T E M

Glibc N & H

Ptmalloc2 JRACHS 23 HT

epE (FERHRR)
2011/4/17

BT HREEKFAR, B BARE7E 4 RAIEX ptmalloc fFTA PLEASHE & JC1R, PrblanR
BRI A AR, B2, ARG RE S, FFUGRRETHE .

(mgzhuang@gmail.com)



H>%

T RBL. vt s et s ettt a et a s a ettt a et et n et s et st a st n et s et en et nee 3
FETHTTH oottt sa et e ettt a et a s s et ent et e eneanaees 4
2.1 X86 T LINUX TR P AT TR0 oottt ettt et e e eeeeneen e 4
211 32 A IR I AL AT T oo, 4
212 32 A N IEFEBRIA AT T oo, 5
D2 T B VR VR 5 W N e Y ) = OO 5

22 BRAERGENAE DB IEER B oo 6
221 Heap FEAERHTCERIE oo 6
2.2.2 Mmap BRES X IHEEVEFI FCBRIEL oo 7

3o IR oottt ettt enent e 8
30 TFEBERMETEIR oot 8
300 T TR TTIE oottt 8
312 BB HFR et 10
313 L CTE B FEREIT oot 12

3.2 Ptmalloc INAEETBEREIR .....ovoeeeeeeeeeeeeeeeeeeee ettt 13
3025 R 1 1 OO OO 13
E3 3 I P« 7S G o -7 OO 14
323 WAEBEHBIEGRIMEIR oot 14
324 PIAEZPTRMIIR cooooeeeeeeeeee et 19
325 PAEBITHEIR ..o 21
326 FCEIEITHEIR ..ooooooeieeeeeeeeeeeeee ettt 22
3 A ) == D o= = -1 OO 23

B T RIIHT TLIEIR coveeeeeeeeeee ettt sttt aneenen 24
LT AN L2 OO 26
T VA OO 26
T < B v = OO 34
5.2.1 Y 04T 11 o110 L3R PPPPRRNt 34
5.2.2 Y =T o110 TSR 35
5.2.3 (07T o] (<To I <1 s TSR PPUR 40
5.2.4 [ LY o o 11 U PPRR 42

T I Rt AL OO 44
5.3.1 00T 11 o TolE) = USSR 44
5.3.2 Y =Y ] Co ol o Y- Y S 47
5.3.3  ZPECDXATHIHEE oot 49

5.4 FEEIEIT ..ottt s sttt n et nentnes 51
5.5 PIMANOC FUBIHE coveeeeeeeeeeeeeeeeeeeeee et 53
5.5.1  Ptmalloc RHJUEAIT 73 EC/BEIBLATE coovevereeererreererisseneise e 53
5.5.2 PtMANOC_INIE() BRI o.vvveeeeeeeeeeeeeeeeeeeeeeeeete ettt 55
5.5.3 ptmalloc_lock_all(),ptmalloc_unlock_all(),ptmalloc_unlock_all2() ................ 60

T I 2 N o1 =42 3OO 65
5.6.1 [ LT Y o T ] (o YRR 65
T 3 1 N o OO 66



5.7

5.8

5.6.3 ATENA_BET2() curreiieiiiee ettt eeere e et e e et e e e e e e ara e e e e b e e e e baeeeenraes 68

5.6.4 N NEW_ArENA() cecveeeeeireieeeiiree e ecree e eetree e eetre e et e e e eetreeeesree e eeearaeeesaaeeeenres 70
5.6.5 NEW _NEAP().eeiurreeeeirrieeieirie e ettt eertee e eeetre e e esree e eestbeeeeestbeeeesabaeeesesreeesssreeeenarens 72
5.6.6 get_free_list()F] reused_arena() c..ccoceeeeevereeeereeeeeeeeeeeeee et e 75
5.6.7 grow_heap(),shrink_heap(),delete_heap(),heap_trim().....ccccceeevereercrverennen. 77

PIAFI3TIE MAIIOC ..ttt sttt et s s bbb s s 82
5.7.1 PUBIIC_ MALLOC() veeeeeireeeeeeiiee ettt ettt eeree et e e eetre e e etrae e e e sareeeeebbeeeenaraeeeenns 82
5.7.2 N MAIIOC() cnvrereeeriee et e e s e e nrees 83

PY AT T FT@E 1.ttt ettt bbb 116
5.8.1 PUBIC_FREE() couvvereeereeeeeiireeeeeiree e estee e ceettee e eetre e e estaeeeeareeeesnresesenbaeeessnraneennns 116
5.8.2 T FTEE() veeeeeeree ettt e b e e e et a e e e bae e e eearaeeeeans 118
5.8.3 SYSTRIM()AT MunmMap_Chunk() c.ceeeveeveveeeeceeeeeeereeceeeeeeeeteeee s aeae 126



1. 5]

T H H AR R ) — A RBEHR E R NoSql R4t, &3 T Glibe N AFZRIG IR #. MR
WIE: FEFRATH NoSql FRGeH SEBL 17— AT B AR BRI, 76 1 R R K
(21T, MW AAE BRI AR CIBATINE LS, CIgqTiy FE IR A S RIE Py A7 338
HEERS, NS BB 5 NN 10GB, BN AALLE, @ik ToP a4 e
/proc/pid/status £ & R b H N AFA B98N 10G, B~ 5G, BN 3G, etc, WAFFE
BRIAT AN E

