ec Oc

e8 ed 1c 00 00
be 60 60 106 00
cl ee Oc
83 cy 08

68 6¢Cc a2 12 c@
e8 d7 1lc 00 00
83 cU 10

bb 60 00 00 00

89 d8
cl e Oc
83 ec Oc

e8 9f Pa 00 00
f: 83 c3 01
) 83 c4d 16

68 af a0 12 c@

$0x
$0x
c010. 4
$Ox106bu_,_“;;
$Oxc

LunaixOsS
A

XC
cGlO 16
$0x1
$0x

if?i.f?b_.t,vﬁi‘(ibTﬂsi‘“?‘*dljﬁ OWN

$0xc, %ear

$Oxc,%e|

%eax

cOlOGbHe <vmm_unmap_page> l

$0x1, l
$E)x10 / \

Q-
: '\l,'m"l X

}fomeeal «-_uemel_p-ost_init+3'-‘fOF‘ERATING SYSTEM FROM SCRATCH

0107312 <kalloc_init>

e
ax , seax

O Brave New Kernel

BRI ST malloc

soxt,%es  QPERATING SYSTEM DEVELOPMENT EP '7_3

$0xde

$0xcO1; TUTORIAL SERIES
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ERFHNEE

ST LT — wht, B
SIRREYia]

k] malloc()

0x100000 L NG
0xC0000000 e e calloc()

virtually availabte
S ‘ realloc()

k_stack

HEE P

free()

<«— 1MiB—>»

Aligned[0xC0000000+K] 0xFFB00000 OxFFBFFFFF
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malloc(M)
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malloc(M)
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{12 18 malloc EI5EEEH, FiETEME
ELM

s N : s 1Q1Q 5 5 2 IR

BIAIRE

EIZHY!

4N ( External Fragmentation )
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ME, FIEDERNZEIR/NGI 4 BIEE (it 4 FTI3955)

OK'!

s SNz 4 =Bl 543 543 2+2 |

4 4 341 4 B 543 TN Y 2+2

BiX F+ A BERRRFRE IME B



‘, Lunaix O0S Dev Tutorial malloc Z}?EE _ %";)-’I-E/\] rﬂﬁ

M, FESRIERANSTDN 4 00K (it 4 FHHF)
5 5

3FTRVEESE, R
7= 8 NFT

WEEH  (Internal Fragmentation )
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16
R !

4 3+1 4 1+31+3 5+3 5+3 242 LY

BEAIRAE

EIERY!

W ( False Fragmentation )
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NEEMHRTEAFRE?
NIRRT B ZWU? NRE, THE?
SNMRnEE TR b A Y E?

SN NI ES

AT ERER

But...
BT AR R, RN HEMEE:

_ BRiER, S5 et
BANENE : B BT
RIS N IR
%
Trade OFf !
75 5 —LeaTs
S TNECARIEIY &S BUTTEIBEL, & BRARZS AR

S0 ERINER

=1
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BRI E—HRPBINE A

RASENTE - a8~ EHTH
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B2, BINEAFBOXHER?
EEMMEFLT T !
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Implicit Free List - AR

W5 5%% (Boundary Tag) —TEKEM ERE, 5 E—LEnBidE

+4 +2

2| [2]cl
2

4

- /
'

— MNX3R ( chunk)
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Implicit Free List - AR

size PF| A BEEBELH A=0 B,
EEBHEXITETF LS
WHY?
B EH size
size PF| A

A=1 SRIXIRE 7 EC

PF=1 BI— P XIR=T A
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BHEAETHNEAZHXIR
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size1 ra i size1 210 size1+size2
=hER oo
B E =A
2R FERE K size1 210 e \7F_|
. 1 T4k 2 =L - 3
g '
TN TN
== 6 AN
size2 0|0 Z:ﬁ'ﬁg | size2 110 size1+size2
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MERSKRI X IR AT E H R B R MHES AT (A0feEs? )

T BEEA: ;

HIFEFRZE (Prologue & Epilogue Tag )

B XBRAKNA— tag , EHEANA O, KEUTHETENRHX

BFF: XRANA 0, HEANAO, KT FHETERI R
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=B AR BEATN? brk

int sbrk(void=x)

1K E _FIREFATMHAE ()
Unix IfRAZ=E - eeeeead ]

void* brk(size_t)
BYaT ERRELRR « NFET @ HEAP
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dmm_init  #IRILHETIE coalesce aH=TIE), HREER
Ixmalloc place_chunk Yl =a], 77ECXIR
IxFree
Ixsbrk IREHRH LR, WNH

HE, N5 ERFBI R
Ixbrk 51 X3 4FD

grow_heap  ipfEif (SEHNLIR + ¥9A1k)
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Code Time
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ssert_msg((Cuintptr_t)ptr < (uintptr_t)(-sz)) [&& !(Cuintptr_t)ptr & 0x3),
"free(): invalid pointer");

P.s. M glibc malloc/malloc.c:4437 FB) LAY xD

ST RPERIEH header ) size , &K
jast

31

ptr + sz < 4G1 100000 ..... 000 Gi
= ptr < 4Gi + -sz Ny

+ 11....111 XXX...XX -sZ
= ptr < (int32)(-sz)

31

1.00....000 XXX...XX

- 4

o (int32)(-s2)
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FRrEMXRE D EE—TESENTEE — SRS

ToEUES AP IRMEXIEDRE—E — SERITEREN
PIBEIR SR, ZFIXEY bug, E BXEF@E!
Not so good...

By (e.g., OpenBSD, uClibc) fRRAFZ Ml {EH
mmap ENiEXE — EESEMXIR)L, — FEDER
iR, BTSSR
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1. Computer System: A Programmer’s Perspective (Thrid Edition) Section 9.6
2. Linux man page for mallog, realloc, calloc, free, sbrk, brk
3. GNU C Standard Library: malloc/malloc.c

4. uClibc-ng: Llibc/stdlib/malloc-simple/alloc.c

5. A new malloc(3) for OpenBSD
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