#xEinti= LU T REAXIET L2

i+ i++;

[+ it

++i + i++;

++i + ++i

++i + i+

XML ZRR A AECHE T b EH ##: 2 X AUndefined Behavior
ESLhr TR, Apeff HXFERRIA



Evaluation of Expression

W E—ANFRIER (Expression), Evaluationid FE#E:

1. Value Computation (SR/E)
2. Initiation of Side Effect (Hfi5EBI{EH)

Value Computation: 1% [F]{f Value 11k [F{E 25 A Value_Type, & A<V, V_T>

Side Effect: IRESHIZE (changes in the state of the execution environment)



Evaluation of Expression

1. In the abstract machine, all expressions are evaluated as

specified by the semantics.

b jvalue)

BEIRNEZHFIEE (B pass by valueH

2. An actual implementation need not evaluate part of an
expression if it can deduce that its value is not used and that

no needed side effects are produced

BB ZE @I



RAEFRER =51

inta=0;intb=1;intc=2;

a,
RAE <0, int>
BIER N/A

Value computation for an lvalue expression includes
determining the identity of the designated object.



———

A S BEARAKES T IZF P

RAEFRER =51

inta=0;intb=1;intc=2;

a=|lb
KE <1, int> SR <1, int>
b: a=b:
BIYEH  N/A BIER  aff{EZE il

An assignment expression has the value
of the left operand after the assignment

W E: a=bMbIRMERTAEFIMFEK? A



£ o7 BB 3% o o 2= 20 T I2 EF oS o by s

RAEFRER =51

inta=0;intb=1;intc=2;

o RAE <1, int>
BIERH  N/A

Al af{EA AR RES Y 2

a=Db;

RAE <1, int>
BIER  af(EAR

a=b:

The side effect of updating the stored value of
the left operand is sequenced after the value
computations of the left and right operands.



;J%{Eﬂl EHM,IEFH 5l

inta=0;intb=1;intc=2;

a =|bl+c
y, KM <1, int> RE <2, int> R <3, int> KM <3, int>
: C: b+c: a=b+c:
MIYER N/A BIYER N/A EIYEFH N/A BIVEA am{EA A3

| . o DRICHIRERA R ER
H@: by cv b+cH)RAE AR G H L) 7 £k 2 (EAZR 2 Fb+c R AE



;J%{Eﬂl EHM,IEFH 5l

inta=0;intb=1;intc=2;

a =|b++
bt RIE <1, int> . KRE <1, int>
EI1ER bAIE N1 BIYER al{EAR k1

AR o++HUEIE ) Ma=b++FRIER G 56 2R ? T



)

ekt B AL IR R M H B TR F s

Seqguenced Before

Sequenced Befores&—Fl X FR . Al AL 18 ) )% %f Evaluation 2 [B] Fi 5% &

A sequenced before B & X F:

AlfJevaluationfEBffJevaluationZ Fi
5 AFHR HJValuation Computationfliside effects %5 £E
5 BfH < ff]Valuation Computationfllside effectsZ [iif

CiE s X T — F¥sequence point KM jisequenced beforeiX fi{T A

A sequence point Bf&£1FA sequenced before B



Seqguence Point

1. PRES FISE S evaluation F1 LBk pR B0UE FH AT 22 8]
2. fE&&. || EFIEHELFF I BRHIET G RIS A
3. n=HEBERXRXAH, 2ZaiRiA L2 G HAT Rk 18]
4. PIMfull expressionZ |8, full expressiontd 5451 41
FixNiEA) (405) .+ ifs while. do. for, returnZEdsd k4R ik &L
5. JE KA FH 2 i
6. printf/scanf. fpritnf/fscanf. sprint/sscanf&— & 1|5 A\ % Hi A 255 45 i BH 57 3
1roekeiafe 2 e
7. bsearch, qsort% HGEE R B0 H 2 BT AN 2 J5 UL A B R ORI REZ B3l 2 [H]