FATH) NoSql RGeH i W AFE FE 7 LRI B, (EF 2 R e KN AE, NS PRI
BT/ 2MB WA, K5 53 1 64KB A FRAL I — NN/ INNAEH AT hash IR i) 77 Xk
ITEE. WREHINADNTET 64KB B, BEHE AN AAM0 2 N EER IR I — A W A7,
PIAFRE TR V38 2 N B2 5 AN SR FRS I N A7 KT 64KB, EL#E@E IS C 1247 FE I malloc Al free
SR SEACE PR LA K BIR 2 /N R B, thin Hash 3R, B-Tree, IXUEEGHHLE A M4
JR) AT SR N A7 S5 FEAR AR B 25 A IR g T 20 2R . O TR S A G PRI 8%, I3
DB, RN ERRE R SLOR T 8MB [N AR, AR S WNERFE L R (1) 8MB I AEER
SN AE, &8 N AFAS I A 4 SR 0 A Aith 3R

RGN 2% R ML N E BT 20 AN/ N A S EL N AE, 2N
TE RS X 25335 SR I B 2 3% 2M A R BT ) C IS AT I BRI N AF, — IR SR e LR, BRI
LRI AT R C I TH

TEFIERE T RGNS TALE LS, XA RGHAT 7 WA R, EfR T3
AN A R I AE R R DL JS , KL R G R s R NI IS AT R 2 K A N A2 2%
WIS, AL OOM Hi#ElE RGt A .

N TARTERER AT @, 764 & B AR I A A PR I N AF Gt Dhag: AT
B ] AE I O IR g S 45 2 R AR, 2RI N AR T St . SR K
MA R NAEM I Gt 25 R A A TN, RIS 2 i 2R WA gt D3R 5T
AU, BT WNAEEEAIT=AZ0, HPERE, CBITNESR, BIERAZE, fE#E
RG)ZROHFR) N AF Y, B RIA 7P BB E A WA ER, P RsE 2 CigiThf
FEMIIR R, W2 Glibe I NAEE BT N S8 7R N AA R

] VG AN 7, AR W AR R A RIS A, NS R, ARG
I R TGV AR AR T i

1. Glibc fFEAFATENL F ALK NAZ RS RS ?

2. Glibc FINAZEH T A MLEL FRE S H AR NAZ e 5t ?

3. ARG N EE T 25 Glibe N FEE B2 R AR 2

4.  Glibc A2 QAT BN A7 ?

WH XL T, POEXT Glibe [ ptmalloc2 RS AT — W IT, A B2 REHR 3K L6 ] {1
HRE, HRIIN R G E I ) 8 T TR GO& SAHT SRR 1) glibc-2.12.1 A 77
B PR A ARG o



2. Al AR

2.1 X86 ¥ & Linux HRENEHA

Linux RITERH elf MR OIS, 2 loader 8 HT $AT ST A 1 8N BUAK IR
RN B FE—HhEFF AR 1 23 18] Fh - GRNHBEEERR link editor(Id)FIHL#SHubEAT 2L, 75 32 f7Al
#% b2 0x8048000, Bl 128M 4b). Wi N EI 7R, LA 32 ALHLER NG, & el s N 172 text B,
WG & data B, BJaAd.bss B IXATDAEAE T M MES . F27 BT RE U7 Al (1 8 i (0 1
HkAE Oxbffffeff, k2 F] 3G Hilibkb, 3G LA L/ 16 22 WAZM K, MARFATLE
Feviinl o NFHAR T FIMEAR N i I A 4G ) ARG, bss BE S HERR 2 IR] 1) 23 [R) 2 25 R I,
2N A [ P 5, — 343N heap, —#%0 8 mmap WS IX I8, mmap WRES X 45—
M TASK_SIZE/3 {7 4, (HAEAIFAIT Linux WAZATHLES L, mmap XIREIFFAG0 B — 2
A, Heap Al mmap XIR#A AT LA = E B, (HR & PERITT 46 BB -5 A e 21
WAE AN, SEAAIVT A . 75 ) AR IS K 70 Bl 25 (A 2 R/, XIS 25 8] 1R U7 1) 2 5 30
segmentation fault. FIJ7REF R DL ELH4d FH R 4000 H K E 2 heap Al mmap B X3, (HEE
ZHIEHERE AR C B S HAEH malloc()F free() BRI AR BN A1 2 BL ARSI 47 . Stack
X 3 M — AN 75 LSS, P A0 RT DA Il (14 P4 A7 X 3K, 3 2 ) PR A s a3k AT B o S it

2.1.1 32 R T HENFLE AR

-
1GE -4 Kernel space
L BxceBaased == TASK _SI7E

- Stack

{1

1r

Memory Mapping Region ex40880088

3GB <

)

Heap
BSS segment
Data Segment
Text Segment (ELF) @xPRA4EEER
\_ 5]
SR R Linux 1A% 2.6.7 LA FORRAERR 3 1715 )5 T 2%, mmap (X358 S5k X ST 1
K, XEMREHE R 16B KA AT LS, 4ES Kt SN mmap B X 5K,
XA RIRATIIE . SR T 32 BERHLALZ BRI, FFCAPESIA T 53—
BLMAE 2 ARG, A RT A (BT 64 G145, HRAE T FAMI LA %214,
XA AT J HUAH 0




