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A 17
Declarations and Initializations

C ool MOl 22 (declaration syntax) 1 XFA| 7} 5tLtel =2 2@l Hof2td & = JSL|CH Mode .}

=1+ 20| 024 H—EEE TEEO (B RE FES CH7INof & 22 = USLITE) USLICE: storage ClaSS
base type, type qualifier, 12|11 declarator (declarator= |n|t|al|zerE =S o= QUGLICE) Zt declarator= Af
identifier& MASt= 2 0| 2[0f, identifier7} HHF QIX|, ZQIE{QIX|, &=QIX|, c=&= OfFH S&EH EFRQI
X E s FL|C} et MAH0o| AX| identifier7f O-I“'—471| Ml HHOIX|E (declaration mimics use) &2 FL
Ct (&2 1.212 0] ‘declaration mimics use’ ZtA £ XtM|otAl CHELICH

~—

Al 1 A Basic Type

Z2IE0{SS B5 C 07} BES5| HSE AOO[HME, C A0{| type system0| ATtst £FEo 2 5
Asts|of QUCHs Zofl =2tE FUICH 7|2 EfelS o] 37|19t B8 weo| oo Ao Hats| Feolslof o
| kLTt

OftEl EfQIo| MAE & ZQIX| O{EH| BESIE?

Answer 2 Zt (32,767 O|AHO| 7L} -32,767 0|5}H)0| =

28 2, longS M| HRRILICL X4xI5Hs 2710| O
(2 hQolLt B2 2EAE 2
=290

? SQ5HHH 2 &), shortE M| HELICL O] Z7t OfL|2}
M intE M= N0| 7t EGLICEL RLHEERSR -E— 17t SQAIE[1 S5+71 ERSHK ‘BJ'.: detH,

FEHEECE WM 25 &xHoAM EEX 7t YMStE WS |AX| ertH XS 37|18 77 &9
unsigned @2 M= AT EELICE (SHXTE =210 M 51gned 1} unsigned €2 A0 M= A2
S| orsLich)

LS
Z At EtQ = (53] unsigned char) "212" EIIQZ MU o UX|CH of| X X6t 25 &E
Lt =2 T7|E SIHAIE = JU7| 20| HIEHZISIX| 2 SL|CL (unsigned char EfQIE M
C20| 2 HA2E SL|CH 2HE 22X = 22 12.12 &1051H7| HfE.I-[_I]_‘_'.)

H|Z5 37| /27| 2X| 7} floatD} doubleO|A] HIAHEF 2= QUAL|CH H0| FAJL HQ5HT o

=
S5t EfRI0] B2 H224H 22 FAES BF X B

=4

0| Z42t2| typeSO| &St A7(|E THXI =5 F2|F0f ULt &245t7| 220, A2 O
ppsLIch C AOAM Folstn = A2 o 25Utk

rol

g O
ﬁr_Q l
o

— char type2 127 O|AFE X ZEMEF 4= UL},

— short int typed} int type2 32,7677tX| MZEe = QUCH

Lsign-extension



ZF 1.

DECLARATIONS AND INITIALIZATIONS 1. BASIC TYPE

References

Answer

Answer

— long int 2,147,483,64777HK| X Ztet 4 QL
— wetd ke FEe M8% £ ok

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

o

22 char7} H0{ & 8 bit7} £|/0{0f StCt= Zd1}, short int2} int= A O0{E 16 bit40|0{0f St}
41} long inte= MO{E 32 bit7} £|0{0F SichH= 48 SEgtL|C) (ZE2t typeQ| signed 2} unsigned
2 22 37|18 7HRICt] EFE O] /JELICE) ANSI COIAM £7 machineO| M 22} type2| Z|
2 B[CHZL2 <limits.h>0ff HE[0f I, 29f6tH TS0t Z&L T

B3 1
0
[©]
S

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
0| B BEZ0| Ealste | AZES H0{EL|Ct B2 implementation0| O|ECt & 2 Zt2 X256}
X[, portablett T2 IS TS AICHH 0248 Ao |Ed A= HEL
Ol 5t O ROIIAM HESH F7|71 225t ZREtH —0|H B2 = 2|8 XMZ HYX|(externally-imposed
stroage layout)7} 25t AR E E = JASLICH &R 20.58 £ 10517| B L|CH — M &St typedef S

MA|Z] BHELIC

[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 ZEUM= 2 type2| F7/1E &S| Y2ISHXA| 4LIR7?

CtE high-level 1001 H|sH C AH0{7} &tals| X =F AH0{0|7|= SIX|2t, objecte| HESH F7|&=
implementation0| ZX™ & EM[L|CE (C AHO{0|M 0J2{ 20| bit2| HFE X|HE = U= RUSH X
2 structure QHOf| M bitfieldE & CHQIL|C}; &R 2.252} 2.262 2t115}17| HIZL|CH) CHEES| =27
oM = 37|18 MES| X[He 27t glaLith 37|18 d&5| X|Hsles B2 Z2EO-ME2 X|H

SHA| =5 =20 s Ad¥e o, o JHELith

int type2 HFE{2| JtE XAIAAES2 word sizeE LIEH = A2 2 AN U2, tHEE 2| YE

XM EFSE Ol 74 MESt type@lL|C &2 1.12] guidelineE E7| HIZfL|CH HE0] &E 12.42, 205F
EOSHA| 7] HEZfL|CF

C 017} sizeE HES| ™o|5HK| 7| I 20|, A= int16, int322} Z'E typedef 0|2 &L|C}t 1
2i Al ZFE{0]| [I2FA] int, short, long S MM ZHSLICE o EiHo| RE ZXE SHEN = = U
= A Z234|, dELP
HES| sizeE MO 2RIt JUCHHE, E2 SHQULICEH TJ2{Lt TS0t 22 AFEHE F=2|of oF gL}
— MEst 37| M7t 27tse =5 JUSLICt (WE =M, CHE 22| 36-bit machine)
— int160|Lt int328 M= FH0| "A{EZ 0| HEL g ot= Ao|ztH Mo| £271 2
SLICH 2 LISHH int2} long typel| Mol XbA|Z7 Z+2t "M O{ & 16 bit", “M0{ = 32 bit" E 556}
7| 2Lt

My
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ZF 1. DECLARATIONS AND INITIALIZATIONS 3. POINTER DECLARATIONS

— Typedef= byte-order 2X| & ol| 25l F=X| £ &Lt (O1| £0{ 0{2{£0| dataE W Bt(interchange)5H]
2 St7ALE 2REMe=2 NHE XM Ao UF2 1 5t )

HE0{ 22 10.16, 20.5F R TEIA|7| HFRFL|C}

1.4 64-bit= X|A5t= HFE{O|M 64-bit EFRIS & = QL= HiHO| QULER?

Answer THPFR. C EZ(COX)OI A Long long EFI0| 0| 64 HI= O] Af0] & XS TA|5tT UBLICH
Je2|10 o] Efgl2 ofo| oz Hutdz{of 2fsh Xl’OLE-T’— UGLICE (st Aul2{= __longlong
Efle 2 X|REfL|Ct) Bt CHE 22| HIIY2{E2 short intE 16 HIEZ, intE 32 HIEZE, long
intE 64 H|EZ K|St 201, 0|2t CtEH| & o|R7} el&L

Z 2 18.15dE Zt15IA|7| HEEFL|C

References [C9X] § 5.2.4.2.1, § 6.1.2.5.

Al 2 24 Pointer Declarations

ZOIE{of et A2 4 FRE 7 WK dHE0f U}UKX|TH 0{7[0M= M eHof| 2&E AR CHFELICH

1.5| cre Mool 2oio] HREULLR?
char *pl, p2;

p2E A0 = o247} EL|Cf.

Answer 9/2] Moo M FRE HS giLIct — ofzi=o| Hsts el of x| Reiths HE Hels)
o 2HQIL|Ct. Pointer M0|A{ = ‘base type'2| YHEO[ OFLLICE x= Moigt o|2o2 TAg
declarator®] YR 2RILICH (F2 121 &7). HYIE £ B9 29 x| 22 205} gL

Ct. 2t HEHM declarator= “x p1"0|0f, xE ZEHstD QU7| TR0, p12 ‘a
charE 7}2|7|& pointer7} EL|C} 2Lt p29_| declarator._ p2 O|2/0| CtE AHE
22, (0{2{Z0]| JSt= Hi7t of|ZUX|2t) ZHES| char typeO| E L Tt SF M 10|
Moisted™, o0 20| siof gL

ointer to char', =
X QUX| et2
£ 7H2| pointerE

01:

_>.'_

char *pl, *p2;

*7} declarator?| LUEE0|7| EEH-'?-OH, 'r|0'|| AXNH S EXE 2= AO|

=
M A2 MSE Y| 490, EES TS £ YL

o

&L} charx2t 20|

L

HE0 EF 1.13% Z1I5IA|7| it}

1.6 Pointer= M 21510 1 pointer7t OffH 27+ &tetstai D HOLE, MCHE SEHSHK| o&LICt ol =
=ofl o{tH 2|7} USLITF?

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

Answer 032{20| M5t pointer= pO|X| *p7} OfLIL|C}H &E 428 F115}17| ”HiZHL|CY,

2conforming to externally imposed storage layouts

11



ZF 1.

DECLARATIONS AND INITIALIZATIONS 3. DECLARATION STYLE

A 3 A Declaration Style

ML B4 MOISts X2 Thad| HTIURIS 7|7 517] 98t 20| ORILICE 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.

Answer

T (global) &2t H=E MO = Ho|oh= 7tE £2 Yo FAUNR?
HX St “global” BiZ=E= (042{ translation unltOﬂA-l) o1z 7o MAAE 7HE QUX| B HEEA| SFLECQ|
ol

7
FO|E 7HMo} BHLICE. Global H40lM Hol= Z2te SEtstl, Q5
o MoAQlL|ct. g0l A M2 function bod yE M2t
L

extern int i;

extern int £();

(extern keyword= &f MAN|M optiondL|CH & F 1.112 & 16H7| HEELICE)

ofzi = Feo|of o L|Ct:

int i = 0;

int £()

{

return 1;

}
ofaf 24 IO L BISE ZRY PRI UCHH, O3] ofR{Ee DS Hael B U
.x_|7'||(con5|stent) Dl'EO‘IOF SfLICH 7t £2 YWH2 ZF Me|E AHEl .c ntYof| MZE oL, external
MAS &l o (".n")o F= A/JL|CH J2|10 Mio| 225t XUME #includeE MM ZEHA|

b

7| EL[ch EolE Zetsh= .o ool = 22 5l ot s ZetA|FHoF Hutde{ 7t MATt HolTt

= L5
LX|5H=X| 7.:1MoH EZLICh
0] &2 0§ portability7} = Ht
ot et FHUME & SEEL
2Holl 02{ 7He| MRiES 7%“%! Stz o
extension” @ 2 HZ =0 UX|Tt,
Hot7| IS BIEA| =7(2k

St &l mtdof| St Mgt L=

L|Ct O]= ANSI C E&F2| 2F0|= 2§5t0f, ANSI 0| 2
(UNIX Hotdeiet 7= =|of Stutzt =7|8tElct= =A of
mmon model” £ X|&tL|C}; 0] = ANSI _xoﬂ 9|3l “common
pun n3’ =) ol.L_I[_||:|. o1|:|:-| 0|A|-o|- A|AE‘I|0-||A—|_ el p= A-|O-|J_|. x-|o|E
EIS_E |.7|_|.:_ ol-[__||:|._

—_

)
£ 5t7] 2l th2a 22 dXE27] EEE £ =& UsLIth

O_,l"_lIEE

o ﬂIIO
fl

DEFINE(int, i);

| et of Zo0f MAOILE oot £ =5 & 5 UX[E o|= 2N E 7Y

Jd2(n ofH o3 22| MFHo
HMSHX| &Lt

& JbsMo| Blemz =

Hotde{ot Melo] ELX|Sh=X] HASH | flaiM= BHEA] M9 MiE 3H mtdof E= Aol &
QelL|tt &3], external &2 prototypeS .c ItHN| EX| G5 57| HIELICL 0= F 2|2 &UX|
| AAtsl =X = pfenq, Bhef Fo|of LUX|SHA| p=rtH 2352 MX| @f= RAECt ettt

E 4 L5 — Lo i—
z2 10.61} 18.82 &

At SH7| "2}

ge gou ol BE B

12



ZF 1. DECLARATIONS AND INITIALIZATIONS 5. 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 C 210i0fA] ZAt8HEl data type BHEE 745 B2 0| RRUNR?

Answer & 245 S| HfgHL|CY

“semiglobal’ 1%+, 55, B AA THIQ| IS B 4 UOLE T2 AA TRIOAE B 4 gl I8
Bt MUl Mzl MY HAE BIS 4 USTHR?

Answer C °‘|0‘|01|A‘| O3 U2 & = E&LD
SOICtH, ot & SH7HX| B2 MA

A 4 4 Storage Class

fel= Mool F JIX| BE, base typed} declaratorE 0|0| CIEUSLICE O H
classOf| CHSt A E-I-ﬁ—L—IEI- Storage class= MAEl objectl}t &2 visibility2} lifetime
“duration” 0|2}t 1 2 27| §fL|C}.) CHEL|CH

=0 | Me storage
(- ‘2

pN|
=
= “scope” 2

Q 1.11| 5 MAHO|A| externO| 2|05t | Roi0I7tQ?

Answer O| Bf==2| Fo[7} EHE & IO US = ULt AE dEiF= Heth AEIUH O ZX LT
2t o2 & £2| Xol= E’iél—l'lf

extern int f(Q);
int £Q;

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 7|19/ == ofc|of| »o0|Lt2?

Answer Tof MO|X| 2&L|CE O|l= 22HEl(archaic) {0l M0|= A2 = HR{o|= MO[|X| t&LICH &HE
20.372 EtT5}7| HEEHL|CH

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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ZF 1. DECLARATIONS AND INITIALIZATIONS 7. TYPEDEFS

A 5 A Typedefs

typedef7} EB % 2 2 = storage classO|X|2t, 0| 7| E= O|E0| L&HF
Hlof AQlL|ct.

M 22 type 0|52 E2|5}

An
rr

Q 1.14 | Linked list ®2|7} QtEIL|CE Ch2 T} ZHo| 31 =0

o
E

tie A< ofl2] o AIX|RE &2 E|Ch C AAof

(o]

rr

M F=H|= AHelof et ZQIEE Zete & gl= ARUIIR?

o

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

Answer C AN F A= Xt4Alof| CHSE ZOIEHE EZstel = I&L|CL 0] 2 20|A ZX[= NODEPTRO|

=
tYPedef O|F0|1, 0| O|E2 ALEEE AHO[M O] O|F2| Ho|7t BLHX| RZUCt= ALICE o] F
EE 1X|7| fIsHA], M FZ=X|0| Ef I (tag, struct node)E TH=11 “next” EEE “struct node
" EtRlO 2 MOIBILICH S typedef MOITH BZH| HO/E Re|AIHE LI ChS st o2
2 = St LT

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

o 2HE HZ5L7| Ish Ro{= Ml FhR2| ChE Yol UBLITH

MEE mBIHs Bt 40 typedef =l TAKE HOl8 I & H|X 3t 2X|7} LS & Uoni, 99} 2
S uAoz sjAE & YSLICH

AL 212 EDEHAI7] BRI

References [K&R1] § 6.5 p. 101; [K&R?2] § 6.5 p. 139; [ISO] § 6.5.2, § 6.5.2.3; [H&S] § 5.6.1 pp. 132-3.

A 6 4 The const qualifier

C HO|{ MANH M= type qualifierEt= A JL204, 0| = ANSI CH|M AHE FIEl AIL|C} Qualifiert]|
2L 11 FojA CHELICH

H
rot

(@)
Q
2
10
s
e
rIo
U¢

0
=
E

I
]I>I
:°.'—_'
A
4>

Sl USLIC LEH o] US?E Zoid LS HiRH, S 0|2 =&
3t Moi2 7{o| m |x| _x|n+, o1c5 MO0l LiEEE F2{ISHX| ¢4 ELITt
o3& declarator2 &S 35)6t2{= F|0|7} QiCtH, &2 1.219| £

Ol Z2 JME x(x(xaN]) ) O Z
2¢0| typedetZ A ZHEHSI BIE % QUBLICh

Q 1.21 | =xt= 7t217|= =oIHE 2|H

t= &0l thet ZQIE & 2[Est= g0l CHEt Z 2B N 7HZ o]

)
F Ozl HiH(array) 2 O{EH MAZIE?

14



ZF 1. DECLARATIONS AND INITIALIZATIONS 9. ARRAY SIZES

Note &1 Z

o

ChEa 25Utk

ro

=
[LE

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

Answer CH2 T} ZH0| M| 7HX| 2 B8 2 QU&Lict

— char *(x(*xa[N1) () O;
— typedefE MM XIZCHZ 2HE0{ 7t 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... */

— cdecl TEIMS M0 QO{E C HO{Z, EE= C HO{E YQo{Z HEs &~ QlLL|ch

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

char *(x(xal[]1) O) O

cdecl2 S&et MRA0[Lt FHARIO| M E B2 =22 LIt 2 18.12 FIISHA|7] Ht
2H|C}.
=

C 0{E MYtz £2 Mo|2tH 0|28t S&ISH Mol st LfE0[ Q17| Of&o|L| o] EE2S & o]
O{EA|7| HiELIEE

22| 0|0l M Q1 B4 ZQIE{(pointer-to-function) MAH L2 mi2toi|E{ EFQ0f| CHEI MEE ZESHA| o
UGLct Brof mietof B 7t S &6t 42t MA| M
0| ZR0|= =g0| EL|ct)

re
rlo
=
H0
no
N
2
i
o>
L
il
M
=
T
=
1o
O
Q.
[0]
(o]
]
rlo

References [K&R2] § 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 | zte ejelo| st20f ciet ZOI

n
i
AL}
o
_o'ﬂ
rr
ic]
4>
i
=
|'0
ot
1
0
I
FO

? M= MEH {Al(state ma-

=] —
chine)E Bt=11, 2t 8t7t SHLtS| AEHE LIEHHA| Bt Et5, 0| &7t Thg &EHE LIEH = &=
ZOIE{E 2|E5tH| st gfLlct J2{Lt o2 e E MAe (- E X RSt UsLIEL
Answer Z& & = QIELIC BH7HX| (R 2 g7t LiEEE Ql(generic) &f ZRIE{E 2[EI5HA| 8t £FF, 0]
£ 2dt= Bt 22 J|A—SH=E A0t £ CHE Y- E &7t offH #XRXME 2I-5HA 5, O 7
ZHofl o] Eflel &t=rofl el ZRIHE XMES= HAE £ & USLHIE

Al 8 A Array Sizes

A 9 A Declaraction Problems

mHoH 2 Hobdel= o{2{E0| ottt =45 Meig Bt=
of dEZE2 o DX 1 0o|RE LT} (16 =2 &
dgeLlch)

A=X[of| &atelo] EE 5t7| = fLict o] &
L M =0l thah

>
~
2
[
0=
1]
4
30
rr
°
0z
rot
Mo

15



Q 1.25

%} 1. DECLARATIONS AND INITIALIZATIONS 11. NAMESPACE
Al SHE0 Yo =0 AT of 2] HAIXIE SHSHX|2 M= ShHEE Holgi,

Answer

References

Q 1.25b

Answer &

gho| MR10], o] &t E SEE WNIX| LIEHLEX| o™, HItU2{ = 0| &7t intE 2|EISH D
JFEELIEr O BkE LSOl X Mo FeolTt L1, Tt C’Eilom pdE 22 128t o2
7t L StL|CE &, int7t OFLl CHE EFRIE E2|E = &= ZE6H7| Tl gh=A| Meisof gL

= o 5

=
o] X7} LabE 4 UL

M2 1130 &L 1512 &

A
_E_I

°

2
[
2
0

rmI:I
ol
N
N £
o
T
n

main() 2 MAHSt= HESH BHEHO| 2 28ILICE void main(O L E sl E E271R7

A2 11.12a2} 11.155 & 16}7| HFL|CE (MM E void main() 2 E21 MQlL|C})
Al 10 A Namespace
£ A= Aol o EOo|X| e42 K| S2tE, AHY 02 {2 2MLIct =22 &=Lt He2| 0|8
= Ao| Mo[Lt A=, o752 O|EE2 e Z‘JE'_EFE ZELct — o E2 H2 AIRS0| {32
S8 &g x| ZECtD nolg He = gL — Ho{E €2 0|50] 0|0 40|11 /U=X]|

Al 11 A Initialization

References

7|3} (default initialization) 7} =&

Mole, 22 1 W40 Chst 27|32 ZatE 4+ USLICH BHoF £7|24S FX| O, 7|2 E0l

lllﬂ
ale
N
lI|>
r
B

“static’ [ JHR RI7|SIEX| 22 (MY HPO0|HL staticC 2 MAHE HE) B
JHLICH & =202t "= 0"E M & At 2= TIL|CH 2t d ZoIE Y H <0
SHIE Zt2 7HELCH (5 & &), ORIVIX| 2 A=Y F2 0.02 2 off A g LT}

“automatic” HME JIZl (staticQZ ﬁ?_‘lEle ole X Ha) i R7|SIEX| 22 HAR A8
7| 242 ZHEIL|Ct (0] B0 M2)|7| 20| FSU2IX|= otFR = E20, £ ORIt o4’\'-—|':|')

e 7

_I_

HA EH

ZHEL|C Tt Z2 20

malloc()O|L} reallocVCE, SHO = StE M 2| = AE|7| S
M HEYSHH| =7|5HA 7 F0{0F ELICE callocO L2 SEEIR2 E'ﬂ_‘?_ |= HIE =22 02 7tX|1
E|X|9F o] Ao| ZOIELt Al EFYOIM 02 2|0|stet] et == QiELIct (AE 7310 5 & &

o).

[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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ZF 1. DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Q 1.31| 0] == ofrel Mof| M Lt Zdoln| HIFUS K| L&L|C.

int £()
{
char a[] = "hello, world!";
}
Answer OOtE= M7 Qli= Aut2{7F ANSI o|™ 2| Hute{d Ziol2td FFEL|C ANSI oM 2| Huteled

= “automatic aggregates” (0| € =01, staticO| Ofl X[ B, I A, union)2| =7|SIE X| &St
X| ef&Lct
(a2|1 M= aZt oA AU X|of w2t CE KB o] HE T (global) EE

of = HZE(static)2 &2,
= ZQHZ HIROM sHZEE &= U2, = strepy) S2 MM CHAAIAFT = HHE USLH
EL

EZ 11.292 2157 Higf| ot

~—

Q 1.31b| o] =7|5l0M EHREl Z0| RAOUTIR?

char *p = malloc(10);

A HoUal= “invalid initializer’ 2H= 0f| 2] DIA|X| 2 &215t|C}.

Answer OfOF 22| M O| A& (static)0| 7Lt A (non-local) H= ZHQILICt =7|51H0{| M
A e Xts(automatic) B0 M B JHS BL|CE

o
4>
ol
W
mo
5
rr

Q 1.32| ctg = Molof xto|&o| ULIR?

char al]
char *p

"string literal";
"string literal";

Answer ZAIE2 3| F JHX| HHo 2 M o QUELICE b= BIE 2| =7(%t (/IUIM = char al]0f 3i
Y2=E M0|= Z‘J%IL-IEP. OI'— Bl ol 2t A4S0l EXE0 Y E= =7(24t& HEH-LICE o &
7t ofL[2tH 2XtEo| 0| F0| gl= EH(static) 2l HHHO| XME =10 — I O HHE 2 17| ME 2
SdE 7HELITE — 4| (expression)0f| A A [{of = O] HH°‘°I HELEJIE|7I= ZoBZEM 2
O|A ELIct T2t 212 M & Feimf A2 M Aol e7(ME sl ME=E 7| m =
2IEf pE 7HX[11 —E—XFC’E“% =de + sLeh
(22fE C Ao FT=9| Z2, pot €2 ZRUHZE EXIEL| LHEES BHE5IEH 1 A|E5t= 295
L|Ct of2st 74—|—E s Zst7| 2lol o Huotel= EXIEE 47| 7hset H22|0 MESHE
= 482 7H[ 1 JAsLIEL)

2= 131,61, 6.2, 6.82 Z115t7| HEEL(C}

el

References [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.

Q 1.34| st =oleE Molste 2 Y=, X7|5HA|7|= W e DaAaL(Ch
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ZF 1.

DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Answer CtZ1} 20| 5+H ElL|CH:

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

219t 20| B4 00| SA0IM M0l AL, 0] 0|22 — 0] B0 AR F2E LiEhHE — Zol
B{ 2 #12](decay) ELICH BHY O|S0| HES2 Mol Z9oh bl BT

UnE o= Buis| B40| Mol 0|2 HoiFH| ELICh YListE o] AL, AEOE 9= &4 M
O1°2 DISO{FX| 47| W2 QULICt (HLFsHE Z7I3H0IA] 20| &% O[S B4 50| 0fL|7|
o 22ILIch).

A2 1.252} 4128 Zt0517| HEEL|CH

5implicit external function declaration

18



A 2 %

Structures, Unions, and
Enumerations

Structure, union, enumeration2 012{ £0{| /| A 2 2 data type2 M 2| &t = Q| S ECt= ZEM S JHEIL|CL
O{X{, structureL} union 042{E 0| memberL} fieldE M50 AH data typeg Ho|gh & 9\,'\4_'_ enumeratlon__l
AR Ar(constant)E MO15H0] Al data type2 H & = USLICEH SA|0| {222 M ER data type0||
tag name2 & T USLICH LT Al type2 HRMCIH, 2|2t SAI0| EE= LSO Af t}’P69—| instance(t4

+)B MOIE & UBLIC

XS E, 7|2 EFQJ D) OFEIIEX| 2 user-defined typed|| = typedefE M A A O|EE & = USLIC} Of
Y7 M2, 0J2{ 22 typedef O|F0| (T tag O| 50| EXfE 4 R) tag 0| Ft= ®5] Magict= A
£ OfAMOof Lt

o] 2ol AZ=2 tt24a &o| HE[= o] JUSLICH EZ 2.158E 2,182 structured]| C{510], HZ 2.195FE

=
= union0f| CH310, B E 2.255E 2.26771X| = bitfieldo| CHalf CtEL|CF.

Al 1 A Structure Declaration

Q 2.1 ctg 5 AMoio| Xfo|Fo0| Rad0I7IR?

struct x1 { ... 7;
typedef struct { ... 1} x2;

Answer SR M2 “TEF| Ef(tag)’ & MABH ZHQILICH SHA| MAL “typedef’ & MABH Z4QIL|C}.
% Holme Rl 90l Etel 0SS struct x10[0), Suis) B0l Elel 0|Z ZHEHS| wo2hs
AYLICk & Toia) 20| =2 B Fustel eholofe o 4 lELICh — = AFBAHEOl structolet
S5|9/== x| il =of of ERO| 2EAIX| OIX| & BTt gaLC

Q 2.2| s 3=yt of S5 4ente?

struct x { ... 1};
x thestruct;

19



%} 2. STRUCTURES, UNIONS, AND ENUMERATIONS 2. STRUCTURE DECLARATION

Answer C 240{= C++0| OFlL|Ct = T 2K Ef T (tag) O| F0H| EHSH XS 22 typedef 0| E0| ZH=S0{X[X| ¢
SLICH & 212 15| HPE“—IEP.

Q 2.3 | Z=A|7F RFAIO| CHEE ZOIE{E ZEhst £ QILIR?
=]

Answer i3] Zelsl = UEL|CHL AR 1148

Q 2.4/ c olofoll M =451E IO[E] BRI THEHE J1E B2 WS U FM 2.
Answer Bt 7}X| HHHE ALRXISO| AR EOIE{S MA| SHe HYULICE — typedef 0|22 A= 0| B
LICt O] ZOIE{= oft RZAA|E Jt2l7|= X0l O] PER|S| ME AL ALRAIO|A LeiE =
27t LT

Note EZ QI&2 B14S0| FILE + /0| QIXHE BHe 2 M25tH ggLich

—

Q 2.6 2x=#E ct2n Zo| Holsts I=E "aLich

struct name {
int namelen;
char namestr[1];

};
Je|n 1 3= IA-I'— namestrdf| 2Zt2 &t&h(allocation)5td, HHQ namestrO| 0421 LAE JH&l A
ME M= A2 BrSL|Ch oA QXS & QIVIR7

Answer 0| & 217|= |3kl =9| StL}0|X| 2t Dennis RitchieM| = 0| EHHE “unwarranted chumminess with
the C implementation” 0|2t 11 2 FL|C}. 0] '?:*.:.8 Al C H&0i| D=5| 2estX|= ¢X[et o
St= 7ol 2E AntU{oM SEELICEH (HHEL ZAHE &HA 3H = oM = d0E &

st AT olﬁ[_||:|._)

24 2 ISy 0

o
Il

oj

A
IRal

rin

CHAI

—

—_

F 37 &= AULICE ?2f oo A

oo R I
fl
S gyl
]
;
il

o
Pal
=]

char namestr [MAXSIZE];

ol

O I MAXSIZE= O &El= MEE EXLECt I E&LICH d2{Lt o] s Z&0 M5 28
St= Y= OtdLICh AlLt7t o3 =M E £ Woll= 0i 2 F2|E 7|20{0f BfL|Ct. fLFSHH O]
gl d0l= Aot 2t =2 J8f0{7F 3 37(0f thsl 55 & &0 Jq7| w20 (5351, old 82

I

(@]

pointer22F A S o & JUFL|CH) Hutde{7t eefF= E(Z 2L oll2f)7t 20| glA E!'—l'-_—f-
[COX]OlIM = “flexible array member’2t= 7S AJHGHD U, O|= HiPO| =X 2| DR[|} Bl
EN A mo= Bigel 37| X[HE WY = USF 6l ZLITh

References [Rationale] § 3.5.4.2; [C9X] § 6.5.2.1.
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ZF 2.

STRUCTURES, UNIONS, AND ENUMERATIONS 2. STRUCTURE OPERATIONS

A 2 A  Structure Operations

Q 2.7

Answer

References

Q 2.8

Answer

References

Q 2.10

Answer

References

Q 2.11

ER7F 50l CHUE|D B4 oIXtE MEHE S UCHD SAKIT [KERIGIAE T2 X gk 5t
22.

rr -4

[K&R1J0l| M &t 7 =/ date| Met2 72| & Hute o HEE[X| G5L|Ch MX[0= [K&R1]0|
EutE Ao = 2ot 2 22 FE C HofU2{2] Z2, 0] MEHo| HorUX|2 e 22| Hut
H=2 =AM Aits XL C O8] of ALE2 O[A| ANSI C &2 LR 7t E[RAUSLIC o
2tM M3 H2[Z4elo] MHE Ea—Ll=g

(F=MZE AL ME, E|HE = 39, SAFAYE2 EJ'KHE(mono|i’fhica||Y) O|RO{X|7| i Z0f + =X
eto| ZIg H=0t 7t2|7|= HI0|EH = MEIXI pf=Ch= Aol F2[5HA|7] HHELIT)

[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.

= Jjo] RXHE RS2 HmEHe HHo] YULIR?
QUSELICE C olojo] MaZE gjHoz XA E H|DSHs TS WY (5 TEA0 == AAXIE M
M) S&LICE ZHets| HO|E TH9l2 Hlmate 22, =M HE Alo|of JSX|E B2 “hole' S
2 M7kar o EX] YALICE— 0]2{8t hole'S 2t EET} F017 M (alignment) o] WE= 2
XIA1717] SI8 ZLBILICH IR 2122 A TSHAI7| HIRILICH T8t B CHel2 Blasts A2 X
motoll B =t Qe m, MESIX ebaLich

of2{20| £ Jio| REAE H|mslZ YBCIH, HE Eiom PEA E ulmets B4 A BHsof

OF BfL|Et.

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

P OIXFE HIOFSO0|= BH40i| Ak (constant) B MEHEt % ¢

1
T
&

2Al C 20{0ll= 0| & @l=(anonymous) =M E BHE YR O| HUUSLICE LEtA A
TEHM HEE UHEHU M E E|EISH=E &8 MOF LT

[COX] E=L “compound literal’ O|2t= 7HEHE AIWEL|CE; ‘compound literal’2| SH71X| HE = X
M A= % 2= UA S ZL|ct olE =01, struct point EfRIC| QIX}IE Hh= plotpoint OO &f=
TEME MYotA™ St 20| & = USL|C

plotpoint ((struct point){1, 2});

(EECHE [C9X] EF0I) “designated initializer" 2H= 7HE S &t A ™, ztzto| diiH| 0|22 X|HE

plotpoint ((struct point){.x = 1, .y = 2});
AL 4102 HDs7| BREict,
586

[COX] § 6.3.2.5
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%} 2. STRUCTURES, UNIONS, AND ENUMERATIONS 4. STRUCTURE PADDING

Answer T2Z=HM|E 220l & HR= 7l furite O EE &ZLCH

=T

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

2|1, O|ZA| £ HI0|E & fread O E MA S 5= UZLICE T2{Lf A0{ZI H|0|E 3tUS 0|4y
of BLICE. (2 2129} 20,58 E 57| HIRILICY). Bhor PRA7 EOIEIS Zatein URCH,
| ZOIEf ghot 7| SE]7| wh20f, SHoliA Ol COIE S &S B2, 2l0jgl= gho| LTt ot o
OlEf T}22| 0|A|A S =0]7| SIBHAIE fopen)S SEE If, b ZHS A{OF BILICE A 12382
B SHA|7| HERfL C
Z o 0]4M0| =2 HHH2, TXXE EE T2 o0 M BB THE0 A ZQlL|Ct
References [H&S] § 15.13 p. 381.
A 3 A Structure Padding
Q 2.12| x| HotYel= 2xA| ool hole'S BHS0] HolA BZHe HH|5tD 2|5 | o|Ef 3+ol| “binary” 1/0
£ E7ts5t gLt} 0] ‘padding’ 7| & NAHL &M ZEE2Q| alignmentE ZHEE £ USNHR7
Answer OfOFE HIU2{0|A 0| MO{E & = U= LHS MIE ZHUL|ct (#pragnaS MM & = UL
Lok &2 11.202 ZT5t7| dighuict), J2fut 0|2 oS 28t Z&F Y2 glcts A otMof
EI-L_IE_I.
=

& E 2058 F15}H7| BT

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

Q 2.13| =8| EFQ0| sizeof AAKIE MTL|, K7} 0l AISH HECH HM 2 Z+2 2|EBHL|CH of J2{%?

Answer T1Z=X|= ERBt E< 0[2{¢t ‘padding’ S 7! st = UFLILE O|= F =XM7L HIE 2 2= 0 E
i, & (alignment) —’Egol BEEEEF 57| fet AYULICE E BfE 2 M0[X| 4= H R0 = o|={8t
01 22| ‘padding’0| Ot US 5 USLICE O|= sizeofst U&HE FI|E 2|HSH 517 2let ALY
L|C} HE0] 7é!—'.=—212 ZtTSEA| 7| "HEEL T}

X
}'_
o
H
ol
ok

H'I

References [H&S] § 5.6.7 pp. 139-40.

Al 4 A Accessing Members

Q 2.14| =5 otof|A Ztzte| T =0 CHE byte offset2 A2 £ ULIR?

Answer ANS|I C= offsetof () |3 2 E X O|&tL|C}. <stddef .h>E EHA|7| HIZIL|C}. Oko| O| O3 Z T} 9L

CiH ChEat 20| 2HE & JFLIEh

#define offsetof (type, mem) ((size_t) \
((char *)&((type *)0)->mem - (char *)(type *)0))
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ZF 2. STRUCTURES, UNIONS, AND ENUMERATTIONSISCELLANEOUS STRUCTURE QUESTIONS

O &2 100% O|Al-do| F ok o] ofL|Ct OffH Hutde{ofM= o] dHE & = 8la = U
SNET=N
A= 2150 M BIEE H7| HiELICL

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|29 2 accessBt = UL LIT}?
Answer ZtZto| ZE O|E I} offsetS offsetof () DT ZE WA E|O|E0| H{ZT6l =M EL|C} struct alf
MEZE ve| @M 2 Ct3a 20| 2 £ UsLH o

offsetb = offsetof(struct a, b)

otk O] A=A HEE 72|72 ZQIE structpZt UD, ZE ‘b7t int LI, 2|0 A A|AHSH offsetbE]

MH o S Chsat 20| dEFE =+ UFLHICh

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

Al 5 A Miscellaneous Structure Questions

Q 2.18| 0| ZzOe MAXMOZ SXISIX|2L T2 20| BRI, core= THS0{ WL|CE 9f 217127

—

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

}
/* Here is the main program. */

main(argc, argv)

{... 3}

Answer T2Z=HME Hol& If MO|IZ2E(';")E WERY| IHZ20| main (O 0| 22X E 2|ESt= &2 H 2= 0]
HRESLICH (S2H0l] §0{Zt F4d(comment) I Z0i| O] HOE RO |7} BHHF &S AYULICE) Cf
W +=NE 2|E5ts %"—,—ES I OIE{(hidden return pointer)E OFX| QUXII7t MY == AMEH 78
Z[7] 20|, main() O] AM|7H2| CIX}E Hh= ZAX{ 2 OrE0{&IL|CH 22l C start-up code= main() O]
T 7He| QIKIE = A2 MO J2EE, 0| 2R AR Z &g = glELICh & E 1092+

o T HAH

16 45 E115H7| HEEL|C}

References [CT&P] § 2.3 pp. 21-2.

Al 6 A Unions

Q 2.20| union2 =7|5k(initialization) &t £ QUL

Answer 1A C &£ union Q0| | 5
mialzer & 275 SLo0, Ofris) We{el £7ZHT &  UES on YLl

o
o
30
rr
o
rE
E-}
2
I
10
ph
N
o
A
re
2
ol
i
n
a
Re]
5

rr
Q_
a
®
>
o5
3
o



ZF 2.

STRUCTURES, UNIONS, AND ENUMERATIONS 8. ENUMERATIONS

A7 A

Q 2.22

Answer

References

Enumerations
Q4 7{& (enumeration) M= Zd1} #defineC E HO|SI NI ZE M= AL} ROt USLIE?

Ql 2 o]

B7) 0 S0l 2Fzel Xfo|7t YBLICH C HES 'UHHO| 0f2i2lo] HHH EfIOR MY 2 9
ChI Hol& & UsLich (2l BE5HH, olPH sl FHASE 5Hr| 94T Aloi & Aict

M HSHA AHEE XS o2t =22 o[ E &ot & = UAS

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

dAHYEE WS ol E2 2, X Uo| ArIsH2
2 ZALE Of AlE(symbol) 2EO2 HOIE 5 U
0| 2F = OFL|X[2, E2 AEUO| OfL|7| IHZ 01| O{tH
Ct) S S £ e T2 0|28t AtASH ZTE =2 2|07} Xe|al FofF St AL o o
o oZ2fHE2 GHY Ho 37|18 Moje £ gtk Ao 283517 = glct.

duch)

CHRI | 7| i 201, £|E{7H(debugger)7t YHE
HolLich (E7181 B4 HS Mojms A
Aol = 7t8{ 2 210 E £8s5H7| = &

=
C

=
—

[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| 243 zte ez 28 > U ks ol ente?
Answer I&LICH HHY U2 BAILZ U4E(mapping) Al FAFE B8 XH 2HE0{0F BiLICH (ClHY 2
Moz, N5 E2 CIHASES AEO2 UM S AEE Boj57|< iLict)
Al 8 A Bitfields

24



A 3%

Expressions

CAHof CiXtel =7 2| Sttt= 2atd 2 ZXgiHtt — = C HOU{ 7t UM 22 210 BH=7| A 5t

A= 2t (7|71|01) FEE 27l MAE 2 U= SRS H LT o] £71X| 2B = C A0 specificationo
2 A& D|MELIEE HIE C A0 & O tightsHH| 2|E2M St= AFEAIE T—'F C A0{7} x| &5t=
AECt —.’:.E o B2 A2 (WE =0 AEAe| d=E Dl|2| EX|st= 7|5) 275k= AFEAIE07 = Bt
2 LS 2 OofL{AKX| 2k LT}

Al 1 A Evaluation Order

Ir

> H>
I'II'

ZI5t expression(4=4l) OH0{|A{ subexpression( R 242 W57} Me 2tx5| Holelz] oS 2 QL
0] =M= o{2{20| MZF5t= operator precedence(o,_A,_l'Il- =] 2)et= & Abmto| iEL|CE ofz{ 7y
Eo|= BZrZ(multiple visible side effects)0| Gl7{L}, Bt B44~0f| 042 7H 2] side effect7| T3 S}H|(parallel)
5 Zutelelo) Bot A0 MZHe B2t slgLich J2X| yohe olzist 3, Zutele]

52 Holg|] /UX| 242 = USLICE (The behavior may be undefined.)

1o Jx 1o 1 jir
rzf

Q 3.1 0| =7} of SxbetR| U2SHtR?

=) UGLICt— = i Zro] HAFELICE — Ao CHE & 20 i7}
47| o|™e| 2R, HEE Ch22o| ULX| & =7} elsLch (K&R
HES FE K| HMIE[X| LRUCET (unspecified) o|-7(|'3,_|', C EF0M= 0|
—r—|——| 741'}01| CHol o= K| £RUCE (undefined) Z2SHA| 25t JUSFLICH— EF 11.332 &

57| AT

References [K&R1] § 2.12; [K&R2] § 2.12; [ISO] § 6.3; [H&S] § 7.12 pp. 227-9.

Answer

Q 3.2| 5l zmUeiz cign 22 F=S A

i
o2
o
B

int 1 = 7;
printf ("%d\n", i++ * i++);

‘49'E == EL|CH "HIt =AM (order of evaluation)0f| A2t@10], ‘56’2 &= 6H0f 3tX| LENHK7?

25



3.

EXPRESSIONS 1. EVALUATION ORDER

Note

References

Q3.3

Answer

Q 3.3b

Answer

7t7] ™oil; 2= 3.8 &
stoh=, S7HA1717] o

kl
°
-
Qo
pal
o
rr
o=

4r T domjo rjr ¥
i
o
Pl
i)
4n
n
rr
U):
3
c
()
5
3
©
<3
=4
Hu
FWDE
I <2
i
=2
I
INLE
i
N

C}.
Z20| o MEl= NS SAIM 22 Ao 2AH T BSUA2 "0 UX| fSLICE (S L
=9| =}
o

BHEH ++, -, =, +=, -=S0| BF FAOM MOIN L2 SQEME(HA)IL F ¥ 04 WAL H2E o
0|BHLICH EEH Mol AR 382 AD5Y| H2tn "M 2|=|0f UX| SCHundefined) 2H= Zofof
z HFRILICE) 0|28t ALEIOA Of2{ 20| HmUa{T}t of B SAE

MO
—
-

CHsiM = & 3 |

A L & 227t FLICH (B2 C oMM 2R E dEE 5t JUSLICH; K&RUM AZ3H
H AXMEY, "Cihdet AFEOM 2 Ssh= X|E ZECHH, JOAS ofd 22= A0| W& T
(R 2: If you don't know how they are done on various machine, that innocence may help to protect you.)

A 22| “after" 2t HHOl= AES EAIH E ®E| o[5St & UELIC

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.

L2t 22 Z=E ofe] Hotde{olM d&ls] 251 T

ro

int i = 3;

1= i++;
oftd ZHute{= i7f 30|20 5t09, & 48 £=5t= HIMU2 E JUUSLICH o Hue{7t U=
Aolzte?
017[0ll= SHIE Ho| glgLIch 2t &2 42 dE A24|0] Ho=of UX| PEHLICH A 3.1,
3.8, 3.9, 11.332 & 105}t7| HIEL|CL (i++Lt ++is= & Ch i + 13} ZX| F&LICh steE 20| Bt
5| i Zt2 BIIAF|= HO|2tH i=i+1, i+=1, i++, ++i & SILIE MA|7| HiEL|CH &2 3.128 21

St7| HHELIT)

O| IEJ} SHIEIIL?

0| Al M (portability)O| @12 223t OfL|2l, MCHE S&ISHK| E = QILICt ?|2| == &t 'sequence
point' 0| A == al| 22 FHO|LL HAStY ot7| T 20f, S LAI0] Mo =[] UX| L&L|Ct
 —

e &4
Ol 2 E0{ C}21 22 Z=E SCO &3} C Aot (icc)d|M SRS 2R, bE 12322 MHSID
aE 022 MASICID ENEUSL|CH

o]

I
u4lol H

ol

int a = 123, b = 7654;

a"=b "=ar-”

o |

)
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%} 3. EXPRESSIONS 1. EVALUATION ORDER

Z2 31,38, 103, 22.15cE & D157| HFRHL|CE

Q 3.4 25 (parenthese) S MM BIL =M EZ M7t Yots CHE HHE 5 USTIR? Thoko| HEE M| Q4T
BlE LOFM EIX| QLER?

Answer StAF 721 A

fel= Ao HMELE HA Lottt A2 20 JASLICH Td2{LE M7e| g 5 o™ g7t
MY SEEX = & 5= YELICt

HE Al (subexpression)2| HI| &=M7t SLE 0=, UA| HE 0tE D ZHZE CIE 2 Fl(statement) 2
2 Lt M= 20| BALICH

References [K&R1] § 2.12 p. 49, § A.7 p. 185; [K&R2] § 2.12 pp. 52-3, § A.7 p. 200.

Q 3.5 azicio e, |1 FAKIOIA = O{EIIQ? CI2T 242 FES £ J[0| YHES.

while ((c = getchar()) != EOF && c != ’\n’)

Answer | IE= O|2H} ‘short-circuit’ 0| 2|(exception)2t11 St= O] AFEIQILICEH ZF, AAAXLS| 21250 A
IR0 E MM 20E 2 = US Mol RLER S HILEX| $S5LICH(F, || ALK 2%
0| &0|7L}, && HAALKIOIA 10| HBlQl AR). J{= 2, 20 (comma) _AJXM ESPISNERY
ALRS2 2Z0HM RLEZS 2 FItErs A2 ':"é*%* &= UF LT AT o] AMXIEE2 BF
(7: HLHR} 28 FUIE '—H—'?’—’i*.c’._I sequence point'E ZFX[10 UELICH (BF 3.8 &)

References [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. 220: [CT&P] § 3.7 pp. 46-T.

Q 3.8 ojzi5t =&t FEIS Cf Lotof 5HLER? EE ‘sequence point'2Hs W F21017tL7?

Answer ‘sequence point'Zt= A2 O A|ZICH (FA| sale] HIIF BLt AIF, E= || &, 7:, E= E
Of(comma) QARG EE= &t S & HIZ O|7‘*)°| °|7<|E o|o|st= AR £ B&80| Yo{LtX|
=rtl 2E&sh= A™E LT ANSI/[ISO] C E&E0AM = ch2aF 20| delsta JELCt:

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.

RI0M FEHM E2E0| oHE = USLICL F, ofH LENEN| S M=(write) B2, HA =
A2 0| LEMEN MEE AUS AlLtst| -‘%I%J %’5.95 MO{0F BiCt= AE 2|0| gL . This rule
effectively constrains legal expressions to those in which the accesses demonstrably precede the modification.

&F 3.98 &15H7| HiELIEL

References [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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3.

EXPRESSIONS 2. OTHER EXPRESSION QUESTIONS

Q3.9

Answer

CH2 BS0jA S TR R40] A4S & Xl B2X|gH 1= B BHHBH S715|s Ao 2 MZHE
o

= AULR?
ali] = i++;

ORLILICH QB $4j0|Lt 2 240| HE 2¥4l0| HO|0f QUX| S4CHundefined)2tT]
SOl Of A S8 x| RELICHL AR 32,33, 11332 &15H7| siiLict.

30
|0
e
kO
rn

Al 2 A Other Expression Questions

C AHoi= eXPression(—’F&!)OﬂH 2z} CHE Etlof operand(m| 214X E B1HSH= X st 73l 71X
SUICE 25 0|3 X2 0|2 PITIBILICE J2iLt OlATE & gl 237t LIE & lon, 2 3.142 P

3.157} T12{ 3t AlBHo| Chaf &
?7: (EE= “ternary"El1E

Q 3.12

Answer ~1

References

Q 3.14

Answer

References

Q 3.16

10435l SL|C}. L‘—-|'=’O:| O| Ho| B E2 autoincrement operator2} conditional
) operator0f| Eij et A= CHEL|CE

otoF =Al9| 22 MX| RF=CtH, H2| 22 SIHAIZ|7] RI5H, i++2 MOF SHLtR, ++iE MOF 5f
Lt2?

TR = S| o8t gt2 PHE0] LH=LFol| 2t Xto|7t U= AO|BEE, W9 gtg SIHA|7|
7] 2t SEM =0 MOICtH XHO| 7t giELICh (O2{L, CH+0M = 2+i22] E@Alg ¢ ME L))
A E 332 &5t "igh| ot

[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.

ol A= o SR 2SH?

