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Preface

Original Preface

At some point in 1979, I heard a lot of people talking about this relatively
new language, C, and the book that had just come out about it. I bought a
copy of K&R, otherwise known as The C Programming Language, by Brian
Kernighan and Dennis Ritchie, but it sat on my shelf for a while because I
didn’t have an immediate need for it (besides which I was busy being a college
freshman at the time.) It proved in the end to be an auspicious purchase,
though, because when I finally did take it up, I never put it down: I've been

programming in C ever since.

In 1983, I came across the Usenet newsgroup net.lang.c, which was (and its
successor comp.lang.c still is) an excellent place to learn a lot more about C,
to find out what questions everyone else is having about C, and to discover
that you may not know all there is to know about C after all. It seems that
C, despite its apparent simplicity, has a number of decidedly nonobvious as-
pects, and certain questions come up over and over again. This book is a
collection of some of those questions, with answers, based on the Frequently

Asked Questions (“FAQ”) list I began posting to comp.lang.c in May 1990.

I hasten to add, however, that this book is not intended as a critique or
“hatched job” on the C language. It is all too easy to blame a language (or
any tool) for the difficulties its users encounter with it or to claim that a
properly designed tool “ought” to prevent its users from misusing it. It would
therefore be easy to regard a book like this, with its long lists of misuses, as
a litany of woes attempting to show that the language is hopelessly deficient.

Nothing could be farther from the case.

I would never have learned enough about C to be able to write this book,
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and I would not be attempting to make C more pleasant for others to use by
writing this book now, if I did not think that C is a great language or if I
did not enjoy programming in it. I do like C, and one of the reasons I teach
classes in it and spend time participating in discussion about in on the Inter-
net is that I would like to discover which aspects of C (or of programming in
general) are difficult to learn or keep people from being able to program effi-
ciently and effectively. This book represents some of what I've learned: These
questions are certainly some of the ones people have the most trouble with,
and the answers have been refined over several years in an attempt to ensure

that people don’t have too much trouble with them.

A reader will certainly have trouble if there are any errors in these answers,
and although the reviewers and I have worked hard to eliminate them, it can
be as difficult to eradicate the last error from a large manuscript as it is to
stamp out the last bug in a program. I will appreciate any corrections or
suggestions sent to me in care of the publisher or at the e-mail address given,
and I would like to offer the customary $1.00 reward to the first finder of any
error. If you have access to the Internet, you can check for an errata list (and
a scorecard of the finders) at the ftp and http addresses mentioned in question
20.40.

As T hope I've made clear, this book is not a critique of the C programming
langauge, nor is it a critique of the book from which I first learned C or of
that book’s authors. I didn’t just learn C from K&R; I also learned a lot of
programming. As I contemplate my own contribution to the C programming
literature, my only regret is that the present book does not live up to a nice
observation made in the second edition of K&R, namely, that “C is not a big
language, and it is not well served by a big book.” I hope that those who
most deeply appreciate C’s brevity and precision (and that of K&R) will not
be too offended by the fact that this book says some things over and over and

over or in three slightly different ways.

Although my name is on the cover, there are a lot of people behind this book,
and it’s difficult to know where to start handling out acknowledgements. In
a sense, every one of comp.lang.c’s readers (today estimated at 320,000) is a
contributor: The FAQ list behind this book was written for comp.lang.c first,

and this book retains the flavor of a good comp.lang.c discussion.

This book also retains, I hope, the philosophy of correct C programming that

I began learning when I started reading net.lang.c. Therefore, I shall first ac-
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knowledge the posters who stand out in my mind as having most clearly and
consistently articulated that philosophy: Doug Gwyn, Guy Harris, Karl Heuer,
Henry Spencer, and Chris Torek. These gentlemen have displayed remarkable
patience over the years, answering endless questions with generocity and wis-
dom. I was the one who stuct his neck out and started writing the Frequent
questions down, but I would hate to give the impression that the answers are
somehow mine. I was once the student (I believe it was Guy who answered
my posting asking essentially the present volume’s question 5.10), and I owe
a real debt to the masters who went before me. This book is theirs as much
as mine, though I retain title to any inadequacies or mistakes I've made in

the presentation.

The former on-line FAQ list grew by a factor of three in the process of be-
coming this book, and its growth was a bit rapid and awkward at times. Mark
Brader, Vinit Carpenter, Stephen Clamage, Jutta Degener, Doug Gwyn, Karl
Heuer, Joseph Kent, and George Leach read proposals or complete drafts and
helped to exert some control over the process; I thank them for their many
careful suggestions and corrections. Their efforts grew out of a shared wish
to improve the overall understanding of C in the programming community. I

appreciate their dedication.

Three of those reviewers have also been long-time contributors to the on-
line FAQ list. I thank Jutta Degener and Karl Heuer for their help over the
years, and I especially thank Mark Brader, who has been my most persistent
critic ever since I first began posting the comp.lang.c FAQ list five years ago.
I don’t know how he has had the stamina to make as many suggestions and
corrections as he has and to overcome my continuing stubborn refusal to agree
with some of them, even though (as I eventually understood) they really were
improvements. You can thank Mark for the form of many of this book’s ex-

planations and blame me for mangling any of them.

Additional assorted thanks: to Susan Cyr for the cover art; to Bob Dinse and
Eskimo North for providing the network access that is particularly vital to a
project like this; to Bob Holland for providing the computer on which I've
done most of the writing; to Pete Keleher for the Alpha text editor; to the
University of Washington Mathematics Research and Engineering libraries for
access to their collections; and to the University of Washington Oceanoraphy
department for letting me borrow their tape drivers to access my dusty old

archives of Usenet postings.
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Thanks to Tanmoy Bhattacharya for the example in question 11.10, to Arjan
Kenter for the code in question 13.7, to Tomohiko Sakamoto for the code in

question 20.31, and to Roger Miller for the line in question 11.35.

Thanks to all these people, all over the world, who have contributed to the
FAQ list in various ways by offering suggestions, corrections, constructive crit-
icism, or other support: Jamshid Afshar, David Anderson, Tanner Andrews,
Sudheer Apte, Joseph Arceneaux, Randall Atkinson, Rick Beem, Peter Ben-
nett, Wayne Berke, Dan Bernstein, John Bickers, Gary Blaine, Yuan Bo, Dave
Boutcher, Michael Bresnahan, Vincent Broman, Stan Brown, Joe Buehler, Kim-Ji
berley Burchett, Gordon Burditt, Burkhard Burow, Conor P. Cahill, D’Arcy
J.M. Cain, Christopher Calabrese, Ian Cargill, Paul Carter, Mike Chambers,
Billy Chambless, Franklin Chen, Jonathan Chen, Raymond Chen, Richard
Cheung, Ken Corbin, Tan Cottam, Russ Cox, Jonathan Coxhead, Lee Craw-
ford, Steve Dahmer, Andrew Daviel, James Davies, John E. Davis, Ken De-
long, Norm Diamond, Jeff Dunlop, Ray Dunn, Stephen M. Dunn, Michael
J. Eager, Scott Ehrlich, Arno Eigenwillig, Dave Eisen, Bjorn Engsig, David
Evans, Clive D.W. Feather, Dominic Feeley, Simao Ferraz, Chris Flatters, Rod
Flores, Alexander Forst, Steve Fosdick, Jeff Francis, Tom Gambill, Dave Gille-
spie, Samuel Goldstein, Tim Goodwin, Alasdair Grant, Ron Guilmette, ... 1
have tried to keep track of everyone whose suggestions I have used, but I fear
I've probably overlooked a few; my apologies to anyone whose name should

be on this list but isn’t.

Finally, I'd like to thank my editor at Addison-Wesley, Debbie Lafferty, for
tapping me on the electronic shoulder one day and asking if I might be in-
terested in writing this book. I was, and you now hold it, and I hope that it

may help to make C programming as pleasant for you as it is for me.

Seattle, Washington
July, 1995

Steve Summit
summit@aw.com
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sizeof (char) <= sizeof (short) <= sizeof(int) <=
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Base type Min. size Min. value Max. value Max. 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

Lsign-extension
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FE FFo| HASH= A2 HolEU ok W2 implementation©] ©]
Hek o 2 e AlESHAIT, portablegt TR 1elS UHEY At o]2|gh
Aol ojEsiM= Y-
ofw ol gol ] BBE T} Wast Ao oldl A9zl o 4%
"l %] (externally-imposed stroage layout)”} Q3st H95 & 4 Id&5Yh
A7 20.55 Farsh| vigyth — A3} typedef S
# Note #11)

References [K&R1] § 2.2 p. 34;

[K&R2] § 2.2 p. 36, § A4.2 pp. 195-6, § B11 p. 257
[C89] § 5.2.4.2.1, § 6.1.2.5

[

H&S] § 5.1,5.2 pp. 110-114

Note C99 EF2 A A4 EFRIQl long long int& F7FGUL o] B H4
=
=%

64 bito]H, o5 g2 S4& Adytt

Base type long long
Min. size (bits) 64
Min. value (signed) -9,223.372,036,854,775,807
Max. value (signed) 9,223,372,036,854,775,807
Max. value (unsigned) | 18,446,744,073,709,551,615

E5t, 2R 2718 a7sH A4 B A2lsh] 98, 099 XS <staint. b
£ 5ol ofel 71 3% A AFTUL. o7l B AL 1LIE Fst
7] izt

References [C99] § 5.2.4.2.1 pp. 22-23, § 6.2.5

Q 1.2 off #EAE 2 typeo] I71E o] Holol] ghtar?

Answer ThZ high-level ¢ojof HJsf C ¢doj7} BHU3] 2 £ dojol7]= SHAIH,
object 9] =Rt J7]+= implementationo] Y ZAH YU (C lofef|lA
o 2ol bito] A4-E AAFL 4= e FLEL 2 structure oA bitfield
£ € Wduth; EE 2.259} 2.262 Falshr] vy o) HiFEe] 2
IME 71 Ao AFT BoUt flsyth V1€ A=8] Aske w2
Z2IHs2 sk ges T2 2MFe o, ° wauth

i
o

int type FFEC] 7MY AL word sizeE UEe 2oz g
2 qlom, gl A4E A o 7P At typedyct. HAE 1.19]
suidelineS H7] Hlghck: Gie] AR 12.42, 20.55% 2151A]7] vl
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Note C994 A2 AFake A4 SIS AL Aot 718 w24 5
QiU Shge] WE 111% Fushs] skt

Q 1.3 C A7} sizeE As] HololA] ¢F7] wjFol, A& int16, int329} T

typedef 0152 &Yt 1A #HFE| wl2bA] int, short, long 52 A

A THEYTE o] Hio] E ZAIE siEs] & 4 e A 22, wsuUk?

Answer ASS] sizeS AoJst Wyl Qhd, £& wiolch gy oheat e
Ayebe Felalor gk

o Akt T7] Aoj7} B715E £k U5yttt (dlE B, iR 36-

bit machine)

o int160/L} int328 AE BAHo| “Holw o] Hre] T7lE WA G-
Zolzhd ] 57} gyt st int@} long typeo] Ao 2
A7k 2tz “Hol® 16 bit®, “Holw 32 biv & Faby] BRIk,

e Typedef= byte-order ZAIE 23] F#] ZdU}. (A& =0 o8]
o] datas W&(interchange)sts] sl FEA oz 1T % &

Aol wxein? S B9

g0 A& 10.16, 20.5% FI5FA7] HFEU LY.
References [C89] § 7.18.1.1

Note C999] Wr2H <inttype.h>E ZEFA|ZS w], AESE I7|E ZH= flo]g]
EFQlS 9ot int16_t, int32_t5-2 !
£ Harsh] B
mzo| vt gee] Wolw, int_i6 ¢, int32_t5o] HoIH Y male
<stdint.h>of &2]%]o] OV\HE} CHA], TS| w2, <inttype.h>= <stdint.h>|
g Egapl =8, 2AHY A AFdyt.

References [C99] § 7.18

Q 1.4 64-bitE A Pshe AFENA 64-bit BFYS & 5= = FHo]

Answer ZXORE BAYULE. theat o] A 7 WAo= o] BAS AT 4

2conforming to externally imposed storage layouts
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o AESH= 16, 32-bit AAFIOIA Al B4 EFYellA (short, int, long)
T Eglo] dutyog Z2 37|15 7RdUh 64-bit A|ARoA = *ﬂ
EQlo] 5 ofE 715 7HE & d5UTh mebA od vendors
64-bit long intE A3 ch

o OAL, FEI W FEE0] int9} longo] ZTha oAfelal 2o
A IAY, & = shrt 32 bitaln 7S AlejollA 204 Q).

g FEE O fAAE = Al oJd vendorg2 M2, H]

ol=el
HZ2] 64-bit long long (__longlong, T= __very longs) EFYS
[e)

o 64-bit AAEIOA int7} 64 bitololo} FERe ol Qlgieuet. st
Sl B invt AlLdo] WHSRE MY Adiele word 2718 7
7] WEJYtt. (“the machine’s natual word size”)

b, 64-bit BFQ)S A1} sHe JfdAts AASE typedefE WA ZES
ZApgsfof k. (& o]Ade] & F=F 7] a4, 16, 32-bit A&
e 9fof 64-bitE AYS] o AT F Q= FEL THEoloF & A
AUrt.) VendorE2 E, %8| 64 bitl BFJ”Het (B4 C mzo] EA
512 o) “Aolk 64 bit o] 4Rl BFY" & A sfiof eyt

rlo mz I W

Note [ANSI] § F.5.6

[C89] § G.5.6
Answer Tt E C BEF(CIX)o A= long long EFYo] Aok 64 H|E o]ito] =

A& BASEL syt 22 o] B ofn] o] Hutlzof] CJsf A
w3t Antdals __longlong EFYJOE 2 YFTt) E
L2 short intE 16 H|EZ, intE 32 H|EZ, long int
2 64 WER AUst 9lon), ol2} A @ o5t stk
7] vrghct
References [C9X] § 5.2.4.2.1, § 6.1.2.5.

Note FAl C EZF, C99oAE Aok 64 bit ©]42], long long EFYS A]ATY
o} AR 1.1, 1.3 5] vdych

References [C99] § 5.2.4.2.1 pp. 22-23, § 6.2.5

1.2 Pointer Declarations

ZRIEf] ¥Rt 22 Chapter 478 Chapter 7712 =] AN, of7]ofME
Aol ged A oEyH-
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Q 1.5 ohg AIlolA] Folo] FEEIR?
char *pl, p2;

p22 21 g ) ozt ek
Answer 919] AdoflA FxE 2 syt — ofzliZe] Hsk= Ade of 4 X
Shel AL ASloh WS Pointer A6 i base type’o] Y
o] oPdUIck: = Holat o208 TAT declarator] AHEYUTH (AE
191 230). 912 2 59o] B BAe] 2HE ojuls} giguch wetA
AHA declarator= “* p1”o]H, *& ES5}al Q17| wj&of|, p12 ‘a pointer
to char’, = charZE 7}9]7]= pointer7} EUth I8y p22] declarator:=
p2 o[l 2 2= 7L A fheRg, (of2liEe] ¥shke Bt ofyAA|
9h) ZFHS] char typeo] Utk g AdoA T 7]9] pointerE A Ist=H,
chat 2ol sfok ek

char *pl, *p2;

+7} declarator®] A5Eo]7] whe], Slo] & AAY Fu BAE AL Aol
5T charso} Zo] 2 =

okt

o] WY 113% A0shA7] HUc

rr
s,
Flo
>
Y
]
=
N
fta)
o
_

Q 1.6 PointerE A5} 11 pointer7} ojd 7+ dodsta 1 o), A= 5
o) e ofel 2=ol ofE BAVE L

char *p;

*p = malloc(10);

Answer of2]2o0] A5t pointer= po]#| *p7} ofdUrtt. AR 4.25 Z115}7] Hig
Uek

1.3 Declaration Style

S P48 Alshe Z1e tes) Aujelels |mA? sh] Slat o] obdyrk;
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.
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Q 1.7 A(global) et HEE Aol T AHosk= 7P £& Higo] Fold
7kR?

Answer HZ#| gt “global” = (018 translation unito|A4]) o] 79 AA-& 7
T QIR HIEA] shuke] AOJE 7hAoF Futh. Global BlgollA o= &
2 Sl Wasiohe 27138 AHoh Qo] A ol
He1e function bodyE Ak AFe] Aeigh. okl A1) dIg]

- =

extern int i;

extern int f();

(extern keyworde Sk Ao optiondUyth; AR 1.11-2 #15}7] Hf
et
olah= Fele] dlgh

int i = 0;

int £0)
{
return 1;
}
ofd] 42 Tl WALt T4E 9T Bast ok, s ofeEe
HE W5t E dWE A (consistent) THEo]of UTh 7P E2 W

2
mhdo]] A7dstal, external AU sl A (“.h”)
o] B3 HoM= #includes WA ZT
AZIE JUth. Aolg Eeohs o o £ 5y utde ZeA|AHok
Antlelst Aelat ol Axlskor] AAks) FUck
o] T2 d}$ portability7} & WALk ol ANSI C EEo] 27
ol g5k, ANST oe] Aulelst YAHE 2 Skghic (UNIX
Aupdeiel F7= Fd shrb 271k =3 offiell of= 7ie] A
< 7Fs7 k= “common model”& AP Th; o= ANSI F=o] <o
“common extension” 02 ¢FE o] QA ‘pun®’-& opduct. o o)A}
St Al 2"l A= ofF A HolE sk A RIEA] 271gke Ha
2 a7l gt

hge gout Fol the

WH
rr
Py
o
i
£
L.l
M oa
k]
o)
re.
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References

Q1.8

Answer

Q1.9

Answer

o

slel T}l shbel Mgt e s oy 9js) cheat g @AY E
% = QU

o)

el
=
DEFINE(int, i);

Jel3 of| mjaEe] el uet o] Fol Aot Aot HEs & 4
QAT o] BAIS £ Kol Bong FHska) gt
Aukelelrh Aelo] BAAsH=A AARR7] SlshE WIEA] A 1S o
wholo] 9 lo] FQFLth. B3], external T2 prototype . c 3Ho]
97 Q=% 5] uighich. ol Rolel Axske A AAe A= gron,
wiok Aolol AX|sh etk 059 A gh ARct Rghch

A2 10,63 188 Fush] et

K&RI1] § 4.5 pp. 76-7

K&R2] § 4.4 pp. 80-1

C89] § 6.1.2.2, § 6.7, § 6.7.2, § G.5.11
ANSI Rationale] § 3.1.2.2

H&S| § 4.8 pp. 101-104, § 9.2.3 p. 267
CT&P] § 4.2 pp. 54-56

[
[
[
[
[
[

C dofollx] F43kd data typed FHEE 7P 2 Ho] Fold7tar

«“ s ” A~ = TFLO SEAE O 2~ =
semiglobal” W=, &, ¥ AA mdO] 5L & & oy, tE A~

”eroﬂ/ﬂ“ A=h /\ %H/\L

C AojolA O d2 & 4 g5yt BE 5 T2 source oHo] Y=
Zo] BEHsIAY E7FsothH, ofef F A WS 2A]7] vyt

o o SojHefEit wf7|%]o] B ehpet o] APt prefix ol5S 2
olaL, ARAFA o] prefixE & olgE WEA WAl AEEUh

(&, o] prefix® A|Z5H= BE 0]5L2 reserved® privatedt Zlo|2tal

2 EoflA 2o0)7] Q= WE(L)E ARk olF= AMEEY
o (Z& 1.298 FasiA, ARgAtel Al 2|l Algste ol5s3 &
==l or

A g sl ek
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off, ST linker MA], /12| 0|55 scoped AW FEL 12
RISk R Qe S QA C Qlold] WSlE Holrl Wgolna of
7114 B4 e

1.4 Storage Class

gl Aol T 7iA] BE| base typed} declaratorg o|n] thEQl5Uch oS
Z 2o A= storage classoﬂ gt A2 thEUt}. Storage classt= A= object
=9 visibility @} lifetime2 (ZF2} “scope” @b “duration” o|gtxl H27]% g

o) ohEYrt

o
°
™
=
B!

L

Q 1.10 static g5t W45 AT o, 4 staticol2fal 4 Folof shta?

Answer Ao EZoA= FA A = 4% QYA Ut (7P Fas AL

A Ao statice # F= AYYrh) sHR|gE F2lo] 23 BEH5HA ¢
ok el T 234 dEh (Aol o) 2l SlotA
Fole I=L YRUE theRghlch) wieba] 7P ohdst Hhe nE Ao

oF AdolM 4 statice A F= AU

ANSI] § 3.1.2.2

C89] § 6.1.2.2

ANSI Rationale] § 3.1.2.2
H&S] § 4.3 p. 75

References

[
C8
[
[

Q 1.11 @ A4 externo] Sulshe 7] Fo17ta?

Answer o] @49 Hoh thE A wle] 9 5 ek
2R BAGYL get] ke B0 Aol

B2
filo
)
o
jN
rr
-
i
rsk

of>
T
oo

extern int £(Q);

int £Q);

Sleo] A2 110k FalshA)7] vyt

References [C89] § 6.1.2.2, § 6.5.1
[ANSI Rationale] § 3.1.2.2
[H&S] § 4.3, 4.3.1 pp. 756



CHAPTER 1. DECLARATIONS AND INITIALIZATIONS 25

Q 1.12

Answer

References

auto 7|§JE= ofrjo] 2oltg?

A5 #o)z] ULt ol 2efH (archaic) EHof 2ol= Zlog dAxfo=
2oz Fsyrh. AR 20.37% 2 715}7] v

[K&R1] § A8.1 p. 193

[C89] § 6.1.2.4, § 6.5.1
[H&S] § 4.3 p. 75, § 4.3.1 p. 76

1.5 Typedefs
typedef7} EHZA 0 2= storage classO]Z|ql, o] 7| E= o|Eo] dEF%, A=

& type o152 oS Hl] ATk

Q1.13

Answer

References

A RIS THET, typedef At AL, WIERE Al ASHL B2 Fol
7} QA

AUAO R, typedefS 2 o] o E&UTh HbsHA EIIH BRI 2
w21 #ol7h Sepeck:

typedef char *String t;
#define String_d char *
String_t sl1, s2;
String_d s3, s4;

o] ofloflA] B, s1, s2, s3&= &5 char * EFYJO|Z|Y, s4= char E}Y]
dUch. EE o] Avb= AL et Zo] obdyth (HEY AE 15%
ZarstA)7] vyt

E 27} £2 olfs, #ifdefE & 4 Q7] HEYUTE (AEo] ZE 10.15
T FskA7] H}E”H‘i’r) JiHoY| typedef= & AT =
o] Ut (5, &5 B39 ShoflA] AdEe], 11 QtoflAgt gk

Sl2o] AR 1.17, 2.22, 11.11, 15.11% Z15}A]7] vighd).

[K&R1] § 6.9 p. 141
[K&R2] § 6.7 pp. 146-7
[CT&P] § 6.4 pp. 834
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Q 1.14

Answer

References

Q 1.15

Linked list 27} orEUct thea} Zro] it Autdal= A& oy o
ARG 2EULE C dojolA] fLxA= AHilell tigh ZRIEE ZIst 4

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

C dofollA] Fx2A= AFAlofl tigh 2RI E et & Slssyth. o] AwellA]
A= NODEPTR©] typedef o]20]1l, o] o2& ARREH A|F oA o] o]E]
o} Bk Gk AU of IES 1A S, WA T
Bl 1(tag, struct node)E TFE1l “next” WEE “struct node *” E}Y
o AT X typedet 417 7EA AOS HelARE P
ohe Teob A W E shiauct

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

HEg EFte T 49 typederd TEAE HYT W= v5T FA
WY 4 qlon], gloh e Ao HAT S gk

i)
Ao
N
N
fijo
il

ol

T54)7] Hhg

[

[

[C89] § 6.5.2, § 6.5.2.3
[H&S] § 5.6.1 pp. 132-3

mlm
)
mln

L2787 ofef 43
seg

A2 gzt T2AE OE 4 S

utdef7h BPTRO] glrtal o=

typedef struct {
int afield;
BPTR bpointer;
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} * APTR;

typedef struct {
int bfield;
APTR apointer;
} * BPTR;

Answer A% 114%%, o] BAR F2AG ZHe] gl Aol okt typedefo]
B AYUh WA, (typedef glo]) T FEA tag olES AH TheT} 2
o] WRELIk

struct a {
int afield;
struct b *bpointer;

};

struct b {
int bfield;
struct a *apointer;

};

T, Anpdels, ofAl (AR5 Dafl, o} ‘incomplete’dt LEA|S1) struct]]
bo] tisliA] & EE2XTF struct a oA struct b EFYS 71E]7]+= struct

b *bpointerE A Z& Sty wujz thadt o] WA s +
+ o] a9t

struct b;

This empty declaration masks the pair of structure declarations (if in an
inner scope) from a different struct b in an outer scope. 9]¢} ZHo] %5
TEAE tag o5 2ol AU v, that 2ol Wz typedefE T

gk

typedef struct a *APTR;
typedef struct b *BPTR;

W] ZIEe] typedef o}5S 2] $18, Tt Zo] typedef o5 WA
A 25 ek

typedef struct a *APTR;
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typedef struct b *BPTR;
struct a {

int afield;

BPTR bpointer;
I

struct b {
int bfield;
APTR apointer;
I

si2e] FE 114% F35HA7] vlghc.

References [K&R2| § 6.5 p. 140

ANSI] § 3.5.2.3
C89] § 6.5.2.3
H&S] § 5.6.1 p. 132

[
[
[C8
[
Q 1.16 thg T Ao Folo] A= thErtq?

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

Answer A& 2.1 H7] vy},

Q 1.17 “typedef int (xfuncptr) ();”& F& EQ17EQ?

Answer typedef ©]59l funcptr& Ao3Yt}. funcptr2 oJ7|oA, ¥oje] A
o QIS W ineS lESRE Tl e EAEA o} Sof the
st ol Siit o)l el Hie BIEE A 4 glnick

funcptr pfl, pf2;

A Ad2 ofefieh &S] 2 RelAE, & o Hr] ds4rh
int (xpf1) O, (xpf2)();

o] A8 1.21, 4.12, 15.11% #aIstA|7] dFgytt.

References [K&R1] § 6.9 p. 141
[K&R2] § 6.7 p. 147
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1.6 The const qualifier

C Qo] Ao A= type qualifiergh= A 9J.0™, o]= ANSI Coj|A A= F7i=
AUt Qualifiero]] Bt A7 Chapter 11014 thHEyt.

Q 1.18 T've got the declarations

typedef char *charp;

const charp p;

Why is p turning out const instead of the characters pointed to?

Answer A& 11.118 H7] vjggyrtct.

Q 1.19 ofefie} o] vijEg x7|skoh=tl] 9 const & & 4 9l AI7ER?

const int n = 5;

int aln];

Answer A& 11.8& H”| HET}.

1.20 const char *p, char const *p, char * const p/} A2 o|E@A t}271Q7
p p

Answer ZE 11.9, 1.21-8 H7] vtk

1.7 Complex Declarations

C dojo] A AUA Bdid o dsUH. I o] dorE Eofd S
W, B2 old BuT MAS A9 2ol A, o Helo] ezt =
34%3}7‘] &A Hddh.

ojgjBo] g 73S *(x(*xal[N]) O) O} &2 declaratorz2 43 3s}sle= Fd|
7} Qicke, 4B 1.219) TR} 0] typeder® MA TSP WE 4 i,

Q 1.21 A& 7H7le 2UEE st 5ol Ui ZAEE sk ool
et ZRIE] N 7H= o] Foi3l v (array)& o8 A5tE?

Note 12 QBL t}gu} )
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How do I declare an array of N pointers to functions returning
pointers to functions returning pointers to characters?

Answer Th33 Zo] A 7HA2 @8 5 lFUth
e char *(x(*xa[N]1) () O;
o typedefE MA] A2 THEo] 7FA HUch

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... */

o cdecl T2IHE AW ol C o], EL C AojZ Jo]E ¥
% iUt

keike1g
=

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

to char

char *(x(*xal1) () O

cdeclZ B35t AQdolvf FHAH o] oA B2 T2 FUTh AR
18.1S 79"_1_0}-/\]7] H]-E]H'L]E}'

C QdojE dsh= £2 Aolztd ol=gh Exivt Adoll digh W-8o] 317
| F22 & YolHA7] Higy

219] of|ofl A 2481 gk FEoTE (pointer-to-function) Ael-S mtetie] E}Qlo]]
iRt RS ZASHA] eFeksuth. vhef ohefmert Bt ok<ret A A
A2 w71 AAFEUH (H4] HAL cdecl o] Bfol® Y

References [K&R2] § 5.12 p. 122
[C89] § 6.5(F (esp. § 6.5.4)
[H&S] § 4.5 pp. 85-92, § 5.10.1 pp. 149-50
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=, o] &7t ok AHlE Uetdle & ZUEE dsH oka oy
ot ey o] 8 A S 2] okl Jlsyt

Answer A% @ Sk giUnh T ES W7E LA (generic) T4 EQ

EE gt gt b, ol o7 FjrEsl= Ay E o2 gt
HOE 7t ofd LERAE 2RSHA ok, 1 FRAle] o] B o
gt ZRAHE Aok PAS & & sy

1.8 Array Sizes

Q 1.23 79 W4} weleE wjode Alet o, 1 A7 ta Qlxe wobd A

Answer 7teHe] Well, E7FsgYTh A& 6.15, 6.195 Farsty] iy

Q 1.24 ttga} Zol, 5t 1o extern HIGS THET, 2 mfdo] 1 HjgE Ay
3 Yt file2.coflA] 9 sizeof @Ato] QUELEQ?

filel.c:
int arrayl[l ={ 1, 2, 3 };

file2.c:

extern int array([];

Ammﬂipp}gﬁﬂﬂﬁ%%emmnﬂg AL ‘incomplete type’ Ut wh

A sizeot7} AME AT 4 Q&ich sk, AuE W, e u
dof| Hoj=]o] Sli= wide A7IE & 4 7] WEdYTE o o, A=
A o
2

o3t 2ol Al 7 e & 4 Uk
(a) Bl SfUE o2 FolA|, 1 wjde] a7|2 278kt o &Ytk

filel.c:

{1, 2, 3}

int arraysz = sizeof (array);

int arrayl[]

file2.c:
extern int array[];

extern int arraysz;
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B AR 6.23% FstAl7] vl
(b) Wi 2715 wjag g4 Aols) FiL o)g Holet 4] oA A
Bk
filel.h:
#define ARRAYSZ 3

filel.c:
#include "filel.h"
int array[ARRAYSZ];

file2.c:
#include "filel.h"
extern int array[ARRAYSZ];

(c) Mg AT @4 Zro =2 ofH EXGE ZHS (sentinel value, YHHA
O= 0, -1, = NULL) AA], (Yol Bastd 1 glo] y2m7iA] Al
ojA Hidel A71E & & ) 5Es| A7)0l titt A= AASHA &
w2 g,
filel.c:

int array[] = { 1, 2, 3};

file2.c:

extern int arrayl[];

Q. whete] 271zko] Giok 2ol A Y= Ao, TaA wpA
Mg 27 g 9Ee] AR 6215 sy s

References [H&S] § 7.5.2 p. 195

1.9 Declaraction Problems

Sometimes the compiler insists on complaining about your declarations no
matter how carefully constructed you thought they were. These questions un-
cover some of the reasons why. (Chapter 16 is a similar collection of baffling
run-time problems.) wWofj=z Hujdz= of2liZo] dupt Fol77 AdS TS
Ao Aglo]l 2¥e s1= Ut ©] section®] HES52 off ™A 11 ol
£ Ayt (Chapter 16°1A= A3Y Azt AL & Q= ot ZAlEl

sl dgetyet.)
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Q 1.25

Answer

References

Q 1.25b

Answer %2

Q 1.26

Answer

Q 1.27

Answer

A ATGelE Tk SR5Ie] Bl St ofet oA EEelA

2]1=
= f
g e oEFsYh Folo] FAREAEA B

7

Frol Helol, o] 48 TEY A ek ghow, Haklele ol g
57b it 9T ZPgETh 1 R uEel A4 Aelot Hopt
how, Zbgut AXsH 9k A9 e o=t AT &, int7} of
d o e ddsit g5t SE0h] Aol WEA] Atsher St
EL oWl sE] wUe] Helslo] G T4 o5 (PUR) FHAH o
P52 BEYS B9l o] BAVE AT 5 Y&

main()-& AAsk= ALt ®Ho] FFUTt. void main() 02 fk E2
7tQ?

A% 11.12a8} 11,155 s vyt (oJBE void main()-2 E3
AdU)

o

A7} ®ool Ahe Hlo] gkt ALei} T4 prototypeo] A The
o2 Axguct. o 1g7tar

A2 1132 8] uighct.

nhel Zb A HRelA oA B4 olelrh Wk of Jurtar

AR 10.98 8] Hhghc.

Q 1.28 thgat 2ol 2 wjge WESY, Andlet S Wk o 1etar

Answer

double array[256] [256];

AR 19.23, 7.162 E7] vFgyt
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1.10 Namespace

olEg A Ao| ofelg] Bol] b 7| B, A wje ofse BAL B
2 @t Wl o5 Ak o] ot UE, op|Se 0B Ak Aurke
FUTE oS Be AFSo] ofey ) o85S 4loid A ety
TG MRk QiU — Holw e of0] ofn] zol AT s
Yet.

Q 1.29 of® o]Zo] ofu] dloFslo] glil(reserved), oW o}EE st

LA o 5 ke o] Ie7Rar

Answer Namespace managementt A 2 ol Ut o] EAl: — A F
AsH BAZ Aolsh= AL 57}#0};(]‘:} — ofgjZo] AERt o]Fo] A&
glo] 231 QI o2 FEUA] ¢ SiA “multiply defined”2H= ofl2i7}
HHslA] o s, (F Eﬂ U golet & & Sle) &0l WA, 7
= A2Eol Hole ulag whRol il B 4 Sl S WAleAe
AXJYt. TS, g2 F=0] WA LA, Ul AiEE, AlA" 2ol
Bejels ARk 0|83 FEUA erethe oW bZo] Wad H9E 9)
Skt (AAR, A A AETFAPS H90] namespaces} THE
SRS ] build sk 297 BTh) T84, ANSI/ISO C X
T AREARRE AlAF] Abo]o] = namespaceo] g A ool A7e ©Wol
23 Qe
ANST #zlof wtal, 92l= ofH identifier7} |9 (reserved)E o] JQ=A] &
% Qg TA, el identifiers] g 0] tha) ojof gtk of

EAof|= scope, namespace, linkage7} QJ1]ct.

o C doj= Y| 7§9] scopeZt 9&UTE (Scope: idenitifere] A¢lo] o]
H FHoA FFS v|A=r1E eERHULE): function, file, block, 71
21! prototype 2 & 2Tt (RFA|9} prototype scopei= ¥ pro-
totype AdoflA] shet[g 2AE Qbo|d Agu= AdYH. A7 11.5
£ #sh] B oh)

lol= Y 7He] namespaceZ} l5UTH (gotoolA thAkS Z|A S
|
124 585] 22} U2 namespaceS 712 4 A, AP Skt
namespaces 7}A|&=) tag, (ZHZ} structure, unionvft}t =2 Ql)

structure/union member, 12|11 o] £]9] ThE o4 Aol= HEJ]

[¢]

o=
#o0l=) label, (structure, union, enumerationo|A] #o|H, o]

oo & Q
(o]

4olaf3t el public symbol #at ola}, A|AHo] YA o2 AR5l internal, private sym-
bolof|& st
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identifier, & “ordinary identifier” & (9§ 50 &<, W, typedef
0]& enumeration constant 5-) $J$F namespace. &, E5F0] “names-
pace” 2t1l A& o] QJR|+= LA|TE, preprocessor macros ¢St 0| 5=
O] (A set of names)o] UFUTE o] 22 Hutde oA ML
A1, preprocessor] o3 o Aelsl7] o], Zuklel oA v A
namespace’} o1t}

o IF2 A 79 “linkage” S A2t} external, internal, 12|11 nonel]
o] AU (o] A9 IS floll TohH) External linkageo] i
ot= Ze (= source fileo]] AA]) global, non-static 49t S
Uct. Internal linkageo] Sgdh= AL file scopes 7}A+= static &
49} W=yt 12|11 none, = “no linkage” of Sdsl= AL, enu-

meration constant typedef ©]S<¢]Utt,

[ANSI] § 4.1.2.1 ([C89] § 7.1.3)¢f] W= T3 T2 F2lo] 5Yt:
Rule | 9% 42 AZehy, T ¥ 247t REolAd dedel nE olF
L (RE scope?} RE namespaceo]A]) A} reserved AME]IU T
Rule 2 =2 AJ&GH= BE o]22 file scopeo]A] ordinary identifier(Z, g+
4=, W, typedef, enumeration constant )& 3l reserve® o] Q5
et
Rule 3 o B2 od 70 ZYRS o, 1 oI5 sHQeln Ak BE

LA 01%{—2— reserveﬂoi UFH
Rule 4 (g ©]E4F) External linkages 71A= RE EE gto]B g iden-
tifier5-2 external linkages 9|3t identifier=2 reserveZ]o] 25U Tt

Rule 5 #:F st} mpdof Aol=o] =, file scopeE 7HA= typedef} tag o]
B2, 1 olE ohde ZRAZS A, (B2 namespaceE AUx) file
scopeol| A B reserveZ]o] QUL (EE2 AAR “each identifier
with file scope,” 2t WelA|gt, UHA 2o HLEzR G o]22
typedefs} tag ol2utel gt

Atz oy a2 ol2xt TE gfo)lH ey identifier7} vl BEES 95
deFelo] Q7] wRel, 114 3, 45 © ExlelA wsYch =, ojd mElg
7Rl olEE°] mlEel ue &Eo] 29 4 9lon, o] el o &

Ueh glguck
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Header Future directions patterns

<ctype.h>  isl[a-z]*, tol[a-z]* (function)
<errno.h>  E[0-9]*, E[A-Z]* (macros)
<locale.h> LC_[A-Z]* (macros)
<math.h> cosf, sinf, sqrtf, etc.

cosl, sinl, sqrtl, etc. (all functions)
<signal.h> SIG[A-Z]*, SIG_[A-Z]* (macros)
<stdlib.h> strla-z]* (functions)

<string.h> mem[a-z]*, strla-z]l*, wcsl[a-z]* (func-

tions)
o7l [A-21 “o TIBA"E Fofel, [a-zli ‘ol 484" E Ea}
B, [0-91 ‘ol 57 Fhich +k “obeAol} B g Eqe o

£ =59, oBE0| <stdlib.h>E EFA|IFH, strZ AFSkl, 1 o2
SA7} ARAR o]2o]R RE external identifiert= o2 o] IS5t}

o] TRl H2lo] oY, thS adviceE wEw HUch:

1

L2 WER AR ol8e A4 W] vlehick
3 (9] Boll he BE 022 EFM) BEF hameh 2L olge 24
2] vzt
= Solugfele] gt BE WA 9 @4 olB, 9] Eol e o]
22 @7) vk (QUSH WelA, o] Wik 3 olsl 2t
30 ole] AUtk AR 1127 F1
ZolA] AFIIE typedef} tag O1ES M Holok o]&o] 24 o
| it

d
=
N

Lol B

ﬁ

(@)
B

N

AHd $1 advice= UF AU dtthd of2 919 AlRke 7|95h]

EIEE

1, 2 P&E= AFskl, & 94 ZA7F A 274 ol 5S, label =
structure/union ©]&°] & 4 QHFUT E function, block, proto-
type scopeollAl & = QU

3 ojd mA2E HoJst= BF | wU-S EoMA]F)R] g=rhd, 1 (|

=L

MN

A7) olg= & & stk

4 B Fro]lB Y g o5, static E local H=] & 4 55U}
(&3] E5hA], internal = no linkages 7R += o502 & 4 9l
ZUrh)
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5 oW typedefit tag OJES ok EE Sl WAL EFAZIA
SITHA, 1 018E & 4 et

e, 9] ole] Arte 227] del, ' 7 2 o]

7] B (53], AlsiAer ohlsiAg) of|e] Arke 24fsioF gyt Al
Aot A gt olge & F, TH ot S USoll A
7le &9 Aart SeEUnh) 22l A9 1, 2= o] EHF AR ARA
namespace AFo]2] FQI% (no man’s land)of 3fESH= namespaced thFI1
Us4Ho

olefat olle] ARFE AFEH= olf, ofe] addiin eolele] AR, 244
T+9] internal, hidden identifierE /}jﬂog 2= A 3] YA LUt =,
9] of|lQ] ARgtell sfgsh= identifierE &l& 7, AlA®o] AlESh= identi-
fiere} =5+ 7F=A-e gl&synh I8y third-party7F A25k= library 2]
identifier?t S= 7Fed2 s EALUT. (F, ol=et tolEeE] A
Azjebe, Baw A9o] Axdo] 4 4 s identifiors 2t A WAL
Utk & ok Folalor k)

Aoz, WA 9] A A, B stellElLt local 4 0] 8] &

Z gholHgg] g o]Sou), oF Ho L}i “future directions” T{E ] f
ot o258 A e WL ofE Sol, “string’e sk of
2oL} local H4: 0]20 8 53] ol zaﬂ FRAQA — olFdUTh

References [ANSI] § 3.1.2.1, § 3.1.2.2, § 3.1.2.3, § 4.1.2.1, § 4.13

C89] § 6.1.2.1, § 6.1.2.2, § 6.1.2.3, § 7.1.3, § 7.13

ANSI Rationale] § 4.1.2.1

H&S] § 2.5 pp. 21-3, § 4.2.1 p. 67, § 4.2.4 pp. 69-70, § 4.2.7 p. 78, §

10.1 p. 284

[
[C8
[
[

Note @A} C HEL 9ol Wt A ol4l 274 Ak 2] vl AR
AL AR 11278 7el] vhg,

1.11 Initialization

o] Ale, BE 1 who] tgt 2719 TR & et W 2718
F2] ko 7|EAQl %z7|SHdefault initialization)7} € 4 AGUTh

Q 1.30 Z/18ts7] ke 85 g vl oy
A e A9 02 7}
= Bgestar

O
R
ko)
Ron
ol
i
fin}
S
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Answer “static” £AL 71 27)3tE]R] &4 (A o] statico @2 A1l
g 9%) BeE 09 g KU % Zeade) - 002 A £ A
: of

“automatic” £ 717 (static o2 AAEZ] o 2o W) My 2
718k=7] k& A4S 2 Sl

A= otk HEW, & olf7} gy

malloc () O|L} realloc() 02, TH o= bt wna]r 280 7] Zk

< 7FYt webA 2o A Ads] 27|3A1A Fojof Ut calloc() ol
e wnel= HE @92 08 ZHA EA9, o] Zo] ZIHY A
ERQloflA 02 omgtttar T 4= iU (FE 7.313 Chapter 5 3

).

K&R1] § 4.9 pp. 82-4

K&R2] § 4.9 pp. 85-86

C89] § 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

S T

References

[
[
[
[

Q 1.31 o] =k ofd o4 wpe 210 AmAslA] ggiieh

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

Answer ofa}E 271 9= Zalelelsk ANST o]] Zujalelal Floleky FEHuct.
ANSI o] 9] AutAdz= “automatic aggregates” (& E©], statico] of
d A #jg, +2A], union)9] 273+ A|HotA] 5Tt

Te)7 4 azh olgA 29 Aol whe} 2 AA, o] WAE A (global)

staticO &, Fi= HRIE|R HHolA SiAT 4= glom, T strepy()

A A AT THE sUH)

11.292 1517] vy

m k7
o rr

|

¢}

i)
Moo

Q 1.31b o] 27|34 FRE Ao] FA/LR?
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char *p = malloc(10);

Al Aod = “invalid initializer” 2h= o] HAZ]E ST

Answer o} 9]9] Aelo] A (static)o]AH A (non-local) ¥4 AUt %7]

T =
sloA 4 52 A AL A% (automatic) WGPl AT FR5ER T}

Q 1.32 thg % Helo] Holgo] e

char a[] = "string literal";

char *p = "string literal";

Answer FAFES A 7 7B W o® 2 4= QU she v Ee] 271 (9
oAl char alle] ﬁﬁﬂ)—o—i 2ol AUt ol Hide] 7 94
sl HdEe 2713 HebdYth. o] 97t ohdet Ao oFo
gle A (static) Q1 v gl AFEL — di7ff o] Mg ¢7] A8 &
7HIUY — 42 (expression)ofl A 22 wofl= o] Hjde] A @ 4E 7}
= £°‘E1_EJ1 ZolA Huoh. webA 919 A F FHA AL AA
go] 71 wijgoll AFE7] wizel ZAH pE 7HL ZAEE 7%

gqﬁ‘n

LE C o FES] F¢, pot Z2 ZR %i% TAFE ] 8- WAk

I AEShE A= dsynh olERt Be-E sidshy] flel oW HAopdE=

AAE 27] 7het vlmeel] Aot s o]"’C A& 7 ssyh)

7 1.31, 6.1, 6.2, 6.8 Fa1sl7] vt

ol

Mo do

=
=1

—_

N
o M ox
N o

=

A|

{

4>
ol T
ol
I+~

—~

o

i)

References [K&R2] § 5.5 p. 104
[C89] § 6.1.4, § 6.5.7
[ANSI Rationale] § 3.1.4
[H&S] § 2.7.4 pp. 312

Q 1.33 char a[3] = "abc";7} 9= FHQIQ?

Answer 2F5UTH ZER 11.225 H7] vt
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Answer TR} Zro] shwl HUck
extern int func();
int (xfp) O = func;
9ot Zo] 34 o] Fo] Ao Al A, o] o]F2 — o] o] AR}
F4% Uehlis — ROIEE 97 (decay) BUTh. MY ofo] HEoE &
ol Z-%et vyt
Qurho e Wuls] o] AAE lE] HojFA Ttk dfielE of 7,

Q 1.35 uniong %7313+ 4 QutQ?

Answer A& 2.20& H7| v}

Q 1.A x4 WHE z7)3lste=d| “Initializer element not computable at load

time” 2He ofj7} WAL,

Answer AR 11.JE H7] vy}

6implicit external function declaration



Chapter 2

Structures, Unions, and

Enumerations

Structure, union, enumeration< o]z]Eo|7 A=2-& data typed H 4 A
sfEth= 25 7Y HA, structurett uniong o]#E0] memberl} field
Adste] A data types AL 4= Qlil, enumeration®] H-9 A+E (con-
stant) A21540] 4] data type HElE 4 Ytk FA ofehLe ARE data
typec] tag name & 4 YTk U A type MOk, Helot FAlo]
T U= A typeQ] instance(H4) & AAdh 4~ &Yt
ERSHE, 712 e} o2 user-defined typeo| &= typedefE A Af
olfe & 4 AsUth olFA P& wl, oHZEZ typedef o]F0] (WeF tag o]
o] ZAT A9) tag OLETRE A ATAGE A2 obHoF Fuit.
o] chapter®] Z#52 thaat o] A2jxo] Jlssyrh: Ei 2158 2.182 strucfl
tured]] thste], AR 2.195 8 2.207}X|= uniono] tis}o], AE 2.255F 2.267}
A& bitfieldo] dfsf tHEYTh.

2.1 Structure Declaration

Q 2.1 T 5 A99] Holgo] FALITEA?

struct x1 { ... 3};
typedef struct { ... 1} x2;

Answer ZRIA] AA-L “F2A| H L(structure tag)”E At AYYeh T4 A

41
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Q 2.2

Answer

a7} ek
x2 b;

tagE A Aol FxA= thet Zol Adsof ghrh!
struct x1 a;

(5 7H A BE A4 et Zol BT Sk gtk
typedef struct x3 { ... } x3;

Z2F EF2H7)E AT, tag o230} typedef o]Bo] FHEE A2, AR
THE namespace©] £317] wiZofl, W& Fglayrt. EE 1.298

weh)

E]’% A= ]’ QH %Zq"a—ll %—%7]]_ Q7

struct x { ... };

x thestruct;

C Qlofi= C+o] opduit. % 7:24] L (tag) o}l sl 4502 typel
def o] 8o] WEoIAA Ut A FEA struct 719ES KA A

ek
struct x thestruct;

Agithd, 7AE A

f iy

cl’zl__E =2 E
olgom WA PEA Mg EE 4SS BE W 2 5 dayth
typedef struct { ... } tx;

tx thestruct;

IO+ Qoo o] F7hA Wale] Aol gt B C+ Fmdel: Coh 58E 98 C
QoA FAGUE Ct+oli 724 tagh AFEOZ typedef oS0 ALt



CHAPTER 2. STRUCTURES, UNIONS, AND ENUMERATIONS 43

Q 2.3 F2A7E AAle] Higt ZAEE ZdT 5 ta?

Answer 3] T 4 %l%‘%ﬁ‘r. ypedef?)r 7 e W 25 A 2 = A5

Q 2.4 C Qlofol 4 3438 dofe] BhIS FHNE 71 T P TeAFAR

Answer ¥ 712] R *}%1}501 TFEA ZRJAEE 2] sk APy — o] ),
typedef o]F& 2E Zo] FHUH. ° ZUHE oW FRAE 77l
o, o] Aol Al Ar2 ARgAIAl dElE "art glsuth oA
oA, client= o] F2AZE ojwet WHE Egholal Q= A, A & ¥
agle], of #2A4 ZJHE AHggUT. (25 FEM, °o ZIHE 9
FH, o] FxA] ZRJIHE 2dste 5) F=2Al tit AR AFe
2 el — > QA sizeof AT} 20]7] =thH — C
YAISHA] ¢, incomplete typeo] e ZIHE & 4 UFUH. TA], ©]
TFEAE A BT F57F Sel%e sl &
Ut Qe & 1152 FarstA|7] iyt

Note EZF @& F4-5o| FILE « 9] Q48 W 218 A2ehd dait

HN

Q 2.5 ofgje} o] Ay, o]Akst AT HAIZ]|(“struct x introduced in pro-

totype scope” T “struct x declared inside parameter list”)7} 2A8gHY

}:
extern f(struct x *p);

Answer A& 11.55 H7] Hfgch

Q 2.6 72AE thea} o] Aolels FEE Wk

struct name {
int namelen;

char namestr[1];

};
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Answer

T18]37WA namestrof 37HS TFSE (allocation), HiE namestro]| o

elementE 712 AXH = A

FH1A (legal), o1440] Fole At SPskA] ghont, s 7)ol
MU 85 b 22 JEE AA 9 FRAS AT

#include <stdlib.h>

#include <string.h>

struct name *makename(char *newname)
{
struct name *ret =
malloc(sizeof (struct name) - 1 +
strlen(newname) + 1);
/* -1 for initial [1]; +1 for \O */
if (ret != NULL) {
ret—>namelen = strlen(newname);
strcpy(ret->namestr, newname) ;
}

return ret;

e

&= name A7, 1 WHQ namestro] Folil EES FHES| X

% & AmS (SKed) 271 19 W] ohd) F2HE PE

ok

o172 917|924 5] shfolAJet Dennis RitchieA o] HHE “un-
warranted chumminess with the C implementation” o]gtal HEUrc}. o]
e BAHR) C Eaol Aete] BaelA oA, (o]2o] Tao] 2
SR ofdAe] thet Qe o] AT, o] He| WS Wolna A
gRturt.) dEske A9 RE HupdelolA FaR. (MdY] BAE 4
Al AutdeolMe Fas S8 ok syt
® ol e Rt paEe 248 uhe 2] E gl ofF 24 e

AUtk 919 ool A gsha:

#include <stdlib.h>

#include <string.h>

#define MAX 100
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struct name {
int namelen;
char namestr [MAX];

};

struct name *makename (char *newname)

{
struct name *ret =
malloc(sizeof (struct name) - MAX +
strlen(newname) + 1);
/* -1 for initial [1]; +1 for \O */
if (ret != NULL) {
ret->namelen = strlen(newname);
strcpy(ret->namestr, newname) ;
}
return ret;
}

45

ol W uAx: oA AE BAeRt 2A Ptk et o]
Hx0] H3s] P WU obgUth At ol TEAS 2 el

gofo ghict. oukshel oldl Aol Amaleintt e

Azt 2 3710 dish o & LAl 7] el (531, old %% pointer
=28 Age € 4 dayth) Andrr deFe R o)t 9

Ir

7] 0]

7V 28k e, vt 2ol, Hid HiAlel &4 299H A

i

¢

#include <stdlib.h>

#include <string.h>

struct name {
int namelen;
char *namep;

};

struct name *makename (char *newname)
{
struct name *ret = malloc(sizeof(struct name));

if (ret != NULL) {

Yrk:
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ret->namelen = strlen(newname);
ret->namep = malloc(ret->namelen + 1);
if (ret->namep == NULL) {
free(ret);
return NULL;
}
strcpy(ret—>namestr, newname) ;
¥

return ret;

Slo} o) s, BAde] Zole} A BALE she] Hlme) Belo] A%
gt <mlel o] AT Ee 9o 2ol TP e w5
L frees ¥ Hejol gtk A 7.238 Fush] vl

glofell, $lok 2o, A4 Hlole] ERlo] ExH(character)2h¥l, mallocS 5
W oREL g T § Wow Fold, A44S BT & gl o] 9l

FUth (Wb free g WTh BT HULh:

struct name *makename(char *newname)
{
char *buf = malloc(sizeof (struct name) +
strlen(newname) + 1);
struct name *ret = (struct name *)buf;
ret->namelen = strlen(newname);
ret->namep = buf + sizeof (struct name);

strcpy(ret->namep, newname) ;

return ret;

e, 919 Zol, mallocs 3t W EejA, TR 7] ot AL,
T B o] char Hid® FgE ZA-olRt o]l AU tE, H
 dlolH B¢l £tHd, alignment (2 A7 A
PRsAo] wrict

[COX]o| M= “flexible array member” 2= 7fE@-S A7|sk Qlal, ©]
Fol FxA ] wiAd; WM zA 2 wof= vjge] 27] AHe Y
P o FUh

fo
[\]
—
“l\.’J
—
=
EN
Y
Kl

jus)
==

e rir
nls
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References [ANSI Rationale] § 3.5.4.2

[C9X] § 6.5.2.1
Note C99 EZFo|| A%, “flexible array member”’ & AW, o] EA|E ZAE5H
sias ‘21%‘4‘:}- HEA] A7 1L.GE 7] By

2.2 Structure Operations

Q 2.7 StructureZ} ®g=o] Q=] g QAR HIE 4 qlrky E9AT [K&RI1|
o= 1A Aokl sh=a.

Answer [K&RIJOAE, oz whsold HAupdzioAe o2fdt Aljtsol gl Zo]
2hal Ao iyt 1283 AAl= 5, RitchieZ} B Fupdo A= ([K&R1]E
B olg) FEAS kL B QAR Aget, TEAS Rk 2
QuEol SaEE. ol odE B ¢ Andsle] 42, of A
HORARE o] 74”1“’]31': 2 TERA A gy Al o
AFE2 oAl ANSI C 29| 4571 Hdsyoh w2bA 43 71217l
A )2
TRAZY BAL, AG, 2lEEs A9 Eal 292 B (monolithically)
7] wEell A ] I HW "ot

re £ l ml)l'
30 mln

rlo

l%

oll

—~

olz0}7] A7) doleis B}
514 erethe ] FelalAl] vy
AR 14110 TES Fasl] vieh

References [K&R1] § 6.2 p. 121
&R2] § 6.2 p. 129

[
[
[ANSI] § 3.1.2.5, § 3.2.2.1, § 3.3.16
[C8
[

=

C89] § 6.1.2.5, § 6.2.2.1, § 6.3.16
H&S] § 5.6.2 p. 133

Q 2.8 9 =} 1= MM TEAS VTF 5 Qe

Answer C ¢1o]9] A4S AeoiA, 24 HuE Fdshr] 9t 2 W2,
Aorde PgolA, EAIsHA] 5Tt 1tds] HiolE del= Hlwsh= A
o, 324 PE Aol YA B2t “hole S A2 u) 24 kU]
2780}, 2 FEAE B0 A APShe AL TeAe] uh ol (U8 2.9 1) wehy
o) TxA HE TS AL Ro] (BE pass-by-values| Slolrt Ba gk 4] okl B4
Hghet.
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References

Q 2.9

Answer

References

Q 2.10

Answer

k. (©]2]st ‘hole’ ZF W7 o2 AH (alignment) HHo] U= 9
AA717] 9o Baghch. AR 2,198 ATSA] viELh) £8 T2
GOl B WAL G W BE A% BE U912 W AL, W
UG S YT E AR} AFR WEol
o), P2A EE WAEE AN WD 5 e

& ofgick A% Fol Fhiel A9l char « Sys] =k -
o AL (AR 8.2 &)
claio] £ 7ol PEAE @l UPc, BE Bl AL vze)

L W48 A3 wSolof gk

[K&R2] § 6.2 p. 129

[ANSI] 4.11.4.1 footnote 136
[ANSI Rationale] § 3.3.9
[H&S] § 5.6.2 p. 133

TFEAE s, 29D of 21, AAz oA Fdse AU7ER?

o] e FERAPE JEEE, F2A9 BE gl A= AgHYH
(22 Z2aem7} o] EAf]| sigshe overheadE E017] fIshA 72
iﬂi AR AdshA] i, Wil F2A9 ZRIHE SUrt) ofd Hutele

2 Asor FEAE 77l ZRIHE A= SR, wiuf2 pass-
by—value Made A8, = BAREe Thsolol & Barh I
o] e BRloR FRATE Zold, tivE2 mh= fHutder) vk,
HolA] o2 3, dutHom 4| At Feiz AU ofF edfid A
ndee FEAE U of & SHoz EWM static 37+ nFAgYC
olf B¢, FRAE sk d7t Al AR (reentrant) S 4> gl7]
2oll, ANSI Cof| F3tsA] ek5U .

[ANST] § 2.2.3

[C89] § 5.2.3

TZA| QIS Wolsols & A3tS (constant value) G 4= ¢l
g7

o] F& & GA| C dojol= ol ¢l(anonymous) FXAE THE HHO|
AU b A 24 HpE HEAY FRAIE HdHcke s
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Hok gt FR 14.11¢ H7] vt (GNU C Antdds x4 A
75, 57t 715 2& AlFstH, olF C ®EFe AHE 7hsAdo] E=54th)
A7 4.10= FaIsh] vy

Tro], [C9X] EFE “compound literal” o|gh= 7'd-& A7 U}, ‘com-
pound literal’®] IR dei= JL2A4 A5E & 4 I 3 Yt o=
£09], struct point B9 QIAE HH= plotpoint O of Al LZAIE A
gelel that 2ol @ 4 itk

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

I~

(EHE [CI9X] EZERQ]) “designated initializer” 2= 7NE-S o4 AHA, 23]
of mu| olge AL = Ak

plotpoint ((struct point){.x = 1, .y = 2});

References [C9X] § 6.3.2.5, § 6.5.8

Q 2.11 72AS S Q7 2E e

Answer FEZAE 2o & B-9= 7 furite() o

2k

&

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

T1e]3, o] £ HolEl: fread 02 HA 91E 4 Qiaith 1eld furitell
AR S Sl EARE A, FoI AL ARslel G
AREIS] U8 Lol S, (ereaa] Aol AN Yot
oh) o] § sizeof WA= HARE byte 45 AT

ANSI &3to] Zutelel® 23, 4 Aglo] Ho] gl de mhde (i
<stdio.h>) EFFom 9o} o] Al o] EHUrh. wF ANSI o] Ho]
ARG A3 oJrhel, WA AAS Rt Zo Az slolof gtk

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

oA7\A ZQ35E AL, furiteZ} F2A|Y] TSt EQIE]7} oz}, Hlo|EE 7}
el EQIEE Wkt AU

919} o] mel7l dlolE] SUL (53] FEAE EAFLE A (Hoating point]
2 EEs 98 ) oAl gt (BE 2129 2058 Fel] uf
Seh). FEAPE AFEE vlme ojule ARest Auade] 0je o

3719] padding& A &
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om, HolE 9719} =4 (endian) 7t THE 4= syt o AlAEOA

ZAE o utdof] 230 (write), ThE AIAFCfA o] mdo] W8S &HtE

Al Q& Aol Fasithd, AR 2,129} 20.55 F15h7] vigch

oy %11%17 (char * BFQ]O] Zatdolu thg F2AIE 712)7]aL
A, T2 ZRAE gt 715E7] vl S

*1 01 tﬂOlEie = AF, Suisle el gyt E5F dlold mtdo] of4

42 2017] SPIHE fopen()& TET 1, b flag ok Ttk AR
12.38S 2 76}A]7] vl

Z o o4l w2 WS, TEAE BE USIE AT AL P4 WSl
M= QU

References [H&S] § 15.13 p. 381

2.3 Structure Padding

Q 2.12

Answer

Al Aunpdel= 724 Qtol| ‘hole’s ¥hEo] Holi FXhS FH[SL 25 H]
o] 3tde] “binary” I/OE EB7FssHl Ut ©] ‘padding’ 715 1174
U 3ZA 99| alignmentE 2T 4 Y2727

ool BREE HoleEel H ek alignslo] 918 o, W2elE FE &
Ao g Q7 & 4 &Yt 9 & 59| byte-address machineo]| 4] short
st} 271723 el A2 8 5 1A 5k o] 7 34
o]n], long intlh 2717} 491 Blolel 49] WiAE B Fho] S1AIsHe

o Z4uth. oldl nlAGlHL, Siot Tel A $1Hsh 94 ke EﬂfﬂEi%
ol 97 & 4 g2 & sarict

cheut 2 EAE ek F1ge) BAT

struct {
char c;
int 1i;

};

2e] HupdeolA 9ot 22 F2AIE s W, char®} int Atolo] of
H ‘hole’S TH=0]A] int Zro] AR align® 4= JU=FE 3] FUT (9]
W S BES A BES JF0R s, /5 e UL
(incremental alignment) A= Z2, o] 1A ZA7T 2HIEA] AFE ] Q)
R 22 7198 AQUT A% ANIHE nalloco] She X, LA
2 g o SU1E aligng WHH Folof Fhch)

(]
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ofekz. atlelelA] o] (‘paddingo]t ‘hole' g o}%7|

S ok WS AT AYUT (spragmas A4 T ,

11.20& FasP] BT, Zeit ol AlelE $1g BE gL ¢l

72& oMok gt

oleldt padding 02 WAsH:, WHlsls gxto] delsick, TxAlo] W
o o
-

fr oMo o

Lo

g, 2 oA AL 7] 2o Hejetu =
Yek bit field AMESIA B4 B $7HE HOFE 4 glov bit field 1
2o BE EAEUT (8 2268 Zash] v

glgo] AR 16.7, 20.5% A7 vighct

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

d| EfQloll sizeof IS AUY, A7F et AR o
1“4 J‘QHE}. o 18%?

Answer TZA= T QSH 7L o]2St ‘padding’ 7S T & dHUL) ol
ZA7) sjd2 TrEold u, & (alignment) &40 HEFEE 5H7] 9
Adych. E Hd® 2o]7] oFs Aol o]t o729 ‘padding’®] Hot
Yok ol sizeof} U 712 SRS 3]SI A%
122 Fsb] Hch

References [H&S] § 5.6.7 pp. 139-40

I
i
N,
tlo

o
N
f—
CJJ
il F)J

s
2=
d

Mo o
I EI)

£ 30
i) mlom

2.4 Accessing Members

Q 2.14 724 gholA] ZH7te] MEo] digt byte offset A& 4 tar

Answer ANSI CE offsetof () MjAZRE AUt} <stddef.h>E HA|7] Hfg
Utk wefe] o] Wit ik chaat 2ol wE 4 gk

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

o] W2 100% ol4)/de] Hold Zlo] obdyrt. offl Hujdzjo A= o] v
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(Ssp] de] 22 o i, F ALY | uelelE M AL o
ZE YA OR, 00] ofd TR goleleh offset IS 2E 5 W

B FUrtt. (char *) 2 7JAESHE 212 offset©] byte offset T2 2

Sk @ & Sl o] Sie ATk Zege] Bl ol sht g,
Sl ARKE T W, type SUAET} 24 080l ET Sole o] 9)

—‘4‘:1"?}, AR F2REA] 7] mj&Eo] access violationo] dold 7MsAd2

GUTh) Al RS ] Sla), B 2158 sk slehdck

References [ANSI] § 4.1.5

[C89] § 7.1.6

[ANSI Rationale] § 3.5.4.2
[

H&S] § 11.1 pp. 292-3

Q 2.15 A3 A7Hrun-time)o]] FLZH] WEE o207 accessT 4= YFH7F?

Answer ZYZ}o] " 0|51} offset-2 offsetof () HjARE HA] Ho|Eo A3 F+
# HUth struct aclH HE v'0] QAL ohg Po] B & Y]
o}

offsetb = offsetof(struct a, b)

utok o] LxA| HALE 71E]7|= EQIH structp/} 7, WE b7} intd
o, HollM ALIRE offsetbE 2H bO| ghe tadt gol Y 4 AsY

e

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

Q 2.16 C 2Aojol], Pascald] with B3} 2:& 7)%50] Y&71?

Answer AR 20.232 H7] vy},

2.5 Miscellaneous Structure Questions

Q 2.17 wjg9] o]Fo], wide] ARA Q45 7ter|e EJAEAY SR

P
TEA olg2 HlE WAoo FA6A] gkE7ta?

;N
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Answer The rule (see question 6.3) that causes array references to “decay” into
pointers is a special case that applies only to arrays and that reflects
their “second-class” status in C. (An analogous rule applies to func-
tions.) Structures, however, are first-class objects: When you mention

a structure, you get the entire structure.

Q 2.18 o] ZE e AAHOR BASAY L] S 1, core AL

TEo] Wyt 9 37k

struct list {
char *item;

struct list *next;

/* Here is the main program. */

main(argc, argv)

{... 1}

Answer FEAIE AT wf AWZE(;")S WERY] 2ol main(O o] F2AIE 2
Hoke W golslo] Mg (200l Solzt 4 (comment) T2
o] 828 FohPl7t Be BE AU ) FRAE deske BhE
2 &A% 2" EZQJE (hidden return pointer)E& F716l= 402 LAY
2o, main() o] A7HE] QIAE §r= A TrEoldUct. Y= C start-
up coder= main()o] 7 7jO] QIAE W= Ao® HolA gloB=, o] H¢
Ao FAE 4 sy R 10.99F 16,45 Halshy] vy

References [CT&P] § 2.3 pp. 21-2

2.6 Unions

Q 2.19 structure?} unionS oJBA A= th27EQ7?

Answer union RE IV AR HAA ZAHE ZS AlLlstlE, structure?}
BTk Tebd wnionol e @ ] shje] WS £ % Uk (2
2 Shto] "of 2 (write), THE LA ¢lojA], ojd ERYlo] HIE
92 A the Ao ua] A & S5 A, ok Al

o
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References

Q 2.20

Answer

Note

References

machine dependent$t ZAUUtt) union®] F7|=, 24249 WHE 5
2 W] Ato]=7t Hytt. HFHO structure?] Z7)= ZHzte] WIHES 3
718 o g AU (5 K A9 B, A8 padding ol Hod 4
Qe 4B 2,129} 2,138 P} Higch)

O

[ANSI] § 3.5.2.1
[C89] § 6.5.2.1
[H&S] § 5.7 pp. 140-5 esp. § 5.7.4

uniong *7|S8}(initialization)d 4 JUHFU7I?

@Al C L union ¢Fofl, o]F°] Sle WA WH O Z7]ght QoY
th (ANST o]de] HuddoA+= uniongd 27|13k 4 Sl o] A
fsyH)

wniong 27]3517] Slal, ole] Alsto] A ofF AEH AL it
(GNU C AntdeE ofd fuete 2783 5 e 3 7152 Alestd
Z o] 7]50] BEo7 = rIsAo] =5Ur)) If you're really desper-
ate, you can sometimes define several variant copies of a union, with the
members in different orders, so that you can declare and initialize the
one having the appropriate first member. (These variants are guaranteed
to be implemented compatibly, so it’s okay to “pun” them by initializing
one and then using the other.)

[C9X]E= “designated initializer” & AJNolal Qlo™, oSt || z7|gk

2 % QRS ok e
(COXJol 2748 o= thast 2k
union { /* ... */ } u = { .any_member = 42 };

Z, 9] dl+= union u?] HHSl “any_member’ & 422 Z7|5}5}1 dHY

e

[K&R2] § 6.8 pp. 148-9
[C89] § 6.5.7

[COX] § 6.7.8

[H&S] § 4.6.7 p. 100

Q 2.21 union?] ojd "7} AR X1 Q=r] & 4 Q= HHo] 9JL7ta?
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Answer gtk of2fito] A3 off IETL 21 Q=] ZIFdl Fofof Y

=y

struct taggedunion {
enum { UNKNOWN, INT, LONG, DOUBLE, POINTER } code;
union {
int i;
long 1;
double d;
void *p;
}ou
3

9} Zo] TEal, union®|| FES &(write) WUt codeE 2HIE oz A
g Uk Antlesl AEes ofd A8 o FAt gt (C o
ofofl A unione Pascal®] variant record®h= thHgUtt.)

References [H&S] § 5.7.3 pp. 143

2.7 Enumerations

Q 2.22 enumeration(@AF)S A= A} #define 22 AHoJgt nja 7S A= A}
Rol7t st

Answer @AY o] Boli= oFzke] Ffolt et C HEL ‘emumerationo] oelg]
o] H4 BoR 2 & ek HYF 4 Yk (Fel BFSH,
ol2A HulekA ALES sh gk Aok & Tt @YSHA enumer-
ation & wellg 2T el Pol & 4 UL FULh If such

intermixing were disallowed without explicit casts, judicious use of enu-

L

merations could catch certain programming errors.)

enumeration$ & we] £& W, 53] gol AEH0 = A=) T,
O] (debugger) 7t G718 WSS AR 1 Al (symbol) GO HolE
% 9AoHe MU (enumerationT} 3453& Aol Aol 5L opf]
@, £2 2rjlo] ohly] thio] ofd Anilei e A8 FellE
SHUth) enumeratione & W] ©HH-L oalgt AlASH ATE T TEH
7F A= Fof k= AdUTh ofF == 1ME52 enumeration M40
2715 A 5 o= Aol 29| gy



CHAPTER 2. STRUCTURES, UNIONS, AND ENUMERATIONS 56

References [K&R2] § 2.3 p. 39, § A4.2 p. 196
[ANSI] § 3.1.2.5, § 3.5.2, § 3.5.2.2, Appendix E
[C89] § 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

Note 419 GCCol A& OH7] e +9, tH7] GDBoA, viaz= g

o] ofd, o] (symbol gHOE HelFUT Wetd o] Z, enumo] At
A7 st glelaltkn Wat & gk

N o

Q 2.23 enumerationg o]A]Ao] Qta?

