goi signal() v&i SIG IGN
hay SIG DFL , thé thoi.
Day la nhiing gi ta khong thé 1am mot cach di dong:
« Goi bat cti ham thu vién chuin nao.
« Nhu printf() chéng han.
« Toi nghi goi cac ham c6 thé restart/reentrant la tudng ddi an toan, nhung spec khong cho
phép cai dic quyén do.
« Lay hay set gia tri tit mot bién static cuc b0, scope file, hay thread-local.
« Tru khi n6 1a lock-free atomic object hogc...
« Ban dang gan vao bién kiéu volatile sig_atomic_t .

Cai cudi do, sig_atomic_t, 1a tAm vé dé ban dua dii liéu ra khoi signal handler. (Tru khi ban muén
dung lock-free atomic object, von ndm ngoai pham vi phan nay?.) N6 1a kiéu s6 nguyén, c6 thé c6 ddu
hodc khong. Va né bi gi6i han béi thit ban c6 thé nhét vao.

Ban c6 thé xem gi4 tri min va max cho phép trong macro SIG_ATOMIC MIN va SIG_ATOMIC MAX °.
Gay bdi r6i la spec ciing néi ban khong dudc “refer tsi bat ky object nao co static hay thread storage

duration ma khong phai lock-free atomic object ngoai trit bang cach gin gia tri vio mot object duge
khai bdo la volatile sig atomic t [...]”

T6i hiéu y nay la ban khong thé doc hay ghi bat ¢t gi khong phai lock-free atomic object. Ngoai ra ban
c6 thé gan vao mot object volatile sig atomic t .

Nhung ban doc tit né duge khong? Thit long t6i khong thy ly do gi khong dudc, tru viéc spec rat chim
chi nhic chuyén “gan vao”. Nhung néu ban phai doc n6 va ra quyét dinh dua trén do, ban c6 thé mé ra
chd cho race condition nao do.

C6 cai d6 trong dau, ta co thé viét lai doan “bAm CTRL-C hai lan d€ thoat” sao cho di dong hon chut,
tuy output c6 kiém 16i hon.

D6i handler SIGINT cua ta dé khong lam gi ngoai trii ting mot gia tri kiéu volatile sig atomic t.
N6 sé dém s6 1an CTRL-C da dugc bam.

RO6i trong vong 18p main, ta sé kiém tra xem counter d6 da vugt qua 2 chua, va bail ra néu cé.

#include <stdio.h>
#include <signal.h>

volatile sig atomic t count = 0;
void sigint handler(int signum)

{

(void)signum; // Unused variable warning

2Gay bsirdila sig_atomic t co trude lock-free atomic va khong phai cing mot tha.

3Néu sig_action_t co6 ddu, range sé it nhatla -127 t6i 127 . Néu khong d4u, it nhat 0 t6i 255 .
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signal(SIGINT, sigint_handler); // Reset signal handler

count++; // Undefined behavior
}
int main(void)
{
signal(SIGINT, sigint handler);
printf("Hit ~C twice to exit.\n");
while(count < 2);
}

Lai hanh vi khong x4c dinh? Téi doc dy 1a c6, vi ta phai doc gia tri d€ ting roi luu lai. Mot thread khac
c6 thé nghich count va lam ta phét cdu. Nhung trong vi du don gian nay, khong c6 thread khac 1am
chuyén do, nén ta boé qua dudc va tan hudng demo.

Néu ta chi muén tri hodn thoat thém mot lan bdm CTRL-C, ta lam dudc ma khong khé 1dm. Nhung
thém niia thi cAn mdy chubi ham nhé nhing.

Cai ta sé lam la xt ly mot lan, va handler sé reset signal vé hanh vi mic dinh (ttic 1a thoat):

#include <stdio.h>
#include <signal.h>

void sigint handler(int signum)

{
(void)signum; // Unused variable warning
signal (SIGINT, SIG DFL); // Reset signal handler
}
int main(void)
{
signal (SIGINT, sigint handler);
printf("Hit ~C twice to exit.\n");
while(1);
}

\

Sau nay khi nhin vao bién lock-free atomic, ta sé thiy cach stia phién ban dung count (gia st bién
lock-free atomic c6 sin trén hé cu thé ctia ban).

D6 1a ly do ngay tii dau tdi da ggi y ban check signal system tich hgp sén ctia OS nhu phucng 4n nhiéu
kha néng ngon hon.

29.5 Ban Hién Khong Dé Ban Hién signal()

Lan niia, dung signal handling tich hgp sdn ctia OS hay céi tuong ducng. N6 khong cé trong spec, khong
di dong bang, nhung c6 1& manh hon nhiéu. Céng thém OS ctia ban c¢6 1é dinh nghia mot s6 signal khong
c6 trong spec C. Va viét code di déng dung signal() du sao cling kho.



Chapter 30
Mang d6 dai bién doi (VLA)

C cung cép cach khai bdo mang ma kich thudc dugce xac dinh lic chay. Cai nay cho ban 1gi ich cua viéc
chinh kich thuéc dong lic runtime nhu véi malloc() , nhung khong cinlo free() bo nhé sau do.

Gid, nhiéu ngudi khong thich VLA. Ching bi cdm trong Linux kernel chéng han. Ta sé dao sdu hon vé
ly do d6 & sau.

Day la tinh ning tuy chon ctia ngdn ngi. Macro _ STDC_NO_VLA__ dudc setla 1 néu VLA khéng co.
(Chting bat budc trong C99, roi thanh tuy chon trong C11.)

#if STDC NO VLA ==
#error Sorry, need VLAs for this program!
#endif

Nhung vi c& GCC va Clang déu khong budn dinh nghia macro nay, ban c6 thé ching di dugc miy véi
no.

Nhay vao v6i mot vi du trudc, roi ta sé di tim con quy trong chi tiét.

30.1 Coban

Mot mang thudng duge khai bao véi kich thude hing, nhu sau:

int v[10];

Nhung v8i VLA, ta c6 thé dung kich thudc xac dinh lic runtime dé dit mang, nhu sau:

int n = 10;
int v[n];

Gig, trong thi gidng y nhu nhau, va 8 nhiéu mit né gidng that, nhung cai nay cho ban sy linh hoat dé
tinh kich thudc can, roi 1y mot mang chinh xac kich thuée do.

Ta hay héi ngudi dung nhép kich thuéc mang, roi luu chi-s6-nhan-10 vao méi phan ti mang:

#include <stdio.h>

int main(void)
{
int n;
char buf[32];

printf("Enter a number: "); fflush(stdout);
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fgets(buf, sizeof buf, stdin);
n = strtoul(buf, NULL, 10);

int v[n];

for (int i = 0; i < n; i++)
v[i] = i * 10;

for (int i = 0; ;o 1++)

i<
printf("v[%d] = %d\n", i, v[il]);

>

(O dong 7, téi c6 fflush() dé ép dong dugdc xuit ra du téi khong co newline & cudi.)

Dong 12 14 ché ta khai bao VLA, mét khi thuc thi di qua dong dé, kich thudc mang dudc set béng bat cit
gid trindo n co tai thii diém d6. Do dai mang khong thé déi sau nay.

Ban c6 thé dit biéu thiic trong ngoic vudng cling dudc:

int v[x * 100];

Vai han ché:

« Ban khéng thé khai bio VLA 6 file scope, va khong thé tao mot VLA static trong block scope!.
- Ban khong thé dung initializer list dé khéi tao mang.

Ngoai ra, nhap gia tri 4&m cho kich thudc mang sé gay hanh vi khéng xac dinh, du sao thi cling trong vii
tru nay.

30.2 sizeof va VLA
Ta da quen véi viec sizeof cho ra kich thudc tinh béng byte ctia mot object cu thé, ké cad mang. Va
VLA ciing khong ngoai 1é.

Khac biét chinh 14 sizeof trén VLA dudc chay lic runtime, con trén bién khong co kich thuée bién d6i
thi dudc tinh lac compile time.

Nhung cach dung van vay.

Ban tham chi c6 thé tinh s§ phén ti trong VLA bang trd mang quen thudc:

size t num elems = sizeof v / sizeof v[0];

C6 mot ham y tinh té€ va ding tit dong trén: s6 hoc con tro chay y nhu ban ky vong véi mang thudng.
Nén ci dung thoa thich:

#include <stdio.h>

int main(void)
{
int n = 5;
int v[n];

int *p = v;

*(p+2) = 12;
printf("sd\n", v[2]); // 12

P4y la do VLA thudng dudc cap phat trén stack, con bién static nim trén heap. Va ca y tudng ctia VLA la chiing sé dudc
giai phong tu dong khi stack frame bi pop 6 cu6i ham.
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pl3] = 34;
printf("sd\n", v[31); // 34
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Gidng nhu v6i mang thudng, ban c6 thé dung ngoic v6i sizeof () dé ldy kich thudc cia mot VLA

gia-dinh ma khong thuc su khai bao né:

int x = 12;

printf("%szu\n", sizeof(int [x])); // Prints 48 on my system

30.3 VLA nhiéu chiéu

Ban c6 thé tao du kiéu VLA véi mdt hodc nhiéu chiéu dudc set lam bién

10;
20;

int w
int h

int x[h][w];
int y[5][w];
int z[10][w][20];

Lai niia, ban c6 thé diéu huéng ching y nhu mang thudng.

30.4 Truyén VLA mét chiéu cho ham

Truyén VLA don-chiéu vao ham khong khac gi truyén mang thudng. Ci thé ma lam.

#include <stdio.h>

int sum(int count, int *v)

{
int total = 0;
for (int i = 0; i < count; i++)
total += v[i];
return total;
}

int main(void)
int x[5]1; // Standard array

int a = 5;
int y[al; // VLA

for (int i = 0; i < a; i++)
x[i] = y[i]l =i + 1;

printf("sd\n", sum(5, x));
printf("sd\n", sum(a, y));
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Nhung con c6 thém chit niia. Ban ciing c6 thé cho C biét ring mang la VLA cu thé kich thudc nao d6
bang cach truyén kich thudc do trude roi ghi chiéu d6 vao danh sach tham sd:

int sum(int count, int v[count])

{
7Y aoc

Nhén tién, c6 vai cach liét ké prototype cho ham trén; mot trong s6 d6 dung * néu ban khong muén
chi cu thé tén bién giii gi4 tri trong VLA. N6 chi bao ring kiéu la VLA cht khong phai con tré thudng.

Prototype VLA:

void do_something(int count, int v[countl); // With names
void do something(int, int v[*]); // Without names

Lai niia, cai * do6 chi dung véi prototype, trong than ham ban sé phai dét kich thudc tusng minh.

Gid, da chiéu thoi! Day 1a chd vui bat dau.

30.5 Truyén VLA da chiéu cho ham
Y nhu ta da lam véi dang thi hai ctia VLA mot chiéu 6 trén, nhung lan nay ta truyén vao hai chiéu va
dung chung.

Trong vi du sau, ta dung mot ma tran bang ctiu chudng chiéu rong va chiéu cao bién d6i, rdi truyén cho
mot ham dé€ in ra.

#include <stdio.h>

void print matrix(int h, int w, int m[h][w])

{
for (int row = 0; row < h; row++) {
for (int col = 0; col < w; col++)
printf("%2d ", m[row][col]);
printf("\n");
}
}
int main(void)
{
int rows = 4;
int cols = 7;
int matrix[rows][cols];
for (int row = 0; row < rows; row++)
for (int col = 0; col < cols; col++)
matrix[row][col] = row * col;
print_matrix(rows, cols, matrix);
}

30.5.1 VLA da chiéu mét phan
Ban c6 thé c6 mot s6 chiéu c¢d dinh va mot s6 bién ddi. Gia st ta c6 mot ban ghi do dai ¢6 dinh 5 phan
tl, nhung ta khong biét c6 bao nhiéu ban ghi.
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#include <stdio.h>

void print records(int count, int record[count][5])

{
for (int i = 0; i < count; i++) {
for (int j = 0; j < 5; j++)
printf("%2d ", record[i][j]);
printf("\n");
}
}
int main(void)
{
int rec _count = 3;
int records[rec count][5];
// Fill with some dummy data
for (int i = 0; i < rec_count; i++)
for (int j = 0; j < 5; j++)
records[i][j] = (i+1)*(j+2);
print records(rec count, records);
}

30.6 Tuong thich véi mang thudng

Vi VLA y nhu mang thudng trong bd nhd, hoan toan cho phép truyén chting 1an nhau... mién 1a cac
chiéu khép.

Vi du, néu ta c6 mdt ham muén mang 3 x 5 cu thé, ta van cé thé truyén mot VLA vio do.

int foo(int m[5]1[3]) {...}

\\ ..

int w =3, h =5;
int matrix[h][w];

foo(matrix); // OK!

Tudng tu, néu ban c¢6 mot ham VLA, ban c¢6 thé truyén mang thudng vao:

int foo(int h, int w, int m[h][w]) {...}

W ooc

int matrix[3]1[5];

foo(3, 5, matrix); // OK!

\

Coi chiing nhé: néu chiéu khong khdp, ban sé c6 hanh vi khong xac dinh, rat c6 kha nang.

30.7 typedef va VLA

Ban c6 thé typedef mot VLA, nhung hanh vi ¢6 thé khong nhu ban mong dgi.



Chapter 30. Mang d¢ dai bién doi (VLA) 223

Vé ¢ ban, typedef tao mdt kiéu méi v6i cac gia tri nhu ching ton tai tai thdi diém typedef dudc
chay.

Nén n6 khong hén 1a mdt typedef cta VLA ma la mot ki€u mang kich thude ¢ dinh méi véi cac chiéu
tai thoi diém doé.

#include <stdio.h>
int main(void)
{

int w = 10;

typedef int goat[w];

// goat is an array of 10 ints
goat x;

// Init with squares of numbers

for (int i = 0; 1 < w; i++)
x[1i] = i*i;

// Print them

for (int i = 0; i < w; i++)
printf("%sd\n", x[i]);

// Now let's change w...

w = 20;

// But goat is STILL an array of 10 ints, because that was the
// value of w when the typedef executed.

Nén né hanh xt nhu mdt mang kich thudc ¢6 dinh.

Nhung ban van khong thé dung initializer list trén no.

30.8 Bay nhay lung tung
Ban phai coi chiing khi diing goto gin VLA vi nhiéu tht khéng hgp 1é.
Va khi ban dung longjmp() c6 trudng hgp ban c6 thé leak b nhé véi VLA.

Nhung c4 hai thii nay ta sé ban trong chudng riéng ctia ching.

30.9 Van dé chung

VLA d4 bi cAm khoi Linux kernel vi vai ly do:

« Nhiéu ché chiing dugc dung 1& ra nén 1a kich thudc cé dinh.

« Code déng sau VLA cham hdn (t6i miic ma da s6 khong d€ y, nhung tao khac biét trong hé diéu
hanh).

« VLA khéng dugc hé trg dong déu bi moi trinh bién dich C.

« Kich thudc stack bi gidi han, va VLA ndm trén stack. Néu doan code nao d6 vo tinh (hoic ac y)
truyén gia tri 16n vao mot ham kernel cap phat VLA, Chuyén Xau™ c6 thé xay ra.

Nhiéu ngudi khéc online chi ra ring khong c6 cach nao phat hién VLA that bai khi cdp phat, va chudng
trinh dinh van dé nhu vay kha nang chi c6 crash. Du mang kich thudc ¢6 dinh ciing c6 van dé y viy,
kha ning cao hon nhiéu la ai d6 15 tay lam VLA Kich Thudc Bédt Thudng hon la ai d6 vo tinh khai bao
mot mang c6 dinh vi du 30 megabyte.
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goto

Caulénh goto dudc ca thé gidi ton sting va co thé trinh ra day khong ai cai dudc.

Dua th6i! Qua ndm thang, da c6 ca déng tranh cii qua lai vé viéc goto c6 bi coi la c6 hai! hay khong
(thudng 1a co).

Theo y clia programmer nay, ban nén dung ciu triic ndo dan téi code t6t nhat, c6 tinh téi bao tri va téc
do. Va doi khi cai d6 c6 thé 1a goto !

Trong chuong nay, ta s& xem goto hoat dong sao trong C, réi ngd qua vai trudng hop hay dung?.

31.1 Mot vi du don gian

Trong vi du nay, ta s& dung goto dé bé qua mot dong code va nhay t6i mot label. Label 14 identifier c6

thé lam dich cia goto , n6 két thic bang diu hai chdm ( : ).

#include <stdio.h>

int main(void)

{
printf("One\n");
printf("Two\n");
goto skip 3;
printf("Three\n");

skip 3:

printf("Five!\n");

Output la:

One
Two
Five!

goto day thuc thi nhay téi label da chi dinh, bé qua moi thi & gitia.

Thttps://en.wikipedia.org/wiki/Goto#Criticism
2Téi mudn noi 16 réng ding goto trong tit ca cic trudng hop nay déu tranh duge. Ban c6 thé dung bién va vong lap thay

thé. Chi la c6 ngudi thdy goto tao code tdt nhdt trong nhiing hoan canh dé.
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Ban c6 thé nhay tién hay lui v6i goto .

infinite loop:
print("Hello, world!\n");
goto infinite loop;

Label bi bo qua khi thuc thi. Cai sau sé in ca ba s6 theo thi tu y nhu thé cac label khong c6 mit:

printf("Zero\n");
label 1:
label 2:
printf("One\n");
label 3:
printf("Two\n");
label 4:
printf("Three\n");

Nhu ban da d€ y, quy udc phd bién 14 cin 1€ label sat bén trai. Diéu nay ting kha nang doc vi ngudi doc
c6 thé quét nhanh dé tim dich.

Label c6 function scope. Ttc 13, du ching xuat hién & miic block sau bao nhiéu, ban van cé thé goto
ching ti bat ct dau trong ham.

Diéu d6 cling c6 nghia 1a ban chi ¢4 thé goto cac label ndm trong cing ham véi goto . Label 6 cac
ham khéac 1a ngoai scope theo gdc nhin cia goto . Va c6 nghia la ban c6 thé dung cung tén label trong
hai ham khac nhau, chi khong dugc dung cung tén label trong cung mot ham.

31.2 continue co label

O vai ngdn ngi, ban thuic su c6 thé chi dinh label cho cau lénh continue . C khong cho, nhung ban c6
thé dé dang dung goto thay thé.

Dé thdy vin dé, xem continue trong vong lip long nay:

for (int 1 = 0; i < 3; i++) {
for (int j =0; j < 3; j++) {
printf("%d, %d\n", i, j);
continue; // Always goes to next j

Nhu ta thdy, continue d6, gidng nhumoi continue , dit6ilan lap ké ciia vong 1dp bao quanh gan nhét.
Néu ta muén continue & vong lip ngoai ké tiép, vong lip v6i i thi sao?

Thi, ta c6 thé break dé ra lai vong lap ngoai, ding khong?

for (int i = 0; i < 3; i++) {
for (int j =0; j < 3; j++) {
printf("sd, %d\n", i, j);
break; // Gets us to the next iteration of 1

Cai d6 giai quyét dudc hai miic 16ng. Nhung r6i néu ta 16ng thém vong niia, ta hét lua chon. Con cai
nay, ndi ta khong c6 cau lénh nao dua ta ra t6i lan lap ké cta i ?
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for (int i = 0; i < 3; i++) {
for (int j = 0; j < 3; j++) {
for (int k = 0; k < 3; k++) {
printf("%sd, %d, %d\n", i, j, k);

continue; // Gets us to the next iteration of k
break; // Gets us to the next iteration of j
?2?277; // Gets us to the next iteration of 17?7

Cau lénh goto cho taléi!

for (int i = 0; i < 3; i++) {
for (int j =0; j < 3; j++) {
for (int k = 0; k < 3; k++) {
printf("s%sd, %d, %d\n", i, j, k);

goto continue i; // Now continuing the i loop!!

}
continue i: ;
}

Tacod ; & cudido, vi ban khong thé cé label chi téi chd cudi thuan ciia compound statement (hay truée
mdt khai bao bién).

31.3 Thoat than

Khi ban dang long cuc siu gilia m§ code, ban c6 thé dung goto dé thoat ra theo cach thudng sach hon

la l6ng thém if va dung bién c6.

// Pseudocode
for(...) {
for (...) {
while (...) {
do {
if (some error condition)
goto bail;
} while(...);
}
}
}
bail:
// Cleanup here

Khong c6 goto , ban sé phai check cd diéu kién 16i trong tét ca cac vong lip dé thoat hét.
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31.4 break co label

Tinh hudng rat giong véi chuyén continue chi continue vong ldp trong cing. break ciling chi break
khoi vong lip trong cung.

for (int i = 0; i < 3; i++) {
for (int j = 0; j < 3; j++) {
printf("%sd, %d\n", i, j);
break; // Only breaks out of the j loop

printf("Done!\n");

\

Nhung ta c6 thé dung goto dé break xa hon:

for (int i = 0; i < 3; i++) {
for (int j =0; j < 3; j++) {
printf("%sd, %d\n", i, j);
goto break ij; // Now breaking out of the i loop!

break i:

printf("Done!\n");

31.5 Don dep nhiéu ting
Néu ban dang goi nhiéu ham d€ khdi tao nhiéu hé théng con va mdt trong sd d6 fail, ban chi nén
de-initialize cac cai ma ban da téi dudc cho téi gid.

Lam mot vi du gia trong d6 ta bit dau khai tao hé théng va check xem c6 cai ndo tra vé 16i (ta dung -1
dé bao 15i). Néu c6, ta phai tat chi nhiing hé théng ma ta da khai tao dén lic dé.

if (init system 1() == -1)
goto shutdown;

if (init_system 2() == -1)
goto shutdown 1;

if (init_system 3() == -1)
goto shutdown 2;

if (init system 4() == -1)
goto shutdown 3;

do_main_thing();  // Run our program
shutdown system4();

shutdown 3:
shutdown system3();

shutdown 2:
shutdown system2();
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shutdown 1:
shutdown systeml();

shutdown:
print("All subsystems shut down.\n");

Luu y réng ta tit theo thd tu ngugc véi thid tu khéi tao hé théng con. Nén néu hé con 4 fail khi khai
dong, no sé tat 3, 2, roi 1 theo thi tu do.

31.6 Toi uu tail call

Kinda. Chi cho ham dé quy.

Néu ban chua quen, Tail Call Optimization (TCO)? 1a cAch khong phi stack space khi goi ham khéc trong
céc tinh hudng rat cu thé. Khong may chi tiét nim ngoai pham vi guide nay.

Nhung néu ban c¢6 mot ham dé quy ban biét c6 thé dugc t6i vu theo kiéu nay, ban c6 thé tan dung ky
thuat nay. (Luu y ban khong thé tail call ham khac vi label c6 function scope.)

Lam vi du thng thin, giai thia.

Day la phién ban dé quy khong phai TCO, nhung c6 thé!

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

int factorial(int n, int a)

{
if (n == 0)
return a;
return factorial(n - 1, a * n);
}
int main(void)
{
for (int i = 0; i < 8; i++)
printf("%sd! == %ld\n", i, factorial(i, 1));
}

Dé bién no thanh TCO, ban c6 thé thay 16i goi bang hai budc:

1. Set gia tri cac tham s6 sang gia tri sé c6 6 16i goi ké.
2. goto mot label 6 dong dau tién ctia ham.

Thti xem:

-

#include <stdio.h>

int factorial(int n, int a)
{

tco: // add this

if (n == 0)
return a;

// replace return by setting new parameter values and

3https://en.wikipedia.org/wiki/Tail_call
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// goto-ing the beginning of the function

//return factorial(n - 1, a * n);

int next_n = n - 1; // See how these match up with
int next a =a * n; // the recursive arguments, above?

next n; // Set the parameters to the new values
a = next_a;

goto tco; // And repeat!

}
int main(void)
{
for (int i = 0; i < 8; i++)
printf("sd! == %d\n", i, factorial(i, 1));
}

T6i da dung bién tam phia trén d€ set gia tri ké ctia cac tham s6 trude khi nhay vé ddu ham. Thiy ching
tudng tGing véi cac ddi s6 dé quy trong 16i goi dé quy chua?

Gid, tai sao dung bién tam? T6i c6 thé da lam vay thay thé:

*= n;
-= 1;
goto tco;

va cai do thuc t€ chay 6n. Nhung néu tdi bat cin ddo hai dong code do:

n -=1; // BAD NEWS

gid ta gip ric r6i. Ta stia d6i n trudc khi dung n6 d€ stia a . D6 1a Té vi d6 khong phai cach né chay
khi ban goi dé quy. Dung bién tam tranh dudc vin dé nay ké ca khi ban khong d€ y. Va compiler kha
nang cao t6i vu ching di thoi.

31.7 Khdi dong lai system call bi ngat

Cai nay ndm ngoai spec, nhung thudng thdy & cac hé Unix-like.

Mot s6 system call 1au c6 thé tra 15i néu bi ngét bai signal, va errno sé dudc set thanh EINTR dé bao
réng syscall van 6n, chi la bi ngat.