Sequence PointsZ 8] E‘Jﬁlﬁ.'ﬁl’ﬁﬁtﬁ'ﬂlﬁr"

Sequence Point il i 318 S FRAT I 2 1 2 1)
inti=1; i++; i++; LA i— 2% T3
Sequence PointsZ ] 1A 20 N PAT T WE ?
B T B AHTEERE, REIAN T RIE A B evaluationZ [BIFF 28 R %A £ &

The grouping of operators and operands is indicated by the syntax. Except as specified
later, side effects and value computations of subexpressions are unsequenced
a=b+c

a=b+c IR UAEb+cRIEZ G, b+cHISRIE L AHEL R REZ )5,
H AT SRAE A M 225K



++i + ++HiF T AlelEL?

int a; int i=1; a = ++i + ++i;

Sequence Points

ad=

++i

-

++i;

/4

Sequence Points

Side effect 1 (SE1): ifJ{E+1, Value Computation 1 (VC1): 3K 15

Side effect 2 (SE2): iHJ{E+1, Value Computation 2 (VC2): 3£ 15 {E

SE1->VC1->SE2 ->VC2: aff{Eit &S
SE1->SE2 ->VC1 ->VC2: alfMEEt 26

g S 4% . = i e (T 3 - kS B Al T 3O RIT T e
TSN RBEARAEESI :



Cas FI“J:/E%M A*E!EJZW'I‘*&E(J"E

SoF 1R & X % (Scalar Object), 15
o FEAPIREIER B RIREIERBA R ITER, B
o PEAIEIE AN FERE AR 0 S BUE < [R] A 5 R T Lk

H. 45 B undefined behavior

If a side effect on a scalar object is unsequenced relative to either a different side effect on
the same scalar object or a value computation using the value of the same scalar object
+HEBERIRIBE+L, =+ 1A EE R SR B E W E Dy ++i+1HME
inti=1:i=++i+1; +HECRESRE2, i=++i+1 FIRELR 23
B2, R++REIEH K EEi=+++ 1 RIE R Z 5 e ?



CREEREAMEZXMIBARTE?

S 14N bR i 06 % (Scalar Object), 415
o TEAEPIREIE B IREIE A Se a7 2K, Bl
o PEAHEIE AT R A BN R U 2 TR) A S i PP 2K
H kB Fundefined behavior
If a side effect on a scalar object is unsequenced relative to either a different side effect on

the same scalar object or a value computation using the value of the same scalar object

inti=1; a[i++] = i; a0 i+ B B P R AR AR SRAE i



TSN BEAKEM T IR P

B8/ B REHARIEERER

KN H 14/ B a2 A 2 A B 277 2R Valuation ComputationfliSide Effect

fi B EEAR S TE

GJB 53692005

482 mn_aé ............................................................................................................... 31
4821 BHEAEH “+=" uf “-—=" L o S e 31
4822 W‘ﬁlff“] “pb” g “-=7 ﬁﬁ]ﬁ‘f .............................................................................. 31

5.6.1.5 MW R-1-6-5
FibEEHFAX PR BAR S B P+ + 58— BER.



XFvolatile
unqulified type ‘ qulified type

25— IR IRAOob]_THMARE A FIN, 75 Bvolatile® & 1 1E1E N
Obj_T volatile N B¢ volatile Obj_T N

int volatile a BX, volatile int a

Obj_T volatile/volatile Obj_T&—/™Hr 12 HY



SR ENEAIEAR BB TRFRBL

volatilefZiffintEHEY

int volatilela = 10;

Obj _T: intvolatile A: 0x0028FF11
V._T: int Obj_T: int volatile
N: a
%ot % 2R A Rint volatile, {HFR/NMEEA Rint 54
V: 10
... qualified type, the value has unqualifed version ... V T:int

aX N T N A7 7S To 2.