2.1.2 32 piARA T HERNNFAR

| Kernel space
168 User code CANNOT read from nor write to these addresses,
doing so results in a Segmentation Fault AxCOPAAERE == TASK SIZE
4 Random stack offset
Stack (grows down) A
# RLIMIT_STACK (e.g., BMB)
L
L Random mmap offset
Memory Mapping Segment
File mappings (including dynamic libraries) and anonymous
mappings. Example: /lib/libc.so
3GB program break
3 ﬁ brk
Heap start_brk
} Random brk offset
BSS segment
Uninitialized static variables, filled with zeros.
Example: static char *userName;
Data segment end_data
Static variables initialized by the programmer.
Example: static char *gonzo = "God’s own prototype”; start data
Text segment (ELF) end_code
Stores the binary image of the process (e.g., /fbin/gonzo) PxERA43000
e e

M ERIRTEUE B, BRETA Ny, I AEGZA 7. R LY, mmap BUTX
IRETH N FE, mmap BRES IXIBRIHEAD Y e, B MRS R AU bk 2 8] P (KR A2 X g, 0K
FREEHE T C IBATI R mmap WSS XISNIHEREAT WAF B BB A R 2R AE A%
2.6.7 LUEA GINR, X2 32 i R R I ERIN A A7 AT R 2K

2.1.3 64 NMEKXN T HENFAR

1F 64 (A N &AL B 24V ? X AMD6e4 R4, WATA K4
WA &, text FEE ALy 0x0000000000400000, HE'% % BSS B[] 1K, mmap Wbt
X IR UB AL B — M BN TASK_SIZE/3.

#define TASK_SIZE_MAX ((1UL << 47) - PAGE_SIZE)

#define TASK_SIZE (test_thread_flag(TIF_IA32) ? \
IA32_PAGE_OFFSET : TASK_SIZE_MAX)

#define STACK_TOP TASK_SIZE

#define TASK_UNMAPPED_BASE (PAGE_ALIGN(TASK_SIZE / 3))

THE— FE 0, mmap KT 45 X 8 31 HiE & Ox00002AAAAAAAA000 , #% i i ik
0x00007FFFFFFFFO00



128T Kernel space

OxFFFF800000000000
Undefined Region 0x00007FFFFFFFFO00=TASK_SIZE
Stack
|
Memory Mapping Region 0x00002AAAAAAAAD00
128TB~
Heap
BSS Segment
Data Segment
Text Segment(ELF) 0x0000000000400000

0

Kl x86_64 T Linux MRERIBANNAAMRIENA, THE2—PNrnEE, S zEaL
BCE T, FERRRARA mmap BRSTIXEGFEA R N —ANEDE kT4, FF HAR R S R A
AN K, TR P AE 3 Bl IR Bl AL e8O3R aX EE i R 150 L, 5454 FH 9 v X Vst 32R 4T X0t B m PR A o
LR AT LR ERE (AR A mmap BRET IX IR — N EEALE T 4R, RFEEESRALE
randomize_va_space fH N 0, XA Z 2R IAHE A 1. AP EL & E
/proc/sys/kernel/randomize_va_space Kf5 iz 51, WA AW N4

sudo sysctl -w kernel.randomize_va_space=0

2.2 H#AER G N KIMR R

R E] heap I mmap WS X 3802 T AR AEES FH P R 458 FH (6 R 400 A7 25 ), G 3k
LXK A AEIE 2 A R GERAL T A RGP R e A 6 TAF . X heap HIIRAME, #
VERGIRBE T brk()BEEL, CIBATIZEIRMBE T sbrk()E %L X mmap LGS XIRHRE, #1E R
GARAE T mmap()F munmap()EKi %, sbrk(), brk() B mmap() #5ETLAFSE F AT R TR
INERAMA BN AT . Glibe [FRIFFAZ (3 FH X 6 bR A R 31 RG0S LN AT

X HE R MR EE RS, NAEMREIR A, A TE L IE VG A — AN bk e
SLIXANHBHE O EE L B, IX A& Linux WARE B 3EA BAR 2 — . Linux WAZTEH] 7 BB N AE Y
P, FORGEAE T —MEEX (Wt ERNAR), IREA RN A
FH P A R X B P AE I, A% A 2 4 B LR B T T8 P S SR A o 6 B i
PIAT o PIAZRE O3 L T 2l R M X, 4R B SL BTt B DL T, o L ARk

