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objects ... with addresses that are particular multiples of a byte address
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An| implementation-defined integer value representing the number of bytes
between successive addresses at which a given object can be allocated

B FAELAGE 2N 7, Flinl. 2. 4. 8. 16+ 32. o o




RS HIRIF %ﬁﬂal i gnment BYALTE

X 55 R B SR G B @#?\?}E%%%W?Q
- R A 0T [F) 1 B 2R A m] e A [A] X 552K
ﬂﬁﬁ_AIignof(T)ﬁfU\%P‘t?ﬁXﬂL%\jtjiTE‘JAlignment OS5 EESR )
FIH _Alignof(0)ml LAZRISXT R O Alignment (] 55 222K )
Xt 5 O Alignmentdiit 8 25 T X G R U T Alignment

/\/
N
2

\

[ % 5 i
X5 E Hiukik % X S AAlignment = 0

W
/\/
/\/




al i gnment7=%l

YR —ANRAUCRTRI SN G (BT o) , AR O SRS G0 Mk A 225K

N
WAl
[ ( ?
XTS5 E Hi Ik
chara short a int a double a
_Alignof(a)iz [F]1 _Alignof(a)iz [#]2 _Alignof(a)iz [7]4 _Alignof(a)ix [=]?

S EHhk%1=0 X&EE#ht%2=0 XS EHb%4=0 MNEEHH%?=0
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XTS5 RESEIMREHEX

PLdouble A1

printf(”_Alignof (double)=%d\n”, Alignof (double)) ;
printf ("sizeof (double)=%d\n”, sizeof (double)) :

 Alignof (double)=8 _Alignof(double)

sizeof (double) =8 sizeof(double) = 8

_Alignof(char)— & 3111 ?

char, signed char, and unsigned char shall have the weakest alignment requirement

JE AR ¥Z: _Alignof(char)=1, _Alignof(short)=2, _Alignof(int)=4, _Alignof(double)=8
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CiE & b 2 9 P28 L A S BRI 55 Y fiifundamental alignment
fundamental alignment <= _Alignof(max_align_t)

max_align_tze—PMRA, A s AR T 2R
XAMEHSEI L L)€, H AT g PEds — e 816
G — A TRAIIXT RO
A PUNZS R B 5K (Stricter) BIXSFEESR:  Alignas(N) TO
N>=_Alignof(T) (JF&E: WENKT _Alignof(max_align_t) , ZmiEasiiic &5 fF)
JZE.  Alignof(0) S /25T Alignof(T) ?



_Al gnasﬁ“&ﬂﬁiﬁﬂ'ﬁﬂ

N
\ 2 [
[ ( ?
R Uk
_Alignas(64) int a sizeof(a) = ? _Alignof(int) = ?
_Alignof(a)ik [F]<64, size_t> sizeof(a) = 4, _Alignof(int) =4
ST il % 64 =0 BT G alignment A AR of 92 270

RIS 55 RN, WANBEDS R RN



U TR G0, WRTE—NEEET, JTREANE
_Alignof(T) = _Alignof(E)

fltn. _Alignof(int[3][4][5]) = _Alignof(int[4][5]) = _Alignof(int[5]) = _Alignof(int)

_Alignas(64) int a[2] sizeof(a) = ?, _Alignof(int[2]) = ?

Allgnof(a) IE]<64 size_t> sizeof(a) = 8, _Alignof(int[2]) = 4

S 5 Hidk % 64 = 0 BB 5 i alignment AN E5U88 X 5 28 77
ISR, AR S KN
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AR —ATREPN RO, WRTE— SRR, BN 55 R 2E,
_Alignof(T) = max{_Alignof(E,), 1<i<=25 & i 1 N4}

struct stru { struct stru { struct stru {
char a; char a; char a;
short b; short b; _Alignas(32) short b;
int c; int c[10]:; Int c[10];
double d; double d; double d;
}s; }s; }s;
_Alignof(struct stru) Alignof(struct stru) _Alignof(struct stru)

1% [0]<8, size_t> 1% [A]<8, size_t> 1% [8]<32, size_t>
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_Alignas(64) struct stru {

chara, _Alignof(struct stru) 12 [a]<32, size_t>
_Alignas(32) short b;

