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A 1%
Declarations and Initializations

C AHoje| M 22 (declaration syntax) 1 Xt| 7} stLte| =2 J2l olojatm & £ US|t M2 o}
St 20| oy RECE FMHEN (H ZE FESCH7INot g 22 = A&LIch) U

base type, type qualifier, 12| 11 declarator (declarator= initializerE Z &l o= QUGLICH) 2t declarator= A
identifierE MAGH= Zd 0]2|0]|, identifier7} H{E OIX|, L QIE{QIX|, &0QlX|, (L= O SEISH EfQlO]
X & L FLIC w2t M0 AX| identifier7t 0| AU ZAQIX|E (declaration mimics use) 22 FL
Ct (22 1.212 0] ‘declaration mimics use' ZtH| S X}M|SHA| CHEL|CE)

A 1 2 Basic Type

Z2HES 5 C AOIF SES| MFE AOO|HAME, C H0{2| type system0| ATt +ELZ F
HotE0 Act= Aol =22 gLeh 7|2 Bt =2 27|2F 28 &R0 o] iAol F&S| Hol=of U
x| &Lt

1.1] ofl Etlol M5 2 HQUX| ofEH HHE?
Answer 2 2} (32,767 O|A0|7HL} -32,767 O|51)0| E L5t A, long2 M 7| HIEIL|CL RIX|SH= ZZH0| Of
L SQ5ICtH (2 HHYOo|Lt B2 TEME £ F<), shortE M7| HIZfL|CL 0|2 AT} ot|zt
M intE M= 0| 7tE EELICL RHERR EXN7I SRAIE1 571 2R061X| s ARetH,
FEHEECE W B35 &30 EX 7t ehdlste WS |X| fectH HESH 37|82 717 "o
unsigned @S2 M= AE ZHLICH (SHX|2H =410 M signed @1} unsigned A2 40 A= A2
EX| ed5Lict)

ZXAt EtY = (55| unsigned char) “A2" HFEIOZ Ml o= QUX|0F O MR RS BS &%t
Lt ZE2] 37|8 B7HAE £ JU7| 20l HFEH=EISHK| 4&LICt. (unsigned char EFRQIS M= A

£20| 2 E9% UgH L 2EE M= 2= 1218 F1517| LT

et 37| /W=7] 2|7t float} doubledi| A LSl = UFLICL Hp2| FATF EHQSHD OfH
45t EfQl0] 2Rt dRetH 29| nAlE2 25 HEEX| &Lt

{0 ZHZH2| typeSO| HEtGt 7|8 7HKI=F H2|E[0f
pdELIch C A0 Holstn = A2 o2 d&Lth

z
T
o

al O m
A n
o

— char type2 127 O|AM S XM EMEF 4= QUCH

o
— short int typel} int typeS 32,76777}X| M && 4= UL}

Lsign-extension



%F1. DECLARATIONS AND INITIALIZATIONS 1. BASIC TYPE

— long inte= 2,147,483,6477H K| MEHe 4= QUCH
- metd Chg FES HB8E 4+ Uck

sizeof (char) <= sizeof (short) <= sizeof(int) <= sizeof (long)

o

T2 & char?} M0{E 8 bit7} £|0{0f StCt= Zd1}, short int2} int= MO0{E 16 bit40|0{0} SIC}
A1} long inte= FHO{E 32 bit7} E|0{0f ict= AE SEgtL|CE (22 typel| signed2} unsigned

Ze 37|12 7txictn 2EEE[0] QIELICH) ANSI COlAM £ machine®i| M ZtZt type2| |
2tah B[CHZL2 <limits.h>0f] H2|=|0f Y20, 29F5tH 30t Z&L(Ct:

B & 1r
5
=

Base type  Minimum size  Minimum value Maximum value Maximum value

(bits) (signed) (signed) (unsigned)
char 8 -127 127 255
short 16 -32,767 32,767 65,535
int 16 -32,767 32,767 65,535
long 32 -2,147,483,647 2,147,483,647 4,294,967,295

Lo i—

0| E= BEZF0| Halet= HAZES H0{FL|C 22 implementation0| O|ECt & 2 Zt2 N 26t
C

X| B, portable8t T2 1242 SIS T AICHH 0[213F Z0l| O FaiAl = otELICH
oft{ 3t o RolM HESE 377} Hest HoetH — o A2 9% X HYX|(externally-
imposed stroage layout)7} 23t ZSE £ % UALICH AL 2058 Hsty| HIgIC — XA

St typedefE 2AA|7| HFEL|C}

References [K&R1] § 2.2 p. 34; [K&R2] § 2.2 p. 36, § A4.2 pp. 195-6, § B11 p. 257; [ISO] § 5.2.4.2.1, § 6.1.2.5;
[H&S] § 5.1,5.2 pp. 110-114.

o EZOIME 2t typeo| 278 Y| HOIBHR| YLIR?

Answer CFE high-level 910{0i H|a C 910{7} &HAIS| X £Z 910{0|7|= B}X|Qt, objecte| MEHH F7|=
implementation0| Z™ & ZM|L(C (C HAO{0|M 0f2{Z20] bit2| ZHF+E X|HE = U= FLet X2
S structure QHOf| A bitfield= £ THQIL|C}; B2 2.259} 2262 & T15}7| H}EL|C) CHEE L a
oM = 37|18 MEs| X Fe €27t elgLith 37|18 d&5| X|Hste B2 =20 S|

.|

o

HA EH o™
= :E iT= O X
Ol';:l %‘_l_ﬁ _""'_._j._"rg.'l = A

=
AP E o, o wsLCL

int type2 AFES| 7t AIAAE]2 word sizeE LHEIL = A2 LK 20, LR E2| HE
MEE o JhE MG typeUL|Ch EE 1.19| guidelineE 27| HIgfL|CH 20 A E 12
S 7| B T

C 21017} size® T 25| HOIHX| 947] H20f, K= int16, int322 2 typedef 0|22 HLICk 1
2l A ZFELOl TI2EA int, short, long S2 Al ZHELICE 0] HhHo] 2E 2XIE ol 2ol & % o
2 71 zreu|, waLink

Answer F2t5| sizeE MY E 27t UCtH, 22 LHAULICH DLt TSt 22 AtRE F2|sloF gLt

=
- et 37| Mof7t E7tsE = USLIEL (WE =, R 22| 36-bit machine)
= [¢) H

= =
— int160|L} int328 M= F5H0| "M 0| ME2| 3

g 23d"ste Zol2tH M5 27} 8l
SLICt A LESHH intQ} long type| M| XA 7t 2kZt “H0{ £ 16 bit”, “H0{ & 32 bit" & S£5}

7| =L

10



%F1. DECLARATIONS AND INITIALIZATIONS 2. POINTER DECLARATIONS

— Typedef= byte-order 2M| £ Sl A5l F=X| ZEtL|C}. (0| E E0{ 0421 20| dataE 1l &t(interchange)SH]
2 stAL, EXo=z n™E XM @Al st 0? 5t E2R)

HE0] Z & 10.16, 2055 ZT5IA|7| HiEHL|CH

64-bitE X|SH= ZFEJO|A] 64-bit EIRUS £ %= Q= HiHO| QULIR?

Answer C}7t2 = C E—’.f—( 9X)0|AM{= long long E}2|0| X Ato| = Hg HA|SID Y&L|ct.
J2|1 o] Efe2 o|o| of2f Hutdz{of ofsh X|—°.55|Il_ QU&LICt (03t ZHEUB{= __longlong
Efelo =2 XI'?‘._-I%I-L||:|-_) bF CHEEo| HIAZ{ S short intE 16 H|[EZ, intE 32 H|EZ, long
intE 64 H|EZ X| Aot UA20q, 0|2t CtEA| & 0|R7} gl&LIch
A2 18.15dE Z1GHA| 7| HFZL|CE

H1
(@)}
0 »
Iy
m
2

References [C9X] § 5.2.4.2.1, § 6.1.2.5.

A 2 A Pointer Declarations

ZOIE{of| et A2 4 TRE 7 UK dHE0f UKL 047]0 M= MRdof| 2= AR ChFELIC

CHe MM 2210 HREULID?
char *pl, p2;

p2E M| & of 247} Lt

Answer 22| MOIOIIM HXRE M2 st — 0{2{F0| Ast= &HYUS o FX
M HIL[CE Pointer MAHO|A *&= ‘'base type'2| YR EO0| OtLLICE *x=
declarator2| LEZ2ILIC (AF 1.21 1) MAZ £ A0 2 —'?'—X|-9_|
Cl 2k AT declarator= “x p1” 0|0, xE Z 51T U 7| T2 pointer to char’, §
char& 7}2|7|= pointerZ} EL|CE TI2{L} p22| declaratore= p2 0| 2|0f| CHE A E 71X 10 UX| °J'O
o=, (6{2{ 20| RSt= HE7t oL X|TH) ZHEES| char typeO| EL|CL B M AHUM F TH2| pointerE
Mgt ™, o2 20| afjof gfL|ch:

char *pl, *p2;

Oif

*7} declarator2| A FE0|7| 20|, 2|0 £ AXME S EXE #i= AO0| ZELICE charx2f Z0|
P

M 2 MSE U] 420, ESS JIHE & B

HE20{ 22 1.13% ZT5}HA|7| HiRfL|C}

Pointer&

MRI5ED 1 pointer7} OffH SZts €5t 0 2L MEH 2 SASHA| gf&LITt ofe 2
=of of e 2x7

LS =
F UL

char *p;
*p = malloc(10);

Answer 012{£0| MGt pointer= pO|X| *p7} OFLIL|Ct & F 428 ZH115}17| HEZhL|C}

=

2conforming to externally imposed storage layouts

11



2 1.

DECLARATIONS AND INITIALIZATIONS 3. DECLARATION STYLE

A

3 A Declaration Style

HzLE &8 MAot=E A2 s HOUHE 7|17 517 218t AOo| ot L|CY; it also injects useful

order

into a programming project. When declarations are arranged appropriately within a project, mismatches

and other difficulties can be more easily avoided, and the compiler can more accurately catch any error that do
occur.

[1.7] ®oi(global) ot 4B Mol = Holste 5 FL who| Roiunte?

Answer X SI “global” Bi5== (0{2{ translation unit0®f ) o2 7L MAE 7IE! 5= QX[ HEEA| SIS
Mo E 7tM0F §L|Ct. Global HE0|A Mel= S22 Est, EL5IttH =7(%4t2 X|Yst= Y
Zo| MARIL|Ct. Sh0flA MAHE function bod % MBsts dE MAJUL|Ct of2f= M| of
LT

extern int i;

extern int f£();
(extern keyword= gt MR10{| Al option@!L|Cl & F 1.112 &116}+7| HEEL|CL)
Otz = Aelef of Lt

int i = 0;

int £()

{

return 1;

}
02} ax8 THUOI WL BB BRE BRIt ULty Sois] 0f2i2E BE voel BB U
Z| M| (consistent) 2F=010F B | f MY E2 W2 ZF Ho|E HEHE . mfof| X ESHL, external
Mol sl B (*.n")l S Ll 223 Molo| E28h oML #includeS A EEHA
7|H ELCh Mo E Zest=E .o mtU = 22 ol ntd 2 ZetA|7{oF Autefrt MAat He|ot
LX|St=A| AAlSH FL|ct.
0| T#2/2 i portability7 =2 SHQILICE 0] ANSI C EE2| 70| = £8+5t0{, ANSI 0|F 2
Aot 2t FHOIME & SAEILICH (UNIX Hutde{et dFH = o stLtyt =7|stEIC= =2 of
2ol 02 7He| MAHE 717 SH= “common model” 8 X[ &tL|C} 0| = ANSI =0 2|35l “common
extension” @ 2 HZ E|0{ UKX|TE, ‘pun®' OfLIL|C}. Ot O|AISH A|AHINAM = 28 MAHD Ho|E
TS| oA BIEA] =7[2t2 E2 2 57| = gfLlct)
ot &l mhdof| stLtel MARE LI =5 5H7| 2o o320t 242 MX 27| EElE & & JUSLHCh

DEFINE (int, i);
J2|10 oftd o3 2o dFof w2t o] E0| MeAo|Lt Foot FH =5 & = UKL ol= 2N E R
g 7tsdo| B2 2 FASHA| 5L ot
Auotdei7t Moio] 2LX|SH=A] AASH | fIsiM= BtEAl MY MAE &l ool '€= [o|
etL|Cl. E73], external &4=2| prototypeS .c Lt0f| EX| U E=E 5}7| HIZIL|C} 0|= A 2o|oF AX|
St X| At FX|= 220, ohef Mo|ot UX|SHA| Z=CtH 235|2 AX| = ARt RefLct
ZF 10.61+ 18.82 &115}7| HiZL|C.

3a)k

s go s e T

12



%F1. DECLARATIONS AND INITIALIZATIONS 4. STORAGE CLASS

References [K&R1] § 4.5 pp. 76-7; [K&R2] § 4.4 pp. 80-1; [ISO] § 6.1.2.2, § 6.7, § 6.7.2, § G.5.11; [Rationale] §
3.1.2.2; [H&S] § 4.8 pp. 101-104, § 9.2.3 p. 267; [CT&P] § 4.2 pp. 54-56.

[1.8] ¢ H0{ollA] ZAIBHE data type2 BHEE JHE Z2 0] RoiUnte?

517| "zt Ct.

Kl

Answer 22 245 &t

“semiglobal” B+, 5, © AA TU0| 4SS B 4 QIOLf, CHE A4 THUALE 2 4 o= 12
5t HBH MEo| HMoy HSE OIS % USIIR?

Answer C HO{O|A 021 22 & 4= glsL|ch B E 52 U2 source THAUM| = Ado| 2H3IHLE 7}
SotCtH, otz & SHHX| EHHE MA| 3

— gteto|Ee{e|Lt mi7[X| o] 2= &2 Hao| M F el prefix 0| § S £0|12, AFE X0 7| O] prefix

A 4 A Storage Class

fel= ﬁodP-I = JIX| BE, base typeD} declaratorE 0|0| CIEJUPSLICE CI2 =@ ZZ20| A= storage
classOf| CHEt HE I:|-—$—|—IEI- Storage class= M=l objectL} &H£=9| visibility2} lifetimeS (Z+tZ “scope” 2F
“duration” 0|2t 0 B =27|& &L|C}) CHEL|C
Q 1.11] &% Mof0liAf externo| ojn|aHe 7| RAUQITIR?
Answer O| &t=2| Ho|7t CtE AA ol /S = Ut A2 LBF = thedh AEL Xl ZXH QL[ Ct
metM chE & &9 7_WOHZ ST
extern int f£();
int £();
References [ISO] § 6.1.2.2, § 6.5.1; [Rationale] § 3.1.2.2; [H&S] § 4.3, 4.3.1 pp. 75-6.
Q 1.12| auto 719 == ofc|of 20[LtR?
Answer ™3] M0[|X| f&LICt Ol= 22 E (archaic) ZRI0| #0|= A2 Z HXH0|= 2A0[X| t&LICH EHZE

20.372 &15}17| High|ct.

References [K&R1] § A8.1 p. 193; [ISO] § 6.1.2.4, § 6.5.1; [H&S] § 4.3 p. 75, § 4.3.1 p. 76.
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%F1. DECLARATIONS AND INITIALIZATIONS 5. TYPEDEFS

A 5 A Typedefs

typedef 7t 2 & 2 2 = storage classO|X|2t, O] 7|/ == 0|E0| YHFX, MEL type 0|ES H 2|5}

ojof AAlL|ct.

Q 1.14/ Linked list 2|7} OF=IL|C} Ct2 D} Z4o| SH=0f| HutY
OlM P=R|= KHAIO| CHEE ZQIE{E ZEHE 4 Qs ZHQITLR?

typedef struct {
char *item;
NODEPTR next;
} *NODEPTR;

Answer C AHO{0|A =M= Atalof| ciel ZQIHE Zate &= UFL|C 0] 2 Z20M ZX= NODEPTRO|
typedef O|E0|11, O| O|F& ALESt A|HOI|A 0] 0|F2| Fo7t ELHX| /U= AYL|CE o 2
EE OX|7| fIsiM, M . EANM|0| Ef TI(tag, struct node)E THE 11 “next” EE=E “struct node
" Bt 2 MAUBILICE E= typedef MAAD} M| 2| E B2|AIAE ELCHL O Z ZEJHE

LY S ST

struct node {
char *item;
struct node *next;

s
typedef struct node *NODEPTR;
o] EME i Zst7| #lsh M= M 7tx|2] £t E &RHo| J}FLICH
MEZE Z8lst= of 42| typedefE XM E H2[E M = H|E EXM7t 2 e = U200, 2(2t
o ualoz AT & UBLICH
A=F 212 HIISHA|7] BIEL|

References [K&R1] § 6.5 p. 101; [K&R2] § 6.5 p. 139; [ISO] § 6.5.2, § 6.5.2.3; [H&S] § 5.6.1 pp. 132-3.

2

| 6 A The const qualifier
|

2 11 &oj|Af ChELICH

A 7 A Complex Declarations

u

.I

—

rhu

C odofe] Mol AL SEGHE = JUSLICH dE o] US7E S0 SHS i, =& 0|
A o
°

T2 *(x(*xalN]) ) Ot &2 declarator2 S Stotad= F 0|7t QICHH, 2 F 1.212

Q 1.21| =xi= st2i7|= ZOIE|Z 2|Eiete 840l ChEE TOIE{S 2|Eiats BH40fl CHE ZOIE N 7§ 2 O
207l i Y (array) S OfE A MOABIZ?

14

40| MU M= type qualifieret= 7| U20{, 0]= ANSI CO|M AHE F7+=l A QIL|CH Qualifierof] 25t
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%F1. DECLARATIONS AND INITIALIZATIONS 8. ARRAY SIZES

Note &2

o
ro

2o Zauch

=
T'__ =

How do | declare an array of N pointers to functions returning pointers to functions returning
pointers to characters?

Answer ChS I} 20| M| 7HX| 2 HE = JSLICh

— char *(x(*a[N1) () O;
— typedefE MA] XIHICHE THE0{ 7+ EL[CH:

typedef char *pc; /* pointer to char */

typedef pc fpc(; /* function returning pointer to char */
typedef fpc *pfpc; /* pointer to above */

typedef pfpc fpfpc(); /* function returning... */

typedef fpfpc *pfpfpc; /* pointer to... */

pfpfpc alN]; /* array of... x/

~ cdecl RIS MM AO{E C 20{R, = C Q1015 P02 HBHE £ QBLCH.

cdecl> declare a as array of pointer to function
returning pointer to function returning pointer
to char

char *(x(*al1) () O

cdecl® HEBH MOl0|Lt HAZOl CHEHM S B2 =SS FLIC U2 1818 FTBHAI7| 8t
2Lict
C ol0{2 Moyst= Z2 Mo|2bel o|2{8 SASH MOlof| CHEHLHGO| 97| OfiolL] o] 222 2 ¢

O{ = A|7| HEEfL|C].

2[2] of|0i| A 2Ol B4 T QIE](pointer-to-function) M2 LiZtHIE| EFQI0]| CHE MEE ZES5HA| &
AE LT THoF mhetH| B 7t SE S gfretH MA| MA2 012 27| - SL|CH (B4 1A 2] cdecl2
0| 220z =20| EL|ct)

References [K&R?2] § 5.12 p. 122; [ISO] § 6.5ff (esp. § 6.5.4); [H&S] § 4.5 pp. 85-92, § 5.10.1 pp. 149-50.

Q 1.22] zo efelol sio0 Cist ZOIHE 2|H5tE 8158 MAE = JALIR? HE MEH 0f4l(state ma-

=
chine)2 THS T, 2t BT} HLto] AERE LIERZ| &t CFS, Of BH7t ChS MEHE LEf = B
ZOIE|S 2| S5kl 511 BLICh J2iuf 0|2l B8 MR WS &K R3kD ULICE
Answer B\7 Bt o= QIZLICE BIJHX| WS BTt BN QI (generic) B4 EQIENE 2|EI5HA| Bt T+, O
£ YU5ts EfRIO = HATSHE 2T} & CHE WHOR B4t of TEAS 2|5 511, 1 7
ZR|0fl 0] EFRIS] B0l Chet ZOIEIS MABHE YAIS 2 & UBLICH

i 2 Hobded= o{2{E0| ot =5 Mg B =X0f &2glo| 28 & sV = gfLct o] |
= PN SH =]
= o

of A2=2 9 J%X 1 0|FE AL (16 &2 M AlZtof| e = U= 0|45t =X S0l tHaH
ECiEE

15



%F1. DECLARATIONS AND INITIALIZATIONS 10. NAMESPACE

Q 1.25| x|

References [K&R1] § 4.2 p. 70; [K&R2]

Answer &t=9| M10], 0| &t+E SEY W7HX| LHEILIX| 22™, Hutelad= 0] &7t intE 2Bttt
7P gLIEr Otk LSl X Mdo|Lt Fofot L1, 7 at UXISHA| 82 d9 1e2{gt ofl2
70 L EHLCE &, int7t Ol CHE EFRIE E2|ESt= &= ZE06H7| Tl gh=EA| Meisof gL
=

=
o SR|7} LabE 4 UL

AE 11310 22 1512 &

@ ]
ol

N

o

L

r

il

4.2 p. 72; [ISO] § 6.3.2.2; [H&S] § 4.7 p. 101.

Q 1.25b | main() 2 MoI5H= MEHet 0| 22BHL|CH void main() 22 S E27127

Answer ZZ 11.12a2} 11.152 & 15}7| HIZL|C} (I E void main() 2 E2l MAHQIL|C})

A 10 2 Namespace

0|2 A= A0| 0134-rl HO[X| 22 K| 22t=, At 02 o2 EMUL|ct. =22 gL H2| 0|8
2 A= Aol Mo|Lt AF, 0F7|§9-| O|§2 A= AECH= gaLct — 0131-5-8 E'JS APE“:Ol o4&
TEQ O|EES A0 x| ZECt nolg He = USLCt — M= &2 0[|§0] 0o|0] A0|1] JU=X|
ok Z=AFSHH EL[C}

A 11 A Initialization

HEo| M2, 22 1 Hol Cist =722 Z&e = JUSLIC Bhef =7(gt2 FX| ¢22H, 7|25 ¢l
= 7|3} default initialization)7} =3 E 5= QUSL|C}.

Q 1.30] =7|st=ix| oi2 #io| 2t2 02| o4t £ UBLITWR M B 7|SEX| e F2 02 7t
ZChD SHed, 0| HE d EOIE(LF A% 0,022 siAfsl = BE2It2?

Answer “static’ 242 1Al E7|SHEIK| 42 (MO H50|7L} staticO R MOIEl #2) HSE 09 Zhe
JMEILICL = =2 O80T} "= 0" 02 M F M SZCHe TelLich 0 =
= |

2
SHIE 2 7HELCE (5 " &10). 0RRVIXZ Y F2 0022 6H’i‘.'.%.tl—llif
“automatic’ M E JI2l (staticQE MAUEX| U2 XY Hp) HE= TSR] 22 A2 48
7| 242 JHELICt (0] Z0f 28[7] 2t0] FRIX|= otF = 220, £ 0|77t l&LICh)
malloc()O|Ltrealloc() 22, SHLZ SHE H 22| = 22||7| LS JHEL|CE T2t Z 2240
M HYSIHA =7|3HA17 F0{0F BIL|CE callocO 22 2 M|22|= H|E HR[Z 02 7tX|1
Z|X|2h o] Ao| ZolELt A== EfQlofM 02 2|0|5tctn e = USLHIH (22 7310t 5 & &

).

References [K&R1] § 4.9 pp. 82—-4; [K&R2] § 4.9 pp. 85-86; [ISO] § 6.5.7, § 7.10.3.1, § 7.10.5.3; [H&S] § 4.2.8

pp. 72-3, § 4.6 pp. 92-3, § 4.6.2 pp. 94-5, § 4.6.3 p. 96, § 16.1 p. 386.
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2 1.

DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Q131

Answer

Q 1.31b

Answer

Q 1.32

Answer

References

Q 1.34

0| IEE= Ot ZHof

M L2 Aeld Hutd = X| &L

Lo H

int £Q)
{
char a[] = "hello, world!";

}
ofot= A0 = Autde{7t ANSI o| x| Huple2{d Ao|2td F=FEL|CE ANSI o™ 2| AHutd 2y
= “automatic aggregates” (0| £ =01, staticO| Ofl X[ Hi Y, —?Xxﬂ, union)?| =7|3IE X|&l5t
X| ef&Lct.
(2213 = a7t oA MY X|of et ChAX|BE Of H4E FM(global) = HE(static) 2 2,

o %
£l mOIE|2 HIFOIN HZE % UL, £E stropy() S WA HUAIHTE WHE AL
EL)

&= 11.292 2 105t7| HigfL T}

o =7|3toflM &HRE Ao| FHUIIR?

char *p = malloc(10);

M Hutd2g{= “invalid initializer' 2t= 0f|2 HA|X|E &= &L}

ofoF 22| MAH0| ™A (static)0| HLt Z(non-local) HU AULICEH RT|FH0IM B¢ SEE M=
42 K= (automatic) 40| A{BF 7t &L}

CtE & Meiof| Xto|&Eo| ALER?

—

char a[]
char *p

"string literal";
"string literal";

EAE2 3 F 7| HEHLZ &%' T UGLICE StLbe g 2] =7(2L (fIMM = char all0f 3H
(]

)22 M0|= AQLICE Ol = IﬂH o Zt Ras0 XS0 thEl= =7|24E LEHHLIT) o] &4
7} otL|2tH 2XtE0| 0| 50| gl= X (static) 2l HH 0| M= 0 — L7 of BIE2 17| HME2|

=42 7HET — *&!(eXpreSSIon) M 2 ool = o] HiZ e ’5& 2AE 77| ZAHEM &

— =

O|A| E'I—IEP MM f12l Mot S FEHM A2 AXM EXHE0| e7|ME s ol ME=E7| ol =
°IE{ pE 7IX|1 EXIEE +HEY & USLIEL

(2efE C Ao =2 74—‘?—, pet 22 ZOIHZ EXtHe| LIS HASIH I A S5t= 42E USs
L|Ct. oj2{gt AP E s Zst7| 2lo ofH Aot = EAIE S 27| 7tset M 220 MESH=F 5t

= SME 7HX|1 UBLICH)
ZF 1.31,6.1, 6.2, 6.82 & 116}7| HEgHL|C.

[K&R2] § 5.5 p. 104; [ISO] § 6.1.4, § 6.5.7; [Rationale] § 3.1.4; [H&S] § 2.7.4 pp. 31-2.

st ZOIEE MOIStE 2 L=, =7(8|7 | g 22750 C}
4z statico] ofd WLE on| 3}

17



%F1. DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Answer C}HZ 3} 20| 5t ElL|CH:

extern int func();
int (*fp) () = func;

219} 20| B4+ 0|Z0] A0 M MOl AL, 0] 0]E2 — 0| B2 A% FAS LIELHE — Ol
B{ 2 $12 (decay) EILICH BHY 0| S0| HHEO2 Mo H2 blxEtLITt

UUINO = YWF| B4 Mol 0j2] HO{FA HLICh YLESHE 0] B, AHSO2 9 B M
°1°2 BISOIZX| 97| H2YLIC (HLESHE £7[3H0fA K0l 8% 0|52 &% 50| 07|
T2 LICH.

A E 1.25%} 4.12€ &5+ | HEEL| T}

5implicit external function declaration

18



A 2 %

Structures, Unions, and
Enumerations

Structure, union, enumeration,_ 02 20| 7| Al 2 2 datatypesS & = 7| S =Cl= Z2EH S 7HEIL|CL
X, structureL} union& 032{ £ 0| memberL} f|eIdZ MO15}H0 A data typeg Ho|g 4= 1, enumeration2|
AR A(constant)E MAHSH0] Al data typeE HO|& o= USLICE SAI0f 02|22 MEZL data type0i|
tag name2 & 3 UFLICEH LTk A type2 M FCIH, Moot SA|0| EE= LIS A typeQ| instance(H
)2 Molgt % atich

-

=
ot =, 7|12 |-°|I'_|- Ot &E7HX| 2 user-defined typeOi| = typedefE MM A O|E 2 & T USLICE Of

dr

=
27 S W, 0o{2{E 2 typedef O|FO0] (TS tag 0| 50| EME &) tag 0| Ft= MF LJaAgUtt= A
£ OfMOF slLCt.
O| o AES2 tE 7E | dE2l=0f UFLIth: EE 2,188 2.182 structuredi| CHSH0], ZEF 2.198EF

= uniond]| CH3}0{, & F 2.255E{ 2.2677}X| = bitfieldoi| CHal CtEL|C}.

A 1 A Structure Declaration

Q 2.1| 2 5 Mol xfo|Fo0| RUQAIIR?

struct x1 { ... };
typedef struct { ... } x2;

Answer SR M2 “F =X Ef (tag)' & MASH ALICE ':HWH MAL “typedef’ E MASH ARIL(CE.
Z= Xo|HE e B2 EfQl OIES struct x10|0{, S ZHA=L2| EIQl 0|EE ZIT5| x28t=
Adrct 5 ':HWH 7"Ol g O FasE Etolzt g —’F %Ql—lq — & A8 X}E0[ structO|2}
= 7|/ EE AX| A =0 0| Etlo| =X CIX[ ofIX| & HTt EiéL—l':F

Q 2.2| ctg =0t of Sxb6R| ekenta?
struct x { ... };

x thestruct;

19



% 2. STRUCTURES, UNIONS, AND ENUMERATIONS

1. STRUCTURE DECLARATION

Answer C H0{= C++0]| ofdL|C}. =
auch I8 212

=1 =

57| HF“—I C}.

Q 2.3| 7xAI7t RHAlOH| CHEE ZOIEIE ZatEt 5 QILER?
Answer Q15| ZEHEH &= QIALICE AR 1145 27| HiZL|ct

Q 2.4

C AofollM F¢stE HolH Efls F#8ist= 7t

= P M| Ef 1(tag) O| S0 CHall AtS2 =2

typedef 0| 0| 2FSO{X[X| &4

2HFM R

Answer St 7tX| HHH 2 ALEXIS0| 2M ZQIEE M| Stz AULICH — typedef O|EE 2= AO| TS
L|C}. Of io._|E1t o RN E 7t2|7|= Ao|0d, O] =AM ME AIE2 AFEXt07A LeiE 2
27t AsLCh

Note EZ &3 BI4S0| FILE * Etlo| QIXHE s S MZistol gaLct
Q 2.6 =M S ct2at 2ol Yolste REES graLc
struct name {
int namelen;
char namestr[1];
};
2|10 I FEAHM = namestrdf| B7H2 & & (allocation)st 1, Hi Y namestrO| 02 RAE I8l A
ME M= A2 BEL|C oA QiE s 2R elvte?

Answer 0|21 & 217|9/= B|3A Ll =9 SFL}0|X| 2t Dennis RitchieM| = 0| HHHE “unwarranted chumminess with
the C |mp|ementat|on Ozl EEL|C} o] e ZAIXO| C E&0f MES| HetstXk|= &4X|ot o
Eot= el 2E Aute{ollM SAHEL|CE (HHEL HAE HA 3H¥E ool d10E &
=g+ UsLich)
£ K| WO RE JHHHOl A8 UHR A| FE thAl ofF 3 &= HYLIck 29| ofjof A
SSRHH:

char namestr[MAXSIZE];
Of Il MAXSIZE= Of| & =l= MEE ZAIE 2t ﬂ7ﬂ EgLCh 24 o] HHE E&F0 M5 28
St= YR E ot L|Ct AlCt7t o] 2 =ME £ o= 0 F2E 7|20{0} &LICt fLsHH O]
21 74_?_0“ Hutde{Eot T2 0207t O 57|01I CHal = & &0 U7 EEHT01| (53], 0l &=
pointer2 0+ A S & = QUIELIC}) Autde 7t deiF= FE(ZIL off2)7tF 2o A E"—IEL
[COX]OI M “flexible array member’2H= 7HE S 2705+ U1, O|= HiEo| =X 2| OFX|2t M
EMN 2 ol = Hige| 37| X H 2 dete = JUEF off FLlct

References [Rationale] § 3.5.4.2; [C9X] § 6.5.2.1.
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% 2. STRUCTURES, UNIONS, AND ENUMERATIONS 2. STRUCTURE OPERATIONS
A 2 A Structure Operations
Q 2.7| 7x=77t ei5of Y= D Bt OIXIE MPYE 5 UYCkD SAXI B [K&R1J0IA S K| gctD 5t
=ze.
Answer [KRIIOIA| R1EH P25 Q1tle| HEIE 1ol DE 20| KSR SLIC, AF01= [KERYO
Swisl S0l S ZolLich ¥ 2aiE C Anjeiol A2, of Hsto| HolQIxIR LR 2ol 2t
HE2 M ALE X[FELCH 2[00 o] AME2 Ixﬂ ANSI C Z&Eo| LRIt EASLICE o
2tM M5 H2[ZQU0| AME EELICH
(N7} ZAL MY, 2IEEE S, BAF XIS S1) 2 (monolithically) 0| Z0{X|7| T{=0f TEA
oto] ZolE| HET} 7t2|7| = UI0|B = SAEX| 4=Ct= Aol F|5HA[7] i ct)
References [K&R1] § 6.2 p. 121; [K&R2] § 6.2 p. 129; [ISO] § 6.1.2.5, § 6.2.2.1, § 6.3.16; [H&S] § 5.6.2 p. 133.

Q 2.8

Answer

References

Q 2.10

Answer

References

Q 2.11

T el PEHE RSO vl TBHs YO| ULLR?
QUGLICE C 2H0{o] H4F YYo=z TAAE HTsts T2 WHe (5 PR 0| == ARSI
M) SI&LICH ZICHS| HHO|E EH9I2 Hl@sts 2, REA| B Ao YBAIE B2E “hole’ S
2 M2tet wf FX| YALICH— 0[2{8t hole'® 2k FEJt F0{Z M (alignment) Wi =S 9|
R|A[717] 9I5) BRBHLICH AR 2128 AISIA7| HIRLICH T8t BE TH9|2 Hlwsts R T
Hlotoll Bre BEL S M, HESIK| SFLIch

of2{=0| F JHo| TAHE B WY ABICHH, WS TIPI2 TIAE Bl DS BHE NY SO

of ghich,

[K&R2] § 6.2 p. 129; [Rationale] § 3.3.9; [H&S] § 5.6.2 p. 133.

20| Af==(constant)E MEE = QULIR?

=(
(a

ol 22 & YAl CAN0= 0| & ymous) =X E S YO GUAMSLITE T2t A
T HFE UE +& MOF elLCt.

AL F=NME IE.j

non
|-h St
= =T
L.=|2
==

M

[COX] EZEL “compound literal” O| 2} ATHELEE ‘compound literal'2| BH7HX| SEH=E X
A A8 2 2 | 3 ELICH 6|8 S04, struct point EfRI2| QXS BH= plotpoint ()0f Al
TZEME MEStEH o0 2ol g & UsLHTh

plotpoint ((struct point){1, 2});
(EECHE [COX] EZEQI) “designated initializer' 2t= 7HE S & A, Ztzto| BiH| 0|E2 X|HE $
= JUFLIEk

plotpoint ((struct point){.x = 1, = 2});
A2 4108 &5} " ch
[COX] § 6.3.2.5, § 6
TEME SHHAUM AL 2= SR 27
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% 2. STRUCTURES, UNIONS, AND ENUMERATIONS 3. STRUCTURE PADDING

Answer 2K E 30| £€ A= CH7H furite() &8 &LICH
fwrite(&somestruct, sizeof somestruct, 1, fp);

J2|10, oA 2 H|0|E = fread O E MA &2 &= USLICH J2{Lt A0{ZI H|O[E 32 0
o Eigl—ltr (BZ 2.122 2058 & I517| HEfL|C}). BHeF FEX7F ZIE{E Zelstd JUC
SR ZOIE 240 7|8 57| W20, 3ol ol HIO|HE HE 4=, 2l0|ies 2to| ELlct Edt
O|E{ m}o| O|AME =0|7]| fIiME fopen(O 2 SEE [, “b” ZH S MOf EL|CH &2 12.382
2 SHA| 7| HERFL|C}.

= Cf 0|AlM0| £2 WH S, TAXE TS TI9IE Y1 AL B

i

ahSof Mi QL CH

References [H&S] § 15.13 p. 381.

A 3 A Structure Padding

Q 2.12| x| zimtai= A ko] ‘hole'S THS0{ HojA BZHS L[5t 2|5 o|o|E{ 3+oi| “binary” /0
£ 27}5351A gt o] ‘padding’ 7|52 117LE 22X ZE2| alignmentE ZFE 4= U227
Answer OO} ZTHQU2{0f| A O3 MIO{Z & 4= QUi BHHS MBE HQULICE (#pragmaZ MM & 5= UL
LIch &2 11202 21517 HERHL|CH), J8{Lt o] KO{S SI5H EX ghH e gichs ZHS ofAfof
ghct
Z2 2058 &715}7| HIRLICH

References [K&R2] § 6.4 p. 138; [H&S] § 5.6.4 p. 135.

Q 2.13| =7 EFQ0I| sizeof HAARKIE AC{L|, M} ofl At

rﬂ'

ZHEC 84 2 Zt2 2|E St Ct of TJ2{&?

:

Answer XM= 228t 420 P
i, M&(alignment) 0| E&
01£2| ‘padding’'0| L0} UZS = USLICE O|= sizeof7} L= FI|E E'_|E-‘|o|-7-|| 57| {5t Ael
L|Ch HE0] 2F 2,125 FHSHA[7] HHEL(C

=1

H
o)

adding' B7HS TBHSt & YALICE 0= PEF| 7} A= BHS0f
5| =2 517 9|5t HeL|ch & i = Mo|x| k2 HR0|= ol

References [H&S] § 5.6.7 pp. 139-40.

Al 4 A Accessing Members

Q 2.14| x5 otol| A Ztzte| = =of CHEE byte offset2 AU 2= QULIR?

Answer ANSI C= offsetof () O3 ZE HO|EIL|C}. <stddef.h>E EA|7| HIEL|C}. Otekoj| O| OH= 2T} ¢l

CiH CZa 20| s & US|

#define offsetof (type, mem) ((size_t) \
((char *)&((type *)0)->mem - (char *) (type *)0))

22



%F 2. STRUCTURES, UNIONS, AND ENUMERATIONSISCELLANEOUS STRUCTURE QUESTIONS

O] &2 100% o|A{do] Fofit o] otdL[t OfiH Hutd{o| M= o HRE &
gLk
2= 2.1500M BIEE 7| HiEfL|C]

References [ISO] § 7.1.6; [Rationale] § 3.5.4.2; [H&S] § 11.1 pp. 292-3.

Q 2.15| &3 A|ZHrun-time)of| =X EEZ 0|22 2 accessBt = UL LITI}?
Answer ZtZto| EE O|E 1} offsetE offsetof () DI ZE MA{| H|O|E0| & FH EL|C}H struct ad]]
MEE Yo 2=ME L2t 20| HE = JUFLICH

offsetb = offsetof(struct a, b)

oot O] A=A HEE 72|17 |= ZEQIE structpZt UL, 2= ‘b’ 71 int U, 2|0 A AH|AHSH offsetbE]]
M bo| 4 % CtSot 2ol dye = JFLHCh

*(int *) ((char #*)structp + offsetb) = value;

A 5 A Miscellaneous Structure Questions

Q 2.18| 0| zza8e YANoZ SASIK|R Z2 0| BRSOl coreE BHEO] HLICH of D727

EM= —

struct list {
char *item;
struct list *next;

}

/* Here is the main program. */

main(argc, argv)

{ ... 1}

Answer L=HME Holgt i MOIEE2(";")2 ER7| M Z0| main() 0| F =X E 2[ESH= &2 F2|= 0f
HESLICEH (5710l S0{Zt F4d(comment) I{Z0i| O] HOE HOILH7|7} S &= AULICY) Cf
7H =M E E|EStE &= ECQIE{(hidden return pointer)E OX| QUXI} MEE|= AXH 76
| 7| 20|, main() O] AM|7H2| QIXIE = A& TtE0{&L|C}t 22l C start-up code= main() O]
= 7Ho| QIXIE W RO AlolN USDE, 0| B HAHCE SaE & giaLich AL 10.09)
16.45 & 115t7| HiZ|Cf.

References [CT&P] § 2.3 pp. 21-2.

Al 6 24 Unions

Q 2.20| union2 =7|5k(initialization) gt &= QUL L|7}?

Answer BIXf C EZS union QH0f|, 0|20| Y= MM Be{o| =7|5H0 QIHBIL|C [CIX]= “designated
initializer’ 2 A7H5tT Y O0d, OfiH 3 MH{O] =7|ZUE 2 £ Q= 5t1 QaL|ct.

References [K&R2] § 6.8 pp. 148-9; [ISO] § 6.5.7; [COX] § 6.5.8;

—_—

H&S] § 4.6.7 p. 100.
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% 2. STRUCTURES, UNIONS, AND ENUMERATIONS 7. ENUMERATIONS

Al 7 A Enumerations

Q 2.22| gy (enumeration)

o
[¥
rr
sy
]
H
Q.
[0]
H
(=D
=}
[0]
|0
Hu
0%
lo
o
2
Al
Hu
i1
z
rr
>U

J3F XHO[ 7t UAE L 7F?

Answer BT 0| S0f&= 2fzte| % CEFES 'YHHO| 02{200] Y EFUOE MY = Y
C il = E|

o/
oHO dojet &= UzLict , O|EH| HEMSIA FHAEE SHX| 10 401&€ = URUCH
M HHSH YA ME oot =2 7202 o8| E Zot & £ UUESE HLo})

(If, on the other hand, such intermixing were disallowed without explicit casts, judicious use of enumerations
could catch certain programming errors.)

AUNES HS ool B2 F2, +X| 20| AISHOR ChYUS|7| R0, |t 74 (debugger) 7 HHE
M58 ZAFE 0f Al (symbol) ZHOR HOIS 4 UCks MOlLICh (ZHF T H5HS Mojms
O] 2F &= OfL[X|Tt &2 AEtYUO0| OfL|7| 20| oftH HuteE= 72 d0E 57| = &L
Ct) @HEES £ el T2 0|2{8 AtASH A E =2 =07t M2|s F of §ct= HALICH o
o Z2O02fHE2 GHEY Hp2 37|18 Mo = gicks Ao 4oty | gL ot

References [K&R2] § 2.3 p. 39, § A4.2 p. 196; [ISO] § 6.1.2.5, § 6.5.2, § 6.5.2.2, Annex F; [H&S] § 5.5 pp. 127-9, §
5.11.2 p. 153.

Q 2.24| 97y zte Ae= 555 & s kst geo| Ysnte?

Answer QiSL|CH 9

=]
==

El
—~

d(mapping) A\| A= =8 XE =010k BLCH (FIHE 5
o=z 9y 2 4
o—+ = S HAE=

>

A 8 A Bitfields
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A 3 7

Expressions

C 0f C|xtel =8 F2| sttte 2atde ZxL et — 5 CHutde{7t JUiX 2 2 20 2HE7| & A 5t
b= Aot (Z1A40]) 2= A dde = UEF 5t RAULIEL o] FIHX| FH = C 2107 specificationOf|
gdets o|RGLIEL B|S C H0{7t & o tightstA| 2|=R2M st= AFEAE D C A0{7t X| &=

= =} 7+

— =

AEC E O B2 A2 (ME 501 AFEAt| AE D|2| ¥X[St= 7|8) 276t AFEAS07 = Bt
o o

L —

(@)
I
30
>
2
2
°
I
Il

2
—
2

4 Evaluation Order

S XISt expression(3=4l) QI0OJ| A subexpression(RE2ANE "ot =AM = 2AXS| Hutele| OS2 QL
C} 0] =AML= 0{2{£0| M Zt6+= operator precedence(o._/.\_FXI- M —f-_‘——?—)a-|"_ 2 Aao| elsLlch 01247
9| H0|= EZt& (multiple visible side effects)0| Gi7{L}, B #1401 012 7H2] side effectZ7} ESH 5| H|(parallel)
ZZSHX| 4= o Zutde{e| ot A= MZte 227t glat|ct O X| M o|2{st 42, Autd e
ol M= Mo||o] JUX| 42 4= &L} (The behavior may be undefined.)

Q 3.1| o] =7} o =xb6tR| USNQ?

O'EL_IL‘_P— Z i9f gto| HAE LT — 4|2 LI E B2 &0| i7t
Mo| ZAUX|, HAE CI22o| ZtUKX| & =71 ¢ELIch (K&R

Answer HEAIO] ‘§
EE MO0 |7|IIH—.—O1| 0| Z40|
OlM= o|&d =4lo| ol et WSS F & K| M E[X] LRUCELD (unspecified) SHX|EEH C EEUH|A= 0|
2 A9 Antof| CHoll M2l =[X| 2FUCH T (undefined) ZHBdSHA| st JSLICH — EZ 11.332

&S| Hig o)

References [K&R1] § 2.12; [K&R?2] § 2.12; [ISO] § 6.3; [H&S] § 7.12 pp. 227-9.

Q 3.2| x| AHotYez Cjen e F=S s

int i = 7;
printf ("%d\n", i++ * i++);

‘49'E E= LTt It =AM (order of evaluation)0f| A2t@10], ‘56’2 E=6H0f 3tX| LENK?

=
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2 3.

EXPRESSIONS 1. EVALUATION ORDER

Answer

Note

References

Q33

Answer

Q 3.3b

Answer

SIH(++), (- ALbet oh2, &7t/ &5 g

C}. “after’ 2}

— = —_— [

5 7|E2Q| s BE thS HIZ SO/ HAE 2X|, ofL|H CHE RFEA 2 Holst H =20 & X
= E¥E =+ YEUCL BEEEE A2 S71/HL Lol A 40| ZLt7| Hof (ANSI Cof F3d
2 YE|XHH FIt2 = “sequence point” 2 H0{7}7| Hof|; &2 3.8 21) O|R0{RICH= A #olL|C},
flel =M= {7t 7| &2 2oz FZ6t ohg, S7HAIZ|7| 20 I3 2ot e = A
L|Ef.

80| o dE= AE SAIO 22 Ao A0 T S 2 FO=[0 UX| FSELICH (S &
SHEH ++, ——, =, +=, -=50| & 40| M M0 Z2 2LENE(H)IL £ H 0|y BAE & ¢
O|gtL|ch Yot Yol= EF 3.88 &1s5Y| Hi2tn] “Fo|=[0f QUX| GICt(undefined)” 2H= E010i|

I_ =

| HEEHL|CE) o|2{st &rEollA of2{ 22| Hutda{7t o{EH S2ie
e CunMoM HRE dHBE St USLICH; K&ROA A
H AXMY, “CHAst AFE0|A YA S&ch= X|E ZECHH, IAS o]l 22 = A0| WHELIC
(& 2: If you don't know how they are done on various machine, that innocence may help to protect you.)
A B “after 2t Eloj= YI2S HAIR Of 2| o[s)5HAl £ UBLICK

Although the postincrement and postdecrement operators ++ and —- perform their operations
after yielding the former value, the implication of “after” is often misunderstood.

[K&R1] § 2.12 p. 50; [K&R2] § 2.12 p. 54; [ISO] § 6.3; [H&S] § 7.12 pp. 227-9; [CT&P] § 3.7 p. 47;
[PCS] § 9.5 pp. 120-1.

=

ro

TEE ofzf Aurd{oM ds] 2EpAELICH

int i = 3;
i = i++;

OfH Hutd2{= 17} 30|21 50, &£ 48 £5t= Hutde = JUUSLICEH ofH Hutd2{7t St=
Aolote?
A = AL

0{7[0ll= 2HIE Eo| glaLth 22t €2 =42 43 40| =0 UX| GEELIch EE 3.1,
3.8,3.9, 11.332 57| HIEL|C) (i++Lt ++i= S CH i dX| ppsLct. |st=E Aol B
3l i Zt2 ZIIA|F|= Z0|2FH i=i+1, i+=1, i++, ++i & SILIE MA|7| H}2IL|CH &2 3,122 &7

St7| BHELIC})

O Z=JF SHIEIIR?

(@)

0|41 (portability) Of SiS ® 2 =
point'Ofl A] 1> 29| 2t LE 185te] 57| 2ol S Lol

oE st de 3 CO =Mzt C HupAq(icc)dlM SRS 2, bE 12322 dHE5t1
aE 022 MFPSICtD BEEUSL Ch

Ct. 2|9 I E = &t ‘sequence
9| =0 JUK| &Lt

tLl2h Mo 2 SASHR = e 2=
S LA0] Ea=

FAIO| &

In 4y
I
n °

m

int a = 123, b
a "=b "=a "=
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2 3.

EXPRESSIONS 1. EVALUATION ORDER

Q3.4

Answer

References

Q3.5

Answer

References

Q 3.8

Answer

References

A2 3.1, 38, 103, 22.15¢E & 15}7| HEEL|C}.

215 (parenthese) 2 WA 7} £ME M7 Y5He CHE HEE £ /27127 Dokl BEE MX| o
BHE QOFM E|X| LtR?

Star I8l e opduct
GIAMRE R4 2919 BEE $A BUto| YREOIS WAS £ QUBLICH CHST 22 SAl0lM

£fO + g0 * hO
Sols BH0| HAECH HA Yojtichs S D UALICH T2{LE, Ml B4 5 ofE B0}
S SSEXE o 5 glatich
24 (subexpression) o] E7} &:Af7t SR WOl Al B QIS 212 T2 2 (statement) 2
2 Ui M= Zo| BgLct
[K&R1] § 2.12 p. 49, § A.7 p. 185; [K&R2] § 2.12 pp. 52-3, § A.7 p. 200

JZCHH &, || AAMXM = O{EHZIL? 20 22 FEE 2 7|40 JUHESR.

while ((c = getchar()) != EOF && c !'= ’\n’)
2| T == 0|2} ‘short-circuit’ o 2| (exception)2t ] St= O 2] AFSHQIL|CE =, OIAIXRLS| 21Z%Z9| A
R IIX| O E A A0E U 5 US ol LER2 HIMEX| LS (F, || ALK 25
0| ZO|ALt, && AXMKIAIM 2AZ50| HAIQl HALR). I{2 2, E0}comma) 04*|'X|-9.|- I-XF7|-I|E o]
ALXES2 2ZB0M 2LEZCZ HItEtls AS E’“Q T UGLICE AEL o] AMAIE2 25
n

>|

o
(7: ALK 28 F=IH2 LH—'?’—&'.O._l sequence point'E 71X 10 UGLICH (A2 3.8 £t1)

[K&R1] § 2.6 p. 38, § A7.11-12 pp. 190-1; [K&R2] § 2.6 p. 41, Secs. A7.14-15 pp. 207-8; [ISO] § 6.3.13,
§6.3.14, § 6. 3 15; [H&S] § 7.7 pp. 217-8, § 7.8 pp. 218-20, § 7.12.1 p. 229; [CT&P] § 3.7 pp. 46-7.

o|2{gt S&tet 12 S Cf LOtok 3HLER? I ‘sequence point'2h= W2 FAUIIR7?

hJ

‘sequence point'2h= A2 O AlZiC] (HX| =419 I B AlH, E= 1. &, 7:, E= 3
Of(comma) QI4EAL EE= B & HEZ 0[R2 RIX|E 2|0|5t= A2, ZE FAIE0| Lo{LtX|
o

4=t E&St= A™EJULICEH ANSI/[ISO] C E&E0M = t2aF 20| Mot JUEL

Between the previous and next sequence point an object shall have its stored value modified at
most once by the evaluation of an expression. Furthermore, the prior value shall be accessed
only to determine the value to be stored.

Slof M SR 2F0| 022 = USLICH F, ofH LM g2 M (wite) ZP, FH 5
Al 0| 2EMEN MEE US ALs7| $8t 2X o2 M0{of BICH RS 2|B|EHLICE This rule

effectively constrains legal expressions to those in which the accesses demonstrably precede the modification.
&= 3.98 &5t HHELIC

[ISO] § 5.1.2.3, § 6.3, § 6.6, Annex C; [Rationale] § 2.1.2.3; [H&S] § 7.12.1 pp. 228-9.
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2 3.

