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& EXisting code is important, existing
implementations are not

& Avoid “quiet changes”

& Support international programming

& Codify existing practice to address
evident deficiencies

& Minimize incompatibilities with C90
& Minimize incompatibilities with C++

1. Restricted character set support via
digraph and <iso646.h>

& “HE"C AN J|8t character set: ASCIIJ}
Ot I1SO 646 Invariant Set (ASCII 2| subset)
o CAUH=E sAIOIOHE A0l HloH CHaFst el
o2 A=
& ASCII0l= Mot XI Bt ISO 646 Invariant Set
Ol= Motk 2= 9 2 AHE <l trigraph
=2
JlE T2 )0 Oist Sa2 =l Astotd| flol 2?7 2
A& St= 902 trigraph & 2
E23 0|&0l XI&0] Ol &E

1. Restricted character set support via
digraph and <iso646.h>

& Trigraph AFZ2| O
??=i ncl ude <stdio. h>

i nt mai n(voi d)

2
printf("Hello, world??-?2/n");
printf(“What??2!");

return O;
27>

1. Restricted character set support via
digraph and <iso646.h>

% trigraph 2CF LI2 6J02l digraph £& —
trigraphlt= &2l otLte sgE E3L 2 AIE
&<l

% i ncl ude <stdio. h>

int mai n(voi d)
VS
printf("Hello, world??-??/n");

return O;
%




1. Restricted character set support via
digraph and <is0646.h>

o TZ )0 JIsH S&=2 F st
<i s0646. h> 032 X &

trigraphLt digraph2 A 04 4 Of of= ™ ALK}
SS HAZ2=2 M=Z

and (&&)
and_eq (&)
or (|])
compl (~)

2. More precise aliasing rule

® CEZE2 2= &2 aliasing= olEoltkl= &
()
[

void func(int *pi, unsigned int *pui)

{

*pui = 2;

*pi = 3;

anot her _func(*pui); [* 2 *]
}
int i;

func(& , (unsigned int *)&);

2. More precise aliasing rule

void func(int *pi, float *pf)

{

*pf = 2.0;

*pi = 3

anot her func(*pf); [* 2?2 *]
}
int i;

func(& , (float *)&); /* wrong */

2. More precise aliasing rule

» G902l aliasing rule2 mal l oc() 2 &%
=l object St 26t 28 HEWC
AEOIAS

o C990l A= effective typeOlct= E =2
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3. Restricted pointer

% array objectll £=0]| aliasingTl

overlapped objectll CHEt read/write &

20| U= B2, vector processing 22
Mot XIEEQ HEF=2 =

ES S

voi d func(double *d, const double *s);

| array||]

T~ =

s[] d[]

3. Restricted pointer
& CQOOHHE 0|2t 22 H=s= HHot= &

—OI:II:I

& C990l M restricted pointere] =o =
BC U2 x &8s Jis

voi d func(double *restrict d,
const double *restrict s);
& SAl0ll overlapped objectE Lloi OF ot=
ga=(mencpy() )2 Jl=0| E0loH&

4. Flexible array member

struct foo { struct foo {
i nt nunber; i nt nunber;
doubl e bar[100] ; doubl e bar[1];
} *flexible; } *flexible;
flexible = malloc( flexible = malloc(
si zeof (struct foo) si zeof (struct foo) +
- si zeof (doubl e) *100 si zeof (doubl e)*(n-1));

+ si zeof (doubl e) *n);
fl exi bl e->nunber = n;
n; flexible->a[n-1] = 0;
0; /* wrong */

f 1 exi bl e- >nunber
flexible->a[n-1]
/* wrong */

o CO90IAM HEHet & ™ INEZ!

5. Increased minimum translation limits

& implementationtlH He &2 22| &
ol Xt = R+Fot)| et #4:
translation limits
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6. Remove implicit i nt

typeless &0 (BCPL, B) GIAl &£& 5
Ol EH2Z WH AN &THIF HOF U
main() /* int main() */ { return O; }
func(a, b) /* int a, b; */ { return a+b; }
voi d foo(const i); [* const int i; */

==

C900il M= backward compatibilityES {oi 2
2 8X

CO90l A= ZotH HHOHAS

/. return without expression

impliciti nt = voi d &0| XI&AZIX &E A&
voi do| &S [(Halold & S
proc() /* int proc() */
{
/[* do some jobs */
return;
}
implicit i nt Jt AFZtR S22 Bt 0| voi d It
Ot &F==0lM return; 2 0 0|4 ol&tE 2R
A= - C99 A 2Kl
1 0l™ (C99 01&) Ul & & gle BHEgO|
AMNEZX ZFoH Kot 22 HS0| IHTUS