:jnc;cuctlarll::j;; _Alignof(s) i [A]<64, size_t>

}s;

B B alignment ANECAR S RS AL 5+ RN, AN R R0
ZER RS ) RN E AT ?
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KRR EI"Js ize

—ANGERRSRBAT, RO R AGEE, 1<i<=n  (REAn DR RO
_Alignof(T)e X 45 M A SR TR X 57 ZEK
ZE R S 1A BN RE B T bk 2 S5 A AR B B R, b (i A2 S offset 0
ZE A 2 Jl 6 BE B A% 20 e ikt R

offset += sizeof(E,) internal padding
E, 11 HE HihkhF% & : offset +=|offset % _Alignof(E,) ==0 ? 0: (_Alignof(E,) - offset % _Alignof(E,)

offset += sizeof(E,) trailing padding
sizeof(T) = offset + offset % _Alignof(T) ==0 ? 0: (_Alignof(T) - offset % _Alignof(T)
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_Alignas(64) struct stru {
char a;
_Alignas(32) short b;
int c[10];

double d;
ts;

0x0061FD80

_Alignof(struct stru)=32
_Alignof(s)=64

B 50 G s 1 Hi bk /2 0x0061FD80  (AJ DL #6434 %)
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Alignas(64) struct stru {
char a;
_Alignas(32) short b; 7

int c[10];
double d;
ts;

Ox0061FD80

_Alignof(struct stru)=32
_Alignof(s)=64

1. s.affHhh-fWF% Eoffset=0, Els.aftHihlt9 £ 0x0061FD80

2. sizeof(s.a)=1




ZEXVIQE'\JS i ze7_|_<|J - ffEs. bAloffset
s T ) {

int c[10];

}double d; T 31 bytes T
S;

0x0R606 DBOXD061FDAO

_Alignof(struct stru)=32
_Alignof(s)=64

1. offset += sizeof(s.a), offsetZt - A1
2. _Alignof(s.b) =32 internal padding
3. offset +=|offset % _Alignof(s.b) ==0 ? 0: (_Alignof(s.b) - offset % _Alignof(s.b))

4. offsetss i N32
5. sizeof(s.b) =2




ZEXVIQE'\JS i ze7_|_<|J - ffEs. cHloffset

_Alignas(64) struct stru { |
char a; o
Alignas(32) short b; o
int c[10];
}OU ed; T %bytes 40 bytes
S;

Ox006QxDHFDELF DA4

_Alignof(struct stru)=32
_Alignof(s)=64

1. offset += sizeof(s.b), offset%h & ~34
2. _Alignof(s.c) =4 internal padding
3. offset +=|offset % _Alignof(s.c) ==0 ? 0: (_Alignof(s.c) - offset % _Alignof(s.c))

4. offset4s HN36
5. sizeof(s.c) =40




ZEXVIQE'\JS ize7~P: THEs. dBJoffset

_Alignas(64) struct stru {
char a;
_Alignas(32) short b;
int r[1 n]-

. Y T |
}double d; ‘ 40 bytes ‘ 4 bytes ‘ 8 bytes
S;

Ox0061FD&061HIX0061FDDO

_Alignof(struct stru)=32
_Alignof(s)=64

1. offset += sizeof(s.c), offset4h 5 N76
2. _Alignof(s.d) =8 internal padding

3. offset +=|offset % _Alignof(s.d) ==0 ? 0: (_Alignof(s.d) - offset % _Alignof(s.d))

4. offset4s H 480
5. sizeof(s.d) =8




— Y
40 bytes 8 bytes

J
T
8 bytes T
]

_Alignas(64) struct stru { ;
char a;
_Alignas(32) short b; g N
int C[lO]; i’ = o\
double d; T 31 bytes
ts; \
_Alignof(struct stru)=32 0x0061FD30

_Alignof(s)=64

1.
2
3.

4.
5.

offset += sizeof(s.d), offset%5 5 /88

_Alignof(struct stru) = 32

!