EXPRESSIONS 2. OTHER EXPRESSION QUESTIONS

Q3.9

Answer

cte 3 ':01|A-| Hige| EHM 20 2is & K= 22X|2 is B shHe

[=] — —_ = A /=
T ALK

ali] = i++;
obeiL|ch YTk SAlo|Lt =23l Mow, BE

= QkAlo| HOo|E|0f UX| Cl(undefined)2t
3

&
HollM oA S X| 2ELCH EF 3.2, 3.3, 11.332 F15H7| HigfL[

A 2 A Other Expression Questions

C A= expressmn( ANof|
gLith 28 ol &2 0
3.157} 331@ 2H&of| chsl
7: (EEE= “ternary’2tI1E

Q 3.12

Answer

References

Q 3.14

Answer

References

Q 3.16

M Zt2Z *EPE EtRl 2| operand(m| 4 4FX P)% HEst= HYe & E 7HX[D

S DB i Ol e & S Zat T8 & 200 e 5148
':'913H —-—I-|I:|- 204, 0] 2| AEEE autoincrement operator2} conditional
) operator0i| Ci8t A= CHEL|CF

TROF 40| ZHS MX| BHSCHE, WIS0| B2 BTHAIZIZ| S8, i++2 MOF BILER, ++18 MO} 3}

O Sk = BR| o et gtE TS0 LH=Lof| W2t XHo|7F U= AO[22, Hpo| s ST
7| #let S 228t MQICtH Xo| 7t gl LTt (2L C++0llM= +22 42 o MZELEL)

[K&R1] § 2.8 p. 43; [K&R2] § 2.8 p. 47; [ISO] § 6.3.2.4, § 6.3.3.1; [H&S] § 7.4.4 pp. 192-3, § 7.5.8
pp. 199-200.

o] IEL 9 SR YBNtE?

o

int a = 1000, b = 1000;
long int c = a * b;

C A012] ‘integral promotion’ T#Z|0i| 2|5H 2|2 ZM 2 ‘int’ B SM = AAELICE M2t 1
Aot @ EEZ R (overflow) E[7{L}, EEE= ‘promotion’stZ | T | 7"‘E1L|-7*(truncate) £ Ql&L|C},
2tA ‘long’ EtRI S| M E saiSI2tn (ZA2) CtsoF 20| Ye2{3F0{of gLt

long int ¢ = (long int)a * b;
‘(long int)(a * b)'2} Zt0| 5l= A2 ZEo| FES} £ HAIE tt=O 2 HIZHRISHK| &L

Anpzp0| A4 EtRlol AR, LEeMS & A0S 8|25 2H7H LS £ USLICH s wee

[K&R1] § 2.7 p. 41; [K&R2] § 2.7 p. 44; [ISO] § 6.2.1.5; [H&S] § 6.3.4 p. 176; [CT&P] § 3.9 pp. 49-50.

offH =of et MZ CHE B0 2tE tHlsta 1 siLich HE2at 22 Z=EE ME S5LII17



% 3. EXPRESSIONS

3. PRESERVING RULES

((condition) ? a : b) = complicated_expression;

Answer QHEIL|CE 7: ALHAL= CHEE ALXIS T Z0] "Zh(value)'S BHS0{ L1, H2A] O] ZfOl| CFHE ZtS
CHde = GISLICt (CHE 22, 7: = ‘value’ S USR] SdgLtt) Mot o[ Alo] =S Mo}
siciot, 23t Zo| B & aLich

*((condition) ? &a : &b) = complicated_expression;
gLt YEE o 2 o] Ao F== XXM ES] 20[7| =0 & 2A0[X| gdEL|ct
References [ISO] § 6.3.15; [H&S] § 7.1 pp. 179-180.
A 3 A Preserving Rules
o F0j A LBt “expression(5:A1)0llA] Zk2t CFE EFIO| operand(T| Q14X E WSt Hekst 7" o] o
O] = classic C2F ANSI/ISO COi|AM{ ozt BER A& LT o] oAM= 1 xtofof| th5to MH S|t
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A 4 7
Pointer

Pointer= C A0{0|M M| S35t= 7He 235t Q17|U= 7|S0[X|2H =& programmerS0f| A= S atE
&2 AL|C). Pointer7} 7t2|HOF & S 7t2|7| 10 UK t= 222 20| fl&LICh (At
[CF 7

ds =,
ZOIE{o|M eeliSh= o|2{st EMS2 th7l ol 22 €33t 20| JUsL o= &0sty| HigL o)

A 1 2 Basic Pointer Use

4.1| =cyx|, ZoIEHE MM T2 Ho| ULtR?
S

Answer CI21} 22 ZAM S T EH510] 042{7HX| £ HOo| JUSL|CH

dynamically allocated arrays (& & 6.14, 6.16 211

generic access to several similar variables

— (simulated) by-reference function parameters (&= 4.8, 20.1 &f11)

— dynamically allocated structures of all kinds, especially trees and linked lists

— walking over arrays (for example, while parsing strings)

— efficient, by-reference “copies” of arrays and structures, especially as function parameters
(flel HE2 olalist7| ofglg =& UsLIH)

HE20] 2E 6.8 2 15IA|7| HIZfLICH

4.2| molei= Motstn o 2e|2 Sgsteln Biuich e M2 SASHA| eaLict o] A0 &R
=
char *p;
*p = malloc(10);

Answer El25}Al 20| MOS pointer= pO|X|, *p7} OFE!L|C}. pointer7} o{iH RS 712|7|A| sta{™ 2ot
Z2+0| I pointer?| 0|2 M OF &L}

p = malloc(10);
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2 4.

POINTER 2. POINTER MANIPULATIONS

References

Q4.3

Answer

References

2|4, O] pointerZt 7I2|7|= 22| B2t2 X 7| i = CHS 1 20| ‘indirection’ operator(914F
XhHel «E AtEgt|ct:

*p = "HY
A2 AL A RE 2 5 UBLICH HLFSIE nallocS X% B4 Molo] 27|32z #
CtH C=2ar 20| st7| = L o

char *p = malloc(10);
0| ZEE MAHD} X|H (assighment) 2 2 —'?'—E|A|9|E:| o +E X| 745l 0k 3,_H:|-E A 7|57 HfL|C}.
209F6HH, expression0f| A p= pointer0| 11, *p= EQIE{7} 712|7|= RO0|2t= (0] AR StLt2| char)
Z4glLct,
=

o] &2 1.21, 7.1, 8.3 A 5FA|7] HiZfLICE.

[CT&P] § 3.1 p. 28.

*p++'2 p'E S7HAFI= AQUIER, ofLIH, 'pIt 7IE|F|= AE S7HAF= AeUItR?

Postfix ++ G1AKIE prefix AAKHLCE 22 M 2| E ZESLICH MR *pr+e + (p++) 2F ZH5L]
Ct; Lt pE SIHA|ZI TS, p7t 71617 Mol 7FEI5’I Ro| zt2 ElEHELICE p7t 7127 |= A2
SIIA|7|2{H (xp)++2 (E'.:, 2zrg0| dojLt=E *“—F%’i'.: AR, ++xpE M ELIC}H A0 ElL|CE

[K&R1] § 5.1 p. 91; [K&R2] § 5.1 p. 95; [ISO] § 6.3.2, § 6.3.3; [H&S] § 7.4.4 pp. 192-3, § 7.5 p. 193, §
7.5.7, 7.5.8 pp. 199-200.

A 2 A Pointer Manipulations

Q4.5

Answer

References

=At ZOIE{ 2 (char * pointer) O intE 7t2(7|12 UL, SHAY, 0] ZEHE MM CIHS intE 7I2|7|
Al stz d glch of o] ZEJF SX5IX| YEnte?

((int *)p)++;
C A0 M FHAE! (casting)2 “AlX| H{ESO0| CHE EIRI QI AKX H SLHLH= A" 0| OfLlL|C}; FHAEH
2 H8k(conversion) 914+0|07, ci—°—|01| o5l rvalue (CHYUE|HLE, ++E MM SIIHE = Q=)E =0
HUICH (2 &2 B2 A2 UE0RE, Q=X o = of Ao|E, £ MY ot Hupde{7} <

=T = [}

rD

ot¢d2 IEE %EFE L2 ZE=EE ._% Ot S = O|AH2 HEE 7|S0| OFELC). WEtM T
ot Zo| st= Aol FELITt

= ZHES| o2 20| & & USLIEL (p7f char +0|7] 2 0]):

B E #= A0| HIEASICH= AE HF0 FAI17] Bt

EEI o — = —
BfLICH
[K&R?2] § A7.5 p. 205; [ISO] § 6.3.4; [Rationale] § 3.3.2.4; [H&S] § 7.1 pp. 179-80.
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%+ 4. POINTER

3. POINTERS AS FUNCTION PARAMETERS

A 3 2 Pointers as Function Parameters
Q 4.8| =olg|E oxtz we 342 BlE D, O 8150IA 0] ZOIEE =7|5l6ts 42 BIEUALICH
void f(int *ip)
{
static int dummy = 5;
ip = &dummy;
}
Jg{Lt 2t 20| EEME W, ZRIEQ| 2 HERX| =22
int *ip;
£(ip);
Answer C A0t OIRIE TEIE Ol ‘call by value' WA LTI 2 Jofa1] B Hol B
= BHX| SALE ZIHE HASH| 2ol A QIXtZE MEYSt ips WA K| 4&L|Ct M2 0]
X E sl dste{d g=ot ZOIES F=AS s ¢ UES (5, X7t ZRIHE 2|7l =2
E{(pointer-to-pointer)) BtE 7L}, &7} ZOIE{E 2|EHSI= = 5lof §fL|C}.

ZI2 499} 4112 2 156}7| HEZHL|CY.

Q 4.9 a0t l.dgg T OIE{(generic pointer)E 2f| I 21 A (reference) 2 EHA| 517| I3l void *x ZOIE{Z M
Lt
Answer O|AIMO| QiELICE C A0 EHE2| ZQIEE 7I2|7|= ZQIE] (pointer-to-pointer)= =X SIX| &4
&LICH void *x7} HE2| ZOIE|Z MO0|= 0| R BHX| CHE ZOIE| EfQIO| Zt2 CHUE A2 XFE
o= #Heto| do{Lty| i EQIL|CE; O B1SH2 void * EFQI0| Of:l CHE = Q |E1E void *x2f 58 A
o= Hats mjofl= (I2) ZQIE Efle o 4 97| M2ol) M8 5 glaLich
Q 4.10| 2ot ze g7t US mj:
extern int f(int *);
At>(constant) Q| B|EHZA S MEE 4 QILIR? Cl=21 2o 5 BtX|ot & =& gk&L|Ct
£(&5);
Answer ZIHHMO 2 B 4= QUALICH UTH YA HSE MOISIT, O] Bi40| FAE B0l MsHOf BHL
C}
int five = 5;
f(&five);
Z 2 210, 4.8, 20.12 2t105}7| g ch
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2 4.

POINTER 4. MISCELLANEOUS POINTER USE

Q 4.11

Answer

References

C A 0{0f| “pass by reference” 7} ZA|SILIR?

ZERHSHR| =Ctd & = JGLIch HES| Zol C Ho{= FEA ‘call by value'2F AL &L CH & &
St EFd el ZoIH E|'°.=|'§ QIXtZ b, & O_ﬁxfg MM FAE MYBI2EMN, ‘pass by reference’E
SU == USLICE EFHHHFE 2IX |'E MEe Z0|= Autde{rt AiS22 o P2 o F
LICH (HHE CHAl ZQIE{E AIEct=E A2 & E 648 &ot7| HIELIC}H. OB E, C A= I"é‘!?i
‘pass by reference'L} C++2| 2| 21A LDI2}H|E{(parameter) 2} Z42 A2 QUSLICH (OJ2{Lt o322 &

TE2 “pass by name”" £ M| ZEL|C})
ZF 4.81 20.12 20547 | HEZL|CE.

[K&R1] § 1.8 pp. 24-5, § 5.2 pp. 91-3; [K&R2] § 1.8 pp. 27-8, § 5.2 pp. 95-7; [ISO] § 6.3.2.2; [H&S] §
9.5 pp. 273-4.

A 4 A Miscellaneous Pointer Use

Q 4.12

Answer &

References

int r, func(), (xfp)() = func;

= (xfp) O;
CtE U2 H6oIH, st SA Z0IHE MM SEE(D, AN &8 SE 22 WHREHSE =
OIE] (=Al0IM, =7I5H0IM ME; 2 E 1.34 &10)2 HAE=CH D & = US| F 0|E*71| Hp3 2het
= Ue fQI2, ANSI ZF0| g ZOIHE CtS1F 20| £ == Ut 2ot U7 W EQL|CF:

= fp(0;

N2 ™5 UsLIch LSt

ol sp'= &= 0|Bol7Iu, Bl
a4 ZOIE(E & v} oyl 2

Flof| 21X} EIﬁEE 20{M &
°'I—IE+.)

Z2 1342 2T5}47| HFRIL|CH

[K&R1] § 5.12 p. 116; [K&R2] § 5.11 p. 120; [ISO] § 6.3.2.2; [Rationale] § 3.3.2.2; [H&S] § 5.8 p. 147, §
7.4.3 p. 190.

33



A 5 7

Null Pointers

Q5.1

Answer

References

Q5.2

Answer

A== 'd ZolE 2 A =oiX '7te?

|5het Zt2ko] QIR EfQloll Chal, St 30| — H(null) ZIE — UM, CHE &

ofl QEMELL 848 Jl2|7|= EOIE{SH A THEE ZOIES

Lch =, F48 2|elsts & GAKts Hoj2 2 ZOIE S 0iS0] W 5 9lon], Amsix| o 8t

malloc() B4 & ZOIE|E 2H5HX| 4&LIC (nalloc)2 MIHE ZP, 'd ZOIEIS 2|EIBH|

OIE{o| MM — “"BITIE|X| of2" S "OfHE HE Jt2|7|R Y8 o
= % — 3 steiLick

IE{' 2t= JHE AL 28 S| CHELICH d ZQoIE = ot QB EL}

1
IT >
|é I-I'I |'2
M m g
i
P
N
l?ﬂ
m
Pal
o
[0
Oy Tl
|'O

OlE{QL|Ct &EZ 1.30, 7.1, 7.312 & 15}7| HEL|CH
ZOIE| Efol| et d = QI 7F EXHEL|cH J2(1 &
w2 2 CHE o= JUELICE Aozt z Bflol| [HE A 2

4ol 7| WEofl = FEMRIOf w2t MZ BHE 2 ZQIE | LHR X! Zts & 2Tt
M3 glsLtt (22 5.2,5.5, 562 &)

do
=2
x|
nx
og
\ ol
U
[ H

o
il
lo
>
=

-

T >

[K&R1] § 5.4 pp. 97-8; [K&R2] § 5.4 p. 102; [ISO] § 6.2.2.3; [Rationale] § 3.2.2.3; [H&S] § 5.3.2 pp. 121-3.

T2 0N OJEA E ZQIEE MLIR?

Aof Folof w2, ZIE{ 7t AU X (context)0l| &f+ 02 A H HudS I XIS 2 & ZQIEZ H
dELch &, =7|3t CHY, Bl W g o, 8HR0| ZQIE EfRo| Bl a4U H2, THE F2| 02
gdotdert AAse 2 d ZOIE 2 B0 Ehf= SEQULICH Hutdde{= o] o 02 &M & Z2lH
U2 HiOof ZL L et thgnt 22 Z== EXME A 85 elst e (22 5.3 &1):

char *p = 0;

if (p != 0)
gLt 82| QIXIZ ZQIHE MES A, XL &4t ZRIE7F AU X (pointer context) 2 2 QI
MEX| gf=tts AE Foldlof gttt &, Hotde{7t 02 2 ZQIEZ QAASHX| RE 7ol U
Ch= SLIC of2 M= & Z2IEEts AE SMH2ZE AT E MM L] Fo{of gLt of

1

uninitialized pointer



%F5. NULL POINTERS

References

Q5.3

Answer

E S0, UNIX A|AE] 20l execl2 7HH QIX} 2|AE?E "iEL|CE O B QUKo 28 Y2|7
oM 2 ZRIE{E DiX[2e 2 MEdlof sttt =

execl("/bin/sh", "sh", "-c", "date", (char *)0);
OFX|2} OIS (char +) HAEIO| M2t Z2, Hata

—

=0
5| M4 002 QMBI (hEe] UNIX Oji=2e 0] 228 FR M5t
L|Ct)

2| =2 EEF (prototype)O| L2 Z2, QXL M2 CH ALte =z QIAI=[7| =0, CHE=E 4
ARIE o Z27t ¢SLICh st s =2 EEFQI0| Hufd oA HAE S EfI0| ':'°*0|EF'—
AE LHFT| WfZL(Ct M2t Eaed| 02 MEC =, Aot 2{7t 2ot d ZQIEZE HIF 0| &
LICt 2Lt 74A QIXt 2| AEE Mz ghol Xt Z2EEE A EtE, 242l elXtof| I'—H°F
EIE & = S22 2 0|3 g2l QXIZ M0l | ZOIE0= BIEA| HARE M F0{0F BL|CH
(A2 1532 ZSHA|7] Hfa“—lﬁf) gto| ZZEEI0| U UH MEglo], FxH &= QK=
HY=El= g Z2IE0| HARE St= Ao| ESEX| 210 EE = USLICE

dAG0ES ME E2 29 | HAE0| BIEA| EH5t Z2:

Z7|3}(initialization)

CH 2! (assignment)

H| ! (comparison)

gt S5 ZEEEIY gt S5 ZZEEY QU3

UZ (prototype in scope) (no prototype in scope)

o™ E AR} gt SE0IM 7HH QIXL

(varlable argument) AL

[K&R1] § A7.7 p. 190, § A7.14 p. 192; [K&R2] § A7.10 p. 207, § A7.17 p. 209; [ISO] § 6.2.2.3; [H&S] §
4.6.3 p. 95, § 6.2.7 p. 171.

ZOIE 7t d ZQIE QK| HIWSE7| fI5H “if (p)"2t1 M= Zo| AMFIER? oot | ZQIE 9| Al
X Z2to] 00| otd AR0l= o == 2ItR7

C AA0{0|M E2|A(boolean) Zf0| L& Mlf, HE 2 02 2|O|5tH, & (true)2 00| Ot ZHE 2|0|5t
Al gLt e Cof23TF 20| M71| =[N
if (expr)

AN Z ‘expr'0| FAUOIEX|, Hutde = 22 ZI=EE THE2| =L} Z2 A2 2 LG

if ((expr) != 0)

[E|-E|-A-| ‘expr'€ A ZHA FOEl p'E HFREH, 'if (p)'7}if (p '= 0)'0| EL|C} J2|10 O] 4
I:I|_l ot= Z2 (comparison context)0| 7| E[H—.—Oﬂ HOole|{= 00| 4 ZOIE AlpEl= A2
AN Y ZQIE i 2 HFsZLICt M2t AN d ZQIE{2| Zio] 09IX| Ot-X|= & ERTt

5 gigLict
2|91 27 (not) GAHRFRI 1= T T} 20|

— =

ﬂHII riI-Jr

b
o
ot

4+ uzLick

2

variable length argument list



2.

NULL POINTERS

References

Q5.4

Answer

References

Q5.5

Answer

References

Q5.6

lexpr is essentially equivalent to (expr)70:1
or to ((expr) == 0)

m2tA 2E2| A== tEa 20| siMe = JGL T

rr

if(!'p) 1is equivalent to if (p == 0)

= J2fLt OfE AL S O
FBILICH (22 of® AlISS F2 &Eoletn ZEict

-
o
Aoz FAYShH= A0l L 0|2t ==

b7 BHEHLIEL).

S ke
&F 928 57| HHEL(C

[K&R2] § A7.4.7 p. 204; [ISO] § 6.3.3.3, § 6.3.9, § 6.3.13, § 6.3.14, § 6.3.15, § 6.6.4.1, § 6.6.5; [H&S] §
5.3.2 p. 122.

2 NULLS 20i0|T1 o{® | & | =|0f(#define) QULIR?

AEFQO] 25 EXMO|X|TH CHE 2L =2 J2fHE2 =220 A 010 02 A X| ef= AE0| US
LICt. o] X o2 FMXA{2|7]|(preprocessor) Ol 3221 NULLE &L|Ct. J2|0 O| O3 2= 022 HQ|
E[0] JUSLICE (<stdio.h>E ZE5E 02 ol mtdof| ™E2|=[0] USLICEH. OfH B (void ¥ 2
HAEIEO Y= BRE (A2 5.6 1) USLICH M2t M= 0ot d ZOQIE| M=01 02 &7 7+
5t7| flal, & ZQIE{7F 2= Rofl NULLE AL85te ALt

NULLEZ M= A2 Ehes| AEFLA I EA|LCH MA2|7|7F NULLE 022
27} 2 ol 25 022 EX| L[t o2t & CIXIE A8 e 4 R0ll=
X2 NULLE FHAERIZ2 oliFoF & E It J&LICH

ZF 5.22| Z0|A{ 0 CHAlO| NULLZ 2 £ 5 USL|Ct GHAESHA| 4= NULLE2 FHARISHK]
od= 01F 27| W E L.

|-

J2{Lt NULL2 BE=A| ZQIE{T} 20|= Z 0| 2F 2r0{0F BfL|CE &HE 5.98 &115H/| HHELIC

o Hj0|FoE, Hut

02 At it OFat

[K&R1] § 5.4 pp. 97-8; [K&R2] § 5.4 p. 102; [ISO] § 7.1.6, § 6.2.2.3; [Rationale] § 4.1.5; [H&S] § 5.3.2
p. 122, § 11.1 p. 202.

AtESH

rr
>

|>

EoilMz= NULLO| o7 2= 0]

20 It
Hl
ro
m
o
|0
Hu
o
°
=]
rC
=
[m
1]
Hel
]
_o'ﬂ
rr
R
mjo

(=
o)
-~

=
c
—
—
ro
o

E{0]l AFZRL0] B4t 022 Ho|S|0f UHLICH (FE 548 & D5P7| HiRILICH.

P2 EQIEIS & A, 02 MEHX| NULLS MEX|of AEHelo], AR HEE | L2

el o] ofstelLict et HFE(OIM LHEN o= Hls
OFLI CHE 240[B{2tE NULLE 222 022 Ho|=of Yttt 5 Hutde

20| 401 02 AHE2 2 Y EOIE] 2O R WHSH FLIcH B2 5.2, 5.10, 5178 &5t

Hu
H H :L‘_P:I
reroe o
ro -
o

Mrrrre |H
HEI T Ut

ro
il

7| HHEL et

[ISO] § 7.1.6; [Rationale] § 4.1.5.

NULLO| Et5 3 20| E2|=[0] QJUTHH:

—

36



2.

NULL POINTERS

Answer

References

Q5.9

Answer

References

Q 5.10

Answer

#define NULL ((char *)0)
et OIXtZ NULLZ Mg of, FHAEISHK| 4ot = X| 42Nt R7
Uubsioz 1x| oBLich ofn ZHREES el Lz Eel o

7I-7I- |:|.E I':I|O|E-| E,|-O|01| LH; =
0| CHEL|CH M2t 2XHE 72|17 |= “°|E17f Z 29 20| NULLE O #
Lt CHE Bt 2 7I2[7|= ZQIE7F 225 ol O A= A2 M7t e

2M 7t eletd d2tE= thg Z=EE S26iths AL T

o

Z-\I — X-” 7 I:IA—
UG LT T2t

(e]]
I_
[
j—
A
e

FILE xfp = NULL;
J2{L} ANSI C= NULLE ct3 0 ZHo| Holst= A S s{=st USL|Ch
#define NULL ((void *)0)

J2{Lt NULLE 2|2} Zto| Molst= He (homonegeous pointerE M= HFEOUMIL =22 & ¢

5 2
LIl NULLS St ZHIE of M= 328 5 2 avIct (G5 Sof A NUL 2xt
S} Slof S1 20| NULLE Ak 2%, 2= 50 2

[Rationale] § 4.1.5.

NULLZ} 00| & ZOIE| &2 A 20MS| Lt ZOiX| O HE MOfSt= HE?

= "= A| NULLE M10|:o|-'— oz ol QaL|ct 2
NULLO|2t= OHF 22 02 7t2|= A0| 23|24 & ESS 7INM2ct MZstn Fx4A 02
MESH7| = gfLch JEX|Et o] HE0l= ofist A= 2tH Tt s 0| = X| RELICt. (&
294 17.102 ’fé.J_oUI HiZh C =2 J2jo{2tH EOIE-I SO A NULLD} 02 OF2CHZ & 4 QL
2to |Er 2|3 K| '1 2tHESICte A= Zotof gt (0sto= E

—

jin)
Mr o rr o 4
A

N
1o
Ml

2
o I
&

I
o
T
O \4
o
1>
;O
2
LS
o
8
Z
C
—
—
ﬂ||0
|'|I'
N

Saer I T3 =2 ol (WULLS 0 cf
im0l SEsl A5 ehhn Il ) Zole] 07 Ha 03 7s

o ™ TH x>

Ct2 &72| 00| 228t Roll= Ttef O M2 SEi6t PEXI PE NULLE *0{ otFEL|Ct 2f
LHSHH O3 42, 2R E AEtYo| 26t EHIAIKI7+ FASEZ| 2L (AICHZF ANSIE NULLZ2
((void *)0) 2 Ql= EE 320j| NULLES & %

=t
-l AN - AN = = T

e A= oruuq £73| MO OHEILICH B O3 EE
Mof stCtH Ch2 b ZHo| ¢

0

#define NUL ’\0O’

[K&R1] § 5.4 pp. 97-8; [K&R2] § 5.4 p. 102.

T%X|3kNULLS] Zto| (00] OFl CHE Zto =) MZAE S (LR o2 00] ofLl CHE Zte M &
FEf) Ci|aA 0 CHAIO NULLE #= Zi0| & ZX| 427127

OFEILICE. (NULLS M 20| HERfEIE % UX|TH 0|31 O|R0|A{7} ObLLICE) Ytxo
2| (symbolic) 4147} MO[E 22, AH| 2k0| HPE ZLSB HHIHA A Z2I} BEXIE 0
ofl NULLO| #A0|i= 2 0[&l 0| R0{A{7} ORLICE. CIA| 2I5EX|BE ofof K77} (ZOlE] 2
00| ' HQIE{E THSO] Whckn Mo|shm UBLICH NULLS M 2 has| Astol 2

QIL|ch A& 5.5, 9.28 & 1517 HigfL|Ch

37



2.

NULL POINTERS

Q 5.12

Answer

Q 5.13

Answer

Q 5.14

Answer

Q 5.15

Ci2ot 242 328 MM & ZQIE7F MEst EtRlo| E[ =5 5t JUSLICH

#define Nullptr(type) (type *)0

of < 27| o o[zl 5HX|2H I A =F0| E|X| gdsL|ct o] 22 cilo|Lt H[w

2 D517| BIRILICH (AICE 27150 2 Efo|=sfof ste =17t 2
Al7| BFgiLICE

o7t SIZFRIL|C NULLE 02 Zi0| BAE[0f YT
Uutx o2 “null’ T} “NULL" 0] EZE|0f 40|27l 3}X|8t CFS AFEIS LoFE M of BHLICk:

IE{ofl ChBt THE e BE
T A2 2 =l g
etics A d zole
A

o ro4yre
‘T'}-I'I_\Tl Hl
> -.-;0—.- ro

m
45 ru
Ir
ox
4>
el
-I>
[e]
119
£
of
Hn ’E
10
(6]

il-)

=

o

i
=
C
—
(e
=]
LLI — —
Hu O
rr

Z of
|0
Hu
02
10
=
Q.
[0]
H
(=N
=}
o

10

Hu

In

Hel

o

RILE)
o

nr =

2t

if!

o} 2t
— E=

Rl
ol

4 AbTHo| o

o HA

HE

6. & EXtL (null string)2 Bl EXIY ("")2 LHEILH= CFE 22, C HO{HA 'E EXtL'0l2tE
E ME A2 EF2 7INSLICt B/ E EAIEE2 A EXH\0'E ”*_PE Ao|x|, & =
E{2te &t el&LICt

o 00

0| 20z "4 ZQIE{(null pointer)"2l= 012
= 00|L} " ZQIE "2tz HeE A0, 4 Ho| 522 "NULL

o O|E= ' ToIEfol chat =Ro| 2 HOITLR? 2 0|2 20| AF Lt2x?

CZ2I2HE2 MEEH2E XMxZE 7|A Q| 78 (machine implementation)d| CHeH & O S WS
27| AstE 40| °'§'—IEP- = A FEL} J|A XEAM|Off CF MOI'— 7 =1 PSS
A Z|A0| M= 00| ofl CHE Zte=2 BEdE = Uct= o] JUSLICH MAE[7] 032l NULL
2 M= Aol LtB0f| HEE X7t JUChsE AXME BEY == JUSLICH E “if (p == 0)"0[2t= =

=02 ZOIE{HO =2 HASHs O0[X|Y pS HSHOZ MBS UAE HYU = UBLct of
7<I'1.*9§ 0{2{7X|2 #0|= (A& 5.13 &) OIEPE 8018 A2z H= Ze0| UFLIC
C 2A0f0I M 0|2 ES2 oh7| It W o= & HOIE| BEZ 47| 25 (Pascallnilit Z2)
7|9/ (keyword) & BIE = 22 MZt5) 2 Ch 2243 ZHopeis 'nil'S MEEH ' =9l
E{Z H}HO0l & = US A0|H, & ZQIEJ} £ = 9l= XoM= Z210E dds & = U2 AL
Ct. J2{Lt Sx C Aol E “°|E1E LIEt = 7|*1E& "nil” 0] OH—IEF ‘ordulct Ozlo 4
ZOIE7t 2 £ gle Xof 00I A0|H, o2 7t Llist= Z0| OH—IE'—F = 022 S| M ECH= Ao .t
==

e
el
e
o
N

IH

—

° Ftl



2.

NULL POINTERS

Answer 0| [} Z|B 4 U= WS CF2 FIIX|Q) ZiEiet RS np2E HYULICH

Q 5.16

Answer

Q 5.17

Answer

1 &A FE0M € ZQIE 4571 28 AL, 00[Lf NULLS #&uch.

2. 0 = NULLO| B4 QIRIE M Z 20l =, X EIQo| ZOIE|Z FHARSHA AR EILIC
LIHX| AFSHES CHEE AFZIE0| Y ZOIE7} AN 2 ZHe LR Q1 Zhoj Chal &2 o|sistn D
(T ojHg olsHE ERE igLict), &5 SE00| et 2 M 20 LAMsts HLCh (0] 27
Mg T5tn =ofsictH SHM 722 0 255 (conservative)0|2te 28 & 5= UELICH 1
2iL}t S £ 7|X|K|= Y&LICH B2 5.1, 5.2, 548 0|55l 5.3, 5.9, 5.13, 5.145 &Dst= HEote

2= S8

ol === gloi7| ?Is, Eesl @ ZRAEIIWREH 22 022 LIEHNO ZIEtd sh= Ao| EX|

dEer

CHE 0|R210] I H) SH= X2 0HR TRE MZIILIC HLESHE of 7|0l M 2 EOISS £
2, REMO=Z SH=90] E(rap)O| LMFES o) EU7| 20| X2 '@ ZOIE{T} 00| O
Che 2oz A % 7| m2eluch

Ackot g ZQIE{ol chafl & ofshsty| 25, AXE LHEMoZ FsisEe d ZIEQ| 2tg (021X
OHIX|of Chal) & o7t M5 glEL|ct thad| d ZoIEII WRACZ 022 HHEICt D M2fe
Lt siM, ZEE 25| #X|l= A= otHLICH (2R E callocO0] Hist dHS EE 7.310]

M &D5t7| BHEILICE)

J2|1 Y moIE|7}00|24T ) = EOIE|o] 7|7+ Efbol w2t ZakE 4 7| T 20) oM 3| B
SZ0]A] HHAEIS SHOF BLICE (2O} FL 5.140 M LB ZAIE] “nil 0| I HOIE{Z M2 2 8
Ched & ZOIE{7}0QIX| ORLIX|ofl CHEH =3 RHXI7} ©/o| gl 20| & HelLict)

AXM=Z, 00| Ot HIE IS AFESH= 7| AL ZH2tof Eflof| w2t CHE HEf 2|
B{7F AULIR?

el

olE]

—

min

M= HFE

Prime 50 A|2|=% XO{Z PL/I 0{0|A{ & ZQIE{Z LIEIHY| QIaH MIHE 07777, A 02 A}
g8t|ct 22| 2EO0|A{= TCNP (Test C Null Pointer) @& 7| 25| (C HO{0AM) MIHE
0, Al 02 AL EILICE E 2EfE YE FAE ME=(word-addressed) Prime 7|7|= HIO|E ZQIE
(char *)E2CtI 2= EQIE (int *)7} 37|77} o &r&L|C}

Data GeneralA}2| Eclipse MV A|2| == 7|7 Z0|AM M| 7FX|2| ZOIE| EFQI2 M| ZEHL|C
O|E, HIE ZQIE]). C A0{0|M= F 7tX| HEHE AIB5I0q char *2} void *= HIO|E ZQI
HX| ZOIHE Y= ZIEZE THEL|CH

0t Honeywell-Bell M| Q1 Zaf| ol M= d ZQIE| ZtS 2 060002 AtEEHL|CH.

CDC Cyber 180 A|2| == Y(ring), M IHE, SM EE 22 0|F0{Zl 48 H|E Z K E AIESIH, (Y
119|) CHE 9| AF2AH= Y Z2IE{ 2 0xB00000000000E AFREHL|Ct 22HEl CDCE= 12| E4x(one’s
complement) 24l 2 AtESHH, 2R E FAE TS ZE H0[E2] o2 4&0 ZE HIEJH1Q! =
X|E AL EITt.

22HE HP3000 Al2|=& fI0lAM AZ 6t Ct2 7|HEXME char *, void *0f CiEt ZQIE{Q} LIX|
ZOE|S2 HIO|E o{=3|A T @)= o =af|al g MM 7850, £ o{=3|A0| M2 CI2 WAlS AL
25t}

o H

o™
——~
ni
n
[n s
—_

Symbolics Lisp ZFE{0| A =, (tagged architecture), 00| =X|2 E& == Z2IEHE N 35}t
Ct. C Y ZOIE{= <NIL, 0>2E FTHEL|CE (7|IEM2ZE <object, offset>2 ALE¢E)
8086 H|He| ZZAM|M (PC &&) diM= ‘22| 220 T2t 16 H|E C|0|E{ ZEQIE{Q} 32 H|E &

iL
= =
+ ZOIE|S £ 2 QUBLICE Ei 32 B C|o|e] ZOIE{Q} 16 B B4 OIEE & & UBLICK

A
Q
I

r

39



2.

NULL POINTERS

References

Q 5.20

Answer

O 64 H|E Cray AFE{OAME int *E St /=2 52| 48 H|EZ HEBSI0], char x= LIHX| &
2 16 HEEZ gMloz MM EdEtL|Ct.

[K&R1] § A14.4 p. 211.

o]}
==

run-time0l| “null pointer assignment” 2H= Of|2{ 7} B EIL|C} O 2SS 2|0|5ILIR7? EE oA
248t &~ o] =27
== T AL

O B MIX|= MS-DOS 8 Z{TI2{7} A5 LA8A|7|= MBE 0l ZOIE| ofl2f BIAIXIQLICE 5 D (i
S %7|5}5/x] 942) ZOIES MM TRE IR CHH CIBE clofef Ml IHMES| S4 0)0f ofw
O|E{S Aaig mf 2y BrLIC
O{fH C|t{ 7S H|0|Ef 24X QIE (watchpoint) B 4 00 MEE % ¢
Z40 2HO| 9 20 HIO|E HES CHE Rofl SARIFD F7(Ho2
8

EEC
AFEE 25 QULICh ZE 1682 215k HILICH

40



A 6

Arrays and Pointers

Q6.1

Answer

References

Q 6.2

Answer

A OO char al[6]10|2t10 M2|5l10 extern char *a2ld MRS F/R=H| 2 SESHK| LE27t
27

A oo ’SP—IQ N2 ZALZ O|F0o{ 7l BE LIt J2[1 MASE A2 EALE 7127 |= ZlE
L|Ch et MA T Ho|TF UX|SHK| = B ULICE o T EIIS
ELO [__l

& 9| 212 Jt2|7|= = 2IE{(pointer to
type T)2| ElQE O-[ = T EF S| B (array of type T)1F ZEX| & L|Ct CHAl extern char a[]lS At
235}A| 7] "HiZL|C}

[ISO] § 6.5.4.2; [CT&P] § 3.3 pp. 334, § 4.5 pp. 64-5.

2L} char al[l= char *al} ZX| o4LIR?

5] CHELICE (042{20] 2tet A2 ofotE &0 A &4 (formal) parameterdi| Ztet A ZL|C}
A2 642 At517| HFRIL|CH) HHQE 2 ZQIE{7} OFLlL|C}. char a[6]D 2+ MAS 22Xt 0f A1 74
S MY 5 U B2S WR= 5l 1 Z w'2ts 0|SS 27 6 HE HEY 5 3= 2
Ztofl RIX[BfL|Ch BHH ZOIE| MO char *p= i.*_o._|E1E Mg =+ U= 32 275t 0| flRl=
“p'2td O|EX|ELIEL O] ZQIE{= ON| O R= JI2|H =+ O'A'—IEF a5 s o 22X}
Lt EXIZ O|R0{Zl BiH S| oF RAE JI2|7|HU OtF A= 72|7[X] 4E =+ USLIEH (EE 5.1
1.302 ).
Jgloz HE ol A o Lig WUty ohg £ Mol

char a[] = "hello";

char *p = "world";
Ct=ah 20| HI0|B & =7 |atefLth:
ajhle|1|1]0]|\O
p hie|l|[l]o]|\O
x[3]2} 22 ES0| x7F Y o|LE ZOIE{o|Lto| }2t A2 Cf

;HI T

OF gtL|Ct. 2loff Moist I=EE o2 W, Hutde = al3lS
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2 6.

ARRAYS AND POINTERS

References

Q6.3

Answer

Note

References

Q6.4

Answer

[n
— i
!

2 f, T2 pofl A

M -?IiIP—I EAE 7t gLt J2(10 Horde{ot pl3lat 242 3 =
2(named) X0{|A{ 33

= et EPO fIR|12| EXAHE 7tMZLICt CHA| 251H, al3]12 "a'2t1l 0| &

2 Xt XS 2|o|st, p[312 'p'7t 7t2|7|=(pointed) -'-01|A1 38HE K|k RS ofo|gfL(t 22 of
olM= a[3]0|'—Fb[3]0I 25 =X TS 7K1 UX| L, Hutgde{= o] g 7| /ISiM EHE Z=
E ArEgLEL (O 2 XFOI'— ‘2’2t Zt2 B h ot ‘p’°P d2 ZRIE Q| S AlLtE 94140'317}
MEZ EHE 2 E MM Alakstct= AT 0] A[4h2 subscript AL} [1E M E=X[2| 01 F 2 27|

glgLtt ot 2E2S 15| 8HgL )

HA =H = -

[K&R?2] § 5.5 p. 104; [CT&P] § 4.5 pp. 64-5.

O3 "ZRIEQL Hi P2 ot 2ts T2 OT(of|A L2 ALTIR2?
CAONM 71T ESE 71N 2= FE2 HIZ 0| 282 &% O|sH et AolA H|RELICH By Pt =
CIE{7} &tz 2/0|= MZ DS 2 B £ 5 QUTh= 0| Ot L[t o] &0| °ID|3PE Hi= B
of ZOIE{of 25t AlLto] ZQIEE MM BHH 0| &2 (access)StAHLE HIP S SLiH == Ut L
Ct.
ALUSHA o] SSE2 Z2=22 th2a 242 HoloM L2 AJLIC:
T Et2l HiH Q| ‘lvalue'7} A0 A LIEIE IHO|= HiE S| HEIM RAE 7I2[7[= =2l
EL% 4 (decay)E LIt 07[0ll= Al ZHX[2] of| 2|7t J}ELICH 2|10 HAE ZQIE{ 2| Bt

A2 TERIS 71217|= ZAEYLIEL

— ==

¥

, HHHol =20 #0|H Hutelal= B H 48 JIE|7[= EOJHE 20 '—”l—IEP EEPE'—HH

x| 4a[0]0|2}T 2 7T} ZaLich (?I0llAM 25t of|2| &&= H

Lt & ALXEE MLE 22X} 0| EXHYE =7(|240] 2 @?%"—IEH

o olof wh=M™, A= subscript AAHAIQI [1E BHHO|Lt ZQIE0| 25 & = UCt= ZE0| L&

LiCh =, Zdutdei7t alil2t 22 82 B W, HiE 0|F2 ?|2| 2ol L2t ZB =2 HEE

. OI'.: ZOIE HaE 22 plil2fF 20| XiEIEHZF" AE L 7 USLHEE (2L A o222 H2
2=E 6201IA1 AYS AXMEH Ct=A Me[FLch) 2tef chSot Zol Hige| FAE ZIE o th

rerio k
(Ol

p=a;
p[313}a[310| BE 22 2401 HIE £ ULICh
AL 687 6.148 AT
olof Heolo| AR L CS T LaL

An lvalue of type array-of-T which appears in an expression decays (with three exceptions) into
a pointer to its first element; the type of the resultant pointer is pointer-to-T.

[K&R1] § 5.3 pp. 93-6; [K&R2] § 5.3 p. 99; [ISO] § 6.2.2.1, § 6.3.2.1, § 6.3.6; [H&S] § 5.4.1 p. 124.

& Al(formal) parameter2 H{ ¥} ZQIE{ MAHE OISCHZE IR £ 5 UCt= A7}

FO L
~
ac)
o
4>
\_O

o
r
il

2 8pR7| 20!, BY P2 B4R MK oiLch EOIE TiUElS
QU= e, TRIBEI} 1 Bt LROIA HHXIE e % 27| 2l

, EhS2F 20| Bl EXE MRIE mietHE =

1o
el
on |

0

=

Q
Bro -
>_VE

r
W2 gy

o o 0
2>1
1]

I
rII'

ox £
L2
Il
_|
s

—

m
ol

ISince arrays decay immediately into pointers,
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2 6.

ARRAYS AND POINTERS

References

Q6.7

Answer

References

Note

Q 6.8

Answer

Q6.9

Answer

Q6.11

Answer

void f(char al])
{... }

B2 QA ELCh &, o2 25U th

{ }
O|&H AISHELE &F2| formal parameter MAHN| Ot HEE/L|C} 0|21 AME0| ESAECIH ZICH| 2
AlStO HHEXME M= MAS MX| 40tE EHLICH
ZF 6.212 & 15t7| Ui ot
[K&R1] § 5.3 p. 95, § A10.1 p. 205; [K&R2] § 5.3 p. 100, § A8.6.3 p. 218, § AL0.1 p. 226; [ISO] § 6.5.4.3,
§6.7.1, § 6.9.6; [H&S] § 9.3 p. 271; [CT&P] § 3.3 pp. 33-4.

Hi S RAoff 242 CHRIE & RICHH OfEA| BHO] ‘lvalue'7} & = QULIR?

ANSI C E=2 “modifiable lvalue”" £ &l 0, HIYP S 0§7|0f| Z=&t=|X| L5L|Ct

=

[ISO] § 6.2.2.1; [Rationale] § 3.2.2.1; [H&S] § 7.1 p. 179.

017[0fl M HHZE 0|2} &2 subscript AAFXIQI [1E #AX| 42 Ui O|E AHH|IE 2|0 &Lt

AN Z B Rt ZRIE 2| 0| = FHUIIR?

HiE 2 XtsHo =z J7t2 AHX|st0], Lot S ZZte| X7t vt AU, 377 HEE £ Sls
LICE ZIEE M| =M, (mallocht 22 B+E MA]) 7t2 &Y sl F0{0F (Tt CHAl Cf
E 22| 372 7t2[7|A & = 20, {22 2&{0]| CHsl 0 17+XI S o = UL
HiZE Ot Z IVt 2= 2 IEo| (2 6. ). Bt ZRIE{= At 440{ MeiL|Ct 59|
malloc2 2 SEE Dﬂ‘:'EIOﬂ HIgm A= A2 ZQIEO|X[2H B X & ( ]E MAM) 2= E27¢
EELCt 2E 6.142t 6.162 & 115t7| HIZLICE (O2{Lt sizeof HAHXIE £ UHOl|= HZE O = QI
E{7} M2 Ct2L| F2|5}7]| "itL|ct)

A F 1.32,20.142 &106}7| HEZHL|C}

FobAA B2 BHX| Z I8 =2t 2t Aol 7|YL=E 2 2. H= eelvte?

7QI'—P7'<I71I 7F §F§ L|Ch Pl o|E2 O 22 CHUAIH & Q= &5 (constant)O|X|CH &
&= 6.20]| A M5t 301—3_‘— AXH U XA 7F ZIE = ot L|Ct &2 6.3+ 6.82 & 11517| HiE
L|C}.

5["abcdef"]9-|- 7EF8 Olgl'él_l- Eﬁd% %‘ﬁL—lEl‘ OlZ'JO| C O._-IO-IO'”A-I % _/IE Q/I\E Eﬁl_:|0|_|7|-_8_7

£ & USLICE Subscript AALXICI [10|= W2t B &! (commutative law)0| MESHLIC}H alel = AX|
2 x((a) + (e))Z AAt=|7] w20 OH—PP ull= *'OII'_ oStLt= HY 'a'?t ‘e’ X[t HE
1r"|01': arEelELCH o C Mo = 0|2 AS RIEAfoF E0iF7| = SHX| T,
A E (Obfuscated C Contest)'0f] 2A0[|X| =CtH £2 315 Zel|ct (2 & 20.36
L'_|-)

H:I rWl'

A2 C AH|
F11517| HEZL|
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2+ 6. ARRAYS AND POINTERS

References [Rationale] § 3.3.2.1; [H&S] § 5.4.1 p. 124, § 7.4.1 pp. 186-7.

Q 6.12| i &t=7} ZOIE{Z HEIEICIM? arr0| HHL UMY, arrD} garr| XH0|= £AUOUTIR7?

Answer EtI0| MZ CHEL(CLH E& C AHO{0|M, garr ZQIE{E RS0 HiL|C} O EIU2 HHY T ™A E
7t2|7|= ZIE{(pointer to array of T)QIL|C}. (ANSI C 0|X2| @2=l C A M = &arr0f 2 Q1 &0
M Z10E 2PA|Z|X|BE RAISHE datglstch) 2E C A0 HutU2 0| (85 AFESHA| 2=) 2t

Chet Hx= ZQIHE SHS0{UN, O] EII2 TE 7PE'—I9I'— Z Q1B (pointer to T)0|0{, BiHS| H 2

— 4= a1

L8 I—PEPL”I—IEP (22 6.3, 6.13, 6.182 2t115}7| HIEfL|CE)

References [ISO] § 6.2.2.1, § 6.3.3.2; [Rationale] § 3.3.3.2; [H&S] § 7.5.6 p. 198.

Q 6.13| sy e 7t2]7|= = OIE{(pointer to an array)= O | MAHSIE

Answer HE O[3 2 A2 E

CF EF Tl HiE 2 Bt To| ZQIE{Z HetEL o (22 6.32 &) 42fe] 240 H2s5H7] 2

—

B AIAME 7127 |= ZelEf chdl, sfhde| HEm| RAE Ji2|7|= ZoIEE s 2A|7] HiEfL
).
<N

st
=
=
=

|
S M= subscript HAEXIRI [1E 20 =0, S AM TFZ 240 2 == USL|CH B Xt
ME 7t2l7|= ZQB= A HiPE L4Z Sh=, HiEE 242 f I HiP S CIE mol|2h £27t
UELICH (A= 6.182 & 115H7| HHELICL)
Jef = B MX|of EHEt ZIE{ 7t H RSIEtH, int (*ap) [N];of Z0] Moig =~ Ql2n], o] o N2
HEe| 2 7|LIEL (22 1212 "é.I'_) HfEe| 37|12 2 EP:“ N2 HEFE 5 UASLIEE d2{L o]
4% "37|8 Z=2= ool chst ZIE" 7t E|7| w20l 227} s T

A2 6.128 £ 105}17| gL}

References [ISO] § 6.2.2.1.

Q 6.14 | uigo] 3718 M3 Alztoll #ZE £ JULiR? DF 37| HjY 2D L2 HiPo| YLER?

= = A H
Answer HiEh ZOIE{o| 22  (AE 6.3 &) HF0| malloc2 2 S O 22| & Z2IE{7} 2|7 (7 &t
Che, BRI & & QUBLiC e AEE Al O

#include <stdlib.h>
int *dynarray;
dynarray = malloc(10 * sizeof(int));

(mallocO| MBIMCt= 7t OFEHAIM) dynarray[ilMEH (i= 0KIM 977tX]) £ = USLICE
dynarrayE int a[10]11} ZH0| M=l ZHXEH & £ USL|CEH HE(static) 22 MAHE HiGE Dt
Moz atdst i 22| E 7I2[7|= ZQIE 2| Xt0|= sizeof HLMXIE £ LTt & Z 1.31b, 6.16,
7.78 F1O517| gLt

Ol I

Q 6.15] (&= oIxiz) Mesl viPD} 22 3719| X|%(local) HYS MAE!

2Since array references decay into pointers
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Answer

References

Q 6.16

Answer

= A & = sttt C Aofol|M H €S| 37|= AutY AlZtol| Ho{X|= AL
[COX]AIM= A |§ HZAE &~ Q= 'variable-length array(VLA)'& 7H3|-I‘_ lomd, o] VLA MA
o] EXE sliZg& —|A— USLICEH X[ HiE 2 Hpu o E SAI(CH2H &= mi2tiE 2 MY E 7F)

MM 3718 XYE = JUSFLICH (GCCE mf2HH|E{3HEl (parameterized) HIZE0|2t= & & 7| sE X
S ELICE) [COX]Lt GC E £ & 2ICtH malloc() 2 M= 5= Hhof| A&LIC & I:‘Hc’io Ct M*°”Ef

M HIEA| freeOE MM SHA|A[7 F0{0F SL|C}E & Z 6.14, 6.16, 6.19, 7.22, 5t 7.328 & 115}17] Ht
El=
=

[1SO] § 6.4, § 6.5.4.2; [COX] § 6.5.5.2.

Jba el Mol W2 TOlE(o| BYS BESHD, 2t OIE|7L SHOR Bust "Y(ow)' S Tt
21717l Bh= HRLICh g REL 2 A2 HYS SHO= Y HYULICH

#include <stdlib.h>

int **arrayl = malloc(nrows * sizeof (int *));
for (i = 0; i < nrows; i++)
arrayl[i] = malloc(ncolumns * sizeof (int));

(M ZEE £ Mol= mallocl| 2|E Zt2 AASH F0{0F
Z

4 el
HiEo| LHES AKX 2 Bea{H, 2i2te| B2 M2 HEEalo

c}.)
kot

Fll'
mlru

Ok fLICk:

int **array2 = malloc(urows * sizeof(int *));
array2[0] = malloc(nrows * ncolumns * sizeof (int));
for (i = 1; i < nrows; i++)

array2[i] = array2[0] + i * ncolumns;

= 3 0™ Ao|2t:, SHe=z et Hige| 2t 4= LU QI HiY subscript Q14AHX |' 1E M
M CHE £ UESLICE arrayx[i1[j] (O] I 0 <= i < nrows2} 0 <= j < ncolumnsE PIZHSHOf &l).
fl2t o] FH Mo = 0| 22| E &€Yst= AN0| o{H 0|7 =E 250 E7+s3TICtH, CHE1F 20|
ol 22| o MT B S E USLICH S AR HYS CHRE HE SUILLE HYULIC

int *array3 = malloc(nrows * ncolumns * sizeof (int));

2L}, o3 Aoz ohERUCHH ZE2Ee| 240 M25H7| {5 2zt

QA0 7(4:13|-7| 2IsH M= array3[i * ncolumns j]+2}11 SlOF
& 2= X[t ZHS 2} HO(comma)E MOt 57| I E0|, |22} Z
6.19% Zts5H7| |:||-E'l=—||‘l_.|I:|-_)

R Ao é ﬁ

int (*array4) [NCOLUMNS] = malloc(nrows * sizeof (¥array4));

ag{Lt = dAo] ZiTtED A# AlZHo| X0{ = StLte| XHl(dimension)O| X|E E[0{0F BfL|C.

o

=
0| DE Bl S0l S5O LSt 0 D2l LS| T SH(fee)A| 7 F010F BiLts 28 Y
ouf olEll|ct (22 0f2 D7l BRE & stk A2 7.238 Hsty| sighicy 1211 =
Moz gEs MYl HHoR HEE BE NN BIEA| A0j2 & s ZUE OfHLICH (A2
620o 20510 HE EE 6.18= R OSIA|7| HEEFL|CE)
Opx|2to 2 [COX|0flAls T7]| BZO0| THs B B U S X /ABHLICH
of7|0f 4 HZE DE B TLSS MR EE T 0[Ae| RS BIA T MBE & YBLICH
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References

Q 6.17

Answer

References

Q 6.18

Answer

[C9X] § 6.5.5.2.