Trong cac trudng hop do, rat pho bién viéc 1ap trinh vién muén chay lai 18i goi va thii lai.

retry:
byte count = read(0, buf, sizeof(buf) - 1); // Unix read() syscall

if (byte count == -1) { // An error occurred. ..
if (errno == EINTR) { // But it was just interrupted
printf("Restarting...\n");
goto retry;
}

Nhiéu hé Unix-like c6 ¢ SA _RESTART ban c6 thé truyén cho sigaction() déyéu ciu OS tu khéi dong
lai cac syscall chdm thay vi fail v6i EINTR .
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Lai nifa, cdi nay dic thut Unix va nim ngoai chuén C.

No6i vay, c6 thé dung ki thuét tusng tu bt ¢l khi nao c6 ham nao nén dugc khai dong lai.
31.8 goto va preempt thread
Vi du nay dudc 14y thang ti Operating Systems: Three Easy Pieces, mdt cudn sach tuyét vdi nifa ti cac

tac gia cing tu tudng cling cho ring sach chat ludng nén dudc tai mién phi. Khéng phai téi c6 quan
diém gi dau.

retry:
pthread mutex lock(L1);
if (pthread_mutex_trylock(L2) != 0) {
pthread mutex unlock(L1);
goto retry;

save _the day();

pthread mutex unlock(L2);
pthread mutex unlock(L1);

0 d6 thread vui vé 1y dudc mutex L1, nhung réi tiém nang fail khi ldy tai nguyén thi hai dudc bao vé
bsi mutex L2 (néu mot thread khac khong hgp tic dang gifi, chiing han). Néu thread cua ta khong ldy
duge khod L2 ,n6 mgkhoa L1 roi ding goto dé€ thu lai sach sé.

Ta hy vong thread anh hung cua ta rét cudc 1y dugc ca hai mutex va cliu ca ngay, tranh dugce deadlock
ta ac.
31.9 goto va scope cua bién

Ta da thdy label c6 function scope, nhung chuyén la c6 thé xay ra néu ta nhay qua phan khéi tao bién.

Xem vi du nay ndi ta nhay tii mot chd ma bién x ngoai scope vao giiia scope ctia n6 (trong block).

goto label;
{
int x = 12345;
label:
printf("sd\n", x);
}

Cai nay s€ compile va chay, nhung cho t6i canh bao:

iy

warning: ‘x’ is used uninitialized in this function

Vardiinra 0 khi tdi chay (két qua co6 thé khac véi ban).
Vé ¢ ban chuyén da xay ra la ta nhay vao scope cia x (nén ok khi tham chiéu né trong printf() )
nhung ta nhay qua dong ma thuc su khéi tao né thanh 12345 . Nén gia tri khong xac dinh.

Cach stia di nhién la dua phan khdi tao ra sau label theo cach nao dé.


http://www.ostep.org/

Chapter 31. goto 231

goto label;
{
int x;
label:
X = 12345;
printf("sd\n", Xx);
}

Xem thém mot vi du niia.

{
int x = 10;
label:
printf("sd\n", x);
}
goto label;

Chuyén gi xay ra 6 day?
Lan dau qua block, ta ngon. x 1a 10 va dé 1a cai dudc in.

Nhung sau goto , ta nhay vao scope cita x , nhung qua phan khéi tao ctia né. Tiic la ta van c6 thé in
nod, nhung gia tri khéng xac dinh (vi né chua dudc khdi tao lai).

Trén mdy t6i, n6 in 10 lan niia (mai mai), nhung d6 chi 1a may min. N6 c¢6 thé in gia tri bat ky sau
goto vi x khong dugdc khdi tao.

31.10 goto va VLA

Khi dinh t6i VLA va goto , c6 mot quy tic: ban khong thé nhay tit ngoai scope ctia mot VLA vao trong
scope cua VLA do6.

Néu toi cd lam vay:

-

int x = 10;

goto label;

int v[x];

label:

printf("Hi!\n");

\

Toi bi 13i:

error: jump into scope of identifier with variably modified type

Ban c6 thé nhay t6i trudc khai bdo VLA, nhu vay:
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\

int x = 10;

goto label;

{
label: ;
int v[xl;

printf("Hi!\n");
}

Vi cach d6 VLA dugc cdp phat ding cach trudce khi chic chan bi giai phéng khi ra khoi scope.



Chapter 32

Types Phan V: Compound Literals va
Generic Selections

Day la chudng cudi vé types! Ta sé noéi hai chuyén:

« Lam sao c6 object “4n danh” khong tén va 1¢i ich cta né.
« Lam sao tao code phu thudc kiéu.

Ching khéng lién quan 1&m, nhung ciing khong dang méi cai mot chucng. Nén toi nhét ching vao day
nhu mdt ké néi loan!

32.1 Compound Literals

Day 1a mot tinh nang hay cta ngdn ngii cho phép ban tao mot object thudc kiéu nao do trén dudng di
ma khong cin gan né vao bién. Ban c6 thé lam kiéu don gian, mang, struct , gi cling dugc.

Mot trong nhiing cach dung chinh ctia n6 1a truyén doi s6 phiic tap cho ham khi ban khéng muén tao
bién tam dé giit gia tri.

Céach ban tao compound literal 1a dit tén kiéu trong ngodc don, roi dat mot initializer list phia sau. Vi
du, mot mang int khong tén c6 thé trong nhu vay:

(int [1){1,2,3,4}

Gig, dong code d6 tu n6 khong lam gi ca. N6 tao mot mang khong tén gébm 4 int , rdi viit di ma khong
dung.

Ta c6 thé dung mot con tré d€ luu tham chiéu t6i mang...

int *p = (int [1){1 ,2 ,3 ,4};

printf("sd\n", p[11); // 2

Nhung cai d6 c6 vé nhu kiéu vong vo dé c6 mang. Y 13, ta cling c6 thé da lam vay':

int p[]l = {1, 2, 3, 4};

printf("sd\n", p[11); // 2

Véay hay xem vi du hiiu ich hon.

ICiing khéng hoan toan giéng, vi né 1a mang chi khong phai con tré téi int .

233
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32.1.1 Truyén object khong tén cho ham

Gia st ta ¢6 mot ham tinh tong mot mang int :

234

int sum(int p[], int count)

{
int total = 0;
for (int 1 = 0; i < count; i++)
total += p[il;
return total;
}

Néu ta mudn goi nd, thudng ta phai lam ki€u nay, khai bdo mang va luu gia tri vao né dé truyén cho

ham:

int al[l = {1, 2, 3, 4};

int s = sum(a, 4);

Nhung object khong tén cho ta cidch bd qua bién bang cach truyén thing no6 vao (tén tham s6 liét ké
phia trén). Xem nay, ta sé thay bién a bidng mot mang khong tén truyén lam déi s6 dau:

// pl] count

// | e |
int s = sum((int [1){1, 2, 3, 4}, 4);

Kha gon!

32.1.2 struct khong tén

Ta c6 thé 1am diéu tuong tu véi struct .

Trudc, hay 1am khong dung object khong tén. Ta sé dinh nghia mot struct dé giii toa dd x /vy . Rdi
ta dinh nghia mot cai, truyén gia tri vao initializer ctia n6. Cudi cung, truyén né cho mot ham dé in gia

tri ra:

-

#include <stdio.h>

struct coord {

int x, y;
};
void print coord(struct coord c)
{
printf("%sd, %d\n", c.x, c.y);
}
int main(void)
{
struct coord t = {.x=10, .y=20};
print coord(t); // prints "10, 20"
}

\

Du thing than?

Chinh n6 d€ dung object khong tén thay cho bién t ma ta dang truyén cho

print coord() .
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Ta chi cAn rit t ra va thay bidng mot struct khong tén:

//struct coord t = {.x=10, .y=20};

print_coord((struct coord){.x=10, .y=20}); // prints "10, 20"

Vén chay!

32.1.3 Con tro téi object khong tén

Ban c6 thé dé y trong vi du cudi ring du ta dang dung struct , ta truyén mot ban sao ctia struct cho
print coord() chii khéng phai truyén con tro t6i struct .

Ho4 ra, ta c6 thé 14y dia chi ctia mot object khong tén bdng & nhu thudng.

D06 1a vi, nhin chung, néu mot toan ti chay dugc v8i bién thudc kiéu do, ban ¢ thé dung toan ti do trén
object khong tén thudc cung kiéu.

Chinh code trén dé ta truyén con tré t8i object khong tén

#include <stdio.h>

struct coord {

int x, y;
};
void print_coord(struct coord *c)
{

printf("%sd, %d\n", c->x, c->y);
}
int main(void)
{

// Note the &

// [

print coord(&(struct coord){.x=10, .y=20}); // prints "10, 20"
}

Thém niia, day co thé 1a cadch hay ngay ca d€ truyén con tro téi object don gian:

// Pass a pointer to an int with value 3490
foo(&(int){3490});

Dé vay théi.

32.1.4 Object khong tén va scope

Vong ddi cta object khong tén két thiic & cudi scope ctia n6. Céach 16n nhit ma chuyén nay c6 thé can
ban la néu ban tao mot object khong tén mdi, 14y con trd téi nd, réi rdi khoi scope cta object. Trong
trudng hop do, con tro sé tham chiéu t6i mot object da chét.

Nén cai nay la hanh vi khéng xac dinh:

-

int *p;

p = &(int){10};
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printf("sd\n", *p); // INVALID: The (int){10} fell out of scope

Tudng tu, ban khong thé tra vé mot con trd téi object khong tén tii mot ham. Object dudc gidi phong
khi n6 roi khoi scope:

#include <stdio.h>

int *get3490(void)

{
// Don't do this
return &(int){3490};
}
int main(void)
{
printf("sd\n", *get3490()); // INVALID: (int){3490} fell out of scope
}

Cu nghi scope cta ching gidng nhu bién cuc b thong thudng. Ban cling khong thé tra vé con tro téi
bién cuc bo.

32.1.5 Vidu object khong tén hoi ngé

Ban c6 thé dit kiéu nao vao d6 va tao object khong tén ciing dugc.

Vi du, nhiing cai nay thuc té tuong duong:

int x = 3490;

printf("sd\n", x); // 3490 (variable)
printf("sd\n", 3490); // 3490 (constant)
printf("%sd\n", (int){3490}); // 3490 (unnamed object)

Cai cudi 1a khong tén, nhung ngd ngin. Tha lam cai don gian & dong trudce.

Nhung hy vong né cho thém chut ré rang vé ci phap.

32.2 Generic Selections
Day 1a mét biéu thiic cho phép ban chon cic doan code khac nhau tuy vao type ctia d6i s6 dau cua biéu
thic.

Ta sé& xem vi du trong tich tic, nhung quan trong 1a biét ring cai nay dudc x1i ly tai compile time, khong
phai runtime. Khong c6 phén tich runtime nao xay ra ¢ day.

Biéu thiic bit diu bing _Generic , chay ki€éu nhu switch , va nhén it nhat hai d6i sé.

Déi s6 dau 1a mot biéu thiic (hay bién?) c6 mdt type. Moi biéu thiic déu cé type. Cac ddi s6 con lai cho
_Generic la céc case vé viéc thay gi vao cho két qua cuia biéu thiic néu déi s6 dau c6 type do.

Céi gi co?

Tht coi sao.

#include <stdio.h>

int main(void)

{

Bién dung 6 day la mot biéu thiic.
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int i;
float f;
char c;

char *s = Generic(i,
int: "that variable is an int",
float: "that variable is a float",
default: "that variable is some type"
);

printf("ss\n", s);

Xem biéu thiic _Generic bt dau & dong 9.

Khi compiler thdy nd, n6 nhin vao type cta d6i sd dau. (Trong vi du nay, type ctia bién i .) R6i nd nhin
qua cac case dé tim cai ndo thudc type d6. Va rdi thay ddi s6 vao chd toan bo biéu thlic _Generic .

Trong trudng hop ndy, i 1a int, nén né khép case d6. Réi chudi dudc thay vao chd biéu thiic. Nén
dong tré thanh vay khi compiler thay:

{ char *s = "that variable is an int";

Néu compiler khong tim thay type khép trong _Generic , nd tim case default tuy chon va dung no.
Néu khong tim dudc type khép va khong c6 default , ban sé bi 15i compile. Biéu thiic dau phai khép
mot trong cac type hodac default .

Viviét Generic di viét lai bat tién, né thudng dugce dung dé lam than ciia mot macro c6 thé tai dung
dé dang.

Hay lam mét macro TYPESTR(x) nhéan mot déi s6 va tra vé chudi véi type ctia déi s6.

Nén TYPESTR(1) sé tra vé chudi "int" , chang han.

Nao:

#include <stdio.h>

#define TYPESTR(x) _Generic((x), \
int: "int", \
long: "long", \
float: "float", \
double: "double", \
default: "something else")

int main(void)
{
int i;
long 1;
float f;
double d;
char c;

printf("i is type %s\n", TYPESTR(1));
printf("l is type %s\n", TYPESTR(1l));
printf("f is type %s\n", TYPESTR(f));
printf("d is type %s\n", TYPESTR(d));
printf("c is type %s\n", TYPESTR(c));
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Cai nay xuit ra:

is type int

is type long

is type float

is type double

is type something else

0 -~

Khong c6 gi bit ngd, vi nhu ta da noi, code trong main() dugc thay bang cai sau khi compile:

printf("i is type %s\n", "int");

printf("l is type %s\n", "long");
printf("f is type %s\n", "float");
printf("d is type %s\n", "double");
printf("c is type %s\n", "something else");

Va d6 dang 1a output ta thdy.

Lam thém céi nita. T6i da kém vai macro & day dé khi ban chay:

int i = 10;
char *s = "Foo!";

PRINT_VAL(1);
PRINT_VAL(s);

ban dudc output:

10
s = Foo!

-
1}

Ta sé phai dung chut phép thuit macro d€ lam dugc chuyén do.

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

// Macro that gives back a format specifier for a type
#define FMTSPEC(x) Generic((x), \

int: "%d", \

long: "sld", \

float: "%f", \

double: "s%f", \

char *: "%s")

// TODO: add more types

// Macro that prints a variable in the form "name = value"
#define PRINT VAL(x) do { \
char fmt[5121; \

snprintf(fmt, sizeof fmt, #x " = %s\n", FMTSPEC(x)); \
printf(fmt, (x)); \
} while(0)

int main(void)

{
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int i = 10;
float f = 3.14159;
char *s = "Hello, world!";

PRINT_VAL(1);
PRINT_VAL(f);
PRINT_VAL(s);
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}
cho output:
=10
= 3.141590
s = Hello, world!

Ta c6 thé nhét hét vao modt macro to, nhung tdi ché ra hai dé tranh chay mau mét.
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Mang Phan II

Chudng nay ta sé di qua vai thi linh tinh thém vé mang.

« Type qualifier v6i tham s6 mang
« Tu khoa static vditham s6 mang
« Initializer mot phan cho mang da chiéu

Chung khong phai cai hay thdy, nhung ta sé liéc qua vi ching 1a mét phan cta spec méi hon.

33.1 Type qualifier cho mang trong danh sach tham s6

Néu ban nhé tii trudc, hai thit nay tudng duong trong danh sach tham s6 ham:

int func(int *p) {...}
int func(int p[]) {...}

Va ban ciing c6 thé nhd rdng ban c6 thé thém type qualifier vao bién con tré nhu vay:

int *const p;

int *volatile p;

int *const volatile p;
// etc.

Nhung lam sao lam dudc chuyén d6 khi ta dung ky phap mang trong danh sach tham s&?

Ho4 ra né di vao trong ngodc vudng. Va ban c6 thé dit count tuy chon & sau. Hai dong sau tudng duong:

int func(int *const volatile p) {...}
int func(int p[const volatile]) {...}
int func(int p[const volatile 10]) {...}

Néu ban c6 mang da chiéu, ban can dat type qualifier 6 bo ngodc vudéng dau.

33.2 static cho mang trong danh sach tham so

Tudng tu, ban c6 thé dung ti khoa static trong mang trong danh sich tham sé.

Day la thii téi chua tiing thiy ngoai ddi. N6 ludn theo sau bsi mét kich thude:

int func(int p[static 41) {...}

Diéu nay c6 nghia, trong vi du trén, compiler sé gid dinh moi mang ban truyén cho ham sé c6 it nhdt 4
phan tu.

240
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Bat cii gi khac la hanh vi khong xac dinh.

int func(int p[static 4]) {...}
int main(void)
{
int a[] = {11, 22, 33, 44};
int b[] = {11, 22, 33, 44, 55%};
int c[] = {11, 22};
func(a); // OK! a is 4 elements, the minimum
func(b); // OK! b is at least 4 elements
func(c); // Undefined behavior! c¢ is under 4 elements!
}

\

Cai nay veé cd ban dit kich thudce téi thi€u ciia mang ban c6 thé co.

Luu y quan trong: khéng cé gi trong compiler cAm ban truyén mang nhé hon. Compiler kha nang sé
khéng canh bao ban, va n6 cling khong phéat hién lic runtime.

Khi dit static vao dd, ban dang noéi, “Toi hia danh du gép doi 14 t6i khong bao gid truyén vao mang
nho hon cai nay” Va compiler noi, “U, dudc rdi,” va tin ban sé khong lam thé.

Va rdi compiler c6 thé thuc hién mot s6 t6i uu code nhit dinh, yén tAm ring ban, 14p trinh vién, sé luén
lam ding.

33.3 CAc initializer tuong duong
C hdi, noi thé nao nhi, linh hoat khi dinh t6i initializer ciia mang.
Ta da thdy mot chut roi, khi gia tri thi€u duge thay bing zero.

Vi dy, ta c6 thé khdéi tao mang 5 phan ti thanh 1,2,0,0,0 véi:

int a[5] = {1, 2}; ’

Hodc set ca mang vé zero véi:

int a[5] = {0}; ’

Nhung chuyén thu vi bit dau khi khéi tao mang da chiéu.

Lam mot mang 3 hang, 2 cot:

int a[3]1[2];

Viét chut code dé€ khdi tao va in két qua:

#include <stdio.h>

int main(void)

{
int a[31[2] = {
{1, 2},
{3, 4},
{5, 6}

};

for (int row = 0; row < 3; row++) {
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for (int col = 0; col < 2; col++)
printf("sd ", alrowl[col]);
printf("\n");

Va khi chay, ta c6 két qua nhu ky vong:

12
34
56

Hay bo bét vai phin ti initializer va xem ching dudc set vé zero:

int a[3]1[2] = {

{1, 23},
{3}, // Left off the 4!
{5, 6}
I'F
cho ra:

12
30
56

Gid bo ca phin ti gitia cudi cung:

int a[3]1[2] = {

{1, 2},
// {3, 4}, // Just cut this whole thing out
{5, 6}

I'F

Va gid ta c6 cai nay, c6 thé khong nhu ban nghi:

12
56
00

Nhung néu ban duing lai suy nghi, ta chi cung cip du initializer cho hai hang, nén ching dugc dung cho
hai hang dau. Va cac phan ti con lai duge khéi tao thanh zero.

Dén day 6n. Nhin chung, néu ta bo bét phan cua initializer, compiler set cac phan ti tudng ting thanh
0.

Nhung hay lam dién hon.

int a[31[2] = {1, 2, 3, 4, 5, 6 };

Cai gi—? D6 1a mang 2D, nhung chi c6 initializer 1D!
Hoé ra chuyén d6 hgp 1é (du GCC sé canh bao néu bat ding warning).
V@ cd ban, no6 bat dau dién phan tu 6 hang 0, réi hang 1, réi hang 2 tii trai sang phai.

Nén khi ta in, n6 in theo thi tu:
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12
34
56

Néu ta bo vai cai:

int a[3][2]1 = {1, 2, 3 };

ching dugc dién 0 :

12
30
00

Nén néu ban mudn dién ca mang bing 0, ci:

int a[3]1[2] = {0};

Nhung khuyén nghi ctia t6i 1a néu ban c¢6 mang 2D, dung initializer 2D. N6 1am code dé doc hon. (Trii
viéc khdéi tao ca mang bing 0 , trudng hdp d6 dung {0} la idiom bat ké chiéu ctia mang.)
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Long Jump vdi setjmp, longjmp

Ta da thdy goto , nhay trong scope ham. Nhung longjmp() cho phép ban nhay ngudc vé mot diém
s6m hon trong thuc thi, vé mot ham da goi ham nay.

C6 ca dong han ché va canh bao, nhung day c6 thé 1a ham hiiu ich dé tho4t tii sAu trong call stack ngudc
lén trang thai sém hon.

Theo kinh nghiém cua tdi, chlic nang nay rat hiém khi dugc dung.

34.1 Dung setjmp va longjmp

Vi diéu ta sé lam & day la vé co ban dit mot bookmark trong thuc thi véi setjmp() . Sau do, ta goi
longjmp() vano sé nhay vé diém s6m hon trong thuc thi ndi ta d4t bookmark bing setjmp() .

Va né c6 thé lam chuyén nay ngay ca khi ban da goi cac ham con.

Day la demo nhanh trong dé ta goi vao cac ham sau vai cip r6i thoat ra khoi né.

Ta sé dung bién file scope env dé giii state khi goi setjmp() dé co thé khoi phuc khi goi longjmp()
sau nay. Day la bién ta nhg “vi tri” cia minh.

Bién env thudc ki€u jmp buf , mot kiéu md dude khai béo trong <setjmp.h> .

#include <stdio.h>
#include <setjmp.h>

jmp_buf env;

void depth2(void)

{
printf("Entering depth 2\n");
longjmp(env, 3490); // Bail out
printf("Leaving depth 2\n"); // This won't happen
}
void depthl(void)
{
printf("Entering depth 1\n");
depth2();
printf("Leaving depth 1\n"); // This won't happen
}

int main(void)

244
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switch (setjmp(env)) {
case 0:
printf("Calling into functions, setjmp() returned 0\n");
depthl();
printf("Returned from functions\n"); // This won't happen
break;

case 3490:
printf("Bailed back to main, setjmp() returned 3490\n");
break;

Khi chay, c4i nay xuit ra:

Calling into functions, setjmp() returned 0
Entering depth 1
Entering depth 2
Bailed back to main, setjmp() returned 3490

Néu ban c6 14y output d6 va khép véi code, rd 1a c6 chuyén gi do rat quai dang xay ra.
Mot trong nhiing thii dang cht y nhatla setjmp() return hai lan. Cai quai gi thé? Phép thuat gi day?!
Vay day 14 deal: néu setjmp() tra 0, tic la ban da dit “bookmark” thanh cong tai diém do.

Néu n6 tra khéc 0, tiic 1a ban viia tr8 vé “bookmark” da dit trude do. (Va gia tri tra vé 1a gia tri ban
truyén cho longjmp() .)

Kiéu nay ban c6 thé phan biét gifia viéc d4t bookmark va trd vé no sau nay.
Nén khi code trén goi setjmp() lan dau, setjmp() Iuwu state vao bién env va trd vé 0. Sau do
khi ta goi longjmp() véicung env do, nd khoi phuc state va setjmp() tra vé gia tri da truyén cho

Longjmp() .

34.2 Bay
Dudi mui, cdi nay kha thing thin. Thong thudng stack pointer theo ddi vi tri trong b nhé ndi bién cuc
b6 dudc luu, va program counter theo ddi dia chi cia Iénh hién dang thuc thi'.

Nén néu ta mudn nhay vé ham s6m hon, vé cd ban chi 1a chuyén khoi phuc stack pointer va program
counter vé gia tri giti trong bién jmp_buf , va dam bao gia tri tra vé dugc set ding. Va roi thuc thi sé
tiép tuc 6 do.

Nhung dt kiéu yéu t6 1am rdi cai ndy, tao ra mot sé ludng dang ké cac bAy hanh vi khong xac dinh.

34.2.1 Gia tri cta bién cuc bd

Néu ban mudn gia tri ctia bién cuc bd automatic (khong static va khong extern) ton tai trong ham
da goi setjmp() sau khi mot longjmp() xay ra, ban phai khai bao cac bién d6 la volatile .

Vé mit ky thuat, chung chi cAn volatile néu ching thay d6i gitia luc setjmp() dudc goi va luc
longjmp() dudc goi’.

Vi du, néu ta chay code nay:

1Ca “stack pointer” va “program counter” déu lién quan t6i kién tric ndm duéi va cai dit C, va khong phai phan ctia spec.

2Ly 18 ¢ day 1a chuong trinh c6 thé luu gi4 tri tam thsi trong CPU register khi n6 dang 1am viéc véi gia tri d6. Trong khoang
thdi gian do, register giii gia tri dung, va gia tri trén stack co thé da cii. Roi sau d6 gia tri register bi ghi dé va cac thay d6i déi véi
bién bi mat.
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int x = 20;

if (setjmp(env) == 0) {
X = 30;
}

va sau d6 longjmp() quay lai, gia tri cia x sé khong xéc dinh.

Néu ta mudn stta chuyén nay, x phaila volatile :

volatile int x = 20;

if (setjmp(env) == 0) {
X = 30;
}

Gio gia tri sé 1a ding 30 sau khi mot longjmp() dua ta vé diém nay.