_ & : - :
e ks S REAKESR TG
CACA e L

int volatilefE

A: 0x0028FF11

Obj_T: int volatile

N: a

S: 4

V: 10

V_T:int

aXf M A AF 7N e

int volatilela = 10;

volatilefZffi N A7 I {E AT e = AA KNI 5 3k 2E AR 1K

An object that has volatile-qualified type may be
modified in ways unknown to the implementation

plan: ARUSRAHEATIEE, EEAR T 20
HEDCHIIR ?



volatiledI™ Hif= 7~ Hl

1. Memory-Mapped Input/Output (MMIO)i I X5 N % %

2 5725 B BR Y ) R R



MMIOH, WAFHI/OW 2%

SR F A HuhEA A

S5 B /OB 2% THE
FE N F) i X 45

— ANk R RE VT ) N AE,
WA BEVT A AN/ 0 e 4

i

MM 1037 ==

_— ECQ. 47

TR

1. 1R150x1234000052 F=— N/ 24 Xt N [ B 55 i i
2. AR EIX AN HUHETT4E 1/ 015 £ o B BT 5 R int 2 7R
3. B IX AN HUHETT 5 1/ 015 £ X X S E SUEMYNUM

‘,v,\w

#define MYNUM (*(int volatile*)0x12340000)
MYNUM )28 i int volatile

MYNUMXAME IR 6 R A 1) 47 D9 1T e5eAe
P AT TR ok U 2 AN FTRT (Unknown)



int MYNUM = 10;

A

IFEA= vs. MIOIg=

MYNUM SR Rint,  BRWIUGE AN A AR X H IR AE

while (MYNUM >20){  ZiEas il e 2R X P whilesc fHE R e UL, By

do something

}

MYNUMILZE 210, Aol gEdEd20

#define MYNUM (*(int volatile*)0x12340000)
MYNUM = 10;

MYNUMILTZE 257 Beint volatile, & T #4540 IRAE 102 )

while (MYNUM >20) { BB FARATRIRE

}

do something

I 2% A2 X MYNUM> 20X N R s 2T Ak, KA
MYNUMAE & B 3% 76 7] 5



volatileB X &R Blevaluate

volatileXtf R UK Eevaluate, #5201 2 Vs n) X S ) A A7

Volatile accesses to objects are evaluated strictly
according to the rules of the abstract machine.

... abstract machine in which issues of optimization are irrelevant

while (MYNUM > 20)

5 Wk while 2% -1 W45 2 EEMYNUME BEE I 7 (TR 2
S AR PEFR (20 L



volati leIR—EZevaluateld?

#define YOURNUM (*(unsigned int volatile*)0x12340004)

while (YOURNUM < 0) {
do something

}

ST DL Z & X D whilefEER, FNYOURNUME L2538, BUE— AN o

CI1E S PRI W SR 9w i 28 REHEWT HH — N RA A Tesl, el blik
F AEvaluatelX MRIAT, BIMEIXNFRIA B Fhvolatile X %



if((MYNUM = 2+3) == 5)
iS5 EHIBT R IE RS R — e R J g ?

EE RIE A RME R RIE A PAT S JF F 5 X R HIE
AN i) EESRAE I Vg R 22 0 BORSRAGRIEAE,  BIE XX R 2 volatile )t A5 il

1. an S vy A A2 3 SR15ME, AT REAES,
AT BE SR A F IR A W SCEAT — IR B
2. WERARIERL VS 0] 223056 RRRAGE,  LLln
WL AN A TR E, S5 R mliEs



volatilefE HE;FE IR

int a =MYNUM [+ MYNUM
XA RIE A ] i ?