Brof CHg Tt 2ol =

min

ZHH5HH:
int realarray[10];
int *array = &realarray[-1];

Hidol H 247t 1M FE AlAStE AXME SUiE = JUSLICE 00| AMENR?
“N

o| HlaYo| ojR o™ o= H0|Zl 5HX|2t (0|= “Numerical Recipes in C" 2= 29| of| A EHof| M
SHAlQILICH) eS| Yol C EES RiEste o] OfelL|ch EOIEf AN ZOIE7} BHetsl
22| He otg 2|2 mollLt, el opX|e 24 Cthg JHAL|(imanary) 2AE Jt2|Z mHof| 2t
ol & JUFLICH LHE BR0ll= ZelE ALto] o = 0] JUX| p4EL|C 0l= Z2UEE MM AFE
7= (dereference)Z S}X| 4OIE OFREZIX|O|L| =AIGEA|Z| HERFL|CH [IF2FA 2] TEO|AM WHS 5t
= ROM Z2RE F2200] UHS01E = JUGSLEF (OIS FAT71 0 M| 22| MIIHES| A[ZH|

M “wrap around" 57| 2L =& UASLICH.

I}

]
=

0

[K&R2] § 5.3 p. 100, § 5.4 pp. 102-3, § A7.7 pp. 205-6; [ISO] § 6.3.6; [Rationale] § 3.2.2.3.

O|RXI HIY¥ S 'ZOIEE 7|2|7|= EOQIE3'E QX Z gt

I
ot

F0f| MESHH, M Zutds

rr

Pzl

min

HASICHS F2|(ZS 6.3)2 M 7& 2 2 (recursively) M E|X| 9&LICH YL 2 Of

C 1) HIE E 7t2|7|= ZQIHZE HAE K|, ZHE 7t2|7|=
£ 0| OtL|Ct HHE E J12|7 | ZQIH = |2 o{2{R 22 X=Al5| CtF0{oF &
Lct 2&Z 6.132 & 105H| HEEL(C}

B0l O|XHR Y S MEHBICH:

int array[NROWS] [NCOLUMNS] ;
f (array) ;

void f(int (*ap) [NCOLUMNS]) /* ap is a pointer to an array */

{... }
Heim Molof M ZatUels LS 0| F0I7 Y S BIAS Jt2l7| EOIE" 2 81F0| FLiC)
(U2 6334648 A1) FHM Mole PMBh|Ch E2AX|E B5E HYS 218t F71H0l o 22|
BHeho| O|ROIX|X| 4202, BiPe| T7|Lt RS B(row)2| 7], #o| UHE U LRIt L
Ch. J2{Lt, BHO] 2 (column)2 TS S2BHICE It2bA NCOLUMNS (ARFRI OJAF2] HY ol A
S Meiw Qo +8 25k Ch R X|0{oF BRI E 0fof BLIC
Btk 0j0] EQIEE Jt2|7|s EOIE'S WES Mois|of UCtol ofy|ofl OlXtE HYS A H
=r5hs A2 2ojo[atict
A= 6.12,6.155 & 10517| HFEL|CF

3a pointer to a pointer

46



2 6.

ARRAYS AND POINTERS

References

Q 6.19

Answer

References

Q 6.20

Answer

[K&R1] § 5.10 p. 110; [K&R2] § 5.9 p. 113; [H&S] § 5.4.3 p. 126.

=2 Aot AZHo & = 9= O|XtR HHE 2 QX2 W= B8 BtE = USENR?
4@ o] ObeLICE BI7HX| S [01[0] 242 FAE MYSHT, HIA] subscriptE BLHLY= 2
Qluick

void f2(int *aryp, int nrows, int ncolumns)

{ ... arrayl[il[j] is accessed as aryp[i * ncolumns + j] }
ol eh== & =E 6.1801 L2 HIHE S tt2at 20| MEHSE & USLICh

£2(&array[0] [0], NROWS, NCOLUMNS);
o Mof| 22 =0]. o|d Ao 2 THRHR H Q9| subscriptE 2 & Sh= A2 ANSI C Z2&=0f| F&ts| 2&t
otX| 4ELICH A M| [CE2MH (karray[0] [0]) [x]12F 22 EE 2 x >= NCOLUMNSY A< AN|CH
= sxfoix| gaLich
[CoX]= 7HH F7| HHE E NS5t [CoX] & 7|5& MSsh= Hutde{7t d2| mX|A =H, of
0| 7t HiEf RS 2ol 2 5 US AYULICE (GCC= o[n| 7t F7| P S MSefLEtL)
gt7F CHFst 37|18 7KK = CHAHR i E 2 MER-E & U St & Yoz, AF 6.160] L2
= HIEE SH2Z A|=20[d5t= -0 UAFLIC
Z2 6.18, 6.20, 6.155 2157 HHEHL|CH
[ISO] § 6.3.6; [C9X] § 6.5.5.2.
HA e SHoz SuE Chatel BYUS B0l MY, MZ TS| 941 & 5 s WHo|
USt2?
Shs 5t 2Ele giaLict chg Moto] IokD & o

int array[NROWS] [NCOLUMNS] ;

int **arrayl; /* ragged */

int **array2; /* contiguous */

int *array3; /* "flattened" */

int (*array4) [NCOLUMNS];
ZOBE2 EF 6.160 Lt2 AXMEH =7|3t=[0] At 7HESHD g M2 ohga 2ot 7hd
gfLcf:

void fla(int a[] [NCOLUMNS], int nrows, int ncolumns);

void fib(int (*a) [NCOLUMNS], int nrows, int ncolumns);

void f2(int *aryp, int nrows, int ncolumns);

void f£3(int **pp, int nrows, int ncolumns);
olmfl, £1a(O 2t £1bO= LEIA QI ORI HiP S QIXZ #om, £2() = EX Zl(flattened) O XF2l HY
Pg oIXtz won, 302 'ZQIHE JI2|7|= EQE'E eIXtZ SELCt (AZ 6.181 6.195 &

)- 2t ch2ot 20| S 58 = JELHCh



2+ 6. ARRAYS AND POINTERS

fla(array, NROWS, NCOLUMNS);
fib(array, NROWS, NCOLUMNS);
fla(array4, nrows, NCOLUMNS);
fib(array4, nrows, NCOLUMNS);
£2(&array[0] [0], NROWS, NCOLUMNS);
f2(*array, NROWS, NCOLUMNS);
f2(*array2, nrows, ncolumns);
f2(array3, nrows, ncolumns);
f2(*array4, nrows, NCOLUMNS);
f3(arrayl, nrows, ncolumns);
f3(array2, nrows, ncolumns);

CHE 22| AFEUM LIS SEEE S AL, L2 = HAETH E 25, S& 2l ncolumns7HE
A& QI NCOLUMNS St eX|gh 420t & = JUSLICt

fla((int (*) [NCOLUMNS]) (*array2), nrows, ncolumns);

fla((int (*) [NCOLUMNS]) (*array2), nrows, ncolumns);

f1b((int (*) [NCOLUMNS])array3, nrows, ncolumns);

f1b((int (*) [NCOLUMNS])array3, nrows, ncolumns);

X|2t garray[0] [0] 2 (EE= *array) £20 0] MLSt= A2 BE0l| &S| UX| 45

CEA| EF.J ECl
= 6.198 &115}7| HigfL|C

LiC}; 22
orok 2o LISt S 0| 015371| S5t of A 2= =X| ofs Sttt 2|1 of CHE Z8l0| &
ZSHX| =X Q4CtH, o2 E2 C H0{0l| A HiLH ot Z OIE{of| CHSH OH < & ofa St UCED Zet =

QleL|ch.

IO o HE & AKX 2HSH=H I
X|= CRHE HiEE =2 (=] = =
6.162| arrayl, array2X{ & tE0{ RICIH — 2= &t

52 6.160) L2 XX, Cfst 37
| B wrefo] & 2 USLICH— ploF BE wio| AL
S £330 BHsofof BiLich.

-In

Q 6.21| uyo| a0l mietHE 2 MEE A 9 sizeof HAKI= MCHE SESHX| L2727

Answer Zute{= HiY ni2tHB{E ZQIHZE MAE A= ZtFFLICH (AE 6.45 & 11517 HEEL(C).
T2 M sizeof HAAXIZFH P S| 3 7|7F OFLH, ZQIE{S| 3 7|E EB|E S|}

References [H&S] § 7.5.2 p. 195.
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A 7 7
Memory Allocation

W2 AMZHS0| C AHO{O|M pointer7} 7HEF HiR7| ESCtD
pointer?t 7t2|7|= M| 22| E &2[5H7|7t & SCh= SSLCt
20|, =207t 22| E 2 E gHsHoF gLt Mo 2

M= A2 M2E HOE YYSE 71 F

=l 2lolo] FLch.

£
C

m

A 1 A Basic Allocation Problems
012{ 20| & mallocE R EX| Y=Ciol =, 0{2{F0| A2

Atstiof gL Et.

0| ASE o SEEIR| ©

char *answer;
printf ("Type something:\n");
gets (answer) ;
printf ("You typed \"%s\"\n",

SENR7?

answer) ;

gfLict OJ2{Lt AFA 0] 22 pointer=2LCH
Aol= AtiE2Z X1¢§9-I 210{0] 7| [
IYEX| 42 H2E|E JI2|7|= Z2HE

C) LS —

St= HIZ22[7F ME 2 =7(3t=f=X] &

Answer gets O 0| MEE ZOIE{ 40l answer= EAIE 0| HZEHE o ZZ+2 712|710 JA0{0F §L|Ct 2|

O ZEO|M= answer?} OE|E 712|7|= X & & SAGLIEL & =7ISHEX] = 07| =0
Cts ZE=2t 20| #RE Z=YLE

int i;

printf ("i = %d\n", i);
(2t FO{Z ZE2| H S0 RE|= answerZt OC|E 7t2[7|=X| & 5= Ql&LICEH &, BIZ 2/2]
ACOIM 17t RA ghS JHRIEX| U & 9 I 22 0| RULIC (E7/51EIX| S Ao Bl
UM O 2 Me|7| 22 ZHK[Z ElLCt o= & ZQIE{2t= CHELICE &2 1.30, 5.1 &5} HE
LT
212t &o|, Ziets| A 25t gHugl=s =2 00l = ZQIE ChAl X[ HfPEE M= Zof A 2t

=i

Luninitialized local variable
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Answer

References

7.3

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

char answer[100], *p;

printf ("Type something:\n");

fgets(answer, sizeof answer, stdin);

if ((p = strchr(answer, ’\n’)) != NULL)
*p = :\oz;

printf ("You typed \"%s\"\n", answer);

O| OllX| = gets() CHAI fgetS()E ﬁ‘i;\.l—lﬁf- [ChetA B el 20| Ho{M oA 27t eisLict (&
£ 12.232 & 006}t7| HIZL|CH E85| = 0] 60| AM = fgets O 7t gets () 2b= 2| OLX|2 \nE X[
X| 2Eh Ef.) answer0Of malloc() 2 2 M| 22| E Eot= BH T MZIsE &~ QI&L|C}

strcat () 0| S&5HX| &t&L|CH FE= 21 Zond:

char *s1 = "Hello, ";
char *s2 = "world!";
char *s3 = strcat(sl, s2);

— =2 oH
ZF 7100 AZst AXME, = A2 HAT EAILES XMEeotst 70| gicts AJULICH C
Ao sHL=E EALEE XMEHFX| AgLict C Huldd{s AANM 276 CHFEE 22|
E et (Extgel 22 2%t IﬂH"* ot ZAY AE ZEglnh). Z2ei0s EXHE
oA concatenat|on)l'|- z2 Al AlZE ALH(run-time operation)d| E L5t HAESH Z2t2 BHHO[LL
m]

x
al

malloc() 2 E& F=0{ =040} &L C}.

N — |
strcat () 2 O{IH &t SZtE SE6HFX| f&L|CH FHW EAHL

S A2 Ches| A =XHEo] S0{M
AZELICEL 222 MM EXLEE MYSts R0l SEE 202 7HK| 10 AUo{oF 5, & &+ U
0{Of(writable) gfL|Ct. t2tA CHZ 1 20| BIEZ MASHH &L

char s1[20] = "Hello, ";

EE, ™o 27| 2siM= 2|2F 20| 200|EFE dE 2= A2 FX| @EaUHH ?El= HES S
2 BEE = U= ofist HAHLIEE MM S2t2 2E5HoF BLICt

=
strcat OO HHM EXILEE 712|171 = (AE0ME s1) ZRAHE E|EHSIEE, HE 32 22 E
LICH strcat () 2 B2 CH30ll 2ot= s10| 7t2[7| 10 JUELICE

EZ2H M strecat(OV2 B2 FE= 37| FIHK| EXE K| D=
2 7HX| 12 JUX| eLChE At o] EXHY0| £ 5= gl=(read-only)
é.*ﬂowl Cl= gy

T AFLICH BA s10| SEE 32t
2xidolats AYULch AL 1.328

[CT&P] § 3.2 p. 32.

Jd2{L} Of 5 (man) H|O|X|= strcat O O| CIXIZ £ 7HQ| char *E
Al o] ATt J7iX|0 ot 22| 3722 TS0 F0{0F SiCt=E A2 o = UXR?

T
rr
i}
K
1
2
;O

[EL|Ct o
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Answer

7.3b

Answer

7.3c

Answer

7.4| 123 o] ohloM = o2 9

UM o 2 ZOIEE ALY W0l = o 22| SZHS ot F0{0F Bt M ZisH oF B[t BFef
afo|afe| Eio| MY | 8 o1 Zo| gicte
Z=0{0f §h|C}.

=

UNIX AEFRIO| D421 (man) HO|X|2] & S0 U= ‘Synopsis' 4 M, = ANSI C EZ0| Lt
2{5t 222 ZR 0[5h517| FSLICE 0|S RMofl L2 A= SE5Hs 2F0| Ofl 358
S eimol of 71217| mRLICH S5] ZQIE & QX2 e (REALF 2XHY) CiREEe| B
ZOlE{7} ofl SEMES (REALEBHY — A2 63, 6.4 &) Jk2|7{0f st A2t gon,
o

_|
N re
o

ro In

rr
e
0
=2
0o >
fiok
ol
_QII__I
i
L2
o
_o'ﬂ
rr
oy
40
d
2
4
i
e
r
n
n
rm
2
n
Ir
ct
[=H
=]
o
mok
4>
oo

= AL|Ch =7|StEX| 42 ZQIE pof O M2[7] Zto] S, 1
20| 042 20| £ = U= m22| SZtE 7I2[7|0 UM, 1 Z7H0] ofH SLE [FH2Z Mol
UX| A7 | T Z AL

char *p;

olpf e (Ol MES| UshM, ZEURIS) TOIE XHHBH MEE & 9 T2k LS HeLICK
=, 0| A2 sizeot (char *) HO|EBIZ 2| o 22|7t BEHE HYLICE J2{Lt O]
5t 0 22| = Jk2|7| D UK YALICH AR 7.10 7.28 A msty| siiLich

rr

FEE DAL

char linebuf[80];
char *1ines[100];
int i;

for (i = 0; i < 100; i++) {
char *p = fgets(linebuf, 80, fp);
if (p == NULL) break;
lines[i] = p;

}

-

O3y o] ZE= & OiX|ef 22 F B SASH LIt of 2877

o o -

o1



e

MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Answer

References

Q 7.5a

Answer

References

Q 7.5b

Answer

Q7.6

Answer

References

0i2{ 20| MRSt linebuf= EtX| St E0IE = BHHQL|CE fgetsE EE mMOtCt, 7|

Zo| 22 HOoIMXN HEILICE fgets= LHRH2Z H22|E Sl FX| ZF5LICE o247t BtAHL

EOFE CHHX| 9F=CtH, fgets?t 2|ESHE 442 0{2{20| R CIXtZ M & Z QB Z5L
Ct (0] 42 11nebufE 7t2|7|= =2IH)

olzt Alo= FEE Iafslal BICIH, 0f2{ 20| 2Zte| B MEE B2 YYs| B F0{o}

Lich I 2029 =2 &mol7| HIRILICE

il

[K&R1] § 7.8 p. 155; [K&R2] § 7.7 pp. 164-5; [ANSI] § 4.9.7.2; [ISO] § 7.9.7.2; [H&S] § 15.7 p. 356

2|E Bt EArE0| 22|72 X XX ZELICh of DR

ZOIE7H MAB 0| 22| B2 217|D UK & HABHEAIY| BRRILICH 0|8 S0f ChS Tt 2o
ZCHH R HelLick

char *itoa(int n)

{
char retbuf[20]; /* WRONG */
sprintf (retbuf, "%d4d", n);
return retbuf; /* WRONG */
}
oh 7HX| SHH 2 (24Xt A2 ot ot £35] o] &t AMAM2ZE SEE AL SA|0f| O] &+E 0f
315* f21, 1 42 M85t & oz € & elsLtt) 2[ee HIHE CfZ210r 40| e AY

static char retbuf[20];

& F 7.5b, 12.21, 20.12 & 1I6}t7| HIEfL(CH

[1S0] § 6.1.2.4.

L.I

2 EArEo[Lt 7|E} o2 A=E 2|Esta{™ ofE A aliof 5hx?

ZOIEE 2|Ee o= O] ZQIE{It Mo = SrEtE (statically-allcated) BZt2 7H2|7| 0 U 0{0F
'—lq = 0| H{IH7} of g0l MEE HZ2E[E 72|70 JUAHLE, O] HIHI7t mallocO 22 EH
l:|'|Jl‘|0|0‘|0|: gtL|ct. A2 X[ (local, automatic) HEE 72|7| 0 U A= QtEIL|C}

2 E 20.12 2tast7| Uit

e}

bal

malloc() 2 S&& Ol 2 “warning: assignment of pointer from integer lacks a cast”"2f= Z 117} 2
3!-7]|.o7
= i

OfO}E= mallocO

| M1l SlIE] TS (<stdlib.h>O|L} CFHE 3Cf THRl) EEHAIZ|X] SF0FAY 242
LIch &2 1258 2138}

b7 BHEFLIEL

[H&S] § 4.7 p. 101.
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% 7. MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS
O Z=E EM malloc(O0| 2[EHBH ZOIHE CHUY ZQIE{S| EIUS = FHA—SH AdE = = U

Q7.7

Answer

References

Q7.8

Answer

References

Q7.14

Answer

References

Q7.16

Answer 3

= Ol o 7?7

ANSI/[ISO] C EZ0M void *& AJHE|7| FHojl= chyH EQIE| W0l BHE ZDS 2oH7| 2AsH,
wl SO HES F0(7| 9I5 ol2{5 HAS AFBRALICE

ANSI/[ISO] C EZO M= 0|2f3t HAEI0| &5 WLoUSLICH T2|D Sx) 0|21 HHASS AL St
A Lt T2 TeHY AERUE 2 E(V|E BILICH HLESHE malloc()0] MOIE|X| Q4942 )
o+ s R85 AD HAIKIE WHAIPIX 7| HRULICE B 7.62 Amsty| HRRiLIch (2
2{L} 0|21 FHAEIS 05| KI5 MO| T QIZLICE. 2HLFSIE C+0A = 0[2{3t AHAZIO| #H=A| &
257| H20], ZENS RAI5H7| siMALICE)

[H&S] § 16.1 pp. 386-7

chent 2

=

ro

FIc=E =2 ®Mo| QaL|ch

char *p = malloc(strlen(s) + 1);
strcpy(p, s);

AN MZH| = malloc((strlen(s) 1) * sizeof(char))+Z E|0{0f & A Z20|2.

sizeof (char) 2 2ot= A 2Ll st LEstH Ho|of| 2|sHA| sizeof (char) = &tAb 10]7]
I EULICt CHE U2 otH sizeof (char) E HoteE A2 Mo EXM7F =Xl &L =ot=

e ope@l Wake NIXIX| 7| HEYULICH FIHHOZ size t EIIS ME ZHO| £SO
UELICH A2 898 &H5t7| sigict

[ISO] § 6.3.3.4; [H&S] § 7.5.2 p. 195.

O A|ARIOM = mallocO L2 K 22| E S = Z2ORAAM o 220 HZ5H7| Mol= 2
AMA 7t H 22| E LA Y=t SUASLICE JelE 2

spglente

B L57| of2i2 SRIQILICE EFOIME 0|21 Ao SAtsts AIAH 0| UCkD L BE7E S
cf. 22 T2t AIABI0| Tt 2t HEE geLich

[1SO] § 7.10.3.

OfH =5t A|4tS 5h7| 2fo m 2 B0 ERHAM ChSot 20| =& AdASLIth
double *array = malloc(300 * 300 * sizeof(double));
0| tf malloc()2 & ZQIE{E 2|ESHX| 4UX|T FE “1240| O 2 O] &5HA|

o
= 222 AAN X =(overwrite) S40| & g%_} A 7L} malloc() 0| &St=
st 2 2o} LT,

LICH A 2 ztof|

= XISHL
=
orEe| Z HZE|E

300 &=25S}t7| 3002 900000|2f= A2 A ZISHA| 7| HERIL|C}. 0] £=X|= C}A| sizeof (double) 2 ol
Of 57| W =ofl &tEs| 2 I 7Lt o|& 2 ufPo| ¥ Z5ittH W Fo|E 7|20{0F gLt gt
oF o{E{ 22| A|AEIO|A size_t EFRI0| (malloc()O] E'_|E‘|o|-'— EtQl) 32 H|E2}H, 2|10 int7} 16
HIE2HH, J2{8t 7t €9 £ JE Xz ZELICH (B 3.14 1) JO™EX| JCtH o2 E2
O| HZE|IE & 37|2 AJ{0] &71% CC= 32 H|E HEELF HOlUBE MHLE HEZOZE A
SE= IZHI‘:'F—'l 2= g8 Mo & AL|ct A E 19.23% F105H7| HEEIL(C

oI
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% 7. MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

S

Q 7.17| | PC= s o7} HIO|EQ| H22|E HR5tT YUSLICH 240 2f 640K T7| hof] & £ Q=

Unte?

\_o
=
|
o
m
N
[00]
3
(]
=5
G
—LJ
A
I
>
0
H'F
ZII;I
_V.'l
I 2
x
(@)}
B
(an)
-~
o
0z
lo
=
0
L)
I
Rl

&st= A2 (

am

Answer Cii._
| MS-

Q 7.19 | x

S malloc() LROIA SE7} LA85H 2 Z&LICh T2id| X7 =7l0l= § =218

A=
520 9l % YALICH malloc() LHS0f B2t QLS 2 obente?

= —

Answer 2 5|E Z2 027} mallocOO0| HE X2 2 RX[5t= H0|H F#28 TIER|7|= 02 S
Ct & 1 23 2Mst= EXl= 0 El‘—?—7|7f P &LIct 7t& 25| YlsH= A7t malloc()O|
eost 37|20t o 2 Ho|HE ME{id(write) St= AYLICEH 55| 2AIEE XMZESt7| 2lsh
strlen(s) + 12 MX| & malloc(strlen(s))E Mt AR 7L &EtL|ct o2 24| 2 0|0 free() E]}
SESHN 22| ESE E M1 StHL freeOE 8 ZOIE{Of| CHall = H S&E5t= ERE US
L} = o ZOIEIS reallocO0 AFBE BRE UBLICH (U2 7308 &1),

X2 7.26, 16.8, 18.22 271517 HFRIL|C}.

Q 7.20| sxo= st H2a|E siM B L0l CHAl £ & lLtR?

Answer £ == Qi&LICt O 22fE malloc OO H§ =ME oM E H22|= HEEX] ed= MEfE ot
QT (left undisturbed) /0 UKDt 0|= ZRE Zo|0f, C EZ0|E HZEX| 42 AlEtQlL|Ct
CHEES| =202 =0| oA E HIEZ(e LHE2 YR CiA| MAX|= d&L(Ctot, o320 L2

singly-linked 2Z|AE E oliX|St= ZEE EA|7| HHEL|CH

struct list *listp, *nextp;

for (listp = base; listp != NULL; listp = nextp) {
nextp = listp->next;
free(listp);

}

2|10 UA| ZEOIE{Ql nextpE MX| &0 ‘listp = listp->next'E A= A0| o £ECt= ASE OFM
oF BILICH

References [K&R2] § 7.8.5 p. 167; [ISO] § 7.10.3; [Rationale] § 4.10.3.2; [H&S] § 16.2 p. 387; [CT&P] § 7.10 p. 95.

Q 7.21| 9ff freec()E 22 Ct=0|| mOIE{7} Ho| E[X| 4= HNIQ?

H 0| gt=ofl MEE ZOIE 7 7t2|7| 0 YU M 22|17} sHA|E L CF 2Lt of ZQIE
HEEX| 20 HOtUSLICH 2HLISHH C 10= UXE MEHE M, ‘pass-by-value’ 7HH
'—I':F [h2fA] °M7f (0] B2 free()) QX2 MEE Hp2| S HEAL 5 QgL

Answer free()E
b

LR
ofr
N
[nn
E
£
_\,"_

e O‘“:”6| E”'EHA‘I R ESHK| &L CH(invalid). 2|10 (dereferenceZt OfL|
CEE O] UEE M= AE, EE T 2o a2t ct=2271 SHX| 2 0|24 EXME

L|C}. CHEE implementation /}3 i 22X E 2AA|F|X| 4= St invalid ZQIE{0f| CHEH
|Z|X| Q4&L|Ct.

>__

exceptionS ‘é"g'
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

References

Q 7.22

Answer

Q7.23

Answer

Q7.24

Answer

References

Q 7.25

Answer

Q 7.26

Answer

Q7.27

[ISO] § 7.10.3; [Rationale] § 3.2.2.3.

&0l &8 X[ (local) ZOIE{0f malloc O L2 O 22| & S} S Mo = BHEA| free() & 5501
of 3tLtR?

SURLICH ZRIE St ZOIED} 7l2)7]= H2als M2 OHE Ao|afs RS 7|5 oF &Lt
7t Bt o, x| W2 MASt ZOIBE AHS2E SHM EX|B EOIE XL HAIEChs
O|X|, ZOIE{7} 7}2|7|= | 22| E3f0| sHM Ects 242 obL|CH malloc() 22 &HEts o 22|
free() & M A SHiAISH7| Mol= M 22|06 Eot JUFLICh LEH 22 2= mallocO0= 2242
£0|| s Est= free(O E 2HS0{ F0{0F BLCH

o rir >IH por

SHCOZ ggel ofH QENMEE JI2|7|= Z2HE EZeste # XM E ER/MSLICE o] =X
E aliME o, ztzto = olE "Mt 7t2|7| = t 22| = U2 SHA|SH F=0{0F 5HL+R7?

O SLICh mallocO 22 S H2E2[= 22t (T 25| & ) free() E i F0{0fF &LICE Z2
JOM Zi2Zt mallocO 22 B H2E|= 25 £ ee()A|5’|'— No| E2 ST

&F 7.248 57| HHELIC

=20 EH7| Mol SHe =z et 22l= BH=A| SHAM|A|7HOF SHLER?

O™ Z2ee Etth dEtN o2 RN Z2030| ZRt8 M, Z2 0| €St ZE 0|2
2| E siXMAIZ S I3l = 875+, 0™ PCOM = HZ2|E M2 S/IAIF|X] %oJEF' o
AN AUSLIC ANSI/[ISO] C EEOM = O| 26t MBS ‘7o &0 g 2t (quality of implemen-

tation issue)'O|2} 11 245t USL|CH

[1SO] § 7.10.3.2.

MEZ2JH2 22| E2E mallocO 22 &SI, LIS | freeOAl7|= F2E ZHELICH OE
H, Z230| Z2H TS0 =, 2F MA e o22| MEHE MTHEH M5 EO1E7<I HeAEsEF
OIAL_ll___l.

CHEE22] malloc/freel| T8 HHE2 HZE2[E 2HXM|0| FA| gHetsh= A0| ofL|od, BX| 1
ZE2IMOM LSO LIS malloc()0| O HZ2E2[E CHA| £ = JUEE ol T=F =[0f J}USLICH
free() &= 0l M o] M 22| E SHAIE K| O{EA & &= U= ALItR2?

malloc/free 7812 SHMOZ gttt 2fzto| 0|22 £3 9| F7|E HEHCZ RX|5t1 USFLICH
(2t freeOE £ IHOIl 11 37|E X|HSHK| 40t RS2 2 1 F7|E & = USLICH

O chH, gtetst 8o 37|7F e A EQIX| malloc T 7 | X[E MA & == JUST7IL7?
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Answer

Q 7.30

Answer

References

Q731

Answer

References

Q 7.32

Answer

SYSHE, 3 =82 F7[8 & + U= EE E= 22dUs L2 MSE X gsL o

realloc 2| HHM CIXIZ A ZQIHE FMMYSH= A0| AXSHIIR? O off O3 U2 5t=

Ao|x?

Goony OXME MM HZE|E XS A) A
Cto Zat|ct a2 = 01|A‘|'— o|2{gt AtEE 2 M 3SHK| &Lt ot
2tM BEZEO0|7|= StX|Th 2tNS| S St E Z4FE YWHO| OtHL|Ct realloc?| A QIXIZE H ZQIH
E MEsIH M2 E SIIMCE SHoE HEdte U1E2|EE (self-starting incremental allocation
algonthm) Ot=7| #l&L|C

ANSI C &2 O3 A2 ME (2|2 realloc
Lt g <!

TR

[ISO] § 7.10.3.4; [H&S] § 16.3 p. 388.

calloc() T} malloc() 2| X}O|= RCCITIR? calloc()O| H2E|E 0CZE ME= A8 9171 £ £~ Q)
Lt2? 2[4, callocO 22 &S HZE[E freeOE MA SHAE =
22 A2 AIE5HLHR?

calloc()2 CI29| ZEE dlst= A 5L CH

p = malloc(m * n);
memset(p, O, m * n);

022 XH-S-EPE A ggstozzlel ZE HIEE 022 A 2Ch= SSLICh M2t o Zho] & =
OlE{7} Ot == JU20i(0{7|0f| 248t H2 5 M2 2 15617| HIFL|Ct) Al==(floating- pomt)E 00| o}
2 =5 JUSLCE Q2|1 callocO 22 et 22| E SHME M= free() E &LICH

alloca() gf¢= OffH & =0|0{, of AX| Z2t1d SHE?

alloc(O2 0| &t+E SE¢ st7t B M, RIS 2 &6t H 22| E siAs = &L ct.
%, allocaZ SESI O EE|= EH atro| “AEH =y Ql(stack frame)” O|L} 2 (context)0l| ZS35HA
iL|ct.

alloca() gt== O|AMMUA| BtE =7t giELICE O2|10 LMl ABZ ALESHA| 4= AHFE O
Mz O BHE7| o{H 2 Lt £35] allocaZ e 22| E 2|Hot= A2, AlZist 2|
7t ghlist = QUIELICH ol E =™:

fgets(alloca(100), 100, stdin);

2 O|70lAM alloca Bf= EE Bf7f OHL|DY, &2 0[4H0

0]
-
m
rr
[H
Hu
|
il
=2
x
rr
=
40

o6



A 8

Characters and Strings

Q 8.1| 9 cte == Alslio| otg|= HUNIR?

strcat(string, ’!’);
Answer EXIRT} 2XH= 2 X}0|7} YELICH streat() B 2XFAS 0]0fFE BaelL|ct
C 20{0| A EXH= ZX} Zl & (character set)|AM 11 X7} LIEI = &2 M4 o2 B
(R Z 8.62 HIISHY| HHELICH. EAIE 2 ZA=2| I EM ESELICH 2XLEE o E o
S AU L A QAE JI2|7|= ZQIEHE WA &L|ct EXtgo| 1E 0|0 E0|2{H CIF
sfoF BLic
strcat(string, "!");

X2 132,72 16.62 & T5t7| HifL|CH

References [CT&P] § 1.5 pp. 9-10.

ENR?
char *string;

if (string == "value") {
/* string matches "value" */

}
Answer C 910f= 2x}QS 2xto| HHY=Z 2| ELICh 12| T C AOjoiAl B FAIo ChaH Oft AL
(CHY, 8] S) &F & % U W e gLk 9lo] Aol M == HAS mlotakxbel Zolefo] 7t
S H|WBHLICE — = ¥4 string®| EQIE| 2tnt 2X+Y "value"o| HOIE| 242 H|WELICE — ket
M € 7ol ZOIE{7L 22 R2 Jte|7|= XIS sl mBILICE Ci7Hel B o] Zho] 2H & BRE A
gloo=, of Blmk Mol g4 Zx| Ckn LhgLICh
T 2XIYS H|TsHs YHOZ Blo|2afz| 4ol stremp OB Ak HO| JHE FBLICH

o7

Q 8.2| =xio| ol Ex5t kDt ZHSX| AN T SLIC) L2 D} 20| TEE HEJY=H A S



%8 CHARACTERS AND STRINGS

if (strcmp(string, "value") == 0) {
/* string matches "value" */

(-

Q 8.3| ciga ol & % Yctm:

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

2 ol = & % elgnter

char al[14];
a = "Hello, world!";

Answer EAIHE2 BHLERIL|CH E2tM SXAE S B0 2 Y = ASLICE strepy O &4E 2AT|
HFEfL T

strcpy(a, "Hello, world!");

&F 132, 4.2, 728 &106}17| HEEL|C}

TR (EXF M(set)) 2tS O1EAH HE = UR? £ O HHEHZ X 20IM 12 2Ll

Q 8.6 =xof sims
-

HAEAM BEEELC DRt 2 E

Answer C 210{0|AM 2Xt= (HFE{Q 2X} Alo|) 22X} FE M52 A
I t A FAMI 7+ 2kol ElL(et.

ilp
HO
>
i
\J
>
o]
30
n
|'E|
| rlo
> oA

120l B{27F Y= A ZdSL|Ct sizeof (Pa’) 7} 1, & sizeof (char) 7} LI2X| &1, 27} L}

Q 8.9 x| zm
=
Answer =& =, C AN EX} A=2| EIQ S intQIL|C} [L2FA sizeof (’a’) = sizeof (int) 2} 25
L|Cf ("U_'_ C++0lM = sizeof (char) 7} LtgL|Cl) &= 7.88 Z1I5H7| HIEL|C

References [ISO] § 6.1.3.4; [H&S] § 2.7.3 p. 29.
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A 9

Boolean Expressions and Variables

Q9.1

Answer

Q9.2

C 20{0f| M Z2[A(boolean) Zt2Z & & U= WA EIY0| AUSVIR? 21 2 I8 EfYO|
(t 743! (false)2 LIEHLH7| 2|5l #defineQ 2 XM O|E 5}

CAHOj= EFECZ NS5t =2 EF0| glaLICh HListH, E2|H EIU 2 &t 2/ XME[A|Zh
9| ‘tradeoff’ ZM|E 7tX|7| M Z LIt TEtM Ol =227t L0tA] Z2H-SHER 3
LIC} (intS M0 27| = SHX| O charE M= A ECH Z7Ho| SH|E ZAYUL|CH Hhe &
Etele M0, 1O 02 FE2| 377t HX|AHLE =3 E &= JUSFLICH)

#definel} enum T M= HE £ AWQX|= 2| 2 EXN|7} =/ X| SSLICH (RS 2.2229} 17.102 &1
St7| HEELICH) O & 5 0FF Aot ME E20, 01t 12 & H ME E&LCH

#define TRUE 1 #define YES 1
#define FALSE O #define NO O
enum bool {false, true}; enum bool {no, yes};

J2iLf UTHOIE HS MACHT MO, 8t TEIO|LF TEHE LoME A% 1
ol Z&LICH (22{Lt ClH oM B52] 242 HAFEH, £X[7} ofcl 0|20 2 Hof & # Qo=
enum0| o £ $= YZLICH)

OfH AFR =2 ChS2t 20| A= A MI et

#define TRUE (1==1)
#define FALSE (!TRUE)

CcC
s

rr

L2

k=l

t 2Zro| “=<=0|(helper)’ 12 E OIS L|C}:

#define Istrue(e) ((e) !'= 0)

J%X|3F o|H gAlo| EYs| ECt= A2 OotHL|Ct (RZ 9.28 & I5HY| HigL|oh &2 5.1224
1025 HA|7| HEZH|CY).

#defineS MM TRUES 12 DHEL= X QIBBIX| /27427 C A0{ollA = 00| ObLl BIE7} BHLtet
= UOP E(true) 22 QIAE HILITER. THFOY OfE BHLt GIAKIT} 10] Obd CHE S 2lHE
Z2 ofEA| 5 Hz?



2.

BOOLEAN EXPRESSIONS AND VARIABLES

Answer

References

Q9.3

Answer

SELCE A C AHO{0f|A{= 00| Ot 2 E 4

of|gt o|O|E JIEIL|C} CIA| Z51H ofte E2|
2| 2Lo| '—HQE._l(bmlt in) SAEXtO|| 2|5 OF
C}. mj2tM CHE D 20| AEE BHS0{E ok

ZH0| "é.(true)O'L—IEI- J2{L} 0| e CHX| “elad"al AL
of 2t0] O AF=|= P02t 1 90| JHLIcY, Diey
=012l Ho[2tH 23| 0 == 19| s 7HX[A &L
gL

C} (TRUEZ} 10|20 7FA & H):
if ((a == b) == TRUE)

2Lt Ot Zf0| TRUERt &2 X| A= A2 0{H35| IR EL|ct HLFSHH o 2to|E={2] &

+E2 (53] isupper ), isalpha(), S5) &(true)S LIEHT| I3 10| OF:l CHE ZI= M7 IHE

QiL|ch (ACk7t if ((a == b) == TRUE)S M2 SICHH if (a == b)E M= ZH0| o EX| U420t

Q7) S UUE o, stpof QIXtZE MEYS o, = E2[H 42 2SS m{of| 2 TRUEL} FALSEE M

740I EEUCH & HIDL Fof| o2 A e x| gsaLch

LS
M A2|7]|(preprocessor) O§ 2 22l TRUE, FALSE=
M= AO[X|, 0|5 O3 27t LtEHH = 20| BHE
Zt0517| HEEL|C})
TRUEL} FALSE®} ZH2 (EE= YES2INO) D2 E M= A2 ofgH BEH &2
E2|A 2tol2t= 7HE0| §4J7EEI7I 2o, i =2 J2fHE2 0 =
ME3H7| = ettt (22 5.98 &15t7| HiELITH)

~
(i
(=]

ﬂl

—

AN
—=
=

L

(=2
=

FII'

A2 E
(22 NULL 2§ ©HX| ZEE 217| &7l ot
7tsd0] +

[K&R1] § 2.6 p. 39, § 2.7 p. 41; [K&R2] § 2.6 p. 42, § 2.7 p. 44, § AT.4.7 p. 204, § A7.9 p. 206; [ISO] §
6.3.3.3,§ 6.3.8, § 6.3.9, § 6.3.13, § 6.3.14, § 6.3.15, § 6.6.4.1, § 6.6.5; [H&S] § 7.5.4 pp. 196-7, § 7.6.4
pp. 207-8, § 7.6.5 pp. 208-9, § 7.7 pp. 217-8, § 7.8 pp. 218-9, § 8.5 pp. 238-9, § 8.6 pp. 241-4; “What
the Tortoise Said to Achilles”.

A

A

KU

i
ro

LiE7tR?

rr

p7t ZRIE{, if (p)2t &2

ObL|ct E&LICH 2 F 538 &15t7| HigfL|Cf.
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A 10 7

C Preprocessor

Q 10.2 | ci=nt 2 oja 2= M= ZHof| THEH o= | A ZISHM| 27

#define begin {
#define end }

Answer &, 17 & &t1617| HHEL|CE

Q 10.3| = B0 Zt2 H}77| Q6 YHIAQI I ZE OIS £ USNIQ?

Answer O| 220 Cist T2 S QigL|ch HATF S UM ol = & 242 Al exclusive ORE A= HHEH O
2471 BHLICHRE T OIE|LL 412 (floating-point) 2! IO = SR QELICE 81 £ Bi%I} 22w
U A0 = SESHK| d&L|Ct (AR 3.3b2t 20.15¢E 21517| HIZIL|CE) ol 3271 2 EFQI0]|
CHSH Sa517| Y50, UA| B2 AR5 Y5HA| =ctn & o, o] HS Cf BHEA|F|= 0f3
2l 0HS £ QIELICH LIS EE C oofof] YA| B EFQIS 2 4 Qs g 97| 2L
C}.
JlE EL7 WL 0|2 2XOZ A2 E AFRSIZICHS A 22 ofol| Oksh=s ZQL|CH 22 0] &
Al HZ0 CHEt EFQI2 DHT 2 &40 QIXtE MEBHCHH JHsEH|c)

Q 10.4| iz 2xo= o|20{7 DIFRE Bi=E F2 WY F U3 FMR.
—_ =

Answer O]

FA st i3 2L FSSUHME ' IIE M FX| = A

M= ZHJolL|ct J{EZ2 0|32 252 =SS 2 S2{% ‘compound statement’ &AloZ OIS
T gl&LIct 2liLkstH o] BH32Jt SEE U MO[EE0| FI/IHHCE E=CHH ifLt if /else 2
Ol M off2{ 7t ZMeh == U7| 2Lt

metM 28 o3 242 28 S &L th

S 3= RIS YUt BEAE 2 5 UES st AL
M

ol

o

#define MACRO(argl, arg2) do { \

/* declarations */ \
stmti; \
stmt?2; \
/x ... %/ \

} while(0) /* (no trailing ; ) */
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% 10. C PREPROCESSOR

32 E 2E2= Z0| MO|Z2EE 20|H, (12 27} StLte] 22 Z dHiEL|C (E2 Autde{2tH
ZoQEHAELL ZHEOAM A5 02 HAISHE Y222 A2 2otA o FL|Ch 2 Lt lintE
=4 = UFLIC)
322 2 Z&0| 0 ZHetst A, &/ MAO|LE F=Tt QiCtH, Z0H(',') AMKE MM et &
SEOtE %E'——l'—'—h (0lE =0 2F 10.262| DEBUG() OHE 2 E E7| HIEL(CE) O] H LY 2 =
DHE.27} ofH ‘Zh(value)'S 2IEIEH + U 3 FLiCh
Note & AEZ|LESHH OIZZ2ZE Mo|et ml, OFX[2o| MO[Z2EE E0 HEICHH of2fef 22 &E0i[AM off
27t et == Qs SRIL(C:
#define MULTI_STATEMNT_MACRO(x) do { \
stmtl; \
stmt2; \
} while(0);
if (some_condiftion)
MULTI_STATEMNT_MACRO(a) ;
else {
/* ... *x/
}
3= E SEsHEH MO|Z 20| F ¥ TS X1, 2t else FE20A of|2{ 7t 2 gL ct.

References [H&S] § 3.3.2 p. 45; [CT&P] § 6.3 pp. 82-3.

Q 10.6| oi2f 7o) A2 TIUZ 0|R0F Z2IUS OIS

Q@

gLt 8|, ofH AES .c ohol| F0{0f

StL, ot HSE .h mol| F0{0f OFt IE 22

;,\4

(ELIEE (£ “.h"= O{C[0f] 20[|Lt27)
Answer 28 & (.h) 0| = AE2 CIE20 5Lk

~ OH32 FO| (#define)
— =X, union, enum MY
— typedef MQ1
— Q| (external) 84 MO (A2 1.11 1)
— X% (global) B1Z= M1

F

£35] of2] otUoM SSEH2E Mol Mo Hol= & §f|lo otdol| = Aol St (A
CHot A2 2|5 &H4 prototype .cO| HO{A{= QHEIL|C EI2 1

i, o|Lt Mol0] Bpel .c EHUIAIBE AQICtH, 1 THUo| FO|= B

A2 170} 10.7€ 2 156}7| HEZHL|CY

10

(L

References [K&R2] § 4.5 pp. 81-2; [H&S] § 9.2.3 p. 267; [CT&P] § 4.6 pp. 66-7.

Q 10.7| 5icf orol|A CIE THYUS #include = WS HALIS?

L«dead” test
2pranches on the constant condition 0
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% 10. C PREPROCESSOR

Answer AEFQUO| RSt 20| ZQ. A ALSSE =2to| 0 X|7} YUBLICH LS AFZHE0| “SH =l (nested)

References

Q 10.8a

Answer

Note

Q 10.8b

Answer

References

Q 10.9

Answer

— LS 1—

#include It 2 MX| Qb= 0| ECt &t Ch AU Indian Hill AEHY JHO|EHME (A2
17.9 ’._é."ﬂ) o A AHE ojsteta AofUGLHeH 2HEE "o E 7|0t W o oE 7| 2L
C};, EESF S #includedt= AR, M7t S =0 (multiple-definition) 0f|2{7} &HMist 7t5M0| &=
SLICE £ =522 MakefileS ':'._"g 42, 45| S&6HE 7tsdol USLICh 33‘|'——|‘ & o
£ SHSI] Zaty 29, 242t9| 3l mtd 2 2 =3t (modular way) &= (S|E oidofiA 225t Cf
2 5o orue 1nclude°|'9§_M-| ~T2 HO|E) QUCHe AT USLICH grepl} 242 E2 (=
tags ) ALESHH Ho|7F ofH ol =0 U=t *oFtF?.iO| = 3tE OIAI-—|'-_—|' crk2at &
2 B34 o| &3] 2A7|USLICE

IF
rI

= 0)

#ifndef HFILENAME_USED
#define HFILENAME_USED
..header file contents...

#endif
(Of mH, z¥zof st meol| ZZy CfE i3 =2 0[SS ALEEILIC) 0 Y42 &l meo] & gf
MOt ZSEEE 5 FO=2 0]2] H #includedC{2tE M7t LASIK| SFLICE E8E S22
MakefileS PI2|sf T S2 (2 Z2MES pals ojol= 2 ToFL|cy A2 181 A1) A2 S 4

—
2, S E #includeE XME[SH FEZ & ¢ HelLCh AE 17.108 ’é.*_'OUI HEEfL|CF

[Rationale] § 4.1.2.

#include <>2} #include ""Of| X}O[7} QULIK?

< HA2 B|C] TFU0| AAHOIA Mt HOIHLE EE SIE THUY Z20| AFGSIN, e Z2
JeHoi7H RISt S mhUOl AR BHLICH.

otz 2 & 10.8bE 2f11517| HiZL| T

sicl DS B wDE|ES LT Ao
MEt AE|FS P Yol what CHELICH (implementation-defined). (5, 0] S0l Cha 2415t
=|0f Q2 JHsAd0| EALICh AR 11338 &5ty sigiic.

UUIHOZ < HAlCR EBIE SiC| WUSS st o|Mto| EFO2 XFE ClHE2|ofM 5| &
LIck " HAlO 2 TarEl sc| BtUS M Bl CIM SRl 0| &2 Ct3, 92 B, HFOZ X
Hel cl 2|0l 5 Zuict

MY (S5| UNIX Zute), Bial Cl2| 2|2t #include B # HU0| U Cl2=2|S Lg
Lich 2 Hute{olMs S i Ealot ZutYeivt A8 E O g Ee|E oojsty|E giLic
Hmeio| oj =S ADE| Bt

[K&R2] § A12.4 p. 231; [ISO] § 6.8.2; [H&S] § 3.4 p. 55.

ZHRE 0| glof Hol= Hlo|= T =L HHK MAFH|A ‘syntax error’ 7} S2HAH SHL|CF.

OlOt= OFX|H2 2 #includeBt 5| C mhU 2| LHEOI|A], OFX|2F M £E0|M M[O[Z Z (semicolon)O0]|
A QU 7tsA0| =&L|ct 22 2.18, 11.29, 16.1bE & 1517 HEEL|C}.
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% 10. C PREPROCESSOR

Q 10.10b

Answer

Q 10.11| x

Answer

Q 10.12

Answer

References

Q 10.13

Answer

References

Note

Q 10.14

Answer

References

2fo|E2{2| &t EolE Z8oth= lE ntYE MEHZ #includeA | =0 = &7 (linker)= F 2| =04
UX| St o2& L BT
&= 13.255 & 05t7| HigfLct

A2 S5 TR0l <sgrty.hoTt HELICE R BALEE 54 S e e?
EE lct HUSS AN SYUH. Z2UNG FHE HaE 8

O| CHE) CHE A2 &H LU 2 JHM 20t SHEELE MU 2 S
|-°EE-| vendord{| 7| A5 EA|7| HiZL|C

o ﬁa..

M X{2|7|(preprocessor) #if A0 EXIHE S H|WE £ US7t27?

Y LY = gLt #if=

LHH| #defineSt CIHZ, Of DH3+—
AR 20172 &105}t7| gLt

[K&R?2] § 4.11.3 p. 91; [ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

#if X|A|0f(directive)H|M sizeof YIAIE £ = USTIR7?

ASLICt "X 2| (preprocessing)' = & L2 (EFR 0| & & mf&(parsing)st7| Xof|) Hutd =
FA| O|& ol O|R0{X|7| L2 QIL|C}. sizeof S M= CHAl ANSI EZEQI <limits.h>0f M2 = 0]
AMLE M= HIHOZ HEFLY| HEZIL|C 7FS3HEtH, “configure” AT R E (script)E M= A E

L (Z208S ofd Ejele] |0l SEH22 Asts 2 o HIRASICIT & + S
1.12 27517 HfgL|C)

Do 20 N
N ]I‘|_> rr m _|>

I}
MO F

[1ISO] § 5.1.1.2, § 6.8.1; [H&S] § 7.11.1 p. 225.

GNU autoconf THF|X|.= A|AEIO|AM O 7|52 MZEH=X|, O{H EfQIO| 7|7} LOFOIX| LOfLY
‘configure’ AT EEE XISCE OIE0] IEI- 0| ‘configure’E A5 MakefileO| BHE{X| 2

APEXIE A0 A3 ot S BF ZR8t =18 ol ':*01 ZLICt o] mi7|X|of 25t A
Ofzff URLE &t115}H7| HiEFL|CF:

lH)I

rlo _Hu rIr
In nJI
rr
E

http://www.gnu.org/software/autoconf/
ftp://ftp.gnu.org/pub/gnu/autocont/

#define E0|M #ifdefE MA Z+Zt 2 BIAIO

Hu

o5t & = UENR?

Ot=lL|Ct MAE|7|E AAA|H| A3SH= (run the preprocessor on itself) 42 E7+sEL|CH CHAL
#ifdefZ MA 5 7§2| #define 2AIOZ OI= = HIAIS M| H}RIL|CH.

[ISO] § 6.8.3, § 6.8.3.4; [H&S] § 3.2 pp. 40-1.
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% 10. C PREPROCESSOR

Q 10.15

Answer

References

Q 10.16| =

Answer

References

Note

Q 10.18| o

Answer

Q 10.19

Answer

Q 10.20

Answer

typedef O| 2 #ifdef2} Z'0| E|AE S &= Ql= BIHO| QIENIR7?

S5 E 021 B =RYSHK| &AL CHAl 0|2 HHHS AHZESE £~ QI L|C): TIIK|

=

— O Hi- o - =

(04| MY_TYPE_DEFINED) M 2|aiAl O{iH typedefS0| MOS0 Y=X| OHAZE WA HALE = US
LICH (2 &, 2t85HA| S5LT).

Ls =H

i
HU

[1ISO] § 5.1.1.2, § 6.8.1; [H&S] § 7.11.1 p. 225.

HEE{ 7} 'big-endian’ BFAIOIX|, ‘little-endian’ EFAIQIX| #ifE MA AR = USWHR7?

7{o| 2IHsEHLICH (MA2|7| SIAFS long int EFQITE JHS BH|C}, w}2tA] 0 =2|Al(addressing)oi| CH
ot 7H'-=' KM ZF ZERSHA| st ct) =M AFE 2 endiang Lotot & ZIt JFLI? & = U
oui, 0|@l Ao} RESH BEE AASHE 0| BIAIBILICH A 20,02 Hmsto| sigLich

[ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

GNU autoconf& MH m=2 2 g AHuldsty| ™ ZHEst QIC|H HAE T2 S M™lsiA, =2
Jej0{7} o O 3 2 (0| £ =04 BIG_ENDIAN_MACHINE)E HMo|& &= QU&SL|Ct (B2 10.13 &10).

o ZEE EA5tH st=d|, HFLIE B2 #ifdef 20l O{F SLICEH O{H ZAHE Hutof 25t
Aot =10 L X S 201 ‘preprocssing & o= Q= HHHO| UE7MR7? (22 #includel} #define2
AN e|sitt= = ASHAIM)

o>

0|28t &2 XZ|3| F= unifdef, rmifdef, scpp (“selective C preprocessor’) S2| ZTZ 124 0| Q!
L|ct 22 18.162 &1 am HpZH| T

0|2| Mol=l 2 E ‘identifier 22 &Ootd = JASTHR7?
tetelol = o2l g & = U 24

A AZE = Al =l f. gcc= -EQF S| AIEE =
Ues -1 SME Xﬂ-'g—%“—llif EPE éuf%'ﬂt'.:_ H|=8l 7|52 M3 AULICt Hutde{o| o=
oM =22 Y2 & UotH, Ao Lt MXE(7 o8 = U= EXLEES HOHHO
(UNIX2| strings %EE'F—IEI) 7.:.“%0}" Wo| 7t+& °.=.*E|—1°._| S = UESLICEH 2L, o M

A|AED o|EHO| ‘identifier' 7} B2 = USL| (£ “UNIX") F2|5tA|7| HEEL|CE 2|10 O|=
2 CH7H EFO| of|0q (HLkstH AtEXI2| O|E ZZt(namespace)dt S=0IE2E), 2 MHE A=
L|C}.