34.2.2 Bao nhiéu state dugc luu?
Khi ban longjmp() , thuc thi tiép tuc tai diém cta setjmp() tudng (ing. Va thé thoi.

Spec chi rd né giéng nhu ban da nhay vé ham tai di€ém d6 véi bién cuc bd dudc set vé bt cii gia tri nao
ching c6 tai lac goi longjmp() .

Nhiing thd khong dugdc khéi phuc bao gom, dién gidi lai spec:
« C0 trang thai ddu chdm dong
« File dang mé
« Bat ky thanh phéan nao khac cia may trtiu tugng
34.2.3 Ban khong thé dit tén gila setjmp

Ban khong thé c6 dinh danh extern nao véitén setjmp . Hodc, néu setjmp 1la macro, ban khong thé
undefine no.

Ca hai déu 1a hanh vi khéng xac dinh.

34.2.4 Ban khong thé setjmp() trong biéu thiic 16n hon

Ttc 13, ban khong thé 1am kiéu nay:

if (x == 12 && setjmp(env) ==0) { ... }

Chuyén d6 qué phiic tap dé spec cho phép vi nhiing ¢ may can chay khi thdo stack va tit ca miy
chuyén d6. Ta khong thé longjmp() vé vao biéu thic phtic tap ndo d6 ma chi méi thuc thi mot phan.

Nén c6 gidi han vé dd phiic tap cua biéu thiic do.

« N6 c6 thé 1a toan bo biéu thic diéu khién cua diéu kién.

if (setjmp(env)) {...} ’

switch (setjmp(env)) {...} ’

+ N6 c6 thé 1a mot phan cta biéu thiic quan hé hay ding thiic, mién 1a toan hang kia 13 héng s6
nguyén. Va toan b 1a biéu thiic diéu khién cua diéu kién.
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if (setjmp(env) == 0) {...}

« Toan hang cta phép NOT logic (! ), la toan bd biéu thic diéu khién.

if (!setjmp(env)) {...}

« Biéu thiic ding mot minh, c6 thé dudc cast thanh void .

setjmp(env);

(void)setjmp(env);

34.2.5 Khi nao ban khong thé longjmp() ?
La hanh vi khéng xac dinh néu:
« Ban khéng goi setjmp() trudc d6
« Ban goi setjmp() tu thread khac
- Ban goi setjmp() trong scope ctia mdt mang d6 dai bién ddi (VLA), va thuc thi rdi khoi scope
cta VLA d6 truée khi longjmp() dudc goi.
« Ham chtia setjmp() da thoat trudc khi longjmp() dudc goi.

O céi cudi, “thoat” bao gom return binh thudng khoi ham, ciing nhu trudng hop mot longjmp() khéc
nhay vé “s6m hon” trong call stack so v4i ham dang néi téi.

34.2.6 Ban khong thé truyén 0 cho longjmp()

Néu ban thii truyén gia tri @ cho longjmp() , n6 sé Am tham ddi gié tri d6 thanh 1.

Vi setjmp() rot cudc tra gia tri nay, va viéc setjmp() trd 0 co nghia dic biét, nén tra 0 bicam.

34.2.7 longjmp() va mang do¢ dai bién doi
Néu ban dang trong scope ctia mdt VLA va longjmp() ra ngoai, bd nhé cip cho VLA c6 thé bi leak®.
Chuyén tudng tu xay ra néu ban longjmp() vé qua bt ky ham sém hon nao vin con VLA trong scope.

Day 1a mot thd thuc su 1am tdi thiy phién vé VLA, ring ban c6 thé viét code C hoan toan hgp 1é ma phi
bd nhé. Nhung théi, t6i khong phai ngudi quyét spec.

3Tic 13, vAn dugc cAp phat téi khi chuong trinh két thic ma khong cé cach giai phong.
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Kiéu khong hoan chinh (Incomplete
Types)

Ban c6 thé ngac nhién khi biét doan nay build khong 16i:

extern int al];

int main(void)

{
struct foo *x;
union bar *y;
enum baz *z;

}

Ta chua hé cho kich thudc cia a. Vata co con tro t6i struct foo, bar, va baz ma dudng nhu
khéng dugc khai bao 6 dau ca.

Va canh b4o duy nhét t6i nhan dudcla x, y,va z khong duge dung.
Day la cac vi du vé kiéu khong hoan chinh (incomplete type).

Kiéu khong hoan chinh la kiéu ma kich thudc (ttc 1a kich thudc sizeof tra vé) chua biét. Cach nghi
khéc la kiéu ban chua khai bao xong.

Ban c6 thé c6 con tro téi ki€u khong hoan chinh, nhung ban khong thé dereference n6 hay dung s hoc
con tré trén nod. Va ban khong thé sizeof no.

Véy lam gi dugc véi nd?

35.1 Use case: cau truc tu tham chiéu

Toi chi biét mdt use case thuc su: forward reference t6i struct hay union véi cac ciu tric tu tham
chiéu hay dong phu thudc. (Téi sé dung struct cho phén con lai clia cic vi du nay, nhung tat ca déu
ap dung ngang bing cho union .)

Lam vi du kinh dién trudc.

Nhung trudc do, biét diéu nay! Khi ban khai bdo mdt struct, struct dé6 khong hoan chinh cho téi
khi d4u ngoédc nhon déng dudc téi!

struct antelope { // struct antelope is incomplete here
int leg count; // Still incomplete
float stomach fullness; // Still incomplete
float top speed; // Still incomplete
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char *nickname; // Still incomplete
}; // NOW it's complete.

Thi sao? Tréng du hop ly.

Nhung néu ta dang lam linked list thi sao? M&i node trong linked list can c6 tham chiéu t6i node khac.
Nhung lam sao tao tham chiéu t6i node khac néu ta con chua khai bao xong cai node luén?

Su cho phép ctia C v6i kiéu khong hoan chinh lam diéu d6 thanh kha thi. Ta khong thé khai bao mot
node, nhung ta c6 thé khai bAo mdt con tro t6i nd, ké ca khi né chua hoan chinh!

struct node {
int val;
struct node *next; // struct node is incomplete, but that's OK!

b

Du struct node chua hoan chinh & dong 3, ta vin c6 thé khai b4o mot con trod t6i nél.

Ta c6 thé lam tuong tu néu ta c6 hai struct khéac nhau tham chiéu lin nhau:

struct a {

struct b *x; // Refers to a ‘struct b’
bBE
struct b {

struct a *x; // Refers to a 'struct a’
}:

Ta khong thé nao tao dudc cdp ciu tric d6 néu khong c6 quy tac tha 1ong cho kiéu khong hoan chinh.

35.2 Thong bao 16i vé kiéu khong hoan chinh

Ban c6 dang nhan céc 16i kiéu nay khong?

invalid application of ‘sizeof’ to incomplete type

invalid use of undefined type

dereferencing pointer to incomplete type

Tht pham c6 kha nang nhit: ban c6 1&é quén #include file header khai bao kiéu doé.

35.3 Cac kiéu khong hoan chinh khac

Khai bdo struct hay union khong c6 than tao ra kiéu khong hoan chinh, vi du struct foo; .
enum khong hoan chinh cho t6i ddu ngoac nhon dong.
void la kiéu khong hoan chinh.

Mang khai bao extern khong c6 kich thudc la khong hoan chinh, vi du:

extern int al];

Néu la mang khéng- extern khong c6 kich thudc cé initializer theo sau, n6 khong hoan chinh cho téi
dau ngodc nhon déng cta initializer.

1Cai nay chay vi trong C, con trd c6 cuing kich thuéc bat ké kiéu dii liéu ching tro téi. Nén compiler khéng can biét kich thuéc
struct node tai di€ém nay; n6 chi can biét kich thudc con tro.
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35.4 Use case: mang trong file header

C6 thé hitu ich khi khai bao kiéu mang khong hoan chinh trong file header. Trong trudng hgp d6, phan
luu trii thuc (ndi mang hoan chinh dugc khai bao) nén 6 trong mét file .c duy nhét. Néu ban dit nd
trong file .h, n6 sé bi nhan d6i mdi lan file header dugdc include.

Nén cai ban c6 thé lam 14 tao mot file header v6i kiéu khong hoan chinh tham chiéu t6i mang, nhu vay:

-

// File: bar.h

#ifndef BAR H
#define BAR H

extern int my_array[l; // Incomplete type

#endif

Va trong file .c, thuc su dinh nghia mang:

// File: bar.c

int my array[1024]; // Complete type!

Roi ban c¢6 thé include header tii bao nhiéu chd tuy ¥, va mdi chd sé tham chiéu téi cung my_array nidm
duéi.

// File: foo.c

#include <stdio.h>
#include "bar.h" // includes the incomplete type for my array

int main(void)
{
my array[0] = 10;

printf("sd\n", my _array[0]);

Khi compile nhiéu file, nhé chi dinh moi file .c cho compiler, nhung khéng cn file .h, vi du:

gcc -o foo foo.c bar.c

35.5 Hoan chinh kiéu khong hoan chinh

Néu ban c6 kiéu khong hoan chinh, ban c6 thé hoan chinh né béng cach dinh nghia struct, union,
enum , hay mang hoan chinh trong cuing scope.

-

struct foo; // incomplete type

struct foo *p; // pointer, no problem

// struct foo f; // Error: incomplete type!
struct foo {

int x, y, z;
BE // Now the struct foo is complete!
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struct foo f; // Success! ’

Luu y ring du void la ki€u khong hoan chinh, khong c6 cach nao hoan chinh né. Khong phai ai d6
nghi t6i chuyén lam cai quai d6. Nhung no ciing giai thich tai sao ban c6 thé lam céi nay:

void *p; // OK: pointer to incomplete type ’

va khong thé lam ca hai céi nay:

void v; // Error: declare variable of incomplete type

printf("%d\n", *p); // Error: dereference incomplete type

Biét thém cang tét...
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SO phiic

Mot doan nhap mon ti hon vé s6 phiic! in cip thing tit Wikipedia:

S6 phiic 14 s8 c6 thé dudc biéu dién dudi dang a + bi, trong d6 a va b 1a s8 thuc [tic 1a kiéu ddu
chdm dong trong C], va i dai dién cho don vi 4o, thoa man phuong trinh i?> = —1. Vi khong c6
s0 thuc nao thoa phudng trinh nay, ¢ dudc goi la s6 0. Véi s6 phtic a + bi, a dudc goi la phan
thuc, va b dugc goi 1a phian ao.

Nhung t6i day la hét roi. Ta gia dinh néu ban doc chudng nay, ban biét s6 phiic la gi va ban mudn lam

gl v6i ching.

Va tit ca ta can lo 1a tién ich cta C dé lam diéu dé.

Ho4 ra, hd trg s6 phc trong compiler 13 tinh nang tuy chon. Khong phai compiler tudn chuin nao ciing

lam dudc. Va nhiing compiler lam dudc, c6 thé 1am & cac miic d6 hoan chinh khéac nhau.

Ban c6 thé check xem hé ctia ban c6 hd trg sé phtic khéng véi:

#ifdef  STDC NO COMPLEX
#error Complex numbers not supported!
#endif

Thém niia, c6 mot macro bao viéc tuan theo chuin ISO 60559 (IEEE 754) cho toan ddu chim dong véi
s6 phiic, ciing nhu su hién dién cua kiéu _Imaginary .

#if  STDC IEC 559 COMPLEX !=1
#error Need IEC 60559 complex support!
#endif

Chi tiét thém vé chuyén d6 ghi 6 Annex G trong spec C11.

36.1 Kiéu phiic
Dé duing s6 phiic, #include <complex.h> .

Vi cai @6, ban c6 it nhat hai kiéu:

_Complex
complex

C4 hai déu c6 ciing nghia, nén ct dung complex cho dep.

Ban ciing c6 vai ki€u cho s6 40 néu cai dit ctia ban tuan IEC 60559:

'https://en.wikipedia.org/wiki/Complex_number
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_Imaginary
imaginary

Ca hai nay cling c6 cung nghia, nén ci dung imaginary cho dep.

Ban cling ¢4 gia tri cho s3 4o ¢, chinh né:

I
_Complex I
_Imaginary_ I

Macro I dudc set thanh _Imaginary I (néu cd), hodc Complex I . Nén cidung I cho s0 4o.

L& mot chit: toi da noi néu compiler set  STDC IEC 559 COMPLEX  thanh 1, né phai hd trg kiéu
_Imaginary d€ tuan chuin. D¢ 1a cach t6i doc spec. Tuy nhién, tdi khong biét mot compiler nao thuc
su hd tr¢ _Imaginary du ching c6 set _ STDC_IEC 559 COMPLEX . Nén tdi s& viét mot s§ code véi
kiéu d6 & day ma toi khong c6 cach nao test. Xin 16i!

OK, gi§ ta biét c6 kiéu complex , ta dung né sao?

36.2 Gan s6 phiic
Vi s6 phtic ¢6 phén thuc va phin 4o, nhung ca hai déu dua vao s6 ddu chdm dong dé luu gia tri, ta cling
can bao C dung do chinh xac nao cho cac phan d6 cua sé phic.

Ta lam chuyén d6 bang cach dinh kém float, double, hay long double vao complex , trudc hay
sau déu dugc.

Dinh nghia mot s6 phtic dung float cho cac thanh phan cta noé:

float complex c; // Spec prefers this way
complex float c; // Same thing--order doesn't matter

Vay khai bao thi 8n ri, con khéi tao hay gan thi sao?
Hoé ra ta dugc dung ky phap kha tu nhién. Vi du!

5 + 2*%I;
10 + 3*I;

double complex x
double complex y

Cho 5 + 2¢ va 10 + 34, tucng Gng.

36.3 Dung, xé, vain

Ta dang t6i do...

Ta da thdy mot cach viét sé phic:

double complex x = 5 + 2*I;

Ciing khong vén dé gi khi dung s6 ddu chAm dong khac dé dung no:

double a = 5;
double b = 2;
double complex x = a + b*I;

Ciing c6 mot bo macro d€ gitp dung méy céi nay. Code trén c6 thé dugc viét dung macro CMPLX() ,
nhu vay:



Chapter 36. S0 phiic 254

double complex x = CMPLX(5, 2);

Theo nhu t6i tim hiéu, may cai nay gin nhu tuong dudng:

5 + 2*I;
CMPLX(5, 2);

double complex x
double complex x

Nhung macro CMPLX() sé xil Iy zero 4m & phan ao dting mdi lan, con cach kia c6 thé chuyén ching
thanh zero duong. Téi nghi® Cai nay c6 vé ham y ring néu c6 kha nang phan 4o 1a zero, ban nén dung
macro... nhung ai d6 nén stia toi vé diéu nay néu téi nham!

Macro CMPLX() chay trén kiéu double . C6 hai macro khac cho float va long double : CMPLXF()
va CMPLXL() . (Hau td “f” va “1” xuét hién hau nhu trong tat ca cAc ham lién quan téi s6 phiic.)
Gig thi ngudc lai: néu ta cé s8 phic, lam sao tach né ra phan thuc va phan 40?

Ta c6 mot cdp ham sé trich phan thuc va phan 4o tit s6: creal() va cimag() :

double complex x = 5 + 2*I;
double complex y = 10 + 3*I;

printf("x = %f + %fi\n", creal(x), cimag(x));
printf("y = %f + %fi\n", creal(y), cimag(y));
cho output:

5.000000 + 2.0000001
10.000000 + 3.000000i

<
]

Luu y ring chii i tdi c6 trong chudi format ctia printf() la chii i theo nghia den dudc in ra, nd

khéng phai phan ctia format specifier. Ca hai gia tri tra vé ti creal() va cimag() déula double.

Va nhu thudng, c6 cic bién thé float va long double cua cic ham nay: crealf(), cimagf(),

creall() ,va cimagl() .

36.4 S0 hoc va so sanh s6 phiic

S6 hoc c6 thé dugce thuc hién trén s6 phic, tuy cadch n6 chay vé mit toan hoc ndm ngoai pham vi guide
nay.

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

int main(void)

{
double complex x 1 + 2*I;
double complex y = 3 + 4*I;
double complex z;

Z =X +Y;
printf("x + vy = %f + %fi\n", creal(z), cimag(z));

2C4i nay 14 cai kho research hon, va toi sé nhan thém thong tin ai d6 cho téi. I c6 thé dudc dinh nghiala _Complex I hay
_Imaginary I, néu cii sau ton tai. _Imaginary I sé xii ly zero c¢6 ddu, nhung Complex_ I c6 thé khong. Céi nay c6 ham
y v6i branch cut va cac thii todn-sé-phtic khac. C6 1&. Ban théy tdi thuc su ra khoi khu vuc chuyén mén chua? Du sao, macro
CMPLX() hanh xt nhu thé I dugdc dinh nghiald _Imaginary I, véizero ¢ ddu, ké cd khi _Imaginary I khong ton tai trén
hé.
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Z =X Y
printf("x - vy

%t + %fi\n", creal(z), cimag(z));

z =X *y;
printf("x * y = %f + %fi\n", creal(z), cimag(z));

z=X1/Y;
printf("x / y = %f + %fi\n", creal(z), cimag(z));

}

\

cho két qua:

X +y = 4.,000000 + 6.0000001
X -y = -2.000000 + -2.0000001
X * y = -5.000000 + 10.000000i
X / y = 0.440000 + 0.080000i

Ban ciing c6 thé so sanh hai s6 phiic vé bang nhau (hoic khong béng):

#include <stdio.h>
#include <complex.h>
int main(void)
{
double complex x = 1 + 2*I;
double complex y = 3 + 4*I;
printf("x ==y = %d\n", x ==y); // 0
printf("x !'=y = %d\n", x !=y); // 1
}
v6i output:
X == = 0
X =y =1

Chuing béng nhau néu ca hai thanh phan test bdng. Luu y ring nhu v6i moi ddu chdm ddng, chung c6
thé béng néu du gan do 16i lam tron®.

36.5 Toan so phiic
Nhung khoan! Con nhiéu hon chi 1a s6 hoc sé phiic don gian!

Day 1a bang téng hgp moi ham toan c6 sén cho ban véi s6 phiic.

Téi sé chi liét ké phién ban double ctia méi ham, nhung véi tit ca chiing déu c6 phién ban float ban
14y dugc bang cich thém f vao tén ham, va phién ban long double ban liy dugc bang cach thém 1.

Vidu, hdm cabs() dung tinh gia tri tuyét ddi ctia s phic ciing c6 bién thé cabsf() va cabsl() . Toi
bo ching cho ngén.

36.5.1 Ham lugng giac

3Su don gian clia cau nay khong lam tron dudc lugng cong stic khing khiép d6 vao viéc chi don thuan hiéu ddu chdm dong
thuc su hoat dong thé nao. https://randomascii.wordpress.com/2012/02/25/comparing-floating-point-numbers-2012-edition/
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Ham Mb ta

ccos() Cosine

csin() Sine

ctan() Tangent

cacos() Arc cosine

casin() Arc sine

catan() Chai Settlers of Catan
ccosh() Hyperbolic cosine
csinh() Hyperbolic sine
ctanh() Hyperbolic tangent
cacosh()  Arc hyperbolic cosine
casinh()  Arc hyperbolic sine
catanh()  Arc hyperbolic tangent

36.5.2 Ham mi va logarit
Ham Mo ta

cexp (

) Micosde
clog()  Logarit tu nhién (co sé €)

36.5.3 Ham luy thtia va gia trj tuyét doi

Ham Mo ta
cabs() Gia tri tuyét doi
cpow() Luy thua
csqrt()  Céan bac hai
36.5.4 Ham thao tac
Ham Mo ta

creal()  Tra phan thuc
cimag()  Tra phan ao
CMPLX()  Dung s6 phic
carg() Argument / gbc pha

conj () Lién hop*

cproj()  Phép chiéu 1én mat cau Riemann

“Pay 1a cai duy nhat khong bit dau bing chil ¢ thém déing trudc, la thay.
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Kiéu s0 nguyén bé rong c6 dinh

C c6 du cac kiéu s6 nguyén nho, 16n hon, va 16n nhit ki€u int, long va thé no thé kia. Va ban c6 thé
xem trong phan gidi han dé thdy int 16n nhét 14 gl v6i INT_MAX va tudng tu.
Céc kiéu d6 to bao nhiéu? Tic 13, chiing chiém may byte? Ta c6 thé dung sizeof déra ciu tra ISi.

Nhung néu t6i mudn di ngudc lai thi sao? Néu t6i cin kiéu chinh xac 32 bit (4 byte) hodc it nhat 16 bit
hay dai loai thé?

Lam sao khai bao kiéu c6 kich thuéc nhat dinh?

Header <stdint.h> cho ta cach.

37.1 Cac kiéu theo s6 bit
Vi ca s6 nguyén c6 dau va khong dau, ta co thé chi dinh ki€u c6 s6 bit nhit dinh, v6i vai canh bao,
duong nhién.
Va c6 ba nhom chinh céc kiéu nay (trong cac vi du, N sé dudc thay bing s8 bit cu thé):
« S0 nguyén chinh x4ac kich thudc nao d6 (intN_t )
« S8 nguyén it nhat kich thudc nao d6 ( int_leastN_t)
« S8 nguyén it nhat kich thudc ndo d6 va nhanh hét miic c6 thé ( int_fastN_t )!

fast nhanh hon bao nhiéu? Chéac chin c6 1& nhanh hon mot lugng nao d6. Co6 thé. Spec khong néi
nhanh hon bao nhiéu, chi néi ching sé la nhanh nhét trén kién tric nay. Tuy nhién, da s6 compiler C
kha t6t, nén ban chic sé chi thiy cai nay dudc dung & chd can dam bao téc do t6i da co thé (chi khong
chi 1a hy vong compiler xuét ra code di-nhanh-phét, ma n6 dang lam vay).

Cudi cung, cic kiéu s6 khong diu nay c6 thém chii u & dau d€ phan biét.

Vi du, cac kiéu nay c6 nghia tudng tGng dugc liét ké:

int32 t w; // w 1s exactly 32 bits, signed
uintl6 t x; // x 1s exactly 16 bits, unsigned

int_least8 t y; // y is at least 8 bits, signed

uint fast64 t z; // z is the fastest representation at least 64 bits, unsigned

Cac kiéu sau dudc dam béo dudc dinh nghia:

M6t s6 kién tric c6 dii liéu kich thudc khac ma CPU va RAM c6 thé thao téc véi téc dd nhanh hon cac kiéu khac. Trong cic
trudng hgp do, néu ban cin s6 8-bit nhanh nhat, c6 thé né cho ban kiéu 16- hay 32-bit thay thé vi cai d6 chi don gian 1a nhanh
hon. Nén véi cai nay, ban sé khong biét kiéu to bao nhiéu, nhung né sé it nhit to nhu ban noi.
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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

C6 thé c6 cac ki€u khac vé8i bé rong khéc, nhung chung la tuy chon.

E! Cac kiéu c6 dinh kiéu int16 t dau? Hoa ra chiing hoan toan tuy chon... trii khi c6 diéu kién nhat
dinh dudc thoa?. Va néu ban c6 hé may tinh hién dai trung binh binh thudng, cac diéu kién d6 kha ning
cao dudc thoa. Va néu thoa, ban sé co cac kiéu nay:

int8_t uint8_t

intl6_t uintlé t
int32 t uint32 t
int64 t uint64 t

Céc bién thé khac véi bé rong khéc c6 thé duge dinh nghia, nhung ching tuy chon.

37.2 Kiéu s6 nguyén kich thudc tdi da

C6 kiéu ban cé thé dung gifi s6 nguyén biéu dién dugc 16n nhat c6 sn trén hé, ca c6 dau va khong dau:

intmax_t
uintmax t

Dung cac ki€u nay khi ban muén di to hét mic.
RG rang la gia tri ti bat ky kiéu s6 nguyén nao khac cung diu sé viia vao kiéu nay, duong nhién.
37.3 Dung hing s0 kich thuéc ¢6 dinh

Néu ban c6 mot hing ma ban mudn nd viia vao s6 bit nhit dinh, ban c6 thé dung cic macro nay dé tu
dong thém hiu td ding vao s6 (vidu 22L hay 3490ULL ).

INT8 C(x) UINT8 C(x)
INT16 C(x)  UINT16 C(x)
INT32 C(x)  UINT32 C(x)
INT64 C(x)  UINT64 C(x)
INTMAX C(x)  UINTMAX C(x)

Lai nifa, my cai nay chi chay véi gia tri s6 nguyén héng,.