Answer Enumeration2 18| Q#jz] kol C dojof 25U (K&R1ol= ¢l
Sierith) 2EAR S8k C glojo] ARt Hglom, Wby RE @
AL 5L o]& A Yt They're quite portable, although historical
uncertainty about their precise definition led to their specification in the
Standard being rather weak. (&% 2.225 #115}7] vFgyrct.)

Q 2.24 99 g2 4B FAT 5 Gk 1T W] YSar

Answer iUt G719 g FALE WP (mapping) A= &5 2A

3 4%
ol Utk (1 BHow, s F2 IS AR AT U
)

O

2.8 Bitfields

Q 2.25 ofgle} o] FxA] A0 TE()S 2EA Hz7

struct record {
char *name;
int refcount : 4;
unsigned dirty : 1;
};

Answer H|E ZEC (bitfield)2tal Uk Z2() thaoll e+ A2, Z8 o &9
@%J 3712 HE 992 YUt (C AolE AAe] s oz =

oA & oheal Slsunh) o8 HIE ©99] flagelu 22 S A4St

L o bitheld§ A8 B7H2 okt 4 et of

Ao F&}s] o= AXRAE == A7|E gttt (Their success at

—
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the latter task is mitigated by the fact that bitfields are assigned left to

right on some machines and right to left on others.)

222 A4 HE FEO| 3718 Foke 2 TEA unionol 45t 2 5 9

= AX
FUTH o2 ws Balel 212 A4 Asteln & 4 gt (AR L2
9} 1.3 #7)
References [K&R1] § 6.7 pp. 136-8

[

[K&R2] § 6.9 pp. 149-50
[ANSI] § 3.5.2.1

[C89] § 6.5.2.1

[H&S] § 5.6.5 pp. 136-8

Q 2.26 Why do people use explicit masks and bit-twiddling code so much in-
stead of declaring bitfields?

Answer Bitfields are thought to be nonportable, although they are no less portablefl
than other parts of the language. You don’t know how large they can
be, but that’s equally true for values of type int. You don’t know by
default whether they’re signed, but that’s equally true of type char. You
don’t know whether they’re laid out from left to right or right to left in
memory, but that’s equally true of the bytes of all types and matters
only if you’re trying to conform to externally imposed storage layout.

(Doing so is always nonportable; see also question 2.12 and 20.5.)

Bitfields are inconvenient when you also want to be able to manipulate
some collection of bits as a whole (perhaps to copy a set of flags). You
can’t have arrays of bitfields; see also question 20.8. Many programmers
suspect that the compiler won’t generate good code for bitfields; histor-

ically, this was sometimes true.

Straightforward code using bitfields is certainly clearer than the equiv-
alent explicit masking instructions; it’s too bad that bitfields can’t be

used more often.



Chapter 3

Expressions

k)

C Qo] gzl 51 F9 shts avde Axdya — = C Hupdert 4
Ao Am wEs] 4P ShAHe AT (Al FEE 4 AT 4 USS o)
A= AJqYret o] =7Hx] BRE= C 9] specificationo]] 2 H32 H[HSYTH
HIE C o7t & o tightsHAl o=l o sh= AMARET C doj7t A ¢sk=
ARt & 9 B2 S (8 801 AR A4S vlE] Aok 71%5) 876k=
AFEARSOIAlE B W82 ofy AR iyt

3.1 Evaluation Order

EZSF expression (424]) QoA subexpressiong (F24]) Ikl A= A
5| Ay argdEdUTh o] A= of7leo] AZfok= operator precedence
b= (A 94 =91) ¥ Aol flsuth. of=7lie] Hols FARgo] (multiple
visible side effects) iAW, gt W] olz] 79| side effect7} B3Y5HA| (parallel)
Rgapr] ot @ Andelel W7k oAl A2 Bast . 127 g
ol2fet A%, AU 9] PF2 Ao=o] A & 4 UssUT (The behavior

may be undefined.)

Q 3.1 o] F=7} o F& sk Fe7ta?

ali] = i++;

Answer FEAQ] ‘i++72 HARRS doZ 4 Qlgunt — = 19 Fro] AU
FA10] thg Fiof i7F T 2o]7] giie], o]Zo] MAE7] o]He] ghe

A, WA Tl U & 7t ek (KERoJAE o] 4] of

58
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References

Q 3.2 =

Answer

Note

03t P52 3t 2] AR BAUTH (unspecified) sHA|TE C EZA =
o|#l 210] Aol thsf Aolwx] ATt (undefined) Z=stA okl 3l
YT — A& 11335 Farsh] vy

A Amde et 2 o8 dgehd:

int i = 7;

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

‘495 E39Utt. H71 £A(order of evaluation)o]] AaHgle], 562 &

N
-
+
X
U¥
B
/\

—-) QUL ol 29 tjel WA 7129 g AL of

HasA JUt. “after”dh= Wol 2071 SEARE H3 ofsfsial

52 do ol
o|N
N
_‘\“

rlr
pors
o
L d
A

% 71 @8 UE g e /LS W, oY U fee 3
Bl T AS BT &GS Wge e e
ato] A ZAle] Eupy] Aol (ANSI CO B@S Belzd Huk2t s
quence point” 2 Hol77] el AR 3.8 ) o] RolHThe 21 WUk,
Slo] Trolde AnQet 7)E0] grow Fe the, Z7HI7)7] HEd] 1
@ ZWh e AUt
52kgo] oAl 2 FAC e AolA] 2w 1 FEPAL 4
A ghUeh. (S WokE +4, -, =, 4=, -=50] F SAle]A 2
QBAE(WS)7L W ol WAE A9E Juigch Hske 4
3.8 F15t7] vlete] “gelslo] 91 ehr(undefined)” 2 §olo] sl
L AR 11332 #0sh] viRhch) oleish Aol ofeiitel Antest
of A BAT A Peln T Wk YU (B C WaAA ZRE A
B ok Ut KRolA 9le 24, “cloret Afed o2
A BASME A BECH, 122 o] BE: Zo| Witk (9% I

you don’t know how they are done on various machine, that innocence

r&o

R
2
o,

N
=~

6]7[11
Mo rlo x

C R

may help to protect you.)

A B “after’¥ Holt AR BAW o We] ofsfekdl 4 gich
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References

Q 3.3

Answer

Q 3.3b

Answer

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
89] § 6.3

H&S] § 7.12 pp. 227-9
CT&P] § 3.7 p. 47
PCS] § 9.5 pp. 1201

Q

[
[
[
[
[
[

o e RES o Antdelold ARa Rkt

rlo

oH el 17} 3oletn st E 45 Fsht AU gl
of| Fukdelrt B AR

o7]elle &HhE gol flgayth Aok &2 A2 4E Aol A= A
gsUt ZE 3.1, 38, 3.9, 11335 HAIsP] vy (i+4 +is &

ki o+ 13} 22 QisUTh ske Zlo] Beed] 1 ghe F7HA7IE Zoletd
i=i+1, i+=1, i+, ++ F SHEE 2] HiUTh AR 3128 Zush]

Hgeh

o] F=7} SHRE7ER?

o|41A (portability)o] ¢l2 Wat ofjz}, A2 S2BIAE o=
t}. 9Jo] F== 3t ‘sequence point’o| A H a9 ZEE FHOL:
s W=, 9% o] Aelslol Al e

A= S0l vt 2 Z=5 SCO A3t C Hupd2(ice)ollH %= 7
+, bE 12305 A5t aF 002 Al HAESISYT:

int a = 123, b = 7654;
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Q3.4

Answer

References

Q 3.5

61

AR 3.1, 3.8, 10.3, 22.15¢2 ZUs}l7] vpch

9 (parentheses)E A4 7} &AE A7 Yok= ti= vk
gtofo] Ao 5 22 Jrfete dobA A ohutar

% gle7ta?

by 29 2 obgyek.
At 4 9loh o 44 Wbo] AR BUS WA 4 YUtk o
ST} e SAA:

£fO + g0 * hO
Sl Fio] SAlRT WA dofdths Zg W gt e, A
o @4 F oW FE WA TBEAE L 5 YFUT 5, 94 S90k,
Bl QR A mAE Zlol, 2 WAAAoperand) o] B} 4]
o G FAE gt
BoE 59 A AL ofE 3R} operand)7} o]® @Az} (operator) 2}
A2Y AAAS BHA, MR, Ble] BE RHo| G F 4
g Theat go] Bug Adet

fO + (gO + 1h0)
T4 A 2o G A Btk HLel, AR 3204 e AL
B B9 AL AR ofF GS FA T st v g
ok 94 £917} 7] wEeiyck

(i++) * (i++) /* WRONG */

¢ A 57 A e Agle] ‘undefined behavior’ef sfggct.
F-22] (subexpression) o] 7} =47} 588 wjol=, AA| MFE WHEL ZF
Z} o2 EXf(statement) O 2 g A= Zlo] Z5Uth

[K&R1] § 2.12 p. 49, § A.7 p. 185

[K&R2] § 2.12 pp. 52-3, § A.7 p. 200

JYoHA &&, || QAR OA = ofE7ER? ohaat 22 IEE 2 7o) gL

Ae8.
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Answer

References

Q 3.6

Answer

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

¢ F == 0|24} ‘short-circuit’ of|@](exception)gtil k= o|9] AFFIUTE.

%, 4R Q1Fo] Ayt Nk A AvE o 4 e diols *F

zo WA QLT (2, |1 QAelA 9%o] FolALt ax Aol

gxo] ARl ). 13ER, FoH(comma) AEARRE HERZRR| 2 o] QI4t

AEe 9z oEZOZ WL AL BT & dEUT AL o
A

2
AT BT (70 AARRF 23 F712 HEAQ] ‘sequence point’E 7}A]
I sy (ZE 3.6, 3.8 1)

[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

[ANSI] § 3.3.13, § 3.3.14, § 3.3.15

[C89] § 6.3.13, § 6.3.14, § 6.3.15

[H&S] § 7.7 pp. 217-8, § 7.8 pp. 218-20, § 7.12.1 p. 229
[CT&P] § 3.7 pp. 46-7

270 Wehd ge, |1 QO] 0 2%o] WrlE)A) eierka mgst 4
27
BT

if (d!'=0& n/d>0) {

/* average is greater than 0 */

¥
oLt
if (p == NULL || *p == ’\0’) {
/* no string */
¥

+ C FEoA w25 & & Sl AYYrth o= o84} ‘short circuit’
J2far Tk JEeF o] ‘short circuit’o] QIehd, AHA A9 &ao] @&
Zo|A, a7} 0¥ AL, 008 el ‘divide by 07 o7} W8Tt &
HA dAelAE, ek p7b d ZIHY e, EXSH] S Wiz Sk

AR oleirh g AU,

(]
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References [ANSI] § 3.3.13, § 3.3.14
[C89] § 6.3.13, § 6.3.14
[H&S] § 7.7 pp. 217-8

Q 3.7 ol Z=oA 9 f27} WA TEENLQ? A A7
Zo|A QB2& 07 WISl (evaluation) ZAOE2

e, 10
Ii]
%0,
rr
4,
ko

printf("%d %d", £10, £20);

i 3 © QIZE S| 95 ARESHE Fuh(,): Fnap d4t
Ak ot fz% oA 2t Qo] W7} A AN SEekUL
(unspecified) (A€ 11.33S Fsh7] vighct.)

HHN'

Answer J‘D}() ?-JLP }% & A 92207 Hrlsl= o] HAE ] QLU 1
oA 7}
A

References [K&R1] § 3.5 p. 59
[K&R2] § 3.5 p. 63
[ANST] § 3.3.2.2
[C89] § 6.3.2.2
[

H&S] § 7.10 p. 224

Q 3.8 olgish B3 722 o} Uojof s11A? E ‘sequence point’ehs 2L 5

Answer ‘sequence point’2F= Z-& of® A7t (AA] 419 B B A, =
1. &, 7:, EE Fohcomma) AR, FE T4 T
£ ofulsie o®, RE Rago] Qoix] eRerkn BASHE AFY

20/ ‘sequence point’atil SR AL TR 2L ARk Wk

e at the end of a full expression (an expression statement or any
other expression that is not a subexpression within any larger ex-
pression);

e at the ||, &&, ?:, and comma operators; and

e at a function call (after the evaluation of all the arguments, just

before the actual call).

ANSI/ISO C EZAL thgat Zo] AHostal &t

Tlop 4 G5l Zolt ok Bot AuxtelE, sht ol Qg @
7RI

rr
o
V
i
rﬂ
|

rr
X
e



CHAPTER 3. EXPRESSIONS 64

Between the previous and next sequence point an object shall
have its stored value modified at most once by the evalua-
tion of an expression. Furthermore, the prior value shall be

accessed only to determine the value to be stored.

QoA FRIA Zgo] ofHE ok syt 5, ofd QEAES e 2=
(write) %, AA] 222 o] omAEd e e Ate] AT B
o7 Aojof sitk= AL ou|dct. This rule effectively constrains le-
gal expressions to those in which the accesses demonstrably precede the

modification.
42 3.92 Fvs}r] vk

References [C89] § 5.1.2.3, § 6.3, § 6.6, Annex C
[ANSI Rationale] § 2.1.2.3
[H&S] § 7.12.1 pp. 2289

Q 3.9

i)
lleS
kU
I
2
>
=
ne
1o
te)
rE
B3}
ko
PN
2,
N
o
i
H
il
)
=
.
rr
oy
e
i
=

Answer

o
rl
i
_VL

Iz, 2R g 4o u}:% e A e, o A Aew I
TERUR? T29al, dd Aol 2] JPF FAo] AolE o]
2oHetal (undefined) PO, K= HolA ofgA FaF 2] REUTh

‘undefined expression’c] & 7J¢] sjAo] 7Fsslcha sz, Anfdzrt
Mo s F shts e Zol=tal 7HdsiM= FEUY. B2
"ﬂ, AHorde7t ofd Adele sfiof gtrta welA] kst 18,
| Auides Ae o s 27= gy 9 Z=9] B

T ali + 1] glo] S8 22 B9, A9 e 84
}Oﬂ o] Hidi= M5 A Xell) & & UFUTE 1 o]
g Fell, i7F ol# e 2l A A 5 4 sy ER

, 11.33, 11.35& 2a15}7] wisdcth

2 |
A mlm

N W =)
A_Eér_“&_m_xg
o),

&—lo

o
2

<2 o mx
rlr
R

OJ
IS
o mz

w

2,

Q 3.10 A[FE©°] i = i++7} ‘undefined behavior'S Yi=thy A& WsiA|qt, A7}
ANSI 2% 53 fAupdgoa] Adst Ax}, GAAd ZHS ALt

Answer FE 11.355 H7] "ok
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Q 3.11

Answer

o] BE BTt 2lS HET, Ut eAoflA WAE A& 2= ‘undefined
behavior's o 4 9J27117

7P Al e, oerhA] HAle R SiAEA] obe, Tt onE 7=
expression= W, ‘undefined behaviorE mgr 4 QHUTE (EE o7]9
A e AoR SAsA] grrolel ol ARl ThE = 9]
B ali] = e} i = ies0] Of2iR] BA0R S 4 Aok A%
= Abdold, #AIgkE A Z54yth)

= 2714, Andey 55 At
A S0 ool Aok el Fuh (wEut F o B

(a) ZF expression©] o 511+9] objectTHE WMAT (modification) 5 )
Al AUt & Sof, Thaet W, 8jde] §F 94, 2RI} 717
4t (e.g. *p). 997]A4] modificationo|gt, = AAAE £ 7HAsE i<l
oL}, +=, -=, *=2} 7S AXAE (compound assignment) 2= T,

) 1__~
s} -8 2 37} b gas 2 2 g

+

(b) St expressiono]|A o object7} g+ ¥ 0|4} L}poH, o] objectP/] Zro|
HAEE Beel, A%E M= g2 Altsh] S8, 71€ @ 2=
QP S Guk of FAC] Webd 1 -1+ 13} 2L 54 2
% qleieh. e, o

= 170 5 ¥ 294, 19] A ghe ARts]

Flsted, 71 1 g A7 iy

WA F2S oftue B-97E & "asihH, HAEEE o2 object
O] Mz FEEo] AitE = Zolojof Yt E
A7l o] WM7go] o]FofA =% 5, 7St Aa 27shke o9
g o] HlEs Rt (o] ASolE FHA o] AANES: sfo}
o)
of Aol meb S ¢ = apreo} 2L QUHS & & e o
U, 7} object5o] (coh p) A= theA] AR TR spe
= ck & & QJFUT, because p and *p (i.e., p itself and what it

points to) are both modified but are almost certainly distinct. Sim-

2t

°
u >>4‘

ilarly, both ¢ = a[i++] and al[i++] = c are allowed, because c, i,
and a[i] are presumably all distinct. Finally, expressions in which
three or more things are modified—e.g., p, q, and *p in *p++ =
xq++, and i, j, and a[i] in al[i++] = b[j++]—are allowed if all
three objects are distinct, i.e., only if two different pointers p and

q or two different array indices i and j are used.
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(d) You may also break the first rules if you interpose a defined se-
quence point operator between the two modifications or between
the modification and the access. This expression (commonly seen
in a while loop while reading a line) is legal because the second

access of variable ¢ occurs after the sequence point implied by &&.
(¢ = getchar()) !'= EOF && c !'= ’\n’

Without the sequence point, the expression would be illegal because
the access of ¢ while comparing it to >\n’ on the right does not

“determine the value to be stored” on the left.

3.2 Other Expression Questions

C Q10T expression(4])olA 217} ThE E11e] operand (SIS WA
et AL AT etk BE ol A e gekghich. T o
@ % g Ak e & 9o, AL 3149} 3157 Teie Aol dho Ao
Ut} gl&ao], o] section®] AEE-E autoincrement operator®} conditional ?:

(= “ternary”2}alt Sh=) operatoro] Tt Ax thEUYTt.

Q 3.12 wioF 5:419] ghe %] oRerh, Wgo] gh FAHAIFN] 19l i++ S Mok
Sht, ++i8 Aok shpar

Answer 5 expression B, 71 expression®] Zto] ThE expression?] UHo Y
8% (containing expression), OB Fro] sjAE=tfo] zto]7} Qle Zlo]
b=, 7hds] 94-9] g2 S7HA717] SRt Z4om o, offyd Aol
S5UT (THeF containing expression©] = o= full expression©]2t
SURRIS S
TESH full expressiono]|2h= AA| offof| A (i++0] ++iQ} Zr-e A} H]s=
SHA) i += 13} 1 = i + 10] €3] ZEUnh (TEY, C++oflile ++i
o] AE o Adosddh) Qgo] A& 3.3% FalstA7] vhEyh

7

—

References [K&R1] § 2.8 p. 43
[K&R2] § 2.8 p. 47
[C89] § 6.3.2.4, § 6.3.3.1
[

H&S] § 7.4.4 pp. 192-3, § 7.5.8 pp. 199-200
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Q 3.13

Answer

References

Q 3.14

Answer

off Ak gho] Foldl W fell S°1 U] HAksor gyt v=3} Zol
=l A Aldiz T2k e7ta?

if (a < b < ¢)

‘<o} e WA A= (relational operator) ®5% binary operator$)
o) 2, T Y] meitg ol Hel Aakg (1), B AR (0)0E
ABUGL el 2 < < ot 9 8 <08 BASKL L 20 12
Sz Ut T A2 Bkl A2 0 < c E=1 < o7t Uk (2 9
A5 47] YSiM, a < b < cB (a < b) < cE AZSPH 45Uk It
stel Amlelr} shshs Aok 2] ThEUEh) S 447k of| WSl
ESREA) 93 oW, theF e TES Aok Tk

if (a <b && b < <)

[K&R1] § 2.6 p. 38

[K&R2] § 2.6 pp. 41-2

[ANSI] § 3.3.8, § 3.3.9

[C89] § 6.3.8, § 6.3.9

[H&S] § 7.6.4, § 7.6.5 pp. 207-10

o] TEk 9 SHeHA ghertar

int a = 1000, b = 1000;

long int ¢ = a * b;

C Ao]9] ‘integral promotion’ o] 23] 9o FAlL ‘int’ E}JQ] FAl
oz AUt oA 1 At L HE2-L (overflow) EAY, F= ‘pro-
motion’s}7] Aol 2z (truncate) 4= FU T w2hA ‘long’ EFYQ] &
Als skt (A1) ohat 2ol delFoiof iyt

long int ¢ = (long int)a * b;
E ohewt 2ol g

long int ¢ = (long int)a * (long int)b;
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References

Q 3.15

Answer

‘(long int)(a * b)’'¢} Zo] 5}= AL RO Fre} EZLS Ayl=s vt
Bg desh Ut o Aoz ALYE st AL (5, Bl B

=

=, A
W Avs A" sk= A) A3 32 long int BRQof thUT uff, oz}t
E20g HE= ZAol7] wio] (implicit conversion), AUupt gt Zo]
o] Hguch
Aitgro] Ao gl A9, Al
Sict. a2 e ot g

ClEo] AR 3.15% ZsHA|7] vighch.

ok
ol
o
2
Hi
e
N
st
Mo
2,
N
~
i
o
gt
>

[K&R1] § 2.7 p. 41
[K&R2] § 2.7 p. 44
[C89] § 6.2.1.5

[H&S] § 6.3.4 p. 176
[CT&P] § 3.9 pp. 49-50

9 ol ZE= A< 00] Ya7ta?

double degC, degF;
degC = 5/ 9 x (degF - 32);

o]® binary operator®] & operand”} integer?l 73-9-, expression®] LHX]
F7o] o EQiIzof AAglol, AR At 91 AtelA, YAl
Re opEo] BE o)y uhRd] B4gkow AN, 5 / 9 = 0o 4t
SUTE (32 Aol s 28 WMo AREE A T it} U
Aol Mgt EhAsk= 712 opdUytt.) AFE int7} obd floato|L} double
= 20, o] A= A=, e AH5H floato]L} double® FHAF S
= sy

degC = (double)5 / 9 * (degF - 32);
E'l_
degC = 5.0 / 9 * (degF - 32);

AR ©, MEA] Sht B 5 i) "] o]Roixof gt of
Bfol 2ol Akto] By theo] ArHste AL olRd o] HA £

th:

degC = (double) (5 / 9) * (degF - 32);
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SlEd] A& 3.14%= HalstA7] vhEyo.

References [K&R1] § 1.2 p. 10, § 2.7 p. 41
[K&R2] § 1.2 p. 10, § 2.7 p. 44
[ANSI] § 3.2.1.5
[C89] § 6.2.1.5
[

H&S] § 6.3.4 p. 176

Q 3.16 oj" 279 ug} A= T2 W] BAS ALt AnE giYstelr Fych
o e I5E NE F5U7E

((condition) 7 a : b) = complicated_expression;

Answer QFEUTE 7: QAAHE tiiE QMRS Zo] ‘Fh(value)-& THEO] W,
mEba] o] ghol o2 he Y 4 syt (T 2=, 7:& dvalue’'s
TSR] ersUth) AT o]d Aol IEE Hof githH, TRt o] g
T AFYh

*((condition) 7 &a : &b) = complicated_expression;

(2 LrrA o= ofdd 4] IEE AAEs| Hol7] mgof & 220]7] o
Suth)

References [ANSI] § 3.3.15 esp. footnote 50
[C89] § 6.3.15

[H&S] § 7.1 pp. 179-180

Q 3.17 ojw Zeol thewt e B gtk

of Hujde o= 91 2ol F2eted], ofd Hutdeoxl= Hutd =]
J-/\],]r/} g] I 740]7}3?

Answer C ¢lo] &ojo]] Waw, =L 7. Hr} 94 £97} WUk oA ojd o)
= Anelelolde 9 £4S thewt 2ol SfsilE g

(a?b) =1( : A
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References

3.3

[«

(]
kU
I
rir
e
+d
ry
lo
ju
N
e,
rir
i
o
i
kY
I
o,
|d
L
ral
fn)
ol
=
e
)
il
Mo
S
i

o]7]oflA], =9] Y1Z-2 T3] bJYUrh A ANSI/ISO C &2 ZHutder}
=2 A oF iﬂu—_' Ao QJ& ULt (The grammar in the standard is
not precedence based and says that any expression may appear between
the ? and : symbols.)

upebA, ZolHAl Z8-2 ANSI 29t %‘lﬂr"e‘ﬂoﬂ*ﬂ %“?'35] 2 wadyh
1o gkef o ediE HupdeE 2

.

[K&R1] § 2.12 p. 49

[ANSI] § 3.3.15
[C8
[

C89] § 6.3.15
ANSI Rationale] § 3.3.15

Preserving Rules

} sectionol ] Wt “expression(441)oll4] 747 T} E}9]e] operand(mA4H})

i
£ WAsks AP 727 9] ofnlis classic Co} ANSI/ISO CollA] oz uHl3l%

Ytk

Q 3.18

Answer

o] sectiono| A= 1 Zjolo tiste] Agghct.

“sematics of ‘>’ change in ANSI C”8F= B2 =g, o] & Fo]&?

old Qiztet AL E2, ool & of" IZE7F ANSI o]H 9] “unsigned
preserving” &}, ANSIQ] “value preserving” FZlof wg}t & Aoz
siME 4 Q7] wizell ol=gt FiE HojFyrt.
ot EFAEE 4 QT o] HARE > 4Rl wiol] ARt Zo obd
Utk (A ofefat AR AY BE C il W 4 it
o] HIAZ|7} EARE 7P F 7le] A= thE EFio] binary operator] ¢F
Zofl 250710}, 22 £119] 4 £}3Jo] promote]ofof oF $of WAIT]
o} (Fefo]] ofefio] Azte ), I =04 unsigned BFlS & Zo] vt
e, g2 strlen Whzol o] HAIZZE UgkS AYUH. BE Cof
2, strlen size_t Y-S 28I, o] AL unsigned EFJ YUt

4% 3192 8] uihct.

N
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Q 3.19

Answer

“unsigned preserving” ¥} “value preserving” o]t o] F<& o)yl ofH
Aol7} 91z

o] & "HFAlL ZEO ynsigned EFYOl, ‘2 B0 & promoted W ofH 21O
2 el et Aol slgsich. kel W, #8t gk, 2 eele
2 promote™ ZQ1A], & unsigned B} 22 promote= A A7}
(1714 Rt 2 ERQlo] AR Fufe] wet ottt gebd 4= lssydh)
“unsigned preserving” (ZE+X signed preservingo|2tilk: gHUtt) {210 A
+, @/ unsigned B} S & promote Ut} o] 22 - Fhdsiohs A
ol JA, 7HE AVFA] 55 A9E WE ddth (oF ¢S B vk
yrt.)

“value preserving” FASIAE, promotes]7] ] ehelat F2] efgjo]
2 377} kv wet eruehthl b, promotes] 5] hJo]
1 A9 elele] nE Ed 7159 unsigned ZHE, signed ZHO2 o} EASH 4
Pl 29 AsUt—4dAE I, promoted $-°] BFYJ2 signed U]
o} qkeF & Ebelo] AAlZ 27]7F Zrhd promoted 0] BFJ2 unsigned
QU ($719] A9 “unsigned preserving’3} E7o] Faghch.)

AA| Brie] 2717} o] A4l Fadt A2 sfug, o] Aipe AlAHl] wh
et g2k & syt ofd A2A”oA= short int7} intHEul AT
old AAHME T Elo] AAlR Z77F EEUnh T ofE AJARoA
+ int7} long int Bt} A2, of@ A AHoA= & EfQle] AAlz 277}
2.

AA|R o] 2ol ALE+= 7=, binary operator®] gt operand”} int
ojx ThE 7+ Fol (2ol wet FEbd 4 A into]AY unsigned
int¥d Uyt gheFof gt operand”} unsigned intQl A%, o2 o &
°] unsigned® WZHUTH-FAsHA & £ glo] 2544 H-fole dld
A #4297 WU (Fl2l ZE8 1] slhich) ANSIC 9
H27F A HEelRe o, A S Hgks Faslehr] fIsiA “value
preserving” TF2lo] A= IFUH-



Chapter 4

Pointer

Pointer= C dojollq AlEshe 78 At 71%0e 7Isol#e, 2E pro-
grammersoAlE FENHE £ AYYh. Pointer7} 7}2|Ack & Z& 718]7]1L
WA ke ol BASE T2 £l flauth (MM ZAEA TASE ol
wAES tl HiRe] gt ge] iUtk Chapter 7 3187 BigUH)

4.1 Basic Pointer Use

Q 4.1 =i, ZAEE A4 F2 o] Atka?

Answer THT} 2o e TS} olelrlA] F& ol kit

dynamically allocated arrays (Z-& 6.14, 6.16 Z17)

e generic access to several similar variables

(simulated) by-reference function parameters (2 4.8, 20.1 ¥11)

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

walking over arrays (for example, while parsing strings)

e efficient, by-reference “copies” of arrays and structures, especially

as function parameters

(€, 919 H5=F0] AR= ofdyrt)
t2o] AL 68 F5IA7] vi )

72
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Q 4.2

Answer

References

Q 4.3

Answer

EHE Aty WzelE gusteln gtk T A SAsk o
#UT o] mEo] 2EE o] gtar

char *p;

*p = malloc(10);

AEoHA o] A pointeri= pOlA], *p7} o Ut pointer7h ofH &
ZFZ1Al st ot o] I pointer®] o]F-S Aof Ytk

p = malloc(10);

23, o] pointer7} Z}E|7lE wWiRE] S 27 siHE o Eo

‘indirection’ operator(Q4tA}) el *& ARSI T}:

A AZe A5k AF 2 5 JUEh ek mallocg A9 ¥
Z

=1
H9le] z7)zko s Arka thew} Zol al] HEguck
char *p = malloc(10);

o] F=E Mt 2| (assignment) © 2 RAX|T «& AAAsfoF Frk
28 7108 Bt

QOFs}H | expressiono]|A] pi= pointero]|il, xp= EQIEI7} 7la]7|= 3rolat
+ (o] 7% o€ char) AYYrt.

o] AR 1.21, 7.1, 8.3% FaIskAl7] HpRhT).

[CT&P] § 3.1 p. 28

aprr 2 B Z7HIFIE Ak, ohl|, Pt Tl 2 F7ATIE
AR

*, ++, —-9} Zro  moiit }-7]— 5hel AAHRF= (unary operatorz2hal @"/]
o) 4 LEZNA dFor AUt wEPA spr+s +x(p+) 9 L
yth ot pE SV E}% p7t S7F57] Aell 7H71d 29 3= aE*
FUct p7t 7tETle A& FTAITIEE Gp)++2 (Fi, F2go] Yojt
T gHgle A, +opE ANE JUTH 2% FHyoh
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References

4.2

Q4.4

Answer

References

Q4.5

[K&R1] § 5.1 p. 91

[K&R2] § 5.1 p. 95

[ANSI] § 3.3.2, § 3.3.3

[C89] § 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

Pointer Manipulations

int HjGo] ZQIHE MA Zdst dych. offl Z=ofA ojyrt A3td
AATR?

int array[5], i, *ip;
for (i = 0; i < 5; i++) arrayl[i] = i;
ip = array;

printf ("%d\n", *(ip + 3 * sizeof(int)));
sfopa ZAHnh ¢ @2 4S5 &4 s AUt C dofollA I8 it
& ZJAET 7HIZ1AL e W] 271HE scalegYth. whebA SHt
HEL (k) thet 2k

o Kl

Mt rlo

printf ("%d\n", *(ip + 3));
/* = ipl[3] - ZF 6.3 21 x/

9 FEL jge] AliA a4E ZeEh olefgt SEolA ofejRo] 2%
EE, 1 EAE} selrln g el 2w FeEA e Aol

—
ALY 4 FAE B (9] 2

C oM+ sizeof (int)of wat th=X]
gt i/ array[6] T array[12]) ZA5}2] &= Helo| Hdsta &
AdYct.

[K&R1] § 5.3 p. 94
[K&R2] § 5.4 p. 103
[ANSI] § 3.3.6
[C89] § 6.3.6

[H&S] § 7.6.2 p. 204

Hel
o,

B2} %ZQlE|2 (char * pointer) oJH intE 7}E]7|11 A, dA, o]
B A o intE 7H71A] st gyt 9ff o] Z=7t FASHA] o=
7R
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((int *)p)++;

Answer C AofofAf 7|28 (casting)> “HA| HIESC] ThE BYQ AAH =
)]

References

Q 4.6

Answer

Q4.7

Answer

|
727 o] opduyth; AR B conversion) H4to|w, o]0
A, ++5 HA 57}9 T e rvalues .
S AR wrEoyd, ooz o AolE, & Ay ofE Hodert-2
EHg 7411}0‘31‘% gCCJ S 71— $iot 2 IEE Yol tiE IEE

fj

=
il
2
i)
i
)
L

Aol g2tk
= (char *)((int *)p + 1);
(p7F char *o]7] wizell) Ex= IhAs] tgdt Zo] & 4 AFUth
p += sizeof (int);
=, (F 9 B AH AMe"e ohe) o 2ol & = sy

int *ip = (int *)p;
p = (char *)(ip + 1);

S oglom Aad oAl Luke eelo) ik
A7) vt

o
=
ClEo] AR 16.7% FsHA]7] Hight.

il
%
rr

Zo] ittt

o2
4n
=
4

K&R2] § AT.5 p. 205

ANSI] § 3.3.4 (esp. footnote 14)
C89] § 6.3.4

ANSI Rationale] § 3.3.2.4

H&S] § 7.1 pp. 179-80

o void xo AHHAE & 4 gitar

AR 11.242 B7] vy

ejofld de FEAIE EAsks Z=8 LU=, AP “unaligned ad-

dress” 2H= WIAAE ot Bt o]A F& ER17ka?

AR 1672 8] Hihct.
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4.3 Pointers as Function Parameters

Q 4.8 ZIIHE AR W PHE TEI, T WhelA o] EAHES 27|3feke

void f(ip)
int *ip;
{

static int dummy =

ip = &dummy;

JEt ket 2ol BEWS W, EAE] g WA e

int *ip;

£(ip);

Answer C doj= QIAE A uf, ‘call by value’ YA-S &= 72 7|2s}7] 8f
UL Sle] Baol e B AT HOlEE WA
Heret ip WA GhUch Webd o] BAIE shEst w4t mel
HO| F4E5 2 5 AR (5, dA ZAHE 7H27]= ESIE (pointer-
to-pointer)) BEAL, B47} EIES etohES sok Fhich

void f(ipp)
int *ipp;
{
static int dummy = 5;

*ipp = &dummy;

3
int *ip;
£ (&ip) ;
o] A%, 2= ‘pass by reference’ s FUHE EHE ISFUTH
E e e ZIHE dHshe 348 UEE Aduch
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Q 4.9

Answer

int *£()
{
static int dummy =

return &dummy;

& 4.99F 4.11 57| vhEyoh

@-/\7]- Ha __T.i_‘ll—ﬂ (generic pointer)% Eﬂﬁ1 ﬁi(reference)i }?:]-71] 6_]'7] ’(Iq
o) theat 2ol void *x EQIHE AT =HUQ?

void f(void **);
double *dp;
f((void **)&dp) ;

ol o] gt 9o e Ik BT & 9, frg & I
2 AAA7IE ST, o] I “RE E‘ﬂEi EfQlo] AR e wralom
FRAHEF S HAR sk 9low, o] AAls thFe] AARlelA olxw

TYA e AE YT DR 5172 Fne] v

C <lojollA HEo] ZOIEE 7l2]7]= EQIE] (pointer-to-pointer):= ZA|
S st void /b W] EAIER Aol olgt, €A T2 %l
B B9 gkl tidskAY, tidE o, AFso® e (conversion)o] Yot
7] TREQIUEh olelft MEHe void sxol, void =7} ohd THE Eele]
de S, g8 T Aol Gt ofelol void B £
AE 50] void *xof x A4S WA L] void x5 FoHil o of)),
AHutde= void *7}, thE ERIH ERQJoA HetEoj 2 ZRIAE & A
BT T AABE T 2 void +2 QAT o Fefel

implicit conversiong A§ $I 4 gl5Yrt

£

, o7 Eo] ZPstaA) ol= void xx= FIEA] oJd 7o) AAZ Q)= void
Z2He 718711 9= ZelE|olojok ULt (void **)&dpet 7L FTX,
AR ALHAnE el 318 Felel) e, old4o] Hojxln),
W foks AikE 97 %o 5 Yick 2B 139 T U void #x
7} 71T 9 EQE} void +7} o A%, 22T 1 ZUAE} voia
*Q= o2 F7u WE EF-S (internal representation) 211 & F-4
Anes 1 e e o ox EIh.

]

X,
Ao
2
o
2
rN

FEE F26H) SEeY, void + 1] YA WSS WE

rr
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double *dp;
void *vp = dp;
£ (&vp) ;

dp = vp;

H vpoll s, dojiiE

SHA conversione 43Sk 4~

thAl AR, o] BE A

2tk 7MY ofefelA ol
BT void sxol 4 WS

e A4S A BAT o

=
chEriY s, Tt g d4E

void *incme(double *p)
{
*p += 1;

SRR RCEE R

int 1 = 1;

double d = i;

0] QAT o
S % o A 2
int2} doublel] 3 7|9} W& BH
1) wlehe.

incme (&d) ;

i=d;
Fds], it 192 Z7RhLh (o] AL
W void *x FCTO} Zhe HRALS 2-
FE5 APty AZbs] Ho] vyt

int i = 1;

incme ((double *)&i) /* WRONG */

o 712, A A ghecta W

Q 4.10 tg3} 72

o

St e

2

extern int f(int *);

A= (constant) 9] FHHUAE
s

514 e

Ji

SIS
=2 2

htR? theat Zol o 1A

a

78

sfollAl vpRte 9Al WS MM A
AQU) olet 2, ot 2

ZF

=
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Answer

Q 4.11

Answer

References

£(&5);

yHoz T 4 geUth Do YA WEE Aok, o whe] FaE

2ol AErsfoF gtk

int five = 5;

f(&five);
durziog of@ ZhhRl gho] ofd, ofd Zke 7telrl= ZIEE Ake
+ @ 17, I g 3] flsiA ZAHE A Syt et
A el "igh ZIHE Agste 22 £ Waoletar wely] Zetehyrt.
grof £7F TR int *Z Q) AdAEo] AJHH, const int

d

17k ol 98 sher) 2
FolA =7} int *7} oFd const int *& HH= Ao
sl SSIERL, 5 WP QS W ek o] 4

O N
=
o
i
Kl
_O|L
N,
jus)
)
ol
i
o

C <lojof “pass by reference” 7} EA|5h482.?

AR ghetta @ 4 QFUth 4Es] Ta C ol A ‘call by
value'F ARGRIUL. o, U5h= BRI EQIE Bl AR WA, & A
M2 WA FAE AGTOZH, ‘pass by reference’s FUHE += U5
He £% fds Qe ALY Aol Bndet AEos o Adg
) FUc (Mg B4 ZAES AFgSHE AL AR 645 Fsh) uigh
t}). oJAE, C doj= AAT ‘pass by reference’ U C++2] odA o=t

H|E] (parameter) 2} -2 AL gEUTE (1Y wja= ¢k
name” & AlEHt AR 4.8, 7.9, 12.27, 20.1% FsHA]7] v

Yet.

N
i
_&

[K&R1] § 1.8 pp. 24-5, § 5.2 pp. 91-3
[K&R2] § 1.8 pp. 27-8, § 5.2 pp. 95-7
[ANSI] § 3.3.2.2, esp. footnote 39
[C89] § 6.3.2.2

[H&S] § 9.5 pp. 2734
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4.4 Miscellaneous Pointer Use

(e}
Answer ¢

References

Q 4.13

Answer <+

int r, func(), (*fp)() = func;
= (xfp) O

9 s=o] npxjet 20| ojnli thga Yotk fpi W4E vl =
QIEolx, xpi o] P4 EgUTh deln FmEi (
ol QIS WH <l listglurh. olu] @it 941 %912 TefsA xip
£ B SeUTh oY 9
TR 2L o2& UFUTh Wl WA EAUHE HA BT, 40
A SRR G4 o5, Z71atelA olRolAs AN, G4 AHHoR %

e
ol
-+

|
i
9
it
v
i}

QlE= HgEUt (decaY) A2 1.34 %‘1- o] olf= AA=
ga] WA, ANSI E3o| Ae=iEyct. ety fp7} 949} Zol, g4
7H)7lE EZJAEY 1ﬂ1 r=fpO;t iu}é EFUUL}. (o] 2L

RN Ae
s 2oy @ %7} FUth 9iustd, @4 olE Heol A ga

EZ} ok off, 3 2F ol9lo] t=A “O]L
o] Ayt
CiEo] AR 1.34% Z751A)7] vihch

[K&R1) § 5.12 p. 116

[K&R2] § 5.11 p. 120

[ANSI] § 3.3.2.2

[C89] § 6.3.2.2

[ANSI Rationale] § 3.3.2.2

[H&S] § 5.8 p. 147, § 7.4.3 p. 190

S ‘generic’dt EIH ERQlo] Juta? AVt A= Hupdde @ 2
RIEE void *& WAL ofY a7t BT

oA, ofF iy & o QU= ‘total generic’dt EQIE] B2 EASHA] 9
HUth void & Ooff QBEAE(EE fojE) IZHE AT 4+ =
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References

Q 4.14

Answer

2 BT Teb @4 EES void +2 AT AL 0|44
o] HojyuUrt. (oJ® A|ARIEClA, ol diRt FAagR w2 Y
O RE Hols ZEt A4 4 9 a8 2)

TFEAR, BE ok ZQIEES, 2o]7] Ao Y] Bjjom thA] wighH
oS 7Y o, s e g S

Gk b kRl U EQIE B St el (PHAOE int
*) O void (). = 1nt14- voidE glElsl= Sk I

G mUHE 2 4 AU

gkoF, glofele} kB FESHA] 9= ZQIEZE ARSI, T2 o)A 40|
Z 85I, uniong AA], F M= void *=2, ThE Shh= (HollA Teh)
W% moH WSo] A

Sie] W2 122, 5.8% b Bk

ANSI] § 3.1.2.5, § 3.2.2.3, § 3.3.4
C89] § 6.1.2.5, § 6.2.2.3, § 6.3.4
ANSI Rationale] § 3.2.2.3

[
(C8
[
[H&S] § 5.3.3 p. 123

e ZJHE Hgh Y, I Wiz s Adigluta? dAHo R g
e ZQIEol AsAY, ZJAHE 4 B o] W] ARsiE Hua?

s o] e
. o (]
)
THA S, oleftt 4/ BelE ke Heh B AAnE Aol %
ou, G A2E SlEAQ BielnE, o44e] gigitt. Telw o]
Pl (115 oHE FuUeSe A0S HolFA & 4 I G A

ANSI/ISO C EF&, C o7} ga] LAE7|E Higk= 2204, o]2fgt A
o/ 2QAE Mg HAS ARG U. wEbA ZRIHE A ey,
45 I 2 Wlst= 7212 4 ‘implementation-defined’ Ut} (ZE
Z12]al ghe] wigkglo] o] Hgho] o|Fojitk= Ak HASHA| ¢
sy (5, ¥ =F, o] v = doe Edyth)
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oEbA ZIHE J4=2 Wgk .
o] opdyct. TheF, H4 Ei= g.g?_lﬂ—g xﬁ}aﬂo]: o}% E}_cgo] o goicid
union2 7| vighch

o] A& 5.18, 19.25% FaIskA7] vt

References [K&R1] § Al4.4 p. 210

[K&R2] § A6.6 p. 199

[ANSI] § 3.3.4

[C89] § 6.3.4

[ANSI Rationale] § 3.3.4

[H&S] § 6.2.3 p. 170, § 6.2.7 pp. 171-2



Chapter 5

Null Pointers

For each pointer type, C defines a special pointer value, the null pointer, that
is guaranteed not to point to any object or function of that type. (The null
pointer is analogous to the nil pointer in Pascal and LISP.) C programmers
are often confused about the proper use of null pointers and about their inter-
nal representation (even though the internal representation should not matter
to most programmers). The null pointer constant used for representing null
pointers in source code involves the integer 0, and many machines represent
null pointers internally as a word with all bits zero, but the second fact is not

guaranteed by the language.

Because confusion about null pointers is so common, this chapter discusses
them rather exhaustively. (Question 5.13-5.17 are a retrospective on the con-
fusion itself.) If you are fortunate enough not to share the many misunder-
standings covered or find the discussion too exhausting, you can skip to ques-

tion 5.15 for a quick summary.

5.1 Null Pointers and Null Pointer Constants

These first three questions cover the fundamental definitions of null pointers

in the language.

Q5.1 o

of,

rle

g EZQIE'S A ki ®7ra?

iz

Answer 10] Aejo] ofal zzte] EQIE] ERlo] thafl, Eat gko] — Y (null) X
QlE] — glojA|, The EQlE] gSIHe FHE, ol ouAEL ¥hE

83
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References

Q 5.2

Answer €

x EEERIETE 2
nalloc) ¥4 9 ZQIES JelshA] Ut (mallocO-S A 22,
g mEE Adshch. 22l o] Zo] d mIE] 2ol “@gu]
por T colmg AR sjal7lA] e olulels SWE mAlHR 2ol
LA % shidus)

g ZlElQ} 271okEA] ¢k EIEeh= EAr eHds] thEuth d El
Ele ofudt QEAEY ke 7174 s ZIH|LL, 27|3FEA] e
ERIEE od 2 7He A K28R, off QHAEL 7l 4 Qe 2
QlE YUt AR 1.30, 7.1, 7.31-& F15}l7] vl ch
QoA At AA™, C Aol ZA42+e] xlE Bielol whet d ZIe7t &
At 22 g e O] AR gk ZF BRelel] et AR ohE & Sl
Utk Hutdeizt 7t gele] whE AA] ghog WA 7] wigol] me e
E2 7} Ejlo] wet A= g2 g ZQE o] YAl ghe & "art 43
&yt (A& 5.2, 5.5, 5.6 F1).

[K&R1] § 5.4 pp. 97-8
[K&R2] § 5.4 p. 102
[C89] § 6.2.2.3

[ANSI Rationale] § 3.2.2.3
[H&S] § 5.3.2 pp. 121-3

Tz ofgA @ ZAHE Al

1E] A5 (null pointer constant) ©]-gUtt. o] Aojof what,
QIE|7} 2 F(context)o] A<= 0& — F ©] o] oA, 0& 7=
F % AN 20 AT SR 4 Bare W,
Z7|shd, e, Blud off, o] ZAIH Bl Bt AL B, o
59 02 Fuilebt AF oz U BAH2 vRol ek Fa. )
S o] 4% 02 A Y EQIE gLom vbpol Btk webd thet 2

Tl A8 FAE Aol gadnt (48 5.3 H):

;”N ot H

rlo ruE ru

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

Cigo] AR 5.3k FaIskA|7] uiEyh

1

uninitialized pointer

2integral constant expression with the value 0
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e, @40] AR EQIHE AT A9, EUE7F 49 F(pointer con-
text) O 72 QAISHA] Folal, T<ed] AL 002 QAT VEsAo] 95Ut 9]
g ol @ EEjels AL AAHOR ALY A4 gel FoloF Py

o o}g Sol, UNIX A28 891 execl® 7PA QI g AEPS Wit
of Pt QA B gelr] A 9 B vpoE Hsor ¢

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

aRA]eE Q1ZEY] (char *) 7iA®o] Aghd A9, Anfde= ol @ ElIH
2 Qs Balal weed] A4 008 QAT (HiREe] UNIX iy
oo o] FEZ AR Awsta gloy Fosfof gyt TEe] R 5.11%

-9 EELE._E]-"](prototype)O] J2 AT, AR HAE2 ¢ (assignment)
o 28e 2 Tt syt divstd g =
iEEP?JOl %’j“ B 17%1 A EQlo] Fololzhs A dEF7] HEdY
o wEbA ged] ovt Agels, Andelrt gola ' EolERE HiFto] &
ol-/\_J o]x]ﬂ:_ _LLEEE]-OLQ o}\;_]g].
I, Zp2te] dxte] et E}"‘—% o flenz ofd ool dxtm 29l g
iﬂEMl% HJE/\] 711A & A Folof gt (WE 15.3 FaslA)7] vt
HUth) varargs gpoll 24 AL divlsta, ok ZREERI0] g A9k
tHlstal, ANSI iﬂo} obd Hupdzof 22 A= diHlstr] fis @ &<l
g5 00 A AMEBE she Aol EFHA ¢ T 4 sy
ot} a
of et

i
_m
Ll
°
L
_\,L
rE
r&
_>,i
_E
[ >
m
o mlm
[%
r{r

r—ln

=

S g 3l AS(0)E IhE A B A9k,
e FeEr:

-

3

variable length argument list
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References

Q5.3

Answer

1d 02 AT FS A | Angol wEA Bag 59

[e]
%713} (initialization)
EH o]

A (assignment)
H] 1 (comparison )

P4 25, mREe] g | 95 25, LRER g

(prototype in scope) (no prototype in scope)
1A A=} ot 24 7 I

(variable argument) ARE

K&R1] § A7.7 p. 190, § A7.14 p. 192
K&R2] § A7.10 p. 207, § A7.17 p. 209
ANSI] § 3.2.2.3

C89] § 6.2.2.3

H&S] § 4.6.3 p. 95, § 6.2.7 p. 171

RIE7} 9 EAERIA Hl@al] Sla] “it (p)"2hi AL Ao] HAAr
glo} 9 mlEjo] A1) 7ol 00] ofd A9l of®A] Ehe Azle?

I~

P gy C dojolld &€ (boolean) gho] Bag wf (S S,
if, while, for 18|31 do®} L EA oLt &&, ||, ! I8 7:9F 2
Aol AY ), AR 0 oJn]stH, Z(true)> 0°] obd gk omlshA Y
o kb chel o] 24 H.

it

if (expr)

AA)2 ‘expro] Rolo|EA), Autelel 9o] FES Theo] Mo 2
o= Bt

Mo
=

if ((expr) != 0)

ek
et 00] 9 B Pgete 2 4V, A E nH o= WANE
g AHgE AR ohL, e £ A% BE 2
=8 qhgol WUk of7jolA A4 8 melele] go] 0917 opd A
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cheat 2ol

A
)
re,
Slis
o
=
=4
2
o
N,
rO
m
3
rir
P
Mo

lexpr

chew} o] e A7} 98] Pk
(expr) 7 0 : 1

EL v} o] & 4 ek
((expr) == 0)

b, thea} o] e AL

if (p == 0)

Z0]A] (abbreviation) if (p) & A= Z2 Ad &A
Ut ofH ARFEL o]y Aoz FYsh= Zlo] v &3
(B2 old AREL TS ST T AT 17108 Fp)
).

SiEo] AR 9.2 FsA7| BiEUL)

K&R2] § AT.4.7 p. 204

ANSI] § 3.3.3.3 § 3.3.9, § 3.3.13, § 3.3.14, § 3.3.15, § 3.6.4.1, § 3.6.5
C89] § 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

References

[
[
[
[

5.2 The NULL Macro

So that a program’s use of null pointers can be made a bit more explicit,
a standard preprocessor macro, NULL, is defined, having as its value a null
pointer constant. Unfortunately, although it is supposed to clarify things, this

extra level of abstraction sometimes introduces extra level of confusion.

Q 5.4 1% NULLE Folo]1 ojEA| Ao|x|o](#define) ULtR?
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Answer

References

Q5.5

Answer

2B et ZAolx]gt, tiFEe] e e m2 oA 05 A
P2] o= (Qustd 0 A7 215 SolE st E ERIEE K51
T 5b7] "izoll) Aol ssyrh. thi4loll, H32]7] (preprocessor) Wi 2]
NULLES &t} o] |3 2% <stdio.h>9} <stddef.h>E EJFSt of7] g
uplof Aojulo] glom, Az 0o& AoJwo] 3lom, 7= (void )=
MA"Eo] QiU (B2 5.6 Z1). webd A4 07 9 EQAE A9l 0
= A FEsh] floll, @ ZRJIEZF 2= 3of] NULLS ARSFTh.

NULLS 2= 22 ©eo] ARG ZAYYTH AA 277} NULLE 002
Lol FE R Hupdert & mols BF 022 BA| guyoh. me2bA ok
A7tz AR Aol 0= AR et nib7ix|® NULLE 7iAde S
HoF & o7t AFYT

A 5.29] Fof|A 0 ti4lo] NULLE TId= & 4 syt (HA"5HA
+ NULL2 72”612 o= 03 27] ol&dyt).

T1ey NULL2 HHEA] ZQIE7}F Aol o Afut Aojof tuct. HF
5.9 Farshr] viyoh

5

[K&R1] § 5.4 pp. 97-8

[K&R2] § 5.4 p. 102

[ANSI] § 4.1.5, § 3.2.2.3

[C89] § 7.1.6, § 6.2.2.3

[ANSI Rationale] § 4.1.5

[H&S] § 5.3.2 p. 122, § 11.1 p. 292

9 ElE Lo 00] ohdl HES Este e WiHoE AHgals A

- TT1—

Fo| A= NULLO| oA of=of lta?

ThE A AEm B2k NULLS A|Aslolur Aujele]o] AFglo], a4t
0 = ((void *)0) o2 Hox|o] QFUT (A& 545 Falshy| vig
o).
Z2admrE d 2AHE & 4%, 02 284 NULLe 28] 4fglol,
Aopdert A4 AR WA @ ZRIH grew whEo] FUth (HA
ok, Hupdels 00] ZRIE7E 2 lof 291 F, dobd @ ZIH
= "Mt} Yk FE 5.2 FHal) 1 woll, Al d ZSIE7} 00] of
1:]-‘_“—_ 71—0 7PL /\‘I/\Eﬂoﬂ 1 NULLS 0% ;5519,]@— 7—]0 E]—Oﬂd—]/]q.. %h—q-
Qg 0o] ZOIE7} AU o] Q1 AL A} T A|AHlY| W= SHIE
g EQH g W] ol itk A 02 d EQIE| ARoln, NULLS

Us] 2 AL oflshs EOIE o84 WSk (A2 513 )

T

¢

ot
N
(Te=)
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References

Q 5.6

Answer

C EF 4.1.5%& HMH, NULLY| thalA] “expands to an implementation-
defined null pointer constant,” 231 TS E4Jo] Ql5Uth =, o]H I
o] 0= 2%, void x NAEE & ZA= HAupde7h 24U 2w
5.6, 5.7 Zal. oJ7]o)A “implementation-defined” &t 807} NULL©o] 00| of
W, Ao R Mol | melE groR At A2 Eahat g,

SlZo] FE 5.2, 5.10, 5.175% FAIstA7] Bify e

[ANSI] § 4.1.5
[C89] § 7.1.6
[ANSI Rationale] § 4.1.5

NULLe] th&a} o] golslo] gletu:

#define NULL ((char *)0)
@ QAR NULLS A9@ o), 490k got wi7] ghertar
ditdo=w, & FAgsof ottt o HAFEHES ZRJAHQ Bl wet,
EQIE ] e BE Whale] thULh wetd 42 telrls ZAlEt 1
Q3 3o NULLS I 2= 22 247 glovt (AuFsh $lellA chard]
et ZIEH=E NAEE 7] ), tke B 77l ZRIE7E et
ol ¢ 2k A BAL WA

I & Q54U mHbA, FILE *fp = NULL;

o] ®IEE A~s] Folof Fuict.
Jfut ANSI C= NULLS o483} o] Aejshs Ag slgel ayrt:

#define NULL ((void *)0)

T} NULLE §j9} Zo] Aolshe e NULLS @Fat 2
A (RE BB} 22 R RE YA A1 A9 sds
%4t} (ASCII NUL Bxp7} ©a3t 49, A7 5.9 1)

& AusiA7] st

o] e “flat’ Hma] FEE 72 AL ol
apgl olefat “Epglo]l wet A EE WAlo] T mlE
AUt A2 5178 s}y uihck.

4Because of the special assignment properties of void * pointers, the initialization FILE
*fp = NULL; is valud if NULL is defined as ((void *)0).
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References

Q 5.7

Answer

References

Q5.8

Zz
Answer 5

Q5.9

Answer

[ANSI Rationale] § 4.1.5

A7h 22 ALFeA NULLE OLE Aol=lof gyt off 2187ta7

o Lz IAvSe EIE} 29 Fo] ofd To] W EIHE A, E
pi, Bzolg A%E AXEU. (oA A%, A 54
Fohn B 4 glgdth AR 5.2, 511 A3) F5ET 2 28 2
ZREIE 2= A AHA = (olE E°o] PC 33 “large” modelS = 7
5 AT 5.17 F11) NULL2 OL= AOJot= Zo], 2717 o8& =t =
= FUTH (o)FE, oLk 3 NULLS] o7t H 4 SlFuth vk
SH “integral constant expression with value 07¢f £3}7] wiEUYct.)
Whether it is wise to coddle incorrect programs is debatable; A& 5.67}

Chapter 17 1.

[ANSI Rationale] § 4.1.5
[H&S] § 5.3.2 pp. 121-2

ZOlE ZHOZ NULLE Al e Mata?

ool
&

NULLY} 0°o] ' ZRIE A52A o] Zohd TtfA] ofd A-E Aokt
AZ?

o] ZeIdHE2 Qe 29 HoHE HIEA] NULLE Aok
Aow Wil syt E’rE AFE2 NULLOJRhE mia=2 2 02 71ele 210
935|9 o 5 bdecy Azl 224 08 AE AL Agsh)e gt
Ut AR o] ARofl= ot Ak et sido] HA ek (2
9.29} 17.102 FIsh] vig) C Tg Tahd EQ1E FEaoA NULL
T 0g wheR & 4 Aok & oloF Guth. TR B 0T 2
Ak ghdsit= Ak dotof it (0sfale €2]) EJHZE & 5 e
3old, NULLe 2& 22 F54t. 284 Z20#w7F (NULLE 03}
O Aoz FastAu Hupdeold Eds gttt Adske §) &
AH 03} A4 02 FFEske NULLS Al ¢F A= wdshs 22
A syt
IRJAE7F 2 Lo AR, NULLY} 0°] i
E7} 220]2] ob= Fof|A] NULLE 4= Z2, ek A= ettt S,



CHAPTER 5. NULL POINTERS 91

E
o

BTk st 29 34, 4R AR 32 A0 2
AUt (At ANSIE NULL-S ((void *)0) o2 AHojg &
A glerw), EQEZE 2 4 gl 3o NULLE € & ¢l
T 9J&Yrch Es] ASCII null 22} (NUL)o| 24 3o NULLS 2™
Utk B uja22 Wof gohd cheat Zo] w2 HojshH 2k o] ¢
Uck:

N
-]HU:%‘FE

< o
ﬂr 4
£ > g0

Yoo [ M
oy ot o

#define NUL ’\O’

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

Q 5.10 29k NULL®] ko] (00] opd t}2 groz) HAw
o ohd thE FE 2= HFFE) diHIsiA 0 Hi4le] NUL
FA &S7HA7

=

o MU
l

;

R

s

nk

Answer obgurh. (NULLE 2 Zo] HIZ&g & QAR ofa olfolizt obd
Urh) durEoz gEel(symbolic) 447 2ol 2L, A4 glo] WA

355 diHlsiM e 77 AR 09] #Af2jel] NULLe] 2ol Zi2 ol
o7k obduUth. ThAl SRARE do] ARAI7E (ZIE el M) 00] ' d xS

B2 uhso] Wk Aolsta ngu} NULLS 2= 718 5] Ao
et BAQY AR 5.5, 9.28 Fsly] v Ch

Q 5.11 NULLS 27| 982 7L, ofd] TG ¢ g a8 thEo] Y= #Autd

e 2 o Geleh.

Answer o|A]/do] glAl TS /YRt Zlo] opehd, Hupdert 1At Adu
ofu} WL 5.2} 2ol o] gl TES thewt o] AA) Sls) 2]
skhet

execl("/bin/sh", "sh", "-c", "date", NULL); /* WRONG */

NULLS ((void *)0) & Hol5kal 91%
FeL =shcP. 8L}, EOIEQF A4
A AElolah, ofgfle} e FEl (Ezo
T UFYh

5Using (void *)0, in the guise of NULL, instead of (char *)0 happens to work only because

of a special guarantee about the representations of void * and char * pointers.
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execl("/bin/sh", "sh", "-c", "date", 0); /* WRONG */
olago] Holut, £ Tl ket AU
execl("/bin/sh", "sh", "-c", "date", (char *)NULL);

MAES WA, 9 TEs, AAdlls EAEe} B4t 2717} ke,
wpalo] thedets Salsie], NLLE] Hel7} ol Alow ol gl
Upol] A3phglo] ST (AR 52014 NULL tjAle] 08 2 FEs pe
1= gute mEQUTh S AE 595 Fasha] uishic)

A

1=}
e

(]

Q 5.12 thgat 2o wjaEE A4 9 ZQEIL FE eiglo] HES st gy]
o}

#define Nullptr(type) (type *)O

Answer o] E2 uhe 1719lx wieizol7] s, A £8o] x| U ol

upge oiglolut Mo Wa giguth (AR 5.2 F3) At #7144
o= golgsis £k BagUh. &, o] FEo] AUt d e of
sfo] 2 ols] FHIIL Sk S AeiFul, TE APIAE 9 vARS A

=
I R L T A A 2 255 o) Bkl

5.3 Retrospective

In some circles, misunderstandings about null pointers run rampant. These

five questions explore some of the reasons why.
Q 5.13 oz slg¥duth NULLL 09l Zlo] mgwle] 9L, 9 ZIehe ohjeta

Answer ¥HtA o2 “null”’d} “NULL”©0] Z8E o] #o]7l 3}A|Y
= Ao Tk

=
au)
o
>
&
Mo
e
o
o

(a) 2 (null) EEe] e FHde AR 510 Folslo] it
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References

Q 5.14

Answer

(b) 9 EQE WA 2 He el ghe 27te] kel et o
Eq Ezﬁ] H]E7]- 00] 01_1,] 171)1\-01 Eay e 01/\1,]1;]. M;q] 1= io]g}_,] %}\-__
Aubdy A2t Zagt Zolx] C ZxTeH= g ZIE7E AA| of
mek ghelz] s & "Hart glsydh

() W EQIE A4l A4 A% 00U (R 5.4 7).

(d) NULL |3 2= 008 A9|(#define)H o] QIsUtt. (ZE 5.4 Fa1)

(e) ASCII g #4+ (NUL)& H= HEZF 0] glo= @ ZRIE|9h= o5
gk Z-E B, A Aol glgyr

(f) @ A4 (null string)-=> W1 224 ("")S Yepl+= o2 U=, C o]

V4 SR oIS e AL £5E SIS eltle
i
=

molEok A it

In other words, to paraphrase the White Knight’s description of his song
in Through the Looking-Glass, the name of the null pointer is “0”, but
the name of the null pointer is called “NULL” (and we're not sure what

the null pointer is).

o] 29X “9 ZQIE(null pointer)” 2= Rl 9o 1¥le] BAo=g A}
4%t 3 ¥o] BxRoze oolut g IQIH ek B
o] BAHog “NULL”-S AHEFYC.

[H&S] § 1.3 p. 325
Through the Looking-Glass, chapter VIII.

9 olE% 2 ZAH| tigt =Ao] g2 Z7Ear 9 ofd AZo] AF o
&7

C Z28HEL AEFH o7 A4FE 7|49 & #4](machine implemen-
tation)ofl thsf & o W2 A= &7] Wske B
AE7} 22 FEQ} 714 X}iﬂoﬂ o 2rol= ZigolAlRt, A= ﬂ 7174101]*1L 0°]
o the o wela 4 sIcks ool glavick 43
= 2= Zo] U tﬂﬁﬂ 27} Q= AA™ Hole A ZAI7F 9‘45}
42 (p == 0)0A, AL 02 Y EAIEE et ulwshe Hol)
pE 5@ oR U Wishe AAY HY S Qg vhves

r2 A ru

6More precisely, a null pointer constant is an integer constant expression with the value

0, possibly cast to void *.
"To be very, very precise, the word “null” as a noun means only sense 5, and “NULL” means

only sense 4; the other usages all use “null” as an adjective, as does the (unrelated) term “null

statement.” These are admittedly fine points
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Q 5.15

Answer

Q 5.16

Answer

ofe] ol 7HE (PR 5.13 A1) ‘milloleh oIS AHOZ B 3
g0l glguct

C dofollA o] £%F& §loli7] 918 o=, d HElE §Oo=& (Pascal

Ofnilat 22) 719 (keyword} & WEo] ATt £ EHE AL Ze]
ehn gzigheh. 2o Fuddelt nil"g H83 9 BUEE uie] &
% qle Zolnl, 3 ERIE} & 4 gl RolAE A1E wHEe] & 4 92
AU, 2et @4 C Qojeld ¥ EQIEE el 79EL ‘nilve]

l
ot} “0”uch. e @ EZRIE7E & 4= fls 3ol 00] 2old, o7}
sk 2ol ohdzt Ao 022 s, 'd Z]IE7} elof & Ap2]o] A
2EsH] ¢ 00] o7 =, F2sA] ¢k ok Atk Aol 929 ol

(b) 0 T NULLo] 34 Qi 29 A9ol, 1 94 <} eelo] g
mQIE| R A2 AFEEIC

o] chapter®] U4mz] AE52, i AFEol @ A7 A= 2= U
FAL grell oish A3 ofslistal 9= (& oS olsiE 8= slsyth),
ol ik Zixk ANSI Cofld 7ie F2ef #et ZAdue. A& 5.1, 5.2,
5.4 2 olsllstal L, 5.3, 5.9, 5.13, 5.145 Az} HQrhA, SRS

Akt 2 Qe dhaf 2 olsish] $Ish, AAE Ao

IEle] g (0914 obdAe] o) & Wask Hel gyt we
EQUE} iAo 008 BRIk A2k 4, T2 A4sh] 4]
YA A= ofdurh (2 callocOd] gt AWe WE 731004

51
[e]
ki
]
k
Ul
)
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T2 9 AR} 0ol2kn slE EAE ] 2717} Ehelo] whet Paba

Q7] W] oAs] B4 sEo|A AADE o T (FHeF AR 5.14
% “nil’o] W mQIEE 49 4 vkl 9 mIE} 0917]

ohdAel digt =4 A4} julgis Aol B At

Q 5.17 (AZ3HA) AT=, 00] ohd HE WEle AF8SH= 1A 2H7ke] Efle] up
7} o2 o] EOIEE Al FHAIEs} oLta?

Answer Prime 50 A|g]|2= Aok PL/I dojoA @ ZAHE Yehfr] sl A1
HE 07777, %@J 0& A} St F2o] RdlofA= TCNP (Test C Null
Pointer) W& MA (C QlofollAl) ATHE 0, &1 08 AFTIT} E ©

= Ye FA4 TE_— #=(word-addressed) Prime 7]Al+= HFO]E QI (char *)J
ur} 9= B (it )7} 277 o A4,

Data GeneralAt9] Eclipse MV A|2]|Z2E= 7|4 oA Al 719 EQIH]
Y= AU (Y5, HiolE, HIE xZIE]). C QdojoMe F 712 &
B2 A1§5}0] char #9} void *i HlolE melel, Lula] Bk 9=

ZE =2 FAHYTH

oJ® Honeywell-Bell H|Qlzeelofd+= g 2SI FLOE 060002 AR
U

CDC Cyber 180 Al2]Z= H(ring), A|IHE, 24l 20 Z o]Fo]7] 48 H|
E ZOIEE AREs, (] 119]) glEto] ALexHe d EOIEE 0xB00000000000
E AFE T 23iH CDCE “19] B4 (one’s complement)” HHA-S AL
sto, FEH F45 AR B HolH 9| o9 el B HIEZF 19 4
A% Mgt

QFE HP3000 Al]ZE= oflAl a7l o2 A|AEIAE, char *, void *
E1lo] g EIE9 oA BALHES vlolE ol= ezt 9= ol =g
HA @stel, T olSelge] A2 ThE AL AgTI

Symbolics Lisp #FE]o| A=, (tagged architecture), ofd] $2|2 EHE=
2AHE ATe 24Ut O 9 ZAlES <wIL, 0>0z FAEUt (7]
HZOF <object, offset>Z AR

8086 A|E2 Z2AA (PC &%) olXe ‘mixa] Rdlo] wet 16 H|E o
olg] ZRIEe} 32 HIE b ZIHE & 4 SlssUth. e 32 HIE HolH
LS} 16 MIE ¢ EQELS & 5 ek

oJH 64 H|E Cray HFEJAE int +E S Y2 519] 48 HIER 1o}
O], char +i Uuix] 9] 16 WES $M0E AN BATIL

References [K&R1] § Al4.4 p. 211



CHAPTER 5. NULL POINTERS 96

5.4 What’s Really At Address 07

A null pointer should not be thought of as pointing at address 0, but if you
find yourself accessing address 0 (either accidentally or deliberately), null point-Jj

ers may seem to be involved.

Q 5.18 Run-timeo] A% 02 RIE 2 ALLHE ©, U FJE ghow 2ckd W
Zertar

Answer opgutt. Q2 Ao Al 24 070 (constant integral expressions with
value 0) @ EQIE]7} e Zo] AR o] Qlsyth AR 4.14, 5.2, 5.195
1] v,

Q 5.19 A28 F4 0] KI5 Qe interrupt vectorel] oFA| FET 4 97t
27 T 02 T, Anidelrt o e Y XA s
de 2.

Answer F4 00 AA|2 of| HolE} QA 28] ALge] R
Uek. webd Alzle] Algshs ofe 7k 714
Uch. Alzdle] A@she BAE Fash] Bk (123 Chapter 195
HasP] HRTh) Fa 00 HsRe Zo] Yad Alxdoled, g

A7) A e ATHS AQUTh WA RS A me:

(a) D=0l ZJH 02 didt. (ARt 282 8l
Hoshe Zo] oude Aladolehd, S48 Adytt)

(b) 4] 02 int Wl oL, o] intE EeIEZ WFITE (A,
T

(c) unions HA, ZQIE Q] BE= HEE 022 Yt
union {
int *u_p;
int u_i; /* assumes sizeof (int) >= sizeof(int *) *x/
} ps;
p.-u_i = 0;
(d) memset2 HA EQIES] RE HIEE 002 Frch:

memset ((void *)&p, 0, sizeof(p));

(e) extern WLt iG-S As}aL:
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References

Q 5.20

Answer

extern int locationO;

oMlEdly F7e] St FHe A o] AEC] F4 08 TRPI=S

gt
ClEo] AR 414, 19.25% F5HA]7] vFuc).