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

C A0{9| ‘integral promotion’ &0 2|3l 22| ML ‘int’ E}QIo| ZAMOZ A ALEIL|CE M2 T
Aot LH{EZ 2 (overflow) E|[7{L}, EE= ‘promotion’sH7| F 0| 7“E=| L—P*(truncate) = Q&sL|Ch.
2tM ‘long’ EIJ S| ZME s™ASt2tD (LM Z) o5t 20| Ye{F0o{of &L

long int ¢ = (long int)a * b;

‘(long int) (a * b)'2 20| BH= S WO TS LS FNE USD2 BIZEIGHK| YL

[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.

OftH =Z0f et M2 CHE ol 2hS cHsten sfLioh gt 22 Z=EE ME S5UTH



%} 3. EXPRESSIONS 3. PRESERVING RULES

Answer QHEIL|CE 7: AAMAb= CHEE ALXIE 0 20| ‘Zh(value)' S BHS0] LHLD, [H2tA O] Ztof| CHE 22
CHe e = SiELICh (BHE 22, 7:= ‘value'E BHSO0{UIX| SI5LIC}) =gt 0|3 Alo] A=E Ao}
Stobs, ChEaE 2ol g = JEL et

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

gL EM o 2 ol Ao F== XXM ESH 20[7| Wi=0i & 2A0[X| gLt

—

References [ISO] § 6.3.15; [H&S] § 7.1 pp. 179-180.
Al 3 4 Preserving Rules

QF Hof|M LSt “expression(=ANAHIM Zt2Zt CHE EFRL 2| operand (|91
0| = classic C2F ANSI/ISO CO|A k7t HER }SLICEH O] oAM= 1 Xto

29



A 4 7
Pointer

Pointer= C A0{A|AM MS35t= 7He 23St Q17(|U= 7|S0[X[2 =& programmerS0| A= ¢S IE
&2 ALLIL) Pointer?} Z7t2|HOF & WS 7t2|7| 1 UX| S M HWst= 222 20| fISLICh (A

= |E101|A1 ahafsts o|2{st 2MIS S Ch7f o2l Betnt Bieto] UBLIch 7 A2 Fsty| HIELICE)

Al 1 4 Basic Pointer Use

ol
Y=
dynamically allocated arrays (& & 6.14, 6.16 2f11)

generic access to several similar variables

(simulated) by-reference function parameters (&= 4.8, 20.1 £t11)

— 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 ZEE2 olalistr| of2ig == UELICH)

HE0] A2 6.8 & 1SIA|7| HFZFL|CH

4.2 | =olE|E Moistn Bl 22| 8 BYstalD BiLIch J240| M2 SESHX| ef&LIch of RS HR
2 BE20| YULtR?
char *p;

*p = malloc(10);

Answer EE235HA 20| MAHBE pointer= pO| K|, *p7}+ OFElL|CE. pointerZt OfH RS 712|774 5t2{H CrS 1}
Z0| 1% pointere| O|E & MO} &L}

p = malloc(10);

30



ZF 4.

POINTER 3. POINTER MANIPULATIONS

References

Q43

Answer

References

J12|1, O] pointer7t 7I2|7|= HEE| 2Zt2 M 7| ISHA{= CFZ21} Z0| ‘indirection’ operator( 914t

el +E AtEgLC:

*p = >
MRS HL2 AP AFF 2 5 UBLICH YLEHE nallocS X|9f W4 Mole| £7|zto= 4
Chet Ch2 3t Zo| 37| T 2L

char *p = malloc(10);

0| Z=EE MA Dt X[ (assignment) 22 FE|A|7|2{H +&E M| A3l of eith= A E 712{5H7| HIELIEL

29513, expression0f| A p= pointer0| 11, *p= EQIE{7} JI2|7|= RO0[2t= (0] B SH42| char)
ALt
HE0{ 22 1.21, 7.1, 8.3% Z1SIA|7| HRFL|C}

[CT&P] § 3.1 p. 28.

A

fjo

S7MA7l= Aelvte?

rr

*p++'2 p'E S7HF= AR, OfLIH, 'p'7t 7tE|F|

— >~
Ch Lt pE S7HAZ EHE p7F S715H7| Fof| 7t2[7|H Ro| 22 e|EgfLtt. p7t 7127 AE
77 IEHH (p)++2 (=, FEES0| HOoLtE H2Ql= E P, ++pE M ELICH) 28 FLCh

Postfix ++ 1A= prefix AAXFEC 52 @M 2918 ZBLICH M2tA spres +(pr) 2 AL
ZF

[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.

Al 2 A Pointer Manipulations

Q4.5

Answer

References

A} ZQIE{Z (char * pointer) O intE 7}2(|7| 10 U, SXY, 0] ZEQIEHE MM CIS intE 7}2|7|
7l ste{d gLt of o] EETJF SEGHK| 4277

<z

HO

((int *)p)++;

C AHO{H| M FHAE(casting)2 “AA| H{ESO0| CtE EIQQ AKX EH ELHLHE A" 0| OfLlL|C} FHAE
2 HSk(conversion) 214t0[0, 2|0 2|5H rvalue (EHUEIZHLE, +E MM B7HE &= )8 Ut=0
HLUICEH (2 22 B2 A2 UERE, /=X o =2 §t Z0|E, £ M3 oftd Hutde{st ¢

o 2 ZEE RAdt= tE2 Z=E USo{HEIT S = 0| /2 EE 7|s0| ObHLICh M2t THE
ot Zo| st= Aol F&LITt

2 = A A Tl SHIE Eflel ZRIHE M= Aol HIZASIThE AE 50l FA|7] 8t
EFL“:F
=

[K&R2] § A7.5 p. 205; [ISO] § 6.3.4; [Rationale] § 3.3.2.4; [H&S] § 7.1 pp. 179-80.
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ZF 4.

POINTER 3. POINTERS AS FUNCTION PARAMETERS

Al 3 4 Pointers as Function Parameters

Q4.8

Answer

Q4.9

Answer

Q 4.10

Answer

F

Hl

o

—

B

i

o|xtZ b

— —

S, O =0l o] ZRIHE =7

i
Loj
_0'£
rir
il
4>
i

o
o

Q
Iy
T
Il

A
e

I
ot

void f(int *ip)

{
static int dummy =
ip = &dummy;

}
Lt EhEa 2ol ZEE

int *ip;
£(ip);

C A= OIXPE MEe M, ‘call by value” HAIZ 22CH= AE 7|AS17| HIELICEH 2] &0 A
X

o
== o==
= HHX| SALE _-_°._ BE HZ5H| =20l &AM QX2 ISt ip= HAEX] FELICE M2 O]
TN E &5t ™ &It ZRIEe] FAE Hg = UEE (F, AXIE ZIHE 7t2[7|= =2
Ef(pointer-to-pointer)) BHE 7L}, t7F ZOIE{E 2|EISH=E 5 of §fL|Ct.

ZF 492 4112 FH15H7| HHELICH

St=7F 8 Z QlE{(generic pointer)& 2| 21 A (reference) 2 B 57| f|oll void ** ZQIEHE ME

o|&jdo] elgLict C AMUM HES| ZIEE JI2]7|= ZQIE (pointer-to-pointer)= EXSHX| &
SLICh void *x7t HE2] ZOIE 2 M0|= O|F= HHX| CIE ZQIH EtRlo| ZiS e E2, A=
22 Hao| o{Lt7| = L|Cf; o H %8 void * E}Q|0| Ot CHE “0“51 void **2f Z2 A
O HEtg moll= (e ZH Bt & 5 7l M=o) M8 + glsLch

t

Ct2ot 22 g=7F JUS m:
extern int f(int *);

= (constant) 2| BHHAE MEEY = JLIL? S0 20| 5 BX|2F & =& fsLith

£(&5);
Mo Z & = glELICH YTt Al HEE MASHL, o Hpo| FAE &0l Mo of &
Ct:

int five = 5;
f(&five);

&2 2.10, 4.8, 20.12 &t0517| HHEL|C
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%} 4. POINTER 4. MISCELLANEOUS POINTER USE

Q 411 | c O10{0]| “pass by reference” 7} Z=AWSILIR7?

A= Fx=A ‘call by value' 2+ AL gLt &

St= Eflel ZQIH Eh°=l§ OIXIE Hh11, & HAKIE WA FAZE MEEIO Z M, 'pass by reference’

S = USLICH ESHHIEE QKR MEY ZR0= Hutde 7t kS22 0] Y S i

LICh (BHE EHal ZRIEE AFESt= A2 AR 648 EH1517| BHELICH. OB =, C o= ZIFEt
Z

Answer EXSHX| GF=Et0 & o USLICH LS| &l C A=
t

Y M o

‘pass by reference’Lt C++2| B|HEHA JJ'|'E|":H|E‘|(parameter)-‘?—|' €2 A2 elstct (Aol 32 &
+E2 “pass by name” & M| ZEL|C})

& F 481} 20.12 &t05H7| HEEL|CE

i

References [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. 2734

Al 4 A Miscellaneous Pointer Use

Q 4.12 |2 5=8n

Answer 22}, &£ J2|7|
X

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

= (xfp) O
CtE U2 H&iolH, &+ S ZOHE MM SEE DT, AX &+-E SEE 42 LR E X
QIE] (=AOIM, =7(|St0IIM ME; 2E 1.34 &10)2 HAECHD & 5= 9»1%'—|E|' |E*71| Hb et
T U= HQA2, ANSI EF0| & ZQIEE Ctg1t 20| & £ ULt &5t JU7| W ZL[Ct:

= fp(Q);
o| mf, 'fp'= & O|E0|HL, &E 712[7|= ZoIHYLICH ({H 2 A2 ™3] gsLIct HLFst
o Fof| 2Kt E[AEE E0{M &8 S&ot= A2 Melsties g ZQIHE £ 47t 7| &2

o||_||;|._)
ZF 1.345 F15t7| "Hgh|ot.

References [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.
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Null Pointers

Q5.1

Answer

References

Q5.2

Answer

(@)

|SHH Ztzfo| ZQIE EfRlo]| Cisl, SEt 2t

— | =

REHELL g E JI2|7|= ZolE2t= e - E= =2

EHot= ¢ ALt HOZ d ZQIHE THE0

) 2 ZOIE E 2|E5HA| ZELITt (mallocO2 MIHE 2R, & ZQIHE 2|HEL

Ot J2|3 0] o] & ZOIE of XYM — "ZHEHE[X| 2" = "ofiet A= 7I2|7|X]| f="2 2
=

ro
m
£
fuin
be
Mr 1o
-
nE
m
g
2
8
:
o
T T
roh g

SfLict 5, 728 2|
_|
Lo — =2 —

2 EOIE|9} X 7|5} X] 42 HOIE| O JHAAL &R CHELIC & HQIE L Of8t QEMEL}
|71%] of= EQIE{o| D, X7|9t|X| = EOIE{E OfE 242 JHX|= x| 22O 2, off
2l & U= ZolEfLIch A2 130, 7.1, 7.312 &3] HREict
o Zolef Eflojl et ' EolE{v} ExfetLict 22|
OlE{o] Mx| 242 2t Efloll whak M2 CHE & UsSLICh Hupda|s} 2 Efelof e AF glo=
Zsl 77| mj2oll T2 IeH0IS2 2t ERRlo) wiet ME CHE ' EQIE{of LiRAel gl 2 Be
3| elaLICt (22 5.2, 55, 5.62 1)

[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.

Z2HM o{EA E ZQIEHE MALR7

A0 Folof w2, Z BTt AU RX(context)0l| &f+ 02 A0 Hulde I XIS 2 & ZOIEZE H
dELth &, =7(8tE cHY, Bl weh o, eH50| ZoIlE| EfRlo| MLt AU H 2, THE F2| 02

Aotde7t AtS2 2 4 ZQIEZ HiH 0 ECh= QUL Hotgel= 0] & 08 &M & Z2lH
o= =1

=
L2 HiPO ZLCh Mt Chgat 22 Z== EXME A ©5 el (2E 5.3 &1):

0

char *p = 0;
if (p !'=0)

agLf, gfseo| QIXIZ ZQIHE MES Z2, 2RI et ZRIE{T7F A X(pointer context) 2 2 21
MEX| f=tts AE F2|dlof & ZOIE 2 QIASHX| RE Jtsdol )
Che SSQLICH Ol miol= & Z2lEEts A8 ZMEH2=E

1

uninitialized pointer



%} 5. NULL POINTERS

£ E0{, UNIX A|AE 20l execl2 748 QIXt B|AE?S HigL|Ct 0] = QXte| g L2|7
M & ZQIEE OiX|2f2 2 MESHoF giLCt =t

execl("/bin/sh", "sh", "-c", "date", (char *)0);

OFX|9} QIXte| (char *) FHAEO| M2kl A, Hmteis 0 N
5| M4 022 QIABILICE (RE0| UNIX L o] 222 IR 4H3tn oL
Lick)

Z EE}(prototype)0| LI Z
2ot AsLict HLsHH
| i 2 L|ct. 2t T3]
7t CIXt E|AEE M= S
ez olz g2l 2l
OSHA| 7| HERLICE) &2
[E{0f| FHARIZ Sl= AOo| =

0|| O.u.
0
re
Pl

gl e
e
o
fin}
°
rO
e
|0
Hu
re
1>
mn
N
Mo
2
2
4
i
Y

— =]
Ebelo| Zimpea{ol A et efelo] Rotolats
S, ZEUR{TH LOrA| E EOIE|2 HFR0| &
e mz=efelg Unfats, 2zto| QIxjoll ot
1 ZOIE{O| = HI=A| FHAEIS M F0{OF BHLICE
SEflo] U QB AtTtelo], PR B4 oIXtE
=|X| 94 QHFE 5 UBLICH

I.

i
4>
HU

H>
ol
o
$ 1078 |f
orx
o

o
—re
I

ol
n
in
Ir ¢
r
Hl g
rO
Il |
ol s
Ml
H

dJ0E ME E2 2% IHAEI0| HIEA| 25t 2=
=7|3}H(initialization)
CH Q! (assignment)
H| 1 (comparison)

st 52 ma=EE st 5& ZZ2EEIY 92
U= (prototype in scope) (no prototype in scope)

o
02

= eIXt gt SE0M 7HH QIXt
(variable argument) AIS

A1

References [K&R1] § A7.7 p. 190, § A7.14 p. 192; [K&R?2] § 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.

Q 5.3 | =olg{7t g mOIE{QIX| H|@5}7| QI5H “if (p)"2tT M= Z0| QHMBIIIQ? Bret | :o

[

A 2to| 00| otd HR0l= oA == 27tR?

Answer C 210{0{|A] 22| (boolean) Zfo| Zet M, HAE 02 2|0(5t0, Ff(true)2 00| otl 2t 2|0|5t
A oot w2t CHZaF 20| AA| = H:

if (expr)
ARIZ ‘expr'0| RUOISX|, ATl $lo| IEE C1Z0] TS 22 AR Bk

if ((expr) '= 0)

C2tM ‘expr'E EZO0A FOZI 'p'2 HERH, 'if (p)'7}'if (p !'= 0)'0| EL|Ct. 2|10 0] F=4
2 H|WE 5t= ZM(comparison context)0|7| IH20]|, AOtAU2{= 00| H ZQIE| AlpEte HE
0, AN g ZQIH ez HASHELICH MM X ZCIE{2| 210 02IX] ofLX|= & ER7

M5 elabtct

£2| £F-(not) HAMAIRl 1= THZ0 20| &

—_

rol

g 5 AL ok

2variable length argument list



5.

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)

metM 222 Z== chE2a 20| siMe = UsLH T

if(!'p) 1is equivalent to if (p == 0)
J2{2 2 th=g(abbreviation)Ql if (p)'— M35 ZXE Aol w:.'—l':f J2{Lt OffH AtE2 0]
Aoz FESt= A0l L S0t HEL|CH (28 o ARE2 £2 &a0(2ta ettt
&F 17.102 F105t7| BEEL|E).
&= 9.28 FI5H7| HiEfL L
[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.
3 NULL2 F0|10 oA M2 |0f(#define) JULIL?
AEUO| 25 2XM|0|X|2H EHREE 2| =220 S2 =2 I0f|M ool 02 2X| b= 0| /Us

LICt o] SX o2 MA{2|7|(preprocessor) Of 3221 NULLE &L|Ct 2|10 O] (122 = 022 7“'C’I
|0 JUELICH (<stdio.h>E Z&SH 0124 ol oo Hel=0] J_FLICH. o{H AR (void ) 2
NAEIZ|0] Y= HARE (R2 5.6 21) USLICH Wt 4 03 A ZOIE| A0l 02 & 7Y

St7| 2Is, @ ZQIE7I 2= R0l NULLE AtE3dt= 7"°"—|':f
éE|-°E|x ol 2|t MAE|7|7F NU

NULLS M HE Tl LLS 022 }R0iFo 2, Futy
27t 2 Moz 25 022 27 & | f MHEtM B QIALZ AL S ZR0ll= 02 ALSE Ui} OfEt

7IX|2 NULLE FHAEIZ 6

2 529 FOIA 0 chalo] NULLE 0|2 2
o 03 27| eI,

J2{Lt NULLS HHEA| EQIE{7} Mol 2UOl|A{BH 4010F BILICH B2 598

27t Ydadict

& UL (G2

05k7| HEEL T

[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. 292.

g ZQIE Zt2 =2 00| ot HIEE Z&l5t= 28 At8Sh= AIAEI0A = NULLO| O & 2| =0
ULtE?

NULLS ZHEE{of At=eio| Btk 022 Fo|=|of YBLIC (FE 5.48 & D5}7| HiRHL|CH).
D227 d ZOIEE £ 42, 02 AHX| NULLS AEX|of 2eio], x| HFE S LHEH
ol d ZOIE| 22 SHEoili= A2 Hutaio ASL|Ct w2t HFEOM LHRXOZ HHE|
= g ZQIE 2t0] 00| ot CHE ZIO|E{2tE NULLE2 FxH 022 FO|=|0f J&LICE & Hupay
£ ZOIE WMo A0 02 At522 4 ZOIH ZA*EE Al l—IEf. M2 52 510,517 205t
7| ghgfct

[ISO] § 7.1.6; [Rationale] § 4.1.5.

NULLO| C}21} Zto| Mo =0 UCHH:
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NULL POINTERS

Answer

References

Q5.9

Answer

References

Q 5.10

Answer

#define NULL ((char *)0)
Bi4 QIRbE NULLS FEE o, HATSHR| of0s x| 9427te?

UL O = JYR| SELICH OfE ZFEESS 242} CHE ol olEf Efloll ChEH ZOIE{o| L EE &
o] CIELICE. M2t 2X1E 71217 = ZolE7 est R0 NULLE 2 i 22 277k 2 oo
T2 EIRIS Jf2l7| = EOIE7} BOE Rol 1d Mi RS BAJF LB 5 UBLICE Matk

EM7F et MZts = o2 ZEE S5ttt AYLICH
FILE xfp = NULL;
2L} ANSI C= NULLE Ch2at 2o H2|st= A S F{Estn USLHIC
#define NULL ((void *)0)
2Lt NULLE g|9F Zto| M olst= ZHe (homonegeous pomte r& A AFEHUMIHESE2 &
=

QUELICIEH NULLS Z2ME 27 & of 25 = & UsLict (8
7t 9f0F S ROfl NULLS M= 22 &

Hﬁlr
o1
(o)
i
|:J:|:

[Rationale] § 4.1.5.

NULLZ} 00| & ZOQIEf &2 A 2tMS| ZCtH SOHA| O A S MOfStE HE?

CLHEE2 Z2O2i0{S2 Z2H EHoM= BH=A] NULLE *HOFOP'— Aoz P YLk HHE
AFZE2 NULLO|Z2t= OH3 22 02 7PE|E A0| 235|3 o ESS 7N 20t W25t Fx21 02
M= Ag MES|E gt JX| gk o] A F0= o st A x 20 Bt s Eol = X| et (2
= 9.224 17.102 &15H7| BiE) C Z2Oefit{2tH Z B 2o NULLD} 02 OFSHHZE & & U
Ch= A Lofof gtL|tt. J2| 10 BHX| 02tE M= A 2HHSICh= A= 2otof gLt (05t = E
2|) ZRE7t 2 = U= RO|H, NULLE 2= A2 S5LICE J2{Lf =2 024017k (NULLS 0t Cf
E N2 Z o[5li5tALE Hutde{oM SE5HH FFetctl d2shk= §) Z2IH oot P+ 02 &5t
=0 NULLE M =Ll 2| ESH= ng -’%EXI 2=

X|2tE NULLE A0f ot=lL|ct QY
iL|Ct (AICH2F ANSI= NULLEZ
T A= BE RO NULLE £ 5

LS 20 eHEL|CE B o032 E

C}.

CHE &/2| 00| 2t Xoll= 2tef 7| Moz S26tct
ListH O 29, 2XE LB 2Het HIA[X|[ 7} 2elist7 |
((void M0)2Z MY = 9\15_5 3F_T'_ A28 2), ZIE 7t

U HE op—u_m S5] ASCII null 2t (NUL)O| 22l Rof N

£
o2l
Ml
UL

#define NUL ’\0O’

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

JZEX|TENULLS| Zro| (00| OHd HE gt Z2) HAEH M E (HEA2Z 00| Ol HHE glEe 2= A
FE{) CHH|SHA] 0 CHAIO| NULLE M= Zo| ©f EX| &4g7t7?

OtElLICt (NULLE M= Zo| Higtalg 5= QUX|TH 0|2 O|FOo[M7t Ot LICE) Yoz A2
2l (symbolic) 47} M0|= A2, MA| Zto| HHAE AL E Cthd|siM ¢ = AL+ BEX|TE 02] Xt2|
ol NULLO| A0|= A2 o|& o|ROIAMZ} O L |t TEA| ZSER|TE Q101 XA 7t (ZQIEf 2HOIAM)
00| & ZQIEE StE0| Wt FHo|stn JUEL|CH NULLE Y= A2 thes| AEFA0| 25 22X

QiL|ct &2 55 928 & 15}17| HifL|CE.
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NULL POINTERS

Q 5.12

Answer

Q5.13

Answer

Q 5.14

Answer

Q 5.15

L2t 22 328 MM 2 Z2IE 71 HE el Etelo] = =5 5t gLtk

—

#define Nullptr(type) (type *)0

o| E2I2 O| L 217|911 of2ix 0|7l 5}X|CH IH E20| K| &SL|Ct 0] EHHe cielo|L} Bl
OlM & %= elaLict 22 5.28 &5} HPE.“—IEP. (A7t FIHH e 2 EPOI%JOHOF St= =107t 2
QEH|CE) 2R 9.10} 1025 EA|7| HfZhL|Ct

ofzh SIZHEILICH NULLS 091 20| 2AE|of )T

YHA O Z “null" ot "NULL"O| EEE[0{ 0|Z] SHX[2 CHZ AtRt2 LOFFA{Of BiL|Ct:

H(null) Z2IE{0f| CHEE 7HE 2 &2 5.101 H2[= 0] JUSLICE
2. 9 ZOIE7 AN 2 7 == WEH QI 242 ztztof Efelof w2t tt=0 £3 H|E7} 00| ofdl
WY == USLICH MA d ZQIE 2| gt2 Hutde] MAXL 225t Z\OIXI C Z212foi=
g ZOIE 7 AA| OBt gtelX| M5 & 2RIt glaL
g ZoH M é!" oL (A2 54 &)
4. NULL {3 2= 022 H2|(#define)=0] USLICE (AL 5.4 &),
ASCIl 4 2%t (NUL)= ZE H|EZt0Ql gte= d ZQIE2t= o|FRt 22 &, ©5] A4&0| gl

6. 'd B (null string)2 Bl 2ALY ("")S LIEI = CHE 2=, C H0jol A 'L 2XIH0[2t= S
O|F ME 22 B2 IIMSLICE H0IE BXES J BAH(\0'S Yots 2O|X|, & E©
Efote Al gALIC

O - HAHK

o] 20iM= "d ZQIE{(null pointer)' 2= 01 2|2 1#2| SX 2 AFESIL|CE 3 Bo| Moo=
= 00|L} " it& B d="cts 23S A0, 4 H2 SH22 "NULL"E AFEEL|C]

CEZZOHER MEHOE M&E 7|A42| & (machine implementation)d]| CHall & & B2 A
7| |Aste AE0| JUSLICH EMeE 9 ZQAE It AA FELR} 7|A REM|K| T MOI'— JHE 0| x| B,
AN 7|A0|M= 00] ofl CHE ZIeE2 EHE == Urct= dlof JUFLICH MA2|7| 0l 3 221 NULL
£ M= Aol =50l HEE X7 Ut AXME EY == JUSL|CE E "if (p == 0)"0[2t= 2

E=02 ZUHE2E HESt= AO|X|2 pE HTY2E HESH= AXME EY == JUSLICE Of
X|2e 2 027X 2 Moz (A ) “null"O|2t= 012 AMO=Z E= AT0| USLICH

oo
il
w
IE o
ko

C HofollM o|H =52 glof7| et e 2= Y =0l EXE M| 2|5t (Pascal2|nildl ZH2)
7| E(keyword)E Bt=E= AS MZtsl 2 = JUSL|Ct j_E-lD# Aot = "nil"S MAer g =2l
E{2 HIFO0l & = US A0o|H, & ZQIEJ} 2 = 2l= RoM= Z210E Ul & = U2 7‘|.°=![—|
Cf. J2{Lt Sy C o0l ""°| E{E LIEHHE 7|QES “nil” 0] OofL|2t “0"QlL|ct Je|lo Y

Lt
ZOIE{7} £ %= 2l Roi| 00] ﬁOIE'j, o217} L4st= Ao| ot|2t H== 022 s MElCt= Aol ot
=L|ct
SL|ch.
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Answer 0| [ %/ % Q= WS CI2 E71x|2| ZHetst 2|8 mhas HelLch
1. AN FEHM Y
~

Ir
— o
2. 0 EE= NULLO| &t QIXtZ M A0l =, Z{Z 5t Efel Q|

LIDIX| AFRIE2 TR 2 ALRE0l & =2l Al Aol zroll cha &R olsistn U
(B olHS ol 2= ELICt), & S20| thst |24 2ol Llst= AUL(ct (o] |
HE 025t =2I5CtH FHm #22 012 25X (conservative)0|2t= AE & = UGLICE 1
2Lt s E 77IX|X|= 4&LITt) EE 5.1, 5.2, 548 0|55t 5.3, 5.9, 5.13, 5.148 & 15t= HERC

2= S8

Q 5.16| o2t =2 glof7| QIsH, cHes| & ZOIE{7} LB XMoo= 022 LIEHHO| ZlCtD Usts 20| BX|

Answer CtE 0|7 gl0| O3/ st= A2 0l HRE 42!
B2, ASH2E SHEY|0] ERY(trap)0| LMSIE=EF off U
CtE o2 AU 5= Q7| IfE L[
ACtzt 2 ZQlE{of| CHall & osH5t7| lsh, X2 LY
Ot-AX|ofl CHsH) & 2Tt M5 Ql&LIct Hes| @ = o
Ct oA, ZEE ZYSH | 2} X= A= OfHL[C} (BRE callocO0] CHEF MHE ZFE 7.310]
M ZH0SH7| HEgfL|C})
J2|0 9 ZOQIE{7t 002t s = ZQIE | 377t Efo] w2t etz == Q7| I Z20i| 04X 3| &=
SE0M IHAEIE Slof §L|ch (2HeF 22 5.140{|Af st ZAX 2 “nil"0] d ZOQIE{Z M £ QL
Ctod d ZQIE{7t 0QIX| OtAX|Of| CHEE =7 XA 7} 2|o|Qles Aol & AL|Ct)

N T

ot ot 7| AldM= & ZRIHE &
| =0l A= & ZRIE{7t 00] O

Q 5.17| &xi=, 00| ot H|E THEIS AFRSH= 7|A[LE ZH2te| EFQI0)| w2} CHE SHEfQ| ZOIE{E M=

ik
3

E{7} QJULER?

Answer Prime 50 A|2|=&= HO{EZ PL/I HAO{N|A D ZOQIE|E LIEHHZ| I MOHE 07777, Al 02 A}
g8tict x|22| ZEo|A{= TCNP (Test C Null Pointer) @22 M7| Q51 (C AOIM) MIHE
0, SM 02 AtSELICt £ Q= = FAE M =(word-addressed) Prime 7|7|= HIO|E ZQIH
(char *)HClI = EZQIE (int *)7} 3 7|7t & &&L|CH
Data GeneralAt2| Eclipse MV A|2|== 7|H =AM M| 7HX| 2] ZOIE EIY S M S EHLCH (RIE, 1t
O|E H|IE ZQIE{). C HO{0|M= F 7tX| ™HEHE AIBSI0{ char *2}t void *= HIO|E ZQIEZ, L}
OX| ZOlE{= £ ZQlIE = 2 EL|Ct
O1% Honeywell-Bell 0| 21 =2 2I0i| M= 'd ZQIE{ 2t2Z 060002 At EILCE
CDC Cyber 180 Al2| == EH(ring), MOIHE, SM EEOZ 0|F0{XI 48 H|E EQIHE AIS5I0, (2
119|) cHEE£9| AISXAt= Y ZQIE{Z 0xB00000000000E AFZEL|CE 2=l CDCE 12| E(one's
complement) HAIS ALE5I0, 2R E FAE ZEEH ZE 0B 2] of 2| &t&o| 2E HIEJH1Q ==
PNE=RN ===
22 E HP3000 Al2|== 2[0M HZ St CHE 7|HISXE char *, void *0f| CHEE ZQIE{ 2} LI X|
ZOIE|SE I0|E ORI AT 9IS O{ =8| HA TEEIN, S 03 A0| AE CIE WAIZ A}
S&Lct.

Symbolics Lisp Z EE{0| M=, (tagged architecture), O}0| =X 2 E& == ZOIEE N 26K &LSL
Ct. C @ ZOIE{= <NIL, 0>2Z THELICL (7|EXH S Z <object, offset>Z2 AIEE

8086 AlH2| ZZMAM (PC Z&H HiM= ‘22| 20 2t 16 H|E H|0[E{ ZQIE{2} 32 H|E &t
+ ZOIEIE 2 & USLICh & 32 B[S ol0|E] EQIE|2f 16 B|E Bt ZolE

un
u
1
o
Iy
r
(1L
B!
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NULL POINTERS

References

Q 5.20

Answer

Ot 64 B|E Cray ZFEOM= int xE B }=2f 519 48 H{EZ HBSID, char *= LI X| &
216 HEE SMlo2 WA EIEL|CH

[K&R1] § Al4.4 p. 211

run-time0| “null pointer assignment” 2}= 0|27} ZAHSH|C}. 0| RIS 2|O|5ILt27 EE o A| 5H
25 & O =7
== T AMLL:

(Il

O] HIM[X| = MS-DOS & Hutd {7t AtF LAA7|= M Xl ZOIE of 2] HAIX|L[EE = E (£

S %7|55x]| 942) ZOIES MM ZRE III(CH7H CIBE olojef M IHES] 24 0)of o

O[E{2 Ma{atuf LAystLIC

OffH C|B{ 7S T 0|Ef 24X Z I E (watchpoint)§ 4 00l M8 & USE 3 FLIC L ofof
22 0 2%/0] OF 20 BIO|E HEES ChE Ro| SAIHED F7IHO2 6| mslM HASUEXIE 2

AR $E Uatich D2 1682 2 1517] HieiLick
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Arrays and Pointers

Q 6.1

Answer

References

Q6.2

Answer

|
g

(o]
_gg
4n
)
rr
fin}
o
ol
A
gh
Ral

0}27”

AA A0 char al[6]0|2t10 A 2|6t10 extern char *aZ} ors
o

oA mlof Holst A2 ZAt At A2 ZXHE 72|71 = Z QI

o7t UX|GHA| ei= BARYULICEH o T EFRIZ 7t2|7|= ZIE{(pointer to
type T)2| EtU S O{tH T EtQ 2| Hi Y (array of type T)} ZX| QIS LICE CHAl extern char a[l& At
5IA|7] B

0

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

J2{L} char a[]l= char *a®t ZHX| QILIR7?

x H 8
ETHE > e Bri HOe a1 gt o e OBS S of% S HFE &
Zholl x| tLich. ghet mol char p= TOIEIS MY + 3= B2 27611 0| A
5217 0| ZX|O{HLICE. 0] ZolE= ofF| o RE s12|2 & UBLICk M| Ysf ofw
L}, £X}2 0| 20{A Hieie] 8t 248 F12I717iLt OIRAE J12171X| 948 & ULICH (L 5.1
1.302 o).
o=

O8e2 E= Aol EM o L2 AYLICh ThE & M2

—

H
HH
o
om
>
e

char a[] = "hello";
char *p = "world";

CtZ2at 20| HIo|H E =7|8tefL

alhle|[1][1]o][\0

o

S MHBICHs HS Lo} Fof
u]

O|Lfof| et M2 EHE =
ZE M, T2 20l M M JHREE XLt

ZOIE =
= =W Hog= alsl = ®S
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6.

ARRAYS AND POINTERS

References

Q6.3

Answer

Note

References

Q6.4

Answer

M O 2IX|e| 2XtE 7t ZL|ct. J2|10 HOoYe{7t p(3]1at 242 FEE g2 I, & p'oll A2
G5t CtS, O X2 EXE 7tNZLICt CHA| 26tH, a[3]1 2 ‘a'2td O|EE2(named) XZOj|M 32H
2 Xk X2 2efo|stnd, p[312 'p'7t 7t2|7|=(pointed) ROIM 32+HF K| XS 2|O|tL|Ct 22 off

= &7 fIsiAM CHE ZE
E ASEICE (71 2 A0l '2'2F 42 Y} 'p'ef 2 ZEOQIE Q| 22 AlMME o HIle{lt
ME CtE BHE MA AAtsiCt= ZAQILICEH O] A[A2 subscript 4K [1E A =X|2] {22} ZHA|
AELICt CHS 222 & dot7| "igLct)

HA'E == O

[K&R2] § 5.5 p. 104; [CT&P] § 4.5 pp. 64-5.

o
H
0]

=
UM 7t ESE 7ML= RER2 HIZ 0| 282 &R oldliet N0 M HIREL|CH B E 1t =
CHEZ BI £ = UCh= 50| OtEL|C}. o] 20| 2|0|St= Hi= HHY
A0i| ™2 (access)tHLE BIE S L & U= <L

o 4
2
2

oy

R
I
o+
Iomy

e
i}
_o'ﬂ
N
o
o
on

ol
10
rl
ML
ro
i
{0
=

?d2 FololM L2 ALk
T EFIO| BIH O ‘Ivalue’7} =40l M LIEHE [0l = BHE S| AHuim| 245
B2 HE (decay)ELIEL 0{7]0l= M ZEX[2] of| 27t QJELICE TE2[1 B2
U2 TEIUE 7IE|7|= ZelE LT,

=, ol Ao 0| HutUeis sjgel R 2AS Jj2|3) =

&/ #al010/24D # Zu} ZELICH (SI0IA] 2Bt 02 4B BHY OIS0l sizeof HAXIE M7

Lt & GIARRHE #7{LE 2Rt B0l 2XY Z7(3t0] 2 Zeeluich)

o] Folofl w2, = subscript HAIAQI (18 BHIO|LE ZOIE{0 D5 2 % QIcks AEo| LS

Lict =, Zutlei} alilo 22 BESS $S o, i oS o R ufet ZoIEZ Hs|

1, 0l mOIE| B$E & pl1]9 20| M2|Ects 22 & 3 UALICH (Tt AN o 22| B2
A2 6.20 A HYBH HRE Ch2AA| M2|FLICH) Bio Chent Zo| sl FAB ZoIE(of tiY

rot rjo
oX [l
40 H
e

P = a;
pl3]11} al3]0| &2
Z2 681} 6.142 =t
olo| Moo AR ora T BAL|

An Ivalue 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.

T8 9 B0l A (formal) parameterE BHI T HOIE| MOIS OFSTHE HFY & = QUCHs AN
o7

Eol4 O3 ALt

HII 0|22 ZA| ZOIE|Z Hl¥7| W20, HYL B2 FEE|X| orELICh ZOIE| miet|ElS
Motg o) BhERE! & & Qs A2, TRUE7} T &4 LHROIAM BEHZ M & 7| mh 2L
Ch S5, CHa ot 20| BiER el MoiEl afejue

1Since arrays decay immediately into pointers,
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6.

ARRAYS AND POINTERS

References

Q 6.7

Answer
References

Note

Q6.8

Answer

Q6.9

Answer

Q 6.11

Answer

void f(char all)
{... }

Autdefol| oo ZIH 2 CIAFELCL F, T 25Ut

void f(char *a)

{... }
O|&H AtSt=E &2| formal parameter MAHO| Tt M EZEIL|C} 0|2 AlS0| ESAEHCIH ZIES| £
ASHO BHEXMEH A= MAS MX| Yot EFLCH
A2 6.212 &t15617| gL ct
[K&R1]§5 p. 95, § A10.1 p. 205; [K&R2] § 5.3 p. 100, § A8.6.3 p. 218, § A10.1 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.

BHS RiAoff 242 CHRIE & RICHH O{EA| BHEO] “lvalue' 7} & = QULIR?

ANSI C 22 “modifiable Ivalue’ € Xo|si 0, HIE L 047|0| Z &= K| tL&L|Ct
[ISO] § 6.2.2.1; [Rationale] § 3.2.2.1; [H&S] § 7.1 p. 179.

0170l A HiHO[2t B2 subscript ALEALRl [1E AX| &2 B 0| F At E 2[0| &t Cf

10
ﬁ
s
0

| FRIALE 2217t HEE & Q&
l—IEF ZOIHE M =M, (malloct Z2 B+E MM) S22 ’5!7“ Sretsl Fo{of ghLfch Cial &
g I31I‘:'EI SUE 7E|71A & 4‘- AeH, H 22| S0 Chak 0131 X 2e & =+ °'¢'—|EF

O

r

olEfo| x|t HH°47<1'“-*( ]E )‘HH) e Zé'—‘?—ﬂ

=
|':'E_|01| x-l:ol- [[H AA'— ZHe o
Ct (2Lt s1zeof AAKIE £ o= Hi Gt = ol

o
=183 I'E 6.142} 6.162 xu_om I:I}EH_
E{7} MZ Ct2L| F2o|5}7| HIZfL|C})

&2 1.32, 20.14€ & 106}+7| HEEL|C}

RIUHRIA Zhshst helu]ct
2 6.20(lM MYt D 20iE AN G XM 7
L|c}.

5["abcdef"] 2 22 O|AHEH EBS RHALICE 020] C 2A0j0fA & & U= ELI7IR?

I (commutative law)0| M ELICEH ale]l = AX|
QlEf =4 'OII'_ otL=E M AOEI ‘a'?t ‘e’'2| 2|X|7} H}
fafoF HO{F7| = oHX|3 ‘235422 C ZAH|

AE AL|ct (22 20.362 & 15t7| HiEL

£ &= USLICE Subscript HAAEXFRL [10]= W 2|
2 x((a) + (e))Z AAt=E|7| w20 owr E
2r"|01E dEiELICH o C MoME o2 AE X+

E (Obfuscated C Contest)'0f| 2A0[|X| SF=CtH £2

ch).

m riok
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ZF6. ARRAYS AND POINTERS

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

I.

Q 6.12 | my

¥
P
N

ZOIE{ 2 HEIECEMH?, arr0| HIPQUY, arr} karr2| X}0|= RUQITIR27?

Answer EFQI0[ M2 E%E'—IEF- HE CAHOOM, garr2 ZQIE{E BIS0{ HLIC} O] EfU2 HIE T MHME

7127 |=

OlE{(pointer to array of T)2IL|Ct. (ANSI C 0| & 2| 22HEl C HH M = &arrOf| A0l &0

M 208 A7 X2 FAIS = d2eisLth) 25 C Ao Hutd2{of|M (&8 AFESHR| §f=) 2t
Chet Hx= ZQIEE BhS0iUin, O| EII2 TE 7PEI9I._ 2IE{(pointer to T)0|04, HYH S| H 2

AE LIEPHLICE (RI2 6.3, 6.13, 6.182 & 115}7| HEZHL|C})

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 |tz e 712|7|= ZOIE{(pointer to an array)= O{EAH| MOA5IE
t

Answer H O| HEHS =He
=

<)
t2l7|= ZIHE et ALt

t'HO‘ XWIE 7t217|= =l THAl Hihe| HEM 2AE 712(7|
CH Bt T2l BHE2 EtY T2 ZQIHZ HeEtFEL Lt (22 6.32
S A= subscript G14AKIOl [1€ MM |I:I:| =JHAFAM I 240

AN

I
HME 71217|l= ZQBE = MA HIYE Q42 Sh=, HIEE Q42 72l Bi¥ S CfE ool ct

QUBLICh (LS 6182 AT5}Y| HRRILICE)
224 v FH 0l chet EOIef7t BRSITtel, ine (sap) ()53 Zo| Holg
ol 1ol (U2 1218 BT shede] 2718 mecie ie et 5 g)
Ze "37|8 22L& uiGol chet ZQIE" 7} 57| 2o 227} gLict

AL 6.128 F15H7| HRRILIC

o> 3
Lo

References [ISO] § 6.2.2.1.

Q 6.14 | sy30 57|18 M3 AlZI0| HZE 5 JULIR? TF T7]9 B{Y LD CHE BIYo| ULLR?

Answer BT} ZOIE{] ZH2 ® (R 6.3
o

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

(mallocO| MB3MCt= JHA OF2HOIM) dynarray[i1 M3 (i= 0KIM 97HX|) &
=

A
dynarrayE int a[10]11} Z0| MOoi=l ZAXEH & = USLICH HH(static)2 =|

K| ELICh A E0| T BiE & 712|7|= ZQIEEtD USt=

1) M Z0i mallocC 2 EtEtSHH 2E|E ZQIE{ T} 7t2|7 A
q
LA

A Ol
ES
Mol iR D 5

_ﬁ._OIE E YZISHEA|7] HHEL
). 2pzfel 240 E2st7| 2
G|

+= U&LICh B A}

£t

04, of I N2
C}. J2{L} o]

rot

=
=
=

Moz gEst HZE|E 7IE7|= ZQIE 2| KFOI sizeof ALIXIE & MHRILIC} & E 1.31b, 6.16,

7.7€ E15H7| HHELIC

F

Q 6.15|(

1o
4>
ro

xt2) MehE HjEn 22 37]9] X|%(local) HIE S MG £ QLtR?

2Since array references decay into pointers
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ARRAYS AND POINTERS

Answer

References

Q 6.16

Answer

SiMeE O%A & &= glsLct C AHOoAM HiEe| T37|= Autd AlZtol] HaliX|= Aseiu|ct
[CX][HMe=E F7IE H == Q& ‘variable-length array(VLA)' € AJ05t0 U200, O] VLAZS M A
of ZMIE HBE = USLICEH X[ B2 H=pLt HE SA(CHIH g oretiE 2 MEE 7F)o
MM 37|1E XEe = ‘RAE'—l Ct. (GCC= ut2tm|E{3tEl(parameterized) HHHO|2t= =& 7SS |
ZgtL|ct) [COX]LE GCCE £ £ QUCtH malloc )8 M= = Hiof| oisLIc &, HH°10 ':f Afﬁéﬂtf
M4 HIEA| free()E M A SHA|A|7 F=0{0f &tL|C}. &2 6.14, 6.16, 6.19, 7.22, EE 7.32E &r115}7| d}
Sl

[1SO] § 6.4, § 6.5.4.2; [C9X] § 6.5.5.2.

CtAHR! (multidimensional

=
Q
fjo
oln
it
|0
Hu
gl_n
0
g'k

71 d2| Mo|= gt e Z 9|
2[7|7 st AYLICL S 2

#include <stdlib.h>

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

(&H ZEE & o= malloc2| 2|H ZtS AASH 0{0f LT}
Hido| L2 ASMo 2 QEafH, 2izte| H2 W2 MY olst= =1 & 5ifof gfLCh:

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

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

£ 5 ofH H0|2tE, SHOR BB HYYO| 2t @A LI Ql HHY subscript HAXIR! (12 M
M CtE == JUELICt: arrayx[i] [j] (O] I 0 <
$19 o| S ZHHIO2 0 22I& HYSHE 10| off 0IR 2 Slsiol BPSHCI 27 2ol
HZ2|E 8 ek e i S ChRbEl B2 BLHLHE QLI

S|
i < nrows2} 0 <= j < ncolumnsE DFZESHOf ).

o J
g'ﬂ
i
1
o
>
ch
_'rl_
¥
o
_>'£

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

JefLt, o2 AloZ OERACHH ZE2te| 240 M Z5H7| fIs 2Fzke| AAHS sHof &helCt. (i, j) ™
M 2240 HZot7| fIHME array3[i * ncolumns j]+2t2 S{{OF SfL|C} (IHZZ2E MM ZtEist
A & 5= JUX|2H ZS 2t HOF(comma)E MOF SH7| [ 20|, Yt 22 ESE £ == U&LHICHL &
2 6195 Et05}7| HEghLct)

IF CI2 YHO 2 HIHo| TSt ZRIHE M= HE UELICEH

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

Je{Lt M= Ealo| TIEHE D M8 AlZHoll X{0f = StLte| Xt (dimension)0| X| & E[0f0F BiL|C}.

0| 2E HIZHSUIM SHOR BBt 22| LSO T2 SHF (free)r| 2 010} icte X of
o olEL|CH (22 of2] TAI7t H28 5 QlaLch F2 7.232 &T5y| HigLlCH) 22|01 S
aez et HHQID MO OIS HE H{YD HICA| MOIZ & s HE OfHLICH (RE
At T5HA| 7| HERRLIEL).

Y2 X|BtLiCt.

L 7 ofate| Xl B = X8 4 UaLch

= AN

18
DPKID—.FOE [COX]oliM= 37| HAO| 7t
o17|0flM AZEt 2E EHIAHSE2 &Rt
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References

Q 6.17

Answer

References

Q 6.18

Answer

[COX] § 6.5.5.2.

arof CHS T 20| BEE AABHY:

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

HHQEol X 247t 10| MEE Al&StE AME U = USLICt 0|H0o| SHMETNR?
O| H|=Z4 0| 0 o822 Ho|Zl 5tX|2t (0|= “Numerical Reapes in C'2t= o] of| AT A £
HEAlOILICE) HUUS| LWs C EXES DHESH= 20| OfLlL|Ch ZOIE| olAS ZOIE{J} SHEtsl of

22| He otE 72 oLt B e ofX|et 24 ChE 7Hae|(imanary) RAE 7t2| 2 Dol 2t
O|E = UBLICH OHE dR0ll= Z QI AAto| Ho[=of RJUX| AEL|C Ol= ZQEHE MA A
= (dereference) & BIX| 240}E nri+7rx|o||_| TAISIA|7| HEZILICE DA 219 TEO|AM wa S

= ROoIM ZRE FAZH0| PHE A = JSL|Ct (OF0tE ATt o K22 M OHEQ AI’“ 10|

A “wrap around"5}7| M2 == %QHEH

[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.

IJZ*_' Oi

0||
-

O|R}@ Y S 'ZQIE S Ji2|7|= ZEQIEY' S QIXIZ g &0 MYStH, A HutYei= d0E
Evdiiey

Hido| ZIE{ 2 HAECH= f3&(E=E 6.3)2 MK 22 (recursively) HEE[X| Lo.:.'—l'lf Hi 2 Of
Fo{x HiE2 (C Ao OJXHH BHEY) HHE S 7IE|7|= ZIE 2 HAEX], Z2IHE 7i2|7|=
ZOIBZE P = A0| ofLCh HIEE 7I2|7]= ZQBH= 0 ? O3 RE=2 "QOI CIE0{0F B
LicH 2= 6.132 &5t/ HEELICH

st=0fl O|XHE B E M EelirtH

int array[NROWS] [NCOLUMNS] ;

f (array) ;
gt Moo chgnt Ztofof §iL|ct

-~
[}

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

...}
AEHR MANAM Hutde{= "HHYZE o|F o7l HHY" E "HiE 2 7t2|7|= ZQIF" 2 H}F 0| FL|Ct
(BE 631} 648 H1), FHM M2 MFHL|CEH SX|= Sr= HIES 2|8 745l o 22|
Seo| O|R0{X|X| OJQEE HfQdo| F7|L}, i ol Bl (row)2| T 7|, 8ol HAE U BRI} YUSL
Ch J2{Lt, HHE 2| Z(column)2 O SLEL|CE mf2tA] NCOLUMNSE (&AM 0]Ake| HY 0i| A
= X °‘9I TE N2t ot RX|=0{oF &) R X|=[0{of &Lt
st57t ol0| “HQIE|S Jt2|7|s HOIE|'S YES MoI=|of QUCHR 0f7(0] O|XtY HHES X H
S5t A2 ‘='9-|D|°H_||:r.
xl=

A2 6.12, 6.15E 210617 HFEL|C}

3a pointer to a pointer
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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 AlzZtof] & 5 gl= ORI B g CIXIZ = B8 UHE = UETR?