.
2.2.1 Heap #1EAH SR EL

Heap #RAFRREEEAG I, brk()VARGA, sbrk() v C FERRE. RGTIHHIE R f2ft—
6



Fhdse/NDRE, 12 eR B0 B S g LL R 2 T RE . Glibe 1) malloc B (realloc, calloc 55)
A sbrk() R EeH 2 Be ) T SR 42801, sbrk() B E7E N AZ S B 1 5 400t k= [A) IS 280
7, i malloc() e i fit H .
WAZEE 454 mm_struct SR 2 A8 & start_code F1 end_code s i FEACAD B ) EC 4a AN
Z bbb, start_data £l end_data J& EFEEUE BX IR A A2 B HbbE, start_stack S EFEMERR
Boittntihl, start_brk 2RSS WA IR EE GEREIGHEE, EF —14 brk (HE
B4R B Ja Mtk D), S SIA WAE A EC S ET 4 bbb . C 15 5 HIBhaS WA 2 BLIE A R U
malloc(), 7E Linux RSBl 2@ WAZI) brk RS . brk()2 — N EH 8K RS0,
FUE fR] B 5038 mim_struct S5 440 1) % 3 A% i brk FOAEL
XA R SR
#include <unistd.h>
int brk(void *addr);
void *sbrk(intptr_t increment);
TEPHEZ, {8 sbrk()IZE increment S 0 I8, sbrk()i& [a] 2 FEFE B 24 1T brk {E,
increment NIEEY R brk B, 4 increment A7 {E UL 4E brk 18 .

2.2.2 Mmap Biti} X I #RVEAH < R4

mmap() B BRSO B e RIS BE N AF . SCEFURT B 2 A 0T L, I RSO
RANATE A GUR RN, e — AN TS F 1 25 ()R 2295 % - munmap $RAT AH S 4
B, THIBRHE 8 ik X IR0 R o BRI € LN F

#include <sys/mman.h>

void *mmap(void *addr, size_t length, int prot, int flags, int fd, off_t offset);

int munmap(void *addr, size_t length);

FEIX FAHER R IX A BB 20, W24 ptmalloc 1 H 2RI ThEML— T /e, JL
i VB S B AR KL

ZH.

start: WS IX [T AR AL

length:  BILS X (P B o

prot: MM NIERIFIRE, AR5 AR, 2 U REEAME, AT Rl
or B H A IS TE 2. Ptmalloc o EE A T 41T L AMRE

PROT_EXEC //TI N2 ] AFE AT, ptmalloc HHisA 1 H

PROT_READ //TT N 25 R LIAEE2HL, ptmalloc EL#%H] mmap 70 A7 37 BITIR [F145 FH P s
w B 1Zbr &

PROT_WRITE //T{A] LABE N, ptmalloc B3 H mmap 73-BC A7 IS RIR [B145 FH P I %
bR

PROT_NONE //BUAF V5], ptmalloc FH mmap [a] 2 4% “ftbhc” — B A AR A7 4 B 10 B
AR

flags: $5 72 WSO SRR, WS 1 ORI G 75 7T LAIE 58, BB AT BLg — el
EZN M VAU RS

MAP_FIXED //f81 148 i€ I BU T Af ki, WS el start F1 len ZHUREMNAAX ES T
IS A3 [8], BB S ETE . AR E RRIEHIEATT A, BB 2 kM. Jf Hil

7



G B ATEE T I It . Ptmalloc TERIROM R GE R “HUR” I AZRS 1 B 1ZbR &
MAP_PRIVATE //#E5r— A5 N5 DL FAR BT o PIAF X BN 2 500 21 J5 S04
EAFREFI L EbR 2 BRI, KR H 1 —A> . Ptmalloc B FH mmap #51% B 1%45 &
MAP_NORESERVE ///NELRIX ANBRIFF R BE A4 2 (8] o U8 e ARG R B 0T Bt X A 4
FI R B S AERIMIIE . U AR, RN AR, X i X & £ 51 B S
5. Ptmalloc M R%E “HUR” PWAFERIT 15 B %05 £
MAP_ANONYMOUS //FE 4B, Bl XA S4T30 kB . Ptmalloc &K IAA mmap
T = REY AR

fd: AR SO . IR MAP_ANONYMOUS #7558, N T 2@, HAE R -1,
offset: M WRLIFT X 5 N A AL A o

3.85id

3.1 NAFEE—RkHER

AARFIEREF R4 T 2 D NAF . RENAF TR, 1 A7 7R SR OG22
(0, Xl G A R P R S BN [BI N AE o REFP BSR4 B AR
B, WD G PR EE

3.1.1 WA EEK HE

AT WA EBRTIER 20, B8 A EL S AR, AEENAAAEBTEA fod H
HITETE o

1. C RIS NAE BAR 7

C RIS B N A7 & FRFE e 5 2923 malloc() 1 free() BRI . N A7 & FEAE 7 3 BB 1A brk()
5 E mmap()iERE IS INAAN ) FEFLIN fF . Doug Lea Malloc, ptmalloc, BSD malloc, Hoard,
TCMalloc #J& TX — KA EE BT .

F=T malloc() I NAF B BRAIRZ A, AETHBZIAN D BCET . KT ARLE R
BRFF I R A malloc()RE BN F R RE IR S NKRH . A KE KA &
FINAETIH, &M CUEE A MR I PR 2B A7 IR PR T 4w sR ) N A7 R 45 5 i B,
{HZEX T A A B G B K AR U, B BN A IR HERS 2 . DROAE B NAE I IR, IR %
FE AT R T EATTE OB A7 E B

2. WA NFEH

W AEI A — Bl WA BTV . AR BRSO RR P gk T BB N AR B, R4
P —YeE e M B, T BRI B AR 2 B s AR R E I BRI A . B, TR 2 48
55 SR IEREAT 22 0 FUAR 2 51 AT 32 B N AF—— AR I R AR A S R D S R AR S
Apache i ] TN AF (pooled memory), FGHIEFEIRS NS, BIMMEEEE D
N AR ESSIREEABT B, 22— IR NAF .