[K&R1) § Al4d p. 210
[K&R2] § A6.6 p. 199
[ANSI] § 3.3.4

[C89] § 6.3.4

[ANSI Rationale] § 3.3.4
[H&S] § 6.2.7 pp. 171-2

run-time©]| “null pointer assignment” 2t= of|27} €Ut oA Fol&
ojshtar ® olgA A & a?

o] viAAlE MS-DOS & Hupd=7t 2+ FAAZI= G2 290H 9
2 mAR YUY, = 4 (55% 2715197 2) ZIEE MM A 1A
(A HZE dlolg AIHES] F4 0)of] ofd HolgE 24T uf LAY

=g

ol ymMAS Hloly A EJE (watchpoint)E F4 0°f] AAHE 4= 9l
EE o FUch Tl oo F4 0 2H9] oF 20 HO|E AL E T}E o
EARFAL 771402 vlweid HARHIEAE AARE 5 syt AR

16.8-& 57| vFEYoh



Chapter 6

Arrays and Pointers

A strength of C is its unification of arrays and pointers. Pointers can be con-
veniently used to access arrays and to simulate dynamically allocated arrays.
The so-called equivalence between arrays and pointers is so close, however,
that programmers sometimes lose sight of the remaining essential differences
between the two, imagining either that they are identical or that various non-

sensical similarities of identities can be assumed between them.

The cornerstone of the “equivalence” of arrays and pointers in C is the fact
that most array references decay into pointers to the array’s first element, as
described in question 6.3. Therefore, arrays are “second-class citizens” in C:
You can never manipulate an array in its entirely (i.e., to copy it or pass it
to a function), because whenever you mention its name, you’re left with a
pointer rather than the entire array. Because arrays deacy to pointers, the
array subscripting operator [] always find itself, deep down, operating on a
pointer. In fact, the subscripting expression a[i] is defined in terms of the

equivalent pointer expression *((a) + (i)).

Parts of this chapter (especially the “retrospective” questions in 6.8-6.10)
may seem redundant — people have many confusing ways of thinking about
arrays and pointers, and this chapter tries to clear them up as best it can. If
you find yourself bored by the repetition, stop reading and move on. But if
you're confused or if things don’t make sense, keep reading until they fall into

place.

98
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6.1

Q 6.1

Answer

References

Q 6.2

Answer

99

Basic Relationship of Arrays and Pointers

A mpdof char af6]o|2kal Aolskal extern char *asfil
Ly o Ak ghertar

=8y
"1_'—

H(char)= o]Fojxl siddyrt. 121t
ATV, Tbd A Aot A o
Squt @ﬂag;, T E}IS 7bel7] ETE (pointer to type T))
2 T eF9] v (array of type T)7} tFgUt}. th4l extern char a

AHgap7] v,
[ANSI] § 3.5.4.2

[C89] § 6.5.4.2
[CT&P] § 3.3 pp. 334, § 4.5 pp. 64-5

12U char a[li char *a®t 7] Qh}Q?

A5 thevtt.
Tt
7
6.10,

SH4=9] formal parametero]]
AL Ayt % 7] vlgct) HZ A2 dyEo] 9
SHARE (é‘f 6.3 %‘1 : SHAl #ol7|E SRt (AR 4.1, 6.8,
6.14 217), WjFe BIE o

(0431%

)
e

char a[6]¥} Z+&
w, 71 A% wee
char *p= HRIEE %
SAoIY YL o] EeE
ol AR}, B o]0l ul
T 71712 S St 9lsyct (AR 513 1.30S
Jgez B Aol W4 o e
char a[] = "hello";

char *p = "world";

o=t 2ol dlojeE x7]sgiytt:

1Don’t interpret “anywhere” and “nowhere” too broadly. To be valid, a pointer must point

to properly allocated memory (see questions 7.1, 7.2, and 7.3); to point definitively nowhere,

a pointer must be a null pointer (see question 5.1).
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References

Q 6.3

Answer

alhle|1[1]0]\0

p hie|ll|1l]o]|\O

x[313} 22 reference7} x7} Aot LIEjoifo] wet Az The T=S
QAT AL Qoo st o] AdF TS oz SH, Aneles
al313 B w, F4 wold Al A A 1 9719 BAS ey
. 227 ARdet plal s Ze s BE u, F4 po] AL H

S, 7 91X BAE AUt th Wetr, als] L aehi o SRS
(named) Fol 392 A 72 oJulshu], 312 p7} 7hel7l=(pointed)
FolA 3gkE A 2 ojalghich. $19] dolA ala]ol plale] =5
22 18 FHT AR, AT o] 22 7] YeId the Z=g A
STk (FF 2 Aol ‘et g v} ot e EHO| 7 A
AV o upelelh A ThE S WA ARRITHS AU o] Ak
subscript GAHR} [15 4=719] ool PG The 5L A5}
Hkg )

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

19 “mIE9} AL Prh(equivalent) S WL ojrlo]q LheALTA?

C QoA 71 &85 7HHe 2 Hi= o] = &% oldft A
oA HIZEU vign} ZIE7 Zrh= (equivalent) Ofnl= A& D=
(identical) Wk ollil, A2 ofSt2 HHYL 4= Qtt= (interchangeable)
=5 ofydut}. o] ol ejajsh= vl chewt 2 Aol ojulghck

T Eele] wjde] dvaluesh Z4lolA L mef wjae] A
A 945 7he7le BIER W7 (decay) BUTh oi7lole Al 7}
A9] dlel7h gich TeT WAE EQlee] e T ERjle
Fhal7le mRIEIUL (o] o) dle] Algke thew) Bk )
Aol sizeoto] WA A, o] & AiAte] mQlitE
wolu, B2 vdoA, 2713kl BAGR 29 ?)

o] o] webA, Yoz wido] ERIE ek e thEA|e, Hjdoly
EAE L] Adagle] 1 AAbE £ 4 SlsUTh? vl aft A1E p7t 9l
ot 7Hgstal, alilE 9 AHejol wetA, sigo] ZRAE|2 E|S}slA (decay)

2By “string literal initializer for a character array,” we include also wide string literals for

arrays of wchar_t.
3Strictly speaking, the [1 operator is always applied to a pointer; see question 6.10 item 2
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Note

References

Q 6.4

Answer

mIE R WAE T, o ZE WAE £ pli]e} ofu)r} 2
o (22 FE 6204 AWE AAY, 44 vlud g u}%—um -
o] 345 theat Lol ZIE] Tiolatu:

p[31L al3]17} &2 3 71714 BUdt

olg7] wlzell, ZJIEE HA Hide] HId & e Aolal, g param-
eter2 A £ (FAE 64 1) 9o, dynamic arrays FHE 4 (A&
6.14 1) JHUrL

HEo] AE 6.8, 6.10% FarstA7] Higuo

slo] Aojo] Y-S ket LU

An lvalue of type array-of-T which appears in an expression
decays (with three exceptions) into a pointer to its first ele-
ment; the type of the resultant pointer is pointer-to-T. (The
exceptions are when the array is the operand of a sizeof or
an & operator or is a string literal initializer for a character
array. )

[K&R1] § 5.3 pp. 936

[K&R2] § 5.3 p. 99

[C89] § 6.2.2.1, § 6.3.2.1, § 6.3.6
[H&S] § 5.4.1 p. 124

1% 9 40 formal parameter WjGa} EQIE AAL nRSTR HHY 2
2 Qtks AQtar

dolh 18 AU

Wl ol ZA] EAE HH] HEo)l, MiGe Faw ADEA o
o mlE mhehE S A W HAAY 2 5 s AL, nepiE) 1
4 olA HdAY 22 4 o] BRI B3], theat 2o Hidx
CIRGE R [R5

void f(char all)
{... }

4Since arrays decay immediately into pointers,
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Artdelol] o) ElER QAT 5, thedt 2auck

void f(char *a)

{ ...}
A, 7t EiEel it ofd AdS shu, wEHHEZE ek HiRelA]
]_

HEAE FHaE o, g7 iigE Tt Uoks A2 x| ofsuh
=2 S9] formal parameter Aot ALEH, ThE 3LojA]

L oAgE 4 etk el Mas W A4 dg Bt A3ed
3

o
oh, b 2w BUth 1S @
=13 =)
= =

-
i
2
o9

In

[oF
il

o

o
X,
_O|L

rr
SO
2 o u
(o]

= U?.ll
5
= L
oy
o g
ﬁ —
= =
risiE
o 4>
r = o
Mz o
9 2
> X
loh
OFW e
o o

o
)
ret
rE
rlol
lo
o k
Sy
et
= rE
rU
e,
2
oh
i
£
le)
(=g
[V
R

References [K&R1] § 5.3 p. 95, § A10.1 p. 205
&R2] § 5.3 p. 100, § A8.6.3 p. 218, § A10.1 p. 226
ANSI] § 3.5.4.3, § 3.7.1, § 3.9.6

[
[
[
[C89] § 6.5.4.3, § 6.7.1, § 6.9.6
[
[

=

H&S] § 9.3 p. 271
CT&P] § 3.3 pp. 33-4

6.2 Arrays Can’t Be Assigned

If an array appears on the right-hand side of an assignment, only the pointer
it decays to is copied, not the entire array. Furthermore, an array may not
appear on the left-hand side of an assignment (in part because, by the previ-

ous sentence, there would never be an entire array for it to receive).

Q 6.5 of theat Zol & 5 9le7ta?

extern char *getpass();
char str[10];

str = getpass(uEnter password: "y

Answer C oJollA vlE-L “second-class citizens” QUth; 1 Ay} vjdo] ) A4t
= & 7 gyt (B% 6.7 FAshy] By, o Wide] y8e o
2w B, 4 ofoF gtk char o] WEel Ao, o
stropy® A BATEE 4 itk
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strcpy(str, getpass("Enter password: "));

EARShE HiAl, ©es] Asliaal Avtd, ZLIEL tiy dihe & 5 A5
o} Qo] AR 4.1, 8.2% FaskA|7] gt

References [ANSI] § 3.2.2.1
[C89] § 6.2.2.1
[H&S] § 7.9.1 pp. 221-2

Q 6.6 "] iy AdE & & Qlohd, o Foe 9 FAETNe?

int f(char str[])
{
if (str[0] == ’\0’)

str = "none";

Answer §] FEOA stre §4 detie gyt mebd Ands 9 FEE A2
64914 TFg 2™ vREUh A Weler, o] of stre (Eho] char x
ol) molglelUch. 1| ZolEjol= tjg] dAke £ 2 9l4ch.

Q 6.7 vig Ao gE YT = kA oJBA o] dvalue’7} H 4 Qla?

Answer laluezhs @7t “HiPE 4= e A& Ko syth “(HlEelel) of
W 9AE AT Qs Z70] o U HAJULES ANSI C HEL “mod-
ifiable value™ S IR, Wj@e of7lo] ZetEla] ouch. Blge] WE
6.5% Zr15HA)7] B
References [C89] § 6.2.2.1

[ANSI Rationale] § 3.2.2.1
[H&S] § 7.1 p. 179.

Note o]7]o]lA] vjdolat &2 subscript A4AIRI [1E 22| &2 vl o]F ZHA|
£ gt

5The original definition of “lvalue” did have to do with the left-hand side of assignment

statements.
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6.3

Retrospective

Because the basic relationship between arrays and pointers occasionally gen-

erates so much confusion, here are a few questions about that confusion.

Q 6.8

Q 6.9

Answer

Q 6.10

Answer

AAR wjat EUEle] Aol Roielzkar

sl 2e weel asHel asgol ue g F2eln, Aslsk A7}

A U (An array is a single, preallocated chunk of contigu-

ol

ous elements (all of the same type), fixed in size and location) EAEHE=
OE o g g wRy IS ZFAHCk sHARE thE 2 ThEIES
I ZFe vkE 4 95yt (1:!]—0]: 718)7]= F7to] mallocS 4’\1/\'1 Ao Ao
2t 271 vhE 01’\‘4@) B = HES 71 4 e, (malloc
Al MA) sHer Tt BiEA™ (FHel) & 4 syt 282
EZolE7} s Rt o dutshd Aa £2QYth (much more general data
structure) (ZE 4.1 F1).

wiEx} 32QIEl7 Zrh= (so-called equivalence) 2 wfFof (ZE 6.3 1),
widy} xolE= A Ao AUUrt} (interchangeable). £3] malloc o R
gotd grao] Hod of AE A AR, BiEAHH (& WA]) &
= A7 25Ut AR 6.149) 6.16= #Farsh] vRgy . (184 sizeof
QA 2wl Wiy THsE AR chEy Fels] ehuc g
7.98 1)

Tl

clEo] AR 1.32, 6.10, 20.14% ZF54A]7] vyt

7t AA g TR EQIE AkeEfal (constant pointer) EgE Zlo] 7]
AU wQ. 9= wevkar

YA A 7tAaske ZlUtt (oversimplification). HE2] 0|52 ofH
HAAZ 5 gl A= (constant) o] 2|9F, A7 6.2014 st HolE ZiA]
d g AAE EQIEE obdUch s AE 6.3, 6.8, 6.10% FI5HA]Y]

Hhgiu .

olAE & mEzgucth ZEst Mo QEka, ohw o] ojw
ZOIE 9] gF Z2olzta?

a2 ZRIE7} ofe, ZIE = "ol opdUtt. B reference(S, #to]
2ol o Hide 2= A)e 2UHz HEEUY (ZE 6.2, 6.3 L),
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Q 6.11 5

Answer

(a) Pointers can simulate arrays (though that’s not all; see question
4.1)

(b) There’s hardly such a thing as an array (it is, after all, a “second-
class citizen”); the subscripting operator [] is in fact a pointer op-

erator.

(¢) At a higher level of abstraction, a pointer to a block of memory is
effectively the same as an array (although this says nothing about
other uses of pointers).

But to reiterate, here are two ways not to think about it:
(d) “They’re completely the same.” (False; see question 6.2.)

(e) “Arrays are constant pointers.” (False; see question 6.9.)

o] AR 6.8% FskA|7] HiEhTh

5["abcdef"] 2} £ o3t BAS FFUTh olZlo] C dojollA & 4= 3L
= FHIER?

£ 4 9J5Yrtt. Subscript G4EARel [Jofl= w8 HZ (commutative law)
o] AEFIES ale]= oH expression a9} eo] tsf], 7} ZQIE ex-
pression®]|1l, sptrt A4 Alolgl A offjoll A, x((a) + (e)) ot ¢hd
5] Z&5Ytt (identical). ©o] T thadt 25Ut

ale]

*((a) + (e)) (by definition)

*x((e) + (a)) (by commutativity of addition)

elal (by definition)

o' C Hof|x= o] ZS Adatol HolFr]= shr|ut, ‘&5 ee C 7
HIAE (Obfuscated C Contest)’o] #0]%] k=gt wx EWE3] &2 Q=
Fdo] obgUtt (F& 20.36= FaLst7] viU ).
C AololN] BADL: char el Hledols] WHEA, "abedet” (513
B 0] o7, 2 AT of A o 250 59 3
¥k % 9l

lo rel

o
=

el k

char *tmpptr = "abcdef";

. tmpptr[5]

6The commutativity is of the array-subscripting operator [| itself; obviously, a[i] [j] is in
general different from a[j][i].
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A o] FE7} 2ol o= R 20.10914 B 5= 5yt

References [ANSI Rationale] § 3.3.2.1
[H&S] § 5.4.1 p. 124, § 7.4.1 pp. 1867

6.4 Pointers to Arrays

Since arrays usually decay into pointers, it’s particularly easy to get confused
when dealing with the occasional pointer to an entire array (as opposed to a

pointer to its first element).

Q 6.12 =i Fx7F ZelgE HAHHH?, arro] vlGUw], arry} &arro] zjol=
B 01g17ka

3

Answer BRQJo] A2 oty HEF C dojollA, garrd ZRIHE THEo] Ui,
EZOlE 9 Rl vl T HAAE 7I2]7]= EQIE (pointer to array of T)
Yt (ANSI C oA @i C AdojoflA garre] 2231 gof|A HE
Al7IH, FAEYL). 2 C Qo] HupddolA (&5 AM8sHA &e) Tt
g+ Wi reference= ERIEE THEolUH, o] B9l TE 717 ZH
(pointer to T)o|™, A A Q45 73yt

et 22 bRt vjdofA:

L 032 rl

int a[10];

ao] tgt reference= “pointer to int” & B} 7} H, &ao] et reference
X “pointer to array of 10 ints”@ E}dS 7FHUct ot e oz
i Gof| A=

int array[NROWS] [NCOLUMNS] ;

array E}QJ-2 “pointer to array of NCOLUMNS ints”©|H, &array EFY-
“pointer to array of NROWS array of NCOLUMNS ints” Ut}

(AR 6.3, 6.13, 6.18 37| vlzhc}.)

References [ANSI] § 3.2.2.1, § 3.3.3.2
[C89] § 6.2.2.1, § 6.3.3.2
[ANSI Rationale] § 3.3.3.2
[H&S] § 7.5.6 p. 198

7Since array references decay into pointers
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Q 6.13 =S 712)7]= ZIE(pointer to an array)w= oJQA AA6t%?

Auswer RE olel Ze Wasid] ghavich. Atso) il wiEe
Hetal Wok= A2 side] AR 245 7HE7le ZJEE Eote A7t
w4t
< A 712]7]+= ZQIE (a pointer to an array) DAl H|Eo] @4 &
7}8]7]= 3EQIE|E (a pointer to one of the array’s elements) JZ S| HA|
7] vk BR) T Wide (MelshilE) el Te] EoH R WeEL
(decay) (Z& 6.3& a1). o] ZLIE o] [1 (subscript) IS & 4= L,
= S7HAAANAA HEe] a4 HES o dsUH YR HE A

£ 718]7]= EQIE 9 (pointers to arrays), subscript GRS A7, &
7N Z1H, vl AAE AYHA HE2E, iES 942 717 ujE-S (arrays
of arrays®) /o= o wiefgt oJu)7t Qlgyct. (A& 6.18& Farshy] vt
Sch)
T i Aol oigh ZIE7E BasthH, int (xap) [N]; 3 o] A
A 4= 9lom, o] o] N2 HjFS] F7|YUh (HE 1.21S 1) whoF Hj
o] 715 BEohd, N2 A £ QiU I8y o] A “AV|E R
2 wigof dieh ZAE" 7 57| o] A8 ER7F sy
ofefii= ZheRt Qe L, Hide] Tigt EIE 9] zfolof et oYyt th

3} e *d?ifﬂ oL :

m{o

int a1[3] = { 0, 1, 2 };
int a2[2][3] ={ {3, 4,57}, {6, 7,811}
int *ip; /* pointer to int */

int (*ap) [3]; /* pointer to array [3] of int */

49 9 a19] 442 2] SfalA, intel Thet EQIH<, 1pE Tk

o] 2 4 QU

My m2

ip = ail;
printf("%d ", *ip);
ip++;

printf ("%d\n", *ip);

o A, gt o] eEuc:

01

8This discussion also applies to three- or more dimensional arrays.
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References

6.5

Tef atof apE 22 SHH:

ap = &al;

printf ("%d\n", x*ap);

ap++; /* WRONG =*/
printf ("%d\n", **ap); /* undefined */

A& printfolis 05 SSIAL, 1 taolMe of8A 48 A & 4 |
1

SUt (T2 A SE YEych. Wl Aol g B a2e}
22, vjgel gt fGol AT Szt Suict:

ap = a2;
printf("%d %d\n", (xap)[0], (*ap)[1]);
ap++; /* steps over entire (sub)array */

printf("%d %d\n", (*ap)[0], (*ap)[11);

0 A ohewt ge 292 9 4 gadrh

o

34
67

tio] AR 6.12% FsHA|7] vhch

[ANSI] § 3.2.2.1
[C89] § 6.2.2.1

Dynamic Array Allocation

The close relationship between arrays and pointers makes it easy to use a

pointer to dynamically allocated memory to simulate an array, of size deter-

mined at run time.

Q 6.14

Answer

ujge] A718 Aa A7) WA 4 olke? 14 Av]9] Wi W e
djedo] gutar
djelah mlE o] 2+ A (equivalence) (2

3
I vnel ZelE} selslA ot MadE 2 5 st e

G
=
=i

o
o

|
il
>,
ol
I
)
lo
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Q 6.15

Answer &

References

#include <stdlib.h>
int *dynarray,

dynarray = malloc(10 * sizeof(int));

(malloco] AFJtt= 714 ofefjo|A]) dynarray [i] A3 (i¥ 094 9714])
£ (reference) 4~ QHUYTH = dynarrayE int al[10]3} Zo] Add A
A & 4 sy FA(static) 0= AANH wjdy} Aoz At i
g5 717l ZUEE Aol sizeof AAAE & Wiyt Tl2o] AE
1.31b, 6.16, 7.28, 7.7, 7.29% Z31skA7] vFEYTt.

(@4 IA2) ALY DN T DS AT 4 dtar

237 & & glssyth. C dofollM wijde] A7]= AHubd Azt 4
AE Ut derd o= ol2fet A= malloc} freeE KA sid

[COX]oME F7|E HAT 4 Q&= ‘variable-length array(VLA)-& A7l5}
1 glom, o] VLAS HA o] ZAIE siEdT & dsUth A9 sid2 ¥

U o2 FA(TR o mieE R dYE 7S WA 2718 A8 5
Ut (GCCE: matu|e] sk (parameterized) Bjdolal= 8 7152
Z3Ych) [CIX[Y GCCE 2 4= §ITHA malloc()S A 4= i ¢l
Utk o, jdS of ARSIITHH YIEA] free 05 AA AW HE2E &2
Zolof shth. AR 6.14, 6.16, 6.19, 7.22, T 7.322 Hus}7| v

[ 2 30 A

[ANSI] § 3.4, § 3.5.4.2
[C89] § 6.4, § 6.5.4.2
[C9X] § 6.5.5.2

e “Dlrow) 2 FHel A She AQUTE T FEE 2 4 HjEe
oz PPt AUk

#include <stdlib.h>

9Strictly speaking, these aren’t arrays but rather objects to be used like arrays; see also

question 6.14



CHAPTER 6. ARRAYS AND POINTERS 110

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

arrayl[i] = malloc(ncolumns * sizeof (int));

AA| =2 2 Yol nalloco] 2wl g Ak Folof gk,
WG] 8-S dsHo R wEew, thewt o] ozke] EAlE A sob

Utk (o] AL, Vo] 2 IS AH)A (reallocation)st7] w¢ 15U H)

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;

% (arrayl F¥E array2) = oj® Zolgtk, T2 o7 St vjdo] 7k @
—/1\—1_ =

] @ 0 <= i < nrows?} 0 <= j < ncolumnsE TFEF|ofF ).

—
(<]

Q)o} Zo] FH 7HEH & (double indirection) WR2|o] HZ5H= Zo] of
W o]f& QIste] E7bsstttR Y, theat o] ww S g wnt dge &
= Qlsyth & 4A Hide Ak Hid e Fulidie Aduh

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

e}, loh 2E Ao WSS, 2259] cdemente] Fok] 916 2
o Ate] ettt & (i, j) WA elemento] FZ5}7| Y5l array3[i *
ehatt sfof Sk e o] MEe TR e W g HEE 4
Q. szel 2R 6.19% FushAl] B,

41, v o] tigh ZEQIEE (pointers to arrays) & 4= Ud5UTH:

int (*array4) [NCOLUMNS] =
(int (*) [NCOLUMNS])malloc(nrows * sizeof (xarray4));

Tl
ST,

int (*arrayb) [NROWS] [NCOLUMNS] =
(int (*) [NROWS] [NCOLUMNS])malloc(sizeof (*array5));

10Note, however, that double indirection is not necessarily any less efficient than multiplica-
tive indexing

1A macro such as #define Arrayaccess(a, i, j) ((a)[(i) * ncolumns + (j)]) could
hide the explicit calculation. Invoking that macro, however, would require parentheses and
commas that wouldn’t look exactly like conventional C multidimensional array syntax, and
the macro would need access to at least one of the dimensions, as well.

detA ol vjY subscript G4EAFR1 [1& HA & 4 YS5UTE arrayx[i] [711

ncolumns + jlfj
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References

Q 6.17

= Rt

Te} oldl AL he BAkEH BHS Aok gth (e arrayse] Ao
317] SIIAE (rarrays) (1] (319} @o] %) el #d, @ ge A
ARk AsAk gt

o] RE HZUT} 7, oA BIE vio] o o WAgLe tfoll, free
2 WA B9 Folof PUth array1?t array29] A$ of2 QA AHok
ST (22 7.23 2a):

for (i = 0; i < nrows; i++)
free((void *)arrayl[il);

free((void *)arrayl);

free((void *)array2[0]);

free((void *)array2);

T2)ar, ol wiEy} e C dojollM AlFshd, ez dgd iyt 4
o & 4 fEUT (E+ 6.20, 6.18 Fa1).
E, o7]o] ARE 7lese AR Ee O o] dAk @M E &

F JsUdh. WA Vee A4 AR Elde v gy

int ***a3d = (int ***)malloc(xdim * sizeof (int **));
for (i = 0; i < xdim; i++) {

a3d[i]

(int **)malloc(ydim * sizeof(int *));

for (j = 0; j < ydim; j++)
a3d[i] [j] = (int *)malloc(zdim * sizeof (int));

tio] AR 20.2% FsHA|7] vt

[C9X] § 6.5.5.2

WOF Theat Zo] FEE Ak

int realarray[10];

int *array = &realarray[-1];

e A g4t 147 E Alzlele AAE FHE 5 35U ol7lo]

7R
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Answer

References

6.6

o] Hlztje] w3 T Ho = Holzl oA
CEke Ae] aameld & WAUL) Qus] Pe O EEE BEs
wpilo] ohduch. Eele] Qibe molelt B el Wel ohg el
o}, BjEe] wix]el @4 HE2 thy 7MgO(imanary) 845 7hed o
ot AeojE 4 iUt (Pointer arithmetic is defined only as long as

the pointer points within the same allocated block of memory or to the

(0]= “Numerical Recipes in

E
ru?h e =

imaginary “terminating” element one past it); th2 Qo= EQIE At
2 #MH dereferences}r] =t} 512, “undefined behavior’ & F<
o webA 919] FEoA WALS sk oA HRE Fagho] el 4
St (olohs Z47} o tiRe] Al THES] Aol “wiap around”
s7] M2 S5 ).

[K&R2] § 5.3 p. 100, § 5.4 pp. 102-3, § AT.7 pp. 2056

[ANSI] § 3.3.6

[C89] § 6.3.6

[ANSI Rationale] § 3.2.2.3

Functions and Multidimensional Arrays

It’s difficult to pass multidimensional arrays to functions with full generality.

The rewriting of array parameters as pointers (as discussed in question 6.4)

means that functions that accept simple arrays seem to accept arrays of ar-

bitrary length, which is convenient. However, the parameter rewriting occurs

only on the “outermost” array, so the “width” and higher dimensions of mul-

tidimensional arrays cannot be similarly variable. This problem arises in past

because in standard C, array dimensions must always be compile-time con-

stants; they cannot, for instance, be specified by other parameters of a func-

tion.

Answer

oJx }% H%ﬂ% ‘IRIEE ZH7le EIHPE IR W= o] HEsh,
=

Hido] Zele 2 HAHT= F2(EE 6.3)2 AAH 2= (recursively) 2§
e Aol opdych. HiF 9] v (arrays of arrays, = o]} Bd) HY
22 712]7]% EQIE|2 (a pointer to an array) H7ZE|A] (decay), EIEE
718]7]+= ZRJE R (a pointer to a pointer) WA E2] 5Uct. vilE-S 712
7le EZJEHE o9al, T uie 2AHLHA thojok eyt & 6.13 Al

124 pointer to a pointer
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(% BRreie Ao, wRE Asdeisel Zgdcks AU o
H A 0] pch]— o] AodYE 7|xZ gt oJH 1intEL multilevel pointero]
el e gelske e st

ol ol Mg AL

e

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

40 Al Thawt Zolof gtk

void f(int a[] [NCOLUMNS])
{... }

E bt Zolof ghich:

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

{ ... 1}

A AddollA Autdels “uljdo] it wjd7e e 7Ele 2
B’ 2 HHte] FUch (AR 6.37 645 1), THA ﬁ?ifi < o Ass
A AT ZAhUH. o] 57t vMjdS Sl WinE SR A
271 mizell, AA wide] 271, wid o] Y (row, o37]o] A= NROWS) 2] A4
S AT 4 QlsUnh ey o] w89 FH(shape)= 1E FotTh
whebA HiE ] F(column)2 & o] Folof ghurt (A oFe] Hjde]
A ARA 4] 5 AlQfste o fFAIEH ok o).

g7t oln] ‘EIBE ZH)7le ZUH'E s AdEo] Qlrhd of7]d
oAt HidE HH Hohs A2 FoMRtULh 7HE F7tell YAl ZUE
A5 Fol o2k vide AEsy she =S & 4 ATk

N

extern g(int **ipp);

int *ip = &array[0] [0];
g(&ip); /* PROBABLY WRONG */

ol 22 A sk dlvksiel wide] ek WobA (fatten' its
shape has been lost) T&JUtTt.

tEo] AR 6.12, 6.15% F15}A]7] vl
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References

Q 6.19

Answer

References

Q 6.20

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

= (width) Hoked Al] & 5 G, olXY HEL AR W F4E
WS b glevtar

subscriptE U= 7/5‘?:1‘45}1

void f2(int *aryp, int nrows, int ncolumns)
{ ... array[i] [j10]| &25t7| sk

aryp[i * ncolumns + j1& & ... }

FEog H{ISH7| Qal, o] A7} (the number of rows) ofd, ZF &2
ZS (the “width” of each row) %5l= ncolunms2 2= Zlof FoJsH]
HlgrU T v 2l Algr) Eshc

o] Yk AR 6180 UL WG Tt Zo] AL 4 9)

iy

Yek:
f2(&array[0] [0] , NROWS, NCOLUMNS) ;

Aol = TP, o] Aoz thatel vjH ] subscriptE 23 she A2
C mzol Aee) Raep] gyt 24 %ol B2 (array (o] 1) LN

o} 7+ EH LS x >= NCOLUMNSY 7%, “undefined behavior” o] &3t}

(COXJ= 7h 27] wlede ABatel, (CoX] S 7l gk Tnde

7h g2 HAA =, o] Wo] 7H vigAlR Wigo] F 4 9l AYUTh

(COCE ofa] 7hd 27] W@ AFE)

B} R 712 TPl A Ee BEe S o o @

o7, AE 6.16°] Y=, Hids sH R Algo)dst= Wio] syt

AR 6.18, 6.20, 6.152 Z15}7] vl

[ANSI] § 3.3.6
[C89] § 6.3.6
[C9X] § 6.5.5.2
SHoR ShgE ol wigS ol Agd], A2 sk
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Answer 2HHH WL glayth e Ade] vl &

int array[NROWS] [NCOLUMNS] ;

int **arrayl; /* ragged */
int **array2; /* contiguous */
int *array3; /* "flattened" */

int (*array4) [NCOLUMNS] ;
int (*arrayb5) [NROWS] [NCOLUMNS]

DO[(
+
o
re

RIIESS AE 6.160] e AAY 2750l ik 7Pgsta
Kok

theat 2ok ek

void fla(int al[] [NCOLUMNS], int nrows, int ncolumns);
void fi1b(int (*a) [NCOLUMNS], int nrows, int ncolumns);
void f2(int *aryp, int nrows, int ncolumns);

void f3(int **pp, int nrows, int ncolumns);

Ay

olef, £1a) 2} £1b ()= L¥HAQ o|xtd wjdE AR Wwor, f20= &

A7 (lattened) ©)2F HES A2 Tom, £3()2 ‘EJHE 7lE)7|&=

EUE S QAR WEUTH (FR 6,187 6.195 F1). wehd okt Zol
& % gtk

5=
==

b

fla(array, NROWS, NCOLUMNS);
fib(array, NROWS, NCOLUMNS);
fla(array4, nrows, NCOLUMNS);
fib(array4, nrows, NCOLUMNS);
fla(*array5, NROWS, NCOLUMNS);
fib(*array5, NROWS, NCOLUMNS);
f2(&array[0] [0], NROWS, NCOLUMNS);
f2(xarray, NROWS, NCOLUMNS);
f2(*array2, nrows, ncolumns);
f2(array3, nrows, ncolumns);
f2(*array4, nrows, NCOLUMNS);
f2(**array5, NROWS, NCOLUMNS);
f3(arrayl, nrows, ncolumns);

f3(array2, nrows, ncolumns);

HEo] AFE A o] TEEL A% Aoy, B34t JIAEZ I
skat, 5231 ncolumms 7} (T Hﬂ ) 219l NCOLUMNSS} (A o=

A5) QAT BN & 5 gk



CHAPTER 6. ARRAYS AND POINTERS 116

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

A T Ao Shgel Wil Rl HWalA & 4 9 del f29ur)
el ragged” eI DJ R arrayiol B0 G2 45 %
yrct. 123 &array[0] [0]& (Fx *array) £20 0] AGsl= 2L &

o gs] B2 eFsyth é‘% 6.195 Far] vl
Hrof flof Yot Fo] o7 SRl of A AE=A] ofsiett, 11
2l o o2 Zgo] A kAl Grtd, ofRE2 C <dofolA] Eidt
ERJUE ]| sl v 2 efsfsial olokal w4+ 9yt

ollA o Re & AJA AAshet] anle] "Hrpd, E& 6.160] Wb

AA, TR 2718 T o g BE $H0= BEL o] @
o] @ 4 gt WeF RE Wido] A 6169 arrayl, array2
A W] Atk RE @5t £30 4 wEolof gt

6.7 Sizes of Arrays

The sizeof operator will tell you the size of an array if it can, but it’s not

able to if the size is not known or if the array has already decayed to a pointer.

AL 9l sizeof A= A2 5&61A]
=

o
8 WSS, 100] obd 48 Zg

Q 6.21 wjgdo] <o) mtetrele A
Fe7ha? ofdfiet Zol HAE g

c}.
f(char al[10])
{
int i = sizeof(a);
printf ("%d\n", i);
}

Answer AmA#E vjd wdE S ZolEE AdH Aoz 7hEgUct (&, 9 o
Fo| A= otHEE char *aZ AUttt 2R 6.4 Fa1). I2)A] sizeof
SAE vjde] 2717t obd, ERIE Q] 27|15 HEdy
Blio] AR 1.24, 7.28% ZT5HA]7] vFghch
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References [H&S] § 7.5.2 p. 195

Q 6.22 4 welo] Hjelo] externo® ARIH] 9S Wl (Z, A 279} @ T
wjale] elslo] 91g), ML A71E & 4 S FERT sizeot WAL
Qe 3 ek

Answer AR 1.242 H7] dfghJch

Q 6.23 i <ol & o] @47} Qe A YL HOW ofBA shta? sizeof A
AzkE HiEe] 271 byte 99z EHF=HR.

Answer 7] #jde] A7|E, 9F 840 A7 Y FHyoh

int array[]l = {1, 2, 3 };

int narray = sizeof(array) / sizeof (arrayl[0]);

References [ANSI] § 3.3.3.4
[C89] § 6.3.3.4
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Memory Allocation

B Ao C QlofellA] pointer7} 7Fg H1$7] FEtha wEhUeh. et A4
] 2 pointertt} pointer7} Zhel7ls vlmels wefslrlrh PETHs Yyt
C glojis ATjA0R 2529 dlojolr] W], Zeadmst Huels Ay o9
Slok geh. A2 FREA] ohe Wzag el ol A2
IS WA¥she Jbg S 9le] k.

ool

<]

it
I
N 0

7.1 Basic Allocation Problems

o] Eo] 214 mallocd H22]| ¢r=tlaf, ojgjio] A3l sk= wRa|7} A
=2 27|13t =A] HARs ok it

Q 7.1 o] = 9 FABA Fertar

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

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

[o

R
4 X

Answer gets O o] A HAE W5l answers £AHO] 2HE oW F7h
27132 Slofof Futt. o] F=o A= answer?} oJHE 71E)7]E A
YEUT. &, 27197 o Weol7] miEe] thE FEe} Fo] AR

=yt

int i;

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

118
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Q7.2

Answer

119

urebA ol Z=9 A EoA 2= answer?} ot E 7IE7IEAl & &
= A= 7/—\]

gtk 3, vl gle] T 17k B e TR o & gl A
22 olgUeh. (2713kE14) e AY Wh'E PutaoR 2y ke vt
A7) U ol ¥ mIEeke thgth P 130, 5.1 sk i

ATk G 2ot BE Al Ao HY

#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)
xp = °\0’;

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

o] A= getsO T4l fgetsOF AFUt whA HlEL] Eo] ol
oAd g7t gtk (AR 12.23& F1sh] viU oA o] oo
A 2 fgets O gets O D8] PHAE \na A¢-A] ZYtt.) answer
o mallocO) o2 WEE Istrl, My F7|E th3} Zo] nhE=
drle e sy

#define ANSWERSIZE 100

|
IE=

strcat (Vo] B2517] ot oa} gom;

char *s1 = "Hello, ";

char *s2 = "world!";

char *s3 = strcat(sl, s2);
ot At LA
AR 71004 AFe AAE, F dd2 At LS ARt F1ho]
gthe AUt C doj SHoR Bxde Hejsiia] ggutt C
aflefs Aol a7 B HRelE SRl (2490 499 £

1

uninitialized local variable
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References

Q7.3

Answer

At A s Y. 22w HE 2AHE 972 (concatena-
tion) ¥} Z-e A3 AJ7F GAH(run-time operation)o] EQ3et AT FIHS
#idoly mallocO5 &84 24 Thao] Folof gyt

strcat O2 oSt I S| haUth FHAl 2482 Tes] A
WA Aol EolA] dAgY. 2R A EAds Atk
ZH3E ZE 7HA 3 Qlojof HH, & 4= glojok(writable) g th whEbA
o2t Zol Hid= st sy

char s1[20] = "Hello, ";

22, 40| 27] AL Si9} o] 200]et A4S AL AL
Ut el AAe 2 BAT 4 i ojud

Fsliok gt

strcat()o] AR EAEde 717 (ARAE s1) ZQIHE esi=
2, W5 3¢ 248 FUH; streat O& & ol 23h= sio] 7127]

I dEYT
AR strcat O-S F2 I=& I7 T/ BAE 7L dsUck:
A s1o] FEI Fhe 7L YA Yrke A, o] 2AEe] & 4 gl
(read-only) EAFHolek= AYUTh & 1.325 FaLsh] Higyrh.

rr rE

[CT&P] § 3.2 p. 32

I8 vlFd (man) Ho|X]+= strcat (o] AR F 79| char *& T

ohal #of Qlsuty. oAl o] ARt ZRAAl dadt wid Fe We

ook i 22 & 4 Yla?

<

\11

itz o ZQIEHE AR molle P4 Hre] F3he ot Folof jitk
ABz¥aljoF gt wheF gtolHe]e] g=o] Aol mire] gl thgt dgol
U, g2 SEShe HolM dotbM s Folof it

UNIX 2Bt 9] i+ (man) Ho]2]9] A FZo] 9= ‘Synopsis’ A4, &
£ ANSI C #EFof W2 o]2fet #E2 é}% olallsl] A&Utth ol BA

BAC 56 2998 QAR BE (FAM EAY) dis ese
E
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Q 7.3b thed} ge A A

2

=t:

char *p;

strcpy(p, "abc");

=29 ek o J8%? A oddi2ad Za 7o) WrbAok(crash) st

=ae

Answer 7Y o A4t £ mYTh 27|8hEA] e e pof of
#817] Zro] SOk, 1 @l olelio] & 4 g wlme] TS Ftelrln
QASUT, 1 B7] oW FRF BHoz »

Q 7.3¢ I8 WAL ok} 2 lRelE ggEtar

Answer o} ZRE YR EQH WSS theat o] AAgcky & of:

ofelie (£6 Hete) TeA, ARLes) EAH A AFE 5 e
T I AYUTh: =, o] A% sizeof (char *) Hlo|ETE| vl

e AUk Ze o] ZSIEE ofF] ol wzew sterln
A ot AR 713 728 A1) v

Q 7.4 Tk} go] mtdolA] E TR gl FEE THEISYTh

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;

a9 o] =5 A

o2
_O|L
5&
o
rln
0
2,
=)
)
=)
N
1o
=
oo
o,
i
9
N
%9,
of>
i
I
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Answer oJg|&E
£ FE gnit,

o] Agt linebuf+= THA]
7))

7} 2ldste g2 of=E

122

& Euke AT % Qe WEdUD) fgetsl]

2o dolid MY fgetst AR
g2 @ds) 74 wauh ot wAg EFg
o] AwA QA Hs) F EelEeh gauh (o]

g oRerha

, fgets

739 linebufE 7}2]7]& EQIH)
ofd Hog FTE Apgste] Futd, ofeiRol Az%tel £ AYY FUE
QJolo] ksl Folof ghich. AR 2029 T FSh] vihct

References [K&R1] § 7.8 p. 155

C89] § 7.9.7.2

[
[
[
[H&S] § 15.7 p. 356

Q 7.5a

Answer I
goleh, e A o
array)

#include <stdio.h>

char *itoa(int n)

{

QP o} Sof Az thewt

K&R2] § 7.7 pp. 164-5 [ANSI] § 4.9.7.2

eJdet FAedo] el A9 A

2 AARA] vt
o]—/\E HE Hﬁ
5e A3

(automatlc

char retbuf[20]; /* WRONG */

sprintf (retbuf, "%d", n);

return retbuf; /* WRONG */

}
47k B, @4 ol BHS01 automatic, local BIGE glojAUT.
WeA 9 ASE S T} ohdU (2, SRishe ZQIE} EA4
e 2 sle)rln Qlguch
@ 7k e (@AE AL obdut. B4 o] @4t ARKoR 55
7%‘% 5/\1011 of g5 ¥l Rei, 1 g2 AMBSHY & wole &
o) g HEE ohat go] e AYYth:
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static char retbuf[20];

>

=

o2 e

=3

F2e 47k HHE AlSstes I AUyt

ru

o]

el

]

i

char *itoa(int n, char *retbuf)
{
sprintf (retbuf, "%d4d", n);

return retbuf;

char str[20];
itoa(123, str);

T, mallocg A= WL Q&Y

#include <stdlib.h>

char *itoa(int n)
{
char *retbuf = malloc(20);
if (retbuf != NULL)
sprintf (retbuf, "%d", n);

return retbuf;

char *str = itoa(123);

52 REt Zd o ol o] G4t RiE glol Wage

78, BER ARJAEZE 71 7|3 Q= WIS freesf Fofof iyt

References [ANSI] § 3.1.2.4
[C89] § 6.1.2.4
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Q 7.5b 17 EAHolL ZIEF o] AES doteW o gA sfof shx?
Answer ZQIEE 8IS wfol= o] EIE7} HAog TFH (statically-allcated)
3 7F71A glofok k. Ex= o] Mz} o] gpe] HEH mreE
7F71 A, o] HE7E malloc) 02 e wmo]olof gct. A
2 Z9(local, automatic) B]E-S 7127111 YojAE YTt

AR 20.1 Z5H7| By

P

7.2 Calling malloc

TR e BUS dold, & U B fA4E WAz o, vBeE 57
o8 YOIt WAL & WAYUT. dRE nalloc F4E AA o] HAL 5
G o] sectiono| M malloce] thek 71EH Agel thstol chei, the

section oA malloco] Amjale: Aol gt A& iUt

Q 7.6 mallocO)S o= uf 9f “warning: assignment of pointer from integer
lacks a cast”2l= A7} SAYSEQ?

Answer <stdlib.h>E ESISIAL mallocS A7) 95l 2HIE A2 AlZA=A]
SRIsk7] vifUTh whef ofd s orgiotd, futdelE intE E]Eé}
oF (A 1.25 1) 7Hggch. B8 o] 7L ARE AYYrt (7
g A8F A AR} calloco|t} reallocolA] HHPSE 4= Q1)
ClEo] AR 7.15% ZsHA|7] Highch

References [H&S] § 4.7 p. 101

Q 7.7 ofl FEE BH mallocOo] HHT TS T Zelee] egoz
Asge e B 4 ol . of 1Pkar

Answer ANSI/ISO C EZ0|A void *E AA%7] Hell=, T/ EIE] ¥gho] T
H ARE Q7] e, i e Weke Zol7] g st ArYe
g
ANSI/ISO C EZolAL olafdt slado] e aglg. 12)m @
ol AAEe sl AL B mady Aele rEs|E G
Fel mallocO)o] AE]A] QIoke o st 4 Q= $83% A7 o
AAE ANZA 7] tESU: AR 768 Fash] v (2ehd
old FAEL ojHs] AF zolw YFch kel CtolAs oleig
Mgl whex] Basy) v, sa4de 4157 SlsiayTt)
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References

Q 7.8 thea} e FES B Ho|

Answer

References

Q 7.9 t&3t Zo] malloc() 2] wrapperS WHEQ)

Answer AE 4.82 1

[H&S] § 16.1 pp. 386-7

char *p =

strcpy(p, s);

Al AZtoll= malloc((strlen(s) + 1) * sizeof(char))Z IZ]ojof

o 8.
sizeof (char) &2 Hoh= AL A H
sizeof (char) = T4} 10]7]

OFA

k= AL AF

AR 9471
JHUE (BE 715 A1) gliEe] A

2A} 7]

1w Ha

[ANSI] § 3.3.3.4
[C89] § 6.3.3.4
[H&S] § 7.5.2 p. 195

27127

#include <stdio.h>

#include <stdlib.h>

Qe

malloc(strlen(s) + 1);

£IUe.

UUT. TSR size_

2 gt

o2 we o

%%ﬁﬁfﬁ
e st A

mymalloc(void *retp, size_t size)

{

retp = malloc(size);

if (retp == NULL) {

fprintf (stderr, "out of memory\n");

exit (EXIT_FAILURE);

& Tl =)

T817] vhge. (o] A9, o2 mynalloco] &g
Hg EHFES sof gt

Ut a9 9 SdeiA)

=

1

[s1

125

al

OH

A

or

_'_4
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Q 7.10

Answer

Q7.11

Answer %2

Q 7.12

Answer

Q 7.13

Answer

Q 7.14

Answer

126

ZRJIEE Akl o7]el F3he sl gyt JdH Atz 45

A e U FEoA H7F AREAR?

char *p;

*p = malloc(10);

AT 422 B7] v,

jus)

[e]
[de F4o=

AR 6,149} 6.162 B7] Hlch

2 2 ol ma) g7bo] Prh} dob A o 4 9lezte?

42 19228 1] wihek.

E=

=

malloc(0)-& ojH ZFS
77

AR 11.268 H7

Selshs A%? 9 AEE Adshta, 0 Hpole
=lE2 Fdshtar

Hhgiu .

oJH A|AHIOME malloc() 02 v|E]E Tl
ol Hotr] Holle GAA wixeE ddokA] et SqlsUh
TelE ABLte?

5 w5p7] ol AU BEAL ol A0 F25

thL W Wl gl SR Wil Tejeh Alade] gl

gyt (o]@) 22 “deferred failure” implementation-<
AF1glo] BT

17| wx2of] 2A2f 1l (write) w227t = A7t A7
d], C ¢lo] semanticof= recourse’} gloB =2, o] AL, 7l OS7} 3f

EJ%E ZolA (kill) HYt}. (P3|, malloce wWEI7}F & A,

QEE HstA FHEE, mallocf] 2§l Fha SRIFICHH, St Hk

27} ofd ke wmale] Fae el fleich)

o|¢t “lazy allocation” ¥A1& A= AARIOA= 7l He)7t HZof

= dTe= Alade Ay T2y 22O o] All1de

= /\]/\Eﬂol e}
HSE v

FEo] B0k

|

AR

>

1__

e o, gob g

im ofl i m*
Fll‘

H:l lt:l
I‘_

g

2]
A%
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AeleteH ol4Ao] Wojzle 2ol | 7MsAo] Byt o] WAlS

ZﬂJ—O}h /‘V\ g Folls AMSA B ZEAA @R o] 75E Il=(off)

7% = (£, %Al malloc semanticS =) AT QG T
;

At uﬂ—or gepueh

References [ANSI] § 4.10.3
[C89] § 7.10.3

7.3 Problems with malloc

Q 7.15 9§ malloco] oAt ZkS Eeld7ta? AR 7.6 ¢7LHA mallocS HE
7] Zof| extern void *malloc(); M-S ZIA|F =T o)iket 2d87] 3t
2 Fuh

Answer malloc?] Q1A EFQJL size_t©|H, ©}u} unsigned long EFY]Y 7FsA40]
=54t TheFo] int EFQJ(EE= unsigned int)é’._ A=A, malloco]
(1) 2207] G WS FRsAo] AUk (F long TS e
Yl size_t7} it Z9olz o]& 5] Siieh)
Qirdon, BE wolued Bhol HAS externoR AW A FE 2w
o Qe e mAs BRAAE Aol WA 6 RIS el AR
7.165%= FaISkAl7] BRU
H|sSPHA 2 487 & o2 BEAlE, size_t EFYJQ] LS (sizeof9] 7k
23} printfo] %dE WA Echk= AYUTh oAl = =
AaA, FoIR ZH2 214 (unsigned long© 2) 7HAHSH thS %1lu ZHHO

2 25k Zlo] E&UT

printf("%lu\n", (unsigned long)sizeof (int));
tlio] AR 15.3% Z15HA]7] vlhct..

References [ANSI] § 4.1.5, § 4.1.6
[C89] § 7.1.6, § 7.1.7

1.

ol

Jul
"

Note C99 TFL size_tE A &85H7] Ydl, printf, scanf

ifiers Z7pi4Uch 2R 13.18 Fas)y] vlyct

o] z mod-

Q 7.16 of| 45} A st7] $1s) B 2 vjddo] Was ket go] I A
et
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Answer

Note

Q 7.17

Answer

Q 7.18

Answer

double *array = malloc(256 * 256 * sizeof (double));

o] Il malloc()-& 9 ZEIEE ZEIsHA] At T2 Jo] ufl- oA}
A FAFUTE Al AZolls wmeE FA 2= (overwrite) Aol WA
2 27 malloc Qo] Uoke Wae] 2 vl2els e A A7} o

=

256 Z5}7] 2562 65,5360]0], int7} 16-bitQl A, A= &~ gl = 7t
Juet. ATt o] 2= BHA| sizeof (double) 2 ¥oflof 617 wiZe] A
Fo] 2 271dYet. o] & Hjdo] & sttt # Fo1F 7]=ofof ey
o, mFoF o2 72o] A|AHoA size_t BFYo] (malloc()o] Q1A= Hh= B}
¢l) 32 HIE2PH, 12|17 int7} 16 HE2PH, 9 FTo|A malloc] QA&
256 * (256 * sizeof (double))E A AT 7IFeAHE A5ULh (A&
3.14 1), 282] oty o 52 o] HEE 22 A7]|= RIfo] AALY,
T 32 HIE FFEY Ao E 27, HBEFEC R AlEe w2y 9
5 Aok & AUt BEo] dF 7.15, 19.23% ISHA7] HiE Y

-

ok

o] AL 16-bit A|AH] U AmAar} tfREA AFo] WS Zo]7] of
woll, @A APt @ S QAR HISRE ol f 2 32-bit A|ARIIME F
A7t LAY 5 QleBz Iy FASYH

Al PC= 8 w7} HIo|EQ] wRelE Hfokal syt T17lH 9f 640K 2]
7] Hol & & gl AL7EaY
PC &3] A|TIHE (segment) 75 AR8ol= FFEOIA] 640K o]/Fe] ||

mals Abgahs &4% (3] MS-DOSeH)) uh$- ofgisuich. HE 10.238
A7s}7] whct.

A Z2IRE oW =C(ofd A2 TX)E FHOE Y AU th
Bo] WUtk BIAE A7 nalloc/freecld WABHE QHFIE} bot-

tlenecko] 1 Qlitd], &2 HFHol Qe7tQ?

FolRl 9] A7)t BE AT, frees HEx Hit °ﬂ N7} 4]
4 20|72 Y= EER o]Fojxl YAEE BRskE o] T2 4 AFUH
(o] HA2, Z2IelA 7P W2 WS 2H[she Zlo] viz o] k=Y
o 22 siFdde] "Huch 128 JrhH o] kE FAE| Fol 9 ulm
2)7F WobA] B XellM miRelE & & Al Hof WHYh)



CHAPTER 7. MEMORY ALLOCATION 129

Note AFEAPZ} 214 2 (dead) 2 EES 2|AE A8 £, RS uf, mallocl]
g Bap ol o] ZS wTE B86L 29, ‘objoect caching ]2ty B2
7= gk

Ho

dg Eol, PAEQ] Lt} thgat Zg 7

il

struct node {

struct node *next;

293, A LES e g4 Baghs bes Asls w4t ke

struct node *new_node(void)

{
struct node *p;
p = malloc(sizeof (*p));

/* check if malloc() returns a null pointer */

return p;

void delete_node(struct node *p)

{
free(p);
}
o] A%, et 2L Ao Wes £,

static struct node *grave = O;
flollA = &7 & “object caching” 7|Ha AE% HEE 4 QlsUth

struct node *new_node(void)
{

struct node *p;

if (grave) {

p = grave;
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Q 7.19

Answer

grave = p->next;
}
else {
p = malloc(sizeof (*p));

/* check if malloc() returns a null pointer */

return p;

void delete_node(struct node *p)

{
p—>next = grave;
grave = p;
}
E2 $AE T skl gEEIAE 54T delete_node ()= freeEs H
22 g1 HQQl= BE nodeE grave ERIEY] FAER HFSHY, WQ
s

o}
8%, (5 new_node OE =32 4%) 2Ed Eyd =8 oA &
AT it grave g|AEC] Hyksiyl, UmA=
frees B4 Aol WACEE BHE 4 dFUTH
& “object caching” o] BE FAIE siAd) FA= d5Uth =gl wet,
ounz, of7lo|x A7fgh Zolx], P Eoh=
AL ofel= AL 719sHA]7] HigyTh

A T2 WL malloc() UHoA @77} vt A A5k 189 A7t
H7loll= Al =230 A5H FHo] gl A Z5Uh malloc() RO
W17} Q= A opd7tar

BYo)%, X2 IohE} mallocOo] RAOR GASKe dold T2
MR 97k A% ST E 1 A5 A7 Bk 0 oo}

B 4 B8 WS A4l nallocO O e vmelut
O @ dolehg 2eim(wite) S LA S6 B4R 48]
5l strlen(s) + 1S X 9F11 malloc(strlen(s))ES A= A7}
6“4‘:]'-2 e ZAE olf] freeOE EoA WIS vime] 2o 231

ok

I

= HH@O}— o2 ¥1%, malloc(strlen(s + 1)) & A= 799} p = malloc(sizeof (p))
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(write) AU (AR 7.30 Z11), freeOE 722 ZQIEo] tis) &= W &
Fof| ol 1= sy
232 malloc, realloc 5O
aﬂ”}ﬂ‘/’r g ZolEE free()f—i ‘E&%}O}% AL ot A do7|A|
daUnh 28 2#iE AlAFoAE AZE HUth) il ol2tt Aae &
W SR BET, QUERE £l AU, i e Akl TS ol
elrt YT A BollE A SASIA e kg
X8 palloc implementationS ZQ3F AHE Shdol wjre] v Ao
Hkotr] wizell, AREAPE ZQIEE 2ol d5 A =W, AR £
A} Sy,
tEo] AR 7.15, 7.26, 16.8, 18.2% A 118HA]7] HFg .

7.4 Freeing Memory

Memory allocated with malloc can persist as long as you need it. It is never
deallocated automatically (except when your program exits; see question 7.24).J]
When your program uses memory on a transient basis, it can—and should—

recycle it by calling free.

Q 7.20 5How S vwS SIS theel T & 4 qluhar

Answer 2 4= ¢l&Uth oJd Q#E malloc() ol gt BAL oA HRzels WA
] &= AEiz dot Ittal (left undisturbed) o] QAT o]+= 22

ojH, C FFox AF=HA 42 AU

oR2e] ZeadwEe] vieke wreo] yia ARy oA A= s

yohet, Az bielet vz 37 A5 yth oh3of U2 singly-

linked 2]AEE HIglsl= FEE HAZ] B DH

struct list *listp, *nextp;
for (listp = base; listp != NULL; listp = nextp) {
nextp = listp->next;

free(listp);

i)

groF 9] F=Ut JA] B nextpE AA| &7, listp = listp—>nextE A
e

=
o, ofu] vhele vlRelE listp-onext® ThA| Mok Wk A %
2~
T
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References

Q 7.21

Answer

References

Q 7.22

Answer

[K&R2] § 7.8.5 p. 167
[ANST] § 4.10.3

[C89] § 7.10.3

[ANSI Rationale] § 4.10.3.2
[H&S] § 16.2 p. 387
[CT&P] § 7.10 p. 95

9 freeOF FE th5oll ZJAET} dol HA| gh= 27t
=9

free()S T2 o] oo AEH EAE7} 7}ﬂ711 AE =227} s
ek J2ei o] EQlE zpHe] %k% WA ey dololsUct. ofukshu
C lole e A9 0|, ‘pass-by-value’ 7HES 27] fZ Ayt whet
A 47 (0] A free)) AR M W40 S WA 4 glgych
(FE 4.85 alsh] gy

det SiAlE EAE g2 AEs| YoM, fask] eksyth(invalid). 12
dereferenceZ} optetr) ojwdt Aoz (Alz]o], Tes| thelstAL
St Aw) o ghe e e, BE 7@ el wleh th2yl sk
f ZAE AT 5 syt (28, TR Al2HEe] ZAI7F §lo]
UANE HIHA B FAR, 252 SsH|, ofd
SR ESE o]H A|AELS JLXAF o] exception

R

Ial

[ANSI] § 4.10.3
[C89] § 7.10.3
[ANSI Rationale] § 3.2.2.3

ghso] &t ]O_d,(local) FEZAE o] malloc) 02 HEHE TIPS wol=
OF sliFolof shta?

At mRIEe} ZIE7} 7127l HEe= AR o Zolehe A
hOHOF gyt 7t B o, A9 HER AAt ZRIEE AsoR
A= AT, EAE] ZHA7} A H TR olA], ZIE7} 7H 7= wike] &
Fo| A= AL obdytt malloc() 02 et HeE freeOE
A SfiAIsE ] Aol wiele] Hof syttt ¥t e R BE malloc() ol
= Z}Z}o] 5% fdsh= free() & WHEo] Fofof gct.
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Q 7.23 FHOR P oW QBAES sl HIHE Bt TRAE T
gt o) TS A o, Ztzte] T wWul slele WReE
W siAls) Folok shta?

Answer 184Ut} malloc() 02 &9at vnals z4zh Asks| o ghi, free()
6H'"lz_o10]: 613_]/]]:]- E.Ej_adoﬂ/\ﬂ _‘.7_]; malloc() O =2 fé o—(?_]. ﬂ]EaJ\f E-—CF‘
free()A]7|E= Zlo] 22 L3yt
& 7245 Fs) vyt

Q 7.24 =2 30] ZU] Ad FHoR TIet vl HIEA] SiAAACk skt

Answer 1138 T Qg
Shcr
E

eyt ditdos pgAAE Zeade] 2 o, T2
o] .

= WE2E sfAAA FUTh IHol= Etstal, o' PC
Oﬂ/ﬂ“ l g5 A2 5UA7IA] et g4 iUt ANSI/[C89)
FollA= ]‘?ﬁ} ALE Fd o TE A (quality of implemen-

tation 1ssue) a5k Jsytt

References [C89] § 7.10.3.2

Q 7.25 A =278 HHy] EHE malloc() 02 SHFstl, LEof free()Al7]
£ 228 AU 28, T20%) B ohgels, 29 Al dme)
X

=
Jels AnRw A8 Zols o Ag 2 4 Ut

Answer THE-E] malloc/freel] & HHHEL He]E A Ao ZA] HIgs=

7o) ohye, @] 1 B IWA LFe] L malloc (o] 1 WmeE o
A % 5 =% o 725 o] v

7.5 Sizes of Allocated Blocks

A

Q 7.26 free() A= ol A= 2719 RS AT A of9A & 5 I
A7tga?

rr

Answer malloc/free —TLTOi% FHoz st Z4zte] mee] S0 37|85 |EH
et freeOE & Wl I 718 AHSHA] &
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Q 7.27 TECk, I 2] 2ok ol AEIA malloc 714 WA & 4

Answer B3, 52 B8] 378 < 4= 9)

SHA sy

rr
=
N
tA
rr
fol
rlol
o,
%9,
rr
ok
rE
Mo
2

Q 7.28 ofE EQIEl7l vjmaE Fterln Qe W, 9f sizeoti 1 Hlme] Eol
2718 FeFA ehtar

Answer sizeof GAIX}= ZEQIEZ} 712]7]% ZHo| mallocC 2 SHdsl W alE 7}
7120 A g2 Yt sizeof 7t 07’24%—-‘: AL zolE A7} AR5t
T 9= 371Ut} mallocg EgjA L fra 289 3712 dopfs=
(o]A1o] we) we gt

7.6 Other Allocation Functions

Q 7.29 (YL 6.14F wetd) HjGS SHOR TYA b, o] HIe A/|E uE
% ghertar

Answer 22Ut} realloco] HIZ 1 IS 3l F= AUt (d& B9, &
= 6.149] U2 ZAXH dynarray) sdo= IdH vjdoe] I7|E HfteH

ket 2o FEE itk

Hd

(o]

dynarray = (int *)realloc((void *)dynarray,

20 * sizeof(int));

reallocO] A} HRE] B0l 97|15 2= 2ol AL obduUrtt. reallocll

L, 7Fs5HA, AEREe Qixtel e 2olE| ZHS E#FAR, QA% A7)
U*ﬂl Wz 585 oA 22 A9, IR AgH 2R1H e e
#e EHFUS o] A, AR % %*Q Y 2 o o} & & gl
Yrt.
THoF realloco] @3 wze] ¥7hs 22] 3ok, 9 ZHE 2eedy
o}t o] off, QIA=E HIENH wE= (reallocs F27] HIE H AJe=)
Jd2 gAgEYtH!

SEL G4 2718 Zolulelat 2ol A obduct.
4772} oj", ANSI o]de] AutdeioAE realloco] AWFHe AL, AR HMI=dd Hmg
Eelo] HE RS RASH
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reallocg A HRe]e] 37|15 HAPS Z-¢oll, th2 ZAE7} o] we]
3 7471 QISEA] (“alias” 2= BolE GUTH FoldloF stk o
oFo]| realloco] THE Xof Wiie] 2% i, T2 ZAEET Fho]
ZHFEA] v oloF Fuct. (malloc] Anf oH-ZF SlehA] hgtth= &4
o] 7 sHAT) a7t Alget ZEYYT:

#include <stdio.h>
#include <stdlib.h>

#include <string.h>

char *p, *p2, *newp;

int tmpoffset;

p = malloc(10);
strcpy(p, "Hello,"); /* p is a string */
p2 = strchr(p, ’,’); /* p2 points into that string */

tmpoffset = p2 - p;
newp = realloc(p, 20);
if (newp != NULL) {

p = newp; /* p may have moved */
p2 = p + tmpoffset; /* relocate p2 as well */
strcpy(p2, ", world");

}

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

91et Zol 7] &gk(base)= 7122 S EIH Fe v Altske Zio] Bt
gt o2 HHe % Zho] xp(difference)?l newp - po] FZ 7|Z=,
reallocs 27| M, 9] Hjo]A HAH | FhZ 2= A TR B
ek 4= gt ofuehd, Hele] MAle Zhe o HAEZS rlE|7|l ol
B Atolof At ojujz}t 917] wiEdyct. BEe] AE 7.12, 7.30% FIlskA|
7] vigU .

K&R2] § B5 p. 252
ANSI] § 4.10.3.4

C89] § 7.10.3.4

H&S] § 16.3 pp. 387-8

References

[
[
[C8
[
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Q 7.30

References

Q 7.31

Answer

References

Q 7.32

Answer

realloc @4-0] WA Q42 9 EolElE ALsie Zo] ebdazle? 1
Qo] A=
= 1

Alske 2) Wk DU T R o 7@ el
A olefat AHgHS AR ek webA Ezelsl shu e

Sede = o] obdUth realloco] A xtz @ ZQIHE HLshd
=

HEgE Z7HHor FAHo7 SIdol= &d1g]5S (self-starting incremen-

tal allocation algorithm) TF=7] 45Tt

[C89] § 7.10.3.4
[H&S] § 16.3 p. 388

calloc() ¥} malloc() €] Zpol= RGIG17kQ? calloc()o] WEE 007
BEE g 91 & S5 Jubg? 187, callocOo2 ARt HRaE
free() = WA AT 4 JtQ? ofUHA cfree() e} 22 A

Q7

calloc)& Tho] FES Salals A 2tk

p = malloc(m * n);

memset(p, O, m * n);

002 Rk 22 It vinele] BE HES 09

webA o] gro] @ ZEQIEZF ofd 4k glom(of7of et 22 5 d
5] vyt A4(floating-point) = 00] ofd ke Uty 123l
calloc() & I3t WS AT wjof freeOE HFHH-

(C89] § 7.10.328] 7.10.3.2

[H&S] § 16.1 p. 386, § 16.2 p. 386
[PCS] § 11 pp. 141-142

alloca() @= ofH g=polv, off 22] Hetil sh?
alloca()= ©] g5 SE F47h €9 o, AHso= st HRe S

A FE oAUt =, allocar UFF Hlmas £ gao] “Ad
m#¢) stack frame)” o]u} 2 (context) o] F&4H ATt
alloca() T4t o449/ WS 47} faynh deln gutael Ade

AgaHA) ope AREIAL 19 B ofele F4quth 54 alloca
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2 339 R usi 49, A2e 2AVL B
=m.
=z 1

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

ol ol§olA alloca P4 HE F47} oml, & o

n2 e (TS 29 gl SR 2 5 gigdct

AR 7.228 AP vl

References [ANSI Rationale] § 4.10.3

1410] a7EE



Chapter 8

Characters and Strings

C has no built-in string type; by convention, a string is represented as an ar-
ray of characters terminated with ’\0’. Furthermore, C hardly has a character
type; a character is represented by its integer value in the machine’s charac-
ter set. Because these representations are laid bare and are visible to C pro-
grams, programs have a tremendous amount of control over how characters
and strings are manipulated. The downside is that to some extent, programs
have to exert this control: The programmer must remember whether a small
integer is being interpreted as a numeric value or as a character (see question
8.6) and must remember to maintain arrays (and allocated blocks of memory)

containing strings correctly.

See also question 13.1 through 13.7, which cover library functions for string

handling.

strcat(string, ’!’);
Answer FAEY £AF= & Zo|7b JFUTE strcat O s BAEE olojF=

B,

219} 7o B2} AM4=(character constant)+ §F BAFE UePHULH 2214
(string literal)-S Aute s S, g7l og 2Ate] Ex2 AAE YL
nreeh 22 FAE2 shue] #AE Uehile AA™ Hoeh, dAlz + 2
2ol BAd B-g UERE \o, T 79 Exg AP

C dojollA Bap= 22 HH(character set)o|A 1 Exp7t UJehfs 22

138
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References

Q 8.2

Answer

A% grow AP (A2 862 L] H}EME}) BAge BAS
A = EREUC BAEE 08 e U3 4 U9 A aie
718 7)= EQIEE A FPYt}. It is never correct to use one when the

other is expected- wAFGe] 1 E olo] Zol#d tat ol sfof gyt
strcat(string, "!");
AR 1.32, 7.2, 16.62 FIsH7] vigdych

[CT&P] § 1.5 pp. 9-10

TAgo] of S glat 2L AAsET guh thewt go] mEg
s o A ghetar

char *string;

if (string == "value") {

/* string matches "value" */

C dojs 2AELS 4] wide A2yt 28al C dofelr= wid
Al tish | AAtS (9, vl 5) A 2 5 Sle T syt
f1o] FEofA] == Ak w ARl 2QIE Y] gHE HlwUch — = Wy
string®] ERIE gt 44D "value"E 7117 ERIH ghE vladynt
— mEpA] e ERIETE e 3= THETIEAE 3

o] Zto] A 2 A% A9 glernz, o] Hlwe Aol A TA] drtn
ERcis

F 2AES Hluske Hes SolHefE] g4l strempOE A RO

if (strcmp(string, "value") == 0) {

/* string matches "value" */

Q 8.3 theat ol T 4 lrtu:
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Answer

Q 8.4

Answer

Q 8.5

Answer

Q 8.6

Answer

char a[] = "Hello, world!";
o oA T 5 gertar

char a[14];

a = "Hello, world!";

sAge Mauct TeT wdels A iy A 2 & gy

strepy() {48 7] vhghck:
strcpy(a, "Hello, world!");

AR 1.32, 4.2, 6.5, 7.28 FW5l7] vl

9 streato] FaHsH ghe7ta? ofd TEAY P, 2 gLk

char xsi "Hello, ";

"world!";

char *s2

char *s3 = strcat(sl, s2);

A2 728 BY) vy

ofdf 5 2715} 4] Zolt Qtar

char a[] = "string literal";

char *p = "string literal";

A m2ael plile] of@ ghe tilstel st me o] mAAoR
P,

AR 1328 8] s

Batof| SjFshe 4] (ASCII Hi= Tk B2} set code)) 7S ofEA A&
T UE? ® TR 2] gholA TL grell sidehe wAFE olEAl ¥
[} =4
AR -
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int c1 = ’A’, c2 = 65;
printf("%c %d %c %d\n", cl, cl, c2, c2);

ASCIIE 2= A AHOA, heat e Zeg whso] WUtk
A 65 A 65

o] AR 8.9, 20.10% Z5HA7] vigch

Q 8.7 C qlofollAl, k2 glolollA] Aok A, BALY] A& Bolfs, “sub ]
st 9} 2 7Fo] qhtar

Answer A& 13.35 H7| HE T}

Q 8.8 A8} Q1T EAAL ol wjde] AT The, el st ¢
ek A8} \no} e BAE Qe 49, o Al A=A ekert
27

Answer \n9} & Ex} AJ@EA(character sequence)E-2 AmAe w s{AHYLY.
A A 22l WEHiAzE e BEE Fof no] o™, g 27}
newline 222 sJAEYT. (b2 character escape sequencelr H|S=gF &7
¥os AelPuch) AgARt Hdel] FALS gL T olh 2L B
o Hg5A] Gtk 3, WgHAE ke 2ot Hal oA ol a3
o, sl B4z AU (rn-time [/07} ol o, newline BA1E
15 oftl wiel o] o5 4 AR, o AL e T BAYULE A
T 12,405 H7] BFUHh) BEo] Aw 12.65% FAIshA7] HiEy o

O

Q 8.9 A Anpdelo] W17} 95U sizeof (Pa’) 2] Fto] sizeof (char)?l 1
B U] ol 27F ydyth

Answer AL, C Aojoflx] B} A4=(character constant)2] EFY2 intduUtt.
webA] sizeof ('a’)t sizeof (int)Sh ZEUT. (CHrolife 27 o
Uth) giEo] AR 7.8% FustAl7] vish.