Vi du, ta c6 thé dung mot trong s d6 dé gan gié tri hing nhu vay:

uintl6 t x = UINT16_C(12);
intmax t y = INTMAX C(3490);

2Cu thé, hé c6 s6 nguyén 8, 16, 32, hay 64 bit khong padding dung biéu dién bu 2, trong trudng hgp d6 bién thé intN_t cho
s6 bit cu thé d6 phdi dugc dinh nghia.
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37.4 Gidi han cua s6 nguyén kich thuéc c6 dinh

Ta ciing c6 mot s6 gidi han duge dinh nghia dé€ ban 14y dugc gia tri 16n nhit va nhoé nhit cho cac kiéu
nay:

INT8_MAX INT8_MIN UINT8_MAX
INT16_MAX INT16_MIN UINT16_MAX
INT32_MAX INT32_MIN UINT32_MAX
INT64_MAX INT64_MIN UINT64_MAX

INT_LEAST8 MAX INT_LEAST8 MIN UINT_LEAST8 MAX

INT_LEAST16_MAX
INT_LEAST32_MAX
INT_LEAST64_MAX

INT_LEAST16_MIN
INT_LEAST32_MIN
INT_LEAST64_MIN

UINT_LEAST16_MAX
UINT_LEAST32_MAX
UINT_LEAST64_MAX

INT FAST8 MAX
INT FAST16 MAX
INT FAST32 MAX
INT FAST64 MAX

INT _FAST8_MIN
INT FAST16 MIN
INT FAST32 MIN
INT FAST64 MIN

UINT_FAST8 MAX
UINT_FAST16_MAX
UINT_FAST32_MAX
UINT_FAST64_MAX
INTMAX_MAX

INTMAX_MIN UINTMAX_MAX

\

Luuy MIN cho moikiéu khong ddula @, nén nhu vay, khong c6 macro cho no.

37.5 Format specifier

Dé in cac ki€u nay, ban cin truyén dung format specifier cho printf() . (Va vin dé tuong tu khi 1dy
input v6i scanf() .)

Nhung lam sao ban biét dugdc kiéu to bao nhiéu dudi mui? May thay, l14n niia, C cung cip vai macro dé
giup chuyén nay.

T4t ca chuyén nay c6 thé thiy trong <inttypes.h> .

Gig, ta ¢c6 modt ddng macro. Kiéu mot vu nd phic tap ctia macro. Nén tdi sé thoi liét ra tliing cai va chi
dit chii thudng n & chd ma ban nén dit 8, 16, 32, hay 64 tuy nhu ciu.

Nhin qua cac macro cho in s nguyén c6 dau:

PRIAFASTn
PRIiFASTn

PRIAMAX
PRIiMAX

PRIdn
PRIin

PRIALEASTN
PRIiLEASTN

Nhin pattern & d6. Ban c6 thé thiy c6 bién thé cho kiéu fixed, least, fast, va max.

Va ban ciing c6 chii thudng d va chii thusng i . Cac chii d6 tuong ling v6i format specifier %d va
%1 ctla printf() .

Nén néu tdi cé thi kiéu:

int _leastl6 t x = 3490;

Toi co thé in c4i d6 véi format specifier tuong dudng v6i %d bang PRIALEAST16 .
Nhung sao? Ta dung macro d6 sao?

Truéc hét, macro d6 chi dinh mét chudi chiia chii cai hay cac chii cai printf() cin dung dé in kiéu dé.
Viduy, né c6 théla "d" hay "ld" .

Nén tat ca ta cAn 1am 1a nhiing né vao chudi format cuia 18i goi printf() .
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Dé lam chuyén nay, ta c6 thé tin dung mét chuyén vé C ban c6 thé da quén: chudi literal ké nhau dugc
n6i tu dong thanh mot chudi. Vi du:

printf("Hello, " "world!\n"); // Prints "Hello, world!"

Va vi cic macro nay la chuéi literal, ta c6 thé dung chiing nhu vay:

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

int main(void)
{
int leastl6 t x = 3490;

printf("The value is %" PRIALEAST16 "!\n", Xx);

Ta cling ¢6 mot déng macro d€ in kiéu khong dau:

PRIon PRIOLEASTn PRIOFASTn PRIoMAX
PRIun PRIULEASTN PRIUFASTn PRTuMAX
PRIXn PRIXLEASTn PRIXFASTn PRIXMAX
PRIXn PRIXLEASTn PRIXFASTn PRIXMAX

Trong trudng hdp nay, o, u, x, va X tudng Ung véi cac format specifier di documented trong
printf() .

Va, nhu trudce, chit thudng n nén dugc thay bang 8, 16, 32 ,hay 64 .

Nhung ngay khi ban tuéng minh da chan macro, hoa ra ta c6 mét bo hoan chinh déi ing cho scanf() !

SCNdn SCNdLEASTn SCNdFASTn SCNdMAX
SCNin SCNiLEASTn SCNiFASTn SCNiMAX
SCNon SCNoLEASTn SCNoFASTn SCNoMAX
SCNun SCNULEASTn SCNuFASTn SCNuMAX
SCNxn SCNXLEASTn SCNxFASTn SCNXMAX

Nhg: khi ban mudn in mot kiéu s6 nguyén kich thude ¢d dinh bang printf() hay scanf() ,ldy format
specifier tuong ting dung tii <inttypes.h>.



Chapter 38
Ngay gio

“Time is an illusion. Lunchtime doubly so.”
—Ford Prefect, The Hitchhikers Guide to the Galaxy

Cai nay khéng qua phiic tap, nhung ban dau c6 thé hai nan, ca véi cac kiéu khac nhau cé sdn va cach
ta chuyén qua lai gitia chung.

Tron thém GMT (UTC) va local time va ta ¢c6 moi Niém Vui Thudng LE™ ma ngudi ta cb véi ngay gis.

Va duong nhién dling bao gid quén quy tic vang cta ngay gis: Diing bao gid ¢d viét chilc ndng ngdy gio
cua riéng ban. Chi dung cai thu vién cho.

Thsi gian qua phiic tap d6i véi cac lap trinh vién pham phu. Nghiém ttc, ta ng mét diém mdi ngusi da
lam viéc trén bat ky thu vién ngay gi6 nao, nén bo cai d6 vao ngan sach.

38.1 Thuét ngii va théng tin nhanh

Vai thuat ngit nhanh phong khi ban chua nam ré.

« UTC: Coordinated Universal Time 14 thdi gian tuyét d6i dudc dong thuan toan cau!. Moi ngusi
trén hanh tinh nghi bay gi¢ 1a cung mot thdi diém theo UTC... di ho ¢6 gid dia phuong khac nhau.

« GMT: Greenwich Mean Time, vé cd ban giéng UTC?. Ban c6 1€ mudn néi UTC, hay “gi$ toan cau”.
Néu ban néi cu thé vé mui gid GMT, n6i GMT. Gay 14n 16n 13, nhiéu ham UTC ctia C ¢6 triée UTC
va vin dung tén Greenwich Mean Time. Khi ban thdy thé, biét ring C y 1a UTC.

« Local time: gid 6 ndi may tinh dang chay chudng trinh. Cai nay dugc mo ta nhu moét do 1éch so
v6i UTC. Du ¢6 nhiéu mui gis trén thé gidi, da s6 may tinh lam viéc & local time hodc UTC.

Theo quy tic chung, néu ban dang mo6 ta su kién x4y ra mot lan, nhu mot entry log, hay mot vu phéng
tén ltia, hay khi con tré cudi cung cing click trong dau ban, dung UTC.

Mat khéc, néu la chuyén gi d6 xay ra cung gié & moi mii gid, nhu dém giao thua hay gid an t8i, dung
local time.

Vi nhiéu ngon ngii chi gidi chuyén qua lai UTC va local time, ban c¢6 thé tu gy dau dau rdt nhiéu néu
chon luu ngay theo dang sai. (Hoi tdi sao tdi biét.)

38.2 Kiéu ngay
C6 hai® kiéu chinh trong C khi dinh t6i ngay: time t va struct tm.

Spec thuc ra khéng néi nhiéu vé chung:

Trén Trai Dat, du sao. Ai biét ho dung hé dién rd gi ngodi kia...

2QK, diing giét to6i! GMT vé ky thuat 14 mui gid con UTC 1a hé thsi gian toan cau. Ngoai ra vai nudc c6 thé chinh GMT cho
ti€t kiém anh sang ban ngay, trong khi UTC khong bao gié dudc chinh cho tiét kiém anh sang ban ngay.

3Thuc ra la nhiéu hon hai.

261



Chapter 38. Ngay gid 262

« time t : kiéu thuc c6 kha nang giti mot thdi gian. Nén theo spec, cai ndy c6 thé 1a kiéu ddu chAm
dong hay kiéu s6 nguyén. Trong POSIX (cac hé Unix-like), né 1a s6 nguyén. Cai nay giii calendar
time. Ban c6 thé nghi nhu gis UTC.

« struct tm: gili cAc thanh phan cta mot calendar time. Dy la mot broken-down time, tic la, cac
thanh phan cta thdi gian, nhu gig, phut, gidy, ngay, thang, nam, v.v.

Trén nhiéu hé, time t dai dién cho s6 gidy ké tii Epoch®. Epoch theo mdt nghia 1a khéi dau thsi gian
theo goc nhin clia may tinh, thudng 14 1 thang 1, 1970 UTC. time_t c6 thé 4m d€ dai dién cho thdi gian
trudc Epoch. Windows hoat dong tudng tu Unix theo t6i thiy.

Vatrong struct tm co6 gi? Cac field sau:

struct tm {
int tm sec; // seconds after the minute -- [0, 60]
int tm _min; // minutes after the hour -- [0, 59]

int tm_hour; // hours since midnight -- [0, 23]
int tm _mday; // day of the month -- [1, 31]
int tm_mon; // months since January -- [0, 11]
int tm year; // years since 1900
int tm_wday; // days since Sunday -- [0, 6]
int tm_yday; // days since January 1 -- [0, 365]
int tm_isdst; // Daylight Saving Time flag

};

\

Luu y moi thi déu bat d4u tii zero trii ngay trong thang.

Quan trong 1a biét ring ban c6 thé dit bt cl gi4 tri ndo vao cac kiéu nay ban mudn. C6 cac ham giap
14y thdi gian hién tai, nhung kiéu giti mot thdi gian, khong phai thoi gian.

Nén cau hoi tré thanh: “Lam sao khdi tao dit liéu cac ki€u nay, va lam sao chuyén giita ching?”

38.3 Khdi tao va chuyén giiia cac kiéu

Trudc hét, ban c6 thé 14y thdi gian hién tai va luu n6 vao time t v6iham time() .

time_t now; // Variable to hold the time now

now = time(NULL); // You can get it like this...

time(&now) ; // ...or this. Same as the previous line.

Tuyét! Ban c6 bién l1ay dudc thdi gian hién tai.

Vui 13, chi c6 mot cach portable dé in ra thii c6 trong time_t,vadolaham ctime() hiém dung, in gia
tri theo local time:

now = time(NULL);
printf("ss", ctime(&now));

Cai nay tra chudi c6 dang rat cu thé bao gom newline & cudi:

Sun Feb 28 18:47:25 2021

Nén cai d6 hdi cting nhic. Néu ban mudn kiém soat hon, ban nén chuyén time_t do6thanh struct tm.

“https://en.wikipedia.org/wiki/Unix_time
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38.3.1 Chuyén time_t sang struct tm
C6 hai cach ky diéu dé lam chuyén nay:
+ localtime() : ham nay chuyén time t sang struct tm theo local time.

« gmtime() : ham nay chuyén time_t sang struct tm theo UTC. (Thidy GMT xua chui vao tén
ham d6 chi?)

Xem gid hién tai bing cach inra struct tm bang ham asctime() :

printf("Local: %s", asctime(localtime(&now)));
printf(" UTC: %s", asctime(gmtime(&now)));

Output (t6i 6 mui gis Pacific Standard):

Local: Sun Feb 28 20:15:27 2021
UTC: Mon Mar 1 04:15:27 2021

Mot khi ban ¢6 time t trong struct tm, nd md ra du loai canh ctia. Ban c6 thé in thdi gian theo du

kiéu, tim xem mot ngay la thi may trong tuén, v.v. Hodc chuyén né ngudc lai thanh time t .
Sé noi thém vé cai do s6m!
38.3.2 Chuyén struct tm sang time_t

Néu ban muén di theo chiéu ngudc, ban c6 thé dung mktime() dé liy thong tin do.

mktime() set gid tri cia tm_wday va tm yday gitm ban, nén ding phi cong dién chung vi ching sé
bi ghi dé théi.

Ngoai ra, ban c6 thé set tm_isdst thanh -1 d€ no tu quyét dinh gitm ban. Hodc ban c6 thé set tha
céng thanh true hay false.

// Don't be tempted to put leading zeros on these numbers (unless you
// mean for them to be in octal)!

struct tm some time = {
.tm _year=82, // years since 1900
.tm _mon=3, // months since January -- [0, 11]
.tm_mday=12, // day of the month -- [1, 31]
.tm_hour=12, // hours since midnight -- [0, 23]
.tm min=0, // minutes after the hour -- [0, 59]
.tm _sec=4, // seconds after the minute -- [0, 60]
.tm_isdst=-1, // Daylight Saving Time flag

}i

time t some time epoch;
some_time epoch = mktime(&some time);

printf("%s", ctime(&some time epoch));
printf("Is DST: %d\n", some time.tm isdst);

Output:

-

Mon Apr 12 12:00:04 1982
Is DST: ©
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Khi ban nap tht cong mdt struct tm nhu vay, n6 nén la local time. mktime() sé& chuyén local time
dé thanh time t calendar time.

La la, tuy vay, chuéin khong cho ta cdch nap mot struct tm véi théi gian UTC va chuyén né thanh
time t . Néuban mudn lam vy véi cac hé Unix-like, thit ham khong chuén timegm() . Trén Windows,

_mkgmtime() .

38.4 In ngay theo dinh dang

Ta da thay vai cach in output ngay c6 dinh dang 1én man hinh. V4i time t ta dung ctime() , va véi

struct tm ta dung asctime() .

time t now = time(NULL);
struct tm *local = localtime(&now);
struct tm *utc = gmtime(&now);

printf("Local time: %s", ctime(&now)); // Local time with time t
printf("Local time: %s", asctime(local)); // Local time with struct tm
printf("UTC : %s", asctime(utc)); // UTC with a struct tm

Nhung néu t6i néi v6i ban, doc gia thin mén, ring c6 cach kiém soat nhiéu hon cach ngay dugc in ra
thi sao?
Chéc chin, ta ¢ thé ciu tling field t struct tm, nhung c6 mot ham tuyét goila strftime() sélam

nhiéu phan khoé cho ban. N6 gidng printf() chikhéc la cho ngay!

Xem vai vi du. Trong mdi cai, ta truyén vao buffer dich, s6 ky tu t6i da dé ghi, va roi chudi format (theo
phong cach cua, nhung khéng gidng, printf() )bdo strftime() thanh phinnaoctia struct tm cin
in va in sao.

Ban c6 thé thém ky tu hing khac dé dua vao output trong chudi format, ciing nhu véi printf() .

Taldy struct tm trong trudng hgp ndy tii localtime() , nhung bat ky ngudn nao ciing én.

#include <stdio.h>
#include <time.h>

int main(void)
{
char s[128];
time t now = time(NULL);

// %c: print date as per current locale
strftime(s, sizeof s, "%c", localtime(&now));
puts(s); // Sun Feb 28 22:29:00 2021

// %A: full weekday name

// %B: full month name

// %d: day of the month

strftime(s, sizeof s, "%A, %B %d", localtime(&now));
puts(s); // Sunday, February 28

// %I: hour (12 hour clock)

// : minute

// %S: second

// %p: AM or PM

strftime(s, sizeof s, "It's %I:%M:%S %p", localtime(&now));

<
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puts(s); // It's 10:29:00 PM

// %F: ISO 8601 yyyy-mm-dd

// %T: IS0 8601 hh:mm:ss

// %z: IS0 8601 time zone offset

strftime(s, sizeof s, "ISO 8601: %FT%T%z", localtime(&now));
puts(s); // IS0 8601: 2021-02-28T22:29:00-0800

Cé ca tan format specifier in ngay cho strftime() , nén nhd xem chung trong trang tham khao
strftime() °.

38.5 Do phan giai cao hon véi timespec_get()

Ban c6 thé 13y s8 gidy va nanosecond ké tii Epoch v6i timespec get() .

Co thé.

Céc cai dit co thé khong c6 dd phan giai nanosecond (la mot phan ty gidy) nén ai biét ban sé c6 bao
nhiéu chii s6 c6 nghia, nhung cid thi xem.

timespec_get() nhén hai d6i s8. Mot 1a con trd t8i struct timespec d€ gifi thong tin thdi gian. Va
cai kia 1a base , ma spec cho phép ban set thanh TIME UTC béo réng ban quan tAm t6i sd giay ké tu
Epoch. (Cac cai dit khac c6 thé cho ban thém lua chon cho base .)

Va ban than ciu truc c6é hai field:

struct timespec {
time t tv_sec; // Seconds
long tv_nsec; // Nanoseconds (billionths of a second)

b

Day la vi du ta 14y thdi gian va in ra ca gié tri s6 nguyén lan gia tri ddu chAm dong:

struct timespec ts;

timespec get(&ts, TIME UTC);

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:

1614581530 s, 806325800 ns
1614581530.806326 seconds since epoch

struct timespec ciing xudt hién 6 mot s6 ham threading cin c6 kha nang chi dinh thdi gian véi do
phan giai do.

Shttps://beej.us/guide/bgclr/html/split/time html#man-strftime
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38.6 Khac biét giiia cac thoi gian

Mbt luu y nhanh vé 14y khac biét gitia hai time_t : vi spec khong quy dinh kiéu d6 biéu dién thdi gian
sao, ban c6 thé khong thé chi don gian trii hai time t va ra gi c6 nghia®.

May thay ban c6 thé dung difftime() dé tinh khac biét tinh bing giay gitia hai ngay.

Trong vi du sau, ta c6 hai su kién xay ra cach nhau mot khoang thdi gian, va ta dung difftime() dé

tinh khac biét.

#include <stdio.h>
#include <time.h>
int main(void)
{
struct tm time a = {
.tm year=82, // years since 1900
.tm_mon=3, // months since January -- [0, 11]
.tm _mday=12, // day of the month -- [1, 31]
.tm_hour=4, // hours since midnight -- [0, 23]
.tm_min=00, // minutes after the hour -- [0, 59]
.tm_sec=04, // seconds after the minute -- [0, 60]
.tm_isdst=-1, // Daylight Saving Time flag
};
struct tm time b = {
.tm_year=120, // years since 1900
.tm _mon=10, // months since January -- [0, 11]
.tm _mday=15, // day of the month -- [1, 31]
.tm_hour=16, // hours since midnight -- [0, 23]
.tm_min=27, // minutes after the hour -- [0, 59]
.tm_sec=00, // seconds after the minute -- [0, 60]
.tm_isdst=-1, // Daylight Saving Time flag
}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; // close enough
printf("sf seconds (%f years) between events\n", diff, years);
}
Output:

1217996816.000000 seconds (38.596783 years) between events

Vaban c6 r6i d6! Nhé dung difftime() dé 14y khac biét thdi gian. D ban c6 thé chi trii trén hé POSIX,

ct gili portable thoi.

Ban sé lam dudc trén POSIX, ndi time_t chic chin la s6 nguyén. Khong may ca thé gisi khong phai POSIX, nén vay dé.




Chapter 39

Da luong (Multithreading)

C11 chinh thtc dua da ludng vao ngdn ngii C. N6 gidng ky la v6i POSIX threads! néu ban di tling dung
thi do.
Con néu chua, diing lo. Ta sé di qua tling budc.

Luu ¥ 14 t6i khong dinh 1am huéng dan da ludng day da kiéu c6 dién?; ban phai tim mot cuén sach that
day khac danh riéng cho chuyén d6. Xin 16i nhé!

Threads la tinh néng tuy chon. Néu compiler C11+ dinh nghia _ STDC_NO_THREADS__, threads sé khong
¢ trong thu vién. Tai sao ho quyét dinh di theo nghia phu dinh trong cai macro d6 thi téi chiu, nhung
no la vay.

Ban c6 thé kiém tra n6 nhu vay:

#ifdef  STDC NO THREADS
#error I need threads to build this program!
#endif

Ngoai ra, ban c6 thé can chi dinh tuy chon linker khi build. Trong trudng hgp hé Unix-like, thit thém
-lpthreads vao cudi dong lénh dé link thu vién pthreads *:

gcc -std=cll -o foo foo.c -lpthreads

Néu ban gip 16i linker trén hé théng, c6 thé 1a do thu vién pht hop khong dudc include.

39.1 Boicanh
Threads 1a cdch d€ ban dung tat ca cac CPU core bong loang ma ban da tra tién cing lam viéc cho ban
trong cung moét chudng trinh.

Binh thudéng mot chudng trinh C chi chay trén mot CPU core. Nhung néu ban biét chia céng viéc ra,
ban c6 thé dua tling phan cho mot s6 threads va d€ ching lam song song.

Du spec khong noi, rat c6 kha ning trén hé théng cta ban, C (hay OS thay mit nd) sé ¢d cin bang
threads trén tat ca cac CPU core.

Va néu ban c6 nhiéu threads hon cores, khong sao. Chi la ban sé khéng nhan dudc tat ca 1gi ich d6 néu
chiing déu canh tranh thdi gian CPU.

Uhttps://en.wikipedia.org/wiki/POSIX_Threads

2Ban than t6i thich kiéu shared-nothing hon, va kj ning ctia t6i v6i may construct da ludng ¢ dién néi nhe 1a d ci.

3Pung, pthreads véi“ p . Viét tit cho POSIX threads, thu vién ma C11 da vay mugn rét nhiéu cho cach hién thuc threads
cua noé.

267


https://en.wikipedia.org/wiki/POSIX_Threads

Chapter 39. Da luéng (Multithreading) 268

39.2 Nhiing thii ban lam dugc

Ban c6 thé tao mot thread. N6 sé bat dau chay ham ban chi dinh. Thread cha tao ra né cling sé tiép tuc
chay.

Va ban c6 thé ddi thread két thic. Cai nay goi 14 joining.

Hoi#c néu ban khong quan tAm khi nao thread két thic va khong mudn dgi, ban c6 thé detach né.
Mot thread c6 thé exit tudng minh, hoic c6 thé ngam két thic bang cich return tit ham chinh ctia noé.
Mot thread ciing c6 thé sleep mot khoang thdi gian, khong lam gi trong khi thread khac chay.
Chuodng trinh main() cing la mot thread.

Ngoai ra, ta c6 thread local storage, mutexes, va condition variables. Nhung miy cai d6 dé sau. Gi3 cd
xem phéan cd ban da.

39.3 Data Race va thu vién chuin

Mot s6 ham trong thu vién chuén (vi du asctime() va strtok() ) tra vé hodc dung cic phén tu di
litu static khong threadsafe. Nhung nhin chung trii khi c6 noi khac, thu vién chuén ¢6 gang lam no
threadsafe?.

Nhung dé y nhé. Néu mot ham thu vién chuén giti trang thai gilia cac 1An goi trong mot bién ban khong
s6 hitu, hay mot ham tra vé con tré t6i thii gi d6 ma ban khong truyén vao, thi né khéng threadsafe.

39.4 Tao va dgi Threads

Hack gi d6 1én thoi!

Ta sé tao vai threads va ddi chiing hoan thanh (join).

C4 vai thi can hiéu trudce da.

Mbi thread dudc xac dinh bing mot bién md (opaque) kiéu thrd_t . Day 13 ID duy nhit cla tiing thread
trong chuong trinh. Khi ban tao thread, n6 dudc cap ID méi.

Ciing vay khi ban tao thread, ban phai dua cho no6 con tré6 dén mot ham dé chay, va mot con tré dén
tham s d€ truyén cho n6 (hoic NULL néu khong co gi dé truyén).

Thread sé& bat dau thuc thi 8 ham ban chi dinh.
Khi ban muén dgi mot thread hoan thanh, ban phai chi dinh thread ID ctia n6 d€ C biét dgi cai nao.
Nén y tudng cd ban la:

1. Viét mot ham doéng vai “ main ” cta thread. Khong phai main() chinh géc, nhung tudng tu.
Thread sé bt dau chay 6 do.

2. Tu thread chinh, launch thread méi v6i thrd_create() , va truyén cho né con tré dén ham can
chay.

3. Trong ham d6, cho thread lam bat ci gi n6 phai lam.

4. Cung luc d6, thread chinh c6 thé tiép tuc lam bat ¢l gi né can lam.

5. Khi thread chinh quyét dinh, n6 c6 thé dgi thread con hoan thanh bing cach goi thrd_join() .
Thudng thi ban phai thrd_join() thread dé€ don dep n6 néu khong ban sé leak bo nhé®

thrd_create() nhan contré dénham cin chay, vand cokiéu thrd_start t,tdcla int (*)(void *) .
D6 la tiéng Hy Lap cho “con tré dén mot ham nhén void* lam tham s6 va tra vé int ”
Hay tao mot thread! Ta sé launch no tii thread chinh bdng thrd_create() dé chay mot ham, lam vai

thit khéc, r6i dgi né hoan thanh véi thrd_join() . T6i dat tén ham chinh cta thread la run() , nhung
ban c6 thé dit tén gi ciing dudc mién kiéu khép v6i thrd_start_t .