Cr= 2k Z0] ‘identifier & Mdst= I3 2 & = HO| UFLICE
#define Paste(a, b) a/**x/b

JdefLt SESHE Gi=

M
0

A2 0t (£3] John Reiser2|) el =l MM 2|7 |(preprocessor)0l| M M| 2= = EMSHE| K| 24 =(undocumented)]]

ZlsLct el o] 7|52 o|o] Yo{MELICE. ANSIE ([K&RIJHIME) O] 44 (comment)0| &
o = CHA| =t 26t JAsL|ct d2{Lt oA Ale] 7|s0] 2 235t7| i Z0l| ANSI= CHZ 1 20|
ME& grAlo| ‘token-pasting’ GAALXICIl ##E M| Z et}
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% 10. C PREPROCESSOR

References

Q 10.22

Answer

Q 10.23-4

Answer Zl

Q 10.25

Answer

Q 10.26

Answer

#define Paste(a, b) a##b
& F 11.178 &10517| HHEL|Ct

[ISO] § 6.8.3.3; [Rationale] § 3.8.3.3; [H&S] § 3.3.9 p. 52.

CI2 D32 E MM “macro replacement within a string literal?” O|2f= A7} 2t S| T
#define TRACE(n) printf("TRACE: %d\n", n)

M7} A 2t5E7| 2l
TRACE (count) ;

£ Ci2a 2ol

ot

[ste W ZaLIck

printf ("TRACE: J%d\count", count);

A2 11.182 £ 05}7| HFRHL|C}

# AMXE MM D122 QAIXE EAME ol &£ o, M2 SAfSHK| &L T

HO
—
—
—
\‘
=
—
—
—
o)
fjo
Hﬂ
OII
N
o
m
r
I

T2 ZZI5t ‘preprocessing' S 5t Al 20| o{E2H| Hof &X| REZHZ R

C 210{e| MX{2|7|(preprocessor)= B2 2| (general purpose) E0| OFEIL|C}. (EESF MA{2[7|7} EE.E.
ol Z2 IO MBS RIS U + SSLICH) 018 SIS HAIS2 AIBa1 |0 2, ofE £
ot =89 22 MAME|7| E2 A UE= Aol LIS K| MZits 27| HiZL[CE make(1)dt 22 &
2 AL85HH, o|2{st ES Xfo o2 MYSIER U= = USLICH

C AO{ CHAl CHE ZL'Z ‘preprocessing’ St24 11 SttH HE Q| MAE2[7|E (22 MEE tfF22| UNIX
AABIOM = ‘'mé'2ts MR E[7|E M3 ELICH) AF8SHA| 7| HEZfL|Ct

Zt2tof QIXIE StLte| 252 Se{MA SHLtef QXM E MES=E A2 0i? 27|U= EHYULIE
CSak 2ol & =+ /gLt

#define DEBUG(args) (printf ("DEBUG: "), printf args)
if (n !'= 0) DEBUG(("n is %d\n", n));

|A5HoF gfL|ct.
HEZ0| ot}
st ZYLIch &
= UsL|ck:

ZM= olzl 032 g8 2 &€ et 22 E F AUS M Fof et AE 7

GCC= &MY 7t CXE 22 = U= &Y 32 E X[JSHX|8 o] 7|5

I CHE 9o 2, OIXte| Zi=0f 2t CHE O3 2 E (DEBUGL, DEBUG2 Z0[) Al
= b5t

o
jars §
o
= Ch31 P?E*OI Z’Df(comma)g dEol 22 E MM NS5t 2EHE e +

[
M=



% 10. C PREPROCESSOR

#define DEBUG(args) (printf ("DEBUG:

"), printf(args))

#define _ ,

DEBUG("i = %d" _ i)
[COX]= 7t QIXIE X2lE + QU B 2RE 470510 YBLICE ... HAIS oja=zo| Zof
AtE56t0 (varargs M E), O3 2 &t QHOJ|A{ __VA_ARGS__ pseudo DHE_%% MM 7t QIXIE
Me|e 2 aLch
OfX|Ete 2 & Ho|FE, 7tH QIXKIE = &8 & = USLICH Z2E 1542 1558 &I5H |
HIZL|CH (H2 2 g+E |SictH, &= "@Alo| ot o3 =2E XN[S35t7| HigfLct oE =™

#define printf myprintf. )

References [C9X] § 6.8.3, § 6.8.3.1.
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A 11 7

ANSI/ISO Standard C

Q11.1

-

“ANSI C Z&F" 0|2t FalolIte?

Answer 1983, O|= #2Z &l 5[(American National Standards Institute, ANSI)= C 210{12] &2 NMIAEsH7| &

Q11.2

Answer O|=20|2}H C}E =AM AIEEZ Al

3 X3J110/2Hs SIS ARBLICH 0|2 71 7|ZHE0H =25t Zojl o] 2@5|e] B IAE 1980
128 142 ANSX3.159-19892t= O|E2 2 H|ZEI0IA, 1990H0]| S EIE|UESLICE CHEE2| L2
71Z2| C H0{o A 7HRI2 20|, HWHE C++0flA (CHEE BH2 prototypedi] LBt Z) 7H 2 2Ll
Lict 32| D (=3e) ofx|7F UE! 35 SXH(trigraph) 2AF A|HAE B8 Cf2H 2X MEE X
Qet= 7|15E ZEAIZSLICEH ANSI C =2 C run-time 20| EHE{E2| = EFSIA|FHSLICF

I 30| 2A| ZF 7|79 [ISO]= 0|2 EZ9I X3.1592 [ISO]/IEC 9899:19902 2 CHXl|50 2|

FO 2 USUELICE o] ZEMM= ANSIS| EEE M Mot E58H Aol HEZ0|U7| Wi 20| &
51 ‘ANSI/[ISO] 9899-1090" [1092] 2} 1 == L|c}.

1994 ‘Technical Corrigendum 1(TC1)' 2 EF0|A{ 2F 40 7}X|E MY SLICL HREE oHe BE
Moz HESMHO| ERst AN 25 M™g o ALt T2|10 ‘Normative Addendum 1(NA1)'2
oF 50 H|O|X| E2Fo| M2 7HHE FII32nd, 79| tHEE0| =X Z}(internationalization)o]| 25t
e AHQL|C 1995 TC2= HIHK| A AlEE FIHSLIC

0| 22 & W], E&2 2A™st /HYEE o|x| 2HiX| 2ol S0 USLICH MER2 EE2 XY
“[CoX]" 2t o| 0| 2R, 1999 2o M= Het= 2 LIEHHLICE (0] 22| B2 REE M
22 [CX]E gtgsta{ 1l =™ = UFLIC)

2Z|X|d ANSI 2FE2 B2 RE20M Z2d™er 220 cist MYy, &2 XS0 cist =28 =
&5t “[Rationale] (O|2A siAd)"2 Z&std JFLICH E JHX|= o] 20| o|0] Z&t=[RASLICE.
([Rationale] XFxi|= ANSI EZ X3.159-19890f Z&t=l HE0| ofL| X0t HE M2 2X o 20t N ZE|
= 0|04, [ISO] &0 Zetsl= HEX OotLICt [CoX] 822 Af HO| FH|E1D U= ML

EE 2AS 0TI €g & UX?

8 4 ULtk

02

American National Standards Institute
11 W. 42nd St., 13th floor

New York, NY 10036 USA

(+1) 212 642 4900
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2 11. ANSI/ISO STANDARD C

Global Engineering Documents

15 Inverness Way E

Englewood, CO 80112 TUSA

(+1) 303 397 2715

(800) 854 7179 (U.S. & Canada)

CIE LIZFS0l| A= M|U|H}(Geneva)of| = [ISOJOl| F=E5FHLE 2t 22| BEZE 2| 5|0f| 212t5HA|7]| Ht
gLct

\cite{iso} Sales
Case Postale 56
CH-1211 Geneve 20
Switzerland

(= http://www.iso.chE Y ESI7LE, comp.std.internat FAQ 2|AEO0|A| Standards.FagE &t
035t7] HEEfL(C}.

XMRE7F opx|ete 2 HARRKZ U, ANSIOM =25tz ™ 130.00$7+ 2 231209, Globalol|M FE& f
Ol = 400.50$7} & g ELICt ([Rationale]2 E?:!'?_F) E|X|'-" X3.159= ANSIO|A{ 205.00%, Globa|01|
M= 162.5087F Z e &L|CH ANSIOHM= & olZez 257 =0 HMX £

M2 = MSHFX| pdEL T

0|=0|2}H ([Rationale] 2 =85 22| X|'E ANSI X3.1592| AHEE “FIPS PUIB 160" 22 CI2 F4
Ct:

oM F2E + US WYL

M

FII]
ﬂJIﬂI ko -
FE-'
=
1> ¢

d

National Technical Information Service (NTIS)
U.S. Department of Commerce

Springfield, VA 22161

703 487 4650

Herbert SchildtM| 7} ol &2 St(annotated) “Annotated ANSI C Standard” = ANSIZ} Of [ISO] 9899E Ad
Mot USLICE Osborne/McGraw-Hillo| Al SEH=[R1 204, ISBN 0-07-881952-00| 04, CHEF $40 A0 M
ooHE| D JASLICE B2&E0 o] Mo 7tA X}o|= CHEE XXH7tF & 3H§(annotation) ZtALck 1
gLt HE2 o2t HF B2 Mefoz HEo| EX| ASLICH netl| CHEE AMRHS2 oo 0| ME F

AlgtL|tt. Clive FeatherM|i= O] Z40i| CHet MEZS &1 of2H2 URLAIAM = = = ULk
http://www.lysator.liu.se/c/schildt.html

[Rationale] EMe (XSt &2 0td) 2™ (anonymous) FTPE ftp.uu.net2| (EF 18.16 & 11)
doc/standards/ansi/X3.159-1989 E|E“EE.|O{|A-| HE = USL|C} EE http: //www.lysator.liu.se/c/rat/tit:
M E =5 JSL|C}. Silicon Press| A STtz 7| = si&SL|CE ISBN 0-929306-07-421L|C}.

[ISO]/IEC[COX]e| RIS Et2 JTC1/SC22/WG14 AFO|E QI http://www.dkuung.dk/JTC1/SC22/WG14/0||}

M elg 2 UdaLict,

&= 11.2bE F 57| BiEL

Q 11.2b| /4== Z=0f st HE= ofC|of|M 2E £ QULIR?

Answer ([COX] ZIElS Zaltel) 2 E 2= Ch= 8 AO|EWM HE = JSLICh



2 11. ANSI/ISO STANDARD C

http://www.lysator.liu.se/c/index.html
http://www.dkuug.dk/JTC1/SC22/WG14/
http://www.dmk.com/

Q 11.3| x| ANSI ATt = cle o 2

ro
kL
n
i
i
0
o
4>
N
e
ﬂ
_O'h
>
62
Il
o
N
2
o
i

o

T
Q'E
I
Il

extern int func(float);

int func(x)

float x;

{ ...
Answer 10| = M (AEHY) T2 EEIR M QI
Aof &7| i Zof| LMt [Ct CH7H = of
Z20|= etE Lot
Q= C (Z2E EfQn} 7t QIXt
S0 MY R o CIXIE S “& & (widen)" A|ZILICtH & float doubleZ, charl} short inte=
int2 SZEA|LL|CH (T AELZ H ot &0l M =, o|EA =& =o] MEE QXYL &2 =X
220 So{& o, CtA| Rl2iel 3 7|= HEHE LT}

o =M= &= FololM M AEtUS| RIS MM 13 5 USLICh

“extern int func(float)”" £ 7 (AEFY) 2|2l “int func(x) float
1

e S
F AEYE Ao 2= 0| 7HSSHAZHEE 11.4 3 1) Of

int func(float x) { ... }
= M Ao Z2EEIY MAS 7 Aol Mot UX[SHEE cr=2at 2ol 2S00 = gLt
extern int func(double);
(0] 22, 7ts3tEtH 7 4|2 F2[0|A doubleE MEF HIFF= 0| K 7§ ZEL(CH
z

=
, &E2(narrow, 0| & =01 char, short int, floatd} Z2) QUXIL} 2|E EIRQE MX| 24
o oFM gLt

nr <
!
)
o

=
=

M|
—

&= 1.258 F15H7| BHE Lo

References [K&R1] § A7.1 p. 186; [K&R2] § A7.3.2 p. 202; [ISO] § 6.3.2.2, § 6.5.4.3; [Rationale] § 3.3.2.2, § 3.5.4.3;
[H&S] § 9.2 pp. 265-7, § 9.4 pp. 272-3.

Q 11.4)| st 720IM 2= HAD M HAIS Mo £ 5 QL7
M
=

Answer 4401 (AR 11382 & 2A|7]| gigf|c}). sxliofl= proto-

type A0 M Folof| 2F ALEE 10 ASFLICH (2EHE HA2 £2 glo] =[0{7t0 J7| W=
off, AM7t SAH2=2 HAHE AYLIEH)

References [ISO] § 6.7.1, § 6.9.5; [H&S] § 9.2.2 pp. 265-7, § 9.2.5 pp. 269-70.

Q 11.5| zimruaiytcte Motg pHba:
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Answer

References

Q 11.8

Answer

References

Q 11.9

Answer ‘

References

Note

Q 11.10

Answer

extern int f(struct x *p);

“struct x introduced in prototype scope’2}= O|AtSE AN E SHAMA|ZIL|CH

C 21012) A3 (scope) FEO TH=D1 pio| ZREEIAO|Y HOIE PR Y a0 chE

=Xt SE0| ASLICH (0] =KX= Sro Z2ZEEIY MAH0| B 0 ATZE HO{LL|E})

o 2XIE shZst2H A B4 Mol 2ol LIS D Zo| HE2 TRA MOIS o Fofof BHLC}
struct x;

O|=7| 5tH, o] F=XN|Q| MAHO| ufd AT ZE JHX|A| =0, 0|0 LtE MANA] struct xE At

g, 22 struct xE 712|728 & = UFLICE

[ISO] § 6.1.2.1, § 6.1.2.6, § 6.5.2.3.

Hige| 37|18 X[Ye mf, ChEa 20| &= 22 ME otxl= o|/7t &H7t27

const int n = 5;

int al[n];
const (qualifier) 7|2 E& "H7| ME" 2l AE 2O|gL|CH & X|Het LENE= Aeuf (Yutd

2) HZAE 4= glELICt wEfA] 0|2{8t ‘const’ 2 HE!E'.: At £=Al(constant expression)O| O}

L’|':|' (o] 220|A C A0} C++0| CHEL|Ct) HutUer I X[YE &8 JASICIH #defineR =2
(EE= enun 2) &8 H2[517| HIEL|CY.
[1SO] § 6.4; [H&S] § 7.11.2,7.11.3 pp. 226-7.
‘const char *p'2} ‘char * const p'2| A}0|= FSQITIR7?

const char *p'= (‘char const *p'2t1l & = UF) &= ZAL0| TSt ZQHE MABH AQIL(CE
(EXHE HtE &= YUSLIC); ‘char * const p'= Z A0l CHEE A ZQIEIE MRS AYULICH (Xt
E HEe == UKD ZAHE HAE == &L o)
S S & SOISHEA|7| HiFLICH &2F 1.21% &05HA|7| "HEgfL|Cf
[ISO] § 6.5.4.1; [Rationale] § 3.5.4.1; [H&S] § 4.4.4 p. 81.
Z, ‘const char *p'= pZt CHE X E 7127|258 HtE 5= U2 L, p7t 72| 7| = CH A (const char) 2]}
HtZE = USLICL ‘char * const p'&= p7t 7t2|7|= CHal(char)2 HiZE == UX|CH p7t THE AE
7t2|17|A & == gl&Lct

const char **& QIXI2 Bt= & 0] char *»*E XESIH Qt=[LIR27?
const T EFQI0Y| CHEE ZEQIE{ 7} (pointer to const T) = 6F 2201, T EtQA| CHEF ZOIE{E (pointer to
ok7

T
A AN O A xl_

T) & %= elgLict
2 of7| mf=2elL|ct.

[Ch2fA HERSEA| (explicit) FHA

ZFCIE EfQlo| ZOIEE

0

=

(recursive) M S =

ElZ (0] A0 const char **x2 ) off F0{0} &fL|C}.
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References

Q 11.12a

Answer

References

Q 11.12b

Answer

References

Q11.13

Answer

References

Q11.14

[1S0] § 6.1.2.6, § 6.3.16.1, § 6.5.3; [H&S] § 7.9.1 pp. 221-2.

main() 2| M5t MA YRS 0 ASL[CL

main() 2| MAH

rlo
il
0o
of
2
x
I3
o
x
=)
]
r
Iul

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

(2 E ollf ‘argv’'®} ‘argc’2t= 0|2 HOI=X| HHE & JGLICH) 2= 11.12b8E 11L157HX] &1
St7| HEgfL|Cf.

[1SO] § 5.1.2.2.1, § G.5.1; [H&S] § 20.1 p. 416; [CT&P] § 3.10 pp. 50-51.

“main returns no value"2t= A1 E m|5}7| |5}, main() 2 void EfQIo 2 MOois = =

OrEILICE main() 2 HIEA| int EIUEZ Z|ESIEE MAHAE0{0f 5104, 2IXH= 071 EE= 27H0[0{0F
giLict S22 M, exitOE MU= AlS o|2{st Aot BHHSCIH, OfX|atol| £0|Ql= {22
(redundant) 2|E EZ2 N =0 A0t 2Mst=E A2 Y42 = USLICEH (ItssiotH Hobele 7t
M E35t= "not reached” £ 2|0|5t= X|A|0{(directive)E M FO{ = EL|CH).

Ches| ZOE QlofH D B void EI)JSE MAUSH=E A2 0l £X| LA&LICH HLISHH, LHE
Mol st S E/EIE A|HAT} 8- E SESH= B (main() 2] AR, C run-time startup code) MZ
CHE &= U7| 2 LT

_|

(Note that this discussion of main() pertains only to "hosted" implementations; none of it applies to
"freestanding” implementations, which may not even have main(). However, freestanding implementations
are comparatively rare, and if you're using one, you probably know it. If you've never heard of the distinction,
you're probably using a hosted implementation, and the above rules apply.)

[ISO] § 5.1.2.2.1, § G.5.1; [H&S] § 20.1 p. 416; [CT&P] § 3.10 pp. 50-51.

mainl| M| EAR]| CIXIOl envpZt QUCED EUSLIC

Ml EHm| QIRb= ApF A0[7(= SHAI2E HEE QA= OHELIL). Of= 2t (environment) H=0 & 25t
7] et A2, 0] SHOZ MO|= HEE & getenvO 7 HSEL, MY B2 environ0| MES
E|7| =0, o] B|ZZE MM XIE £ 7t glELIet (GHX|gH MY B4 environ® H|EZFO|
7|= ORREZERI L E).

=)

[ISO] § G.5.1; [H&S] § 20.1 pp. 416-7.

main() 2 void E}QIS 2 MO{SIC} stEZtE, exit() &
ILIS? AT Mt A0 e 2E MME =20

—

£ MM SESEHHE EXE Al Mo X
HOil S AISHEILICE.

o
lo
o 47
a1
H
o
m <
1
n
i
o
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Answer main() &

Q 11.15

Answer

Q 11.16

Answer

Note

References

Q 11.17

Answer

References

Q 11.18

2|El ZtO| AO|Lf, MO[X| e SR EX7t oFLLICH XM= main() € void EFE
O 2 0215104, main() 8 E&ct= F20| (2-EtY A|Ff(startup) TE) main() 2 MEHZ
g = RJUct= AIL|CH (0] = calling convension EX|IL|E}; &2FE 11.12bE &t11st7| HE

gLICh.

Borland C++4 4.50{| A void main() S /S O, == J240| A7}E £ QUCl= Zo| o|O] ENEY
LIEt 2|10 o Huorde{E2 (DEC C V4.11} gec) maing void EQIOCZE MAUMS M, ZNE &
MLt

o222 2% M7t B El(exit status)E FAIS == 1, void main() 0| S&E == UX|

2k o|= ofAldo| gls =2t ofL|2t, SHIE A X OfHLIC

L

M7F 23 = 2 “C Programming for the Compleat Idiot” 0| M= &4t void main() S AR EHL|CY.

ro

OtOt= 11 MOl MAh= AtAE 11 #HZF(completed]| A4t 2ARILICH B2 M EZ0| void main() S
I PN

M0 QX2 o|= ERE AL

main (OO0 AM O ZtE E[EI5t= A1t exit O & A= A 2183| L7

JYckn, S IYR| Qokn 8 4 USLIC C EEOIM S 25| Z0kn 935D K| 2 maino|
local H|O[E{ 7 ‘cleanup’ ZHEOIM B2 A2, main0|A 2|Elsts Wi M2 SAtsHR| o &
UBLICH B2 1648 F15L7| HIRILICE J2|1 01 @28 (EXS XI5 o) 22 AlAE
OlME £ 7bx| Al B SILIZL RICH 2 SABHA| 948 4 UL

(OIRIZrO 2, o] £7hA| HERE mainOS WAMOE SEHY F2, CH2 DS MNBILICH)

(o]
e

=
M 7Hel=ol Mzto 2, AEIMO 2 nain(V 2 MAXM2ZE S5 4 Q7| WHE0l, HIZ 2|2 EE2

H
o
g olo|ot gl N LdELTt

[K&R?2] § 7.6 pp. 163—4; [ISO] § 5.1.2.2.3.

ANSI “stringizing” MAZ|7| GAAXIClI #E MM AEE! Aol ZE2
O3, O Ao M=ol 20l E017t= i, &k=2| 0| E0| 7

=
=
of2 27t Jell X X2 =32 ettt ChEat 2o F BHAE AXMM £ = USLHCh

#define Str(x) #x
#define Xstr(x) Str(x)
#define OP plus

char *opname = Xstr(0P);

0| =& opname2 “OP"ZE MHASIX| @410, “plus" 2 MHEHL|C}.

=2oH
H| 8 &4810| “token-pasting” 1AIXIQl ##5 £ M, T 32 9| ZtS HZot & of LME &
Lt
[1SO] § 6.8.3.2, § 6.8.3.5.

A X| “warning: macro replacement within a string literal’ 2 F£&

R
o
2
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Answer : ANSI 0| 2| o{H Hute/MXe|7|= i3 2 Y& th3a 2ol F2|

References

Q 11.19

Answer

References

Q 11.20

Answer

References

Q 11.21

o

a2

#define TRACE(var, fmt) printf("TRACE: var = fmt\n", var)
Ct

=4 Al = H:

ol

=
=

Olo
Hu
fol

ot

m
rlo
1=

TRACE (i, %d);

CZot Zo| &F5HA gLt

—_ o

printf ("TRACE: i = Jd\n", i);

JOIEZ QX2 L2 0| 50| 22Xt 2tof| /= ERet=s SEA|A HELT

—_/ O
StAlo| O3 = &% 2 K&RO|| AAgE A= ofL|od, E&F C HOJ0|M HAZE A= otL|Ct o=
OIXt XEM 7+ 2XtE 0| =[7|E RAISHCHHE M 2| 7| ALKERI #8 AL, XL 91 (concatenation)

< M

—

s 2™ EL|C (0|= ANSI EF2| MMER 7|sLICt):

N

~—

#define TRACE(var, fmt) \
printf ("TRACE: " #var " = " #fmt "\n", var)

aF 11172 2 05t7| =g o}

[H&S] § 3.3.8 p. 51.

#ifdef & MA ZEA|Z|X] L2t §F 0| O O|AEH FF(syntax) Of| 247} &Lt

ANSI COl| A, #if, #ifdef, #ifndef0]| £ BHIAE = MX2|7|7} H2|& 3= Y= SE 5 Z0|0{0F (valid
preprocssing token) BfL|Ct =, C HO{HAMMH "Lt *= ZtZto| AZ O|F0{A{ LI2fO} 501, 2=
7t 22 ZAIE Ho{LE Qt=o{t, MZ CIE2 IS EIF WX 0] oM otEIct=s 2RIt (53],
P 0{2| A=t (contracted word)0i| 40| =, 212 [HZ H (apostophe) = E At &2 A|ZIAE HQICt=
A& 7|l of gfLlct.) M2t ZI F=A40[Lt pseudo codeE = 0| =X 0|2tH #ifdef S M A
2t X" g et Z2AIR (offical) @1 A4 (comment)Ql /% ... */2 M OF §L|C}.

[1S0] § 5.1.1.2, § 6.1; [H&S] § 3.2 p. 40.

#pragma— O{C|0] ALIR7

#pragmas= ZE 72| (0|4 H0| HOX[=) 2 7o L0 ME 7|52 Molst, =& 7[sE
HZeLch od7]0fl= &4 2|A-” Aof, =X f=(packing), 411 &3 =& S0| ZetELCt

[1SO] § 6.8.6; [H&S] § 3.7 p. 61.

“#pragma once” 7} 2|0|5t= 0| BE&?

Lthe ", - pairs mustn’t cross line boundaries
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Answer

Q 11.22

Answer

References

Q 11.24

Answer =

References

Q 11.25

Answer

References

Q 11.26

Answer

References

Q 11.27

Ol ofl FMX{2|7|S0| MZHs 7S 22 B THUO| B BHHANDI ZEESE SHs, IR 10.70f
AJHE #ifndef 2T 22 B2 BILICE EF 0|40 BO{FLICH

char a[3] = "abc";7} SHIE E&QI7IL7

ANSI C (22|12 ANSI O|Xe| ZHH A[ABIOM)= O|2{St A2 SHIE E&0|2t] LSHK[ZH Mol =
X2 He| &Lt ol FEE= 7§3§,o| NI7HS| @ AE ZH= HIYPS M5t ZHZES 2, b, ‘¢ B =
7|stetelch &, 2XAtEe| 22 HEHH = \02 017+7(| SELICH et o] Big2 C 21ofo] EX}
olztm 25t7|7t ZeraiLICh A strepylt prinrot 22 B0 OIXtE Mt & giALIC
CHOH, HHE 2| 37| & £ (& 29 =0

Y5HX| o, Hutde{7t Bige| 37|15 *OW X|Est=
(@)

Al
M, 37|E X Y5HX| 2™, BiE | 37|= 47t &) St= Ao| LA LT

[1SO] § 6.5.7; [H&S] § 4.6.4 p. 98.

2l void * EFRI2| ZOIE{0| = Lb&(arithmetic) AAHS & 5= AS7I27
CIE{7} Ji2|7|= QERMES| 7€ & £ V| WULIC M2t AAS SH7] Ho| ZIEE
char L} X2|5t10A}F Stz ZQIE EIQIC 2 HBtslof L|Ct (22 458 & &15H7| digfL|ct).

[1SO] § 6.1.2.5, § 6.3.6; [H&S] § 7.6.2 p. 204.

memcpy () 2} memmove () & St= 0| ZX| LULIR?

memmove()._ 20 cAo| HE HR0 = otN
5t HES o}K| YOO = O Wa| XS £ QIaL|C. ©

o omBIc

Ag HZEE|C} memcpy ()= O]
Al0| ZHCDH memmove () 2 M= Z{0|

[K&R?2] § B3 p. 250; [ISO] § 7.11.2.1, § 7.11.2.2; [Rationale] § 4.11.2; [H&S] § 14.3 pp. 341-2; [PCS] §

11 pp. 165-6.

malloc(0)2 RS 2|0|5t&? 0| W 'd ZOIE|{7} 2|ElE|= 20T, OfL|H 0 HIO|EE 7I2|7|=
ZOIE{7} B[R == ARIIR?

n -IEl
Q2

ANSI/[ISO] Z&

2 & Z ot £ UCtD L5t JELICh O dots 78 2ol o EXP Lot
(R& 11.332 &1517| "ighct.

= -

[1SO] § 7.10.3; [PCS] § 16.1 p. 386.

9| O|Z (external identifier) 2 £ T, 2 ANSI EES 0f& 2A} 0|4t0l 0| 20| RUNS 2HE £
gictT ente?

2implementation-defined
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Answer

Note

References

Q 11.29

Answer

Q 11.30

Answer

Q 11.31

Answer

22}l 2 (linker)®| Z2, ANSI/[ISO] CLt, C ZTHU 2| JHLURIR} ATHRIO| A A0 o EH Ol HL
7h BITHS 20| 2RIQLICE 0] M2 0|52l X oiX SXIBIS RUSICID BFEHY| m20, H of
A 2Rt 22 o|SE2, M7 2 0|22 FIZBLIC) 0] MBS 00| LRON 1 S

S 2 (obsolescent), [COX] EENHM= SL0{& o H LI
= “AAAAAAB’ 2} “AAAAAAC" 7} 242 0|E2ECZ X ZE % QICH= 2ol
§

[ISO] § 6.1.2, § 6.9.1; [Rationale] § 3.1.2; [COX]

N Aotde| = 2B EIAE =2 O IR HutdshR] RefLCh = B2 72 02 E (syntax error)
St

OfOF= ANSI oMol Hutz{el A &Lt 128t Hutde{S2 &+ | (prototype) 2t 22 A
£ ME[SHA| ZEfLTh

& F 1.31, 109, 11.30, 16.1bE &116}7| HFEL|C}.

M7t 2= HAotded= ANSI Zopd2{2IH| = o{F ANSI/ISO B&E &550| M=o UX| 2Tt

ol
-

HIorde{7t ANSIS| 222 At SHEEEE, ANSI £ 82| 5|e Tro|Lt, #-Etel 2to|E2{2|E %
X 22 = USLICH (A gee2t 20|, A[AH! BHE (vendor)7t M| ZSHA| b= Autde{oM= S
Qle lolL|ch) &2 11.29, 13.25, 13.262 &t 015}7| HIRHL|C}.

T AR E WA CZ2O8S ANSI C2 HF2{Lf, 2 ot it MY S siF= Z2 80| )
977|'_9._7
ZZEEIUS M= M YAD F HAZ HEF = ‘protoize’?} ‘unprotoize'2t= ZZ 10| USFL

E

J—— o —
Ct. (0] ZZ 30| T+ AEFUS| CQF ANSI C2}2| 100% 2t 5t HEte HAlSHR|= Qt&L|ct) o =
2O compiler i k0| Z&tE|0] JUFLICH & F 18.32 F1ISt7| HFEL|CH

25| ol SLIE

GNU Ghostscript I 7| X|0f| = ZFEkSE ansi2knrO|2H= T2 20| ZatE|0f Y&SL|Ct.

J2{Lt, ANSI C AEHU S T AELYUZ HiE Off, 0|2{8t HEl0| 25 XIS 2E HHSHA HetE= A
2 OfL|Ct ANSI COM = K&R Coll= Qle MER 7|5t S8 E WEStD JeBz, =2 EE}
10l U &+E SE WO F2|sHof &L|ct olotz FHARI0| 2ee X = ZEL(CE 22 11.314

11.292 Z715}7| Hf2tL|Ch.

HYEE lint Z2 =212 T2 EEMRIS OHE0] LHF 7| & LTt 19921 38!0 comp. sources.miscO|]]
HAAIEl CPROTO Z2 3= 0|2 7|SE SHL|C}. EE “cextract’2t= 2T QI&L|CH EE 0|2
stZE=0| Hutde et g MB=E 7= Lot &EZ 18.162 & 106t | HigfLCE (2Lt &

=
2 (narrow) QIXLE 2= T AEIY S48 Z2EEIQY AENUZ HAS o, Fo|slof gfLch EE
11.32 2t15}7| Hi2iL|C)
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2 11. ANSI/ISO STANDARD C

Q 11.32

Answer &

Q 11.33

Answer

References

Q 11.34

Answer

References

Q 11.35

Answer

Frobozz Magic C ZI}2{= ANSI S&0|2t1 =0 U=H|IE, o N ZEE HOUSHK| 2ente?
|-h

M ZE= gecdlM SESH= DS 2L ANSI S 2HIH| 2.

42 HOUZ SO0| HEE &E 7|52 MSELITH gees 55| H B2 & 7[sE M35t A
2 OEFEJW UEL|C} ofotE of2{ 20| Bt= 1 :":7f o 3

5|, ot Hufgde{E 7HX[2 gt A2l

2ol w2t o2 7HX| LS MEiY
7| 2]u|ct &2 11.358 & 15H7| d

ﬂJ
Ir
o
fo
0

ol
Bl
0
o T

“75 gieHof w2t Aol (implementation defined)”, “LIEFLIX| 942 (unspecified)”, “& 2| =01 QUX|
222 @S (undefined behavior)’ 0|2t= 8017} J=H|, ME X0|7t U= AAIIR7
CHSHA| ':'E%HA-I, “implementation defined” = ZtZto| 718 BItHof| 2}, O S BHiAl(behavior)O|
ME £ 4, I e} EMEHE 0] QJUCH=E EEQIL|CE “unspecified” = T8 BHHO|| 2} CIE W=

| 282 ?" UXEH ZMsHE 227t giths LICEH “undefined” = O{tH Y0|2t= °e'0‘|"é"
Che SSQlL|C off ARO0= EFE2 ER ZAHES Q5| LELICEH, M2 HS F 7K
ofl CHsf M= 0of2{ 7+X[<9] MEH7|'7(1| 7| = gt

EZ0|A ‘undefined behavior'2t 1 Mo|st EE 2 ot O 2 QIL|Ct Hol e = ol 2o|2t= & £

o J

| oM 4> 0Z my Y
>
- O

-IO;

UFLICt 53], Z2OB 9| LIHX| RE0| YH2=Z E’“OFEP— 2&o| glsL Tt EEPEW oz £
2ol ofz{2el 2ol ZEECIH 0f ABBILICH A2 320 M ZICHs ol 2 % &Lck
O|AIMO| E|l0jLt =2 O OrE X SICFH, 0|28 A S CF 2AI5HD, 2 MIZHXRIO| e|&6t= 0

Mot A=z BHS0iM = ot AL(C}
A2 3.99} 11.342 &115}7| HigL|CH.

[ISO] § 3.10, § 3.16, § 3.17; [Rationale] § 1.6.

ANSI ZE=0= B2 AS0| =X 42 A ot USLIEL of2{et WS tiME 2ES ol
OF 5tX| G427

C o10{o] Vx| SF2, ol st HES HFEIF ZatUe{ol wet 242t 2 BS LAo| L2
RUTH= ZIQILITE O] A2, HTIU2{7} Uekxol Xelg A0 BNMO2 SHE + U= 57| 9
sfMQULICE et EXES ALLEH ZIMK| HOIBIX| 94T THas| BES 2 HelLich
Z2020Y ofof BES 20| ABAReL ZurUR| WA Ato|ofl SIX|Et UFO| Aot R AbZtEt

d

QUELICH Hete Zma WAL M3t ste 2m, AFRXII} 0|2 HES MBE Holck
1 M2t SR 0|20{X| T, LIG{X| HEHS AL AP} wtof sHe Al HURLT} I Ho=
42is|= 3502 o|=of FLick nf2fAf of B 20| 0|2l 7ot ofZIcte, ofd o] e X

l

ik
I-J

6|-A|7| HpZL|CF.

[Rationale] §1.1.

i = i+ 22 TS0 WE WA HO|x0f UK| UTED SULLICH |, 0] I=S ANSIE
Z4ste Hleioly Aske At £58 1 2ot LELICH

Zotals #S LAlo| Ho|=|0f K| 9= (undefined behavior) BE0f CsHA{S 0f2{So| of AbsH
drAlg IS OfHEH YT B 4 QUXLICH 0| Hof o Fsts A U4 LhEL|CH A 11.329
11.33, 11.342 =t05}7| Hig|Ch

3In no case does the Standard impose requirements
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A 12 7

The Standard I/O Library

A g UE U o AL Z2T0O0| XpY|TF XMe|et YE AFEXIA YEE  girtH, &
= Z2O3o|2tn W £ e AQL|C mEtM el BE Z2aMe QIE=(1/0)2 ME|sctn

30 Hu

0{0fl M 1I/0= 2o E2{2| &+ E SM MSELICE — EZE 1/0 EE= “stdio” 20|
i2|' — 2|1 o] =52 7HE Blo| 40|= C 2to|23{2| 2| otLtlL|ct

[T 2 o |k
g'l_l
45
ol
[>
i
il
O
e

C 21012| minimalist philosophy0l| SZ&35}7| /3], stdio gt+S& ZHetsh, d2{Lt 2 E 2 Sl(least-common-
denominator) 1/0 2RIQILICE {222 TS P (open), 2 (read), &(write) = USFLIC} TS A
=X 0| 2XIe| AEZ(sequential character stream)2 2 F|ZE[0{, 5t7|(seeking?)7} 7t gtL|ct 2 235t
M ot S B AE(text)2t 0| Zl(binary) 2 FHSH0] X2|e = J20q, ntdol| E2XE 2 MM 0|E2 X[0f
£ & UGLICH ot o|E0o| &sh AHMIsH A2 0Sof| w2t HetEL(ch ot o|E2 X2 WE M |5t
CleE2[of st 72 C AHofofl glsLict =, utd o|E2 A W C[HEE| 0|2 £ F= UKX|TL, .
g E2| XM E FZot= &, CHEERE =L TR ERE LIES= Y2 XE[SH = HHE gls
LICH (19 B & Dsl7| HIZLICH B S2 e X2 AIZE o) XFEX o= Al 72| predefined 1/0 A
EZo| ded XA ELCh o222t/ ZIEEZ AZEl stdin¥|M &1S(read) &= U0, CHIH AFBISZ
1A=l stdoutO|L} stderrE WA & (write) = USLICH DEX[OF F|EELF AT A E 7|52 04
2 M&L|CH (CHA| 19 2 2t 15}7| HiZfL|C).

Ir
FH

ol

= =22 =3
0| Mol e EEO0| printf (A2 12.60|A{ 12.1177}X])2} scanf (Z 2 12.120{|A{ 12.2077}X])0f| &4 2H=|0f
UELICEH AF 12.210M 12.262 CHE stdio S22 HdTBLICHL S LU S accessst 27t JUCHH,
fopen (&2 12.27HE 12.32771X)& MA ZIH H0{M(open) 2AF{L}(use), EZ= streamS redirectol| A (&
2 12.330|A{ 12.3677HK]) & == USLICH text I/0OE St2{= OF=20| QICHH, “binary” streamS & o= (A&
12.370{| M 12.42771X[) J}EL|Ct O] 2E A2 AHMIS| LotE7| Mo HA ZHetst ARE & HoZhA|Ct
OIS AIRES Qlo{& 7| High|c}.

0 =2 == 21

Al 14 BasicI/O

char c;
while ((c = getchar()) != EOF)

Answer Lt getcharl| 2|E Zf

2tS XAt Big= BEEA| int0]0{0F BHL|Ct. getchar ()= O 3t 22X} Zt
1227} “stdio library” 2t3 =& =2 ol
i Re =

295t e 9AL 2 4 U=

At
BC)
o

o] 9l stdio F4E” o} <stdio.h>o)] AHH IF4+E

flo



% 12. THE STANDARD I/0 LIBRARY 1. BASICI/0

O|L}, EOFE E2|EE & JU&L|EL EOF= int EFRI0|7] =0 O] 2|8 ZtS char0f| MESt= A2
EOFE &2 A5 & AX|7F USLICE (£3] char?| EFRI0| unsigned?l AR 2X|7F M2
C}).

?le] BEMP getchar() 2| 2|EZLS char0f &2 H2, F 71X ZHE o4& &= JASLICH
EOF7} -12 Moo=l AR, X} 2t0| B S &HEH(sign exten-

|
HULE "\377’ E£= ’\xff’) EOF2t ZHOFEILICE. mhEt &
A'—lq

— char?| E}2|0] signed?! AL, 12
sion)E|0{, 2XIZt 2557} (C H O]
= =30 2e Hel)l B - 2

— char®| EtQI0| unsigned?l ZA S, EOF Zt0| (A2 HI{EE0| &2tX CH7H 255Lf 0xf£2| ZfS 2)
Z2tX M, EOFZ QlAl0| 4_|x| 40} 13"—|EF [Ch2tA] O] B, F8t F=0ff tibN e Z L[},

0| {I= char7} signedO| 1, Q20| 25 7 H|E 2X}Q A, &ASH |7} 0| R & SLICt (char?}
signed @l X| unsigned 2| X| = implementation- deflned.°=I L|Ct)

References [K&R1] § 1.5 p. 14; [K&R2] § 1.5.1 p. 16; [ISO] § 6.1.2.5, § 7.9.1, § 7.9.7.5; [H&S] § 5.1.3 p. 116, § 15.1,
§ 15.6; [CT&P] § 5.1 p. 70; [PCS] § 11 p. 157.

12.2| 0| I== opx|2t 2aI2 £ 2AISH=| 9 D27HR7?

while (!feof(infp)) {
fgets(buf, MAXLINE, infp);
fputs(buf, outfp);

}

Answer C 21010f|A{ end-of-file2 EHX| 213 REI0| gjod] oLt Mulifict= HE 20|sti|th. (CHA] Zalf C
9| 1/0= Pascalit= CHELICH) YR 22 Chgot Zo| 243 REIQ| 2[H i AASHOfF &Lt

while (fgets(buf, MAXLINE, infp) != NULL)
fputs(buf, outfp);

CH7H 042{20] feof () E £ 0|F 7} AUSLICH (B3 stdio 8157} EOFLF NULLE 2|E 6t B R, feof OLt
ferrorOE MM HE=E uf°'9—l 22|, 17[(read) Of|22AUX| HALE 27t 2! &fL|C})

Note O£ £01 freadOL| furite(), fgets(), fputs ()2} Z2 =2 0f2{7} LASIHLE ot 20|
CiotRtE o, EOFE 2| gfL|ct. o|H &S0 Y mted Zof| Ctotzt=X| Eeldda{™ feof OLt
ferror() € WO} 5l= ZAQlL|C}.

References [K&R2] § 7.6 p. 164; [ISO] § 7.9.3, § 7.9.7.1, § 7.9.10.2; [H&S] § 15.14 p. 382.

12.3| I'm using fgets () to read lines from a file into an array of pointers. Why do all the lines end up containing
copies of the last line?

Answer See question 7.4,

12.4| x| ==02o| z2oE9t £7 EA7IXIQ £22 X7} Do|ZE WA & cf2 =2 I8 Y
Zi o, CHI 2 A3 2lof &2 IXI =18 =
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% 12. THE STANDARD I/0 LIBRARY 2. PRINTF FORMATS

Answer

I

210| 23 2lof P =)y | & [BICIES (S5] SAAE71\n22 BLX| 9 Z2), 11lush (stdout) ]
S &5 of BHLICE CA7HS| DI #LIZ0| HE Bt Al7[0fl AHEC 2 ftlush() 2 22{F X2t 0] LIS
=2 stdoutO| E{0|Ho|2fn J}E B Zo|7(of MCHZ Sx6ix| 942 + UsLIC (HEof &E

= 59 T
12245 ETSIA|7] HEZHL|CH)

Note Z2 21.112 & T5}7| Hjgh|ct.

References [ISO] § 7.9.5.2.

12.5| RETURN 7|2 -2X| 9T 3t 2K SA| Qe

fujo
4>
30
rr
0T
I
o

0
1
)

~

Answer 2 & 19.12 &t115}7| HEEL|C}
A 2 A printf Formats

12.6| printf2 \%'E S8 2 USNI2? \UE M EUX| Tt S K| UCZS.

Answer 4E MH EL|CL ) EXE £5St= AO| VLR R 0| F =, printf O 7} % EXHE escape ZALE 4
7| Wi 2 LT OFA|EIA|T], printf= % EAME E”.j, CtE SXHE HO{M O 242 &S5l 0f St=
X| Z=AFSHA €Lt ojmf, TS SAE %E XA — F 4 E AH — 'E S5 Lot

\%i= SEGHK| p4&LICt o] W0l 2f S&SHA| & '—XI ojalisted ™, HA AT SefAl("\)= &

2= T = — =
mtde| 9| escape =A0|0{, Hut2{7} 02|22 Z=E O[dliSt= Zg woj5E 2xoz MolCl=
NS OtMof gttt Hnobee] UEUHM = \hs E2|E[X| §42 escape ZXI0|0{, CHZW %" BF 2XHE
o|ofstA| EL|ct. mh2tA 2hef printf () 7F '\'E SESH J_HF-I%EF T UEE HS0IXN ULt SHEEL
=, gt 0|8 HAN Ml HE[H =22, WE SHe 5+ ol EUIch

= ==
HE0{ &L 8.8, 19.17% Z105HA|7| BRIL|CE

References [K&R1] § 7.3 p. 147; [K&R2] § 7.2 p. 154; [ISO] § 7.9.6.1.

12.7 | ot

DIO

IE= o SHSHK| LR

long int n = 123456;
printf ("%d\n", n);

Answer long intE EHE M=, BF=A| 1 (LS| 2 FXt) modifierE printf ZEHO|| MO (W E E0{ %1d) &
LIct ofLbSHH printf O = 0{2{ 20| ME et XS] (07| M= H=no| 2h) EfUS & = Q7| 2
QIL|ct O2{2 2 gt=EA| 2HHE ZOH (format specifier) 2 MO EL|CH

Aren’t ANSI function prototypes supposed to guard against argument type mismatches?

Answer ZF 15.32 &t115}7| HEEL|CY.

3thE W o g setbuf O} setvbuf )OS MA WL 22 o o] 9|
FsAel genw a7 Fria ¥ 4 A5Uth

e

, A EE Aok gdod Aeol 2o

80



% 12. THE STANDARD I/0 LIBRARY 2. PRINTF FORMATS

Answer

References

Answer

12.10

printf QOO|M %IfE MX| Lt 5t HAE EUSLICE double EFRJUE £ [, scanf O = %IfFE A
M & printf O = %BfE M= AH2UIIR?

printf2| %f specifier= floati} double & EIQI0| 2F M= 22 AFMQILICE? “default argument
promotion” I Z0i| (printf2} ZH0| 7HH QUXPE ALESHZLE, T2 EEI0| Qle &olH HE8E)
float EtQ]O| Zt2 QIX}2 MU= [ff, double EfQ 22 HIR7| EL|C}. [}2tM printfs BZE 22X
A double EfQIOF MEtEt= MiolL|CL Ci20{ 2 152% ZTI5IA|7| HIZIL|C} (RO 2 print£of|
long double EtQlS & A R0= %LFE ALSEILICH)

scanf= QIXI2 ZQIEIE EH7| IZ20l| 2218t promotionO| LO{LtX| Qt&LICt. M2t 2tMS| CH2
SELct (ZREE MA) floatdl| gtE MASH= A2 doublel|| S X &Stz A CHELICH
[tEfA] scanf= %£Q} Y1f2A| L EH|C}.

Of2 HOIM = printf2} scanfOi| A #0[=, ZHZt9| EtR|o]| [HE format specifierE E0{FL|Ct.

Format printf scanf

%e int char *

%d, %i int int *

%o, %hu, %hx unsigned int unsigned int *

%1d, %1i long int long int *

%lo, %hlu, %lx unsigned long int unsigned long int *
%hd, %hi int short int *

%ho, %hu, %hx unsigned int unsigned short int *
%he, ht, he double float *

%le, W1f, %lg n/a double *

%s char * char *

wL...1 n/a char *

AS) void * void *x*

%n int * int *

W none none

=2 12.13, 15.2% &T6FA| 7| HEZFL|CF

[K&R1] § 7.3 pp. 145-47, § 7.4 pp. 147-50; [K&R2] § 7.2 pp. 153-44, § 7.4 pp. 157-59; [ISO] § 7.9.6.1,
§7.9.6.2; [H&S] § 15.8 pp. 357-64, § 15.11 pp. 366-78; [CT&P] § A.1 pp. 121-33.

printf 2 size_t2} ZE, &, 1 37|7} 1longQlX|, CI2 ZHQIX| & 4= Q= typedef E}QUE EE
ol = OffH ZZSHE MOF SHLER

o
2
2]
m
e
Mo
e
n
[
o
&
cl
m
e
|0
HU
=
[>
om
el
x
T
v
ol
=
I

ILICH ol € =01, o Eflef 37|

printf ("%1lu", (unsigned long)sizeof (thetype));

printf OOIA 7} Z(field width)2 X|™5tT
o Z& X|™ste] gt

H>

202, olE M, %8dE MX| LT MY AlZt0]

dprint£2] %eo} %g, LB 7+t L =L JHAE scanf?] %led} Ylgol WEINE 2

s
=h=}
SDefault argument promotion 718l 912} 2| A6l A 7ha Q2 REolgk A8R U 15 2 B2 wighch.
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ZF 12. THE STANDARD I/O LIBRARY 2. PRINTF FORMATS
Answer printf ("%*d", width, x) & MM E/L|C} Format specifier0 M HE = ZHE Z8 X|&517| /5l int
Z40| QIXtZ SO{2Cts A =L (AR 2E0|M Z2 £2{8 ZHECH MA X ™HELICH) K2
0f A2 12155 ETSIA|7| HERHL|C,
References [K&RI1] § 7.3; [K&R2] § 7.2; [ISO] § 7.9.6.1; [H&S] § 15.11.6; [CT&P] § A.1.
12.11| & 9|2 £=xX[of| Z0H(comma)Z ®o{M E2{5t0 ASLICH 5lH| TS X2 &35 $ Qs
o QL7
Answer <locale.h>= 0|2{8t Q1ALS $3l5}7| 95t 247H9| 7|SES MBELIC J2{Lt ol US 517
5t EF REI2 E=XI5HA| LALICH (printf )7 8 3 U= W2 (02| HOIEl) o locale X0
w2t 107 2XHE S25ts 2B Y 2 JUSLICHS.
Locale MX0f| [}2, 20t2 TEE = $X2 £2517| SI6t ZICHsH 842 X2 &Lict

#include <locale.h>

char *
commaprint (unsigned long n)
{
static int comma = ’\0’;
static char retbuf[30];
char *p = &retbuf [sizeof (retbuf) - 1];
int i = 0;

if (comma == ’\0’) {
struct lconv *lcp = localeconv();
if (lcp !'= NULL) {
if (lcp->thousands_sep !'= NULL &&
*1cp->thousands_sep != ’\0’)
comma = *lcp->thousands_sep;
else
comma = ’.’;
}
}
*p = :\oz;
do {
if (1 %43 ==0&& i '=0)
*-p = comma;
*-p = 0’ + n % 10;
n /= 10;
it++;
} while (n !'= 0);
return p;

& O L2 22 M7ie <At 2 FEECHD JH-SHK| 2, 1conv F&RRM| 2| grouping EH
AL|Ct retbute| MY 37|= LIS AELICH

4 x (sizeof(long) * CHAR_BIT + 2) / 3/ 3 + 1

6The only thing printf() does in response to a custom locale setting is to change its decimal-point character

82
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% 12. THE STANDARD I/0 LIBRARY 3. SCANF FORMATS

A2 12212 &115}7| HigL|C}

References [ISO] § 7.4; [H&S] § 11.6 pp. 301-4.

A 3 A scanf Formats

12.12 lf scanf("%d", i) = SESIK| AULIR?