Note Z1 2 CH++oflA B} A2l e1L chardUth. =, sizeof (’a’)E sizeof (char)f]
o 24Ut
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Q 8.10

Answer
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[ANSI] § 3.1.3.4
[C89] § 6.1.3.4
[H&S] § 2.7.3 p. 29

I'm starting to think about multinational character sets. Should I worry
about the implication of making sizeof (char) be 2 so that 16-bit char-

acter sets can be represented?

ol 10] ek o
Aol
)

ok char”} 16 bit7} Hthal &, sizeof (char) = oJ%
Al <limits.h>of A%, CHAR_BIT©] 16°] EHUrT}. o]
QBAEES Hdske A2 (F, mallocl 2 Asl= Ak
AsHog 3t HolEZF & 8 bitd Wl QiU &), 3t SHE A
Foprlel FEg, 2 T7]o] vime] F7iolw HUch ¢ BRAME o]
Ale m=n, mebA mallocolu sizeofof|A] o]= HIO]ETL 8 bit o4

S Tkl (G4 WA, HlOlE7 8 bit oElolof Bt Ha] 5

*FUH)

Multinational character set-2 Z2]5}7] £JsllA= char ©]Ale] ojH E}Rlo]

mﬁlﬁ‘}l ANSI/ISO C #EFoJA= ol& flsf, ° & ®eE 298¢ 4 2
= %9 “wide” A+ E}QIQl, wchar_tE AlgdUth. TS o] EQlo=

Aeloke wide 22 A=, wide E41E, & wide 2t B #AtE& AT

T Sle e Asdudh

sige] A8 785 2ushAl7] uRet.

[ANSI] § 2.2.1.2, § 3.1.3.4, § 3.1.4, § 4.1.5, § 4.10.7, § 4.10.8
[C89] § 5.2.1.2, § 6.1.3.4, § 6.1.4, § 7.1.6, § 7.10.7, § 7.10.8
[ANSI Rationale] § 2.2.1.2

[H&

1HF gol2, 8 bit? BAWE HIOJES “octet” o]2fal Fch.

S] § 2.7.3 pp. 29-30, § 2.7.4 p. 33, § 11.1 p. 293, §§ 11.7, 11.8 pp. 303-10f



Chapter 9

Boolean Expressions and

Variables

C provides no formal, built-in Boolean type. Boolean values are just integers
(though with greatly reduced range!), so they can be held in any integral type.
C interprets a zero value as “false” and any nonzero value as “true.” The
relational and logical operators, such as ==, !=, < >= &&, and ||, return the
value 1 for “true,” so 1 is slightly more distinguished as a truth value than

the other nonzero values (but see question 9.2).

C fdolE C99 EFE tha'7H oAl boolean Bt ZUSHAT, ZAl= boolean
Erelo] daie] met, mEor A oidRE JfEAREe] U= boolean
ERQlS WHSo] A gtk AUt wehd, 7|E Tz IHEY s34 95Al,
boolean E}}] o] 52 (CVJsIAIR) _BooldHt}. & H AAR A2 AR 9.1
H7] vFyo.

Q 9.1 C <lofoll] Eelol(boolean) ZLOF 2 % U WAL Ehglo] hertar
Jel3 of 23 Eigle] EEo= AAHe] 914 ¢ & (true) T A2
(falsc) & LHER7] $19] #defineO @ A0)S Sh= A 22714, oh]Y enun

2 i Zlo] 22710

m{m

Answer € glojis B£02 A[F5Re £el9) (boolean) ERglo] gi&uIch. ofuksha
9 e P B/ AL radeolt” AE A7) w2, ot
eh ol mz et Qobd FYotES o FS AYUL (intE AW

2|7} W 4= 93, charE &Dj 31 Aokt 7ol AUt 1
IBitfield5 27 v §7hg Mot 7FsAo] st AR 2.26 . o] 29, unsigned EFI9]

143
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712 Aops] Sls) 22 dolel B Hrkd, UEe] int BIoE

=
S5} gl Bag A9, oslel T2 A7t AXT oA 4

#defined} enum
(A 2,229} 17.102
on, 03} 12 HY A= E4vIT

o oM
i
5
~
_1?:_‘
L}
Iv
-
i)
oo
i
ofx

o} Zlolut A

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

Teh} g of@ Zg AZrkT AHCHY, ¢ m2 Tl meAE ey
Teh} HuiAely Wael gk At

=0 X ES
o8 g enumo] T F5 Lk QUF

mOl!
£
4
R
N
2
T,
o
all
|o
ot
b
fa
N
>~

thei} 2ol typedetS £ Sk QAU

typedef int bool;

al
rr

typedef char bool;

X

rr

typedef enum { false, true } bool;

of| AlgEe thewt o] sk A

tlo

Aoyt

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

T thew} o] “E9n(helper)” MA2E THETE:

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

A of7l uhjo] EWs Fri AL obdUr). (UR 928 Fusp]
v th AR 5129} 10.2% HA|7] 5.
bitfield7} @ gHct. 1-bit2 H signed EFY] bitfield= S3A-S HASHHA +19] 3ke A 4

Qe
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Note

References

Q9.2

Answer

[¢]

C99°]|4 _Bool Bt AlEst7] well, 91 A2 oAl ZHE gl oy
Ytk C f1o}i= boolean B1)-& Al55tH, BFY o8- _BoolYYT}. ZH3
olgol obd, o|ZA ot olg& Av olf=, 7IEY B2 C ZxTdE
o], Yellx At AAH UEt= boolean BFQE ofu] 211 Ql7] wZe],
ol Zr WSV} 382 A o]2lgt o] 52 AA HUSUH EFE ol
1} <stdbool.h>E EIA|7|H, BT E bool? ©] _BoolZ AolE]o] 917]
ozl tht Zo] & 4 ISk

#include <stdbool.h>

_Bool a; /* okay */

bool b; /* okay, using macro ‘bool’ */

I, <stdbool.h>X W|IZ true, falseS AoJ5lT Ql7] wjo] zHzt 1, 0
o & 4 et

Boolean €}glo] & AJ2lo] T2 A4 eg AA|E, 4502 wesm,
oRAITHAl], 00] obd RE Zke 12, 02 022 vyt

T3 C 207} boolean EFQIS 2| Q3T SfA], C++ AE, vl AAAE
o] vl A7} _Bool BFQIQl A2 opfgUrtt. H|w A4kxRe] Hlw Aif= of
H3) ineel g Zelop] vl of7leA] Hlm Akxjera sk A
FZFof| A relational operator?} equality operatorE ZGHSE AUt

< <=3, >=, ==, 17} o710 SRR

[C89] § 6.2.5 p. 33, § 6.3.1.2 p. 43, § 6.5.8 p. 86, § 6.5.9 p. 86 § 7.16
p. 252
[H&S2002] § 5.1.2 p. 128, § 5.1.5 p. 132 § 7.6.4 p. 233

#define2 XA TRUEES 12 WEE= AL AJ5HA] 27127 C ddojofA=
0o] opd HIEZ} shtete QJOo H(true) 02 Q1A= HUY7EQ. whefof of
H gLt A4t 1o] obd ofE ks 2lEE A o9 H= AR?

gsyth AR C QojollAs 00] obd BE o] H(true)dYTt. v
o2 A “I=7d Agoft oulE ZRUth HA] ok ofd 52l
#ol dld=lE Z-golRt 71 oulE 7yt vref %PAO* Zrol WA (built-
in) Aitzte] ofsf| RhEofdl AolebH E%s] 0 B 19] g 7HA EY
rEolL oPFStY Tt (TRUEZ} 10]2kal 714

M

Aui
=)
<
ul
o
i)
my
)
%-U
i

2 o)

ZoJu] C++ ¢1oJ& boolean EIJO 2 boolo|zk= 7IY=EE AlFshy] o], Fo71 Baghi
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if ((a == b) == TRUE)

T1eu 9iet o] A3 TRUEY FALSE®}F 22 2| Hwsh= 22 Fojn|gd &
o, i AT} kst o]d glo]Hale] g5 (E5] isupper(),
isalpha(), 55) F(true)& HERHZ] 2I5f| ‘0°] obd gt'= FUTH 5, ©|
o ‘00] obd gr2 & 1Y "art glsyct.

(I, QHeF ojgHo] o} F=Hr}

if ((a == b) == TRUE)
o Thet ol 27] htR?
if (((a == b) == TRUE) == TRUE)

Zoleti Wi A7ka?

ofell thewt o] 2LA o %

rlo

if ((((a == b) == TRUE) == TRUE) == TRUE)

Lewis Caroll®] of|Ao], “What the Tortoise Said to Achilles.” S ¢Jo]HA]
7] vlerch)

if (a == v)7} PGP BHLE AT oPIAR, ofd) TEE ] gu)
£ ZEqck

#include <ctype.h>

if (isupper(c)) {

o
i
£
Iz

upsH, isuppers, /AR, zero/nonzero2 G#F7| W&
Co

%3P, ofd) =L S T=YYck

—

int isvegetable; /* really a bool */

if (isvegetable) {
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B AR, ofe] e Eguch

extern int fileexists(char *); /* returns true/false */

if (fileexists(outfile)) {

}
9 F oA isvegetabled} fileexists()+ 7N@A boolean EFYAYTT
et ket 2ol i e Ha Aol g 4 gtk

if (isvegetable == TRUE)
o=,

if (fileexists(outfile) == YES)
(leigt 2efalo] & B “GHIR i HE ekl olen 2RI, 4
W2 Agehn R Ane W gn B 4 9sush AR o3
o Wolgu}. W 17108 #1sh7] vjheh)
A7IoA Hil 7 Fast A2, w2 "dE o, o A= A

Bl oo

€15l wjo 7t TRUEL} FALSES 2r}Qluch. = H]

TRUEL} FALSE®} 72 (E+= YES®} NO) W2 25
2 A LA C Aojo)A

2 MEL 03 1o]2h=
5.98 #alsh] vigud)

Mo [E o

[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

[C89] § 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. 2089,

[H&S] § 7.7 pp. 217-8, § 7.8 pp. 218-9, § 8.5 pp. 238-9, § 8.6 pp. 241-4
Carroll, “What the Tortoise Said to Achilles”

C99= 3] T, <stdbool.h>S E3A] HlAE true9} falseS A|
Foto, 22 0t 12 elslo] QiLieh B 0.1004 A boolean typed]
_}3001% ;;g,uam up ey,

1 %
o
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Q 9.3 p/t EAELY), if (p)9} Z FTS Ak e mrlg?

Answer ohgUth £4Uth AR 538 Zusl] Hhgc.

Q 9.4 TRUEL} FALSES} -2 A8 2= Zlo] £27ta, ofUH, 13} 08 43 &
£ Zlo] F27tar

Answer 178 ojgjBo] AT EA|YUTt. Preprocessor U2 221 TRUE, FALSEX
(8% NULL 239} @3] ZEE ¢7] ¢A sh7] flall 2= AolA], ol #j=
A

27} Rl gto] HHE ZR54o] 97 Wi okdutt. (AR 5.10, 17.10
A7) =oAL ABjele] gt FAlolx] £ 12 BAY} opduch

olH AIFE-S TRUES} FALSEZS AlE 0|28 AL 72, T2 ot Al
AN boolean o] 29It A2 Gl e o] WLel, EoT
Yt E oldl AEE of34w C lofolq boolean Zka} Hot £5A7]
U}2o], TRUES} FALSEZ-S HjA2 S 2t A 98]d © 2467 weErtn
Az (R 5.9 A1)

ol

Q 9.5 thE oA glo]Hgjg|E wof $h=d, 1 glo]H oA o]u] TRUES} FALSE]
= tf2A) Aolstal 231 ojA, Al FELF FEo] dojdch

Answer A& 10.10& KH7] vl



Chapter 10

C Preprocessor

C’s preprocessor provides reasonable solutions to a number of software engin-
erring and configuration management problems, although its syntax is unlike
the rest of C in several respects. As its name suggests, the preprocessor op-
erates before formal parsing and compilation begin. Because it doesn’t know
about the structure of the code as seen by the rest of the compiler, it cannot

do any processing that relates to declared types or function structure.

The first part of this chapter is arranged around the major preprocessor di-
rectives: #define (questions 10.1 through 10.5), #include (questions 10.6 throughfj
10.11), and #if (questions 10.12 through 10.19). Questions 10.20 through 10.25]}
cover fancier macro replacement, and finally questions 10.26 and 10.27 cover
a particular set of problems relating to the preprocessor’s lack of support for

variable-length macro argument lists.

Q 10.1 ch} o] ekt ghpet Hsgt mjag s whEeu

e
i
Ry

#define square(x) x * x

94, 7HEA Aldlz: FAsHA] sdth o 1E7tar
Answer W32 &4 (expansion)S 4514 HAER o|fo]HUch &, A 1

ez gdn= xolv, duz ($19F 2ol) A7 Yk 2 2

Mg & EUth @2 siaRs Ao dele o 22 AV

(a) tHARE X3} expressionof| Al AAta} 94 =] wiRof UskA] ¢k
AIE S 5 o] W, P o] HMAE 52 = Aok Ty

149
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o}, oS So] AR ABF square) HlATE h} Zo] Ak
Ry A

i / square(n)
227, 9 expressione TFe7 2ol SPHULE
i/ n*n

mEbA, (i / n) * n0 2 Hrigych E& ofajo] on|gt AL th
W Z5ych

i/ (n * n)

o

o] A=, 4 £9](precedence)2t”] Hthe=, A (associativity) ol
TAE AU, ik 254
WAz o] Qleld, BE delieSe 2o Sl A 97 o o
A FAE AAZYUS. o] ?H, HEoA & 228 ohaat &
o) ek ZPARACE

square(n + 1)
2w, 9] expression2 tha} Zo] SAFEU T

n+1*xn+1
Z., Thg3} Zol, Sk A3 Ane U2 Ak gtk

(m+1) « (n+1)
gkobel|, Mg 27} e wf ofd miepwer} ofe] ¥ Ao, T2
w3 2of Mt actual argument?} side effectS 7}x|11 U= Aol
W, flohe ATE 9L 4 9SS et ol Bl thest ol
fa2z2E AH:

2
I
d

i)
N

square (i++)
themt o] 357] 2ol undefined behavior® WAL (4
32 217)

i++ * i++
= 512 13} 2] Wb, square() WlARE ChSat Pol Holar @
Utk

#define square(x) ((x) * (%))
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References

Q 10.2

Answer

ASYcth o2, &&it |1, 70 A4S short-
6 20), e} o gt BEES o 4
SgrLich i st I Shov], B, side cficet7t WAISH
UL E ZAlSHL EAo A F= ol }Aqq T, HHsHA whE 4
gl= Zofd, miazz ghEx] ¢ Wol F2 mk SlsUth
Qo (AEo] FASlo)) TR ool thEAE 2, EE A
AR WA, miazeks e GASE ST TeF, s o=t
go] ek AolelE, ABART 022 BEL Aw WL T2y
o] Bt § AV +tae EpoteAl #elsh] iy AEolA Alset
a2 9o A7kA] AL A7 4 glong theTt Zo] grek Fo] ut
ek

#define Square(x) ((x) * (x)) /* UNSAFE */

N T
Hu)

K&R1] § 4.11 p. 87

K&R2] § 4.11.2 p. 90

H&S] §§ 3.3.6, 3.3.7 pp. 49-50
CT&P] § 6.2 pp. 78-80

ot 22 wjaRE wEY, C FEF PascalAY & 4 U5UTH

#define begin

#define end

ol Alog wiarE A= A2, oz ofF WA or Holr|= st
YEHA] o= WHAUE diF2e] 45, olFA 2= Z& “preprocessor
abuse” 2t (&) F5UYtt. Your predilections are unlikely to be shared
by later readers or maintainers of the code, and any simulation of an-
other language is most unlikely to be perfect (so any alleged convenience
or utility will probably be outweighed by the nuisance of remembering
the imperfections).
QubHoR, HARRANE AN BEE BERE C Qo] B4
o] E4Uth. A} G MlARE Ws O identifier] Y
ofof B, QA7 Qi dlRE F4AE TEolok gt
2A4E ARA) 3, o] AES A Anddel] F9e
(syntax error) B 7|Ub EPEAT kT Aol Bl ST AMAW S5
141”4- (2% undefined symbol, non-constant array dimension®] gt &
= ofl#7b TASHIAE, o5 W o7t obdUth) &, C Ft+=, 1
a2 &2 AR Aok, C ZEAHYH HojoF grt}. begin, end, =

19

=

“o
i

Ho
Ite
=
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Q 10.3

Answer

CTRL(D) &} (A& 10.21 #1l) &2, n
bledygook' ¥ Ho|A ghsUrt. E& ofd 72 Akl Tt AUyt
(Chapter 17 #11)

nonsyntactic macro= C FEZE gob-

clusive ORE A& HHol

=2l a m o]
Uch. AR 3.2, 3.3b, 20.15¢ ! ) opol mE E}m o dja] & 2 9l w3
=5 TRt oh, A BT HHEA] Bestk, £ 27 S F et
Ayt kst

o THE o5 thﬁi T et BAS ¢ ole dA HeE bt
S 7 flsUth &, o¥ olgS AlEstEete, A= o] ol &2
Hs7t oln] +1H°* 9*]‘50] glom], watA 1 WZ=o] Zho] HiFo] g
£ 497 A2 & Qdsyh Tk ## GRS, T At uw o]2
< WHEo] Witk Sz, A A] T o]Fo] 31 SAE Hethd?, o
o|F H/AA| ety BAT 4 glsyh TRt et O]EOl ohd,
A2 S0 alil 9} 7 A7} Sojgks uo= AUz =&5H4] e
AUt E&E 129904 o2 AAH, __tmpt T2 1ua WA, A
272n} Antde] namespaceo]A (B HAS S glA|gH) o)z
A= olFS T £k EUHh

o &, A HPE A BIglo® Adeh Jingo] %i%‘/]q- (C ‘oA
£ typeof®} 72 AL AlFSHA| O*AHE}) zo Age 9719
HHe] Fks THEal 11 3of| memcpy?} sizeof ?"I;/}_}Z}«E WA Hio|E
SRR BAHE HAS £ £k Qlov, Tk nja e Mg 1zt
register2 A=A o] WL Ersghct.

7V 2 AL, T Bigo Bl wja R AR HEsiA] o= o, 919t
i Dﬂﬂii Ashvh= A2 e Aduth (E, Tefofl of# struc-
turelt HlES AT AZte oY, ©@<e5] ol5S 717l ZQIE Y
T e Zlo® ST & sy

Loo], Eqo], A2 go], S43t A%0] ARKST AL §ol (FBHoR 2q))

2G Hao, Fuilais} OB S M U, 3134 cheo] BASE wmel} Fck Zash] ey

o},
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Q 10.4

Answer

ChAl oA, el (e RS AN Btk Az AR
Qlekd, Alash] shedch 9419] oA 2H@ 77 g T 95
= ol gel gkvick

old mja2E vt oubzol =Y

T—— 1 =21 % =
=S sk AU 2 TESHE Zol4 thAe 48 A
M2z FEollAE &
]:r:].

.

MACRO(argl, arg2);

822 |32 Aoe wed] oY statementE FESE SR ‘com-
pound statement’ FA] 02 THE & QiGUTh I ufshH o] wjazr 5=

o AulEEe] /Mo R =Tt ift} if/else oA o217} ””3%
g 7] dedyet. v F=E H7] vtk

if (cond)
MACRO(argl, arg2);

else /* some other code */

wiok, es] Yo Sl 2oz WaEst S, ¢ ok ok
5 o] SISl St AEIEE TEe] syntax errorh WAIGHICE

if (cond)
{ stmtl; stmt2; };

else /* some other code */

AFHoE, o ool et e WS Stk

#define MACRO(argl, arg2) do { \
/* declarations */ \
stmtl; \
stmt2; \
/¥ .. %/ \

} while(0) /* (no trailing ; ) */
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MA2E F2E Zo] AnjEEs £°lY, w227} shte] ez sixd
O

HA31E AT AmAee Bags HAEY, 2R

A A% 02 AARHE Q1L A1 obd glofl FUth et lintk 29

=]
E o2 Yo tewt 2ol ¥ £ gtk

#define MACRO(argl, arg2) if (1) \

stmtl; \
stmt2; \
} else
&L}, o] A9, Hhefo] B2k ZoA Au|ZES wHS 39,

°
o] 5 MY F97h ol T WHlo] ohdur,
229 e o] uf$ IS expressiono]gtd, =
T, o, QAHE A B RO WS 4 itk

#define FUNC(argl, arg2) (exprl, expr2, expr3)

& o] ZE 10.262] DEBUGO) WiARE H7] Higyct. o]
227} o Zh(value) & BT 4= QA ) FYTh.

Hads ®

geosh T2 AMARE o7 U 5L S A4 ARAY At

37 P (expand)@ 4= 9= 7I5=, HEES], “inline” 7|9E4 7]E

e WA AESIE T

Note = 4@l 5t mla2E Hojg o, upxafe] Auj2es 2
ofgfiel 22 ARl o7t BT 2k Slvks RYdyt:

#define MULTI_STATEMNT_MACRO(x) do { \

stmtl; \
stmt2; \
} while(0);

if (some_condition)
MULTI_STATEMNT_MACRO(a);
else {
VA T ¥
}

3udead” test
4branches on the constant condition 0

s
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References

Note

References

Q 10.5

Answer

Q 10.6

Answer

325 SAEHEA AuEEo] £ W HFEo|X|11, wWEtA else FHHo|A
ez} WAyg.

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

“inline”-2 CY99of|A] TFo] EHY&UTh

A2 9H= user-defined E]- ]2 typedef® FFE= Ao| 22719, oYW, pre-
q

processor macroZ FtE+= Zlo] £37197

AL 113 18] s

oJa] o] A~ mlzg o]2o]A Ei:/_%q—% TEEU 9, of| A
=2 .c oo Folof slal, ofH ZAES .h Tof Fojof Sh=XE B2
ﬂ%b}r/}. (T “.n& oftjd &Olur&”)

5 o (n) mdel] P AES ohaT 2

o TR %O (#define)

e structure, union, enum A1¢1

e typedef A

o 9% (external) g A (E 1.11 )

o 7% (global) ¥4 A

3] olg] ol FEHoR ol Alolt Hole % e malo] ¥

7ol FAFULh FEHOR Lol o5 o] a2 wdo] FHA

AIstAL st @] vighck; ol FEES e whde] o} Y,

#includeS WA Zatajlof Tt} 48] Elo|gs}

et FAe A Aol ohgurh Wb T REG Uge] 1A} @

ohe, @ wde MAA, o] v Aol BE 22 udle] BYHES S}
(

rlr A

5:78], A2 9F 3= prototype . cofl olA= ¢HE

=, Aoli} 41lo] sfpe] e whAoARE 29Tk, 1 mhelo] Fol ]
t}t. (283l o]t private file-scope T HMESEL staticO® 4195
olof guct. tlEo] AR 2.4% F5kA7] vyt
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References

Q 10.7

Answer

npAEro 2, AA|l A= (actual code)H (15 5o, o] BA)), A9 Ha
AoE (A9 E= 27|slsle FE) §d gdo] FH

A2 ThIOlRE LeAes AANCH, 27k A4 M T 7Tk
sk (il Ashle] 48 MM AskEt o) @ 4 g ol
RE QHAE g FAsfof dutt (F¥HHor Fo 2 (IDE, inte-
grated development environment)of|A+& o] RE ZFo] 2507 ZIH
Ytt.) Don’t try to “link” all of your source files together with #include;
the #include directive should be used to pull in header files, not other
.c files.

o] AR 1.7, 10.7, 17.2% Z18HA]7] vigyct.
[K&R2] § 4.5 pp. 81-2

[H&S] § 9.2.3 p. 267
[CT&P] § 4.6 pp. 66-7

3e] ool o2 u}elS #include SH= AL MALEQ?

ZERdo] @t Aol g, whbA ARt =2te] 2|7t sy

o AFEo] “F 3% (nested) #include A2 A2] o= Zo] Zt1l

Sk E92lE Indian Hill Style Guideo| A& (A& 17.9 #31) o]
SR 215 R A1 201E AN o of] Y

b}

L oo nd

error) £ %‘ 7}—*401 Eae) D}; 123 —’F—%Of‘n MakefileS TS 7S Ayts]

T2y e ntde Fste] 2 A, 449 & ode RESteiA
(modular way), S5 mtoA T At the dft] TU-S #includet O &M
FIUE EolE 4 v= FHE A5UTh grepdt 2 E= (£ tags ot
) A4t HoPt o) mele] slo] gliiel Alel WA 2 4+ 9
Stk cheTt B ERle anl, Sle niee] ofe] RelA kRl
fahglo], o bt 23t ldempotent) st 4= & U

>~

/—\

e}

)

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

#endif

(o] W, Ziz}e] S mle] 217} 2 AR olES AGTUL) of BAS
9y mdo] I o Yk TJELE 5 FEFE o3 H #included|tEte
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Note

References

Q 10.8a

Answer

Note

Q 10.8b

Answer

wAZE AR gFsUth TR AFs o= Makefiles HdlTe &5 (2
ZEASE B Ul 3 DA, DL 151 D) 48T 49
A= #includeE A8l FRZE £ ¢ HIYct AE 17.10& &aIs517] vt
Ut

GNU autoconf?} GNU automake= Makefile2 5= o £2 &

Ut

[ANSI Rationale] § 4.1.2

#include <>%} #include ""of Zfo|7} QJL}Q?

<> S % ]1:—1 _u].o]o] ]/\Eﬂoﬂ/q X‘ﬂ 7/\ ]%L}- Oﬂﬂ ”’]’O]?ﬂl %01]
/\]-—g—ﬁl—l:t] uul— J_LEJ_EH\:H7]- Zﬂ?ﬂ-o} 0"1:1 _\_q.%_ ] ]_0(1):}_]/]1:]_.

offl E& 10.8bE Halshr| vFEYH.

Aegh duejze 2@ ue] wet chEUt (implementation-defined).
of o] ths At = 7Fs/dol Utk Ew 11332 L
a17] Hig .
etz < Paog ngE oy MASe s ole] mEom
HAEZ oA A Ut (A, <= 29l 3
AgElel ke ok gact) v gaoR xad Hd e 94 “d
A HEE oA Z2 vz, Y& B9, Bz A% HAED oA 2
.
Aoz (E3] UNIX AmLH), @A) tjdE2]# #include & & utd
o] Q= tEEE WY ok AfdeHt a4 faE} And
27t AR 1 fEEE ouslE g (28, “@4 dHE ek
7ol gl Alagolt, telEe) A7t gl AlAFAE the F5o] 9

filo
oY)
)
L
£

QiAo AAH FE melo] gAY Helge] HEo 48R Pske o
dEE 2718 4 9 o] (RE ANAE 49 o) command-line

o
optlon TE ”\7%1/]- 34 W4s AAsks wrHoR) AuEych £ o &
1o
T =2
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References [K&R2] § A12.4 p. 231

C89] § 6.8.2

[

[ANSI] § 3.8.2
[C8

[H&S)] § 3.4 p. 55

Q 10.9 Z=H Zo] glo] Kol dox= F=9] AMH HARo|A ‘syntax error’7}
|

1—}\

iEnslay

Answer ot UW“—'TS_‘% #includedt o o] Hi-gojA, UW”# A F2el

Q 10.10

Answer

Note

A AMu]lEZ(semicolon)o] w4 S 7FsAo] =5Uth AR 2.18, 11.29,
16.1b= ;._1_6‘]-7] b

& ol ARt golBee F g e dd nde wEdSYH 1
Al o] FolBEE0], ks FHAL, o2 uﬂﬂic P
£ EW9, TRUE, FALSE, Min(Q), Max() 5. [

o shdoflq mjAEs} of2ls elso] gk 011817} g ogA) 8
W E#?

09 AF U= A% 5 shbdyth. @291 namespace problemolzh & 4=
poH, A7 1.9, 1.295 Halshr] gyt o2 0 & (ideally), 2to]H g
2 AZA= symbol (5 E°l, W32, M9 ¥4 d &) @94%* o
olF°] Mz FESHA =S, e 2AH2HA sfoF gyt TH 2
W, gtolHefE] AEAA Ao, F=E IA= Adyr. ST,
AAAHo R, w37 HOlE §lofil(undefine), THA] A 2l5k=(redefine
WRESIA] #includeolA] Uolbs FES BRE 4 e

-

o)
o

A2 FESH thaze] 44 go| FHol, thewt o] Az 2

filel.h:
#include TRUE 1

file2.h:
#include TRUE 1
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Q 10.10b

Answer

Q 10.11

Answer I

Note

#ifndef TRUE
#define TRUE 1
#endif

gt o] 2 Foujare] ige] 5] g5 W & 4 sy Mz
Ulgo] o2 mjagabd, =7} ekt BAgs 5 gl

glolBee] 3 HojE EEO}L Sle] S AR #includeA|Z=HE
@A (linker)= goj=o] 17 ol o5 AU
AE 13.258 #sh] gyt

A28 olle] obdgl <sgtty.h>7} gl AA BARRS T4
7t_?

3]
BA

b
o

2 o] HUSe AL, LA, ZeAM] det Az o2 Aol

clsolA et ebd T Al A1 B hAect stk A
2 A ¢S AYUTh BE 1 Algol oleliut 95| 2L Asge
AL STk B2k 4 QiU Autdle] vendorelAl, o) 7 SlE
Qo] A A Boluy, 1 wde deky a4s) BAY] Bt

HFo] ofd &t mdQl BFeole 28 ¢ ZiEsyr old 54 ﬁJrC”
=< (AF &0 <dos.h>), &SH| Hutdd Exe 0S| F5H AlF

Ut (5, e Aadelde gl AlsEA e 4 dsUh) ol “*ﬂ
U7IE, 2elHRoA Algshes sld mdo] gle d-tele, ©f 2tolEd
2l Y2 3olA zotEy] BiuY. O Y mde 2Ae ane Qe
7 5y wtdo] gle ¢, T SolBe] A AAEe] A s s

et (AR 13.25 231) w2 archierl ofgjio] 2= Ao i8] &
S5 gtk AR 18.16 L.

ARCHIE+= 19909 Alan Emtage, Bill Heelan, Peter J. Deutsch7} JH=
FTP 74 m213lo]0], @jole 7] 2o0]4] esirt.

10.1 Conditional Compilation

Q 10.12

A1 2] 7] (preprocessor) #if F=AlofA EXES vHlwe 4= Q27k]?
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& % QgUTh #itk A% A AQEUD. Het, o 4
AR~ o]

; ek

Answer A v =)
G ghm Aol et go] & 4

=]
510
= A

#define RED 1
#define BLUE 2
#define GREEN 3

#if COLOR == RED
/* red case */
#else

#if COLOR == BLUE
/* blue case */
#else

#if COLOR == GREEN
/* green case */
#else

/* default case */
#endif

#endif

#endif

(C EZANA 2748 #elif AW §] FCE 23 o ZFH WS 5 9

Note #elif& AH 9] FTZE tfey} Zo] & 4= &)

#define RED 1
#define BLUE 2
#define GREEN 3

#if COLOR == RED

/* red case */

#elif COLOR == BLUE
/* blue case */
#elif COLOR == GREEN
/* green case */
#else

/* default case */



CHAPTER 10. C PREPROCESSOR 161

References

Q 10.13

Answer

References

Note

Q 10.14

#endif

[K&R2] § 4.11.3 p. 91
[ANSI] § 3.8.1
[C89] § 6.8.1
[H&S] § 7.11.1 p. 225

#if Z|A|o](directive)ol| 4] sizeof RS & 4= QUS7FQ7
1

& & flsyth A2 (preprocessing)'= & JIHE (BFY] ©]5Z parsing
Sh7] Aefl) Aupd 27] A ool olFe|x]7] eyt Slzeofe 2E
tfAl ANSI #5291 <limits.h>of oJE]o] Qli= AF

F7] vt 7sshebA, “configure” A3 E (script)
ok (meaae eele] 276 Sgdes AAske A o deagc
A% 118 sk v

t

[ANSI] § 2.1.1.2, § 3.8.1 footnote 83
[C89] § 5.1.1.2, § 6.8.1
[H&S] § 7.11.1 p. 225

GNU autocont T71A A2golA of@ 7158 AZSRA, ofd ehlo]
37)7} Aueln] dohfe ‘configure’ ATYES AEoZ ukSo] Huch
o] ‘configure’E AYP5HH Makefileo] TEOR] B, AFERT} AAofA A
3 ot wte= o Bast +uE gol dof Fyoh. o] mi7|R]of] ek A
2 ol URLE Z31sl7] sk

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

#define Zol4 #itdetS MA Thdt ol 27} ThE WAo= Hofa
g & genar

#define a b \
#ifdef whatever
cd
#else
efg
#endif
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Answer SFEUTEH T 2A|AE 2AloA T Ad5H= (run the preprocessor on
itself) A2 B7FsgUct thAl #ifdefE WA F 719 #define EAO T
BHEL WS 2] SR

#ifdef whatever
#define a b c d
#else

#define a b e f g
#endif

References [ANSI] § 3.8.3, § 3.8.3.4
[C89] § 6.8.3, § 6.8.3.4
[H&S] § 3.2 pp. 40-1

Q 10.15 typedef o2 #ifdefo} o] HAES 4 9l Wio] gle7ta?

Answer EYSHAIE 171 W2 EASHA] ¢fsUth (USHH, typedefel BRI
molma Ay o EHso] 94 o) MG B 113, 10,132 %

=
o|# typedef=o°| A=} Q=] lARE WA HARE 4 ov\qq (B
Z, ¢dstA] dsyh).

T

References [ANSI] § 2.1.1.2, § 3.8.1 footnote 83
[C89] § 5.1.1.2, § 6.8.1
[H&S] § 7.11.1 p. 225

Q 10.16 #HFEE7} ‘big-endian’ HFAQ1A], ‘little-endian’ HIAIQ1Z] #ifS A A AAVS
2= 91e7ta?

Answer 79| 7}t EndianS 291617] siA= o7l EQIE2} char H|E
T uniong WA EQIsk=d], Tajma A AR 2] long ALRE A

| B L

H, F4 (addressing)°f] tigt 7fgo] Za]T2 Ao ZR|5HA] 5Tt
U2 AEEQ endianS Yofof & WUt 9d=x] & AZIsiH 7] v
2 4 9o, ofdl Aut FsH Z=E A4dshe Zlo] HigrAly

(A5 =1 AE 12429 Y& F=F 27] viynh) SlEo] 2& 209%
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References

Note

Q 10.17

Answer

Q 10.18

Answer

Q 10.19

Answer

[ANSI] § 3.8.1
[C89] § 6.8.1
[H&S] § 7.11.1 p. 225

GNU autoconf& 2 m2gs Hujdsly] 2 gk <l Eﬂ/\Eﬂ
Le0Hs APsA, AAslr ofd diaxs AHoJstA wHEAL (9E
BIG_ENDIAN_MACHINE) I Teflm{7} o] ujz 29| Ao] ojke] whe} L2 7
S AL 4 sy (B 1013 A).

B3] #ifdefS KA EoE|R] I gF BEOA oAt syntax errorZ}
H

o},

AR 11192 27 vighch

o

>~
=

off =5 FA5HY sh=tl, UFuE H2 #ifdef TfZo] of@syrt. o
uplof ¥Rt At AT WMz FEgt ‘preprocssing’d
Q= o] 9le7ta? (BE #includel} #define2 AQJFt= 271510

&,
I
Y
4
kit
)

ol8st d-& A5l = unifdef, rmifdef, scpp (“selective C prepro-
cessor”) 59 EE:LE‘EO] ol AR 18.162 5] v

u]e] B8 (predefined) BE WAZES Bobd 5 9Le7ta?

A AgEe ARk ol 42 T 4 Qe EE L flsush Axt
d2] Aol TSRt AE I QoA 7Y At o, Ay T=
Z]m2 AN A shdoflA], sl FAES FHotlE UNIX strings®}
2o mzame 2u Bt geok -9} W A4
Asduct. e Ao H3t 7152 Aled Ay g2 e
(traditional) A|~H] -8-9] predefined identifierg©0] (

HFZFo|2 2 (UshHH, user namespace?} F=3517| wjR), ZA51H7] Bl
Ych o]d H|EZEQ] o]25L tiff (EFOAH) & lold dAHolAYG tE
olgo whg dgel A5l Wt (of Agets 273 AnAe 3
cstehe 7o) $L Wlolshs 218 9 Wl wehet)

_4

= o
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10.2 Fancier Processing
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Macro replacement can get fairly complicated—sometimes too complicated.

For two somewhat popular tricks that used to work (if at all) by accident,

namely, “token pasting” and replacement inside string literals, ANSI C intro-

duces defined, supported mechanisms.

Q 10.20 o237} Zo| ‘identifier s Aot WlA2E B Ho] itk
#define Paste(a, b) a/**/b

Jeiu SR gz

Answer (E£3] John Reiser9]) QajH A 2]7|o| A=, F4 (comment)-S S of, F
A S Qlof7] whEo], 224 oF o] Eﬂ( token)& A& Eol=t] (past-
ing) Ut} 184}, ANSI ZZ2oME= ([K&R1] 28, Comment”} FH O
= OiAIEea Hoiqly] diwel, | ol —/F g 71eddh. webA $
Paste() MA2+= & 4 gyt diAl, EES A= 2°le 7% A=

Bash] ghel, ANSIE o] 4P 5
A §] iiARE et o] wE 4 gtk

#define Paste(a, b) a##b

o}

#define XPaste(s) s
#define Paste(a, b) XPaste(a)b

i 11175 FAIsP] vyt

ANSI] § 3.8.3.3

References |
[C89] § 6.8.3.3
[
[

ANSI Rationale] § 3.8.3.3
H&S] § 3.3.9 p. 52

Q 10.21 o" F=of= thgat 22 mja=E A&

#define CTRL(c) (’c’ & 037)

T2 ANSI o]9] Zupalefold 2 4 gl ErkE wpie o

o qwm #S AT wet
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Answer

Note

FH517] it of 1Ysar

9 mjagE HE o2} Zho] 7] 3 wrEolHS Y
tchars.t_eofc = CTRL(D);

cha} ol shE AL dpdeln wE Adyck
tchars.t_eofc = (°D’ & 037);

=, o] iA2E mEpE o7} FAF el 20l mal oM 2
= oot vh= 2SI, mejmeAM= ol 7ol sHshA] eksuth
=71 Adl= AR, I 27 25 AYyer. ANSI C old
S8 & 7 e, TALER TEolF=(stringizing) IS AlsdUT

1117 ). 22t BAR ol (charizing) AARE A6

b i

(]

I

N
J.;l_“

Ja
_1

2]
=

b5

o iA2E siAsts 71 F2 W2 o= go] miazE wEal:

it

—~

(]

e

#define CTRL(c) (c & 037)
g7t gol TEshs AP
CTRL(’D?)

o] sk, RS C Qlo] A0 SR (“syntactic”) I 9]
Futh W 102 Fa

Stringizing SAFEAFQ} 2F7HO] indirectiong HA] THE £k ¢J&5UTH
#define CTRL(c) (*#c & 037)

X

rr

#define CTRL(c) (#c[0] & 037)

9 =717 upY BE gdsitha B 4 gyt 9 F ujas RE case
dol2o}, Aol WS 271818 ) 29 4 &k (A W5 2715}
o] #0171, case HlolB@ #ol2H, ofei7lA] Geje] A4 expressiono]
W @ajn], Exelolt} indirectiono] 51857 &uict)

clEo] AE 11.18% Fa1stA7] vhgdt.

)

“Stringizing” o]gt & jAl, “Stringification” o|gt T2 A7|& ghichat, of
ATl £ o 2H12 o] Hol ofguic.
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References [ANSI] § 3.8.3 footnote 87
[C89] § 6.8.3
[H&S] §§ 7.11.2, 7.11.3 pp. 226-7

Q 10.22 t}& w325 AW “macro replacement within a string literal?” o]2k=
AT} e

#define TRACE(n) printf("TRACE: %d\n", n)
A7} AZ¥st7)elli= TRACE(count) ; & that o] sk 2 &d54th
printf ("TRACE: %d\count", count);

Answer Z& 11.18& Fa15}7] v

Q 10.23 vjazs g of, BA4L kA viag At A & 4 et
27

Answer & 11.18& H7] vigyr}.

Q 10.24 ANSI “stringing” Ta]Z2AA dilztel 4= WA tjaz2 2k wA#]9
Joay g, ujaR9] gro] ofd, mjaR9] o]ES Exdzg wEo] H
dUct. of 28782

Answer ZE 11.177} 11.18& a1s)7] vyt

Q 10.25 233 AAE sof shzd), HhEe mezlay.

Answer C 0]9] A 2]7](preprocessor)E= ‘:H—Q-E’J(general purpose) E£°| opgy
of (FSF AA77 594 22O o s AlFEeAE o 4 glsyh)
olF EARt FA R ARESHof oA, 01‘%‘_ EA7F 52]9] A2 meugA|
A4 =2 A7 e Aol U A AZtel B7] v U makedt 22 B
ARESHA, olEet TRl E& e oR AR v ¢ ST

C <o} th4l th& A& ‘preprocessing’ S}l iqm A7 BHo g
o ZIZRAXE 27] Bt (2 AR, diF2e] UNIX A
Ho AL ‘ma’gfe DI A4S xﬂ_l_oh/"\;]..)

>
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10.3 Macros with
Variable-Length Argument Lists

There are sometimes good reasons for a function to accept a variable number
of arguments (the canonical example is printf; see also Chapter 15). For the
same sorts of reasons, it’s sometimes wished that a function-like macro could
accept a variable number of arguments; a particularly common wish is for a

way to write a general-purpose printf-like DEBUG() macro.

Q 10.26 71 QRS W= W RE WE £ UFUIY

Answer Z17he] QA2 shto] Bew SEMA shtel Y el AL HlS-

79k YUt theat 2ol T 4 gk

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

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

A= ol Az s 5T o), P FSE F A= A FHoF dthe
2 1ol BT ® 02 BAL, 37408 02 g4E & 4 Q)
= AYdYt}. (£, DEBUG() = fprintf(debugfd, ...)AH &&= 4 ¢l
Suh)

GCCe= =A™ 7HA /17 W 4= Sl & w3 =E 2[HUskr|et o
V5e Ezo] ohduTh A7) 2 4 Sl the Wiz, new e
w5l glgih

o Q17te] Zi%of| wiet T2 WiZLEE (DEBUGI, DEBUG2 ZHo]) 4135 ch.
o T (comma)E HEO| mjI=E XA Algch= o] U

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

DEBUG("i = %d" _ 1)

o SIS, Thet o, o] B o B

1

i
ff
4

#define DEBUG fprintf (stderr,

DEBUG "%d", x);
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References

Note

References

of7]ef v RE gAe], AEIA ok st B F4] o AU

HES lgEo} old, A7 Fs WA TP oIS Aalels o] ura
th. AR 154, 1555 27] vy

os el w7} S5 9 sleld, W DEBUG wlaze] ohe
Bde TRt Zol wEUTh

#define DEBUG(args) /* empty */

Tl 2 G 20, AL T2 S, @4 olE gl 4 9
Sk

#define DEBUG (void)
T+,

#define DEBUG if (1) {} else printf
E=,

#define DEBUG 170 : (void)
o] RE HIHS Z% optimizer7} QJojA, Qn|glE “printf’ &S A|A
Sk, void BfJo 2 F|AE =, Hul AAR}Q] expressionS FEZ TEH]

oFert= AL 7Sk e AUt AR 10,148 Fshy] vl
Covt 7P QB AR 4 Gl B4 a2 Aekn g ..
FALS w3 g0] Fof ARSI (varargs A H), AR SR QoA
__VA_ARGS__ pseudo A RE HA 7JH JAAE AT 4= d5Urh

[C89] § 6.8.3, § 6.8.3.1

099 BEE WA, A L Fejo] DEBUG MIARE thevt Zo] WS
ok

4

#define DEBUG(...) fprintf (debugfd VA_ARGS__)

fJ—

DEBUG("age = %d, name = %s\n", age, namestr);

7P QA4S W Gt B, 14 AR} sht ol Washche A 4
B2 Ik
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Q 10.27 __FILE__3} __LINE__ WjAEE, WI180R, tAx] sk mia 2o
230 Ak R skl Grkar

Answer ZE 10.262 2Fds] sb7] flalf, mha RHE ARYut. ekA] W, 7
A2 Hh= FE THEX (FE 154, 155 ¢41), __FILE__3} __LINE__
S HWopd 11 el Agel £ F5E w2 veUth dE 9

#include <stdio.h>

#include <stdarg.h>

void debug(char *fmt, ...);

void dbginfo(int, char *);

#define DEBUG dbginfo(__LINE__, __FILE__), debug
static char *dbgfile;

static int dbgline;

void dbginfo(int line, char *file)

{
dbgfile = file;
dbgline = line;
¥
void debug(char *fmt, ...)
{

va_list argp;

fprintf (stderr, "DEBUG: \"Y%s\", line %d: "
dbgfile, dbgline);

va_start (argp, fmt);

viprintf (stderr, fmt, argp);

va_end (argp) ;

fprintf (stderr, "\n");

W

DEBUG("i is %d", i);

cheat 2ol ShEuLh
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dbginfo(__LINE__, __FILE__), debug("i is %d", i);
Jeln ok} Bge gk
DEBUG: "x.c", line 10: i is 42

Qe Aol oha} ol §) REE AU & Uk

p S

void debug(char *fmt, ...);
void (*dbginfo(int, char *))(char *, ...);
#define DEBUG (*dbginfo(__LINE__, __FILE__))
void (*dbginfo(int line, char *file)) (char *, ...)
{

dbgfile = file;

dbgline = line;

return debug;

o H

o] Aolo] wh2bA DEBUG("i is %d", i);i thea} Zo] sk

(*dbginfo(__LINE__, __FILE__))("i is %d", 1i);

® the, 77 gk Wow ofelAw wE 4 gk
#define DEBUG  printf ("DEBUG: \"%s\", line %d: ", \

__FILE__, __LINE__), printf

12, DEBUG("i is %d", i);+= they} Zo] gy

printf ("DEBUG: \"%s\", line %d: "

>

__FILE__, __LINE__), printf("i is %d", i);

Note THIAHAE, CI90flA 7P QIAE TS &= Qe MA=E A¢sh7| wieel

%
(A& 10.26 %1l), DEBUG() WA 2E thZ3t ol ghs & SlFYrh

N

#define DEBUG(...) debug(__FILE__, __LINE__, __VA_ARGS__)

void debug(const char *file, int line,

const char *fmt, ...)
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va_list argp;

fprintf (stderr, "DEBUG: \"%s\", line %d: "
file, line);

va_start(argp, fmt);

viprintf (stderr, fmt, argp);

va_end (argp) ;

fprintf (stderr, "\n");

9] vz 2o] W=, DEBUG("i is %d", i);= t}&at Zo] =Y

debug(__FILE__, __LINE__, "i is %d", i);

C999| A= u|2] A )= (predefined) identifier?l __func__& AlFdUtt. (°]f}
Ae __FILE__, __LINE__sH ) mle] Aolsl wpamsh ohguch. A4

1775 ash] vigyth) __func__+ @A 50 o5 7L
AL A QA I el IR g e
Ge Fauc

al

rek
e

i
rE Mo rlo

ﬂE
-H

0,

X
3

#define DEBUG(...) debug(__FILE__, __LINE__, __func__, \
__VA_ARGS__)

void debug(const char *file, int line, const char *func,

const char *fmt, ...)

va_list argp;

fprintf (stderr,
"DEBUG: \"%s\", line %d, function \"%s\": ",
file, line, func);

va_start (argp, fmt);

viprintf (stderr, fmt, argp);

va_end(argp) ;

fprintf (stderr, "\n");

9] w32 W=, DEBUG("i is %d", 1i);+ o2 o] EE Y
debug(__FILE__, __LINE__, __func__, "i is %d", i);

References [C89] 777



Chapter 11

ANSI/ISO Standard C

The release of the ANSI C Standard (X3.159-1989) in 1990 (now superseded
by ISO 9899:1990) and its ongoing revisions) marked a major step in C’s ac-
ceptance as a stable language. The standard clarified many existing ambigui-
ties in the language, but it introduced a few new features and definitions that
are occasionally troublesome. Misunderstandings also arise when an ambiguity
was resolved contrary to someone’s experience or when people with pre-ANSI

compilers try to use code written since the standard became widely adopted.

Standard C can be referred to in several ways. It was originally written by
a committee (X3J11) under the auspices of the American National Standards
Institute, so it’s often called “ANSI C.” The ANSI C Standard was adopted
internationally by the International Organization for Standardization, so it’s
sometimes called “ISO C.” ANSI eventually adopted the ISO version (super-
seding the original), so it’s now often called “ANSI/ISO C.” Unless you're
making a distinction about the wording of the original ANSI standard before
ISO’s modifications, there’s no important difference among these terms, and
it’s correct to simply refer to “the C Standard” or “standard C.” (When the
subject of C is implicit in the discussion, it’s also common to use the word

“standard” by itself, often capitalized.)
C Qo] mxe é}* Z1y %qu} oixﬂ 0997;}11 Ugrom, ctoan E’r% B

e Existing code is important, existing implementations are not. @Zsh=
C TS9O 84S AL, Fssha 71Ee] TSk Wlkgle] A 4

172
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P

o

Yet.

e C code can be portable. C ¢lo}= H|Z PDP-110A4] E2I5H= UNIX A]
2AHOA "o\ A|gh, dEStE BE AAHA HEFE C AojE (o] # 2t
oluele) 74 JKseEE g

e C code can be non-portable. C EFo] T2 J8H7} o]AAo] =
29E WY S RS o FAT, 2P0k T2 Tefe) 25 of
AY O Qojg 2 AS AgelA esch A2E olErs) T
T Sle A= C ¢lofo] A4 5 shtelr] Wiyt

e Avoid “quite changes.” @ZEsSl= FLEO| Qu|E vHILE: He= A7)
% Stk Aol ofdl BAL Aok 4 A & 4 o= e A
Sflof shH, 7Fsk o]l 24 ou|E BHEA] ks o ZojH, o]
S} 9o EF3} Rationaleo] “QUITE CHANGE” 2 ®HA|S AUty

o rlo
ot |H
mn o hu

rulm

rE ol it

e A standard is a treaty between implementor and programmer. A|AE](F3
odd) vendore} 7fIRE0] & B AAIG] oo 4+ RS, ofg 3| A
gto] Z7hgEUch. siut, oA Ak mEHETH 956 AY, RO AR
Hoju= AAEE sk A& 9] g5t o]- AljME2 (minimum
mazima) A7gro] AT 4 e HsHe] 2] Fej ATHUt

e Keep the spirit of C. 7|& C <doj7} 71X Y& &2 Jd= §A gyt

t

em

Trust the programmer.

— Don’t prevent the programmer from doing what needs to be done.

Keep the language small and simple.

Provide only one way to do an operation.

— Make it fast, even if it is not guaranteed to be portable.
e Support international programming.
e Codify existing practice to address evident deficiencies.
e Minimize incompatibilities with C89.
e Minimize incompatibilities with C++.

e Maintain conceptual simplicity.

F o AAIGE A2 [C99 Rationale]E #alst7] BT
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11.1 The Standard

Q 11.1 “ANSI C E&7o|&k Folel7ka?

Answer 19834, n]= 174 F3|(American National Standards Institute, ANSI)+=
C ddole] B2E sk SIal Xallofes 9198 At v 7]
717VE0t EEFE Eof o] 91930 HiA 1989 129 142 ANSX3.159-
19892}= o]0 = H|FWobA, 1990de] S|ESUTE tifEo] U8
71E8] C Aojofl] 7EHE ZolH, BRL2 C++ollA (HF-ZE s proto-
typeoll thet A1) 7FA2 Adyeh. 183 (=39 o427} ld 35 SAF(tri-
graph) A AIEAE 23R =R 22 AEE A¥cks 715 E A

Utk ANSI C EF2 C run-time Zfo|BHEE EESIA|FHSU T
T 5o 24 B2 717491 ISO e u)2 3#£<] X3.1598 24 2221 ISO/IEC]
9899:19900 & HIHA 27| FFo 7 FHEQLUTE o] FZo|A= ANSIO]
BEFS AASI BESE Zlo] tiFEo|gl7] ufo &38| ‘ANSI/ISO 9899-
1990 [1992] }7 B2},

-

1994 ‘Technical Corrigendum 1(TC1)’2 ZEZo|A 2F 40 7[R E AT

Gtk o e RRden ek Aol Mag o] 1E AUs

‘ﬂ' Ayt 1831 ‘Normative Addendum 1(NA1)'2 oF 50 H[o]x] HaF

o] Q2L Yee FrHion, trEo] A3} (internationalization?)o]] I+
o AR 19059 T2 Wb 7 Afebe 7t ek

o] 22 & W, BFo AT TS ofA] whHEA] 2jie] Sof Zsuth

T @A “[COX]7etaL o] Fo] &1L, 1999d ol eHE Azh=

E9 Uepdue). (o] 20 e RRE AZE [COX)T Weelel 445

g
1=}
jLe

i)

=
b
=1
N
J
el

Q221d ANST &2 B2 FZola 24 Fatof tigh A}, 22 &
AEol et =25 Eget “[ANSI Ratlonale] (0124 ) e zgsia
FsUeh 2 7HA]= o] 2o olv]|
X ANSI EF X3.159-19890f &g}
AlEER= Zolm, IS0 HFo]

A o] oJAIRE B AT BH0 T
| E3s
o] 5|3 ol AT

£ s obgurk [CoX] o= A

Note [H&S2002] 47] Hio] 1}e 4l o4 9 goksld 27, C doj=
o] WgE AREU

IInternational Organization for Standardization
20] dop} ¥R 27| thgo] BE ilsnow RasE ghich o7l 188 of Wole] & 34
/\011,]\;1.
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A, Brian Kernighan#|9} Dennis Ritchie®|7} 1978 30]] £ The C Pro-
gramming Language©l|X] 2713t C lojqjyct. BF “K&R7 ol Far,
1980 Ao A9 W BE C 2o]E “traditional C”2l dtt.

=4, B2 4ol T 2], C doj7t de] HA|A sh=dl =wol 2 Aozt
= U W, ol ARt ANSI BiEo] Tl RsUH. (a2 NCITS
Ji1o] ¥) X3J11 9ds]l= 1989do] C ¢lo] =y}t ere] dlo]Haa]E
“American National Standard X3.159-1989” 2 FAI15} o, HE “ANSI|
C'2k 5ck ol @ F 5205 Wkel, 3 524 150/1EC
0899:19900 2 S2w|elUch. ANSI C9} o] 24 C 9lo] mE7} o]4
< 719 gl ‘4‘_4' :’-ﬁ—' o] ZA EFS HE “Standard C”21l HEY
of JEu o] 332 E M| miiEd, o] Z& “Standard C (1989)” &
B2, ZolA “C80eka it

AR, WG14 152 C899 thet & £A15 wEET shte ‘Technical
Corrigenda’o| (W1 4 £A]), & slfE ‘Amendment (24 AUt
o]0 HIYE EFL “C89 with Amendment 17 T “C95”zhl HE
U

U, WGlde A& 24 AL, 1 571 9 P ARFEo] thA] HHdE]
o], 199940] Ex02 AAEAEUT. o= “ISO/IEC 9899:1999" E,
FolA “C997=tal HEw, o] Zio] 7P 419 EEJUTH

312, Bjarne StroustrupA|7t 1980 ZHto]| TizpIet C++2 AR 713+
Q17191 glo] 9] sftoln, o] Clofi C dlojg 7% wHEo] Hguirh
o] Ch+ Qlojm olx] mE3} (19984) ol2ojgonl, 1 A}, [S0/IEC
1/882:1998 T= 7Fe¥3] “Standard C+—”olahyl B},

HESP] ololt Vg Fo7) HIITH, C glo] M4 EF0] C+t ¢
oo] FFo] AFH thol MPE AL & 4 dFUth BEE ©d] o] A+
=9 4 ke A% b A E8 Ot Ao, 52 C 2l
E 6 3k 92 g w3k e, <O dofe O+
gloje] REAFO| T “Cit Qof C 9108 Favicy ehe

= Eg "elych B2 (+4+ ooz} € olojo] e e x3lsly ‘ilxlui,

mebA], C o] 23S s 2|Hotes B ZE7F C++ <lo] HFo
2] kS 7FsAdo] sy C dojet C++ dojollA] EletA Fatols
FEE (0" AFE) “Clean C72fal BFUTH

oF GRlolA “COXetrl BE= 22, 1990|to] of2], A} C FEo]
212] ke o, (ARt A d=E E57] ") 29X olgydyt. o
A= 199940 AAHE ZAS ¢7] gl “C99"etal B2 Zlo] ZHRE

=2

] ©
f

—_

ki

-
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U,

References [H&S2002] § 1.1 pp. 4-5
[C99 Rationale] § 0

rel

N

Q 11.2 5% 24S ot4 92 4 Uz’
Answer tlFoleldl T FaolH AR AFT & Agick

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

New York, NY 10036 USA

(+1) 212 642 4900

EL thg FAE FRshch

Global Engineering Documents

15 Inverness Way E

Englewood, CO 80112 USA

(+1) 303 397 2715

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

e UekEelAE Al Geneva)ol] Qi SO0 FEalAY 7 20| BE
98] Qetalay] vk

IS0 Sales
Case Postale 56
CH-1211 Geneve 20

Switzerland

(EE http://www.iso.chE HWHESIAY, comp.std.internat FAQ A

Eo||A] Standards.FaqE #als}7] vpgyL}).

AP} opRaro 2 AARNS ], ANSIo|A FEsta™| 130.0087F Dasio

™, GLobalof|A 2% wjofl= 400.5057T E @ 5T ([ANSI Rationale]
Z3kgh) 0@)2]d X3.159%= ANSIe|A] 205.008, GlobaloflAl= 162.50$7}
835U ANSIOAE B BAE Hugh foldoz 57| o

b 2% FAo R AFShTA GEU

oj=+o]abd ([ANSI Rationale] S Zgeh) ©2]2'd ANSI X3.1599] AR

“FIPS PUIB 160" 0.2 t3& FAoA F2F 4 = AYYH:

r_>i mE mlo



CHAPTER 11. ANSI/ISO STANDARD C 177

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

Springfield, VA 22161

703 487 4650

Herbert Schildt#]7} 3/d$t(annotated) “Annotated ANSI C Standard”

A]
U
0]
S
o

= ANSIZ} obd ISO 98995 Ast 5Tt Osborne/McGraw-Hillo]
ZwE|9lon, ISBN 0-07-881952-00]1, ek §40 HofA] Buje 1 9%
t}. EZ3} o] Mol 71A Zole thEE Azt o 54 (annotation) 712
AUt 131‘/} 2 oot v B2 Ao w o] 4| F5UT net
O ARISS ofd] o A4S BAGLh Clive FeatherAl o] o]
o MES A ofgle] URLOA & & lsyth:

http://www.lysator.liu.se/c/schildt.html

[ANSI Rationale] #A+= (&HA%E 252 old) anonymous FTPE ftp.uu.net]]

94

o

=

A

(A 18.16 #11) doc/standards/ansi/X3.159-1989 TjEEz|oA A
4 95Ut E http://www.lysator.liu.se/c/rat/title.htmlo]
2 4T 9J5Ut). Silicon Pressof|A] &7 54T ISBN 0-929306-1

07-4¢uc}.
ISO/IEC C9Xo] ML JTC1/SC22/WG14 AJo|EQ] ofgjollA] Ag 4

()]

Al

Note |41

19 24
ANSIE H|E, 2 web siteo| AT THfsty 95U

Ll

%

ek

http://www.dkuung.dk/JTC1/SC22/WG14/

A48 11.2bE #3517 vyt

A1 C EFQ1 C992] PDF ¥H (ISO web siteof|A]) 34 7FA2 (2005
@Az) 340 CHFIUTE. o] YAz, st 7442 of 30‘1
o]
I:]

e Corrlgenda (W1 4) BAE & A Tor]7] vyt dAj
& % Bk st gk

e ISO/IEC 9899:1999/Cor 1:2001
e ISO/IEC 9899:1999/Cor 2:2004

A QG 2 1, “9899:1999" 2 FAGIA W] e 5 Ut
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Answer ([COX] H3iuhs Zeleh) wHdd JHE thag 9 ARIEAN 22 4 U5y

o}

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

Note  http://www.dkuug.dk/JTC1/SC22/WG14/
91 AolE0) A Tt thgat Bk

http://www.open-std.org/jtcl/sc22/wgld/

11.2 Function Prototypes

The most significant introduction in ANSI C is the function prototype (bor-
rowed from C++), which allows a function’s argument types to be declared.
To preserve backward compatibility, nonprototype declarations are still ac-

ceptable, which makes the rules for prototypes somewhat more complicated.

Q 11.3 #) ANSI Anielelis theat 22 TEg B u, 947t AXsA) ghertn
el wAEhch

extern int func(float);

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

Answer 1 olg= Al (2EFY) I 2 EeF) (prototype)

“extern int func(float)”< Q= (2~EFY)

“int func(x) float x;”2} Ao A7) wREof =AUt H
S AHUE Aol Ab Aol RSSPIRHAE 114 21) o 7
RENEY

Traditional C (Z2E E}ela} 7hH Qla} s|AES A @5}x] 9H= ANSI C;
WE 152 23) olol Al o] HLHL o AAFES T3 (widen)”
AUt = float2 double®, charl} short intt int=2 ERFAIZIY
G (F 2ERAR HOR FpolAl, oA HAEo] AL AL, e

Jo oft o mx
1o re
S LA o)

=
rr
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References

Note

A T2l o1 W, ohAl o] 271z RighEUY) mebA 919 edfd

AR Z e Aol AFAAF func TS double EFY QIAFE HILE wi=
AUt (88 4 UFolA o] b= THA] float EfYJC R v

o] A= &4 AllollA A Al BHS A 11 4 lFYTh
int func(float x) { ... }

A °§ 19] Z2EE] Ade + I Aolot dA|ek=s thaat 2ol

extern int func(double);

(o] A%, Fsaihd 7 @419 AHelolA doubled AEE HHEFE Ao|
o 7fEghch?)

“narrow” FIE Tol7] 95, “narrow” 1S TAISHE EMYIES (Y& &
o] char, short int, float 5) $Hp eIz 2lel EfQlog Az oF= Ho|

QP & it
AR 1258 Fus] HiRhc

[K&R1] § A7.1 p. 186

[K&R2] § A7.3.2 p. 202

[C89] § 6.3.2.2, § 6.5.4.3

[ANSI Rationale] § 3.3.2.2, § 3.5.4.3
[H&S] § 9.2 pp. 265-7, § 9.4 pp. 272-3

& TEA], prototypeo] ERIEZ] IttH, AHutde= R 1Akl tisf de-
fault argument promotiong AAFUTt. =, intHc} 2R A4 ERQIES
D% intZ2, float2 dobulez WS, Um|x] EIEL Iz AdH
yrct. qrek, 1z} (argument)”Z} TtH|E| e} A7 TS 79, undefined be-
havior7} #Astel, wof Ugol % prototypeo] MAEIRET], o B
prototypeo] 7P QLAE W Aoz Helsle] A, HetE Sl vl
o], default argument promotion &2] 21z} E}y} H=2 thEwo| & unde-
fined behaviorZ} @AYt (upR|et EAFRe g Qlx}/miabH|e] Bl o}
Ueh, gee] @E ERlolE H85ch)

o] FHe Azhitt & o ZltkE4uch ol Reference® % o] 1] v}
et

3Changing a parameter’s type may require additional changes if the address of that pa-

rameter is taken and must have aparticular type
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Q11.4

Answer

References

Note

References

Q 11.5

Answer

[C99] § 6.5.2.2, § 6.7.5.3
[H&S2002] § 9.2

T TR oAE FAT A FALS 4ol 2 5 guar
of Z & Q71 SHAE WS Felsho Fulth. (WR 1132 B ®AY| vt

o] 2 2

FUTH. @A prototype F4lo] AT} olo] BE AFLET LT,

(oefE Fale 21 glo] FHolrha 9l7] o], A7t FAHoR A
)

[ANSI] § 3.7.1, § 3.9.5
[C89] § 6.7.1, § 6.9.5
[H&S] § 9.2.2 pp. 265-7, § 9.2.5 pp. 269-70

[C99] § 6.5.2.2 § 6.9.1
Aurroz, odH GA Ao] 27] L the F 7HA] FEE AA}
o}

o oFro] 29 Byt BE whefuE BHQl2 default argument promotion
BRI X5t Stk &, intHrl 22 A4 BRQlout float

o FPH QRS W Bl odE Faow hER] ek

[H&S2002] § 9.2.2, pp. 291-292 § 9.2.5 pp. 294-295
GNU Coding Standard § 3.4

Anelas} b Ae Thiw:
extern int f(struct x *p);

“struct x introduced in prototype scope” 2= oJAFGH A5 SRAIA|Z YT

| 253 (scope) TEo] T2 B0 TREERlo]R Ao
structurer= -2 AA0] TR2 LA} §3HAo] glEYtt o] structureﬁ}
tage o] ZREEY Aclo] Y o AF RS Hlojgdyth HE 1.295
Fush] s,
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H prototype SFof| structure A& Fol o] ZAE sidd & s
(X5, prototype} structure A1 Z-2 oft] mpdof] EAfjsiH, o]

27] o
Roll go] Th2 &g 2T 4= FUrh) ek prototyped] obd] A1el
&7 gF2 structureE & & TRV QUHHH, prototype ol thaa} o] 4
FUk:
struct x;

OFRAL opd A 7o o] AL struct x o|FA P, o] LF2AQ] (in-
complete) Ao M AFILE 7px]A| E|of, o]Fof L2 HAofA] struct

xS AT 1), 22 struct xZ JlAES & 5 9]

-WL

References [ANSI] § 3.1.2.1, § 3.1.2.6, § 3.5.2.3
[C89] § 6.1.2.1, § 6.1.2.6, § 6.5.2.3.

Q 11.6 o+ =7} olslAl Sk
printf ("%d", n);

oA n-e long int EFYYYrt. ANSI 3k prototypeo] o]#HAl 02 <l
o wefHE BRQlo] A= AAsHA] ¢k, (conversion 5O &) HO S| F4]
ALEg?

Answer & 15.32 H7| vk

Q 11.7 printfE #7] Ao <stdio.h>Z includedfjof sttty E95UTh of 1#
7187

Answer AR 15.12 Z15}7] v

11.3 The const Qualifier

Another introduction from C++ is an additional dimension to the type sys-
tem: type qualifiers. Type qualifiers can modify pointer types in several ways
(affecting either the pointer or the object pointed to), so qualified pointer dec-
larations can be tricky. (The questions in this section refer to const, but most

of the issues apply to the other qualifiers, volatile, as well.)
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Q 11.8 Wjg9] 27|18 AHT o), thawt Zo] A% G 2¥ Aw: olg7t Wt
Q7

const int n = 5;

int aln];

Answer const qualifier= “Q]7] A7 0l AL ojn|ghch = ZASt e HAEL A
oSk o (YHtH o) HAT 4 glE run-time QEHAERQL L} wabA] o]
2t ‘const’ QBAE= Ak $Al(constant expression)o] of7] wfEo,
o] 371 AA, case labelso] 22U 4= gis5Uth (o] FEA C <o
2} C++o] tHgUt) AEE compile-time A7t H Q5IthA #define
2 (X emmO) 442 Folsh] vhehch

References [ANSI] § 3.4
[C89] § 6.4
[H&S] § 7.11.2,7.11.3 pp. 226-7

Q 11.9 ‘const char *p’®} ‘char * const p’Q] Zjo]= FSIQI7LQ?

Answer ‘const char *p’= (‘char const *p’g}il & & US) A BEXpo tigh &
QIEIE Adsh AUt (71e])7)% BAFE HHE 4= ¢le TQIE); ‘char * const pf]

Al iRt A ZRIEE ARt AdUnt (24 W4 = AR

=2 -1

sid= & SulsiEAlZ] BigUth A& 1215 FaIsHA7] iy

ANSI] § 3.5.4.1 examples
C89] § 6.5.4.1

ANSI Rationale] § 3.5.4.1
H&S) § 4.4.4 p. 81

References

[
[C8
[
[

Note ofef e, const_pointert= ESIEl7t A4el 1S Uekuiieh. T2,
pointer_to_const= AMLE 727l ZOHE YeRHY T

int * const const_pointer;

const int *pointer_to_const;

Z, const_pointers= ERIEZ} 717w tARS HAT & 9oy, thE
A 7HEP|IEE o 4= gyt 121, pointer_to_const= CHE
e RIER E 4 AT, ZRAE) TR oS WA & g%

£ 2
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References [H&S2002] § 4.4.4 pp. 89-91

Q 11.10 const char *xZ Q= W= Skpof| char **2 ZIsHH otELbQ?

