New Features in G99 (1)
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& Existing code Is important, existing
Implementations are not

» Avoid “quiet changes”

& Support international programming

& Codifty existing practice to address
evident deficiencies

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



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

& “HZE"C ANl J|Bt character set: ASCIIJ}
SO 646 Invariant Set (ASCIl 2 subset)

L;|
A= sAIU CGrE A0 blol Chrer ek

& ASCIIH= & otAl B SO 646 Invariant Set
l= Motk &= 9l EXHE ? ol trigraph

=l a~3tot)| ?lof 77 =

ﬂIIO

= T2 )HN et Hek
&rot= 9IRSl trigraph &2
23 0|8l XI&0] 0|2 &



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

& Trigraph AtE 2| 04
??=I ncl ude <stdi o. h>

I nt mai n(voi d)

27<
printf("Hello, world??-22/n");
printf(“Wat?2?2!");

return O;
D7?7>



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

& trigraph 2L} L2 612 digraph & & —
trigraph®t= 22l otLte sl E3C s AI=
=

% i ncl ude <stdi o. h>

I nt mai n(voi d)
<
printf("Hello, world??-2??/n");

return O;
>



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

T o o =

<i s0646. h> A= XI%

tngraphu digraph M4 4 0F of= HALX
= 3222 Hl=

and (&&)
and eq (&)
or ([1])
conmpl (~)



2. More precise aliasing rule

» CHE2 BE &9 aliasing= oleothl= &
=)
{ —

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

{

*pui = 2

pi = 3;

anot her func(*pui); [* ? *]
}
Int 1

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




2. More precise aliasing rule

void func(int *pi, float *pf)

{

*pf = 2.0;

“pi = 3;

anot her func(*pf); [* ? *]
}
Int 1

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




2. More precise aliasing rule

» C9092| aliasing rule2 malloc() 2 &Y
=l object =1} &6t =2tHSH HEHC
HZ0|I/AS

» C990| M= effective typeOlct= IHE =2

TC 5N aliasing ruledt 2= 2 X2
“HO” aHZ&2 — uniont 2= 22 M=

8ol HE =




3. Restricted pointer

& array objectl £=0]| aliasing&l

overlapped objectt| CHSt read/write &

A0l U= ER, vector processing €2
X XS X|HEQI HEt2 =

o — ! =)

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

| array] |

\_X_/
S| ] df ]



3. Restricted pointer

> COOUIAE 019 22 BES ARG 2
)0l= 9= =F

=2 M= -

& C990l M restricted pointer2| &2 &
BC U2 = &3 Jis

o

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

o S A0l overlapped objectE 1Ll ol OF ot =
ge=Sempy() S)2 JI=0] E0loHE



4. Flexible array member

struct foo {
| nt nunber;
doubl e bar[ 100];
} *flexible;

flexible = mall oc(
si zeof (struct foo)
- si zeof (doubl e) *100
+ si zeof (doubl €) *n) ;

fl exi bl e->nunber = n;
flexible->a[n-1] = O;

/* wrong */
& C990IlMH HE et &t¥

struct foo {
| nt nunber;
doubl e bar[1];
} *flexible;

flexible = mall oc(
si zeof (struct foo) +
si zeof (doubl e)*(n-1));

fl exi bl e->nunmber =
fl exible->aln-1]
/* wong */

!
=2 =

INE



5. Increased minimum translation limits

o implementation0lHl e &2l =2 &
ol NI = R+ol)| |t #+4&:
translation limits

o L=E9| guidelinel] &2 ([It2tA, rubber
teeth2t ) £8l)




0. Remove implicit | nt

& typeless 0§ (BCPL, B) M & &0
Of S92 1t H AN &I Z0F U
main() /* int main() */ { return 0; }

func(a, b) /* int a, b; */ { return a+b; }
voi d foo(const i); /[* const int i; */

— —

& C900{| Nl = backward compatibilityES <ol 1

e =Xl
o CO9UIAM= ot MHoHR S



/. return without expression

o impliciti nt = voi d 20| A& X &ZE AlE

voi d2| d&ts HAIGH | &= S
proc() /* int proc() */
{
/* do sone |jobs */
return;
}

& impliciti nt b AI2tH 22 Bttt 0] voi dJ
OtLl & =0l return; & H 0|4 ol 2@
G=—-C99 A = Al

o 1 0l& (C99 01H) Hl= & == s BHEgHO|
AMELA HOCH H2 &2 d=s0| dAHEUS




8. Reliable integer division

& CO00A H= Lizd AL & U|HLMA S of
LIt & o/\oq 2 )Io| Ht=22l gtEke

. 1 OT —, 20 o O L
implementation—-defined — &2 =+ Lix&2
A2 round toward zero (A8 XI8) 2 Bt=
2=

int q =71/ -3; [* -2 or -3 */

int r =7 %-3; [* 1 or -2 */
Ctawb==a-(a/ b *bp S EHF

& CO9U M= o0| A== L& GA 2o H== L

<&l OF & PXIE round toward zero2 2

@ IJ_
[0



9. Designated initializers

BHE, 22 M =J|2te &h — S2H0ll &Mool BHE
J| A= 1 &2 RAiall HHE =IIXE

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



10. Relaxed constraints on aggregate and
union Initializers

& C900| A= objectl| storage durationOI static
Ol2t= OIO0IE & 0] aggregate == union type

ol 2, ZI|X 0l A% 2AI0H0] l2tE

& C990| Al = scalar typell =J| X2t OF&HIHAI 2
auto storage duration2| aggregate é%
union type object2| =J| X0 CHst A

ron

=t 3t

voi d func(int n)