An access to an object through the use of an
lvalue of volatile-qualified type is a volatile access

A volatile access to an object, ...., are all side effects

XM R SRR, SRR KA

X f&—~undefined behavior



{9 < - . L B (&Y = ,—-,—’__ =l - . = A

int volatil eiﬁ?‘é’%‘l‘iﬁ%%ﬂ

int volatilela = 10; |int volatile

*p

p: Obj_TsZint volatile*, V_T/Zint volatile*
fezn: int volatile 1 —MNEEARSRE

int* q = &a; *q = 20,4114 )@ ?

X & —undefined behavior

i K1l i non-volatile-qualified fr 23 Y

)7 7] —>volatile & 11 1 N A7

A: 0x0047B521
Obj_T: int volatile*
N:p
S:4
V: 0x0028FF11
V_T: int volatile*

p Xt N IR N A7 7S TG 2H




const + volatile

int const volatile|a = 10;

A: 0x0028FF11
S % a s BE RS I S R A AE Obj_T: int const volatile
N:a
(ERTRA AR R 20 (il AR FaaUEs S: 4
V.10
V_T:int

aXf N N A7 7S Te 2



volati Ieﬂlgéﬂﬁi

volatile 1 2 ZRFE 1% W IRER R
ZARFE P IHEXNT R A BRI Zunkown, T2 A & AU a5 6] S 20

R N 7 5, 38 it volatile n] BERILT AT DA SZE)
oK, 15'JXHHT@T%‘E%fJ?M’*ﬁKEEH’J%ﬁ%%ﬁ@?ﬁ%‘\%

int const volatile a;

—ANEREE ralfE, BB EAE B a i EH TR I
R T AMER AU, P SRR AR AT LB B sl E

BAH WAL EZAE E raftE, MA—E/AT [



> -~ == |~ '3 3 A vk e
5 N | Sy [ . = b 73 S LR B =
U S 4}

Zzﬁﬁlﬁlﬂ‘fﬁﬁvo lati e RiAH=

read-modify-write A2 FEARIBES AT a=a+1;

1. BEAalH
2. Kalf{E+1
3. B4 RE A\a

& ¥awlts 10
BRI AL, A2. A3. Bl. B2. B3  alffE 212

W% I AT AL, B1. A2. A3. B2. B3 affjfEi=Z11



CIREFIEIENTIR

MR —NMREX BB —BE AN RME, HAb
R GAE e 5 F— N AE, B —1
M5 (Conflict)

The library defines a number of atomic operations and operations on mutexes
that are specially identified as synchronization operations. These operations
play a special role in making assignments in one thread visible to another.

R R T EA B S B S T 2 AR 7 S BOCE



TSN RBEARAEEST 3

T fiRrestrictPRESF

char str[100] = “hello”;
strcpy(str, str);
strcpy(str, str+1);

XA TAF R IR A = R ECRE AT, T4

If copying takes place between objects that overlap, the behavior is undefined.

#include <string.h>
char xstrcpy(char x restrict sl1, const char x restrict s2);




T frestrict

restrictt & —FPFRERF, HugHRBMifaE S8

T* restrict O; 73 21X H restrict iUET* [ 47 1/

int* restrict p;
VS.
restrict int* p; X

typedef int* PINT;
PINT restrict p; vs. restrict PINT p;

A] LA IR AT 28 const PR & 777 1 A 245



restrict{Eiint*3SHY

int aj|int* restrict|p = &a;

Obj _T: int* restrict A: 0x0045B810
V_T: int* Obj_T: int* restrict
X G R Fint* restrict, FKNEIRAB Rint* N: p
... qualified type, the value has unqualifed version ... S 4
int* restrict™ q = &p; V: 0x0028FF10
typedef int* PINT; V T int*

typedef PINT restrict RPINT;
RPINT* g = &p;



ACAAe., ‘

Y fiZBased On

T* restrict O;
PRRTFFORENS TN — P XT A 0bj) (Kf Z ST NT* restrict i) N AEERL)
1. ObjIfE Al LA R E AL — N T ITc R (SRS 4l & E A Ui H)D
{541*0, *(0+1), O[n]