) const T7} efof sh= 3ofl, TE 7He)7l= ZIHE

% % gt of A EolE Belo] qualified o] AR oR} T}

Bl & & e A st o7]ols '/ 7ER] o9 Aol Sl

g, o] H2& AL QAHAH O (recursively) H-EE|Z] ¢kl TA] top-level

£ =YYt} (£, const char **+= const charo] tjgh EZQIHE
74e)7le ERIEe|BR, o oe] ARgte] sig=A] ds5Htt.)

const char +7t BAG Fo] char & £ & G ot 2T Y
UEk. const7} o] Q7] uhiel, el ofelie] const & WA

AETHY §F oS A 4 EE EobEy Pyt I87]
char *7} Q3 3Lof| char * BIY& & 4= glom, ¥ Aeoll= &

SUth 2Rt 2R1H BHell constE 2ol 22, ZETdo] uje ¢d
M B2 2 9lrE molEuUct I3y, YHHE constE AAsHs AL
o2 1A 4= FU ol E g B3t i AAES AZelET]

Hhgt

==
fr g o o
=2
(e
(o]
[=]
n
ct

const char c = ’x’; /* 1 %/
char *pl; /* 2 */
const char **p2 = &pl; /* 3 */
*p2 = &c; /* 4 x/
*pl = ’X’; /* 5 %/
AR Zol4] 9-2]= const char *x7} LQJF 3of|, char **& HUFH
o

Utk (o= o] FEoA AarsE AU Ui S, -+
+ const char *E const char *x7} "3t 3o tfUqUFUch o] A2 of
T4 EAVE fsUnh oA EolAd 2= char x ZIE7} 717
AL FMANFFULE o] AL offd EAZE glojRo|A T, p12 A &
74e)7]1aL §lat, o] A constol7] wiEe EAI7F Byt thA| & A5,
o] Z& UHAl EolA *p27F AAZ p1S 7171 A Zo] AU
th *p27t pig 7H7| S e 22 HEE AR SolA fE Zola, o]
A B4EA] et 4tolH, o]# o] iR, 58EA] syt
404+ ol consth B EIEe] tjel & o BT 2 a6, o] FAL F o Tt B
9 51851, oloh 20| const7} B QHAES WS AL ot FUrt. C++oHE const

char *x7} -2 3Lof| char **Z T|Usk= 2L 5-8%|%] 2|7t const char * const *7} 2 3Lof char
g AL AL EH




References

Q 11.11

Answer
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(oF oAAl A ﬂH Zo| A 3) const char *xo|| char *+Z TJ¢sh= HE
T A7 ARt A2 obdutt. T2yt flollA] p27t oSSkl Sl AL =
FIAoR |1 g e WA FethE AEd 4 gl dnjels

AFEct e ojeigh Asto] Wastehw, ohAl W, 7k 2 SE
o] obd oA qualifier7} M= gEbA tidfo] H#] oF= Z& HdA7H
A, A3 HHAESNA (F, o] Fl= (const char) **2) & 4= QIFUTH
[ANSI] § 3.1.2.6, § 3.3.16.1, § 3.5.3
[C89] § 6.1.2.6, § 6.3.16.1, § 6.5.3
[H&S] § 7.9.1 pp. 2212
o=t 22 AddellA:
typedef char *charp;
const charp p;
9 p7k 7H7|= char”} const”} E|A] @341, p ZHA|7}F const7t HE A
7kR?
Typedef2 2|8Het 212 $5H textual Z|gho] obdUtt. (o] 22 typedef
£ 2 R B Utk AR 113 Z1) b3t 2 AdelA:

References

Note

const charp p;

const int i7} iE const® JHE+= AT} 7
o pofl High A1,
skelshA] ks

[H&S] § 4.4.4 pp. 81-2

ofefe} Zre A

72 dejolA], p= const”Z} HY
IEIE7F whdo] HofQl=A] typedef P72 Zol7bA

o

o] Qlrki ZPskR (WE 119 H1):

int * const const_pointer;
QoA const_pointert typedefE A t}2i} Z+o]

typedef int *int_pointer;

const int_pointer const_pointer;

o] W], const_pointer:= A5 intE 7lE]7]E= EQIE A Holx|uh Al
2= (571 ofd) intE 71E]7]+= const ZJAE AU E, EFY specifier
oF Q] qualifier®] Ae 525K 271 wiZel (&A7F v & 7] o
wll), t=t 2ol & ok syt
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int_pointer const const_pointer;

References [H&S2002] § 4.4.4 p. 90

11.4 Using main()

Although every C program must by definition supply a function named main,
the declaration of main is unique because it has two acceptable argument lists,
and the rest of the declaration (in particular, the return type) is dictated by
a factor outside of the program’s control, namely, the startup code that will

actually call main.

Q 11.12a main() 2] Azt 4

—

re

upy

filo
mO
K
B>
>
i
uk

Answer main() 9] A1 t}e ZoA

fiid

e} Ao} gLk

int main(void);

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

argvE, char xxargvi A% £ QYT (EE 645 HaIsh]| v
yth) (88 oY ‘argv’e} ‘argc’eh= o5 GrkEA] HEE 4 lsUTh)
E eH 2SS WA oheat Zo] & £k JFUTh

int main()
int main(argc, argv)

int argc;

char **argv;

AR 11.12bFH 11.157FA] #als)7] vigyct.

References [C89] § 5.1.2.2.1, § G.5.1
[H&S] § 20.1 p. 416
[CT&P] § 3.10 pp. 50-51

[C99] § 5.1.2.2.1, § J.1.1, § J.2.1, § J.3.2.1, § J.5.1
[H&S2002] § 9.9, § 9.11.4, § 16.5
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Note

Q 11.12b

Answer

References

Q 11.13

Answer

2] C Aofoll A, 0] Hoht W4 Ao BIL (type specifier) /]
SIS U, UEER int 9ol Utk Teh} oldl Aow Akl AL
7ok v me ey Avtle oARow, @A) (99 EEoAL o2l
et

[H&S2002] § 4.4.1

“main returns no value” 2= A1E 15| 95, main() S void EfQJo =

A WFe7tar

QT main0OS WEA int S SlHGES HAAFoloF 51, QL7
+ 071 == 27olojof ottt F=d uf, exitOF Al=tl: A ol=2g
AT} e, vhjeto] Zeighs o] (redundant) =lE BHE A
o] Aok WASHE A v 4 At (Rsslthd ALt AR
5= “not reached” & 2Ju|sl= 2| AJo](directive)E # Fo]&= HULY}).

o] FIE QlolE i @5 void BIYe® Adsks A2 wle 2] &
SsUE dvFshd, WAl g 2 /2d Al d9E 2E%ke &
(main() 9] 72, C run-time startup code) A2 TS 4 Q7] fEAYrch

(Note that this discussion of main() pertains only to "hosted” implemen-
tations; none of it applies to ”freestanding” implementations, which may
not even have main(). However, freestanding implementations are com-
paratively 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 implemen-

tation, and the above rules apply.)

[C89] § 5.1.2.2.1, § G.5.1
[H&S] § 20.1 p. 416
[CT&P] § 3.10 pp. 50-51

vironment) Wee] HZ5b] g FOE, o BHOR ot EE T4
gotenv()7} AFBHL, A W4E environo] AFE] W], o] HEE
APA IS 2 o187k fUth (AT, e ¥4 environ H]EZO|

71 BRI ).
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References [C89] § G.5.1

[H&S] § 20.1 pp. 416-7
o M4 environe POSIX.1 &Yt (82 POSIX.12 C &30 ot
E71 izl C ¢1o] BHoA= BlEzolzt & & U5UHh)

r_>d

Note

#include <unistd.h>

extern char **environ;

A, AFHOE UNIX A2HHE naino] AA A4S 2S5 G
A ¢ Qeisunt. = hewt gy

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

JEM o] AL (C BFo] ofd #L 22) POSIX.1 BZE ohdut}. POSIX. 1
o wer, IS0 C 528 £%617] 9o, main] A 1749l envpe} 2
Waloz Satel, o W4 environd Mok Bk o] Q)

L

F

References [H&S2002] § 9.9 p. 304
[SUS] environ

Q 11.14 nain()< void oz Aottt slejath, exit() L2 WA ERITH
H2AE Al A A e At AP 240 Sle &9 Ade 221
9] F2/28 FES ofe] P,

Answer main() 9] g€l Zfo] Aok, o]z = =Q 5 BAV) opdytth &4
= main()& void EfJo 2 AMAgto R ¢l5}e], main()L §&5H= HEo|
(H-e}d AJZ(startup) FE) main()-S AR &K £ 4 Ath+= A
Yt} (o]& calling convension EAYUct; A& 11.12bE Falshy| v
yret).

Borland C++ 4.594 void main()2 A& uwj, =2 J=00] Wrpd 4= gl
= 7] oo BT, 1612 o8 FHYAEE (DEC C Va13}
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Note

Q 11.15

Answer

Q 11.16

Answer

References

Note

o EZo] &9 AA7t F=' AbH(exit status)E FAIY %= 111, void main() o]}

F2G S& A, o]t o]44o] §le Wat ohjel, SuIE AT ofgut

o] ALFeA void main() o2 Mk FARItE 22 }“0“4‘:} Fef

olAe A meF Aztol gL, o] WAlo] o Wstcku AZeHY, ok

C BEL, A8 111200] L 20| nain G455 AT 22, Auhlel
A aFgit. E2 Andels ¢ Bao) Yok 97 ek ] maing
Agshe Aolls ofskA] syt 1o, the HEE FHE 2= A2
(BF T-oflA EH2 ) ‘undefined behavior'& Y<5Urtt.

A7 B3l Q= A “C Programming for the Compleat Idiot” o4& &A4¢
void main()S ARSI T

ohtE 1 Mo ARbe AL 1 #3(complete idiot)o] AT BFYY

of. e o] void main(L A1 QAR ol FEE AU,

main®]| local H|o]E]7} ‘cleanup’ T4 TR L, mainof|A] ZEHsH=
e A2 B eRe 4 AUtk 28 1648 Fosl] ik
Te)w ofF odE (B2 Aok ge) B ALEelE £ b 94
% bk A SAeA e 4 ek

(Ao 2, o] %74 Ge mainO S ARHOE 5EY A9, e =

=2 A4

[K&R2] § 7.6 pp. 1634
[C89] § 5.1.2.2.3

ﬂJ

C+ glofeliz G2, C glo] FgolA nain0o] AAHOR (%, recur
sivedp ], maino] thA maing Rt 39) TEEE AL WA WU

t}5 = 43hhA maino)A THA] maing BE 4 95Utk a8y, I0CCC

=
304+ Qlololt maing AHIHOE $E 4 §lo0], main] 748 P A= A5 hirt
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of &% Zlo] ofghd, 1d FEE = o|f7F gisUth (I0CCCef of
St AL AR 20.362 ZsH] H]—%’rql:]—)

C99 Fo] =2H, (HFo] Fadsk= FH, = intE 2/¥ok=) mainoA]
ol ZFS return St= AL, exit F5= tTog HaL Ayl Attty
Mol Q. 2T o Eaph Lol AL, BRI ARHoR A

S
§\1

pory
lo

) maino e ofdich. =, AHC2 Bei7l nainolq revurnict
exitr} 4508 5EA) L

ESE exitU return 24 §1©] maino] EUHEH, return 02 & A1}
e aE g2 4 du Hof SlFyTh (o] A2 C99ofl M= 71
Sdyrh. I W HFQ ANSI, C89 SollAE sig=A] F5ytt.)
returnst 207} exit® F2i 2o alalE Folrt g 4 v, vt
atexitZ exit handler§ S5A|A =937, 1 handler’} mainofA] W= of
H automatic (statico] opd) W] HI3I}H, returndh= AL o] WS
of HZe & QFUh =, returng WA AFOR exitE H2A| 5k A
o

LS oJu] main 0] 88 Hiojwy] WlRo], maino|A A3t automatic

Mg ZAsHA) kU,

References [C99] § 5.1.2.2.3, § 7.19.3.5

11.5 Preprocessor Features

ANSI C introduces a few new features into the C preprocessor, including the

“stringizing” and “token pasting” operators and the #pragma directive.

Q 11.17 ANSI “stringizing” AA2]7] A4kzel 42 w4 ABe] o] e B4
o ol Yoain U}, 1), 1 A3, 44-2] gol Solrks oA, 4%
o] olgo] Soll=a.

Answer #9] Aolo| 2W, o] AL tjA=Z QS (I} ® T2 uja = o]Eo|y
gt o ol sHgelx] ¥u) Hiz BExER gHeUth Wiazst Qe Ad
For SPYEd ARt vt 2o £ dAE AAAM & 5 AdsUh

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

char *opname = Xstr(OP);
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o] FE1= opname2 “OP” 2 AA5HA] &1, “plus” &2 AT} (Z, xstr O
227} QAE St str() mE2s Bard s wHEUh)

H]55t AFto] “token-pasting” GIARAIQl ##2 2w, & wja 2o ZHS o
Zate] &
#u} #pe Ah A4 FToE AU 4 glon, ok mjag o] KA

2 2 J)ojsp] wighc

References [ANSI] § 3.8.3.2, § 3.8.3.5 example
[C89] § 6.8.3.2, § 6.8.3.5.

Q 11.18 9A]x] “warning: macro replacement within a string literal”’-& F<& &=

o]%&?

Answer : ANSI o]719] of@ Zuflel/AAe)/: g Hojg theat o] A

o ..
7<:§]_l_-

e

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

ot 22 Ao SEeHA HWH:

TRACE(i, %d);

ket 2ol gsi

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

=, A2 A= Y2 o]Fe] 24 <ol e et SEAIA HHY
o (& ol=’t M7t f19k 2ol {85 24 & AR, o] A2 Hi7f
2737] Audets e o & X UE AdyHh)

A
olefgt 40| mjZe SHe KLRe] el A% ohn, HE C ofolq
AFE A opduTh (ke ST Wilelnl, ZESh olelelynt Ag

2
o
N
R

AArel #5 A7y, BExY A2 (concatenation) 752 AW H
Yrct (o= ANSI B9 A28 715yt

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

i 11175 FAIsh] vy



CHAPTER 11. ANSI/ISO STANDARD C 191

References

Q 11.19

Answer

References

Note

Q 11.20

Answer

References

Note

[H&S] § 3.3.8 p. 51

#itdefS MA Anolalr] Weby & FoA w$ ol FE (syntax) of
47k k.

ANSI 001]/\1 #if, #ifdef, #ifndefo] & HAEL HA 7|7} Al &=
Q= Ga3t ZloJo]of (valid preprocssing token) gUtt. =, C ool 4 %]
g oL 2i7o] A2 olold Uslof s, oY e Bajde] o
o newline A7} UebA= QHEH, FA0] Fur] 93al A8 QlojA e H
Utk A2 the ugah 22N slels U (59, dole] e
(contracted word)o] 2ol=, & wh2 3 (apostophe, ‘)&= BAF A9 AJZb
AY BHY 4= Qtke Ao Folsr] vigU)h) w71 Aot pseudo
codeE 2= Zlo] FAoletH #ifdefE WA Hjztal 2gS JHete, 54
2 (offical) Q1 4 (comment)Ql /* ... */& Mo} Fct.

[C89] § 5.1.1.2, § 6.1
[H&S] § 3.2 p. 40

C99 HFo WpH, C+ SlofolH Al ZHT //2 Aaehs T4

i

#pragma+ otjof AL}Q?

#pragma= M= ZEJ (oA do] "Holx|) HE 4 W e V5=
Aofsta, 2y 752 ATHUTh oA7lolls &2 2A" Ao, XA 45
(packing), 18|11 ZA11 % 2 452 (1int 2] QfF F4] el /* NOTREACHED */Jj
of Zo]) Fo] ZFHY

[ANSI] § 3.8.6
[C89] § 6.8.6
[H&S] § 3.7 p. 61

ofidelli= #pragma Fof| o= &4‘;(7}401 pragmad}il F27]% 3H2 K
= A~H]| o]&A0l Aol oL}, C99oAE BrlA] TZE pragmaZ Wh
S5 UY. EE pragmas #pragma HEE t}20f STDZ} 1o, 71 FHol
Hot ARt vaz gge] 54 g

=

#pragma STD FENV_ACCESS ON
#pragma STD FP_CONTRACT ON
#pragma STD CX_LIMITEED_RANGE ON
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HE C dojollq 4428 AlEdhs pragma= 9 Al 7ExoIH, #{olA oN
thAle]l OFFL} DEFAULTE % 4= QlUth.

References [H&S2002] § 3.7 pp. 67-69

Q 11.21 “#pragma once””7} 2Jn|sH= Zo] HF?
Answer o] ojH HAg]7|E0] HLsH= 7502 dr mo] oF ShHA Ul ISty]
=5 ohe, EiE 10.70] 270 #ifndef E=Y} g2 AT Yok
A2g0] woizuct,

11.6 Other ANSI C Issues

Q 11.22 char a[3] = "abc";7} 2HE FEHAVIQ?

Answer ANSI C (12|31 ANSI o] 9] WH A|AH”HOA)= o|get AL SHFE &
dolztal TRt ol= 2 A9 gy o] Ft= Hgs] A7l &
8 71 S Ak Ae W, Y, R 2/sE &, e
o C

&2 UrE}‘H% 0 ~°17P7<1 gt wEpA 1 H

o
i)
k]
O
o
N
N
)
FH
th
L
_V,L
[
)
>
[}
ct
R
(e}
S
<
)
o
R
[
B
o
ﬁ r]o
rlo
et
S
=2
-0,
D)

‘% AAskA] o1, Antdes} wlde] 3712 dolA A
6}5% (= 144 ©oA, 2718 A grod, Hde] A7l 47} )

References [C89] § 6.5.7
[H&S] § 4.6.4 p. 98

Q 11.24 9 void * E}Yo] ESIE o= 4h& (arithmetic) AXMS & 5 ¢la7tQ?
Answer EQIEP} Flelsle @uAES] F718 oF 4 gyl WATh webd AN
5}7] Aol ZQIE]E char *U A&5t14} 5= ZQlg ElQlo = 5
Ut} (A% 452 B Fusp] sl
References [C89] § 6.1.2.5, § 6.3.6
[H&S] § 7.6.2 p. 204
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Q 11.25 memcpy ) &} memmove ()-& 5}= o] 7] ¢htQ?
Answer memmove ()= UEI} tato] AX ALow obHsl] EaeHe AL HA
ST memcpyOL olefg HES G4 ghonz & o We] 514 4 9]
SUTH. o4lo] 7HhH memmove O 4= Zlo] ¢ FH

References [K&R2] § B3 p. 250

[C89] § 7.11.2.1, § 7.11.2.2
[ANSI Rationale] § 4.11.2
[H&S] § 14.3 pp. 3412

[

PCS] § 11 pp. 1656

Q 11.26 malloc(0)-& 73l om
A 0 HlEE 717
Answer ANSI/ISO BZS 5 % shtal % ook @ebn g4tk 1 Ak 7d
el SlEAseIULt (A 11332 Fwsh) wgiich
References [C89] § 7.10.3
[PCS] § 16.1 p. 386

Q 11.27 25 o]=(external identifier)S £ ], & ANSI ZFE oAl 24} o]Akel

o=
o )

o §U4S AT & YT Wha?
2

Answer Q% 7| (linker)2] 79, ANSI/ISO Cu, C A=A 7fdzte} Al
=
S

o] Alzglel 9EAl H97} ke o] BAGULE o] Aghe olF] A
o5 ZARE fUShL B U, A olsl Bt B o)EEL,
HAPE e olgoR AR o] AT oln] Zugleld 7hu gonz

(obsolescent), ISO EZF|A+= glofd oAAdYLt

References [C89] § 6.1.2, § 6.9.1

[ANSI Rationale] § 3.1.2

[C9X] § 6.1.2

[H&S] § 2.5 pp. 22-3

Note =, oJA Z2}9] A|gHS “AAAAAAB” O} “AAAAAACT 7} ZHe ol2ow HZEH
% qlrke el

6implementation-defined
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a8y, | ISO/IEC C B2 internal identifiert} nj32 o]5o7g &
T 6324}, external idendifier2 3127} §835jtty sl IS5y E
ok o] A3t ARIE thE C ZFoA = Albd oA AdYT

i

References [C99] § 5.2.4.1, § 6.11.3

11.7 Old or Nonstandard Compilers

Although ANSI C largely standardized existing practice, it introduced suffi-
cient new functionality that ANSI code is not necessarily acceptable to older
compilers. Furthermore, any compiler may provide nonstandard extensions or
may accept (and therefore seem to condone) code that the standard says is

suspect.

Answer ofibE ANSI ofde] Zutaleiel 21 Z4uch. 1efa Andese g4 4
& (prototype) T 2 2 Aelsha] Zghct.

AR 1.31, 10.9, 11.30, 16.1b= Z75}7] vt

M
UO[(
_|
U

Q 11.30 A7} »= A== ANSI Antd iz od ANSI/ISO
Holxlo] 9] ek SHoza.

Answer Hutd={7} ANSIO| F-7& Aty stejgte, ANSI $8+9] dr mtdoli,
Slete) ol elels 2 9k 4 G4UTh (AHY gecst Zol, A4 W
(vendor)7} RS O Auhlelol A £% gl 2eluch) TR 1129,
13.25, 13.262 #F715}7] vl ch

Q 11.31 & 2~z AW C =273 ANSI C2 HHFAY, E= 9} Hig 2}
QAL ST m2Ie] 9hertar

Answer T2 EERRIS A= A HRAY}, L HFALS: HHHS= ‘protoize’?} ‘unprotoize’
gh= T2 o] g5yt (o] mEagio] 7 AEYe] €2} ANSI Cefo)
100% 918 ek RASIAE ehrh) of T2 TWSL FSFe| GNU
C compiler o] Easlo] gtk AR 1838 Fush] viRhc
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Q 11.32

Answer

Q11.J

‘unproto’ T2 7L (ftp.win.tue.nl®| /pub/unix/unprotob5.shar.Z)
AAe7|et Huopdel AtoloflA Wghs dddts dFo ‘HE (filter) Ut
123l ANSI C 28pdaf 7+ ~epd o] Wghs A S| ehHsHA off Fu
GNU Ghostscript #7|Z|o]= 7133 ansi2knro]gb= T2 70| ISlE|o]
e,

e, ANSI C AEHlS 7 ATz v ), ofelgt Wigko] BT 450
T HASHA WgtE= 242 obdyth. ANSI Coli= K&R Coll= gl Al
B2 7150 e UiZshl gleBw, ZeEERI0] = o8 25
woll ZeJsloF Tk oll A~Fo] WA Aw REUL. PR 1133}
11.295 3ish7] vhguct.

HEE lint’ e T2 7L prototyped WES] WF7 = dch 19924
3] comp.sources.misco] AA]E CPROTO Jl_E._:l%‘E o 75 &
Ut} E “cextract’gi= EZRIHME Ql&UTh E o]gst TR M Eo] A
weleie @) ABEIE St AR 18168 Fush] vl (19
U 28 (narrow) A4S 2 7 2vkl @48 ZeEry Al W
< o, FsfoF dut; A& 11.3& aLshy] vyt

EO[(

Froozz Magic C Aotd#= ANSI Sgto]atal &of Q= of Al I =
Hntdsta] ZA7E? Al L= geeoll A S&skE Zta HY, ANSI &

o HJ

T

A Ankdel thes) g T=g ek o2l Uk Bolo] R
Awar

int a3] = {1, 2, 3 };

int b[3] = { 0, 9, 8 };

int *c[2] = { a, b };
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Answer oHIIE C99 EFES Aol#] 55k (ANSI 2ETE A|¢she) Autde
PA A Z5UTE ANSL 25, = C89 B w2d 27|slo] & 4= 9L
FAo] thgat 22 ARl AFUTE

§ 6.5.7 All the expressions in an initializer for an object that
has static storage duration or in an initializer list for an ob-
ject that has aggregate or union type shall be constant expres-
sions All the expressions in an initializer for an object that
has static storage duration or in an initializer list for an ob-
ject that has aggregate or union type shall be constant expres-
sions.
Z, A4 ¥au Wil /24| funionso] Z7IF2 HFEA] A< (constant
expression)o]ojof Rttt ol FToA] HiE co] Z7|giom AQl F4
2t a, b RS WSO & gholy] WEe] A5Alo] opduc.
C99 BEFo| 2w, vt Z-2 ARt Aol syt

All the expressions in an initializer for an object that has staticli

storage duration shall be constant expressions or string liter-

als.
2, A1 W AN G BE 45 BADS Aok Teka AT
o /A funione] i AR AGE A AL & 4 Qi
= C99 Fof mEH, FolXl = ehde] AU

7HA] siddo] Qletl, AA, CI9E A Yot A=Y= vHLr] vigy
A, 27|13 oR 2Y $£AS Apaog vt Hutt o E 59, F
A FEofA ¥4 a®t bE statico 2 AQdstH H

© o

References [C89] § 6.5.7
[C99] § 6.7.8

11.8 Compliance

Obviously, the whole point of having a standard is so that programs and com-
pilers can be compatible with it (and therefore with each other). Compatibil-
ity is not a simple black-or-white issue, however: There are degrees of com-
pliance, and the scope of the standard’s definitions is not always as compre-
hensive as might be expected. In keeping with the “spirit of C,” several issues
are not precisely specified; portable programs must simple avoid depending on

these issues.
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Q 11.33

Answer

References

Q 11.34

Answer

“rd o] wet AoE (implementation defined)”, “UFER}R] €52 (un-
specified)”, “A2]xo] QA] &2 d%F (undefined behavior)” o]gk= 807}
S, AR Ajol7} gl A7

ZFeksiA| WelA, “implementation defined” = Zk2te] 7@ o] wet,
® W% 4 (behavior)o] 2AF 4 9, ol wkeh BAjsteo] gk
Utk “unspecified” = 7@ Wl ket thE W5 HAje] 2R 4
A5k, BA%kE ezt gk EYULE “undefined”i= o} Jolekz Yol
g % ook EU old AgdE E2e Ba 279 sk gy
o W g b 9]t ofel sbe] At Agtl)e
gt

Zof|A] ‘undefined behavior’'2tal Ao|st HE.C dF Iz QQuytt. Aok

30 M 2

o ol QlofolE B 4 Ggich. Eel, T2 1de] sl ol B4
om EAgE Qiuich. maba o Hio] ofejie] ma Tao

1ol 1
ZFECH oS- SRk AR 32004 10 S 2
[410] Sl L2 I9e wEnA g, olejd 2
7] efEshe olme A wEolA ohE A

2]

(]

=,

AR 3.99) 11.348 Fwshy] vl

[C89] § 3.10, § 3.16, § 3.17
[ANSI Rationale] § 1.6

ANST HFofl= B2 ZE50] Ao=A] &2 A dot A5yt ol=ftt AEel
EHEH/ﬂE_ zFe ‘]EHO}: o}-Z] 01_2_7]]__9_7

C do]9] s1x] EAL o]Hdl ZAEL AR

B5 Aol U2 4 Aok AYUh o] A2, Auilebt QA A2
o andon £9% & Aws o] AU wetd BEe Aad
27K ZgQletA] ol Bees] e mEs Ayt

Ze I Qo] B2 o] ARgARet Autde] AL Atolef ARt UF
o] Aekoz AT 4= &t Aure Amiela] akzprt AlZste] sk=
Ak, AAgAP} cold ASe AFE Aolhea Azt ISR o]Foln]
3, Upex] ek ALgAlt wtefol sk AT ARt e Aow Azt
He Ao ojFo] Fuch webd o gt Zo] o]f ok ofzithd,
ol® o] WIS ] ofRE HAS 4 gyt

Gio] A8 11.35% FWakA7] Higd.

ol

"In

no case does the Standard impose requirements
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References [ANSI Rationale] § 1.1

Q 11.35 1 = ived} 2 30 Y5 WAL Holslo] oA greka Sy 1
dul, o AES ANSIE E55He Aol dwste A F24 1
23} hguie.

Answer Hutd# = P5 ®AJo] HolE o] Q12| ¢ki=(undefined behavior) FE=of Tf
SiME ofzlio] dVdet HAS Zeddt, oWt 4k & 4 SdFUH. ol
Aol ejEshe A2 vl WEUTh A 11.32¢9F 11.33, 11.348 5P|
wghct

11.9 volatile qualifier

TODO: ‘volatile’o]] T3l 27l5}7]. volatile-2 const®} T=0] C899A A%
At

Q 11.A #F 2oz oty &l Q)Ed|, volatileo] 85| oW oulE 7|+
AQ7ta?

Answer volatile E}Y] qualifier= FojZ Q@ HAEZ} AutdZr} oxs1R] ke
o WA 4 ke A ehiUe. tebd, Feke of oHaE
£ A3} (optimization) ol A ALIAAYTE Ft] AH&s] oA, o] &
BRAE| tfst &= (reference)t ¥7 (modification)-2 sequence pointE g
ofchin} skl gtk B, sequence point SHolH AZskE % 9]
%Yt} (sequence pointo]] gt 7/’1% A& 3.85 Falshr] vy

mo”:

PIHOR, volatileo] Holt T 7] F 7HIZ hro] AT & 9]
Ut
o ), (e cplol s Sefolslety sk ShEflolE M Alojohs
A

o A4, setjmp®} longjmp 5 KA non-local gotoE AFEsl= =

o AR, (G $) signal handlero]d] (H5 Ao]) W%o] e 4
3 .

A= 501, ofH Al2"2 Al 7He] B4 R F45 ATk, °o] § F
i StEdlole] AEE &3 F= dlol 2olH, U] shte sk=gefd]

27 Hlolelg £7] $18F B0 AETTHT A1 BA gl Bxow
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#i= FAE Z2) int, in2ebe EQIEHTL 7HE)7|T Qal, &7

9]
pl 101] AFE] AHAL ZPgRAIG. o] ¢ ot &

volatile unsigned char *out;
volatile unsigned char *inl, *in2;

int i;

for (i = 0; i < Nj; ++i)

xout = al[i] & (*xinl + *in2);

EL outo] 7H7|= 3o, *in1d} *in25 HfA], ali] 2] gt} AND
2A JUdh. (§1 ZE0A volatileo] {lrhal 7Pgshd) Tt
AAEA S, FoE o = wjojt), «int + *in2E 5354, 1L A4S
ali]o} gl soutoll 7] HAT, HASHE SATTHA, 93 xint + *in2
a@% et olgt Gtk T4 AR BE d@ AT 57

A2Ee] A4l S, o] AL LS WE gkt ali]9 Heke B
S
Sof gong, £xE % o, op gt BAS @ 4 g4t He
H5olE se TSk 1u Ge TTA AR A9 Zapt dEA, o
Ao 23 ARE AL 4 ek

rek

R
=]

&

1>

A=
o wf, ¥ ¥ W<l ind, in2, outE volatileZ IO RH, of HaE
o] Futdeie] ool giglol WAE 4 Gl 2 YelFH, dntdeit
o] W7t AR = A} A gidel A Al Y

T3} non-local goto J&S $~P5t= T4 set jmp2} longjmps & W, volatilell
2 $85p & 5 dEUTh A AL B2 20,48 BUS] BRI
Signal handlere] tigt 22 A& 19.AE Zi1sly] vighyct.

References [H&S2002] § 4.4.5 [C99 Rationale] § 5.1.2.3, § 5.2.3, § 6.7.3 [C99] § 5.1.2.3 ]}

§ 6.7.3 pp. 108-109,
§ 7.13.2.1, § 7.14

11.10 restrict qualifier

The type qualifier restrict is new in C99. It may only be used to qualify
pointers to object or incomplete types, and in serves as a “no alias” hint to

the C compiler...
TODO: ‘restrict’ qualifiero] tjste] A7ls}7].
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11.11 Flexible Array Members

i 2.69] ARl e e e A 22olx]uh, AsHA sl C89

200

“undefined behavior” = 7hgElo] gsUth &, 22 Six|qt, C BFofl= 9H)

He ZEQSY
C99 EFL A& “fexible array member” 2= 7JE2 EA&A] o|H

A ZEsH s 4 xS Eeksynh

Q 11.G C999] “flexible array member”7} A7) Ao 7 ol=v|, A3}3]
St ZA%17R?

Answer W7 AR 2.6 H7] vfghUch 1 A& Y& structure?} @

=21
Fo1%] makename 5 M= TS 4 YT

struct name {
int namelen;

char namestr[]; /% flexible array member */

};

=, Wjde] 2718 A4 ghom HUTh Ab e theat gt

#include <stdlib.h>

#include <string.h>

struct name *makename(char *newname)
{
struct name *ret =
malloc(sizeof (struct name) +
strlen(newname) + 1);
/* No need to add -1; +1 for \0 */
if (ret != NULL) {
ret—->namelen = strlen(newname);
strcpy(ret—>namestr, newname) ;
}
return ret;

}

o, R T JVIAE ZASoF gyttt AA|, flexible array memberE 7]

]

Sl structurcol] THE W7 Sht o4 st} gtk =

o FEx AR Ak

olefet 2
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References

Q 11.H

Answer

References

struct name {
char namestr[]; /* flexible array member */

};

EA4)], flexible array member:= S}AF structure®] BFA|2F member2 Uhetof
Ut
h=}

[C99] § 6.7.2.1
[C99 Rationale] § 6.7.2.1

AR 11.Gof] Y& AAH, flexible array memberE 712 structure?] 37]
= oJEA AtEtar é, sizeof FAAE 2AH, oW FS TR

Flexible array member& 7}4 structure®] sizeof AAIAE AM, 11 flex-
ible array memberZ Wl 37|12 dHFUch th2at 2L structureE A7+

o BAT:

struct foo {
char ch;

int i[];

2] A3 Q= AAELS sizeof (int) 7} 40|11, intE= SHA 4 byteo] HY]
401 F 40| align®Ethyl 7FHSIA|TE. 9] structureof|A] sizeof (ch)= A9
of 95 1YYt 181 i+ flexible array membero] 22 FAJEYTh o
i 4 byte alignmentE Z|AHoF 5J22, ch®} i Alojofl= 3 byte2] padding
o] ZA5H "HYtt. o] padding& structure?] 7)o ZFERZ AL o]
4L sizeof (struct foo)= 4YUrch.
B, 9l Beke ofse B1 91 2 YU Solet B9 alignment
e A" s HEA U 5 sy 5 T =gy
= 7]ols) %7 sheck

ro
s
pous
flo o

sizeof applied to the structure that includes a flexible array

member ignores the array but counts any padding before it.

[C99] § 6.7.2.1
[C99 Rationale] § 6.7.2.1
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11.12 Types
Q 11.I ¥sh= A71¢] Aghe] 9= A4 B9 20 45Ut 2L C FZFoA
o213t B ARl St HEU7
Answer C99 EZof wlal, <stdint.h> T <inttypes.h>E ESHA|A ZHL, ke
T 2o RS 2 4= Q)5UTh o HojA N2 8, 249 e AxSE &=
ShUch 5t TAA Dol A U o]/ 47k 95t WlA2E <stdint . h>]]
= xFsl7] A, __STDC_LIMIT_MACROSE Holsfof & 4= 95Ut
#define __STDC_LIMIT_MACROS

#include <stdint.h>

clol webd AZEA e 4

QU&UEE5):

intN_t INTN_MIN INTN_MAX
—(2N-1) oN-1 _ q
uint NV _t 0 UINTN_MAX
2N-1 1
int_least Nt | INT_LEASTN_MIN INT_LEASTN _MAX
—(2N-1 1) oN-1 _q
uint_least N_t | 0 UINTN_MAX
2N -1
int_fast N _t INT_FASTN _MIN INT_FASTN_MAX
—(2""t—1) 2N-1 1
uint_fast Nt | 0 UINT_FASTN _MAX
2N —1
intptr_t INTPTR_MIN INTPTR_MAX
—(21 — 1) 915 _
uintptr_t 0 UINTPTR_MAX
216 1
intmax_t INTMAX_MAX INTMAX_MAX
— (263 — 1) 963 _ 1
uintmax_t 0 UINTMAX_MAX
204 1

8However, if an implementation provides integer types with width of 8, 16, 32, or 64 bits,

it shall define the corresponding typedef names.
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(a) intN_t= 7] NSl F230e A5 St typedef o]FAYH. (A

R

~Hlo] 8, 16, 32, 64 %

intN _tT A oE|ofof

N
-

| W% Bl AueE, ek

™2]+= optional @y t}.)

olgelH, ARt AR 19t E5Uth

(c) int_leastN_t= H3QlE=, Aol NHo & F7|& 7 ATE ¢t
typedef oJFYJUTE. (No] 8, 16, 32, 6431 -+ T2 AlFHH, 1
WA= optional)

i = o
m
oL

i
I
v

(b) intN t= Hogl=

o
Y
i
L
s

>

(d) int_ leastN_t= B35 ¢lE, Hojr NH} 2 F7|1E 7 A4S st
typedef OLEITF. AT AS 99t e

(¢) int_fasth_ti Moz N Z7|2 A, mhed] B2 4 gu, ¥
3= BE AT typedef o]EdYTE (No] 8, 16, 32, 6491 9=
g AFEY, YHA= optional dUtt.)

(f) uint_fastV_t= FoQ= A5 9t ZAolH, UmAl= ¢ By &
st

(g) intptr_t void ZOIE Q] ZHe AAsLT, THA] void ZolE|E w3

< o HelglSE BAsks, RO A4S FI9) typedef o]EdU T

=, BelEkE GHoP] ARE 4 9l A% Eloleka A

yret. (©] Bl optionaliytt.)

(h) vintptr_t+= intptr_te} Zom, H5gE AHTE St typedef 015
QUL (o] B optionalgiich)

3

N

i

() intmax v REYE A5 F Y 2 e BT 5 Y A9y
o (o] Bl BHE A
(i) wintnax v REGE A5 F MY 2 3 BET 4 9k S

ol el Asks] Wobd, int_16_t, int32_t5o] HFoJH o5 o
<stdint.h>o] HOJE|o] Q1 <inttype.h>E <stdint.h>E ESIS5HA I
o, 2ohHel AGEE ABGUL. o BAHHe AFES AL 124} 128
£ Zash] By

QEo] AR 1.1% FstA]7] vigyc

O mzo] wel, BE 9ol b A FAehe 2

7P wheA Sk BRI A A 4 glo
% 4% rks 22 WAtk v,

v

& b
ol
Jr o
o
oo
~
9,
oo
SE
u
N
l‘_’j‘
o
re
&
fell
F{F
o,
hins



Chapter 12

The Standard I/0O Library

DA & de T 4 AU, ZEIH] AT|7F ARt A& AREAlA
dHE 5 Qloh s T gh& AJUt. meba] AL
RE n23e &Y 4t 4= Syt C dojofld 1/0=
gtolBde] g5 FolA AlFHUT — EE 1/0 E& “stdio” golEezt —
9T o] PHEL 4 Bol Mol C eolele] 9] Shielch
C 210]9] minimalist philosophyo] £%35}7] €3}, stdio &LEL 7HAst 17
L & g Q3k(least-common-denominator) I/0 EEAYT offEL oS <&
1l (open), ¥l (read), Z(write) 4= JFUTH THIL A%Z Q1 Ex}po] AEZ (se-
quential character stream)C & FF%H, 2H7|(seeking?)7} 7FsehUch. a5}
o g "AE (text) 9} o]X (binary) 2 FFEsto] A2 4 glom, mpelo]
A4S HA olFS AolE 4 UG o o5l ¥E AAIRE 22 OSel
wet depgut. JJJr"1 olFS A= WE Aot tAEZ ] et fEE C
ofe] iUt &, I ol ARY W HHAED o2 & 4 AT HEE
g ZHAE Fhaste 9, HAEYE WHEZAY, &S Udshke 42 Aste
S syt (19 4 Fash] sy, Be 2205 AL Az
o 2522 Al 7§9] predefined I/0 2Ef o] FAA| FUth: o2 HiA
Z1RER AAH stdinof|A] ¥ (read) 4= QJaL, 7l AFH o2 AZE stdout
o[t} stderrE KA &(write) & UFUTh THAN Z|HEW AW BAH
7162 Wi Asyth (BA] 19 Z2 aIsh] viy o).
o] Ho] wre HHo| printf (HAE 12.6914 12.117}4])9} scanf (HE 12.129]
A 12.20744))0] Adhslo] QiU AR 1221004 12.262 T2 stdio 452
Lea7l “stdio library’2ty @& wje= “C ety aolEzjE|elo] Q& stdio F4E7 oLt

<stdio.h>o] A= FLEL om|ghct.”
295k= e ?M\% 2z A QT2 file positiong &7Ith= =

r

_‘F

=

mlo

204
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Agdyct B4 TS access® HQ7F QIHtH, fopen (BE 12.27HE 12.32
7H2) S WA A oA (open) AAU(use), FF stream-2 redirectdiA] (L&
12.339]4 12.367}#]) & 4= d5UTE text I/OE st = vl2o] GithdA, “binary”
stream2 & 7 (F 12.37014] 12.42747]) QUFUH o] RE Z& ZpAIS] Lot
H7] ol WA Zheket ARE dal JolgAh. e ERES ¢lolir] vyt

12.1 BasicI/O
Q 12.1 o] FEofA] H5H FEo] gluba?

char c;

while ((c = getchar()) != EQOF) ...

Answer g, getchar®] 28 Zh& Ao W4 WIEA] into]olof FUTh getchar 0Ll

ofwet A+ grolu, EOFE 29d 4 3l5Uth. EOF& int Eielo]7] wf
2ol o] 2l & chare] AYSHE AS FOFE L Sfepl T 277}
J&5UY (E3] char?] EFIO] unsigned?] 79 EA47F AZehycy).

910] =AY getchar() ) AEZEE charo] B A%, 5 717 27E o

4% 5 YUt

USL -[o

e char?| E}QJo| signed?l 7%, 1231 EOF7} -12 AolH A%, 4}
Zro] K3 2 (sign extension)|o], EAHgL 2557} (C Qo] m@o=
\377 L o\x ff’) EDF—@r 715]'01';&14‘:]" tq-ﬂ—/\-] b =3 ] A4 __]
27 BvHE & sy

o char®] E}¢]o] unsigned?l A<, EOF Zto] (4] HIESo] FetA of
7] 255U oxffo] ko g) el A], EOFZ QlXlo] ¥|z] ¢rol wgy
o} wheby o] AL, Bk 2aof whd Yok

o] ¥ charv} signedo], efo] B 7 HIE BRI B9, WA}
-2 35Ytt (char”} signed214] unsigned?1%]+= implementation-defined

It

References [K&R1] § 1.5 p. 14
[K&R2] § 1.5.1 p. 16
[C89] § 6.1.2.5, § 7.9.1, § 7.9.7.5
[H&S] § 5.1.3 p. 116, § 15.1, § 15.6

3gh AolA] £ AAH, 2555 char7} 8 HESHE AL e AUt charsl 8 WERT H £
Rolae, Bz A2t Bnd 4 et

A2
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Q 12.2

Answer

References

Note

[CT&P] § 5.1 p. 70
[PCS] § 11 p. 157

o] FEE uhet B Tl HAlehd of Tevtar
while (!feof(infp)) {
fgets(buf, MAXLINE, infp);
fputs(buf, outfp);
}
C <1ofollA] end-of-fleS T4 ¥ o] gog Fot Atk A

o o

ojalgct. (chAl Wl Co] /0L Pascaldhs thEvith) dwbgos ohg

3} o] e S e ghe AAslor Fick:

while (fgets(buf, MAXLINE, infp) != NULL)
fputs(buf, outfp);

7] feof OF A & olf+= $IFUT ( stdio g7} EOFL NULLS 2
3t 9, feof O ferror OE AA AE=E mrdo] £21%], ¢7](read)
ofelol] B Bast 971 k)

[K&R2] § 7.6 p. 164

[ANSI] § 4.9.3, § 4.9.7.1, § 4.9.10.2

[C89] § 7.9.3, § 7.9.7.1, § 7.9.10.2

[H&S] § 15.14 p. 382

o & Eo] fread O} furite(), fgets(), fputs () e} T2 52 oy
7h BASHAY 5l ol tostE o, EOFE eyt o] dgo] A4
2 1wt] Eof thohgti=a] sHelstE W feof O U ferror () S Hof dt= A
U

o 79 AL, feof(}2 A A A9 vl EEUCh webd 2

WHoE theat 2 meu

while (!'feof(£fp))
fgets(line, max, fp);

et ge FeE 4] uigho:

while (fgets(line, max, fp) != NULL)

L)
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=, feof(), end-of-fileq1] o] FARE] $laf 2% @47} ohlet, end-
of-file} errorql ARHE TSI Slal 4k P4 T]olshe Zo] E4Y]

th (B2 o] 2oz ferror()E Al & 4 dHUrth)

Q 12.3 fgetsOE #A, TollA gt 24 glo] 11 W82 2AE Q] wide] Ao
2 gyt o 2E &9 Weol nHAY €2 Ho de7ta?

Answer AE 7.45 H7] g

Q 12.4 A meI9e nEnEe 37 GG 9L (56 Holng A4 &
ge oE 2RO 9 ), jui2 A3 SEA] kst

Answer Zjo] @ ATRle] MR ARkt (S8 GAER \nom U

%), fflush(stdout) & & F+= Zo| FFYth o7l HAYUS

&= 7

o] 2Agt A7)0 A 22 £fflush() S E&ZA|T, o] HAYZEL stdoutll
©] interactiveet ERIdR 5|0} Qlrtal 7}1@ Z1o]7] wizel, 7HE A
= 5] o2 & sy (W2 AR 12.24% FASHA7] BiEY)

References [ANSI] § 4.9.5.2
[C89] § 7.9.5.2

Note Z& 21.119] 9IE KW, fflushE F2& 95 = 5 ds54h

Q 12.5 RETURN 7|8 27 §7 ¢ 225 24 42ug 4 ol o] 9
7R

Answer AR 19.12 Z15}7] v

12.2 printf Formats

Q 12.6 printf2 \W'E £ & L7487 \UE A HYAT ZA=A] FuEe.

A ke o] QAR MHPS A

42 g o g setbuf O} setvbuf )OS A4 HHHLS
517 kel Aol Hold shsAo] £onz 18] o1 @

—|> 1;
20 N,
oy
i
o
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Answer %%E AW HUtt % EXE £9sk= Aol 72 olf+, printf O 7} %
BAE escape AR #A7] TjRQlUth ofA|tiAlL], prlntf% Y BAE B
#, ohg 22 Qold ofwl ke Selaor slA ZARPA BT ol

o 2R %E 2W - FUE 29— WE FoA gt

\li= B2oHA] Syt o] Wio] o F&f6kA] ¢=Al olsfstw, WA
Qe B S (V) Axfal H escape 2o, Zutlalz} O%?H«l
EE oldflste S HolF 5208 Aelth= Z& opsof . Hu}
de] dFolre e BO=A 92 escape ZAto[H, 7 % oF :LZFE—
oln|s}l7 mqu} waba] gHeF printf O 7} \VE EEsH] A2E 5
gHEolA QlTth steetE, Hujde|7t o5 W] Ao HeA HBg, ‘%é—
9% 5 gl gy

& 5
o] AR 8.8, 19.175% FHshAlY] Higc.

References [K&R1] § 7.3 p. 147
[K&R2] § 7.2 p. 154
[C89] § 7.9.6.1

Q 12.7 o3 I=+= of Fa6HA] v

long int n = 123456;
printf ("%d\n", n);

Answer long intE &3E wje, WFEA] 1 (L9 ARAL) modifierE printf EHo|
Mot (alE Eof %1d) gyt ﬂ"?ﬁ}”ﬂ printf )+ of2f&o] At 12t
o] (71X ¥4 09 3f) B¥le & 4 g "yt 18BE HiEA]
2HEE ZW (format specifier)& AoF Hutt.

Q 12.8 Aren’t ANSI function prototypes supposed to guard against argument

type mismatches?

Answer A& 15.3& 35l7] vigyct.

Q 12.9 printf QoA %UE 2] T2k gt AL EU5YTh double EFYS &
oj, scanf )= WIS XAHA 9 printf )= %fE 2= ZAQA7EQ?
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al

A

A}
Pars:!

9

T Bl RF
argument promotion” W&o] (printfe} Zo| 7
A5 AMgSIY, TREE]0] gl dpolAl 2-84) float EFYY
= AgE o, double ERQlC & HIHA Huyth. wEbA printf
7271 double BFYYF M= AU}, HlZo] & 15.2% FaIstA]7
Ut (F12 printfo] long double E}IYS & 7-Loll= %ULIE AR
gyt
scanfE QAR XQIHE | wZo| 1%t promotiono] Yojubr] k&Y
ot wEbA ¢hds] the Agedyh. (ZRIEE AA) floatel g Ao
+ & doubleo| g2 Aot AW thEUT. WebA scanf= %E9} 41E
24 g,
ofef HoIA printee} scantolH 2oli, Z17ke] €]

ifierg HojFUYtt

Answer printf9] %f specifier= floatl} double F
olct5 “default

A=

T__
Vo

=

L rlo

—
s
=

N, JJ.J rlo rO

2 format spec-J|

o

Format printf scanf
%e int char *
%d, hi int int *
%o, hu, hx unsigned int unsigned int *
%1d, %li 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, hg double float *
%le, K1f, %lg n/a double *
%hs char * char *
wl...] n/a char *
%p void * void **
%n int * int *
Do none none
(A5 HohA], thEEe] AlAH”e] HH7]= SIA|TF, printfollA] %1f= A

oJsjo] 9lx] hUITE olAE SIS FA %S 7] HiRh]ct)
CiEo] AR 1213, 15.2% FA5IA7] vt

References [K&R1]| § 7.3 pp. 145-47, § 7.4 pp. 147-50
[K&R2] § 7.2 pp. 153-44, § 7.4 pp. 157-59

Cprinceo] a9} g, 1ol 217t 22 £ AP scant] f1e9) 11ge] IS 2
6Default argument promotion2 71 <1z} FAEA 7P QI FHEout H=ct. Chap-

ter 15 Z11 v}t

i xe)

\_



CHAPTER 12. THE STANDARD I/O LIBRARY 210

Q 12.9b

Answer

Q 12.10

Answer

References

Q 12.11

Answer

[C89] § 7.9.6.1, § 7.9.6.2
[H&S] § 15.8 pp. 357 64, § 15.11 pp. 36678
[CT&P] § A.1 pp. 121-33

printfZ size_to} L&, =, 1 A717} longQlx], The A & & gl
typedef EtYs &= wofl= ol® ZEUl-E Hof shtg?

Folxl g dH, FAg elglor AfA”sA Edshd Hut) oE
£°l, ol Yo 2715 S wolle o 2ol & & stk

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

printf QoA 7P Z(field width)& Z]Asle Fdyct. o5 E9], %8dE
#2] B A ARk o E& Astel gk

1 =

printf ("%*d", width, x)& AW HYt} Format specifierofA] Hi=

e Z o A Yal int Fho] ¢IAR Eojerk= AL =gt (¢l

A BRolq Eo Feig guc WA AFE) BEe] YR 12155 B

T iRt

[K&R1] § 7.3

[K&R2] § 7.2

[C89] § 7.9.6.1

[H&S] § 15.11.6

[CT&P] § A.1

A w9l o] Bouk(comma)E ol B2atn Ak sl dheige

FAE BT 4 G PHo] dte?

<locale.h>= olgfqt A4S 3shy] Qleh st 7S Alsduch 1
(printtO7} & 4 9l

—

e} old AL 3] 97 BE FEe gt
92, locale 474 uteh 2570

Locale 7ol ni2, Bulz TEE 4218 2257] 98, B9 @52

Az ek

7 The only thing printf() does in response to a custom locale setting is to change its

decimal-point character
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#include <locale.h>

char *

commaprint (unsigned long n)

{
static int comma = ’\0’;
static char retbuf[30];
char *p = &retbuf [sizeof (retbuf) - 1];
int i = 0;
if (comma == ’\0’) {
struct lconv *lcp = localeconv();
if (lcp != NULL) {
if (lcp->thousands_sep != NULL &&
*1cp->thousands_sep != ’\0’)
comma = *lcp->thousands_sep;
else
comma = ’.’;
}
}
*p = °\0’;
do {
if (1% 3==0&& i !=0)
*-p = comma;
*-p = 0’ + n ¥ 10;
n /= 10;
i++;
} while (n !'= 0);
return p;
}

211

£ 6 e e Al SA12 TR FPEe) WL, Leony F2A)
grouping WEE A= ZAJUrtt retbufo] Zodst 37)= oy}t Z=5ych

4 * (sizeof(long) * CHAR_BIT + 2) / 3/ 3 + 1
AL 12218 P23 v,

References [C89] § 7.4
[H&S] § 11.6 pp. 301-4
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Q 12.A int16.t7} 22 Q1S &26l7] YallA], oE ZWS #oF shta?

Answer #E] 5} <inttypes.h>E EEAZIW theat 2o HlARE 2 4 U
A
o

th BE daEs 2ad

F4=(character string literal) 2 Z]2Fg Ut}

intN_t int_leastN_t int_fastlN_t intmax_t intptr_t
PRIAN PRIALEASTN PRIAFASTN PRIAMAX PRIAPTR
PRIiN PRIiLEASTN PRIiFASTN PRIiMAX PRIiPTR
uintN_t uint_leastN_t wuint fastN_t uintmax t uintptr_t
PRIoN PRIOLEASTN PRIOFASTN PRIoMAX PRIOPTR
PRIuN PRIULEASTN PRIuFASTN PRIuMAX PRIuPTR
PRIxN PRIXLEASTN PRIXFASTN PRIxMAX PRIxPTR
PRIXN PRIXLEASTN PRIXFASTN PRIXMAX PRIXPTR

RE j38%E PRIZ AlZbolH, printf() AlEe] oA & 4 =, %d,
%1, %o, %u, %x, %X T oulsl= 210l d, i, o, u, x, X7} U o}
=, 27t] BelE diEAt= yehd ool vy

uint_fast16_tE %il, %oE & J1= PO, PRIOFAST16S A
Hyoh. mE7HA =, 7FE 2 unsigned BFY9] AegE Aokl Ao
uintmax t EfQJe] QHAEES »H HUt}. oF 9 that Z54th

)

rEorE N

#include <inttypes.h>

#include <stdio.h>

int

main(void)

{
uint_fast16_t foo;
uintmax_t i = UINTMAX_MAX;

fprintf (stderr, "foo is %" PRIOFAST16 ".\n", foo);

printf("The largest integer value is %020" PRIXMAX "\n",

i);

return O;

(-

o] AR 1.1, 111, 12.B% F1sHA]7] upguch
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References [C99] § 7.8.1, § 7.18.1

12.3 scanf Formats

Q 12.12 9f scanf("%d", i)= &2 tQ?

Answer scant 0] HGshe QUK G4 EIHolojof it 2219l gol Wk
wfutct scanf of2Ro] A EIEZ} 717 Qixjol 1 e AT
yrt. (Rge] ZE 20.1% FarshA]7] vityct) 187] dfie], scanf ("%d",
2 #of gtk

Q 12.13 o F=t 9 TR Pua?

double d;
scanf ("%f", &4);

Answer printf () 2t= ‘j’ﬂ scanf ()= double E}Y)S & o= %lfE, float Ef
A2 & o= %= HUrh® scanf= %f format-2 HWH floatS 7}2]7]
= ZJHE ‘*711 Huth mebA of2lio] & double 7H7E ERIE«=

428 AU 1S AL MAE floatom Adsh] vt G

o A% 1295 A7) wige

Q 12.14 o] 3=t o F2HA ohvba?

short int s;

scanf ("%d", &s);

Answer %dS AW, scanfl intE 7}g]7]= ZQIEE v¥R5UTh short intS 7}
7] ZQAHE AW %hdS 7] vt (FE 12,99 BE s}
shech)

. scanf ZY H Z o 5t 2~ Q1S
Q 12.15 To 221 7P ZS A 4~ 9Lt

8of7]oflA] Wk 2L Yeo} %, BT formatQ] %le9} UlgolE HEEYct.
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Answer SFEUTE scanf QoA HE(x)= Y= A=Fetr] 9t AUyt ANSI
2449 ¥4 g5 ARgSHAY, sk

macros #A] scanf format stringe THE0]of gt}

#define WIDTH 3
#define Str(x) #x
#define Xstr(x) Str(x) /x A2 11.17 0 *x/

scanf ("%" Xstr(WIDTH) "d", &n);

Z0] 3717} AsY A|7tefut & 4= QIthH, format string= Ad) A7te] HH=

=2 0 L i)

ofok & AUtk

char fmt[10];
sprintf (fmt, "%%kdd", width);
scanf (fmt, &n);

o|g7| Th= scanf format-2 EF YA ¢S wEth=, fscanfl} sscanfll
oA Z2mle AU Tl AR 11.17, 12.10% F5HA]7] vigych.

)
L.
Hﬂ k

Q 12.16 wellA lolel & mj2] A4 FA o= gloeH ofBA| fof &7ta? scant Ol
A S 1051 2 W T, of@A] 10709 floats HAA S & A
27+27? How can I read an arbitrary number of fields from a line into
an array?
gt o= dlo|HE parsing(xHy)she W2 A Al 7R e o 3l
gtk
(a) 23St format string?} §7 fscanfl sscanfE 4UYtt. ©] chapter
oflA Z|A et ARt Aol ekl (FE 12.20 Fal), scanf AD9]
e Hle Zeithich gulos s Weot AP e AR
scanf format string2 & €] compact, column-oriented?] FORTRAN-J
style®] HlolHE Adsh= ok 29Ut} o & &01, olfiet &2 &
o.

-

Answer

1234ABC5.678
di3ste S A B 5 UUTE (2 12199 oAt g

317] wkget)
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i)

(b) dolels FHoR (T
11, strtok Lt o<}
T}, atoil} atof@} T
U, 2t field g o=
T} Ae] Zolgut; BE 1
M2 ojoled] wE o (A dolehg o] W) B8 Lt
Q1gUet
ol 10710] 445 WidR Btk ekt AUk

2 delimeterE #A]) TEEE g 2
& =i

=
< 7Ise 7K g (B

Corlo my

J

-
i

FE+= main () oA argv #jES = A
0.3 =F H

#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);
13.68 Fel7] iRk
2 oc way) HIO|E1E BAE & 9l o}Ral Eo
AitolL} glol| 1E] é,i,‘—-— A =ttt (ANSI strtoly} strtod
Gt ol BAS %Hi— Lls mQHR defRs] o] 53 of
o 2EH0] parsinge] £ Qi) o] HEE BE 7K Q)
ol 7HE olHE ‘3‘30}71 A3 oj2f FRQU: The thorni-ll

est parts of many C programs are those that use lots of tricky little

(makeargv®] A o= 2

(¢) SEF PHOZ (in

Hn

_VrLJ{

l!

U

r

pointers to pick apart strings.

FRsstera dlold who] @A el @Al Bt sy waol Wagl
CIARISERL, BA| B A S A4 BAT 4I5S Bel Zo|

5

Q 12.B int16.to} 22 B9 47| SIohAl, oW ZHE Hof shta?

Answer 3|t} ot <inttypes >2 TFAF|H et e mjagE 2 5 sy
o} = mj32= BRE AR (character string literal)2 2|2 Utk
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intN_t int_leastN_t int_fastN_t intmax_t intptr_t
SCNdNV SCNALEASTN SCNdFASTN SCNdMAX SCNdPTR
SCNiN SCNiLEASTN SCNiFASTN SCNiMAX SCNiPTR
uintVN_t uint_leastN_t wuint_fastN_t uintmax_t uintptr_t
SCNoXN SCNoLEASTN SCNoFASTN SCNoMAX SCNoPTR
SCNulV SCNuLEASTN SCNuFASTN SCNuMAX SCNuPTR
SCNxNV SCNxLEASTN SCNxFASTN SCNxMAX SCNxPTR
SCNXN SCNXLEASTN SCNXFASTN SCNXMAX SCNXPTR

9 maese AR 1204 AWd AT FIg F24& 7140, PRI oAl
SCNe g Atk A%t g,

#include <inttypes.h>

#include <stdio.h>

main(void)

{
uint_fastl6_t foo;
uintmax_t i = UINTMAX_MAX;

sscanf ("123", "%" SCNuFAST16, &foo);
printf("foo is %" PRIOFAST16 ".\n", foo);

return 0;
}
SEo] A& 1.1, 11.1, 12.A% Z5HA|7] v ch

References [C99] § 7.8.1, § 7.18.1

12.4 scanf Problems

Though it seems to be an obvious complement to printf, scanf has a number
of fundamental limitations that lead some programmers to recommend avoid-

ing it entirely.

Q 12.17 scanf ("%d\n", ...)& AHY, F7HQ] &5 A=ol] A7l WA

Ut} o a7197
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Answer

References

SHAE scanf XW FAE ] \n2 newlined] sigsh= Aol ofil, FH

(whitespace) A7} Lho 59t Jee glold] PASRRe EQU (4

Al scanf format stringo] 2= o|H3SH any) 59 AL, 59 BAE
golA FASRE dUTh. ATt %dot 22 format= HA] W EAE

AUt deba dubz o2 ofzjRo] ZuWll BX}E scanf format string

o & olf= flsy

wabA] "%d\n" 2] \n-& scanf’} T B2y} opd Bz U of 7k#] ¢jo
L o] w3, uebd 29 Bk ol BAE 2] 918 the 2714 9

Wl 4ol © AU o] 2% Heal mare m SfAEU (B2

ofefie] MRS £AE YIS theo] Lot \ng Hejsho} Fick
2R 12,182 Fa1slr] vEtYtt)

scanf = free-format input-2 #25k7] 5l tyARRIE IS TE wehA

Z|HEON ARGARAl Y] St BH oz Mol e 79 jlE

t}. “Free format’2 scanf’} \nE ThE FUlEX}e} o] FHEs= A

S SR} wEbA "id %d %d" format> Q0]

123

e

Aout

A A% B & & it
(tt2 2doj=x} W|ws] ™, C, Pascal, 712|311 LISPO| free-formato|™,
traditional BASICY} FORTRANO] free-formato] opgdUt}.)

ojg|&o] & scanf’} newlined TH2A H|o}A ThEal AthH, “scanset”
directived 2AH HUYt}:

scanf ("%d%*[\nl", &n);

Scanset-2 7}835}7]= AR, scanfl] RE BEAE AT FA= Ud5Y
T} BEo] AR 12.20% FashA]7] T
[K&R2] § B1.3 pp. 2456

[C89] § 7.9.6.2
[H&S] § 15.8 pp. 357-64
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Q 12.18

Answer

References

Q 12.19

scanf ("d", ..)E A ofF] £AE 9L T, gets 02 A BAED

2 glod gk

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);

9 AT Y= gets () T2 FAFGYTH 9 I=71Q?
ofejio] 9lo] maTzle] Hlolel theat Pol YeiFrkn A4 ATk

42

a string

o] o scanf+ 425 ¢A|W, 1 Hof| 4= newlineZ ¢1%| &5Ur}. ©]
newline-2 input streamo]] got 9111, gets )7} HIZ ©] newline2 ¢ 71]
[B]= gets()— newlineo] & mjzpz]o] &g Expd=z e =

whz W 2 aldel] Btk mebd QlEle] THA 2, “a string™S O}oq]
elo]7] hmyth. TeF ofio] et 2ol dYs FUAHH:

42 a string

2 o] R B 54 AUt

O

AUH O 2 scant ) THEo] HHZ gets O3} 2L TIE Q8 2Rl Ak
2 kA Tt scant O] o] olsH(peculiar) WAL G4
A doz 477 7] WEUT. Heh A7) dEe B scanfz
71t ofell scant S #7] gH= Zo] ELHUT

CiZo] AR 1220, 12.23% F5IA]7] vlghc}

i oo

[C89] § 7.9.6.2
[H&S] § 15.8 pp. 357-64

scanf () 9] ¥ ZH2 ZAVePA AREAPT AAR 2] 3 JdER=A] A2
o

& 4 1ol F 9 sttt siHsych
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int n;

while (1) {
printf("enter a number: ");
if (scanf("%d", &n) == 1)
break;
printf("try again: ");
}
printf("You typed %d\n", n);

S, wuls B oo mAl A9/t GEEe o) 287kar

Answer scanf )7} 53] gk AT A9, $27} obd BAPH oA HE wske
ol ‘ajl

FSASIAL 71 At HlolHE Y of = ¥ FUth. wHef o] el
A E 2 e Aol scanf OF FEA| HH, 24 HlolE7}E Q7]
ol v FEUth. b 2] g2 A2|ohs scanfE FI ¢t &
8T, ARE Aol SolvHl HY F9 Fxof wix= AHert 7 dAge
yrt. A= S0l 4‘9“7\}7} xoF &2 2 Y=L, scantr} o]E %dut
otet % % Zos A g, viE FHolAL, tg scanf FO E
X5 g2 HAer AYsH He Adyot

9l scanf7} A2 5 = BAES input streamo]] = F=2] gFot
A Azfskd Ayt ofgio] FHos FREA] 2, et 22 oY
= #=@sioF tetal ABZFsEA7] vh o

2E

123CODE

o] HolElE scantS M Azlota T, vidls' S & AU o] T
scant7} WJAE|7] QRS BAE input streamo] o} A ¢k AATTH,
of2l2o] 2 HoJeli= "CODE"7} o "0DE"7} & AYYrt. (The prob-
lem is a standard one in lexical analysis: When scanning an arbitrary-
length numeric constant or alphanumeric identifier, you never know wherel
it ends until you've read “too far.” This is one reason that ungetc ex-
ists.)

G20 AR 12.20% FISHA7] vl

References [C89] § 7.9.6.2
[H&S] § 15.8 pp. 35764

ojjito] control-C715 % 4+ AU 2R X} 9Lg wfelgt o] I=5 Adafnr] vighct.
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Q 12.20 9 JHE] AFFEL scanf OS2 %] ek I7lQ? T scanf O S X
SHoTh Al ofd G4E ol 5t

Answer scanf O+ W2 BAE 7K1 syt — AR 12.17, 12.18, 12.195 %
vsh7] HigUTh &E gets O7F 7HAAL Q= RAIZF %os XIS AR wof
R (48 1223 BT) 3 4S0E vms ouEEgt Lol
SPck e 4 gz,

AHLA 0 2 | scanf ()= oFF FAISHH (relatively structured, formatted) in-
put-Z 93l design® AYYT}. (o] 5HE “scan formatted” 2] 2Fz}ILTE).
weld] Zo) AMESHE Aglo] AR ol ool Fa, s, of
DA 2Qfo] AuiPere g gsUh TEbA scanf O olA o217}
SIS, olg Aela)vh A1) BoRsa,

User input® 7 F2557) 942 inpute]at ¢ 4 ik 2 ciaad
user interfacel= AHEA7E o Bajekz Qe & Gt AL @o] ol
of hyth — =27t Rt Ao A RS Ytk B
A, /\}374}7} ¥ Return 7]9F HchAL} HE2 EOFS Qle

I

E

S} %7]”6‘?:]{14‘:]'5 (fgetS()gr 22 A ’*1*1) = JAE 99 2 ok,
O]& sscanf®} 72 +E WA sk FHIR Eolli=(strtol, strtok,
atoi®} Z2 FpE HA) WS A= o] EHUMh HEo] EE 12.16,
1365 shA7] BRRTE) sscanf@ AThA, elEl 2 AALIA Yok
BF Y AT Ssks Aol ZAgU

scanf 9] o]# THH-& scanfo|ft AL E= Aoz, fscanfl} sscanf b= Af
BT S obHoF YU, BAV} S Ae BE o] Ause Az
To] 9111, scanf= BESE Y-S A5 Ho] 9lo]A], least constrained?]
AHEAE S scanfr}t Ao ATk AUt HlolE mkdo] formatted
ol AQ, fscanf& A= AL ZLHUt} sscanf& HA &2 parsingdh=
Ao (RS AR ASel) WS E4Uh shuste, geie Faoh

U, T Qe Ak 5 ol Aele @ 4 9] mEyThl

Note User input-2 A2 Eo]2 4 7] wWjEo||, user input2 HIZ atoiZ
WA, 5H2 AR e 7] itk AF 21118 sk wghic

01‘

References [K&R2] § 7.4 p. 159

100]aiBo] 4209} Zo] & A|He BAV} ojd S5 et AE 12,158 Zasy) v
et

1It’s so easy to regain control, restart the scan, discard the input if it didn’t match, etc.
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12.5 Other stdio Functions

Q 12.21

Answer

sprintt TEeIA WA vrle] 2712 vle] AN S G Wil 9L
87 &, o]2@A st sprintf O oA T QHERSE HT 4 9J27kQ7
sprintfo] AFESE Tuio] AjAo g 7igdshH ofzEe "ash 31’_1194 =
71 vlg A 4 JdFUh Zde) s ool Y%s'7t ok EZW 2
2t ARGt 1 H FAES] AFE A AMlojA (E= sizeof ?ﬂﬁx}%
A AntsliA 1 2R FHold-g AFEl strliend FH3 31t oAl A
A 5 et g S
sprintf (buf, "You typed \"%s\"", answer);

o] wje] ¥ 271 cha} ol Alkehick

int bufsize = 13 + strlen (answer);

Aol oA ndel &9 Ayte] dagt 2 A47 o A2 {2 &
Uk
((sizeof (int) * CHAR_BIT + 2) / 3 + 1) /* +1 for -’ x/

(CHAR_BIT+= <limits.h>o] AQ=o] ¢J2) T} o]z Aoz mjH AAt
e A2 AURA 2AABE AUt (99 Al 422 8 A4E B
7Rt 7Sl oie] At Adeiynt. 10 e 2 919 ARt A
o 27, Tmth ZL 3 AN 4 Adrvch)

= 2Apdo] ul¢ s detelo] 5] Aol & 4 ok ¥ 3
£ &3l AL sprinf O S AR TEE AAY offe 4yt 17
BG4S w2 ot Pl Ayt (2 BgsiA . B

=
T 2y

o} MpHe Uu T mE 2 B0 fprintfOS A QA THde] 4%
S The, fprintf0 0] SRghe WAL 1 melo] 3718 2AbHE Yl
Ut (2 A2 10128 B 97] vtk 293 29 o= Azl
Fueh).

Foll WHsl 37 S A9, SWERSIL dolupx) oreths ST B
Aol sprintf 08 27 7Y AYUch. EH AES & 5 ek
%sg s oAl %.Ns(o] T N ofil 47))8 AU %558 (Sige] AR

o
12.10% ZskA]7] vt & 4 9&yrct
7V SR e HERS YA ZolE Aljtoh= snprintf OF A+ AY

U A8 e oheat gk

12

over-conservative



CHAPTER 12. THE STANDARD I/O LIBRARY 222

References

Q 12.22

Answer

References

Q 12.23

Answer

snprintf (buf, bufsize, "You typed \"%s\"", answer);

snprintf ()= T2 stdio ro]Egjg|o)|4 (GNUS} 4.4BSD EgH) AlFLal
dEyeh. 22]al o] g [COX] HEoA Al AP Py

(COX] smprintf OB 2 % qlrtwl Wjde] 2712 oje] ARG & 94
t}. [C9X] snprintf()b H o] 7]E35F Bx1o] 42 glelsk= Ao] olug},
Hulo] 7|5 2449 45 eyt Azt ojd) o] 2719 0, E=
Hujo] @ ZIEE Aded 4 syt 18Bs o Z2 355 AR
ShA:

nch = snprintf (NULL, O, fmtstring, /* CtE QRS */);

N

Fol7l Eul ~E (fntstring)o] AT Hlple] /1S AN & ]

e

[C9X] § 7.13.6.6

sprint£o] @€ o] 9} 712] EAQI7IR? int B}S 2ldsiia, ol
char * EfQ1S lElahtar

BEFL (printfu} fprintfe} Zo| writeqt 24t 4°) intE €It &
S Qleric. et o] of elo]Rejel sprinctsl A WA QA2
=02 char *& AU (ie. strepy?] 2[R} g2 =4).