{2 Lol ofL|ct Bt7HX| B2 [01[0] 242 FAE MESH, HiH 2| subscriptE EUiLi= A
OI|_| Ef
OlL|C}:

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

{ ... arrayl[i]l[j] is accessed as aryp[i * ncolumns + j] ... }
o| e+= & =F 6.180] Lt=2 HiH S Ct20 Zo| MEHS £ JUSL|Ch

f2(&array[0] [0], NROWS, NCOLUMNS);
of| Mof| M E0]|. o|H A2 = CRHR Hi P 2| subscriptE 2 St= A =0l MEs| 2g
SHX| of&Lich 24 Mo 2™ (karray[0] [0]) [x]12t 22 EHE x >= NCDLUMNSO' A2 X|cH
2 SESHK| o}AL_||:|._
[CoX]= 7HH Z7| P E N B5tH, [CoX] &% 7|52 MSste Hutda{7t d2| HX|7A =™
HbHO| 7hA HEZEAlSE Eho| = 4 Qle Z4QlL|C} (GCCe o|o| 7t 37| HHYE S N 2Et|Ct)
F=7F CHESH 37|18 7K = CfXHE i 2 MYRI2 5= U ot st o=, & F 6.160] Lt

HiPgE S22 A|ZH|0|Mst= 20| USLICL

2 6.18, 6.20, 6.15= 2t116}7| HFZHL|CY.

>.\l
ro
>
=2
=2
ﬁ

>+ r|r nov

[1SO] § 6.3.6; [C9X] § 6.5.5.2.

HA S SHOZ SE Chitel BIYS B4 HEE, M2 THSHA| 94D £ £ Uk Yol
Aene?

int array[NROWS] [NCOLUMNS] ;

int **arrayl; /* ragged */
int **array?2; /* contiguous */
int *array3; /* "flattened" */

int (*array4) [NCOLUMNS] ;

CIE{E2 & 6.160 L2 AXME =7[3t=[0{ JUTtn J7HEstD gt MAR2 chgah Tt 7+d

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 £3(int **pp, int nrows, int ncolumns);

oluH, £1a() 2} flb()E QUHIA O] 0| X} HiYPE QIXIZ Btonq, f2() = TR Z(flattened) O X} HY
30

gs Xtz 2o, 1302 ‘ZRHE 7I2|7|= ZQH'E X2 gLt (22 6.181 6.198 &
)- [H2tM Ch2a 20| E&e & JSLH T

Ll
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ZF6. ARRAYS AND POINTERS

fla(array, NROWS, NCOLUMNS);
fib(array, NROWS, NCOLUMNS);
fla(array4, nrows, NCOLUMNS);
fib(array4, nrows, NCOLUMNS);
f2(&array[0] [0] , NROWS, NCOLUMNS);
f2(*array, NROWS, NCOLUMNS);
f2(*array2, nrows, ncolumns);
f2(array3, nrows, ncolumns);
f2(xarray4, nrows, NCOLUMNS);
f3(arrayl, nrows, ncolumns);
f3(array2, nrows, ncolumns);

=P SRe]
[N |

r

2o AFEOAM CIZ2 SEEE S&E AO|Lt A= IHAETHE RS
A0l NCOLUMNSSt e X|et Aot & 5= US| o

fla((int () [NCOLUMNS]) (*array2), nrows, ncolumns);
fla((int (%) [NCOLUMNS]) (*array2), nrows, ncolumns);
f1b((int (*) [NCOLUMNS])array3, nrows, ncolumns);
f1b((int () [NCOLUMNS])array3, nrows, ncolumns);

=2

~
S

oy
o

FX|2t garray[0] [0] S (EE= *array) £20 0] MES= A2 EE
192 &H11517| HEgh .

orof 2{of LIst S &0| e S2{5t o{EA =t
ZI5HX| d=X] GTHH, o{2{E2 C Aol B P ap =
US|

=Xl OlsietttH, 1210 2f
E{0fl CHal O < & O[5Sty

ro
0 1
I

2l0fl M ofE 2 & HQIX| FHSH=T| TT0| ECHH, AL 6.1600 LI HA, ChAst T
Xl ChtR BjYe BF SHOE Sl=l Ho| 8 WO E & YUALICH — BIok 2 E ol
6.169| array1, array2X{2] BHS0{ ZICkE — BE Bl £30 X2 SHS0{0F BHLICK

Q 6.21 | uyo]

of

0| mi2tHE{ 2 MEE ZP 2f sizeof HAAI= MU Z SESHA| $ETR7

S

I

ncolumns” Hii
X A&

o
L)

= 1y
ml:l
1o
4> o

Mo N

Answer Zutei= B Di2tHEIE ZIE 2 MAE A2 =2 ZtFslL(ct (AE 648 & 1517| HIELIE.
A2 M sizeof ALXITZLHYE S| 7|7} o, ZQIES| 37| 2H ettt

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

H2 ARE0| C 210{0A pointerZ} 7HE B 27|
p0|nter7|- 27| = 22| E &e|sH |7 sl s

2o, =227} |:H||:|E|E xlx—l =y [0
M He AlZISEH{ O E gha H3|-E JHRE =

SFStL|Ch de{Lt AFA! O] 2F2 pointerE2Ct
Cle QLo C o= Mtide=z H—’F-’F—EI 00| 7| oH
LICt Mo 2 E2=X] 42 H22|E 7I2|7|s ZoIHE

5ls
Hot &
= 2ol0] gLich

Al 1 A Basic Allocation Problems

0{2{ 20| %H mallocE FEX| p4=Cioli T, 0{2{E0| A2 St= HZ2[7t M2 =7(3t=EA=X] &
Atof{OF BfL|Cf.

o] BEE of Sxfoix| 2THR7

char *answer;

printf ("Type something:\n");
gets(answer) ;

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

Answer gets ()0 MEEl ZOIE] HHQl answver= EAIE 0| HEHE o Z27ZHE 7127 10 JL0{0oF §fL|ct. 2|
o ZEO|M= answer?} 01':|E 7t2|7|= K| & = elsLch &, =7|8t=X| ¢t W=0|7| I Z0i
Cts T =Lt Zo| 2RE Z=QL[CH

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

et =02l Z=2| H Z0|M PE|= answer?} OE|E 7t2|7|=X] &
IEUM i7t F& AUE 7HX=X] & = gl= Ao 22 o|FLC (=71
et 22 ME|7| LS JHX(A| LIt o= & ZQIE 2t= CHELIEL £
E_I-|_||:}.)

I

|2F Zof, ZIEHS| E25tn EHHels T2 O30 Me 228 thdl X9 Bl E 4= o] N ZF
Fst|c}:

0 4o

r

Luninitialized local variable
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e

MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

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 = ;\0;;

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

o| oAM= gets() CHAl fgets()z ﬁ*i;."—l'if 2t B el Zo] Hofso{d Haot glsLet (2
£ 12.235 &10517| HiEL|CE 2™S[= 0] o0l M= fgets O 7F gets O 2t= HE| OFX[E} \nE X[2
X %%“—I'—'—L) answer0| malloc()__._ HZ22|E g€Ests YEHE e & USLIEL

strcat ) 0| SASHA| SfELILE T == LIS 220

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

— =2oH

EZ 710 HAZE AXMEYH, = 22 AT EXLE S MADUSH 3710] ict= AL[Ch C
Hols SHCZE BAIEE MelsFX| f&Lict C Autde{= AA0AM 276 BHEDE U 22|
E oottt (EAtge 42 =Xt gt 2XY ME ZEtgiloh). =220 = EAHE
4 (concatenation)} Z+e AlSH A|7F o:Vkl'(run—tlme operation)d| Z 8t MAESH ZZtS HIYO|L}
malloc(O2 E2{A & H Ol

strcatO2 OI{ St 2= EH<::>I-6 SN O*A'-—l':—f SFHn XL 2 S| HHR SXHLE 0| E0{A]
HAZELICE OHEZE HHM 2XE 2 HH¥sts Ro| SE6H 37242 X102 JU0{oF 5, & = U
0{OF(writable) &fL|Ct. C2tA CFS O 20| HHPE 2 MASHH &l &L(Ch:

char s1[20] = "Hello, ";

=2, AF0o 27| M= 22 Zo| 200|E|'E dTE ME AR EX| ST REl= MEEH S
712 BEEE = U= ofifst HAHLIEE MM S22 s of &fL|ct

strcat O 0| HEAW EXLE 712|17|= (ER20HAME s1)

LIC} strcat O 2 22 CHR0| b= s10] 712[7|1 Nlﬁl— Ct.
EZ0M strcat O 2 BE TE=E= I3/ F7HX| EME 7tX |0
2 X0 UK ?%EPE of, o] 2XtH0| & 5= gl (read-only)
2 105t7] "L ot

[CT&P] § 3.2 p. 32.

2Lt Of 7™ (man) H|O|X|= strcat O 0| 2IAIZ F 7H2| char *E =Lt 2[0f JUEL|CEH O{E
7l o] A2 7X| 0 EHRsto2E] SZtE S0 FOo{of eitt= AE & =+ UR?

50



ZF 7. MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Answer 2HIX O Z TZO|E o} F=o{of otchd A Ztsof gfL|Ct. prok

(=3
= =
O] QiCtH, R E2 SE5h= Z0l|lM 2L0tA Y

UNIX AEFI Q| O 52 (man) H|0|X|2] & E 20| Q= ‘Synopsis’ MM, EE= ANSI C EZ0f| Lt 0]
25t 222 X o|sHst7| gl&LICt ol EAMa I—PE FEE= SEoHE R0 ofd &E o=
= ol o 7447 EEHE%.LI Ct. £5] ZQIEE X2 Bt= (FXMLE EAHY) R 22| &rER
I QEMEE (=MLY — & Z 6.3, 6.4 1) 7t2|HOF 5t= H <RIt Ben, 0f
ICl. CIE 0| 2= time () 42t

T

QENEE BE2= %.'QOHH S5l F0{0F 5t= ZRII R E UL
(22 1312 &) stat() &F+E = F AGLICH

S22 ot of J2x? M At 22tH =2 240] YA Of(crash) 5H=HI L.

Answer =ZZCH OFF M7t 22 ZAUL|CE =7|3H=|X| o2 ZQIE pofl 0 A&8|7| Zfo] S0z, 1
20| 042 20| £ = U= t=22| SZtE 7I2[7|1 UM, 1 Z7H0] o SLE [FH2 = Mol
UX| U7 | T E LT

char *p;

0131-.:_ ("E‘I Hels| UsifM, Aot =) ZIE XHMOF MZEE = JEs S2HE SEe AL|ck
%, 0| A% sizeof(char *) HIO|EQIZE S| M| 22|7t &= AL|Ct TJ2{Lt O]
|

EHPJ HE22|= 7t2|7| 0 UX| f5Llch &2 7.13t 7.28 &105H7| HigL[Ct
7.4 ct2a Zio| mHUolM & CH9l2 2= FEE BHEUSLIC
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;
}
M o] ZEE g4t ofx[2t 22 F H SASHA Fulch o O-NtR?

o1
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Answer

References

Q 7.5a

Answer

References

Q 7.5b

Answer

Q7.6

Answer

References

[uny

0{2{ 20| MAHSt linebuf = THX| SF ECHS = HEHYL|E fgetsE FE WiOIC}, 7|
Zo| E2 HOoIMA HEILICE fgets= LHREMCZE H22|E &El FX| 2SLICH ol2{7} BHAHLE
EOFE CHLHX| QF=CtH, fgetsV| 2|ESH= 2f2 0{2{20| HHM CIXIE M| & ZQIE L} 25U
Ct. (0] A< linebufE 7i2|7|= EQIH)

0|1 Ao = TEE XSl BICIH, 0f2| 20| Z2te| ES NTE B2 YU

L|ch Z=F 20.22| Z=E FH15H7| HHELICH

s

2]

ot Z0{of

o

[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

TAILE E 2|EHSt= &8 tE =, E[E st 2XtHo| A 7|2 AT A ZEL(Ch o O-NR?
ZOIE It MAEStHEE| S22 72|71 JU=X| & HASHEA|Z| HEEL|CH o| € =0 Tt 20|
CtH 2R eF AT
char *itoa(int n)
{
char retbuf [20]; /* WRONG */
sprintf (retbuf, "%d", n);
return retbuf; /* WRONG */
}

0|

(2HFIBH H 2 OPLICE S5 0] 57t AN OS2 S| 7LE SAI0f| 0] B8 of
5 = 2|Els I =z

=
T ELCh) 2[H Y HEHE th2a 20| Bte= A

static char retbuf [20];

Z2 75b, 12.21, 20.12 & 705}7| HERL|C.

[1SO] § 6.1.2.4.

O3 SXtEo|Lt 7|EF o] WSS 2|ESt2{H {2 A dliof 5tx7?

TZOIE{E E|EE mfjoll= o] ZQIE{7} MM o2 SThE| (statically-allcated) 2742 7t2(7| 1 QL0{0F
gfLict == of Bz 7t of g0l MY E HZ2|E JI2|7|10 UL, O] H{IH T mallocO 22 &E
= t{m0|0{oF EL|Ct ACHZE K| (local, automatic) HHEE 712|7| 1 U0IA = QHEIL|CE

ZZ 2012 FHOSH7| HiEL|C}.

malloc() 2 S&&t Ul 24 “warning: assignment of pointer from integer lacks a cast”"2}= Z 17} 2HM
%I-77|.o?
= a !

OtOt= mallocO| MAE 3| LA S (<stdlib.h>O|Lt EHE SlE Zhe) ZBEA|F|X] 40t Y
L|ch ZE 1.258 &115H7| HHE LT

[H&S] § 4.7 p. 101.
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Q7.7

Answer

References

Q7.8

Answer

References

Q7.14

Answer 1

References

Q7.16

Answer

Ot FEE 2 malloc() 0| 2|EI5H ZQIE{S CHQUE = QI ~ 9l

51 E1o| EfQloZ FHAEISH A
= O, 2 2?7

[=]

rot
fio

=
=

ANSI/[ISO] C EEO|M void *E AIHE7| Moil= CH7i Z QI tH8tofl 2AE 210 E QloKH7| 2IsH,

L= =ER0 Hets £0[7] ?IsH ol={gt 9Hé%‘ AFEHE LI
ANSI/[ISO] C EZ0f| A& o|2{6t aHAEIo| M5 LRUSLIcH 2|10 #XH 0| JHAEIS ALRSH=

He Lt &EJ_EHDI AEFQE ZbEE7|E o+|,|q OHLESFH malloc()O| MOAE|X| QUQUS mj Lhal
g U= %%E S PAPNES tl“‘”/\I9I7(I 27| 2L =2 7.682 &5t HFE“—IEP (a
2iLt o2 FHAE 2 OS] ApF 20|10 JSL|EL fLISHH C++0| M= of2{5t ZHAE 0] Hi=EA| E
257l 20, FedE RXISH| fSiAMULITt)

[H&S] § 16.1 pp. 3867

Cl2ot 242 ZEE 2 Mol UAFLHIE

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

M| M Zt0f| = malloc((strlen(s) 1) * sizeof(char))+Z =|0{0f & Z{ Z'2H| 2.

sizeof (char) 2 Z25t= A EZIst|ct fLEsH Holof| 2/sHA| sizeof (char) = &tAl 10]7]
M EQlL|Ct CfE U ZE 6lH sizeof(char) E Zoles A2 ME =A|7F =X &L&5L|C 18 Zo=
H2 012 QBB MK 7| GEAULICE FIHOE size s BB M 20| =20| B M=
UsL|ct 2 E 8.9 & 1I5HY| HEEfL|CH

[150] § 6.3.3.4; [H&S] § 7.5.2 p. 195.

Ot A|AEI A= mallocO L2 O 2 |§ atetell = T2 M0 M o] K| 22[of] HZ5H| Mojl= 2
ANMHM7t H 22| E EYSHK| S=CtD SASLICH J2E 4 43‘31277|'4.L

o LSH7| 0H 2 EMYULICH EE0M = O|2 Al 2 SASH= A|AHI0| QJUCHT LB YL &L

cf 22 12i8 A|A=0] A0k Lt BEE gL

[1SO] § 7.10.3.

o o A4k 5H7| 25 B 2 HiPo| ERsiAM th2at 20| Z=EE IS Ch

double *array = malloc(300 * 300 * sizeof (double));

O| I malloc)2 & ZOIE E 2|ESHK| AUUX|P T2 20| O 2 o|MStH SEHEHL|CE A A Ztof|
= HZ2E2|E AN 2= (overwrite) S4H0| EEMEE Zd 27 Lt malloc () O] Rl5t= OIEQ| 2 M 22|E

ShEist A 2X|7t LTt

300 =23517| 3002 900000|2t= HE MZISIA| 7| HFEL|C} O] £&=X|= C}A| sizeof (double) 2 =3l
OF5t7| M Z0i| M5 2 Z7[UL(CH o] 2 Hi€o| &5 EoIctH 1 F=o|E 7|2040F &L(Ct. Ot
ok 02| 22| A|AHINM size_t EFRIO| (malloc()O| 2|EISt= EFRL) 32 HlEﬂl-':'.j, 2|10 int7} 16
HIE2IH, J2iet Z7t2 e = JS X = ZELC (2Z 3.14 1), OZX| Lt o 22
ol =2 E & 37|§_ FINO| AALE, EE= 32 HIE HFEL ALY E AL HEEZE2Z K|
S== 022 2 &8 MoF & Aot 2F 19.23% FHII5HY| HigL|C}.
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Q7.17

Answer

Q7.19

Answer

Q 7.20

Answer

References

Q721

Answer

M PCE 8 H|7} HIO|EQ| H|ZE|E ERStD
unte?

ZLIch I3 9f 640Ke| 7| Hhofl £ £ A= A

30

t= ZAFE0IAM 640K O| 2| K 22| E AFESH= A2 (B

PC &35to| M|1H™ E(segment) e — Al-%é
L 19.232 & 115tH7| HERfL|CF

5| MS-DOSO{|A{) 04 01 &

M Z2IWS mallocO) LR 2F 7+ &5t 2 Zt&LIct. J2i0| ®M7t 27)0ls M =2 M0
HRE BE0| 9le A ZEL|CH malloc() LR {7} Q= 7| oFdntR?

285z T2 207} malloc()O| LHIE MO Z SX|5t= H|0|E| TXE 2ytEg|7|= o 2laL|
Ch &£ 1 21 2Pl5h= M= 02 CHRI|17F Z@SLH e 7t &3] 2d5h= A7t malloc (00|
Setst 37|20t of 22 H0|EHE M| (write) SH= HQILICH E35| 2XIHEE MASH| /6
strlen(s) + 12 MX| %1 malloc(strlen(s))E M= HL27I S¢&tL|Cl CIE 2K 2 0|0 free O £l
SE5 22| 23S £ M1 5Lt free()VE 22 ZOIE{0f| LS & H S&E5H= HARE UL
LIC} EE= " ZOIEE realloc)0f| AFRE A% USBLICH (AL 7.302 2t1)

I 2 7.26, 16.8, 18.2E &t 115}7| HiEfL|CE

EH$—EP- MEJEHMEOI GHHIEI IJ1|'='EI—I LHEE LR CHA| &K
singly-linked 2|AEE SliX|Sst= ZEE EA|7| HIELICH

struct list *listp, *nextp;

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

}

2|0 LA ZOIEQl nextpE MX| &0 ‘listp = listp—>next'E M= AO0| O ECte= A OKM
of BILICH

[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.

2l free(OE R E Ch20l| ZRIE{7F 0| =[X| ¢d= ER7

| gf~ofl MEE ZQIE7t 712|710 U M 22|7F sHAME et Z12{Lt o] ZQIE

0 0
A2l 2t2 B E K| @40 HorJELH o +H'—F0P”4 cet 1E PIXIE MES W, ‘pass-by-value’ 7HH
£ M7| W2 LI C2tM &7t (0] B2 free()) OxtZ MYH Wyl 2t HAE 5 =
Ch (22 4.82 21517 HIEL|C})
oy

Ut sHA|El ZQIE Zf2 HUS| LM, RES P(I F&L|Ch(invalid). 2|10 (dereferenceZt OfL|H
2tE) oSt SMOZE 0| S A= A2, 22 78 Yo w2t =271 kX2 o| 24 EME

et = JUSLcH HHEE |mplementat|ong H ENE LUAIZIX] 2= St invalid ZQIE{0]| CHSt
exception2 BHHA|F|X| Qt&L|C
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

References

Q 7.22

Answer

Q7.23

Answer

Q7.24

Answer

References

Q7.25

Answer

Q 7.26

Answer

Q 7.27

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

(@] ]]0||
oll 45

o
he

0 JH

8t X[ (local) Z2IE{0| malloc O L E HEZ|E SEIMS HO| = BIEA| free() E S F0]
l: Q7

CHoIBHLICE ZOIE{9F EOIE{Y} Jt2|7| Bl 22l MR CHE Holets 1S 7|oisHof BiLict,
7} BEHS W, K| WS MoIst mOIEE RS O2 ShR|=|X|gh ZoIE| XKVt SHAIEICHS
o|x|, ZQIE{7} Jtal7| = Bl 2e| E2{o| SN EICHs HE OHILICH mallocO 22 BHEHEH b 22
free) 8 WA SHHIBL7| Fol = il 22lof Lol USLICE YUHOE BE mallocO0E 2t2te]

£0] sl ZSt= freeOE THS0{ F0{0f SILICL

ol rir >IH n&"

Exoz IS ofH QEMEE Jj2|7|s ZOIEE Zasts TIME BEUSLICL 0| TIA
Z shFI e uf, 2tzte] ZOIE HWH 7t Jt2|7|s tl2E| S 2 shAsH F0o{of sHLtR?

I ALICH malloc() O 2 EHEHS B 22l 24zt (HE5| o 5HH) free ) E 3|Z0{0F BILICH m2
J0IM 242t mallocO 22 LB H22ls BT freeOA7|= H0| T2 SRLLICH

AR 7.248 ED5}7| HiRHLCh

Z2 00| EU7| Mol SHL 2 gt H22|= BH=A| SHAM|A|FHOF 5HLER?

O Wekl elgLich Yuttoz RUNME = 2
2| £ siXA|A Fuict Doz 275t0, of™ PCOlME B 22|S XﬂEHE =2417]%| Eoftr" =
X UAELICE ANSI/[ISO] C EE0|AM & o] 216t MES ‘78 &0 w2 A& (quality of implemen-
tation issue)'O|2t 0 25t USHL|CE

[1SO] § 7.10.3.2.

01| freeOAl7|= 7= & ZHELICL

N Z2IHe i|22| E22 nalloc) 22 &Etst, LIS -1
2| B E HuEH N3 Eo'laxl e AEE

o, == ao| 2Lt Ch2o s, 2% A o2
gLich

>

40| ofL|n{, EHX| 1
=0 USLIC

CHE 22| malloc/free®] 78 WHES H22|E LU0 SA| t&fzﬁre
Z2 320 M LIS0| LIS malloc()0| 11 H22|S

nl
=
13
>
30
H1
I
:oé
-|>|
JHlI o

free() Bz 0= EE F7[9 HZ2[E HME X| O{EA & = U= ALNR?

malloc/free 2 SMOZ &Ltst 2f2to| 0|22 239 F7|E WHEXHoZ |RX|5t1 USLICH
CF2tM free OE £ Wil O 37|E XIFSHA| 40t RAIS22 1 37|18 & & USLIC

OO, gEel 222 37|17 o= EQX| malloc IH7|X|E MM & &= ASTR7?
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MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Answer

Q 7.30

Answer

References

Q731

Answer

References

Q 7.32

Answer

References

EASHE, 88 282 F7IE L+ U= EFE E= SEYU= HH2 MBS =X S&LICH

Ao|&?
ANSI C E&2 O3 Aoz ME (J2|X realloc(..., 0)XE MA HZE|E sHMGH= H) A
Cto Zefu|ct J2{L cHE 22| 224E 73 H*H*OHH'— 0|21t ALER S MZ3SHX| e4&LCt.

LSt
2tA EEO0|
E MYt o
algorithm) Bt

otX|3t 2tMs| St S ZE BIEHO| Ot LICH realloc?| H QIXIZ2 Y ZQIH
Moz SXOoZ atst= UNE|S S (self-starting incremental allocation

_ —

Al
1>
i)
r
0\

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

calloc()dt malloc() Q| XI0|= BCCI7}27 calloc()O| HEE|E 0 Z Olt=E=ZHEg2 ol £ 2=~ 9]
LIR? J2|1, callocO L E S HZE|E free(OE MAM SHANE &= JULIR? OFL|H cfree ()2}
22 A2 AIESHHR7

calloc()2 LtZ2| Z=E s&Sh= Aot ZsLth

p = malloc(m * n);

memset(p, 0, m * n);
ez iH-S-EFE A2 &6t M 22| Z= HIEE 022 M RCH= QL ) mhafA] o] Zfol & =
QIE{7} otd == U 20§(0{7|of| ztet Z‘J% 5 AEZ &5H7| "HEfL|C}.) Al %=(floating-point) 2 00| O}
O 5 Q&LCH J2|1 calloc) 2 St H 22| E SHAME | = free O E &LICtH

et

m&"

allocO)2 0| &+E SET g7t 2 M, XI5 2 et HZE|E M6 F= e ALk
Z, allocaZ 25t H2E|= EF &2l "AB =i 2(stack frame)" O|Lt =M (context)0f] SEH
olL|c}.

alloca() &= O|AEUA Bt= 7t glaLlet d2|1a =

Mz 09 2HE7| 0132 &flL|tt 53] allocaZ SEEt M 22| E 2[E5t= 29, &2t =X
7t g o JELHICE o E S

A

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

0|21 O|R0lIM alloca B4 EE 847} Ol|DY, £2 0l440| 278 Z2IHIME (42
23 Q7| 5HRIEH £ % elaLict
A2 7.228 A TBH| HHEiLICH

[Rationale] § 4.10.3.
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Characters and Strings

Q 8.1 9 cte Z=E Mol o=l HYNtR?
strcat(string, ’!’)
Answer 2X}€ D} EXH= 2 XH0| 7} JSLICE strcat() 5= EXHEE 0|0{F &= gLt
C AHAHIAM EXt= 2Rt &l EH(character set)0|lM I EX}I7+ I—FEFLHE e M oz ZEL|Ct
(& Z 8.62 &f1ot7| HIELICH. EXE 2 EXt=2] HH%EH EHELICH EXYE 2 CHE o= £
E ZA UYL A RAE JI2|7|= ZQIHE MA] §fLICH X0 £ 0|0 20[2{H Ct5 ot 20|
3l 0oF &H|C}.
strcat(string, "!");
ZI2 132, 7.2, 16.68 £ 15}7| Hf2FL|C}.
References [CT&P] § 1.5 pp. 9-10.
Q 8.2| 2xt¥o| ofm E™3t 7ot Z2X| ZAtst2 1 BiLICh CHS T 20| AEE TS| o SE5IX|

Answer

HEMNR?

char *string;

if (string == "value") {

/* string matches

"value" */

}
C oloj= 2at@e 2xo| BHYUE H2|ELict 12| T C A0 e FA|o haH of it SiALS
(Chel, bl £) =g & 2 = Yo Ysict Flol S0l -- e Tettixiel Zolefol 2
S H|DEILICI — 5 % string®| ZOIE| 24T BAIY "value'o| EOIE] ug sl it — o2}
M S 7§e| ZOIE{7} 242 RS k2|7 SIS B WBILICE Ch7Hel HL o] gto] A E FRE Aol
glooz, of 8k Mol &4 Zx| ctm LigLch
T 2XIYS H|WBHs YHO = Blo|Hafz| B4el streampOE Ak HO| 7HE FBLICH

o7



ZF 8. CHARACTERS AND STRINGS

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

(-

Q 8.3| ct2o ol & 4 Ut

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

o ol B 5 9ASIL?

— =

char al14];
a = "Hello, world!";

Answer 2AFHS BIAQLICE T2 2AILS B0 Y CHYE S ABLICE strepy() BHE 47]

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

E2 1.32, 4.2, 722 &t035}7| HFZFL|C

Q 8.6 | =xtol| a5t
+ :

TR (2R M(set)) 22 OfEAH HE = UR? = 1O BHHZE £X| ZLolAM T 2tofl

Answer C A0{0I|M EXt= (HFEI2| EAMQ|) EAF ZE HE 2 A2 LAZM EEELCH T2t 2=
St Aot 2 Hgto| 22lsLth & 2AME 7HA| 2 AURHHE, 1 XEX| 7 2ol ELch

Q 8.9 x|

Answer SEHAH E, C
LIch (B0 2 C++0AM = sizeof (char) 7} L}ZL|C}E) 22 7.82 21517 HEEfL|CT
§6.1.

3.4; [H&S] § 2.7.3 p. 29.

58

1240l 7 Q= A ZEL|CE sizeof (Pa’) 7} 1, & sizeof (char) 7} LI2X| @

00| A EX} Atz=29| EFQIL intQlIL|C} [L}2FA] sizeof (Pa’) = sizeof (int) Q)

>0, 27F Lt

A=



A9 %

Boolean Expressions and Variables

Q 9.1 ¢ olofollf 22|Qi(boolean) ZLSE & £ QU= A EfRI0| SVtR? 12|11 of 18 EIQlo| B
ZzoZ X|ME 0] YUK| 4= HZE? ZH(true)Th HA (false) 2 LIEHHT| 2|5l #define2 2 HO|E st=

A ES7t2, OF|™M enung M= 0| EE7H27
Answer C §10|= EZEC 2 M| Tt Z2/ol Efelo] gaLct i, 2201 Efle BHat &7t/ X2|A|Zt
9| ‘tradeoff’ 2X|Z 7}X|7| W 2QIL|C}. 2t O|= Z2O20{7F U0t 2AMSIEE off =2 7 el
LIC}. (intE A8 W] SIAI2F char® iz AHCh B210] Ll ZQILICE BH 22 o 0]

EtlE #A@, O 2F ZE=9| 377t HX| AL, =2 E

#defined} enum & L A2 £ AOX|= D2 & EX|7}F = X|

% lBLich)

Of A
s

Lot

&= 22221 17.108 &

K

2

St7| HIZLICH) O & & OfF Aot ME £20, 0t 12 2™ ME E5LICH

#define TRUE 1 #define YES 1

#define FALSE O #define NO O

enum bool {false, true}; enum bool {no, yes};
Jefut LT o AS ATt ’“"”Efj, StZ2J30|Lt ZENE oM AlS OAS X A
O] E&LICE (O2{Lt ClEH{HOlA HE=2| L2 HALEM, =XVt Oll 0| B2 Ho{ & = U222
enumO| &f 2 =& JUSFL|H)
o AIHS2 L3 20| A= AS MSELICH

#define TRUE (1==1)

#define FALSE (!TRUE)
= Ch2at 20| “=20|(helper)” B2 2E THEL|Ct

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

Bt

J=X|3t o|H HiAlo| EHG
10.2= EA|7| HEEL|C}).

Ct= A2 Ottt (A= 928

Q9.2

#define=S M A{ TRUE

i

_'.:_ 9\)\0 M F(true) 2 =2
? g == HAR?

I.

i

of7| HiEfL|CH & F 5.122



2.

BOOLEAN EXPRESSIONS AND VARIABLES

Answer

References

Q9.3

Answer

SHSLICE AR C 2A0{0fAfi= 00] OFL! 2 2t0| ZH(true) LI, T2ILt 01N S BHX| "' Y HL
olgk oI0|& JHEILEF; CiA| 261 ofel E2let g0l of Usl Hoolel 1 2I0fE Jtguich sies
219t 2to] th el (buitein) A0l 2/3f sHEolal Z0l2let Heis| 0 e 19] g HHAI
Ch wh2M TSI} 20| AES SHEOIE QM BILICH (TRUEY} 10/24D 7498 f):

if ((a == b) == TRUE)
J2 0iMo| IYEL|Ct dListH o 2to|EE{2| &
=2 (59| isupper(), isalpha(), §&) &f(true)= LIEILHZ| 2loll 10| OFLl CHE ZiE MT| 2
QIL|Ct (AIEE7} if ((a == b) == TRUE)Z M2 SICHH if (a == b)E M= ZHo| o K| %ent
27) WS e, g2 CIXE LS M, E= E2
= Zi0| Z&L|Ct S, H|DE | 0|21 HE M= ZHE
NU
-i
o

A O

2Lt Ot Zto| TRUER} &2 X| 74MOPE
S)

02 vy

I§

5t
= =c| ¢S 2|H S mfol| 2k TRUEL} FALSEE 2
| &L

—

AX{2|7|(preprocessor) Of 3 22l TRUE, FALSE= (22
M= AO[X|, O| = BHF 2T} LIEHH= 240| HEE 7HsH0

—

r>'r

= 217 €A st 2lst

=X
I J_LOI‘) I:I'Xl IEE 9ly |
Q7| =S oflLich (A2 531} 5.102

—1—*0

57| HEELICL)

TRUEL} FALSEQ} ZH2 (EE= YESS} NO) DA ZE M= W2 ofE/| 2 £2 74 ZEX|2F C AH0{0f|A
E2|A 2hol2t= 7H 0| 27| Wi 2o, o =202 S2 01t 10|2t= X E &A™ #»= AE
ME5H7| = gttt (2= 5.0 98 E15H7| BHELIT)

[K&R1] § 2.6 p. 39, § 2.7 p. 41; [K&R2] § 2.6 p. 42, § 2.7 p. 44, § A7.4.7 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”.

p7t ZRIH YD, if (P2 L2 ZTEE M= A2 LIRIIR?

obgiLict F&LICE 2 53

fjo
)||
9,'.
N
un
o
L
n
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Al 10 A

C Preprocessor

1\

Q 10.2| ct2o 22 oy

Z2E M= 0| oial o= WZstH 7

#define begin
#define end

(S

Answer £, 17 & #1517 "2 Ch

Q 10.3| = Hzof 22 vi7y| 2I8H LMol T2 E OIS £ YSNHR?
Answer O| ZZ0f Ciel £2 HH2 ELICH Haot oAM= & L2 Al exclusive ORE 2= 20|
QUZI BHL|CHRE ZQIE{L} Al%=(floating-point) Y {0 = SAISHK| Q& LICt LS & HALTL 242 HE
2 B0 = SESHA| 5Lt (2= 3.3b2F 20.15cE & 115H7| HEELICE) E'HE?JI- 2= El'.°=!0ﬂ
CHolf S25H7| |sta, JAl H-E ALESHE R/ASHA| Gd=rtn g, 0] ZAS Cf 2E{A|7|= 013
2= o= o AEUHCh ALt 25 C 0o FAl H EflE & &+ U= -0l 7| 2L
C}.
7t E27 L2 0|3 S Z 132 E AFSSHAlth= W2 S ot tsh= AL 282 o] &
Al H=of el EHIS OH 3 2 &2 QIXtZ MEBHEtH st ot
Q 10.4] iz 2xoz 0|20zl HARE D= 2 WY = Y3 FMIR
Answer O O3 2E == UHIMQOI BHHES DT E XM E Lt &+-MEH £ 5+ JUES ot AYUL|Ct
Z Z&5h= ZoM OFX|2} 72 2™ M F| St 0322 FS0HM= V2 IR M FX| b= 4
OSE MEAQLICE O{EZ2 032 BEEL2 EZSE E{M ‘compound statement’ HAIO 2 O
T GAELICH ALFSHH o] i3 20t SEE W MO|EE0| FIHH2Z S=0tH ifLf 1f/else =%
O A of| 217} 2hieh 4= QU7| o2 LTt
MEtM 28 ChS2ot 242 YRS SLch

#define MACRO(argl, arg2) do { \

/* declarations */ \
stmti; \
stmt2; \
/* .. %/ \

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

H32E F2= Z0| MO|ZEE £0|H, 01327} StLIS| 22X = HiE LT (E2 Zutd2tH
ZQQEHAELL ZHRUAM A 02 HAlSHE Y222 A2 LotM glof FL|ch J2{Lt lintes
E8e = USsLHICL)
322 2 Z&0| 0j ZHetst A, & MAOLE F=Tt QICtH, FOH',') AMKE KA et 22
o2 ots & UALICE (61 S0f A2 10.269] DERUGO THIZE 27| BIZILICE) o] B34S =
OHZ= 7t o ‘Zh(value)' S 2|EIBH % U7 ol FLict.
Note F& A2|LEStH I 2 E Ho|g mf, OtX|2o| OIS ES E0{ H{ZICHH of2i 2 22 220 A off
27t YMet == Qs SRILCH
#define MULTI_STATEMNT_MACRO(x) do { \
stmtl; \
stmt2; \
} while(0);
if (some_condiftion)
MULTI_STATEMNT_MACRO(a) ;
else {
/* ... x/
}
222 ST =0 MD|220| 5 ¥ DHS0{X| D, M2kA] else 2E0lIA] Ofl2{7} 2HAYBHLICE

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

Q 10.6| 0i2{ 7Ho| 2~ DYUZ 0|R0{Z TEIUS DHSUSLICE 20|, o HES .c Do Fofof
= mhlof F0{0F SH=X|Z TEASLICH (£ “.h"= 0{C[0f #0|LtR7)

= h
Answer 2& &f| (.h) ol €= A= CtS0t 5L o

— O3 2 X 9| (#define)

— F XA, union, enum M

— typedef MY

— 2|H(external) 8t M (AZ 1.11 £t10)

— X (global) B~ M A

=3| of2{ AN BEHO=Z Mol MelolLt FHols B #c| Tl Fi ol SREict (7
Chot Hoj2 25 8% prototypeS . cOf gowg OlElLich W 178 &15t7| BrELich)
£, FO|L MOI0| BHLte| ¢ THUOIABE MoICkE, I mho FO{E FBLIC

Z2 1.70} 10.72 & 105}7]| HigfL| .

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 | s otYollM otz THU S #include BH= A

rlo
=
i

L«dead” test
2pranches on the constant condition 0

62



%} 10. C PREPROCESSOR

Answer AEFI0|| 25 20|22 [HEtA] omors_r 2to| 0fX|7} QELICH WS AFZIE0| “Z & Sl (nested)

References

Q 10.8a

Answer

Note

Q 10.8b

Answer

References

Q 10.9

Answer

#include ItQU" S MX| &t= Z40| =cC}1 bt} A2 = Indian H||| éEI-OEI JI0|E0ME (B Z
17.9 ’é.*_l_'_) o[ Ml % ﬂlOPEF_' AoIUFLICH 2HAE HoE 7|7 &4 o ({F 7| HE L
Cl; EESE 9 #includedt= A, M7t S=E|0] (multiple-definition) Of|2{7} EfM S 7tsM0| =
SLCH £ =522 MakefileZ BtE 42, 425 SEME 7ts4o| JAFLICH Td2{Lt e ot
SRSl Tate A, 24249| 3| DfU S 2 E548H(modular way) £ (3G TFUoAM L6t |_—+
SIC] TS #includeBlO 2 S 118 HOIE) UCHs I E USLICH grepTf 22 B2 (=
tags ItQ) ALSSHH ™o|7t o mhof [0 U=Lto| Qﬂﬁiol = &2 =+ O'Al—lﬁf EF% ot
2 B34 ol &gs| el7|USLICE:

i ﬂJlO

m\l rI

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

#endif
(o] mh, Ztzte| sl umtol| izt CtE O3 2 Oo|E2 AIEEL|Ct) o] &Al2 5 mtdo| & &t
HOF ZEE| =8 of 22 0131 & #1nclude0PE‘|EP A7 SMSER] d&L|Ct KBS AIS 22
Makefile2 Zt2loiT= E2 (E Z2NEE Z2[& Mofl= 3 Z2eiL|ch 22 181 &) AISE 4
%, S E #includeE XE2|H FTEZ2 F '3| Mot 2 EF 17.102 &10517| HEEL|Ct
[Rationale] § 4.1.2.
#include <>2} #include ""Of| X}O|7} QULILS7?
<> A2 ofE mto| AARINAM XMEBet AO|HLE 2& 6lle] ot A0 AHESHH, " =2

27t M 2EE &l e ohdofl AFS e

otz & F 10.8bE &t115}+7| HiZFL|C}.

siol DS B YDE|ES LT Moje

MEIst 22|52 T8 Yol Tk2t CHELICH (implementation-defined). (3, 0] ol Chah 213t
=|of YU THSA0| EALICH AL 11332 A 15| HERILICH.

UL < HAOE HEIE SC| HUSS Btt 0|0 EFO2 XYE ClER|0M 5| &
LCh v SiAlo= TatEl oo IUS S S| Cl2|=al oA B2 OIS, 9IS B2, BEOE A
HE cl el &1 ELich

MM o= (55| UNIX Zate|), #xH Cl2E2|2t #include B 2 TUO| Y Cl2E2(S Ust
LIch T2 Hate{olAs S Cl2 E2|7t Zuteirt A% 1 Cl=2|8 oojsty| = BiLick
2meio| Oj =S AD5| HHRILICH

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

ARE A0| glof Eo|= Mol = Z =29 AP MAZ 0| M ‘syntax error' 7} EHH BIL T}

OfDt= OFX|ZH 2 Z #includedt & mHU 2| LHEO0|IA, OFX|2} M4 £F20i|A] M|O|Z E(semicolon)O|
A AUS 7HsM0| =5LICH &R 2,18, 11.29, 16.1bE 211517 HiZL|C}

63



%} 10. C PREPROCESSOR

Q 10.10b

Answer

Q 10.11

Answer

Q 10.12

Answer

References

Q 10.13

Answer

References

Note

Q 10.14

Answer

References

2tojEe{2| &5 Mg Z&ote= &llr TS MCHE #includeA| =0 = & H(linker)= X 2| (0]
S

UX| AL 0|2 E L

[

ol

N

= 0
u

r

a

Z=E 13.258 &

AAE SIE ZhdQl <sgtty. h>7t YELICE M| SAHE S FH = US7

—_

27

HESH mtU=2 HAoutde], 2N, Z2M M2t 2HE HES Zo|o al7H 0| F 0N U222
(2tdo| LtE) LHE AtEf2l ol mdE 7HM 2Lt StE2tE MU 2 SASHA| st

A2l 2 vendorOf| | QX3 EA|7| HFRHL|C}.

M X{2|7|(preprocessor) #if A0 EAIHEES H|WE = UYUS7H27?

A B T8 5 YBLICH #ifs 5 HMDE RBILICE &, 0f2] fI2SS ofE Y5 US LIet
o
jr—

ES
LH7A| #defin CtE, ol o3 2 E

eSt
AL 20172 &W5H7| BRI

[K&R2] § 4.11.3 p. 91; [ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

#if X|A|O{(directive)Of|M sizeof CIAME & £ JSTIR?

& = lELct "M X2|(preprocessing)' = & JICHE (EtR] O|E = Ttal(parsing)ot”| Mof|) Aot =
7| &tA o]0l o|F0{X|7| WS LICt sizeofE A= LAl ANSI ZE QI <limits.h>0f H2|= O]
Ue ME M= HHHO 2 HET| HEZfL|CH JHSSIEHM, “configure” AT E E(script) & A= AT
E3=ui=g (EEJE”O o Etle] F37(0f| SEXM2= A4St Al ¢ HHEZASIH D & = JSLH
oh AF 1.12 &ast7| "gig|ot)

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

GNU autoconf I 7|X|= A[ARIO|AM OFH 7|sE MISt=X], O EIRIC] 37|7F HOQIX| otLY

r

= ‘configure’ AEEE XSS 2 OHE0{ FL|C}. 0| ‘configure’ & M3SIH MakefileO| I EH X2
2, ARt AA0IM A3 ot S tteE= o 226t =18 30| 20 FL|Ct of ufZ[X|of 25t &
2 of2f URLE Zst7| "igh| ot

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

#define Z0|A #ifdefE MM Z{ZI CIE YA 22 HOSHH & 5 USTK?

A2 S7tseL . thd

el
=
0]

o
=
o
()
D
wn
%)
o
=
o
=}
+
n
o
)

~

OHEILICE FMXE2|7|E RHAA| AEstE (r e
#ifdefE MM 5 7HO| #define 2RO Z Qt= = HIAIS M7| HfZHL|C}

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

Q 10.15] typedef 0|22 #ifdefQ} 20| HIAES £ Q= HIHO| QIEN}R7?

Answer SRUSHA = 18 Y2 EXMSHX| gF&LCH T
(0dl: MY_TYPE_DEFINED) & 2|5 A O typede
LICH (2 E, 2™ SHK| ELE}).

Lo H

H =
=

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

Q 10.16| z==E{7} ‘big-endian’ HAIOIX|, ‘little-endian’ HFAIQIX| #if 2 MA| ZAFE 4= USNIR?

Answer 2| E7+sEILICE (FXE|7] HA2 long int EFQDE 7HSEIL|CE}, 2EA 0 =214 (addressing) | CH
5 0 KIRI7F ERISHA| LICE) DBE] ZREIS) endianS LOIOF B BRI ASLINNT 2 % 2
oM, o|H At FASHA ZEE Ad5h= Ao| HHEARLICH 2Z 2098 F1ISHY| HHEfL(CE

References [ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

Note GNU autoconfE MM ZZ2 2 Hulasty| ™ ZICHSt QL[ EHAE T2 S AlSHGHM, =2
J2H0{7} o o 3 2 (0| £ S0{ BIG_ENDIAN_MACHINE)ZE Fo|& %= Ql&L|Ct (A2 10.13 &)

Q 10.18| ojmt =5 =M5t2 SHEE, LIRS B2 #ifdet TH20) 01 SLICE O 2212 Amielol 2t

Aot =10 L X| S 201 ‘preprocssing & o= Q= HHHO| QIE7H27 (22 #includelt #define2
M| e|stct= =ATHAIM)

Answer 0|48t ¢l X E|6H Z &= unifdef, rmifdef, scpp (“selective C preprocessor’) S2| T2 ZMO| UL
L &£ 18.162 & 6|-7| Hfge |}

>

Q 10.19| 02| MoEl BE ‘identifier ES ot 2= QIS7tR?
AL
T

gocs -E9 B ALRE %
QIL|ct ZmbRio| O

2l - =
UGN HS 5 U SAIAS EolLHo]
JE

Answer XIF= HZE
M
o

OlM =2S A 5 gicts, Huojde{Lt MX2(7

= o
(UNIXQ| strings R EIZ|E|) HAAISH= Z0| 7}ZF gtz ™ol gheel 4 |C}. :Laﬂ.f ofm MEA
Ol, A|AH”l o =H QI ‘identifier 7} B2 5= U2L| (£5] “UNIX") =2|SIA|7| HIEILICt OE2|10 0|&
2 CHIH EFO| ot (ALkst™ AFEXI2| O|& SZH(namespace)dt S=0I2E), 2 MHE A=

L|c}.

Q 10.20| ct=23 24| “identifier 2 M AsH= 1322 2 FHo| Y&LICk

#define Paste(a, b) a/**/b
Je{Lt S26HE e
Answer 1742 O{tH (£3] John Reiser2|) OEH | A 2|7]|(preprocessor)H| A M| 2 == 2EMSHE|X| 24=(undocumented)f]
7lsglLct O2|1 o] 7|s2 o|o] Sl M ELICt. ANSIE ([K&R1JHIME) O] =44 (comment)0| &

SO = CHA| =t 26t USL|C :llj—‘I'—|' 0|&H 4lo| 7|s0| ER235t7| W Z0l| ANSI= CHZ1t 20|
AHES HFAIO| ‘token-pasting’ C1AFK}QI ##E N| 2 EL|CH
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%} 10. C PREPROCESSOR

References

Q 10.22

Answer

Q 10.23-4

Answer &l

Q 10.25

Answer

Q 10.26

Answer

#define Paste(a, b) ai##b
A2 11.178 £10517| Hp&|Ct

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

Ct2 Ol=22E M ™ “macro replacement within a string literal?” O|2t= A7} 2 gL
#define TRACE(n) printf ("TRACE: %d\n", n)
M 7F A4 Zbs 7|9

TRACE (count) ;

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

E| 2 11.182 2t035}7| HEZhL|Cf.