AN A E B, BN B 2488 WA, A TENAE . B NAAIERA A

8



A AAE R . 7E Apache H1, A —ANRREEI AN IR S5 2R AFE BB A7, 38 — AN AL
(B 22 (PAAAE I A A, DA B — AN RESRIT [B] 0 SR A AE B, 7 A Hofth— ey
Rt RIS WERIR I — FR 51 R A 2 A2 B LI 3 SR ) 1) B B s IS4 Fs v BASE 42
MOEFM A T NAT, HRNEE IR RN, XN A BSRR. Rk, A el
VHAEME B A% (cleanup functions), TEIGFRNAATZ /T, BT AR E, K58 RAE N A7
B i AT 7 e U HAR A AR5 CRALT 1 )6t G AT A4 BR 80
A5 I X A7 2 BC A s 0 R B
o IR AT LA TH] LI E BN A
o WAESERAENSCE R, POARRRES AL — M 58, /e n BAZE O(1)i ] i 58
B, BN AR AT RIS R ZE A (SEFR B2 o(n)if ], AId e KR i ™ 2Bk
PA—/N R, AR O(1).
o AJDATRSE D FCES iR AL FEM (Error-handling pools), DUEFE 7 7E & H PN A4 FE R IHATY
ATPAR A .
o HAEH 5 T BIARAESE I .
WX A7 Bk U2
o AR I UE R THRAERT DL B BRI FR e
o WAFIME T ANRE S 5 =07 FE IR I &4
o WIERREFHEGMKAERZN, MABAMEBANA, XA FRNAEE RGN E
Bzt
o B ITCAE TR E NN AT L. AN, WERAEIX RS, AR MER SO N AR

3. SlHH

g Ity rE R EAR S — MR E s s “ 9l G IR
Y —NEFALIE AR R RN RIS IR, XM TR 1. e b, 2
(EEVFEIRGH, BRI 2 DML E F. R)E, [t e G, ZET
et s it s> 10 GREADNIMEZ G, el EiT Rt oamaF. MR, I
KRR N AT

£ Java, Perl =it 5 1, AT WARE BRI A Sl FUFECE R T2 . fEIREE S,
IR RIE S At A, PrDUERAA DO E, BRAEERSY BESR. HTIA NS
HRL AT 51 T, BT DUX S0 TR = A — S, (H'E ORISR = 1 dmfe 1 e 4 1A 7
fEE .
PAR 2 51 0 i Ak

o SEHLTEHL,

o« ZTEH.

o  HTIIHEBIEEME—0, lefl —MrEAAE .
A, BERAHA L b

o ERGEKEAZISICIA A G FTHEGREL

o TIEBETIUE VG ERE G540 1) — 0 3 B 4584 o

o IR )LFEE—AMREI T

o REFERHIINGRA T HTEL (H2S AR AR (i try 88 setimp()/

longjmp()) B, RE0AZICRH AN 7712
o TEBIMONAFRATETI .
o GIHIMEUSH T AT —NMMIE, R LA R et AT LA ) 21X A
(A



o TEZ LRI R AELUE .

4. U

b4 (Garbage collection) &4 H sl A il 3+ F2 B A Ffd H OB X % . B3R iide
T 290 FH WARD B0 T — AN BAR B BB 2 AT I8, BATTCARE 7 B En i ] i
—H CEEAR” R — AR 2REE. TS ——ERHR S REEN S IHERRE
b I SRR R PR . W AR B I E R A A s AR BI sR R, 1T
DA 4 S8 BB Al X Se e 8RN T A RO BN A, AR 2 R B R B R IS SR e A R
FIE R PR G5 N IR TREFIELR, BT CL, N T IERR IS TR IR EESS, BN AR IE E ARSI —
L
BRSO A — S8 A

o TROEANLAH ) PN AF RSB R TR B o G AR i R A

o fHFHIRLLICERRS, NI DUE A R ECAH A ) APT .
Hoh A

o MFHIRHER USRS, IEHTCIE TP B RN A7

o TEZEUGHT, B HARE X NAFE T EZ,

o BLIRSCEEER R 51 A R BEHE T

o WRBEICHAFAEHMIBE L E N null, AR A WA,

3.1.2 AFEESH BT BAR

WA E BB AT AME'S 2 (ERTH WA BT, BT AR ? BHE N WA
EHABMIIAE TR BRI e, FEF R A JENMA. T AR
R Z AT, BAVICE B R A7 A I R T SR T
1. mAMFREME

BISEIL N AR BERR IS, SR SO AR IR LR A B2 LR AR A L BRI
FEELEEIAA FRAE (I POSIX B3 Win32), 1A% 25 v] DAST i 0 FE 28T 16 o9 7 H s b

2. mRACAT R

WHAELT, WAEHEEER oS IENAE, MRIFIET k. Bl 1R R
B RNAFERIRE RAAE, X ER oS SRR EUA 17 . 08 St e Z 2 X1 & i
5o REMGHTF SRS, JRENAFE BE R A

3. IR/ ASTE

WA E A BN, WREMHE O IR, XS a4 A B 2 5 A7
(Ao R, X A7 A (R 2 TERE R AR B T, A RAR B AR AR B S I AR
%, AR,

AR TR IR B [0 AR B, 35 WARE B A KE AR, BT A
LR NRNTE, ENTEETTRERR, EXEMN, ZWRATTLEERZH.