Answer scanf ()0l MESH= QIXH= Shab ZQIE{0[0{0f BiL|Ch ZtZto| Zto| B 8tE m{O|Ct scanfi= 02{ &
O MESt ZRIE{T} 7t2[7 IE IR T 2= MEELh (RE0] 22 2015 FHOSHA|7]| HiEfL]
Ct) f2kA] scanf ("%d", &i)Z MO} EH|Ct.
12.13 | ctg 3 =L of S=xbsix| gLt

double d;
scanf ("4f", &d);

Answer printf () 2= E2|, scanf () = double EIRIZ £ [HO|= %IfE, float EIQZ & [0 = %fE &L
C}.7 scanf= %f format2 20 floatS 7 |-F_'|9| = i°|E1 = I=”'7-|| ZElL|C} w2t of2{ 2o = doubleE
712|712 ZRIE = ZRE AQL|CE f1f2 ML} HTE float@ 2 MG HIELICH HZ0] &

2 1295 ZT5IA|7| HERHL|C

12.14

(@)

| ZE= o SESHA| fLHR7?
short int s;
scanf ("%d", &s);

I E 2ELICL short intE Ji2|7|= EQHE XAHH
=

Answer %dE MM, scanf= intE 7|2|7|=
| = ==

%hdE M 7| HIEL|CE (RZ 1292

iz
I
=

=

DT‘
kI
]|
N
un

12.15| scant =0 2XIY0|| 7} =S K| ™S 4 YSHI?
*)

CHRl 2 MErstr| f/sh AL|CH ANSI Xt 23 &8 AES
preprocessor macro= M A{ scanf format string2

Answer OFEIL|C} scanf ()OI HE
HL}, |lote = 37| E LIEI

#define WIDTH 3
#define Str(x) #x
#define Xstr(x) Str(x) /* ES 11.17 T X x/

scanf ("%" Xstr(WIDTH) "d", &n);

29| 37|17t & Alzhof| 2 &F 5~ QUCHH, format stringS A" Al ZHof| 2ES0{0F & A L|Ct:

Toy7 o A Hat AL %es} %f, WIS format$l %les) %lgol = FHEH Ut

¢
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% 12. THE STANDARD I/0 LIBRARY 3. SCANF FORMATS

char fmt[10];
sprintf (fmt, "%%%dd", width);
scanf (fmt, &n);

0|Z 7| Bt= scanf format2
Ct HE0] & & 11.17, 12.10

12.16| x|™5t "Aloz oM Cf|0|E{E 2l

2ZE UHNM 22 I ECH=, fscanflf sscanfOiM £2U2 AL
= FISHA| 7] HEEL| T}

O1%EAH| SO E7tR7? scanfOf|AM %fE 108 M= Hit

=

5]
2F0, O{= A 107§2| floatS TIUMWAM HE = UE7HE27? How can | read an arbitrary number of fields
from a line into an array?

Answer Bt O Z H|0|E{E parsing(TtM)st= B I H M 7K 2 L &= JELICk

S|
1. M5t format stringDt 8| fscanfl} sscanfE ZL|CH 0| ZO|AM X| &St MG AMEO|E EF
St (ZE 12.20 &#1), scanf A Yol = O ZHEL|Ct FWoz FHE LTt JHE
CtE7| £l X|2t, scanf format string2 & | compact, column-oriented®l FORTRAN-style2| G| O]

o)
. Clo|E{E Zuos (

S 7'(1EI3+E Hiofl = AQL|Ch & =01, of2Het &2 E2:
1234ABC5. 678

"kd%3shE"E MM 212 o USLICH (A= 12.192] OFX[2} of| £ & 1O5H7| HEELICH)
CC

L= CHE delimeterE MA) L= EHEZ XII 1, strtok &LE 0|2}
&2 7|sE 7tz *?% (BlZ 13.6 &f11) # CIZ, atoilt atof 2} 22 St+E A0 FL|CH
(Lt O|=EHA ZID LtH, Z+2te| fieldE LR = ZE= main(0|AM argv HIE S CHRE = ZL'J'—'P

f
7He| ZOotE LT ’é-E— 20.3 &) o] UH2 55| H0|E{7 H o] HEZ O|ROM =X 2E
o (&M Cllo|E{E 17| M7HK]) 35| 227t USLIT
Oz = 10702 M-E Y E S AISH= ZHetst ofl M Lt

#include <stdlib.h>
#define MAXARGS 10

char *av[MAXARGS];
int ac, i;
double array[MAXARGS];

ac = makeargv(line, av, MAXARGS);
for (i = 0; i < ac; i++)
array[i] = atof(av[il);

(makeargve| Mo|= & F 13.62 & 106+7| HEEL|CL)

3. Est YWHOZ (in ad hoc way) H|O|E{E M e = = OLF & ZQIE ALtO[Lt 20| EE{2|
&t~E MO EL|CH (ANSI strtoll} strtod &= OM{CIM EME HEJ=TIE ZOQIEHE
E4§7I m=20i £3| 0|2 AEHU 2 parsingdi| £2 USLICH) o] HH2 =22 7H LErA ol &
oLt 71 Of| 2 E LAlSH | = £ 10 012 2HQIL|C}: The thorniest parts of many C programs
are those that use lots of tricky little pointers to pick apart strings.

7%& HH IOIF—1 ot ol At o A S S otd otEo| A CIXtelSa, A B
= T HHE HA —E—M.%* = UJUEE tE= Ao| EHLICt
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% 12. THE STANDARD I/0 LIBRARY 4. SCANF PROBLEMS

Al 4 A scanf Problems

12,17 scanf ("%d\n", ...)S QMCEL], TIIXOl =S Q2i5t7| MIIK|= HAHEL|CH of JIR?

Answer =& £ scanf ZEB EXIE 2| \n2 newlined]| si{Eot= Zd0| OfL| 11, B8 (whitespace) A7+ L=
T77tX| 2] U E M FAIStEHE STRLICE (AR, scanf format string0f| L2+ O{{ SH(any) 3
B ERi2LE, 8 ZXE 0IM RAIStEt= SRILICH ATt %d2t 22 format= HA| 8 ZXt
E ZA|gh|ct. et eI o2 0{2{ 20| B8 EXIE scanf format stringd| £ 0| F= lELIC}.
2t "%d\n"2| \n2 scanf7} Z ZXA7} ol EAI} LIS M 7HX| ¢l22k= 50| =10, m2tM
S ZX7F ot EXE F7| fI6 ChE E7HK| e HE|l= MEol B AL|ct of S thed|
"ha"Ct M SHAELICH (22 {HEL Z2IME X E LHE2 CHF0| Lt2= \n2 X 2[3lj0}
Lot & 12.182 &11517| HEL| )
scanf &= free-format input2 X{2|5}7| {5l C|XIOIE|USLICE CIEA FIEE0M AR XA
UHET| 2[5t FHL 2 M0|= BR= He ASLICL “Free format” 2 scanf7 \nE LHE S 2 X}
oF £Z0| FZsttts A2 SSRILICH M2 "%d %d %d" format2 0|

123
ol ALt
1
2
3
14 BF £ &= JUBFLIC
(Ct2 21o{ S} H|wal B ™, C, Pascal, 12| 1 LISPO| free-format0|04, traditional BASICZ} FORTRAN

0| free-formatO| Ol L|C})

042{20| & scanf7} newlineE C}=27| ME|5HH| BTHE 1D AICHH, “scanset” directiveE A ElL|C}:
scanf ("%d%*[\nl", &n);

Scanset2 Zt&{5}t7| = SHX| B scanfl| ZE EM|E &
TOSHA|7| HHEfL|C

==

&5l FX|= EaLIth R20 2F 12205

2]

References [K&R2] § B1.3 pp. 245-6; [ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357-64.

12.18 scant ("7a", ...)8 WA 02| $XIE U CIS, gets O S WA XU 9l ik

int n;
char str[80];

printf ("enter a number: ");

scanf ("%d", &n);

printf ("enter a string: ");

gets(str);

printf ("You typed %d and \"%s\"\n", n, str);

O Hutde = gets(O E5S FAILICH of IIER7
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% 12. THE STANDARD I/0 LIBRARY 4. SCANF PROBLEMS

Answer

References

12.19

Answer

o{2{20| /2| ZZ 80| Tl|o[E & tr=5at 20| UMD JHEs AT

42
a string

0| I scanf= 42 QX[ 1 50| L}2= newline2 2 X| 94&L|Ct O] newline input streamOi| Lt
OF 11, gets ()7} HFZ O] newlineS 27| ElL|C} gets() = newlineO| L2 OH77}X| S| &S ':'7(|-°1
E 2|Eol F=2Z, HtZ Hl &2 2|E5tA| ELIch w2t U] FHM £, “a strmg”o otod| ¢13]
X| es&LICt Btef o2{ 20| Ct21t ol U2 FIAUCHH:

42 a string

ZE2M0| of| et CHE SEE ALt

UUIA O 2 scanf () CIZ0l| HEZ gets Ot 22 CHE U REIS A= A2 HIEESHK| 2&L(Ct
scanf () 2| 0|2 O|ASH(peculiar) BIAI2 &M EXME Lo Z AX|7t U7| W SUL|CE. 2t JA|
UHES scanf 2 2F7{L} O}0f| scanfE M X| = AO| EELICL

HE2

—
=
0] 2 & 12.20, 12.23= Z15FA| 7| HFZL|CF

[1SO] § 7.9.6.2; [H&S] § 15.8 pp. 357-64.

scanf () 2| 2|E ZtE ZAISIH ALEA7L AN 2 X 22 UHBY=X MIE = A70 & o 2

Stota B &Lt

int n;
while (1) {
printf ("enter a number: ");
if (scanf("%d", &n) == 1)
break;
printf ("try again: ");
}
printf ("You typed %d\n", n);
S, 2 S8 =m0l WXl FPot UCZe St o JEIte?
scanf O 7t =X kS XM ?§$, X7t ot EXp7H '—+°71| E|H Hats XI5t O Xt ||
HE 28 *EE’Oﬂ 2 = Lot Bk o] AEHO|M B X tE AHECH 1 scanf O E R
27 |._, AL C0[E{7} U7 [[H-v-oﬂ H+E SEHRLICE MetM =X 242 XME[Sh= scanf& R X
otofl = 22 RE UHO| SO{7HA| =|H Fot F=0f titX|= 27t 715 LAELICH o E S0

AFEALTL X9 2 ZAHE UMD, scant s} O[S %dLt %fef 22 EHO= Xalgt AL, uiz 5
CHSII, CHS scant SE0IM = X B 22 WAO =2 Melshi 5= HeLich

o scant7} X2 & & Q= RAHSS input stream0l ITHE FEX| BI5IH| M245HA HULCH ©f
2{20| BWo= TREIX| 2, CHST 22 URS M2[sHof STt A2 =AI7] BreiLIck

Lo —»

123CODE

Soje o] controlC718 & 4 AL AR LT A7} 9S wol ek o] =8 A7) uhehoh
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% 12. THE STANDARD I/0 LIBRARY 5. OTHER STDI0O FUNCTIONS

References

12.20

Answer

Note

References

A

12.21

O| H|O|E{E scanfE MM X 2|5t StCHH, "idis"E & AULICE O I} scanf?t DiX| = X| 42 &
XFE input stream0| =0} F£X| 910 A|74stCtH, 02 20| 2t2 Of|0|E{ = "CODE" 7} O}l "0DE" 7} =
ZIL|C}. (The problem is a standard one in lexical analysis: When scanning an arbitrary-length numeric
constant or alphanumeric identifier, you never know where it ends until you've read “too far.” This is one
reason that ungetc exists.)

Ci20{ &S 12.205 X T5FA|7| HFRHL|CY,

[1SO] § 7.9.6.2; [H&S] § 15.8 pp. 357-64.

Off CHE 22| AR E2 scanf O E MX| L2t EWLR7? &£ scanf OE MX| 4=CtH CHAI ot St
£ MO} 5t&7

scanf O = B2 ZM|E 7HX| 0 USLICH— B F 12.17,12.18,12.195 & 0617 | HFZHL|C} EE gets O 7HA
X0 = M7t %s ZBHE AL S ol = 2MefL|ct (2E 12.23 &10) — & = E ot
CHEZR7t UoLEX| etectn® EXE 5 glELICh

UHIM O 2| scanf ()= OFF S AIS|=(relatively structured, formatted) input& (5l designE Zd L
Ct. (O|ERE “scan formatted” 2| FXIQIL|CH). [2IM Fo[ A AFESHH Zrfo| AMufRM =X|2] 0
= g2 FX|8 2ff, ofEH ’5.*%10| MM =X= LHAFK| LSL|Ct MH2EA] scanf O O|A Of|2{ 7t
SMIMCIH, O|& M2|5H7[7F Hel 27ts 'L T

User input2 7|-7§3 P RSIE|X| 242 inputO|2} & £ USL|C} & C|X}OI= user interface= AFE X}t
o EXEt= g &= b= AE Y50 F0{0F gfLct — X7t €26t 420 EXAtH 75
| ZSE TEBNM, AR} D Return 7|0} FICE{LE, B12 EOFE /2iBict
HLt 5t BE ZRE UELCt ol 2E 4 RE scanfZ X2[8t Che A2 He| 27tsELICh
(fgets O 2} 22 SILE MA) & MXE U3 22 C}2, 0|2 sscanfl} Z2 S4LE MA] 5=
°4EH+ 20|l =(strtol, strtok, at01—-—F7*° STE MA) BHE M= Ao EE5LICH HEN E
&= 12.16, 13.6= & 1ISHA|7| HIEfL|CL) sscanf& %'—'—f':'.j, 2|E 22 dAliA |t BHE YEE
Me|H=X| &elst= Ao| 28t

scanfl| O|& CIHEE scanflf|Bt MEZE|= Zd0|X|, fscanflL} sscanf e AMAQICH= M E oMot
Lot 2M7F Ele A2 2& 2o F|EEZ AZEO D, scanfE HEE UHE Me2(|5HA
Z|0f QI0{A{, least constrained®l AIEX} 2124 E scanf7} 7(-|E|oHI:I-|EIl:|-'— ZdlL|C}. Cf|o|E{ mlo|
formatted®l AL, fscanfE& M= A2 ESL|C} sscanfE MA &S parsingdte= Z‘JE (2IEzZte 4
AtSt= 420) 02 E5LICH HLSHH, U= S FASHALE CHA| Y82 HASHE S 02{7HX] ’if

=]

e g = U7 HELIEH

User input2 KXM|ZICHZ E0{2 £ U7| IR0, user input2 HIZ atoiZ MM, £X| 2 HES= A

ZX| ot&L(ct AR 21.118 & 1547| HgfL|C}.

[K&R?2] § 7.4 p. 159.

5 2 Other stdio Functions

sprintf SE0A Rt HE| I7|E 02| AlME = A= HRHO| USNK? F, o€ 5tH
I ?

sprintf Q0| M HI| SHEZRE O|e = USN
Yol o] %2059} Zo] =L A BAZ 2D = JH5UTh AE 12,155 Fs] upgych
1074’5 s0 easy to regain control restart the scan, discard the input if it didn’t match, etc.

87
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References

12.22

sprintfOfl AFSBH EO0| MTHZ{O 2 ZITHSIH of2{=2 Tt Mo 37|18 la| AR 3 9
SLICH ol SiLE 0| 412| %s 7t QICHE! Y 2Xielofl AFZ 8t NYE 2RSS A+E X Hof
M (EE sizeot SIMXIE MA) A|LIHA 1 ZTHE To{dS XA strlens FE LU CI3HA

sprintf (buf, "You typed \"%s\"", answer);
ol mie| Hm F7|= ch=1F 20| AAte|ck:
int bufsize = 13 + strlen (answer);
0| tHai M= %de| &3 Zotol| 225 X A7 T2 A2 X gd&LITh
((sizeof (int) * CHAR_BIT + 2) / 3 + 1) /% +1 for -’ x/

(CHAR_BIT= <limits.h>0f A2|E|0] Q) J2{L} 0|2 Alo=Z OjH AASH= A X|LER|A =4
A ANQLICE (fle] Al £X|E 8 ZILZE EV|SHCtD 7S m ol AHAb Zoteli|ct. 10 7&'
HE 20t f2] AL ZotECE =8 ¢ AL H2 S¢4E AKX 2+ UAFLHICH)

Zo EAYo| 0f =ESHAHLE SHEM0| F7| XMool & M HEH 37| olSste A2
sprinf OE MZ Ot== AXNH O-|E4C> alolL|Ct. j_F_'|jl_ St OF= of|2{7} 2tMisEy| alaL|ch
(Z22HM AZESHX] d&LICt. otx|e) g2 Lt 1 =5 }7% TS fprint O E WA Al It

2ol M&et ChE, fprintf O 2| 2[H I% 2Lt 1 ufo' 9| F7|E = At HE LT (OgLt &
= 19.128 & ¢ 7| HIZfLICH J2|0 £ of|2{E MZtsHof §ct).
FOE HIHIL 3X| 42 2 LHEZ 7L HO{LIX| 4=Ct= &alst E&810|= sprintf O E £
27| Mg ZQLich EH ASRS Y 2 QUCHE %sS ME T Al %.Ns(0] T N2 OfE )5 271
Lt %.*sE (HE0 EF 12.10% Z0SIA|7] HIZL|CE) & £ USL|CH
7tE EAlst QHEZ R WUX|ME2 Z0|E N|etSt= snprintf O & A= AQLICH AdH 22 CHZ
i =
snprintf (buf, bufsize, "You typed \"%s\"", answer);
snprlntf() = B2 stdio 2t0|E2{2|0f|A (GNUR} 4.4BSD =&} MSE| 0 JUSLICH 210 o] &=

= [COX] =0l A RHEHE o LI

[COX] snprintf O & & == JUCHH LS| F7|E 02| AME = JUELIEE [CIX] snprintf ()= H
Hol| 7|58t EXte| £ 2|Ests Aol oLz, B0 7|S& EXte| =8 2|Est|ct. Aot of
m el 37(0f 0, E'.: MO & ZOIEE MYE = QELICH JHEZ OIS0 242 SES At
5tH:

nch = snprintf (NULL, 0, fmtstring, /* =fE 2 g */);
FO{Zl ZB AEE (fmtstring)0f| 225t HIH2| 37|E ALt = JUSL|Ct

[COX] § 7.13.6.6.

sprintfQ| 2|E Zt0| & 2| EM|CI7I27? int E}QE E|EISILEZ, OFL| ™M char * E}Q S E|EISIL}
7

11

over-conservative
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% 12. THE STANDARD I/0 LIBRARY 5. OTHER STDI0O FUNCTIONS

Answer 2 (printflt fprintfl} ZH0| writeSt 2At F=) intE Z2|ESICtD S0 USLICH 2Lt of
Ot 2}0|E2{2|= sprintf/} X HIMf QUXIZ S0{2 char *E Z[HEL|C} (ie

7E|-O EK-I)

. strcpy?| 2|

[0k
N 1o [y

-

nl

References [ANSI] § 4.9.6.5, [ISO] § 7.9.6.5, [PCS] § p. 175

12.23

to

| E5= getsOE MAX| 22t &te?

Answer fgets()2t= 22| getsO = HHL| I7|E X[HSHK| LELICE T2t HI RHEESE HUX|E
Zo| elsLict — ool e H=lof ofstH o At=l= UEECEH 2 Z40] HFEIHE E0{2A Eulch2
Mo 2 = Shet fgets () E MOF ELICE (22 UH2 ofH EHSH 37| o|& S0{2 == AX[2H A
g ?é%% 2X|5t7| AeH!?, &Hat fgetsE M= 20| EELICL)
fgets®} getsl| CtE XN StLtE, fgetsE EAME OLX|2}0f| \n2 M| 7HSIK| f=Ct= AQIL|CE O
Lt Of newlmea HA0H7I'— ot ’.;!;.*'—IEF AE 712 EM getsCHA fgets OE AIRSH ZEE E +
OIAL_||:|.

Note T{u|2| H=I(Murphy's Law)0{| Ztet A2 [Raymond] £ Z£t115tH7| HIEL|C

References [Rationale] § 4.9.7.2; [H&S] § 15.7 p. 356.

12.24 | printtE 555 CH20|| errno= ZAFSHA printf7} AlTHEH=X| ZAFHCHD A ZEEH| T}

errno = 0;
printf ("This\n");
printf ("is\n");
printf ("a\n");
printf ("test.\n");
if (errno != 0)
fprintf (stderr, "printf failed: %s\n", strerror(errno));

=] @ “printf failed: Not a typewriter’ 2H= O|AtSE HIA|X|E S EIR?

Answer 22 stdio I} 7| X| S stdoutO| E{O|LD L
X| dAtstZ| RIsHM, LR M2 2 ofiHet A
= errnoE ENOTTYZ MM EH|C}. 2} 'I intf7F A
et 2t2 a2 YA glulct oj2{sh g2 _75_.—;.‘ 2=
LIct 2HLFSHH errnol| 242 Oll2{7} Lk CHZ0 B 2|0[ & JHX|7| W E LT} (7< cf d=ts| Zetct
04, errno=, errnoE AMlEISI= Z2l0|EHE{Z| &7} o8] TEE Z|EISt AL0|CF 907 USL|CH
(meaningfu)) stE{o2 UEH Bi+o] 2IE 242 ZARSHOF BiLICE 012 stdio B14E s oie
2 £ 0t 014H0] Of21E YT AICE ferror B8 ME HLICL XE0 AR 122, 2045
7| "igh et

= = LT} [H2EA] stdoutO| E{O[L QI
tAl =[04, 11 23 stdoutOf E{O|'E0]| ol B0
Z™Moz g ALt SIHEIE, errnodf A

A

7= SHX|2, EXCD 2E += ‘E.ig

Note 0217} & 4SHX| BIUS IOl = errno?t 00|2t= AE EFE = ASLIEL

References [ISO] § 7.1.4, § 7.9.10.3; [CT&P] § 5.4 p. 73; [PCS] § 14 p. 254.

gets()J G L =), 1988 d “Internet worm” ol o3t A w] =L & YFUT — o] ‘worm’2 UNIX finger daemon©]
o 2o

getsOE = AL o8&, gets O WHAE overflowA] A A, fé}-’F-J return address& W}o] T=9] s Fo] ThE o= JIEF
TS0 bﬂ%b]‘:‘r
13087} stWo] Eole & 7IHE Y Ay a7 Adadtn AZE £5 AX T BF Y] redirect® LA Eo1&
F= A
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% 12. THE STANDARD I/0 LIBRARY 6. OPENING AND MANIPULATING FILES

12.25 fgetpos/fsetposl} ftell/fseekl| AIO|H 2 FAUQITIR? fgetpos/fsetpos= OC|0| A= HE?

Answer {22 fgetpos/fsetpos &&= offsetE LIEILH7| 2| EE S typedefQl fpos_tE AISEL|C}.
et SHEEA| SHEOo{[ICHH OfFE| 2 ntUo|FEtE offsetE EBE = USLICL 0|2t= HE|
ftelll} fseek= long intE 27| [ 20, offset| H2|7} long int2| 2|2 XN|SHEIL|C} (long
int type2 2% — 1ECt 2 $2 J(Z7Ictn B&E 3 glEL|Ch w2t ool SAllo] 209 Hio|E
(231 —1)Z M|SHEIL|C}. EESH fgetpos/fsetpos= CIHESHEO| E (multibyte) AEZI0| = £ £ USL|CE
HE0{ EF 1.4 FOSHA|7| HEEfL|CF

References [K&R2] § B1.6 p. 248; [ISO] § 7.9.1, § 7.9.9.1, 7.9.9.3; [H&S] § 15.5 p. 252.

12.26 ] elzig WE(flush)AlZ o] USTIR? 5 ALRXI7} 02| it Y2ig FAISIAM, Cfg ZESE
£ 228 o o] 20| K| YT E 51T AIGLICH £flush(stdin) S MEH ENtR7

=
C OOl A £flush ()= 52 AE 20| Cha M TF S RIBHL|C}. “flush” 2F= & |7} buffering =l 2
2 M= A 2ABA|ZICHEM Z = IE FAA|Z7|E A(discard)ot= OFF 2 ZHA|7F A&

LICh M2t 13 AEE 9| S FAISt= 7|sit= A5 o&0] st

Answer =&
—
=

S

OF&! QIX| 42 EX}(unread characters)E2 stdio input streamM| M FA|St=(discard) E= B2 &=
RHStKR| S4&LICt O FALOAM = ££flush(stdin) O] UX| 42 EAIES FA2E = UEE 2H0|E
22|E At=7| = SHX|3h o[Al o] ot =22 oEa{™ Hoi 2 MM = Ctels 7| 5QL| o
(O{tH stdio 2}0|E2{2|= fpurgelt fabortE Z2 7|52 2 N|E5t7| £ StX|TH OIRIIX 2 BEEL2
OoflL|Ct.) EEBF input bufferE flushSh= 0| B s ZMo[2t] & == lELICt HListH YEt™ o

Z O}&l 2I5|X| 42 222 OS-level input buffer0l| ZXYS}H7| I 2QIL|C}.

Input2 flushet EHH0| ZFICHH (22 19.10F 19.20]] L2 XX E]) A|AEl o] ZX{ 0| HiHS Xtojof
g AULICH AlCH7F ARV Of 2 HiHE £E2 st U, o222 ZE2I3o| 1 S
Al E &= Ut A2 B G50l Fo{of &t

E= \nO| L4227 ™MIHX|L| 2AHE O FAISHHLE curses FEIQI flushinp () E AFESHHLE, &
o =EL|CH 20| 22 19.1, 192% &T6}A|7| HiZFL|C}.

References [ISO] § 7.9.5.2; [H&S] § 15.2.
A 6 A Opening and Manipulating Files

12.27 | ct2at zto| ot g ofi=(open) BH4E DHEUBLICH
myfopen(char *filename, FILE *fp)
{
fp = fopen(filename, "r");
}

T8 ohEah 20| &5t LHH:

FILE *infp;
myfopen("filename.dat", infp);

infp HpIF MCHZ A F(setting) = X| FSLICH of IH7R7

14Ty complete the writing of buffered characters

90
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Answer C HAO{0[AM eteE2 ehed ARl A MEE eIXte| A2 S fEELITh MetM = U2 RO
A MEE QX 2t2 X|H (assignment)5t= W22 22 E|HEY & QUSLICH EE 482 & 1I5H|

HhgiL|Ch

70| H2Q WX M CLS T} 20| myfopen BH4:7t FILE +8 2|H5tE

J
ol
S
B

FILE =*
myfopen (char *filename)

{
FILE *fp = fopen(filename, "r");
return fp;

}
1 ohE thE 2t 20| &Lk

FILE *infp;
infp = myfopen("filename.dat");

Ct2 10 20| myfopenO| FILE *0f| CH St ZQIE{PE QIXIZ Hh|5tH ElL|C}:

rr

&£
myfopen(char *filename, FILE **fpp)

{
FILE *fp = fopen(filename, "r");

*fpp = fp;
}

J2| 10 Ch20F ZHo| &L ct:

FILE *infp;
myfopen("filename.dat", &infp);

12.28 | otz 7ICHsH fopen ZXIE S&t6HA| AU&LICH O ZE0|M HRE Mo JULLR?
FILE *fp = fopen(filename, ’r’);

Answer ZX|= fopenl| F HM 9IXI2l mode= "r"1} Z+E string0|0{0fX|, *r’ 1} Z+2 EX}J} OfL|2t= A
QlLict HE0] AE 8.1% ESIA|7| HFRfL|CH

12.29] of oy Z=8 MM THUS FH S ATiEMIR7 Cfg A= S5 YHZEe:
fopen("c:\newdir\file.dat", "r");

Answer = 7H2| backslash 2XFE MO} 8 AHQIL|CH &2 10.172 Et05}7| HERFL|CH

153 pointer to pointer to FILE
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12.30| oo

Answer

References

12.31

Answer

UO| LHES 1X|2{ 0 BfL|c et v REZ DS A CfZ, ASt=s SAEE HI B 0] 2
AHE 220 ML MEH 2 SASHA| gdsLI Tt

M| HO| fseek B BREX| ZARHET| HIRILICE 912 T30, 1 YIXIo| 47| fAsHAlL,
912 BIZ T 9IX|E YBOE R FO{0f BHLICE X, read/wiite "+ 2E2 4 THUOIM 9
o
=

7|(reading)Lt 2A7|(writing) 2 St CIS0l= BIEA| fseekl} ff1lushE M F0{0f SHL|C| EE EHO{MT|
Rl = 7| &L EXAIG 0t Hof £ EXtQGe| Zo|7t Zotof glch EF fIX|ol 2XE=E2 F7t5tA
Lt(insert) X| R =(delete) HH 2 EXSHX| 4EL|CH HIAE OtUNM H{MAE= AU 2 otH, oY S
Zoi& RIRIK| ZHHE = %*LIEPG. HEo{ & X":' 19.14% Z15IA|7] I:I|-E|'L_|L‘_|-

[ANSI] § 4.9.5.3, [ISO] § 7.9.5.3

Q| %l streamOf| M Tt O[F S CHA| HO{ = USL|7?

&= 19.158 & 05t7| HigfL|Cf.

A 7 A  Redirecting stdin and stdout

12.33

Answer

References

Answer

T Z 28 Ot0| A stdinO|L} stdout2 Tt Z ‘redirect’sr &= U7

)
"~

freopen() S8 M7 HIZILICE £O 2t 871 1, 0] & ES stdout2Z H|O|EHHE £
St 71gs EAIEE 0|2 Z 0= EHed| freopen B8 AW EL|CH:

freopen(file, "w", stdout);

£0O;

(A2t 2 12.348 & 20{ 2 A|7| BIEL|C}).

[ANSI] § 4.9.5.4; [ISO] § 7.9.5.4; [H&S] § 15.2. pp.347-8

ULt freopen(O 2 £ CHZ, CHA| 22| stdout2 2 (EE= stdinl 2) EE == QILIR?
Z2 HZM2 EASHK| FELICH THA| S0t2 ZTJt JUTHH, freopen(DE M= A2 HE E2
giHO| ot L[Ct Xt2f2| [EH2 output (EE£= input) stream I8 TS 0{AM AASHA stdout2 (&=
stdin) HEZ|X| &= 0| EELICE o€ S0 tH30 20| MY H-E BE

FILE *ofp;

16

overwriting in text mode may truncate the file at that point
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Answer

12.36

Answer

Answer

DE ME fprintf (ofp, ...)E HRDM EL|C} (E2 putcharlf putsE ACHH 0] g
Fet AL|ct) O3 ChE, ofp?t stdout E 7t2|7| =5 St= S2| &Y 2 5tH gL

s =l
SA HS0 22 ZEZ freopen2 CHAE = T MZISHAX | REH ST

FILE *savestdout = stdout;
stdout = fopen(file, "w"); /* WRONG */

1 ChZ, Of2f ZEZ stdoutE SHEE 5 ULt 25X = ZE2HSL T

stdout = savestdout; /* WRONG */
olg{st I== SZGCtd 25H7| ofESLICH LESHH stdout (EE stdin, stderr) EE At
Z=(constant)0|7| [ 20i| C}2 Zt2 2 MF (assign) &t = 7| H2L|CE (2Z 7| I 201 freopenO|
2t= e S EE AYLTt)
el AEZ 25t WEE freopen() 2 27| HMOi| SAtS] FACH T FRAI7|= YHE JUX|CH
Ol= A|AHE!I o|EAQI, dup (Ot 22 &tE M7| WZ0i 0|44 0] (portability) & 0{X|04, H| 2t A

S|
QIL|C} (unreliable.)
O AAEIN|M = controlling terminal2 (& & 12.36 2t11) =& openste= B2 M35t = SHA|
2t 0l= o2{&E0| stz A0l otd AUL|Ct fListH R2H2| input EE= outputO| (= freopens
BHZ=27| M2l stdinO|L} stdout?| Z}t) command lined| A redirect=|0] E{E $= U7| MELL|CE
O™ subprogram2 ASA|Z| 10 1 HIE capturedt] AICHH, freopen2 MCHZE SEME &~ QIGL|
Ct, 22 19.302 cH4l &1O517| HEEfL

T2 ol M EZE l2lo|Lt BEE £20] redirectE| Q=X| EOIEH 4= QU277 CIA| LsH com-
mand line®{| A “<"L} “>"E H=X| &

iR 2O )20 T2{5H YOl WL HQIX| & MZIs HA|7| HIRIL|CE BloF T2 20| Fgk
5t 921 IOl 94 U, stdin© 2 H[O[E{S WX} BIHH ZITHS| argvE MM & & UXLICH
(Z2 203 &D). E= T 0[S M Al "9 22 placeholder® M7 BHS % UBLICE

20| interactive terminalOfl M 2 Z L7} Otd ZS promptE EE5HA UEF UED A2 Z22, O
EH A|AEIN| M= (|2 £0{ UNIXLE MS-DOSO{|A{) isatty(0)O|L} isatty(fileno(stdin)) S MA]
terminal 21 X| OHIX| 2fobd &= US|t

“more” 2} 42 Z2 IS Ot=2{ 10 BfL|C} stdinO] redirect | FACHH O{EH| keyboardE CHA| & %=
o|977|.o?
M=/t

0| o2 &t 4= U= portabledt HHH 2 Q& L|CH UNIXO| A = special fileQl /dev/ttyE €M ElL|C}
MS-DOSH|M = It CONE Y7L} getchlF Z2 BIOS call2 0|25t= R EIS A M inputO] redirectE|
AN=X|2t= &2H810| keyboard&E & = UL

£2S SA0| RO, HE EH AT} njUZ Hif 2= Q= HiHo| QIENR?
QELICE CHAl Of2{ 20| ZE AE F H HHE5HE printf AEIQQ| 5145 PHEO AH EL|ch &
£ 1552 &1517| gt
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% 12. THE STANDARD I/0 LIBRARY 8. “BINARY” I1/O

A 8 A “Binary” I/0

HED9| stream& &3 ¢&

-

g = Q= text2 O|FO0{X /Y10, HE=FEL2| 2YHMIMO|A] A= O convention0f| 5t
E{Zl(translation)2 & = U= A2 2 0474X| 10 U SLICL 0|2t translation@l0|, M &S| HIO|E

2 Z read/writeE 2™ “binary” I/OE MO} EfL|C}.

12.37

Answer

References

12.39

Answer

12.40

Answer

o 22|2} ThUO|A, fprintfL} fscanf7} A= formatted stringO| O},
M| 10 (write) SfL|CH O{EA| 51H ENtR7?

roh

b0

roh

FHfo| =4 Q1L

0|21 U2 7K “binary” I/O2} T RELICE HA fopenS RS ("rb"L} "wb" 2 Z+2) "b" modifierS
MEX| (22 12.38 2 11) =015}7| 1| Ct.

JCt2, &2} sizeof operatorE M A & H}O| EZ transferg&t Zd91X| &015}17| HfRL|C EE freadl}
furited 2 &8 WA ZYE &= JUSLICE diXl= A& 2112 27| HiEL|Ct

freadl} fwrite XtA||7} binary I/0E +=&85t= &= OtHLICt LT binary modeZ ntd S AUCH
o4, O 1/0 Bt+2tE binary /08 & 5= UALICH (HE 12429 0fl K| & 1); Text modeZ TtUS A
ACHH = ABICIH freadlt furiteE £ 4 U&LICH

OFX|2+2 2, binary data file portableS}X| Q&
7| "Hgh| et

I
il
|l
]
N
(e}
(6]
ikd]
|_
A
I
i
b}
Mo
—
N
S
o
kn
2
kJ
_O'I_
>

HFO|H2| ¢|0|E TS MEFHA 2
2 S0{21 H|0|E{7} 0xlag ZEE

= 49

Binary dataE 9101 E0|2 ™ fopen(OE SEE M| "rb" modeE MM EIAE mtQl 4 Sl(text file
translation)0| O{LFX| B4E 2 f0F BILICH HI=51H, HEO|LIZ| HIO[EIZ M7| SIBHME "ub" S M
OF EfL|Ct. (UNIX2} Z0] text2} binary iU 2 FHSIX| = SLAMAM M= "p"E £ 2= UK

ok Moo siE2tE 2ME A2 s

BIAE /HiO|H2|2] Xt0|= utY S L mol| Bt ML ot L& otlo| Pel ofZoll= o™ 1/0 FE
2 ME AT ELICH HEO] &2 12.40, 12.42, 20.5% &tT6FA|7| HiZFL|CY.

[ANSI] § 4.9.5.3; [ISO] § 7.9.5.3; [H&S] § 15.2.1 p. 348.

Binary fileOf| A 7| 2|8t “filter’ & SHE 10 Y SL|C 80| stdin} stdout 2 0|0 text stream2 E &
2 U= AMEHEIM 2X|7F ElL|ch oA 3FH 0| stream binary modeZ HIE £ Q7127

o0|H 22 ot7| 2|t standard BEHEH 2 QIEL|CH UNIX2L Z2 OSE text/binaryE FEotX| o=
modeE HIE E X7} glEL|Ct 0{H MS-DOS HItUR = setmodeZt= B+ E MS35H7| = &fLICH
CIE 059 ZR0ll= 02{& AAR Ftotof & AL Ct.

Text |/O2} binary I/02] X}0|&O| &IIL7

Text model| TtU 2 &3 JHs8H(printable) EXIE (B &2 EAF Z &) 0|F 0N /U= Aol &l
L|C}. Stdio 2t0|E2{2[0]| U= &= (getc, putclt 22 2= & S OSHIM A= end-of-line
oAt 2 HWHE SHt2| \n X2 HERO{AM XE|EHL|CH 2t C Z220i| M OSH|A] AHESH=E
end-of-line 2X} & A2 AMZAL ZL UL YSL|CH C T2 I0|A] *\n? 2XIE M H(write), stdio
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% 12. THE STANDARD I/0 LIBRARY 8. “BINARY” I1/O

References

12.41

Answer

12.42

Answer

HEA
o

2fo|E2{Z|= 0] EXE 0SH|AM AL3t= end-of-line 2X} =
[Hol|= OS7} AF25H= end-of-line EAF 26 HHAlg EHH T Z2H0| S8 FL|chl”
0|2t= =2 binary modeOi| M= ZZ I2H0j|AM 2110 Mi=(write) HIO|E 2} Tl A ZF ghAlD} 24X 5| 2
AL.[L'_|- = ol 3t HISHE O|20{X|X| Q&LIC} (MS-DOS A|AEIO| M= control-ZE end-of-file X}
Z oHMOP" AE O|RO0{X|X| S&LIC})

Text mode translation2 uto| I 7|0 E H&FE 7|EIL|C

fileOll MZE EAI2t 1112 matchE E27} Q7| 2 LICH 22 O[F0|M fseeklt ftellO| LU0
M H 25t byte offsetE LIE}H 0|-|-.—J_ |:.,\.=,L—IL'—|- (HA5| oM text modeX| M= fseekl} ftellO|
2|Est= 248 T2 0207t &Y sHAd5te{ 0 StH QtEIL|CH ftellO| 2|EiSt= 242 fseekQ| QIK}
Z 0F M OF 504, EESH ftell0| 2|EISH= ZLOHO| fseekQ| QIX[Z MO0{0F EHL|C})

Binary modeO| M= fseek®} ftellO| byte offsetS LIEFLHL|CE T2{L} O A|AEHINA = 2AF S
BEE 0S| 213 0i2 JHOl null byte B BHY Slofl F7HE S UBLIC

HE20{ 22 12.37, 19.125 & SIA|7| HiZfL|CY.

O HFRO| MOf(write), US

A
o
n=

o OF o
~

QHLFSHH =2 0| M XME|StE ARt

[ANSI] § 4.9.2; [ISO] § 7.9.2; [Rationale] § 4.9.2; [H&S] § 15 p. 344, § 15.2.1 p. 348

StructureE O{E 7| LA 247HLt(read) £ (write) = USWR7?

&= 2.118 FH15H7| BHELC

22 =l binary data fileO| A dataE 210122 0| 3ljof 2

Word size2} byte-order X}0|, floating-point format, structure padding [l{ 20| O{E SLI|CI. O|H HAES
=2 E235l2{M o0} HIO|E EHQ| 2 dataS 7L} MOk(write) EX| X (shuffling EE= rearranging Bt C}
=) ZELICt (0| 2ol et L A2 ot Lt LSt F =2 portabilityE =0{F0{, 0124
=0| =5 Moje = 7| 2 L)

O|E E0{ 0{2{20| 2X}2} 32-bit integer, 16-bit integer2 0| R 0{ &l structureE FO0{ Xl fpOi|A{ C}=
structure Ot9 2 & Z I} Q1 7™ EA|CH

struct mystruct {
char c;
long int i32;
int i16;

}

Cien} 2t FEE MO S| A= HQlL|ch

= getc(fp);

.132 = (long)getc(fp) << 24;

.132 |= (long)getc(fp) << 16;
.132 |= (unsigned) (getc(fp) << 8);
.132 |= getc(fp);

n n n n

s.116 = getc(fp) << 8;
s.116 |= getc(fp);

17To)w A|AHL text fileg space® T2 = (spa epM@@r%m&éﬂ%QQQzﬂﬂ%ﬂi%ﬂﬁtw“m@iﬁ¥z%%
< "ol FAnehe j“ﬁ FAH(trailing space) 5 ¥ T8V AFUTH et T2 YA o8 I EAE HUhy =, 7]
o}

=57
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% 12. THE STANDARD I/0 LIBRARY 8. “BINARY” I/0

0| I== getcZt 8-bit EXIE 110 O|O|E{7} =42 HIO|EJ| 416104 (most significant byte first,
“big endian”) M & E| 0 UCHD 7FHEHELIC} (long) EFRUOZ castingdt Z4 2 16-bit EE= 24-bit shift
{40 long Zt0| EAS| SAISIEE (A2 3.14 &11) 2Z&SH 304, (unsigned) £ castingdt A2 H
S EE(sign extension)2 27| 2|8t AQL|CH (YEtH o= 0|2{8t Z=EE A& o= 2 E data
type2 unsigned 2 Sh= A 0| EHL|CH d2{Lt MK & F 3.198 &1ot7| HiEL|C})

Structure2| LHE 2 ot | A =(write) Z== CHE2aF Z&L | CH
putc(s.c, fp);
putc((unsigned) ((s.1i32 >> 24) & 0xff), fp);
putc((unsinged) ((s.132 >> 16) & 0xff), fp);
putc((unsigned) ((s.132 >> 8) & O0xff), fp);
putc((unsigned) (s.i32 & Oxff), fp);

putc((s.i16 >> 8) & Oxff, fp);
putc(s.il16 & Oxff, fp);

HE0] ZE 2.12, 12.38, 16.7, 20.55 Zt115A|7| HFRIL|CH.
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Al 13 F+
Library Functions

0| X0l = E3 run-time library= C A0{2| 241 ALEE0]| OFL|ULL|EE ANSI/ISO Standard Co| E& o=

CHEE2o| MEZ QI (traditional) run-time library= (12 H 2| stdio B+ ES = &) EF0| E/ASLICH

Eds| S0t 2tolEz{2| g2 2402 CE Mo MY EJASLICH 22| ol 243 E malloct

freeOf Zot A2 7 Zof| MY RSO, <stdio.h>0f| LI2 “standard |/O0" Er=2 12 &0 MHE|JESL
t

String Function: 13.1-13.7

Sorting: 13.8-13.11

Date and Time: 13.12-13.14
Random Numbers: 13.15-13.21
Other Library Functions: 13.22-13.28

ofx|at & Je] AEZEL2 (13.255E 13.2877X|) linkA| 2X|7} E|= (0| £ £E™, “undefined external” 0f|2{)
AE CHEJUSLICEL

A 1 A String Functions

Q 13.1| £=x|2 2x2 13D A 20| (atoi BH4=2| Bt 7|5), itea()Bts BT QLR

Answer 1= sprintf O E MA|H EL|C} (sprintf7} HF S&6110, 2 H|Z(A|ZH0|L 37| HAM)0| &
Cto dziet X| 22U A EM o2 SAMEIL|CH) &= 7.5a0] Ci st &Ho| L2 ol E 27| "ig

Lch 2&Z 12212 &15H7| HigL ot

longO|Lt A== sprintf O E MM HIE = USLICH (22 %142t % E XA H H).

>

References [K&R1] § 3.6 p. 60; [K&R2] § 3.6 p. 64.

Q 13.2| o strncpy )= CHAL SIS0 SHAF \02 M FX| U= HUNIR?
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% 13. LIBRARY FUNCTIONS 1. STRING FUNCTIONS

Answer

Q135

Answer

References

Q 13.6

Answer

References

Q 13.7

Answer

strncpy O 2| Rl 7 SH2 I™ 37|18 #10, \ 022 ELIX| 2= H0HE XMeE[E = U= A
o O F&L|Ct (strncpy(O 2| &t 7f7(| o2 :I-E-QI =710 02 AL 7|EsictsE ALct)
strncpy O = HIH2| B0l =22 02 MAF0{or & 7t J7| WZol| 12| XpF MA0|X|= ¢
EL|Ct o] EME sliZst7| ?Ial strncpy O CHAl strncatE M 7| = §HL|Cf: CHA BT I} tl|0‘|°'t

B, strncat2 0{2{20| strncpyti|AM 7|CHEE 1 QS ™ol FLICH &£ CHE Y2 ctFar &
SLCh
= :

sprintf (dest, "\%.*s", n, source);

EXIYo| ofl otH 37|2| HIO|EE EA}SOX} S0 strncpy () CHAI memcpy O E A= AO| O
= ol
24

O X 2| toupper OO|M = CHEXIE QX2 & Z R, O|&5HA S&ELICH 2|10 o[ AE off
A A CIX| toupper O E BEZ27| M| islower O E BE2= I EE EUSL|CH

L=l H{A 2| toupper() 2} tolower() 2| AL, HHEL0 o
ZISHR| ef&LCt (F Lotsliof ol ERtLt, ':':'_ ojo| ¢ ol

&0ll= o218t gt==0| ot 20| xl_-II:E'I-—I‘:—ll:-lE'I'L:— QX SHA| %X%H-_— 0 Mo AsLct

|"'0|I I:O

[ISO] § 7.3.2; [H&S] § 12.9 pp. 320-1; [PCS] p. 182.

>

SXIYS oz W thof= Fojy T
is handed argc and argv?

20| 2. How can | duplicate the process by which main()

H

0|2{3t EIO{Z (“token” 0|2t 11 Bf) EAIHE B0{F = HEE &= strtok O LICH EE, 0] =7t
0|28t 2= Y2 bt M| & U= A2 OfHL|EE (W& S01, 21&(quoting)S M|THZ 7HEIOUI &l

SLIth)

[K&R2] § B3 p. 250; [ISO] § 7.11.5.8; [H&S] § 13.7 pp. 333-4; [PCS] p. 178.

2 = FLE= (wildcard)2F M 114l (regular expression)2 X 2|52 11 §L|Ct.

M E 7} A(regular expression, edLt grepIt Z+2 UNIX RE2IE0fA &35 )3} e 0|2 ot
E Ft=ots M2 CHE 202k HS BA YOHFA|7| Bhghict

A o Eol| AP El= w7 |X|= HELIcH 2|0 22| M7 [X|E2 F 7HX| &8 A&
Ch. sHts HTAIS “HEY 57| 93t 20| D, CHE IS o] “HEFUE" MAID SXIRS bl
wallF= st MA FE ohY <regex.h>L} <regexp.h>7} Q=X|, 2|10 regemp/regex,
regcomp/regexec, re_comp/re_exec &7t EXSt= K| (0| E-E2 th7f ztzte| E&l& 9l 20|
Hej2| Fef 2 M FELICH) M3 2EA[7] HEZLICE 217[J10, B2 M| S == Henry SpencerM| 2]
regexp I 7| X| £ ftp.cs.toronto.edul| pub/regexp.shar.Z0|A LS = USL|CH GNU ZE2EME
OlM= rx2td St= i 7| X[ E MBS LT HE0 2 =F 18.16= F1ISHA|7| HIEfL T
otlo|E QU =FIE oA S (filename wildcard matching) ZE2Eo| A|AEIY| L2t CHEX| O|FO0{ &L
Ct. UNIXOM = 2t E FIEE shello] XE2|e] FTEZ, ZH2to] ZZ2JMELS 0] U= FH=0| CHal
Me] D2d5HK| otz ElL|Ct d2{Lt MS-DOSO| A= shell0|2} & £~ Rl= command interpreter7} O
E XMeloil FX| #A2E2E, 0| AUE FIEE XME2|ciF= St _Cn’_b'x*'E oh b A Hutshof &
LTt J2[1 (MS-DOS2F VMSE = ateh R 22| A|ARINM = AUEFIER LHAUS 2|AESHF
L, ot S opendSt= A|AEI MH|ASE MIELICH HA Hutda{/2to|Ee{2[e] EME &5t
7| I:II-E"L—lL'—l- HE20] &2 & 19.20, 20.3% & 1ISIA| 7| HiZIL|C}.

rI
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% 13. LIBRARY FUNCTIONS 2. SORTING

A 2 A Sorting

Q 13.8

Answer

References

Q 13.9

Answer

gsort() EE MM 2XIE| HIHE (array of strings) MEsta{ 0 BLIC} stremp() &2 H|W
a2 AIS =0l S35 &LICH

A 25t "EXIA 9| U (array of strings)’ 2 OICIRE “EX}0| Ci St ZIE{ 2| HI (array of pointers
to char)" & 2|0[8F ALY HQIL|C} gsortd| MEE= H|W S+= MBS IX ot= ZHA|0f CHSE =
QIE{E QIXIE Htojof &fL|Ct o] A, EXtol| CHet ZoIHE 7I2|7|= ZQIHE O'_"’%‘ grotof gL

Ct. 32O stremp O = Bed| EALE 7127l Z2EE Y 2hsLICh 12{22 strempO & &
HHW et 2 AEEY = sLITh ThS 3t 20| wrapper &F+& 2HS0{0} ;%.“—IEP:

/* compare strings via pointers */
int pstrcmp(const void *pl, const void *p2)

{
return strcmp(*(char * const *)pl, *(char * const *)p2);

}
H| @ B4:0| OIXHs M HOIE" 0l const void *0|0{OF BLICE 2|1 B4 LYR0Af 0|5 5}
= gEZ (W& SH 2XE 7t2|7|= Z2IH) B0 ZL(Th
([K&R2] § 5.11 pp. 119-200]] Lt 2 S ES5tH QHELICE OR2 HEE 850l gsort2t= BAIUE
L|C})
[ISO] § 7.10.5.2; [H&S] § 20.5 p. 419.
TEME QAR Zt= HH{HE S gsort ) 2 A E S| §fL|Ct Now I'm trying to sort an array of structures

with gsort(). My comparison function takes pointers to structures, but the compiler complains that the
function is of the wrong type for gsort(). How can | cast the function pointer to shut off the warning?

The conversions must be in the comparison function, which must be declared as accepting " generic point-
ers” (const void *) as discussed in question 13.8 above. The comparison function might look like

int mystructcmp(const void *pl, const void *p2)
{

const struct mystruct *spl = pl;

const struct mystruct *sp2 = p2;

/* now compare spl->whatever and sp2-> ... */

(The conversions from generic pointers to struct mystruct pointers happen in the initializations spl = p1
and sp2 = p2; the compiler performs the conversions implicitly since pl and p2 are void pointers.)

If, on the other hand, you're sorting pointers to structures, you'll need indirection, as in question 13.8: spl
= *(struct mystruct * const *)pl .

Uuis oz "ZutUe7t ZNE S2sts A2 2U0HY| A HAES M= U2 042 BX Y &
molL|ct HuUe FnE UUEOE O 2oflA| ofi Bt HS UeiFI| Sls WAISHS ZelLIc
et 0f2f20| RS SHIUSK| 25| Z LT UCHH RAIHE SHLICH A2 A2 495

ET5IAI7| BRERL|C]

References [ISO] § 7.10.5.2; [H&S] § 20.5 p. 419.
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% 13. LIBRARY FUNCTIONS 3. DATE AND TIME

Q 13.10

Answer

References

Q 13.11

Answer

References

‘linked list' & M&56}

rr

g7
2, 2|AEE Bt= M, M350 CteE= 90| O 2|2 7t BELICH (£ E2|(tree)E £ [
ol E). &2 MZHOo|Lt (insertion sort) HE HE 2 (merge sort) Z|AEE £ [, 01 SAQIL|C}.
olob B 2jo|=2i2| BB MA HESID AT, BiF 0|S 2|AEE Jj2|7|= ZolEfo| HES

2=, gsort O E 2AH FL|CE 2|4, of YEE ZQIH E 0|85104, 2[AEE Fel5tH FL T

[Knuth] § 5.2.1 pp. 80-102, § 5.2.4 pp. 159-168; [Robert] § 8 pp. 98-100, § 12 pp. 163-175.

Hl2elel 27|90 of 2 lo|EE HYstn AT, ofEH shx?
9|2 MBI (external sort) 4OF BHLICE 0f7|0fl CHEH XL [Knuthlofl & LES} UZLICE 7|= X9l of
o] X

O|C|ofi=, LIIO|E{ & (M| 22[0l] 222 == Us T2 &2) =L2=2 L+, 0| H0|HE FEs5t
X

24 MAoM ofz{et E =2OME MSY w5 2L =28 2o o|2{st =2 s A
A= AE dzte == JAFLIEE EE 19.271 19.302 F 05| HEEfL T

[Knuth] § 5.4 pp. 247-378; [Robert] § 13 pp. 177-187.