[ANSI] § 4.9.6.5
[C89] § 7.9.6.5
[PCS] § p. 175

A HEE getsOE 22 Wt Q7

tgets O OHs D] gets Ok HITO] 2718 AHsA] ehsvith. o
5 oWZees Uxa o] gigytt — wre] P2l olshy s 9
gt 2 Zo] QAZHE SoleA] UL Autdoni G4 fgets O
Hot Tt (B2 Qe om 258 27] ol ol 4 g, A%
A2 WA e, B4 fgetsE 2 Ao] FHUL)

Bgets () o] ¢S =), 1988 “Internet worm” o] that AL W) =& 4 gl&U T — o] ‘worm’
& UNIX finger daemon©| gets() & Zti= 2 o]E, gets() 9] HIE overflowA|AA, 9]
return address& HMLo] FE90| 50| thE Lo & 7L & ghso] WUt

14087} ghfle] Solot ZHE elo] A 2|E Agatty Az SE AR, EE el
redirect ) WA Sol% S5 et

=]



CHAPTER 12. THE STANDARD I/O LIBRARY 223

Note

References

Q 12.24

Answer

fgets?} getso] ThE Z Sy, fgetst= EAE iAo \ng A|7|5}A]
OF=Th AU T} o] newline® Gol7lE o 214Ut AE 71
2 HW gets 4] fgetsOE AHERE I&5 &= 4 5UT

™3] W] (Murphy’s Law)o] ¥t 22 [Raymond] S Fasl7] Highch.
2] Zojo Hglo] @ 2 $SA S 4 9 gotline

21.6& Falshy| By

<
~?>
rr

A
=

Hl

[ANSI Rationale] § 4.9.7.2
[H&S] § 15.7 p. 356

printt® E&¢ theol errmo® AAHA printerh HugA FARACH

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));

9] 9 “printf failed: Not a typewriter” 2= o]ASt AR & &4T
7R

o stdio 7|2 =L stdouto] Eu|EY AL EWHSH ok ot
2HA stdouto] HUu[EQIA] HASH| ffshA, WA e ofuet Atk S
], 7 A3} stdouto] Hujdo] ofd ALo|= errnoZ ENOTTYE A
gck mebA printerl 4EHo R SRS s, errnod] A3
A2 2diE gA gk olefdt 42 25 £FAH7= SR, SRt
et = flsuth Aushd errno®] 2 ofl2i7h & theelwt ojulE 7t
fZ2dqYct. (£ ¢ A& Ui, errnos, errnog AlYslE o]
2]

Moz Ag Frel Ad e AN FUTh ofd stdio B4E T
5o GAT] o el L ATk ferror U4 AW U

A7t HAYSHA eketE wiolle errno”} 00l2hs Z& EAFT & gyt
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References [C89] § 7.1.4, § 7.9.10.3
[CT&P] § 5.4 p. 73
[PCS] § 14 p. 254

Q 12.25 fgetpos/fsetpos®} ftell/fseeko| Z}o]7} QULtQ? fgetpos/fsetposi=
oftjo] 2e Az#?

Answer A|2-& fgetpos/fsetpos g Y offset-2 YERN Y] $J5l, typedefQl
tpos_t2 ALGELH mebd vl BRSol ATk ofRe] 2 wjelo|cle}
T offset& EIT 4 g5yt o]el= U] ftelld} fseek long int
E 7] "2, offset] L7} long into] HYZE ASFEYct. (long int
type 291 — 1Tk 2 52 ARk B 5 QT Hebd Tjale] &
Alo] 209] HlolE (23! - 1)& AIgHEUth. 3 fgetpos/fsetpos ThEHE
O|E (multibyte) AE™H|x & 4 QISUL}. BB AR 1.4 HII5HA]Y]
ufg e

References [K&R2] § B1.6 p. 248
[C89] § 7.9.1, § 7.9.9.1, 7.9.9.3
[H&S] § 15.5 p. 252

Q 12.26 921S 9= (flush) A7 HPo] 9e7ke? = ARgAp} ulE glaiah o2le
FASIA, T E%EE% =9 o o] ?3‘1101 Y5 s okl A
n)

=
= »H =H7tg?

Answer C 1o} Z=of k2™, £flush ()= output streamo] At 2},
“ush” 2= A7} buffering® BAFS-S A= 2L gzA7Ick=D ZAojn
2 BAE AR Adiscard) T ok PAZE Gk Tebd el

£ERS] g RARE s A *oh?%ol Q&

stdio input streamof|A] FA|5}

=5 eksUTh ofd Autele] SAS-L £lush(stdin)]]
o] YA &2 FAES FAaY 7 ULE SolEHHE AlEsh]E sHAR, o]

Aol Hold 22 IS vhEad Az HA= e Zsddn. ("

stdio go]H2{2l= fpurgelt fabortE T2 7507 AFsH | shAgL,

nE7 A2 #3228 opdurh) X3S input bufferS flushsh= Zo] 2 o4

Bolehn & 4 gk dusiE QR ofF 9alx ge e
OS-level input bufferef &A1 W&U

15To complete the writing of buffered characters

ozl 9]z] 9ko E2}(unread characters)S=
T

=(discard) EF YHS &
[e]




CHAPTER 12. THE STANDARD I/O LIBRARY
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Input- flush@ ¥¥o] WRSHA (FE 19.17} 19.20] L& AAH) A~
g OJEA S ook & AYPYh. At ARSATL ufe- whE LT
gotal Qal, ofeie] meage] 1 gEe FASHE £ Jloke Ae

HFoll Folof gt
\no] 07| A7z B2 QlojA] TASAL cursesol|A] AlRshs =
= »i FHUch giEo] AR 19.1, 19.2% FSHA]7] HE

Jd o

flushinpO&

References [C89] § 7.9.5.2

[H&S] § 15.2

12.6 Opening and Manipulating Files

Q 12.27 thg7} Zo] mele of=(open)

Answer

>

= o

Sk
=] u

Sokut:

"

myfopen(char *filename, FILE *fp)
{

fp =
X

fopen(filename, "r");

e thewt Zol E&sha Ll

FILE *infp;
myfopen("filename.dat", infp);

infp W47} AR A (setting) ¥ 2] ebuet. of 2E7ka?

C QolollA A A AT ] AR S BT Tats
St Aoz Ao AEE Qo] ghe A (assignment) sl Ao
e gEe & galt A8 488 Zush] v

of 27 T3} Zo] myfopen
| |

SEAE O
drE2

=1_O
AEe

g 47} FILE +2 2/elsles
=Y

g

BN

o

FILE =*
myfopen(char *filename)
{
FILE xfp = fopen(filename, "r");

return fp;
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Q 12.28

Answer

Q 12.29

Answer

1 kg oheat o] £t

FILE *xinfp;
infp = myfopen("filename.dat");

E= thaat o] myfopen©] FILE o] thgh HIE|0E Q7= vt H

Yek:

myfopen(char *filename, FILE **fpp)

{
FILE xfp = fopen(filename, "r");

*fpp = fp;

T3 et go] 4ick

FILE *infp;
myfopen("filename.dat", &infp);

oFF 7Tl fopen ZAE BATH Ut o) ZEA BRE ol
otar

FILE *fp = fopen(filename, ’r’);

—‘jrxﬂ—‘—— fopen®| = WA ¢12}¢] mode= "r"3} Z=E stringo]ojokx], 'r’ i}
T2 A ofgs Ayt HEo] AE 8.1k FalshA|7] Hig T

o A A2E A4 A 9W P ARWAR? the TEL S
ool

fopen("c:\newdir\file.dat", "r");

= 7o) backslash BAE Mok & AYUT. A& 10.178 2157 vier

=

164 pointer to pointer to FILE
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Q 12.30 zpdo] W8-S 1AL Pk gt 'r+t HER TIS A thy, Uohs
2GS 92 thA] o] BAE A1 ot AR Tk Ut

Answer 27| Ao fseek o5 EF=A] AAIEY] vHiEUTh ¢l thael, 1 ¢
Ao 271 YoM, b2 v T 9IAE dEoE A Folof gyt
=, read/write "+" RER o mtAoA ¢7](reading) L}t A 7] (writing)-& St
Cheellis WHEA) foeckl} tiushE 4 Folof itk E Holxs] o1
L slzo] BAjes o] £ BA10] Zlo]st golo gtk 54 SAAIe] £
Ae Z74sA Hnsert) 219 (delete) e ZAs1) S5t BlAE
ool Yol AE shH, S Hold A7 HEHE ok Qs
HEPT. sige] 92 19.14% FaHA] sl

References [ANSI] § 4.9.5.3
[C89] § 7.9.5.3

Q 12.31 =t F3t s (e #AEE) F7AY A= WHe] Aua?

ret
M?N
i

Answer A& 19.145 alst7| vyt

Q 12.32 A3 streamo]A] Wl O}ZE ThA] Poidl % 7N

19.152 Z735}7] vl

i

Answer &

12.7 Redirecting stdin and stdout

Q 12.33 =275 ¢toA] stdino|t} stdoutS mAR ‘redirect’d 4~ AYL27EQ7?

Answer freopen() & A7 vyt £k d7) 941, o] e HE

stdout 0 & Hlo[ElE Sl 7Sl BAIH. o]d Aol B3] freopen]]

@52 29 Pk

freopen(file, "w", stdout);
£0O;

(Zeh} A 12345 = Qw7 uihch.

overwriting in text mode may truncate the file at that point

17
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References

Q 12.34

Answer

[ANSI] § 4.9.5.4
[C89] § 7.9.5.4
[H&S] § 15.2. pp. 347-8

A freopen()2 £ T3, THA| Y9 stdout &2 (EE stdinl ) &
AL = e’
shade] feunh T Eohe WA 9 T, freopen) & At

m zo

zo
o =1

e de F2 o] opdurt. Aete] wh= output (E+= input) stream
WS TEolA AdsiA stdouts (E stdin) A=A ohe 20] 5
U

o g S0 = o] Y W TEik
FILE *ofp;

printf(...)E AE fprintf(ofp, ...)E HEUYL} (&=, putcharl}
puts® ATt o] YHER Hiolof & AYUT) 18 T, ofprh stdoutl
£ JfelEs o 5o BUL o Hu

A| TheT} e FEE freopend TS 4 Qrki A mEZ)

FILE *savestdout = stdout;
stdout = fopen(file, "w"); /* WRONG */

O o, oFfl ZEE stdoutg HUF & Qrial AASHIAE RaZlEY

th:
stdout = savestdout; /* WRONG */

olg¢t - FAitt1 Wslr] o]F5Uth U stdout-2 (FE stdin ]
stderr) B A(constant)o]”7] wjEof th2 ZtO 2 assignT 4= ¢7] w]
wAUH (237] 2]l freopencleh= 7t Al E= AUUH)

Holl #3F JAHE freopen()S 27| Hof BAF Tt B
A7 BT QAT ol AIAE O]EA9], dup O} Z2 okpE 27
o FRof o]A]Ao] (portability) Bo]Z|H, HIQFAH AUt} (unreliable.)
ol® A]AHE]oA+= controlling terminal S (ZF 12.36 1) ZF opendh=
WS ABIIE A, ol ofelio] Usk Zlo] ofd AL ofh
SH ¥Z19] input T output©]| (& freopen2 H27] A9 stdino|L}
stdout?] Ff) command lineo]| 4] redirectEo] Eo]-& & 7] WEUYTt
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o] subprogram-g AYPA|7|11 1 AIE capturedtal AcHH, freopene
Ak A% 4 ek A% 10302 ol ash] whch

Q 12.35 =275 ¢t EE Q2o EF £8o] redirect®|QY=A] Heldd 4= 9]
S7k87 THA] ol command lineofA] “<”L} 75 ‘A‘i%l] sl 4= S
7R

Answer A Fol wiie] Tigt Wgo] "agt x| & AZts| HA|7] HigUct.
groF 2 el Aget o mlo] gle w, stdinO 2 dlo|EE gzt

° o (A& 20.3 F1). = okl

ol2g 2k tiil “-79} 72 placeholders A TE 4 Q5UTh Y
o] interactive terminalofA] & A<L7} ofd AL, promptE ZHsH] &
= RFEX AW, AAEe] webA (AfE 0] UNIXY MS-DOSOA])
isatty(0)°|y isatty(fileno(stdin))S A terminalQlx] opdzx] &

oFd % Qlguir.

Q 12.36 “more”e} e m2 7888 vk gt stdino| redirect=ITHA ©of
Q7| keyboardE TH] & 4= 9le7tQ?

Answer o]gl 4& & 4 & portable§t HHE gl&5Utt. UNIXoA]E special

file?l /dev/ttyE EWH HUt};. X, MS-DOSoAE, ot coNg AU,

getchz|3E BIOS callE o]8sk= ZE-S AW inputo] redirect® =22}

L 4glo] keyboard® & 5 Q&

Q 12.36b 222 SAo| £z, S SW AT PR B 5 gt ] 9)

Ansver @5ek A siepol RE Sl 5 Hd BHESHS printt AEFO] 42
wh5o] 29 guch. AE 15

12.8 “Binary” I/0

HE9| stream2 T 4 QU= textE OFo1A QI 1—|—7-394 = FAA A 22
= oJH conventiono] W& HeH(translation) S & F U= AR AR Q)
Ut o]2]St translation@lo], AES] HiolE T =2 read/wrlt = IHH “bi-
nary” 1/0% HoF ek,
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Q 12.37

Answer

Q 12.38

Answer

References

Q 12.39

w229} ufUofA, fprintfLt fscanf’} A& formatted string®] ofd,
o] g lol=4] YA 2243 (wiite) T olEA ol H7ka

ol U5 ti7ll “binary” 1/02t2 FFUtt. WA fopens FET ("rb"Lt
nyb" 9} ZEL) npr modifierS =] (AR 12.38 1) Felsly] vl

=

1 the, &9} sizeof operatorsS HA| E HIO|EE transferd 701z 2ol
517] MIIUCH B freadub furite@ A4S AA AU 4 Tk
A= AR 2,112 B7] vt

freadl} fwrite ZFA|7} binary I/05 435l d4= ofductt. &
nary mode® TS HAthA, oJH 1/0 g<2tx binary [/0S &
SUCH (B8 12.42] of4] 23); Text mode 11& ATtelE Agchd
freadl} furiteS & 4 5T

Opz]9bo 2 | binary data file2 portablestz] ¢F5Uch; AR 20.5 il ©l

2o ZE 12,40k FAI5HA]7] vy

greful] Hloly mds HEsH e 4 e e dEFAL. oz
0x0a%} 0x0d Zro] W2 Eojo Holg7} 0xlag 2 o EOF7} 2]
gEE 47t dsyo

Binary dataZE ¢Jo] E¢]2]¥H fopen()2 S=& "rb" modeE HA H
AE mt] H3k(text file translation)o] Yojubz] e sjof ghct. H]Z:
P SOl RIS 271 Sis i oS Ao} T (UNIXS} 2]
text@} binary THA-S FHESH] = SIAA A= "o"E £ B3+ §A
g A shete 2AE 2 glsyh)

giE Holdzle] Aol mle o wojat HgPUT Uek welo] el
teols of# I/0 e M AEglsya. slgo A& 1240, 12.42,
20.55% FarstAl7] BiEy o

[ANSI] § 4.9.5.3
[C89] § 7.9.5.3
[H&S] § 15.2.1 p. 348

Binary fileo]] 227] €3t &Z9] “filter” & WET 5t I stdind}
stdout- ©JH] text stream O = A Sl= AHietA wA7F HUth. oA
5 o] stream-2 binary modeZ HFE 4> QJ271_7
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Answer o]l o5 5h7] 99t EFE HHL glgUth UNIXQF 22 OS& text@} bi-
naryS Wg FESA] $oH g modeE HHEE T glgUch o MS-
DOS #HmAH = setmodedt= 5 AlFs|= guth. thE 0S9] Z¢-
o= ofglB AAZR Zolof & ZQlUth

Q 12.40 Text I/O%} binary 1/02] 2fo|Fo] H7LQ?

Answer Text mode®] T2 &8 7F53H(printable) #A2 (§ &2 24 3 ]
2097 SH 491 AARILI, Sdio SLSEIE S B (gote, puce
of 22 BE g Z3Y) OSoA 2= end-of-line 72 Zd WS sht
o \n FAZ vlRo14 Aelghie. mebd C mageld 0SelA AHgs
= end-of-line B2 ¥ WS AL DUt ¢lsUth C TR oA
\n’ ZAHE 2H(write), stdio 2fo]E2{2l= o] EAE OSoA ARgsh=
end-of-line #2} @ ®A 0 F HELo] A (write), ¢-& o= OS7F AHE-
St end-ofline B4 Bd W42 HW U4l \ng Zz 1] SeE
T} .18
0]9}= =] binary modeo| A= T2 1004 Q131 A=(write) HIO|EL} ot
o) A3 ) 9hAls] BT 2 ofud MSkE ol=ojxlx] ek
(MS-DOS A|2AHlo| A= control-ZE end-of-file EA2 S|A5H= AT o]F
of2)7] gp&suich)

Text mode translation< o] F7|o& kS 7|-Uch ushd =2
1ol A Aok A fileo] A7 E AR} 1:12 matchd Ta7} {71
HZduth. 22 ool fseektt ftello] mpUofAf St byte offset=
Uetd o8& Gyt (IZ3] HahA text modeodl| A= fseekl}) ftell
o] ek ghe mz et 27 shaskeln SHA Qg frello] €]
Elok= ghe fseek9] QAZZTE Mof shH, ESE ftello] |glok= Zheto]
fseek?] QIAtE ojof Yutt)
Binary modeo]| A= fseek®?} ftell©] byte offset-2 LEPHAUTH 124 of
H AA”oA = HA HREE wE7] 9l of2] 7] null byteE oY
ol F71d & Slssy
SlEo] &7 12.37, 19.12% Z315HA|7] BT

References [ANSI] § 4.9.2; [C89] § 7.9.2
[ANSI Rationale] § 4.9.2
[H&S] § 15 p. 344, § 15.2.1 p. 348

18ojm AJAEIL text filed space® JLEE|=(space-padded) record® A&} o]zt A|AH
oA text modeZ g F2 912 wioll= Fuek=s 3l EX}(trailing space) 52 ¢l © &t

wEbA T2l o] 3 2AE AH sk, 71SHA] g a sy
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Q 12.41 StructureZ o]ZA oA AU (read) & (write) 4 J271R7?

Answer A& 2.11S Fash7] vt

Q 12.42 <% binary data fileoA] data® ¢Jo]Q#jH oL@ dfof S7ta?

Answer Word size2} byte-order z}], floating-point format, structure padding
2o olgaUr. old AEE FRotelE ofulw HlolE T2 datad 217
U AoF(write) TA|E (shuffling Ei= rearranging$t t}2) REUc}. (o]
21lo] 4 LR 24e obduch eiFslnl =l portabilityE ol
ojgjZo] o] Alofd o 7] WhEdyth)
o5 Eof ofg|Ho] B9} 32-bit integer, 16-bit integer=2 ©]F0]3A struc-
tures o] £pollA ThZ structure RO o1& HA7F ety 7HYS &

Al

struct mystruct {
char c;
long int i32;
int i16;

(o

chest ge F=

2

rlo
i

2

a8 Ak
s.c = getc(fp);

s.132 = (long)getc(fp) << 24;

s.132 |= (long)getc(fp) << 16;
§.132 |= (unsigned) (getc(fp) << 8);
§.132 |= getc(fp);

s.116 = getc(fp) << 8;
s.116 |= getc(fp);

o] FIEE getcr}t 8-bit wAFE YL HIOJE7} S Hie|EZE A5t
(most significant byte first, “big endian”) A& = o] Jctal 7S UL
(long) EFYO = castingSt Z-2 16-bit T= 24-bit shift ¢I4to] long Zkoll
A5 SAGIER (AR 3.14 A1) BASFH, (unsigned) 2 castinggt

A o P (sign extension)S 27| 915+ ZAdUrh. (IRHH o= o2t

Ml

rlo
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23Sk mjofl= BE data type2 unsignedZ Sh= Zlo] Z5Urtt.
T 3.195 Farspr] vy

=
Structureo] W88 mdo] A=(write) T+ TR 25Ut
putc(s.c, fp);

putc((unsigned) ((s.i32 >> 24) & Oxff), fp);
putc((unsinged) ((s.i32 >> 16) & 0xff), fp);
putc((unsigned) ((s.132 >> 8) & O0xff), fp);
putc((unsigned) (s.1i32 & Oxff), fp);

putc((s.i16 >> 8) & Oxff, fp);
putc(s.i16 & O0xff, fp);

clEo] AR 212, 12.38, 16.7, 20.5% ZF15HA]7] vFtych



Chapter 13

Library Functions

Ao, £4 run-time library= C ¢lo] FF2| g+ H¥o] ofLji5ych. ANSI/ISOl
Standard Co] &d O & tjFH o] AEZ9] (traditional) run-time library+= (Chap-J
ter 129] stdio 5 EGH EFo| HYSUTH

S5 T3t golBdy g2 27 HE sectiono] A EIGH T HE
Shdoll TelE mallocy}t freeof TWoE AL 7 Ao AWl on, <stdio.h>9]
& “standard 1/0” S5 Chapter 120] AWYEASFUTE ©] chapter= t
33} o] Loluick

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

o 2 ) BEEL (1

3.255 13.28744)) linkA] BA7} = (2 59,
“undefined external” f|2]) A& BHEIS5YT

13.1 String Functions

Q 13.1 42 Ex2 vpRa 42d] (atoi 49 Wi 7]
SLba?

olr

), itoaQ k= A7}

234
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Answer

References

Note

I sprintf OE ZAIH HYrt}. (sprintf7Z} Y& Bk, 2 Hl-&(A7H
olut 2] Woll)o] Erkw A2 A me}, A TAHEoE FATH)
A 7.5a0 digh @Rl U2 olE H7] Bigyt. dE 12.21& 5|
shgrch

longo|ut A sprintf OE KA HEE 4 JSUT (22} %149} % E
A H); 5, sprintfE atolo|l} atof 9] Wit Hk2 sh= 9
T U Al ofd Alor E9d AT Alojd 4 sy (1
27] glzell, C ddoj= itoa A9] FrH, sprintfE Algch= AYHH)

% itoa A WEoloF FehEl, Thewt L ARFES Telslo Fhuick

N

o K&R2 Tt HA9] itoas AlTHth

o ZTE HHE ofFA &I AR A Hof gyt A& 755
3 Bt

o ThrS| WHERQITHH, HE 7P & 24 (INT_MIN, HE -32,768 E+=

-2,147,483,648) 2 2424 Alslx] £ & &Y
AR 12.217} 20.10% Al gk

[K&R1] § 3.6 p. 60
[K&R2] § 3.6 p. 64

>

C99 EZo| M2 3714 long long EFYS AZ W, 11 length modifierE
Hot BT} = Tong® Esp] ol 11T 2 AHT, M1aE ik
TRPRRA R, size_t B9 32 A 28T 4 %5 printf, scanf §
glo] kol z modifierE F7FEUH. A4 S8 &

d, i, o, u, x, X z§ B size_tE A 2= & Us5UH AdE =

.

fi

size_t sz;

printf ("%zu\n", sz);

References [C99] § 7.19.6.1, § 7.19.6.2

[H&S2002] § 15.11.6

Q 13.2 of strocpy O+ o 222l 4 \o& A 4] o= AL7ta?
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Answer

Q 13.3

Answer

strncpy ) 9] ¥ /g EFL 1A I 0o Tz o= “«Bx}t
@Iz Aele 4 A S Aol 1 BAolgiuth webd, e Bhow

XN
o
o
I
~

strncpy O & 2 mjolls & HAZL #¢lo] Q3R (strncpy () 9] §F
712 SRS oo F7hef| 02 A 7|=echs AQdUL)) Bkt o]
AA3E W o] Bof| £Eog \0’L FYFolol & Warl &t 14
A ) A 2ol e=p7E obdUth. A, strnepy O Al strncatg

2 Uk g Bl Blojgks A9, strncate of@lRo] strcpy
oA 7ITiet 23S Fae) FUck

*dest = ’\0’;

strncat(dest, source, n);
9 EE A 7o) BAE BAste, G4 v
02 o] FUH-
E o2 e ket 24y

sprintf (dest, "\%.*s", n, source);
A 9] FEE no 509 ofsteluele FAigch

2Ao] ohd of@ 279 Ho
memcpy )& X= Zo] ¢ a7}

Im
Gl
J

>
QL
El
N
roh
o
T

H strncpy() T4l

)
1A
i
&

2 ool 4] AFH “substr” (BAGelA BE Expde W) g4}
onta?

AUt (1 ol % Shhs, C Slojolis BAAL 2Adshe 189 dolg
Ehglo] §17] Rt FE 7.29} Chapter 8 21517 ulshct)

char dest[LEN + 1];
strncpy(dest, &source[P0OS], LEN);
dest [LEN] = ’\0’; /* ensure \O termination */

Yol Sel, 237] C Anaeist IAL YRAOR Aelei A% Holtel] sl 2A4E 2 14

A 2492 vt AFE oW Mae] UNIXE 1470 248 2 138 2498 2715 g
strncpy’= oldl BAGS S, Be BAGE BAR W), Holgl 74

0’08 AYFUL. Wepd ol Feo] BABS vwY 1), & o w0 Aeld 4 Yauic. 9
v, -

072 3 AU B, oFF 47t glol a7l HlolEE Hlws 7] BhEer
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Q 13.4

Answer

Q 13.5

Answer

E, ZAE 13.20014 o 2AAY o2 2ol & & sy

char dest[LEN + 1] = "";
strncat(dest, &source[P0S], LEN);

Ok ol ZRlH dH=

ok

S gtk
strncat(dest, source + P0S, LEN);

(2o )3, &source[POS]+ source + POSQ} ¢HH5] -2 THYYLE
Chapter 6 1)

nE 24

fio

o

oH olByYEL o] 92 5, strupr®}t strlwr, T strupper
o} strlowerE AlFdUctil, o]A4E §l1, BFEL ofguyrh. oe =
<ctype.h>9] AHoJE]o] ¢J= wjA 2Rl toupper?} tolowerE HA| ©] 7]
& +Aks BB WS BU AT 1358 27 v (RS 29
S, BE Ft e Bage 13 Zoht, ohw i 37e o

gotn WA BAGE 1 Fel A Heolks el Az Folof g

A8 Ee AR vHreE ojg skt

ol

<
)

4
L ABAE R RS o B

oj@ WA toupper O, HEAE AR & A%, oldshA st
AS AIA91A] toupper 02 H27] Ao| islover O Hal 3

Q= HH2] toupper ()9} tolower ) Q] 7%, Wglo] WQ L Fro] 2l
Az AGHE, Az s&shA] sy (5 dublo] opd 2, Ex
ojm| ®gho] H duplQl ). A fE (Ee oAdol oFF &)

FELE toupper EE= tolowerE H27] A9, islower?} isupperE H=
=S
1—

F2 ol2gt gEo] ofd glo] Ak ohdsh Sak
g BASL WA gt

v
=
i
o
]
30,
oy rlo
)
o
N
rE
oM.
)
e
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References [ANSI] § 4.3.2

Q 13.6

Answer

E, ol argvE AR TEO] F=

H&S] § 12.9 pp. 320-1

[
[C89] § 7.3.2
[
[PCS] p. 182

249 e TN AL Jzor TUE dolEa olin A&y
main() o] argest argv Aelshe XY Felwl o5 shof Brhar

o] (“token”) TR, BEAES HolF= EF I strtok (O o] U

=&, o] 57t o2fRt BE 4E o A ¢ e AL obdUy (E

o], Q-8 (quoting) ¥ ZAES A= A2st7] dFUH.) offol 22 &
= Qoj ek dlg Hack

{n mln

#include <string.h>
char string[] = "this is a test";
/* not char *; see Q16.6 */
char *p;
for (p = strtok(string, " \t\n"); p !'= NULL;
p = strtok(NULL, " \t\n"))
printf ("\"%s\"\n", p);

1
Uoll

1= Qlck:

#include <ctype.h>

int
makeargv(char *string, char *argv[], int argvsize)
{

char *p = string;

int 1i;

int argc = 0;

for (i = 0; i < argvsize; i++) {
/* skip leading whitespace */
while (isspace(*p))
p++;
if (xp !'= °\0?)

argv[argc++] = p;



CHAPTER 13. LIBRARY FUNCTIONS 239

else {
argv[argc] = 0;

break;

/* scan over arg */
while (*p != ’\0’ && !isspace(*p))
p++;
/* terminate arg: */
if (xp !'= °\0’ && i < argvsize - 1)
xp++ = ’\0’;
}

return argc;

makeargvi Tt #o] 2EtYT

char *av[10];
int i, ac = makeargv(string, av, 10);
for (i = 0; i < ac; i++)

printf ("\"%s\"\n", av[il);

HIOF P8 (separator) FAPE FAsIE — 2, % A9 Wol FAlo| e
W, @ WS} Aot S QeI HOW - strehr B4 AL A

o ¥ WY 4 gk

#include <string.h>

char *p = string;

while (1) { /* break in middle */
char *p2 = strchr(p, ’\t’);
if (p2 != NULL)
*p2 = ’\0’;
printf("\"%s\"\n", p);
if (p2 == NULL)
break;

P=p2+1
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References

Q 13.7

Answer

2 b &Y gojt

02 WolA 2t BES TR 4 S WEUCH TrebN D EAUe] LS
of Al B asht, o] 3ol Y= ZEE AdYsr] Hof HA EARs| Fofof
et

[K&R2] § B3 p. 250
[ANSI] § 4.11.5.8

[C89] § 7.11.5.8

[H&S] § 13.7 pp. 3334
[PCS] p. 178

A= 1= (wildeard) @} A4 (regular expression)-& #2st]1l ghct.
Cheat e Aol A dol] vlhck
o A regular expressione ed4 grepi} -2 UNIX -FEZ|Eo)A] ZF
F 2AYrt}. Regular expressionof|A, oFE (. )= otFdH 23t skt
off w2 (match) =™, .*= Aolofl AFHglo] of=] EArGol WA HyH-
(&8, regular expressionof= o|Ht} G ¥ @2 7]50] 35U
e Filename wildcard= tH-E OSo|A 2} oW, of2{7R] Ao &
AL, T BE 2 2AL ofRel 24} shio] jAsle, s 2
ofo] Atglol o3 EAde] wixlHy

474 wgo] ARSI S ey T2 el s
) B2 ASETh shhe BAe Antcompile) sl e
o1, ThE Shb of “ZmAE” AT BALLS HEAEE (exccute)
SkQuUth A 6] Y <regex.h>l} <regexp.h>7} Q=X 13
regcmp/regex, regcomp/regexec, re_comp/re_exec ST A= A]
(o] W52 Pl 2tzte] Eg=el eojaele] Yoz ATEUL) A2
SHEAIZ] iU 17114, E71Q] Henry Spencer#| €] regexp H|7]A&
ftp.cs.toronto.eduol|A] pub/regexp.shar.Z2 IS 4 Y5t GNU
EEAEG AL e SR AIAE AT Sl AR 18165 &
w5447 Bk

Filename wildcard matching2 (@juj2 “globbing” o]2tal 9F) Z+2+o] A]A
dofl et th2A] o]FojH Ut} UNIXoA= FUE 7EEE shello] A 2s|
202, 2te) ZRIWES o AUE Aol ol B el SlolE
Hyrct 184 MS-DOSoJ A= shello]gt & 4= Q)= command interpreter
7F olg Azs FA] deng, (Hutdrt AlEshe) A= =S A
St Sug ouAlE vodal gl sl Tt (o] euAE moe

—

SVl
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agrve, SUE 71= A2 o] A wSo] FUth) el (MS-DOS
o} VMSE B ojFie] Axdlel dlEste R tae o agsls
Ak, 540 openshs ALY AUAES AFFUG WA Hukdd /el
Bejelo] BAE Fash] slehdch el AT 1020, 20.3% F15HA7]

SETEIES
ofgfli= Arjan Kenter#|7} Al5<qt 1bhet ]o] wildcardE A 2ol= ot
ECE
int match(char *pat, char *str)
{
switch (*pat) {
case ’\0’: return !*str;
case ’*’: return match(pat + 1, str) ||
xstr && match(pat, str + 1);
case ’7’: return *str && match(pat + 1, str + 1);
default: return *pat == *src &&
match(pat + 1, str + 1);
}
o] $5 match("a*b.c", "aplomb.c")ZE H=2W, 1-& Y}
References Schumacher, ed., Software Solutions in C § 3 pp. 35-71
13.2 Sorting
Q 13.8 gsort O 5 KA BAFEe] BiES (array of strings) FEota]a T

Kol
=
oh. stremp() @42 Bl G52 ST FAH] bt

Answer ZESIA “BAE Q] uE (array of strings)”’2 ofuf: “Ex}of gt E<Ql
E]9] v (array of pointers to char)’& oJu|gt AU ZAYYtct. gsorto]
AGE= v e AEsh A} she QEAE gt ZRIHE Itz T
ofof Ut} o] A%, Aol tigh ZIEE 7He7]= ZRIHE o ofof
Stk 900 stranp Ok Bes] BAE Jlelsl BIHE dE Wi
O 2B strampOS A M R AT 4= gt ohaT)

ol wrapper 452 WEolof gtk

/* compare strings via pointers */

int pstrcmp(const void *pl, const void *p2)
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References

Q 13.9

Answer

return strcmp(*(char * const *)pl, *(char * const *)p2);

vl g40] Qb= “¥g ZQIE"S] const void ¥o]ofoF ghct. T2]x
35 YoM o2 Yol FHR (dE S A2 stEr)s xZlH) bt
o] FUTh 5 o] BrJo] b 4 UlFolA Lefle] BFYQl char #x=2
HH o)A 1, thA] AR 7}e]7]= E191Ql char *2 AojA] stremp R
dggyrt. (ANSI o] HujdefollA & wofl= void * th4le] char &
201, BE constE wiH HUh)

A1) gsorti= T3} o] HEck

#include <stdlib.h>
char *strings[NSTRINGS];

int nstrings;

/* nstrings cells of strings[] are to be sorted */

gsort(strings, nstrings, sizeof(char *), pstrcmp);

(K&R2] § 5.11 pp. 119209 L& 22 EFatd guch. 128 EE
1:9] qsortoh= PAGLOM, char +9} void w7} A2 Zrhe U
FRAQ) 719 S £ AU

gsort ]I SH4o] TEE ) AAIE AR o]EA] At ol 2
A=l i A 13.95 H7] vl

dr}

ol

sl

gy

ic)

[ANSI] § 4.10.5.2
[C89] § 7.10.5.2
[H&S] § 20.5 p. 419

Structureo] Tt BjE-& gsort O 2 AFste] Tt A7}t wHE Blw g
o] structureo] thet ERJIEE WLE AN, Hojde= gsortol 2%
EFgol vl 7t AL E8dYTh oA T ERIEE A
~gafop Hupdert Egota] ok27tar

e

AT 138904 e AA™E, 7|A"-2 vl k= QtoflA] o]Fojxof it
= "1 §= “generic pointer”Ql const void * B QAxtE HILE

gHEolof it o2 S ol A structured WESIET FAITH
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struct mystruct {

int year, month, day;

o W, ¥ P4 theat o] wHEolof Fhuick:

int mystructcmp(const void *pl, const void *p2)

{

const struct mystruct *spl

pl;
pP2;

const struct mystruct *sp2

if (spl->year < sp2->year) return -1;

else if (spl->year > sp2->year) return 1;
else if (spl->month < sp2->month) return -1;
else if (spl->month > sp2->month) return 1;
else if (spl->day < sp2->day) return -1;
else if (spl->day > sp2->day) return 1;

else return O;

(Generic XQIEE struct mystruct XQE|g2 HASI= AL, x7|3kE o
?l spl = p1, sp2 = p2oA] o]FoFFUT p1dt p27} void ESIEC]7]
o 2of], AntUe]= o] conversionS AFEC 2 of FUth ANSI oo A
mdejollA AW A= JHA"SE, char *+ ZRIEE AW HUth HE

7.7 A1)

ol gl mystructempE 227 95, o o] gsortE HFEYrh:

#include <stdlib.h>

struct mystruct dates[NDATES];

int ndates;

/* ndates cells of dates[] are to be sorted */
gsort(dates, ndates, sizeof(struct mystruct),

mystructcmp) ;

13 4ok, BB 13.80] 4L A

e ot 2ol Al

ot
Rl

Ttk structures 71 7|= EQIEHE AL
. 9]

214 indirectiono] Q3 ]tt off =]

ol

int myptrstructcmp(const void *pl, const void *p2)

{
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struct mystruct *pl = *(struct mystruct * const *)pl;

struct mystruct *p2 = *(struct mystruct * const *)p2;

23, bt o] REh

struct mystruct *dateptrs[NDATES];
gsort(dateptrs, ndates, sizeof (struct mystruct *),

myptrstructcmp) ;

gsort <ol Aol Hlul okpof off o]l AQlE| Hgto] WQRRHA] ofs
St7] 9IsiA (2] 9 gsortE FEM 4 ERIHE
PRs90) quort7} off Aoz FASEA o Bart Quth georti
R dpgo] oW ERIeIA, oW Aoz mEslo]l YA W LA 2
Yt gsort+= W], AgH 9 w2a] S (little chunks of memory)
S o] 2 WUk (o] mluel Belo] ool T G AL, gsorto]
AR 172tz e 520 27YyHh) F 7ie] & =l
8%, gsort ofgo] = HlW FE REUTh (AAR wekshs A2
nemcpy7h SR A3k 22 A0 olZolrh)

gsort ol EIIALY 9] Eate, el ERle] o §Ee s,
AY A 71817171 915, generic ERIE]E (void *) &Ut}. gsort”} H|
T 4 HET, ojziio] BE MT YL void & AR WES TE
o|x qlofof shH, AA] AE tidel tis of® 2l (E 5ol AA Bl
2 3] $iol) Fash] SI, A2 e EENE Aok HeloR by
HAoF gt} oJH A|ARIOAE= void ZEQIEZ} structure ZEIE|Q} A2
e mE PAS Utk ol Sol, A4 EYEe] Lo} o 4 glom,
WR ER W] 0F 4 Atk (137] thel Alxdo] Waghh)
o]® Structureo] thet HA-& AHAL 7PFSEAITE. T12|a H L =Tt
o] structurc] T3t EOIEhE Wtk byl Tkt 2k

A

int mywrongstructcmp(struct mystruct *,

struct mystruct *);
Riof o} 20| gsortS Hes HH:

gsort(dates, ndates, sizeof(struct mystruct),
(int (%) (const void *,
const void*)mywrongstructcmp) ;

/* WRONG */
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References

Q 13.10

Answer

References

Q 13.11

Answer

(]

| e, Andel} sgsortol] B Hlw vt A FAGH g 4
SIEF T AT S 9o F 4 U BT oI A8 ALRe
A quort} ofelie] ML BAE B8 ol ol & 4 P AUk
Z, gsorti const void * E}YQ] QIS WHE Ao|1, ofgjHo] U= H|w
e o] JIAE HIEA] 2 4= Qlofof gt ojmgt w7l F ke, gsort
7} mywrongstructcmpE HE W, void EQIEE struct mystruct EQI
B2 v & 4 glssyoh

wjepd, oo R Slot 7] Tl
R S N R L

Z %

N

N

Ir d

futle] Aag Qol] T ALPe
BE oo old Age el

T [e)
S U2 Zo]7] miZe], ofgjio] oj" Ao & 1‘5‘—‘7\] 24 HE1q o]
ATE TAGE, 1 25 e AT At E S Rk shed 2
2 4.9% Z15HA)7] Bt
[ANSI] § 4.10.5.2
[C89] § 7.10.5.2
[H&S] § 20.5 p. 419
‘linked list’S AHol= HH-L?
g2, AES e o, sty T o] o & wirp waych
(B BAE o] Eel(tree) 25 2ol o W 5 GIch) A
2 (insertion sort)o|ut W A (merge sort) -2 d1ZEL YAEE &
W, oS EEYUT Wef B2 elolele) B4E A4 Ak A,
HA] o]F AEE 7H7le ZJAHY vijES (YAIR) =L, gsort OE
2 FHyot 2|4, o] AEH ZQIEE o|&sty, B AEE AefstH HY
t}.
[Knuth] § 5.2.1 pp. 80-102, § 5.2.4 pp. 159168

[Robert] § 8 pp. 98-100, § 12 pp. 163-175

Hrale] Z7|Het o 2 dlojgE FEstal 42|, o2 sl%
o tgt & [Knuth]of #+
5’Jr fzale] E4& 4 S A
Lo]) 2o x7Ztog L‘r—rJL o] EﬂolEia dEstal & ohg, ol YA Tl
of AFstal, t} HEEstg o, o] UA TUES FA|= (merge) APYTH

o
W
i
e
o
ro
(0]
o,
o
-
9
rir
é
o
_“l
il
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=G AAeIA ol AE Z=ads Aed ek oy Tz Qb
A olgjet RIS APAFIE Ae AT SE Qlsych AR 19.277%
19.30, 12]1 A& 19.289] o2 F1s}] vt

References [Knuth] § 5.4 pp. 247-378
[Robert] § 13 pp. 177-187

13.3 Date and Time

Q 13.12 IA gAel, @S rohfdw ojEA| 5172

Answer time(), ctime(), localtime(), T strftime ()2 XH H (o] g+
T e od AFH AFEHoH, @A ANSI 2EJUth) oAE =9

L

oheat 2ok

#include <stdio.h>

#include <time.h>

int main()
{
time_t now;
time (&now) ;
printf("It’s %.24s.\n", ctime(&now));
return O;

}
localtimed} strftimel TR} o] &uch:

struct tm *tmp = localtime(&now) ;
char fmtbuf [30];
printf("It’s %d:%02d:%02d\n",

tmp->tm_hour, tmp->tm_min, tmp->tm_sec);
strftime(fmtbuf, sizeof fmtbuf, "%A, %B %d, %Y", tmp);
printf("on %s\n", fmtbuf);

(o] @Bl Folal g WAA) PLv|E tine_t Wl et HOIEE <)

2ANSI ZZo| W2H time T Aujdt &= 9lom, o] ©f (time_t) (-1)- FEIFHT}
3ol 4]9] QIEHo|AE A o=, 247] C doollA] long TlolE ERIo] Lter] el & e
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References

Q 13.13

Answer

References

Q 13.14

Answer

[K&R2] § B10 pp. 255-7
[ANSI] § 4.12
[C89] § 7.12
[H&S] § 18

gto]H#2] 3k localtime 0L time_tE struct tm FE|ZE HFFLO] U
o} I3 ctime )L time_tE IR vliLo] HUch AR Wslkst

Alom oy fofF &7tR? &, EAGo|L) struct tmE time_t EfYOR
w7t Qe

ANSI Co|AE= struct tm B2 time_tZ HFO] F= mktime () SH&
Xﬂfj—%”%ﬂr-

DS time_t& HILE 7S 22 J=Udh gjuksid, 7F Ual 52 7
g /\]'—9-0 L ugiel A7F PAlo] Z+zt thar] mpEeluch ojd A|AHLS
strptime O o2t @45 Zﬂ%ﬁ}ni 1 7)%E strftime () 2] wHeiuth.
T (RCS T7]2]9} 317 A ZE]=) partime () o|2k= =2} (2]419] C news
HjZo| A A ZEl=) getdate)EH= <k AFE #QUrh AR 18162
7] vyt

[K&R2] § B1O p. 256
[ANSI] § 4.12.2.3
[C89] § 7.12.2.3

[H&S] § 18.4 pp. 401-2

FolZ IRl (N days) @RS k= 7]1%50] JUe? & Foj = Gas
H| 5= 7t 87k a?

olz|gt BAIE A5t ¢JshA, ANSI/ISO C EFLS mktime} difftime
5= AlZguch mktime )2 AFS}E]R] & (non-normailized) BAE
struct tm EfJOo2 lgdlo} oA HHSIAA FUTh =, struct tm9]
Haof| )& ER ZF2 91, tm_mdayoA] Yok IR oobAY W o
2, mktimeS B2 normalize®d W, ¥, €& ¥ 5 J5HTH (714
o= o] 2 time_t E}YJOR WHAAA FUTh) difftimeO2 F 7H<]
time_t gh= Yol x ooz Hjuws] FUth; o] wf BRgt time_t T
mktime ()& #A] d&Uch

et o) SR ol W 9] vines WA el 2 A
Yt} tm_days % into]7] wlEo] U(day) £7} int S W= 7,1;5
U A% (E ol 32736 oI, eWIERSI WAY 4 ek T

=2 =

H
i

1
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T
5t

daylight saving time(H™ EY)S 1125HH olFE 24 AJ7to] ofd
S5UTt (wEhA] 86400 seconds/day® WA siAE Zlolzte Azt
B kY.

22 October 24, 19940f4 90¥-& W= FE=QJUch:

o N

#include <stdio.h>

#include <time.h>

tml.tm_mon = 10 - 1;
24,
1994 - 1900;

tml.tm_mday

tml.tm_year

tml.tm_hour tml.tm_min = tml_tm_sec = 0;

tml.tm_isdst = -1;

tml.tm_mday -= 90;

if (mktime(&tml) == -1)
fprintf (stderr, "mktime failed.\n");
else
printf ("%d/%d/%d\n",
tml.tm_mon + 1, tml.tm_mday, tml.tm_year + 1900);

(tm_isdstE -12 AASEAY tm_hourE 122 AA5HH daylight saving
time EA|ZHE Hodr=d =28 FUot)

ol FE= 20004 29 2893} 20004 3% 19 Aole] U Hjol2 o=
EETIEES

struct tm tml, tm2;
time_t t1, t2;

tml.tm_mon = 2 - 1;
28;
2000 - 1900;

tml.tm_mday

tml.tm_year

tml.tm_hour = tml.tm_min = tml.tm_sec = O;

tml.tm_isdst = -1;

tm2.tm_mon = 3 - 1;

tm2.tm_mday = 1;
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tm2.tm_year = 2000 - 1900;

tm2.tm_hour = tm2.tm_min = tm2.tm_sec = 0;

t1 = mktime(&tml);
t2 = mktime (&tm2) ;
if (1 == -1 || t2 == -1)
fprintf (stderr, "mktime failed\n");
else {

long d = (difftime(t2, t1) + 86400L/2) / 86400L;
printf ("%1d\n", d);

(f1ellA F7H o= £ 86400L / 2= AKXt AAME Ysh= ZARIC = =]
FUch A& 14.6 ¥1)

“Julian day number” & (EX 4013 BC* 1Y 1Y) AFg5H= W T Q5
th. offflE Julian day® WA= 49 AAAU

/* returns Julian for month, day, year */

long ToJul(int month, int day, int year);

/* returns month, day, year for jul */
void FromJul(long jul,
int *monthp, int *dayp, int *yearp);

o] 1, n9l(day)& BSR: e Thet ol ek

int n = 90;
int month, day, year;

FromJul (ToJul (10, 24, 1994) + n, &month, &day, &year);
E, £ gre] Ao)(Q 4 BelR)E chewt Zo] P
ToJul(3, 1, 2000) - ToJul(2, 28, 2000)
Julian dayS TFRE 5L Snippets ZaMo] (AR 18.15¢ ) 9l

=
Syt 183 o] FAA-L Simtel/Oakland oF7}o] E (archive)o| A (Thd

4z o AHos) e, I 9% GMT RFoRE|ULt o714 ol Julian day numberi= Hjo]E]
IZ2AAl0 Aol “Julian dates” 2} oFfdl Akto] QisUtt. 121 o] & tf % “Julian calendar”
o} ob2 Ahgisict.
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JULCAL10.ZIP, A& 18.16 F11) €2 4 UsUt}. ofef9 “Date conver-
sions” 7|AtE alsEr] HigfyTh

GiEo] AR 13.13, 20.31, 20.32% FT5HA7] v T

K&R2| § B10 p. 256

ANSI] § 4.12.2.2, § 4.12.2.3

References |
[
[C89] § 7.12.2.2, 7.12.2.3
[
[

H&S] § 18.4,18.5 pp. 401-2
Burki]

Q 13.14b C doji= 2000 EAo oJH EAI7} AS7ta?

Answer §I5UTH T2, sl&otA A4E C 2o EA7L kS Ayt
struct tm9| tm_year = 1900 oA A|ZSH A& 7HA2 9J&5Y
ot w2bA 20008 7ol o] Zh2 1000] HYtth. tm_yearE Atz ARE
she ZEehd (g o, 19008 HshAu wle) A5 2A1E Zo] sy
o Y o] g F A AR viE AgeTY e 2o FEs
ek

tm.tm_year = yyyy % 100; /* WRONG =*/
Ei, that 2o] ek
printf("19%d", tm.tm_year); /* WRONG =/
20009 EAP} WA SiEe] AR 20325 A7) HEUL,

References [K&R2] § B10 p. 255
[C89] § 7.12.1
[H&S] § 18.4 p. 401

13.4 Random Numbers

Q 13.15 4 (random number) ¥H47|7} D Qhc}.

2 7}
2~
=

N

Answer FF C go]B3gofE rand O 2= ¢ 915 Uc).
w2t o] 2] & (implementation)-& SR 9k

L}, o] RrE B 2 35S 7R s A wEVIE 4
U

o}

to] A]2go]
Uy, e

o] opg

o
]

>
Mo o
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A7 W4 WA|S SRS Aok, golof & WSl B Wk o] 2
S150] I Reference BA7] Blghich. Egh Qledl Aol e 1717
7} oln] 2ate} ¢l&uch: 1250, RANLIB, FSULTRA R AMs| ¥7] biet

o (AR 18.16% Fi)
olfl= ParkA| 9} MillerAof] ]3] AJSHE, “minimal standard” generator
Qe

#define a 16807
#define m 2147483647
#define q (m / a)
#define r (m % a)

static long int seed = -1;
long int PMrand()

{
long int hi = seed / q;

long int lo = seed % q;
long int test = a * lo - r * hi;
if (test > 0)
seed = test;
else
seed = test + m;

return seed;

(The “minimal standard” is adequately good; it is something “against
which all others should be judged” and is recommended for use “unless

one has access to a random number generator known to be better.”)
o] FEX a = 16807°]|1, m = 2147483647(°0] ZFS 231 —1]Yt})o]1l, ¢
= 09, th5 generatorg TG

X + (aX 4+ ¢) mod m

W 2] (modulus) HAAto] A4 (prime) ¢4410]7] wjEo]|, o] generator= 2
13.180f yz A7} TAYSHA] QhssuTh. oA ARERE H5H7 1= SchrageX]
of osfi 47l 7IHe WA, 51 2RI ax7} overflowE HAYA71A] Q<5
Uth 9] It Zro] Wzt [1, 214748364712 WHESH= long int 3L
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Ed5H, o] M9 C 0] rand §47} RAND MAXKT} 2R 719 Ea
T A vt AgU e (B2 9] ZE7F 9HEo] U= #lolls 00] S°]
717 grerhe AT E}Ew) 9 F=g (Parkash Miller#o] t=2of v}
& AA) W9 ©, D Alolo] ASE VEES TAY, 91 Fhe] 4
=2 o] 11211
double PMrand(void);
w22 kgt Zol mAUth
return (double)seed / m;
FARCE & o £2 29E Ao, (ParkX e} MillerX o] 3o w2

References

Q 13.16

Answer

™) a = 482712 27| HigYt}

K&R2] § 2.7 p. 46, § 7.8.7 p. 168
ANSI] § 4.10.2.1

[
[
[C89] § 7.10.2.1
[H&S] § 17.7 p. 393
[PCS] § 11 p. 172
[Knuth] Vol. 2 Chap. 3 pp. 1-177
[Park]
of# WS Zh= s AL AU
okt 2ol sk 2 (0914 N-17HAle) 5418 eleia) Ul AR w
QIuck
rand() % N /* POOR */
fuketH, thEEe] W WAl oA 519 (low-order) HIES-2 18] ads}
2] 9] MR (AF 13183 8] vigich) mepd, okt go] 5

= 7o) E4uck
(int) ((double)rand() / ((double)RAND_MAX + 1) * N)

A
s

#7] 4lekel, cheat Zo Hw Stk

rand() / (RAND_MAX / N + 1)
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T H RE (ANSI #Zof| O3] <stdlib.h>o] Ao]=]o] 9Ji) RAND_MAX
£ AM&SHl, No| RAND_MAXHTH o 2R grolzhs ZAe 7HERt MY
Yt

qtek No] RAND_MAXO] 7FZal, random number generator®] |7} No] Y
7} ofjehd (Z, RAND_MAX + 1 % N != 0%l %) 9] RE Ho] 1jm
o] Utk ofd ®e)o] 25e] thE WeEe 24 5 go] yehA
HUoh (A48 20l si2E 2A47F obduth. £A4E rand 97t A=
THE RAND_MAX + 17}A]9] gt& 2J|stal, o] AS Nje] fFelz 385H]
s 4 g7 mieell 2Aske AYdYH:) wHeF ojZle] #AI7F FHH, rand
£ o= ¥ =9, B4 @s= FAIsH gtk

(RAND_MAX + 1u) / N;

x * N;

unsigned int x

unsigned int y

unsigned int r;

do {
r = rand();
} while (zr >= y);

return r / Xx;

T, M, N] 9] HYE 7= random numberE 5kl AthH, 9 AiE

shiftsjA A& o AsHH

rr

M + rand() / (RAND_MAX / (N - M + 1) + 1)

(4=, RAND_MAX'= randO7} 2J€1S 4 Q= Ht) 545 ekl 4%
SR 212 ol FA17] Wtk RAND_MAXe] ofejio] ThE 4412 Tig)T
St glom, rand(O7} 2 W19 £A1E Pdleleg o Fi e E4)
sH4 gkt

glofe] ofefito] (WE 13.159] nxat PHrand P4 Ei AL
F4A) 07 1 Aolo] 92 Al W WAZLE AT Sleke, Tl
03} N-1 Atolo] W12 7Hs A4 U4g BET Arkel, 9as] 1 dg
wple] X0 Ng gt Buick

(int) (drand48() * N)

References [K&R2] § 7.8.7 p. 168
[PCS] § 11 p. 172

,_.
o
)
=

Lo
Q.
H
)
5
Q.
IS
Q0

]
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Q 13.17 =278 APAZ wuith, rand 0= LA £A4Z2 U4E (random num-J

ber) SIAUT. of T2i%?

Answer tHFEE 7Hd(pseudo) random generator®] EA-2 (C 2to]B 29| rand:
nEI7ER]), 4 A2 R1ZolA AlRFelA HEE sequence= o] W2Th=
ZAJdYtt. (Among other things, a bit of predictability can make debug-
ging much easier.) At 27155 W4E TAYAZ| A OH) srand §

S 24|, ©] pseudo-random generator®] Z7]Zk(seed) 22, 1%} random

28 it F9 BT BE of seed RO, BAl ATHE 27, 18R

7} 715 FEZHAS AR 31 52 24 AUt (B8 71E FEII7HA 9

AL ol Sl W9l oA TSI QBT 2

Al A7k WA seed ghe A7dske ZEYTH

it

#include <stdlib.h>

#include <time.h>

srand ((unsigned int)time((time_t *)NULL));

(b oz w273 oA srand() T4-E FHATH BelFoln SR
% xandOE £ Htch srand0§ 42 2 9g

% gl&uth)

H2rHH, random number

References [K&R2] § 7.8.7 p. 168
[ANSI] § 4.10.2.2
[C89] § 7.10.2.2

[

H&S] § 17.7 p. 393

Q 13.18 #/AAS Ve random number(d4)7F D Qg et rand ) % 25 4}
%Q]7 ﬁ]—{l—\‘— 0, 17 07 17 O [‘l_]-'% ]‘jl—%b(g—qq—'

Answer (ZFSHAIE ofH AIAROA AlFoch= 2t 2-2) GsH wHEelX] pseudo
random number generator= 51| (low-order) H|ESo] tallx= 127 A
k4] &5Utt. (In fact, for a pure linear congruential random number
generator with period 2¢, and this tends to be how random number gen-
erates for e-bit machines are written, the low-order n bits repeat with
period 27.) ©]2|gt o]-golA, A9 (high-order) HIEE &= Zo] ¢ HIF
AUk AL 13168 1] vl

References [Knuth] § 3.2.1.1 pp. 12-14



CHAPTER 13. LIBRARY FUNCTIONS 255
Q 13.19 ¥H2E)z] o= random number®] sequenceE AW o= sfjof S}
27

Answer ojz|Ho] 2k Q)

rr
a)

A2 BHE “random permutation($9)”, T “shuf-
fle”olgtal EEUtt. g7z Wi o g, F4lo]7] Hol= e Hidel ¥,

==
o] Wde] g1oj] 5 clomento] G AR HITE AL WA P& 5
Qg

int a[10], i, nvalues = 10;

for (i = 0; i < nvalues; i++)
alil =i + 1;
for (i = 0; i < nvalues - 1; i++) {

int ¢ = randrange(nvalues - i);

int t = ali]; ali] = ali + c]; ali + c] = t; /* swap */

o714 randrange(N)-2 rand() / (RANDMAX / () + 1) Tt A
13.160] b2 F=E HUh.

Ao

References [Knuth] § 3.4.2 pp. 137-8

Q 13.20 How can I generate random numbers with a normal or Gaussian distri-

bution?

Answer Hojw theat 2 A 7 Wlo] Tk

AAHE
e Exploit the Central Limit Theorem (“law of large numbers”) and
add up several uniformly distributed random numbers:

#include <stdlib.h>

#include <math.h>
#define NSUM 25

double gaussrand()
{
double x = 0;

int i;
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for (i = 0; i < NSUM; i++)
x += (double)rand() / RAND_MAX;

x -= NSUM / 2.0;
x /= sqrt(NSUM / 12.0);

return x;

}

(Don’t overlook the sqrt(NSUM / 12.) correction, although it’s easy
to do so accidentally, especially when NSUM is 12.)

e Use a method described by Abramowitz and Stegun:

#include <stdlib.h>

#include <math.h>

#define PI 3.141592654

double gaussrand()

{
static double U, V;
static int phase = 0;

double z;

if (phase == 0) {

(rand() + 1.) / (RAND_MAX + 2.);
rand() / (RAND_MAX + 1.);

sqrt (-2 * log(U)) * sin(2 * PI * V);

else

N
I

sqrt (-2 * log(U)) * cos(2 * PI * V);

phase = 1 - phase;

return Z;

}
e Use a method described by Box and Muller and discussed in Knuth:

#include <stdlib.h>
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#include <math.h>

double gaussrand()

{
static double V1, V2, S;
static int phase = 0;

double X;

if (phase == 0) {
do {
double Ul = (double)rand() / RAND_MAX;
double U2 = (double)rand() / RAND_MAX;

Vi=2x%TUl - 1;

V2 = 2 x U2 - 1;

S =V1 x V1l + V2 x V2;
} while (8 >=1 || S == 0);

X = V1 * sqrt(-2 * log(S) / S);
}
else

X = V2 x sqrt(-2 * log(S) / S);

phase = 1 - phase;

return X;

These methods all generate numbers with mean 0 and standard devia-
tion 1. (To adjust to another distribution, multiply by the standard de-
viation and add the mean.) Method 1 is poor “in the tails” (especially
if NSUM is small), but methods 2 and 3 perform quite well. See the

references for more information.

References [Knuth] Vol.2 § 3.4.1 p. 117
Box and Muller, “A Note on the Generation of Random Normal Devi-
ates”

Marsaglia and Bray, “A Convenient Method for Generating Normal Vari-
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Q 13.21

Answer

ables”
Abramowitz and Stegun, Handbook of Mathematical Functions

Press et al., Numerical Recipes in C § 7.2 pp. 288-90.

o =2 H-S Aoty Ql=t, o] ZEIWo] drand4solgt A5 HY
of. 18ar o] e Al ALHA AlEsHA] Ut ofBA o] e E
U= 4 dS7te?

UNIX System VolA] A|86k= drand48() = (=5, 48 H|EQ]
precision& ZH=) HE] [0, 1) AFo]9] floating-point(A4) random number
£ aghch (o] F4e] seed 32 A B4k srandas Uik T ¢
% W C 0] ofguich) HeMo] W (low precision) B 4=
23t ek

O]|

#include <stdlib.h>

double drand48(void)

{
return rand() / (RAND_MAX + 1.);
}
Z o At GFS (drand483FH 48 bitQ] precisionS z2HE) E8F+= =
= ohea} 2k
#define PRECISION 2.82el4 /* 2x*48, rounded up */

double drand48(void)
{
double x = 0;
double denom = RAND_MAX + 1.;

double need;

for (need = PRECISION; need > 1;
need /= (RAND_MAX + 1.)) {
x += rand() / denom;
denom *= RAND_MAX + 1.;
}

return X;
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Before using code like this, though, beware that it is numerically sus-
pect, particularly if (as is usually the case) the period of rand is on the
order of RAND_MAX. (If you have a longer-period random number gener-

ator available, such as BSD random, definitely use it when simulating
drand48.)

References [PCS] § 11 p. 149

13.5 Other Library Functions

Q 13.22 exit(status)7} AU=Z maino]A] statusE 2|Elsl= A} ZtQ?

Answer ZE 11.16& H7] vFgytct.

Q 13.23 memcpy®} memmoveZ} TR Ho| ta?

Answer AR 11.255 H7] vy},

Q 13.24 o= o273 xE)5ta] 1 gt I¥d index, rindex, bcopy, bemp,

bzero §7) Aoln]o] Q12| &+ A Z<5Utt. “undefined external” o]gh=

Answer F Ak 2A9] PLEUUL. the FHES 4] vlhich
index  strchr S5 A
rindex strrchr S5 27| H]-Fﬂ'l/]q-
bcopy A WA QIxte} = HA AALE HHLO|A| memmove
22 7] viuUch tiEo] AR 11.25% HaI6HA]7

N

s,

bemp memcmp S A7) HiEUYTH

bzero F HA QIAE 002 A memset TrE 27| HIE
U

T 9T, 9] BE| 9 2Fe] It YLEE AE X
e G B R o A BE
12.22, 13.21% 31514 7] vFduct,

HU

References [PCS] § 11
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Note

References

Q 13.25

Answer

Q 13.26

Answer

260

1

O[(

BSD AlAglof|A] AlE6te= 9
—‘_575] Q= network el T2

T —

50 (SloflA 270 AAH)
S 2= gl Alglo]
)&t Richard

FC7} 4.3 BSD @

HE
gz (MRS HA) o

index, rindex, bcopy, bcmp, bzer
A, ¢ o] ohdyet. o5
W 4ol Bo] 25, 111 gjgEhe BE
glou, BF PHES 27| vt A|E
2, ols &g WEARE 3% IR HHI-W ki
Stevens®+= UNIX Network Programming of %
2 AT E U= 5|5 ok <unp.h>oflA

A FHes Ut U},

= =]
h=1 =

_r_

[Stevens9s]

At eolnsel @457t Ao

Q3F
L__

UA]

Y] TUES B5F #includeA]

v
ol 917 ek oflelzh ekt

©,
rDZ

do
o Iz r &

% —~ o
ol
ng
i)
ruO
rlo
>~
E
1)
e,
o
=
©
i
]
2 2
=

i

ol

A
w2

et
< r
i)

fr o
T it

-

20l Soluejelg BEAYlekL Pdls slolnse @4t Folsel 9l
A greka ofel7 WAt

g linkerSL, Foldl QHAE vilnt elolne] BASS ¢ iy
B 2ASHL, @4 SE0] Wadh Aot WA ) Aaghch wep £
o7 Tkl BEOIA (T AZsHA) T4 B 34 EOPEP?*;, Aol %
ofslo} 91 ghrki ofjelzt AU, webAl, linkerol A sk onAE
wfIEat golneel BuSe] A7} Blg Fagich E%A A, goln
ool she mhAEte] 4 e o] U

o Sof, T UNIX ALl tht 2ol BRe s, B 5

2817 bk

cc —-1lm myproc.c

cc myproc.c -1m
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Q 13.27

Answer 1

Note

eolnefe] sele WA F, linkerk o] eloleleolx Aok HoIS
o] Uzl a7 olx] ¢k 2| & 47} Gtk (o84 o] etoluejele]
Sl 5T Ak onAE DA WS 2] ) A2 13288 1)

Hhgiu .

A =2 e k3] “Hello, world” S &85k Aut sh=d], A3 o]
3717} (59 KB A==) wi¢ Fuch. 9 I287k87 IncludeslE 3 o}

71 A=, @A gelHEee] tARglo] ofF AE f<rol7] wiZell dojdyth
(£35] graphic user interfaceE E3$F5l=) run-time ZHo|B &L, 753t
e 752 solusele] TRAIAsE Pl At @ Holuee

7 oH U2 7] $I9ll T eloltejels BECHY (o] WAL ulg £
ROl polusiey} 3 EASEA 1 el EH%“*HE} ), (@AA0=)

i
©
|z
_V}i
L)
=
0,
r
N
1o
"
In
= T
O
mF’
roh
)
E o
=
H:l
olt
E
ok
>
32
i)y
i

T oe] B Fnkn S4B BAL obduth. difehd, g
e A0 S (5 de HAL AT 1 ole BN AT

= E 24 S A9, o2 Ad) ntdo] s o Aoleke
AZE @71 (Surshd 22o12] ig7] whizel) eyt Bl A& 13.25
= FarstAl7] e

IE RO, 2o]7] oh=s F559] AFdE AR the, BaglE @
olHEE links}A] o= el laynh. Eis, eholEeE] AFAtlA =
olHfE & H ZHEsM wEolget a7 £ sy

Shared library (dynamic linked library)&
Utk 2 49 melo] Wad Fe5e] 4o
T8 FEE stub codeRto] 507, A4 2to]Hzje]= "ao] wabA A
2do] 2 2jof loadsh= %oz, A3 ool AR FaUth. A2"H
uHebA] shared library 7]%50] §l= 4 2lenz 2kl viEy.

HE lolEeds off 79 QHAE ndg 2 FEH= —LZH"“%E} l
o] "Wojx|= linkerE 2THH 9401] A Aot ZAE stolBeE] We=

A7y mplof ZAZ|IZAAIT, 71550 Hold linker= (2lo]H 2] o}oﬂ —'—XH
She) QEAE 3t Tz linketyth. whebA ofE/do] of2] LHAE xt
Aol AHA ZASHA] 2 7, flok g2 @2 =2 YARYH. &8
Usole A= Fold linker7t Lok o FAI7F A gla o A,
otz 11 w7k obd A g5yt
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H|Z=5t o]-9oflA] GNU C Library(glibc) AAS HH, (QEAE u}
2 HAase= AS 7Pdckar, HAgre] U8Rt linkd 4= QA o]
a2 mbd st g £7R9] gk Aou 2gtele AS & 4 dsUTh

References GNU

Q

Library — http://www.gnu.org/software/libc/

Q 13.28 _enar} Bejslo] X grtm A7 olels thid] oA 2o ofulsht
87

Answer Qe UNIX g7 ol|l4 5] Tgst= AUt ti7l _end7} A ej=o] Q1]
2ol o7 v A2 oE AE(symbol)E= Aot Heol A gtk
2L omturt. Aojxo] gl7] ¢k thE AESe] Adut Al B ukE
Utk 2% _end7} AoJEo] QA il Sh= oflgle AU (RE
o AR 13.25, 13.26% LT15kA]7] Hpghch)
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Floating Point

Floating point(414) AL Wuhz EA7} wel, Au|2g7] Hol7e ghich. 7]
TP} C glojis e floating pointE =2 & 24o] op]gl] whze] B EAPL
Fuct.

Q 14.1 float E}QJo] o] 3.1 21 printf2 ZesiEY 3.099999997} &
Ut} of 287187
Answer 29| HAFEH= A4E BEIY o), YRHo= 2 4= 7|59yt 2 1

Zo A= 0.12 FEl4=E (0.0001100110011...) EAFHYUch weba 313

2 e (10 AR & dolls feolA|Th) 2 5o {37 $2=2
BAE 4 gyt ofgEe] AAReA 10 A4E 2 AR Hdchs 7
glo] ogA] 2= Qfol] whet k2 AAINE, (56] AUErt W2 floatS
£ 7¢) ddet 219t 29 A3t o o 4 AUt HE AR
14.6 = ZFa1stA]7] vigy ).

Q 14.2 AFL (square root) Fa}2] shed], ol gt Yo

Answer M2 <math.h>ZE ZFA|FHE=R] AARS| BT, $=E0] doubled ZEISIEE
AAEQ=] AAsiR7] vy (atof () 4= <stdlib.h>of A%
o] eg Felo}r] wEhTh) Sie] AR 1435 FTekAlz] ushich

References [CT&P] § 4.5 pp. 65-6

263
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Q 14.3

Answer

Q 14.4

Answer

References

Q 14.5

Answer

A7t

2
V
il

= -&EE'—J_’— —6—]"’1:-‘13] <math. h>§ EI—E%U]—A];}’»&&’E‘H]E %‘JT—]'(‘)—;_!E1—E— “unde-
fneds sin”oJehe An}el of2lE Felghich
91 Splels: HUAEA A7) USRIk A5 5O UNIX A2

oAt “m’ R4S AU o) nhxat Qlxke Fojok Gt Blize] A
7 13.25, 13.26, 14.2% F15HA]7] vt

A7} B A AU SR uie olet ARE Zesha, ® AR} o2
9 the A vy

WA AF 1428 dolur] vehct.

SR} 2Rk A, OAE AFEAA A% Aels FEeh g
= Itk 242 Lol Aok gtk AEERS (underflow) 7t Lol S 9]
on), 92t WH ¥AY SE gk

ol BAR= B C qlojolgt Fghel Zo] ok, BE m2Iel lofol

AT 5 Utk Aol g ol HEES ol “mEAl7t oA
Aelsteip ol wet chgUch (5] AR 1L34% FustA7] sz,
aE) o ASe AES 7S AT 5 A ) Sl Wbt 2

QR o BAL ofd A% i) diet Dol AR g Aol
ofdyct. &2 $£x] g 7o) (numerical programming) Tt ZH

dYES TokE AUt off Fal B U2 AES BAW F54
[1] § 6 pp. 115-8

[Knuth] Vol. 2 Chap. 4
[Goldberg]

o]

f@ TS

j_Eq uo‘l_z 7"_7]]_077 = /\21%\_% H]J_JI_E‘].J‘_—_-_ H(;-lgo] 21—%”}8_7
Ala=0] Arjzlo] Aolof| o]5HA ‘magnitude’o] wet et 4~ glong T

s
= =
A5E waslEE ohgTt o), et Atidor BN 4 gl A @t
fe) A
R =

A2 AAsHe o] F4UT = thawt Zol & Ao] opek:

m{ru
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double a, b;

if (a == b) /* WRONG */

#include <math.h>
if (fabs(a - b) <= epsilon * fabs(a))

. TODO ...

References [Knuth] § 4.2.2 pp. 217-8

Q 14.7 9 C dojoll= x]4= (exponentiation) AXISH= AAAE &7kR 7

Answer thi2 Z2AA = 245 Aktoh= W9 (instruction) o] §17] whEdych
G141 C ol pouO2te B8 AR o] B4t <math.n>o] 419
So] g4Itk Fh A 0HEF 2 A48 Feke Aol o] H4E Al
Anct O EEe 2w g

References [C89] § 7.5.5.1
[H&S] § 17.6 p. 393

Q 14.8 A A]2H9] <math.h>o= uja2 M_PI7} AolElo] 9lx] ekt
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Answer

References

Q 14.9

Answer

References

Q 14.11

Answer

References

o] WAz A= (o] MiARS] g2 piolH, AUk ZF AlLdf ut o
SUth ®zo] obgduth. ‘pi’ gro] Wi, ofEe] A HolsiAut
4 * atan(1.0) 22 AKtsfof Fhrct.