“Theo §7.1.495.
STrii khi ban thrd detach() . S& n6i thém sau.
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#include <stdio.h>
#include <threads.h>

// This is the function the thread will run. It can be called anything.

//
// arg is the argument pointer passed to “thrd create() .

//
// The parent thread will get the return value back from ‘thrd join()'
// later.

int run(void *arg)

{
int *a = arg; // We'll pass in an int* from thrd create()
printf("THREAD: Running thread with arg %d\n", *a);
return 12; // Value to be picked up by thrd join() (chose 12 at random)
}
int main(void)
{
thrd_t t; // t will hold the thread ID
int arg = 3490;
printf("Launching a thread\n");
// Launch a thread to the run() function, passing a pointer to 3490
// as an argument. Also stored the thread ID in t:
thrd create(&t, run, &arg);
printf("Doing other things while the thread runs\n");
printf("wWaiting for thread to complete...\n");
int res; // Holds return value from the thread exit
// Wait here for the thread to complete; store the return value
// in res:
thrd join(t, &res);
printf("Thread exited with return value %d\n", res);
}

.

Théy cach ta lam thrd_create() & d6 dé goi ham run() khong? Roi ta lam nhiing viéc khac trong
main() roiding va ddi thread hoan thanh véi thrd_join() .

Két qua mau (ctia ban c6 thé khac):

Launching a thread

Doing other things while the thread runs
Waiting for thread to complete...
THREAD: Running thread with arg 3490
Thread exited with return value 12

arg ban truyén cho ham phai c¢ lifetime du dai d€ thread c6 thé 1y n6 trudce khi n6 bién mat. Va né
can khong bi thread chinh ghi de trudc khi thread méi kip dung.
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Xem vi du launch 5 threads. Mot thi cin Iuu v 6 day 1a cach ta dung mang thrd t dé theo doi tit ca
thread ID.

-

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

int run(void *arg)
{
int 1 = *(int*)arg;

printf("THREAD %d: running!\n", 1i);

return i;

#define THREAD COUNT 5

int main(void)

{
thrd_t t[THREAD COUNTI;
int i;

printf("Launching threads...\n");
for (i = 0; i < THREAD COUNT; i++)

// NOTE! In the following line, we pass a pointer to 1,
// but each thread sees the same pointer. So they'll
// print out weird things as i changes value here in
// the main thread! (More in the text, below.)

thrd create(t + i, run, &i);

printf("Doing other things while the thread runs...\n");
printf("Waiting for thread to complete...\n");

for (int 1 = 0; i < THREAD COUNT; i++) {
int res;

thrd_join(t[il, &res);

printf("Thread %d complete!\n", res);

printf("All threads complete!\n");

Khi toi chay cac threads, tdéi dém i ti 0 dén 4 va truyén con trd t6i n6 cho thrd create() . Con trd

nay di t6i ham run() ndi ta tao mot ban sao.

bu don gian chua? Day la output:

Launching threads...

THREAD 2: running!

THREAD 3: running!

THREAD 4: running!

THREAD 2: running!

Doing other things while the thread runs...
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Waiting for thread to complete...

Thread 2 complete!
Thread 2 complete!
THREAD 5: running!
Thread 3 complete!
Thread 4 complete!

Thread 5 complete!
All threads complete!

\

thrd create() ? Vahai THREAD 2 ? Dién roi!

Day la dang budc vao vung dat vui vé cua race conditions. Thread chinh dang stia i trudc khi thread
c6 0 hdi copy nd. Thucra i ditditan 5 va két thuc vong ldp trude khi thread cudi cung c6 co hoi
copy no.

Ta cin c6 bién per-thread d€ tham chiéu sao cho c6 thé truyén vao lam arg .
C6 thé c6 mang 16n. Ho#c c6 thé malloc() chd (va free né & dau d6, cé thé trong chinh thread.)

Thi vay xem:

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

int run(void *arg)

‘ int i = *(int*)arg; // Copy the arg
free(arg); // Done with this
printf("THREAD %d: running!\n", i);
return i;

}

#define THREAD COUNT 5

int main(void)

{
thrd t t[THREAD COUNT];
int i;

printf("Launching threads...\n");
for (i = 0; i < THREAD COUNT; i++) {

// Get some space for a per-thread argument:

int *arg = malloc(sizeof *arg);
*arg = 1i;

thrd create(t + i, run, arg);

7) aoc

Cha y trén dong 27-30 ta malloc() chd cho mot int va copy gi4 tri clia i vao d6. Mdi thread méi
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nhén bién malloc() -mdi-toanh cua riéng minh va ta truyén con tré t6i né cho ham run() .

Khi run() tao ban copy cta arg & dong 7, n6 free() cai int da malloc() . Va gid nd cé ban sao
riéng, mudn lam gi thi lam.

Va chay cho thay két qua:

Launching threads...

THREAD 0: running!

THREAD 1: running!

THREAD 2: running!

THREAD 3: running!

Doing other things while the thread runs...
Waiting for thread to complete...

Thread 0 complete!
Thread 1 complete!
Thread 2 complete!
Thread 3 complete!
THREAD 4: running!

Thread 4 complete!
All threads complete!

Day! Threads 0-4 déu c6 mat!

Lan chay cta ban c6 thé khac, thread dugc schedule chay thé nao ndm ngoai C spec. Ta thiy vi du trén
thread 4 khong tham chi bat dau dén khi threads 0-1 da xong. Thuc té, néu chay lai t6i c¢6 thé ra output
khéac. Ta khong thé dam bao thi tu thuc thi thread.

39.5 Detach Threads
Néu ban mudn fire-and-forget mot thread (ttc la ban khong phai thrd_join() né sau nay), ban lam
dudc v8i thrd detach() .

Cai nay loai bo kha néng cua thread cha ldy return value ti thread con, nhung néu ban khéng quan tam
va chi mudn threads tu don dep dep dé, thi day la cach di.

Vé cd ban ta sé lam vay:

thrd create(&t, run, NULL);
thrd detach(t);

chd goi thrd detach() la thread cha noi, “Nay, t6i sé khoéng ddi thread con nay hoan thanh véi
thrd_join() . Nén ci tu don dep nd khi xong nhé”

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

int run(void *arg)

{
(void)arg;
//printf("Thread running! %lu\n", thrd current()); // non-portable!
printf("Thread running!\n");
return 0;
}

#define THREAD COUNT 10
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int main(void)
{
thrd t t;
for (int i = 0; i < THREAD COUNT; i++) {
thrd create(&t, run, NULL);
thrd_detach(t); // <-- DETACH!
}
// Sleep for a second to let all the threads finish
thrd sleep(&(struct timespec){.tv _sec=1}, NULL);
}

Luu y trong code nay ta cho thread chinh sleep 1 gidy bang thrd_sleep() , néi thém sau.

Ngoai ra trong ham run() , téi c6 dong comment-out in thread ID duéi dang unsigned long . Cai nay
khong portable, vi spec khong néi kiéu bén dudi ctia thrd_t 1a gi, n6 c6 thé 1a mot struct ai biét.
Nhung dong d6 chay dudc trén may toi.

Mot diéu thu vi téi thiy khi chay code trén va in thread ID la vai threads c6 ID trung nhau! Tudng
chiing 1a khong thé, nhung C cho phép reuse thread ID sau khi thread tudng ting da thoat. Nén cai toi
thay 1a vai threads da xong trudc khi threads khac dugc launch.

39.6 Diiliéu cuc bo theo Thread

Threads tha vi vi chiing khong c6 bo nhd riéng ngoai bién cuc bd. Néu ban muén bién static hay
bién pham vi file, tit ca threads sé thdy cung bién doé.

Cai nay c6 thé dan téi race conditions, ndi ban gip Chuyén La™ xay ra.

Xem vi du nay. Ta c6 bién static foo trong block scope ¢ run() . Bién nay sé thiy dudc bdi tat ca

threads di qua hAm run() . Va cac threads thuc su c6 thé gidm chan nhau.

Mbi thread copy foo vao bién cucbd x (khéng chia sé gifia threads, tit ca threads c6 call stack riéng).
Nén ching nén bing nhau, dung khong?

Va lan dau in ra, chiing bing®. Nhung rdi ngay sau d9, ta kiém tra xem ching c6 con béng khéng.

Va thudng thi bing. Nhung khong phai ludén ludn!

#include <stdio.h>

#include <stdlib.h>

#include <threads.h>

int run(void *arg)

{
int n = *(int*)arg; // Thread number for humans to differentiate
free(arg);
static int foo = 10; // Static value shared between threads

int x = foo; // Automatic local variable--each thread has its own

// We just assigned x from foo, so they'd better be equal here.
// (In all my test runs, they were, but even this isn't guaranteed!)

°Du t6i khong nghi chiing phai vay. Chi 14 threads c6 vé khong dudc reschedule cho dén khi xay ra system call nao d6 nhu
printf() ...d6laly do téi dé printf() trong do.
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printf("Thread %d: x = %d, foo = %d\n", n, x, foo);

// And they should be equal here, but they're not always!
// (Sometimes they were, sometimes they weren't!)

// What happens is another thread gets in and increments foo
// right now, but this thread's x remains what it was before!

if (x !'= foo) {
printf("Thread %d: Craziness! x != foo! %d != %d\n", n, x, foo);
foo++; // Increment shared value

return 0;

#define THREAD COUNT 5

int main(void)

{
thrd_t t[THREAD COUNTI;
for (int i = 0; i < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Holds a thread serial number
*n = 1i;
thrd create(t + i, run, n);
}
for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[il, NULL);
}
}

Day 1a mét output mau (thay d6i gifia cac lan chay):

-

Thread 0: x = 10, foo = 10
Thread 1: x = 10, foo = 10
Thread 1: Craziness! x != foo! 10 != 11
Thread 2: x = 12, foo = 12
Thread 4: x = 13, foo = 13
Thread 3: x = 14, foo = 14

Trong thread 1, gifia hai lan printf() , gia tri foo bing cach nao d6 déiti 10 thanh 11, durd rang

khoéng c6 increment nao gitia hai printf() !
D6 1a mot thread khéc chen vao (c6 vé la thread 0 theo hinh thu) va increment foo sau lung thread 1!

Hay giai quyét van dé nay theo hai cach khac nhau. (Néu ban mudn tit ca threads cung dung chung
bién vd khéng gidm chan nhau, ban phai doc tiép t6i phan mutex.)

39.6.1 Storage-Class _Thread_local
Trudc hét, ct nhin cach dé nhit dé di vong: storage-class _Thread local .

Vé cd ban ta chi dan n6 vao trudc bién static block scope va chuyén sé chay! N6 bao C ring mdi
thread nén c6 phién ban riéng ctia bién nay, nén khong cé thread nao gidm chan nhau.
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File header <threads.h> dinh nghia thread local la alias cia Thread local nén code ban khoi
Xau.

LAy vi du truéc va bién foo thanh bién thread local dé ta khong chia sé dii liéu.

int run(void *arg)

{
int n = *(int*)arg; // Thread number for humans to differentiate
free(arg);
thread local static int foo = 10; // <-- No longer shared!!

Va chay ta dudc:

Thread 0: x = 10, foo = 10

Thread 1: x = 10, foo = 10

Thread 2: x = 10, foo = 10

Thread 4: x = 10, foo = 10

Thread 3: x = 10, foo = 10

Khong con réc rdi la nita!
Mot dieu: néu bién thread local la block scope, né phai static . Luat 1a vay. (Nhung vin OK vi
bién khong- static da la per-thread réi do méi thread c6 bién khong- static riéng.)

Hoi néi déi chut: bién thread local block scope con c6 thé extern .

39.6.2 Mot lua chon khac: Thread-Specific Storage
Thread-specific storage (TSS) 1a mot cach khac dé c6 dii liéu per-thread.

Mot tinh néng thém la cac ham nay cho phép ban chi dinh destructor sé dugc goi trén dii liéu khi bién
TSS bi x04. Thong thudng destructor 1a free() dé tu dong don dii liéu malloc() per-thread. Hodc
NULL néu khéng can destroy gi.

Destructor c6 ki€u tss dtor t 1a con tro dén ham tra vé void va nhin void* lam tham s& (céi
void* trd téi dii liéu luu trong bién). Néi cach khac, nd la void (*) (void*) , néu c6 rd thém. Toi thita
nhan chic 1a khong. Xem vi du bén dusi.

Noi chung thread local chic la lua chon mic dinh, nhung néu ban thich y tuéng destructor thi tan
dung.

Cach dung hoi la & chd ta cin bién kiu tss_t song dé dai dién gia tri trén co s6 per-thread. Roi ta
khdi tao nd v8i tss_create() . Cudi cung xo0a véi tss_delete() . Chuy goi tss_delete() khong
chay tat ca destructors, chinh thrd_exit() (hodc return tit ham run) méilam. tss delete() chi giai
phéng bo nhé do tss_create() cap phat.

O giiia, threads c6 thé goi tss set() va tss get() dé ditva lay gié tri.

Trong code sau, ta set up bién TSS trudc khi tao threads, r6i don dep sau khi threads xong.

Trong ham run() , threads malloc() chd cho mdt chudi va Iuu con tré d6 vao bién TSS.

Khi thread thoat, ham destructor ( free() trong trudng hgp nay) dudc goi cho tdt cd threads.

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

int

int

{

tss

t str;

void some_ function(void)

// Retrieve the per-thread value of this string
char *tss string = tss get(str);

// And print it
printf("TSS string: %s\n", tss string);
run(void *arg)

int serial = *(int*)arg; // Get this thread's serial number
free(arg);

// malloc() space to hold the data for this thread
char *s = malloc(64);

sprintf(s, "thread %d! :)", serial); // Happy little string

// Set this TSS variable to point at the string
tss set(str, s);

// Call a function that will get the variable
some_function();

return 0; // Equivalent to thrd exit(0)

#define THREAD COUNT 15

main(void)
thrd t t[THREAD COUNT];

// Make a new TSS variable, the free() function is the destructor
tss create(&str, free);

for (int i 0; 1 < THREAD COUNT; i++) {
int *n = malloc(sizeof *n); // Holds a thread serial number
*n = i;
thrd_create(t + i, run, n);

for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[i], NULL);

// All threads are done, so we're done with this
tss delete(str);

276

Lai niia, day la cach lam kha dau so véi thread_local , nén trii khi ban thuc su can chiic nang destructor,

toi sé dung thread local .
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39.7 Mutexes

Néu ban chi muén cho mot thread vao critical section cia code tai mot théi diém, ban c6 thé bao vé
doan d6 bang mutex’.

Vi du, néu ta c6 bién static va mudn c6 thé ldy va set né bang hai thao tic ma khong thread khac
nhay vao gilia lam hong, ta c6 thé dung mutex.

Ban c6 thé acquire mutex hay release n6. Néu ban c¢6 acquire mutex va thanh cong, ban c6 thé tiép tuc
thuc thi. Néu ¢ ma that bai (vi ngudi khac dang giil), ban s& block® dén khi mutex dudc release.

Néu nhiéu threads bi block dgi mot mutex dudc release, mot trong ching sé dudc chon dé chay (ngau
nhién tu goc nhin cta ta), con cac thread khac tiép tuc ngu.

Ké hoach 1a d4u tién ta s& khéi tao bién mutex dé sin sang dung bang mtx_init() .
ROi céc threads tiép theo ¢ thé goi mtx_lock() va mtx_unlock() dé€ldy va release mutex.
Khi ta d3 hoan toan xong v8i mutex, c¢6 thé destroy v6i mtx_destroy() , d6ilap logic cia mtx_init() .

Dau tién xem code khong dung mutex va cd in ra serial number chia sé ( static ) r6i tding nd. Vi ta
khong diing mutex trén viéc ldy gia tri (dé in) va set (dé ting), threads c6 thé gidm chan nhau trong
critical section do.

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

int run(void *arg)

{
(void)arg;
static int serial = 0; // Shared static variable!
printf("Thread running! %d\n", serial);
serial++;
return 0;
}

#define THREAD COUNT 10

int main(void)

{
thrd t t[THREAD COUNT];
for (int 1 = 0; i < THREAD COUNT; i++) {
thrd create(t + i, run, NULL);
}
for (int i = 0; i < THREAD COUNT; i++) {
thrd join(t[i], NULL);
}
}

Khi téi chay, téi dugc cai gi d6 nhu:

7Viét tit ctia “mutual exclusion”, ciing goi la “lock” trén mot doan code ma chi mét thread duge phép thuc thi.
8Tic 1a process ctia ban sé di ngi.
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Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
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RO rang nhiéu threads chen vao chay printf() trudc khi ai d6 c6 cd hoi cap nhat bién serial .
Cai ta mudn lam 1a boc viéc 14y bién va set bién thanh mét doan code dugc mutex bao vé duy nhat.

Ta sé& thém bién mdéi dai dién mutex ki€éu mtx_t trong pham vi file, khéi tao, réi threads c6 thé lock va

unlock né trong ham run() .

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

mtx_t serial mtx; // <-- MUTEX VARIABLE

int run(void *arg)

{
(void)arg;
static int serial = 0; // Shared static variable!
// Acquire the mutex--all threads will block on this call until
// they get the lock:
mtx_lock(&serial mtx); // <-- ACQUIRE MUTEX
printf("Thread running! %d\n", serial);
serial++;
// Done getting and setting the data, so free the lock. This will
// unblock threads on the mtx_lock() call:
mtx_unlock(&serial mtx); // <-- RELEASE MUTEX
return 0;
}

#define THREAD COUNT 10
int main(void)
{

thrd t t[THREAD COUNT];

// Initialize the mutex variable, indicating this is a normal
// no-frills, mutex:

mtx_init(&serial mtx, mtx plain); // <-- CREATE MUTEX
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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);

// Done with the mutex, destroy it:

mtx_destroy(&serial mtx); // <-- DESTROY MUTEX

Xem céach dong 38 va 50 trong main() ta khdi tao va destroy mutex.
Nhung tling thread acquire mutex & dong 15 va release § dong 24.

Gilia mtx_lock() va mtx_unlock() la critical section, ving code ma ta khdng muén nhiéu threads 1on
x0n cung luc.

Va gid ta c6 output dung!

Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
Thread running!
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Néu ban can nhiéu mutexes, khong vén dé: ci c6 nhiéu bién mutex.

Va nhd Quy Tac S6 Mot ctia Nhiéu Mutex: Unlock mutexes theo thii tu nguoc vdi thi tu lock!

39.7.1 Cac kiéu Mutex khac nhau

Nhu di ggi y, ta c6 vai kiéu mutex tao dudc v6i mtx_init() . (Mot s6 kiéu la két qua cta phép bitwise-
OR, nhu ghi trong bang.)

Kiéu Mo ta
mtx_plain Mutex binh thudng
mtx_timed Mutex hd trg timeouts

mtx_plain|mtx_recursive  Mutex dé quy

mtx_timed|mtx recursive  Mutex dé quy hé trg timeouts

“Dé quy” nghia 14 ngudi gifi lock 6 thé goi mtx_lock() nhiéu lan trén cing mot lock. (Ho phai unlock
mdt s6 Ian bang nhau trudc khi ai khac c6 thé 1ay mutex.) Cai nay c6 thé 1am code dé hon doi khi, dic
biét khi ban goi mét ham cén lock mutex trong khi ban da gili mutex.

Va timeout cho thread c¢d hdi ¢d 14y lock mét lac, nhung roi bé cudc néu khong 14y dugde trong khung
thoi gian do.

Véi mutex timeout, nhé tao v6i mtx timed :
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mtx_init(&serial mtx, mtx timed);

R6i khi ban dgi no, ban phai chi dinh thdi gian theo UTC khi nao unlock®.

Ham timespec_get() ti <time.h> c6 thé trg giap. N6 cho ban thdi gian hién tai theo UTC trong
struct timespec dung céi ta cAn. Thuc t€ c6 vé nd ton tai chi vi muc dich nay.

N6 c6 hai field: tv_sec gii thdi gian hién tai tinh bing gidy ké tit epoch, va tv_nsec giii nanosecond

(phén ti cha gifly) nhu phéan “fractional”.

Nén ban c6 thé load n6 véi thdi gian hién tai, roi cong thém dé c6 timeout cu thé.

ROi goi mtx_timedlock() thay vi mtx lock() . Néu no tra vé gia tri thrd_timedout , la da timeout.

-

struct timespec timeout;

timespec_get(&timeout, TIME UTC); // Get current time
timeout.tv_sec += 1; // Timeout 1 second after now

int result = mtx timedlock(&serial mtx, &timeout));

if (result == thrd timedout) {
printf("Mutex lock timed out!\n");

Ngoai cai d6 ra, timed lock giéng regular lock.

39.8 Condition Variables
Condition Variables 1a manh ghép cudi ta cin d€ lam cac ing dung da ludng c6 hiéu ning va compose
cac cau tric da luéng phiic tap hon.

Condition variable cung cip cach dé threads di ngt cho dén khi mot event nao d6 trén thread khac xay
ra.

Néi cach khéc, ta c6 thé c6 mot sb threads da sdn sang chay, nhung phai doi dén khi event nao d6 la
true trudc khi tiép tuc. Vé co ban ching dude bao “dgi ddy!” dén khi dugce thong bao.

Va cai nay di doi v6i mutex vi cai ta dgi thudng phu thudc vao gia tri cta dii liéu nao do, va dii liéu do
thudng cin dugc mutex bao vé.

Quan trong 1a ban than condition variable khong phai nguéi gii dii liéu cu thé nao tlit goc nhin cta ta.

N6 chi la bién qua d6 C theo doi trang thai waiting/not-waiting ctia mét thread hay nhém threads cu
thé.

Hay viét mot chuong trinh gia tao doc vao nhém 5 s6 ti thread chinh mot 1an mot s6. Réi khi 5 s6 da
nhép, thread con thtic ddy, cong 5 s6 do, va in két qua.

Céc s0 sé dudc luu trong mang chia sé toan cuc, ciing nhu index cta mang cho s6 sap dudc nhap.

Vi day 1a gia tri chia sé, ta it nhét phai gidu ching sau mutex cho ca thread chinh va thread con. (Chinh
sé ghi dii liéu vao, con con sé doc dii liéu ra.)

Nhung chting d6 chua du. Thread con can block (“ngt”) dén khi 5 s da dugc doc vao méang. Roi thread
cha cin danh thiic thread con dé né lam viéc.

Va khi thiic diy, né can dang gitt mutex d6. Va sé vay! Khi mot thread ddi trén condition variable, nd
cling acquire mutex khi thtic day.

T4t ca cai nay xay ra quanh mot bién thém kiéu cnd_t chinh 1a condition variable. Ta tao bién nay

bing ham cnd_init() va destroy khi xong v8i hAm cnd destroy() .

Ban c6 thé da nghi d6 1a “thdi gian ké tit bay gis”, nhung ban chi muén nghi vay théi phai khong!
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Nhung hoat dong thé nao? Xem phéac thao nhiing gi thread con sé lam:

1. Lock mutex v8i mtx_lock()

2. Néu chua nhép hét s6, ddi trén condition variable v4i cnd wait()
3. Lam viéc can lam

4. Unlock mutex v3i mtx_unlock()

Cung luc thread chinh sé lam:

1. Lock mutex v6i mtx_lock()
2. Luu s6 viia doc vao mang
3. Néu mang day, signal con thtic ddy v6i cnd_signal()

4. Unlock mutex v8i mtx_unlock()

Néu ban khong doc ludt qué (OK, toi khong gidn), ban c6 thé nhéin ra diéu la: 1am sao thread chinh giti
lock mutex va signal con, néu con phai giii lock mutex dé dgi signal? Ca hai khong cung giit dugc!

Va ding vay! Co ti ma thuat sau canh ga véi condition variable: khiban cnd wait() , no release mutex
ban chi dinh va thread di ngti. Va khi ai d6 signal thread thiic day, no reacquire lock nhu khéng cé gi
xay ra.

Bén cnd_signal() thi hoi khac. Céi nay khong lam gi v6i mutex. Thread signal van phai tu release
mutex trude khi threads dang dgi thiic day dugc.

Mot diéu nita vé cnd wait() . Ban sé goi cnd wait() néu diéu kién nao d6'° chua dat (vi du trong
trudng hdp nay, néu chua nhip hét s6). Thoa thuén la: diéu kién nay nén trong while loop, khong
phai if . Tai sao?

Vi mot hién tugng bi 4n goi la spurious wakeup. Doi khi, trong vai implementation, mot thread c6 thé
bi danh thiic ti gidc ngh cnd_wait() ma dudng nhu khong cé Iy do. [nhac X-Files]'!. Va ta phai kiém
tra xem diéu kién ta can c6 con thuc su dung khi thiic day khéng. Néu khong, di ngu lai!