2. g —MEEERIAAE, RObKMEBE, BRI R (L
AHT IR R 2O FRORAE X RIUFE UL, RiEAERME R S gUE, W

E Based on Obj



T = & -
TS BVORE = % B T R T o N R = O T 3 e 4 T 3O FIl s ey L0
o ST TR \ HHBNEBXARBEERITIETF RSP O
i = ‘3RE o EEL b
.f.‘._w‘)‘ T |

T fi#Based On: 7~%

int* restrict p;
PRIRSFFpE AL — X Bint* restrictZE Y {1 X6 5
ANRe— e, W SRAEX AN RIR NI Fp
I8 p+n W E R ERX RpWEZHM S, X ZRpFMEMSE, p+nBELRIEL
Z1Ap based on X %ip
1A p+1 based on X %ip
FRIE N &(p[n]) PHME R ERX RpPHMEEHA R, X ZRpBMEMSZLL, pln) XA AE
FIE A A HE IR B
2215 70&(p[n]) based on X %p
FiEp vs. X %p



Y fiZBased On

int** restrict p;
AR, X B pfia pa X R

g4 3215 7 p based on X7 %ip
fe 4315 K p+1 Based on ¥f % p

Fe5F 315 p[0], p[1]4~ /& based on p
541214 p[0], p[0]+1/Ebased on p[0]i& [A] HI X} 4
Fe st 1A Hp[1], p[1]+1/Ebased on p[1]4E Al HI X5

E depends on P itself rather than on the value of an
object referenced indirectly through P.



. gtk >y
i - 7
(@AREC

1EH

£ — Block B 1]
MRE—NEERAEAKL Hibhk&LZEBased on— % 4P

2 A ARIE AL AL B RARBIAX, WX RAM{E B L
A7 — N EAEFREAMBET] X, MIMATHIE W A Zibased onXf 5P

int* restrict p; bRRFTpEALIIXT R, K — R 5t Sp
FAEFIA R p[2] (&L bl (&(p[2]) Bip+2) F&Based on¥f %p
p[21IX A ZEAE R AE =g AL X AN R AX

TR EXPE S AZ L

ATAR] U5 [ X G X HoAth 22 AH R IE M, &M Ziibased onXf %ip

B (p+1) (1B REVT RIX, XANRE X AT HIHE 1 Ebased onX Rp

restrict



int foo(int* restrict p, int* restrict q)

‘ return (kp+¥q) :
!
int main()

]
L

int a = 10;

printf ("%d\n”,

foo(&a, &a)):

restricti) 7=~

1. fEfoorRZiH, PRIAFTpAlqsr AIX N — AR,

AR — M, TR S p Nt g

2. *pAl*qre N ERIEF, HHhk 7o H 72 &(*p)
F&(*q), 47 7based onX %ipHiq

3. *prEALHINT GARBE X, UTER*qEL ) [a] X S

HEX, N&(*q)FE AR Wit based on p

4. &(*q)stbased onq, [KIgmPEasmtsEHENTH *p
F*qENMFIZXHNN R E EA 2R

5. XM F-H*pA*q#EB e AL 1 main BRECH [FIFE
X G%a, KRR EXATH



restricti) 7=~

ifnt foo(int* restrict p, int* restrict q) foolzléﬁtlj*p%ﬂ*qXﬂ“&Z‘lﬁlXﬂ“%Eﬁlﬁ{%ﬁ"

L

*p = 10;
- R 5 (R
} return (kp+kq) ;
X 51 A AR g 2
int foo(intk p, intt ) P e
%p = 10 A, W *pM*qE EAE— PR,
*q = 20; AT RIS AL 1) 25 TRl sk OROR 38 in 1
‘ return (kp+iq) ;
) ZHTEF ) strepy & R A FERREL,  RUREM

NEE, K5 Arestrict BN RCAL



FEF G {RiErestrictIEffERA R RG

void f(int n, int x restrict p, int x restrict q)