8. Reliable integer division
CO00IAl == LissAl HALSl S THAK & 6F
LictE S#Eﬂ, Zingpel
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A2 round toward zero (A=52 X}
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/* -2 or -3 */
/* 1 or -2 */

’
’

%

Ct awb==a-((al/ b) * b S HHF

@)
©
©
=2
x
|'|l'

2000
|O

= | I—iA L|.L/\-|I O=IA| OI:Ol I—I_/'K_ L}
A b OF & DHEIE round toward zero£ &2

HHE, 22X _5.§7|§F9| Z Ml — S2t0l =XHot
IDIEP | flold= 1 &2 AL S o
2= HA|GHOF &

CUAME SH HHLIBHE RAE XIEH =D

s gy Ha

union { int a; double b; } foo ={ .b =3.14 };
int a[100] = { [52] = 7903 };




10. Relaxed constraints on aggregate and
union initializers

& C900l M= objectll storage durationO| static
Ol2tE OIOIEf & 0l aggregate &2 union type
2 32, =IJ|XHl= & =40t0] 5ol &E

& C990ll M = scalar typell =J| X2 OF& DX 2
auto storage duration®| aggregate =2
union type object2 =J| X0l CHSt XISt 23t

void func(int n)
{
int array[10] = { n, n+l, n+2, };
/* wong in C90, valid in C99 */

11.// comment

& C++22 Ssetd S&RZ2 2ol // HEHS =& =
=2
o JlEo E2 ZUHIIC 220N CHol M
S 0|0l /1 =42 KNN3HelL 0l E== [T
22X &= &2 (hon—conforming extension)
ol =2 EZ HAR2KXIB quiet change

&
ah
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int c_or _cpp = 10 //* wow */| 10

12. Remove implicit function declaration

& &2=9| implicit declaration MH - 2=
22 AEE D] M HEs] 8AZ Ot
= & T2 e Ao /A

i nt mai n(voi d) int main(void)

{

{
f 0o( SOVE_VALUE) ; ” extern int foo();
f 00( SOVE_VALUE) ;

13. Mixed declaration and code
o C900Il A= block LHOIAl & 910
o CO90Il A= block LHOIAl &A1)

o=
A O

{ {

doubl e result, sum doubl e result, sum

B =

[ /* logical unit #1 */ —{ [/* logical #1 */
int first result; int first result;
/* statenents */ /* statenents */

—1}

[ /* logical unit #2 */
int second_result; —{ [/* logical #2 */

| /* statenents */ int second result;

/* statenents */

—}




14. Macro with a variable number of

S - 1 [ 0151 016
o CO00I A & HIAZDt &S £ A AXS I
==

= OHOHEE =21 JH <=0l o|oH NRSE=

#defi ne debug(s, args) printf(s, args)
debug_print(“%d, %\n”, i, j); [/* wong */

SH&H0| OtH =
S suUiuiJl

#defi ne debug(args) printf args

| ol

ot C 9001|A-I JHEQIAH DH3 =2

ror 1>

I'E

debug((“%d, %\n", i, j))

#define _

#defi ne debug(s, args) printf(s, args)
debug(“%, %\n", i _ j);

14. Macro with a variable number of
arguments

» C99UI A= <stdarg. h> &4l 1 R ALSt
JIHOCIAL a2 K&

#define debug(s, ...) printf(s, VA ARGS )

Aol &&= 2 X0 J|&
implementationWl A 2020 Hd 2 &
El — AFZ2 =92l implementationO| C99 &
AlS X|SSHCHAH DI E ol E= ghAl
AMNES HE

15. Empty macro argument

o Ch==2] implemenation0| && 22 H|
A= (empty token) HA 2 I KHE X
ot KIBt, C0UM= Lo HERE dES

#defi ne nake_obj (prefix, nun) \
char *prefix ## num = #num
decl _ptr(el enent, 13);
[* char *prefix13 = “13"; */
decl _ptr(elenment, ); /* wong in C90 */
/* char *prefix =*“"; */