Al 3 A Date and Time

Q 13.12

Answer

References

Q 13.13

Answer

S It QUS o™ e A Stx?
time(), ctime(), localtime(), EE= strftime ()2 MM EIL|CI O|E EH:

#include <stdio.h>
#include <time.h>

int main()
{
time_t now;
time (&now) ;
printf("It’s %.24s.\n", ctime(&now));
return O;

}
of &Lt

[K&R?2] § B10 pp. 255-7; [ISO] § 7.12; [H&S] § 18.

2to|E2{2| &% localtime() 2 time_tE struct tm@ =Z H}H 0| FL|Cl J2| 10 ctime() 2 time_t%l
EAIEZE 0| FLICH O] & HEI2 & = Q27127 &, EXIYO0|L} struct tmS time_t EfRIS
2 H4sto AsL ot

ANSI CH|M = struct tm E}R S time_tZE H}I 0| = mktime() S5 X|ZEfL|CF.

ZAYEE time_tZ2 HIF = A2 =F & SLICE liListH, ZF L2t 52 X|G9EE AI85te IRtet
AlZh g@alo| 2zt cr27| i EULICH oEH AABI2 strptime O 0|2tz &8 XMSStH, 1 7|s
2 strftime (O 2| BICHRIL|Ct EE (RCS TH7|X|2t VA M| =E[=) partime O O|2H= &2t (A9

— o
— =9

C news H EEHO| A X 2}H=) getdate OBH= Bt4E AF3 MelL|C) &S 18.162 7| HfghLICH.
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% 13. LIBRARY FUNCTIONS 4. RANDOM NUMBERS

References [K&R2] § B10 p. 256; [ISO] § 7.12.2.3; [H&S] § 18.4 pp. 401-2.

Q 13.14| zoix Imoil (v days) ZWE Ci5t

27

rr

7150l ULtL? = Foixl £ LNt

fin

H| 5t

fir
ot
i

F=7F UAS 7t

Answer 0|25t EX|E sl Zot7| 2I5HA ANSI/[ISO] & CHIM = mktime (O} difftime () EE XS EHL

Ct mktime () 2 ™M A3IE|X| 222 (non-normailized) EMIE struct tm EfRQIO 2 Q1
TEA 7 ELICH (B71H 22 0|E time_tZI2 2 HZAA|F FL|C}) difftime()
w2 ot = tHRI 2 H|Wdl FLCE mktine O 2 MA] time_t LS BIS %!*

JefLt of SHEHMS
732,736 0| At A
Zioj ot == Q&L

PoN=] =

*OF oldE d
Z 7H9| time_t

L|C}.

2 time_t HPO M SAELICEH tm_days 2 == int0|7] [ 20| L (day) =

D QHEZ R} gl s £~ QUSLICH EE5H Mo EfRINE 112{5HH SR E 24 A
(IF2kA] 8640002 LI SHZE Z0|2ts AjZte 518 ot=lL|ch).

UG LTt
“Julian day number'E A}E5t= HHE 9\,\§L.|I:|- Juhan dayE CIREE= S4E2 Snippets Z3IM
of (22 18.15c &7) RlELICh 2|1 0] M2 Simtel/Oakland 0F7}40] = (archive)ofl Af (uked
JULCAL10.ZIP, 2 F 18.16 &f11) A2 == JUSL| |- 0|-EH°| ‘Date conversions” 7|ALE

L{Ef.
E0{ &S 13.13, 20.31, 20.32

H
>|I

2 OSHAL 7| BEEfL|CE

References [K&R2] § B10 p. 256; [ISO] § 7.12.2.2, 7.12.2.3; [H&S] § 18.4,18.5 pp. 401-2; [Burki].

Q 13.14b| c 2lo{= 2000 =x|0i| o X7 USWIR?

Answer PELIC EHX|, S{=5tA At E C =280 X7t JS ELICH

EO5H| HiE

struct tm2| tm_year E == 1900HCHAHIM ARG AEE JHX| 0 USL|CE CI2FA] 20005 AL
off o] gt2 1000| EL|C}. tm_yearE M|CHE ALESH= FE2HH (HEHE [, 19002 {5t L i =)

M5 =ME Ao| glaLItt. deiLt o] 2hE F A2 =ALZ HIZ At BICtALE T

MCHH:

tm.tm_year = yyyy % 100; /* WRONG */
s, o123 Zo| st

printf ("19%d", tm.tm_year); /* WRONG */

2000 =M 7t lgtL|ch 20| 2F 2032 & 0SHA|7] LT

References [K&R2] § B10 p. 255; [ISO] § 7.12.1; [H&S] § 18.4 p. 401.

Al 4 4 Random Numbers

Q 13.15 t=~(random number) EHAH7|T} & Q ShL|C}.

Ldaylight saving time
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% 13. LIBRARY FUNCTIONS 4. RANDOM NUMBERS

Answer

References

Q 13.16

Answer

References

Q 13.17

Answer

References

HE C 2lo|=2{alols randOks BTt USLICH B2 zzto| AlAH| w2t of Eo| 7
o (implementation)2 2tMSHA| &2 = UFLICE defLt, O] et o £2 ds& 718 &=
£ g =72t 22 Lol ofL|Et

AE e YT E e 0 SHEtH, elojoF & M ES0| BELCh &1 E8EE EAI7| HHELICL
CESE Ul Aol AIA| == B2 mf7|X| = US|} r250, RANLIB, FSULTRA (22 18.162 27| HffL|
ct.)

[K&R2] § 2.7 p. 46, § 7.8.7 p. 168; [ISO] § 7.10.2.1; [H&S] § 17.7 p. 393; [PCS] § 11 p. 172; [Knuth] Vol.

2 Chap. 3 pp. 1-177; [Park].

ot HRE 2= =8 YMAI7| 0 A&t
CHZaF 20| Sh= A2 (00A N-17HX[ 2| =X E 2|Eeh) IR MFEE ghHelL|C}:
rand() % N /* POOR */

SHLISHH, CHEES| o UMT|0| A 512l (low-order) HIES2 12| BHESIA| ¢37] Wi LIt (A
2 13.182 27| Hi&L(Ch) MetM, thgat 20| Sh= 20| E&L|

(int) ((double)rand() / ((double)RAND_MAX + 1) * N)
AE MY HotH, Cf20F 20| sl £ E&LC
rand() / (RAND_MAX / N + 1)

5 gt 2 &= RAND_MAXE (<stdlib.h>0f| H2Q|E|0] JUS) AFSStd, NO| RAND_MAXELC} OFF &h2 Zf

Z|oi X & UEHHCHE RS Lot FA|7| LT
e, rand )7} CIE Hel 2| +X|E 2|H5IE=SF 5l

J
(O-IBH§, RAND_MAX= rand ()7} 2|EHE 4= Q
RAND_MAXO|| 0{2{ 20| CIE £=X|E CHel et

F= HE 22 EXSHR| gdsL e

2rofo] 012{=0] 0nt 1 Ato|o| HRIE 7HX|= = 27| E ZHK| 2 JUCHH, 2|10 012 N-1 AtO[ 2]
HRAE 7HXl= = U8 UE 0, thes| O e 2l 7|o| X0 NS =5HH EL L

[K&R?2] § 7.8.7 p. 168; [PCS] § 11 p. 172.

O3S MAIZ DHOICE rand O = LE§H &M E =8 (random number) SAA[ZIL|CH of T
?

o
P

srand() 42 S2{A] JHAF L 2T |0/ (pseudo-random number generator) 7| ZtE o=
=M EL|C o] 7|22 'seed'2t SHH, CHZH = SAH AlZHO[LE, X 7L OfH 7[& F27| TIHK|
O A|ZIAIE X|HELICH (BEE OH 7|E 27| Mo AlZI2 He B2 o[AMHUA BtE7(|7F &
SLICH 2F 19372 27| "igto}). (et ez 2 3 LM = srand() &8 SHHTF 22
FOE SEELICE rand O E £ E WOIC} srand O E FECHH, S 26 2|9 =X|E ¢2 = 2
==

[K&R?2] § 7.8.7 p. 168; [ISO] § 7.10.2.2; [H&S] § 17.7 p. 393.
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% 13. LIBRARY FUNCTIONS 4. RANDOM NUMBERS

Q 13.18

Answer

References

Q 13.20

Answer

References

Ml

LIEFL t=~(random number)7} = R EIL|Ct J2iM rand() % 28 =M, A= 0, 1, 0,

at/H3 g LEH = H
1,0 2t= gtSst==2 2.
A MG DHEO{El THA} L 2T | = (pseudorandom number generator) 1| (low-order) H| EE0|
CHol M= =2 SR FgLItt. &9l (high-order) HIEE ME7| BIEL|CH: EF 13.162 27|

HEEfL T

[Knuth] § 3.2.1.1 pp. 12-14.

How can | generate random numbers with a normal or Gaussian distribution?

Marsagliat|0l| 2|5H 7H2 S| T KnuthM| 7} =X 5t ghQlL|Cf:

#include <stdlib.h>
#include <math.h>

double gaussrand()

{
static double V1, V2, S;
static int phase = 0;
double X;

if (phase == 0) {
do {
double Ul = (double)rand() / RAND_MAX;
double U2 = (double)rand() / RAND_MAX;

Vi=2x%TUl - 1;
V2 =2 x U2 - 1;
S =Vl *x V1l + V2 x V2;
} while (S >=1 || S == 0);

= V1 % sqrt(-2 * log(S) / 8);
3
else
X = V2 * sqrt(-2 * log(S) / S);
phase = 1 - phase;

return X;

(-

CHE R0l Chel R2 o] 552 SHYE(EZ 20.40 & 1)0l|AM &38| HEE LT

Knuth § 3.4.1 p. 117; Marsaglia and Bray, “A Convenient Method for Generating Normal Variables” ; Press
et al., Numerical Recipes in C § 7.2 pp. 288-290.

103



% 13. LIBRARY FUNCTIONS 5. OTHER LIBRARY FUNCTIONS

A 5 4 Other Library Functions

Q 13.24

Answer

References

Q 13.25

Answer

Q 13.26

Answer

Q 13.28

Answer

Qo= =2 IS ZEISIE{ D §L|Ct 11210| index, rindex, bcopy, bemp, bzero &7t Ho| =0
QUX| o2 4 Zr&L|Cl “undefined external’ O|2f= Of|2{7} EE= 2 2.
Ot M= FAIO| St=SQlLICH CHF &= S M 7| "EELCt

index  strchr & M7| HiZL|CE

rindex strrchr S8 M7| Hfzho|Ct.

beopy M WA OIXte} & WiW OIXFE HITOIA]
memmove St & M7| HIZIL|C}. 520 22
11.25% ’é.FJ_o}A|7| "z |Cf.

bcmp memcmp S8 M7| HEEL|CH

bzero F HM QIXIE 02 = oM memset S8 #
7| BERELICH

[PCS] § 11.

™ MH5ollc] IUSE #includeA |0 T 20| E2{2| 7t Hol=[0] QK| 4Tt off2f7t &

M| Cf.

OE'H._’S.E oﬂ'l-l ot 2 MAH(declaration)2tE =86t JUFLICEH O{H R0l (59, HlEE &

=0l 2 ot 2lo|E2{2|E Z0| E'-'E'L(Iink);hj—Fl "y F
5 ) e} SHA|

2 11.30, 13.26, 14.3= &1
7| HEEHLC

SHIE 2to|E2{2| & ZetAl7|2tl = = 2to|Ea{2| gfTt o =0 UX| 4Tt of|2{ 7} &
gt

W2 g7 (linker)S0| 2EME men t0|22{2| TtUSS SHHTE AMBLCE J2|10 XM=
32 2lo|ER{2[0|M SE5t g0l CHEt HolE Hot-L|ct Bhef o] 2to|Ea{2|of|M &4 HoIE
x| RotetH o2& gl BiL|C) MEtM 2lo| 2|2 QLEME nid g 3= =ME QM1¥010F
ik dutd o 2= 2t0[E2{2|& OHX|2of| &7 St= Ao[o] ZE5LICE (M€ =0 UNIXOM=
command-lineQ| OFX|2H0]| -1'E M A X|H™EtL|Ct) HE0] &R 13285 R 1I5HA|7| HiZFL|C}.

_end7} Ho|=|0{ JUX| ALt HHIF 2 E =] 0|AH FSUE 90|stLtR?

22 E UNIX HO|A 25| LM3t= AL|Ct CHIH _end7t H 2 5[0 JUX| 4Tt off2{7t L= A
2 CHE &l E(symbol) S = E 2|7} = 0f OI7<I SCh= AE ofo| gLt 7HoIJ-|01 UX| L2 CHE ME
=0| ULt AAtsH 27| HEEfL|CE T2 _end7} H 2 =0 JUIX| 2ZCtD SH= of2{= APF—P"'—IEP (A
20{ 22 13.25, 13.26 & T5A|7| HFRIL|C})
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A

14 =}

Floating Point

Floating point(&! =) H|At2 W) 2 2X| 7| =0, AMH| A7 20|7| = §hu|ct ACh7F C 210{= 2} floating
=

point& ==

Q 14.1

Answer

Q 14.2

Answer

References

Q 14.3

Answer

Q 14.4

o] ofL A7 | 2ol =S 22X 7t ELIC.

CHEES| ZFE = S EE W WREHOZ 2 T2 7|FEL L 2 2p0M= 012 FE|F
2 (0.0001100110011...) ESEL|CE O}2fA] 3101 242 $= (10 22 2 o= {E|£0|X|TH 2
0= Fetet A2 HEoE o+ UASLICH o222 A|ARINAM 10 25 2 22 HESH=
FEIo| ofgA AHYER=LI| w2t CEEX[E, (55 EE7H H2 floatE & E ) EiUE =
X2t 28 Aopot ozt OHE & JELICEH H=0] 2 F 146 FH1GHA|7] BHELICE

N=Z22 (square root) T+6}+2{ St=0|, O| &8t Zf0F LESL|CH

HA <math.h>E ZSA|ZFH=X| HALSH 210, 8l4=50| doubleS
E7| "ige|ch (atof () 4= <stdlib.h
143 Z15FA|7| HEEfL|C}

o

[CT&P] § 4.5 pp. 65-6.

Azt s~8 M| D SHeH| <math.h>8 ZEHAIZENE HotA2{ = “undefined: sin” 0|2t HotY
ol2E S ELIct

251 20| 2{2| 2 FEAIZUEA HZ517| HRELICH Ol 8 S0f UNIX AIARIOIA S “Im’ SME 2
ofelshmlf ofX|2t OIXIZ Z=0{0f StL|Ct. HE0{ & & 13.25, 13.26, 14.2% Z=TIGFA|7| ”HEEL|C}

M7t tE A ALt REI2 02 ol et ZME &35t £ AFE{JI CIEH CHE 2ot LESL
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% 14. FLOATING POINT

Answer AN & F 1428 QI0{E 7| HFEL|C}.

EXMI7F 2SR 2K T CIX| " AFEM A= Me2|= HEotK| 42
MOt BHL|Ct HEZZ 2 (underflow) 7} Lojd == Qlonf, QX7 A +

Mg Sz QUBLICH
et Al 40| MESHK] eftte AS 73517 HiZto], 22 0|fRE F A7t &2X| H| st
= A2 £X| LE&LICt (Don't throw haphazard “fuzz factors” in, either; 22 1458 2115}7| HIEL|
EL)
0|21 Exle & C odofof|2t =F5HEl ZHo| ofL| 1, 2E =2 02 HO{O| A EME = JUSLICH Al
Ol CHSt ofH EE2E2 I “ZEMM 7L o{E A XMe|st=Lf"of 2t EPE'—IEP (RE0 &2E 11.34=

|

| off
ZIOSHA| 7| HELICH), D% X| f= ARetH HEGH 7| s2 T8HE = U 5t7| fIsh SIt7F 2 o
=H0|MZ ALSEILICE
OIENZIH|I= O] EME= O] A= A4tofl CiEr HHEOo|LE sHEME fI8 A =
E].EHE”OH (numerical programming) CHSt 28 E0| 0J2{ 28 = ot= ZL|C| ofzf §F_T'_ -E—._‘loﬂ Lt=2
=2 BEAH ESELCL

References [1] § 6 pp. 115-8; [Knuth] Vol. 2 Chap. 4; [Goldberg].

Q 14.5| 0% “otF 2" F A$E H|D5Hs YHO| USTHR?
Answer AlZ9| FC{Zf0| HO|0f 9|5t ‘magnitude’ol| 2} SE}E 4 QOO 2, F ASE H| D5 HE CF2
T} 20|, QR7F A Mo 2 RAIE 4 Qe A2 ZQIX|E HAISHE 20| E4LICH = Ch2 1 ZHo|
st 40| ofL|2}:

double a, b;
ié.(a == b) /* WRONG */
O|= 7| etict:
#include <math.h>
if (fabs(a - b) <= epsilon * fabs(a))

(‘a'0| 00| O}l Bt epsilon0f| 7t7H2 $=XR|IE M= A0 EELICE

References [Knuth] § 4.2.2 pp. 217-8.

Q 14.6| +x|g gH22Iste (round) LS BAFM 2.

Answer 7A} ZHCHSID AT Ol Hi e Ch2D} 242 ASE M HQL|Ch

(int)(x <0 ?x-0.5:x+ 0.5)
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% 14. FLOATING POINT

Q 14.7

Answer

References

Q 14.8

Answer

References

Q 14.9

Answer

References

Q 14.11

Answer

References

Q 14.12

2 C 210{0i|= X|+E (exponentitaion) A|AtSH= AAMKXIIL QLENR?

CHEE Z2MAMol= X[+ Alttst= B™-(instruction)0| 17| MIEZ Y LICE Al C 240{= pow () 2f
= +E NS ELICE O] &= <math.h>0f| MAEO] JSL|CH F7(7F 210 0ECH 2 WFE =
St= 0| O] EF=E M= AELCI | SMY =5 JUEL|Ct

[1SO] § 7.5.5.1; [H&S] § 17.6 p. 393.

N AAEIL| <math.h>0f= O3 2 M_PIV} H2|E[0f JUX| F&L|CY.

O| =22 == (0| I 22| 2t2 pi0|H, EE= 2} A|AH0f et CHELIC) EF0| OHgLCf
‘pi' 240| HR2SICtH, 0{2{E20] 2 F H2St7Lt 4 * atan(1.0) 22 AL OF BfL|C|.

[PCS] § 13 p. 237.

T
[k}
1o
E
m
m

HHS K| 25H= CHEE9| A|ARM S (0]2] M=l A44=2} isnan() I}

= L <math.h>L} <ieee.h>, <nan.h>0{| MAHE|0{ QU
st =2 Mg J2|1 0|3 7|sS8 XZ #E5t
7t HE(crude) ZHeFSE 2 Chg ot ZELH T

omjo my 1
N ro
O o

=
=l
ol
fJ
30

#define isnan(x) ((x) '= (x))

n

IEEEE M Z{5IX| of2 Hutel= 0|2 E|AEE 2| &3t chAo| M QoHHE = JUSLICH.
[COX]= isnan(), fpclassify() S} CIE 57 &ES M EEL|ch

EE StLto| B2 Of A E sprintf ) 2F A2 REIS MM ZUSIAA E= AAULICL B2 ALH
O] 0|21 A% “NaN"o[|L} “Inf" 2t Z2 2XAtHEE 2h=0] & HLICH

SHE20] 22 19.39% ETSIA|7| HEZHL|CH

[COX] § 7.7.3.

JHa 2|2 Y2 ZHES AN E BFE 10 o] £=AM[of| cHolf dAAtEr = Q= & E TteE= AL
C}. [COX]= ‘complex'2h= E & H|0|E] EIY S X[K5te] §L|CH HE0{ & & 2.7, 2.10, 1412 &1

SHA| 7| ”HFZL T}

[COX] § 6.1.2.5, § 7.8.

I'm looking for some code to do: Fast Fourier Transforms (FFT's) matrix arithmetic (multiplication,
inversion, etc.) complex arithmetic

Lalthough non-TEEE-aware compilers may optimize the test away

2

complex number
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% 14. FLOATING POINT

Answer

Q 14.13

Answer

Ajay Shah has prepared a nice index of free numerical software which has been archived pretty widely; one
URL is ftp://ftp.math.psu.edu/pub/FAQ/numcomp-free-c . X E0{ & F 18.13,18.15¢, 18.16 & &t

USEA| 7] HEEFLIEL

ASHSIH “floating point format not linked” 2t= O|

UELIEL
AIXIE &85t SEHHEILICE
BorlandAFS| Z{mHU2{E T 85t (RitchieM| 2] Q2|X|'d PDP-11 HIUe{ ) F 27} X2 A|AEI9| 0f
o Ao ES M XMe2| 220| 229lrtn HEtE|H M Xe2|ste ZEAIFIX| ZELct 55]
HTE XME|SHA| b (B U, heE MX| ¢4E) printf Ol scanf O = HE2 S22 Y £ USL

Ch ofot= of2{ =2l Hutde{oM= A X2 220 ERlct] HZHE[0] bzl

=
d o= ZHEtSh dummy callE AFESHH ELICH &, sqrt Ot 22 Sf+E ot H 22 FH, 5 K
2| 2El0| ZetE HQL|Ct (XM St A2 comp.os.msdos.programmerl| FAQE 9101 EA|7| HIEfL|

ch)
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A 15 7

Variable-Length Argument Lists

O

He| L XK= AUX|C C A= &2t 7HH CUXIE (5 2URte| 2Tt Do X[X| 2) €S
7|58 M ZEL|C}. Variable-length argument list(7HH CIX} E|AE)=, EE7|= SHX|QH printf 2}
TENH = B 26t HeL|C}. (variable-length argument list= ANSI C E£0{|M Z2AF o2 X|&
ANSI C 2Z& o|H™oll= HZAS| LUshA He =0 JUKX| L5LCt)

Variable-length argument list2 X 2|5t= 2hHe AMES| 7|251H7|7HK| Lot HAISZ varaible-length
argument list= fixed part( 1™ =l £ 2)2} variable-length part(Z7tH Z0|)e| £ 2222 LISF0{N JUSLICT
L2|= “variable-length argument list2| variable-length part” 2= D}Et=E S0{E A0 QUCH= AAM S 2FAHRM
X|2H " == AELICH (BA] 0421 20| “variadic” jdhf “varargs’2t= 07} #A0|= AE EAl 0| JUSX|
= REASL|CH F JIX| 01 25 “having a variable number of arguments.!” 8 EE&tL|C}. [C}2FA] “vararg
function” EE= ‘“varargs argument” 211 et = QU&L|CH)

Variable-length argument list& A= A2 M| 7tX| HAE HRILICH AWM, valistEl= EYS pointer
typeE MM MG, vastartE S| =7|&}tetL|C}

ormy Ay
ro 3
ook rir

Ral
rl:l

Q 15.1 printf O E £ 27| X0 #include <stdio.h>E ME|T SIEHZE. 2 I8 ERI} USWe?

Answer X5t = 2 EE}Q! (prototype)2 SAH Q23 (scope) Ctol| ZEIA|F|7| 2|5

=
o HItL{o| M= 7t CIX} B|AEE M= g0z LUk &a{nt

==
x
2
i
th 0

AMOl= CHE S & AM(calling se-
quence)E A2 EHL|CE (It might do so if calls using variable-length argument lists were less efficient than
EH5H A0l) Qo otofl Qlofof

those using fixed-length.) 12{2 2 o] T2 EEIQO| (F “..."E
Hot 27} 74HH QXL 2[AE XHE| HAHLIE 2 AFEE = USLICH

References [ISO] § 6.3.2.2, § 7.1.7; [Rationale] § 3.3.2.2, § 4.1.6; [H&S] § 9.2.4 pp. 2689, § 9.6 pp. 275-6.

Q 15.2| printf OO A %£7} £loatD} double QIX} B0 MQ 2 Q)

olRE ToAQI7te?

rr
rr

Answer 7} OIX} 2| AEO|AM 74 QX 220 = “default argument promotion” 0| 2 2 =|L|C}: char 2} short

int EfQL intZE B4 E|0f(promotion), float EIQ 2 double EfQIS =2 HAEL|C} (0] AL &t
o =2 EEIQ0| 7L} 7 BiAl(old style) 2 2 MAHEl S0 A LO{LI= ‘promotion’n} Z+2 ZQIL|
Ch 22 11.38 &15H7| HigL|th) J2{ 22 printfo] %f ZO2 &4 double EfQE O}S0|=
o] gLt (=St O|ROIIM Yc, %hd ZBH2 St2at intPHE B0} SO0[A| EL|ct) H20{ & E 12.9,
12.135= £11GFA| 7| "HFEH| T}

A A A ke A AAE M
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% 15. VARIABLE-LENGTH ARGUMENT LISTS

References [ISO] § 6.3.2.2; [H&S] § 6.3.5 p. 177, § 9.4 pp. 272-3.

Q 15.3| 10| 1ong intYU ZY, C}S F=0|A 2H| T} LHAEEHL|CH
printf ("%d", n);
JA|THANSI B4 Z2EEIQIS HMBMOL|, (ISR B a0 M Hatn MBI C 2
ol HRE QLT
Answer Bi:7} JHEQIXIE BHoChe, m2 SEIQl0| QIE{ELE 7t QIxtoll CHal A= OBt HE S & 5 9f
ghlch J2{22 71 CXtZ S0{2t X7t o JSt= Efdat THE THol= BEEA| FHAEE Sl F
Ofof gfi|ct: et o=z Hmtlal= 7HHQIXIO| CsiM = e == olof thel 2= 5 FX|
ohaLch.
HEo] 2F5.2,11.3,12.9, 15.2% & 08IA|7| HFZFL[CH
Q 15.4| 7iet eixts YE &5 oEA US £ ASNL?
Answer <stdarg.h> 3|5 mlo| = 7|52 A28}
oo &= FOZI 02] 7He| EXIE E E0IA mallocO L Z St MZ22|0f| AZESHAM 2[E5t
= steluick
#include <stdlib.h> /* for malloc, NULL, size_t */
#include <stdarg.h> /* for va_ stuff */
#include <string.h> /* for strcat et al. */

char *vstrcat(char *first,
{

size_t len;

char xretbuf;

va_list argp;

char *p;

if (first NULL)
return NULL;

len

strlen(first);
va_start(argp, first);

while ((p =
len += strlen(p);

va_end (argp) ;

retbuf = malloc(len + 1);

if (retbuf ==
return NULL;

NULL)

va_arg(argp, char *))

!= NULL)

/* +1 for trailing \0 */

/* error x/
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2k 15.

VARIABLE-LENGTH ARGUMENT LISTS

References

Q 15.5

Answer

References

Q 15.6

(void)strcpy(retbuf, first);
va_start(argp, first); /* restart; 2nd scan */

while ((p = va_arg(argp, char x)) != NULL)
(void) strcat (retbuf, p);

va_end (argp) ;

return retbuf;

OFX|S} QIXHE FHAEISH HS T 0|2 2AI7| HIRLICH A2 5.2, 15.32 &15t7| B2ILIC (=
50| B4E 2 B 0| B4t 2S5 RXIUS treehl | FO{0F B M2I0| UFLICH)

HE20{ 22 15.75 ZT5HA|7| HEZfL|CE
B

[K&R2] § 7.3 p. 155, § B7 p. 254; [ISO] § 7.8; [Rationale] § 4.8; [H&S] § 11.4 pp. 296-9; [CT&P] § A.3
pp. 139-141; [PCS] § 11 pp. 184-5, § 13 p. 242.

printf ()9 20| = 2XIYPS oS0 X2|sts 84S BHE0| 1 X2|S printf OO0 7|1
AI/\|__||:|.

H

vprintf (), vEprintf (), vsprlntf() St+=E MM EL|C of2 2| error () = O|2] HIA|X[E
OF=0{ I HA|X] 2t0]| “error: "& HE0| 11 newlineE 20{A EHsiF= &lL|ChH

HHII

#include <stdio.h>
#include <stdarg.h>

void error(char *fmt, ...)

{
va_list argp;
fprintf (stderr, "error: ");
va_start(argp, fmt);
viprintf (stderr, fmt, argp);
va_end (argp) ;
fprintf (stderr, "\n");

}

HEo] AR 15.7% 2t05HA|7| HIEfL|C}

[K&R2] § 8.3 p. 174, § B1.2 p. 245; [ISO] § 7.9.6.7, 7.9.6.8, 7.9.6.9; [H&S] § 15.12 pp. 379-80; [PCS] §
11 pp. 186-7.



% 15. VARIABLE-LENGTH ARGUMENT LISTS

Answer

References

Q 15.7

Answer

References

Q 15.8

Answer

References

Q 15.9

Answer

References

Q 15.10

[COX]= vscanf () 2 vEscanf (), vsscanf O E X[} E AULICE (S E HZ 517| oAM= o832 &
AE2TF 28k g8 2h=0{0f Bt

[COX] § 7.3.6.12-14.

ANSI O|XM 2| HIIUZE AIRSIT USLICt <stdarg.h>7} Q=0 LA =7
<stdarg.h>0f| S &ote el =l 5l|H ot 2l <varargs.h>E MM EL|C}.

[H&S] § 11.4 pp. 296-9; [CT&P] § A.2 pp. 134-139; [PCS] § 11 pp. 184-5, § 13 p. 250.

stoll &2 7h2| QAR MEEM =X E oo Y & U= Y-O| ULIR?
U= Y-H2 EMSHK] pFSLICh o 2eflE AL = B[ EE &2l nargs O E M S5t

: 5! otel 9IS ASE 2|Eisichs
TZN L long int, M= 02 7H2| RIEZ O|F 01X CHEELICEH)
7t CIXLE ot XME[St= = 1 AFMEte 2 QXS] A& mhefet 4~ U0{0F BfL|Ct. printf
ALe| =2 ZB SAHOA (%d2t Z2) ZSH specifierE 2 A

7] i =0l printf OO MEE QUKL It =0 EXAtH D} BHX| o8 20 2F7E 2L
UdtM o=z JHH QXL 25 22 EfE 2E 4%, UMK QIXHE (0, -1, == HAEHS 4 =2
Eot Z£2) ofd Edet 2= ™M 2UXte| & nhotati|ct (2&Z 5.2, 15.40(| A exec1 (O 1t
vstrcat() &2 AFEHE F1OSHA|7]| BIEILITH). OX|22 2 QIXte| ZH~E D|Z| mfoteh o~ ULt
M, MA| 2IXte| H-E 7 QIXIE FMUcte A £ B QILICE (although it's usually a nuisance
for the caller to supply).

Y N ol
IO fn rlok
Q,E
—
—~ M

. de{Lt o] gz QRS AE 2[ESsh= Al OofLEr ™
o
AN

=
Mo

[PCS] § 11 pp. 167-8.

M gutdde= chE2a 22 g8 FolstH o2 HL

M

ZF COHME va_start O #H Ho{= 5Lte| DHE QIXI7F Uo{ofF BotD 2t QU&L|ch.
20] 22 15.105 ET0SA|7| HEZFL|CH

[1ISO] § 6.5.4, § 6.5.4.3, § 7.8.1.1; [H&S] § 9.2 p. 263.

fin

7 eIXt

Q7

{2]5t= &0l float QUXIE XME|SHA| RELICH CFZ ZETL & SEISHK| 27t

va_arg(argp, float)
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% 15. VARIABLE-LENGTH ARGUMENT LISTS

Answer 7t OIX} E|AEOA 7HH X EE22 SHAF “default argument promotion” 0| M EEIL|ClH & float
EfQlo] QIX}IE=E &tAl double2 HEIE|O4, charl} short int2| A Al intZ2 HEIEL|CH T2
O 2 va_arg(argp, float)2 &R E FEQIL|CE CHAI va_arg(argp, double) 2 M Of EHL|C}. H|
=6t 0| R 2 char, short, intE B7| 2| M= va_arg(argp, int)E MO} gL|C}
(For analogous reasons, the last "fixed" argument, as handed to va_start (), should not be widenable,
either.) HE0] & F 11.3, 15.2= & 115IA|7| HEEL|CT

References [ISO] § 6.3.2.2; [Rationale] § 4.8.1.2; [H&S] § 11.4 p. 297.

Q 15.11

F

ot
H
ro

T EHE va_arg() 2 &0t & 5= L7

Answer va_arg ()2t Z42 Il 2= & ZOIE 2t 22 SZet EfUS A2 i, 2&t2 7| BfL|Ct (be
stymied). gt ZOIE{E CIE O|E2 2 typedefUCIH A7t SHZE AQULICE HE0] EE 1125

ZFTSEA| 7| HiZHL| T}

References [ISO] § 7.8.1.2; [Rationale] § 4.8.1.2.

Q 15.12| 71 oIxt= diopM CHA| 71 QUXIE X2|5te B0 YA & 4 USne?
Answer UEIM O 2= 275 c J2{Lt 7 OIXFCHAl va_list ZOQIE{E YHOLM X{2|5H= (vEprintf () 24
Zte: ci20{ E2 1555 ZT5HA|7| HIZILICH) SH42 BHE® EL|CE o] QIXIZL AM| QIXtZ MTt
S AL}, I va_list2 XM2|5He 8147) QICHH, S8H U= Ui ZRISIHR| efaLICh (0] 2X=
A AE0]| 2| Z Ol (machine-specific) 0{M 22| HO{Z AT 5 UHLICH HE0] AL 15135 &

1SEA| 7| HEELIEL)

Q 15.13] zietolol olxt 2IAEE BISOIA B4E B8 4 S YHe enter
Answer MU= HHE glon, O3 U8 & & Aot EEE = ELIChH
AlX| IR} 2|AEE XME|SH= CHA HE (void *) ZOIE{Q| HIYHE HUHF = HHE & = USsL(Ct
= main() 8142| QIRIXE AIR5H= YHHQIL|C) (22 HiGU S OIS D, Hi A 2t QA0 H5t= &
EE M= U2 HH Sl F0{0F BTt
(HE0{ 22 1936 Z15}A|7| HERHL|CE)
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) 16 7

Strange Problems

Q 16.1b

Answer

Q 16.1c

Answer

Q 16.3

Answer

Q 16.4

=Y 2/ (syntax error)7t A LA BO| LM =0 =X3| 1 O|RE RESLICL
HAN §C Yol AA Dl & x{lOﬂA-l #if /#ifdef /#ifndef/#else/#endif2| A0| GtX| =X A
ABHE 7| HiZL|CE (HE20] A& 2.18, 10.9, 11.295 2t T5IA|7| HIZL|C})

ol
T
4
i

oH M ZZAME SESH= 20| SESHA| 42727 otF 2| Bt Hut2{ot ZZAIH
£ AU 7o Hel= A

A tH20 20| ZEE SR gL

myprocedure;

C A= &F==(function)2tZ X|IetL|Ct. J2|0 g0 MEEl= CIXIIt otLE QiCet: =S 2

E2{A ‘argument list' 2 M ZF=0{0F SfL|C}. [CI2fA] T2 3 ZH0| M OF EfL|C}:

myprocedure () ;

S5 | = ®of| =2 30| WM LT (CIHAZ 8 AR MESEHE main (00 S0{7H = A
of =0 HELIT})

OfOt= StLt 0|2 (1KB 0| &t2f) O 2 Z local BIE S XS AYULICL LHEE 2| A[AH

I0

AHS NHE 3
7|2 ABHE JHX|1 R, S Z AEKG SESHE (eg Unix) A|AEIO|C2tE AEHO| ZEX}ET| UH

L AHX|H1D 51H &2 347“ EIL_[I:|-_ O = vijo| =LSICEHH M X (static) 22 SLtst=H £&
LICt (&8 S& mjoict 22 HiYH0| 22510 malloc) € MM EEHSH= 7 FaLich 'Ed
20{ 22 1.31% EI5HA|7| I:I}EFL_||:|-)

(HE20{ & F 11.12b, 16.4, 16.5, 18.4= ZF11GHA|7| HEEIL|CL)

M ZEOe Aoz SABHar], BLy| H0| SALICH 5 nain( 0| OIS 23S A3
o
=
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% 16. STRANGE PROBLEMS

Answer main()O| X MAZU=X| AAHE7| HiEL[CEH (H20] 2 F 2.18, 10.9= FHIISHA|7| HEEfL|CL),
EL = setbuf O L} setvbuf OO local HIEH 7| MEEJ}=X|E BARHE 7| HFIEIL|C} EE= atexit O 2
SEt e 2M7t U2 HEE USLICHL HE0 A F 7.5a3, 11.16 Z1OSHA| 7| HEEFL|CL

1 — =

References [CT&P] § 5.3 pp. 72-3.

Q 16.5| 0| z=032 ofE ZEEO|A = 25| SOIZIX|TH CHE HEE{O|M S2|H 0|AISH ZIE ot

S0f WLich B2 o[t Z2

O =
16.5: This program runs perfectly on one machine, but | get weird results on another. Stranger still, adding
or removing a debugging printout changes the symptoms...
Answer O|& B2 2HS0] U= o|R= BELICH o2 HEHX 2 =X
TSHA|7| "=t}

i

Aoyl ATt Yo, &

— Z7|5E|X| 942 B4 (HE0| B 7.1 EUSA[7| HiRLICE)

- % QUERS, S5| 16bit ZHEEOM a * b / c2 L2 AAS B (HEN UE 31T
B TSHA|7| bFRfLICE)

— "It &M7F YO EK| 42 A2 (HE 3.100M 3.471X| Em)

~ external Bt%0| MO10] M2AE|AUS 22 5] int7} OfL] CIE EfRIS 2IElBIAL} “EL" =i
7t OIXIE J1El AR (A2 1.25, 11.3, 142, 15.1 &)

— ' ZOIE{Z dereferencedt 7S (section 5 2H11)

>
oy
40

Im
ol
=]
o
H
H
(o]
[e]
|0
Hu
ok
on

— malloc/freeE & R £
ot ALY, 0|0 freeSt O

o{LtM Zfet H (RE0

FoF |2 2|7} 022 =7|5tEUctD
=

=
EAL 2 82 F B freeft 42, mallocO| &ESH £
27

eI

— 2gbxol ZOIE BH|HE|E (HE0] 22 16.8% ATSHA|7| HIZLICE)

- printf ) ZU QARIE MZ HX| 42 F2, 53] 1dE MM long intE E5}2] Bt B2
(Z2 129 &)

— unsigned int7} EHE 5 U= Hl B2 37|9| t|22|E &5t & 22, 5| H =220
MBt Atgto] B2 HFEOIM. (80 A E 7.16, 19.23= ZTSHA|7] HiZL|CH)

— B ZA EMHEIS. §5] 22 LA HEHE £ WL} sprintf O E MM XL E CHE M. (R
2o0{ 22 7.1, 1221 % FTSHA|7] HiEL|C}H)

— typedefE EIRIS SX EfQ22 FR of 45t TLS AR, 3] size_t0f CHaH

— A =x(floating point) XMz| 2X| (RE0] 22 14.1, 14.4= ZOSHA|7| HiEHL|CE)

- S A2EoMet SESHA =[0] Qs nEE ZEE ABE ER

| B2 2RIS 0/2| Tot = UHLICK lintE M

2H}2 &t prototype= Al SHCHH o| my
= 3 16.4, 1845 ZTI5}A|7| HRiL|C}

0
=
NE 22 YEHAULLE HE EE 1

Q 16.6| 2 o] =7} E&t6R| U2V

char *p = "hello, world!";
p[O] = "H?;

Answer ALY &b (string literal)2 CHS1F 20| HYHS| =TV E M= Z2E NStz BEA| HAE
5

=
7 U0{0fF 3= ZO| O L|Cf. ek ChE ot 20| N 27| BHEL( Tk
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% 16. STRANGE PROBLEMS

References

Q 16.8

Answer

char a[] = "hello, world!";
HE20{ 22 1.325 2 T5HA| 7| HEZHL|CE

[ISO] § 6.1.4; [H&S] § 2.7.4 pp. 31-2.

A=

Ut o2 0|2 HIA[X|9] K2, AR0| YTHRAHL ZOEE HRMM, 7L £ 5 gl= HZE|
of 25t Frh= SEAULICE I local array ZAIE HOME Wil &=, & ZRIHE R XS 420
= (HE0{ R 5.2 5205 AT5A|7] HIEILICE) 0|21 ZDIE o A8 £ USLICH CHE o|R2s
AR EEet ZOIE| (RE27.1,7.2 211), malloc2 2 SHE5t Qoo mt| (AR 7.19 2 1), HRE &
= QXL ARE (53] ZQIE| QXL scanf@} fprintfOlA LOoiE = U= FIHX| 75y, scanfo| F
< HE 1212 &1, fprintfofl M= HERY UK} EFRI0| FILE *Ql Zof F2f).

HE20{ 22 16.3, 16.4% ETISIA|7| HEZFL|CE.
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Q 17.1| colof s s m, 715 22 AEIUS RAUUNIR?

Answer K&R2 Et5at 22 HEE 7112 JUSH =, 7+ E] 20|= AEFA QLT
CHEE AMRS0| 22 B3 7K1 U2 =, SE=2l ({3) fIXl= S25H| @&l
M fel= 27|IU=s AEY S SHLE MEIRISLITH o2 20|A St= SRS H2
Cf NE LHEUA ALESHA| 7| HEEfL T
2AX S ARUE F= AECHs, SHLF| AETU S LY UA AFESH= Aol E S 2 8Lt BHeF of
2{=0| X5t &Zo| (G|E =01, o X|¥HQl 2&0|L, S|AL HH F) 0|25t AEA S Jc"0|0|‘7(|
D4R, E, 0{2{E0| M| AEIU S PHEE = 0HZ0| QATHH, J'd K&RE XAA[7] BHELICH (2
“F$°| FIXILE S0i2rT|9| ZtA| Chet B2 =0l US = UX[E of7[dM O3 =Has |'7(|E
S Zl& LI} Indian Hill Style GuideE &t15t7| HEZL|CE)

‘E2 AEHY'0[ 2t (good style) THeSHA| ZEE O{C|of| BYX[St=LEECE SR B2 AS W=stD /L
ZLI|C} don't spend time on formatting to the exclusion of more substantive code quality issues.
HE0| EE 10.6= & 1ISIA|7| BHIEfL| T

References [K&R1] § 1.2 p. 10; [K&R2] § 1.2 p. 10.

0]

Q17.3

4n
Mo
Pal
ne
N

2% 8lwst7| 2ls 2 42 Z=E KSLIth

if (!'strcmp(sl, s2))

0|Z{0| EL AEIAUNL?

Answer E3|S 181 A|O2 TEE AM5EI|E Six|0H S| B2 AEIU0|2tD LakY|E of-ALICE 9
o] JEE £ 2xU0| L2 FPE HAIBICH: MoME M5 2RI7HE 0| YR/, | HAREE
CH7H “not'S ojojsts Rofl #o0|22 252 IS & U7 WRLLICH
Chem 22 0j32E M Ho| 20| B FRE UsLIC

#define Streq(sl, s2) (strcmp((sl), (s2)) == 0)

HE0{ 22 17.10% & 15IA|7| HEZHL|C}.

MO
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ZF17. STYLE

Q17.4

Answer

References

Q 17.5

Answer

References

Q17.8

Answer

References

Note

Q 17.9

Answer

O AFHER2 if (x == 0)2 MX| ¥ if (0 == x)Y Z2 Z=EE M =0, O 0|f= FAU2TL
o7
CI2 T 2 ML E i 2 9| YiElLict

if (x = 0)
B == AKX 21F0| M= S22 S0|H OIS 22 AE S W, Hutd{It o2 E &
et ct

if (0 = x)
O AFZISS 0/t AIZ M 2 29 HECL £ 702 =8 M= HE 9= 0| 7| O
off, o|H EIAMZ F0l5HK| AELICE (EE, 0|28 AEIU 2 §F 2121 =(operand) 7} A= ZH 20|
EZE & 5 USLIEL)

M7t 2 A0S printf ()2 HE 0, BHAF +(void)+ 2 FHA

om

St U=, o JNte?

ol
?
ot

to
1o

printf O = O +X|E 2|ESIX|2F CHIHS| Z 2 MO|X| f5LICt ofH Hutdei= (§
42 =235 gt ofH 242 2IEsh=0l, 0] 28 MX| gdeH, ZnE £3F
(void) 2 FHAEIGHZ 22 M, 0] 2[E S FA|etCh= AE Auotd2{o7] e, &
A g = AsLTh

strepy O Lt strecat ) 2| AR0| = Z2 0| E IHAEO| A2 EZ LT}

[K&R2] § A6.7 p. 199; [Rationale] § 3.3.4; [H&S] § 6.2.9 p. 172, § 7.13 pp. 229-30.

“Y7te|et F7|H" 0|2t (Hungarian Notation) £A1CI7tR7? J2|10 T1Z40| £815H 7HX|7F LER?

o2t EI| 2 Charles Simonyid| 7} BHE (H=2| 0| F0i| H=2| ERRIO]| Ciet YEE Ze5the)
0|5 A= Y-ULICE O AR SO|H = o AtZEl= E7|-0|0], Ot ARS0H7 = 0i 2 Bl A
gh= ZI|HL|CE o] E7|e| 7t 2 2 B2 0|0 BEnE, Haof EfRlat MUME &
= U= AULIEL 7He 2 HHE2 0|E2 2= ol Eflol| 26t YEJHEZ S25HK| = AL
Cf

Simonyi and Heller, " The Hungarian Revolution”.

3 7}2|0F E7|H 2 35| MicrosoftAF2] Win32 APIZ M= = 2 20| Soi| | AT QI&L|Ch. (API
XM= o] E7|HE AFESt JUFLICH) CHZHL| UNIX =220 S 2 0| E At USL|Ct

“Indian Hill Style Guide”L} 0|2} FALSE TE AERQIO| 2

o

TS o2 A [y o
BES s 5 Us RO ULR?

219 (anonymous) FTPE MA 012] ZOAM HE = U

o>
il

=3
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ZF17. STYLE

Q 17.10

Answer

Site: File or directory

ftp.cs.washington.edu | pub/cstyle.tar.Z (ZF|AlI2| In-
dian Hill Guide)

ftp.cs.toronto.edu doc/programming (Henry

SpencerM| 2| “10 Commandments
for C Programmers” &)
ftp.cs.umd.edu pub/style-guide

“The Elements of Programming Style”, “Plum Hall Programming Guidelines”, “C Style: Standards and
Guidelines”BH= 20| 20| & £ UBLICH ‘D2 2te =7 siiict

HE20{ 22 18.95 ZT5HA|7| HEZFL|CE.

O AIZE2 gotoZt A0IRtE ZHCt SbstHA MO Z MX| 22t shed|, S op&tEl 2Ho| of

HtR?

D=2y AEt0|2H 22 M= AERL DO 20| of|lEtE 242 Ao|7|of, it ZEs R E

MAME £ gle= ZelL|Ct, although discussions about style often seem to center exclusively around such

rules.

goto T2 HEEH RA|/E/2E|5H| &lE =2

code) Tt=01 W == QFL(CH OO, OFF & HZIG10] goto Z&HE FZH XIS
= AE OtEL|CH 22 gotoE Mo{ MX| = (O|asl 20

M =0 d == JUFLICH

x
kU
In
1 M

CHE 2 T2 23 AERO| BB Al (rule)" 2 FEI0| 2t TIO{ ECHs “QHHX|E (guideline)” 0|2t EF
OiZ B 7| of HRRIAIBILICE 6t 0|2{5 A S0 9 BHSO{FE JHE o|sHsts ol of B2
L|ch. ol2f gk 2ol tht o|shiglol, R ofE TAE HfRsHs A 22f 20| olo[stuxt B
Hnt 232 BihEls ZDHE BISOfd £ UBLIcH

HCHt T2 0243 AEKUO| CHEH B2 O| A2 TIX| O\ AU #olL|Ct what 0]2{8t "AELY HH"
off Zofst= 12 Aogls FeILICH (M2 92, 53,59, 10.70] 0[2{3t LHS0| JUSLICE) ozi=e
ol 70| HitHaH= AlRtS AT of2{=o| o Aol S2I5tx| 942 Holoi, oi2{2 9| ol A0 Sxsts At
2o Z3 Bichsia| 942 20|22, 0| =MS & Hevt et
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A 18 7

Tools and Resources

Q 18.1

Answer Of2Zf2| E|0|EE &

Note

Q 18.2

=go| ggt

ir

Hu

a

il
I

=t

ol 22

15t7| HEgH T (RE0

stk

=
=1

18.16 =

Xt
=

OSHA|Z] HEL|C):

cross-reference generator

cflow, cxref, calls, cscope, xscope, ixfw

C beautifier/pretty printer

cb, indent, GNU indent, vgrind

HE/MY e

CVS, RCS, SCCS

C source obfuscator

obfus, shroud, opqcp

“make” dependency generator

makedepend, cc -M, cpp -M

compute code metrics

ccount, Metre, Icount, csize,

C lines-of-source counter

wc, grep -c ";"

C declaration aid

comp.sources.unix2|

[K&R2] &1

Volumn

14.

tracking down malloc problem

A2 182 &1

“selective” C preprocessor Q—E— 10.18 &1
language translation tool é!—i— 11.31 &t
C verifier (lint) & &2 18.7 &1
C compiler Z 2 183 7§..T'_
(i3] o] Bl|o|=0| 2& AS LIEHH F= A2 Ot Bhef of7(off L2

2 ot QIchH ZE|Xbof| Al °._1F=f°f7|

ofz| o i3t cj2 =2=0
aLct.

g0 2 18.3,18.16= &1

2 EHlo]E2

http://www.qucis.queensu.ca/Software-Engineering/Cmetrics.html

GNU indent0f| 2t5t

| code metricOf| &tst Zd

A2 of2ff URLE &1

HFEfLICE)

O
A=

ChS URLE 2t

StA|7| HERHL|C

htpp://www.gnu.org/software/indent/

mallocO|M 2|7} BHAiSE Zd ZE2H| HALE

A s =

120

SHA|Z| HEEfL T

A olelof o B

O
S L—

.compilers®} comp.software-engOi A &0} £

A

AN
e



% 18. TOOLS AND RESOURCES

Answer malloc ZME E=2tF= 02{71X| .| mf7[X[S0| UFLICE e17|U= A 2| Sthbt= conor
p. CahillA|2] “dbmalloc” 0|04, 19924 comp.sources.misc2| volumn 320{|A{ & = QI&L|CH EE
comp sources.unix volumn 270{|AM ¥ E £ U= “leak” & ZELL|C} JMalloc.c and JMalloc.h in the
"Snippets” collection; and MEMDEBUG from ftp.crpht.lu in pub/sources/memdebug . See also question

18.16.

A number of commercial debugging tools exist, and can be invaluable in tracking down malloc-related and
other stubborn problems:

— Bounds-Checker for DOS, from Nu-Mega Technologies, P.O. Box 7780, Nashua, NH 03060-7780,
USA, 603-889-2386.

— CodeCenter (formerly Saber-C) from Centerline Software, 10 Fawcett Street, Cambridge, MA 02138,
USA, 617-498-3000.

— Insight, from ParaSoft Corporation, 2500 E. Foothill Blvd., Pasadena, CA 91107, USA, 818-792-9941,
insight@parasoft.com .

— Purify, from Pure Software, 1309 S. Mary Ave., Sunnyvale, CA 94087, USA, 800-224-7873, http://www.pure.com]]
, info-home®pure.com . (I believe Pure was recently acquired by Rational.)

— Final Exam Memory Advisor, from PLATINUM Technology (formerly Sentinel from AIB Software),
1815 South Meyers Rd., Oakbrook Terrace, IL 60181, USA, 630-620-5000, 800-442-6861, info@platinum.com i
www.platinum.com .

— ZeroFault, from The Kernel Group, 1250 Capital of Texas Highway South, Building Three, Suite 601,
Austin, TX 78746, 512-433-3333, http://www.tkg.com, zf@tkg.com .

Q 18.3| MaistrLt 2z 1at 4 Y= HotUe{7t U2t

rr

Answer Q17|11 ZXZ F& £ Qond, 1 Z&Ql FSF| GNU C Huldz| (= gecEtn EE2(2)E »H
ZlL|C} O] = prep.ai.mit.edu?| pub/gnu C|E EZ|L} 7|E} GNU O}7}0|E AFO|EM|AM & = QU
&L|ct MS-DOS 82 =2 ZEISH djgppE JUSLICH S| 0|X| = http://www.delorie.com/djgpp/
LIc}.

PCC2t= 4l[0190{(shareware) H 2| = /20{, 0|E PCC12C.ZIPRIL|LC}.