{
while (n-- > 0)
*D++ = *kQ++;

Ef(50, d+50, d)iX A~ p& £ A
d[50]2d[99] X} R E i, Hbased on p
based on qf) 1A A 21517 d[50] 2] d[99]
IR b S 1 o AT N

void g(void)
{
extern int d[100];
f(50, d + 50, d); // valid
f(50, d + 1, d); // undefined behavior

FEf(50, d+1, d)iX ™ pR 5 H H
d[1]2d[50]% R=H#iEek, Hbased on p
based on qFRIA 215 ] H Hd[1]2]d[49]
SECRE TN



FEF G {RiErestrictIEffERA R RG

void h(int n, int x restrict p, int * restrict g, int * restrict r)

{
int 1i;
for (1 =0; 1 < n; i++)
p[i] = q[i] + r[i];
}
¥ afb A ANFAZ P A%, h(100, a, b, b); A2 S A 8 AT WWE?

255

EIRQHIrER 7 M b B XS R, (H e T30 X bR o R it AT 12,
RIEEAS 238 AR E XAT N



FEF G {RiErestrictIEffERA R RG

int * restrict pl;
int * restrict ql;
pl = ql; // undefined behavior

{
int * restrict p2 = pl; // valid
int * restrict g2 = ql; // valid
pl = g2; // undefined behavior
p2 = q2; // undefined behavior
}

}
TE[F—~scope B1H, ¥ restrictiZ I feEr #HATIRE, &SR E TN

fouter-to-innerITHEM T, FKouterifrestricted S 4T TRE 25 innerfrestrictfB £ & &5 1



RZE—Trestrict

restricttl 2 —F PR E R, HBEH kB imfe sy

T* restrict O

\

An object that is accessed through a restrict-qualified pointer has a special
association with that pointer. This association requires that all accesses to
that object use, directly or indirectly, the value of that particular pointer.

The intended use of the restrict qualifier is to promote optimization

A translator is free to ignore any or all aliasing implications of uses of restrict

TRET e e HE AT A



R AR B TR hl

— af&uﬂREC !-"‘" £t

ﬁES|ze\ padding®lal i gnment

1. T fEX % Wsize. paddingflalignment )3 A< HE £
2., JE S MARTSEER N SR IN R size«  paddingflalignment 1) 2 %

Bl —T: 1byte—E%T8bit?
intf— € 4T ?

7 B —~char* p, (int*)p<=f n @ing ?



sizeB A

N RENRRMT, FY—E0 (AIT0o) , H& M AlE?

[ { LY ¢

e U — RANFAT, BN RERYT, HHORXAALEE A A LLE AL
HE: OARXNR (ORWIRFT, Z2KREFD , KENHFAEZNSR
sizeof(T) vs. sizeof(O)
sizeof (T)i& [EME 1 & AN — /\7’%%]TE@XHL%\/\@ﬂ?I‘Eﬂ%?ng"/I\$%
sizeof(O)iR [FMEL I & X e AR = A OR E LA R 53t 5 H 1 2 /A4

2

2




Hff#ipadding: THFSEH

RBE— DT BEERIT, —3L 5 Fn X CHAR_BIT bitfir
sizeof(T)iR [A14H N<n, size_t>
IX~n X CHAR_BITANbit7) 5 BL R PN 3645 -

n X CHAR_BIT bit
1. value bits | Y REmE, REnk
2. padding bits WL AUX A FETL

value bits  padding bits

{EBevalue bitsHJ MUEN, 2T 5 BECT RRE T EI0 ~ 2M-1
XA NE AR XA TR T BRI TH W E (width)

unsigned charZE A~ 70 V1-F padding bits, HAICHRF 5 2 E A 1] LL% A padding bits




Hf#padding: BFfSEH

RN E R BECRAT, —3L 5 Fn X CHAR_BIT bitfr
sizeof(T)iR [A14H N<n, size_t>
IXn X CHAR_BIT/Mbit 73 AN LR = AN 847