# AMXE MM D32 QXE EAtE 2t & o, MEH 2 S2I5HK| gdsLEt

MO
—_
=
—
\‘
=
—_
=
—
(o]
Mo
M
OII
N
)
I
r
_l,"_

Z3 =TSt ‘preprocessing'€ St A 20| O A SHOF £X| 222

C A o] MAE|7]|(preprocessor)= & 2|(general purpose) E0| Ot L|Ct (EESE MAME|7|7F S&EA
lZ2OHMoZ NI =XE & = USLICH) 0|2 SEE A2 AIZ5H7[0f 2FM, o EF
ot =559 &2 7(‘|7<'|E|7| =2 A tt=E= Ao| L2 X[ Mzts 27| HIZL|CE make(1)2t 22 =
2 AtEstH, olz2{et E2 XI'%QE AMSIER THE = USLICH

C Hof Al CHE 31'2 ‘preprocessing’ St2{ 11 St HE9| MX{2|7|E (22 MEE CHEE2| UNIX
A2EIOIM = 'mé'2t= MXE2|7|E MBS ELICt) AFESHA| 7| HERLICH

Ztzfe| CIXLE stLte| 22 2 Se{MAM StLtef XM E MESH=E A2 02 27[/U= EFHYULIC
Ci2ah ol & = US|

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

if (n '= 0) DEBUG(("n is %d\n", n

~—
- ~

Hu 2 Joe it
mIﬂJ o2t fob

I

M= ol
GCCe= &==XME 7t UKt
EE |:_|_E H}

= ciem

o

M FOF BiCt= AE 7

X|&stx|2t o] 7|

(DEBUG1, DEBUG2 Z0|) A
M Zsts HiH S Azt

|45 oF BfL|Ct.
=EZ=0| ofH |t
£ AglLict =

=
—_
UEL|CH

1 [
(_J'I_I
Q'E

o
m\' HE
lo &
i
o
210
il
Mo
rr o>
I-HJ:::: Ml
My
fujny

o
—
__'n_
o
A
e

ot
=

all
a
a

o]

3

3
\n_)/ ==
i 4>
IE

tn
10
:D': -
T

—_—
_>.'_

St
_|E

D
(@)



%} 10. C PREPROCESSOR

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

#define _ ,

DEBUG("i = %d" _ i)
[CoX]= 7HH QIXIE M| &
AE23t1 (varargs SH-XME), Of
Melg = UJASLIT

opx|2toz & HMo|=l, 71 oIXIE
HIEfLICE (0322 sE st

#define printf myprintf. )

References [C9X] § 6.8.3, § 6.8.3.1.

= {32 E AJlstD

UABLICE ...

Oo|A __VA_ARGS__ pseudo O ZE MA{ 7}

g8 £ 7 USLICE 22 1542 1558 ZH105H|
40| ot ofEZ2E MSStH7| HIELCE HE =M
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Al

11 &

ANSI/ISO Standard C

Q11.1

Answer

Q 11.2

Answer

“ANSI C E&"0| 2t a0l e?

1983, O|= 2 & 3|(American National Standards Institute, ANSI)= C A0{e| &= N|F5I7| ¢
off X3J110|2t= fIREE GASLICH o< 71 7[ZtsS et EESH 20 o] {32l E0AM = 19894
122 142 ANSX3.150-19892t= O|2E S H|ZFHIOIA, 1990H0] SEE|USL|CH CHEES| LIS
7|ES| CAHO{0|M 7K 2 Ao|n, WHE2 C+40f|A| (EHEE &= prototypedi| EHSE ) 71K 2 AL
LIch 210 (=2 X7t UE 35 SK}(trigraph) At A|AAE Z&l6H CHEA 22Xt MEE X|
ot= 7|55 ZSAIZHSLICH ANSI C Z&2 C run-time 2}0|E3E2|E EESIA|IZSLICT
O =0 =2H 2= 7|72l [ISO]= 0= B&2l X3.159Z [ISO]/IEC 9899:19902 2 CHA|5+0] =Xl
EOZ UIE/USFLICE o] EF0AM = ANSIS| EES X ot ESSH Ao| HEE0|A7| I Zo|
5| 'ANSI/[ISO] 9899-1990’ [1992] 2} 11 S SL|c}.
19944 “Technical Corrigendum 1(TC1)' ZF0|M 2F 40 7tX|E +=HSIUSLICL HEE +=H=2
Mo 2 HE5t MHo| 28 Ao E5 MHES o A L|Ct 2|10 ‘Normative Addendum 1(NA
9F 50 H|O|X| 22| MER2 7HE2 FIIRIen, 7{e| tHE 20| =X|S}(internationalization)
st ADIRILIC) 1005 TC2s ToHK| A Alsre FoaLIct,
=
=

=
S 2o, 252 2A™st JWFE2 o|d| 2HHIX| Ao S0 USLHCE ME2 E
o

rlok EH

4r

1

ok rjo A

N
o

e

(ol
ol

0 |

o] 211, 19994 2ol 2t = Hete 52 HEtL|CE (o] 22 B

[COX]E HtHst 0 =HEUASLICt)

X4 ANSI EZE2 B2 220M Z2-sr 220f cHer dHa, &2 ZA|=0| cist

18t “[Rationale] (0|2 sf41)'S ZaIstn UBLICHL T 7Hx|= o 2of ojn| =&fE

Rationale] XF&f|= ANSI EZ X3.159-19890] Z8tEl 20| OfL|X|Tt HE M2 2XHO
Ao|0d, [ISO] &0l Zetsl= LHE X ot Lt [CoX] 822 Af EHO| FH[=|10 )L

)

B
O
X
u
El
oS
il
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HE ZME LM HE & UKR?
O|=0[2tH T2 FL0M A2 MY & USLHEE

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

New York, NY 10036 USA

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

CcC
-

Global Engineering Documents

15 Inverness Way E

Englewood, CO 80112 TUSA

(+1) 303 397 2715

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

gLk

\cite{iso} Sales

Case Postale 56

CH-1211 Geneve 20

Switzerland
(EE= http://www.iso.chE BIES}7HL}, comp.std.internat FAQ Z|AEO0||A{ Standards.FaqE &f
105H7| HEZL|E}).

XXF7F OFX|2HO 2 ZAFHS T, ANSIOIA] Z=25+2{04 130.00$7} = 231 O 04, GLobalof| A =28 I
ofl = 400.50$7} = EM&LIC}. ([Rationale]2 T HsH 22| x| X3.159= ANSIO||A{ 205.00$, Globalof]
Mz 1625087t 2 ESLICHL ANSIHIM = E&E EME HOfst +UZ 22 2Yst7| 20| MXt &
o HAloz s NS TR aLich

O|=0|2}H ([Rationale]S Z8t5H) 22|X| ANSI X3.1592] AH2L “FIPS PUIB 160" 22 C}S ZA
oM =EE = US ALt

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

Springfield, VA 22161

703 487 4650

Herbert SchildtM| 7} af| & Sl(annotated) “Annotated ANSI C Standard” = ANSIZ} OF-l [ISO] 9899E A
W50 USLICH Osborne/McGraw-Hill)| M SEHE[ 20, ISBN 0-07-881952-00| 04, CHZF $40 A1 04| A
ool =0 JEL(cH E&ED0E o] Mol JtA Xto|= CHEE X XH7}+ & 5HA(annotation) 7+ IL|Ct: T
2Lt 2 o2t HF B2 MEfo = HEo| EX| ASLICH net| CHEE AHRHS2 oo 0| ME F

AIBfLIE}. Clive FeatherM|:= O ZHof| CHEt MBS X1 OF2H2| URLAIM & == UFLIEE:
http://www.lysator.liu.se/c/schildt.html

[Rationale] EAM = (2tX 8t &L Otd) 21 (anonymous) FTPZ ftp.uu.net2| (A F 18.16 & 1)
doc/standards/ansi/X3.169-1989 C|A E2|0|M (S == UEL|Ct EE http: //www. lysator.liu.se/c/rat/tit!
M 2 25 Q&LICE Silicon PressOf|A{ SEHE|7| = SH&L|CE ISBN 0-929306-07-4Q1L|C}.

[ISO]/IEC [COX]Q| RISHEFS JTC1/SC22/WG14 AFO|E 2l http: //www.dkuung . dk/JTC1/5C22/WG14/ 0|}

MYE = UFLICH

&= 11.2bE &15H7| BIEL| L

Q 11.2b| 742 ol chst M2 = ofcloA] He 5 ULte?

Answer ([COX] ZlEtE Zalel) HAE HE= CF2 # AO|EOM 32 = JUSLICH



ZF 11. ANSI/ISO STANDARD C

Q11.3

Answer T1 0| F = M (2EY)
Kof 47| mjSof 2

Al ANSI Hoe{= ch2nt

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

extern int func(float);

int func(x)
float x;
{ ...

— -k

=13

=2 oH
Z20| = otglLic,

O
45fL|ch Ch7HE of

22E C (Z2E Etla 7t Ikt 2|AEE HM[B3FHK|
Sheof| MEE = o QXSS “EHEH(widen)” A|ZLICH = float2 doubleZE, charlt short inte
int2 SEA[ZIL|CH (7 AEIUZE HoISt &M=, o|EA =E=of MEE QXL &2 FH|
2 20| So{& o, CtA| R2iel 37|=2 HEtE LT}
O ZMl= et Eololl M M AEFYU 2|

CC
-

—~
o

WA = M

MO

int func(float x) { ...

—

extern int func(double);

N

Wy g

—

4, Jssictel 7
2(narrow, 0| & E0] char, short int, float

ot gLt

1.25E &135}H7| gt o}

References [K&R1] § A7.1 p. 186;

Q11.4

[H&S] § 9.2 pp. 265-7,

3

SAlo| Ho|0f| A doubleS ME

=
o Ze)

—
9%:

ANSI C

[ —.

Ol "extern int func(float)'£ T (AEIY) A2l "int func(x) float
F AEIUE M0 A= AO| 7HSSHAZHEZ 1

1.4 &) 0|

152 1) Ao M=

OIXILt 2|E Bt S MX| ¢d= AOo| &

[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;

§ 9.4 pp. 272-3.

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

u}

70

|71 st

2
= 1

o
HA

2HLICH). BRHO = proto-

ol Elo{7t A7 W=



ZF 11. ANSI/ISO STANDARD C

extern int f(struct x *p);

“struct x introduced in prototype scope’ 2t= O|AtSt AT E 2HAHA|ZIL|C}.

Answer C 91012 A3 Z (scope) TFEI0f| I} EH40| T2 EEII0) B MOIE TAM = 22 AA0| ChE 7
ZH| 2 SE0| YELICH (O] PZAE B0 ZREELY MOI0] B ) ATEES HOJELIC)
Ol 2 SHZSHAT BIX| B MOt ol| CHS T Zo| =2 TN MOIS 8 Fofof BiLct

o] =2 | **010| oty AR E JHX|A| £[0f, O| 0| Lt MAHMM struct xE At

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

Q 11.8| si”ol 3712 xI™E of, ch3 Tt Zo| A% 22 ME otel 0| |7t H7te?

const int n = 5;
int aln];
Answer const (qualifier) 7|HE= “17| "2 AS °|I:I|°|'L| ch =& MEE= Maishmj (YutH
o2) HAS £ oLt mEtM 0]2{6t ‘const’ LERE =
= 01I/\‘| C A0{2} C++0| CHELICE) 94# e X[
(EE= enum 2) M8 HOISHY| HiZL|CH

Al(constant expression)0| Ol
M+E ASICHH #defineS 2

References [ISO] § 6.4; [H&S] § 7.11.2,7.11.3 pp. 226-7.

Q 11.9| ‘const char *p'2} ‘char * const p'2| X|0|= FA0I7tR7?

Answer ‘const char *p'= (‘char const *p'2t11 & = UZF) &= EXI0| CHEE ZIHE Mt AIL|Ct
(ZAHE HHE & &LIC}); ‘char * const p'= ZAMO|| CHEE & ZQIEE MASH AULICH (At
E HZAS £ QXD ZOIEE HAS = SLCh.
HdE & SO EA7] BiEfL|CH 28 1.21% F0SHA|7] HHE LT
References [ISO] § 4.1; [Rationale] § 3.5.4.1; [H&S] § 4.4.4 p. 81.

Note =, ‘const char *p'= p7} CIE2 2 X|E 7|-E|9|E§ HFZ 2= QoL p7t 7+2| 7| = Elf & (const char) 2]
HtZE == QI&LICt ‘char * const p'= pZt 7t2|7|= CHaf(char)2 HiE = UX|TH p7t THE AE
2|7 |H & == ASLIC

Q 11.10] const char *+Z QIX}Z Ht= &t4:0f| char *+2 ME5}H Ot|LIR?

Answer const T E}RI0{| CHEF ZE QIE{ 7} (pointer to const T) E St 0|, T EIRI0|| CHEE ZZOIE{E (pointer to
T) £ & oSL ot 42t T E Bt ZRIHE MEE & U= A2 MAHLE (recursive) HEE
£ 7| E L EP-

[t HEHSEA| (explicit) ZHAEE (0] A R0 const char *x2 ) off 0{0F SHL|C}.
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ZF 11. ANSI/ISO STANDARD C

References

Q 11.12a

Answer

References

Q 11.12b

Answer

References

Q 11.13

Answer

References

Q 11.14

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

main() 2| MESH M HHHES of 1 AlSL|C}
main() 2| MA2 CtZ S0|AM =2t K of BfL|Cf:

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

(22 ol ‘argv'2} ‘argc'2t= O|E2 YOMEX| HiE 5= JUFLICE) 22 11.12bFE 11.157HX| &0
ot7| "HigfL|Ct.

[1ISO] § 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"2H= A1 E I|5t7| 2|ol, main() S void EfQIO 2 MASHE HMASVILR?

siLich S O, exitOE M=tlE Al ol2{st A7t wdsictH, opx|atof| £H|gl= 0122
(redundant) 2| EHE M F0{ Z07I YUst= AE U2 =+ UsL|CE (FSSHetE Hohde{ ot

Ot=EIL|C} main() & HIEA| int E}QE Z|EHSIEE MAHE|0{0F 5t0{, QIX}= 07 EE= 27H0|0{0F
AH

M| Z56t= “not reached” £ 2|0|5t= X|A|0{(directive)E M FO{E ElL|C}).
=] S EX| efELIct fLfstH, LHE

CHed| ZTE GOH2ID B4 S void EFIOE MOisHs He Oy
Mol g+ SE/2|E A HATL &+ E SESIE B (main() Q] AR, C run-time startup code) M ZE
CHE = A7 =L

(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.)

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

main2| M| |13 QIA}Ql envpZt UCED ERELICH

Ml HIY QIXt= Kb 2A0(7|= SHX|BF EF ClIXtE= Ot L} 0| = &t (environment) =01 & =25}
7] Bt Ao E, 0| EHOZ MOl BEFE &= getenvO 7t MBS E 1D, MY HEZ environ0| XM|&E
7| Wi 20, o] H|ZE MEHM 2IXtE £ O|R7F SUASLICH (SHX|2H M #== environE H|EFO|
7| = OpREZER 4L C}.

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

main() & void EtQ2 2 MAASICt SIHELE, exit () B8 MM SESICHH 2XE Al ©3 el
HL2? AT M7 A0 e 29 MAle Z2O3e| S8 /2|H ZTEE oo FAISHE LT

n\'IJ
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ZF 11. ANSI/ISO STANDARD C

Q 11.15

Answer

Q 11.16

Answer

Note

References

Q 11.17

Answer

References

Q 11.18

main() 2| 2|& ZLO| A0[Lf, A0[X| =lt= S0t X7} OFLIE 2M = main(O S void EFY
o2 MA 21501, main() & SE5t= F&E0| (Z-EFY AlZf(startup) ZE) main() S M Z
E=XION

=
st = UCt= ARLICt (0] = calling convension 2| AL|CE 2 F 11.12bE & 11517 HE
Eé.”—l'if)-

Borland C++ 4.50{|A{ void main()g MNE i, =ZEJ0| YVIE 5= QUct= Aol o|o] ENE[/UE
Lich 2|3 o™ Hulelz{E2 (DEC C V4.11} gec) maing void EFQIO 2 Mo o, Z1DE gf
A S|

o222 2 MA7t B2 AEl(exit status)E FA|IE == QU1 void main() 0| SEE == QUX|
at, ol OIM’SOI ol #ot ofL|2t, SHIE HE OofglL|Ch

ol n&"

M7t 210 = 2 “C Programming for the Compleat Idiot” 0| A = &4t void main() 2 AFEEtL|C
1

XAt= RAAE O HZF(completed]| A[AteE EFQILIC}H B2 M =0| void main()2
PN

mainOO|M O ZtS 2|EH5t= At exit O E A= A 2AXS| L7

JChD, £ IR 4THD 8 £ ULICH C ER0AS 23| 2Tt o13shn U2 nainof

local GIOJE{7} ‘cleanup’ ZFHOIM B RE ZP, naino| Al 2/Hote 2 M2 SHoX| 42 +

QUBLICH A 1642 215t7| BIRLICH 12| T 0FF 22fE (EES ARSI ) T2 A|AH
|

M= F 7F7<| g4 S S MU Z SEGH g2 = UsL

(ObxI2te 2, o] S7HX| HEfE mainOE MAMCZ S5E A, C}E =S

a

0=
0x
o
r
ul

| HolEol Mzto =, duty o2 min()2 MAXMSZ S5 £ g7 R0, HIZ 9o 22
g ofo|7t glg N 5Lt
[K&R?2] § 7.6 pp. 163-4; [ISO] § 5.1.2.2.3.

ANSI “stringizing” X 2|7 HALIXIQI #E MM &l E2E M=o S EAL0 o d23 0 gL ot
O, O Zo, 4=2| 240| £0{7t= thal, &=2| 0] =
o327t el X[ fe 2 &asd SCtH ChEak 20| F THAE HAMAM € = JSLHICH
#define Str(x) #x
#define Xstr(x) Str(x)
#define OP plus
char *opname = Xstr(0OP);

0| == opname2 “OP" 2 MA5IX| @41, “plus’ 2 A X BiL|C}.

H| 25 AFHO| “token-pasting” QIAIKIOl ##2 £ I, & |2 22| Z4S A5 & [ SrAst 2 9
2Lch

=

[1SO] § 6.8.3.2, § 6.8.3.5.

H|A|X| “"warning: macro replacement within a string literal’ 2 £ & £20(|%&%7?
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Answer : ANSI O|X 2| o Hue{/MXe|7|= o322 He|E Ct3u 20| Meje A<
#define TRACE(var, fmt) printf("TRACE: var = fmt\n", var)
Cl2n e Aoz SE51H FH:
TRACE(i, %d);
Ct2ot 2ol &&stA itk
printf ("TRACE: i = Jd\n", 1i);
=, 0j3Z QIXtE LI 0| 0| 2XIY olof Rl HPatE SaAlH {EiLIc,
Ol2fet 42| Df3 = EE2 K&RO| HAZE A= OfL|0, & C AMHUAM Az E A= ofL|ct o3
Z QXL AN 7t 2AHH ol = 7| E HeCtH ™A 2| 7| ALKl #E ML XY A Z (concatenation)
7|52 MM EL|C} (0]= ANSI EXF2| MZ2 7|sL|ct)
#define TRACE(var, fmt) \
printf ("TRACE: " #var " = " #fmt "\n", var)
AZE 11172 F1a5H7| High| ot
References [H&S] § 3.3.8 p. 51.
Q 11.19] #ifdef= WA ZEA|Z|X| LatD 5 R0i|A 04 O AbEH P2 (syntax) 0217} H|Ch.
Answer ANSI COI|A{, #if, #ifdef, #ifndefO]| £ BIAE = MA2|7|7} XE|& = U= K& S ZW0|0{0f (valid
preprocssing token) &L|Ct &, C 010-|01|A-|7(1 2 "L o= ZH2Zo| AFS 0|$—0-|A-| LI2}of 509, 2=
7t £9| ZAIE HOILIE ot=l0f!, M2 CHE mhE 7f wXH=[0f 0'9._ OtEICt= SSLICE (553,
& 0{2| 4 =F8d(contracted word)0f| A0|=, &2 [LHF (apostophe = 22X} Aol A|EHXE Holot=
NE J|AHatof L|Ct) kA ZI 4 0[Lf pseudo codeE = 20| SHO|2FH #ifdef S M A bl
21D KM BCi2tE ZAN (offical) 2l 541 (comment)l /% ... +/2 WOF BLICH
References [ISO] § 5.1.1.2, § 6.1; [H&S] § 3.2 p. 40.
Q 11.20 #pragma= O{C|0{| ALI2?
Answer #pragnals @S ERo| (0|AI40| HOX|E) DE T8 w0l 2 7|5 Mofsin, B 7|5S
MEEch o47]0ll= AL 2|A” X0f, M &F(packing), 21 £ =& S0| ZgtgL|ct
References [ISO] § 6.8.6; [H&S] § 3.7 p. 61.
Q 11.21 “#pragma once” 7| 2|0|5l= AHO| B&?
Ithe *, - pairs mustn’t cross line boundaries
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Answer

Q 11.22

Answer

References

Q 11.24

Answer I

References

Q 11.25

Answer

References

Q 11.26

Answer

References

Q 11.27

Ol= o{H MXE|7|E0| MEst= 7Is2 2 ofF mhlo| o steHAoL ISE| =2 Ste, 22 10.79
270 El #ifndef EE AL ZH2 QS SHLICL T O[A MO EHo{&IL|Ct

char a[3] = "abc";7} SHIE EdQI7IL7?

ANSI C (2|2 ANSI 0|F Q| D A|AEIOAM)S 0]2{8 HS SHIZ E30|2tD UsHK|OF Mol =
=2 He w:.'—l':f oI E’_EE |5} SH5| MI7HSe| RAE Zt= HI¥EE MAStD 222 ‘a', b, (B =
7|2P°“—|EP =, EXtLe E2 '—PEH—H'— \02 SO0{7}X| eI&LICt [2tA] Of HIZE 2 C 21012 EXt
dolztn etr |7t Z2Ee|CE O M strepylt printf F’ 2 sheof| CIXIZE MEE 5 QiELICtH
CHOH, B R o] 3 7|8 K|HotX| @410, HIt2{7t HfPe| T3 7|E LotM X[HSIEE (F 22 4=
M, 37|E X|HsotX| etem, HHO‘OI 37|&= 47t E) ot= Ao| LetxdL|ct.

[1SO] § 6.5.7; [H&S] § 4.6.4 p. 98.

2H void * EtYL| ZOIE{0ll= At (arithmetic) AHlAtS & = AUAENR7?
ZOIEDF Jt2|7|l= RENES FI|E & & 97| WL|Ch M2t ALtg St7| Mol ZQIEE
char *Lt M2|5t 10X} Sh= ZQIE| EfQI2 2 HESHOF BiLICH (A2 458 & ZI5H7| HigL(Ch).

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

memcpy () 2} memmove () 2 St= 0| ZLX| AULIR?

memmove ) = H =1t CHYO| HE FR0 = A5 SEBHCE
2ot HZ2 5lX| ooz & o wWe| 5= %= |

—_—o =

of QbR BH|Ct

Zﬂ% HZEH|C} memcpy () = O]
ZHCHH memmove O & A= A0

[K&R2] § 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 FHE 2|0I5tx? ol mf & ZQIE 7} 2|BE= AQIJtR, OfL|H 0 HIO|EE 7I2|7|=
ZOIE7t 2|EE= Ae7tR?

ANSI/[ISO] EE2 & & St 5= UCtD L5t JELICH O doks 78 2ol o EX2 Lt
(22 11.332 & 15}7| High|ch

[ISO] § 7.10.3; [PCS] § 16.1 p. 386.

oI& OIE(external identifier) 2 & H, 2§ ANSI EF2 0§41 2X} 0|&Ql 0| B2 RUdE B3 &
gict &7t

2implementation-defined

(0]



ZF 11. ANSI/ISO STANDARD C

Answer Q2H =l 2l FH(linker)2| A<, ANSI/[ISO] CL}, C Hut e JHEXI} A2R10| A|AEIY| o|&Hol AP
7t Bttt Ao| EMULICE. o] MEH2 o|F2] H oK SAtHE FASICHD EFSH| M Z0)|, A o
A 2RI LE 0|E=2, HM7F 22 o|E2E FZELICE o] M2 o|0] £2E2SI0{X 7t UL
S 2 (obsolescent), [COX] EENHM= 101 & Ol H LI

Note =, “AAAAAAB" @} “AAAAAAC 7} 2t 0|20 =2 Z|ZE 4 QCt= oholL|c}.
§

References [ISO] § 6.1.2, § 6.9.1; [Rationale] § 3.1.2; [C9X] § 6.1.2; [H&S] § 2.5 pp. 22-3.

Q 11.29 | x| zmYUei= ZICISHE|AE T2 I8 XR}F ZHOHUSHK| REIL|CH 4 322 72 0f|2{2 (syntax error)
Z2gh|c}
Answer OFD}Z ANSI O|F Q| Z{mU2{Ql Z Zt&L|C J2{8t HOlUHES &4 Y8 (prototype)T} 2+ %
S xz|5Hk| RatL|ct.
ZI2 1.31, 10.9, 11.30, 16.1bE & 15}7| HigfL|C}.

Q 11.30] mi7t #= Hupdei= ANSI Hat2{olo| = ofE ANSI/ISO EE 84S0 Ho|lof Qx| ctn

o]
-

Hute{7t ANSIS| 22 ATt stEatE, ANSI S8k &5 mhlo|Lt, 2-Efe 2lo|2e{2|& %
X| 24 &= USLICE (AHA gec2t Z0], A|AH] BiE{ (vendor) 7t M| Z5HA| 4= HOtU M= 5
Qe QliL|ct) &2 11.29, 13.25, 13.262 2t1517| HigL|CF.

Answer

=

Q 11.31| = 2AEtu= W& C == 7242 ANSI C2 HFR AL}, tE= 119} HiCh X2 o=

fjo
ol
rr
|Fl

Za=ol U

SN

Answer T2 EEIQIS M= A HHAIDE 2 HIAIS HITUZF = ‘protoize’ @} ‘unprotoize’'2f= T2 J2H0| QUSL
C2F ANSI C2t2| 100% 2tX et Hetg E&SHA|= efsLtt) o] =

ZOHMS2 FSFO HEZ &0l Z8f=[0] UFLICH 22 18.32 57| HEE LT}

=2
H C
(@)
0
(]
3
.
QT
[ne

O A] BIEIS Shefste UZo| ‘EE(filter) @LIC 12| T ANSI C AEFUTH 7 AEIUS| HISHS o]
eheis| s ZLict

GNU Ghostscript TH7 | X|0j| &= ZHztSt ansi2knrO|2he T2 20| Z8HE(0f USL

Il

S
J2{L}, ANSI C AEFS T AERUR 81 Of, 0[2{3t HE0| BE ASOZ OHHBH WEks = A
S OpLICE ANSI COIM = K&R COl gl M22 7|ST SRS Estn Yooz, T2 EE
olo| Yl 848 S &S ol FoIsHof BLICE ofotE A0 FeE xI= BELICL A 1135

11.298 #t517| HighL| ot

HEE 'lint Z2 T2 M2 T2 EEIQ S HEO] LHF 7| = S T 19921 3210f| comp. sources.miscOi|l]
A|=l CPROTO =284 O|& SHL|C}. EE “cextract’2f= =288 E QI&L|C| EE 02
stZ=2 2 =0| AHutde{2t & MEE 7| gL ch 2F 18.162 &5k | "Lt (d2{L &

2 (narrow) OIXtE Zt= 7 AEIY &8 ZEEEIRY] AEIYZE HZAE M, Fo|d{of §LCH & E
11.32 &t0517| ’HEEL|CH)

=N
or

fo

(o]

F
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Q 11.32

Answer

Q 11.33

Answer

References

Q 11.34

Answer

References

Q 11.35

Answer

Frobozz I\/Iaglc C Hotde{= ANSI 30|zt F| 0] J=0|E, 2} A ZEE AHILUSHK| ZEne?
N ZEE geclM SE5Hs WS 2L, ANSI 3801 2

M2 gdaotde{So| HEE =2 7|58 MBS -LILE gees 55| H B2 &% 7|52 M3shk= A2
2 g3 JELIEL ofotE 0f2{ 20| Bh= 11 FEJ} 0|28t &E 7|52 AF8%h= X dsLIth
1, oftl 2THRIIE JHx|D g oloje] HHE HABICIE X2 04 ABBILICE o1 BEEe
arof what of2] 7bx| WS MEE 4 == 5tm US 5 Uon, Ante{lt FRE ARE
7| i 2lL|ct &2 11.358 2105} Higfe

4

"
roh
OII

HHof| i} 2| E (implementation defined)”, “LIEILFX| ©&42 (unspecified)”, “H 2| =0 UX|
(undefined behavior)” O|2t= 20{7t U=H|, ME X}0|7t U= ZHOITIR?

7 S A{, “implementation defined” = 2tZto| 315 BIEHO| t2f, OfH Sis HEfAl(behavior)O|
£ 3, 30 w2t EAM S0 JUCh= SZRULICE “unspecified” = 78 20| M2 CHE WS
Alo] ZHE == UKL EAMEHE 227t gitts SEULITE "undefined” = 01 YO[2tE Lo
Ubts YL o 0= “"8 R TAHS Z25HK| SELICH, 2 Mg F K|
Z20 thai M= oi2] ZEX| 2] AEfTt MIQt=[7| = BfL(Ch
Z 0| A ‘'undefined behavior'2l 1 Mot HE22 ot OCHZE QL|Cl Hulee{= o{H! o|2tE & £
UsLIth E3|, Z2 ol LIMX| RE20| Xz E’”%H-'—f'— 2&0| glgLet o2t ofH &
20| o E2| == 30| ZEhElcHH 0f 2 I EILICH 2 E 3.20(A ZEtst ol E & &= USLICH
O|&]do| ot == E BHE 10X} BHCHH, 0|2{8t AS Cf FAISH, 2 MZHX|0f| 2/ESH= of
st HAE OlS0{AM = Ot=l ZdQlL|C}.

& F 3.99t 11.345 & 0517| HEEfL T}

[1SO] § 3.10, § 3.16, § 3.17; [Rationale] § 1.6.

59
ro
02
omn

!4 0F Iy
in i

ANSI =0l = B2 AS0| 2lEX| @42 M ot JUFLICH ol2{et AS0l| M= EES Fdl
OF 5HX| GdE7tR7

C odoje| 8VIX| EAE, et A=2 HAFEL} Hut2qo w2t 282F 2 Al s 2alo] LE =
Ubt= AYLICH o] A2, AutUe{rt EtAQl A S FE SHELE sl = JEF 5t7| 9
SHMQUL|CE M2t BEE2 AtASE ALK H|SHR| 210 thed| 252 2= AQL(Ct
ZZ22Y Aol EES A0 ALSARt Aute] JHLXE Ato|of] /XSt B2 AUz Mziet £
USLICH M2 Autde] 7YXV MSste] St Aot AFEXYL 'olH AS2 M3 & Ao[CHst
1 MZists AEE O|FO{X| 1, LIHX| HEH2 ALEXI7t 2ol st 20 FHEXIHIE A2 2
M2t = #E2 = 0|F0] FLICE M2tA] 0= 8 20| O|H H2US o{ZICHH, o o] Liligt X|
OIF = BE&e £ glgLict

Ci20{ 22 11.35% Zt15A|7| HFRFL|CH

[Rationale] § 1.1.

i=i++0 22 FEO| s HA2 Ho|F[0] JUX| Tt SUSLICEH -], o] ZEE ANSIE
Eote Auotde{oM A™dstH M7 FFek O Zupot LigL( ot

Aol = s B0 o= JUX| 4= (undefined behavior) FE0f| CHEHA{ = 02{£0] 0| &St
2rAlZ ZEteh ofifel Y= & &= USL|Ct o|E Ao o|ESH= A2 i LHEL|ct 2 F 11.322
11.33, 11.34€ &t135}17| HigtL|Cf

3In no case does the Standard impose requirements

7
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The Standard I/0O Library

A g dE LE 2 L, Z2T0| Xp7|TF XMelet YE AFEXIA YEE  QlrtH, &
ZEZOol2t ] 2het & g AULICE M2t Aol 2E =22 UE(1/0)g Me|ettt
UFLIEL C A0 M /0= 20| EE{2| &S Sl M MSELICH — E& 1/0 == “stdio” 20|
00| 20| = C 2to|E2{2| F2f ST

|2 Fo |H
TE mok 3O Hu
N rnr

oozl

C A0{ 2| minimalist philosophy0l| SZx=35}7| £|5l|, stdio &f+E ZICHSH JB{Lt &8 = 2 St(least-common-
denominator) 1/0 2EIQL|Ct 02{22 mtUES Yil(open), 9L (read), &(write) = UFLICtH ofU2 A
£X0| 2XI2| AEZl(sequential character stream)2 2 FZ &[0, &7|(seeking?)7} 7FsiLICt 2 L35IC}
o BHUS A (text)2} O[T (binary) 2 PHBH0] M2|8 4 lom], U0l 2AIAS M A 0[S X|of
£ & USLICH oY o|E0i| atsk AHM|eE A2 OSof| w2t ZeEfEL(ch ot o|E2 X2 W E M |5t
Cle =20 2 HHEL C 2lofofl GSLICE. 5, T2 0| ES X =8 m =2 0|22 & + UKL, T
dHEZ| AME FZots A, CIHERE UL CEER|E LIYst= 22 ME2|5tle BT U2 ols
LICh (19 g 2t0517| HIZL|CH. RE Z2 0232 X2 AZE O XIS 2 Z M| 7H2| predefined 1/0 &
Eglo| e X|A ELIch {22 th7i F|IEEE HZE stdinO|A &S (read) &= UL, CHIH AFRICE
A1Z =l stdoutO|L} stderrS M 2(write) == USLICH IZX|BE 7| BEL} AT2IDh B2l 7|52 O
? MGL|ct (Tt 19 A S & 1517| HiELCt).

0| Mo| B2 EE0| printf (EF 12.60|A 12.117}tX])2} scanf (2 F 12.120{| M 12.207+X])0f| 242t
UESL|Ct 2 F 12.2100M 12.262 CIE stdio gf-=2 MY ELICH EF ntd S accesset ZI7F UCHH,
fopen (AE 12.272E 12.327}X])E MA ZIH H0{A{(open) A 7{L}(use), EZ streamS redirectolf A (&
2 12.330| A 12.3677}K|) & %= USLICH text |/OZ 5l2{= OF20| QUCHH, “binary” stream £ $= (A2
12.370{| M 12.4277tX]) Q/IELICEH O] 2E WS AfM|S| LOotEY| Mol HA ZHetst AR e 240 HojZhA|ct.
Cl2 AEES 20{E7| Hlzh|C}.

[= NS — -y |

r

A 174 Basic I/O

ol ATOIN HRE S| YLt2?

char c;
while ((c = getchar()) !'= EOF)

Answer 2Tt getcharl| 2|E ZfE MESH= Hay= BHEA| int0|0{0f EHL|C} getchar ) = O{IH S 22X} 24
1227} “stdio library” 2t @& wl& “C HEFY 2holH 2 g kol Y& stdio T+E” oL} <stdio.h>o] A4 H F+EL 9
A=

298 W8e AAY & & AEE file positiond $THE &



%} 12. THE STANDARD I/0O LIBRARY 1. BASICI/O

=

O|Lt, EOFE 2[Ee == JEL|Ch EOF= int EfRQIO|7| Wi E0i| 0| 2|8 ZLS char®l| MYot= A2

EOFE ZX siAstA & X7t JEL|Ct (55| charl| EIRIO| unsigned?! ZS X7t MZHEL|
EH_
?le] FEXE getchar() 2| EZ|EIZ}S chardf| B2 AR, F 7HX| ZOtE o|&E = Q&L|CH

— char®| E}|0| signed®l AL, 2|10 E0F7} -12 HO|=l AR, At 2t0| BS & &l(sign exten-

sion) |0, 2K}z 2557} (C 0101 ESORZ ’\377’ EE= ’\xff’) EOFQ} ZHOFRIL|CE I2FA] &
H =30 L= M7t ELHE = JASLH

— char?| E}Q!0| unsigned®l A<, EOF Zf0| (&< HIEEO0| Ze2tA CHIH 255L} 0xf£2| ZfC2)
&2t M, EOFZ 2l4jo| =[X| BfOt HHEILICE. M2tA o] B2, Fet F=of it HE LT}

- 1/

0| HI= char?} signedO|1d, 20| 25 7 H|E EX}IQ AR, &AGH |7F 0§ & SL|C} (charZt
signed @1 X[ unsignedIX|= implementation- def|ned°'L—| Ch)

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.

N3
o

o] A= opx|gt
while (!feof(infp)) {
fgets(buf, MAXLINE, infp);
fputs(buf, outfp);

H SAISH=O of 2727

Mo
o
n

}
Answer C 210{0f|A{ end-of-file2 THX| I3 REI0| 2loz] oLt MufFHCt= A2 2|0|§H|Cf. (CFA] s C
9| I/O= Pascalzt= CHELICH) YHIM O 2 CtEoF ZHo| Iy FEIC| 2| Zf2 AAlslof §HL|Ct:
while (fgets(buf, MAXLINE, infp) = NULL)
fputs(buf, outfp);
CH7H 042 20| feof O E £ O|R 7t YUELICH (B S stdio &7t EOFL NULL2 2|E 8t S, feof O Lt
ferrorOE WM M2 JLLF"E'—QI Z20IX|, 217|(read) A|2{2UX| HAIE 2T} Q71 SL|Ct)

Note 0|2 S0{ fread )L} furite(), fgets(), fputsOQ} ZS BHEL of|2{7} &5t AL The Zof|
Clclete of, EOFE 2|EEfL|ch 0|21 &S0 Mot J-"l'OEI 0| CIohatox| 21012 B feor OL}
ferror ) E MO 5t= ZelL|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.

X m2ogio] ZEm 9l S7t XISl £ KTt Hlo|ZE MA S CfE Za 0

7<
g,
4 f, i 2 AF 0| S =|X| FEL T

79



%} 12. THE STANDARD I/0O LIBRARY 2. PRINTF FORMATS

Answer £20| AFZI0f| HIAE|7|E SISICIH3 (55| HIAETI\nC 2 BLIX| o= A 2), fflush(stdout) 2]
SE5ljof st CH7He| H|ZHL|ZS0| A St A|7|0f] AFS 22 fflush()E E2{FX|B O] HAHLIS
E2 stdoutO| E{O|LL0|2td 7FHSH Z0|7[0f| MCHZ SZsHA| 22 = JUSELICH (HEN &E
12,24 ESIA|7| HERLICH)

Note Z2 21.112 & T5}7| High|Ct.

References [ISO] § 7.9.5.2.

RETURN 7|2 F2X| &1 & 2XIE

Answer & F 19.12 &1067| HfEL|CY.

ilp
=
e
1

I3
1o

°
i
0T
i3
°

o
1o
F0

~

A 2 A  printf Formats

printt2 \W'E EE £ USTIR? \UE N EUX|T =X YCZ.

Answer %hE MM ElL|CL %, 2XE £86t= AO| VL2 R 0| f=, printf O 7} % EXHE escape 2ALE M
7| 2 ILICE OFA|CA|T], printf= % EAIE EH, CFS 2XtHE HO{M oftH 22 E=5H0f 5t=

X| Z=AFSHA| ElLICt o|ml, ChS 2AIE %E 2 H — = WE 20 — %W E &5 Lot
\li= SESHA| §5LICt o] A0 off SAISHX| p4=X| olsliste ™, HA LT 2 Z2HA|('\)= &

utd219| escape =At0|0, Hut2{7t 02| 22| Z=E 0[3l5t= dE B0iF= S22 MQlct=
NE OfMOf ghi|ct Hute AFUM= \h= H2|=[X| 42 escape =X0|0{, CHIN %' B SXIE
o|0|5HA| ELICt. et BEef printf O 7t '\V'E SESH XMElE = JUEF HES0{™ UCt St 2t
T, Zuotde{7t o| & A MEls HE|A =28, WE &8 & ol EUch

HE20] AZ 8.8, 19.17% ET5}IA|7| HFRILICE

References [K&R1] § 7.3 p. 147; [K&R2] § 7.2 p. 154; [ISO] § 7.9.6.1.

12.7 | ot

mjo

AL of SHSIA| pALte?
long int n = 123456;
printf ("%d\n", n);

Answer long intE &
LICk. o} Ltstod
A = = =]

st =, BHEA| 1 (LS| A2X}) modifierE printf ZZHO{| MO} (0|2 S0{ %14d)
printf O = 0{2{F0| MEst QIXte| (017|M= ¥ n2| gt) EIUE & == gl7|
2 HI=EA| 2HIE =8 (format specifier)2 M OF ElL|C}.

MO ok

12.8| Aren’t ANSI function prototypes supposed to guard against argument type mismatches?

Answer EF 15.32 & 105}7| HFEL|CH

e PO E, setbuf O} setvbut 08 A M5 Y2 27 e whol A, MHAYS A§FHA oW Hio] "ol
5ol Fome Te Foha & 4 g5 Uh



%} 12. THE STANDARD I/0O LIBRARY 2. PRINTF FORMATS

12.9| printf OO %IfE MX| T} 5t HS SUDLICH double EFRS £ ], scant () = %IfE MH
?

Answer

References

Answer T

12.10

M 9} printf )= %fE M= ZHOI7IR

print£Q| %f specifier= floatl} double F E}RI0| ZF M= 2 AAQIL|CE? “default argument
promotion” I 20i| (printf2} ZH0| 7t IR E ALES7LE, Z2EEIRI0| gl oA HEH)
float E}RI2| Zt2 QIXIE Mt [f, double E}RI O 2 Hix A ElL|C} [M}2A printf= B2 22X
71 double EtF MEE= MQIL[CE HE0 & Z 15.25 FHIISIA|Z| HEFL(CH (RD=2 prlnthﬂ
long double EIRZ & R0 = %LFE ALSEILICE)

scanf QIXFE HOIEIS WH7| mh2o0l 11218t promotion0] UOILIX| HALICH MF2pA 43| ChE
SEULICH (ZEE MA) floatll| g2t2 MESH= A2 doubled| S X ESt= At CHELICH
[[t2tA] scanf= %£2} %1f 2 A FLEEL(CH

O}z EO|A = printf2} scanfO|Al M 0|=, ZEZE9| EFQI0)| [} format specifierE H0{FL|C}.

Format printf scanf
%he int char *
%d, hi int int *
%o, %hu, hx unsigned int unsigned int *
%1d, %1i long int long int *
%lo, %lu, %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 *
o none none
(HZ5HA 2eliM, CHE 22| A|AE0] 87| = SHX[RE, printfUAM %1f= FLo| =0 JUX| GFELIEE O]
AldE 2I5H 1 ghet %EE 7| HiELICH)
R0 AL 12.13, 15,25 ET5HAI7| BRiLICE

[K&R1] § 7.3 pp. 145-47, § 7.4 pp. 147-50; [K&R2] § 7.2 pp. 153-44, § 7.4 pp. 157-50; [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_to} Zt2, &, 11 3T 7|7} longQlX|, C}E ZAHQIX| & o= Y= typedef EIQES E2E
o= o =S WOF 3f t2
4 &

o7l Etle o3zl M Ef o2 AR A S25HH FLUICH o€ S04, ofH Etle| 37|
£ E8g moll= EPEJ-F Zo| & = ULtk

printf ("%1lu", (unsigned long)sizeof (thetype));

printf OOIM 7+ Z(field width)E X|A&stD
o] =& K|35t gLlct.

H>

26, o

m
N

m]
P
[ee]
o
il
z
A
g
K]
>
02t
>
N
=2

_printfe] Yes} g, TE|al 7 22 £ 7hX = scante] flest Llgel

ﬂ;‘:,

= S E%
5Default argument promotion-Z 7} ?JX]— ZAENA 7bH AR BR Tt 4%%\41’4—. 15 25 Zast7] vrgych
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%} 12. THE STANDARD I/0O LIBRARY 2. PRINTF FORMATS

= =
40| QIXtZ SE0{2Ct= NS KELIC (AR FSR0M 22 £ 2ot

— A H

0] AR 12.15% & 1SIA|7| HfZfL|CH

Answer printf("%*d", width, x)E 20 EIL|C}. Format specifiertf M @ E = HE Z2 X[™H5t7| 2|5l int
Zhech o

=)

.l
S IPNESEE

—

References [K&R1] § 7.3; [K&R2] § 7.2; [ISO] § 7.9.6.1; [H&S] § 15.11.6; [CT&P] § A.1.

12,11 & ct9(= $x|oil Z0Kcomma)E o{M E2i5t1 A&LICE 3tH HHIZ2 $X|2 &8 5 Q=
2ol ULER7?

Answer <locale.h>&= 0|25t HA4LtE F=85|7| f|ct 2fzte| 7|s&E MIgLct d2{Lt o|d Y2 57| 4
ot Z2F FE2 EXSHX] S&LICt (printf O7F & = U= A2 (O2] H2lEl) 0{H locale AH 0|
et 102 EXHE £85hs A Y 5 USLICH.

Locale M0 [}E, FOIE F 2= = FXAIE £8517| fIst, Zttst &+E MSELCt
#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 (lep !'= NULL) {
if (lcp->thousands_sep != NULL &&

*1cp->thousands_sep != ’\0’)
comma = *lcp->thousands_sep;
else
comma = ’.’;
3

}

*p = °\0’;

do {

if (1 %3 ==0&& i '=0)
*-p = comma;

*-p = 0’ + n ¥ 10;
n /= 10;
i++;
} while (n !'= 0);
return p;

At2 FYHECHD JFASHK| &, 1conv A 2| grouping

N
Ini
ro
o
It
ro
x>

2 S
1o
My

4 * (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/0O LIBRARY 3. SCANF FORMATS

AL 12212 EHD5}7| HiRL|C

References [ISO] § 7.4; [H&S] § 11.6 pp. 301-4.

Al 3 A scanf Formats

12.12] 9ff scanf("%d", i)= SESIK| YLIR?
Answer scanf )0l MESt= QXt= &4 ZOIE{0|0{0F &[T} 2HZto| Zto| HBtEl M0ICt scanf= 022
0| Metst ZolE{ 7} 7+a|a|5 fIRO O 22 MEELCH (HE0 2Z 20.1= FIOSHA[7| HEEL|
Ct.) 2tM scanf ("%d", &i)E2 MO FEH—IEP-

12.13| ctg == of Sx5Hx| 9Lte?

double d;
scanf ("%f", &d);

Answer printf () 2H= E2|, scanf ()= double E}UE £ OH0l| = %IfE, float EfQ S & {0l = %fE &L
C}.7 scanf= %f format2 2™ float2 7|-E_|5’| = :.-L_°|E-| 2 Bt ElL|C} [2FA 092{ 20| & doubleS
7t2|7|= ZQIE = HRE AQUL|C 412 ML HEE float2 2 MAUSH| HIEL|CH HE0] &

£ 1295 =1I5FA| 7| HEEL| T}

12.14] o 3=E 9 Sxt5Hx| 2L

short int s;
scanf ("%d", &s);

OlE{E "t&L|C} short intE JI2|7|= ZOIEE Ma{H

Answer %dE MM, scanf= intE 727 |= =
o ZE &1I5t7| HigfL|Ct)

%hdE M7| HIEL|CE (&2 129

Answer QHEIL|CH scanf OO|A] EHE(x)= CHR S MeFsHy| 28 ARILICEH ANSI ZAHYE #3 &8 A5t
HU, St £ 37|E LI-EI-LHE eprocessor macroE M A{ scanf format stringS BHS0{0f SFL|C}:

12.15] scant =0 2xto] 71 Z2 X ™HE 5 USWIR?
) |2 Al

#define WIDTH 3
#define Str(x) #x
#define Xstr(x) Str(x) /¥ Z% 11,17 F 2 «/

scanf ("%," Xstr(WIDTH) "d", &n);

W
2
°
ot
N
e
r
_\T‘_

Z0| F7|7F A& AlZHof| 2 eF 2= QUCHH, format stringS A Al Ztof| BF

7o) 7)ol A B AL YeS} Uf, B2 formatQ %lest Ylgol = ALF Ut}
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%} 12. THE STANDARD I/0O LIBRARY 4. SCANF FORMATS

char fmt[10];
sprintf (fmt, "%%%dd", width);
scanf (fmt, &n);

O|= 7| BtE scanf format2
Ct HE0{ &F 11.17, 12.10

12.16] x5t HAlo = npUof A H0|E{E 2foaqD

il
20, o7 107HQ| float2 THUNIM 22 = QU

E& S0 2 IHECH=, fscanfl} sscanfO|A{ &
= EISHA7] Hf%"'——“:f-

=

H
0
o
o
°
L

o

(]||r|

7| SHOfF E7FR? scanfH| A %fE 10 M= HiH
77k27 How can | read an arbitrary number of fields

ﬂl|0

from a line into an array?

Answer JBIX O Z H|0|E{ & parsing(TtM)ot= HHES I A M 7HXE LiE = JELICE

1.