MS-DOSE AHItU{Z O A 7120l L& 5= = Power C= Mix SoftwareOf| M BHEUR T, T4
1132 Commerce Drive, Richardson, TX 75801, USA, XSt S = 214-783-6001 ! L|C}.

z|Z20f 7HekEl Aot 2 = lec?t QS LTt Anonymous FTPE ftp.cs.princeton.edul| pub/lccOi|
M P& 4 QBL|CH

ftp.hitech.com.au®| hitech/pacificO|A] 4|0{%|0{ MS-DOSE HIIAUE T8 4= JULLICE A
L_L,_l.'— EX‘|O| 0|-L—|E_|-D:| sSE2 & .u-I07|- HA|=|L’|L_’|'

— T [Ty —
HZIEAl 822 7& = U= A 0f4o Hurdei= LT Ao| glaLch

comp.compilersOi| & = OfF}0|Ed|= Hutalg], PIE{=2|H, ':":H(grammer) =0f CHE 2| 2
2 " HEJI =0 USLICE (FAQ E|AEE Z &6 comp. compilers 0710 E = iecc.comOi| M —,—o|-
E moderatoro._| John R. LevineM|Of| 2|&l] 22| =| 0 USLICH A2 7t 6 ,9:',|E|-°'E-| E1} o|of| 2= Xt
= Mark Hopkins, Steven Robenalt, Z12| 10 David Muir SharnoffA| 0| 2|5H 22| =04 ftp.idiom.comQ]
pub/compllers list/O{| A —_|-’-°" 4= c>|’\|—||:|- (rtfm.mit.edu = ftp.uu.net2| comp.compilers
C|2l E2|0| A news.answersOf| 25t O}F}0|E = &t11517| HZL|C} &E 2040 &1051H7| HEEHL
E|-)
Note O| EfH2 MM o2 @af=l HQIL|Ct GCCe= a2l “GNU C Compiler” 2| 2kXtO| X[ T C A 0]
=

OF OfL| 2} C++, javall ZH2 HO{ = X|5}7| T 20| 0|=0]| “GNU Compiler Collection” @ 2 OIE
HFR ASL|CH GCCRt C{20{ GNU softwareE 1StA|2{ ™M ftp.gnu.org?| /pub/OfM & = QU

rr

il

[0 2 HE
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Q 18.4

Answer

References

Q 18.5

Answer

Q 18.7

Answer

n
Pl
F2
o
_L
ro
D
(&)
(@]
1o

0, =LHO| A= ftp.bora.net2| /pub/gnu/H|A{ download Bt= ZI0| titEL|
ZH|0|X|2l http://www.gnu.org/software/gcc/E BESIA|H UE gugq C}.

HE0] ZE 18.16 = ZT5IA|7| HiZL|CH

Z2IUS ST, 0P 0|4EH SEELICL BRE HS o{EA XS + UX?
BIA lintS S2{=A[7| BIRILICH (OIOFE -a, —c, -h, -p 52 §ME & HYULICH ChEEe| C AT}
Usi Futoh ZntUeiol LTt ALICH WA REE BS0f Ly| 2ish 24 TS 2AHS

Qe 7{9| 5}X| &47| w2l |},

HEo] 2E 16.5, 16.8, 18.7% A 5HA|7| HIZfL|CE

[Darwin].

lint'& ASHA|Z|H malloc() S B E UHOIC} “warning: possible pointer alignment problem”2t= ZA 11
7t LSH=|, oA o] Z10E LHSHA| 7| & = elESnte?

o=l linte] AR, malloc()O| “O{[H St EFRQI Q| object= XZEE 4= U= ZZ2HE 712|7|= ZEQIEH
E Z|HSIC 2t AMAE 227 20| O3 A7) LEFLCh SR BHEHE #ifdef lint Q10|
#defmeE MM malloc() O EHOI- pseudo implementation’'€ BE0| F= AQL|CH O X0t ML=
S2et 0 HAX|= E0{FX| 42 7ts5d0| J7| M Z0| 2 LHO|2t & == ELICH Rt2t2|
‘grep -v'E WAl 1 HIA|X|E QOHH{E|= o] &M o ZiEkstn obEer AL (2Lt lint' 7t
_‘?'_01—"‘—': M2 HAXIE2 RAlSte &2 S0l= A2 0 |I-ELICH oY % St OIA|XIE

2 21 Hojts ZRE MUK 2FLICH)

E

ANSI S8t9| lintE & = U277
AA
=

CHEE ALEI0M £ 5 Q= PC-Lint'2F Flexelint’7} A20, of2ff FA0M F& 2 UGFLICH
Gimpel Software

3207 Hogarth Lane

Collegeville, PA 19426 USA

(+1) 610 584 4261

gimpel@netaxs.com

Unix System V release 42| lint= ANSI S&tQlL|Ct. 2|10 UNIX Support LabsL| System V ZHOH &4 X]|
off 2falf zfzt CtE uf7|X| e (CHE C tool=0|2 20| HE JHEH) = M I E LT

LeFzoz BEHE HAGHFT= ANSI S&H9| O 2 lint2= ‘LCLint'7} Q1204, larch.lcs.mit.edul|
pub/Larch/lclintO{|A{ —_rloF = UELIC} (via anonymous ftp).

J2|10 =20 M3=EEs 2 HOURE2 lint7t M35t AXEH XIMo| 2AE BAstD deiF
= 7150 JY&LICE (‘gec’'e] AR = “Wall -pedantic’ SME MM EL|CH)

Note LCLint= GPL'Z 2to|MIA =0 lon, EH|0|X|= CtZat Z &L o

http://1lclint.cs.virginia.edu/

LGNU General Public License
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Q 18.8

Answer

Q 18.9

Answer

OtglL|Ch S ELIE prototype2
type= OPOEH e Aol IELct.
1, =80t otL|2L Cio|E &
WS ALR5IH ’<E1 "*sFOF 245 g2 = A7 W2,
7| s0i 2| &ESHX| efe, OIA'MOI

£ M= Al function prototype2 A Z ISICIH, A oz{ mted
K| HArStL, YEt5t prototypes M=X| HAF F

ro
il

— 0|28} tutorialS 1} C 21040 &2

ANSI function prototypeO| L 2L|7t O|X| lint= ERGX| ALLIR?

EMSHD AL, SHIZ FO{E miof| 2 S&BfLEE &R E proto-

SR 2 lint= 0{8] AA DilEE 21T ou&gg A
MRAMEX| ZAFSH SZLITH AT lint2F 20| A|AHI0f| S0l
- Zuotde{el EYst 7|s0|L, §F Al
=2 Z2HWE Mt 2 =20| gLt
£0| Z'2 prototypeE X%
10.62 &t105}7| HEZHL|C}.

o

fof BfLIct HE 172

OII

YoM & = Qs C AN ML 7|EF XfE2 = QLR

Tom TorfsM| = O zeo EED|YS

http://members.xoom.com/tomtorfs/cintro.html.
Christopher SawtellM| 7} BH= “Notes for C programmers” = O}2H FA0A 7

* svr-ftp.eng.cam.ac.uk2| misc/sawtell C.shar

pIoIn R B [

w
4>

°
I
T
Il

*x garbo.uwasa.fi2| /pc/c-lang/c-lesson.zip
Tim LoveM| 2| “C for Programmers” = svr-ftp.eng.cam.ac.uk2| misc C|HEZ|AM & = QU
SLICh HTML B 2 ool M & = /IELIE
http://www-h.eng.cam.ac.uk/help/tpl/languages/C/teaching_C/teaching_C.html

Coronado Enterprises C tutorial2 Simtel O|2{ AFO|E
Mg 2 At
Rick RoweM|2| tutorial2 ftp.netcom.com?| pub/rowe/tutorde.zip EE= ftp.wustl.edul|
pub/MSDOS_UPLOADS/programming/c_language/ctutorde.zipO|AM F1& = UESL|C}
WebEO9O Z QIEOZl TAZRE=:
http://www.strath.ac.uk/CC/Courses/CCourse/CCourse.html
Martin BrownM| = C ZA X2 E Webd|| AlA|GHSL|C:
http://www-isis.ecs.soton.ac.uk/computing/c/Welcome.html

01fH Unix A|AEIO|AM = learn c210 shell promptO| A QU250 ZIESHA| 712X
Lt &5 220E LHEY AL|Ct).

ojx|sfeE of FAQ 220 MALE C 20f WS 5t USH, 1 ES weboll A 78 5
&L|cH

= '

Lo (22

http://www.eskimo.com/~scs/cclass/cclass.html

[Disclaimer: 017|0f] U= 2 tutorialE2 MXJ Ct AESH 2 A2 OflL|Ct EESFH
217} = H2=E QiLIch o 20| XXtel 0|20l S0 7| SHXIR OfH B AT
QUBLICE =6t 0|2 RO ZE2 Il AlZH0| X 22 gLo{X|7H HOIX|7| T 20i| 0f2{=0]
gloe{n gt ujolls ofn| LR TAle] BYUR|E BELICH]

t5F 0{2{7tX| ME = o2l URLOIAM 2& 2 Q&L

http://www.lysator.liu.se/c/index.html
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9| pub/msdos/c EE = http://www.swcp.com/ dodrillOi(J]
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Note

Q 18.10

Answer

Q 18.13

gl
= 20.
% 9l

— Vinit CarpenterM|= C2} C++2 HI 20| 22 = 0{2{7}X| XIZ0]| LSt 2EE SX|
LIC}. 0| £ comp.lang.c2} comp.lang.c++0| HA|E[0{ O] FAQ list7} = XAl (
2ta), 20| E2=E[0 U2, http://www.cyberdiem.com/vin/learn.htmlOf| A
L|c}.

X ol
o> I

]

HE0{ Z 2 18.10, 18.15cE & TSIA|7| HEZFL|CE.

i

PN
H Mxtel EHo|x|2| ofE EA0M 2B E AMHEE HotE & USLIE:

http://www.eskimo.com/“scs/C.html

C 210{0f| st M= 0| S0M 25 CRV|0l= HFUHE HELC M2t 0|5 M 258 HIt
SfECt= A2 HFLIE &lo| SL ot B2 AIRS0| 7H& M3 =07l Mol &k £t 2hstod
The C Programming LanguageE =M EHL|CL 0| 242 KernighanM| 2} RitchieM| 7+ M &L|CH (“K&R” 0]
2t0 = Stof, A FEMf 2ol Lot IEL|Ct). 2Lt K&RO| =E AT E7(0ll= MYSHA| tt=
OAE JFLICEH IEX[E RE[E R 20| O M= CEHIZ 201, OfF & HiZiCtd A Zati(Cf;
J2{L} Mol L0 LRt kst | 20| =2 2o CHSE M3 HHE X|Alo| gl= AlE|Al=
F2|Y AL|Ct o] 2Moj| CHet of2f EE MYO|LL MY S52 of2iollA & = JUFLICH

_/ 71—

— http://www.csd.uwo.ca/ jamie/.Refs/.Footnotes/C-annotes.html
— http://www.eskimo.com/ scs/cclass/cclass.html

— http://www.lysator.liu.se/c/c-errata.html#main

comp.lang.c2| 2 AIEHE2 K.N. KingM| 7} £ C: A Modern approachE =M gtL|C}.
AR

[}
& E2 o MEH2 G eference ManualO|04, Samuel p. HarbisonM| 2} Guy. L. SteeleM|7} &
L|Ch SR HIEHA] Eo| Lot _ELIT
C HOIE XMSEE HiR7|0l= MI5HX| 4X|Tt 0] FAQ SEE SHE0 M2 = L2t JFL Tt 0]
=2| OtX|2 "MAM S E72| [Summit]E F105HA|7| BHEfL[C
Mitch Wright’|= C2F UNIX0]| &5t 22 &Ml Cist 22 J7HX|10 U220, ftp.rahul.netl]
pub/mitch/YABLO|A & &= QI&L|CH
Scott McMahonM|= 0{2{7}X| H|HO| CHSF 2 71X 2 JASL|CH:

http://www.skwc.com/essent/cyberreviews.html

‘Association of C and C++ Users (ACCU)'= C/C++0i| CHE}
I:|-:

u]

-
ro

2
mn
=2
=
o
rr
fjo
to
°
Ol
30
o>
r

-
0l

http:://bach.cis.temple.edu/accu/bookcase
http://www.accu.org/accu

0| FAQ S 52| HEXIE H&st= B2 Mol et YEE 74X 10 JUELICh

/1 /1 LS — —1

gLith 20| 2F 18.9% FIISHAI7| HEELICEL

ME!

25tH BELH=E10 U

HE C 2lo|=2{2(of thst 22 TE + AUSTHD?
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Answer (public domain2 OfL|X|2H P.J. PluagerM|2| The Standard C Library7t JUELICH 2 C 2t0|E 22|
of CHF AA FE= NetBSDL} GNU (22 LinuxE) projecte] AR 202 M ZEL|Ct HEN &2
18.15¢, 18.16 = &IT1SFA|7| HEEL|CF

Note GNU C 2fo|=2{2|o| EH0|X|= ofzHet &L c:

http://www.gnu.org/software/glibc/

Q 18.13b 22}9l C reference manual0| JUE7ILQ7

Answer £ 7} UESL|CH

— http://www.cs.man.ac.uk/standard c/_index.html

— http://www.dinkumware.com/htm cl/index.html.

Q 18.13c| Ansi/[IsO] Cc E=g 78 £ ULSNR?

MO

Answer Z2 1125 H7| "Hfzh|C}.

Q 18.14

Answer

i

(expression)S L4l (parsing)ot] H7tot= =7 L CE

ale

He| T 7| X| 7} ZtZt comp.sources.miscO| 1993 122/ 0|, alt.sources0f 1994 120{ H A= AP
F X122 &Lt LAl sunsite.unc.edul| pub/packages/development/libraries/defunc-1.3.tar.Z}}
T&t £ /20, lamont.1ldgo.columbia.edul| “parbse” 2 L& = USL|Ct 0{2{7}X| M E0|

&= S-Lang @IE{=E|E{= anonymous ftpE amy.tch.harvard.edu2| /pub/slangOi|A{

L|Ct EESE Cmm (“C-minus-minus” )0 |2H= 4| 0{|0{ = U&SL|CH HE0] Z 2 18.16, 20.6 =

|

o

020 ok Hel Hu A 4
oo
mn
2

>~
0z H
X 30
S0

= F =& Software Solutions in C2| Chapter 12, H|0| X| 235-550{| M &= &OtE = USL|

0 FEl

—_

Q 18.15

Answer

e
2

o cH

Hot ZHE S22 ANSI E&0| S0 USLICH EZE 11.28 27| HiELCh o E 2L 2= (C++1t
2 =) Jim RoskindM|7F BH= Z4QI0| ics.uci.edul| pub/c++grammarl.l.tar.ZE2 HE = USL|

Ct. OfOtE ftp.ics.uci.edu, OLD/pub/c++grammarl.l.tar. ZAX|E B EL|CH EE= ftp.eskimo.com||]
u/s/scs/roskind grammar.Z2 7E = USL|ICH 2HZFOl ANSI EHE (Jeff LeeM| 7t A 5HE)
ftp.uu.net2| (&= 18.16 £ 11) usenet/net.sources/ansi.c.grammer.ZH|AM L& 3= 1209, lexer 7 Hj
ZSHE|0] USLICH [K&R2]| EE£0|L} FSF2| GNU C compilerf M E EHE HE 5+ USLIC}

comp.compilers O}7}0|E = ZH0f| Cis 2 §EE 7HX| 1 JELICH & E 18.32 E7| HiFEL|CL.

o
2

BNF = YACC %2 7

& lente?

e O

=E|

o

il

K

References [K&R1] § A18 pp. 214-219; [K&R2] § A13 pp. 234-239; [ISO] § B.2; [H&S] pp. 423-435 Appendix B.

Q 18.15b| c Hntuei= HAES 2 2 = todlE2 ASNIQ?
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Answer

Q 18.15c

Answer

Note

Q 18.15d

Answer

References

Q 18.16

Answer

A: Plum Hall (formerly in Cardiff, NJ; now in Hawaii) sells one; other packages are Ronald Guilmette's
RoadTest(tm) Compiler Test Suites (ftp to netcom.com, pub/rfg/roadtest/announce.txt for information)
and Nullstone's Automated Compiler Performance Analysis Tool (see http://www.nullstone.com). The
FSF's GNU C (gcc) distribution includes a c-torture-test which checks a number of common problems
with compilers. Kahan's paranoia test, found in netlib/paranoia on netlib.att.com, strenuously tests a C
implementation’s floating point capabilities.

£2 U= FELHOAME 2ots2 A2 ASTt?

Bob StoutM| 2| “SNIPPETS" =02 CI7|_U 204, ftp.brokersys.com?| pub/snippetsLthttp://wuw
Mg 5 UFLICH

Lars WirzeniusM|2| “public” 2t0|EE{2|= ftp.funet.fi2| pub/language/C/Publib/HA HE
QlaLct.

HEo] &2 F 14.12, 18.9, 18.13, 18.16 = Zt11StA|7| HIEL|CY.

SNIPPETSS| £H|0|X|= O}2H 2 HAE Y SL|C}:
http://www.snippets.org/
“multiple precison arithmetic’ & 2|8t T =7} = &tL|C}

BSD Unix libc 2A0| = “quad” E-EL
oM F& = 9len{, GNU MP 2f0o|E2{g],

1), 22|10 2= UnixO|AM N SBE= libmp.aE
Al7| HEEfL( T}

EE MIRACL m{7|X| (http:://indigo.ie/ mscott/ &f
Zt HIEL|CF HE0] &2 14.12, 18.16 % ""4_'_0|'

[Dale] § 17 pp. 343-454.

Ol28t 378 =2 I ES ofEA g2 = YLK?

ZZ2O0H X A5 S5, ol =2 OS2 FEIS 52 Edt(archive) AIO|EEE U5
S7t5tn A1, oj2fgt Z2ORMEE Mef= AR EE SEHOF HOMX| LI JU7| mZof of =22 o<
HESH | 21 2HEME - SLIT

He| 2, Z2IHE FX|Z &t 0710|E AIO|EEES 0|2 &M, ftp.uu.net, archive.wustl.edu,

oak.oakland.edu, sumex-aim.stanford.edu, 12|10 wuachive.wustl.eduZ} QSL|C}. O A[O|E
':9 E—I|:— Elg's AHEO_HO-IE 7|'X|_, O|O|:|:‘ EU'O I-II:I':0| _CT>’_7H_":_|0-| O|A|__||___|. FSFOl GNU =Z=2HA|

_

ﬂJ

S|
EQ9| F AIO|E= prep.ai.mit.edul@fL|C}. Of A|‘ |[E= HUZ "l 20| 50| HREE =
= UX[EH O8F B2 03 Ao|EHULE=Z & 6|'7| Sl= =

QIE{HZ S50 0|2 ALO|EOA] DU 2 HE == /Y= 7HE LHtA Q] S 2 anonymous ftpE M=
ALICt fipE £ == SICHH, mailZE fipE £ = U sHF = ftp-by-mail *‘|H‘|7|' fo| U222 0|A
£ M2 M FELCL ATt world-wide web (WWW)= 22 H|O|E iU SE MSst0 Qe A5t 2|
= Ol 20|11 2], HO[HE Y= 71 ME2 LT}

Je2[1 o] ZEol cHet &2 |2 HE UX|TH oH2 A2 MERQl Lol et AL|Ct = &
T U archive AIO|EEE BEF L{F 7Lt Of A|'0|EO1|A‘| ClO[H E BiotE = Y E ¢ F= A
2 E7tsELct QIEulo M5 5= JUCHH {222 0| ZECH M MELD LZHAOIE 2 M2
2HHEZ o0 €10 /S AYL[CE

126
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O 217|U= 7| X[ L|C} (ftp.uu.net 2| /systems/unix/bsd-sou:
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=~
2le = U= MEL QIEA MH|ATF U] QJUESLICEH Alta Vistalt Excite, YahooZ} 71 0| IL|C}.
(o]

=
FEUE £ £+ UCHH comp.sources.unixl| comp.sources.misc A IF0 HI7|HSZE HA|E
| —
=

of7tolE0f| H&55t= LHE HOEA|IZ| HIFLICL Ol OFe 22 = U= F M
O

— ftp://gatekeeper.dec.com/pub/usenet/comp.sources.unix/

— ftp://ftp.uu.net/usenet/comp.sources.unix/

r

72 JF comp.archives® 0{2{7}X| FH|0f| CHEE B2 22 AlA ISt JUELICH OFX|E}
& comp.sources.wanted|AM= AAE ZtX S I &E =13

Jd2{ut HX o] w4 &2 FAQ 582 ¢ ofEH &aAE
7| "High|ct.

HE0{ 22 14.12, 18.13, 18.15cE Rt TSA|7| HFZFL|C}.

http://www.gnu.org/
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System Dependencies

Q 19.1

Answer

7|2 =0l RETURN 7| & FE2X| 10 HIZ o ZAIE 2 {87 S{of StLIR? £ 7| & 8
o A3 20 22 2XH7t Z5|X| g4 ste™ e S5tx?

=

O 2A|ofl CHet EE, £ 0|4]g0| F ot WH2 gl&L|Ch A2 (screen) 2t 7|2
ool C EF0f| stotC|= Lot UX| SELICt ChAl ZHESE 1/0 (EAMR 0| F0{Zl) &
CHEE ZTh Lot AE LI

Interactivedt 7| = =2 CH7H 012 @J2{0| 2OPMM Z=840)| o =4 MEFH FL|Ch of
nee 29 MA7F U= E S5 HE (backspace/delete S)& = U= LdatE HYS (HE 7[s= &
25| ZYSHA| HCEtE) MSSH7| fIsHA ULICH = ALEXEZF RETURN 7| € =X{S mo| H|Z22,

St E0| T2 MLEL|CH ZE2H0| St EXM 0{E0(7| KoM UCtD SHEZHE & Xt
£ 20 =0|= & (0E M getchar )7t SEE M, ZT2IY0| STHHET, ALEXA|O| &t &2
U2 CHZ, ZH29| ZXPULHHHE SE=2 1 g0l A e &L ot

A2t HEXMY o ZAt eSiX|= FA|, Z230f| ME=(A St2{H. 8F SN MY E[A st= 1
logicE2 =7 off OF &tL|Ct. O{tH A[AH! (0| & &M MS-DOS, VMS2| O{H EE)0|AM= =213 0|
OS =&2| U™ &+E =M S Z35H7| = 5, o A|AHE! (0E & Unix, VMS2| OfFH 2 E)0|
Me U= E XMeE|st= (CH7] "BE{o|d E2to|H"2t B E=) 0Se| 220ttt & &l XME| 7|sE 1

2t re{of §hilct J2(1n YHrM ol Iy &~ (0|E &M read(), getchar(), §)E MM &t EXt
A ol&L|CH &£ oftH A|ARINME (E3] QEHE HIX| Z2AMIAT A|AH]) 13 X2|7t = ZX|of
olaf Mz2|=[0, & T LT Mg = 0], CHE A2 £ = gl ERE USLICH

J2{02, X} CH9I2 H2I5HD AL (FIEE o|T 7158 113 AICE), 0f2{20] AT Y= A
AHI0)| 2| EX Q| S5t HH S NOF &L|Ct comp.lang.c= C AH0{7F H2|5t U= 7| S0l Eiet
A2 CIR= XO0|E2 0| HZE CtRV|0|l= HYSIK| ZELICH AAHRI0 o/EXMQI COHE &4 1
&, 02 =™ comp.unix.questionslL} comp.os.msdos.programmerdl| E0{E= Z{0| W&L|Ct EE
S J2ist 120  FAQ 228 HE AT B2 WHYILICL E 0|21 WS AlAme| of2f ZROIC)
22t xj0|7} US % US D=, HSHES J1AI T J|Cl2iof B KT DELICE

Je2{Lt ol2{St A E2 A= o] ol AN EE, dHtAE ol H0l Me|E = Us YHE ZHes| &
7l =

O A Q| curses®| A= cbreak(), noecho(), getch() 2} Z2, EE2| SH0| =1

LTt ZHES|, e USE 38e = = FEO| 2 25ICHH getpass () E 24 M FLICL
UNIXOIM = ioctl() &8 MM EO|d E210|H EEE NO{& 5= UESLICE (“classic” HHEO|M &=
CBREAKL} RAWE A 1, System VL} POSIX A|AEIO| A= ICANON, c_cc[VMIN], J2|10 c_cc[VTIME] S

M0 EE A|ARO|M = ECHOE £ & USLICH B system() ot stty HH = UFLICH (& H

—_ —

H
I}4

Ibatch-oriented mainframe

128



%F19. SYSTEM DEPENDENCIES

KM Bt M S ABHCHH, “classic” O A = <sgtty.h>2} tty(4)E, System VO|A{= <termio.h>2}
termio(4) =, POSIX A|ABIO A= <termios.h>Sf termios(4)= XHOFEA|7| HFRILICE)

MS-DOSH| M= getch() Lt getche () E M {LE, BIOS CIE{RE E0| s{ESt=E &4+ E AH EL|CH

VMSO| M= A3 2l Z2|(Screen Management) ZEI(SMG$)0|L} curses, EE= A= $QIOE 10$_READVBLK]
8t (E= I0OSM.NOECHO)E M ™ EL|C} (VMS E{0|d =20[Hol|AM = Bt 2of 8 S X2 217

L} “pass through” 2EE £ = Q&LI|C}H)

CHE 2EXMAMAM st Y- 2 AT 02 A[7] HEEL| T
)

(HE0|H, thd| setbuf OLt s
X4l dhol SE0|= A ¢ Atato| i&LICt)

®
ct
<
o
(=]
g
i
x
x
a
Q.
g
°
I
E_l
o
1
>
2
X
_O'h
rr
N
ro
o
£
2
o
it

o= HA =
o|AlAo| HlojLt T2 IS OIS DA} & M J1E B2 HHHO 0|26t 8458 Xol5tD (1) E{O
g S2to|H{Lt U A|AEIS "G B0l BF A" I= 5 MFStY, (2) EXHE U, (3) =2
Je 2y o 2efo| Bojd REZ 27| HYLICH (0|24, o] BRO| BthS2 AAFT}
C Z&of Zate AQLCt) o] FAQ S E2| &&E(EF 20.40 Z10)0M= 021 A|ARI0|A of2{8t
8 2= Holl chet ol X7 L2t }ELHIE
HE20{ 22 19.25 2 T5HA|7| HEZFL|CE

Note ioctl() & M 7+% FE 0| F = Terminal I/0E M|0{517| 2|8t 20|04, [Lewine] 0ff 2|5+ POSIX.104|
M Terminal I/0 CIE{H|O|AE MZ 2= 0|7 E CtE1 20| 438311 JUsLth

— ioctl() &= FHM QUIXIO 2t MR QIXEe| EfR, T 7|7t HEtE = ez, HES|
A H (specify)St7| {F SLIC.

— ioctl() 2| MEHSt semantics= YA X|OC Z2HZt CHEL|C}

— OfEH L+=2 implementation &, =X| 2t (international environment)0i| St= Zd0| @l&L|Ct.

Z, ioctlO2 AHEX| 4= grLICt XiMet A2 [Lewine] £ & 11517| BHELICE

References [PCS] § 10 pp. 128-9, § 10.1 pp. 130-1; [POSIX] § 7.; [Lewine] Chap. 8 pp. 145.

Q 19.2

39 Mo
nr A

210{=0|7| Hof| LotLt B2 EX7F 7[5t J}=X| ot d-0| ULER? & Th7[sta
?

£ I
=
EAL QIS B2 HIZ &7t SRS BhE & ST

o
A
H1

OFR7HR 2 2™ 5| 2AMA 2| o EX QI EE2L|CH Ot X 2| cursesi= nodelay () &
UA sl FZLICH A|AHIO]| t2F CEEX| 2 “nonblocking I/0" & & &= /Y= A|AHRIO] /JSL
“select”L} “poll”O|2h= A|AHI 22 0] &S CHAIEF £~ QUSL|C} EE FIONREAD ioctl,
IME], kbhit (), rdchk(), open()O|L} fentl()O|A{ O_NDELAY SA0| 0|2{8t XS & =
ot J=20 2 E 19.1= FIOSHA|7| HEEfL| T

Answer

M g
R Mo
4>

,_|
<
—

P 04
i
rr

308 |
o>
i

Q 19.3 ~q

Z HMET IS A=K] AlS BAIR = Qs SO “twirling baton®” & HA|

i

rr o
0 >

-~

NOIE M

d
&
I-_l-
i
_O'E
kI

o =

e

FEFAM L.

Answer , 02| 0| ot 22 Gt 22 £t CfZ, HE|X| 2|8 (carriage return) EX}QI

AelLict of EXHE 22l I|=(line feed) A} Q10| EAF A M SR S CHA| HOf
= WAL 0| A (backspace) ARl \b'E MH HME &t 7t XK= FH &t =
AN

UA ELIEE

Z
H..

0
[}
i

t

3
4>

0

>
s T on
rnr

Pl

il

I}

o

—
4y 1

2character-at-a-time
32 s A7 — -, /, |, \ B 2L Aol Mo} An 2.
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References [ISO] § 5.2.2.

Q 19.4) sioig xios wy2? MZS s HlAES Sots WS HME XFBx y AXIZ 82 &
Ol HIEHOS?
M oHL— -

Answer O|2{8l HH2 02{F0| 211 U= HO|D(E= C|AEE|0])2] SR/ et CHELICH CHIH = term-

cap, terminfo, curses?} Z2 ZIO|EZZ|E MA 0| ZHE XMZ|ELICE MS-DOS A|AHIOAM =
clrscr(), gotoxy (O & &O0IE 7| HFEFL|C}.

SHHE X2 U F 713 0|A M0 =2 Y2 E O|=(form-feed) EX} (\f')E EZHot= AL
Ct. o] EXIE %E‘%‘ |":'4 CHet= StHO| 7(|-|—47(|71| = L|CH (=2 XXM EstX|TH) 5 o|Aldo] =2 &t
HE2 SE0| E2 newline ZXIE M &t 3tH 22| 02| E=2 E 7 Hel= ALt oFx|et
THOZ, systemO2 MM (RE 19.27 & 1) StHE X[R= S A¥e == JsLICH

References [PCS] § 5.1.4 pp. 54-60, § 5.1.5 pp. 60-62.

Q 19.5| starm 712 ofo2im o{EH sfof 5HtR?

Answer Terminfo, B 234 termcap, 2|0 HH curses= ASCIIZ} O}l 7| E2 QUEIES 4= Ql&SL|CH YUHEA

O Z 0|2{8t 7|E2 o1 7He| EAL LH =2 (CH7 HEHM EXH= ESC, '\033') MZ|=04, o] IHS
M6 Lz A2 S| NIEHESLICE (keypad O E & A curses?t 0] 2 S Chil XME|SH &
L_|l:|-_)

MS-DOSOi| M= 2ter ZXt Zfo| 02! H(ZAF '0'0] ofd!)0] E0{2Ct= A2, L 2X7F EH8t 7|

Qi Zhojetes A2 LIEH = AMSQILICE O] A2 AZH A= (scan code)2ty! SH=L|, 07(0f] 28t A

02| 21 DOS programming guideE RO0tEHA|M ElL|CH (2 712 e 2™, up, left, right, down Sh&F
7= zt2k 72, 75, 77, 800|009, function key=2 590|A{ 68 AFO|2] ZI2 7|-7"L—| ct.)

Ftl F|0

References [PCS] § 5.1.4 pp. 56-7.

Q 19.6| ot @iz ofwy| XMal5tter

>

Answer A|AE EMEE HOEAL P8 74 OF0| S0{EA|7] BIELICL (74 50 2012 o=
HX FAQ 22 2 C}20]) OtRA XMel= X AER A|AE|, MS-DOS, 0iZIEA| S52| A|AH O
[h2f of 2 cHELIE

References [PCS] § 5.5 pp. 78-80.

Q 19.7 AE[H("comm”) ZE Q/EH2 o{EH M2|5tE?

Answer OFEIZHX| 2 A|AHIO| 2] =X Q1 EX|QUL|CE UNIXO| M = /devd] J= HESH K| T S open, read,
write gt &, EO|E EEFOIHWP M35tz o8] 7|s&2t Al &':'._4 == MS-DOSOHA‘IE oj2|
HOIEl AEZIQ| stdauxE AL} “coM1" 1} ZH2 0|Ec 2 el AHLI 4= BIOS QIEHBEEE
2 MrH E L—I Ct. 22 H|E{*S0]| Joe Campbell|2| C Programmer’s Guide to Ser/a/ Commun/cat/onsE
=Hstm Uslich

“netter, 22 18-S AHEBHE AMgh VI E] Z(netizen) A== A 3HE Pk
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Q 19.8

Answer

References

Q 19.9

Answer

Q 19.10

Answer

References

Q 19.11

Answer

References

=]
=

o
[l

EEZ Eli= YHE dHFAM L.

—

M

UnixO| M= popen() (B2 1 2t0) =& MM Ip'Lt lpr ZEOME ASHSIALL, /dev/1p'2}
Ze E4 ot g HolM sl MS-DOSOIM = (H|EZE) 02| Ho|El AEZIQ| stdprnS
{LH “PRN"O|L} "LPT1" © 2 ThI2 Ho{M Ateistd ELich

[PCS] § 5.3 pp. 72-74.

Escape sequenceE E{0|H0|L} H| =8t X[ EL

rir
18
:
rlo
~

EAE Ao EUi= YWEe g0 UrtH (2E :
< glgLicth ASCIZ ESCE 033, (10 ZI2 27), 0|2 2:

fprintf (ofd, "\033[J");

mjo

M4 escape sequence, ESC [ JE HWH £ QI&L|C}.

i E XMelste dE27?

A, Unixis, plot(3)2F plot(S)dilM HB3H=, BRI Sl plot B8 RSMELICE GNU libplot
7|Xs 22 EMo= & o U 7|58 ML chg URLS &Tsty| sighict

http://www.gnu.org/software/plotutils/plotutils.html

MS-DOSO| A &4 SIHEFH VESALE BGlI &0 (2= 2jo|Ee{2|E M7 |E /& Al |C}.
Z2E{0] J2|= &2 L7 EX escape sequence2 0| F0{Z/L|C}H ZE2E| M XX}=
= 2lo|E2{2| T 7| X|E M| ESIER, 0| A2 MEX| net2 S MHE7| HiZHL|C}.

AE 2 A|AHEI(OfZIEA|LE X Window System, EE= Microsoft Windows)& A1 QICHH, /EL 7|5
2 M0 AER|E ZELICH 0| A2 2B E SA IE0|Lt FAQ 222 A & 15}7| HFZHL|C}.

=2

I
-
d
-
(@]
e
o
_|_

[PCS] § 5.4 pp. 75-77.

M= AFEXMIA U= nhdo| gict= 2108 £35t 0 ol &LICH ntUo| EXiSh= X| o€ 7| 5HH &4

NEEEIERE
7

ol ZI-HSt BT Z&0 S|, EE= S8M0| =2 XMelE Yol Qicte A2 o2 CHEMLE
olL|Ct HANSHE O BHH S XMCtD SHEZIE HIAE &t &, ot 2 7| M| (CHE ZZ2M|Ad|
ofaH) 1 o] AHE2 THEO{X|HLE X[ & = U7 | 2 LTt

O|H EXoZ & £ U St stat(), access(), fopen() 0| YUSLIC} (fopen() S £CHH TS
Q7| EEZ Q1 HtZ =to ™ EL|CL fopen()O| ATfSIEtT SHM TR A TH0| EXHSHK| ef=Ct
= A2 otL|Ct) 22 0| &+ oAM= fopen (O 0| 1%t O|AI MO F| O L[t UNIX2| set-UID
7|150| RJUCHH access() &= F2|ZAH| MOF EHLICE.

Ches| oo M3X o2 HRICID Jt-ste A2t &4 2[E Zf2 AARHM AT =X =Atst
= A0| HiEtA B

[PCS] § 12 pp. 189, 213; [POSIX] § 5.3.1, § 5.6.2, § 5.6.3.
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Q 19.12

Answer

References

Q 19.12b

Answer

Note

Q 19.13

Answer

Q 19.14

Answer

Q 19.15

Answer

oS 17| Mol 1 mtedel F7|E & =+ UESNR?

C A0foflAf “me| T 7|"2t UM HE = U EXLS HFE Ust|ct M&s| O 37|E of
= A2 2 P HL 27sE

UNIXO|M = stat () g7 6 242 22 & & USLICHL CHREEL| CHE A|AHIOIM = UNIX2t
HI=St stat () &8 M Eotd, U8t ZH(HESHK| 22 T= US)S LHBLICE fseekOE M
Mot fIXE M FZE K2 CHS, ftellO2 MM ZI2 LOLHAHLt fstat O 2 & =5 JUX|TH O]
FOMX| g2 22 M S JHEIL|CH Aot £stat (O 2 O|A M0 S O{LEX| 9420, stat V2 242 H
HE g FLICH ftell(O2 Hio|H2| mto| ot ZA S (& HIAE ) HESHHIO|E HTE °*
HECHE EZ0| ELICH O A|ARI2 filesize()Lt filelength() 2} 22 S+E HI-‘-OFXI“*
Al O|A]gO| FHO{LEX| &Lt

Lo H

mtds 87| ™ol O mtedel 37|& of= Aol | E25 X| MA Mzis 2] HiE Lo 2fListH C
Ao ot F7|E o= 7t st L2 @
I:

;m
anl

on 10 1K

ol re S HoiM g0 2= Ao|7| = L|Ct. of
S elofutH mtd F7|E ALtsh= A shbX| s A2o| 2 5 USLIC

[1SO] § 7.9.9.4; [H&S] § 15.5.1; [PCS] § 12 p. 213; [POSIX] § 5.6.2.

]

urd

£

4 IRt A|ZhE Lotz o{EA St R?

Unix2t POSIX &f=Ql stat ()2 2 H EL|Ch CHEE2| CHE A|ARIOME O] &8 X|RELCH
(HEof ZE 19.12% ADSHA|7| HHEfLICE)

TODO: stat()0| E&EQIX| Ot X| Z=AH

oS 2A85| X[RALE M2 BHEX] g0 ot F7(E E0l= &
A

BSD A|ARI2 ftruncate() 45 ME5t0, ¥ CHE = chsize() &+, &£ OfHH A
2B M= fentl () &0l (BH7H 2MBHEX| 22) F_FREESP SME MM ot 7|8 £ &= U
gLch MS—DOSOWH'.: 7h:. write(fd, "", 0)82 MAM s & UX|2t 0|S2 ZF 0|4 M0 F
OfLtX| Q& LICH DIRIIIX|Z ot o o B2 S Fefls A 0[4]d0| Fofit HH2 EXHSHX|
SL|CH SI20] 22 19.145 & T6}HA|7| I:I}EH_||:|-
otdeol E7t Zol| §t E(=EE BIZE)S FISHAL X2 = snte?
oS ChAl 2SR e 8 9| S7tsotttn Stop gLt (& M| ZEE X 2= FR0l= 2HHs
K|t EAl(marking)Sh= Z40| ZHEHGHSH A 20| & == JUFLICH) &, Thesh A8 oklo] ofl o
O|E{H[O|AE M= Z‘JE SHOHX| s Z2=o| & = UBLct HE0] AR 12.30, 19.13% EISIA|7| HE
E.l-|__||_‘_|.
F0{Zl AEZI(FILE *)O[Lt, uted C|AFZE(descriptor) & M A It 0|2 CIA| Hojd & =&
ol USTR?
0| EMl= dutxoz siaAe = gELICE o€ S0, UnixOlM= (0iH EYst AseZ) c|A3
HAME CrAl el 20| 0|§é¢ Z25t1, FOA C|AFRE| 7t nto| = (pipe)t X[ otUS Tt
2|7|10 ACHH 2o = glonf, & uhelo| 012 742 E'EE 7IX|0 UE BR0il= EE 0|ES L
£ T USLITH T2t TLP%‘% 9, ot 0| W2 H’WOPE S2| LR(HE =01, fopen()2]
wrapper &=& 0HS0{)8 A0 Z&L|C
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Q 19.16

Answer

Note

References

Q 19.16b

Answer

References

Q 19.17

Answer

Note &

"2Z&E Cetol=ez{g| &9l remove O E M H EILICL (0] 2122 o0t O] MM "A|AH! 2| =Z 0|
grHg M7(| oFn Eeh = Q= HE[X| 242 EEL|CE) 22HEl, ANSI Unix O|& 2| A|AEINAM =
== MQL—IEF- 0| A%, unlink () E M 7| HfEfL|C}

[K&R2] § B1.1 p. 242; [ISO] § 7.9.4.1; [H&S] § 15.15 p. 382; [PCS] § 12 pp. 208, 220-221; [POSIX] §
5.5.1, § 8.2.4.

s SAlsts Y-27
system() 2 WA 2 MAHOM MSst= ot SAFBE S AL} (2F 19.27 &), FE0 AR
LtUS (fopen()O|L} XM=& Lt open A|AE 22 MA) ol AL EHR| == &3 H2|Z H0|H

S =Al5ts wele mol gt

K&R§ 1,6 7.

of Mo Z2E MM oA S @ 5 QL7 of2fet 20| SE5HH a4t AlufefL|ch:

—_ o

fopen("c:\newdir\file.dat", "r")

AN 25 IY 0|22 — 2AH \nl} \£7} MR O D2 — ofo} EXSIA| 242 HLICH whatA] A4
2¢5t x| ool Ha|x| YaLict

S} AeLp 2XIH0A Al \= o|AH 0= 212 sfAlE 0], Firj2s 2xlo|A SHEt o
DS F olof AOICHS 242 7|245t7| HIZILICE MARHA7} Tk 0| 2°0] A40[7| YIsHA S W2
BHAIS S8 WA CH2 T 20| 2HSo{of B Ct:

fopen("c:\\newdir\\file.dat", "r")

rIJ
HM

=28 7

J

HI
_O'h
rr

MS-DOSO|M= CHE &S £ & USLICh & %EHAI cHAlofl =2HAIE M= T
EALZ QA E 7| 20 ch2at 2

fopen("c:/newdir/file.dat", "r")

(2L}, X E|7]| directive?Ql #included|A A= Lt 0|EL2 EXIYO0| OfL|2t= HE HAISHOF
LIC} 2t 747(0fl= BEeiA|E ' sHHEE M= F L

il

Sic| TS TEE M, Mol ZRE M A X 42 STULICH LS, LIS Bcf Ty ol
NE IRV} HHE A2, A4 DU MAE Roi7to] nE BeIt MY X 27| HReLct
JHsE AT Z2E M7 BEto], MO) FE7t 2RAE FRete, 2ol Hatde s Fcf oty
Ol SRSt A=B K|Wol & + U= SHES MBSIDE, 1 7|52 MAI7| HILICE Ch7H ZEIY2]
S -1 2Mg 0 2Xoz &Uc)

o

Mo
flo
o]

g
=
=

1)

3

[e)

L
RJ
=
e
1o,
oy
i)
1o,
o,
(i
o
fru
)
18
)
oo
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Q 19.18

Q 19.20

Answer

Note

References

Q 19.22

Answer

Q 19.23

Answer

[=2
=

ale

“Too many open files’ 2H= Ofl218 Et&LICE OJE7A| 5HBt SAl0) & & QU= THAUQ| U5 E
AST2?

5 71X] O] RO SAl0 & £ U= mtY H==0f M[eto] JUFLICt: O|"-|'E 24 MAAAM & = U
= X£=Z= “mte descriptor’ L} “_|-°I Si=" 2| ZH=0| M| St0o| UHL}, E= °.=.§_.(std|o) 2lo| =]
OlM & == U= FILE 72X 2| ZH==0i M[§to]| JU7| S L|CH o] & =X|7t ZF S&olof U S
A &= JUEFLICE MS-DOS A|AEIO| A= CONFIG.SYS t 2 ™M 2HMAM 7t EHE &= U= oY
of AFE NF & YL LCI F. O HTm2is of AT (F= FTL| A2 HUS) WA stdio
FILE XM o a2 =2l 2 QlaL|c),

mr

2 T USLI?

ol
21
POSIX HE& &4=0|1, CHEE Unix A|AEINM XN Z23t= opendir () I} readdir()E & £ U=
o

X
ZARSH 27| HigfLICh = SLE VMS, 7IEP AMAEIOME oS &8 MESote 3271 ¥E

o O
F_._ O

MS-D
L|C}t. (MS-DOSOf|= 79| H|==tl Y E ol|F= FINDFIRST2} FINDNEXT 2EIS X|Z5}7| = &L|C})
readdir () 2 5| Ot 0|20 22 F7| 20|, Thol| CHE XtM|SH M E7F EH LSICHH stat ()
=5 MOf gfL|ct otdo|Ent o AUEFtE WEHE H| WSt H A F 13.72 &15H7| HiEL
C}.

Cla 2| Malsts W, AUs| Lal, BE C 2o|=a{2|of M M Z5HA| gLt 12 Fo| of
2i2tg A T5HAlY| BIRILICH

[K&R2] § 8.6 pp. 179-184; [PCS] § 13 pp. 230-1; [POSIX] § 5.1; [Dale] § 8.

HOptE H 22|27t H[MU=X] & == USTHR?

MM I olH HEE € F= FEIE MISE o= UKL o HEHE ™
OI|__||_‘_|.
olL|ct.

64KELCH 2 BiHO|L} F X E BHE = USTR7

MOHZ = ZOtUe{atel AL THs 8ol 22|0HE O YAILE WE SIS sHOf BLICHRl, TR R
5t Zimteiatel Z2 MO Ak 022 LS FO|EX| Ot B AlAH o|ZEQl ChE wHS i
Of BHLILH.

64K = (SRHOI| ) ArEss] o2

AIH0|, A& E 64KO| Si5te A 2K YLICh (C EX S 8 @23 =7} 32KHC 2
o olBos maet Saitt TCXIONAT 64K 1 1 MBIRILICT) ol 22, eismlel B710] of

=5 '—IEF oi2{ =2 AFE{0| HotLt B2 HZ2|7}F H|O{UJU=LIRH=
S
=

LIoj= Aatgle TJ2i8h HHalo2 M= 20| E5LICH OlE S0 SXo 2 dots CHRHR HQ®
o B2, ZAHE 7t2l7|= _*to._|E17§ £ &= U, E linked listLt ZQIE|Q| HY PSS £ =& &L

C}.

orot PC S 2t (8086 7|Hte]) A|AEIO|ZIH, 2|11 64K EE= 640K Of| 2 2| M| St ZZICHH “huge” O
2| 2R g ML 2HE 0| 2 2| (expanded memory)L} 217} H| 2 2| (extended memory)E A= AT M
2+5| l='7| HI-E"L—l C}. EE malloc A€ Q| HHZE0| halloc()OlL—l- farmalloc() & M= BIH T Q171 32-bit
“flat” HItUz2{(0E =M™ djgpp, &= 18.3 2 1)E M= BHE QUESLICE EE= DOS extenderE #
JLCHE SUNME ME 2 H2E 4+ JALICE

6dynamically-allocated multidimensional arrays
“pointers to pointers
8array of pointers

134



%F19. SYSTEM DEPENDENCIES

References

Q 19.24

Answer

Q 19.25

Answer

Note

References

Q 19.27

Answer

References

Note

[ISO] § 5.2.4.1; [COX] § 5.2.4.1.

“DGROUP data allocation exceeds 64K"2f= 0f|2{ H|A|X|7} Ligt=H] & LUCITIR? ‘large’ | 22|
ZEZ AM2L| 64K O| M2 H|O|EE £ == ULt MZIst=02.

large’ | 22| 2 S ME{2LE, MS-DOS Hutd2{= O C|O|E{(2XIE0|L MY, = HE B
E)E2 0M3| default H|O|Ef M{IHEO| S| W=0]|, O] M{IHE= 0{F35]| overflow7} Lojf £

USLICH MY HEE Z0|7H, gHef o|o| E2UEHE SUCHH (EM7t H2 2AME i Zo(2tH), A
ot {0l o SME F0IA] default H[O|E] MIIHEE MX| =5 5tH EL|Ch o™ HItd S
2 "2r2" H|0|E{ STt default H|O|E{ MIHEO| 2X|A[Z|X[2F O|HE Of2{F0| MEHE 5= QA i
ZL|C} (0|2 S0{ Microsoft HII2{2| AL /Gt SME WA “XH2” H|0[E{7} HotatE =t 2 S

KSt=Al X Eg = USLIE.

ofte Z=n0f ?{X|et | 22[0f| (memory-mapped FX|Lt HIC|2 H22() H 25t M o= 517
et Bt o =B E RS0 O FAE tUstLICh O|i FHAE ALtE WA AU 207 0] 4
do| gl= LAE 2hts AE Lo gLk

unsigned int *magicloc = (unsigned int #*)0x12345678;

2™ *magicloc’0| 0{2{20| Y&t= QXIS LIEFAA EL|CH (MS-DOSO|AM = MK_FP() &F Z+2, Al
JIHES} offsetS LIEHA = HE|SH YHE &S 5+ US AL
o

SE fl2] Y-0| 100% SEfeictn E&e = glELITh §ESH= 70 2] multi-tasking OS= 2424
of Z=EMo| LHE =2 10| M Z2|of| MZSt= AE MElstn JULER, S8 ZZ 1M 0]
LHE MM HI5t= A2 Hel E7tsEiLIC) B, 88 ZZ11240] Ofl OSLt device driver T2 71
;2 of 2 LICt

[K&R1] § Al4.4 p. 210; [K&R2] § A6.6 p. 199; [ISO] § 6.3.4; [Rationale] § 3.3.4; [H&S] § 6.2.7 pp. 171-2.

C Z2I3 oA CHE Z20H(2Y MAS YYO|LE SAXQ T2IUS)S PEep(A
2{01) O{EH| 57

02

St

eto|=222] gl system(OE #H FL|Ct system( 2] 2|EH 22 =AM HAst =279 2
= HEl(exit status)2h= RS 7|HSHA|7| BIELICH (2Lt Ol= E&E0 Fo=0] /K| &7 M=
of & J%X g = USLICH. Ol= ti7f O =20 o| S nt= d 20| i&LIch Bt
system() 0| 2= QlXt= StLte| EXMHO|2t= AE 71H5H7| HIEfL|CE. M2tM 042 7H 2| (5EEH
EAIE S ot EAIE 2 HiE 2t UCHH sprintf O AH FL|oh 201 2F 19.30 ZH1I5HA|
7| HHEL(EL

[K&R1] § 7.9 p. 157; [K&R2] § 7.8.4 p. 167, § B6 p. 253; [ISO] § 7.10.4.5; [H&S] § 19.2 p. 407; [PCS] §
11 p. 179.

[H&S]o| Lt2 22 O 2 QI8 2 th3a sl th

The function system passes its string argument to the operating system's command processor
for execution in some implementation-defined way. In UNIX systems, the command processor is
the shell. The value returned by system is implementation-defined but is usually the completion
status of the command.
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Q 19.30

Answer

References

Q 19.31

Answer

References

Q 19.32

Answer

Q 19.33

Answer

systen()0] S olxte 22 KISl 28 Helslol Hetso] AIAH] SEHel Ao A
HELIEE UNIX LSO E 22 H2l7|S shelgLIEF systen() 2l 2l G2 Al2E0] o|Z (0]
L CH7HS Algst wo] B B =7t ELich

Unix2t O A|ARIE2 popen() I+ E NS EILICH O] &= stdio AEE S X|Yet HEHE X2
Sh= Z2M|ALQofo| =2 A FLICH M2t 1 HEo| &3 =2l =

o
ZIM AS 5 USLICH (HE0, pclose() B2 22{F 0} &L
=

popen() B+E & & QUCHH system() B8 MM EE0| ot

= HHE £ = JFLIchH

UnixE A1 U1, popen() -2 SEX| YUCHH, pipe(), dup(), fork(), exec() ETE MA &
T ASLCt

(8t 7FX| 7|dsll F0{0f Sh= A2 freopen() &= Rdh=E CHE SZSHK| 42 £= UChs DAY
LCt.)

[PCS] § 11 p. 169.

=208 olflA, Z2IHe| Hrf Z2E Aojy & USHe?

argv010| HCH B2 E LIELHHLE, YRES LEIY S5 UX|BH OIRHE LIEHHR| 242 +=

SLICH 0] F B H27I2 AN P2 YT2I52 SUILHM 4 ool Hof 28 Hojd 5
< elatct

QI&LICt J2iL} o|zo| 25t s Mozt o

[K&R1] § 5.11 p. 111; [K&R?2] § 5.10 p. 115; [ISO] § 5.1.2.2.1; [H&S] § 20.1 p. 416.