Nao, lam thoi! Bat dau véi thread chinh:
« Thread chinh sé set up mutex va condition variable, va launch thread con.
« R0i trong vong ldp vé han, 14y s6 lam input ti console.
« N6 cling acquire mutex dé luu s6 da nhap vao mang toan cuc.
« Khi méang c6 5 s8, thread chinh sé signal thread con rdng dén luc thiic day lam viéc.
« ROi thread chinh unlock mutex va quay lai doc sé tiép ti console.
Trong khi do, thread con lam tro riéng:
« Thread con lay mutex.

« Trong khi diéu kién chua dat (tiic mang chia sé chua c6 5 s8), thread con ngi bang cach dgi trén
condition variable. Khi d¢i, n6 ngdm unlock mutex.

« Khi thread chinh signal thread con thiic day, né thic diy lam viéc va lay lai mutex lock.
« Thread con cdng céc sb va reset bién index vao mang.
+ Réi release mutex va chay lai trong vong lap v6 han.

Va day 1 code! Nhin ky dé thay chd cic manh trén dugc xt ly:

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

#define VALUE COUNT_MAX 5

10v3 d6 1a 1y do goi la condition variables!
11T6i khong néi 1a ngusi ngoai hanh tinh... nhung 14 ngudi ngoai hanh tinh. OK, thuc té nhiéu kha ning hon la mdt thread
khéc da dude danh thiic va lam dudc viéc trudc.
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int value[VALUE_COUNT_MAX1; // Shared global
int value count = 0; // Shared global, too

mtx_t value_mtx; // Mutex around value
cnd t value cnd; // Condition variable on value

int run(void *arg)

{
(void)arg;
for (;;) {
mtx_lock(&value mtx); // <-- GRAB THE MUTEX
while (value count < VALUE COUNT MAX) {
printf("Thread: is waiting\n");
cnd_wait(&value_cnd, &value mtx); // <-- CONDITION WAIT
}
printf("Thread: is awake!\n");
int t = 0;
// Add everything up
for (int i = 0; i < VALUE COUNT_MAX; i++)
t += valueli];
printf("Thread: total is %d\n", t);
// Reset input index for main thread
value count = 0;
mtx_unlock(&value mtx); // <-- MUTEX UNLOCK
}
return 0;
}

int main(void)
thrd t t;
// Spawn a new thread

thrd create(&t, run, NULL);
thrd detach(t);

// Set up the mutex and condition variable

mtx_init(&value mtx, mtx plain);
cnd_init(&value cnd);

for (;;) {
int n;

scanf("%d", &n);

mtx_lock(&value_mtx); // <-- LOCK MUTEX

282
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value[value count++] = n;
if (value count == VALUE COUNT MAX) {

printf("Main: signaling thread\n");
cnd _signal(&value cnd); // <-- SIGNAL CONDITION

mtx_unlock(&value_mtx); // <-- UNLOCK MUTEX

// Clean up (I know that's an infinite loop above here, but I
// want to at least pretend to be proper):

mtx_destroy(&value mtx);
cnd_destroy(&value cnd);

Va day 1 output mau (cac s6 trén tling dong 13 input ctia toi):

Thread: is waiting

[ = I ==

Main: signaling thread
Thread: is awake!
Thread: total is 5
Thread: is waiting

© O U1 o N

Main: signaling thread
Thread: is awake!
Thread: total is 24
Thread: is waiting

Day 14 cach dung phd bién ctia condition variable trong tinh hudng producer-consumer nhu vay. Néu
ta khong c6 cach cho thread con ngu trong khi dgi diéu kién nao do dat, no sé budc phai poll, lang phi
CPU kinh khung.

39.8.1 Timed Condition Wait

C6 mot bién thé ctia cnd_wait() cho phép ban chi dinh timeout d€ ngling dgi.

Vi thread con phai relock mutex, c4i nay khong c6 nghia la ban sé bat ngay trd lai khoanh khic timeout
x4y ra; ban vAn phai ddi cic threads khac release mutex.

Nhung c6 nghia 1a ban sé khong dgi cho dén khi cnd_signal() xay ra.
Dé dung, goi cnd_timedwait() thayvi cnd_wait() . Néuno tra vé gid tri thrd_timedout , 14 timeout.

Timestamp 1a thdi gian tuyét doi theo UTC, khong phai time-from-now. May thay ham timespec_get()
trong <time.h> c6 vé dudc lam ra dang cho trudng hdp nay.
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struct timespec timeout;

timespec_get(&timeout, TIME UTC); // Get current time
timeout.tv sec += 1; // Timeout 1 second after now

int result = cnd timedwait(&condition, &mutex, &timeout));

if (result == thrd timedout) {
printf("Condition variable timed out!\n");

39.8.2 Broadcast: Danh thiic moi Thread dang dgi

cnd_signal() chi danh thiic mot thread dé tiép tuc lam viéc. Tuy logic ban lam, c6 thé hgp ly khi danh
thiic nhiéu hon mot thread ti€p tuc khi diéu kién dat.

T4t nhién chi mot thread c6 thé 1dy mutex, nhung néu ban c¢6 tinh hudng:
« Thread méi thtic ddy chiu trach nhiém danh thic thread ké, va,
+ C6 kha nang diéu kién loop spurious-wakeup sé ngan né lam vay,

thi ban sé mudn broadcast wake up dé chic chin 14y dudc it nhit mot thread ra khoi loop d6 dé launch
thread tiép.

Céach lam?

Don gian dung cnd_broadcast() thayvi cnd_signal() . Dung giéng hét, chi khic cnd_broadcast()
danh thic tat ca sleeping threads dang dgi trén condition variable dé.

39.9 Chay mét ham ding mét lan

Gia st ban c6 mot ham cé thé duge chay bsi nhiéu threads, nhung ban khong biét khi nao, va khong
dang cong viét tit ca logic do.

C6 cach di vong: dung call_once() . Ca ddng threads c6 thé ¢ chay ham, nhung chi thread dau tién
dudc tinh!?

Dé lam, ban cAn mot bién flag dic biét ban khai béo dé theo ddi xem céi d6 da dudc chay chua. Va ban
can mot ham dé€ chay, khong nhan tham sg va khong tra gia tri.

once_flag of = ONCE_FLAG_INIT; // Initialize it like this
void run_once function(void)

{

printf("I'll only run once!\n");

int run(void *arg)
{
(void)arg;

call once(&of, run once function);

) oo

Trong vi du nay, khéng quan trong bao nhiéu threads t6i ham run() , run_once_function() sé chi
dudc goi mot l1an duy nhét.

125y s8ng sot ctia ké khoé nhat! Pung khong? Tbi thiia nhén thuc ra khéng gidng vay chit nao.
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Atomics

“They tried and failed, all of them?”
“Oh, no.” She shook her head. “They tried and died.”

—Paul Atreides and The Reverend Mother Gaius Helen Mohiam, Dune
Day la mot trong nhiing khia canh thi thach hon cia da ludng véi C. Nhung ta sé ¢d gang thong tha.

Vé cd ban t6i sé ndi vé cac cach dung don gian hon cua bién atomic, chiing 14 gi, va hoat dong thé nao,
van van. Va tdi sé nhic téi vai con dudng dién-rd-phiic-tap c6 sén cho ban.

Nhung tdi s& khong di theo nhiing con dudng d6. Khong chi vi téi hi€ém du kha ning dé viét vé ching,
ma t6i nghi néu ban biét minh cin ching, ban da biét nhiéu hon toi roi.

Nhung ngay ca phéin cd ban ciing c6 nhiing thi la. Nén cai diy an toan nao moi ngudi, vi Kansas sap
tam biét roi day.

40.1 Kiém tra ho trg Atomic

Atomics 14 tinh ning tuy chon. C6 mdt macro _ STDC_NO ATOMICS  bang 1 néu ban khéng c6 atom-
ics.

Macro d6 c6 thé khong ton tai trudc C11, nén ta nén kiém tra phién ban ngén ngii véi _ STDC_VERSION__ .

#if  STDC VERSION < 201112L || _ STDC NO ATOMICS == 1
#define HAS ATOMICS 0

#else

#define HAS ATOMICS 1

#endif

Néu nhiing test d6 qua, ban c6 thé an toan include <stdatomic.h> , header 1dm cd s8 cho phan con lai
ctia chuong nay. Nhung néu khong c6 hd trg atomic, header d6 c6 thé tham chi khéng ton tai.

Trén vai hé thdng, ban c6 thé cin thém -latomic vao cudi dong lénh compile d€ dung cac ham trong
header do.

40.2 Bién Atomic

Day la mét phan ctia cach bién atomic hoat dong:

Néu ban c6 bién atomic chia sé va ghi vao né tti mot thread, 1an ghi d6 sé 1a all-or-nothing trong thread
khac.

Macro _ STDC_VERSION _ khéng ton tai trong C89 ddi dau, nén néu ban lo vé diéu do6, kiém tra véi #ifdef .

285
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Ttc 1a thread khac sé thay toan bo 1an ghi, vi du gia tri 32 bit. Khong phai mot ntta. Khéng ¢ cach nao
dé mot thread ngat thread khac dang & gitta mot 1an ghi atomic nhiéu byte.

Gan nhu ¢6 mot cai lock nho quanh viéc 13y va set bién d6. (Va c6 thé c6 that! Xem Bién Atomic
Lock-Free bén dudi.)

Nhan day, ban c6 thé thoat khoi viéc dung atomic néu ban dung mutex dé lock critical section. Chi la
c6 mot 16p cdu tric dii liéu lock-free ludn cho phép cac thread khac tién t6i thay vi bi block bdi mutex...
nhung cai nay tao ra dung tii ddu kha kho, va 1a mot trong nhiing thi ndm ngoai pham vi guide nay,
bubn thay.

D6 méi chi la mot phan. Nhung 1a phén ta bat dau.
Trudce khi di tiép, lam sao khai bao bién la atomic?
PAu tién, include <stdatomic.h> .

Céi nay cho ta cic kiéu nhu atomic_int .

Roi ta c6 thé don gian khai béo bién c6 kiéu dé.

Nhung hdy lam demo c6 hai thread. Thread thit nhit chay mot hoi roi set mot bién thanh gié tri cu thé,
roi thoat. Thread kia chay cho dén khi thay gia tri do6 dudc set, roi thoat.

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

atomic_int x; // THE POWER OF ATOMICS! BWHAHAHA'!

int threadl(void *arg)

{
(void)arg;
printf("Thread 1: Sleeping for 1.5 seconds\n");
thrd sleep(&(struct timespec){.tv sec=1, .tv nsec=500000000}, NULL);
printf("Thread 1: Setting x to 3490\n");
X = 3490;
printf("Thread 1: Exiting\n");
return 0;

}

int thread2(void *arg)

{
(void)arg;
printf("Thread 2: Waiting for 3490\n");
while (x != 3490) {} // spin here
printf("Thread 2: Got 3490--exiting!\n");
return 0;

}

int main(void)
X = 0;

thrd t t1, t2;
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thrd create(&tl, threadl, NULL);
thrd create(&t2, thread2, NULL);

thrd join(tl, NULL);
thrd_join(t2, NULL);

printf("Main : Threads are done, so x better be 3490\n");
printf("Main : And indeed, x == %d\n", x);

Thread thii hai spin tai chd, nhin vao c¢d va dgi né dudc set thanh gi4 tri 3490 . Va thread thii nhat lam
diéu do.

Va t6i nhan dudc output nay:

Thread 1: Sleeping for 1.5 seconds

Thread 2: Waiting for 3490

Thread 1: Setting x to 3490

Thread 1: Exiting

Thread 2: Got 3490--exiting!

Main : Threads are done, so x better be 3490
Main : And indeed, x == 3490

Nhin né, me di! Ta dang truy cép bién tu cac thread khac nhau ma khong dung mutex! Va cai d6 chay
moi lan nhG ban chit atomic ctia bién atomic.

Ban c6 thé dang thic mic chuyén gi xay ra néu d6 13 int thudng khong-atomic. Trén may toi van
chay... trit khi t6i build c6 optimization thi n6 hang trén thread 2 dgi thay 3490 dudc set?.

Nhung d6 méi chi la dau ciu chuyén. Phén tiép sé cin nhiéu nang luc nio hon va cé lién quan mét thi
goi la synchronization.

40.3 Synchronization
Phén tiép cta cu chuyén 1a vé khi nao cac Ian ghi bd nhé trong mot thread tré nén c6 thé thiy véi cac
thread khac.

Ban c6 thé nghi la ngay l4p tic, ddng khong? Nhung khong phai. Nhiéu thi c6 thé sai. Sai mot cach
ky la.

Compiler c6 thé da sip x€p lai cic truy cap bd nhé nén khi ban nghi da set gia tri tuong déi so véi cai
khéc c6 thé khong dung. Va du compiler khong lam, CPU clia ban c6 thé da 1am on the fly. Hodc c6 thé
c6 gi d6 khac vé kién truc d6 gy ra viéc ghi trén mot CPU bi delay trude khi c6 thé thiy trén CPU khac.
Tin t6t 14 ta c¢6 thé gom tat ca ric rdi tiém 4n nay vao mot: cac truy cip bd nhé khong dong bo c6 thé
xuat hién khong theo thi tu tuy thread nao dang quan sat, nhu thé cic dong code da bi sip x€p lai.

Ly vi du, cai nao xay ra trudc trong code sau, ghi x hay ghi y ?

int x, y; // global

J0 oos

Ly do 1a khi optimize, compiler ctia toi da dit gia tri x vao register d& lam while loop nhanh. Nhung register khong c6
cach nao biét bién da dudc cap nhat trong thread khéc, nén né khong bao gid thdy 3490 . Cai nay khong thuc su lién quan phan
all-or-nothing clia atomicity, ma lién quan hon dén cac khia canh déng bo trong phan tiép.
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printf("sd %d\n", x, y);

Déap an: ta khong biét. Compiler hay CPU c6 thé 4m thim d4o dong 5 va 6 ma ta khong hay. Code sé
chay single-thread nhu thé n6é dudc thuc thi theo thi tu code.

Trong kich ban da ludng, ta c6 thé c¢6 pseudocode nhu viy:

int x =0, y = 0;

threadl() {
X = 2;
y = 3;

thread2() {
while (y !'= 3) {} // spin
printf("x is now %d\n", x); // 2?7 ...or 07

Output ctia thread 2 la gi?
Néu x dudc gan 2 trudckhi y dudc gan 3, t6i ky vong output rat hop ly la:

X is now 2

Nhung cai gi d6 1én lat c6 thé sap xép lai dong 4 va 5 1am ta thdy gid tri @ cua x khiin.

Noi cach khac, moi thit khong chic chén trii khi ta ¢6 thé bang cich nao d6 noéi, “Tai diém nay, toi ky
vong tat ca cac lan ghi trude do trong thread khac déu thdy dugc trong thread nay”

Hai thread dong b¢ khi chung thdng nhét vé trang thai bo nhd chia sé. Nhu da thiy, chung khong phai
luén dong y véi code. Vay ching déng y cach nao?

Dung bién atomic c6 thé ép su dong v d6°. Néu mot thread ghi vao bién atomic, né dang néi “ai doc
bién atomic nay trong tudng lai cling sé thay tit ca thay ddi t6i da 1am vé6i bd nhé (atomic hay khong)
cho dén va bao goém bién atomic nay”.

Hay theo kiéu ngudi hon, cting ngdi quanh ban hop va bao dam rang ta cung chung mot trang vé cac
manh bd nhé chia sé nao gilt gia tri ndo. Ban déng y rang cac thay ddi bd nhé ban da 1am cho dén va

bao goém lan store atomic sé thdy dugc vdi toi sau khi t6i load cung bién atomic do.

Nén ta c6 thé dé dang siia vi du:

int x = 0;
atomic int y = 0; // Make y atomic

threadl() {
X = 2;
y = 3; // Synchronize on write

thread2() {
while (y !'= 3) {} // Synchronize on read
printf("x is now %d\n", x); // 2, period.

Vi cac thread dong bo qua y , tat ca cac lan ghi trong thread 1 x4y ra trude lan ghi vao y déu thdy dugdc
trong thread 2 sau lan doc ti y (trong while loop).

3Cho dén khi toi néi khac, t6i dang néi chung vé céc thao tac sequentially consistent. N6i thém ¥ nghia ctia n6 s6m thoi.
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Quan trong chu y vai diéu 6 day:

1. Khéng c6 gi ngl. Synchronization khong phai thao tac blocking. Ca hai thread chay hét ga dén
khi thoat. Tham chi cai bi ket trong spin loop ciing khong block ai khac khoi chay.

2. Synchronization xay ra khi mot thread doc bién atomic ma thread khac da ghi. Nén khi thread 2
doc 'y, tit ca 1an ghi bo nhd trudc trong thread 1 (cu thé 1a set x ) sé thiy dudc trong thread 2.

3. Chiy x khéng atomic. VAn OK vi ta khong dang dong bd qua x , va viéc dong bd qua y khi
ta ghi no trong thread 1 nghia 1a tit ca lan ghi trudc, bao gdm x , trong thread 1 sé thiy dudc véi
céc thread khéc... néu cac thread d6 doc y dé déng bo.

Ep synchronization nay kém hiéu qua va cé thé chAm hon nhiéu so véi dung bién thudsng. Pay la ly do
ta khong dung atomic trii khi phai dung cho ting dung cu thé.

D6 la co ban. Xem sau hon nao.

40.4 Acquire va Release

Thém thuat ngii! Hoc gid thi c6 1gi sau.

Khi mot thread doc bién atomic, d6 dudc goi 1a thao tac acquire.

Khi mot thread ghi bién atomic, d6 dude goi la thao tac release.

Nhiing cai nay la gi? Xép ching vao cac thuit ngii ban da biét vé bién atomic:

Read = Load = Acquire. Nhu khi ban so sanh bién atomic hay doc né d€ copy sang gia tri khéc.
Write = Store = Release. Nhu khi ban gn gia tri vao bién atomic.

Khi dung bién atomic v6i ngii nghia acquire/release, C néu rd chuyén gi c6 thé xay ra khi nao.
Acquire/release tao c6 s6 cho synchronization ta viia noi.

Khi mot thread acquire bién atomic, n6 c6 thé thdy gia tri da set trong thread khéac da release cung bién

do.

Noi cach khac:

Khi mot thread doc bién atomic, n6 c6 thé thiy gia tri da set trong thread khac da ghi cing bién do.
Synchronization xay ra qua cdp acquire/release.

Chi tiét thém:

Vi read/load/acquire mot bién atomic cu thé:

« Tat ca lan ghi (atomic hay khong) trong thread khac xay ra trudc khi thread d6 write/store/release
bién atomic nay gid thiy dudc trong thread nay.

« Gia tri mdi cta bién atomic do thread khac set ciing thiy dudc trong thread nay.

« Khong c6 lan doc hay ghi bién/bd nhé nao trong thread hién tai c6 thé bi sp xép lai xay ra trude
acquire nay.

« Acquire d6ng vai rao chin mot chiéu khi sap x€p lai code; cac lan doc va ghi trong thread hién tai c6
thé bi di chuyén xuéng tii trudc acquire thanh sau nd. Nhung quan trong hon véi synchronization,
khong gi c6 thé di chuyén 1én tit sau acquire thanh trudc né.

V6i write/store/release mot bién atomic cu thé:

« Tat ca lan ghi (atomic hay khong) trong thread hién tai xay ra trudc release nay tré nén thay dugc
v6i cac thread khac da read/load/acquire ciing bién atomic.

« Gia tri thread nay ghi vao bién atomic nay cling thay dudc véi cac thread khac.

« Khong c6 lan doc hay ghi bién/bd nhé nao trong thread hién tai c6 thé bi sdp xép lai xay ra sau
release nay.
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« Release dong vai rao chdn mot chiéu khi sap xép lai code: céc lan doc va ghi trong thread hién tai
6 thé bi di chuyén 1én ti sau release thanh trude nd. Nhung quan trong hon véi synchronization,
khong gi ¢ thé di chuyén xudng tii trudc release thanh sau no.

Lai niia, két qua 1a synchronization bd nhg tii thread nay sang thread khac. Thread thi hai ¢ thé chic
chén rang bién va bd nhé duge ghi theo thi tu 14p trinh vién mong mudn.

int x, y, z = 0;
atomic _int a = 0;
threadl() {
x = 10;
y = 20;
a = 999; // Release
z = 30;
}
thread2()
{
while (a !'=999) { } // Acquire
assert(x == 10); // never asserts, x is always 10
assert(y == 20); // never asserts, y is always 20
assert(z == 0); // might assert!!
}

Trong vi du trén, thread2 co thé chic chin vé gid triclia x va y sau khind acquire a viching dugc

set trudc khi threadl release atomic a .

Nhung thread2 khong thé chic chin vé gid tri z vi nd xay ra sau release. C6 thé viéc gan cho z bi
di chuyén lén trudc viéc gan cho a .

Chu y quan trong: release mot bién atomic khong c6 tic dung 1én acquire cAc bién atomic khac. Méi
bién cb lap v4i cac bién khéc.

40.5 Sequential Consistency
Ban vin con tru dudc chii? Ta da qua phan ndi dung chinh ciia cach dung atomic don gian hon. Va vi
ta khong dinh noi vé cac cach dung phiic tap hon & day, ban c6 thé thu gian chut.

Sequential consistency la cai goi la memory ordering. Cé nhiéu memory ordering, nhung sequential
consistency la tinh tdo nhit* ma C c6. N6 ciing 12 mic dinh. Ban phai c8 tinh dé ding cAc memory
ordering khac.

Tat ca thi ta da noi tit ddu dén gid déu xay ra trong lanh dia cia sequential consistency.

Ta da noi vé cach compiler hay CPU c6 thé sép xép lai lan doc va ghi bd nhé trong mot thread mién la
tuan theo quy tic as-if.

Va ta da thay cach phanh hanh vi nay bang cach d6ng bd qua bién atomic.
Hay chinh thiic hoa thém chut.

Néu cac thao tac la sequentially consistent, nghia la cudi ngay, khi moi thii da néi xong, tit ca cac thread
c6 thé gac chin, mgé do6 udng yéu thich, va dong y vé thi tu cac thay d6i bd nhé xay ra trong lan chay.
Va thii tu d6 la cai duge quy dinh bdi code.

Mot céi sé khong noi, “Nhung ching phai B xay ra trudc A sao?” néu cac cai khac noi, “A chic chan xay
ra trudc B”. T4t ca déu ban bé nhau & day.

Tinh tao nhat tii géc nhin ctia lap trinh vién.
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Dic biét, trong mot thread, khong c6 acquire va release nao c6 thé bi sip xép lai so v8i nhau. Cai nay
thém vao cic quy tic vé nhiing truy cip bd nhd khac c6 thé bi sip xép lai quanh ching.

Quy téc nay cho thém mot cap do tinh tio cho tién trinh céc load/ acquire va store/release atomic.

Moi memory order khac trong C déu lién quan viéc néi long cac quy tic sip x€p lai, cho acquires/releases
hodc cho cac truy cap bd nhé khac, atomic hay khong. Ban sé lam vy néu thuc sy biét minh dang lam
gl va can tang tdc. Day la dat cta dji quan rong...

N6i thém sau, nhung gis ¢t dung cai an toan thuc dung.

40.6 Gan Atomic va cac Toan tu

Mot s6 toan ti trén bién atomic la atomic. Va nhiing cai khac thi khong.

Hay bét d4u v8i mot phan vi du:

atomic_int x = 0;

threadl() {
X =Xx + 3; // NOT atomic!

Vico lan doc x 6 bén phai phép gan va lan ghi hiéu qua & bén trai, day 1a hai thao tac. Mot thread khac
c6 thé chen vao gifia va lam ban phit long.

Nhung ban ¢6 thé dung shorthand += dé dudc thao téc atomic:

atomic_int x = 0;

threadl() {
X += 3; // ATOMIC!

Trong trudng hgp d6, x sé dudc ting atomic thém 3, khong thread nao khac c6 thé nhay vao gitia.

Diéc biét, cac toan ti sau la thao tac atomic read-modify-write v6i sequential consistency, nén cti dung
thoai mai trong niém vui. (Trong vi du, a la atomic.)

a++ a-- --a ++a
a+=b a-=>b a *=b a/=b a%=b
a b a“=b a>>=b a<<=b

40.7 Cac ham thu vién tu dong bo

Dén gid ta da ndi cach dong bd véi bién atomic, nhung hoé ra c¢6 vai ham thu vién tu lam dong bo han
ché sau canh ga.

call once() thrd create() thrd join()
mtx lock() mtx_timedlock() mtx_trylock()
malloc() calloc() realloc()

aligned alloc()

call_once() : Dong bo véi tat ca cac 1an goi ti€p theo t6i call_once() cho mot flag cu thé. Cich nay
céc lan goi ti€p theo co6 thé yén tdm rdng néu thread khac set flag, chung sé thay.

thrd_create() : Dong bd v6i phan dau cta thread méi. Thread méi c6 thé chic chin no sé thay tit ca
cac lan ghi bo nhd chia sé ti thread cha trudce khi goi thrd_create() .
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thrd_join() : Khi mot thread chét, né6 dong bd v6i ham nay. Thread d3 goi thrd join() co thé yén
tAm riing n6 c6 thé thiy tat ca cic lan ghi chia sé cta thread da chét.

mtx_Llock() : Cac lan goi trudc t6i mtx_unlock() trén cung mutex dong b vdéi lan goi nay. Day la
trudng hgp phan chiéu nhiéu nhét tién trinh acquire/release ta dd n6i. mtx_unlock() thuc hién release
trén bién mutex, bdo dam bat ky thread sau nao acquire v8i mtx_lock() co thé thiy tit ca thay ddi bo
nhg chia sé trong critical section.

mtx_timedlock() va mtx_trylock() : Tudng tu tinh hudng véi mtx_lock() , néu lan goi nay thanh
cdng, cac lan goi trude t6i mtx_unlock() dong bo véi cai nay.