[PCS] § 13 p. 237

IEEE NaNi} g2 S5 ghe gAletefd o9 sha =#7

TE| TBEE A% 74 WS AR gie ALHele (2 7
OlFl AJ=ret isnan O ¥} &2 45 AFSHH, o]52 FEFo| ofdUH. &E
<math.h>l} <ieee.h>, <nan.h>o] Adx]o] 94 4 &Yt} =
2 097 93 BHEE ABFUT. 227 ol 55 .
23l skl EUth NaNS AAShs 7 7183 (crude

23 2

S—
N

#define isnan(x) ((x) != (x))

IEEEE AJZtohA] g2 Anpde}= ol HIAEE X243} TAlA gleisd

SE Qg

[C9X]+:= isnan(), fpclassify() 53 T2 7 TS ATyt

£ Sjto] M o] A4S sprinct 09} e SEE MA TR B
o

1
L AQUT B AAde] offl A9 “NaN'ol} “Inf’ e} g FAAS
a
—

=
SEo] AR 19.39% F5tA]7] vl

[COX] § 7.7.3

B 4522 C Qlojolq TSt o) o] Al FL7a?

N Ao HpEe 7 TEAE BEW o] EA] e At 4 gl
F5E Wk AUk [COXJE ‘complex’shs TE ol He A¢]

ste] guth. SlEo] AE 2.7, 2.10, 14.12% HAISFA]7] ¥Ry

[COX] § 6.1.2.5, § 7.8

Lalthough non-IEEE-aware compilers may optimize the test away

2

complex number
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Q 14.12 I'm looking for some code to do: Fast Fourier Transforms (FFT’s), ma-

trix arithmetic (multiplication, inversion, etc.), complex arithmetic?

Answer Ajay Shah has prepared a nice index of free numerical software which
has been archived pretty widely; one URL is
ftp://ftp.math.psu.edu/pub/FAQ/numcomp-free-c.

tl2o] AR 18.13,18.15¢, 18.16% Z15HA|7] vl ch.

Q 14.13 Turbo CE AR5ty 95Ut 18y 2 7288 A8shH “foating point
format not linked” 2F= WA X|E &85l EHHHY T

Answer BorlandA}e] AntdaE
TRt 2o A AH9] o
A A A7 2 ZAF1R] EUT E9] ASE Ao o= (&
%, heS 22| L) printf O scanf 0= W 11}% =4 &
o} olthz ofejiie] Al AL A% Aa HHo
-zl A 25Utk o] miofl= 7FAet dummy call } shH "yt &,
sqrt O &} 22 b5 o ¥l BT, A4 Ay FH=o =
(ZHAIGH A& comp.os.msdos.programmer®] FAQE
th)

References [H&S2002] § 6.2.5 p. 40,

HESFSH (Ritchie 9] @229 PDP-11 AutYd# )
o]

Hutdese A A2 F2o] Zaglta e

_1_4—4
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Variable-Length Argument
Lists

da] dEAAE YA, C doje 47t 7R QJIAE (F AR ATt A
2|A] ko) HkS 4= 9l 7152 AlFgg ). Variable-length argument list(7}
QUa} BlAE )L, EBYIL AR, printst 22 PSSl B Bagt A
t}. (variable-length argument list:= ANSI C EZo|A FAAo 7 2| ASHA|TL,
ANSI C 27 o]doll= 40| HallA Folsfo] x| ghssytt)

Variable-length argument listE *]2|5t= HHH-E AS| 7|HSH7|7FA] YTt
A1 6 & varaible-length argument list= fixed part( 2% F5 )2} variable-lengthf
part(Z7P Zo])o] = HE O L}ro]A Ql&Utt. $2]& “variable-length argu-
ment list2] variable-length part”2h= IAE f0]& 231 Qtl= AMAS WA
Zqt, o 4 glssyth (FA] o2fo] “variadic” o|u} “varargs”2hi= 8017} 220]
= Ag BA FHo] gJeX k. 2L U T 72| 80 B% “having a variable
number of arguments.!”-& =gh]ch wabA “vararg function” EE: “varargs
argument” 2t1l T £ QlGUth)

Variable-length argument listE& A= HPHS 37| A dA 2 o]Fo] Yt} ©H
A va_list EFQJQ] EWHSE pointer typed A Alsti, 1 th2 va_starts
=2A z27]skRiv.

TIAIA] ke 2] QA e

mr

268
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15.1 Calling Varargs Functions

Q 15.1

Answer

References

Q 15.2

Answer

References

printf O H27] Hof #include <stdio.h>E Azl SlojwLQ. & 1
9 Bert 9eter

3 32 EER (prototype) A4 < (scope) Stoll EgHAZ17] Sl

of AHutdeloM= 7P IR} HAEES A= kel AEF A= TORE
SZ %X (calling sequence)E AREFUYTE (It might do so if calls using
variable-length argument lists were less efficient than those using fixed-
length.) T2]B2 §Hpo] mREER0] (2«8 Eakt 4191) 4o gl
glolof Autalel7} 7 @izt BlAE A2 HAUZS AR 4 &L

ANSI] § 3.3.2.2, § 4.1.6

C89] § 6.3.2.2, § 7.1.7

ANSI Rationale] § 3.3.2.2, § 4.1.6

H&S] § 9.2.4 pp. 2689, § 9.6 pp. 2756

¢

printf ) o)A %£7} floatd} double QIA} HFof| AU 4= Q= o]§
AA7ER?

=
e

.

7HR QIA} BAEOA Z7HH 917 FFofli= “default argument promotion”
o] Ag=EYrtt: = char®} short int EFL intZ W7 &M (promotion),
float Bl double BfRlo= RIZHUL. (o] A2 oo ZREERIC]
SIAY T B2 (old style)o2 HAAH oA dojil= ‘promotion’}

° AUk A2 1132 FsP] dhedeh) 1eBE printee] 4
2 @4 double EFQIE WolSol o] Fulck. (H]5:5t olfolA Ye, hd
ERE P imeihe Wol Solf Pueh) Gl AR 129, 1213% F1
spA7] Bt

[ANSI] § 3.3.2.2

[C89] § 6.3.2.2

[H&S] § 6.3.5 p. 177, § 9.4 pp. 272-3

Q 15.3 n°] long intd 7, the oA EAIZF S

printf("%d", n);
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Answer

Note

IR ANSE @4 ZREES ABROV, AFOR F gl 489
Z

Aet Az Folo] FEEtRr

7t ZHAQIAEE W=t TR EERQO] Qluiehs, ZHA Q1A disiAl=
ojwgh AR 4] Fotm, Bt & = glEych wiEbA, gy o R, 7t
HQIAF B AEofA P QIRbef| sigshe FaE 12t EoE (type con-
version) ¥2] EghUct. Amdele 7pHCIzte]| HidA= implicit type con-
versiong 43512 QFoH, typeo] M= | b= A AL o = 4 s
Yrh. whebs Z2 0w 7P Rk Soitt QIR oifshe Bl
2] gRelsfoF ot thE Z-follis WHEA] FHA"E (explicit cast) off Fofof
Fych:

ojHl AntAHETH (geec EF), o]H lint TZ I format stringo] &
G g7 (string literal)Ql 7390l ?FsiA], printfe} T2 psof AEH
7HA Q2P AR ZHRE BYoR HIEEIEA] HAR F71%E gy

ti2o] L 52 11.3, 12.9, 15.2% U5}A]7] vl

gcc?] 7%, function attributest A2 printf T+ scanfQ} 72 Sk
o] b Q2 R A E 4 LT AHE AL goc WS FaL

ulget.

15.2 Implementing Varargs Functions

Q 15.4

Answer

7P QA W BE g WE 4 9l87ie?

<stdarg.h> 3|t T}

olgo] Tt Zol ofa] o] EAAS EolA malloc() 02 sHsl

mele] A edsk F4eek

e,
=
30,
rr
N
or
flo

S
o
sl
i)
I

#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;
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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 */

(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;

271

(7} AAEE AgHE thi A woli SlAH va_startE THA]

=2] Folof Yt} ER} va_end7} AR Sh= o] gle = AN, ©]

e SlahH NrEA] EelFolol gt

AgHe et g

char *str = vstrcat("Hello, ", "world!", (char *)NULL);



CHAPTER 15.

SRRl QA AR 2 B Fo
Fas] et (

VARIABLE-LENGTH ARGUMENT LISTS

5% ARKE prinsed T, 591 va_arg<>o1w ds g o 4

A5k Bl thel 0127 A7 g,

(o}# miniprintf g AR 20.10004 £

A INT_MING 22, TP A A% ke ented) Zels)ol
oIk

#include <stdio.h>

#include <stdarg.h>

extern char *baseconv(unsigned int,

void
miniprintf(char *fmt, ...)
{

char *p;

int 1i;

unsigned u;

char *s;

va_list argp;

va_start (argp, fmt);

for (p = fmt; *p != ’\0’;
if (xp '= 2%) {

putchar (xp) ;

pt+t) {

continue;

switch (x++p) {
case ’c’:

i = va_arg(argp, int);

/* not va_arg(argp, char); A&

baseconvs 4l

int);

2 15.10 &1 */

o}
I
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putchar(i);

break;

case ’d’:
i = va_arg(argp, int);
if (1 <0) {
/* XXX won’t handle INT_MIN x*/

i=-i;
putchar(’-’);
}
fputs(baseconv(i, 10), stdout);
break;
case ’0’:

u = va_arg(argp, unsigned int);
fputs(baseconv(u, 8), stdout);

break;

case ’s’:
s = va_arg(argp, char *);
fputs(s, stdout);

break;

case ’u’:
s = va_arg(argp, unsigned int);
fputs(baseconv(u, 10), stdout);

break;

case ’x’:
u = va_arg(argp, unsigned int);
fputs(baseconv(u, 16), sttout);

break;

case ’%’:
putchar(’%’);

break;

273
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va_end(argp) ;
}
}
Sigo] AR 1575 5] MR,
References [K&R2] § 7.3 p. 155, § B7 p. 254
[ANSI] § 4.8
(C89] § 7.8
[ANSI Rationale] § 4.8
[H&S] § 11.4 pp. 2969
[CT&P] § A.3 pp. 139-141
[PCS] § 11 pp. 1845, § 13 p. 242
Q 15.5 primst 09} 2o| Tul BARS WolSe] Aelokt B4T wEo] 1 4ol
€ printf QoA ¥7]1 454t
Answer vprintf (), vfprintf(), vsprintf() S8 AH Huch o] gREL,
Z¥ZF printf ), fprintf (), sprintf O I} S A-S 5}, T wpx|ut Q1
A7} 71 Al 4] va_list ehlol dhet ZelEE Wch
&5 =°l, oFf9 error O = ol HARE Hokge] I HAIZ] g
error: 7§ GH0]T newline Bolq FsiEE Ttk

#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,

Mo

15.7% 21547

ll\nll) ;

ahghU
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K&R2] § 8.3 p. 174, § B1.2 p. 245

References |
[C89] § 7.9.6.7, 7.9.6.8, 7.9.6.9
[
[

H&S] § 15.12 pp. 379-80
PCS] § 11 pp. 186-7

Q 15.6 scanf 09} 22 7|52 sH P48 WEL A&Uch

Answer [C9X]E vscanf ()@} vEscanf (), vsscanf O & AL AdYU}. (22 9
7 ol7] SINE el Aae) dejg gag wEoloF k)

References [C9X] § 7.3.6.12-14

Note C99 FZFL vscanf(), vfscanf (), vsscanf ) S ALt wefa] 2R
1559 2 Wi o 2 w-EH Huych

References [H&S2002] § 15.12 p. 401 [C99] § 7.19.1, § 7.19.6.9, § 7.19.6.11, § 7.19.6.14]

Q 15.7 ANSI o]x9] HupdE A8l AFUTh <stdarg.h>7} gli=dl %A

Sk&?

Answer <stdarg.h>o]| ddsl= e#|H Il <varargs.h>E AH Hyr}.
o & 0], AE 15494 TH= vstrcat, <varargs.h>& AL = 1X|H

ket Zavch

#include <stdio.h>
#include <varargs.h>

#include <string.h>
extern char *malloc();

char *vstrcat(va_alist)
va_dcl /* no semicolon */
{

int len = O;

char *retbuf;

va_list argp;

char *p;
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va_start (argp) ;

while ((p = va_arg(argp, char *)) != NULL)
len += strlen(p);

va_end (argp) ;
retbuf = malloc(len + 1); /* +1 for trailing ’\0’ */

if (retbuf == NULL)

return NULL; /* error */
retbuf [0] = \0’;
va_start (argp) ; /* restart for second scan */

while ((p = va_arg(argp, char *)) != NULL)
strcat (retbuf, p);

va_end (argp) ;

return retbuf;

| vy 1A, o]

271 Ha9lS5Urt.) &, <string.h>2 EGH
A7l Al A 22 A I @55 Ado] Folof € Ak
U

Tk, A|AHo] viprintfE A5, <stdarg.h>E AlFSHA|
ofefjof (AR 15.594 &) <varargs.h>5 £ error I5 HAUrh:

(va_dclFo]l AlHIEE(Y)o] e Aol Folotr
AR Al digh S A

=

#include <stdio.h>

#include <varargs.h>

void error(va_alist)
va_dcl /* no semicolon */
{

char *fmt;
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Answer
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va_list argp;

fprintf (stderr, "error: ");
va_start (argp) ;

fmt = va_arg(argp, char *);
viprintf (stderr, fmt, argp);
va_end (argp) ;

fprintf (stderr, "\n");

277

(<stdarg.h>oA{ek= ¥, <varargs.h>oAs = IAPZE 7HAQIAIY

of. wEbA fmt IR, va_argE KA fofok ehutt)

References [H&S] § 11.4 pp. 296-9

[CT&P] § A2 pp. 134-139
[PCS] § 11 pp. 184-5, § 13 p. 250

15.3 Extracting Variable-Length Arguments

O.u
tok

52

Al ohd=t Mg word A4S El 19yt (F2AU long int, 4
olg] 7o) word® o]FolA Q= A$r} tiEEQYr))

7P QAE ot Heloke Pk I AAMOE AR AL mekd
Qlofof Ttk printt ADe] FHEL T FALA (last 22) &

specifiers® H1 1 A2 mlershct. (127] w2 printfOof %
AAke] ALrh T BAAn} 9] ¢he 9o O/RE Joth) ®
Hio g 7 oxrt RE: 42 ERIY A%, uHAE IAE (0,

—

sfa] o 4 Qi el ke

Sl e A ShgUTh ofw edE AARelAE HEE ¢

< 3 =
9] nargs 02 AFIIE Gtk T2} o] g4t Qlate] A4 s
L= E

-

A A
27T

L1l

ot Y2 >

ag
L]

7—’—1_

A48 9 ZQAE9L 22) ol 54T grow e sdAte] A%E o}

>

U (AR 5.2, 1549014 execl (O} vstrcat() 9] AFSH-S &alst
17] BFUe). mpAete =, QIxke] A4S nlg] ool 4= Qlokd, A4 <

o] A2 olpg Hdsls AL 22 WU} (although it’s usually

a nuisance for the caller to supply).

References [PCS| § 11 pp. 167-8
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Q 15.9

Answer

References

Q 15.10

Answer

References

Q 15.11

Answer

A Amels Ogt 2 4T Aejhd e W,
int £(...)
{
}

0|

BE CME va_start O 22 Holw shfel 1 QA Qolof @
ohn wkn ek (OVRE, b el A% Er eele gefd, shi
FEQUL) Se] AR 15.10% FWSHA] B

[ANSI] § 3.5.4, § 3.5.4.3, § 4.8.1.1
[C89] § 6.5.4, § 6.5.4.3, § 7.8.1.1
[H&S] § 9.2 p. 263

7R Q12 A5k ol A float QRS A EskA] EgUTt. 9 va_arg(argp, float)]]
2 2 FASHA ghertar

7H 21zt gl AEOA 7PH Qlzf BES SRAF “default argument promo-

tion”o] AGHITk % float ISl UAHEE YA double WS,

charl} short int®] 73-¢ &4 int=2 HIHUTH

w2bA], va_arg(argp, float)-& A3E FTo|n, 4l va_arg(argp, double)]

2 Mo G}, W5 O]9 char, short, intE W] SIS\ va_arg(argp, int)ll
£ Hof gt} glEe] AR 11.3, 15.2% FI5kA]7] vyt

[C89] § 6.3.2.2

[ANSI Rationale] § 4.8.1.2
[H&S] § 11.4 p. 297

o ZQIHE va_argO & ¥28d shed], & U

typedefE #AA o HQIE

i
=
u
8
|o
i
&
il
Rl
ol
H
N
=
lt
i
2

>

va_arg) 9} 2 wjant 4 mQIElol 2e BPT B9l AHEY T, 2
@ A7)w et (be stymied). o EAIE olsia}7] Sl ofzfe] 7heket
va_arg() 7@ o2 HYUTh:

#define va_arg(argp, type) \
(x(type *) (((argp) += sizeof (type)) - sizeof (type)))
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S1ollA, argps (%, va_list E1)) char *¢JUth. of u), wof thawt ol
Bt

va_arg(argp, int (*)())
va_arg T} 2] SFPEULH

(x*(int (x) ) *) (((argp) += sizeof(int (*)())) -
sizeof (int (*)())))

9] 2= A5 B GRAATE syntax errordUtt (AHA] (int (%) O
D2 AAESE AL olal7l geh)?
Tef, ok QS HhE o5 R typedef YrtH = FAIVF siAHYH
Foltl 4 ZAEE Thedt Zo] typedetS WEIITHY:

typedef int (xfuncptr) ();
12ar ofefel go] ERtH:

va_arg(argp, funcptr)

theat 2ol sk

(*(funcptr *) (((argp) += sizeof (funcptr)) -
sizeof (funcptr)))

o A%, BHHoR SaTh.
HEo] AR 1.13, 1.17 1.21% F18HA]7] viehct.
References [ANSI] § 4.8.1.2

(C89] § 7.8.1.2
[ANSI Rationale] § 4.8.1.2

15.4 Harder Problems

You can pick apart variable-length argument lists at run time, as we’ve seen.
But you can create them only at compile time. (We might say that strictly

20] Spgo] Lrtzeln theat golof Ptk
(x(int (*xx) ) (((argp) += sizeof (int (*¥) ())) - sizeof (int (*x) ())))
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speaking, there are no truly variable-length argument lists; every actual argu-

ment list has some fixed number of arguments. A vararg function merely has

the capability of accepting a different length of argument list with each call.)

If you want to call a function with a list of arguments created on the fly at

run time, you can’t do so portably.

Q 15.12

Answer

7bd QA WolA] ThA) 7hE QAE Azlske W40l WA & S Y7

QurHo R, BRI oldH0R, o] 49, valists W B4E 1

Solof et

void faterror(char *fmt, ...)

{
error(fmt, ?7777);

exit (EXIT_FAILURE) ;

S|4 B LA, faterror’t R 7P QIAS erroro] HTE bW
o] Y5yt

ol ZAIE Astr] flsiA, HAA, error 5 ZofsiA 7HH AAF Al
5] va_listE Wi verror -5 WU (H= ofHA] g5UTh

<

ffeHH verrord] WHEL errord} oW, At verrorE W= L,
error 9Hp= verrors A4 ol 47 W= 4 JlEUTH)

#include <stdio.h>

#include <stdarg.h>

void verror(char *fmt, va_list argp)
{
fprintf (stderr, "error: ");
viprintf (stderr, fmt, argp);
fpritnf (stderr, "\n");

void error(char *fmt, ...)
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va_list argp;
va_start (argp, fmt);
verror (fmt, argp);

va_end (argp) ;

9o} Zro] HFE9l oM, o|A| faterrorsS TRy} Zro| WHE £~ Q&

void faterror(char *fmt, ...)
{

va_list argp;

va_start (argp, fmt);

verror (fmt, argp);

va_end (argp) ;

exit (EXIT_FAILURE) ;

ZA|5] B error®} verror? WA= printQ} vprintfQ] WA} 5

t}. Chris Torek®|7} AJokst Zof wEd, ojgjto] 714 QA2 Halsh= 3
5 wEdnitt, £ 7R #He Algshks Zo] 54Utk shtbe (verror

o o)) va_ListS WolK Aol W, (errorsh o)) & Bee]

st wrapper 3RS Sl FH, = ZRx|QlUTh o] HHAO] §lA] whAL,

verrors} 7 Gk 71 QS T THIMT scan®t 4 ek AUk

va_startS THA] & HPHe gl&r).

ThoF (faterror®} Z+2) 7HH QIA}E Hhop o] AL 7hH QS Wk 2

o] At sk, (erroret Zol) va_listE tg-h

ThA] THE &= QithdA, o] BAIE sii8sH7] 9ISt portabledt

gEUth (o] A A" oS dolg A SiET 7Fede s

Uth g2 AR 15.13% F5kA]7] vigudh)

et 2 WHe B Stk

void faterror(char *fmt, ...)
{
va_list argp;
va_start (argp, fmt);
error (fmt, argp); /* WRONG */
va_end (argp) ;
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Q 15.13

Answer

exit (EXIT_FAILURE);

va_list ZHAs 7P 1At SAET} ohgyreh AR of A Fhd Q)
2 Y 2EE ZhE7le ZAEAYH. TebA va_listE e e 7P Q)
A PAES W T4k e, 1 o ARsh e

Another kludge that is sometimes used and that sometimes works even
though it is grossly nonportable is to use a lot of int arguments, hoping
that there are enough of them and that they can somehow pass through

pointer, floating-point, and other arguments as well:

void faterror(fmt, al, a2, a3, a4, a5, a6)

char *fmt;

int al, a2, a3, a4, ab, a6;

{
error(fmt, al, a2, a3, a4, ab, a6); /* VERY WRONG */
exit (EXIT_FAILURE) ;

9] oz, ol Ao & o1x] ks 2t HolFr] 9l vhe AUt o] 2
oA Brh= olg=2 ¢ F=E e 512 7] vigyc).

>
>
rO
>
L)
[>
{m
fr
_>‘J_(‘
AL

Sk= thAl generic (void *) EQIE|Q] HjES 4
H 4 syt 282 EeX = (main() o] argv

A8 Aejakzol) of W K48 ShbH ZAMA Uk AR o
1

SUT (22, o] BAL ofelio] el BE 52 24 Aofd

)
clEo] AR 19.36% FIsHA7] v )
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Strange Problems

It’s not even worth asking the rhetorical question, Have you ever had a baf-
fling bug that you just couldn’t track down? Of course you have; everyone
has. C has a number of splendid “gotchals” lurking in wait for the unwary;
this chapter discusses a few of them. (In fact, any language powerful enough

to be popular probably has its share of surprises like these.)

Q 16.1 9 oF#f loopt= 4 ¢ WiRt AWL7R?

for (i = start; i < end; i++);
{
printf ("%d\n", i);

Answer forS 2 E| nput Slo] A4 2 AuSE GE], forr} uh
2 (statement )2 “null statement””7} HUtt. $Es 2 S B2,
F HI)ols for7} TS FE= Ho|x|qh, AP fore} Fket, I

statementd Feluct,

oo 2 ok

ClEo] AR 2.18% F5HA]7] Hight).
Note 9] FE=5 thga} Zo] Hojxm 47 olsfd 4= glsyck:

for (i = start; i < end; i++)

)

283
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Q 16.1b

Answer

Q 16.1c

Answer

Q 16.2

Answer

Q 16.3

Answer

printf("%d\n", i);
¥

W Q7 (syntax error)7} AFUA ol TAPE=H A 11 olfE 2
A4t

W2 Fe oL} oA ol Ao A #if / #ifdef / #ifndef / #else /
#endif ©] o] B2 ol=x] AR Y] vt (FEo] A& 2.18, 10.9,
11.29% Z116kA]7] vyt

I Ao

g Al ZRAHE TESh= ‘%‘—‘%Ol E2617) FS7ER? offe T FHuiy
@7t meAA 55 RS AY Ho vk A gy
A Thed} o] IES ZAslA] Ponta?

myprocedure;

C ol i (function) e AL, 2] o] AT A}
Shtz glejets Bo e Seld ‘argument list'S 4 Folof ghich. meb
cReat o] #ok ik

myprocedure () ;

whelo] 3 REOA ol syntax error7} YT, TR A7h B6le of
e A7 g

AR 1092 8] wighct.

S| Mol m=go] M HHYTE (debugger®
main() o] So7P7|&E Aol Fo] WyUrt)

o
P

@ oot

1)

ofsb s} ol4ke] (IKB o]49]) uhe 2 local H&L #1& AYTh
Rro| Aadle n4H F7]0] A8 AT i, FHoR A Age}

(g Unix) A2gloldetz Aelo] 7] o ghile] 4w Axel
skl B2k 20 AUtk w9 2 wide] Wasth A (static) 0.2 T
S FEUT (58 ST bl A7 S 2 olfe, Aze
go] Wasithel malloc)2 WA TEeks Al E4UTh Sie] W& 131
= FshA7] HR ).
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F, B2 Ide AR k@S SET Jaurt (247 oE dnds Sae
MA HE= object moduleg $HAY, ZEE dynamic libraryE link3-&
74%). EE= run-time dynamic library linkingo] oj® o]f2 A ALL
maing TE AP S Yeich

(GlEo] AR 11.12b, 16.4, 16.5, 18.4% ZT5}A]7] vlghch)

Note B2, 9] §Hol4 £ 1KBe| 271 A|Aglo] whe} e Zebd 4 glguc,
WA Aol 22 edEeltks 212 o] gtk e, o
0 AReIq Aoz 2 300 Aue 2o B

A
A%, e Aol ol 4 glrks 22 Y195k Hhect
Q 16.4 4 == 7y

AR A=, B4 2] egyrh. 3 main (O 2l

Answer ol the Al 71| AFHS AR Hhghch:

() main Hh2 glo] 491G A ARBE(;)o] WA GO, main
o] 28l efglo] AEEo] structureS EISHER AAES 754
o] ¢l&Uth o] ¢ run-time startup FEQ} FE=dto], o]H FAlo]

dold & Fyrh. EE 2.18, 10.9 L

(b) setbuf, setvbufo] AEet HH7} mainof|A] A4St local (18|11 au-
tomatic) 42, maino] EUAL stdio 2ho]E |27} AAE3t cleanup

FEE 54T ), o] Mt A gonE ol AL WY

(c) atexit® 52 §47} o2zt b o] BAP} A2 & it

(% ARt Al A EAls AR 7.59F AT WAL Qlsyth Sl &
11.16% Z15HA7] vFehc)

il

References [CT&P] § 5.3 pp. 72-3

Note TC}2 742, mainof|A] 413t localo]™ automatic®l WS (7= @)
ohE o, o] WMol HHE Hlojd ol HIFe (53] write) w, ol=et
o] vebdynt. 28 HHE glofd 3ol sty sk A2 I A7t

“undefined behavior”& 2<% th
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Q 16.5 o] Ze e ol FRHIAL Fulsh SopiAw, the ARHA 5
o9 olet AME WS WUtk HS olget 2, 7HE debugging 27
o= O] F7b F7h] Fshe BAS Youl Huz SAsE gt

o 1™E7tQ?
Answer o[d S WE0] i ol B o] AvHos BAE do
7 A9} gloy, FTshAl] vt

(uninitialized local variables!) Z7|8}=]z] ¢F& W4 (Bl2o] ZAE 7.1

= sk vt

e integer overflow, £3| 16-bit ZAFE|ofA, ES| a * b / c} 72 &
ARS & ], ALt =5 overflow”} dojd of. (W&ol AR 3.14x
15kA17] Bk

e (undefined evaluation order) H7} A7} AOER] e L (A
3.1904 3.47kx] &A1)

e external §H=o] Adlo] AHE|9)L AL ESG| int7} ofd t= E]-O]%

RS “namow” Ei QA4S 71 Be] A (WE 1

11.3, 14.2, 15.1 &1)

et

e 9 IOIEIE dereferencedt 7% (Chapter 5 #11)

e malloc/freeE Z & & 79 E3J| malloco aFst mma]7} 0
o2 oSSR AT A9, ol freedt WEE A% 2 7
9, % Wl freedt 29, mallocol BT FEE ol AT A%
(GHe] AE 719, 720 HTEkA] Hhehch)

o bl 2IH ZAlE (W29 Z& 16.7 16.8% HalshA7] BFY
)

e printf () XMWY} QX A& kx| ¢k
intE &8sty 3 AL (7;3_15'.— 12.7, 12.9

e unsigned int7} BAY 4 Qle W9 2ol 2719 HRHE FF6}
2 gF 3%, 55| mEo] AR Aol W2 HFHNA. AE =1
malloc(256 * 256 * sizeof (double))I} Zro]. (Tl&o] AE 7.16,
19.23% 18kA)7] vyt

LE3], stack-based A|ZRlol A, Z2715ke]7] oFe W40] AA] Zhe, 1 BA] stacke] ol et Zto
oloh_]/};oﬂ rqﬁ]. 131—3].11\/]\;]. 3_847] IIH_'_OH 5{_\:_4 ?7]. 7]_ qtﬂﬂo HOH Eq _'_;q_o quqo ‘IH
57\1-01— AE ol/\qq. =, prlntfg} 7107 iE—J c—];q7]. = OLAE NOEO}E'], i\;ﬂoﬂ 0111: %IC ] ‘:‘H—r
g2 4= Q7] YUt Note o7]ofld @3t 28o] Q= glofzh, 28o] SHRE it R o] Q=
ghol otdet, Hl A=o] Q= 2e)7] ke oWty

%, 53] %dE MA long

7
1)
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Note

Q 16.6

Answer

o array overflow A5, 59| 22 YA HHE & WUt sprintf O&
WA EAEE TE . (HEe] A& 7.1, 12.21, 19.28% FaIstA]7]

Hlg )

o typedefH E}Y& 574 Bl o= AR oiotal I A5, 53| size_tl
of tisf. (E= 7.15 1)

o A4 (floating point) 2] B4 (GEo] AR 14.1, 14.45 Z115HA]7]
ufghich)

o 54 NGl AR FAEHA Hof 9]

Flr‘

W H3H(clever) I=E ARESH 7

o

SHRE @ prototyped ARERITHH o]H FRo| W2 FZAIE vy Fopd
QU LineE AL A 22 AU, GEel UL 163, 164,

18.45% ZaIstA7] BFgUt

oA printfo] 3], long intE ZF AGHLS w|, T3t ZA7} TP
Z= oloky 2 AL (HhEE9] 16-bit A/AEAHH) int9} long int7} A4
717t o AlARRS odstar et Ay (HHEES] 32-bit AIAFIAH)
e int 9} long int o] A7|7F Z2 Z-2hd of2iet A7 A TAYSHA]
= STt ojztu] ZREE FTo|r] wjRo] Aof & HEQItH (€99
+= long long intE A|YSILE, long int®} long long intE A& A
of o]l FAE Y 4 = el =v & 4 JFYTh

9 o] =TT FAA TR

char *p = "hello, world!";

p[o] = "H;
22 A4 (string constant) = Ut &, Andes 2AE A4E
2I17F A" 2ol viRIAE 4= gloB g, o]Zs MASH = Al e
Yt &(write) 4 = wAFEo] RS & 5 Qe RS WigS
AAsHALY mallocom sl Fofof Furt. thgi} ol aff H7] Higy

th:
char al[] = "hello, world!";

oA, thea} Zo], AEZFOoZ A= UNIX mktemp AIA= &3
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References

Q 16.7

char *tmpfile = mktemp("/tmp/tmpXXXXXX");
gule e dewt 2adth

char tmpfile[] = "/tmp/tmpXXXXXX";
mktemp (tmpfile) ;

Ci2o] AR 1.32% FsHA)7] vighct.

[ANSI] § 3.1.4
[C89] § 6.1.4
[H&S] § 2.7.4 pp. 31-2

External structures F= FE=5 gk, ASYsHH SHAF “unaligned
access™ 2R o2} WUtk oA F EQIZER? AR Aok oheH 2

Yrk:

struct mystruct {
char c;
long int i32;
int i16;

3

char buf[7], *p;
fread(buf, 7, 1, fp);

p = buf;

S.C = *p++;

s.132 = *(long int *)p;
P += 4

s.116 = *(int *)p;

Answer The problem is that you’re playing too fast and loose with your pointers.

ofl A A'S2 HlolH ghEo] 4es] align®o] glojoft 11 ZhS access®
4= 9&zUrh ol& Sof, 2-byte short int= 29| Hi4: FEE T FAZh
o fut 12 4~ 12, 4-byte long int+= 49] Hi4 FEE Z]ojolTl access
7F 7Fs o (AR 2.12 A1), (obF 3oy 7 4 QM=) char x B
9] E2IEE ZA|Z int *1} long int * EQIEZ HIY AH, L2 A|A0
Al multitype Fr2 A2 align®|A] ¢F& o] accesssHA| THEA] FHutt.

Foll A%e & o Sled S & Uk PEe thad 2EU:
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unsigned char *p = buf;
S.C = *pt++;

5.132 = (long *)p++ << 24;
$.132 |= (long *)p++ << 16;
s.132 |= (unsigned) (xp++ << 8);

$.132 |= *p++;

s.116 = *p++ << §;

S.116 |= *p++;

This code also gives you control over byte order. (This example, though,
assumes that a char is 8 bits and the long int and int being unpacked
from the “external structure” are 32 and 16 bits, respectively.) (H]5=St
TS HolFl) AR 12428 By Hlhc
o] AR 45% FstAY] vk

References [ANSI] § 3.3.3.2, § 3.3.4

[CR9] § 6.3.3.2, § 6.3.4
[H&S] § 6.1.3 pp. 164-5

Q 16.8 “Segmentation violation” o]t} “Bus error”7} EH7kQ? “core dump’= E
Y,

Answer gHFA 02 o] HAX] Q] (E memory-access violation T protection fault]]
E AR £, o] m2 o] accessE 5 gl MR
F08 (20 EE A05) accesslel AT AL SR, ol
WAAIE RN 4 e B o
o d IHE AR A o (FE 5.2, 5.20 1)

=
A YA, AR aligned Fa, E AL 2tEA] o

e

[2] = (relocated) & 7}e]AHof siA|qt, 182] ¢F= &
JEE (Stale alias) A-e o (A7 7.29 F)

e malloco] §A5H= W5 arena’} WS o (A& 7.19 317

e (constz AAHUIAY, £A2 A" — & 1.32 ) 7] A
49 ge Wsk & .
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A A G4 At 53 ZAH Pk T 74 o2 B9, scant S
4% AL (B2 1212) fprineeS & % 42 1 (1A )
FILE »ehs 24 % st vied)

UNIX9A], o]&] BE 2= “core dump”7} YUt} =, core?dl= 1l
o @A) jaEelo] ThEo] Ao, uPY TRAAS UMY S YES 1
ZzA20f txa] ofaf2|7F A= o] EHH

“bus error” @} “segmentation violation” o] x}ol= FQo}A| k5t ZHzt
O 4geld 27k the Male] UNIXE olelsh A19ES whEo] vy
o}, 7hs] 2], segmentation violation2, otof] EAHSHA| = ¢k W 2] of|
accessol] Prh= Zo]1l, bus error= HREEE ZHEE BHHO 2 accessdty
(N 2H aligns 7P EelE), BE 167 21) ke AL Sehic.

ClEo] AR 16.3, 16.4% FI5IA]7] vhgc)

2Yes, the name “core” derives ultimately from old ferrite core memories.
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Style

Q 17.1 C <o} 19 T 1, /g 2L AAe FeiQtar

Answer K&R-2 o5 22 B 7H3L Qlgel=, 7P 4

th:

rJ
;zr
S
oo
k<l
z
jus)
=)
n:i‘i
i
_WL

exclusion of more substantive code quality issues.
SlEo] AR 10.6% M7 Highch

References [K&R1] § 1.2 p. 10
[K&R2] § 1.2 p. 10

Q 17.3 & BAgo] Z2A) wws| 95 ohgt L2 =S

291

A}a*EC’] e Weg AT gels, 38 ({
L gt 28 F skt

) 9

&S
)
)
i
£
=
o,
=
=)
=
L2
=
¢}
Q
£
o,
¢}
il
2
ol
N
)
i
i
I}
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Answer

Q17.4

Answer

References

Q 17.5

Answer

if (!stremp(sl, s2))

oZo] £ AEAUTA?

3515 09 Ao FE2 AL sHY B8] 2 Aedolety @
Sl olgaurh 9] TEE £ gadde] e A9E AT Aol
A A8 BAPE E Aol G, ¢ ks ol not'e ojalshs o
polBg BES S 4 9] R

TRt e MERE Ak o] Bgol F A9 gyt

#define Streq(sl, s2) (strcmp((sl), (s2)) == 0)

CiEo] AR 17.10% F5HA7] vhghct.

o AFFEL if (x == 0)& AA] &7 if (0 == x)¢} TS FCE AL
4, I o]f+= FSlQI7ka?

[H&S] § 7.6.5 pp. 209-10

A7t 2 FZEo= printf OF FE o, 4 (void) 2 7HAESHL Q=]
Q, 9 J™87ta?

printf O+ o A5 2 dstx|qt, ti7ljo] ¢ 2o]x] d5Uet. ofH 3
2= (53] lintet 22 Z2dE) okprt off gk 2lelshk=d], o 4
= 22 god, AnE AUt Wb (void) = JNAFSFOZH, o]
g ke FAISTE ZS AndeolA 4, A1E Ssk] ¢A & &
UFUH

strepy O strcat 0 9] 9o 22 olf= A" o] AMEE .
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References

Q17.8

Answer

References

Note

Q 17.9

Answer

Q 17.10

[K&R2] § A6.7 p. 199
[ANSI Rationale] § 3.3.4
[H&S] § 6.2.9 p. 172, § 7.13 pp. 229-30

“gd7te]et T o]t (Hungarian Notation) SIQ17FQ7 18|11 1A 9|
ERet 7Ex)7 dura?

@7keiot F71%-S Charles Simonyid7} T (H5:2] olge] #ise] Ehele]
g Hug EYSH) ol Ak EAU of| AdSAAL e A
W Eo)oln], ofWl ARSI RS MiERE EAMYU o] 2]
el 7P 2 AAE Wael olEw HiE, Wael Bell, 2oE & 4
ol AU 7P 2 wEe ol2 e Ak o o] e Fut HR 3

—_

Q8] Yok A
Simonyi and Heller, ”The Hungarian Revolution”.

H
P7HEIQt B2 E3] MicrosoftAt] Win32 APIS A& T2 Jefm|Eo
Al AFRPEAL syt (API Ak o] 7]9& ARgsiaL )lEUT.) T
9] UNIX Z213jHE o5 widsta lsyct.

“Indian Hill Style Guide” o]e} SAKRE I AEtdo] gt B2 AS

% gl o] gltar

Anonymous FTPE HA] o] oA IS 4 Jd&5Uth

Site: File or directory

ftp.cs.washington.edu | pub/cstyle.tar.Z (#4119 Indian Hill
Guide)

ftp.cs.toronto.edu doc/programming (Henry Spencer#|9] ¢I10

Commandments for C Programmers” 33g})

ftp.cs.umd.edu pub/style-guide

“The Elements of Programming Style”, “Plum Hall Programming Guide-li
lines”, “C Style: Standards and Guidelines” 2= o] x-&o| H 4 Q&
Utk gaRd e 1o v

tlEo] 2R 18.9% Z15HA7] vt

ol AIIEL gotor} olulel 2tk WelwA Atz 44 wWatw sh=
dl, U5 7145 o] ofdzia?
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Answer

L2 Aurdold, 22 2e AR} o] Aleite g2 Zlo]7]d, of
ot Z3AsH FRo 2 AAE 4 gl AJYrY, although discussions about
style often seem to center exclusively around such rules.

goto FAL TAHW §2/1u%/Pelshr] W5 Amo| B, ofEut &

utAE] ZEZ (spaghetti code) Rh5o] & 4= gyt I, obfdd
=

A7Ilo] goto BAL R2A FA|she o] 27t £ FLE uiSo] Yk
AL ofdyrth EE gotoE A A Lk (OS] Hol= SHE £
L}, 22 Alo] i8S HA) FES THEo] W Sk QG

s meady Aetdde] P i (rule) S Aol Holurks o
214 (guideline)” o]t Trolz 1w 7| & uigAghch. Egt olald 77
So] o whSolzle 712 olashe ol H Fagtt. olefgt o] tie
olaglol, £27 ofH 725 st A e F2lo] ojlsiuAt ot A
3} 938 difEis ANS wEold & Qg

ATt w2 e 2Ere] thet B oje v ojddl Wejurt. jebA
olelgt “sErel HA ] Holshe 2 ZElgls AU (Y 9.2, 5.3,
5.9, 1070 o]2@ vhgol Qiguich) oleiie] ojde] whfeh Alge 2
5 olejio] ofzde] SofakA] 9 Zolm, ofejie] oj7e] Sashs ARk
A3 Wdish) e Aolng, ol AL & Wast ¢
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Tools and Resources

Q 18.1 =go| Fukgh mz 30| WY
Answer o}gQ] glo]E-S Z5}r] HigF

Yrt):

o} (G2o] AR 18.16% F5tA]7] Higt

cross-reference generat or

cflow, cxref, calls, cscope, xscope, ixfw

C beautifier /pretty printer

cb, indent, GNU indent, vgrind

/A% B

CVS, RCS, SCCS

C source obfuscator

obfus, shroud, opqcp

“make” dependency generator

makedepend, cc -M, cpp -M

compute code metrics

ccount, Metre, lcount, csize,

C lines-of-source counter

wc, grep —¢ ";"

C declaration aid comp.sources.unix® Volumn 14.
[K&R2] #aL

tracking down malloc problem | Z& 18.2 %1l

“selective” C preprocessor 22 10.18 #11

language translation tool AR 11.31 F

C verifier (lint) 2R 18.7 11

C compiler A2 18.3 1

(Fs] o] glolEo] RE AL
2 7 oo o e

it ¥

obguch; wok of7]ef 1}
ejxell A detstr] uigivct)

e

Note €] H|o|E-2] code metrico] T3t AL

Usenet comp.compilers®} comp.software-engolA 2] Eof tst th2
223}, =48 2o} 2 5 vk

Ci2o] AR 18.3, 18.16% F15HA7] g},

lo

URLS #1547

d
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http://www.qucis.queensu.ca/Software-Engineering/Cmetrics.html]j
GNU indento] gt & o}l URLE FwslAl7] vhguich

http://www.gnu.org/software/indent/

Q 18.2 mallocoA EAIZF #AGH A Z2d AAs 47 diFE B2 slua?

Answer malloc wAE T@tF+= of|7kx] t¥7] mi7|2]E0] syt 17ISl= A
Z9] S}t= conor p. Cahill®2] “dbmalloc” ©]™, 19924 comp.sources.misc]]
9] volumn 329)|4 & 4= &5 Ut X comp.sources.unix volumn 279
A AL 4 Q= “leak” = £t} JMalloc.c and JMalloc.h in the ”Snip-
pets” collection; and MEMDEBUG from ftp.crpht.lu in pub/sources/memdebugl]

. 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:

e Bounds-Checker for DOS, from Nu-Mega Technologies, P.O. Box
7780, Nashua, NH 03060-7780, USA, 603-889-2386.

e CodeCenter (formerly Saber-C) from Centerline Software, 10 Fawcett]j
Street, Cambridge, MA 02138, USA, 617-498-3000.

e Insight, from ParaSoft Corporation, 2500 E. Foothill Blvd., Pasadena,li
CA 91107, USA, 818-792-9941, insight@parasoft.com .

e 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.)
e Final Exam Memory Advisor, from PLATINUM Technology (for-
merly Sentinel from AIB Software), 1815 South Meyers Rd., Oak-
brook Terrace, IL 60181, USA, 630-620-5000, 800-442-6861, info@platinum.com i

www.platinum.com .

e 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, zfQtkg.com .

Note @xgolle theat 2 5o Q1717 Btk

e Electric Fence (= Z0]A] efence) — C T2 T4 buffer overrun
7} underrung FHAR| FUtt
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Q 18.3

Answer

Note

e Valgrind — tefel wle] o=lg Al 0, T=E thA] Aot
st stk ot @A x86 TRA|AS AX Linux AJARo]| AT

% % gy

APt A2 7 4 Gk dAndes) ghertar

71U, = & 4 den, i F4Q FSFO GNU C Hupdz] (&
= geeghll E8]2)E AWM HUYt}. o] prep.ai.mit.edu®] pub/gnu U]
GEel} S GNU opfoln Ao]Ee]d 73 4 gt MS-DOS &
o7 ZHS djgppr .2H, http://www.delorie.com/djgpp/ oA L&
% Sl

PCC2h= 4loj9llo](shareware) ATAL o, o5 PCC12C.ZIPY
Ut

MS-DOSE A2 ufe & 71Ao] 38 4= 9= Power C= Mix Soft-
wareol|A WFE9111, 4% 1132 Commerce Drive, Richardson, TX 75801,
USA, ASHIS = 214-783-6001 YT},

2ol = ALYy Z2E leeZF 5YTE Anonymous FTPE
ftp.cs.princeton.edu?] pub/lccolA] F+& 4 d&5Uct
ftp.hitech.com.au?] hitech/pacificol|A #ojgo] MS-DOS-§ #H=td
98 T8 & gtk ATERE BHo] ohjeld SEe @ Wt a
U

MEA go& F 4 Qe flofdlol Aupde= d=l Zo] glsyrt
comp.compilers archiveo+= compiler, interpreter, grammer-5°] gt 33
5] e AH7E Eo] Qlsyrct (FAQ AES E3SH comp. compilers
archivet= iecc.comOf|A ZLFSk= moderatorq] John R. LevineX|of 23]
YE T QlFUh AR 7hst Al s ofof BRlE ZtE= Mark Hop-
kins, Steven Robenalt, 12]31 David Muir Sharnoff&o] o] 2] =™
ftp.idiom.com®] pub/compilers-list/°f ¢J5Uct. (rtfm.mit.edu =
= ftp.uu.net®] comp.compilers HHEZ| oA news.answerso] st of
7to|B: a1sh7] Higych Aw 20.405% Falsh7] vy

9 ge Atfrog ediH AdYth GCCx g “GNU C Compiler”
o] oFolgl AT, C glo] Byt et Ci-+. javash 2 oLz A91sl] 1]
Tof o]Zo0] “GNU Compiler Collection” © 2 o]Zo] v}F&5H T GCC
9} fEo] GNU softwareE GL6FA|2{H ftp.gnu.org?] /pub/oA L& 4
o, FfoM+= ftp.bora.net2] /pub/gnu/oA download F= Z 9]
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Q 18.4

Answer

References

Q 18.5

Answer

whEUTh AR A GCCo] EalelA|el ofdf Aol=g WrEstAY o
% iUk

flo

http://www.gnu.org/software/gcc/

lecce BEE C dojg2 AR, o]AlAo] mfe @45t retargetable) C FHu}
lzjo]ny, ALPHA, SPARC, MIPS R3000, Intel x868 FTE wlSo] W
Uth lec: 247 o2 HAupeddo] HS) AftiA ez & Q7|7F 2194
Antle] w482 ol Aotk of AolEE YESAY & o we
ARE 45 4 AdsUh

http://www.cs.princeton.edu/software/lcc/

o] A& 18.16% FaIstA]7] vl Th

B2 FAAZE, oS ok B FRE 4 olgA 2
S A 0olxr?
= T XA

WA lintE SelEA7] vtk (WIS -a, —c, b, -p 5| §4E @
Al Mok g AJurct.) difEe] C Hutdaie bt Antdert opdyct.
e w2, gkoF ug Jajmrl & A2 FJESH A ASHA] kAL, X A|SH
Abetol FaRittal BT 4= gli= %ol FAIskL dolrke A7t B
ot (28 Ao, Autdler}t AEsks Ay RS Huz 2Esie=
3 ®7] vigyrt)

ClEo] AR 16.5, 16.8, 18.7% 115}A]7] v}

[Darwin]

Jint’E AYPA]Z]H malloc()2 FE wjultt “warning: possible pointer
alignment problem” 2F= 74117} HHAISE=Y|, oj@A| o] A= 2HAYSHR] ¢&F
A g 4 gla7ta?

Qe linto] ¢, malloc()o] “omgt EFJQ] objectt AL 4= U=
2 7H7le AUEE Tt ehs AMe REY] diwe] 19 Bt
Ut} s7iz] HHHL #ifdef lint Qtof #defineg A malloc() o
gt ‘pseudo-implementation’2 TrSo] F= ZAdUch JZaYF Az =
Q% AN AR E Hol2] oks 7FsAdo] 7] miEell £ wWolet &
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St g Aot gep vE AX 13 HAAE Qe Zo) B
A H 2t ke Ayt (L3 lint7F HojF= g2 HARAES
BASKE 502 okt AL ke FUUT. oy ZaF NS 2
B3 ol A% 424 wEU)
Q 18.7 ANSI T3] lintE +8 4 9Ja7ta?
Answer TjEE A|AHIOA & 4 9= ‘PC-Lint’?} ‘FlexeLint’7} 9l ofgf] FA4

A 72 4 el

Gimpel Software

3207 Hogarth Lane
Collegeville, PA 19426 USA
(+1) 610 584 4261

gimpel@netaxs.com

Unix System V release 49] lintx= ANSI s2lyt}t. 12|17 UNIX Sup-
port Labst} System V Bujile] ofsl 2k ok w714 g (he ©
tool 5ol o] ¥E JH)) = AlzdUrh

I5Eor S AR G+= ANSI 53k0] thE lint2+= ‘LCLint’ 7} $J.S
™, larch.lcs.mit.edu®] pub/Larch/lclinto|A & 4 QJSUL (via
anonymous ftp).

Al Fof| AlFEhs B A2 lint7h AlFshs AAE Al 4
A5 BAS dEFE 7150 IdEUTh (‘gec’e] 9= -Wall -pedantic’

4
4 29 U

Note lelinti= GPLIZ atolilAg]o] glow], Fulo]x|: thaw} 2t

http://lclint.cs.virginia.edu/

o

20029 ©]%, Iclint= splint= o] 52 WHEGleH, Exo|xe thadt &

Yek:

http://www.splint.org/

Q 18.8 ANSI function prototypeo] o7zt o|A] lint= HQ X hta?

1GNU General Public License
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Answer oPdUTh. ORI prototyped EAFSHL 9L, SulE Fold wolgt 5

A Z2E prototype ofdl gl Aol W&YTh FHAR lints of

9 a4 HASS 9T APALS A E 4 9w, T4t ohat Hole

A7 AR FUTh AL linte} o] AlAe] SAel meI@e

ApgalR Er ekt BAL whg 4 9lY] whRo], Anlale] B 7%
- KeN

:1
;’)

=

= = =
olit, B4 Al2H )5l slEsiA ghe, o)Al & ZRaBg 24l
L 2 5go] Fuch
lint™ & 2= tf4] function prototype= A2 St HA, HA ofg] midso]
T2 prototypes A|H=A] AHAFSEIL, A2kt prototypes A=A AASHOF
gyct A& 1.73} 10.62 Fasly] vyt

Q 18.9 SIEgelY 3 4 9l C Qo] ehjAL Tl Azt gitar
Answer 52 W5 Th
o« Tom Tofs# Ul £ REAS AL Yk
http://members.xoom.com/tomtorfs/cintro.html.
e Christopher Sawtell#]7} 9= “Notes for C programmers” = o}g] 5
aoflA et 4 dsUTh
— svr-ftp.eng.cam.ac.uk?| misc/sawtell C.shar
— garbo.uwasa.fi®| /pc/c-lang/c-lesson.zip

e Tim Love#]2] “C for Programmers’+= svr-ftp.eng.cam.ac.uk2]
misc DLl e 4 YUtk HTML 8L ool 72

% gk

http://www-h.eng.cam.ac.uk/help/tpl/languages/C/teaching_C/|}

e Coronado Enterprises C tutorial-2 Simtel H|2] A}°]E2] pub/msdos/clj
T http://www.swcp.com/ dodrillof|A &k 4= Ql&5Utt.

e Rick RoweX|9] tutorial 2 ftp.netcom.com®| pub/rowe/tutorde.zipj
T ftp.wustl.edu® pub/MSDOS_UPLOADS/programming/c_language/ctutorde.zipf]
ofd 7 & sy
e Webg0=2 WhEojz FAZL:
http://www.strath.ac.uk/CC/Courses/CCourse/CCourse.html]]

e Martin BrownX&= C ZA RS Webol AAHGUT:

http://www-isis.ecs.soton.ac.uk/computing/c/Welcome.html]j



CHAPTER 18. TOOLS AND RESOURCES 301

Note

Q 18.10

Answer

e O] Unix A|AHO|A= learn cztal shell prompto]|A 4&EsHH 7t
gabl kA FUTH (T Al odE WY AU,

o tiAuto g o] FAQ BEe] A C glo] WEE Sk lon], 1 i
E8 websllA 7% 4 girilek

http://www.eskimo.com/"scs/cclass/cclass.html

[Disclaimer: ¢J7]9] Q= e tutorial 52 A7} of AES| & 72
ofgyrt. Eet H 7HA] o7t A= Alr Ut o] IS A&
olgo] Sof Qi ST olmF AR BES & gLk B¢ o)
FRe| B B Aol A 45 golArk Wolxl7] wEe] ol
o] glowin & ol oju] YR 7Ao] AT BEYT]

e 0|3} tutorial 57} C 9lojo] I3 o] 1A ARE ol URLA] T
@ 4 Qlarick

http://www.lysator.liu.se/c/index.html

e Vinit Carpenter¥+= Ce} C++2 Hj2m &€X3= AH71A] 2z
ot 252 FAska 55Ut ©] 252 newsgroup comp.lang.c
o} comp.lang.c++o] AXEH o] FAQ list7} Q= 3ol (EE 20.40

Z71), o] HtElo] glom, ofglolA 7 4 Q&

http://www.cyberdiem.com/vin/learn.html
S| A& 18.10, 18.15ck #alskA]7] v}
2 Aol FolAle] the Yol BAR ARS Hol 5 itk

http://www.eskimo.com/"scs/C.html

glofo] Tret ASL o] Fo|H BE hErlol YBUE Wt neA
£ 4 BEE PlaRte A Ui gl St we Aso] 7}
2 S sz Aol 7P Zthal BolH The C Programming Language
= ] A& Kernighan#| ¢} Ritchie#)7} Z5Utt (“K&R” o]2}
AL Sh, AR FRA go] vet QiU 2R K&Ro| 2HAPE HY
Oﬂ‘— ;g];}— ;q Olﬂ-% 475]_1:,_ o]/\x,]r,]. j_aq;qu} OE] EH]:] uo] 1 iﬂo_al_
CE "o, ofF & siietal Azt 2efu Aof igo] vt o
5] wiZell =] it #ig AAo] Ad gle AFelAls Feld
. o] Hof digt ofg] HF Aoyt A H52 ol 7 &

gl
o
o
L
iv)

o

A

o> o
L T
Ruips
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Note

Q 18.13 =

Answer

Note

e http://www.csd.uwo.ca/ jamie/.Refs/.Footnotes/C-annotes.html]j

e http://www.eskimo.com/ scs/cclass/cclass.html

e http://www.lysator.liu.se/c/c-errata.html#main

comp.lang.cQ] W AR}EL K.N. King¥7} & C: A Modern approach
2 2agun.

7V 2L 201 AAHE C: A Reference Manual©]™, Samuel p. Harbison
A%} Guy. L. Steclet7} Agrich. @) Wi wo] vt iz,

C Qlo]8 A3l helole Aeka AR o] FAQ B2% Zuslo] )
o= Ut gtk of 2] ohAe A B2 9] [Summit}E F15kA7]
ufg e

Mitch Wright{= CQ} UNIXof Tgt The Ao digt 228 7121 9
o, ftp.rahul.net2] pub/mltch/YABLoﬂ/\'] 25k 4~ IS5yt

Scott McMahon#= ol2}7b2) w]e] djgh 3¢ b3 Qlguick
http://www.skwc.com/essent/cyberreviews.html

‘Association of C and C++ Users (ACCU)&= C/C++9f tigt e A=
o v =7e ol Bk

http://bach.cis.temple.edu/accu/bookcase

http://www.accu.org/accu

o FAQ 20] BIAE T We Hol thg JuE AT Yeick
P ashy BU=eT et BEe] T 18.9% #1skA7] sk,
C: A Reference ManualL @7 ohAHA mo] Uel 9J&Uth 245 AL
ohg AolES Fual] vk

http://www.careferencemanual.com/

= C eolugelo] tfet 442 T8 & dLrtar

(public domain o}X|qt) P.J. Pluager® 2| The Standard C Library7}
UFUH. BE C gojHeggof gt &~ FTi= NetBSDY GNU (&&
LinuxT) project®] dHRE o7 AgdUtt. Tl ZE 18.15¢, 18.16%
DA BrE

GNU C 2oluefe|o] Fuolx) ofefel Zgc:
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http://www.gnu.org/software/glibc/

Q 18.13b 22}l C reference manualo] -7+ 7
Answer = 7J7} 945Uk

e http://www.cs.man.ac.uk/standard ¢/ _index.html

e http://www.dinkumware.com/htm_cl/index.html.

Q 18.13c ANSI/[C89]

C
Answer A& 11.25 H7| HEC}

Q 18.14 Z=A)(expression)2 m}A (parsing)stal B7lsk= F=7F Dokt

Answer T 7]9] oj7]2]7} 242} 1993 12<€0f| comp. sources.miscof] 1994 1€
alt.sources®] AX|=UA|T, 252 137, 4l sunsite.unc.edu®| th&

A B2 S ek

pub/packages/development/libraries/defunc-1.3.tar.Z

I, lamont.ldgo.columbia.eduo|A “parse” m|7|2|x Zro}H 7| vigUtct.
oJ#7HA] JFHAE0] EgE o] QlE S-Lang QBB+ anonymous ftp2
amy.tch.harvard.edu®] /pub/slangoA] & & 5tk T Cmm
(“C-minus-minus”)o]|g2k= 4ojgol= JG5UTt BEo] AR 18.16, 20.6%=
FaehA7] B,

Software Solutions in C'2] Chapter 12, H0|Z] 235-550]|4] oAl /H7151=

FES Fokd 4 gt

Q 18.15 C dojo] tigt BNF £& YACC B4 13 4= 9le7tQ?
Answer HH3F ZH-2 EE ANSI I 50 Q5Uch AR 11.28 7] vt
o2 BHog L (C—H-JJ- TE) Jim Roskind#]7} TH= ZQ1H] ics.uci.edul]

9] pub/c++grammari.l.tar.Z2 ¥ 4 QJ&5UTH obE ftp.ics.uci.edu]
OLD/pub/c++grammarl.l.tar.ZUX|E REYTH T ftp.eskimo.comO]]
u/s/scs/roskind grammar.Z2 & & ESUTEH 259 ANSI EH2
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(Jeff Lee#|7} 2}45l=) ftp.uu.net o] (HU& 18.16 %1l) usenet/net.sources/ansi.c.grammer. ZJj
oA 2% % 9o, lexerst EFulo] Ut [K&R2)S] BEolb FSF

9] GNU C compilerof M= Z8< ¥& & sy

comp. compilers ol7lolni £ile] thet e HRE JHAT etk A

2 18.32 H7] vk

References [K&R1] § A18 pp. 214-219

K&R2] § A13 pp. 234239
089] § B.2
H&S| pp. 423-435 Appendix B

[
[
[
[
Q 18.15b C Antd=HE HAES| & & e tools2 §La7ta?

Answer A: Plum Hall (formerly in Cardiff, NJ; now in Hawaii) sells one; other
packages are Ronald Guilmette’s RoadTest(tm) Compiler Test Suites (ftpl]
to netcom.com, pub/rfg/roadtest/announce.txt for information) and Null-Jj

stone’s Automated Compiler Performance Analysis Tool.
http://www.nullstone.com/

The FSF’s GNU C (gcc) distribution includes a c-torture-test which checksfj
a number of common problems with compilers. Kahan’s paranoia test,
found in netlib/paranoia on netlib.att.com, strenuously tests a C imple-

mentation’s floating point capabilities.

Q 18.15¢ %R 9= FEL dlE mobs 22 gle7ta?

Answer Bob Stout#|¢] “SNIPPETS” = uf-g- Q1711 9™, ftp.brokersys.com?]
pub/snippetsU http://www.brokersys.com/snippets/®] J&UTt

Lars Wirzenius#| 9] ‘public’ 2to]B&|2]= ftp.funet.fio] -2 £x]of
ek

pub/language/C/Publib/
tiEo] AR 14.12, 18.9, 18.13, 18.16% ZI15FA]7] WYLt

Note SNIPPETS®?] &0z ofg|2 WAL ST

http://www.snippets.org/
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Q 18.15d

Answer

References

Q 18.16

Answer

“multiple precison arithmetic”’-& 93+ ¥ =71 Q3 ct.

BSD Unix libc A20] & “quad” FLEL wl¢ ¢17|QE 7|z Ayt
(ftp.uu.net®] T {Ix|of| JHFHTH:
/systems/unix/bsd-sources/ .... /src/lib/libc/quad/*

GNU MP zto|E2{g], & MIRACL m7]#] (http://indigo.ie/ mscott/
), 7183l Qe UnixolA A= libmp.as 1 HEUH HE0]
A5 14,12, 18.16% A115HA]7] HFEH o},

[Dale] § 17 pp. 343-454

ol TG ZRIMUSS o8/ I & Ake?

L5 A" s 76, o) T2 S-S A2s) 52 Hat(archive)ll

APIESLE Zdas F7ISHL Qlal, o3t ZrIES 2o AHEE ©
got @olA AL Q7] wize] of FE2 ul-¢- tidsh] #l¢HAE oHsyt
da] 43, ZNE FHA R St archive AFP|ESS 9|2 W, ftp.uu.net,
archive.wustl.edu, oak.oakland.edu, sumex-aim.stanford.edu, 12|}
1 wuachive.wustl.edu’} QJ&UTE o] AJO|EEL Y RS AT Eo]
£ 7K glom, Be AuEo] FAslel g&uet. FSFe] GNU maale
o] & AIO|Ex= prep.ai.mit.edufUth. o] AO|EE AR HiY] whE
o H&ol ARFT S YA, IHF B vl AolEr} gonz Fu
517 kg,

QIS Bste] o]l Alo]

T,
fijo
IS
30

ol xt

o,

E kel RS o
- = © = O E2LT1U o HLT
anonymous ftpg #= AUt fipE & 5 IHY, mail2 fipg & 5
A SiF= ftp-by-mail MH7} go] QleBz olZlg 2Ad HUrh. Atrh
world-wide web (WWW)& e glog mtUdE2 A4Eshal QldiAlsl &

Mo w
ol
rE
o
i
o

2= d 20| glom, HolHE ¥e 7F A=
e o] Aol tiet B2 4% HE AR, ofE A2 ARAQ] Uil
gat AU Z 2 & 9t archive AO|ESS BE SeiFAL o Al
EoflA HlolHE ot = WS de = A2 E7FsdH QIEYlof 3
3 % gk ofziRe o 2 2
olm] &l S AYYTh

T ogfZo] ZuA} sk o] ool Q= A EFIE S Lol obdy
o} o] olget Ao AT F Qe M= QEd Azt Iy qlsy
t}. Alta Vistall Excite, Yahoo”} 71 of|]ytt.

H
o
2]
)
=
I
kil
©,
_>'.1_r‘
>
)
|m
g
)
rH
ju)
i)
E
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SZUE £ 4 JtHH comp.sources.unixl comp.sources.misc T2

ol AIEO R AN, B AT opslo]so] Hahe WES o]

A7) BRI o] 180] 32 % & 9l % el AOlES A
e ftp://gatekeeper.dec.com/pub/usenet/comp.sources.unix/

e ftp://ftp.uu.net/usenet/comp.sources.unix,/

2~ I comp.archives oJ&7}2] FAlo] tigt @2 22 AXSkL QL
SuUct ofrgto 2 A 15 comp.sources.wantedoA= ANE 231z}
oo ARL AN 4 G o A 2AUS T 9A of fa 1
O] FAQ F52 Q1L ofgA A48 22 o SIeA] il UA 2= AXSHI
wghct
SlEo] & 14.12, 18.13, 18.15ck ZI5kA]7] HighUth.

=
=]

O\H ;

Note FSFo| GNU Z2AES] &4 FHox= tha3t 54t

http://www.gnu.org/
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System Dependencies

Q 19.1 7]RE9|4 RETURN 7|5 l‘rEZ] ool vk oF FAE glod oA S
of Shte? & 718 wEU A3ee] 1 A} dalAl ol sEw ojw)
5157
Answer o] Aol Hiet EF, E= o]44do] FHold 2 fi5UT screentt key-
boardo] Tt A& ol C o] FutelE et QA bk Al 7
SFI/0 (AR o|Fol) AE- (stream)of tigh AT Lo} Q5T
Interactivedt 7|HE Q&L 7] og] ¢lelo] HolxA] =2 g3l 3t &4
ALEA Hyrh old 712 24 AAVE 88 &2 HHY (backspace/deletell
T) o e 9 THs 957 gjets) AEs
71 91514 dyeh. & AF8APF RETURN 715 %ﬁ% o] H2A, T =
SOl AR ot
st et g 24 ¢ %O]% ?:!"F(‘#]% =4 etchar( VisEE o, =
27I700] FREI, AR & 22 Qe T, 747 Bt wE
SEa 1 ol Ay
AES WEAY & BAE GEAE S4, mRade] Ade selE. @
A ADE]] k= 1 logicS B3| slof gtk ojE A|AH (o2 EW
MS—DOS, VMS] ofd HE)oflM= 2] OS 9] A A€ =2
g4 A5 |x 5t oJE AJAE (& 5™ Unix, VMSQ] ojH mE)d
A 1S4 Aok () Eld Selolaf ek k) 09 el
2 99l 4ol )5 Teky refof ek, Telm uHAel Q1 WR(elE
EH read(), getchar() 5)E HA o ExA QsUTE E o
o= (59 el wijx] AN A2 ) g A7t F3 A

o
1=
il
[
i)
=
L,
g
ot
i
)
|El
l
[
)
o
rok
Mo
)
)
ruo
i

Ibatch-oriented mainframe
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A2|=, & 9 AT AT 5 Qo] e e € 7 fle Atk

Qlguict.

ofelitol 23 Sl A5 SREAQ) St RS Ao r@uu} conp.1ang.
£ C lojr} Helska gk 7150 et 2g ohel Fo|Rg o ARS o
1ol AFetA] ehsUnh. AlLEC oEAR e w2 OF, e =9
off S el B o] FHUh
e comp.os.msdos.programmer,
e comp.unix.questions
Tl Jejgh 180 FAQ B2S BE A £ hEUL. E ofdl Wby
£ Azwel ole] FRult 247k Aolt Ig & AoRR, FLHS AT
7|ckelor & A= BEU

T2 ol2fRt A2 AbF o] o] AXEHER, APl ol A 5

oJE WA curseso| A= cbreak(), noecho(), getch() 9} L, ZHRI]
B0 e 48 ABHUT. BT, He $TE A 4 YL FHlo]

T Q5tHH getpass(OE AH Hutch
UNIXOJHE 10010 @58 M4 Hold Sefols] RES Aofe 4 9%
Utk (“classic” HZo]A= CBREAKL} RAWE #:1, System Vi} POSIX A]
AHO A= ICANON, c_cc[VMIN], 12]1 c_cc[VTIME]-S 211, TjFE XA
2o A= ECHOE & 4 I5UTH E systemOY} stty FHEE & 5 9
U (F o AARE S L3thH, “classic” HoAl= <sgtty.h>2}
tty(4)E, System VoJA= <t erm10.h>9]— termio(4)Z, POSIX A|AEo]|A]
= <termios.h>2} termios(4)E ZrolHA]7] HFgHU L)

MS-DOSoJA+= getchO U getche )OS 27U}, BIOS SIEHEC] st
L gag Ay g

VMSoAE A3 9 TE](Screen Management) T8 (SMG$) oL} curses, T
L 10$ READVBLK 32 E3), 442 $QI0E (E= I0$M NOECHO)
2 Hyct. (VMS Eu]d Satolsjo A= g Hof g ZA4? gAY “pass
through” BEZ 2 % gluich)

ChE SdAAONA SHe WS A HokRAl] Bl

H, T3] setbuf O setvbuf )& A stdino] HEFHER] A
o @ Wo] @ A o} Sole Znt ¥ Azl fych)

2character-at-a-time
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Note

References

Q 19.2

Answer

olA4o] Flolyt L IWe MEIA T v /b L WHe oldd B

: Sefolult Qe AARE <5 vl g 22 9

BAE QYT (3) Z2IBE T ) U] Eu)d
1 =X

59| YHES A} C BE

| 238 AGUt) ol FAQ B9 SHM(AR 2040 F2) AL ol
AZFIOIA] olefet @48 Tt wol thet oAk sk gigich

ioctl (g A& 7P FH o= Terminal I/OF Alofshr] $1g Ao,
[Lewine] ©f 9Js}H POSIX.194 Terminal I/O QEHo]AE A2 TH= 0]

72 et Zo] Aeka Qlguick

o ioctl() Rz FHIA ARl whel ARA <1Zke] BbY, 2717t Eet
A = glomz Asks] A (specify)shr] o]P&Uh.

e ioctl() 9] &3t semanticsi= FFAA 22 tHEU

e el L} implementation %, =4 24 (international environment)

o = 2ol gyt

=, ioctlO2 FHEA ghe ddutt. AAIRE 22 [Lewine] & 315}

7] e

[PCS] § 10 pp. 128-9, § 10.1 pp. 130-1
[POSIX] § 7.
[Lewine] Chap. 8 pp. 145

25 golsol] o] uht B Bapt tirlsh Qix] obd who]
MtR? T ST Qi BAF 9l A9, viE @4t RSl UE 4
qle7 g

o] Afk, mRIZIAE ¢HAS] RFAAl oEAQ] FEdyth ofd #H
of cursesic nodelay() B48 % % QA o BT A<l g o2
A% “nonblocking 1/0"E & 4 Sl A~Ho] GUeh T “select’
L “poll”olehz= A4l E= o] AjlE tiAlY 4+ lssyth & FIONREAD
ioctl, c_cc[VTIME], kbhit (), rdchk(), 18]1 open() o]t} fentl ()]
A] O_NDELAY FAlo] ofz]et 21912 o & & syt S2o] 2% 191k

ZastAl7] st



CHAPTER 19. SYSTEM DEPENDENCIES 310

Q 19.3 94 of| o] ¥ MHES]L WedEgl=A A% WAL F e Wl
“twirling baton®”& EAIZ 4= Q)= WS delFAa

Answer 7P Zdstal, o]A4o] Fojd HHE 3t &5 EE% oh, iEA] g™
(carriage return) £AQ1 \r'2 &sh= AYUh o] EXAE =Rl I=
(line fecd) B} gio] £ 20 A & thA] Wol % 4 avich. e
W Amo] A (backspace) EAFQ1 \b'& AW AXE o 7F AFo= FA o
242 gol & % 9 Btk

References [C89] § 5.2.2

Q 19.4 shle A9e WHer AZS QF HAES Besh PHL? ANS A3
oy AR $7 5 e e

Answer o2t 2 ofgFo] 21 Sle Huld (e HAEY])o SRl whet

References

Q 19.5

Answer

5t g7l termcap, terminfo, curses@} Z-2 gto|BH S KA o]H

Z-s Ayt MS-DOS A|AHIo|AHE clrscr(), gotoxy () S ZrofH
7] HE

M-S A9+ T T 7FS ool & W2 & mE(form-feed) &
ZE (\£')5 &5k AU o] 2= EYohd itk shdo] 2 9A]A|
Hunt. (25 AADSHAEH o o]AAdo] &2 WS F45] B2 newline
S E9olA & 3 79| oY E55 9@A W= AdYTh w9t
"‘:]'013._ system(O)-& A4 (ZE 19.27 311) 3PHS 9= FHFS AP

T JFHH

[PCS] § 5.1.4 pp. 54-60, § 5.1.5 pp. 6062

71E ¢

o of g sof shtar

= O

P cursesi= ASCIIZ} ofd 7|55
O:]E:I 7H_g1 DZ]’ O]Eﬂ_@_i (

0]

Terminfo, = B termcap, 12|11 2]

SRS 4 GUTE QO R ojefdt 5L

N AA Z2= ESC, \033") A&, o] dHS ZA e A2 4

5] 7IthEsUh (keypad O F5 ¢ curses?} o] 22 o4l 225

FUth)

MS-DOSO||A= 7hef 22} go] 091 Z(ZAF ‘070] obdl)o] Sof2the 22,

ohe AL B 7] Q1 golehe 28 Uehiis Aset. of A4S ~

0 FE(scan code)Btal sh=d], oJ7]of 3t AL 2] DOS programming
324 AP BAZ] — -, /, |, \B T2 94X ¥Zol 7 &Y
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guideE ZrolHA|H HuUct. (¥ 7f9t W EH; up, left, right, down S}
T 7= 747} 72, 75, 77, 800|H, function keyS-& 59941 68 Afo]o] ZHS:

1

7Fueh)

References [PCS] § 5.1.4 pp. 56-7

Q 19.6 thex gJee ofmA] Helshtar

Answer A2H BASS Qo Hukgh i T8 BoluAl] vl (2
250] Bol% wol WA FAQ S2& 2 rheol) vhes Aol X gEe
A28, MS-DOS, WiIEA] 550] A28 whe} uj$- chgiet

References [PCS] § 5.5 pp. 78-80

Q 19.7 A2 (“comm”) RE ¢1/Z2L ol@A] Aeiz

Answer TRRZRRIR A ARl S]EAQ1 EA|QYUTE UNIXo|AE: /devel Q= A9
ok AF2] wtU-S open, read, write Y5, Huld Egtoln7t AlFols ol
7lssd 7 23 Huyoh. MS-DOSe] 1h o)2] HojH AEYS] stdaux s
A “comt” T 2 o]Fo R mtdg dAY A4E BIOS JHAESS
»m =} ake YgtEo] Joe Campbell 9] C Programmer’s Guide to

Serial CommunicationsS F751 Q)& T

Q 19.8 £212 iz B YU FeFA.
Answer Unixo|A%= popen() (A& 19.30 &) 5 WA ‘Ip'y ‘Ipr’ T2 134
A, */dev/1p é—a— =5 malg dolA g MS-DOSe
/\-]_1:-_ (H]TLZ) ]El Z—]_,]% _/:E J tdprn— 7%14_ “PRN” 0114_ “LPT1” ©

2 WL Polx Aeish Fuich

References [PCS| § 5.3 pp. 72-74

Q 19.9 Bscape sequenceS En]dol} ulgh o] ML e
Answer BAE Ao R ®PHS 431 QIohdA (FE 19.8 F41), Escape sequencel]
=2 Hyl= 2L ofe 4454t ASCIIZ ESCE 033, (10 A52 27), o]

b=
“netter, fr2 T1FS AFESHE Al HIEIE (netizen)” A SAGHA Huh
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Q 19.10

Answer

References

Q 19.11

Answer

fprintf (ofd, "\033[J");

S AW escape sequence, ESC [ J& HY 4 9J&5Uch

TS A5k YT

)

339454tk GNU libplot 17|21 e 2oz = ¢ U 7152 A

S, Unixiz, plot(3)2} plot(5)o14 ks, 4% Sl plot §4-2
z
2FUT. e URLE Zasly] shghick:

http://www.gnu.org/software/plotutils/plotutils.html

MS-DOSO|A] 2HsHhH VESAL BGI X0 @2l glo|Hyae A7
2 A

E2H0f| 2= 2g2 o7 4 escape sequence= o|FolgUth; E2H
A 2= W7l C doj2 H 2to|Hele] H7|x]E AlgstE=, o] A& AHA]
net2 HAH7] 8}

Qe AAR(AEAY X Window System, E+= Microsoft Windows)=
231 Tk, P9 Fe A3 AolaAE BEU: o 49 P i
oI} FAQ 252 w4 BT vlzhch

[PCS] § 5.4 pp. T5-77

A ARgAlA 1wl gtk ATE FEsky Agvn mide] &
AR A OB SHA HAR 5 SRR

olgl ZHie BEAE mao] U, T Tak4o] A g o] glrks
AL o ke WUk AASHE ofE We Aty shdet: )
AE G 7, UL 47 Aol (G2 maAlse] ofs) 1 wdo] 4z wE
XA 2917 = Q7] WU}

el

=2
g 271 3helo] EAI5H) Hethe 2L ofdUth) 2£ of
45 FoIAE fopenOo] 714 ol44o] Holdieh. UNIXY] set-UID
71%50] QIEHA access () @4 o127 Hok Fhict.
es] mlo] AEHoR Furkn sbgehs At R4 d gk AN

A A 2R Zlo] v,
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References [PCS| § 12 pp. 189, 213
[POSIX] § 5.3.1, § 5.6.2, § 5.6.3

Q 19.12 mtde ¢7] Aol I o] 2715 & 5= 27hR?