JH5BICHE C[o|Ef Thelo
I ER IR

—
—

X &5t format stringd} €74 fscanflt sscanfE &L|Ct O] ZO|AM X[H G X G ALSHE 24
St (EE 12.20 &), scanf Aol gfr= O A EL|Ct ez FHE ZETJL JHE

CtE7| 2l X|Bt scanf format string2 & | compact, column-oriented®! FORTRAN-style2| | O]
E{E& Xz2|ot= oo = MQIL|C o| & S0, Of2i2t 22 &2

1234ABC5.678

"kd%3shE"E MM 12 = USLICH (EE 12,199 DPXIQ. ol £ & 15t7| HiEfLC})

. HIO|EHE B S Z (L= CIE delimeterE MA]) = ZEZ XJ1, strtok &L} 0|2}

“¢2 7I“° 7F 2 (2R 136 21) 2 .2, at01|—|' atofQ} Zte sh2 MmO =L}
(°“‘—F Ol ZIND L}H, Z+ZEO| fieldE CIR = FE = mainO0|M argv HIP S CtR = Ao
7{e| ZopElL|Ct &F 20.3 1) o] EHHE2 E5| H|0|E{7t E 7He| HEZ O|RUBEX EE
m (A ClolEE 2i7| MIHK|) E5| £27t USLICt

7t

Olzls 107H0| A2 BHQE HANSHS ZHEFEF CiF|QILITk

=
—_
Z
=

4=

#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);

(makeargv2| Mo|= AR 13.62 £ 15}7| HIEL

EHSHHHO 2 (in ad hoc way) H|O|E{E 241 &t =
3"’\5 MU:l EIL|CE (ANSI strtolll} strtod She OICIM EME HEJ=IIE ZQIEHZE &
E:|T7| =0l £5| 0|2 AEFJ 2| parsing0] £2 JUELICEH) o] YRHE2 SE 7+& el &
BHOo|L}, 7+ of|2{ E EASHY | = £l 10 02| 2 2 QIL|C}: The thorniest parts of many C programs
are those that use lots of tricky little pointers to pick apart strings.

elEf 1ato[Lt 2fo|Ead2|

J|

cf
AN
e
=
—
o]

0

| ‘%34 AlD |.OIE,L|1 SAlS gxr%_}

P“' opEol E2 A C|XHRISta, HHm| =

A
=2 T M
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%} 12. THE STANDARD I/0O LIBRARY 4. SCANF PROBLEMS

Al 4 A scanf Problems

12,17 scanf("%a\n", ...)S RCIL], £IIXOl =S QU2A5t7| MIIK|= HAHELICE o JNR?

Answer =S| £ scanf ZOH 2X}2H 9| \n2 newlined]| sli&5t= Z40| OfL| 1, B (whitespace) EXI7} LIS
77ER| 2] U= E M FASt2HE STRLICE (A, scanf format stringd| LE2&= O{I{ SH(any) &
B EAtELE, S ZXE AH0IM RAISEts SRILICH ATt %d2t 22 format= A ZE ZXt
£ SA|EHL|C} et UBHX O 2 0{2{ 20| 28 2 X}IE scanf format string0f] £ 0| 2= Y&L|CH
M "%d\n"2| \n2 scanf’} ZE ZX|7} Otl EAL7t LIS o 7HX| ¢i22k= 0| =1, [MH2tA
S ZX7F ot EXE 7| fIS ChE VK| 0] HE|l= MEol & AYL|Ct of B thed|
"ha" 2t MHSHAZFELICH (22 0{HEL Z2IME =X E UHEU2 L3230 LI2= \nS XE[3HOf
gfLich 2&Z 12,182 21517 HigL|ot)
scanf St free-format input2 X 2|5}7| ol C|XIOIE|RASL|CE TIEIA FIEENHM AFZ X A|
UHYT| 25t SH2 2 M0|= 2= He| SUASLICE “Free format” 2 scanf/t \nE LtE SHEX}
o £200| FZoict 22 FBILICH Tt "d %4 %d" format /20|

123
ol ZLt

1

2

3
A FP BF 2 3 UsLITt
=

(CH2 oS3} | msH 23, C, Pascal, 12| 1 LISPO| free-format0| 0, traditional BASICZ} FORTRAN
0| free-formatO| OflL|C}.)

02| 20| & scanf7} newline2 CIE2AH| ME|6tA TF=10 AICFH, “scanset” directiveE A0 E|L|C}:

scanf ("%d%*[\nl", &n);

rr
)
Iy
r
n
S
I
2
|1l
i
—
N
N
(e}
tn
ik

i ==X

i
:Iog
ol

=

Scanset2 Z+2{5}t7|= StX| 2, scanfQ| 2 E ZX|
TSHA| 7] "oy,

References [K&R2] § B1.3 pp. 245-6; [ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357-64.

12.18) scanf ("id", ...)E WA 0{2] £XIE AL OIS, gets O S MM EXIAS 2103 BhCh

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);

T2 Aot = gets() SE2 FAISLICH f OTIR7
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%} 12. THE STANDARD I/0O LIBRARY 4. SCANF PROBLEMS

Answer

References

12.19

Answer

0{2{20| ?8] ZZ840] ti|o[B{E tr5ot Zo| UL JHFdH ZA|C:

42
a string

O| I scanf= 428 24X|8F 1 F 0| L2 = newlineE 21X| &&5L|C} O] newline® input stream0f| Lt
OF U, gets O 7} HEZ O newline2 A ElL|C} gets ()= newlineO| LIS IH77FX| 2] Q2 E BRI
2 2l"s =22, U2 8l =2 2[E5HA gLch w2t (e FHM =, “a strung"c> O|'0=I| 8i3|
X| efsL|ct Btk oi2{ 20| CtZa 20| YHS FAUCHH:

42 a string

Z=Z 20| of|Alst o2 SEHEE It

—

UEM O 2 scanf () CHZ0|| HEZ gets Ot 22 CHE Y REIS A= A2 HIEZ|SHK] 5L L
oz &X[7t 7| 2L et JA|

scanf () 2| 0|21 O|AtSH(peculiar) BIAIS SHAF 22X E
QUHZ EF scanf 2 HHHL} Ot0]| scanfE MX| ef=

CI20] 22 12.20, 12.23% & 18HA|7| H}ZFL|C}.

>

[ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357-64.

scanf () 2| 2|E ZtS ZAISIH ALEA7t AN 2 X| 242 LUHM=X MIL = A7(0l & o oA
Stetd B &Ltk
int n;
while (1) {
printf("enter a number: ");
if (scanf("%d", &n) == 1)
break;
printf("try again: ");
}
printf("You typed %d\n", n);
T, 2 23 2ool WXE H9ot UHZL.S o J1ENe?
scanf O 7} =X| 242 7'(1E|°’F 73-'-, X7t ot 22Xt LA £[H Hets SX|st O 2At E1|0|
EHE 2/ AEZ0 I 2 5 SL|Cf 2HeF of MEHO|A] £ =X 242 HEe 1 scanf O E
27| =[H, X} H|0|E{ 7t OI7| [EH--Oﬂ HF_._ SEHRLICE et X 242 _1E|3h_ scanfZ —|—£
otofl = 22, ZXE UHO| S0/ =|H Fet F=0f tX|= 27t 715 LUSLIC | E S0
AL2XRI7F X2 242 ZXIE al&ali 11, scanf7) 0| E %dLf %f2} &4 _ﬁ._,ﬂ = X-|E|°" AL HIE &
CI5t, OHE scanf S E0|M £ W& 22 YA 22 K25t == ALIC
% scant7t Mz & % 9l SAFSS input stream0 If2 SX| 225 M25H HeIL|Ch of
20| S Z FEEX| ¢2, L3 22 UHE X2(sof stotn d2Zisi 2A|7] =g T

123CODE

Solef %] control-C7 8 4 4 AL el £ P& A7} g welet o] B=F A n 7 shech
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%} 12. THE STANDARD I/0O LIBRARY 5. OTHER STDI0 FUNCTIONS

References

12.20

Answer

Note

References

O| H|O|E{& scanf& MM X2|5te] BtEtH, "idis"E £ AULICE O] I scanf 7} OWX|E[X| G422 &
XIE input stream0f| =0} F=X| &1 XN|7{SICHH, 0i2{ 20| 22 H|0|E{= "CODE" 7} O}l "0DE" 7} E
ZQIL|EL (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.)

HE0{ ZZ 12.205 ZTSHA|7| HIRfL|CH

[1SO] § 7.9.6.2; [H&S] § 15.8 pp. 35764

o CHE RO AFISS scanf OB MK| LoD BIF2? & scanf OB MK| Of=CHH ChAI OfF Bt
= WO} 5+57?
S M{OF Bt

scanf )= S 2H|Z J1X| T YUSL|C— 2 12.17, 12.18, 12.192 &1 5}7| HIRHL|C}. & gets O 7HE
ZHXI0 = 2M7E %s ZoHE AFSE Mol = 2l stiu|ot (22 1223 &) — & g H st
SHEZRI} Lo{LEX| ofertn?® E3HE 5= &Lt

QUHIM O 2| scanf O = O0FF Y AIS|EI(relatively structured, formatted) input2 2|6l design=l A QIL|

Ct. (O|E8E “scan formatted” 2| QFXIRIL|C}). Mh2fA] T ZIA| AFESHH 20| MufRH=X|2| of

H= 2] FX|0 of, o{EHA &Ho| MufFH =KX= LA FK| LSLIC [H2FA] scanf O 0| M 0f|217¢
O|E X2|5t7[7} 72| E7ts &Lt

User input% 7}7“ IERSIE|X| 242 inputO|2} & £ USL|CH &N C|X}OIE user interface= AF2X}T}

= UCt= AE G50 —r010P gLC — XV 25t A0 EALE 5
He °|E10|-E Ch FSHA], AF2XI7F 22k Return 7|8 RICHHLE, HEE EOFE Q& 5IC}
71'—% = 2E 75;—?—% UBL|Ct o 2E BRE scanfZ X2[8t L= A2 He| 27tsELICH
(fgets()RF 2 SE MM) & MHME U™ 22 TS, 0|E sscanf2t Z2 &8 MM RSt=
°4EH_._ #ZoU= ( trtol, strtok, atoilt & 7*0 STE MA) BHE M= A0 EELICH HEN] A
& 12.16, 13.6 = & IISIA|7| HHEL|Ct) sscanfE 22C1HH, 2|EH Z2f2 ZAIGHIA 5t= 2HE & O'E:'O
el =X &RlstE Aol SLELC

scanfl| O|& EIHEE scanflf|Bt MEZE|= Zd0|X|, fscanfL} sscanfl}l= AtAAQICI= M OO}
e

gL ZM7t £l A2 EF Y=o FJ|IEEE AZE 0 UL, scanfE& BEE U E XE2(5H
Z|0{ UO{A], least constrained®l AKX} QB EZ scanfr} 7'(-|E|6HH1E—|E|-'— ZHo LlEf_ |O|E-| o

formatted®l A, fscanf& M= AHE ’_fQL—IE-I- sscanfE& MM EE parsingot= A2 (EIEHZS &
AtStz 420l) 02 E5LICH HLSHH, U= S FASHALL CHA| (S HASHE S 02{7HX| 7—‘?
g sk £~ Q7| L 2lL|C} 10

H= = T AM [ | .

User input2 M|ZICHE E0{2 &= U7| I E0|, user inputS HIZ atoiE MA, =X 2 HAS= AL
ZEX| ot&L(ch AR 21,112 & 1T5H7| HigfL|c}.

[K&R2] § 7.4 p. 159.

Al 5 A Other stdio Functions

12.21 ] sprintt 3Z0|M =28t HEo| 37|2 o|a| AlAE 5 Y

20| USTR? 5

rr

SE D& 4+ USNte?

sprintf QO 0|A HI{ @b

9of 2] F o] %20s8} Zo] L A3

EA7 AAE $5 95Ut A2 12,152 Fustr] npguoh

S0 mH

101t’s so easy to regain control, restart the scan, discard the input if it didn’t match, etc.
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%} 12. THE STANDARD I/0O LIBRARY 5. OTHER STDI0 FUNCTIONS

Answer sprintfOi| AtE6t ZOHO| MU= ZIESHH o222 E28 el 37|E o|2| Alitg = U

References

12.22

SL|Ct ZoHof| StLt O &2 *%s' 7t QUCHH =B EXIYG0| AFESH D™ E Z2X=2| ATE "'7.;1 M[O4
M (EE= sizeof YIALKIE MWH) AL O ZotE £lo{E S XY strlend F & 244} Coi M

ALt & JUSLICE ol E
sprintf (buf, "You typed \"¥s\"", answer);
ol mie| M 37|= Ctaut 20| AHAte|ct:
int bufsize = 13 + strlen (answer);
=0l CHsiM = %d2e| £ Aol 226t 22X A7t O Alg YX| &Lk
((sizeof (int) * CHAR_BIT + 2) / 3 + 1) /* +1 for ’-’ %/

(CHAR_BITE <limits.h>0ff Mo|E|0] RIS) T2iLt 0|2l Aloz of AHAksts z\g X|LFR| A =4l
2ef@ HllelLch (919 ME XIS 8 1i~2 Brjsickn JpEsg «

IE LCiR! RIS ML FIUCH 2T K BOALE SIS BUS AT + UsHch)

o 2ARUO| 0§ BRBIALE BELYO| F7| FHole o i
sprinf OF ME QEE M of2i Yeluich 223 Sxibi bia oleis) s St
(241 ATBIR] ELICH). OIXIS S UE 1 EHI IS TUS fprint OB MM 2IA T}
ofl HFHB O+, tprints 09| 2|EIZS EIiLt 1 BHUO| 57|8 TASHS W QUL|ct (T2{ut &
S 10.128 B oi7| vhaiict. J2|n &2 oz S M2tshof BiLic).

0|7l {7t TX| 42 ZP, B2 PIF YOILIK| QH=Chs A3 HHI0| sprintf O 8 &
27| 72 HYULICH ZH AES U 2 UrCkod %sS M ThAl %.Ns(0] T N2 O X|)E 7]

=
Lt %*s2 (XH20] AE 12.10= ZD5IAI7] HIRILICE) 2 % U&L|ch
1 BB QHEES YX|MS 20| S N BHoHe snprintf OB M= HQIL|CH A8 g S O}S

i =
snprintf (buf, bufsize, "You typed \"%s\"", answer);
I.

snprlntf() = B2 stdio 20| E2{2|0||A (GNUL} 4.4BSD Z= &) MZ =11 JUSLICH 2|10 0|
= [COX] EZO0|AM RHEHZ! of M QL|Ct.

[COX] snprintf O E & == QUCIH HiYe| 3 7|E O|2| AAE &= USLICE [C9X] snprintf ()= H
Hol| 7| S8t ZXte| =5 2|H35t= A0o| ofL[2}, Ko 7| Fe 2Xte| =& 2[HgfLICt ATt o]

m HEe| 37(0| 0, EE= HIEHO| & ZOIEE MYst = JUSL|CH J222 Cf20 Z2 SEES AL
o=
251H:

ok

A
e

nch = snprintf (NULL, O, fmtstring, /* =TT 21X E */);
Tl =8 AEE(fmtstring)0f| 228 HIHS| 37|E AAHE = USLICH
.13.6

[CoX] § 7

sprintf2| 2|& Zt0| & 2| EX[CI7tR27? int EIR S E|ESILIR, OfL|H char * EIQ S Z|EIStL}
27

11

over-conservative
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%} 12. THE STANDARD I/0O LIBRARY 5. OTHER STDI0 FUNCTIONS

Answer EF&L (printfl} fprintf2} Z+0| writeSt 2X} &) intE 2|EHSICID L5t JUSLICH 2L off
Mol oft 2t0|=2{2|= sprintf7} H A QIXFE S0{2 char *E Z|E{EL|C} (i.e. strcpy| 2]
EZin Ze =)
— —_ — )

References [ANSI] § 4.9.6.5, [ISO] § 7.9.6.5, [PCS] § p. 175

12.23 | of 255 getsOE M| L2tn &7t27?
g

Answer fgets () 2t= EHE| getsO= HH L I7|E X|HotX| UELICH et HEH QLHEZERE HX|E
Zo| el&LICt — ofm| e HElof 2|5tH o A= IE Qi HCE 2 70| AAIH= E0{2 Lok Y
Mo 2= Shet fgets(OE MOF ELICH (22 UH2 o E™SH 37| o|A S0{2 == AX[2H A
5t AR E 9X|5H7| 513, SHAf fgetsE _AE Aol E&LCE)
fgets2t getsl| CIE A StLtE, fgetsE EAME OLX|2}0f| \n2 M| HSIX| f=Ct= AIL|CE O3
Lt Of newlineZ HA0H7I'— Ot &lGLICt HZ2 712 EH gets LM fgets OE AISSt ZEE =

UBLIEH,
Note THI|2| H&l(Murphy's Law)d| 2+t 242 [Raymond] £ & 115}7| HFEHL|CH

References [Rationale] § 4.9.7.2; [H&S] § 15.7 p. 356.

12.24 | printt= 555 C}20| errno= ZARHA] printf7f AlTHEH=X| ZAISHCHD A#ZIBH|C}:

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));

2| 2 “printf failed: Not a typewriter’ 2l= 0| A8t A|X|E &S EtL?

Answer B2 stdio Il{ 7| X| & stdoutO| E{O|H A
K| AAISH7| /sHM, LHE M 22 oy 8 A4t
= errnoE ENOTTYZ MAEH|C}. [CI2tA printf7} SH
Mot 22 Ot 2 EA gLlct ol2fg ¢ 35.—;.‘ s 27|= stx|gt, ERCtD EE = 9.1’\

LICt 2HLFSHH errnol| Z42 Of|2{7t Lk CHZ02E 0| & JHX[7| K ELIC (B o 7g2+0| LUSCt
™, errno=, errnoE A& srs 2to|Eefz2| g7t o2 ZEE 2|EH st 202t 2|0|7F USL|Ch
ol =

Z & |C}. mh2tA stdoutO| E{O|L QI
0, 11 Z1} stdoutO| E{O|L0| Ot A=
LS|} SHEELE, errnooﬂ A

(meaningful).) %!t.'_w__% AUCE gh2| 2|H ZI% ZAAtSHiof gfL|ct 02 stdio &F+E S&6t CHZ
O St Lol o HE ¢ ACHH ferror &f-E MH EL|ICH HE0{ 2F 12.2, 20.4% 2 1ISHA|

7| ”HFEL| T}
Note Of|2{7} 2elistX| Q4UE2 WOl = errno?t 00|12t A2 B&E 5= i&LCL

References [ISO] § 7.1.4, § 7.9.10.3; [CT&P] § 5.4 p. 73; [PCS] § 14 p. 254.

gets()«] GH 2 =), 1988 d “Internet worm” ol Tt A2 w] =& 4 YH5UTE — o] ‘worm’2 UNIX finger daemon ©]
gets O S 2T1= AL o] &, gets )Y WHE overflowAl AA], T49] return addressE H}jto] FEo] 580 T}E o8 7IEE
TrEo] WP

130871 @dlo] B0l 7IHE gP9 A 2718 Adddtdn 44T = AW, BFE YYo| redirect® Lol Eol&

4= g%y
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%} 12. THE STANDARD I/0O LIBRARY 6. OPENING AND MANIPULATING FILES

12.25| tgetpos/fset 0s2} ftell/fseekl| X[O|HME B2AQIT}IR7? fgetpos/fsetpos= O{C|0| M= HE?
getp p getp p

Answer

References

12.26

Answer

References

MER fgetpos/fsetpos £ offsetE LIEHNT7| 25| EESE typedef?l fpos_tE ALEEHL|C}.
et SHEEA HSO{MCHH oFF2| 2 ntUO|C{2tE offsetE BEHE = USLIC 0[2t= H2E|
ftelll} fseek= long intE 7| I Z0, offset2| HP|{7} long int2| Y2 HN|SHEILICt (long
int type2 23! — 1EC} 2 =8 JtRIctd &8 = &L matM ool SAlo| 20 HIo|E
(23! —1)2 N|BHEIL|C}. EES fgetpos/fsetpos= CHEHIO| E (multibyte) AEZI0| £ £ = USLICE
HE0{ HE 14% EOSIA|7| HERLICL

[K&R2] § B1.6 p. 248; [ISO] § 7.9.1, § 7.9.9.1, 7.9.9.3; [H&S] § 15.5 p. 252.

21212 YE(flush)AlZ HE0| USTHR? 5 A}
g z2istof o] Yo| FAX| Y= 5D 4
—

0fo
>

t7t oj2| st =S FAlGHA, Ol =ZEZE
L|C}. fflush(stdin)2 A H E77IQ7

[Tt 1}
=
n
1

EZ CAHO{O|AM] fflushO = & AEZ0]| Clal S=&tgtL|ct. “flush” 2= & 2|7} bufferingEl 2
NES ME AS 2AZA|ZICHEM Ho|2 2 EXIE F|AA|F|= HA(discard)Tb= OFF 2 A7t &

A=
Q12 A=2l0| Q2i2 RAISHE JIS T W3 AE0| BLIcH

OF&l 21X| 242 EX}b(unread characters)EE stdio input streamO| A ZA|St=(discard) & HHE =
ASHX] LELICE {EH SAMHAM = £fflush(stdin) 0| 2UX| A2 EXESE FAE = JEE 2H0o|E
2HE2|E H=7| = ofX|3 oA Mo| FHolt Z=E T E =™ Hj 2 MM = OtE[= 7| s.lL|Ct
(Ot stdio 2}0|E2{2|= fpurgelt fabortE Z2 7|52 2 M3357| = SHX|C OFRIIHX 2 BEEE
Ot L|Ct.) EESE input bufferE flushSh= 240 3 s ZZo(2tD & =& giELICH HLfsHH LEHH o
Z O}&l 25|X| 42 2122 OS-level input buffer0l| ZXYS}H7| O 2QIL|C}.

Input2 flushE BHEHO| ERoCH (2 F 19.10 19.201 LI2 HAXME) A AEH o[ &0l HHHE Ftotof
e AQUL|CH A AFZALZL O R WE SE=2 QS 1, {22l ZEJM0| I ™¥E F

ASHHE =+ UCt= AE & P50 F0{0fF BfL|C}.

= \nO| LIR7| H7HX|2] ZXHE M FAISEAHLE curses REIQI flushinp O & AFESIAHLE, 2
M ELch }=E0] 22 19.1, 1925 FHOGHA|7] HHELIC

[1SO] § 7.9.5.2; [H&S] § 15.2.

A 6 4 Opening and Manipulating Files

L2t 20| ot E 0f=(open) B+ E TSASLICE
myfopen(char *filename, FILE *fp)
{
fp = fopen(filename, "r");
}

T3 ohEn 20| S&5ta LHH:

FILE *infp;
myfopen("filename.dat", infp);

infp =7 MICHE M H(setting) = K| FSLICH @ D=H7IR?

14To complete the writing of buffered characters
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%} 12. THE STANDARD I/0O LIBRARY 6. OPENING AND MANIPULATING FILES

Answer C A0 &S 2 et AHMOA MEE QXS] AtE S ghsLICh et = U2 Ao
A MY E Xt ZtE X[ H(assignment)st= W22 S E|HE = YSLICH EF 482 215}

12.28

Answer

12.29

Hi2H |}

Z0{Zl 222 1IX|2{H Ct20F 20| myfopen 57} FILE *Z Z|EISIE = TX|H EL|Ch

FILE =*

myfopen(char *filename)

{
FILE *fp = fopen(filename, "r");
return fp;

}
O o2 th3aF ol &L ok

FILE *infp;
infp = myfopen("filename.dat");

CcC
o

rr

CI2 1} 20| myfopenO| FILE *0f| CH St ZOIE{1PE QIXIZ Yh|5tH L}

myfopen(char *filename, FILE **fpp)
{
FILE xfp = fopen(filename, "r");
*fpp = 1p;
}

J2|3 o2t Zo| Lo

FILE *infp;
myfopen("filename.dat", &infp);

Ot ZI=HSH fopen ZXIE SEIGHK| eFELICH Of2f TEOM ERE

Lo H
FILE *fp = fopen(filename, ’r’);

EXN|l= fopenl| & HI
L|ct H20{ 2 E 81

2

Ol modes "r"1f ZH2 string0|O{OFX|, *r> 1} 22 FAL7} OfL|2t= A
ZtOSHA| 7| HERSL|CF

”' ro

o H ZZE WA TS Yo

o= =2 =2 oo =2

P,E
Ll
>
:‘l::l
T
r0
~
0
Ojo
1l

S& S35 YE T

fopen("c:\newdir\file.dat", "r");

Answer 5 7H2| backslash 2X}E M OF & ZHQlL|Ct & ZF 19.172 & 15H7| HEZh|C}.

A H =

154 pointer to pointer to FILE
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ZF12. THE STANDARD I/ O LIBRARY 7. REDIRECTING STDIN AND STDOUT
12.30| orelo| 42 DRI D SiLICH YL ' DEZ THUS 91 CHS, Ysts 2AHAUS 91T CHA| 0] 2
AIE M1 oLt Mol 2 SESHR| aL|Ct

Answer M 7| F0f| fseek SHE =X HABIEY| HIZLICH 212 Ch2of, O X0 7| A s,
ol ni= mel QX|E ATo=Z 27 F0{0f BIL|CE =, read/write "'+ DEZ 01 DM 2
7|(reading)Lt M7 |(writing) S & CtEoll= H_:M fseekL} fflush2 M Z=0{0F SHL|C}. EE EHO{MT|
QIFME 7|Z=2| 2t} Hof & 2Xfeo| 0|7} ZHotof BLCH X X0 2RSS FII51HA
L (insert) X| S.=(delete) SIS ZAI5IK| QS LICH HlAE o)A Do{ME XS 518, TiUS

Sioja YX[IIA] MeAHE ~& YSLICHS. H20] HE 10145 ZTI5IA|7| HIRILICH

References [ANSI] § 4.9.5.3, [ISO] § 7.9.5.3.

12.31

ot E7i0f Bt B2 (£ AT E) FIIBHALE X< dHo| QULER?
Answer ZF 19.14E & 105}7| HEEL|CH
12.32 | 21247l streamof| M THY 0|22 CHA| P02 JUSLITI?

Answer & F 19.15& & 116}7| HEEHL|CL.
A 7 A Redirecting stdin and stdout

‘

12.33| ==1234 Q10f|A] stdinO|L} stdoutS I

H

Answer freopen() S4B 7| HIZILICE tO2ts B47} T, 0] BHE BE stdout O 2 H|0|H S £
stet 7HEsH EAICE 0|3 20 = Bhe5| freopen gf-E MM FEL|CH
freopen(file, "w", stdout);
£0;
(T2iLt ZE 12348 2 Q0|2 A|7| HIRILIC).
References [ANSI] § 4.9.5.4; [ISO] § 7.9.5.4; [H&S] § 15.2. pp.347-8
12.34 | 2ct freopen ()2 2 C}2, CHA| 22| stdout O 2 (£ stdinQ2) B & = gILIR?
Answer B2 SHZMS EXYSIX| SBLICH CHAl S0F2 TRIF UCHH, freopen)S M HE Bz B2
g o] opL|ch XI22| 2 output (EE= mput) stream H=E DFHEO{ A &5 M stdout2 (KE=
stdin) AEZ|X| &= AO| ZEFLICE O|E S0 TfS 20| MY B8 A=
FILE *ofp;

16

overwriting in text mode may truncate the file at that point
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%} 12. THE STANDARD I/0O LIBRARY

8. REDIRECTING STDIN AND STDOUT

FILE *savestdout stdout;

DE HHEH LD (2
,ofp7|- stdoutE 7}E'.|9|

Agt 4 UCHD MZHBHIR =

putcharL—} putsE ACtH Of &=
E st= S2f &g 5tH gL

2L

stdout = fopen(file, "w" /* WRONG */
1 Chg, of2ll AEE stdoutS BT 2 QUCHD MZSHARIE 2B

stdout = savestdout; /* WRONG */
Olzfst I== SAGCt 2h5t7| o SLIC NLESHH stdout2 (EE stdin, stderr) EE A
==(constant)0|7| L Z0f| CtE ZfC 2 MM (assign) & = Y7 HEYULICE (A ZE 7| 20| freopenO]|
2t= & M3 EsE AYL o)
el AEE st HEE freopen(O2 M7| FMof| SAta FAUCH S|A 7= SHE UX|DH
Ol AIAEN o|EHQI, dup Ot 7.5*% B2 M7| I 20i| 0|AlA 0] (portability) Egopql:l:], H|OFA =

QIL|C} (unreliable.)

O A|AEIO| M= controlling terminal & (

2 o= of2{2o| Hst=
BE27| M9 stdinO|L} stdoutl| Z
O{™H subprogram2 A&A|F|D
ch

Zo| otd

O #AnE
& F 19.302 Al FHOSHY| HEEL|CF

X2 12.36 Zt1) X opendts S 2 A

ol efLtstH 2H2| input EE= outputOI (=& freopeng
Z2t) command line0{|A{ redirect=|0{ E0{S '7| I = 4L o
capturedt AlCtH, freopen X‘Ilr—H S&e = elsy

12.35]| == olollM EF 2io|Lt EF £2{0| redirectT| Q=K 201 4= USNIL? CRA| LaH com-
mand lineO{|A{ “<"L} ">"E M=X| &olst £~ JE727

Answer 91} ot TH20] 12(8t witol BRS H0Ix| & M2As EAlY| BlRLICt Blof T2 20f M

St 43 mtdo| g2 M, stdin 2 E1I0IE1E 0K} siepH ZHEks| argvE w s £ QlaL|ct

(RI2 203 7). = 0t 0|22 M= I:HAI Sy 2} Z2 placeholderg #AH| TS = UBFL |‘:|' 2

20| interactive termmalOﬂA—l 2 AR} otl AR promptE £ UZE QHET A2 A O-|

E A|AEINME (2 =01 UNIXLE MS-DOSO|A]) isatty(0)O|Lt isatty(fileno(stdin) % 'IA-I

terminal @I X| OFAX| 2ropll &= Ql&L|C.
12.36| “more’ot Zt2 =222 o=2{ T BHL|C} stdinO| redirectE| QACHH O{EA| keyboardZ CHA| £

UASNL?

Answer 0|2 S 8F 5 Qli= portabledt 2 & LICH UNIXOM & special fileQl /dev/ttyS HH EL|Ck
MS-DOSH| M= Tt coNng 7Lt getch e} Z2 BIOS callg 0| 2%t= EEIE A X inputO| redirectE|
A=X| Q= AEHQI0| keyboardE £ %= UL LICEH

12.36b| 2212 SAlol £z ol 0 2320 ojU= B = Qs W0 YSNHR?

Answer GiZL|CE CHAl 0220 25 AE F B Ut=E5h= printf AEFUS| 48 PHES0 AH EL|CH &

2 1558 2105}7| "igf| ot
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%} 12. THE STANDARD I/0O LIBRARY 8. “BINARY” I/O

A 8 & “Binary” 1/0

HE2| stream2 EHE £ U= textZ2 O|F0IH Y1, HFFEL| 2HNMIM|AA A= O conventionOf| B¢
5 HEl(translation)2 & = Y= A2 Z 074X 10 JUELICt 0218t translation@i0|, HEt5| HIO|E &

Y=

12.37

Answer

12.38

Answer

References

12.39

Answer

12.40

Answer

[m]

read/writeE &2{M “binary” I/OE MO} EfL|C}.

roh

o]l Bt HEo| =4 9L}

o 22|2} ThU0|A, fprintfl} fscanf7} A= formatted string0| O},
M 10 (write) SfL|CE | 5tH E7tR?

0|21 UL CH7H “binary” 1/OB}T HEL|CH MK fopen2 HEM ("rb"L} "wb" 2} ZE2) "b" modifierS

MEeX| (R 12.38 2t1) SoI57| "zt ct

1 CH2, &2} sizeof operatorE MA{ 2 HIO|E E transfergt ZI QI X| &015}17| HIRILICH 25 freadl}

furiteZ 2 &8 MM ZYEE £ JUSLICE dX= 2 E 2.112 27| HiEL|ot

freadlt fwrite X[ 7t binary I/OE +&5t= &= OHELICt YT binary modeZ It S AUCE
(eX]

™, 0{tH 1/0 &+2t= binary I/0E & £ UELICH (AR 12.422| of| | £t11); Text modeZ Tt S
A

—_

O}X|2t2 2, binary data file2 portabled}X| SF&L|CH &Z 205 211, HE20{ 2 E 12.40% ETFIA|
7| BHg et

HiO[H 2| H|Oo|E ntd S X ESHA
2 E0{21 CH|0|E{7} 0x1la2 =&t
Binary dataE 2/0{ E0|2{™ fopen()2 SEE [ "rb" modeE MA EHIAE ntQl EAS}(text file
translation)0| QOJLIX| 9§ == ofOF BILIC}. B3], HIO|LI2| HO[E{E 47| SIGHAS "wb"E A
OF &fL|Ct (UNIXRF 20| text2t binary w2 FHSHA| ¢f= 2NN M= "p"E &€ 2= 2UX|
aF Mot stEEZIE 2XME A2 A&LICt)

BIAE/Hio|L2|e] Xto|= mtd 2 & oot M &Lt Yt ofelo| Pl ohFof= o™ 1/0 FEl
2 M MAglsLct HE0{ &2 F 12,40, 12.42, 20.55= & 1SHA|7| HEgfL|C}.

[ANSI] § 4.9.5.3; [ISO] § 7.9.5.3; [H&S] § 15.2.1 p. 348.

Binary filed] 27| 2|5t “filter’ & Q=10 Y SL|CH O210| stdind} stdout2 00| text streamQZE A
2 U= AMEHEIM 2X|7F ELich oA 31 0| stream binary modeZ HIE £ QUE7t27

0|21 22 37| 2t standard 22 &L|CH UNIXS ZH2 OSE text/binaryE T HSIX| ooz
modeE HiE HR2t Gl5LIEE 0{ MS-DOS HItA2 = setmodect= EE MS5H7| = ELIC
CIE 0S2| dR0l= 022 AAZ Hotop g AUL|Cf

Text 1/O2} binary 1/02| X}0|HO| &EItL27?

At zZet) o|R0{X U= Aol A

Mo

Text mode2| HIIU 2 £ J}s5H(printable) 2XLZ (B 22

L|C}. Stdio 2t0|E2{2[0f /= STE= (getc, putclt 22 2E & ZEH) OSHAM A= end-of-line

=At 2 HWHE SHe| \n X2 HFRO{M X2 Lt M2t C Z220j| M OSH|A] AHESH=
H

end-of-line A T8 HHAlg AMZAL EHRIF SLICH C T2 30| A °\n’ EXIE A M (write), stdio

rin

—_
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%} 12. THE STANDARD I/0O LIBRARY 8. “BINARY” I/O

References

12.41

Answer

Answer

20|E2{2|= 0| EXIE OSO|M AIESt= end-of-line @At H& A2 HIFO| MA0i(write), S
ol = OS7t AF&5t= end-of-line @A} H & %ﬁ% 2H Ches| \n2 T2 SHFLICLY
0|2h= E2| binary modeOf M= T2 OM0IM 2110 2 =(write) HIO| E2t mtel &M Salat 2M3| &
AL_|I:|- = OISt HEIE O|R0{X|X| &LSL| I- ( MS-DOS A|AEIN| M= control-ZE end-of-file 2 A}
=2 oHHOF'— A= O|ROX|X| RZ&ELICE)

Text mode translation® Dl Q| F7|0|E H&kE 7| &IL|Ct QLiEtH =2 T30 M 2|5t 2X}7}

fileOf| MZAE 2XI2} 1:12 matchE Z 7} 7| HEQL|CE 22 0| SN M fseekl} ftel10| LU
M B8t byte offset LIEFY 0|95 Q& LICH (A ZA5| USHA] text modefl A= fseekLt ££el10]
E-|E‘| = 22 =2 320 7F 2™ ol AdSted 0 S OFEIL|C}: ftellO| 2|EISH= Z4E fseekl| 91K}
20l MOk o|-|:|:|, ECSt ftellO| E_|E1o|-'|: Zr0H0| fseekQ| QIXIE AO{0OF EHL|E})

Binary modeO| A= fseek®} ftellO| byte ostetg LIEPHL|CE 2 Lt Ot A|ABINM = 24K 5t &)
TEE PHE7] 2ol 0124 7H| null byteE It F(of| FIHe == JUSLICH

SHE0{ E2 12.37, 19.125 & TO5IA|7| HpZL|Ct.

[ANSI] § 4.9.2; [ISO] § 7.9.2; [Rationale] § 4.9.2; [H&S] § 15 p. 344, § 15.2.1 p. 348

StructureE O{EAH| TFAUOIM 247{Lt(read) £ (write) = USTHK7?

A=F 2112 57| BT

(=

22HEl binary data filed| M dataE 10{22{M O{EH| sljof ENtR?

Word size2} byte-order X}0[, floating-point format, structure padding [l 20| {E SL|C}H 0|8 HES
==25}2{0 OO0t HIO|E Tt 2 dataS 7L} MOk(write) & X| = (shuffling EE= rearrangingBt C}
=) ZELICH (0| &fHo| &4t L A2 ot Lt LSt T =2 portabilityE =0{30{, 0124
20| Eals| Mo = 7| H2LIct)

Ol E E0{ o{z{&20| X2} 32-bit integer, 16-bit integer2 O| R 0{Z&l structureE F0{Zl fpii|M CtHS
structure QI 2 S Z LI} Qi J1AGH EA|CH

struct mystruct {
char c;
long int i32;
int i16;

}

Chem 2o IS8 MW SiEE HULIck
= getc(fp);

.132 = (long)getc(fp) << 24;

.132 |= (long)getc(fp) << 16;

.132 |= (unsigned) (getc(fp) << 8);
.i32 |= getc(fp);

n n n n

s.116 = getc(fp) << §;
s.i16 |= getc(fp);

To]® A|2~EL text file space® T35 = (space-padded) record 2 A&t} o] 213k A28l o A] text mode®Z 3+ &L ¢

2 wol=
253

FAokets 9 EAH(trailing space) 52 Y B27F AFUTh met Ze A o7 3 EAE 2T =
Ag += 5yt

7]

—
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%} 12. THE STANDARD I/0O LIBRARY 8. “BINARY” I/0O

0| IEE= getc?t 8-bit EALE 2111 H|O|E{7} =| A2 HIO|E T} 2415101 (most significant byte first,
“big endian”) MZE[0] JUCtD JI™-HESLICE (long) EFRQI S Z castingSt 242 16-bit EE= 24-bit shift
01AH0| long ZH0| EHAS| SASIES (AR 3.14 &11) 2 &5l F01, (unsigned) 2 casting8t A2 &

S BZ(sign extension)Z 47| 2|5t AL|CH (LEHHO 2 0|25t Z=E Y Hfo= 2 & data
type= unsignedZ St= AO0| EELICE 2Lt HAY & F 3.198 £061H7| HIEL|CH)

Structure2| LHE S ot of| A= (write) ZE= CHSoF Z&LICH
putc(s.c, fp);
putc((unsigned) ((s.i32 >> 24) & 0xff), fp);
putc((unsinged) ((s.i32 >> 16) & 0xff), fp);
putc((unsigned) ((s.i32 >> 8) & Oxff), fp);
putc((unsigned) (s.1i32 & Oxff), fp);

putc((s.i16 >> 8) & Oxff, fp);
putc(s.i16 & O0xff, fp);

SHE0| 2 212, 12.38, 16.7, 20.55 RrTSHA|7| HEZHL|C}.

A
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Al

13 &

Library Functions

Ol ™0l= EA run-time librarye= C 210{2| Z 4! OE'—'?’——E— | OFL| A ZLIEE ANSI/ISO Standard Ce| £SO ZE
cH =

S ru N
BE29o| MEXOI (traditional) run-time library= (12 22| stdio &t+=2 Z&) EF0| EJYSLICH
|

=
22| steto] 23Sl mallocnb

S435| ¢t 2to|2efe| &eE2 44 HE ’Soﬂ HIE RS | &
freed| EF%J A2 7 ol dYE A2, <stdio.h>0f| LI2 “standard I/0" &+E2 12 Fof| dHE S
C}. o] &2 chE2at 2ol Lo &L 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

-
NS CLHEAUSLIC

o AEEL (13.255EF 13.2877tX|) linkA| 2X|7} == (H|E &M, “undefined external” 0f|21)

Al 1 A String Functions

Q13.1

Answer

References

Q 13.2

TR E EALZ B A 20| (atoi 2| B 7|5), itoaO2f

rr
ol

7t AL R7?

i
a4

&5k, 2 HIE(AZHO|LE 27| Ho[M)o] &
=

ik sprintf O 2 MA|H EL|C} (sprintf7} HFE 23
) &2 7.5a0] Ci &t &HHol| L2 0| E 27| HiE

Cto MZHst X| REL AR 018 o2 SRS C

L|ct &R 12.212 2t10617| HiEL| T}
longO|Lt M= sprintf O & MA HIE == QUGLICH (22 %142t £ E #H &).

—

[K&R1] § 3.6 p. 60; [K&R2] § 3.6 p. 64.

2ff strncpy ) = L& EXHE0

0ok

P \N0E2 M FX| = ALt

Lo

97



%} 13. LIBRARY FUNCTIONS 2. STRING FUNCTIONS

Answer

Q 13.5

Answer

References

Q 13.6

Answer

References

Answer

strncpy O 2| Q2 7Het 2Me 11X A7|E 210, \ 022 ZLIX| = Ho|EHE Xe|e = Y= A
0] O SXQLIC} (strncpy(O 2| §F 7HX| THH2 0J22| 7t 02 Al 7|Ssicts AYLIC)
strncpy )= HIEHL| 20| S22 02 AMAF0{0F & 27Ut J7| W ZE0| J2| Ak X0|X|= &
SLICt o] ZM|E sHZStH7| fsH strncpy ) B4l strncatE M7| = L T CHA HHE{ 7} H|O{U =
4, strncat 012{ 20| strncpy| Al 7|CHSE T &2 &is FL|CH &= CHE S 2 20 &
==

sprintf (dest, "\%.*s", n, source);

EXtE0o| ot o 37|2| HIO|EE SAFSHOX}F SHCHH strncpy (O CHAl memepy O & M= 4O o
=
k=gl

O{tH XM 2| toupper OOM = CHEAIE CXIE & AR, O|&sHH S3
A A QK| toupper O E EZ27| M| islower O E B2 ZEX EUSL|CH
o

L= HA 2| toupper O 2} tolower ()2 AR, HE0| 221
ZISHR| eF&LICt (5 Yuftlof ot EAtLt, EE= o|o| HElo| =
Z0ll= o|2{gt &==50]| o Zio| MEE[HetE QS S&fectn

=

CIAtZ MEEH MU 2 5
4 cCH

12, ANSI/[1SO]

[ISO] § 7.3.2; [H&S] § 12.9 pp. 320-1; [PCS] p. 182.

Sxieig Zuo = THE Choj= Zojim 4

is handed argc and argv?

ro

0|215t THO{ 2 ("token" 0|21 &) BAIEE HOIF= EE &= streokOLICE SE, 0] &7}
ojz{et 2E LS Tt M2|& 5 U= A2 oLt (dE S0, 2/ &(quoting)S MICHZ X2|517] &

SLICt)

[K&R2] § B3 p. 250; [ISO] § 7.11.5.8; [H&S] § 13.7 pp. 333—4; [PCS] p. 178.

[e]
pd

=

QU= FIE=(wildcard)2} A 4l (regular expression)& XM2|ate 0 gL

M H 4l (regular expression, edLt grepit Z2 UNIX REZIE|NAM &S| A1}t ot 0| Y
7tE2t= ME CHE Ao|2ts AE UX LOoLFA|Z] HEEfL|CL.
A o Ho| AL == w7 (K= ZELIch 2|0 thR &2 17 |X[&2 F 7HX| &+E AIS&H
Stite MrAlg "Hut"sty| /gt Aol o2 Stihs of "HutUE" Al 2XHE S H|
WollF= steli|ct MA §|lE ThY <regex.h>L} <regexp.h>7| U=X|, 2|1 regemp/regex,
regcomp/regexec, re_comp/re_exec &7t EXSHE X| (0| eE2 Ch7f ztzte| ESEFQl 20|
He2| FEf 2 M ELICH) M3 EA|7]| HERLICE 217[J1, B7 2 M| S == Henry SpencerM| 2|
regexp Il 7| X| £ ftp.cs.toronto.edul| pub/regexp.shar.ZO|M HE = ULSLICEH GNU =2EME
OlM= rx2t1d St= i 7| X[ E MBS &L HE0 EF 18.16 = FISHA|7| HIEfL T
atQo|E Q4UE=Ft= oA (filename wildcard matching) ZtZto| A|AEIY| 2t CHEA| O| R O{ &L
C. UNIXO A s St E FIEE shello] Xelsh Fo2, ztzto] T2 IMEL 0] 94U F+=of Cisy
M3 De5HX| &ot= EL|ch d2{Lt MS-DOSO| A= shellO|2} & £ Q= command interpreter7} O]
E Xeloi FX| H2E2 =2, 0| AUE FIEE XE|siF= SEet LEHME ntdnt ghj| ZHutdsHor &
LTt J2[1 (MS-DOS2F VMSE =t R 22| A|AHINM = AAUEFIER IHUS 2|AESHF
7L}, Ot E openst= A[AEI MHIASE M SELCH M Hute{/2to| 2222 2AME & 15t
7| "HigfL|ct 5201 ZF 19.20, 20.3% & ISFA| 7| HEZFL|CF

202 InHo
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ZF13.

LIBRARY FUNCTIONS 2. SORTING

A 2 A Sorting

Q 13.8

Answer

References

Q 13.9

Answer

gsort() E+E MAM EXIE Q| HHYP S (array of strings) MESte 0 SfL|Ct stremp() Sf+E H|
&2 At8¥er SE5HR| dgLct
x=atAl “Zxioiol g (array of strings)" 2 O(Ct2 “2XI0f| CHEF ZOIE{ 2| HH (array of pointers

= A
to char)" & 2|0t AY ALICt gsort0f| MEE= Bl W st= JESIIA} St M0 CHEE =
g o 2%, 2Xtof| chgt ZIHE 7I2|7|= ZQIHE 213 Zotof gL

Cf.
I = Hes| EXE 727l ZHE o YELIth O3 ERE strempOE A
HHW o2 AEE = YUSLHITh TS 2t Z0] wrapper ?:.A% 2t=0{of gLk

/* compare strings via pointers */
int pstrcmp(const void *pl, const void *p2)

{
return strcmp(*(char * const *)pl, *(char * const *)p2);
}
H| W 82| OIXt= "B ZOIE{"Ql const void *0|0{0F EL|CE 2|1 &5 LHEO|A 0|E 5}
= HEHZ (MIE SH EXE 7127 |E EO._ ) Bt Of LTt
([K&R2] § 5.11 pp. 119-200f| L2 2 &5t OtELICE IR EFE &0l gsort2t= HAAHIUE

L)

[ISO] § 7.10.5.2; [H&S] § 20.5 p. 419.

TEME AR 2= HHHE gsort O E A EHSHE] SLICH Now I'm trying to sort an array of structures

_— o=
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 = pil;
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 = pl
and sp2 = p2; the compiler performs the conversions implicitly since p1l 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 .

ULt oz "ZutUe{7t ZDE E2sts A2 UHY| U HAEES M= NS 042 BX Y &
ZolL|ct Zutel AnE YH o2 ofa{ 2ol OBt 1S YeAFY| sk WAIsHE ZQiLic
meb of2{ 20| 2US StIUSAl HAS| 2 LT UCHH PAIHE SaLICH HEC AL 49

Et0SIA| 7| HEEfL T

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] ‘linked list' = ®zi5}

JEEY

rr

Answer MM 2, 2|AEE O [ff, YESIH Q== YRO| O 2/2 W7t BELICH (E= E2|(tree)E £ I

o -
ol=). &) MZHO|L} (insertion sort) 5t MELS (merge sort) Z|AEE & of, 0| STt QLT

HH o= o
orob & 2fto|Ee{e| et E MM FEStn i, HKA 0|5 2|AEE 7i2|7|= 22 g S
=1, gsort O & A M EL|Ct JEI_’, o & Z 2B E 0|&3l0q, 2|AEE F2[otH &L

References [Knuth] § 5.2.1 pp. 80-102, § 5.2.4 pp. 159-168; [Robert] § 8 pp. 98-100, § 12 pp. 163-175.

I:I>

Q 13.11| o=zl 37|=2Ctof 2 ojo|E{E Mstn A2, o{EH 57

Ct 017101 2 [Knuth]of] & LI} QLT 7|25 ¢l of
O|C|0{=, HIOIEE (H 220 222 &= USE ) ZZ2 2 LHs1, 0| H0[E{ & FESt
Lt ChE, 0| Al mtdofl X&sta, EP g=5 9& M, A E1|0|E1§ Gel5t= (merge) WAL
29 MMM o8t HE Z2OMS Mg =5 U2 “EILE” otoflM ol2fet Z2 O E A
A7 = Ae e =5 JAsLIch EE 19.2754 19. 15E7| HEEL T

Answer 2|5 HEZE (external sort) MOf gL

©
w
S
jo
l]>*'

References [Knuth] § 5.4 pp. 247-378; [Robert] § 13 pp. 177-187.