Céc ham bo nhé dong: néu ban cip phat bd nhd, ndé dong bo véi lan gidi phong trude doé cua cung bod
nhg. Va céc lan cdp phat va giai phong viing bd nhé d6 xay ra theo mot thi tu tong thé duy nhit ma
tat ca thread c6 thé dong y. Tdi nghi v tudng & day 14 1an giai phong c6 thé xoa sach viing néu n6 chon,
va ta mudn chic rang lan cp phat sau khong thiy dii liéu khong bi xo4. Ai d6 bao toi biét néu con gi
khac.

40.8 Bo chi dinh kiéu Atomic, Qualifier

Ha mét chit xem ta c6 cac kiéu nao sin, va lam sao tao kiéu atomic méi.

DAu tién, xem cic kiéu atomic c6 sin va chiing dudc typedef tdicai gi. (Spoiler: _Atomic 1a mét type

qualifier!)

Kiéu Atomic Dang dai tudng duong
atomic_bool _Atomic Bool

atomic char _Atomic char
atomic_schar _Atomic signed char
atomic_uchar _Atomic unsigned char
atomic short _Atomic short

atomic ushort _Atomic unsigned short
atomic_int _Atomic int

atomic uint _Atomic unsigned int
atomic long _Atomic long
atomic_ulong _Atomic unsigned long
atomic_ 1long _Atomic long long
atomic_ullong _Atomic unsigned long long
atomic charl6 t _Atomic charl6 t
atomic_char32_t _Atomic char32_t
atomic_wchar_t _Atomic wchar_t

atomic _int least8 t _Atomic int least8 t
atomic uint least8 t _Atomic uint least8 t
atomic_int leastl6 t _Atomic int leastl6 t
atomic uint leastl6 t _Atomic uint leastl6 t
atomic_int least32 t _Atomic int least32 t
atomic uint least32 t _Atomic uint least32 t
atomic_int least64 t _Atomic int least64 t
atomic uint least64 t _Atomic uint least64 t
atomic_int fast8 t _Atomic int fast8 t
atomic_uint fast8 t _Atomic uint_fast8 t
atomic_int fastl6 t _Atomic int fastl6 t
atomic uint fastl6 t _Atomic uint fastl6 t
atomic_int fast32 t _Atomic int fast32 t

atomic_uint fast32 t _Atomic uint fast32 t
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Kiéu Atomic Dang dai tudng dudng
atomic _int fast64 t _Atomic int fast64 t
atomic_uint_fast64 t _Atomic uint fast64 t
atomic_intptr t _Atomic intptr t
atomic uintptr t _Atomic uintptr t
atomic_size t _Atomic size_ t
atomic ptrdiff t _Atomic ptrdiff t
atomic_intmax t _Atomic intmax t
atomic_uintmax_t _Atomic uintmax_t

Dung ching thoai mai! Ching nhat quan véi cac alias atomic trong C++, néu diéu d6 c6 ich.
Nhung néu ban muén nhiéu hon?
Ban c6 thé lam véi type qualifier ho#c type specifier.

DAu tién, specifier! D6 1a tii khoa Atomic véi kiéu trong ngoic sau®, phtt hop dung véi typedef :

typedef _Atomic(double) atomic double;

atomic double f;

Han ché véi specifier: ki€u ban dang lam atomic khong thé la kiéu mang hay ham, ciing khong thé 1a
atomic hay da qualified kiéu khéc.

Tiép, qualifier! D6 14 tii khod _Atomic khong c6 kiéu trong ngodc sau.

Nén hai cai nay lam viéc tucng tu®:

_Atomic(int) i; // type specifier
_Atomic int j; // type qualifier

Diém khéc la ban c6 thé include type qualifier khac véi céi sau:

_Atomic volatile int k; // qualified atomic variable

Han ché véi qualifier: kiéu ban dang lam atomic khong thé 1a kiéu mang hay ham.

40.9 Bién Atomic Lock-Free
Kién tric phén cing bi han ché vé lugng dii liéu c6 thé atomic doc va ghi. Tuy vao cach n6 dudc két
ndi. Va khéc nhau.

Néu ban dung kiéu atomic, ban c6 thé yén tAm rang truy cip ki€u d6 sé atomic... nhung c6 mot diéu:
néu phan cling khong lam dudc, né duge lam béng lock thay.

Nén truy cip atomic tré thanh lock-access-unlock, chim hon kha va c6 mét s6 ngu y véi signal handler.

Atomic flags bén dudi la ki€u atomic duy nhat dugc dam bao lock-free trong tat ca implementation tuin
chuén. Trong thé gidi desktop/laptop mdy tinh thong thudng, cac kiéu 16n khac c6 thé ciing lock-free.

May thay, ta c6 vai cach dé€ xac dinh liéu ki€u cu thé c6 phai atomic lock-free hay khong.

Trudc hét, vai macro, ban c6 thé dung & compile time v6i #if . Ching ap dung cho ca kiéu signed 1an
unsigned.

SC6 vé C++23 thém cai nay nhu mot macro.
Spec luu y ching c6 thé khac vé kich thudc, biéu dién, va can chinh.
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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_llong ATOMIC_LLONG LOCK_FREE

atomic_intptr t  ATOMIC POINTER LOCK FREE

Céc macro nay th vi c6 thé c6 ba gia tri khac nhau:

Giatri Y nghia

0 Khéng bao gid lock-free.
1 Dobi khilock-free.
2 Ludn lock-free.

Khoan, céi gi d6 doi khi lock-free dugc 1a sao? Nghia la dap an khong biét tai compile-time, nhung c6
thé biét sau tai runtime. C6 thé dap an khac tuy ban dang chay code trén Genuine Intel hay AMD hay
gi do’.

Nhung ban lu6n cé thé test tai runtime v6i ham atomic_is_lock_free() . Ham nay tra vé true hay
false néu kiéu cu thé la atomic ngay bay gid.

Tai sao ta quan tam?

Lock-free nhanh hdn, nén c6 thé c6 van dé t6c dd ban mudn code tranh theo cach khac. Hodc c6 thé
ban can dung bién atomic trong signal handler.

40.9.1 Signal Handlers va Atomic Lock-Free

Néu ban doc hay ghi bién chia sé (thoi lugng luu trii static hay _Thread Local ) trong signal handler,
dé 1a hanh vi khong xac dinh [gasp!]... Tri khi ban lam moét trong cac diéu sau:

1. Ghi vao bién ki€u volatile sig atomic t.
2. Doc hay ghi bién atomic lock-free.
Theo ti thay, bién atomic lock-free 1a mot trong s6 it cach portable 14y thong tin ra khoi signal handler.

Spec hoi ma ho, theo cach t6i doc, vé memory order khi acquire hay release bién atomic trong signal
handler. C++ néi, va hdp 1y, raing cac truy cap d6 12 khong tuin tu so v6i phan con lai ctia chuong trinh®.
Signal c6 thé dugc raise bat ¢l luc nao. Nén t6i gia dinh hanh vi cua C tudng tu.

40.10 Atomic Flags

Chi c6 mot ki€u ma chuin dam bao sé 14 lock-free atomic: atomic_flag . Day 1a ki€u md (opaque) cho
cac thao tac test-and-set’.

N6 c6 thé 1a set hodc clear. Ban c6 thé khéi tao n6 thanh clear véi:

7T6i chi ldy vi du d6 tit khong khi. Co thé khong quan trong trén Intel/ AMD, nhung c6 thé quan trong & dau d6 diy!
8C++ noi thém néu signal 1a két qua ctia lan goi raise() , né tudn tu sau raise() .
“https://en.wikipedia.org/wiki/Test-and-set
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atomic flag f = ATOMIC FLAG INIT;

Ban c6 thé set flag atomic v8i atomic_flag test and_set() , sé set flag va tra vé trang thai trudc ctia

n6 dudi dang Bool (true cho set).

Ban c6 thé clear flag atomic v6i atomic_flag_clear() .

Day la vi du ta init flag thanh clear, set hai lan, r6i clear lai.

#include <stdio.h>
#include <stdbool.h> // Not needed in (C23
#include <stdatomic.h>

atomic flag f = ATOMIC FLAG INIT;

int main(void)

{
bool r = atomic flag test and set(&f);
printf("Value was: %d\n", r); // 0
r = atomic_flag_ test and set(&f);
printf("Value was: %d\n", r); /71
atomic flag clear(&f);
r = atomic_ flag test and set(&f);
printf("Value was: %d\n", r); // 0
}

40.11 struct va union Atomic

Dung qualifier hay specifier _Atomic , ban c6 thé tao struct hay union atomic! Kha dang kinh ngac.

Néu khong c6 nhiéu dit liéu bén trong (tiic 1a vai byte), kiéu atomic tao ra c6 thé lock-free. Test bing
atomic_is lock free() .

#include <stdio.h>
#include <stdatomic.h>
int main(void)
{

struct point {

float x, y;

};

_Atomic(struct point) p;

printf("Is lock free: %d\n", atomic_is lock free(&p));
}

Day la cai bat: ban khong thé truy cap field ctia struct hay union atomic... nén cé y nghia gi? A,
ban c6 thé atomic copy toan bd struct vao bién khong-atomic roi dung. Ban ciing c6 thé atomic copy
ngudc lai.

#include <stdio.h>
#include <stdatomic.h>
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int main(void)
{
struct point {
float x, y;
};
_Atomic(struct point) p;
struct point t;
p = (struct point){l, 2}; // Atomic copy
//printf("%sf\n", p.x); // Error
t = p; // Atomic copy
printf("sf\n", t.x); // OK!
}

Ban cling c6 thé khai bdo struct ma céc field riéng 1 la atomic. La implementation-defined xem kiéu
atomic c6 dudc phép trén bitfield hay khong.

40.12 Con tré Atomic
Chi ghi cht 6 day vé vitri _Atomic khi ndi téi con tro.

DAu tién, con tro t6i atomic (tc la gia tri con tré khong atomic, nhung thii né tro téi thi atomic):

_Atomic int x;
_Atomic int *p; // p is a pointer to an atomic int

p=&x; // OK!

Th hai, con tré atomic téi gia tri khong-atomic (tdc la gia tri con tré tu than atomic, nhung tha né tréo
téi thi khong):

-

int x;
int * _Atomic p; // p is an atomic pointer to an int

p=&x; // OK!

Cudi cung, con tro atomic téi gia tri atomic (tdc la con troé va thi né tro téi déu atomic):

_Atomic int x;
_Atomic int * _Atomic p; // p is an atomic pointer to an atomic int

p=&x; // OK!

40.13 Memory Order

Ta da ndi vé sequential consistency, cai hgp 1y trong nhém. Nhung con mot sé cai khac:

memory order Mo ta

memory order seq cst  Sequential Consistency
memory order_acq_rel  Acquire/Release
memory order release  Release
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memory _order Mo ta

memory_order_acquire  Acquire
memory order consume  Consume

memory order relaxed Relaxed

Ban c6 thé chi dinh cac cai khac v6i mot s6 ham thu vién. Vi dy, ban ¢6 thé cong gia tri vao bién atomic
nhu vay:

atomic int x = 0;

X += 5; // Sequential consistency, the default

Hay ban c6 thé lam tudng tu v8i ham thu vién nay:

atomic int x = 0;

atomic_fetch_add(&x, 5); // Sequential consistency, the default

Hay ban c6 thé lam tudng tu v8i memory ordering tudng minh:

atomic _int x = 0;

atomic fetch add explicit(&x, 5, memory order seq cst);

Nhung néu ta khéng muén sequential consistency? Va mudn acquire/release thay vao do vily do gi d6?
Ci goi tén né:

atomic_int x = 0;

atomic fetch add explicit(&x, 5, memory order acq_rel);

Ta sé chia nho cadc memory order khac bén dudi. Ding nghich bat ky cai gi khic ngoai sequential
consistency trii khi ban biét dang 1am gi. R4t d& mac 18i giy ra céc failure hiém, kho tai hién.
40.13.1 Sequential Consistency

« Thao tac Load acquire (xem bén dudi).
« Thao tac Store release (xem bén dudi).
« Thao tac Read-modify-write acquire roi release.

Ciing vay, dé duy tri téng thii tu clia acquire va release, khong c6 acquire hay release nao bi sip xép
lai so v8i nhau. (Quy tic acquire/release khong cidm sip x€p lai mot release theo sau la acquire. Nhung
quy tic sequentially consistent thi cAm.)

40.13.2 Acquire

Day la chuyén xay ra trén thao tac load/read mot bién atomic.

« Néu thread khac da release bién atomic nay, tit ca cac lan ghi thread dé 1am gid thiy dudc trong
thread nay.

« Céc truy cip bd nhd trong thread nay xay ra sau lan load nay khong thé bi sép xép lai trude no.

40.13.3 Release

Day la chuyén xay ra trén store/write mot bién atomic.
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« Néu thread khac sau nay acquire bién atomic nay, tit ca cac lan ghi b6 nhd trong thread nay trudc
lan ghi atomic ctia nd trd nén thay dugc véi thread khac do.

« Céc truy cap b nhd trong thread nay xay ra trude release khong thé bi sap xép lai sau no.

40.13.4 Consume

Céi nay hdi la, tuong tu phién ban it nghiém khac hon cua acquire. N6 anh hudéng cac truy cap bd nhé
phu thudc dii liéu vao bién atomic.

“Phu thudc dii liéu” md ho nghia 13 bién atomic duge dung trong mét phép tinh.

Ttc 1a néu mot thread consume bién atomic thi tat ca cac thao tac trong thread do tiép tuc dung bién
atomic d6 sé c6 thé thiy cac lan ghi bo nhé trong thread dang release.

So v6i acquire ndi cac 1an ghi bo nhé trong thread dang release sé thay dudc v6i tdt cd cac thao tac trong
thread hién tai, khéng chi nhiing cai phu thuoc dii liéu.

Ciing gidng acquire, c6 han ché vé thao tac nao c6 thé bi sdp x€p lai trudc consume. Vi acquire, ban
khoéng thé sip xép lai bat cl gi trudc nd. V8i consume, ban khong thé sip xép lai bat ci gi phu thudc
gia tri atomic da load trudc no.

40.13.5 Acquire/Release
Cai nay chi 4p dung cho thao tac read-modify-write. La mot acquire va release gom vao mot.

« Acquire xay ra cho lan read.
« Release xay ra cho lan write.

40.13.6 Relaxed

Khoéng c6 quy tic; 1a hdn loan! Ai ciing c6 thé sip xép lai moi thd moi noi! Cho véi méo séng chung,
loan 16n!

Thuc ra c6 mot quy tic. Lan doc va ghi atomic vén 14 all-or-nothing. Nhung cic thao tac c6 thé bi sép
x€p lai tuy hiing va khéng c6 synchronization gitia cac thread.

C6 vai use case cho memory order nay, ban c6 thé tim v6i mot it tim kiém, vi du c4c counter don gian.

Va ban c6 thé dung fence dé ép synchronization sau mot loat 1an ghi relaxed.

40.14 Fences

Ban biét cach release va acquire bién atomic xay ra khi ban doc va ghi chung dung khong?
Thi ra cling c6 thé 1am release hay acquire ma khong c6 bién atomic.

C4i nay goi 1a fence. Nén néu ban mudn tit ca céc lan ghi trong mét thread thiy dudce & ndi khéc, ban
c6 thé dit release fence trong mot thread va acquire fence trong thread khéac, gidng cach bién atomic
hoat dong.

Vi thao tac consume khdng thuc su c6 nghia trén fence!®, memory order consume dudc xU ly nhu
acquire.

Ban c6 thé dit fence v6i bat ky order nao dugc chi dinh:

atomic thread fence(memory order release);

Con c6 phién ban fence nhe dé dung v6i signal handler, goila atomic signal fence() .

N6 hoat dong y nhu atomic_thread_fence() , tru:

Vi consume 14 vé cac thao tac phu thudc gia tri bién atomic da acquire, va khong c6 bién atomic véi fence.
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« No chi lién quan kha nidng thay gia tri trong cung thread; khéng cé synchronization véi thread
khac.

« Khong phét ra 1énh fence phén ciing.
Néu ban mudn chic ring side effect cta thao tac khong-atomic (va thao tac atomic relaxed) thiy dudc
trong signal handler, ban c6 thé dung fence nay.
Y tudng la signal handler dang thuc thi trong thread nay, khong phai thread khac, nén day 1a cach nhe
hon dé dam bao thay d6i bén ngoai signal handler thiy dudc bén trong né (tiic 14 chung khong bi sép
x€p lai).

40.15 Tham khao

Néu ban mudn hoc thém vé may thi nay, day 1a mot s6 thit da giap téi cay qua no:
« Herb Sutter’s atomic<> Weapons talk:

. Part 1!
« part 212

« Jeff Preshing’s materials'®, d4c biét:

« An Introduction to Lock-Free Programming'*

« Acquire and Release Semantics’®

« The Happens-Before Relation'®

« The Synchronizes-With Relation!’

+ The Purpose of memory order consume in C++1

« You Can Do Any Kind of Atomic Read-Modify-Write Operation

118

« CPPReference:

« Memory Order®
« Atomic Types®!

« Bruce Dawson’s Lockless Programming Considerations®

« Nhiing ngudi nhiét tinh va am hiéu trén r/C_Programming?

Uhttps://www.youtube.com/watch?v=A8eCGOqgvH4
2https://www.youtube.com/watch?v=KeLBd2EJLOU

Bhttps://preshing.com/archives/
https://preshing.com/20120612/an-introduction-to-lock-free-programming/
Dhttps://preshing.com/20120913/acquire-and-release-semantics/
®https://preshing.com/20130702/the-happens-before-relation/
Thttps://preshing.com/20130823/the-synchronizes-with-relation/
Bhttps://preshing.com/20140709/the-purpose-of-memory_order_consume-in-cpp11/
https://preshing.com/20150402/you-can-do-any-kind-of-atomic-read-modify-write-operation/
Dhttps://en.cppreference.com/w/c/atomic/memory_order
Zhttps://en.cppreference.com/w/c/language/atomic
Zhttps://docs.microsoft.com/en-us/windows/win32/dxtecharts/lockless-programming
Bhttps://www.reddit.com/r/C_Programming/
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Chapter 41

Function Specifier, Alignment
Specifier/Operator

Theo kinh nghiém cta tdi, may thi nay khong duge ding nhiéu 1dm, nhung ct trinh bay cho du.

41.1 Function Specifier

Khi ban khai bdo mdt ham, ban c6 thé cho compiler vai ggi y vé cach ham d6 c6 thé hay sé dugc dung.
Diéu nay cho phép hodc khuyén khich compiler thuc hién mét s6 t6i uu hoa.

41.1.1 inline dé tang tdc, co 1é

Ban c6 thé khai bao ham la inline nhu vay:

static inline int add(int x, int y) {
return x + y;

}

Y nghia la khuyén khich compiler 1am 15i goi ham nay nhanh nhét c6 thé. Va trong lich sii, mdt cach
dé lam diéu do6 14 inlining, tic la than ham sé dugc nhing nguyén ven tai ndi goi. Cai nay tranh tat ca
overhead set up 13i goi ham va thao d& nd, d6i lai kich thudc code 16n hon vi ham duge copy khap noi
thay vi tai st dung.

Nhiing diéu nhanh-gon cin nhé:
1. Ban c6 1& khong can dung inline dé ting tdc. Compiler hién dai biét cai gi t6t nhat.

2. Néu ban dung né dé€ tang tdc, dung v6i pham vi file, tc 1a static inline . Cai nay tranh quy
tic 16n xdn cua external linkage va ham inline.

buing doc phan nay niia.
Ké thém bi triing phat ha?

Thti bé static dinao.

#include <stdio.h>

inline int add(int x, int y)
{

return x + y;

}

int main(void)

300
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printf("sd\n", add(1l, 2));

gcc béo 16i linker trén add() !. Spec yéu ciu néu ban c6 mot ham inline khéng- extern thi ban ciing
phai cung cap mot phién ban cé external linkage.

Nén ban sé phai c6 phién ban extern § dau d6 khac dé cai nay chay. Néu compiler ¢6 ca ham inline
trong file hién tai va phién ban external cua cung ham & ndi khéac, n6é dudc chon goi cai nao. Nén t6i
khuyén manh la ching giéng nhau.

Mot cach khac ban c¢6 thé 1am la khai bdo ham la extern inline . Céi nay sé& thi inline trong cung file
(dé tang toc), nhung cling tao phién ban c6 external linkage.

41.1.2 noreturn va _Noreturn

Cai nay béo cho compiler ring mét ham cu thé s& khong bao gid return vé chd goi, tiic 1a chucng trinh
sé thoat bing cd ché nao d6 trude khi ham return.

N6 cho phép compiler c6 thé thuc hién mot s t6i uu quanh 18i goi ham.

N6 ciing cho phép ban bao cho cac dev khéc rang c6 logic chuong trinh phu thudc vao mot ham khong
return.

C6 1é ban sé khong bao gid can dung cai nay, nhung ban sé thiy né trén mot s6 16i goi thu vién nhu
exit() *va abort() °.

Ti khoé c6 sdn 13 _Noreturn , nhung néu né khong 1dm héng code sdn c6 ctia ban, moi ngudi déu
khuyén include <stdnoreturn.h> va dung noreturn dé doc hon.

La hanh vi khéng xac dinh néu mét ham dudc chi dinh la noreturn thuc su return. Cai d6 khéng trung
thuc vé mit tinh toan, thiy do.

Day la vi du dung noreturn dung:

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

noreturn void foo(void) // This function should never return!

{
printf("Happy days\n");
exit(1); // And it doesn't return--it exits here!
}
int main(void)
{
fool();
}

Néu compiler phat hién mdt hAm noreturn c6 thé return, né c6 thé canh béo ban, hiiu ich.

Thay thé hAm foo() bang cai nay:

noreturn void foo(void)

{

Trli khi ban compile c6 bat optimization (c6 1&)! Nhung t6i nghi khi né lam viy, né khéng tuan spec.
Zhttps://beej.us/guide/bgclr/html/split/stdlib.html#man-exit
3https://beej.us/guide/bgclr/html/split/stdlib.html#man-abort
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printf("Breakin' the law\n");

cho t6i mdt canh bao:

foo.c:7:1: warning: function declared 'noreturn' should not return

41.2 Alignment Specifier va Operator

Alignment* 13 vé cac boi s6 clia dia chi ma céc ddi tugng c6 thé duge luu. Ban ¢ thé luu cai nay & dia
chi bat ky? Hay phai la dia chi bat dau chia hét cho 2? Hay 8? Hay 16?

Néu ban dang code thii gi d6 thap cidp nhu bd cip phat bd nhé giao tiép véi OS, ban 6 thé cin nghi dén
diéu nay. Phén 16n dev di hét su nghiép ma khéng dung chiic nang nay trong C.

41.2.1 alignas va _Alignas

Cai nay khong phai ham. Day 1a mot alignment specifier ban c6 thé dung v6i mot khai bao bién.
Specifier c6 sdn 13 _Alignas , nhung header <stdalign.h> dinh nghia né1a alignas cho dep hon.

Néu ban can char ctia minh dugc cin chinh nhu int , ban c6 thé ép nhu vay khi khai béo:

char alignas(int) c; ’

Ban ciing c6 thé truyén gi4 tri hing hay biéu thiic vao lam alignment. Céi nay phai 14 thit dugc hé thong
hd trg, nhung spec ngiing trudc chuyén quy dinh ban c6 thé dua gia tri ndo vao. Cac luy thiia nhé cta
2(1, 2, 4, 8, va 16) nhin chung la dit cudc an toan.

Lchar alignas(8) c; // align on 8-byte boundaries ’

Néu ban muén cin chinh § alignment 16n nhat hé thong ban dung, include <stddef.h> va dung kiéu
max_align_ t , nhu sau:

char alignas(max align t) c; ’

Ban c6 thé over-align bing cach chi dinh alignment 16n hon ctia max_align_t , nhung chuyén d6 c6
dudc phép hay khong phu thudc hé théng.

41.2.2 alignof va _Alignof

Toén tit ndy sé tra vé bdi s6 dia chi ma mot ki€u cu thé dung cho alignment trén hé théng nay. Vi du,
c6 thé char dudc cin chinh mdi 1 dia chi, va int dudc cin chinh mdi 4 dia chi.