4. HAREERE
WAF MR T W TR ERAE . $E 2/8 TR, PO ERAE B2 R RER AT, A B U
PEBEXS R G R RV RE U H 2L

10



5. IKAAAME CBOEN T A F 55O

W AFAE BB AOME RO AE T 2GS AN RIS 00 o s b, SR i = LT A0 1R ST,
FETCIR VAL WA BRI IR 1) o AT DARAEARATR D0 T, L VA AT s I SR AE I /23
PERE AR

NERIGRHE —ENAEREE, BREAREER . BAIATEERRLFE,
FEARH K, B BRALEAT T - Beit — Bl A BLRNE, @ — 2300 e T E,
A AL e AR 8 T O A A 2 Y AR I, IR AT

6. AR (Locality)

KEHAEIE, HH cache v AR RS, (HIR 2 AR HAITE cache 277 H2
FEIEF R . £ CPU NERIY cache A1 RAM 17 A1 BE AR L, 3805 mT REAH 22 — N EE
PR PR T L 22 R R E R, HIXFARREEEN RS &0, R0 B% M.

FAN— AN RFE VT M AR R (Locality)s REZBUBH T, FEF ViR —H N
BT I AT R NAE SN E] cache WY, FIR VA cache LI, S FE k24251
BN, WRFET—2) LV X, —2 ) Lysin R s —duEkE T BN AE, X R 23
PEENAEE cache Z [BREIGE, AME TR EEE LR, SO 2 KRB P .

Rlt, WAAEHEEEEEEIX—E, > cache miss Fl page fault.

7. BRI IIRE

TER—A C/C+RE 7 1, AR IR T AU AT RS, b — IR 5 I LR
CIZH . AR E BRSO IRATIRE, RS, Rl TRAIAEORGL, AR
MITASRZ, WAEEBLASR O T BE AL SE & AN nT Bk 1

8. HAAIEN

AT 7 KA R, DMELE A BEE R T AR R oL (B2, XTSRS DL
BRFWE, TR, AR A . BEREILNAAEHESEN TR N, RE
W T A LR BE

Bt A2 HARUL RS, A28 B AR Z [AF R SE 5o I P IX s 38 5 R it
MIAERZ— o FEARPIEOL T, XL HARAYEENE A —FE, FrBMRARAAE DN RIFII A
oSk,

—UIHHEYTE: TR S 5T SREERREMR I, N TR SUH IEDR,
AR WA E B A . AR ECE KRR SCBL, S AR sm . WAFE BB
Hbsrf, AR RE, RN o8 BRCEE S AR R, M2 A7
P TP e AN TR ) YA B SR A 2 2 ) AN ] )P 1 e

NTIREI S RS, 2L L, SBR[ AE TR S
17, WL R AR, ORISR FIE AL, R DIRI SRR, SR AT
AEER, W BEBCE H BEAERER ERRAE, WTLOANE O(1) . ANHTBERTA B L #OG
R ANER . RE AR, ARG AR, B 2 HEREMIALE, HZ A
BN AZER B R Z I AAA—E S a5, WA —ANIRE, IR,
RPHEMARMC, SR EMARZBEMN T, HERAEMNNAE, SEAHR
PRAK o XA LER A ] AR, AT BLEIOX S 2= R A AE, XS NAF B B, AN
W NAFBAE DRI G, 2 BRI o Fr DUEH SR R oA FRFP SRR . —
R At R SR BT L R #%
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3.1.3 ¥ L c N EEEER

AL EFRIEMRZ C NAFEERER, RN C AFE R, HPaf:

Doug Lea Malloc: Doug Lea Malloc SZ5 I & 52 8 (1) — 20 7 BC AR, Hoh£13E Doug Lea
HIRIETBECFE T, GNU libe 23 Bof2E /7 1 ptmalloc. Doug Lea I ECFE NN T & 5],
XAFA AL, IF B DU 2 MR A S A — N R BiE X
FEGeA7, DU SE Pt B ok A0 S BT N A7 - ptmalloc /& Doug Lea Malloc [—4
P RERA, X2 EA S I VEA 24T ptamlloc2 FIEARRSSEIH .

BSD Malloc: BSD Malloc /2 4.2 BSD KATHISEH, L E1E FreeBSD 21, XAM7HT
FE 7 0] DA T St iy S K/ B A it e 2 B . B — S T X R KN
size K, XX RIK/NA 2 WETRERERE—HH. Ll WREERS €K
NN R, B LR T — AN S 2 VERCY size 2B XAERLER ML T —AMIUE R
SEHL, AHAZETTREIR IR N A .