Answer C <lojol|x] “mpede] I7]7gt mtdolA ¢S 4= Sl EAF9] AFE I3y
tf. Asle] 1 3715 oks A2 i ol@AY Evtedych
UNIXOJA= stat O &7t B8t 42 o2 & & syttt diFEe o
2 A2"HoAE UNIX®} HISSE stat O 535 Algsha, St gh(4st
oHA] S Lk 9lR)S LEFULH fseekOE A4 T
w70 Th, £1el1102 AA 3he dolWAY fstat O &
F7HA] W2 22 TS 7Yt A fstat O-2 o]AAdo] Holukr] of
on, stat O} 2 FHE dHFUTE £ftell()-2 Hio|g] nfelo] opd
A% (5 9AE 1id), JERL Hlo|E AxE delethe o] gy
old X AHLS filesize()U} filelength() 9} 7S 342 ALt <

A o]Alo] Hofuh] iU,

wele 7] Aol 1 wde] 2718 ok o] B Bag A WA Yo 1
7] uighet. shpskal C dlelelA] mel A71E dohile 7b e
2 welg GolA ol Zoly] BEYUL. WA Yolrin] ml 2718

Al An d7lA] SEMo] 2 4 LU

References [C89] § 7.9.9.4
H&S| § 15.5.1
PCS] § 12 p. 213

[
[
|
[POSIX] § 5.6.2

Q 19.12b w2l 7 Baet AZHe Fohfelwl owA shtar

Answer Unix?} POSIX 39l stat 02 AW Hyt} 29 T2 A|AHOA L
o] 45 AYIUTh (WA AR 19.12% FUSHA]7] HigFTh.)

Note TODO: stat()o] EFQIA] opdz] ZAH

Q 19.13 m}dE& &3] AeAY A2 THEA] 21 11 F7)E Eole Wil g
7kQ?
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Answer

Q 19.14

Answer

Q 19.15

Answer

Q 19.16

Answer EF

BSD A|AHLL ftruncate () T2 AlRsty, WY o2 A|AHl|AE= chsize Off
tl

42, E oH ALl fen
S48 A 59 D18 Y 5 GEUT. MSDOSA: A8 wrivelsa,

2 WA SHEAT 5 AT o5 B o]Algo] Flolux] st kit
Az shle] oF HES Fehie AL o]44o] Holdt whge EAskA o
FUth sHe] AR 19145 Fu5tA7] wighch

npalo] 37k Zofl ¢ F(EL ARE)S FAY A 4 9lertar

mde ohA] THER] 9= g 7|9] BUPsSeta Blof . =

= FA](marking)sh= 7o) 7hgt o]
uto] opd HloJEHo|AE Ae Ak JF
. TiEo] AR 12.30, 19.13% FUSHA]7] Bl

i
o or
|o
L U
w o
[>
W
L,
T
i)
>,
O,
rlr
o -
rE
o,
-0,
[
oik%
E,
ko
ol
ol
—lN
2
™,
=T w1

wfele oA Atar

C gtolB 2] ¢4l remove OE 2AH HUth. (o] A2 ot o] &
ol “AlAE] ARl WRlE 2] ¢l |
2elurt) QefEl, ANSI Unix 0]Z<] A]i gl A
orS £ Ql&Uth o] AL, unlink()E 7] H}%}‘Jr/k

Note unlink ()= ¥ 37| ofdyrt

References

[K&R2] § BL.1 p. 242
[C89] § 7.9.4.1
[H&S] § 15.15 p. 382

O =poll (7l 2A9F=#] 9&=2>) F_FREESP]

nn , 0).
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[PCS] § 12 pp. 208, 220-221
[POSIX] § 5.5.1, § 8.2.4

315

Q 19.16b 14 EAloh= W27
Answer system(O)-& WA 24 AANA AlFots Y BAF B 2AG (AR
19.27 &), 9Ey} AR utelg (fopen() ot 4% mU open A]AE]
5 MA) Dol 24 &9 e E9 99R to[HE BAleke YHE 2d

gyt

References K&R § 1, § 7

Q 19.17 of Ad) H=25 WA BtdS 4 5

gk

fopen("c:\newdir\file.dat",

Answer A4 @43t 1t o]22
e Ady. meEbA

> rr do

£

A el o]
ofof gk

=i
i

fopen("c:\\newdir\\file.dat",

MS-DOSOAE T2 He & 4

T OeEeE P 2AE 9

fopen("c:/newdir/file.dat",

it ? ofFfiet ol

QiU
As)7] wjgel) chewt o] stel Bk

llrll)

— B2 \n¥} \£7} 2gong — opu} ZA5}HA]
A7t ZAY o] ]

It

A Apgt BARel WM&, i ool Bt sjAEe], Hinte
Aol 7] St ofnlg i def] AQIThs 212
| 2ol7] SleIAE WEAAS £ AA TRt ol

QTR 22 Z1efsh] st )

Ilrll)

WSHA] dialell EAE M

llrll)

(2, A 2]7] directive?l #includeoA] A= i o]52 BEAtHo] of

Yets
Fuch)

& BAsfor Ut webA A7lols WEIAE I P A=

5172 pathnameo] g O 1}al oo Wolgle
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Note ot mItde xS o, Ao AZRE A= A2 Z2] ko ST} Lk
Sk, L5l sle] mhae] 47 91071 ubl A9, a2 wel A4S golriol
13 ezt 43 A B2r) fedy.

PR A BRg 27 vietel, At A2t BEeN BSery, ol
Hudels oie o] AT A2E A F 4 Y= 2BS AT
2, 71 7158 2A7] vk () dmdels -1 4 o BHoz 4

Yrt)

Q 19.18 “Too many open files” 2= of|2]S 5Uth o]@A SFH ZAlo] &4 4 9l
L mjolo] ALE LY 4 9lertg?

5 717 olgolA] BAlol @ 4 9l Tl Aol Algo] gtk st
=G AANA & 5 e Aa4F “mbY descriptor” U “mtd HE” Q] A

]v

N-I

Agtol PAY, EE P& (stdio) 2olB oA & 4= Y= FILE 124
O] ZArof Algte] Q7] WlEdUT o] & A7t B FEdof fdes &
Z= )&tk MS-DOS A|AHIG|AL CONFIG.SYS TS 5As)A] OOﬂZﬂ

At O 5 gl w90 A5 18 4 AU od HutdeEs ofu
YPe (E- PHO| A2 302) A stdio FILE 72A9] A48 58 5
Qe

Q 19.20 ¢ zZ2J3elA HAEE o & UF7?

Answer POSIX #F g=0|1l, - Unix A]AEOA Al FSH= opendir () ¥} readdir ()2}
2 % 9 2 249 17] Bl ® MS-DOSU VMS, 7]ef A2 golA
= oI5 458 AR A9 YaUth (MSDOSORE A2 viag UL
5= FINDFIRST®} FINDNEXT £&-& AlFol|E §rh.) readdir()-2
cie5] k) o2t erel] W], wjale] ot AAlE Au} Ba st
stat() @5 Aok FUith. Hhelol 3} ol Sflsle Wk HiLelel
4% 1372 FUsp] .

Note HHEE Helshe WEe, s B, B2 C eoluedis A8
7] Qpgueh 12 9] vSiEe Fusha) vl

K&R2] § 8.6 pp. 179-184

References |
[PCS] § 13 pp. 230-1
[
[

POSIX] § 5.1
Dale] § 8
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Q 19.22

Answer

Q 19.23

Answer

References

Q 19.24

Answer

Aojgrg Wmelt wolgher] & & Gertar

LGAA} ol ARE del T 2ES AT ST AT, o WHE A
Hogm AxF SEAHYL.

GAKHTH 2 wdolt FRAE WE 4 US7Har

Az B Aukleleld 4§ 7Rsa iReluE obRe At A BaS o
of Gicket, %A RE Ameletd TRl Al vBe g Fo]
A oh]@ AlLg OE2el ThE e Aof gtk

6AKE (RAel=) 4s] 2 Bt ofelRe] FHel] okt g o
B} vlojgluitelt giglel, A4E 64Ke] B TS AL 47

gEUTh (C B2 3 QEAETL 32KET 2 739, obfAE HAstA] ¢
SUh [COX[olME 64K7}F T AIFdUEL) o] 7%, A52]Q1 FXto] of
Yol AFgls T2ttt Ao r A Fo] E5UM 9 59
Sohe oAb wjg0e] g, ZRIEE 77l 2RIHTE & 5 9,
linked listu} Zelg|o] s e & 4% Q&)

qteF PC 52t (8086 7]9te]) AlA”lolghd, 8|1 64K = 640K H:Le]
Ao A-thA “huge” HE 2] RE-S 2AAY 2P B|1 2] (expanded mem-
ory)4 9% W2 g (extended memory)E A= AT AZIs|H7] wigtyct
T malloc A¥e ¥WZE<¢l halloc() oL} farmalloc()S A= HME 9l

, 32-bit “fAat” HopAe (A5 EW djepp, FE 18.3 FL)E 2 YHE
%%‘/]E} T DOS extender® AAY o2 LJAAE »= AL AJzish
T AU
[C89] § 5.2.4.1
[C9X] § 5.2.4.1

“DGROUP data allocation exceeds 64K”2r= ofl2] HIAZ|7} Ugk=d] F
< U7EAY Clarge’ Hia] RS KoY 64K olFe] HlolHE & 4 9l
oF A7FelT 2.

large” 2] Relg A, MS-DOS Hrpdei= of@ Hlojg (Aol
U A, B AH HEE)ES o]AH5] default Hlo]E] Al THE] F7] u)
o, o] AIHEE 73] overflow} dold 4= iUt Ao W4E &

6dynamically-allocated multidimensional arrays
"pointers to pointers

8

array of pointers
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Q 19.25

Answer

Note

References

Q 19.27

Answer

o7, wkef ojn] SURtE ST (A7 B2 wAE o ]E}‘ﬁ) At
o] o FAS FolA default Hlofe] MIHMES 22| I
yrt. ofd Hupdels2 22" flolH SRt default Hlo[E A1
AZIAEE, oAk of2fEo] AHT 4= A 3 FUH (A€ —%01 Microsoft
A o] B9 /Gt Fe MM “A2” HolH7E duitg A2 Ae &

A AHT 5 9

©
£

of@ Faol 1% WEele] (memory-mapped AX L H]HS wWme) 7
stein ofwA sz

A ehele] BUEE WS I F4E UPUT olnf ALE A
WA B olAg0] gl WALE Ark 21e Pelop gk

unsigned int *magicloc = (unsigned int *)0x12345678;

I3 “*magicloc’o] ofgjio] Ysi= 925 yerA Huch (MS-DOS
oA MK_FPQO &} -2, MIHES} offset-& YER = HaEsh HS 2HS
4 e AJdUnt)

22 9jo] wpilo] 100% SAdcky BAE St et dzake gl
multi-tasking OS+= Z}Z+e] m2 o] th& T2 1‘:.94 2o HIsh=
AS AL glenz, $8 ZaIgoly of g AN AToHs A
A9 E7syt). o, 88 =2 J3o] ofd OSY device driver T2 134
2 Aoyt

[K&R1] § Al4.4 p. 210
[K&R2] § A6.6 p. 199
[C89] § 6.3.4

[ANSI Rationale] § 3.3.4
[H&S] § 6.2.7 pp. 171-2

T2 QoA g Z2IH(R9F AAS] FHol w24 2=
ol (agelele) g s
gto]B22] o=l systemOE 2H HYrt. system) ] 2€ 2 =4
15 2 7s80] 9 A (exit status)2h= AL 7195HA|7] BiEU (1

2t ol ZE| Aol=o] A 7] Wil & I8 ¢ = AdsyTh.

S

(el
ot
[H
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ol ti7) 1 meTee] ZejTis W Aol gluith E3t systen()o] ¥
£ AAE shte] BAdolaks AL s)olalr] High. wetd ofe Fjel
49 2A9e ¢ 249 HE Bast ok sprintf O AW |
BEo] AR 10.30% uatAl7] Hhehct.

O

élT

References [K&R1] § 7.9 p. 157

[K&R2] § 7.8.4 p. 167, § B6 p. 253
[C89] § 7.10.4.5

[H&S] § 19.2 p. 407

[

PCS] § 11 p. 179
Note [H&S|ol Whe @2 Idjg Jgsid et Z5yck:

The function system passes its string argument to the operat-

ing system’s command processor for execution in some implementation-Jj
defined way. In UNIX systems, the command processor is the

shell. The value returned by system is implementation-definedfi

but is usually the completion status of the command.

Sl AsHH o2t syt

system() o] HEH= QA= 2 AAQ] W AH7|o MEEe] AAH
of o]&ZQl BAo=2 AHEuct. UNIX AlAEloAE e A2]7]= shell
AUt system() 2] ¥ Fh2 A|AHY] oA o, e At o
29 Z=7F Hyr

Q 19.30

i
r
=

2o} B APAAN 1 E Wore & glertar

Answer Unix®} o] AJABIE-L popen() 32 AL o] L stdio AE
He AR HES AEohs meAAe} sto]xg s FUth wEbA] 11
HHyo] 282 (Pl:_l—‘: AHET 7]——-) ojgjHo] mg o)A 2lS 4 Ql&ch
(G2o], pclose() T2 EajFoF Fuct)

popen() 5 & 4 Ut systen() TE HA Eo] A7 A H
A g ok, I e e YHE £ £ syt
Unix& 211 3131, popen() S FEX] UhA, pipe(), dup ), fork(),

(@ 712 71918} Folof Rt AL treopen() T4t Uske Tz e

References [PCS] § 11 p. 169



CHAPTER 19. SYSTEM DEPENDENCIES 320

Q 19.31 m273 chojld, Ze el A F2g Pold & gLertar

Answer argv[010] ] Z2E UL, AREE L S AT, ofRAE
=z O

FUHHA A3 o] do A=E dofd & Fyt. Iy olZleo] o

& afRolela we 4 v

References [K&R1] § 5.11 p. 111
[K&R2] § 5.10 p. 115
[C89] § 5.1.2.2.1
[

H&S] § 20.1 p. 416

Q 19.32 43 zholo] Q= iAol Z2Ie] A4 MAL Aty 4ed), oFA
5 1 = Z

Answer ofggUch FE 19.319) Y8-g WA 2] vigich. ofejio] 1 uhy
o apchy shdekE, 1 A4 sjale] SIS HE 2 gl wh(e]E =
7 WE 25 28 ABShe Bl Fauth (53] ofsiel m2 sl
we] 54 Al 212t O ARl S, 27t e A g A
AT st dvd o] 7152 B Fagyh)

Q 19.33 Z2A~7} 11 ZRHAE TES parent TEAHA 9] environment variable(ZH]
A WS H1E S AU

Answer 7150 S5, 27 S S5 QU thRie] 29 AA} 897
) o Z

Unixo]| 4] process+= AH419] environmenthS (thE-E setenv (), putenv()
e AA) 28 o QL HAEE 2 WeE2 IR ARA(child) =2
Aol A A=, FH (parent) ZzAlA ol AEER] ghssUth. MS-
DOSOIAE BR8] 9 4108 1 5 QAR o] WLl Be
o}, AN Ae MS-DOS FAQ Z2¢ Zvsly| vdyct)

Q 19.36 2uAE WAL gold 1 gL AYPeA oA oha?

9
10

command langauge interpreter
master copy of the environment
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Answer 5% 7 (dynamic linker)l} 52 2t (dynamic loader)7} E 3t} o
RElg FHoR st (malloc), QEHAE AL glo] Q& AL 7
SR, @ BAE utel JAlo] BEfele ¢Ithd ofide Ul sEAk
SYtt. BSD UnixolA&= system() et 1d -A S WA HIE T
F dsyth. g2 SunOSe}F System VOl HZdEL2 -1d1 2fo]HeE
£ HA QEAE mpdo] FAow =lEA & & UFUH. VMSOA=

ko of

BAog «ld” W71AS AZFUch. gE AR 15.13% FI5kA|7] vhe

Yet.

ARV Ak, A8 S AR A W, 2 weluct o

Q 19.37 Zo|7 A7Hit=2
23 Bole 2w ofwA st

Al

ol

lo

Answer FEPAAE 9 U2 AHsks o4/de] Fold W2 flssyth. V7 Unix
oF 11 3A AAESS ftime () ofeh= mi¢- ER %= A Ao, o &
4= millisecond S92 F2HUTH E o2 $2E clock(), delay(),
gettimeofday (), msleep(), nap(), napms (), nanosleep(), sleep(), setitimer () Jj
times(), usleep() o] JHEYLE (UnixolA AFEE wait() = ol
7)%s0] obdytt.) select O 9t poll (0 & 4= QUrhd Fhedst 7]ce]7] o
T2 s 7 AFUT MS-DOS A 2" = AlAE BlolHE ZaHy
Shal Brolr] JIHHES 2= Wl 2% Hyoh
EE, clock() &= Tho] ANSI BEJUTE clock() 45 F ¥ 5E5}
A0 R e vlasis 29 ARk Blud 4 glem, T AIREY] ©ele
CLOCKS_PER_SEG7} 1Kt} & 7%, = ©olEct o Alddd & Sls5ych 1
24 clock 02 AA ZEA2OfATE AR At 4= 2 =
Bl Al2”o s 8 AZER= oft TE & U

Htef ofPito] delay §E WHE7IE Hstal, AR

el T

long int i;
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for(i = 0; i < 1000000; i++)

JeY, oleldt HES 2L A @ 4 gow Hap] vlehch. dg @ W
SRS 2SS 2 Aok S0, § whE mRAOAE of gl § &
=

ey

gAYt U 9 Ao, FE ARIAE et ol o1 A

References [H&S] § 18.1 pp. 3989
[PCS] § 12 pp. 197-8, pp. 2156
[POSIX] § 4.5.2

Q 19.38 Control-Ce} Z+e 7|HE QIEHES BAGAY Fobd 4 d5U7p?

Answer 7heheh WIS T} o] signal ) 8 2= AUY

e

#include <signal.h>
signal (SIGINT, SIG_IGN);

EHE AZ1ES FAISHE Z0)aL, ofiA ™ QIESE AlZ1do] 24

2l =
o 54 ol func O 7 EHA]7 ] TE = dsUth

extern void func(int);

signal (SIGINT, func);

Unixe} 22 e A7 ALEAE thadt 22 e 2 Aol ¥ F

Uk

extern void func(int);
if (signal(SIGINT, SIG_IGN) != SIG_IGN)
signal (SIGINT, func);

QoA ZART} Fr1Hog BE signal ()2 foregroundof|A] Ao T2
T A S 7| HE JQE|HEZ} backgroundolA] s&tohs 21307
AR Agr]e 218 ghop Ut} (o] PElo] FEL signal()S Hat
wpAo] o5 esUe)

o AARIIME ZHE QERES} Huld 42 A2 et ek
AV ghok AR 1918 FT5] SR ol ALHols FHE <
HYES Adehs 2 Zeawo) Jeie 4T S uelst H4ss, 1
8%, AHHE A= of@ = FEo] 2olifo] whet detyrt. MS-
DOS A|AHIO|ME setebrk() o]ut ctrlibrk() $HpE A7|E $htt.
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References [C89] § 7.7, 7.7.1
[H&S] § 19.6 pp. 411-3
[PCS] § 12 pp. 210-2

[

POSIX] § 3.3.1, 3.3.4

Q 19.39 floating-point(414) exception(o]|2])S HA|A A &sl= HHol J271Q?

Answer TJFE-EO] A|AHO|AE matherr() T2 A4 ojd Al
Sol <math.h>qke] ghiol ofdl) WS w, BelA & 4 Qluych E
signal() $4-2 WA (A 19.38 #1) SIGFPES o}
SEo] AR 14.9% FAISHA|7] vighyct

e
4
H
x0
i)
v
Ko

References [ANSI Rationale] § 4.5.1

Q 19.40 AA(socket)S #= WHHL? T YET client/serverS JHE: HRHO?

Answer o]2t HiE2 o] FAQ 552 HeE dlojdyth. C dojz o]d YESL
7 71%e = Adske A2 ofg] oA dwsty Slssynt. S vt Ao
2= Douglas Comer&| Q| 32| Q1 Internetworking with TCP/IP%}
W. R. Stevens®| @] UNIX Networking Programming®] 95Ut Neto]| =
“UNIX Socket FAQ"Z 2okt ofa] Ax7} Qe 9)&aUrh o] socket FAQ

L thg URLOIA 7% 4 itk

http://kipper.york.ac.uk/“vic/sock-faq/

Q 19.40b BIOSE T&5H= H¥HoQ? TSRS ylEl HWHS oFy AlZr)

Answer ©o]= oJ# (MS-DOSE = PC) A|AHY| uf9 o]E2 9] EAYUTt comp.os.msdos.programmer]]
U o] 789 FAQ B=S i Iad AHJL 9J&Uch & Ralf Brown#
o JEFE BE1E Fush] vt

Q 19.40c of@ Z2IHe Auilste] shod], Anket “union REGS”7} Holwo]
QA grrka olele By, YAL intss (o] Pelslo] 9] etk o
@2 Yyt

1 Ralf Brown’s interrupt list
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Answer % MS-DOS QIHHE T2 IS sh=dlo] Eash AUt ohE A&
ol Aok raict

Q 19.41 Je} At HBEFE G4t Aage] OEA WS AR QEe A
th A ZE9e ANSI Sgle] Hojof shizta. £ o] Gevtar

Answer - F2] oF2 ARol7L ofw AERE FE olsfstal Sl eyt
SfuFshH ANSI/[C89] C EFEL — 294417} ofd ool digh A ojahA
— oldt 7ls& A8 Aestal 9A o7 WEAYTE of2fRt Lol it
SA| BFE2 POSIXPolA thfal glon], (Unix ik opzh) g2 29 A
AoA POSIX &3to] olg o] A2 Al&s} <51t
B2 ng o] ghe BRo ANSI 5gtog et AL w9 Higtlsl
W E 7R S A2El] oAl FEET Wl flr%‘oﬂ ot mo}
TR, el 1 REgh e AAsE meage] Bobd 4 s WY
FEU

12IEEE 1003.1, [C89]/IEC 9945-1
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Miscellaneous

o] AoflA= AlFo] Kohx, thE Aol siEshA] ¢ A7k FAIE thEUH

S T deoH ofeiztx] mg2 ey B34} bitt}h byte 9|2 Alojsk=
HE AU 1 o2 884 (efficiency)t C 019 switcho] W3l thE
Utk e} oo} 757 ek Aeks] dAREel (historical) Wgol Btk of
ek C ¢ofo] 7]5o] off 18A AFEHEAl, & B2 ARFsel Bagt ojmst
7150l 9 C ol AFEA] F=AE AUt of7]of] Bt AR C Qlof
eF thE dojete] ApoldS Al = Tt

dare|gol et AL A ot o ATk BARg. EFF o] 22 daYE

Miscellaneous Techniques 20.1 — 20.6

Bits and Bytes 20.7 — 20.12

Efficiency 20.12 — 20.16

switch Statements 20.16 — 20.18

Miscellaneous Language Features 20.19 — 20.24
Other Languages 20.25 — 20.27

Algorithms 20.28 — 20.33

Trivia 20.34 — 20.40

325
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20.1 Miscellaneous Techniques

Q 20.1 & gpollA] ol 7] s 2Ed 4 l27her

Answer A 2] WS 2 5 gUtk: shit @4 greld 18 4 Y% %
QS QA W Aolw, shit ofd o] WHE sHE TEAE e
SIES She AQUTh mhgtog Aol WA olgehs whe] gt
Shge] AR 27, 48, T5a% FAsHAY] dhe

Q 20.3 ‘command-line argument’of] FL5h= HH-2?

Answer main() o] AEEE, argv WG| tfst ZHE X 7Fsghtt. Blgo] A
B 8.2, 13.7, 19.20% Z1stA]7] visgh ).

References [K&R1] § 5.11 pp. 110-114

[K&R2] § 5.10 pp. 114-118

[C89] § 5.1.2.2.1

[H&S] § 20.1 p. 416

[PCS] § 5.6 pp. 81-2, § 11 p. 159, pp. 339-40 Appendix F
[

Dale] § 4 pp. 75-85

g

Q 20.5 717} o2 Q= 371} (word size), THE HIOJE £42 (byte order) 2%,
T Z17F o2 A4 9L (floating point format) A= ZAFFE]of|A dlo]E]

w3 woe ghch old Hold male wE 4 getar

Answer 71 o]A]AJo] Holtd HHAl2 (7 ASCII FEZ H) HAE mtlg ALg
She AYUty: fprintf O fscanf O Z2 g5 29 HUH. (HE
P2 Z2EZ PoHE HIFE #AE 3 & Slsyth) ey, HAE

(o]

nfele vlolue mele] Hls) Hel S=rt oA x, L HolHE g
el 717k WY 2 4 QIrke A4S opolof ghict. o]afgt Be]
T oEAE AR AR A, 247 e $A0 AFENME o] HolH S
2 & Qo= AAo] 91, T o|glst HAE me AHoske we g2

=°] ot Ae AL o, "lAE mplo] T4 Fxse AUA(A]

l

52 m{m ml

= ujole] WIS Aopat FITHA, olAES ols] S8, EX 7|29 e
olBgE 2 A= FE7] Hdh, Sune] XDR (RFC 1014)°]ut OSI9]
ASN.1 (CCITT X.4092} [C89] 8825 “Basic Encoding Rules” of| A =4,
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CDF, netCDF, HDF& A= Zo] 22 AUt tEo] AR 2.12% F?
S}A17] kI
References [PCS| § 6 pp. 86, 88.

Q 20.6 BAjo] ofwl ] o}Fo] AEl YL ), of BAL o F4T T

2% 4 glerta?
Answer 71 AHe WS 217te] G olga} T ELIES Hlolie] Al
Ayt
int func(), anotherfunc();

struct { char *name; int (*funcptr)(); } symtab[] = {

"func", func,
"anotherfunc", anotherfunc,
};
7 ohe, Zzte] o o] sk ElolE BEg FAA sdshs @4 =l

HZ sZ6bd gk 2o AR 215, 18.14, 19.36% &151A7] vlEh

o},

References [PCS] § 11 p. 168

20.2 Bits and Bytes

Q 20.8 HIE(bit)&2 o]Fo}X TEH o8 st&?

E=

2 Aofop] g AerE
%L]E]' char EFQIS WA THE o=

T

L int T 7}7}e] H|E

Answer char =
ARSSH= w32 =
t}:

#include <limits.h>

#define
#define
#define
#define

BITMASK (b)
BITSLOT (b)
BITSET(a, b)

/* for CHAR_BIT */

(1 << ((b) % CHAR_BIT))
((b) / CHAR_BIT)

((a) [BITSLOT(b)] |= BITMASK(b))

BITTEST(a, b) ((a) [BITSLOT(b)] & BITMASK(b))
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References

Q 20.9

Answer

References

Q 20.10

Answer

(THF <limits.h>7} QA CHAR_BIT th4l 8L #7] vighict.)

[H&S] § 7.6.7 pp. 211-216

AFE 9] HIo|E 447} (byte order) big-endian{l#] little-endian?1z] o]g
Al Fohfz?

W e EEE &

Ll

AUk

rr

int x = 1;

if (x(char *)&x == 1)
printf("little-endian\n");

else

printf ("big-endian\n");
union2 HAE 7F5guch
SiEo] AR 10,165 FslA7] vkt

[H&S] § 6.1.2 pp. 1634

4 5 o 9] Eael HIF A6l HDY0] Ps WHHOD 2 142
AN olelh Aldlel w41 el F Ao, A AHget Qe

Ai FEOA 10{1#7} ohd EFogl 8A4E HysH] 95 53 &
o 0& ZolA, 163145 EAsH] 9fsl] x5 EO]% 7ol Jsyeh. AAl
I/OE AT wol= o]t +X-L2 printfe} scanf AEL T+E9

Zoiol|l A (format specifier) ZAFUTE (%d, %o, %x 5). FE strtol(),
strtoul ) o] A AR E X|ASH 4~ QiGUT ojH ALz 3]
£ BAdz MBS BUE ofai 222 ol2lg UL G WS TE
ofoF Ttk (715 strtol B4} WfEE 9 sfof Fch). Boluie)
(binary) I/OE & wofli= ol=]gh 21¢le] He EZadych

Hiol 2] T/09] et A2 HE 2.11-5 arshr] vyt SlZo] A& 8.6,
13.1% FAISHA|7] Higy o

References [C89] § 7.10.1.5, 7.10.1.6.
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Q 20.11 A4E AFF of 2755 ()8 E9 0b101010A4F) & 5 JqHa? T 2

A2 £95617] 98t printf () EHo] 9lita?

= Ao nT gz} 2442 Zd5eW strtol() T2 WA A B

A4S ghofof gt BhiZe] AL 20.105% FshA7] Higch

20.3 Efficiency

Q 20.12

Answer

Q 20.13

Answer

Zo0]7l 22| HIE 10] B 7J¢1x] Al=(count) T} Q] HhH.L Hajols}
Q7

ol#gt “H]Eo] AT AL (bit-fiddling) EAEL lookup EH|o]E-S 4
A 2= 4 gt (1Y AR 20.132 2 Zusty] v,

sk

2]

tlo

Fo daPES ARESIAL, FARA 7Sk, el 2Ug

NN 7P HAstE EAF BAF 5= BAE A BARSH
SoHc LUt 98 JrE 719 thev e
For example, the most microoptimized character-copying loop

in the world will be beat by code which avoids having to copy

characters at all.

i

o
0%

2w, WA sehiolor Gt B, “duhy &

01719)= ool AR}t & 4 QAL AlEEo] A IZ8A A

opdUyrct. fjREo] It A7tof] W1ZheH(time-critical) T 7}

oA okt SESF 9] Aok E el o] o] HeAt B

bel gt (FRHE ke BE itk A2 o ok
9217

Ak Gvgel Puee AN BAVL g 297t

b3

=L o
Mo X

N =]
i
fr e ox

1= 7

X
o}, <ol
)

w2 IgofA] o] HEo] /b FR e HE (hot spot) 217 m]E] AAsH 7
o e olgaUth &840l Fad AVl B meudle (profiling)

o> 2
e o
é—m‘}\l
N

AMEYIS 2 FHUT W A4 AL FW FA9] A, oI Sol
/0L Mze] S5t g Rl ol A upt gon, o]z FASS o

weolut Al sjEshct
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Q 20.14

Answer

Aol wigtet FEE whEoof Sttt ZEO| uAlRt FE27kA] 4] 4l
e 2e A2 FA FEyh A 9 W er A e A
SOl 29| AgER Uetes 218 &5he it AZE(shift) d4s 2=
Zo] sy I2d, ofF FhEsiAY 7229 dupdREtk o8 As e
= A2sf F= Bt iF2dynh. HAeiital FEof oH7AE 94|
2] 7=t @58 AAIRQ £2=7F HolAls A9t tizeln, &
g ol4)do] HofAAl Hutt (ThA] o, ofd AlLdloM = wher F2F

stezte o A2"ME 23]y eRle 495 gdunh). ojwd 4
T FEF olgA HHEE 22 ZdlElof linear "é% Fe =
BAUT Akl o FE GRS AHES S Aol Wit
@84 tradeoff' @ G840l FA% A, ol FIAZIE Tl i =
e A7 AchH, Kernighan} PlaugerJ The Elements of Programming
Style®] Chapter 7, 12|11 Jon Bentley®] Writing Efficient Programss
Fush) vl

e}

il

AU e E R w2A Fashta? g4 552 ol Hk AT
HobH#? 4417} i = 1 + 1HT}F W24 sHss1Q?

ﬂll

oldl AEEL maAA 9} Hutela]o] mel go] gty Zhghs] o
ohdl, HAE m2T9e vhso] A7 AW Futh Jeiu O Aolr} DHT
A7) gBo| 7o maHs 24w Sdof oA E REUd ukoF #Hulel

hP“

27} opigel glo] Zee AUsitn, £ Ahx] TES} ge Ao )
Qe WA gelst] vt

durdor F HigS Fol Wadmol= ([17 A4t ZRI1E Aito] wE A
o7 dujA uxuh, ofE ZRAAA= g

S © &2 olEkl(in-line) FEXHTE =g Zo] SASIAYE F =20 RES]
(modularity)2} H#3H(clarity)S /\Eﬂ'@'ﬂ-ﬁ S $ES A= HHo|

Yet.

i=i4 U7 e FES E § U PAlow ui] Ao, ofeiRe 1t
B ALV 2= Aol ozt ualelel ABUThe 2 Zlefel) Vst
Uk @ Amelels iR 4+, 3 4= 1,1 = 1+ 19} B AL BE
B MES wEo] Wtk 2 Aol v+ £ 4= 1= 14 1F of
AL AU BAIL AErle] 3 24014, © o4 maAe] et 24
7 obgue}. (5ol A 3.12% FWskA7] i)
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Q 20.15b ~n= 42 99 ojl2als AH8e Bast itk olg= H4st At
2A2{7} (optimizing compiler) Ztha gyt T34 A HZA3sE Aufdz=
i /= 2ZA % shift2 AR 7]|A] Eol=dtQ.
Answer i7} signeddU7}, oFY™H unsignedJU7l? THF signed EFQIO|ITHH, ‘shift’|]
St 22) dsUnt. (RIE: i7F &50]al &Y 95 A6 ‘ﬂ}%}
k) T2 Aozt shift” Aibe 2A2] oS AU

Q 20.15¢ YA A% B4 glo] & whol Uge uhE

s
M
Answer OEf olfhEe] T2 IeulEe] ETS AW theut o] ME 4 gtk

Tt olof Z It Adfe] HLL?ol= 97] ofsyth. 94 ¥
gt Zofy, tgit go] Ae A2,

3
I

int t = a;

a = b;

b =t;
FEE Ik Aol ofsfel] HES THEe] & Bt ohal, Hnfelelst of
2 ofsisld Jbg anA FEE WE 4 YRS ) FU (Fsotd
swap HFE AAH). AL o8 AHgatE T sk HlE], A%
Y = Abge 4 glgUh FAs] XORS ALGT WHe ole} e
gl Belolle & 4 flsynh. W29 AE 3.3b, 10.35% FalstA)7] vhs

20.4 switch Statements

Q 20.17 22ge] el switchS & 4= QJe7ta?

Answer AFAORE & & gyt Teu, 24EE AR WA e A
Al o] FpE switchol] 2 7M. 2%2] FohA stremp )9} if/elsell
2 urEaA] vwajof ot WEe] AR 10.12, 20.18, 20.29% F15}A]7]
HigUTh

2High Level Language
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References [K&R1] § 3.4 p. 55
[K&R2] § 3.4 p. 58
[C89] § 6.6.4.2
[H&S] § 8.7 p. 248

jiny

Q 20.18 case labelo]] A=57F ofd E& (4
She o] U871R?

il
|

of of@ Wt ol

(L
P

Answer §1&UTH switch statement= Qe ATL27} o rdskA #

Al
A

332

) g

9 5

JEE OARIESRY] o], case label2 TS (single), AF4(constant)

o|HA], A4 42l (integral expression)qt ARG
statemento]] o2 case label Eo|= Zo=2 7V

SsUT (oFH oAl Hal).

gieh. BE sl

&
T XXg
9 99§

A Aol 57t obd 412 ARgBtelR, 1f/elseS AFg T} Tk

o] AR 20.17% F15HA7] Bl

Note  switch (c) {
case 1:
case 2:
case 3:
/* case 1-3: some statements */
case 4:
case 5:
/* case 4-5: some statements */
default:
VA T
}

References [K&R1] § 3.4 p. 55
[K&R2] § 3.4 p. 58

[C89] § 6.6.4.2

[ANSI Rationale] § 3.6.4.2
[

H&S] § 8.7 p. 248

20.5 Miscellaneous Language Features

Q 20.19 return FHofA HFZZ (outter) To= Az A 75317
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Answer AZF 75Uttt (optional).
oAde] C 2&71ol= o Zo7F BRPFUH. 1A B2 AlEEe] C
ol & m, 93] o] BE ARESHE AU
(B71719] 0142 sizeof BUAINE BT A2 SAleh AL of
s A2 7k
References [K&R1] § A18.3 p. 218
[C89] § 6.3.3, § 6.6.6
[H&S] § 8.9 p. 254
Q 20.20 9ff C <lofo] T4 (comment)= TN & 4+ §Le7kQ? F40] Eoldle
FEO] ARES FA APt AAER. E, wAE ¢ F42 & 5 A
Qa7
Answer C O*Oiﬂ T A & 4 glsynh C oj9] 42 PL/19] 4
82 Wolgton], PL/IGIAE FHE FHES 51951 gkl mretd
Eom 4 ToT ol = B 4 Az A
#itdert} #i£S 2 Zlo] Fuch (Leith BE 11195 % gojiis]
2ch)
BAle /w00 s/ B Ol gk, debd BA QlolaE
48 2% % gtk At — 59 C 44 FeE FedEE - Ze
T3] Teig BARAS FeelE U 45 9] WS,
EGE O ol ABSRE // FHE C ddoleld] £ 4 gigutt. nebd O
m2 el o] Z2HE AA SR ST Aeiof T (ofele]
el 1/ FHS £ 5 U Y 7152 AU sjelzke T
References [K&R1] § A2.1 p. 179
[K&R2] § A2.2 p. 192
[C89] § 6.1.9, Annex F
[ANSI Rationale] § 3.1.9
[H&S] § 2.2 pp. 189
[PCS] § 10 p. 130
Q 20.20b Is C a great language, or what? Where else could you write something

like a+++++b ?
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Answer Well, you can’t meaningfully write it in C, either. The rule for lexical

References

Q 20.24

Answer

Q 20.24b

Answer

References

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++ ++ + Db

and cannot be parsed as a valid expression.

[K&R1] § A2 p. 179
[K&R2] § A2.1 p. 192
[C89] § 6.1

[H&S] § 2.3 pp. 19-20

C dofoll A o) S A4S AT Fertar

FTHE ollA Ao Wt bE Alofshes A2 47 971 wEdd
w2hA] C dojollx= 7HASH simplification) & 57| 5 ©] 715&
Fop ek (gock B P50 24 @48 AT B o
gk 7152 gsortolA] Bn 4 RHE7] fIs J—‘—]_Q_o]-l:]— A

O ofdl BHES stavic Mol HH WAE M4 TER Pt (
sfadogE Hadt ARE 7HXAL Qe FEA Eﬂi IZRHE Adst
Aok, gsort O o= AlgskAl gsUTh)

assert ()& ojH =017t Q?

assert () ¥t <assert.h>o] AoE]o] 9l nj3 2 $o|H “assertion” |
2 HAEsp] i@ FdUt of o] ‘assertion’olst L2 Tefesl A
= o 714 (assumption) @2, ©] ‘assertion’e] oJFtHti= A2 AlZKSE &
279 257} HUT. olg Bl Yol opd Ealels Qe g o
27 e F=E F7R 4 Ik

assert(p != NULL);
‘assertion’o] AWslH Z=z 8o 7kA| Zg =t ©EhA malloc() oL;
topeni} o] olAFet 4 9= olelE Ael7] SIo) 49 4= e

[K&R2] § B6 pp. 2534
[C89] § 7.2
[H&S] § 19.1 p. 406
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20.6 Other Languages

il
‘SE
il

=

Q 20.25 C dojollA] FORTRAN (C++, BASIC, Pascal Ada, LISP) 42
T 2718 (Hie g o7t C 8 7HH & & d27ha?)

Answer B2 HAOF ALESIY Q= AFH 7|20 HoA27F ARSH= ‘calling se-
quenceol] Wt g2 Uitk (A5 BT S5 dgvch) e H
e BAZ FOZ7 UoluA] viRhIch s “mixed language pro-
gramming guide”2h= o159 A7} A AlFE ZolY, o& alsh] vt
Hyct gHEE HhHo 7 Qs Adstal A3t startup codeE ARESfof
ShAIR, 32 418 Ao ohd€ w2l wel FUch & of A 2L Gleen
Geers® 9] FORT.gz Y- #115}7] vi2hy, ftp= suphys.physics.su.oz.au
o] src CelEelld 98 4 gk
HEE 17|3E= AFEAA C/FORTRAN interfaceE 7HHSH| s+ cfortran. hi
2= gy ofdo] 9oy 15h| HiEU ). zebra.desy.deof|A] anonymous
ftp2, T http://wuw-zeus.desy.de/ burow/oA ¥ 4 QJ&SUrLY.
C++94%= "C" modifier”} external function A1¢10] C calling convention

& A8eRe A A9 T

References [H&S] § 4.9.8 pp. 106-7

Q 20.26 Pascalo]t} FORTRAN (E= LISP, Ada, awk, & 281 C 5)& C ¢lof
2 Heelg= T2 o] le7ta?

Answer A48 MEHE meaRse et 2ayh
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N

p2c | Dave Gillespie#|7} §HE, PascalZ C=E WHAS|F
= IZRIfEYPY. o] mEISE 19909 39|
comp.sources.unix®| (Volumn 21) AA|EAESU
J18]31 csvax.cs.caltech.edu®]| €9 (anonymous)
FTPE A A] pub/p2c-1.20.tar.z22 W2 Z,‘— & Yrt.
ptoc | FF7IR|2 Pascal® C ¢lo]2 WAs|F: =2 gz}

o] 2L Pascal® ZAEZ 9™, comp.sources.unix
Volumn 109] AIAIE 2L, Volumn 1370f|A] o 2] =<5t
f2¢ FORTRANS C=2 HWAF F= mza3oz Bell
Labs, Bellcore, Carnegie Mellon®] AEe] 9
M ATEQEUT. Rl dF o AAF A

2 g3 Aod, netlib@research.att.comO|L}

research!netlib.netlib.att.com© 2 “send  index
from f2c’2h= #WYS HUAH I 5 dFUT (EF
ol FTPZ netlib.att.como]A] netlib/f2cZ® W& &4
9ret)

o] FAQ l2E9] el The (4918) Weh L2 13} ok 2 Pelix|x
oS dlojo] et e ge] BEe fAska G

ClEo] AR 11.31, 18.16% ZsHA]7] HFUch

Q 20.27 C++& €9 ‘superset’ JU7I? C FEZS AMAsH] s C++ AnUAHE
A Ele7ta?

Answer CH++= C dojoflA] Faigh dojiytt. 1811 dAl= Be FEa C o
of 7|25 Tl UFYH, ofd FiEof fisii= C Aol WHow SHlE
Ao] C+ollis SHIER] &2 397t sy AFE, ANSI Cofl= 2

I

712 71558 (BEEEN], const, §) C++ollA4 7FAHgEUL. whebA] §
oj7} T2 ¢lo]o] €PAZE ‘superset’2 opdUch E oH omE Aolgt
o, A2 th2A] ot Fi% Slssyth ofd Aol a5kl @ C
Zzd50] C++olie HtEA Tyt 123 tifio] 2 #Hxt
dele2 CoF C++ Hod H=S o ey Geo] & 8.9, 20.20
&= ZAISHA7] Higy

¢

References [H&S] p. xviii, § 1.1.5 p. 6, § 2.8 pp. 36-7, § 4.9 pp. 104-107



CHAPTER 20. MISCELLANEOUS 337

20.7 Algorithms

Q 20.28 stromps} Bl%:@ S| WA, T BAdo] Ysopl Ak P 7
S5 Qs Aoz Aeshe 7ol Bag
Answer U|Z HlZ5t 22192 H]|w5}7] (approximate string matching) €5t A H.9}
A 18EL Sun Wue} Udi Manber’s Paper?] “AGREP — A Fast Ap-
poroximate Pattern-Matching Tool” of|4] ZrolZ2 4= Q<& th
. ofe] st HolE 2 2E mapping A oudex” L1215
S A7l 2 45Ut Soundex= Y (AFPHESH Eon] EXHo=
H|sssH] e EE o]52 WASH| s Bxoz fzRld AUyt but

it can be pressed into service for processing arbitrary words.

|

~—

References [Knuth] § 6 pp. 391-2 Vol. 3
[Wul

Q 20.29 &jjA)(hashing)o]&t F7EQ?

Answer 14 (hashing) & EAGE (7] M7 ) A% A7 (mapping)
ZFA-g olmgct. “SJA] "= (hash function) EA4E-S (= T2 datal]
structure) oJH HPE 7IA|= $X|2 (hash bucket) HHA7]+= =AY
O o] S dpf MEe] QIEl gred ASSAL, WEE wug A
o] Sl AFEFULE (B2, 49 2 Bade] AEe e Wl 4
A= v, Qeie] TPk ARek ke 45 gl weba o)
A& Agste daelEE ol “collision” WA AHSHA Ae|s] Fofof
FUCE) olm] shAle] e FwelET §4t wol A= ol
Alell gt B 2§ 22 o] YAEO] FAx} gh7] ¢17] wiizof ARyt

References [K&R2] § 6.6

[Knuth] § 6.4 pp. 506-549 Vol. 3
[Robert] § 16 pp. 231-244

A~

o

ol

Q 20.31 Fojd Yz QUS AuxtslaH o9 shx?

Answer mktime()¥} localtime()-2 AW HUt}. (Gl&o] AR 13.13, 13.14%
A5HA 7] vFEYth. 184 tm_hour”} 00] 2 wf, DST adjustmentE 2
sfoF ghyct.) T Zeller’s congruences (sci.math®] FAQ Z|AE FT)
XA}, Tomohiko SakamotoX 2] thS FEE AW =HuUch
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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;
}

SlEo] A& 13.14, 20.325% FaIstA7] BFEU

References [C89] § 7.12.2.3.

Q 20.32 200040] £AJATFR? (year % 4 == 0) 02 QWS AXtsl=A| LHZ7}

Answer 200082 fU0] (leap year) WUt} 12|31 S92 Aklel=s 3412 ot

year % 4 == 0 && (year % 100 != 0 || year % 400 == 0)
Z2 HESH dZo|y (astronomical almanac), T2 11 TAE FHIlsH|

vt} (To forestall an eternal debate: references which claim the ex-

istence of a 4000-year rule are wrong.) Gl&o] A& 13.14, 13.14bx a1

SFA7] Ryt
20.8 Trivia

E < (self-reproducing program)f
Utk 5ol meaet B4 75 wheo] ot

APA o (3 22 ol QAT Ve SAHA 442 1XA Buth
O

char *s = "char *s=Yclslc; main() {printf(s, 34, s, 34);}";

main() { printf(s, 34, s, 34); }
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Q 20.35

Answer

Q 20.36

(o] T2 ;e wo op2 2= o] m T XY, #include <stdio.h>E X
o, kSR EAQl "7} (ASCIIO|A]) 34atil 7gsta 244
)

What is “Duff’s Device”?

It’s a devastatingly deviously unrolled byte-copying loop, devised by Tom[i

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: *to = xfrom++;
case 3: *to = *xfrom++;
case 2: *to = xfrom++;
case 1: *to = xfrom++;
} while (--n > 0);
}

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 contro-
versial, and that “This code forms some sort of argument in that debate,

but I'm not sure whether it’s for or against.”)

t}2- “International Obfuscated C Code Contest(IOCCC)”= A gLt
7 Al Y] AES B 5 E7keY
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Answer o] ZEIAEE g4 718 FYULh T AIES RTal] uEhck
http://www.ioccc.org/index.html

A= 7 Usenix EHo| FHEH T 37 netof| = AIAEUS. 7449
(1984 ©0]%) A ZRZEL ftp.uu.net 2| pub/ioccc T E o] A7 E
of JIETH(ER 18.16 21

Q 20.37 [K&R1]o] L= entry 7195 ojtjo] Al AZ?

Answer 7 - FORTRANO|MAY - St 0]AF9] entry pointE 7H 4~ QTS
7] §1al clofelol sk AU
AR o] 7l'5o] Sof%le AudE = TS0l Aol glrfal d=A (o] 2
ol ofil Ao mol= 7] slelel ARE glov)) gt of 9T
ANSI ColM= AAEJSUT. (B2o] Ew 1125k FAISHA7] vy

References [K&R2] p. 259 Appendix C.

Q 20.38 “C7 9lojo] “C7i ojdjolq Sef TeIar

Answer C 210]= Ken Thompson&| 2] A Aol B AojoflA Safigt AUyt 1
231 o] B 91oJ+= Martin Richards®| 9] BCPLoJ|A (Basic Combined Pro-
gramming Language) -S2|5t AdYct. o] BCPLE CPLE (Cambridge
Programming Language) 71l (simplification) dojduyct. C AolE
a5 P Sloji SlUTh D7} ohd ‘P'E Aldist Ze BCPLO] Al
St ol ahEsIUeh. T, WAl C Qolg A%T AV F ezl
Aol C++Yyth

Q 20.39 “char’= oj=A| uSEl7?

Answer C 7]9JE (keyword)Ql “char”+= A 7FA] 9] H5-& & 4 5UTh ol &
0]Q1 “char”, “care”, “car” (E+= “character” 2); o]H A& AL1p=
Fask] Qe

Q 20.39b “lvalue” 9} “rvalue’= F3lQl7kQ?
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Q 20.40

Answer

7o) WA, “lvalue” = t Y (assignment) A4

o Wtk we ol 9312 ehie QuAES
(23Y AR 6.7 Farshr] vy T))  “rvalue’ 2
THE B A T (5 A datld e E8X
).

fet Kel

=]

o2 Ke)

=)

2 9%

o] BA9] AL ojrfelA] ¢

7HS Ao AFES ftp.eskimo.com®] u/s/scs/C-FAQ/oA 4L 4 9l
I L s 2l 04 S5 siich 3

conp.lang. o @ A= ANHUL A of BAS (W4 A &
) foket HAE AAEYH

o] BA9] t}okst M7 o] comp.answers?} news.answerso AA|EUT
OE FAQ 587} $7] o] o] AlFH, ofelg
3= cheat 24k

27 ol HAE 2 4 Qtar

F+= newsgroup

news.answer 1Eof|=

SO 5t 2 gl
== = .

™ X

al
AN —l—/\EE

rtfm.mit.edu pub/usenet/news.answers/C-faq/

ftp.uu.net usenet/news.answers/C-faq

ftp

rulm
ml&

o A rtfm.mit.edu®] WA A7} ofEoA HI= FAQ
552 HUlE & oY o] 752 2W Hyth wWd W8ox “help”zt
ho]E mail-server@rtfm.mit.edu® HUH FHUth At AL
Bse gush] shehic

Slo]HEIAE (HTML) WAL WWWolH A8k URLL theat 2
Uk

rr _1
rO]!

news.answers?] meta-FAQ

http://www.eskimo.com/“scs/C-faq/top.html

O =
—IT

A

= T

4l FAQ SJAEL ofd Ao]Eo)d

[ X
=

Sk
http://www.fags.org/faqs/

o] FAQ 8]A~E 9] e Addison WesleyAtoA] “C Programming FAQs:|}
Frequently Asked Questions”2h= o] &9 Mog ZWE 45Ut (ISBN 0-
201-84519-9). AA BE-L2 (errata list) tF2o4 & & JAsYth

i B

http://www.eskimo.com/ scs/C-faq/book/Errta.html
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Note

342

T= ftp.eskimo.com®| u/s/scs/ftp/C-faq/book/Errta® F3F 4= SJfJ}

2i7te) BASS et Fujze WREe] g whio] ohel, WAl AR /g

W =58 A0 itk nebd odE MBS Wad e Ay,

o] #4192 gh=ojme ol URLAIA = & UssUth
http://www.cinsk.org/cfaqgs/

Q] APolEoA AlEshk= d42 postscript (.ps), portable document for-
mat (.pdf), sto]®] BIAE (Lhtml) YYr}.
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Extensions

o] chapterol A @A} F7ke RES el Ho

21.1 miscellaneous code

o] @EflHE ofHEE0] A9 e 2T Jid & 4 9= utility
digt Ayt
Q 21.1 gol=ele] FiEo] 4FHOR Sq=UEA ddo] TS
2 HARE E¥she Zlo] WAESEU. ds] & 5 Qe
7EQ?
Answer T3 Zo] error 1S WHE7] HEUTH
#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
/x Ol Hps errorO7t 2 ¥ SREA| S5E
* HYYLICEH +/
unsigned int error_message_count;
/* Ofelf ek HQIE7} NULLO|RH error() e
1o] error 3= GNU software A2 F oA AL AL 71k}t AUt

343

ZAHIA o]
wpo] gle
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* stdout= flushA|7|1] stderr2 Z=Z712H 0|52
. BEHL, v B EALCH +/

void (*error_print_progname) ;

/% error() THHE ML IS HiC ||
* program_nameO|2l= B4E Aot L2 72HO)
* OIS (H3l Tl OISHE ZIFsHor L. +/

extern const char *program_name;

void
error(int status, int errnum, const char *msg, ...)

va_list argptr;

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;

if (errnum)
fprintf (stderr, ": %s", strerror(errnum));
putc(’\n’, stderr);
fflush(stderr);
if (status)

exit(status);

}
Ak 919k Zo| error() TPHE WEUCH ofelRe] TEN that Lol
% % gk
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#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);

/* ... x/

(-

Qo] IEE AYSHASUTH error() o] AWA QIxf= 00] opd A%, =
olBag] & exit )2 HAEHEYT} wehA] <stdlib.h>o] AoH 0o] of
U ZFS 7HX]= EXIT_FAILURE AFHE HA] error O 7F HAIAS &5t
o2 gNe FaslEs gt

error ) o] AT F=HA QIx}Ql, errnot= <errno.h>o] HoJH HA H
FrA 29 golHeg] sl Hagt o9 FRE UElle HadY
t}. o] 2 error()7} strerror §4E WA oFE U Exrd=
WRE b BT AAg} sloluale] vt Hust o2t ohehd
error ) o] ¥ A2 02 FH HUch

error ) 2] A AAHLEE printf O 7} A& 4] T2 AAH Huyth
=2 919 AT sl Uttt ABE2 error ) ¥E 27 9
aff, et A AAIRE error () eIt o] 7t 2= A HpES A
Z7ksjo} g

o8] do] ATt va_list, va_start (), va_end() o] ot AL 15 A

A7) ulgue.

References [GLIBC| misc/error. *



Q 21.2 User input-2

Answer
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string© 2 Wre e atoi S AA F£A 2 HHEO] A Y
FEUTh. 29 7HE ol Rt 2AVE AR o 287ke?
atorl Folil BALS 10442 HMS int upo] FA, ofeis
Ao} 72 FFUh oA WollA o ZAES 10305E AT 5 gl
mel= o 02 elEgc
webd TheTl 2e §4E wEo] AL slo] 4

#include <errno.h>

int
convint (long int *d, con
{

char *p;

long int i;

st char *s)

if (xs == ’\0’) /* error: nothing in the source string */|Jj
return -1;
i = strtol(s, &p, 0);
if (errno == ERANGE) /* error: underflow or overflow */H
return -1;
if (xp !'= °\0’) /* error: there is unexpected character */|j
return -1;
*d = 1i;
return O;
}
9 e F Re] AAE Wtk 3 Qs N8 long intE AR
FZRIHE W, = §17 QA= ¥gt EAdS w5yt 99 2 A%
Hog Hedt Feol= 02, 194 &2 Beole —1& adud -
ol e o gl wARgkol AU, o] ot AU (EAIEe] *\o> Y
3-5-), et gko] long intof] B 4= gl THE IAAW 22 44, o2&
A gyt
AR A8 ol et 2y

void
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Q 21.6

Answer

foo(void)
{
char instr[80];

int i;

/* instrO| user input2 7HX|2 QUCHD 7+d */

if (convint(&i, instr) < 0) {

/* error: invalid user input */

/* ... x/

(-

T A2 o] convint 57} atoit FEo| FASH= Al ofy k= AY
Uk — ©<eo] 2hgtat QIRRte] FA17F ofgd Ut atoi®t convintf] tf
E e 2 o Z5ych

(1) atotts oS WA evE wbd Yelol mizeyzndl 5ol
125 @JRighth. convintis JE Al ehig Fgolgt Aalaln
2, Qo] 12xyz"e] 9ol int MRS el U =
o= A=yt

(b) atoi®] Z]€ E}YJO] int<Ql HFH, convint® 79 long intYUrtt.

(c) atoie 10Z4TE AT 4 Q= HPH, convintE strtoll] AHHA]
WA 08 F907] thEol, s34t 1684 Aelet 4 Iick 16
Aol A9 A ol "0 S Bolof s, 8714-0] Hoo] 2

kol "0"& BofoF ghict.

Zoldl MU(FILE *)olA @ 24 gledln ghich AR 12.23¢] g
getsE AL AS 7 otk Gt 1% o]8A] dof shia? fgetsS
2w, wime] 3718 Agaof sl7] o], stele] & Fo| AHT Hw )

N,
oM.
o
i
v
v
N,
&
i
i
iu)

o] EAIZ didslr] 917 BE Pat ZARA EUTh okk 71 & 9
7] S, ®ime] 2718 wle] AAsHA] 9al, Bed B sdWe W
A& Aol gurt. BE gt ofA|ul, [GLIBC)E olet 48 a5
915l getline TE . & FE 7lse] BaskH GNU
readline I7|X|S A ®H7] v

N
UO
:

Ll
=
o
mc;l'
L
)
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http://cnswww.cns.cwru.edu/php/chet/readline/rltop.html

getline §H+=, U|2] malloc = realloc2 HMA Tdst Hme} 11 37]
=

2 oA, & 2 ol Hue] ARl FUk ol o \n BAE EEF
Yok gief wise] 2717 BEehY reallocd Eeld, wmo] 718 A%

oz 7|9 FUt. EOFE w7yt ofl2i7 ' Ashd -15 2fdstal, AJast
drole 2AEe] dolg AEgUH. olfle 1hdd] THE getline 9=l

Yrk:

ssize_t getline(char **lineptr, size_t *n, FILE *fp)
{

char *buf, *ptr;

size_t newsize, numbytes;

int cont;

int ch;

int pos;

if (lineptr == NULL || n == NULL || fp == NULL)

return -1;
buf = *lineptr;

if (buf == NULL || *n < MIN_LINE_SIZE) {
buf = realloc(*lineptr, DEFAULT_LINE_SIZE);
if ('buf)
return -1;
*lineptr = buf;
*n = DEFAULT_LINE_SIZE;

numbytes = *n;
ptr = buf;

cont = 1;

while (cont) {

/* £ill buffer - leaving room for nul-terminator */
while (--numbytes > 0) {
if ((ch = getc(fp)) == EOF) {



CHAPTER 21. EXTENSIONS 349

cont = 0;
break;
}
else {
*ptr++ = ch;
if (ch == ’\n’) {
cont = 0;
break;
}
}
}
if (cont) {
/* Buffer is too small so reallocate a larger buffer. x*/Jj
pos = ptr - buf;
newsize = (¥n << 1);
buf = realloc(buf, newsize);
if (!buf) {
cont = 0;
break;
}
/* After reallocating, continue in new buffer */
*lineptr = buf;
*n = newsize;
ptr = buf + pos;
numbytes = newsize - pos;
}

/* if no input data, return failure */
if (ptr == buf)

return -1;

/* otherwise, nul-terminate and return number of bytes read */|j
xptr = ’\0’;

return (ssize_t) (ptr - buf);
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}
9 P4 AN, BE 9 (stdin)ol A & 24 HolA Eske T4t ohe
3} o] gHE 4 Qlguh

int main(void)

{
char *1ine = NULL;
ssize_t len;

size_t size;

while ((len = getline(&line, &size, stdin)) >= 0) {
printf("%s", line);

return O;

References [GLIBC] stdio-common/getline.c

21.2 Debugging

o] AL debugging# HTF 4 Gkt olebA] hintd B

Q 21.3 22 debugger 243 FA4.

27HL main()S W th2of “segmentation fault’ & &

Huyo. of 227187

ol

H

me
i

X |H
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Answer V3] Wa] C ddoj2 ZHdst T2 72388 main () 7 @74 A1ZFSEe] main () o]
B 35 guch AodezF wrEo] W object file2 executable 1}t
Az HE5H= A4, command-line Q1AR] argcQ} argvs A5},
main()©o] £23F thE OSo|A controlE YAHFL assembler FElo] Eo]
7F= d), 28w o] A42 assembler routlnegi =ol7H= 2"l address
7} AAE O] Qe stacke ZA=2]/] EHH (in technical term, write over the
stack where the return address is stored.) 123t Al&to] WAYSHE STt
Uk main B WOl A local Mol i ZAIL, sickel, 1 v
o] §I9}2 Hlolvt elo] Sgk=A) elshAl] B,

Answer o] 22 IIpXe} o2 BTEXu7]2]9] HINTEX& MA 1= Ayt

21.3 Internationalization

Q a Internationalization¥} localizationo]ej= o] F& Lol71Q?

Answer Internationalization, B FofA] I18N*2 ojf] AZLES) 1017} OM ol }94
B35} 29 = localeo] B AW 4 Q= ZH|S}
o} ¥i|2 Localization, = £0A LIONS AZEo|7} gt B35l AY

EL localeo] WA 29 % lwS WAL 4 Fch

References [Ken99] p. 17

Q b Multiple-byte, wide character”} A3+s] E71Q?

Answer byte T2 A 2|5k= encodingof| A+ endianness(QIH)S 12 Q7
AF g5yt o]#$t encodingo| 4] A 2|5H= EAFE multiple-byte char-
acterztal gt

21808t £2}=, ‘internationalization’oc] Gojg] ZAIR o|Fo]Z 7] wjRo] E9&5Th
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Encoding Encoding Length Locale

ASCII one-byte not applicable
1S0O-2022 one- and two-byte CJKV

EUC one- through four-byte, depend- | CJKV

ing on locale

GBK one- and two-byte China

Big Five one- and two-byte Taiwan

Big Five Plus | one- and two-byte Taiwan
Shift-JIS one- and two-byte Japan

Johab one- and two-byte Korea

UHC one- and two-byte Korea

UTF-8 one- through six-byte not applicable

olet Hiti =2, byte T2 AT 4 gl= encodingof|Al= endian FA|7} uf

¢ 8%,

23 ghich.

o=/ B3| endian # 2|7} Q5 EX= wide character

Encoding Encoding Length
UCS-2 16-bit fixed

UcCS-4 32-bit fixed

UTF-16 16-bit variable-length

Unicode Version 2.0

Same as UTF-16

References [Ken99] pp. 25-26
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ISO C Standard

Consideration

Q 22.1 Terminology

Answer access <execution-time action> to read or to modify the value of an ob-

ject.

Note 1 Where only one of these two actions is meant, “read” or
“modify” is used.
Note 2 “Modify” includes the case where the new value being storedfj

is the same as the previous value.

Note 3 Expressions that are not evaluated do not access object.

alignment requirement that objects of a particular type be located on
storage boundaries with addresses that are particular multiples of

a byte address

argument actual argument or actual parameter(deprecated). expression]]
in the comma-separated list bounded by the parentheses in a func-
tion call expression, or a sequence of preprocessing tokens in the
comma-separated list bounded by the parentheses in a function-like

macro invocation.
behavior external appeareance or action

implementation-defined behavior unspecified behavior where each im-Jj

plementation documents how the choice is made.
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Example An example of implementation-defined behavior is the
propagation of the high-order bit when a signed integer is shiftedfj
right.

locale-specific behavior behavior that depends on local conventions
of nationality, culture, and language that each implementation doc-

uments.

Example An example of locale-specific behavior is whether the islower|}
function returns true for characters other than the 26 lowercase

Latin characters.

undefined behavior Behavior, upon use of a nonportable or erroneous
program construct or of erroneous data, for which this International

Standard imposes no requirements.

Note Possible undefined behavior ranges from ignoring the situ-
ation completely with unpredictable results, to behaving dur-
ing translation or program execution in a documented manner
characteristic of the environment (with or without the issuance
of a diagnostic message), to terminating a translation or exe-
cution (with the issuance of a diagnostic message).

Example An example of undefined behavior is the behavior on in-

teger overflow.

unspecified behavior Behavior where this International Standard pro-
vides two or more possibilities and imposes no further requirements

on which is chosen in any instance.

Example An example of unspecified behavior is the order in which

the arguments to a function are evaluated.

bit Unit of data storage in the execution environment large enough to

hold an object that may have one of two values.

Note It need not be possible to express the address of each indi-

vidual bit of an object.

byte addressable unit of data storage large enough to hold any member
of the basic character set of the execution environment. NOTE 1
It is possible to express the address of each individual byte of an
object uniquely. NOTE 2 A byte is composed of a contiguous se-
quence of bits, the number of which is implementation-defined. The
least significant bit is called the low-order bit; the most significant
bit is called the high-order bit.
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character <abstract> member of a set of elements used for the organi-

zation, control, or representation of data
character single-byte character <C> <C> bit representation that fits
in a byte

multibyte character sequence of one or more bytes representing a mem-Jj
ber of the extended chracter set of either the source or the execu-

tion environment.

NOTE The extended character set is a superset of the basic char-

acter set.
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