96 bytes OX0061FDDMO61FDOBO0061FDEOD

trailing padding

offset +=offset % _Alignof(struct stru) ==0 ? 0: (_Alignof(struct stru) - offset % _Alignof(struct stru))

offset4h ;496
sizeof(s) = 96
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_Alignas(64) struct stru {
char a;

_Alignas(32) short b;
int c[10];

double d;

ts;

printf("_Alignof(struct stru) = %d\n", Alignof(struct stru)); INE i f‘nof ( struc ‘E stru) = 32

printf("_Alignof(s) = %d\n", Alignof(s)); -
printf("sizeof(struct stru) = %d\n", sizeof(struct stru)); sizeof (struct stru) =
printf("sizeof(s) = %d\n", sizeof(s)); i :

printf("offset of a = %d\n", offsetof(struct stru, a));
printf("offset of b = %d\n", offsetof(struct stru, b));
printf("offset of ¢ = %d\n", offsetof(struct stru, c));
printf("offset of d = %d\n", offsetof(struct stru, d));

96
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#pragma pack (n) HEELSIEITREIFT 5T

A F#tpragma pack(n)m] LA — 22 I BEEE R AR B SR 20K, RN 4n R

YU H—ATREPIN S0, WMRTE—NEARER, Rl 0N R0 2E,
1. _Alignof(E)) = min{_Alignof (E), n}

2. _Alignof(T) = max{_Alignof(E;), 1<i<=45 44 alt 72 >4}

#pragma pack(1) _Alignof(s.a)=1 _Alignof(s.b)=1 Alignof(s.c)=1 Alignof(s.d)= 1
_Alignas(64) struct stru { _ Alignof(struct stru) = 1
_c:I?;:Z;SBZ) short b; _Alignof{(s) = 64
int c[10];
S pack(n)ef 1) 5 45463 P 4 55 5 SR

ZER AT BAN T



#pragma pack (n) 7=f5l1

#pragma pack(1) _Aligl’lOf(StI'llCt stru) =1 _Aligl’lOf(S) =64

 Alignas(64) struct stru { _Alignof(s.a)=1 Alignof(s.b)=1 Alignof(s.c)=1 Alignof(s.d) =1
ST . I BExT SRs i 1 H ki 2 0x0061FD80 (AT LA 6452 BR)
ol 1. s.affoffsetd$ 10, H.sizeof(s.a)=1

bs; 2. offset += sizeof(s.a), %5H: N1

3. offset % _Alignof(s.b), 5% N0, s.bffjoffset 1

4. offset += sizeof(s.b), Z% A3

5. offset % _Alignof(s.c), 5 N0, s.c[loffset 3

6. offset += sizeof(s.c), %55 43

7. offset % _Alignof(s.d), Z5H°M0, s.dlfjoffset 43

8. offset += sizeof(s.d), Z5H 51

9. offset % _Alignof(struct stru), %% 40, sizeof(s) 51



#pragma pack (n) 71512

#pragma pack(4) _Alignof{(struct stru) = 4 _Alignof(s) = 64
, _Alignof(s.a) =1 Alignof(s.b)=4 Alignof(s.c) =4 Alignof(s.d) =4
_Alignas(64) struct stru {
T 53 shortb B30 Ses i 1 Hihl 2 0x0061FD80  (FT LABE64%E 1)
!‘JJSSL 1. s.alfJoffset%$30, Hsizeof(s.a)=1
b 2. offset += sizeof(s.a), 45 N1

3. offset % _Alignof(s.b), Zi% N1, s.bffjoffset N4 (3/>padding™17)
4. offset += sizeof(s.b), %5 N6

5. offset % Alignof(s.c), Z5%E N2, s.clfoffset’ N8 (21 >padding¥17)
6. offset += sizeof(s.c), %55 48

7. offset % _Alignof(s.d), 45%°N0, s.dffoffset’N48 (¥ padding)

8. offset += sizeof(s.d), %% N56

9. offset % _Alignof(struct stru), 53RN0, sizeof(s) 56 (%A padding)



#pragma pack(8)

_Alignas(64) struct stru {
char a;

_Alignas(32) short b;
int c[10];

double d;

ts;

1.
2.
3
4.
5.