Al 3 4 Date and Time

Q 13.12| sx umiel, 222 Aol oL 5t%?

Answer time(), ctime(), localtime(), EE= strftime ()2 MM EL|C} o E EO:

#include <stdio.h>
#include <time.h>

int main()
{
time_t now;
time (&now) ;
printf("It’s %.24s.\n", ctime(&now));
return O;

}
ot ZEL

References [K&R2] § B10 pp. 255-7; [ISO] § 7.12; [H&S] § 18.

Q 13.13 2l0|EH 22| & localtime () & time_tZ struct tm@ ZE H}F 0| FL|C}. J2| D ctime ()2 time_t%l

EAIE 2 BP0 FLICH 0] o BIg2 & & 27127 &, EAHO0|L struct tnE time_t EIRIS
2 HZESHD A s Tk

Answer ANSI CH|AM = struct tm E}QE time_tZ HFRO| F mktlme() St~ 2 x| 28t C}.
TAIE S time_tZ2 HF = A2 =F P:.'E'-l'lf fLFSHH, ZF LIZt E2 X|HAHE ALESHE ML
Alzt &Alo| ztzh 27| 2L o A[AHIZ strptlme()OIEP'_ e=E M35, 1 7|s

2 strftime () 2| BHHYQILICE EE (RCS mH7|X|2} 8 MEE =) partime () O|2t= &2}

—

C news Hi ZEHO|M XN S35H=) getdate O2t= B = AHF MQIL|CE 2 F 18.162 27| HIEL|CH
g
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References

Q 13.14

Answer

References

Q 13.14b

Answer

References

[K&R2] § B10 p. 256; [ISO] § 7.12.2.3; [H&S] § 18.4 pp. 401-2.

FOo{ 2 gm0l (N days) EME ESh= 7|1s0] ULIR? & FOE F Rt
27

min

Hlmate BTt USht

i
ot

0|2{5t 2HM|IE sl Z5}17| IsHA ANSI/[ISO] EF COA= mktime ) T} difftime () EHSE M2 &L
Ch mktime () 2 HTSIE|X| %42 (non-normailized) EMIE struct tm EfQOZ Ql2ddto} o|HE H
TSIAA ELICH (BI7HH O Z 0|E time_tZf2 2 HZAA|F] SLICE) difftime(O 2 5 7H2| time_t
Zre elzddiot = ChQ 2 H|wal FLICH mktime OS2 WA time_t ZtS TS = USL|CH

J2fLt o] SHEMEE time_t HLR[O|MEBE SEEL|CL tn_days 2E& intO0|7]| 20| Y(day) F
7F32,736 O| & AR QHEZ R T} LS 4= QUELICH 5 Mo Etel'g T12{5tH SHR = 24 A
Zto] otd = USLICH (H2tA 8640022 LM siZE 0|2tz Mztg St QHE L.
“Julian day number' £ ALE5t= YHHE USLICE Julian dayE CHRE =2 Snippets Z2EIM
of (22 18.15c & 1) UZLICE T2|1 0] S=M2 Simtel/Oakland 0}7}0| E (archive)of| A (T
JULCAL10.ZIP, A& 18.16 1) HE £ USL|C} Oz Q| “Date conversions” 7|AtE 2H05}H7| Wi
L|C}.

SHE20{ 22 13.13, 20.31, 20.32% ZTI5HA| 7| HERL|CE

[K&R2] § B10 p. 256; [ISO] § 7.12.2.2, 7.12.2.3; [H&S] § 18.4,18.5 pp. 401-2; [Burki].

C 210{= 2000 2X|0f| O EX|7F US7HR7?

ASLICt CHX|, 3{=5tA &M E C =238 :
struct tm2| tm_year Z =& 1900 ACHUIM A|ZSH AZE 71X D /JUELICE CH2HAM 2000 Y H <2
o o] Z2t& 1000| EL|Ct tm_yearE MEHZE ALESH= ZE2tH (HEHE Off, 19002 ESHAHL =)
M5 22X E Ao glsLcth d2{Lt o] 2tE F Xt

2| =XAIZ HEZ AFSSICHALL CH2a 242 ZEE
pol=duik
tm.tm_year = yyyy % 100; /* WRONG =*/
e, o2 m Zo| #cte:
printf("19%d", tm.tm_year); /* WRONG */

2000 =M 7t HletL|oh 20| 2F 20.32= & 0SHA|7] HHEL| T

[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) 2t 7|7} E QL 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

2% C 2t0|EZZ|0= randO2t= &7t JASLICE S8 242t A|AHof mi2f o] g2
& (implementation)2 2tMSIA| @2 & UHLICEH 2Lt o] &-EC o 2 458 71l &=
E ZM™ ohE7|2 22 Yol oLt

A L YT E BHES 0 SHohH, gjojof & ME0| HELCH B S8 EE 2AI7] HEELICL
EESE Gl Abof| AIA| == 2e 7| K| = USLICE r250, RANLIB, FSULTRA (R 2 18.162 7| HiZfL|
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 HRIE 2= B YMA[F| D AsL(Ct
Ct=2ot 20| 5t A2 (00| M N-17tX| 2] =X & 2|HE) I MFE gHL|Ct:
rand() % N /* POOR */

OfLESIH, T 20| L4 U7 |of| A 52 (low-order) H|ES S T12] BHESIA| 47| mi2L|Ch (&
213182 &7 HIEL|CE) matd, oh2aF 20| SHe Zo| EaLch

(int) ((double)rand() / ((double)RAND_MAX + 1) * N)

B

ASE M7| HCHH, Ch2T} Zo| B

St

=

rand() / (RAND_MAX / N + 1)

(<stdlib.h>0f| M2|=|0] US) AFSStD, NO| RAND_MAXHC} OfF &H2 Zt

U= F|oi =X E LEHHCH= A S 2ot FA|7] BHEL| T
RAND_MAXO{| 042 = 0| CtE X E e = 91209, rand O 7t CHE HR|2| #=X|E E2|EHSI=5 Y

=
F= OE 22 EXMSHR] gdsLiet)

grofofl 012{:20]| 01t 1 Ato|e] HRE 7HX|= g LM 7[E JIX| D
C 9]

CtY, 2|7 02} N-1 AfO| 2]
H9IS JHR| = M4 LS OHED Mot e

StH FL o

[K&R2] § 7.8.7 p. 168; [PCS] § 11 p. 172.

O Z AA|Z mfOtE}, rand O = Y-S =M E L8 (random number) SHA|ZIL|CH 2 T
?

o
B HU

srand() 52 S8{M JHAF Hhg 2EAT10f| 7| (pseudo-random number generator) Zt
=M EL|C} 0] =7|g2 'seed'2t St0{, 7= SAH A[ZHO|LE, R X IF O{H 7| E F2
o A[ZHREE X|HELEE (S2 ofEH 7|1E F27| ™o AlZt2 dE= 2HHE2 o|A-GJUA| BH=7|
L 2F 19372 £7| "ig|o}). (Yetx ez =203 oAM= srand) &+E SHHEL =
FOE SE2ELICE rand O E £ E WO} srand O E EECIH, S26 Qoo =X|E U2
==

Il Fh
N

[K&R2] § 7.8.7 p. 168; [ISO] § 7.10.2.2; [H&S] § 17.7 p. 393.
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%} 13. LIBRARY FUNCTIONS 5. RANDOM NUMBERS

Q 13.18| &/H=5l2 LIENHES iz (random number)7t E 2 BHL|CE JaiA rand() % 22 4=, A1 0, 1, 0,

Answer HM S THE Rl JHAk Lt BHH 7| = (pseudorandom number generator) St (low-order) H|EE0|
IZHOH)\‘I'— JA sHESHX| et&LICh &h2l (high-order) HIEE ME7| HIZELICH &2 E 13.162 27|

References [Knuth] § 3.2.1.1 pp. 12-14.

Q 13.20 | How can | generate random numbers with a normal or Gaussian distribution?

Answer MarsagliaM|0f| 2|5l 7= 0 KnuthM|Z7F =M SH 2HEHelL |

#include <stdlib.h>
#include <math.h>

double gaussrand()

{
static double V1, V2, S;
static int phase = 0O;
double X;

if (phase == 0) {
do {
double Ul = (double)rand() / RAND_MAX;
double U2 = (double)rand() / RAND_MAX;

Vi=2x*xTUl-1;
V2 = 2 x U2 - 1;
S =Vl x V1l + V2 x V2;
} while (S >=1 || S == 0);

= V1 * sqrt(-2 * log(8) / S);
}
else
X = V2 * sqrt(-2 * log(S) / S);
phase = 1 - phase;

return X;

[

CHE 2ol Chet A2 o] S=2| StHE(EE 20.40 EH1)0|M E15H7| HEEL|CE

References 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.
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%} 13. LIBRARY FUNCTIONS

5. OTHER LIBRARY FUNCTIONS

A 5 24 Other Library Functions
Q 13.24 efjel =23 g ZESIE{ 0 §fL|Ct 1210 index, rindex, beopy, bemp, bzero &7} & o = 0]
QIX| ot Z4 Zt&L|Ct “undefined external’ O|2f= Of|2{7} EE= 2 2.
Answer OF M= Ao SE=EQILICE CHE S 7| HiEL|C
index  strchr &8 M7| HiEL|CH
rindex strrchr &8 M7| "z .
bcopy A HHR| QIXIt F EHR| QIX}E HFROM
memmove StpE M7| HIELICH =0 &F
11.25% ErTISIA|7| ”HEZHL|CF
bemp memcmp SH+E M7| HEL|C}
bzero = x| OIXIE 02 2 SHA| memset SHL-E M
7| "HEgfL|Ct.
References [PCS] § 11.
Q 13.25| ® =5t 50| TUSS #includeA|Z=C| = 2t0|22{2| STt HO|=|0f UX| Q4CHD of2{7t 2
Mot
Answer LBt O 2 & o2 M (declaration)tS ZEHSHI JUSLICEH O A R0ll= (53], HEE &
=0l 75'—‘?—) ’é‘xﬂ HolE ZEA7|7| YlshM= SE St 2to|22{2|E Zo| FF(link)st2tn WHE F
0{OF EtL|Ct. (#includedt= AP EE= EFSEEILICE) H20{ 22 11.30, 13.26, 14.3% & 1ISHA|
7| "pg| ot
Q 13.26| gtz zloj=2i2|2 =EtAl7|2tn J=0 = 2lo|22{2] 347t Mol =|of UK| YUCED of 217} LAl
2=
Answer 22 ZlF{(linker)E0| QLENE niu} 2lo|E2{2| TtU =SS St ZMEHL|CH J2|10 HEHRZ
2 2lo|E2|0M SE6t &0l CHet Ho|E EOotHL|CE 2ref o] 2lo|E2{2|ollM &= HelE
K| RototH o2 E 2 gfLIct M2t 2to|E2{2|2t LEXME P 12 3= =ME E x M1"010F
gLict dEtd o2 = 2lo|E2{2|& OFX|2to| & ot= 7*OIOI Z&LIC (WE 20 UNIX01IH._
command-line2| OFX|2tof] -1'S WA XA EILICEH) SiE20] A2 13.28% ZT5HA|7| HFRIL|C.
Q 13.28| _enast Mol=lof UK QCtm 2F{7t o241 Z Li=D| oA £AE o|o|atte?
Answer 22HEl UNIX ZIHOIM E5| LMst= AALICH CHIH _end7t H 2 =0 UX| 4Tt of|2{7t L= A
2 CHE Al =(symbol)E = H 2|7} &[0 0I7<| ICH= A2 2ln|EL|Ch Hel=|of /K| 42 CHE A=
E0| UL} HARH 27| HEEfLICH 328 _end7} M2 =0 JUX| &ICt1T St= ol2{= At2tEILICH (A
E0{ 2 F 13.25, 13.26 = & 15tA|7| HEZLICE)
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Al 14 %
Floating Point

AAR2 M) 2 E 8|7} =[0], ME[ABZ 2ol =

Floating point(&l =)
SH0| otL|A7| wf 2ol = 22X 7t ELIC

pointE F= &

stL|Ch AR C 0=

2I2} floating

Q 14.1| f10at E}QIO| B2:0) 3.12 E 1 printf =2 S EL]| 3.000009997} LISL|C} of J&7}Q?
Answer EH$$B HEELE ASE BSE M, LHEMOZ 2 XLE J|EEHLCE 2 ZSUME 0.12 225
Z (0. 000110011001 ) ESELICE matA 3.13F 22 TE (10 T2 £ mjofl= |F2[==0]X|2) 2
7EI’\OﬂM Bit 2x|2 ESE & USLICH 02| 20| A|AHOIM 10 IFE 2 A5 2 HEets
ZElo| 01EE*71I At = =Lfol| et ch2 K| (E%I HUZIH E2 floatS & 74%) cHelst ==
et &3 Aot A4ZHCHE = UELCH HE0] EE 146= 2 I'_%MDI HEZFL|
Q 14.2| "Iz 22 (square root) 752 H=r|, O|AkSH Z40t LESL|C.
Answer MX| <math.h>E ZEA|Z=X| AN 21, 8450| doubleS 2|EISIEE MOAE|YE=X| M A
27| HiZL|Ch (atof O BfE <stdlib.h>0ff MOIE[0] JSE F2l517| HigLICt) HE0] AE
14.3% EFT5FA|7| Hf=EL|CF
References [CT&P] § 4.5 pp. 65-6.

SME 4

Zat7f LigL

Q 14.3 | a2t st52 M2{D SH=O| <nath.h>E TEIA|ZSH T HOFYE = “undefined: sin"0|2ts HTHY
ol E E=ect
Answer =St 2}0|EHE{E|E EEA|Z=X| M| 35H7| HIZIL|C} o| & S0{ UNIX A|AHINM = “Im’
ufelst iy Opx|2t QIXIE Z=0{0} SL|C}. HE0{ &2 13.25, 13.26, 14.2= & T1SFA|7| HE2HL|C}.
Q 14.4 | x7t ot A A4 2EI2 042 0|43 ADE E5tD, E HFEVL Ch2 Cf2
C}.
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%} 14. FLOATING POINT

Answer

References

Q 14.5

Answer

References

Q 14.6

Answer

oA &2 1428 20| 27| HiZLch.

EMTF ZHESER] 4K 2E CIX|E AFEOAM A ME[= HESHK] 8 o= Ubts A2 LotF
MOF gttt AEEZZ P (underflow)7t ol =& JoM, A7t EE =HE =& U5LHICH

et A= A4t0] H&SHK| Sfth= A S 71H5H7| Hi2tH, 22 0|/ 2 F A7t Z2X| 5|15}
= A2 £X| 45LICt (Don't throw haphazard “fuzz factors” in, either; 2 & 1455 & 105}17| HIZL|

c}.)

ol EME & C Ho{of| 2t = 8HEl 0] ofL| 1T,

Oofl CHSH ofH E2=2 ChI "Z2M M7t = A X2|5t
EOSHA|Z| HIEL|Ct), O™X| = Z2etH MASt 7|
E20|ME AFE Rt

OEMZIAI = O] EAM = O3 Al AA4tof| CHSE SHHO|LE sHZM S 28 AOo| Ot LICH £E2 X =
EJ2fU0]| (numerical programming) CHEH 24 =0[ 0{2{ 22 =2tE ZALICH of2f 2t F80| L= &
E2 EAH E&L(CL

= =
BEEx=
XME|S

T Hu

JEi Ao A ElE = QU
L et CHELIE (RE0
|

o ¢
S ¥ + Uil 5t7| 2l

or

=22

[1] § 6 pp. 115-8; [Knuth] Vol. 2 Chap. 4; [Goldberg].

T8 o Jhke" & A48 Hlmsts Wio| AUSIte?
M2o| Hohgto| HOlof O|5HH ‘magnitude'Of et ZEFE £ YOO R, £ MSE H|@EH T CkS
I 20|, QX ATHH O 2 RAIR £ s A2 ZUIXIS HARSHs H0| BALICH 5 CofS Tt 2o
2 70| ofLzk

double a, b;
if (a == b) /* WRONG */
olziAl BHLIck
#include <math.h>
if (fabs(a - b) <= epsilon * fabs(a))

(‘a'0] 00| Of St) epsilon®f| 777H2 £=X|E » = AWO| E&L|CT.

[Knuth] § 4.2.2 pp. 217-8.

(int)(x < 0?7 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

2l C A0{0l|= X[=& (exponentitaion) A|&FSH= ALXII} GAETHR7?

e ZEMMolE X|$=E A AtsHs B (instruction)0] 47| M2 ]L|ct th4l C 210f= pow Ot
L 8152 MZELIC) 0| &= <math.h>0f MOI=E|0] QU&LICH I7(7t &0 02Ct 2 HSE B
St= Z40| O] B2 M= HECH B SO YU £ USLICh

[ISO] § 7.5.5.1; [H&S] 6 p. 393

X A|AEIQ] <math.h>0f|= O|3 2 M_PIZ} M| 5|0 QK| Qf&L|Ct.

0| B3 2 &= (O] 22| 22 pi0|H, YU =& 2t Al2= o) rtrar CHSL|CH EZ0| opglL|ct.
‘pi' 20| ZREICHH, o2 20| &X M5t HLE 4 * atan(1.0) 2 Z H|ASHOF SHL|CF

[PCS] § 13 p. 237.

IEEE NaNI} 22 S48t 242 ZAISIaH ofEH 52 =57

UEAS| IEEE M= 78 HHE MISst= tHEEL| ALHM= (02] EolE &2} isnan() 1t

Ze sE N 25tH, 0|52 EZF0| OfLlL|C} EE <math.h>L} <ieee.h>, <nan.h>0f MAHE0] QU

£ &= UAFLCt) olH USE HRY| fIT =2 MSELICE 2|10 0l 7IsEE XIF ﬁ¥2f

st 10 ot JUEL|CH NaNZ HASHs 7HE & D (crude) ZHEHSH BHH 2 Ot S 0F ZHEL| T}
#define isnan(x) ((x) != (x))

IEEES M ZI5tX| 242 Zutde{= 0| E|AES Z| &5t HA0M Qo == UASLICH.
[C9X]= isnan(), fpclassify() S} CIE 7 S+-E8 N Z2EHCh

i SO WE2 0| A sprintf 09 22 REIS WA EUBHA| B HELICH B AlAH
0l O[3 A2 "NaN"OlLt “Inf'SF 22 RS BHE0| B ALICH

Ci20] 22 19.39% ZTSHA|7| HiZFL|C}.

[COX] § 7.7.3.

e 22 YR S 2EME HED of F=A(of Chsh Adte = U= gt E BE= AL
L. [COX]= ‘complex'ch= HE HIOE EfQS X[&E5H gLt JE0 & 2.7, 210, 14125 &1

SHA|Z| BEEL|CE

[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-IEEE-aware compilers may optimize the test away

2

complex number
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%} 14. FLOATING POINT

Answer Ajay Shah has prepared a nice index of free numerical software which has been archived pretty widely; one

Q 14.13

Answer

URL is ftp://ftp.math.psu.edu/pub/FAQ/numcomp-free-c . A E0{ & Z 18.13,18.15¢, 18.16 & &f
JSHA|Z| "Hige|C}

Turbo CE AIE5tD USLICH O2H =23 S MSHSHH “floating point format not linked” 2t= O|

|>
i
lo
2

BorlandAte| Hute{E Z st (RitchieM| 2] 22|X|E PDP-11 Hotle{x) 27+ &

o Hordg| =SS A XMl 20| 2eelrtd HEEM A XE2|Sh= ZetAF[X]

A& XMElSHX| 4= (5 Ut heE MX| =) printf OLl scanf O = B2 S=E =

Ch. ojot= o2 22| Hotde{oM= M= XM2| F20| ERoirt W2ZEE(of whal Zd
S

frle)
ol FIO
ey s

als
30°
T

i
0

= 1L HA
2 jol| = ZHCHSE dummy call@ AFREHH ElL|C T, sqrt ) 2F 22 &t
2| FEI0| ZehtE AQULICH (XIM|EH 242 comp. os.msdos . programmer 2|

ch)

'O T o

My
2y
-
0

%
F

AQ

[
o I
4>

i

(o]
2
HL
>
N
I
r
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Al 15 %
Variable-Length Argument Lists

o]
AA

(=]
—

X

7|52 M ZELICt Variable-length argument list(7t CIX} 2| AE)=, E27|= SHX| 2} printf e}
TEN A= & 26t HAL|C} (variable-length argument list= ANSI C E&0M SAIX o2 X8
ANSI C & o|X0ll= HAS| LshM e =0 UKX| FSLICt)

Variable-length argument listE X zZ|5l= 2HE ALS| 7|5547|7HX| §|ch ™MAI©S Z varaible-length
argument list= fixed part( & =l 2 82)2} variable-length part(7t2 Z0[)2| &= 229 2 LIF0{ X USLICL
LE|= “variable-length argument list2| variable-length part’2t= D}EIEl 20{E A0 QUCH= AtA S 2t AN
X|2H " == AELICH (BA] 0421 20| “variadic” jdhf “varargs’2t= 807} #0|= A E EAl 0| JUSXK|
= 2E2HSL|CH F IR 01 25 “having a variable number of arguments.!” £ SE&tL|C}. CF2FA “vararg
function” EE= ‘“varargs argument” 2} 0 Zrel = QUELICEH)

22| LUHKXIX[= 4UKX|T, C A= g7t 7HH QUXIE (F 2AXE2| U7t X[ X| §2) e
]

ook -

i

oy 4>

=

x
i)
1l

Variable-length argument listE M= Zd2 M| 74X BHAIE HEILICE AR, va_listEl= EY St pointer
type2 MA| MRS, va_startE E8{M =7|5}t&tL|CY.

Q 15.1 printf O & 2 27| XM0| #include <stdio.h>E ME}D SIHZE L. B O3 ZEHRJI JENR?

Answer A6t = 2 EE}Q! (prototype)2 SRl Q3 (scope) Otof] =EIA|Z|7| M &L|C
[=

=
ofH Hutd2{olM= 7t QX 2| AEE M= E0l= Lt WA= CHE S & & AM(calling se-
n S €

quence)E A ELICE. (It might do so if calls using variable-length argument lists were less efficient than
those using fixed-length.) J12{2 2 &0 TZEELR|0| (B “..." 2 Z &8st M) Q3 otof| Lo{ot

Autdei7t 7HH 2R 2[AE XME| HALIZE AFEE = JUSLIEL

References [ISO] § 6.3.2.2, § 7.1.7; [Rationale] § 3.3.2.2, § 4.1.6; [H&S] § 9.2.4 pp. 268-9, § 9.6 pp. 275-6.

Q 15.2 printf O0IA| %£7} floatD} double QIX} D0 MQU £ Q= 0|8

21017127

rr

Answer 7tH OIX} E|AEO|A 7HH QX B 20| = "default argument promotion” 0| & ElL|C}: char2} short
int EFQ 2 intZ2 HHZAE|0(promotion), float EFR|E double EtQIOZ HAEIL|Ct (O] A2 &
o Z2EEIRO0| giAHLE 7 HAl(old style) 22 MAE &H=0{| Al L 0{Lt= 'promotion’dt ZH2 L
C}; &= 11.32 & 15t7| HEEfL|Ct) J2{E 2 printf2| %f ZEH2 &4t double EIRI T BHOISO0[ =
Mol gLt (H|==St O|ROIA %c, %hd ZBH2 Sl intPHS IOl S0|7| ELICH) HE0] 2 =Z 12.9,
12.135 EtT5HA|7| HF2IL|C}

IR A A k& Ao ARAE THA =
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ZF 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 intY AL, CIS F=0lM 2H| 7t LA | CE:

printf("%d", n);

A
ofn
|0
HU
02!
T
fob
o
il
0l
in
X
o
El
>
e

Chal Al S of Bt

Answer g7t JHHQIALE B=ChH, Z2 EEQIO0| JUEEHE 7+ 21Xt
2IX7} of &45h= Etelot EHE moll= tlF':)\I 7H

=
SLICh O 22 It QIXtZ S0izt AEIZ 5 F
Ofof giL|Ch Bt oz At = JHHQIXI0| oAM= FHE = olof Chet 2= S FX|
SpaLIEt
HEg0] &F 5.2, 11.3, 12.9, 15.2E Z£1SIA|7| HEEL|CE
Q 15.4| 51¢t IxiE e B8 OB BE 5 USTR?
Answer <stdarg.h> &l D0 U= 7|2 AFEELICE

ofzi o] = FOZl 02] 7He| EXIE S 20iA malloc O 22 &S 0| Z2|0f| X ZeiM 2|Edst
= sf5Qluck

#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 *retbuf;
va_list argp;
char *p;

if (first == NULL)
return NULL;

len = strlen(first);
va_start (argp, first);

while ((p = va_arg(argp, char *)) != NULL)
len += strlen(p);

va_end (argp) ;
retbuf = malloc(len + 1); /% +1 for trailing \O */

if (retbuf == NULL)
return NULL; /* error */
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ZF 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 *)) != NULL)
(void) strcat(retbuf, p);

va_end (argp) ;

return retbuf;

}
ArBH S Cham ZaLict
char *str = vstrcat("Hello, ", "world!", (char *)NULL);
otx|et el Z | HFRfL|C}. (=

HIEfLICHL &= 5.2, 15.32 &115H7
S freeA|7 FO{0F & M0| UZFLICE)

[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 ()2t 20| ZoH EXtPE S HI0S0{ X2|ot= &S TS0 1 XM2|E printf OO 27|10
Alai|ct.
ey =]

vprintf ), viprintf (), vsprlntf() st+E M0 ElL|C} 0}2H 2] error() EFAE o2 HAIXIE &
Ot=0d I HA|X] 2| “error: "E HHE0| 11 newlineE E0{A EliF = SlL|Ch

#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");

}

20 &2 & 15.7= &16HA| 7| i Ct.

=1

[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.

scant 02} 22 7|58 St B4E ST MBLict



ZF 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 viscanf (), vsscanf O E X[ AULICEH (22 & 57| YoMz 62 &
A27F T8{et g8 BHS0{0F BTt

[COX] § 7.3.6.12-14.

ANSI O|Mo| HulUE AR5} T UBLIC) <stdarg.h>7} Q=0 O{EH| 51572

rir
to
&=
il
fell
Inl

<stdarg.h>0{| S{ &5}t ot ol <varargs.h>E A M ElL|CH

[H&S] § 11.4 pp. 296-9; [CT&P] § A.2 pp. 134-139; [PCS] § 11 pp. 184-5, § 13 p. 250.

B0l  JHel QIR MRS M L 4 U Yol ULte?

SENUL WS EXYSIX| USLICE Of SeHE AIAHOIM S B EE 8140l nargs O 8 X35t

71 BLICE JefLf o] B4 IRl A48 2|Eiste 7 Oflet MEE IS A4E 2|Hsicts

HULIC (FEFLE Long int, AE 0f2f HHo AEZ 0| R0{H UL BRI} chR2ULICE)

Jh QIRLE BrO} X{2|ste B O AMBIOZ QIxte| WA E e 4 U0{OF BILICE prints

Ade] BHES T SAHON (149 ZS) EH specifierS =1 1 ASE THOIBILICE (1
(=) o

7| =0l printf OO MEE QXS] 2T =0 AP0t BEX| 22 40l
gdutMo=z It QXL 25 22 Efles 2©HE 4%, oK QIXtE (0, -1, == MASH 4 =2l
B2t Z2) o Edet 22z ddaM 2Xte| H+E mhotati|ct (22 5.2, 15.40|A execl ()1t
vstrcat() B2l ARHS ZTISIAI7| HFRILICH. OFX|2tO = OIXte| Z4& 0|2| febst 4 Qi
o, MA| CIXI2| HLE JHH CIXIZ MESH= A= £ YHlL|C} (although it's usually a nuisance
for the caller to supply).

[PCS] § 11 pp. 167-8.

N dotdes ciEa 22 §

o

+& d2lstH o2& LIk

int £(...)

Z COlME va_start O MM HO{E 5tLte| IX =l QIXF7} QlofoF Sotm st Q&L Ct.
20{ 22 15.105 & TSHA|7| H}ZFL|C}

[ISO] § 6.5.4, § 6.5.4.3, § 7.8.1.1; [H&S] § 9.2 p. 263.

71 QIXHE XME[Sh= e=0A float QUXFE XE|SHK| RelfLICh ThE ZET) o SAISHK] 4E7
27

va_arg(argp, float)
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ZF 15. VARIABLE-LENGTH ARGUMENT LISTS

Answer 718 QIX} E|AENAM 7t OIX B2 ShAb “default argument promotion” 0| M EZE/L|C} = float
EfQlo| OIXIE L &4l double2 HiStE|04, charl} short int2| A &4l intZ2 WHSIEL|CH T8
O 2 va_arg(argp, float)2 ZR= FEQIL|CL CHAl va_arg(argp, double) & MO} §fL|C| H
=5t O| R 2 char, short, intE 27| 2|8 = 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.) E0{ & F 11.3, 15.2= & 1SHA|7| HIZHL|CF

References [ISO] § 6.3.2.2; [Rationale] § 4.8.1.2; [H&S] § 11.4 p. 297.

Q 15.11| &% =olE{E va_arg O = o} & 4= QILIQ?

Answer va_arg()2} Z2 13 2= & ZOIEQ} Z2 SAITHEIRJS AIRE o, Z&t2 47| = SLICt (be
stymied). St ZQIE{E CIE 0|ECZE typedef}UCIH EXN|7F A E AQULICE HEO] EE 1.12%

References [ISO] § 7.8.1.2; [Rationale] § 4.8.1.2.

Q 15.12| 71 Quxt= gropA] CHA| 7t QIXIE X2|5Hs &40 Y = 5 U727
E

Answer JBIM O 2= EJHsEHLCH 2Lt 7t QIR CHAl va_list Z QIE{E HHOFAM M 2|St= (vEprintf O 24
e, oi20{ A2 1555 Z05IA|7] HIRILICE) &4E gtEH Sl
E[AHU, E va_listE X2|5h= &7t QIttH, S8 U= Y
A AEIY| o & Q1 (machine-specific) O E2| 910{Z SHZE
OSEA|Z| HEELICE)

Ct o QIX7F A QX2 ME
2 EXMSHR| &LICE (0] EXl=
= UEHICE HE0 HE 15132 &

Q 15.13

At
m
oo
=2
re
A
L)
[>
[m
M
=]
mn
2
x
g'y
4>
i

Answer SEMQIE g glonf, J2 g & & QUotn EFE = glELIC,
Xl 2AXf 2| AES XME[St= Al B E (void x) ZOIE 2| HiAS Hrix= A S & 5 UL
S main() 2| QXM ALESH= HRHRULICH (SE HIES TS0, HiFe| 2 240 Adt= d
BEE M= 22 2H s F0o{oF gfLCt)
(HE0] 22 1936 Z15IA|7] HiZfLICE)
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Al

16 %

Strange Problems

Q 16.1b

Answer

Q 16.1c

Answer

Q 16.3

Answer

Q 16.4

28 2F(syntax error) 7t AFLIA| Bo| UM =H =X3| 1 0|RE ZE2GHIC

A &|c ThUob AA T MO A #if /#ifdef/#ifndef/#else/#endif2| A0| K| U4=X| A
27| "t (HE0{ &E 2.18, 10.9, 11.29% Z115FA|7| HEfLICE)

ol
1]
i
HI

oM Z2AME 2 ESHE FE20| SESHA| B2E7t27 oOtF 2| BtE Hutd2{7F Z2AIK
= A
— A

SA| B2 20| Z=E AYSHA| S/ULIR?
myprocedure;

C A0l &=(function)tg X|ELICH J2|1 &0 ME== X7t SHHE QiCet: 252
=W ‘argument list' S W FF0{0F BfL|C} [t CHS I 20| MOF BT

myprocedure() ;

S| = Mo =2 20| WM E LT (C{HH 2 o AR KEtstHE nain Q0] S0{7H|= ©
off =0f HELICh)

ofOt= StLt 0|42 (1KB O|&t2]) Oi R 2 local HIZE S &S HLICH CHREES| AA”IS T™E 3
712l ABE JIX|1 UL, ST ABMS SESH= (eg. Unix) A|ARIOICELE AEKQ] ,7=,xp| uH
< X211 5tH BEt2 E'I—IEL Of < 2 Bfdo| 2 25ICHH Y (static) 2 2 LHSt= 5
LICH(Bf=E £ Mottt M2 2 HiPo| ER35HEHHE mallocO 2 MM EESH= Al "QI—IEL 51

Z5HA| 7| I:I}EH_|L‘_})
1.12b, 16.4, 16.5, 18.4= & T5FA|7| HFRILICE)

0||}

M Z2Oe YANOR SASHED|, BLY| EM0| SAILIC 5 nain() 2] 0K 23S MY
8t ol RIS Az o DEnte?
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%} 16. STRANGE PROBLEMS

Answer

References

Q 16.5

Answer

Q 16.6

Answer

main()0| R MAZ|UR=X| ZAISH 27| HIRILICE (R =0 & F 218, 10.9% FH1O5HA|7| HERfL|CL),
EL = setbuf O L} setvbuf ()| local BHHIH 7} X,_‘l':E—"':IO"'—II': ZAAH 27| HFEL|CF EE= atexit O 2
S=5 500 2X|7} US BET UALICH 20 AR 752, 11165 Z15HA|7] BIRHLICH

= =

[CT&P] § 5.3 pp. 72-3.

O Z2OB2 ofH HFEO M= 2t 5HH SOHX|2 THE HFE{0M S2(H o|det ZtE ot

Sof WLITt B2 o|AE HE,

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...

0|2 ZAI2 BHEO] LIS 0| R MBLICH of2fofl YuiH oz 2N E Yol AT} U
DBIAI7] HIRILICE:

- R7|EE|X| 42 HE (HEN AR 7.1 FHIISHA|Z] HEEL|Ct)

- d= QU EZSR, E7| 16-bit AFE{0AM a x b / c2 Z2 AME &I (HE0] EE 3.4
ZFSHA| 7| HEEL(CE)

— "It =M7t Ho=EX| 22 42 (B Z 3.10|M 3.47kX| & 1)

— external B14-9| MOI0| MEFE|AS AR, 55| int7} ObLl CHE EFLS 2|EI5HLE "B £
7t OIXIE Tl 22 (AR 1.25, 11.3, 14.2, 15.1 &t11)

— 9 ZOIE{E dereferencedt A< (section 5 £t11)

— malloc/freeE Zt 2 £ AR, E5| mallocC = SEtst H2E2|7F 022 X=7|8HE[UC

O Lt 75??:16._F 22 (HE0 2Z 7.19, 7.20= FIISIA|7| HIEfL|CE)

16.8= & T5HA[7| HFRILICE)

— prlntf() ZOiOl OIXITF M2 SEX| egg A2, ES| %dE MM long intE &5l
(J<|l=I 12.9 il- )

t

ot ALt 0|0] free®t HEE2[E S £ R, F ™ freedlt A, mallocO| st £

ML K

mo
ST 02

o
o
40

— unsigned int7} ESE 5 U HE| el 37|29 EHIDEI% gtetste] &t 4<, Sol Hlz2|of
M5t AFEtO| k2 HEE{O|AM. (H20] &2 7.16, 19.235 ZTSHA|7] HIZHL|CH)

! 474| 2XMHEIE. 53] &2 UA| HHIHE & Lt sprintf YE MM EXtES CHE M. (A
2o{ 22 7.1, 12215 ET5HA|7| HEZfL|C}H)

— typedef & EIU S EH EfR 2 AR of| ot TS H R, £35| size_t0f| CHaH

— AlZ=(floating point) MZ| 2| (HXE0] A& 14.1, 14.4% FOSIA|7| HEEFL|CE)

— E3 AAHIO|M2E SESH o] s WES AEE ALESH ER

off o] =7t SESHA| HEETR?

char *p = "hello, world!";
p[o] = ’H’;

=AY Ar=(string literal)2 CHSOF 20| BHE Q| R7VIZICE M= HARE M|2/5t11= HIEA
&= QU0{0F St= AO| OofL|Ct. mh2bA T2 ZHo| A 27| HigfL(Cf:

115
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%} 16. STRANGE PROBLEMS

char a[] = "hello, world!";
HE0] AZ 1.325 ZIGHA|7] HEZHL|C}

References [ISO] § 6.1.4; [H&S] § 2.7.4 pp. 31-2.

Q 16.8| “Segmentation violation” 0|L} “Bus error” 7} 2|0|5t= %

18

Ix{ o

Answer

r

2 0|2 HIAIX|S] 52, AEIO| UVIMHLE ZQIHE &EMAM, HHLE € = Y= U 22|
=25t }Ch= EEQILICE EE local array AH|IE HOME M £, Y ZOIHE ZHRE M2 E=0
ZF 5.2, 5,20 &TOSIA|7| HIZL|CE) o3 ZUE o ME = USLICE CHE O|REE

StetSh ZOIE| (AE 7.1, 7.2 2t11), mallocC 2 &&6 Aol otn| (HE 7.19 £t10), HREl &
CIXt A+E (55| ZQIE QIX}; scanflf fprintfOfM LY = U= FIHX| 754, scanfl| 4

A 12,12 &1, fprintfOll M= K| QIAL EFQIO| FILE *Q1 20| F2f).
Z 2 16.3, 16.4% EHT5}A|7| Hf=fL|CE

it}

(S
Mr
i)

s Ho 4y 2 Hn 2 e
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Al

17 3

Style

Q17.1

CAHol ZES &, 7IE E2 AEIUR2 FALUNR?
Answer K&R2 Ct21t 22 HHEE 7HX| 10 JUS0l =, 71 2| 40|= AEFU LT
CHEE AFRS0| 22 228 71X /B0 =, S2352| ({}) |Xl= S25HK| 4&LICt
J2fM R2l= 217|U= AEHY T SHLE MEIISL|CH 02 2017 S AELE 32
CHE, OAE LU ALESHAZ| HEEL|C
ATt AEIUE F= AEChs, SHHe] AEHU S LM U ALESH= Aol o S 28T BHef of
20| Met 2Z0| (dE S0, o X|QHQl Z50|Lf, S|AF HE F) 0245 AEMU S FH2|SHK]
AU, EE, 0{2{ 20| Af AEHUE BHSE = 0h20| SittH, 'd K&RE MA|7| HIELICL (EE S
Z2359| RR|LE S04 7[9| ZtA| tiet B2 =0o| US = UX|TH o{7[0f|M O =™ E SHX|=
oS 7S LICE Indian Hill Style GuideE & T5}7| HFRHL|C})

References

Q17.3

Answer

‘£2 AEIY'0|Et (good style) the=StA| ZEE OC|0f HiX|SH=LIECH A B2 AS =St QU
&L|C}; don't spend time on formatting to the exclusion of more substantive code quality issues.
HE0] AZ 10.6E ZTSHA|7] HEZHL|C}

[K&R1] § 1.2 p. 10; [K&R2] § 1.2 p. 10.

[e]

xFedo

Z2X] 5457 ?leh thEat €2 =& MSLItE

Mo

e

if (!stremp(sl, s2))

0|70] L AEIAUNL?

£5]S 02 402 TS HME|E BHR|TH SWs| F2 AEKYO|atT LAI|E of@ALIcH £
ol AEL £ 2xjeo| ZS A2RE HABICH: HolME Hs| 2H7L & 0| 9l | HAkxts
CH7H ‘not'S /0|3Hs Rojl 40|52 ESS I & 7| H2YLct

Chem 22 A28 4E 20| 220 8 A2E st
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ZF17. STYLE

Q 17.4

Answer

References

Q 17.5

Answer

References

Q17.8

Answer

References

Note

Q 17.9

Answer

O AFRE2 if (x == 0)2 MX| f10 if (0 == x)Q L2 ITEE M=, O o|fF= FA4QTt
27
CtSot 242 A8 ot= WS 27| /ot

if (x = 0)
M5 == GAIRLS| IT0f M AFS S0H, ST 22 ASE S 0, HuULiTL o2 E &
et ct

if (0 = x)
OftH AIES2 0|2 HAZE M= AE 2R AEL F IS =E M= A2 2R= AO| 27| ME
of], o|z HAIZ E0I5HK| IELICt (22, ol2{gt AEIY 2 oF 22 = (operand) 7} &= 4 20|
IHERE E F USLICH)
[H&S] § 7.6.5 pp. 209-10.
M7t 2 AE0|= printf O B2 E 0}, SHAF +(void)+ 2 FHAEISHD U=, of J2NR?

22 Z20E) 3t o 2t 2IESh=0, 0] S MX| oM, ZuE BT [MEtA
(void) 2 IHAEIGHE 2 2ZM, 0| 2[H 2tE FAISICi= A2 Hutde{ofA &a2f, 208 SHSHA| &

A g = AsHC

strcpy OLt strcat () 2| AR0| = Z2 0| = IHAE 0| AFZEZ SfL Tt

[K&R2] § A6.7 p. 199; [Rationale] § 3.3.4; [H&S] § 6.2.9 p. 172, § 7.13 pp. 229-30.

“SH7tE|oF F 7| 0|2t (Hungarian Notation) £SdQI7+R7? 2|10 1740| &85t 71X 7t JULER?
ote|et mI|'H2 Charles SimonyiM| 7t BtE (H==2| 0| F0f H=2f EFQJ0]| CHEE HEE ZE6H=)
0|8 2= YRHULICE O ARSI = 0 AtEE= E7[-H0|M, O ARISOl7| = 0 B H
gh= E7(HYULICL o] E7|e| JtE 2 HH2 H2 o|ERt ENE, Ha0| EfQIn), MAUME &
T U= AYULIEE 7t 2 HHE 2 0|ES 2= ol Bteol| et W27 EHE SQ5HK| gdths AL
ct

Simonyi and Heller, " The Hungarian Revolution”.

H7I2|0F H7|H 2 £3| MicrosoftAl2| Win32 APIE M= Z 2 2 0{ S0 7| Attt U&LICh (API
KM= o 7S ArESt JUELICH) Ch7ie| UNIX Z2 20 =2 0[S Hi M3t A5 Ct

[eX]
—

“Indian Hill Style Guide"L} 0|2} FAISE 2E A& = Q= 20| ULER?

m
e

rdof 2t

2! (anonymous) FTPE A 02 ROIM RS = USLIC,

o
o

=
=

ot
bl
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ZF17. STYLE

Q 17.10

Answer

Site: File or directory

ftp.cs.washington.edu | pub/cstyle.tar.Z (Z[AI2] In-
dian Hill Guide)

ftp.cs.toronto.edu doc/programming (Henry

SpencerM| 2| “10 Commandments
for C Programmers” X &f)
ftp.cs.umd.edu pub/style-guide

“The Elements of Programming Style”, “Plum Hall Programming Guidelines”, “C Style: Standards and
Guidelines"2H= #0| 20| € £ UBLICH ‘D23 2te =7 vii|ct

HEo0{ ZF 18.9% A TISIA|7| HiZfL|CE.

Ot AHE2 gotoZt AUDIRtE ZCHT] SSHHAM HLHZ MX| 22t Sh=dH|, |7 & E 2ol of

Unte?

=22 AEHUO|EE, S 2 A= AEUD Zo| o=t 22 Ao[7[0f, ofi st 25t #Elez

NMAE 2= = AYLICE although discussions about style often seem to center exclusively around such

rules.

goto =2 HEEH FX|/Ex/2H2|5H7| &lE HEL
2r=0 b O"Chd, ofF 3 A21glo

OFLL|CH B2 gotoS M3 MX| STE (O|ASH &

tS0l Wl == JUSLICL

Ml
4

”

2 xH
kL
n
i
rl:l

=
4r
i
E
l
H
o
L=}
>
m

B
o
L]

rule)

(V]

ro
mn =4
1o
o
=
M
2
HT
il
rr
o
L
ba

0{2 B Al of Bj2tEIE|Ct. Et
LIC}. o|2{3t FEI0f cHat o|3Hgio]
24D} o3| s IS OIS
HCH7t =2 OEHe AErol ch
o Zoiste e aogls Al

ol 0| Hithste AftE AT ol
2t Z3 HicfstR| 942 ZHo|22, 0

o
40 ©
[P
Y o
24
(Rl
4

Py

M

=
i)

o

1
ale
30
o>
r
Il

Mo

X| o|AY It h2fA] 02§t “"AELY MH”
2,5.3,5.9, 10.70 0|28t LHEO0| YEFLICE) 0{2{£2
| S2|otX| 42 Ao, o{2{ 22| 2|AH0| S=ot= Al
=g st ZeUt olsLch

0y
[0
i

T
AL 0§52 2
o

o
1o M o
iy M

2

i

119



Al 18 A&

Tools and Resources

Q 18.1| =20| gotst ==a20| Lt
Answer O}2{2| Ei[0|2 S &116}t7| HIZLICH (HE0{ 2= 18.16 = FIISIA|7| HIZFL|CH):

cross-reference generator

cflow, cxref, calls, cscope, xscope, ixfw

C beautifier/pretty printer

cb, indent, GNU indent, vgrind

HE/MY 22

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 declaration aid comp.sources.unix2| Volumn 14.
[K&R2] £t

tracking down malloc problem | & & 18.2 &1

“selective” C preprocessor 2 & 10.18 &1

language translation tool E—.._— 11.31 &1

C verifier (lint) 22 18.7 &1

C compiler ZF 18.3 &t
(43| o] EH|O|E0| 2= 31'% LIEHH == A2 ofL|Ch BHek o7]0f L2 2 0|20l & BHE A
£ L0 UTtH 22| Kol A A=t HiEfL(C)
0z E0f CHSt CHE 220} =2 F =4l comp.compilers?} comp.software-engi|A{ 30} 2 £
US LT
HE0 ZF 18.3, 18.16 = Zf115IA| 7| HFRIL|CH

Note %| El|0|&2| code metricOf] 2t5t A2 CtZ URLE & IISEA|7| HIEL|CF:

http://www.qucis.queensu.