» CO90llA= ol

& CO00lA printf() 0l AHZ2 &= format
specifier S0l= % f )t Motk LUAS - 1
Ol 22 AFEXA=0] doubl e &2 giS &4
otJ)| 2o @oHE At=Zot1, OIg |0l Ct==2]
implementationO| %%*QE X2 ol 2t

double d = 3.14159;
printf(“%f”, d); /* wong in C90 */
/* sanme as printf(“%\n”, d); in C99 */
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17. snprintf() family

o sprintf() S &&= buffer overrun
O

f 2t = °|°4c§9§

1A= =
snprintf() §< é‘—’.‘—%
snprintf() &=
A2LL 2/3 EEE

CO90I A Ch==2
OF= 0l H &S

18. |[dempotent type qualifiers

& CO00A == type qualifier 222 2=
=L

const const int i; /* wong in C90 */
typedef const int cint;
const cint foo; /* wong in C90 */

 <signal .h>2| sig_atomc_ H
type qualifier 8= Rolist A2z O

typedef volatile int sig atomc_t;
vol atile sig atomc_t foo; /* okay in C99 */

S ® O @
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C902 JtHCIX MO0l AL=ZEl= va_|i st &2 objectE Olald
U= dHOZ SHE = A= &Y MoK E’g%
int foo(int n, ...)
{
int i, sum
va_list ap, aq;
va_start(ap, n);
while ((i = va_arg(ap, int)) >= 0) sum+= i;
aq = ap; /* may not work */
for (i =0; i <n; i++) sum+= va_arg(ap, int);
for (i =0; i <n; i++) sum-= bar(va_arg(aq, int));
va_end(ap);
return sum
}

20. New struct type compatibility rule

» S W2l translation unit (4
(HI/H SEE £ Us —TIIJHI, o%ﬂl, A H
Of 72 U A tage =RotAl EUS

foo.c bar.c
struct foo { struct bar {

int a; ' ' int a;
doubl e b; doubl e b;
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{New features in C99>

restricted character set support via digraphs and
<i s0646. h> (AMD1)

wide character library support in <wchar . h> and
<wct ype. h> (AMD1)

more precise aliasing rules via effective type
restricted pointers

flexible array member

variable length arrays

st ati ¢ and type qualifiers in parameter array
declarators

complex (and imaginary) support in <conpl ex. h>
type gneric math macros in <t gnmat h. h>

the l ong | ong i nt type and library functions
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{New features in C99>

increased minimum translation limits

additional floating—point characteristics in
<f| oat. h>

remove implicit i nt
reliable integer division
universal character names (\ u and \ U)

extended identifiers
hexadecimal floating—point constants and %&a and %A
printf/scanf conversion specifiers

compound literals
designated initializers
// comments

&

© ©
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{New features in C99>

extended integer types and library functions in
<inttypes. h>and <stdint. h>

remove implicit function declaration
preprocessor arithmetic done in i nt max_t /ui nt max_t
mixed declarations and code

new block scopes for selection and iteration
statements

integer constant type rules
integer promotion rules

macros with a variable number of arguments
the vscanf family of functions in <st di o. h> and
<wchar . h>

additional math library functions in <mat h. h>

©
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{New features in C99>

floating—point environment access in <f env. h>

IEC 60559 (also known as IEC 559 or |IEEE
arithmetic) support
trailing comma allowed in enumdeclaration

% f conversion specifier allowed in pri nt f
inline functions

the snpri ntf family of functions in <st di o. h>
boolean type in <st dbool . h>

idempotent type qualifiers

empty macro arguments

new struct type compatibility rules (tag
compatibility)
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{New features in C99>

additional predefined macro names

_Pragma preprocessing operator

standard pragmas

_ _func_ _ predefined identifier

va_Ccopy macro

additional strfti me conversion specifiers

LIA compatibility annex

deprecate unget ¢ at the beginning of a binary file
remove deprecation of aliased array parameters
conversion of array to pointer not limited to Ivalues
relaxed constraints on aggregate and union initialization
relaxed restrictions on portable header names

return without expression not permitted in function that
returns a value (and vice versa)

<C99 compilers>

Comeau C/C++ compiler + Dinkumware library
http://ww. comeauconputi ng. com
http://ww. di nkumaar e. com

Intel C compiler (?)
http://ww. intel.conl software/products/conpilers

SGI C compiler (for IRIX)

http://ww. sgi . com devel oper s/ devt ool s/ | anguages/ c. ht m

gcc (partly)
http://gcc.gnu.org

lcc-win32 (partly)
http://ww. cs. virginia.edu/ ~l cc-w n32