{
Int array[10] = { n, ntl, n+2, },;
/[* wong in C90, valid in C99 */




11. /] comment

Li=2

J|Z=0 ot HIMAHINC T2 0| CHoll A

T ol0l/) =82 XNEMeU 0l EE=2 M

2k 2= && (non—-conforming extensmn)
o [ =89 T2 EF AR KXIBF quiet change

Ol HE

Iint c_or cpp = 10 //* wow */| 10




12. Remove implicit function declaration

» 2=9| implicit declaration HlH - 2 &
A2 AEE D A E&ES] &8AHE K OF

Sl ZE=_cid HAHE Ex

| nt mai n(voi d) | nt mai n(voi d)

{ {

f 00( SOVE_VALUE) ; ”

extern int foo();
f oo( SOVE_VALUE) ;




13. Mixed declaration and code

& G900 M= block LHOIA 80| =& 0| S &oH0F &
& C990l M= block LHHIAH &AM &0 40 L= =
A[S
{ {
doubl e result, sum doubl e result, sum
— /* logical unit #1 */ —{ [/* logical #1 */
int first result; Int first result;
/* statenents */ /* statenents */
o —}
— /* logical unit #2 */
| nt second result; —{ [* logical #2 */
[/ * statenents */ | nt second result;

[* statenents */




14. Macro with a variable number of
arguments

CO00 A et BHa =2l &= ==
= OHoHE 22 JHZ4=0 dloH NPSE=

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

SIXH0| ObLl 2=2=8F CO00Il Al DI QIR O3 2
= SULHI| et B3

#defi ne debug(args) printf args

debug((“%, %\n”, i, j));

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



14. Macro with a variable number of
arguments

» C990| A= <stdarg. h> &4 1} FALSt
JIHOIAN O3 2 A&

#defi ne debug(s, ...) printf(s, VA ARGS )

SAtotCl= &&= 24X B JI&
implementationl A Z0t2)| HHA=2 =
Bl — A2 =90l implementation0] C99 &t
AlS X&SHCHH DICHE Holl E= ghAl



15. Empty macro argument

& CF2=2] implemenation0| &S = H|
= (empty token) A2 CIXIE K&
PXI_, CO0NIA = A0t & RE HS

#defi ne nake obj (prefix, num \
char *prefix ## num = #num
decl ptr(el enent, 13);
/* char *prefix13 = “13"; */
decl ptr(el enent, ); /[* wong in C90 */
/* char *prefix = “"; */

o CO9UIAM = ol



106. % f allowed inprintf
& CO900IlAM printf
specifier == % f Jt XH6H(| AUAS — &
s E2 AMAEA=0| double S22 =

otJ| |oll LoH=E At256t], 0|2 Kol Ct==2
implementationO| ﬁé_é A&l 23

double d = 3.14159;
printf(“%f”, d); /[* wong in C90 */
/[* same as printf(“%\n”, d); in C99 */

& C99UHIM= % f E doubl e= H St specifier2
Al XA O éHO (DE:iE % gl_ &= O

O /M O — OE)



17.snprintf () family

o sprintf() F2 &= buffer overrun
J 23S IE@HOZ oMM S st &
= JHH0AN=E &Lz HEsEe
snprintf()

& snprintf() &
A2LL 2/3 FE

& C99U| A Ct=2 prior art
OF=O0lAH & AS

[l
Jon
HI
ol
S
N<



18. ldempotent type qualifiers

& CO00lAl === type qualifier == =&
oA
const const int i; /[* wong in C90 */
t ypedef const int cint;
const cint foo; /[* wong in C90 */
& <signal.h>2l sig atomc t E ?loll ==&
type qualifier &= SFolfet X2z &9

typedef volatile int sig atomc _t;
volatile sig atomc_t foo; /* okay in C99 */



RO ORI

IR O A C AR O I O O

CI02 JIHQIX MO AF=2El= va |ist 2l objectE
Je g8z =HeEg = Us DY Motk &S
int foo(int n, ...)
{
int i, sum

va |ist ap, aq;

va_start(ap, n);
while ((i = va_arg(ap, int)) >= 0) sum+= i,

ag = 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,

va_end(ap);

return sum

int));



20. New struct type compatibility rule

o S JHQl translation unit (AA 1TIHY) AFO|
HAN ==t &= U= 2L5H, A, E A
SOl A=A tagE2 =ER0HA| LUS

foo.c bar . c
struct foo { struct bar {
I nt a; ' ' I nt a;
doubl e b: doubl e b:
i b

» COUIAM= tagl ST R



S O O O @ &

S © @

{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 gmat h. h>

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

iIncreased 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 0. 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 snprintf family of functions in <st di 0. h>
boolean type in <st dbool . h>

Idempotent type qualifiers

empty macro arguments

new st ruct 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
remmove 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 nkumwar e. com

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

SGI C compiler (for IRIX)

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

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

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