Hoard: %i’5 Hoard [1) H AR WA7 0 B rE 2 BRI rh gk T A3 R P, (R, &1
P 3E DL O A bty AIMHASE T A @ERE AN A S5 A 7 B N A7 B AT DL 35 i s
BE AT IR 22 43 B AN [ SC IS 22 2R AR E R IR

TCMalloc: (Thread-Caching Malloc) #& google J & )i T. -——*“google-perftools”
A . SHRAER Glibe FEY malloc AHEE, TCMalloc ££ A7 43 BC b 23R A B
=192 . TCMalloc »&— i NAFE AR T, R T W ARIIFI LI Rl AR A
XFT/NNAE, 1% 8 MBI, XTRAAE, 1% 4K BIEEBURRE M IC . XPEA
ANGFAL, — 2 S BC ARG LR, AR ARER AL L Pl B i N A, A A B ) — i
K, AREEHAIEMAZE, 1 TCMalloc MRS AR Al LA ST T e
s EEBOR, ML NN AR 2R 2R B 7 A7, RINAEI 4K, {H 2 KISk i, TCMalloc
SECRIFRIC R A AL EE 2R 2 1), ATRes SRR HRMRK. TCMalloc b5 —%&
T R ML (RSO S 2 PR PR P A7 o 29— AN ERFE I 25 N A A7 LA 22 (R I (i, 2 58 S 5 E R,
HEFE AT DA E AR Zh HAM R R s A SRR AR 453 AR 5, HARZR AR IR A 752K,
HEFR AR LK B RN A T, AR5 DI B AR B o o SRR o5 408 0 B R L AL 2 e
WA A AR R G FEBAYER A U, 38 S mT B H ) Y A7 A G ) 1]
. TCMalloc A B = B ZZ AR FH 2, HAAME S 1% 1) 2518 . SRE RGeS (—K
IR Z1IR % 100ns), 8 FH S =20 spinlock, KA A FERRIEE . /NERPAER
FTIFPAE D BCR BN E SRS . /N T 32K I SCH/INIRINAE, NN A3 R/,
43N 8Bytes, 16Bytes; o oo, 236Bytes AT/ Ko ATe TN B 1R NER 2
Syme i EHCEE . 4 13Bytes 2344 16Bytes 40fic, 43R, B SCEARLRAEA N KN
A N B TR, SR AR B & T DOEE S B E (RZFER) cache R AL
FH AR RIEABNR T, W2 O N A DX A S22 0 (1) 725 PR 3 FE o —
BT RBARGAEMFER . 0O AR DO BUEE R A s, O DU i 2%
WRWAEIL, ARG B BOR T P GAFAE . RIRNAEREEETT = 3% 000 e,
TR/ 4K, SRIGNFF% 1 00, 2 T, ..., 255 DLEIK/NARSS, MR R/ N 7B
BRI

BAh ¢ WAFE BAE P SE LR EE

T S | BIGESE | RIS | SR | BHAME | SMP LR AR
GNU Malloc | 1S Hh By It Hh
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http://code.google.com/p/google-perftools/

Hoard HH Hh H oy

o | I

o | I

TCMalloc R R H oy

M EFRATLAE H, TCMalloc HIAR A £ LLEK 1, TCMalloc FIAR AR IRTE :
o LA TURIIGE, BHEER OS FTASIE, 1 H FH K P A7ith — MR 10 (1) N A7 5 L 4%
Forie, R EA—FERNAEE EERMS, PR TCMalloc 7514 B8 & AR 26 2248
PSS =7 WAREELIITTAS . Z BT DAS MBI R E L, A2 R 'S I AFIIR coder
HAK T fi# 0S
o REHMINMAMAATINE, NER. MR T, BARWCER, a7 LR
Wl . PLanZefE 2 B PR BE0R, BERBH— R — 5 25, Wl A — R
g BINAE, BIAFELRRE MR TR N T # e o KBS N, WM
ORI WA RIS, IRmE A%, XTReS RN A bk %, RN
MINAESRTERZ T, UL EEE)S.
VER—N B F 1) N AFE B, TCMalloc A 06 BER L FH 11 LU ORI RS (1) N A7t o Lt
R RS 7 FEERY, LHMNAM, TSR 7 MK, FE5%E WA
BCE R HGHE B3 B AR RS, tmT DTS P S bese b
FrLA TCMalloc BB XAET, ANTEESEMUEFH AR, HREE 13 N AF T8 be b,
ifi EAf AMER R FUERH, mALRI 4 A 22 b TCMalloc [ 43 FRiF R % .
X EG Glibe AT LR B, # H AR SE R ZA L, Z 0] FOREy b, i iz,
X TARDH R SRR RN, B/ADEMER S N % E TCMalloc 2445 1R 2 1. Glibe
TE W AF RIS TS AN KL, 8 DL — AN, HEIR 2 A7, 285 OB, R —/hk
BRI, X Glibe 5t ANEESERFIX — /NIRRT T, HAEEEAS KPR, WL T
AIRESIE LA G IR o