#pragma pack (n) 713

_ Alignof{struct stru) = 8 _Alignof{(s) = 64
_Alignof(s.a) =1 _Alignof(s.b)=8 Alignof(s.c) =4 Alignof(s.d) =8

BRAE AT % sif) i Hiu bk 72 0x0061FD80 (AJ DL#E 645445 )

s.alJoffset=? sizeof(s.a)=?
s.b[foffset=? sizeof(s.b)=?
s.clfoffset=? sizeof(s.c)=?
s.dfJoffset=? sizeof(s.d)=?

sizeof(s) =?



#pragma pack (n) 713

#pragma pack(8) _ Alignof{struct stru) = 8 _Alignof{(s) = 64
, _Alignof(s.a) =1 Alignof(s.b)=8 Alignof(s.c)=4 Alignof(s.d) =8
_Alignas(64) struct stru {
T 53 shortb B BT G s 5 HbhE /£ 0x0061FD80 (TT LA 645 %)
!‘JJSSL 1. s.alfJoffset%$30, Hsizeof(s.a)=1
b 2. offset += sizeof(s.a), 45 N1

3. offset % _Alignof(s.b), ZE% N1, s.bffjoffset’ N8 (7 -padding17)

4. offset += sizeof(s.b), %5H:-~N10

5. offset % Alignof(s.c), Z5% N2, s.clfjoffset’ V12 (2 padding=F-77)
6. offset += sizeof(s.c), %5HN52

7. offset % _Alignof(s.d), Z5%H°N0, s.dffjoffset 56 (47 padding17)
8. offset += sizeof(s.d), %5H 64

9. offset % _Alignof(struct stru), %53 N0, sizeof(s) V64 (%A padding)



T %Bﬁ,ﬁﬁﬁﬁ#pragma pack (1)

SRAEE W E IR, 70 1A R B A R X
73 AN BTt 7= A FH #pragma pack(n)
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void* p = malloc(size)
FeEtpTia 7] X B Y A7 2 SRR 5 2ok, Rl e — ek il
pHIHHE % Alignof(max_align_t) =0

ISR T SRS HR N ST R A2 a], mT RAfsE

void *aligned_alloc(size_t alignment, size_t size);
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He St e AR S IR

F TR TR IR A, R A S P e B TR
BT 1 B e e B B bl Xof B (R 0 SRR e A T ARk
N R B B XS N K R 5507 SAS IR SR BT SR 52 BAT N AR E AT

char a[10], B&EX HatiEHihl %2 =0

atl—E A, BRLMPIREE €A N0
(int*)(a+1) 2 AR E AT N

X RaftE it %2=0, H% 420
(int*)(a) A2 R E XAT N
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typedef struct MyStruct |

int a;
int b;
} MyStruct:
MyStruct fool()

MyStruct m;

[
oy,

10;

m a
m. b

return m:

Xt T-foo BRI £ H ) AR B m

=] ?
1. mxelvaluelt? m. m.a. m.b#lEIvalue

2. m.arelvalues ? &m, &m.a, &m.bEE & AR
3. m.bZIvalued?

A postfix expression followed by the . operator and an
identifier designates a member of a structure or union
object. The value is that of the named member, and is an
lvalue if the first expression is an lvalue.

A postfix expression followed by the-> operator and an
identifier designates a member of a structure or union
object. The value is that of the named member of the
object to which the first expression points, and is an Ivalue.



XT455 Wﬁlvalueml'ﬂﬁﬂ (4£)

typedef struct MyStruct | int main()

int a: | {

int b; MyStruct m = foo();
I MyStruct;

printf(“a=%d, b=%d\n”, foo().a, fool).b);:
gyStruct foo()

return 0O
MyStruct m: '}
ma = 5;
mb = 10; foo() & Ivalueld? AN
return m;

r If f is a function returning a structure or union, and x
is a member of that structure or union, f().x is a valid
postfix expression but is not an Ivalue.



5(1 %E‘Jﬁ{fﬁﬂﬁﬁ (Storage Duration)

R — X REA LA I HT (lifetime), 58 A B B E X 21

Storage Duration

A A A

1. REHIRI R NAFEA B

2. X HRHHLE R constant address, FEXT Z A E AR, bk AAR
3. X R RA & o (last-stored value) ANAR

A R Ay B 2 A6 B U5 el R e AT N
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CIEES EN TAFTEfEE Hl: static, thread, automatic, allocated
Staticf7-fit /5 HH I X &

Its lifetime is the entire execution of the program and its
stored value is initialized only once, prior to program startup.