Toan tli c6 s&n 1a _Alignof , nhung header <stdalign.h> dinh nghia né1a alignof néu ban muén
tréng chat hon.

Day la chudng trinh sé in ra alignment ctia nhiéu kiéu khac nhau. Lai niia, chung s& thay d6i tui hé thong
nay sang hé thdng khac. Chu y kiéu max_align_t sé cho ban alignment 16n nhat hé théng dung.

#include <stdalign.h>
#include <stdio.h> // for printf()
#include <stddef.h> // for max align t

struct t {

4https://en.wikipedia.org/wiki/Data_structure_alignment


https://en.wikipedia.org/wiki/Data_structure_alignment

Chapter 41. Function Specifier, Alignment Specifier/Operator 303

int a;
char b;
float c;

};

int main(void)

{
printf("char : %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 : %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:

char 1
short 2
int H
long : 8
long long 8
double 8
long double: 16
struct t 1 16
max_align t: 16

41.3 Ham memalignment()

MGdi trong C23!

(Luu y: khong compiler ndo ctia t6i hd trg ham nay chua, nén code chi1 yéu chua dudc test.)

alignof hay néu ban biét kiéu dit liéu. Nhung néu ban ngu dét dang thuong vé ki€u, va chi c6 con tré
t6i dit liéu?

Sao diéu d6 xay ra duge?
A, v6i ngudi ban t6t void* cia ta, tit nhién. Ta khong thé truyén cai d6 cho alignof , nhung néu ta
can biét alignment cta thi nd tro t6i?
Ta ¢6 thé mudn biét diéu nay néu ta sip dung bd nhé cho thi gi d6 ¢6 nhu ciu alignment dang ké. Vi
dy, kiéu atomic va floating thudng hanh xit xdu néu khong cin chinh ding.
V6i ham nay ta c6 thé kiém tra alignment clia mot s6 dii liéu mién 14 cé con tré t6i dii liu d6, ngay ca
khila void* .

Hay lam mot test nhanh xem mot void pointer c6 dudc cin chinh t6t dé dung nhu kiéu atomic hay
khong, va néu c6, 1y mot bién dung nhu kiéu do:

void foo(void *p)
{
if (memalignment(p) >= alignof(atomic int)) {
atomic int *i = p;
do things(i);
} else
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puts("This pointer is no good as an atomic int\n");

Tbi ngd ban sé hiém khi (dén muc khong bao gid, c6 1€) can dung ham nay trit khi ban dang lam thu gi
do thap cép.

Va xong! Alignment!
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! boolean NOT, 16 #pragma directive, 145-146
I= inequality operator, 16 nonstandard pragmas, 145
' single quote, 88 #undef directive, 132
* for VLA function prototypes, 221 #warning directive, 140
* indirection operator, 32-33 % modulus operator, 13
* multiplication operator, 13 %= assignment operator, 13
*= assignment operator, 13 & address-of operator, 30-31
+ addition operator, 13 & bitwise AND, 183
++ increment operator, 14-15 &= assignment, 183
+= assignment operator, 13 && boolean AND, 16
, comma operator, 15 ~ bitwise XOR, 183
- subtraction operator, 13 ~= assignment, 183
- - decrement operator, 14-15 _Alignas alignment specifier, 302
-= assignment operator, 13 _Alignof operator, 302-303
-> arrow operator, 52-53 _Atomic type qualifier, 292-293

. variadic arguments, 185-186 _Atomic type specifier, 293
/ division operator, 13 _Complex type, 252
/= assignment operator, 13 _Complex_ I macro, 253
< less than operator, 16 _Exit() function, 211-212
<< shift left, 183 _Generic keyword, 236-239
<<= assignment, 184 _Imaginary type, 252
<= less or equal operator, 16 _Imaginary I macro, 253
= assignment operator, 12 _Noreturn function specifier, 301-302
== equality operator, 16 _Pragma operator, 146
> greater than operator, 16 in a macro, 146
>= greater or equal operator, 16 _Thread_local storage class, 113, 274-275
>> shift right, 183 __DATE__ macro, 133
>>= assignment, 184 ~_FILE _ macro, 133
?: ternary operator, 14 __ LINE macro, 133, 146
# null directive, 146-147 _ STDC_ANALYZABLE _ macro, 134
# stringification, 137 __STDC_HOSTED _ macro, 133
## concatenation, 137 ~_STDC_IEC 559 COMPLEX macro, 134, 252-253
#define directive, 6, 128, 134-137 __STDC_IEC 559 macro, 134

versus const, 128 __STDC _ISO 10646  macro, 134, 200
#elif directive, 130-131 __STDC_LIB EXT1 macro, 134
#elifdef directive, 130 __STDC_MB_MIGHT NEQ WC macro, 134
#elifndef directive, 130 __STDC_NO_ATOMICS macro, 134, 285
#else directive, 130 __STDC_NO _COMPLEX__ macro, 134, 252
#embed directive, 140—145 __STDC_NO_THREADS _ macro, 134, 267
#endif directive, 129-130 __STDC_NO VLA  macro, 134, 218
#error directive, 140 __ STDC_UTF_16__ macro, 134, 207
#if 0 directive, 131 __STDC_UTF_32__ macro, 207
#if defined directive, 131-132 __STDC_UTF_32_ macro, 134
#if directive, 130-132 __STDC_VERSION macro, 133-134
#ifdef directive, 129-130 __STDC__ macro, 133
#ifndef directive, 129-130 __TIME__ macro, 133
#include directive, 6, 127 _ func__ identifier, 133
local files, 127 __has_embed() identifier, 143-144

#line directive, 146 _mkgmtime () Windows function, 264
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_putenv () function, 125
| bitwise OR, 183
|= assignment, 183
| | boolean OR, 16
\ backslash escape, 164-167
\' single quote, 164
\123 octal value, 166-167
\? question mark, 165-166
\U Unicode escape, 166-167, 198
\a alert, 165
\b backspace, 165-166
\f formfeed, 165
\n newline, 7, 164
\r carriage return, 165-166
\t tab, 165
\u Unicode escape, 166-167, 197-198
\v vertical tab, 165
\x12 hexadecimal value, 166-167
\\ backslash, 164
bitwise NOT, 183
0 octal, 93-94
0b binary, 94
0x hexadecimal, 93

abort () function, 212
Addition operator, see + addition operator
alignas alignment specifier, 302
aligned alloc() function, 81-82
Alignment, 302-304
alignof operator, 302-303
argc parameter, 119-122
argv parameter, 119-122
Arithmetic Operators, 13, 14
Array initializers, 37-39
Arrays, 36-44
as pointers, 40—41
getting the length, 37
indexing, 36-37
modifying within functions, 42-43
multidimensional, 39-40
multidimensional initializers, 241-243
out of bounds, 39
passing to functions, 41-44
static in parameter lists, 240-241
type qualifiers in parameter lists, 240
zero length, 152
asctime() function, 263
atexit() function, 210
Atomic variables, 285-299
acquire, 289-290, 297
acquire/release, 298
assignments and operators, 291
atomic flags, 294-295
compiling with, 285
consume, 298
fences, 298-299
lock-free, 293-294
memory order, 296—298

pointers, 296

relaxed, 298

release, 289-290, 297-298

sequential consistency, 290-291, 297

struct and union, 295-296

synchronization, 287

synchronized library functions, 291-292

with signal handlers, 294
atomic_bool type, 292
ATOMIC BOOL LOCK FREE macro, 293
atomic_char type, 292
atomic_charl6_t type, 292
ATOMIC_CHAR16 T LOCK FREE macro, 293
atomic_char32_t type, 292
ATOMIC CHAR32 T LOCK FREE macro, 293
ATOMIC CHAR LOCK FREE macro, 293
atomic_fetch add() function, 297
atomic fetch add explicit() function, 297
atomic_flag type, 294-295
atomic_flag clear() function, 295
ATOMIC FLAG INIT macro, 294-295
atomic flag test and set() function, 295
atomic_int type, 286-287, 292
atomic_int_fastl6_t type, 292
atomic_int_fast32_t type, 292
atomic_int_fast64_t type, 292
atomic_int_fast8_t type, 292
atomic_int_leastl6_t type, 292
atomic_int_least32_t type, 292
atomic_int_least64_t type, 292
atomic_int_least8_t type, 292
ATOMIC INT LOCK FREE macro, 293
atomic_intmax_t type, 292
atomic_intptr_t type, 292
atomic_is lock free() function, 294
atomic_llong type, 292
ATOMIC LLONG LOCK FREE macro, 293
atomic_long type, 292
ATOMIC LONG LOCK FREE macro, 293
ATOMIC_POINTER_LOCK_ FREE macro, 293
atomic_ptrdiff_t type, 292
atomic_schar type, 292
atomic_short type, 292
ATOMIC SHORT LOCK_FREE macro, 293
atomic_signal fence() function, 298-299
atomic_size_ t type, 292
atomic_thread fence() function, 298
atomic_uchar type, 292
atomic_uint type, 292
atomic_uint_fastl6_t type, 292
atomic_uint_fast32_t type, 292
atomic_uint_fast64_t type, 292
atomic_uint_fast8_t type, 292
atomic_uint_leastl6_t type, 292
atomic_uint_least32_t type, 292
atomic_uint_least64_t type, 292
atomic_uint_least8_t type, 292
atomic_uintmax_t type, 292
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atomic_uintptr_t type, 292
atomic_ullong type, 292

atomic_ulong type, 292
atomic_ushort type, 292
atomic_wchar_t type, 292
ATOMIC WCHAR T LOCK FREE macro, 293
auto storage class, 110

Automatic variables, 75

Bell, see \a operator

Bitwise operations, 183-184
Boolean AND, see && operator
Boolean NOT, see ! operator
Boolean Operators, 16
Boolean OR, see | | operator
Boolean types, 12-13

break statement, 22-24

C Preprocessor, 6
clértomb() function, 208
c32rtomb () function, 208
C3PO, 25
cabs () function, 256
cacos () function, 255
cacosh () function, 255
call_once() function, 284
calloc() function, 77-78
carg() function, 256
Carriage return, see \r operator
case statement, 22
casin() function, 255
casinh() function, 255
catan() function, 255
catanh() function, 255
ccos () function, 255
ccosh () function, 255
cexp() function, 256
char * type, 11
char type, 11, 16, 87-88
charl6_t type, 207
char32_t type, 207
Character sets, 197
basic, 197-198
execution, 197, 198
source, 197, 198
cimag() function, 254, 256
cimagf () function, 254
cimagl() function, 254
clang compiler, 8
clog() function, 256
CMPLX () macro, 253-254, 256
CMPLXF () macro, 254
CMPLXL () macro, 254
cnd_broadcast () function, 284
cnd_destroy() function, 280-283
cnd_init() function, 280-283
cnd_signal() function, 281-284
cnd_t type, 280283
cnd_timedwait () function, 283-284
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cnd_wait() function, 281-283
Command line arguments, 118-122
Comments, 6
Comparison operators, 16
Compilation, 8
complex double type, 253
complex float type, 253
complex long double type, 253
Complex numbers, 252-256
arithmetic, 254-255
declaring, 253
complex type, 252
complex.h header file, 252
Compound literals, 233-236
passing to functions, 234
pointers to, 235
scope, 235-236
with struct, 234-235
Condition variables, 280-284
broadcasting, 284
spurious wakeup, 281
timeouts, 283-284
Conditional compilation, 128-132
Conditional Operators, 16
conj () function, 256
const type qualifier, 106-108
and pointers, 106—107
correctness, 107-108
cpow() function, 256
cproj () function, 256
creal () function, 254, 256
crealf() function, 254
creall() function, 254
csin() function, 255
csinh() function, 255
csqrt () function, 256
ctan() function, 255
(
(

ctanh() function, 255
ctime() function, 262
CX_LIMITED_RANGE pragma, 145-146

Data serialization, 61
Date and time, 261-266
differences, 266
DBL DECMIAL DIG macro, 93
DBL DIG macro, 91, 93
DECMIAL DIG macro, 93
default label, 22
Dereferencing, 32-33
difftime() function, 266
Division operator, see / division operator
do-while statement, 20-21
in multiline macros, 138-139
double type, 91

Empty parameter lists, 28

Endianess, 61

enum enumerated types, 168-171
numbering order, 168-169
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scope, 169
enum keyword, 24
env parameter, 125-126
environ variable, 125
Environment variables, 124-126
EOF end of file, 55-56
Escape sequences, 164-167
Exit status, 122-123

obtaining from shell, 123
EXIT FAILURE macro, 122-123
EXIT SUCCESS macro, 122-123
Exiting, 209-212

return from main(), 209
extern storage class, 111-112, 117

F float constant, 95-96
Fall through, 23
fclose() function, 55-56
FENV_ACCESS pragma, 145
fgetc() function, 55-56
fgets() function, 56-57
fgetwc () function, 202
fgetws () function, 202
File I/O, 54-61
binary files, 58-60
formatted input, 57-58
line by line, 56-57
text files, reading, 55
text files, writing, 58
with numeric values, 60-61
with structs, 60-61
FILE* type, 54-55
Fixed width integers, 257-260
float type, 11
Floating point constants, 95-96
Flow Control, 17-24
FLT DECMIAL DIG macro, 93
FLT DIG macro, 91-93
fopen() function, 55-56
for statement, 21-22
FP_CONTRACT pragma, 145
fprintf() function, 58
fputc() function, 58
fputs () function, 58
fputwc () function, 202
fputws () function, 202
fread() function, 59-60
free() function, 75-76
fscanf () function, 57-58
Function arguments, 25
Function parameters, 25
Function prototypes, 27-28
Function specifiers, 300-302
Functions, 25-28
fwide () function, 202
fwprintf () function, 202
fwrite() function, 59
fwscanf () function, 202

gcc compiler, 7-9, 117
with threads, 267
Generic selections, 236-239
getenv () function, 124
getwchar() function, 202
gmtime() function, 263
goto statement, 224-232
as labeled break, 227
as labeled continue, 225-226
for bailing out, 226
multilevel cleanup, 227-228

restarting system calls, 229-230

tail call optimzation, 228-229
thread preemption, 230
variable scope, 230-231

with variable-length arrays, 231-232

Greenwich Mean time, 261

Hello, world, 6, 7
Hex floating point constants, 97
Hexadecimal, see 0x hexadecimal

I macro, 253

I/O stream orientation, 202

if statement, 17-18

if-else statement, 18-19
if_empty() embed parameter, 142
imaginary type, 252-253

Implicit declaration, 28
Incomplete types, 248

self-referential structs, 248-249

inline function specifier, 300-301
int type, 11

INT FASTn_MAX macros, 259
INT_FASTn_MIN macros, 259
int_fastN_t types, 257-258

INT LEASTn MAX macros, 259

INT LEASTn MIN macros, 259
int_leastN_t types, 257-258
Integer constants, 94-95

Integer promotions, 183

Integrated Development Environment, 9
International Obfuscated C Code Contest, 1

INTMAX C() macro, 258
INTMAX MAX macro, 259
INTMAX MIN macro, 259
intmax_t type, 258
INTn C() macros, 258
INTn_MAX macros, 259
INTn_MIN macros, 259
intN_t types, 257-258
isalpha() function

with UTF-8, 199
iswalnum() function, 204
iswalpha() function, 204
iswblank() function, 204
iswentrl() function, 204
iswdigit() function, 204
iswgraph() function, 204
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function, 204
function, 204
function, 204
function, 204
function, 204
) function, 204

iswlower (
iswprint(
iswpunct(
iswspace(
iswupper(
iswxdigi

~ — — — — ~—

jmp_buf type, 245

L long constant, 94-95
L long double constant, 95-96
L wide character prefix, 200
Labels, 224-225
Language versions, 9-134
LDBL DECMIAL DIG macro, 93
LDBL_DIG macro, 91, 93
LL long long constant, 94-95
Local time, 261
Locale, 190-194
money, 191-193
locale.h header file, 190
localeconv () function, 191-192
mon_grouping, 192
sep by space, 193
localtime() function, 263
long double type, 91
Long jumps, 244-247
long long type, 88-90
long type, 88-90
longjmp(), 245, 246
longjmp () function, 244-246
lonjmp(), 247

main() function, 7, 26
command line options, 119-120
returning from, 122
malloc() function, 75-76
and arrays, 76-77
error checking, 76
with UTF-8, 199
Manual memory management, 75-82
MB_LEN MAX macro, 199
mbrtocl6() function, 208
mbrtoc32() function, 208
mbstowcs () function, 201-202
with UTF-8, 198
mbtowc () function, 201
memalignment () function, 303-304
memcpy () function, 70-72
Memory address, 29
Memory alignment, 81-82
Memory order, 296-298
acquire, 297
acquire/release, 298
consume, 298
relaxed, 298
release, 298
sequential consistency, 297
memory_order_acq_rel enumerated type, 296
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memory_order_acquire enumerated type, 296
memory order_consume enumerated type, 296
memory order_relaxed enumerated type, 296
memory order_release enumerated type, 296
memory_order_seq_cst enumerated type, 296
mktime () function, 263-264
Modulus operator, see % modulus operator
mtx_destroy() function, 277-279, 281-283
mtx_init() function, 277-279, 281-283
mtx_lock() function, 277-279, 281-283
mtx_plain macro, 279
mtx_ recursive macro, 279
mtx_t type, 278
mtx_timed macro, 279-280
mtx_timedlock() function, 280
mtx_unlock function, 277
mtx_unlock() function, 278-279, 281-283
Multibyte characters, 199-200

parse state, 204-206
Multifile projects, 114-117

extern storage class, 117

function prototypes, 114-116

includes, 114-117

static storage class, 117
Multiplication operator, see * multiplication oper-

ator

Multithreading, 267-284

and the standard library, 268

one-time functions, 284

race conditions, 271, 277-278
Mutexes, 277-280

timeouts, 279-280

types, 279-280

New line, see \n newline
noreturn function specifier, 301-302
NULL pointer, 34

zero equivalence, 177

Object files, 117
Octothorpe, 6

offsetof () macro, 153-154
once_flag type, 284
ONCE_FLAG_INIT macro, 284

Pass by value, 26, 27

Pointer types, 31-32

Pointers, 29-35
arithmetic, 66-74
array equivalence, 68-70
as arguments, 33
as integers, 177
casting, 177-179
declarations, 34-35
subtracting, 68, 179-180
to functions, 180-182
to multibyte values, 175-177
to pointers, 172-174
to pointers, const, 174-175
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with sizeof, 35 SCNiLEASTn macros, 260
pow(), 14 SCNiMAX macros, 260
prefix() embed parameter, 142-143 SCNin macros, 260
Preprocessor, 6, 127-147 SCNoFASTn macros, 260
macros, 128 SCNoLEASTn macros, 260
macros with arguments, 134-137 SCNoMAX macros, 260
macros with variable arguments, 136-137 SCNon macros, 260
multiline macros, 138-139 SCNuFASTn macros, 260
predefined macros, 132-134 SCNuLEASTn macros, 260
PRIAFASTn macros, 259-260 SCNuMAX macros, 260
PRIALEASTn macros, 259-260 SCNun macros, 260
PRIAMAX macro, 259-260 SCNxFASTn macros, 260
PRIdn macros, 259-260 SCNxLEASTn macros, 260
PRIiFASTn macros, 259-260 SCNxMAX macros, 260
PRIiLEASTn macros, 259-260 SCNxn macros, 260
PRIiMAX macro, 259-260 Scope, 83-85
PRIin macros, 259-260 block, 83-84
printf(), 14 file, 84-85
printf() function, 6-7, 12, 259 for loop, 85
with pointers, 30 function, 85
with UTF-8, 199 setenv(), 125
PRIOFASTn macros, 260 setjmp()
PRIOLEASTNn macros, 260 in an expression, 246-247
PRIoMAX macros, 260 setjmp() function, 244-246
PRIon macros, 260 setlocale() function, 190-191, 207
PRIUFASTn macros, 260 LC ALL macro, 193, 194
PRIULEASTn macros, 260 LC_COLLATE macro, 193
PRIUMAX macros, 260 LC_CTYPE macro, 193, 194
PRIun macros, 260 LC_MONETARY macro, 193
PRIXFASTn macros, 260 LC_NUMERIC macro, 193
PRIXFASTn macros, 260 LC TIME macro, 193
PRIXLEASTn macros, 260 short type, 88-90
PRIXLEASTn macros, 260 sig_atomic_t type, 216-217
PRIXMAX macros, 260 SIG DFL macro, 213, 215, 217
PRIXMAX macros, 260 SIG ERR macro, 215
PRIXn macros, 260 SIG IGN macro, 213-214
PRIXn macros, 260 SIG_INT signal, 215
ptrdiff_t type, 179-180 SIGABRT signal, 212, 213
printing, 180 sigaction() function, 213, 216
putenv () function, 125 SIGFPE signal, 213
putwchar () function, 202 SIGILL signal, 213
SIGINT signal, 213-214
gsort() function, 72-74 Signal handlers
quick exit() function, 210-211 with lock-free atomics, 294
Signal handling, 213-217

raise() function, 294

X Signal handling-
realloc() function, 78-79 limitations. 216
with NULL argument, 81 signal() function, 213-215, 217
register storage class, 112-113 signed char type, 87
restrict type qualifier, 108—-109 Significant digits ’91_93
return statement, 25 SIGSEGV signal, 213

SIGTERM signal, 213

size_t type, 17

sizeof operator, 16-17
with arrays, 37
with malloc(), 75-77

static storage class, 110-111, 117
in block scope, 110-111

scanf () function, 259, 260
Scientific notation, 96-97
SCNdFASTn macros, 260
SCNdLEASTn macros, 260
SCNdMAX macros, 260
SCNdn macros, 260
SCNiFASTn macros, 260
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in file scope, 111
stdarg.h header file, 186
stdatomic.h header, 286
stdbool.h header file, 13
stderr standard error, 54
stdin standard input, 54
stdint.h header file, 257
stdio.h, 7
stdio.h header file, 6-7
stdout standard output, 54
Storage-Class Specifiers, 109-113
strchr() function
with UTF-8, 199
strftime() function, 264-265
String, see char *
String literals, 45
String variables, 45
as arrays, 46
Strings, 45-49
copying, 48-49
getting the length, 47
initializers, 46-47
termination, 47-48
strlen() function
with UTF-8, 199
strstr() function
with UTF-8, 199
strtod function, 57
strtok() function
with UTF-8, 199
strtol function, 57
struct keyword, 50-53, 148-163
anonymous, 150
bit fields, 155-158
comparing, 53
compound literals, 234-235
copying, 53
declaring, 50-51
flexible array members, 151-153
initializers, 51, 148-149
padding bytes, 153
passing and returning, 51-52, 163
self-referential, 150-151
struct timespec type, 265
struct tmtype, 262
conversion to time_t, 263-264
Subtraction operator, see - subtraction operator
suffix() embed parameter, 142-143
switch statement, 22-24
swprintf() function, 202
swscanf () function, 202

Tab (is better), see \'t operator
Tail call optimzation
with goto, 228-229
Ternary operator, see ?7: ternary operator
The heap, 75
The stack, 75

thrd _create() function, 268—270
thrd_detach() function, 272-273
thrd_join() function, 268-270
thrd_start_t type, 268-269
thrd_t type, 268
thrd_timedout macro, 283
thrd timedout() macro, 283-284
Thread local data, 273-275
Thread-specific storage, 275-276
thread_local storage class, 274-275
threads.h header file, 275
time() function, 262
time_t type, 262

conversion to struct tm, 263
timegm() Unix function, 264
timespec_get() function, 265, 280, 283-284
tolower () function

with UTF-8, 199
toupper() function

with UTF-8, 199
towlower () function, 204
towupper () function, 204
Trigraphs, 166
tss_create() function, 275-276
tss_delete() function, 275-276
tss_dtor_t type, 275
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U Unicode prefix, 207

u Unicode prefix, 207

U unsigned constant, 94-95
u8 UTF-8 prefix, 206

UINT FASTn_ MAX macros, 259
uint_fastN_t types, 257-258
UINT LEASTn_MAX macros, 259
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va_end() macro, 186—-187
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uninitialized, 11
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void* void pointer, 70-74
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volatile type qualifier, 109
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wcscspn () function, 204
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wcslen() function, 202, 204
wcsncat () function, 203

wesnemp () function, 203
wesnepy () function, 203
wespbrk() function, 204

(
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(

(
wcsrchr() function, 204
wesspn () function, 204
wesstr() function, 204

) function, 203

) function, 203
wcstok() function, 204
wcstol() function, 203
wcstold() function, 203
wcstoll() function, 203
wcstombs () function, 201, 202
wcstoul () function, 203
wcstoull() function, 203
wesxfrm() function, 203
wctomb () function, 201
while statement, 19-20
Wide characters, 200-206
wint_t type, 202
wmemchr () function, 204
wmemcmp () function, 203
wmemcpy () function, 203
wmemmove () function, 203
wmemset () function, 204
wprintf() function, 202
wscanf () function, 202
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