L lA

GNU indent0f| &

ca/Software-Engineering/Cmetrics.html

E

TBEAI7| HIRILICE:

htpp://www.gnu.org/software/indent/

Q 18.2

mallocOi|Al EX|7t 2brist A

A

20 dALE &7l si=
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%} 18. TOOLS AND RESOURCES

Answer malloc =ME E2tF= 02{7tX| C|HZ mf7|X|S0| JFLICE 27|U= A % 9| StLt= conor
p. CahillA|2| “dbmalloc” 0|04, 19924 comp.sources.misc?| volumn 320{|A & &= QUGL|C}H EE
comp.sources.unix volumn 27| €& = U “leak” = EEL|C} JMalloc.c and JMaIIoc.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,Jj
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 | mzst Lt 2wz 78

a7t Uene?

rr

Answer C17|Q11, 2XZE 7& 4~ oo, 1 ZR0| FSFe| GNU C Hutdz] (E= gec2ld E2|2)E 2 H
ZIL|Ct. O|= prep.ai.mit.edul| pub/gnu C|EEZ|L} 7|E}F GNU OtF}0|E AMO|ENAM & = QU
SL|Ct MS-DOS 22 =ZEISt djgppE USLICH M 0|X|= http://www.delorie.com/djgpp/ &

=
PCC2t= 41|09 0f(shareware) HItU2{ = /204, 0|2 PCC12C. ZIPQIL|C}.
MS-DOSE AHItz{Z o Ak A —_rLO" 2 Ql= Power C= Mix Softwaredj| A BHEU D, TAE=

1132 Commerce Drive, Richardson, TX 75801, USA, Fs}tHS = 214-783-6001Q]L|C}.

Z[ 20| JH = HOY 2 2= lecZt UES LT Anonymous FTPZ ftp.cs.princeton.edul| pub/lccoi
M &4 QaL|C}

ftp.hitech.com.au@| hitech/pacificO|A] #l|0{%|0{ MS-DOSE ZHuLtUZHE F& 5 USLICE At
Tot= 2X0| OfL|2tH S22 & T et gaL|ch

—_ T [ R —
HZIEAl 822 F& = U= H0f9lo] Hutdei= LHZ Ao giELct

comp.compilersd| =l O}F[0|Ed|= Hule], CIE{=Z2|E|, EH(grammer) S0f| CHE =S| B
2 MEJI 01 JELICH (FAQ E|AEE Z &5 comp.compilers OFF 0| E = jecc.comO| Al 225t
= moderatoroI John R. LevineM|0f| 2|off &2|=| 10 UESLICH AR 7tsEH AHutde2{= 2t o|of 2 = Xt

2= Mark Hopkins, Steven Robenalt, 12|11 David Muir SharnoffA|0f| 2|5l 2t2|=/0{ ftp.idiom.com2|
pub/compilers—list/oﬂkl 7 = USLIC} (rtfm.mit.edu EEE= ftp.uu.net2| comp.compilers
C|2ll E2|0f| M news.answersOf| 28t O}7}0|E = Zt115}7| HIRIL|C &2 20.40% & 1517| B

ch)

Note O] EfHE MO Z Q= AQIL|Ct GCC= f2f “GNU C Compiler’ 2] 2FXFO|UK|TE, C ¢10{ &2
Ot OfL| 2} CH+, javall ZHE2 HO{ = X|5}7| Uf 20| 0|=Z0| “GNU Compiler Collection” OE 0| 20|
HFR AZLICH GCCRt Cf20{ GNU softwareE F&FA|2{H ftp.gnu.org?| /pub/OM & £ QU2
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Q 18.4

Answer

References

Q 18.5

Answer

Q 18.7

Answer

Note

0, IO M= ftp.bora.net2| /pub/gnu/0i|A] download gh= A0| REL|CE XpMlet A2 GCCe
0| X| Ol http://www.gnu.org/software/gcc/E WRSIA|H A £ QELICH

20{ 22 18.16% RtTSIA|7| HFZIL|C}.

panl l]lOII

Z2IS SEAIZSC, 04 OlASH SABILICL ARE HS OB &S 5 UX?
A lintE E212A17| BIRILICE (OIBLE -a, —c, -h, -p 52 SMES 2 HeILIC R0l C Hut
Ui Fuloh ZupUeiol ATt BALICH W2 ZEE BHS0f Ly| Sls) 24 BES 2ASHS

UL 7o 5tx| 47| mhRL|Ch

HE20f ZE 16.5, 16.8, 18.7% Z15}A|7| HERILICF

[Darwin].

fint' 2 ABIA|F|H™ malloc)S % IHOFC} “warning: possible pointer alignment problem”2t= A1
7} SHEHED], O O] ZTE LHASIR| oA B 5 QE7IR?

o=l linte] AR, malloc()O| “O{IH St EFRI Q| objectE XMZEE 4= U= 222 7IE2|7|= ZEQIEH
E Z|HEiC 2ls AMME 227 W E0o| O B0t LigL(C 8| %*%18 #ifdef lint Q0|
#deflneE MM malloc ()0 EHOF pseudo implementation'2 BIE0] F= ZdelL|ct JZX|or dat=
S5t 210 HAX|Z E0{FX| 22 7tsd0| Q7| =0l E2 EHol2t & == AUSLICH Xf2t2|
‘grep -v'E MAl & HA|X|E QloiH2|= o] 8M o Zhetst ot er ZAL[CH (2Lt 'lint' 7t
HO:I-’F—.': M2 HAIXESE FAlole &2 =0l= A2 R IYEELIC o= §4_._._F HA|X|E

21 Ho{7te ARE MZUX| 2EL|CH)

-

o

ANSI S 8t9| lintE & &= JS7t27?
CHEE A|AEIOAM £ £ U= 'PC-Lint'2} ‘FlexeLint' 7} 209, Of2f FAOM P& £ Q&L|C}:

Gimpel Software

3207 Hogarth Lane
Collegeville, PA 19426 USA
(+1) 610 584 4261
gimpel@netaxs.com

Unix System V release 42| lint&= ANSI i%?:, L
off ofalf zfzt ctE mi7|X| e (CHE C toolS0
sFzo=z BEHEZ HAAS == ANSI &8 __I CIE lintE2= ‘LCLint' 7} /204, larch.1lcs.mit.eduQ|
pub/Larch/lcllntoﬂA-I Tet —’,‘— UZEL|E} (via anonymous ftp).

Je2|0 =20 M3Ees B2 2ot =2 lint7t M35t AXE RIMIS| 2AE 2A6HD L F
= 7180| JUBLIC (‘gec’e| AR = -Wall -pedantic’ M2 A0 FL|C})

Jz2|3a UNIX Support LabsL} System V O x|
¢

C}.
= | HE SEl)Z MSE L

LCLint= GPLZ 2fo|MA=of Qlonf, EH|0|x|= cian ZaLch

http://lclint.cs.virginia.edu/

LGNU General Public License
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Q 18.8| ANSI function prototypeO| U2 L|7t O[A| lintE ERQUKX| ULIR?

Answer OFILIC} SOIEICIE prototypeS ZA§SID UM, SHIE F0{ wjof g SEIEHLICH ZRE proto-
type2 O}0fl 1= 0| WALICH SHR 2 lints 0f2] 2A TIUSS 211 UM HAH E + U
0, B4-80k OfL|a} B0|E] MOIMHX| ZAKH ZLICh HCi7t lintet 2] AlAglol Sgixol m2
28 AFSSIE BC| FaAS SHE w8 & 9| W20, Znielelol SWs IS0l £ AL
7150l o|=5HR| of, O[AlMo] =2 2 aHe AHAsteC| = =20| ElLich

‘lint' & A= CHAl function prototypeS N\7E' oM, MK of2{ oY =0| &2 prototype= X|R

X| HAFstd, =5t prototypeE M =X| ZH Ao OF oH.||:|- &2 171} 10.62 & 16H7| Hi2h|Cf

Q 18.9| clE{uiatol A T2&F 2 Qe C 210] PHAMLE 7|EF XtR S QILIR?

Answer E2 H&L|CH
— Tom Torfsh| = o 2 FEZ|HES 7HX| 2 UG .
http://members.xoom.com/tomtorfs/cintro.html.
— Christopher Sawtell\| 7} Bt= “Notes for C programmers’ = 02 =AM & = JSL|CH
* svr-ftp.eng.cam.ac.uk?| misc/sawtell C.shar
* garbo.uwasa.fi2| /pc/c-lang/c-lesson.zip
— Tim LoveM|2| “C for Programmers” = svr-ftp.eng.cam.ac.uk2| misc C|H EZ|AM & = QU
SLICH HTML B{X 2 of2fiof| M 7 == USLICh:
http://www-h.eng.cam.ac.uk/help/tpl/languages/C/teaching_C/teaching_C.html

— Coronado Enterprises C tutorial 2 Simtel 0|2 A}O| E 2| pub/msdos/c EE= http://www.swcp.com/ dodrillOi||j
M 78 2 st

— Rick RoweM|2| tutorial2 ftp.netcom.com?| pub/rowe/tutorde.zip EE= ftp.wustl.edul]
pub/MSDOS_UPLOADS/programming/c_language/ctutorde.zipO|M 7 & &= QU&SL|CT

— Web82 Z OIE0{Rl TAZRE=:
http://www.strath.ac.uk/CC/Courses/CCourse/CCourse.html

— Martin BrownM\|= C A A2 E Web0l| HA|§SLICE
http://www-isis.ecs.soton.ac.uk/computing/c/Welcome.html

— OtH Unix A|2BI0|ME learn c2t1 shell prompti| A =5t ZHESHA| 7F2 X SL|CH (224
Lt &S| 22fE LHEY AJULIC).

- oix/3fe 2 o] FAQ 220 MALE C 21of WS Bt USH, 1 EE webol M T & 2
Sl
http://wuw.eskimo.com/"scs/cclass/cclass.html
[Disclaimer: 017|0f| = B2 tutorialES MX7F CF ZESH 2 A2 OHL|EF EESHEE X off
217} QU 2402 OfLIC} 0 20| XML 0|20] S0f YU7| AT OBt HE HEE &

—o= T
Ei;.‘l—lﬂf ESHolH SR/ =22 U7 Al2to| X =5 2L X7t Ho{X|7| ufZ0i| 0{2{=0]
eles{l & o= ojo| HF FA2] 2YUX| = ZELICH]

— 0248t tutorial St C A0{0f| 2+5H 02{71X| HE = Oof2f URLOIAM & = USLIEE

http://www.lysator.liu.se/c/index.html
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Note

Q 18.10

Answer

Q 18.13

~ Vinit Carpenterd| = C2} C++2 B2 22U 027X XFEO| CHE 222 FXISHD UL
LICt O] 352 comp.lang.c2} comp.lang.c++0i| HA| =[O0 Of FAQ list7} U= Rof| (& 20.40
2t0), 20| E&E|0] /20, http://www.cyberdiem.com/vin/learn.htmlO|A & = JUE
LT
HEo0{ &2 18.10, 18.15c= & 15IA|7| HiEL|CH
® XMXte| Emo|X|e| Ct2 HIA0M 2HE X2 E FHOtE = USLICH
http://www.eskimo.com/"scs/C.html
C H01E 22410 St=H| E2 MZF FHs FAM L.
C lofofl &5t ME2 0| SUM 2F HHRY|0l= HFLIE BELICE MEtM 0| M 258 EIt
=t A2 HRUE °'0| Stich B2 Af%% | 7t M2 2HS01Zl Mo 7+& Eoto 25t

The C Programm/ng LanguageE =& gEL|Ct O =4 KermghanMI_..I- RitchieM| 7} &L CH (“K&R” o]

2t 0= Stof, X S| 2ol L2t /SLICE). 131'—? K&RO| =E X7} H7|0ll= MYSHX| 4tt=
olei giBLIck T8Il 2l Cf 0| 1 o= CE biFon], 0L & shickn Mg Ic
Je2iLt 2o| LH 0| 2Lt EHESLY | i 20| iEJEHE"Oﬂ CHet 3 HiE X|Alo| gl= ALENAl=
Fe2|Y AUL|Ct o] 2Mof| CHEE of2f EE MYHOILL MY S22 ofzfollM 728 = JUFLICH

= AH =5

— 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.cl| B2 AIRIEE K.N. KingM|7} £ C: A Modern approachE =& gtL|Ct.

JtEF £2 &0 MAEE C: A Reference ManualO|0d, Samuel p. HarbisonM|2} Guy. L. SteeleM|7} ¥ &
LICH B LW BHo| LEot USLICH

C AHOE MSEE HiR7|0ls MYSHX| X3t 0] FAQ S8 £TE 0 M2 LI2} JUEL|Ct. 0f
22| 0X|g} "HM F8" 2| [Summit]& & 1SHA|7| HEEL|CH

Mitch WrightM|= C2} UNIX0f &6t &2 =Moo chist 228 71X U204, ftp.rahul.net2]
pub/mitch/YABLO|A] & 5= QU&LICE

Scott McMahonM| = 0{2{7}X| BIZof Cj3t 22 74X 1 UL|ch
http://www.skwc.com/essent/cyberreviews.html

‘Association of C and C++ Users (ACCU)'&= C/C++0f| CHEH 42 S0 Cff
EI-;

o
rr
0 |
fjo
o
°
O

)
i)
r

http:://bach.cis.temple.edu/accu/bookcase
http://www.accu.org/accu

O| FAQ 5529 HEXIE AEsh= B2 Mol thgt 2 E 7HK[1 J&LCh

—_ = —

&L|ch HE20] A2 1895 ZIISIA|7| HERHL|CH

2 C2fo|E2{2|of tHet AAE T = USTR?
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Answer (public domain2 OH—IXIDF) P.J. PluagerM|2| The Standard C Library7t I&L|ICEH 2 & C 20| EE2{2|
off st &AA T == NetBSDLt GNU (22 LinuxT) project?| YEEOZ XM ZEL|CH HE 2R
18.15¢, 18165 A TIFA|7| HIRILIC

Note GNU C 2t0|E2{2|2| &H|0|X|= OfzHe} ZH&L|Ct:

http://www.gnu.org/software/glibc/

Q 18.13b 22}9l C reference manual0| JUES7IL27?

Answer 5 77} &L|C}:

— http://www.cs.man.ac.uk/standard_c/_index.html
— http://www.dinkumware.com/htm_cl/index.html.

Q 18.13c| Ansi/[IsO] C EZ=g 7& £ USNR?

Answer &2 11.22 H7J| HEL|C}.

Q 18.14

Answer

s

o Eesoh

rr

(expression)= It (parsing)std HIFst

2l

78| 7| X| 7t Z+Zt comp. sources.miscOl| 19931 12210, alt.sources0f| 1994 18| HA| =A%

ot X[g2& Sigl—lllf CHAl sunsite.unc.edu?| pub/packages/development/llbrarles/defunc 1.3.tar.Zj}
T # o0, lamont.ldgo.columbia.edul| “parbse” 2 F1& 5= QJSLIC| 042{7}X| SME0|

U= S-Lang CIE{ZEZ|E{= anonymous ftpE amy.tch.harvard.edu2| /pub/slangiA T

EL|Ct ESF Cmm (“C-minus-minus”)0|2t= 2|01 = JAELICH HEO| 2 F 18.16, 20.6 =

HEESLICH

/HEI5t= @ == Software Solutions in C2| Chapter 12, H| 0| X| 235-550{| M = 302 &= USL|

N

02 o HEl U A 4n
0z f= 4y DO

ol H

¥ 0 §

N

0 El

—_

Q 18.15

Answer

01010f| CHEt BNF EE= YACC 2HE 7

2

& lene?

I-.I r}o n

test ZHE =22 ANSI 250 =0 JELIcH 22 11.28 E7| ’igL(ch o2 2EHe 2= (C++t

2 =) J|m RosklndM|7|- otE ZdolH| ics.uci. edu9.| pub/c++grammarl.l.tar.Z2 YU —’F UL

Ct. OfOFE ftp.ics.uci.edu, OLD/pub/c++grammarl.l.tar . ZYUX|E B EL|CL E= ftp.esklmo.com_—ll
u/s/scs/roskind grammar.Z2 F& = QUSLICE ZAZFOI ANSI FH2 (Jeff LeeM| 7} A=)
ftp.uu.net?| (& F 18.16 1) usenet/net. sources/ansi c.grammer.ZO|M & 5= QO O, lexer7H]
ZSE|0] USLICEH [K&R2]2| £ E0|Lt FSF2| GNU C compilerf| M= EHE HE = USLICH

comp.compilers O}F}0|E= EHO0|| CHEH B2 MEE JHX| 10 JELICEH &2 F 18.32 27| HigfL|C}.

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 AU E HAES 2 4 YU todlE2 G227
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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.

Q 18.15c

I}

2 A= ZELI M E 2ots2 A2 eEnte?

Answer Bob StoutM|2| “SNIPPETS" = O 217|204, ftp.brokersys.com?| pub/snippetsl|http://www.brokersys.
Mg = USLICE

Lars WirzeniusM|2| “public” 2l0|E2{EZ|= ftp.funet.fi2| pub/language/C/Publib/0H|A ¥UE =
ULt

HE20{ &2 14.12, 18.9, 18.13, 18.16 = ZT5HA|7| HFRL|CE

Note SNIPPETSS| EH|0|X|= Ool2 2 HA = USL|CE:

http://www.snippets.org/

Q 18.15d “multiple precison arithmetic’ € 2|8t I =7} & L &tHL|C}

Answer BSD Unix libc 2A0| Q= “quad” S+-E2 EIH—?— 17| = 7| X[QL|C} (ftp.uu.netl| /systems/unix/bsd-sou:
oM F& £ J20{, GNU MP E'—f0||=|E-|E,| F MIRACL m{7|X| (http:://indigo.ie/ mscott/ &
1), J2|10 2= UnixO|AM M3 &= libmp.aE & 10 HEEL|CH HE0| 2 F 14.12, 18.16 = 2115}
AlZ7] HEEfL|CL

References [Dale] § 17 pp. 343—-454.

Q 18.16] o2/t 2718 ==azES 0¥ P + ALIR?
Answer T2 ]2 =Xtz 25 F716t0, 0|21 T2 IMES He|s =2 E(archive) AO|EEE LTS
715t U0, o|2{st Z2OMEE Maf= AIRSE YO Hotx| 1D 7| =0 o] ZZ2 0f<
CHESH | 2| SHME O{- &L
He| 2l SIHE FX|Z St 0lFI0|E AIO|EEZE 0|2 E™, ftp.uu.net, archive.wustl.eduy,

oak.oakland.edu, sumex-aim.stanford.edu, 12|11 wuachive.wustl.edu?} QUSLIC}. O] AFO|E
Co o= EIJ-S AﬁEO_”O.IE 7|.7(|—; oIO|:|;| |:|J-C> I—II:i%ol _-;'_7|.|_r,:_|0-| OIAL_||_-_|. FSFOI GNU ==H|

= -A-—r ] ZZ A
EQ9| & AIO|E= prep.ai.mit.eduRL|C}. O| APOIE'— HUZ "y | o 20| HH0| AR =
£ UX IDF, J2HE 42 0|2 AO|EVE JIe a2 &t16t7| HighL| ok

OIE{HIZ2 E35}0] 0|21 AIO|EO|AM THUS HHS & Q= JHA UHIH Ol HIEH S anonymous ftpE M=
AULICE ftpE & == SICHH, mail2 ftpE £ == U sHF = ftp-by-mail HtH?F to| Rleoz oA
2 MM EL|CE ATt world-wide web (WWW) = B2 H|0|H TtU =2 NS5t Qe Aot 2|
£ d A0l oni, LIO|HE Y 7tE MER 2hHQlL|C}

Jz2|1 o] H20| et g2 42 HE UX|TH 022 A2 MEX™Cl LHEof chst HLIcH & &
&= QE archive AFO|EES 25 LHFHLt 0| AO|EO|M HIOIEE BIotE = BHE e == A
2 S7tsELICH U MEE = JUCtH oj2{22 o] ZECH 2N MED LR AOIE & M2
S S olo| ¢ US ALCt.
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IE 0{2{ 20| 10Xt 3t= Ao ool Y= X| LHF7|= 2|2 Yol otL|ct. o|o| o[2{st 2 X
2leh 4= U= 2R lElAl MH|ATL D2 UELICH Alta Vistal} Excite, Yahoo7} 11 of|L|C}.
FEUE £ £ UCHH comp.sources.unixl} comp.sources.misc FmA JIF0 HI7|H2ZE HA|E
=, B2 A0 ol7to| B0 M55t HHE 0 EA7| HIELICH ol Ol 22 = = U= F 74
O AFO|EE AVHSHH

— ftp://gatekeeper.dec.com/pub/usenet/comp.sources.unix/
— ftp://ftp.uu.net/usenet/comp.sources.unix,/

A JZ comp.archives@ 02{7}X| F=A|0f| CHE 2 2 AHAIGtD USLICEH OfX|2e 2 A

T1& comp.sources.wanted|AH{= AAE X SOl AE g

) =

=

=
JdefLt A of A& 52 FAQ S5S A0 o{EA &2
7| HFEL|EE

G20 Z 2 14.12, 18.13, 18.15c = RtTSFA| 7| HZFL|CH

=
IO
g
o
A
rr
o
Ojo
H
N
i)
L
a

Note FSF2| GNU Z2X|E0| 2

http://www.gnu.org/
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19 #

System Dependencies

Q 19.1

Answer

7|5 S0 A RETURN 7|8 =2%| 9471 612 8t 2AHE 222{B o{E7H a0 51127 & 7|8 +8
m A3 20 21 X7t ZIS|X| 94| te™ ofeH| Stx?

o| Zxofl EH?_
ofofl C E=0f
I:HOI' 7_“:”' L-l'..l-l'

Interactive®t 7| 2= 222 CH7H 042{ Q0| ZO0tMM =220 o =X ™M= ELlch oA
o
7

EZ =2 0|AIMo| ot e it AT Bl(screen) Tt 7| EE0]| BEE HE
Shote| = Lot QK| gd&LIch CHAl ZHEHSH /O (EXZ O|F01Zl) AEE(stream)0|
UL .

OII
I
-

N2 29 MA7H 42 E E2 HE (backspace/delete S)e = U= UE HHE (HE 7|s2 A
Us| FLYSIX| RLEELE)
I..

1=5t7] IsiM LICh = AFEXAI7F RETURN 7| & S/ S {of B2 4,

X
Lot =2840] st --XHA! SHO{SO|A Woix ATt OHEIEF_-_

5 Zo| == 12lof Mg 8t 2x}
= 210{S0| E2(0|2 S getchar0)7} SEE 0, Z= 120 FEkel 1, AFBXIAHO B 52
Qlefurs T8, Zizto| 2XJ|ME SE2 1 B0l MYE LI
A2 LG RE 8 SA} ABIR|E SA|, TR0l ML= 51T, 5 S M= st
logic2 HF7| sljof gL} ot AIAE“ (0il€ =™ MS-DOS, VMSZ2| O-I._ BEEMs =203

|

a
g I o]
S =& o™ st+E =M sl Zot7| = 5, ot A|AH] (W& &M Unix, VMS2| 0{tH +E)01I
1= UHE Xelst= (BH7H "BolY =2to|H"etn E2 =) 0S| E&0ict & Bl XME| 7|[s2 11
2t 2kedot E.F [Tt J2|0 YEHol 2l sh=(0|E &M read(), getchar(), 5)E MM &t zxf
Al QlEL|CE EE O A|AEIGIAM = (ﬁol LENE BYX| Z2AM|AT A[AE) 213 XM2|7t FH X[
ol XMz|=0d, = cte Qo X2|& £ o], CIE HAlS & 2~ o= 710: Ql&L|Ct.

o HA T © T —
OEZ, Xt Hel2 ME[SH AU (FIEE o|E 7|52 11 4ChH), 012{20] 41 U= Al
AE0f| o| =Xl St Y-S MO BfL|CE comp.lang.c= C A7} F2lst U= 7[s0f EHE
AE EHE= _'0|‘:'E ol QEZ CHRE7[0l= HME5HR] 5Lk ALE |25 TE 72 O

£, 0|E& =™ comp.unix.questionsl} comp.os.msdos.programmerdl] =0{E= A0| W&EL|CH &
C a3 Q20| FAQ 2ES HE 2T TS WRILITH & 0|3 e A|AH 0| 0f2 SEOiCt

Zt2} Xto|7t U g = %OEE ’é@’ég 7tX|2 J|cte{of & X|= 2ELIC
X

Je2{Lt ol2{St EE2 A= 0o ol AN B E, LU0l HA0| M| = Us HHE 2o &
JHErL| Tt

Ot ™ 2| cursesOf| M= cbreak (), noecho(), getch () 2} ZH2, A F 2| S&0f St= &£ N SE
LICE ZHHS], 2 USE s = U FEIO| E25IEtH getpassOE A H EL|CL

UNIXO[ME ioctl ) B8 WA E{O|d =2t0|t| REEE Mo{& = UESLICE (“classic” HHEO[M &=
CBREAKL} RAWE M 11, System VL} POSIX A|AE+IO1|A1 = ICANON, c_cc[VMIN], 2|1 c_cc[VTIME] 2
M CHEE A|AEIO|M = ECHOE £ = JUBLICH I systemO It stty WHE £ == JUSLICE (B O

Ibatch-oriented mainframe
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KEMISE M KBHCHH, “classic” {0 A= <sgtty.h>2} tty(4)E, System VO AM = <termio.h>2}
termio(4)E, POSIX A|ARIH|M = <termios.h>2} termios(4)E BfOLEA|7| HEEFLICE)

MS-DOSOi| M= getchO L} getche O & M 7HLY, BIOS QIEH EO|| sHH5t= &f+E AW HL|CL

VMSO| A= A3 2l 22| (Screen Management) £EI(SMG$)0|Lt curses, EE= XM= $QIOE 10$_READVBLK]
&l=(5£& I0SM_NOECHO)E M gL|Ch (VMS E{0|d E2t0o|HoM = Bt ol 3t A2 1A
L} “pass through” EEE & == JUELICE)

CHE 2YXMAIM 5= Y2 2E FHOEA|7| BHEfL T

(0|3, £H3| setbuf OLt setvbuf 08 AAf stdin0| BT S|X| 047 SH= RS of Hofl 3t 2
R4 grop S0|= 8 Aol eAeLITt)

0|4|40] ¥ofit T2 IS SISTAF B 0 74 FS WHS 0l2{8t H#HES HOISD (1) Ef)
S SapoluiLt 21 AJAEIS "Bt Mol B 2R YSE NI, (2) BAE YLD, (3) E2
J3e 2Y o 224 Ejo|Y RER =RANT|S HYLICh (0|24, 0/ RS B5S2 ot}
C EZ0| =g HULICH) 0] FAQ SEo| STT(IER 20.40 )0 A 0f2{ AILE0fM 0f2{3t

Note ioctl(O2 M= 7% FE 0| F= Terminal I/OE M|0{5t7| 2|6t Zd0[0, [Lewine] O] &5 POSIX.10|
M Terminal 1/0 CIE{H[O|AE A2 THE O|RE LISt 20| MYHSHD USLICH

— ioctl() &= FHIM QIXbol w2t MEIM| CIXIe| EFY, I 7|7t EHetd £~ ooz, H
A H(specify)st7| O{FH SLICt.

— ioctl() Q| MESt semantics= AN A|OICE 2+H2F CHEL|C

kot

FS|

— OfEH L} implementation &, =X| 2t (international environment)0i| 8= Z0| S&L|Ct

5, ioctlO2 AHEX| G= gtrLIEh RiMlet A2 [Lewine] £ & 11517| HHELIC.

References [PCS] § 10 pp. 128-9, § 10.1 pp. 130-1; [POSIX] § 7.; [Lewine] Chap. 8 pp. 145.

Q 19.2

Mol dotLt Bf2 EXIF 7[5t U=X

30 MO
>

3 gtope whHo| AULER? B Ci7|5t
?

I |
gl8 4% HIZ &7t SESH BtE = eS0T

|'.||:| ﬂlIIlJ
Pl
N iNe)

ol

Answer ORIV X 2 2™ 5| 2LAMA e e|&X el HEQlL|Ct o XM 2| curses= nodelay () &
UA sl FLICh A|AEIO 2t CEEX|2E “nonblocking I/0" & & &= = A|ARIO] /JISL
“select”L} "poll" O|2t= A|AEI 22 0| 2 S CHAIE = QI&L|C} EE FIONREAD ioctl,
TIME], kbhit (), rdchk (), open() O|L}t fcntl () O|A{ O_NDELAY SMO| 0|2{Et ZHE S &
L|Ct HEO0] 22 19.1% 2tTSIA|7| HF=L|C}

°
IIJIIII m)_-l
i Mo
H
=

4

O
O
™/
<

Ho D4
i
rr

30
o>

AN 0
T/VI\

2

Q 19.3| st xt2jofl = HMET MM USK| Al BAIE 3 U= 2HHO(LE “twirling baton®” S FA|
—_d

=]
Answer 7}ZF ZtEbSE, O|Al o] Flofit W2 oF &2 &= CtZ, FHE2|X| 2[&(carriage return) X2l
\r'2 £85t= AYLICt o] EXAHE 2l T|E(line feed) AL 910] EXF AH B &S CHA| HOf
£ & USLIoh Es MA L 0| (backspace) EAMR! \b'E MM HME 6t 2t R F2=2 &7 & 2
1

AE Hol £ = UA Lot
2character-at-a-time
32 AY BAI] — -, /, [\ 5 2L Ao o} 7l &8



ZF19. SYSTEM DEPENDENCIES

References

Q194

Answer

References

Q 19.5

Answer

References

Q 19.6

Answer

References

Q 19.7

Answer

[150] § 5.2.2.
SIS KPS WHO? MZS Q5 HAEES FHSHE WS HME MY« y AUXIE 82 £
Ol HiHS?
M- o© [—

olz{et 22 0{2{&20| A1 = HO|d(E= CIAER|0])2] SF/0| w2t SHELICH TH7H = term-
cap, terminfo, curses@} ZtE Z}O|EHZZ|E MA 0|2 ZHAHES X2|§fL|Ct MS-DOS A|AHEINM=
clrscr(), gotoxy () E IO 7| HIEL|C.

SIS XL W 5 71 0[AIM0| £ WS B I|=(form-feed) 2AF (\£)8 H5HE HUL
Ch. o] 2XHE E5HH Tk B1510] XIUXIA| ELIC (E3 XX 25HX|8H ©f 0|A40] &2
W2 Z25| B2 newline 218 SAA| 8 515 Ho| oz S 7 H2l= WYLl opx|t
FHOE, systen)2 MM (IR 1027 211) 3102 x| JYS AW += USLICH

[PCS] § 5.1.4 pp. 54-60, § 5.1.5 pp. 60-62.

sHtE 71§ A

i
o
|0

2™ o{EA 3lof 3t

Terminfo, EE 23 termcap, 12|10 HH cursese= ASCIZ| Ol 7| E8 QEEIE = USL|CH et
O Z o|2qst 2 odz] 7o EXF UEHS 2 (CH7H AHEHW EXt= ESC, ‘\033') X o
Ml L= AMES| IEFE LT (keypad O E B E AR curses?} Of
L{ct)

MS-DOSOI A BHoF 2 X} 240] 001 Z(2XF ‘0'0] OFl1)o| SO{2CHE HS, Che 217} St
2= Zfolets AE LB = A Z LTt o] AE A7H H =(scan code)2t Sh=C|, 017(0f et A

rlo mn
HA mjo 12

Ny
8 ¢
<
o

r
N

02{ DOS programming guideE &O0FEA|H EL|CE (2 7HDF TS E™; up, left, right, down 3}&f
7|= 2tz 72, 75, 77, 800| 04, function keyE2 590{| M 68 A0|2] ZtS TEIL|CE)

EH Tl0

[PCS] § 5.1.4 pp. 56—7.

DF2A Qe ofE A X2l5Hte?

>

AR EMEE HOEAL HEet 74 OF0 20 EA|7] BIELH (74 O&0 =02 moll=
MAN FAQ SE2 2 th30) 02 MEl= X =9 ALE, MS-DOS, DHZIEA| SS2| A|AH0
w2t of @ cHELICh

[PCS] § 5.5 pp. 78-80.

0

A2 (“comm”) ZE /S22 O{EA X2|5tE?

ORREZER| 2 A|AEI0| 2| &H 2l EX|UL|CEH UNIXAH| M = /devd]| /e HEEE &KX TH S open, read,
write § &, HO|Y E20|H{ 7} MEst= o8] 7|s=2t A A ElL|ch MS-DOSO|M = o|2|
HolEl AEZ0l stdaux® M7{LE “COMI" T} 22 0[SO = DU AL} K4F BIOS QIEHES
S M0 ZL|ct ke H|E{*E0]| Joe Campbell\|2| C Programmer’s Guide to Serial Communications S

HshD Uit

atdl

“netter, 2 15-S AHEHE AR VBl E(netizen)’ FE2 3145 Pk
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Q 19.8

Answer

References

Q 19.9

Answer

Q 19.10

Answer

References

Q 19.11

Answer

References

9.30 1) &2 MM Ip'Lt ‘lpr T2 ASMFIHLE, ‘/dev/1p' 2}
Ct. MS-DOSO|IM = (H|EZ) D|g| Ho|&El AEZCOQ! stdprng
M mteiatod ElL|ct

o
_I_Z

=
7Lt “PRN"O|L} “LPT1" S 2 HtYUS E*O

Escape sequenceE E{O0|4O0|L} H| =5t ZX|0| HELj = giHE?
ZAE R0 ELf= HHE 2 JotH (2EF 19.8) &1, Escape sequenceE EUi= 22 Of
2 gl&L|ct ASCHZ ESC= 033, (10 RI=2 27), 0|2 2

fprintf (ofd, "\033[J");

2 M escape sequence, ESC [ JE EH £ JSL|C}

J2hEe Melsts W e

ALt Unixe, plot(3)2} plot(5)0i|A MHEGH=, EHX| S| =l
7| K= €2 EXLE & ¢ LI2 7|52 M3&LICH TS URLE & 106}

http://www.gnu.org/software/plotutils/plotutils.html

MS-DOSO1|A-| XI5 VESAL BGl E&0]| 2= 20| E2{2|2 M7= 8 HolL|c}

2H0| Jd2|= 22 th7H £ escape sequenceZ O|RO{EIL|CH E2F M ZAt= ti7i C A0 =2
El 2to|Ea{2| 7 |X|E M BstEZ, 0] WS MEX| net2 FIME7| HIZfL|CE
R =2 AAE(OZIEA[LE X Window System, EE= Microsoft Windows)2 M 11 QICHH, RI= J|s
£ #0 Ao{EX|z ZELICE o] A2 ZRE KA IE0|L FAQ SES M &15H7| vighct.

=2 =

[PCS] § 5.4 pp. 75-77.

M= AFEXo| A = nio| gicts 218 £35H4 ol &LCt otelo| EXiSh= X| o{E A 5tH &

= ir
At == USETR?
7

SEMO| =7 Melg gl gictE A2 &le
OfIE ‘2—!'&1% Mokd 5PE‘|EF': HIAE St F, otdE 47| ®Mof| (HH2
x| = 97| T2 olL|C}.
= stat (), access(), fopen() 0| ULSL|C (fopen() S £CHH TS
H EIL|Ct fopen()O| MINSICE T SHAM F=A mho| EXHSHX| =Lt
'— 7"8 OH;ILU:H ':'E o] ?:H\- S M= fopen() 0| 7tHE O|A M 0| SO LTt UNIXL| set-UID
7|'—0| RUCHH access () &= FL[ A MOF RELICE.
Cheo| otlo| Mo = HRCtT J7HHst=s AECH s 2|E 22 AAtHA] AHufF =X| Z=Alst

— =

= AO| HHE A gL T}

HE ©

IO [
~

—_ r_'_

om

Iy

> Ao

— o

M H

EEl

M

=2

>|EI

3

h

o r

I
b
o
(@)
=
Hu
2
mln
E
oy
-
ﬁ
j_
112a}

[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

ohdg 27| Mo O otel 37|18 & = JUS7tR?
C 0_10101|A1 “mtele| 3772k mhof =g astLict M&s| O 37|18 of
E A2 02 &AL E7HsEICh

UNIXO| M= stat () 7t HESE 2/2 U2 & = USLICH CHE 22| CHE A|AHI0| A= UNIXL2}
H|=St stat () &8 M35t H|=8t ZH(HESHX| 22 == US)S LHBLICE fseekOE M
M ot fIXIE M F=Z K7 OIS, ftellO2 MM ZtS AL fstat O 2 £ == UX|TH 0]
TR g2 22 CEE 7P<"—IEP Ut fstat ()2 O[A MO FO{LIX| 2420, stat O} 242 H

L —

o _>L
mlo
4>
30
rr
MO
P}
lo
p

HE L SLICH ftellO 2 HIO|H 2| o] otd 22 (5 HAE ntd), d&tet HfolE A °*
2 E=Ch= 220 SLICH OfH A|AHI2 f11e31ze()L+ filelength() 2} Zt2 &t X‘Il—'—o|~X|

%A Of4f440] FofLx| &LICH

B 97| Mo 1 skele] =718 ot 20| J HL B x| 91X H243) B HiLICH 9Lt C
QI0{ol|A] TH 57|18 oY= THa FHEBE WS mAS AojAl 2ojs o|y| m2Lc Tt
A2 ojof7t0f Tt T7|E ANBHE HE BUHR| SZ Mol B & ULICE

[ISO] § 7.9.9.4; [H&S] § 15.5.1; [PCS] § 12 p. 213; [POSIX] § 5.6.2.

ot i IRt AlZhS Lot oA SHtR?

Unix2} P IX gl stat O 2 AH FHUCh HREES| CHE A|ABINME O] B8 XL
(X220 2= 19.12% FSIA|7] HIZL|C})

2=
TODO: stat()Ol FEZOIX| OflX| Z=AH

ot g 2AM™s| X RAHLE A2 BHSX] 9410 ot 37|18 £0|= 20| glsSnte?

BSD A|AEI2 ftruncate() &8 MB5t, B CHE AABMA = chsize ) B8, EE O{HH A|
AEINM = fentl O =0l (CHH EAMSHE K| E’JE) F_FREESP M E MA It 37|18 &Y = U
SL|Ct. MS-DOSOI| M= 7H3 write(fd, "", 002 MA| sHZ& = UX|Tt 0|=2 25 0|AlH0| F
O{LEX| 4&LICE OfRVIX| 2 ot el o 22 &= A= 0|4]do| F ot HHE EXHSHA| ¢

&Lich HE0] &R 19.14% E05IA|7| I:I}E—,;,FL_U:[-_

otde| Szt Foll ot E(E£= BZE)E FIIGHALE XIg =+ USENR?

ot s ChA| 2FEX| 4= B {2l E27HSStEt L Bhof gLt (Bt A ZEE X[ ?= 0= 2HHS|
I Pl g jiAI(ma king)St= Z0| Ztetet s A20] & = JUSL|Ct) &, Heeet Lk mhedo] of:l o
H AlZ| BF

gLct

FO0{Zl AEZI(FILE *)O|L}, ot C| AT ZE{(descriptor)E MAM It O|E 2 CHA| Ho{EH &= U= &t
#Ho| JAS7tK7?

0] EXl= Yutdoz sHAE = SLICH o2 E0{, UnixHME (0 EES AT Z) C|A3
HHME CHA| = BiHO| OIE’}jF Z26t1, FOo{Z CIATZE{7} Tho| = (pipe)Lt X[HZE mh S Tt
27|10 JUctH 2F =~ glonf, &£ mpelo] o2 7 ’I3E X1 US AR = EEl 0|E2 U
£ =5 JELICt m2ta EFOE'% d o, ot O|E2 wZE MEst= 52| B (0|E =01, fopen()2]
wrapper &8 DIE0{)2 M0 EE&LICH
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Q 19.16

Answer

Note

References

Q 19.16b

Answer

References

Q 19.17

Answer

Note &

ot 2 oA X RLR?

HE Cafoleteial 80l renove ()8 421 FLICH (0] B2 ofok of SR |28 olExol
S MX| 4T BB S Qs REIX| o2 FEYULICH) 224, ANSI Unix 0T 2| AlARIOAlLE
renove OB I Z5tX| 948 +5 QJZLICE. 0| 29, unlinkOF 47| HigLIC

unlinkO= & &

4>
N
o
e
I
Il

[K&R2] § B1.1 p. 242; [ISO] § 7.9.4.1; [H&S] § 15.15 p. 382; [PCS] § 12 pp. 208, 220-221; [POSIX] §
551, § 824

TS ZAISHS W e?

system(OE MM =G MAOM MSots ot SAL BES AL (A 19.27 FH1), =210 ALE
LU S (fopen () O|L} XM=& It open A|AE E2E MAM) Lol XL HR| E= &3 H2|Z H0|H
£ %AFOHZ gHES 20 FLoh

K&R§1,§7.

of Mt dZ2E MM miUS & 5 QULIR7 of2fi 2t 20| ZESHH et Mufg|ch:

o=

fopen("c:\newdir\file.dat", "r")

AN 2ot ot 0|F2 — 2At \ndt \£7t AP 2D 2 — oo} EXWSHX| gFE AYULICh T2t A
Ztet X3 oto| He|X| gdsL Tt

EA Lt EXFEAM BEEiAl, \= o|AA0|= EXIZ SHME|N, FL2= EXM07 SEet 2
O|E F= o] A0lck= HE 7]295t7| HHEfLIo B&eA| 7} Tk 0|00 20[7] QISiME H&
EAIE 8 WM Cf2a 20| 2HE0{of gfL|cf:

fopen("c:\\newdir\\file.dat", "r")

rr

MS-DOSO|M= CHE HHE £ & USLICH HsEiA| ciilof S2fA|E M IR EEE FES)
EALZ QA E 7] o 20 chgaF 20| 5t EL T

fopen("c:/newdir/file.dat", "r")

(2Lt A 2|7] directive@l #includeX|A A= Tt Of
LIC} et AH7|0ll= WaefA|E g ettt

1 O
I

2 2AtEOo| ofLfet= AE Haslofr B
)

_E
k1
mm
r

SiC| Tle Eoretf, Mof FEE M A B 92 STULICH HLEBHR, LIS slcl mHU o)
Azt SIX|7} 1B 29, 22 T HAE R017i0 1E el MY X 227] mEelch
JHsBH ATH A2 E M| Hlete, Mt 220t SESE Zeetw, 2] Hutde s Fcf o
o] 2XIE HZE AWK & & U= SMS MIFI2Z, 1 7152 MAI7| HRRILICH (Ch7H Zurad
S -1 842 0| Sxo= &uc)

M
rlo
el

g
=5
B

I

=

[0

o,
i
rh,
1o
o
i)
e,
o,
(i
o
fu
2
18
3o
oo
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Q 19.18

Q 19.20

Answer

Note

References

Q 19.22

Answer

Q 19.23

Answer X

“Too many open files' 2H= 0218 BELICE O 5131 SAl0| & & U= Do U4 E 2
Ugnte?

T 7K O|ROIAM SAIM &€ = U= ohY 20| XM|EHo| JELICE stbte 29 MAAIM & = QU

= XE=ZF "mtY descriptor” L} ‘o SHE" | ZH=0f N|Sto| JUAHLE, BE Y EE (stdio) EI'OI':'E‘|E|
O|AM € &= QU= FILE M| U0 A|sto| /7| HEILICE o] &= £ i

A £ QI&L|CE MS-DOS A|AH|0| A= CONFIG.SYS mielE ¢7g Sl A

o H+E NE = UELC| b, ofH HOe{s o HFS (E= 1‘3—*9| A O E) MM stdio

FILE A2 AH+E =8 = JSLICH

4

CEZZ2OMAM CIHEEZIE A2 = JUFLII?

AA
POSIX E= &h0|10, CHEE Unix A|AEIHM M| E5t= opendir() 1} readdir(O 2 £ £ U= K|
Z Al 27| HFE“—IEF. EE MS- DOSI—P VMS, 7IEF AA”HINIME Ol & +E M3ste 47t ©HE
L|C}t (MS-DOSOl|= 7{2| H|z%38t U2 3l|F= FINDFIRSTS} FINDNEXT R EIS N Z25t7|= gL|ct)

readdir O 2 the=3| of O R Ye{F7| [EH-E-(HI. mtedofl chet XiMlet 27 ERSHEHHE stat )
st~ S MOF fL|Ct O[St o AL =TIHE IE S H| WS H A& 13.78 &115H7| HHgL

St= Y2, US| Lalf, =& C 2t0|E2{2|0| M= MS3SHX| &Lt 12 Ho| o
H

LOEHE M Z2E2[7F I UJU=X] & = USTHR7

2AMA I olH HEE U F= FEE MSE o UKL o] HHE ©
OILl[_I.
olL|C}.

64KZCt 2 HHO|LE T RHM E B2HE & USENR7

ICH2 & Huotd2{2tH AL 7tset M 222 otF AL M= SES siof JL|cht, J8X X
o Huotle{etH =200 S U 22| US SO[HX| ofL|H A|AHE ofEXHOI CHE Y-S M
Of gtL|LCt.

IlH)l

64K (BITOI ) AIEHS| 2 ZE{eiLich of2iRe| HFE(0] LOhLt B 0 22|7t oY LLEots
LSiSH0], 4 caKo| BEIE HUSIL A0 SX| SALIL) (C BAS 8 LaxEs| Kt 2

12!
=
H2, 012U BABHA| ALICH [COXIOA S 64KT}F T RIBtRILICE) O] 2, Y% 9l Z7to] of
Llof= wEigls Jefel Wio= AL ol FALE. OIS Sof SMo= HESE SRt By’
o Z2, EOIEIE Jf2|7|= EOIETE £ % U, & linked listt EOIE{O| BIH S & 2 UXL
c}.

oreF PC S 2t (8086 7[HEe]) A|AEIO|2IH, 2|10 64K EE= 640K Of| 22| M| St ZZICH “huge” O
22| RS ML} &% 0| 2 2|(expanded memory)L} @ Q M| 22| (extended memory)E M= A M
ZH5i '='7| I:I|-E"L| C}. EE malloc A/ Q2| =9l halloc()O|L} farmalloc() 2 M= HIH 0' , 32-bit
“flat” HItU2{(0|E =™ djgpp, EF 183 &11)E A= BHE UEL|CH E= DOS extenderE M
L CHE 2YMME M= AE Mze = USL| ot

6dynamically-allocated multidimensional arrays
"pointers to pointers

8

array of pointers
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Q 19.24

Answer

Q 19.25

Answer

Note

References

Q 19.27

Answer

References

Note

[1ISO] § 5.2.4.1; [C9X] § 5.2.4.1.

“DGROUP data allocation exceeds 64K"2}= 0f|2] H|A|X|7} LIRt=H] F& 2OITIR? ‘large’ T 22|
ZHE MeL| 64K 0| &2 HIO|EE £ == UCt MZist=0 2.

large’ M| 22| 2RAIE MEE2tE, MS-DOS Hutd2{= O H|O|E{(ZAtE 0L} M, Ee= HA HE
£)E52 0{X 3| default H|O|E| M[IHEO| F7| W20, O] MIIHE = 0X3]| overflow7} L0o{et %=
USLICEH M HEE Z0[AHLt, gref olo] E2YDE SUCHH (M7t 22 AL i 20[2+H), A
ot 2o o M2 FO0{A default CI[O|Ef M|OIMEE MX| f=5 ot EL|C} o Hule{s
2 "2I2" O|0|E{ S8t default H|O|Ef M[OHEO| 2{X|A|Z|X[2F, O|HE 02{ 20| MEHE == QU o
ZLICH (0 & =01 Microsoft AUt AR /Gt M2 MA "&I2" H|O[E{ 7 HOlEtE &2 AS

KoteX| X Ee = J[SLIE.

Ot F=20i 2{X|eh HZ22[0f| (memory-mapped HX|Lt H|E[2 H22[) H 25t ™ 087 5t&7?
5

M Bt ZOIEE BH=0] O FAE tURLICE ofif FHAE ALtE MM ZHEU207| o]
ol gl= YAl E o= A g defof etk

unsigned int *magicloc = (unsigned int *)0x12345678;

12{™ “*magicloc’0| 0{2{£0| 25}
OHEQ} offset2 LIEHHN = mE2|5H

0L 11

gE 9| S
of mz@o| CiE m2Iwo| o 2alof Maste A MEstn USD R, 28 m2AH0i[A 0
g A Mt HE el ErHSELIC B 28 =2 1240] ObLl OSLY device driver T2
e of2lelLct

CZ=2T oM CtE =20 M(2E MAS HHOo|Lt SRt
2{0d) o{EA| 577

re
[H
H
I
DI'U
i
fo
4r
i
v
|'D
[
0%
_o‘ﬂ

2}0|22{2| 840l systen() 8 AT ELICH systen( 9| 2| 242 B2{A]
i AEf (exit status)ZHe 2 7IBHAI7| BIRILICH (22{Lt Ol E&0f Mol=(of UX| 7| |2
of T J%x| %28 5 UALICH. Ol iy 1 T2 S0 W Arplo| lLICh ol
systen()0| BH= QIXHE BhLte| 2Afolats A 7|245Py| HIRILICE ety of2] ol (SEEh
SXIAS 3t 2XIY = B2 H Rt UCH sprintf O 4@ FUCh A0 AR 10.30F 15|
7| BhEiLIc,

[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]of| L2 &2 Oz QI8 EH chE ot 25U Ch

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

siAstH ohga 25Ut

system() 0| MEE= QIXt= 2 MA2f HEH X2|7|of MHE O A|AE0| 2fEHQl diloz A
SELICE UNIX AAEINME HE XM2(7|= shelldL|CH system() 2| 2|E L2 A|AHI0| 2| EXO|
LE, Choi= A=ttt ¥ 8- =Tt Lok

2 AdAAM O E-E o2 = SR
o

o
Unix@} O A|AEIER

popen() &+E MEBILIEE O] &= stdio AER S X Tt S XNz
St= ZEMA2t no|Z 2 AZSH SLICH MEtM 1 HEe| E82 (= U Jts) 0222 =

ZOHAHM AHE & USLIEE (RE0, pclose ) &+ E S2{FOF &fLIEL)

(Bt 7kX| 7|43l F0{0F St= N2 freopen() &= ESH= LHE SEGH 2 = Ut AY
Lct)

[PCS] § 11 p. 169.

Z2 % oloj|M, Z2e| Hof Z2E Hofd = Yente?

argvl0]10| FCH Z2E LIELHHLE, YRS S LEt 25 UX|TH OFRHE LIER|X] Y2 S
SLICH o] A2 T H2l7|70| 4N F=2 Yme|ES Bl A oieel Ho) Z2E o
RIGLICE J2iLt 00| 2Hs st shZMolatn LE +E

4> 32

Ag otol = /X[, Z2Oel 4 ntds MEst A2, o8 5tH O J2E HeE =
Agnte?

OEsLct 2F 19319 LIES WA &S| HHgL . of2{ 20| 1 LS LJUCD SIEELE,
O 43 ofde| X|E HiE = U= Y-(WE =0 2t HE 2= A)E MSsts #Ho| Es4
Ct. (53] of2{22| =2 30| HE[ FX A[AE0M 22 ChE AHRfol ofsh, 22y o2 4F ot
£ MM SEE 27t JHH o] 7|52 HE S2ELH)

TEMAZI O Z2EMAE

=)
s sk, AKX HE 7

H|=5t7|= SHX|RH 2tX5| 2
Zo| He|g == UX|TH O E Al
UnixOl M= Z2MAE RHAlo] St40HE D& (0 A AEE2 setenv() 2 putenv() EFE MA)
= U0, HEE &8 HSEE2 Ot E AHA(child) Z2 M A0 MY = X|QH 22 (parent) ZZ2M|A
ol ME=X| &LICh MS-DOSOIM = OtAE] Bt B8 T& £ QIX|TH o] HH2 0 =&
SrL|ct XbA|EH A2 MS-DOS FAQ 558 F1st7| Highi|ct)

|>
i
2
lo
rh
il
o
HO
2
°
r
i

1

9

command langauge interpreter

Omaster copy of the environment
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ZF19. SYSTEM DEPENDENCIES

Q 19.36

Answer

Q 19.37

Answer

References

Q 19.38

Answer

QEAME mtAZ oM O LHEE et ™ o e Stx?