Automaticf7fig Ji BT %

An object whose identifier is declared with no linkage and without
the storage-class specifier static has automatic storage duration

allocated 17 fifg B HHHI X %
K FEmallociX L8 N 75 B R F o il 0 25 18], 75 S 18 F free BEiX



Storage—class Specifier

Ci& 5 & X 7t N Storage-class specifier

typedef
extern

static
thread_local
auto
register



Storage—class specifier

typedef. extern. static. thread local. auto. register

The typedef specifier is called a "storage-class specifier" for syntactic convenience only

Typedef{ii A & SH Xt RARM, W2 L4 i 5 H R 1%

register & Uk J 1o B D BRIF,  (H 9148 n] DA B 2>
registerfE 11T 10T G AN B B b bk

register int a;
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Identifier (FRIRFF) RZCIE T &l ) —FiSymbol

PRARAT AT AR KR -

an object; a function; a tag or a member of a structure, union, or enumeration;
a typedef name; a label name; a macro name; or a macro parameter.

For each different entity that an identifier designates, the identifier is visible
(i.e., can be used) only within a region of program text called its scope.



ScopelY433E :Function Scope

CitE g —HH4FScope

function, file, block, and function prototype

A label name is the only kind of identifier that has function scope.

int main()

MyStruct m = fool);

goto skip;

printf(“a=%d, b=%d\n”, foo().a, foo().b);
skip:

return 0:



ScopeY433E: Function Prototype Scope

MyStruct foo(int a, int b);
MyStruct foo(int a, int b) the |den.t|f|er.appears thhm the list of parameter
1 declarations in a function prototype (not part of a

MyStruct m: function definition), the identifier has function
ma =5 prototype scope, which terminates at the end of
mb = 10; the function declarator.

&m;

&m. a;

&m. b; VR X 3 R 3R B 6 B A R e

return m:
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Scopely433E: Block Scope vs. File Scope

If the declarator or type specifier that declares the identifier appears outside of any block or
list of parameters, the identifier has file scope, which terminates at the end of the translation
unit. (A C program need not all be translated at the same time. The text of the program is kept
in units called source files. A source file together with all the headers and source files included
via the preprocessing directive #include is known as a preprocessing translation unit. After
preprocessing, a preprocessing translation unit is called a translation unit).

If the declarator or type specifier that declares the identifier appears inside a block or within
the list of parameter declarations in a function definition, the identifier has block scope, which
terminates at the end of the associated block.

Identifier 2 B AL T — A blockEE/E N R H LS
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IR URRT HIEAS R 37, AT 5 R ] — A S A e ?
Cifi & & — I Hlinkage I R EAT 73 7

An identifier declared in different scopes or in the same scope more than once
can be made to refer to the same object or function by a process called linkage.

Ci& 5 A —#lLinkage: external. internal. none



no | inkage

The following identifiers have no linkage:

1. anidentifier declared to be anything other than an object or a function;
2. an identifier declared to be a function parameter;

3. a block scope identifier for an object declared without the storage-class specifier extern.

int main(void) int main(void)
int a;: static int a:
return 0: return 0:

[——
[

no linkage I AR AT ER T8 ] A [ I3 5



external |inkage

For an identifier declared with the storage-class specifier extern in a scope in which a
prior declaration of that identifier is visible, if the prior declaration specifies internal
or external linkage, the linkage of the identifier at the later declaration is the same as
the linkage specified at the prior declaration. If no prior declaration is visible, or if the
prior declaration specifies no linkage, then the identifier has external linkage.

int a;
extern int b:

int main{void)
[
1

return (:
1
)
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Internal Linkage

HFfile ScopeHI% R /R HFR IR +static, HHinternal linkage

If the declaration of a file scope identifier for an object or a function
contains the storage-class specifier static, the identifier has internal linkage.

static int a:
int main()
static int b;

return 0:

[—

A function declaration can contain the storage-class specifier static only if it is at file scope
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