A% ato| Y SIX|of, TR0 M THUS MIBID AL, ofEH 56 1 H=8 e
EVAY,

OjEZLICH IR 19319 LIS BIX FT5E7| HIZILICH 0f2{i20| O S UUCHD SiCiate,
1873 sielo] SIXIE B 9lc YH(CIE S0f 87 WRE »E )8 NFste Hol F5L
. (53] 0f2{ =20l Z2 20| Qe KM AILHOIM 22}t Aol oI5, 212} che 4 el
S MM SXE BR7} UCHE 0| 7|58 B ERELICH)

TEMAZI O Z2EMAE

=
Jtee =, JEX @ + 2 Unix
H|==5t7| = SHX|Rt 9*"._5| 7.E*XIE °*ﬁ'—l'1k %2% Hd%ﬂ 7‘_'5” el =280 2|l HHI' = U

Aol Helg = JUX|2H %

Unixoll M= Z2M A= XW St 40HE J_’_é ( 155* AIA'?:.“ 58 setenv() 2 putenv() ETE MAM)
2 1, HAE &4 HEL It E XA (child) ZEMIA0|H| MEE[ X0, B2 (parent) ZEM|A
o= ML= X| 4&LICE MS-DOSH M= OtAE B4 B8 TE o QUX[QH o] iH e o =2Zt
BrL|Ct XtMISE A2 MS-DOS FAQ 552 & 1ot7| High|ct.)

9
10

command langauge interpreter
master copy of the environment
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Q 19.36

Answer

Q 19.37

Answer

References

Q 19.38

Answer

in}

4 t&?

ofr

2uME DU 2ofM I LI8S Y

]

2™ oA

Oh

2'.'
on
|t

=& #FH(dynamic linker)Lt & ZC{(dynamic loader)?| EeL|CH HEZZIE SA
_'(malloc) QHEHAE mlag o|0.| QL Z{e JIssHK|o QEHNE niel sAlol EXA
o222 0 =2X|E EEL|CH BSD UnixO|AM = system() &2} 1d -A HEHE MA
2= Ql&L|C} EH—‘T'——'?'—QJ Sun0S2) I-System V| HHAEL -1d1 20| EHBE|E MM LEAE

Moz ZLlF|A & £ USL|CH VMSO| A= LIB$FIND_IMAGE_SYMBOLE MA{ O] 7|52 ot
1, GNUof|IM = o] sxoe “did” I 7| X|E M ZefL|ct HE0] 2 E 15.13% & C>H\|7| HHE

— ===

-
|'El0

I

o
o

4

u@lo
"Hﬁf_'UEﬂ"O H
12 oy
4y 2 &
30 ot

m
r
il

FO{Z A|ZIRES T|CIE[ALE ALEAIe| SE AlZHE ™ o, = S| 20t o M2 EHRIE £2{H of
= 5tx?

OIERZA = 18 YUS X2l5He 0] A1A0] 5 0f it HHHS ALICE V7 Unix®t 11 BAHISE ftime () O]
2he S ZEYUS B MZH, 0| B4 milisecond TH|Z SXBHIC) E CI2 B4E2

= clock(), delay(), gettimeofday(), msleep(), nap(), napms(), nanosleep(), setitimer(),
sleep(), times(), usleep() 0| JYUEL|Ct (UnixOIM MBS == wait() &= 0|3 7|50]| OfL|
Ct) select O 2t poll O S & &= UCHH ZIEHSE 72| 7| &8 TS & USLICE MS-DOS A|AH]
OIS NS EloIofE =225l Efolof SEEEE L YUE e B

~= H

E2&, clock() & 10| ANSI Z=&=QIL|C}. clock() &
P =N PA= I:ll_'o" 2= Qlond, 11 A|Zte| tiR|= CLOCKS_PER_SEGJ} 1H
Mg = QUSLICE 2Lt clock O 2 SA Z2 M A MTE A|ZERIE A At

EfAZ ALEI M= R A 2= oFZE THE & JUSLIC

0ok 0J2{ 20| delay EE DHE7|E KA5ID, A|ZIE LB F = &5 E £ 4= ACHH, CPU-intensive
busy-waitingg MAM Bt= = US ALt JE‘I'-|' Ol= &2 EfA3 t{Alo[M EXt & BR0Et &
T UELICH HE[EHAZ 2 MA0M= o222 Z2MATE OfE 7[ZHEet &0 U2 = R}
CHOIIE =01 sleep(), select(), pause()E alarm().T_'I- setitimer )2} €74 MAM)= AES HASY

OF BfL|Ct.
AlZhE X7 = ZHEeh Y-

—

ro

LS 20| OFF A E SHX| GF= FZE AEst= AT

long int 1i;

for(i = 0; i < 1000000; i++)

|O 0 T|5}7| BRRILICE YUTH S B
of Soid HglLct, 9_133 | =

9lo} 20| OFF HE S| b= A= AN THOA 1) B 5

[H&S] § 18.1 pp. 398-9; [PCS] § 12 pp. 197-8, 215-6; [POSIX] § 4.5.2.

Control-C2t Z2 7|EE QIHEEE FAISIAHLE Fotd == UFL{7}?
HEre -2 Ch5 o 20| signal ) g+E A AYLICh
#include <signal.h>
signal (SIGINT, SIG_IGN);
240|T1, Off B QIEIZE AlDHo| 2MeS mf S 450l

fle AHEE A|OIEE FAlStE Z
funcO 7t 2HX|A| 2t= =& JEL|CH
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References

Q 19.39

Answer

References

Q 19.40

Answer

Q 19.40b

Answer

Q 19.40c| o

extern void func(int);
signal (SIGINT, func);

ey

Unixe} 22 RIE| EfAZ AIARIOM S ChETH 2

ro

HeH
o -

1o
| >
rnr
N
o
an
Oif

=N

extern void func(int);
if (signal(SIGINT, SIG_IGN) != SIG_IGN)
signal (SIGINT, func);

QUM ZAHZD} UMz —‘?'—% signal () foregroundOi| A Al =] = = JZHO|A] EHAISE F|HE
QIE{Z E T} backgrounddf| M S2i6t= Z2 0-0|A 2R MYEEl= AS 2ot FL|C (£ o &e
TFET} signal (O 2 F2= 240 {RLIX[= &LCt)

oI A|AEIM= 7| EE QIHB EJLE{D|E U= A|AH0| 2t Faks 8| = §LchH 22 19.12
2HSH7| HEEL|CH o A|AHIOIME= 7IEE O._lE‘l_"'QES AAlste A2 Z230| =2 i1
UE o2t M =0, O 2, AUEEE X2|= ofH U FE0| Ao|=Ltof| 2t E2fE L.
MS-DOS A|AEIN| M= setcbrk () O|L} ctrlbrk() EE MIJ|E &HL|C}

|

[1SO] § 7.7, 7.7.1; [H&S] § 19.6 pp. 411-3; [PCS] § 12 pp. 210-2; [POSIX] § 3.3.1, 3.3.4.

floating-point(&! =) exception(0{| 2])E S X|A| X 2|ote HHO| USWR?

A
20l AILEOIME natherr() 81928 FOIBIA O > Of2{7} (0 S SO] <math.n>0to| &
20| 9_|sH) S, XA & 4 USLICH E= signal () 42 MA| (22 19.38 2t 11) SIGFPE
g Hofu += UBLICh X0 U2 1495 ToAI7| BIRILICE

[Rationale] § 4.5.1.

27 (socket)S M= BIHE27? o H|EL|3 client/serverE == BIH27?

oj2{gt ZF 2 0] FAQ S52| H*|S HOELICt. C U Z o8 U ESRIZ 7|s& XMelots AE o

2 MM M5t USL|ch =XME atst 2 © 2 = Douglas ComerM| 2| 32 MRIZ| 24 Ol Internetworking

with TCP/IP2} W. R. StevensM| 2| UNIX Networking ProgrammingO| & L|Ct. NetOf| = “UNIX Socket
&l ]

FAQ'E Z 85t o2 MEJt Haf UZLICH O] socket FAQS CFS URLOIA T8 £ Q&Lich

http://kipper.york.ac.uk/"vic/sock-faq/

BIOSE 353l W R? TSR BIEE wHg 2m AlaLch

Ol= O (MS-DOSE M= PC) A|AEIY O o|&H 2l EXN|QL|C} comp.os.msdos. programmer L}
0| 129 FAQ 2EEg 20 A= MEJF QISL|C} EE Ralf BrownM| 2| QIE{EHE 2EUE X735}
7| "HigfL|ct.

ol =2 g AHulelsty] sh=0|, ATt 2{7F “unnion REGS" 7} ™| E|0] K| ATt OB{E &
24513, 27 int860)0] HOI=/0f X YCHD Of2{E WLic

M Ralf Brown’s interrupt list
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Answer 25 MS-DOS QIH{EHE =22 S sh=H|of| 228t AL|C THE AL M= EX5HK| &

Q 19.41

=

]

>
rl:l
ro
m
rr
_>.'_'
]IO
E
=

[El

Hu
|
E
ro
>
=2
2}

AN
T= &

gLt M= HlZEE gLt
S 8t0| EofoF StL7te. F& o“é*ol =7

Answer O | k2 MEO|{Lt OIL|B NS RE| 2R 0l3I5kn U= HPelL|ct st ANSI/[ISO]
CEEE — BN} il olofof LI Foiai — ol2fet JISE Tel Beist sin o)
2lL|C}. 0|2{8t ZOojoj gt x| EE2 POSIX'20)M CH=1 20, (Unix 29k ofLiah) B2 @
o IR0 POSIX S 2to] lefHo] AE M Z3im ULich
S2 Z202o| B2 B2 ANSI SHOR HN5ts A2 )P HIRIESH E JpSELICH 5 A
~glo| o|=xol 2ES0r wao| melof| M2 Do} £8, (S0 1 SR e T2
20| SOt 5 USE BISH F&LICH

I2TEEE 1003.1, [ISO]/IEC 9945-1
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A 20 #F
Miscellaneous

o] MM M=0| SEot%, CHE Aol shHsHA| 82= 042{ 74X A& CHELICH X & F SHEoAM = 0128
X =22 Y Hl 3 Y0 bitLtf byte EH| 2 M| 0{5t= HHE AJHEL|CH O TS 2 2 Sk (efficiency) b
C 10{2| switchOl| CHEH CHEL|CE “7|E} 210] 7|5" Chete ACts| QAL Ol (historical) LHE 0| 2L
0| B2t C A0{Q| 7|50| o JZA MEE =X, £ B2 AIZE0| HEEF it 7|50] 2f C A0{0
M NMSEX| A=XE HAHEIL|CE o{7|0f 25t AFeE2 C 20{2}F CHE AHO{2te| Xfo|™ME AJHsH | = &
=2

UNE|EN St A2 M 6t A E MI|ME BXRHEL|CH ESHO| 22 (& MHE SHe 2 6t A
of of{7|of, "L N2|F" TEoME ZE C Z2IH0{7} CHRO{OF BHe Tk ATHBHCH
o| Mol 2 F 1 T2 ChE1t 20| L= &= JUSELICE
Z1€e} €= Y 20.1-206
B]| E ¢} vlo]l = 20.7-20.12
S84 20.12-20.16
switch &%} 20.16 — 20.18
Z1€} 1o 7% 20.19 - 20.24
=2 o] E 20.25-20.27
d 7 E]= 20.28 - 20.33
wlE X} 20.34 - 20.40
A14d Zlel HIaY
Q 20.1| st st==0f M 021 71| 242 2IEIE 5= YSNHR?
Answer M| 7HX| SIS & = USLICH SHLbs BH: LIROIAM D& & UEE ZOIEE QIXIE = 20|,
otLt= 092 7He| HIHE 7K =N E 2|BoIE S ot AQILICt OIX|2fe 2 M HE-E 0|8
SH= 2ol UGLICHL HE0 &R 2.7, 4.8, 7.5a% R 15HA|7| HIRZHL|CE
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= 20. MISCELLANEOUS 2. HJES} Hpo]E

Q 20.3| ‘command-line argument’0f| M 25}= g o?

ro

Answer main()Ofl MEHE| =, argv B0 CHet ZQIEE #AH JtsgiLch RE0 22 8.2, 137, 19.20= &
USEA| 7] HEEFLIEL

References [K&R1] § 5.11 pp. 110-114; [K&R2] § 5.10 pp. 114-118; [ISO] § 5.1.2.2.1; [H&S] § 20.1 p. 416; [PCS] §
5.6 pp. 81-2, § 11 p. 159, pp. 339-40 Appendix F; [Dale] § 4 pp. 75-85.

Q 20.5

Z+ CtE 2= 37|L} (word size), CHE HIO|E & A{E (byte order) M=, L= Z2+Zt EI-E Al zof
(floating point format) A= HEE{H|M H|O|E] Tl E F1 2oz g el

= 7 UASN27

ramo 1y

Answer 715 0|A1440] 5/0{ih A2 (Ch7H ASCII TE2 ) YA E DAL AFBSHs HULICk: fprintf OL}
fscanf )9 22 BIHE M EHLICL (YEYDT ZT2EZ MO|ME H|X6 2RI LYE & UL
Lich) J2iLt, S|AE ke Hho|Lfz] ZUo] Hish Mzl S} Hofx| 1, ¢ Glo|E|S mare o
ol £ 2717t B 2 5 UCHS AFAS YOFFO{0F BHLICE. 0|2{3t EHE0jT SAS il NEE

A2, 242t 2 2o AFEOIME 0| Clo|E{8 & & UCHs FFO| Y1, & 0f2{st HAE Tt
SE Mot pe BE BEOI il A MotE o, AAS Hesl SRHE ZTHE A
x| erLict.

2 Hjo|LA2| THUS MOFBF BICHH, 0|AIMS &0|7| Sf3f, i 7|0 2lo| P28 A AXHS
=2|7| I3}, Sun2| XDR (RFC 1014)0|L} OSI2| ASN.1 (CCITT X.4092} [ISO] 8825 “Basic Encoding
Rules" 0| Al Zf=E!), CDF, netCDF, HDFE M= Z0| 2 AQULICL HE0] & F 2.12% F1I6HA|7|
HFESLICH

References [PCS] § 6 pp. 86, 88.

Q 20.6| =xrdol| of 30| o|Z0| M=o YS W, O] 2XIY CI2Z B2 55T 4 USNL?
Answer 7t 2Ol SH2 2t7to| gt O|Eat & ZQIE & Bl|o|E0] MESh= AL

int func(), anotherfunc();

struct { char *name; int (*funcptr) (); } symtab[] = {

"func", func,
"anotherfunc", anotherfunc,
};
Il :rg, Ztzto| o| B0l siYst= EIo|E =52 FIMM didste & ZQIHE S&5+H Lot
=01 & & 2.15, 18.14, 19.36 = Zt115tA| 7| H}EL|CF

References [PCS] § 11 p. 168.

A2A wzelnlol=

Q 20.8| b= (bit)2 0|20{7l ZB L HIYS DS OfEH| Bt7?

141



= 20. MISCELLANEOUS 2. HJES} Hpo]E

Answer char S£= int EF°'°| HiE S RS0 ZfZfo| HIEE 7(1|01 71 218t AEAE ALESHE

—

#include <limits.h> /* for CHAR_BIT x*/

#define BITMASK(b) (1 << ((b) % CHAR_BIT))

#define BITSLOT (b) ((b) / CHAR_BIT)

#define BITSET(a, b) ((a)[BITSLOT(b)] |= BITMASK(Db))
#define BITTEST(a, b) ((a)[BITSLOT(b)] & BITMASK(b))

(2Hf <limits.h>7} QICHH CHAR_BIT CHAI 82 27| HEZHL|C})

References [H&S] § 7.6.7 pp. 211-216.

int x = 1;
if (x(char *)&x == 1)
printf("little-endian\n");
else
printf ("big-endian\n");

union2 MME 7S EIL|CTH

HAE0] 2=F 10.16= & ISHA|7| HEEfL| T}

References [H&S] § 6.1.2 pp. 163—-4.

Q 20.10| ¥5=2 &Lt 16 252 BB 2Nt

Answer HXN Ro12 ZZ5t st X[E & M 2Ztst7| ’HigfL|Ct 10X, 1671, 8%, 2% & o Alo| H&0| H
2|8 X|0f AFRIGI0| M4 LHRE o2 2 52 MAELICE 0|28 20| Bl chato| @ ARk,
AlX| AFEALR) QB 0| ASH= B2 (outside world) [ L[ Cf
2N FENM 10RI=7}F ol EHC 2=, 8RITE H7(5H7| Rloll =] &0l 02 20|HLt, 16XI+=E
Eoist7| 2lo 0xE 2 I'— Zdo| UELICH X 1/08 Xele o= o|2{et =X|oi M2 printf2}
scanf HE2| +E29| ZUHM (format specifier) X|™HELICE (%d, %o, %x 5) EE= strtol(),
streoul() B0 MM QIXI2E XME + QUZLICL O ASE XS SAIYR HESID
PN =] g 01 1—‘?‘— AAE 0|2{st Y2 ot= S8 HE0{0f LTt (7|54 strtol 2 BILH |
= o2 sljof §L|Ct). HEOo|LHZ|(binary) I/OE & o= 0|2{Et 20| M5 EE L EL|C}
HiolLH2| I/00]| &t A2 & F 2.112 2oty | HiZL|ct HE0{ & F 8.6, 13.1%= &1ISHA|7| HIE

L|c}.

References [ISO] § 7.10.1.5, 7.10.1.6.

Q 20.11| 442 XM o 2XLE (G2 SH 0bI0I010KE) £ 5 ULIQ? £ 2FILE &

printf () EEHO| QILIR?

Answer & A BE &L|CH 272 S5 M strol() BHEE WA AN 2X1EE OIS
HE20] Z& 20.10= Z105A|7| dpEhe|ch
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2 20. MISCELLANEOUS 3. 8284

A 3AEd 5&H

Q 20.12

Answer

Q 20.13

Answer

FO01Zl X0 M HIE 10| Z JHRIX| Ml=(count) SoHH QI EIH2 FAHRITIR7
Ho
==

ol2{et "HIEof| 2tAE FHE 2" (bit-fiddling) EX|S2 lookup Ei| O]
2Lt 2= 20.132 & FH15t7| HEELT.

C
HE S0 ™ MAOM 7t Z[HStE Z2AF SAF ZE= EAE M5 SAGH] 2 Z=EEC =8
Lich B8 Ot 2 &7(1H chaat 25Lth

For example, the most microoptimized character-copying loop in the world will be beat by code
which avoids having to copy characters at all.

H

2 MZIs I =, E'E4F_'|A-| Hi2}= ofof Ehu|Ct BoiHCtE, “HofLt SaFEol7p 71 217|Rl= 0]
217F & = UX|BE ARIE0| S Zl%*ﬂl W2tSt= A2 ofHL|Ct CHREES| Z== AlZtof
F(time-critical) u'°7} 9l&L|Ct CHAl HofL T ETF 7| 2|27}, EE oLt I =7 o|AlA 0|
S=717b BHAIALY 7} Of BEALICEH (A EE= O 2 7| ZH2ts S 9lom OtElL|Ct “H
1" IEEt: 20pA 2l 9414 12 HAIH EM7t gle 271 B&LIC)

oM o 20| 7tE 525 F2(hot spot) 21 X| O|2| &ZISt= A2 02 O{E "'—IEL =
S5t 1—7(1[7% =EtH = 2ot (profiling) 2 ZEQO{E AH ZSL|CHL M2 A A2
M ZX|o] A, o € £0i I/OLt 22| EEnt ZH2 R0ilA ol 22 mivt wend, oA 2MS
i o[Lf 9HAI & &Lt

3

Lo —
si&
Zhol| BlZist AEE ShS0{0f St FE=o| O|MIEt REENA] US| MAS M= A2

Lict “gat&el IE g o2 2N U= A S0 28| X|+=EE LiEtLlE =X|E 6t
ZE(shift) AAE M= AO| JUFLICH T2, OFF ZHSHAH L 7[ =& Q1 Hutde{2t=E O|E Xt
= 427t 2 2L(CH = AHEtetctn T =0i| 027X E HX|EX| 7| 'E =0tH
25| MMAQ £=7t BojX[= A7t iR E0(|0f, =S 0| Al M0 HOJX| A FLICH (CFA| &
o AIAE"OHH'— iFE7 S&SIEEE CfE A AEOM = 25618 =KX= EfE ZELITH. o
Mot 4Rt ZEE o|2|X2| HHH E= A2 Zol 2o} linear 85 &S 7K 2 BLICH Xt2t2|
o £2 gd12|52 MESIEE 5h= Ao| &L Ct
S tradeoff' Off E S 012 71X =X, °J—W0| =%t M7t 2 m, g 2adg =2A
Ol7t0]| cHel =MO=E S 8L} 0| LHE 2 Kernighan} Plauger2| The Elements of Programming
Style2| Chapter 7, Z12| 11 Jon Bentley2]| Wr/t/ng Efficient ProgramsE 2t116}+7| HHEL| T}

N

0z HI K @OV
=) LJ JH \'ruol'_\do:

T

2> my > rjorjo B |E foh d8 2 < fob
N

Q 20.14| Motz molE = HU L W2 SEISILIQ? 814 352 0L HE A|Z+S FOIHE? ++i7} i =
i+ 1ECEA BABIIR?
Answer 0|21 A2 ES2 T Z MM} AHuF 20| 2} 2Ho| ':*EP"'—IEF 2tets| &bt AlCHH, B|AE =2 724
2 0HS0f A|ZHS AT ElL|C J2{Lt O XFOo|7} O X7| 20| 2 T2 IOUS M S0}
SIX|= DELICH QFoF Hua{7} o{MEE| H0f 2 X|ABICIH, § JIK| T=J} 242 YAlo
2 HuolUs =X HA St0I5}7| HigiL|C}
1ZAolgty MY o5 YA A& =78 athg Adslr] Y WIstA 5yt
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2 20. MISCELLANEOUS 4. SWITCH &7+

Q 20.15b

Answer

Q 20.15c

Answer

|

Q 20.17

Answer

Ut oz Z HiPE 0 LHZMHoll= '[17 ALtECE ZQIE ALH0| HHE Ao =2 ™ UX|TH o

o Z2ZM MM = B Lt

&t4 S &2 212}9l(in-line) = ECH =2l Z{0| ZHAISHX| 2t F = 9| B E35}H(modularity) 2t T3 &H(clarity) 2
MZisictH st S &S M HO| RELCH

i=i+ 1 a2 IAEE & O L2 HA 22 v Y| JMof|, o{2{ 22 ZtEtet ALV E A= Ao of
L2l Hofdeiet M EStct= AE 7|A5H7| BiELICH St Hotd2{ = tHREE ++i,1 += 1,1 = i

+ 1022 A2 25 £LU2 ZEE oS0 HLCh = Sohof ++i,1 +=1,i =i + 1 S O{H A

£ ML= EXls 2B Eé ZX[0|X|, & o]at EntMof 25t ZX|7t obLIct (HE0 &E
3.125_ ZE0GHA| 7| HEEFL|CL) (See also question 3.12.)

skt 2 2o A E2H E A8 227} ¢itt= Ol R 2 Z| A3 Hub 217} (optimizing compiler)
5 24 mfel
=] =

|=
ZCbD BHLICH J2{Lf M| &(&st AOtUes i /= 2R XHE shift 2 CHA|A|7|X| Ret=2 2.

i7t signed@L|77}, OtL| ™M unsigned@|L|77}? DtOF signed EFQIO|RACIH, ‘shift” o4t} ZHX| LSL|
Ct (BIE: i7} 80|10 Y ZRE MZ 27| vifL|Ch) J2HA ATt 27t ‘shift’ A4S MX|
EUS AL

UA M H Q10| F Ho| LHE S HIE & USTR?

2elgl ofMge| Z2 0S| E2jg M

—=

rl:l
ul
Ojo
B
m\l
S

m]
un
4>

o
il
r
Inl

J2{Ltolet Z2 A= BChe| HLLPOl= SX| f&LIch AA| s B 26t Zioln, of3a 2

int t = a;

a = b;

b =+t;
TEE i= AtEO| olali5ty| =5 Bh=0{ & 2ot oLzl Hutd2{7t 0| & olaliaiA] 7+& =1t
Mol IEE ot = JUEF off FL|C (7+SSIHEHH swap BEHE MA]). ATt O|-H A AHESHH F
oL mOIE|, A9t 22 Bl M= AFSE & ULLICEH oI5| XORS AL S 22 0|9 2
2 HIo|E Efloll= £ = &Lt 201 2F 3.3b, 10.3% Z10SHA|7] HEEIL(CE
4 A switch A}

=X}Holl cHoll switchE & T USWHR?

AYHORE & & GSLIh Jeih, EXIES Y2 AT B MA O] BIPE svitcnd]
M| JHSBILICH | QCHH stremp() 9} if/else® HHESHA] H|maHOF BHLICH SE0] M2
10.12, 20.18, 20.295= =t T15FA|7| HFRIL|C}.

2High Level Language
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References

Q 20.18

Answer

Note

References

[K&R1] § 3.4 p. 55; [K&R2] § 3.4 p. 58; [ISO] § 6.6.4.2; [H&S] § 8.7 p. 248.

case label0i| &t=+7t Ot HH (O|E S0 O HelLE LBt +4])S ALE5H= YRI0| JAS7HR7

S LTt switch statement= 22 Aot 2{7t Oj ZHESHA| HAE = JEF CIXIQ =AU 7| =
0ll, case label2 Tt St(single), 2F=2|(constant), A== Z=4l(integral expression)2t AISE = USL
Ct. =& StLtL| statementOl| 02 case labelE E0|= W22 ZICHSH HRIE SLiW = USLICEH (OF
2l oA =aT).

b =A0[Lt =pT) Ot A2 ALSSHEH, if/elseE AFSSHOF BfLIC
H

panl
i
i
b}
i
N
(en)
—
\‘
tn
ikd]
[l
o
>
N>

switch (c) {
case 1:
case 2:
case 3:
/* case 1-3: some statements */
case 4:
case b5:
/* case 4-5: some statements */
default:
/* ... *x/
}

[K&R1] § 3.4 p. 55; [K&R2] § 3.4 p. 58; [ISO] § 6.6.4.2; [Rationale] § 3.6.4.2; [H&S] § 8.7 p. 248.

A5 " ZIElF Ao Zls

Q 20.19

Answer

References

Q 20.20

Answer

return 0| A HFZZ (outter) 25 = HUZ e 7H55H0tR7

A2F 7L S|} (optional).
ol X0l C =F7[0ll= o] Z2&7t 22 SLICH 21 B2 AMRS0| C A E £ o, 0{N5| o] &

2 C e1of2| Faf(comment)= SHHMA & & ASIL? FA0| SO{UL RS YRES TN A

o
A
25t A HER. E, 2t 2l FME £ = ULR?

ro

ol

-

:|°|—_'

>
g0

C olof2] F % QIZLICH C 2lojo] M2 PL/Io| F4 722 Wofgtony, PL/Io|
X

ME SHE FM2S 5 SXOZ FaMg HESh— olHEt FE B
2{S FA X2|5hT ACHH, #ifdefL} #ifS M H0| FELICH(I2{Lt A2 11198 B gjof=7|

HFEfL|T)

SR “/x00 % \verbt/+"= SHF 0|7} QELICH MRt BAHY oM E FMS & 5 9
SLich gjutstel — £5 C 44 FEE E2siFE — Z2OYo| 125t EXES 25178 &

g = 7| mEYLC
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References

Q 20.20b

Answer

References

Q 20.24

Answer

Q 20.24b

Answer

References

EESHCH+0I M RIBBHs // FA2 C 0{0fA] & & g&LICh m2bM C T2 IRojM s o FAE
ME| ofe ST L2{0f BILICH (0f2{ 20| ATARIT // TS £ 3 U HF 7|58 NIsict

siciete 2ULT).

[K&R1] § A2.1 p. 179; [K&R2] § A2.2 p. 192; [ISO] § 6.1.9, Annex F; [Rationale] § 3.1.9; [H&S] § 2.2
pp. 18-9; [PCS] § 10 p. 130.

Is C a great language, or what? Where else could you write something like a+++++b ?

Well, you can’t meaningfully write it in C, either. The rule for lexical analysis is that at each point during
a straightforward left-to-right scan, the longest possible token is determined, without regard to whether
the resulting sequence of tokens makes sense. The fragment in the question is therefore interpreted as

a ++ ++ + b

and cannot be parsed as a valid expression.

[K&R1] § A2 p. 179; [K&R2] § A2.1 p. 192; [ISO] § 6.1; [H&S] § 2.3 pp. 19-20.

C AMOIM = 2 S E &8 MSSHA| 4277

SHE 0 XY HE2t g8 H0s f'— A2 X e47| W Z L[t w2t C AHojo M= 2t
A3} (simplification) & $—T—’-6 7| 5.’—|3H o] 7| Xﬂ—*o—ol-xl FSLICEH (geee EHE T[S 2 FF &
£ N Z&ct) ch7i ol2{st 7 qsortOﬂH HW &8 ot=7| <Isl *"OOHZF_L Hzbet = QL
SLCh 0I31 stE2 static Mom M HSE MM UHEH aqq (2Bt sfjaMons B
ot dE 7+II7 O'E TZ=X|of chst “OlEia Mest= AO|X[B gsort O0[M= M ESHA| 25
L)

assert () 2 0{H &017127

assert() St = <assert.h>0f] MO 5|0 Q=03 =2 &<=0|0{ “assertion” S EH|AES|7| @&t &t
QIL|C}. O] [} ‘assertion’O|2F TZ {7} Z X St= 0 7+ (assumption) 2 2, O] ‘assertion’0| Of

Rt 22 A2kt Z2 Y 287} Uit ol & S0f 20| ofHl ZOIEIS UM Bl
Su g2 RSB St £ UBLICk

assert(p != NULL);

O}oF ‘assertion’ O MEH;|-E‘=I 22 AN ZE SSELICH OEtA malloc() O|L}t fopend} ZH0| O

el = U= B E dAsH | flol 2 = glsLC
§1

[K&R2] § B6 pp. 253-4; [ISO] § 7.2; [H&S]

Jal
o
»
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rlu
re
2,
U

A6d THE Aols

Q 20.25| c 24010l A{ FORTRAN (C++, BASIC, Pascal Ada, LISP) BI4+2 HE = Q2727 (HIHZ 2 o
o7t C &t+E 7Nt & =+ %%77P87)

Answer EfE MAMOZ AR50 = HEEH 7|ZC§— A I-OEE-|7|- INE=IR calling sequence’®f| L2} Ehad QU

SLICH (M5 E7tse == JSLct) LT Hutde EME F2| A I EA|7| HiEL|Ct= EH

7H= “mixed-language programming gunde”EI-'— O| o| EM7} & NMEZg2 oL, 0| &5t HE

2L|CH SHIE Y O 2 OIXIE Yot M A St startup codeE AFEdHOF SFX| T 12| £/ 2 0| Of

L2 0|2| 86 SLICH & ©f XtM|SH A2 Gleen GeersM|2| FORT .gz TtY S Rt16}7| H2tH, ftp2
suphys.physms.su.oz.au9_| src CIAME2[0M HE = JUSLICH

CHEE 217|Ql= ZFE{0|A] C/FORTRAN interfaceE ZtH 57| |3 = cfortran.hEh= & T 0|
QoL | & 115}7| HFZEL|C}. zebra.desy.deO| A] anonymous ftp=, EE = http://www-zeus.desy.de/ burow/0f|J]
M YE &= UsLICH

C++0|M &= "C" modifier7} external function M210| C calling convention2 Al25t= AE XM &
=y
References [H&S] § 4.9.8 pp. 106-7.
Q 20.26| Pascalo|Lf FORTRAN (EE= LISP, Ada, awk, 7 AEIQ C 5)2 C 910{2 WSz = =2 7240] Q)
27
Answer AIRE HiZ5 = Z2 0¥ =2 Ct20 254 o
p2c | Dave GillespieM|7} Bt

=, Pascal Cz2 HZAEd=
= Z=Zgfeliict o] =ZZEEHe 1990 330
comp.sources.unix®| (Volumn 21) AHA|E|RASLICE
2|10 csvax.cs.caltech.edul|| /22| (anonymous)
FTPE M A pub/p2c-1.20.tar.ZE t.';g 2= Q&L|Ct.
ptoc | OFXFJIX|E2 Pascal2 C Ho{2 HZANFT= ==23
gielL|ct. o Z=2OME  Pascal2  EMEU209,
comp.sources.unix Volumn 100 AHA|=|} 10, Volumn
13?0{| M T X| =R S|}

f2c FORTRANZ CZE HZol| F= =EZZ2IJHOZ  Bell
Labs, Bellcore, Carnegie Mellon2| AlZHS0| 2|5H
M HEERASLICE  f2col CHEE ©f  XIMISE  ALE
2 il Ao, netlib@research.att.comO|L}
research!netlib.netlib.att.com@Z  “send indenx
from f2c"2t= HYS ELHA|H HE = 9;!2'—['4 (22
ol FTPZ netlib.att.comO|A{ netlib/f2cE EIE £
OIA[__Il_—_l-)

Of FAQ B|AE9| Za|XH= CHE (AlRI8) Hat
J3e| 222 fxlstn sLch

Si20{ &2 1131, 18.165 At 15IA|7| HERfL|CH

ot
[FI

EOMO O & e X|X| o2 Aol CiEt =2

Q 20.27| C++2 CO| ‘superset'QIL|7}? C AEZ HIFUSHY| Q5 C++ HOIUE ME ARG E7IR?
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il

Answer

References

ool 7|=E F1 UGLIE

C++& C Ao M Fefisth 3101°'LIE+. el dME e FEsC

o offH 2F0f tsi M= C 210f 2F ++olME SHIEX| §2 Z27} USLH
Ct. 772, ANSI Coll= HIHK| 7|sS= (EE2EEIY, const, §) C++01IA1 JHH B LICE [TatAd
SF 21047} CHE 2A0{2| 2EF Bt ‘superset’2 ObgL|Ef; &£ OfTH 90| Ho|& M, M2 CHEH Folst
BEC Q&LICH o/ Xfo|HUE EF5D, B C Z2IYME0| C++0ME SHIEN SEEIL
Cf 2D iRRel A2 ANYHSS Cof Crr HEY RES COf XHBLICL KE0 A2 89,
20.20% EFSHA|7| HFEFL|CF

[H&S] p. xviii, § 1.1.5 p. 6, § 2.8 pp. 36-7, § 4.9 pp. 104-107.

ATA gmelE

Q 20.28

Answer

References

Q 20.29

Answer

References

Q 20.31

Answer

stremp®t H|2Bt REIO| H 5|, £ 2AIH0| Y25 LX[SHA| = EE LR[St HA2E A
2|5t= 7|s0| 28T,

CH= H|==6t 2EAMHE S H| W5}t |(approximate string matching) (6t A EHQF 2 NE2|SE Sun Wul} Udi
Manber's Paper2| “AGREP — A Fast Apporoximate Pattern-Matching TooI”01|A-| §JO|- 2= Ql&L|Ct
CHE WO 0f2] B2 CIO|E SUS BEZ HEAIZFE “soundex’ ATI2|ES Y2UsH 2
T O'A'—lq Soundex= &2 (X*iPH*i—'?'— CR0| 22 2) HIX5HH Y2== 0|82 'je*7._4°f7| £l
St E2Xo 2 C|XII=l ARIL|C}. but it can be pressed into service for processing arbitrary words.
[Knuth] § 6 pp. 391-2 Vol. 3; [Wu].

5l Al (hashing) 0|2t 2217127

Sl (hashing) 2 2AIL S (CHIH HRTt 22) D2 tHEA17|= (mapping) 2P S 2|0[gfL|Ct "o

Al &="£= (hash function) —-—X|-°1° (EE= CIZ data structure) O{EH HR|E J}X|= =X Z (hash
bucket) D§ ZA|7|= &t=QlL|C} O] =X|= CHIH HHL Q| QIEA ZfO 2 ALRSIHL, HIEE|= H| IS
XMeE|st7| sk ALSELICt. (28, 45| 2 At 2| E%*Z 2 Helof Ax|§ ofEetctH, oy
o] A7t MESIK| &2 =& JUSLICt T2t A2 XMe2|ste Y02[FEE 0|&H “collision” &
2 HH™SIA XM2|sH F=0{of &L|Ct.) o|of sHAlof &tEt Y2 |Fa g7t B O| N = ASLICH
Ol Fxol cHEt & XM RE 0| E|AES| =X} BEX| ¢47| i 20| S 2Ff|ct.

[K&R?2] § 6.6; [Knuth] § 6.4 pp. 506-549 Vol. 3; [Robert] § 16 pp. 231-244.

FOIZ EnzE 2US ALSHAH o{E A Stx?

mktime() I} localtime() @ MO EL|C} (13.13, 13.14. 2L} tm_hour7} 00| & mj, DST =
% (adjustment)2 F=2|5HOf §L|C}.) EE= Zeller's congruenceE (sci.math®| FAQ Z|AE Zf11) s
74L}, Tomohiko SakamotoM|2| C}= Z ':E Moy =lL|C}

int dayofweek(int y, int m, int d) /* 0 = Sunday */
{
static int t[] = {0, 3, 2, 5, 0, 3, 5, 1, 4, 6, 2, 4};
y -—=m < 3;
return (y + y/4 - y/100 + y/400 + t[m-1] + d) % 7;
}

148



2 20. MISCELLANEOUS 8. TEAY

References

Q 20.32

Answer

A

Q 20.34

Answer

Q 20.35

Answer

20 22 13.14, 20.325 & SIA|7| HEZfL|CY.

[1SO] § 7.12.2.3.

2000H0| BHQITIR7? (year % 4 == 0)22 RUES AASt=7 SHIETIR?
200042 &'A0| (leap year) tELICEH J2|10 FHE AlLtSte 342 Ct23t Z&L
year ), 4 == 0 && (year % 100 != 0 || year % 400 == 0)

£ MFZst =H0|L} (astronomical almanac), CHE 210 =M E 210617| HEEL|CE (To forestall an
eternal debate: references which claim the existence of a 4000-year rule are wrong.) A E£0] & E 13.14,
13.14bE Z£t1SIA|7| HEEfL|C.

char *s = "char *s=)c/slc; main() { printf(s, 34, s, 34); }";
main() { printf(s, 34, s, 34); }

(o] T2 Y2 2 2ol TZIMXE, #include <stdio.h>E Z &5t UX| 41
SE A2 "7t (ASCHOM) 342t 7hdst A& A L|Tt)

What is “Duff's Device"?

It's a devastatingly deviously unrolled byte-copying loop, devised by Tom Duff while he was at Lucasfilm.
In its “classic” form, it looks like:

register n = (count + 7) / 8; /* count > O assumed */
switch (count % 8) {

case 0: do { *to = *from++;

case 7: *to = *from++;

case 6: *¥to = *from++;
case b: *¥to = *from++;
case 4: *to = *from++;
case 3: *to = *from++;
case 2: *to = *from++;
case 1: *to = *from++;
} while (--n > 0);
}

149



2 20. MISCELLANEOUS 8. TEAY

where count bytes are to be copied from the array pointed to by from to the memory location pointed to
by to (which is a memory- mapped device output register, which is why to isn't incremented). It solves the
problem of handling the leftover bytes (when count isn't a multiple of 8) by interleaving a switch statement
with the loop which copies bytes 8 at a time. (Believe it or not, it is legal to have case labels buried within
blocks nested in a switch statement like this. In his announcement of the technique to C's developers
and the world, Duff noted that C’s switch syntax, in particular its “fall through” behavior, had long been
controversial, and that “This code forms some sort of argument in that debate, but I'm not sure whether
it's for or against.")

Q 20.36/| ct= “International Obfuscated C Code Contest(IOCCC)" = OIM| W |LIR7? M £AIKlo| AlZS 2

& lente?

Answer O| HE|AE = Shal RIS ZQIL|CH http://www.ioccc.org/index.html 2 & 1StA|7| HIEL|CF
T AKRH= CHIH Usenix ZR0| 2EE0 1 2 netOf| = AA|ELICH 2F{2] (1984 0| F) oAt XEE
2 ftp.uu.netl| pub/ioccc C|A EZ|0| MEE 0| YUSLICHA R 18.16 & 11); http://www.ioccc.org/index . .htm
& 5H7| " o

Q 20.37 | [K&R1]0| L}2 = entry 7|/ == ofC|of] A= HZE?

St=7} - FORTRANOIM XS - StLt 0] 2] entry pointE 7HE = UE=F 517] 2{5H of|ef=0f /= A

Answer €
olL|c}.
A

=

AN Z 0] 7|50] E0{UE HItYe{ = HEZ
= K| 7|5t= AME 2lon]) UsL|ct o] 7%
1.12= Et5HA|7| HEZEL|CE)

O] giCt L2fx (o] ZYO| ofiH 42
= ANSI ColM = MA=RsLHIH. (RE0 EE

References [K&R2] p. 259 Appendix C.

Q 20.38| “c" odojo| “c'= ofclo|M FaiE LoITR?

Answer C H0{= Ken ThompsonM|2| &A1& 2102l B HO{O| A K2t ZdlL|ch J2|10 0] B 40{&= Martin
RichardsM|2] BCPLO|A{ (Basic Combined Programming Language) F2Hst Zd&IL|Ct. 0] BCPL2 CPL
£ (Cambridge Programming Language) Zt2f5}6t (simplification) HO{IL|CH C H0{E ArSEHP 2104
= UELICE ‘D7t ot ‘P'E MEASE W2 BCPLL| MEHM| S X7t 'P'o|7| i E L ct T2t XY
C AHOIE &b=58h 7+ & 22l A= CH++ L.

Q 20.39 “char" £ O/ &235}%?

Answer C 7|2 =(keyword)?l “char"= M| 7}X|2| &S , “care”, “car

=]
(EE= “character” 2); OffH ZHE ML L= HZ

B
als
30
my
L
Il
02
2
L
2
re
n:
=0
&

Q 20.39b “Ivalue” 2} “rvalue” = F10171R27
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2 20. MISCELLANEOUS 8. TEAY

Answer

Q 20.40

Answer

Note

ZHEFS| &S A, “Ivalue” = CH @ (assignment) A 4H0| A 212801 & == Qli= 41 S SefLICH [hatA] ofH
X E LE = LEHMEZ Hzte = JUGLICt (A2{Lt 22 6.72 & 1ISH7| HHELITE) “rvalue” 2}
7 2

RIS BE SAl2 UBILICH(S ChY Siibof e

x
u}

il

O] EMe AFE2 ofL[0[M HE = JUXR? O] HEZ HE & ULR?
o

FHEF FAO| AR S ftp.eskimo.coml| u/s/scs/C-FAQ/OAM HE = USLICH EEe 74 IEWHAM
AS +E YELICE 54 BAHE conp.lang.coll B2 7|2 AAIFLICE SAl0l 0] 2ME (#2
T35 ©0

gt) Qoket A= AAE LT

o 2Me| Ctst BH{MO| comp.answers?} news.answersO| & HA|EL|C}. news.answer 1E0|=

CHE FAQ =51t gil o] 550| M=, olzfet 552 € s U= X 5 F X2 =9
rtfm.mit.edu?} (pub/usenet/news.answers/C-faq/C|Z EZ|) ftp.uu.netO| (usenet/news.answers/C-faql]
ClHME2|) USLICH ftpE £ F= §UCHH rtfm.mit.edul| MY M7} 0{2{ 20174 HY 2 FAQ 58S

HUE oL 0| 7|s2 2HEL|CEHYU LHE S Z “help”"2}= &t HHO{E mail-serverOrtfm.mit.eduZ[]
HL™ ZElL|C} XIM|SF A £ news.answers2| meta-FAQ S E & &#115}7| HfEHL|CF.

SIO|HEIAE (HTML) ™2 WWWOM M E LB URLE ErS 3t Z2&L T
http://www.eskimo.com/ scs/C-faq/top.html
2E RZ=U FAQ 2|AE = Of2f AO|ENM HE = JUGLIC

http://www.faqs.org/faqs/

0| FAQ Z|AEQ| EZEL2 Addison WesleyAt| A “C Programming FAQs: Frequently Asked Ques-
tions" 2= 0|E9| Mo = EHEUSLICE (ISBN 0-201-84519-9). MEH == (errata list) CH=S0|AM

8 % Lok
http://www.eskimo.com/“scs/C-faq/book/Errta.html
ftp.eskimo.com®| u/s/scs/ftp/C-faq/book/Errta® & =5 QUZGL|C}
=

=
ol EME2 0l B0|22 AES0f st HHo| ofL|2t, M HE2/HH =52 7AISta U
Ch o2t 222 HA2 22X s ALk

o 1N R
Nor

r

ZM2| Bt=0{E2 o2l URLOIAM ¥ E & USLICH

o

http://pcrc.hongik.ac.kr/~cinsk/

?l AIO|EOIM HNB3dH=
(.html) QIL|C}.

gt

AlS postscript (.ps), portable document format (.pdf), 5}0|IH EIAE
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A| 21 &
Extensions

o] M= AXIF =15t A E=& EElol sUELHIC

A 1 2 miscellaneous code

O| CIEHM= O{E{2E0| He| 2= ZZ I3 Jjjgho]| & £ U= utilit

afo|pafa] geS0| 4BHo= SHEYEK| YYUo| 2lEizte
0| HAHBALICE 2HEH| & % U= W0l HBIR7?

Answer CH2 1} Z2+0| error &1 £ OFS 7| HEZHL|CH

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

/¥ °f=ll YEd e errorQOTF H Y EREF XA
* Mg YlEr. */

unsigned int error_message_count;

g

/* °F=l g4 = 2= °F NULL®l A error() %% &
* stdout2 flush*| > X stderr® ZT 2% °|T <
YT, T FYYUT.

/* error() %I’ér% 2 Z 522 TrE 4

* program_name®| e P4 % T Ycr2 T 52 Y
el (& A T Cly)E FIYCHCr YHl . *x/

void

error(int status, int errnum, const char *msg, ...)

{

va_list argptr;

Lo] error 34X GNU software &2 FT oAl d& AL 7+ekslst A9 h
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% 21. EXTENSIONS 1. MISCELLANEOUS CODE

if (error_print_progname)
(*error_print_progname) () ;

else {
fflush(stdout) ;
fprintf (stderr, ")s: ", program_name);

}

va_start(argptr, msg);
viprintf (stderr, msg, argptr);
va_end (argptr) ;

++error_message_count ;

if (errnum)
fprintf (stderr, ": %s", strerror(errnum));
putc(’\n’, stderr);
fflush(stderr) ;
if (status)
exit(status);

(-

UCh 22 20| error() &F+E CISU2HM 0222 Z=0M EHS3 20| £ & USLIEL

— =] —

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

const char *program_name = "sample"
int
main(void)
{
FILE *fp;
char *filename = '"sample.dat";

fp = fopen(filename, "r");
if (fp == NULL)
error (EXIT_FAILURE, errno,
"cannot open file %s.", filename);
/* ... %/
}

2| Z=E HdYSIAUSLIEE error O 2 HEIM| 2IXH= 00| Ol B2, 20|H2{2| & exit O2 M
SHE|L|C}. [Th2tA <std1lib.h>0fl M|l 00| Ofcl Z+S JHK|= EXIT_FAILURE A4S MA| error () 7}

HAIXIE &5t0 Z2OME SFSIE S gLct

error OO MEE FHM 2K}l errnos= <errno.h>0| Ho|E M HEEA HH 2to|E2{2| &
20| 21t 0|2{e| BFE LIEIL = HFQLICEH O] 242 error () 7} strerror &8 MA{ 024
E LEHl= EXILE 2 v S S5 ELICH A|A-I D 2to|Eee| &7t E106t of|2{7} ofL|2tH
error() 2| FHM QIXIZ 02 =M FL|Ct

error ) 2| M|HM| QUXIEE = printf )7t A= SAl OO E MA|H ElL|C}

22 29| 0|X|7} 25K = ASLIEEH {222 error () £ M 7| 2lall, LM HM|A| St error()
Hol2t, o] et ME MY HEEE X EotA F7telof §L|Ct.
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% 21. EXTENSIONS 1. MISCELLANEOUS CODE

o2 &2 M1t valist, va_start(), va_end()0f| 25+ 42 15 A S & 116}17| HIEL|C}.

References [GLIBC] misc/error.*

User input string@ 2 HHS 12, atoi B8 WAl X2 BIFi0f el L|c J28in| 712 of

Answer atoi= FO{& EAIH S 102+Z A5 A int 2 BP0 FX|R o2 = XME| FX| &5
Al 2l M 243 AL E 1022 XM2|E 5 gl Woll= ti7i 02 S|SB Cf
LhetM Ehsat 22 &8 BsE0] 2= Aol 5Lt

#include <errno.h>

int
convint (long int *d, const char *s)
{

char *p;

long int 1i;

if (xs == ’\0’) /* error: nothing in the source string */
return -1;

i = strtol(s, &p, 0);

if (errno == ERANGE) /* error: underflow or overflow */
return -1;

if (xp !'= ’\0’) /* error: there is unexpected character */
return -1;

L|C}. Cf

*d = 1i;
return 0;
}
?l gtr= F 1| CIXtE 5L A QA= HEHSt long intE MY ZOIHE B, = HA 2l
Ate HEE EXME S BHELICEH 2|E 22 Ao E HEts A0l 02, OEX| 42 Z=0=
—12 2|EHE(Ct - o] ol 4E = Sl= EXHEL0| 2L, = 0| ot SAHLH(EAHZE 0] *\o’ 2l
Z), HEtsh 240] long int0f| &2 = Q12 BHE I AL &2 2, o[22 XM2|gLIct

void

foo(void)

{
char instr([80];
int i;

/* instr®| user inputZ X2 YT FFH */
if (convint(&i, instr) < 0) {

/* error: invalid user input */

}
/x ... x/
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% 21. EXTENSIONS 2. DEBUGGING

A

2 O convint &7} atoill £Z0| S&ISt= A OfL|2t= AL|CH — Hed| 2[E
o| 2|7t ot L|ct. atoilt conv1nt°| Ct2 M2 37 oot 250tk

ro

ofgt A

Ixp2k

1. atoil= Of|2{ 2 ZAFSHK| &&L|Ct HatA] @l2d0] "12xyz" 0l Z 20| 122 2|E 5L
oled Ex}%o[ 2tM 5t A0t M2|stE 2, l2i0| "12xyz"Ql A0 int
pdELItt — = o[22 X2|e T

2. atoil| 2|H EIQ0| intQl BtH, convintl| A long int@lL|C}.

Ct. convint=|}

F.
S T EsHK|

lOII =

[

3. atoi= 1080 XHE2|e 4= U= HiH, conv1nt: strtoll| MEHM CIXIZ 02 FU7| 20|,

8RI,LE 162l = M| o USL|CE 16712 2 EAME ol "0x"E 20{0f 5tH, 8%l
o A0l EXtH 2tof o2 %O1OF gt

2 A Debugging

0| Er2fo| M= debuggingA| E 1S = U= 012{7HX| hintE ERELIC]

21.3] z=

Answer

Answer

21.5

AN

debuggerE FHol FM 2.
ofte C Hm2{7} 7Hat 22 ZQI7178} OLRIVIX| 2 s EHo] L27| 81E &2QlL|Ct ;)
Ms =1, 271221 GDB(GNU symbolic debugger)E =& &fL|Ct. GDBE HIZ command-lineOf| A A}
85tz A2 7t 22 2|2l SHX| T viE MX| 981 edE MA 2 HSH= Z40] Lot

= GDBE H35IH £ £ U= modeE X230, DDD= GDBE M A{ X window sys-
temOl| Al HS}H| £ £ = interfaceE M| Z &L C}

M7t ote =202 main() S ZH CF20]| “segmentation fault” S S&2i5110 ZLF HEL|CE of O
t

HO{Z RSt ZZ2 2 nain() 0F 4 A|ZEHSH0] main() 0] Z2LH S E25HA| L
C} Huotde{7t D,_l-%o-l LH object file2 executable T} Z HHEI5t= 10| A, command-line QIX}QI
argc?}l argvE MZASID, main() 0| 2T CHZ OSH|A| controlE 'H7{F = assembler £ EI0| S0
7= 4|, =220 2] A== assembler routine@ 2 E0}7}= 2|&l address7} X &E| 0] U= stackS
HAEZ|A =™ (in technical term, write over the stack where the return address is stored.) Z12{8t A=t
Of 25t gLt

Tt main B LHOIIM M AE local BHPO| QULt =AFSHD, JUCHH, T HiE 2| #H I E B0{ Lt 20|
UAE=X| 2QISIA|7| HEZL| T

ol 22 o EZ BhE AIIR?

- !

Answer O 22 BTEXQ} 312 WTEXTHF | X[l HETEXS M A DHE ZiQiL|ct.
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