S£x & 7{(dynamic linker)L} S& ZC{(dynamic loader)7} ZBtLICH HZE|IE SHoZ S5}
_'(malloc) QHANE i 210 2= AL JI55HX|0LH QEHE nhe §Alo| EXstE otctH
OiEf= e 09 =ZRIE SELICE BSD Unbx0lA{= system() 529l 1d -4 WS WA 2ATE
4= Q&L|Ct CHEE Q| SunOSL} System V2| HHAEE -1dl 2}0|E2{E2|E MM QLEHNE o] S
Moz 2|7 g £ USL|CH VMSO| A= LIB$FIND_IMAGE_SYMBOLEZ M A{ O] 7|OE ots £~ 9l
1, GNUOIM = 0of 55‘.'9_% “did” )7 | K| =2 M| ZEtL|Ct SHE20] A2 15.13% Z5 A 7| HFRL|CF

FO{Z A|ZIREE T2 ALE ALEAIe] S AlZtE M o, = SRl 20t 5 M2 EHeIE £2(8 o
YA Stx?

o|.E_|.77I-7.|||: j_F."_-I I%
2t= R £2U=
= clock(), delay(), gettimeofday(), msleep(), nap() napms (), nanosleep(), setitimer(),
sleep(), times(), usleep() O] JUSZLICE (UnixO|AM NMBE = wait() &= O|H 7|s0]| OflL
Ct.) select Q2 poll O E & = UCHH ZHEHSt 7(CH2(7] g8 BHE = USLIEE MS-DOS A|AH!
HIME AAEI EIO|HE =202 YUst EFO|D] CIHBEEE M= BIHE A

=
=

E2 clock() &% THO| ANSI EFQIL|C} clock() 4B
Azl A1zt u|—lo+ £ Qlond, 1 A|Zte| ©HQ|= CLOCKS_PER_SEG7} 1& 4
MEe = USL|CE 2 Lt clockO 2 SA ZE2MAOMTE A|ZEXIE AlLteh = U
EfAZ A|AEIOM = ZIRE A2t = 2F2E CHE = JUSLIC

|5H= oAl O] oLt BHHE AL T V7 Unix?t 1 EHEL ftime () 0|

xz
848 K250, 0] B millisecond EH9|2 SHBILIC & CIE BHEE

OHOF 0421 20| delay B4 E DHSV|S 5D, AIZHS UBIZL BIAE & 2 UCHE, CPU-intensive
busy-waiting2 MA Bt == S ALICH iUt Ol= AIZ EHAS D{AIOIA EXF 2 HS0l|TH &
T UGLCH HE[EHAZ 2Y MA oM = o{2{22 ZEMATE o 7(ZtEe &S50 USE = /U
CHOIE £0 sleep(), select(), pause(DE alarm() 1} setitimer )2} &7 MA )= AE HASH
of BhL|C}
AZHE X[AA|7|= ZHeher S 2 CHZ 0t 20| OtF A= StHX| Y= FZE AI86t= A LTt
long int i;
for(i = 0; i < 1000000; i++)
24, ol2{st ZEE A= A2 & £ UMW H[5HY| Higit|ch Lt & B gheg AQIVIE & M
E”OHOF StHq, Ef WFE Z2MMOlM = o] 240 & =0 ALt %’_‘._r—‘il 2 ez, £2 Aoty
?I2t 20| OFF W= SHX| = T E= XS Aol A b HZ = USLICE

[H&S] § 18.1 pp. 398-9; [PCS] § 12 pp. 197-8, 215-6; [POSIX] § 4.5.2.

Control-C2t Z2 7|2 = QBB EE FAISIAHL &otd &= USL7?

#include <signal.h>
signal (SIGINT, SIG_IGN);

Sl QIEZE AIDLE PAISE X
func) 7} 2K/ DHE & %§L|E|-,
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ZF19. SYSTEM DEPENDENCIES

References

Q 19.39

Answer

References

Q 19.40

Answer

Q 19.40b

Answer

Q 19.40c

extern void func(int);
signal (SIGINT, func);

Unix2t 262 HE| EfAZ A|ARIGIM = T2 22 f-HE M= Ao § E&LCE
extern void func(int);

if (signal (SIGINT, SIG_IGN) != SIG_IGN)
signal (SIGINT, func);

UM =AHZRD =y o=z —'?’—% signal ()& foregroundOf| M AlSHEl = Z J240)|A] EfMSH F|EE
QIE{ & E 7} backgroundOf| Al S2tst= =2 J2H0)|7| &R MY E= A2 2fof FLICH (£ o|H &2

TET} signalO 2 FE2= Y40 HILIXIE E’JQ'—IEP-)
OoftH A|AHINME 7|EE CIE{Z ETJ} E{O|Y Ql8d A|AHI0f [f2} Q&S Yty | = S|} 212 19.12

ZtT1SH7| HEZIL|CH O A|AEIM= F|IEE O[E-IE-IEE A= Zde =2 Jelio| g ol

A= — =
e mfo|Bt M0, O3 AL, CIHBE XZ|= 0 Q& ZEI0| AA0| =L} 2} |:|-afxl|_||_-_|.
MS-DOS A|AEINME= setcbrk()OIL—I- ctrlbrk() &£ M7|_'.:_ shL|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| )& S X|A| X 2|ots HHO| USWR?

CHE 2| A|AEIO|AS matherr () BHE HOSA O Al o1| 2471 (0| & S0f <nath n>0t9| 3
0] 2laf) Wt W, E{ KA & £ USLIC = signal O BHHE WA (RS 19.38 £ 1) SIGFPE
E ot == JUFLICE H20] EF 1495 EISHA|7| i ot

[Rationale] § 4.5.1.

2 F(socket)S M= BIHO? IF | E Q|3 client/serverE D= = HHH 27

olz{st 22 0| FAQ 552 HeE so{HLICt C HOZE o|H HESRZH 7|52 XME|sts A2 o
2 MM MES D USL|CH = E 05t 2 © 2 = Douglas ComerM| 2| 3R MKIE| 242l Internetworking
with TCP/IP2} W. R. StevensMIOI UNIX Networking Programming0| /&L|Ct NetO| = “UNIX Socket

FAQ'E =Z&lst o2 MEJF A JAESLICE O] socket FAQ= CHS URLAIM &k &= QIELICE

BIOSE S&5t WY SR? TSRS Bl=E whe U7 MlaLch

O|l= Ot (MS-DOSE M= PC) A|AHIO| O 2|&X 2l EM|QIL|CE. comp.os.msdos . programmerLt
Ol JF2 FAQ 558 2M A= HETJ} JEL|CE & Ralf Browni|2| QIE{HE S8 &5t
7| "igh et

o T2 S HutUsta] st=r|, HTtU2{7t “unnion REGS' 7} Mo/ UX| QCtT o|2HE &
H5t1, A= int86() 0] FH|=|0] UX| LTt o215 HiL|Cf.

11Ralf Brown’s interrupt list
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ZF19. SYSTEM DEPENDENCIES

Answer 5 MS-DOS QIE{BE T2 IHYS SHeclofl B2o HRYLICH CF2 AIAROIAlS ZX45HA] o4

Q 19.41

Answer

L|C}.

8L} M= H|EF st4Lf A|AEI0| 2| =X 0l 8t42 MM Otg|= X X|QL|C & T2 7242 ANSI
S310| £|0{0F SIL|7tR. R HIHO| 27187

0 =X| 42 Atsto|HLt 0H.||:|_4 XM2EHE ZR ol55tn Y= B9 u,| Ch. oHLtstTd ANSI/[ISO]
CEFS — 2YH|N|7} ofl oHofof| CHSE A2t — O] 1%_} 712 s Molstm YX| 97| mf
EQLIct o|2{Et 2ofoll thEt FX| EES POSIX?0lM CHRE DD U2 1 (Unix 80} ofL|2}) ©te 2
o HMOM POSIX E8t2| CIE{m|0|AE X251 ouAqu

HEH2 ANS| £5t0 2 AMEH= A2 O HIEHRISHN EE JFSEHLCH = A

o —
kS =
AHEIO| o|ZEX Q| HESOE Hado| nlof| [t Zof £, LIS0| 1 EE20t A2 25t ﬁ_%]
gio] Eotzt = UEE QtEH E&L|CE

I2TEEE 1003.1, [ISO]/IEC 9945-1
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Al 20 A
Miscellaneous

o] oM = M=0| 5£5HR, THE Eof| sHESHA| 8= 042{7HX| =X E HHELICE M3 F HEM = 0=

IR Z2 120 E| 3 Y 1} bitLt byte HH| 2 NSt 2 S AJHELICH O OS2 2 S 0} (efficiency) 1}
C AH0{2| switchOl| CHaH CHEL|CE “7|Ef AHO0{ 7|&" THEf2 MEo| AR Ql(historical) L 20| Bf&L T

0| CHete C o10{9| 7|50 of I MIE=X|, £ e AlRtS0| et o3t 7|50] 2f C o1o{of
M M Z2EX| H=XE MEBIL|CE 0f7|0f Bt AFSHS C 018} CHE 0{9te| Xfo|X S A5t | = &
L|Ck.
otmE|Zof 2ot A 2 5t WO = MI|0|E SAIRILICE 50| 22 AUNE|E MHS 2MO= 5 A
o| ofL|7|ofl, “AUnE|Z" M s BE C T2 IeHM7} CHR0{0f 5H= ZBF AW EH|CY.
o] Mo| AR} Ctate Tt} 20| Lis £ YUaLict
7€} Bl2Y 20.1-20.6
H| E ¢} nlo]E 20.7 - 20.12
284 20.12-20.16
switch &% 20.16 — 20.18
7€} @lo] 7]% 20.19 — 20.24
T2 Qo] E 20.25 - 20.27
gy a]E 20.28 — 20.33
"2 A} 20.34 — 20.40
A 1A 7EHAaY
Q 20.1| st a0l of2f 7HQ| 242 2B 5 JUST2?
Answer M| 7tX| SHHS £ 4= QIELICE StLt= Bt LIEO|M D& 4 QIE2 ZQIE{Z QIXtE "= Zo| 1,
StLt= of2] JHo| MM E JHK|= XA E 2|E5HEE 5t AQLICt OX|ato 2 [ M2 0|8
St gio| QUELICH HIE20] RS 27, 48, 7.5a% Zt051A|7| HERIL|CH
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2+ 20. MISCELLANEOUS 2. H|EZ Hfo]E

Q 20.3

Answer

References

Q 20.5

Answer

References

Q 20.6

Answer

References

‘command-line argument'0f| & 26t= EH 27
mainQ O FMEE| =, argy B GO CHEE EOIBIS M JHSEILICE S0 W2 8.2, 137, 19.20% &

TEHA|7] BERHLICE

[K&R1] § 5.11 pp. 110-114; [K&R?2] § 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. 33940 Appendix F; [Dale] § 4 pp. 75-85.

2tz Ct2 fE A7|L} (word size), CHE HIO|E =AM E (byte order) A=, EE= ZfZF CIE Al ZOH
£ (floating point format) A= HEEO|A H|0|E Gt E F10 2toz] §fL|C} o/ 0| &
o=

7tk o| Al o] FHof it A2 (CH7H ASCII ZER &) EIAE
fscanf O 2t &2 &5 MM FHL|CL (U ESI Z2EZ
L|ct) 2Lt A E mtd 2 dio|uH 2| ol Hs] 2| & 7F LK1, Z2 MO E =Z&teh
o= Z717F €W 2 = UCh= A S LOLF0{0F BfLICEH 0|28t HEHM = BIAE iz XNEe
B, ZZ LHE &2 FEOIMZ O]l HIO|HE & & Utt= &FO0| UYL, = o|2et HAE I
UE XMelste B2 52&F &850 JUrte AE ’é'i’—.*%* m, BIAE nrol S2de U=XsHE XL
Xl &Lt

4 dHio|Hz2| otd2 Mofot BiCtH, 0|4l dE =0|7] 2l5, EE= 7|&2| 2f0|EE2|E 4= AE 2
F2|7| 2I5l, Sun2| XDR (RFC 1014)0|L} OSI2| ASN.1 (CCITT X.4092} [ISO] 8825 “Basic Encoding
Rules" 0| M &fZ=F]), CDF, netCDF, HDFE M= 40| 22 AQULICH HE0] EF 2.12% FSHA|7|
HEEfL( T

[PCS] § 6 pp. 86, 88.

SRI0| ofi B2l 0|Z0] NS0 US W, O AU BIOZ BHE SEHEY & USNHE?
JhE REHO Wee 242t B4 0|S Tt Bl mOIES H|0| 0l XISk HeLIck

int func(), anotherfunc();

struct { char *name; int (*funcptr)(); } symtab[] = {
"func", func,
"anotherfunc", anotherfunc,

};
1 o2, 242te| o| ol siEsh= HIolE S5 FIMA siEst= & ZQIHE S&6tH gL
HE0{ Z& 2.15, 18.14, 19.36 = Zt15IA|7| HEEHL|CH
11

[PCS] § 11 p. 168.

A2d wEs) vlole

Q 20.8

HIE(bit)Z O|R01Zl ZB L WYY S DHS2IT Of B BHz?
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ZF 20. MISCELLANEOQUS 3. 4]

HMofstr| fgt AHAE ALESH=E

Answer char EE= int EIQIS| HHY S Ot=11 ZIZIo| H|E
1

#include <limits.h> /* for CHAR_BIT */

#define BITMASK(b) (1 << ((b) % CHAR_BIT))
#define BITSLOT(b) ((b) / CHAR_BIT)

#define BITSET(a, b) ((a) [BITSLOT(b)] |= BITMASK(b))
#define BITTEST(a, b) ((a) [BITSLOT(b)] & BITMASK (b))

(9Hek <limits.h>7} QACHDH CHAR_BIT CHAl 82 M 7| HEEILICE)

References [H&S] § 7.6.7 pp. 211-216.

if (*(char *)&x == 1)
printf("little-endian\n");
else
printf ("big-endian\n");
uniong2 MAME 7t EH|C}.

HE0] AR 10.16%= & 1SIA|7| HEZFL|CH

References [H&S] § 6.1.2 pp. 163-4.

[

Q 20.10| "= 2 7L 16 RS2 HERS ST
Answer MK 22 E25ta st= X|E & A424517| LIS 107, 167, 8%, 2%
2|8t X|of AFRQI0| M LHEXMO 2 2 Rl 2 MEEL|CH 0]2{8H R 0| ZhAl CHALO
AN AFRXIQ} QIE{H 0| ASHs B2 (outside world) 2l L|C}.
AN FEO|M 10EI57F OFl EHO 2, 8RI5E HY|5H7| Il $X| 2ol 02 20| AL, 16X
it

e
ol
o
N
0
ol
==
o
<

20|= Ao| JUzLIct A 1I/0E M| o= o|2{et =X[5HA 2 printf2}
at specifier) X|™HELICE (%d, %o, %x S). EE&= strtol(),
l.

strtoul O Bf2| MBI QUXZE X|EY & USFLICHL OfH X2 X2 =AEZ HEsHD

X} BICIE 01212 AAR 0[2{5t U2 St B2 BHS0{0} BILIC} (7|54} streol B

T2t Bt =

—_— — = e
= Y E olfof §fL|Ct). HIO[LAE|(binary) I/OE & Ol = Of2{et 2{{0| M5 EELBfL|C}
HO[LHZ] 1/00f| 2t5t A2 AF 2.112 FH1517| Lt 20| 2 F 8.6, 13.1% FHIIGHA|7] HEE

L|C}.

References [ISO] § 7.10.1.5, 7.10.1.6.

Q 20.11 | &= x|™et o 2742 (0= S 0b101010K ) & £ QULIR? &= 2EILE E35}7| 9|5t

printf() ZSHO| QULIR?

AN
Answer &= A 2= gl&L|Ct 2
HE0] AZ 20.10= & 1SHA|7| HEZFL|CH
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ZF 20. MISCELLANEOUS 3. 884

A3d =&

Q 20.12

Answer

Q 20.13

Answer

Q 20.14

FO01Zl X0 M HIE 10| H JHQIX| Ml=(count) 2ot Ql EHH2 F3QI7IR7

0|2{5t "H|Eof| 2HE A" (bit-fiddling) ZX| S lookup H|O|EE MM sHEE = UFLICH (O
2Lt 22 20.132 & At0517| HiEfLIC.

HE S0 ™ MAUAM 7t FHSLE EXF SAF Z=E= EXE M5 SAIGHA| @42 ZEZCE =8
Lok |28 Jt2 &f7|H ch2a ZsL ok
For example, the most microoptimized character-copying loop in the world will be beat by code
which avoids having to copy characters at all.

S Mzist o, Ya|M BiabEofot BiLICH SR, “HolLp STHE 017} 7} 017l of
217F 2 % QUXIRH ARFS0| B 2| MZisHe AL ofdL|ch CHE S| BELE AlZbo)
Htime-critical) Z 27} Q&LICH CHAl Yoty I=7 917| 487, & Hojt A=} 0| AN 0|
LH=717F BHAIARY 7} o BbaLICH (HEEI= 049 82 7|7ahs He Qo orgL|ct |
Hol" Acalz SapxQl HoUe HRIH 2X7F gle A9t galich)

2ol A Ot HE0| 7hA Z28H 22 (hot spot)2IX| D|2| AlXtH A2 Y2 ofFRLIc 5
=95 2H7t ECHH =2 a2 (profiling) AZEQO{E A0 SALICE TjIf= AKX A|ZF
Xxlo| o, ol & S0f I/OL} B 22| Beta} Zr2 RojA| 2fo| ZE uj7} Bond, ofH EXIE

= s stct

H 2 01S0{of BEEtE A O] O|M|3 EENIA| YYUs|
o ut oz 3R Qs A S0 29 XS EE LIE
2ol QU&LIC 2Lt ofF Zhekstr Lt 7| =R ol
JF TS R QILIC) B MBIBIET T =0 0f2{7HRI 2 SX|SX| 7|9l =

2 2 ol
Iy N B
Nox

|

ok

C

_‘_n

I

Ol
xh H <2

°

T
IR

1

l.

ra om
N O
-

U

s

>

OI:I]]
Hio
2
ro K
kU

PZ] M= o

fl

im0 <2
co

(shift)
= X 2|5l
235(2 HA =
O A|AEIO M=
st et I

o 2 yn2lEe

e
ke
1o
[¥
rnr

ma>o> > roro X [k
[

(O] <y ]

2
7
n

.I

E M tradeoff'off TS 0124 71X| =M 2, E0tM0| 25 EX7F 2 mff, o{E7 E0tMdg =dA

OI7t0| CHEE =™ OtE S QEIL|CT 0|21 LIS KernighanZ} Plaugerl| The Elements of Programming
Style2| Chapter 7, 12|10 Jon Bentley2| Writing Efficient ProgramsE &116}+7| HFZL|C}.

M
rr
|'F| oY

0
|
H
S
~

lif

I
A SESHEHELE THE A|2-0M = 235|3 =2iX|= 225 2eL
2|ME| P 2= A2 &l 2ot linear 85 S E 71N 2 ELIEL X
St=% ot= 0| WELof

o i
mo

r

Moz EOIEL UL B2 SEBILIR? B4 SES ofo HE AIZHS FORIZE? ++i7h1 =
i+ 1ECHHEA SABItR7

Answer 0|21 2SS TEA|AQ Zate2{oll wt2t Efo| ZEILICH ZHots| 2T AlCte B|AE T2
2 otsof Alzke AB FLICh J2{Lt O xjo|7} i 2 H7| mi 2o Ze Z2IHe S E2iof
x| BELICH Do Zmeivt ofMEe| olof 22 XRABICHE, S Jix] SV} 2 WAl
2 ZuU s x| M solsty| Bhgiict

Lggoletn MT = QAR A8 mPe a2 A2H7) 931 WsA syt
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2l 20. MISCELLANEOUS 4. SWITCH &3

YHtM o2 Z HiEE |0 LiEmoll= '[17 HALECE ZOIE| 40| E Ao =2 22X UX|TH O

o ZZMMOAM = Lt

gt S &2 22tQl(in-line) Z=EECH =2l Z0| =AISHX| 2t I E2| 2 &3} (modularity) 2+ 3l & (clarity) 2
MZISICHH gt S &8 M HO| WELCH

=i+ 12 ZEE F O U2 YA Q2 HiETY| FMof|, 02{E2 ZtEEE AMTV|E S = Ao of
L2t Zaotdaiet A Estch= AS 7195H7| HigfL|ot Sl Ao =R E ++1, 1 += 1,1 = 1

+ 1022 A2 25 £L2 Z=EE oS0 HLCEL = SO0l ++i,1 += 1,1 =i + 1 5 0 A

g ML= XM= AERL0| 25 2X0[X|, I 0|4 kMol 25t EX[7t ofL|Ct (HE0] & E
3.125 E15IA|7| HEZfL|CE) (See also question 3.12.)

Q 20.15b

ShArE 2ol (M EHE AISE E 27t QICt= 0| 2 2| At Hut2{ 7t (optimizing compiler)
SHLICE J2{ut M| &= Hst HOot s i /= 22 XE shift2 CHAA|Z|X| 22 2.
F signed@!L |77}, OfL|™ unsigned@IL|7}? OFQk signed EfQIO|RUCHH, ‘shift’ AT} ZHX| 5L

Ch (BlE: i7t 250|100 B 49 E M2 27| BigfL|ct) JefAM Huotd a7} shift’ Aakg MX|
%S ALY,

Answer i

Q 20.15c| YAl Mz HS Q0| F B2 LYRS HIR 4 USNIR?
Answer QE|El OjMEE| T2 IS EBS MM T2} 20| OIS £ JAL|Ct
a "= b;
b "= a;
a "= b;

J2{Ltolet Z2 FEE BICH| HLL?Ol& SX| fSLIh A s B =25t 200, ot2at &

—

int t = a;

a = b;

b =t;
TEES 9= AK0| 054517] £I=S BHS0f & #ot ofL|2t, HutYRi7t 0| ofsHaiA THE E3t
Mol ZEE Ut £ UEE off ZLICH (7HSSHHH swap BEES MA]). ATt oA ALESHH F
Mo} HOIE|, M40} 242 EfQIY W)= AL8E = USL|C EOI5| XORE AFS3H a2 0|9t ¢
S of|o|E{ Eflolls 2 & iALICH HE0] &S 3.3b, 10.35 ETSHAI7| HERIL|CE

Al 4 A switch &A+

Q 20.17 | =xr20| chsh switch= £ £~ YSHte?

Answer ZMMoZ = & £ QIELICH d2{L}, 2XE S Y2 fEHAI7| = &5 MA 0]
M JhssL|Ch O K| 4CtH stremp ()2} if/elseE HHESHA] H|W3HOF S
10.12, 20.18, 20.29% & 15}A|7| HERHL|CF.

2High Level Language
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%+ 20. MISCELLANEOUS 5. 7]E} olo] 7%

References [K&R1] § 3.4 p. 55; [K&R2] § 3.4 p. 58; [ISO] § 6.6.4.2; [H&S] § 8.7 p. 248.

Q 20.18

Answer

Note

References

4

(o]

case label0i] &=p7t OHl EH (G & S0 O He|Lt Lt 4])S AIEst= YRI0| JUSTHR?

r

0f|, case label2 =t St(single), &FZ=2|(constant), &= =2l (integral expression)Z! |
Ct. =& ofLt2| statement0f| 0121 case label2 E0|= A2 2 IS HRE SLHE = JELICE (OF
2 oifx| 2t).
UHt =AIO[LE M7t Ofl Al ALESHH T, if/elseE AFESHOF ELICE.

= H

HE0] AZE 20175 Z

fIELICt switch statement= Rl Aob2{ 7 Of R ZHESHA HY e = JEF CIXIE R | =2
L

>
0
Q'I_I
3
o
i

switch (c) {
case 1:
case 2:
case 3:
/* case 1-3: some statements */
case 4:
case b:
/* case 4-5: some statements */
default:
/* ... %/
}

[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 A ZIeF Ao 7

Q 20.19

Answer

References

Q 20.20

Answer

return E M0 M HZ X (outter) 2SS = MUZE MEF ISBIIIR7

ek JHs LT (optional).

ol &0l C =F7[0ll= o] 2SIt Z2FSLICH 2 B2 AHRS0| C A E £ of, 0{X S| of &
S E A8 gLct

(CHEZERIS] 0| R 2 sizeof GIAMRIOIME BEE MZ 5HX|BHAMAE 0] B E A2f 7HsBiLIC)

2 C 210{2] Z4(comment)i= ZHsHA 2 4 QUSNL? FA0| SoiYE TEO| YRS FA
2|50 AER. =, 2AIY ol FMS 2 4 Yute?

C olojo] 492 SHMM £ 4 UBLICL C 210fo] FMS PL/Io| 4 222 Woigkory, PL/I0j
ME BEE FM22 51851K ALICE e — LHEHOR FA2 Tatet — ofufst 3= &
212 %4 X2|5h1 AICHH, #ifdefL} #if8 M 20| FELICH(T2{L IR 11198 2 2j0{=7]

HIZfLICH)

2RI /%002 CA\verb*/+" = S 2|0|7} SLIC Wt XY QoM E M2 24 5 gl
SLICH LSt — 5| C 22 I=E EsiFE — =20 0| J2{8 2x1Ee £257|E &

g 2= 7| mEULICH
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References

Q 20.20b

Answer

References

Q 20.24

Answer

Q 20.24b

Answer

References

ot C++0M MESst=s // =42 C A0M & & glEL|th metM C Z2I0fM= o] =M=
MX| b= s2S de{of BTt (0222 Hutde{ot // =8 & & U= & 7IsE MSetrt

StHEt= L.

[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 Ho{oIME= =2l ™= &+E NSt 42nt27

SHE oM X H2L -2 M0o{ste A2 <X 47| HEYL|CE T2t C Ao = 2t
ZA3St(simplification)& F=7517| flsll 0| 7|52 M S5HX| LAELICH (gece EH 7Is2E S &
£ N ZEtL|ct) CH7H o248t 7| s gsortOf| M H|w &8 DHE7| 2o 2sictn Mzte = )
SLICH O] &= static MU} HA HSE WA OHED ELICH (MRS sHEMeE2= E2
St MEE JHX| 1D U= FEMO| cHEE ZOIEHE MYSt= AWO|X|T gsort O A= M ESHK| §US
L|c}.)

assert O2 O{H &0217t27
assert () Bf<ti <assert.h>0 YO[F0] Q= O3 2 &f=+0|0] “assertion” = EH|AESY| 9feh g
@IL|Ct Of I ‘assertion'0|2t T2 JEHMIt XSt 0% 71 (assumption) 22, 0| ‘assertion’0| 0f

Rittt= A2 26t =220 2 JI7F EL|CE 6| € S0{ 0] ot ZRIBE U= ste= T

Su 22 B=E Foe + sk

assert(p != NULL);

DFOF ‘assertion’O| AlIH5IH Z2J2ie ZtM| 2 ZS2EL|C} MH2tAM malloc()O|L} fopend} 20| Of
e = U= o2 E dAKSH | fl6 2 = QUsLIEL
§

[K&R2] § B6 pp. 253-4; [ISO] § 7.2; [H&S]
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ZF 20. MISCELLANEOQUS 6. ¢}

Al6d oE dols

Q 20.25| C 210follAf FORTRAN (C++, BASIC, Pascal Ada, LISP) Bt4E £

i

= UASTR? (B2 g A

017} C &= E 7Nt £ = JS7tR27)

Answer Ef2 MEOZ AtEotD U= HFH 7|50t Hut2{7t AEst= ‘calling sequence'Of| 2} Ead U
SLCH (M5 E7tse == JSLIch) Lt Hutde F2ME F|ZA 0 EA|7| HiEL|Ct= Cf
7= “mixed-language programming guide” 2f= O|E2| EAM7} &7 M Z = '|O|L—| O|E &t15}H7| b
EfL|Ct SHIE YHo 2 QIXHE MYt XA St startup codeE AFESHOF SHA|RE, 2| {2 A0 Of
HE 0|2 845 SLICE & © XIM|ISH AL Gleen GeersM| 2| FORT.gz Tt S £t11517| HIZIH, fipR
suphys.physms.su.oz.auQI src C|AIEZ|0AM HE = USL|CH
CHEE 27|U= HFEOHM C/FORTRAN interfaceE ZHHSIHH| ol &= cfortran.hih= of & niQl0|
QUOL| &S| HFEL|C}. zebra.desy.deX| A anonymous ftp 2, EE= http //wwu-zeus.desy.de/ burow/0||]
M P2 = USLIC

b
ct

—

mjo
HA

C++0| M= "C" modifier7} external function M210]| C calling convention2 AIE5t= A S K| & 5H

L|c}.

References [H&S] § 4.9.8 pp. 106-7.

Q 20.26 | Pascalo|L} FORTRAN (EE= LISP, Ada, awk, 7 AEFY C 5)2 C A0{= B85z == 20|

27
Answer AFSEJ| HIZE = c2 =2 =20} 251 c)

p2c | Dave GillespieM|7} Bt=, Pascal C2E HAGF
= Z=zJsHelLict o] =Z=zIHEe 1990 320
comp.sources.unix0f| (Volumn 21) HA|IE|R}ESLICEH
2|10 csvax.cs.caltech.edu®f| <2l 2| (anonymous)
FTPE MA pub/p2c-1.20.tar.Z2 BIS —’|\— U&sL|C}
ptoc | OFRFJIX|2 Pascal2 C AHO{E2 H
giolL|Ch, o] =Z=ZJsHe Pascal_% PN PN
comp.sources.unix Volumn 100{ AA|E[RLD, Volumn
1370]| M i X| =| R S LTt
f2c FORTRANZ CE HZs F= ZZ2OHOZ  Bell
Labs, Bellcore, Carnegie Mellon2| AIZHE0| 2|5H
M HEERESLICE f2col CHSE o AIMISE  ALE
= iyl Ao, netlib@research.att.comO|L}
research!netlib.netlib.att.com@=Z  “send indenx
from f2c"2t= HY2 ELHA|H HE = JUSFLICH (B2
ol FTPZ netlib.att.com®|A] netlib/f2cE EIS
O'AL—I':—I')

0\1 ﬂ”
ell
-
I'II'
|E
U
H

s|ton,

;
O
>
|m
_0
i
L)
_>|,_
i
a
rn
0>
I°
0t
rII
fob
[H
HU
|
I
H
[l

HE & LHX[X| B2 Ao{of et ==

LS -

&*%01 ’é—E— 11.31, 18.16 =

]])i

TBkAI7| HIRILICE

Q 20.27 | C++2 Co| ‘superset’ 2AL|7}? C A=E HutAUSH7| 95l C++ ZHOIUHE ME ATAS7IR7?

147



=+ 20. MISCELLANEOUS 7. dugE
Answer C++&= C 100l M RSt A UL|ct J2[10 MAME B2 222 C Ao 7|=E F1 JUSFLICH
o o 220f cisiM= C oo A™M =2 SHIE 740| C++0lM = SHIEX| 42 BRIt JUSsH

Ct H3Z, ANSI Cofl= EIIX| 7|5E8 (

References

T ZEEIR, const, &) C++01|A-| T LS L|C} kA
St 017} CHE AH012| 2AF St ‘superset’2 OHE LT} £ OfFH 20| E Molgh W, MZE CHEX| Fo|st
225 JUSLCt oz XIo|HMo|= E75t, B2 C Z2IMS0| C+H0AME SHIZHA S2EL
ct J2|o tHEEe| =2 Aot ES2 C2F C++ Aot 2EE ot XL cH 20 2Z 8.9,
20.20= &TSHA| 7| HEfL|Ct.

[H&S] p. xviii, § 1.1.5 p. 6, § 2.8 pp. 36-7, § 4.9 pp. 104-107.

ATEd deE

Q 20.28

Answer

References

Q 20.29

Answer

References

Q 20.31

Answer

stremp} H| 228 EI0| W, £ SXIG0| 5P YRS Y HLE YRSt HO2 A
2|5t= 7|s0| E8fLCf
CHE H|==&t AP S H| W57 |(approximate string matching) 2|8t M2} A N2|S2 Sun Wull Udi

Manber's Paper2| "AGREP — A Fast Apporoximate Pattern-Matching Tool” 0| A 7;,<<|'O|- = Q& LT}

CHE Yo 2= 02 HI"EF CHo1E STt ZEZ HEA|HAF = “soundex” LTEZ|EFS W25 =
F= UELICE Soundex= Rl (MEHHSE =20 X2 2) H|X5HH Y2== o|E2 LAsH| £
St E2dMo=z I:|X|-0IEI Z1QIL|C}. but it can be pressed into service for processing arbitrary words.

[Knuth] § 6 pp. 391-2 Vol. 3; [Wu].

5|l (hashing)O| 2t R217}tR7

Sl Al (hashing)2 ZAtE S (CH7H HY7t 22) H+Z2 A7 | = (mapping) &Y S 20| Lt “5H
Al =" &= (hash function) EAI¥EZ (EE= CHE data structure) 01 HR|E JIX|= $£=X|Z (hash
bucket) OHEA|7|= EL|Ct O] =X|= CH7H HfE 2| QIEA ZfO 2 ALESHHLE, BIS == H|WE
XMz|st7| ol AL EILICt (B8, Y35 2 A2 ’é.'@% 2 H2of —Aril_% o siotH, oy
o] A7t HESHA| 22 == USLICE M2t A2 XME|ste Y2|E2 0|3 “collision” &
ME MH™SIA XMe|sH F=0o{of gL|ct.) o|of sHAol &tet e |Far g7t B o| N ASLICE
ol F=H|ofl cist o XIMISE A2 0] 2|AEQ| S& 1} SIX| Q47| M 20| M2FEH|C}.

[K&R2] § 6.6; [Knuth] § 6.4 pp. 506-549 Vol. 3; [Robert] § 16 pp. 231-244.

fjo

FOZX ERZE QAUS AlMStHH {E A StR?

mktime ()} localtime()E AWM EL|C| (13.13, 13.14. JI2{L} tm_hourZ} 00| Z Of, DST =
H(adjustment)2 F=2|8HOfF §L|C}E) EE= Zeller's congruenceE (sci.mathl| FAQ E|AE 1) M
AL}, Tomohiko SakamotoMlol C2 3 EE MOy =L |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;
}
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References

Q 20.32

Answer

Q 20.35

Answer

HEo0] 22 13.14, 20.32% Z13HA|7| HEEfL|CL

[1S0] § 7.12.2.3.
20000 RHEQIVIR? (year % 4 == 0)2 2 RHZ AMSH=H SHIEIIR?
200042 RAO| (leap year) St&LICE O2|10 RHE AlMSte 342 CHSa Z&LCt

== 0 && (year % 100 != 0 || year % 400 == 0)

EF20|Lt (astronomical almanac), CHE 2t EME 2H106H7| HEEILICH (To forestall an
eternal debate: references which claim the existence of a 4000-year rule are wrong.) &0 & F 13.14,
= HISIAIZ| HEEFL T

3 o x
A wEA

RAO| AA FEE EEGI= T2 22 otES{M 02| SI&7?

O|A|0| E|0jLt, XIS A E2{BHs TR IUS (self reproducing program) BIES HE 0§ 012
2 UUL|Ct E5| S EL EA T E M 20| o{FSL|Ct

MEHOl o= (8t 22 =0 UX|DH Lot =M XA E OX|A ELE) Ersa 25U cE

char *s = "char xs=JcYslc; main() { printf(s, 34, s, 34); }";

main() { printf(s, 34, s, 34); }
(Ol =22 U2 CIE =29 == MK A, #include <stdio.h>E EelstD UX| 410, 2t

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 = *xfrom++;
case 7: *to = *xfrom++;
case 6: *to = *xfrom++;
case b5: *to = xfrom++;
case 4: *xto = xfrom++;
case 3: *to = xfrom++;
case 2: *to = xfrom++;
case 1: *to = xfrom++;
} while (--n > 0);
}
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2+ 20. MISCELLANEOQUS 8 wrEA

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 CtS “International Obfuscated C Code Contest(IOCCC)" = AHA| He|LIL? MHH AKX &ES =

+ lgnte?

Answer O HE|AE = SHAF RIS S QIL|C} http://www.ioccc.org/index.htmlS §. SEA| 7| HFERL| T}

TAtRH= CHIH Usenix 20| E2E =0 1 =2 netOl| = AA[EIL|CH 1lH 2| (19844 0| F) =4 &2HEE
ftp.uu.netl| pub/ioccc C|E E2[0f| X =0 JUESLICHE Z 18.16 & 11); ttp.//www. ioccc.org/index.htm
15H7| HEfL| T}

l]>*' FIO

Q 20.37 | [K&R1]0| L}2= entry 7|9 == ofC|of] A= HE?

Answer &=7} - FORTRANO|AM X & - StLt 0| A2| entry pointE 7H&! = UEE ot7| fIsH 0 U=H U= A

L[t
AN Z 0| 7|50] E0{U= Hutd2 = 2H=01Zl K*OI iCt 23X (0] 2HO| ofH 4|22 MO|
£ K| 7|Yst= AHFRE glen]) JEL|Ct o] 7|R1E= ANSI CHlM = MAHEJASLICE (HE0 EE
1.12% ZE0SA|7| HEELICE)
References [K&R2] p. 259 Appendix C.
Q 20.38| "¢’ 2lojol “C'= ofclol M Qe Zolzte?

Answer C 210{= Ken ThompsonM|2| A& H0{2l B 210{H|AM FEi St AL Ct. 2|1 0] B 210{= Martin
R|chardsM|__| BCPLA|M (Basic Combined Programming Language) 28t A IL|Ct 0] BCPLE CPL
2 (Cambridge Programming Language) ZF=fS}5t (simplification) SA{ LTt C HO{E 58P AH O
T U&L|CE ‘D7t ofl ‘P'E MEHSE A2 BCPLL| MHM| Z2XI7t 'P'o|7| 2L ct. T12{Lt, XK
C AHOIE af=5et 7t & 22l A0 = CH+iL Tt

—

Q 20.39| “char' = ojmH we2stE?

Answer C 7|2 = (keyword)®l “char” = M| 7}X[2] 222 £ &= USLICH H0of THo{Ql “char”, “care”, “car’

E% =
(EEE “character" 2); 0{iH AE ML= HE SQ06HX| FSLICt

Q 20.39b | “value” 8 “rvalue” = 21017197
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2+ 20. MISCELLANEOQUS 8 wrEA

Answer ZHEHS| 2GS A, “Ivalue” = EH R (assignment) AL A 2IZR0]| 2 5= = =412 LT h2tA] ofE
XIE LIEt e QEMEZ MZHE 4= QIGLICH (O2{Lt 2 E 6.72 ZH 57| HIZILICE) “rvalue”2F
2 oSt 2E 7HXl= 2E £4I2 UEILICH (S e Aol 2
L|c}).

~

Q 20.40| o] 22| AH22 ofT|oflM LS £ AUR? O|H HHE A 2 ULIR?

Answer 7% Z|AQ| A2 2 ftp.eskimo.com®| u/s/scs/C-FAQ/MHAM HE = USLICH EE= 54 DN A
AHE += USELICE A EME comp.lang.cH| SHE F7|2 HAIELICE SA0| o] EME (HZA
tet =8t) Qofst HAME A A[E LT

o] 2M2| CteFst H{MO| comp.answers2} news.answersH| = HA|EL|Cl news.answer Z1FO|
CtE FAQ SE1 & o] =50| NE=H, ol2st SE=2 7 U= X T F RE =
rtfm.mit.edu?} (pub/usenet/news.answers/C-faq/ C|Z E2|) ftp.uu.netO| (usenet/news.answers/C-fadj]
ClEE2|) USLICE ftpE & == UCHH rtfm.mit.edul| MY M T} 02 20iH HUZ FAQ SES

HUE QoL 0| 7|sg XHELICEHYULHE S E “help”2t= & HHO{E mail-server@rtfm.mit.eduZ|}
HLHM ElL|Ch XEMISE 242 news.answers2| meta-FAQ SE& & 115t7| HEEfL|C

SHO|HE|AE (HTML) H{™ 2 WWWOIIM MZSELICh URLE2 Chga Z&Lth

1l
merr

http://www.eskimo.com/ scs/C-faq/top.html
2E RZ=Y FAQ 2|AE = Of2f AIO|EOAM R E &= USLICH

http://www.faqs.org/faqs/
0| FAQ Z|AEQ| ZZtEL2 Addison WesleyAl|A{ “C Programming FAQs: Frequently Asked Ques-
tions"2h= O|E2| Mo 2 ZTE[ULSLICE (ISBN 0-201-84519-9). HEH SEL2 (errata list) TS| A]

T8t & Bk

http://www.eskimo.com/“scs/C-faq/book/Errta.html

L= ftp.eskimo.com®| u/s/scs/ftp/C-faq/book/Errta®E & = J&SL|C}
2t2te| EM=2 e S0|E2 2 E=0l cist ol ot 2zl MM 2HE2/EHH S=52 |Alstd U
SLict o2t QEHE HE 2 22 X| 42 ALt

Note O EA{2| BF=0{&E2 Of2f URLOIAM EE = USLICE
http://pcrc.hongik.ac.kr/“cinsk/

2| AIO|EO|AM XM EZ5H= &Al2 postscript (.ps), portable document format (.pdf), 5}0|Z EIAE
(.htm1) QIL|C}
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Al 21 A&
Extensions

ol olM= ARIE =715t ==& EEIH

Al 1 2 miscellaneous code

O] oM = 022 S0| Mol 2E Z2 03 JHYof| &

2fo| =212

B+50| NBNMOE $HEIUSX YU0| 2IEHY
Aol HAHFSELICH ZHeHs] & == U= W>Ho| HE7t2?
Answer C+21} Z40| error &1 & QHE 7| HIEIL|CE
#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/x TS HA e errorOT ¥ W g MEN P4
« HFYHcT. */

unsigned int error_message_count;

w

/* °F=i gh& ZE 215 °F NULL®l Y error()
* stdout2 flush*| 3|2 stderr: ZT 2% °|g g
EEcCra, "o"s EHOUCICT. +/
/* error() T¥HE 2 ¢
* program_name®°| Sf& U &

R G- = I D

o 0 2H S g o A
Z g 2eShe SFE 4

Moot = 8 2 che
10 Bl e S e R V4

void
error(int status, int errnum, const char *msg,

va_list argptr;

1o] error &4+ GNU software &2 FE oA A& AL 7hekslst AU )

rr



ZF 21. EXTENSIONS 1. MISCELLANEOUS CODE

if (error_print_progname)
(*error_print_progname) () ;

else {
fflush(stdout) ;
fprintf (stderr, "Ys: ", program_name);

}

va_start (argptr, msg);
viprintf (stderr, msg, argptr);
va_end (argptr) ;

++error_message_count H

if (errnum)
fprintf (stderr, ": %s", strerror(errnum));
putc(’\n’, stderr);
fflush(stderr);
if (status)
exit(status);

(-

L 22 20| error() &=

i

PSR H o222 Z=0M EHE2F 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);
/* ... %/
}

2lo| IEE MYUSIHELICE error O 2 HHM Q1K= 00| Ot AR, 2t0|22{2| B exit O M
SHEIL|C} M2EA <stdlib.h>0l| HQ|=l 00| Ofl ZtE 74K|= EXIT FAILURE A2 M A error () 7}
HAIXIE E85tn =288 Z2SI=E §ct

error OO MEE FHM 2IX}Ql, errno= <errno.h>0if FO|E M He2 M HEA 2l0|Ea{2| &
£~E0| ET5H 0242 EEE LIERHS BI2QIL|C} 0| 242 error () 7} strerror BH4== MA{ 0|2
£ LEll= EXAEZ v ofg S EL|CH A|A- D} 2to|=22{2| &=t E 06t of|2{7f ofL|2hH
error () 2| FHIXM| CIXIZ 02 =0 = L|C}.

error O 2| MM QIXFRE{= printf ()7} M= SAl JCHE MA|H EL|Ct

EE 29| o7} 215K = 4ELITt 22 error O EE 47| 2lof, 2H0lM MA|Et error O
Moot o] &It A= MY HE5 HYSHH =I5 oF ot
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ZF 21. EXTENSIONS 1.

MISCELLANEOUS CODE

F A

A2 15 &

oflg] &2 MAD} va_list, va_start(), va_end()0f| &8 S

(=1
— =

References [GLIBC] misc/error.*

User input2 string@ 2 B2 CI2, atoi 48 MAM X2 H}F0{ &Y

AFSE 2X|7} SHEEILICH of J2IS?

57| HEELIEL

gLict = 715 of

xalsh Fx| eraLict of

L |H

Answer atoiz= FO Xl EAILE 1072 o MsHA| intZ2 HHP O FX|OH o2 =
Al 2ol S EAE 2 1022 X[ &= QS o= 7 02 2[EH gL ct
et oS0 22 &8 S0 2= Ao| E5LICH
#include <errno.h>
int
convint (long int *d, const char *s)
{
char *p;
long int i;
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;
*d = 1i;
return O;
}
2 gt F 749 eIXtE gaL|ct A ClXt= HES long intE XMEE ZQIEE 2, & Hay 2l
A= Hete ZAE S dhsL|ch 2[E 22 43X E HESt AR0= 02, OEX| 22 ER0u=
—12 2[HgL|ct - Lol olMde = U= ZAL0| 2L, =0 oto| AHLH(EAIZ 0| *\o’ 2l
4), HESE 240] long intOf] &S == Q1S TE I AL &2 2, 022 M| Ct.
AN AHE St 0l = CHE2 3 &L Ch
void
foo(void)
{
char instr[80];
int 1i;
/% instr°| user input2 X2 U2 FH */

if (convint(&i, instr) < 0) {
/* error: invalid user input */
}

/* */
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ZF 21. EXTENSIONS 2. DEBUGGING

Fo|et A2 0| convint BTt atoilt £Z0| SAIGH= 7| OfL|2t= AJULIEE — Hed| 2B 2kt
OIXIEte| 2X|7} O LIC} atoil} convintQ| CHE M 37| ct2nt Z&LCh

1. atois O] E HAFSHK| §4& LTt HEtA] 10| "12xyz" QI AR0f| 125 2|E LTt convint =[]
ol2] 2XtA0| 2MEt AR0)|Ct M2 5tEZ, 21210| "12xyz" 2l A R0 int HEIS $EGHK|
LIt — = o2 2 M2 g ot

2. atoil| 2|E E}R!0| intQl B, convintl| AL long intQIL|C}.

3. atoiz 10ZI=0F M2|& = /U= BHH, convintE strtoll| MR QUXIZ 02 FU7| W F0,
8ZILE 162 M| &= UFLIC 1682 B2 EXtY 2t0| "0x"E 2040} 5404, 8%l
o| A0 XY 2Hof| 0" E0{0} Lt

A 2 A Debugging

0| THe0l M= debuggingA| E & %= = 012 7HX| hintE 2 JUAFLICH
Z2 debuggerE =l M2
Answer O{tH C ZHutA2{7} 742 22 AQIT7et ORRVEX| 2 sliEo| L7 gl EE LT ;)
M5 Z£1, 27129l GDB(GNU symbolic debugger)E FMEHL|CH. GDBE HIZ command-lined| A A}
85l= A2 1A 2|2 20|71 3HX|OF viE MX| 941 edE WA EASH= 740] ElL|CH.
GNU EmacsOflA{= GDBE H5}7| £ £ QU= mode= | 25}0{, DDD= GDBE MA] X window sys-

M7t ote =222 nain() 2 ZWH CF20]| “segmentation fault’ & £2i5t10 2L H{EL|CH of O
t

HOIE Aot Z2 B2 main O 1 VA A[EHSH0] main O O ZLIH SE5HA EL
F OFE0{ tH object file2 executable It ZE HESI= DA A, command-line 91 X}0l
argcl} argvE AASI, main() 0| ZSE Tt LIS OSH|Z| controlE HI7{F = assembler R EI0| S04
7= 4|, =220 2] Al£== assembler routine@ 2 E0}7}= 2|El address7} X &HE| 0 U= stackS
HAEZ[A =M (in technical term, write over the stack where the return address is stored.) Z12{8t A&t
Of ghist2 fL|ct.

Answer ZtEHS| 2f56H C
7

QUEH main B4 YOI A MOIEl local BIRIO| QUL FAFSHD, QUCHH, T HH 2| HSIE H0f Lt Ko
QAH=X| EOI5}A|7| HFZIL|CF.

o] 22 o B2 BIE Holste?

Answer O] 22 WTpX2} &t2 IATpXTl 7| X| 21 HATEXE M A BHE ZdQlL|C}.
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