1. sign bit | n X CHARBIT bit
2. value bits f mEE, ARk
3. padding bits I ' HUIUX AIEIL

sign bit value bits  padding bits

i sign bit+value bits I N EUEN, 128 7575 B EON G R AG 70 F N-(2M1)~ 28011
XANIEFHE R NIX NG M5 BT R (width)

signed charZB A 70V padding bits, HAE 75 B H M 0] LA padding bits




charflintfEsizeFflpadding LRI X 3l

CitE 5 Mg :
1. sizeof(unsigned char)/sizeof(signed char){H %11
2. unsigned char/signed charZ&% /4~ 70 1 padding bits

Z5i: signed/unsigned charff] K/h—E &1 byte, H¥%H padding
T —Aunsigned charZSH % 2, HEUE TG 0 to 2CHAR BIT_ 1

XF TR S AR Bint 2R A, B2 — TR TR T PR 1A)

1. sizeof(int)=?
2. intZ2 VLS padding bitshd ?



17 — -f“ g g

WA T fiBunsigned int/int

X Fint2RA, B2 —F NP A

1. sizeof(int)="?
2. intZRA SV padding bitsid ?

CIE 5 #E, intZE¥sign bit+value bits B LUK T-56T°16 GHHIINT_WIDTHZ)
FARLIET, INT_MAX UK T55132767, INT_MINZ/N T4 F-32768
WIAIR B 2 W LY 2S IINT_MAXEE T2 /02
ANGEfE isizeof(int)—E 5 T4, FLEERS (HUWiTurbo C Hisizeof(int) 5 T2

H 7 32 7 2w e 23 1 int 28 B BV A padding bits, {H KSR BEEE BT A int¥ A padding bits



THRintN t/uinth t

CiE B PR E g i a8 1) LLE —2K1) % A1 paddingM12) 1ffi & i [ Y ER R Y
Exact-width integer types, ZUintN_t, uintN_t

Blnint16_t: FIRE XA T 5 BESEM A padding bits Hwidth 54755116
CHE 5 AT 2R G AT AU intN_t2R A

(HU R PR 2 iRt 7 55 N8, 16, 32f164, HJ& A padding|lEE2k
M N 1% 38 1 typedeffie fHEAH M. [intv_t2S Y

5 Gint2E B width /232 H. 7% A padding bit
M| 118 i typedef int int32_tiE X Hint32_ tJ3H



THRint _leastN t/uint_leastN t

CB 25 47V 2 38 7 0 S — 288908 FE 26 A /N ey )
Minimum-width integer types, JEUint_leastN_t, uint_leastN_t

Bl inint_least16_t: EIRE XA /5 BESEM Fwidth K155 116

DL 2RI R BT g PR g B L AE L
int_least8 t, int_leastl6 t, int_least32 t, int least64 t
uint_least8 t, uint_leastl6 _t, uint least32 t, uint_least64 t

R WIS E X TintN_t, HA4int_leastN_tFlintN_t—FF



THRint fastN t/uint_fastWN t

CiE B b E g 1388 75 25 W — 2R T8 [ 22 /D 2 A NAR L A B3 132 e B () B 5 2 T
Fastest minimum-width integer types, fE#Mint_fastN_t, uint_fastN_t

Bl lnint_fast16_t: FERE XA R 5B P width 145116, HALPE SR ik

DL 2RI R BT g PR g B L AE L
int_fast8 t, int _fastl6_t, int fast32 t, int_fast64 t
uint_fast8 t, uint_fastl6_t, uint fast32_t, uint_fast64 t

b

e Z M fastHFARIEFT A GO0 R AR AL 2 i th, JiFds
A L] 328 0 R A 5 ZEORAN B R A B R ROk 3 1T typedef