3.2 Ptmalloc A7 EE R
3.2.1 &/

Linux 1 malloc )5 I A /2 Hi Doug Lea SEHLI, &4 — A~ [a] Al A2 7F AT Ab HLI
2GR AR ) N AR ], B ARE AT BRI ARG SR NAE, FEIX PO T B WAl PRIUE 7 BC
FAET B IERA A= 2. Wolfram Gloger 7E Doug Lea HIFEA F X875 Glibe i) malloc 7] LASZ
FF 2 28 FE——ptmalloc, 7 glibc-2.3.x. AL T ptmalloc2, X 5l & FA 13 H 1) malloc,
H BT ptmalloc [ HT AR ptmalloc3. ptmalloc2 1 RERZ I EL ptmalloc3 B m— A,

ptmalloc S T malloc(), free()PASK—HIELERIRE. LIRSS NFE IR o
BLESAbAE ) P AR AN AL 2 18], e B P A3 BCIE SR, A E R s A7, AR
FIZ5 PR, R TARFER Ao BL, s Bds —AER 2 B ol — 3K T H P il SR I N A7
FEIE SR R A X PN AE . SR I AR R, P ORE TS ) N AE R AN R AT
RUALIR M3 E RS, AMHIR, 7 Teas 2 B S S gl R Jich (1 25 PN ), AR P RS B
TENEER . R, HEaSMEZEEE OISR, EFEFETNINMFR, 4
Wi 52 FH P A P BRI, 3 PC a2 8 e /e SN B Al FHR— G E NS L, RS N2 (]
HHRABIIEOL T A S — PG NAE . A — A E R s, FEFRIRZ IR R,
Fotn, oy Peas A8 B8 B N AR BT 5 FH B AR S T AR /S, Ay BB E L B R 8 TR R
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3.2.2 N EHEFR TR

Ptmalloc fEWR IS T =23, maf R, mo] YRS H s, 78 H SeaARaY
H, BEECE WA B ) SR MR, T IR TG, ST AE R AL T ptmalloc
FAT AR VE S . X B T 1 B FE
1. HAKA AR KNAZS B mmap.
RN K P AE 2 Be 2 18 mmap
BARAa AR N AE 2 BOAE F brik, R mmap BREFFE 44 00, 2k A B 0070
I, linux WNAZ BRI BC— B0, JRRZ B 005 0, —> mmap BN AEER
R 2B, SRR OUE 0 #AE, IRIRT ARG, FrLLII N T mmap
Iy BC BUE BN AS R L], ARUEZE L ZEIEOL T A mmap 2 EEHAE
4. R RGEAF IR 0 73 R /N PN AFER, 0 R N A7 B B K AR i ] B R R A A7 B E R
TR F B IR R A E R S
5. MR NNAEE L 2AE malloc Al free IRHMEBET &, free BT 25 IR W AEEL AT fE
JIN pool H1, A—EHIL41#AE RS .
6. WXHHER SRR 2 HT free B/ EHTE BEE I chunk IZR/NKT- 64KB., FF H.
HETR R/ INA BB, A A rTReUc e, HE M T 11 725 R N A7 IR I 258 E R 4
i EARFF K IHAAE AR P AN & & H ptmalloc SKEEEN T .
NTIFFZERE, ZANEREFLNE— N2 BX (arena) H4rBCA A, ptmalloc
R GAE A B — RN EfE, 42 B IR BINAE, Ha A BN
PR B FRZ N —E TS, WREE — N IIRZE, BHREAF R N AE
YEUIEIFIG FF, AR TR A W AE I e
H 157 2] ptmalloc PRSI H 2 E i P It H i 1) (1) N A7 F8 38 0], Bt A 2500 T
ptmalloc 7] BE1d N A7 E BE ] AR 1, BT DA S A m XS 8 LBk Sk (R IE o

3.2.3 W EHEHE SR

3.2.3.1 Main_arena 5 non_main_arena

1F Doug Lea SEHLHINAF AL asH HAE —ANF 4R X (main arena), BER AL N AFER
Nt FA X N, e TE UG BB, 7E SMP ZLRFEIRAEE N, X e X R8T 4 FAR
WEL, CEFN T malloc FECACE . T/ Wolfram Gloger 7E Doug Lea /3R b ok fdi 15
Glibc 1) malloc AI LASCRFZZ6HE, 9N 1 H4EF 43 BLIX (non main arena) SCHF, FAHLIX 53E
TR AR EEERIITEE . BN F AL T (mutex) (LR T2 HEX 1)
DLTREN S

AR RE D FHEX, HATRAEZ N EESEX, ptmalloc FlHE RGN 73 HLIX
B4 G SLEh AR MAE E B X R, X EE— B8, sASHBED 7. E5400
X ] L7 ) IEFERT heap X IFT mmap WS X35k, 5k =2 i 2 70 Be X ] BAfd A sbrk AT mmap
FEAE R A PIE RN MHEE 2R X J eV REEFER) mmap B IX8, 3250 Be X &
AT mmap()[FIERTE R SGE “HER” HEAP_MAX_SIZE (32 £ 24 LERIAA IMB, 64 7 RS 8k
NN 64MB) K/NBIBIIAAE, G [ dE £ 2 Be X AE SR 20 Be A A7 B DI BI Rh se “ =48
2, B RGP R ARAE), EEMH PRI EANAARZ T . Fibh ptmalloc 78426 %
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BTG O N A 2 mmap() B3R AR R G0 HE LN AE

F A ECX AT LA ] heap X3, 4 P ARYEH brk() B2 sbrk() R, 2 BORE A mt Al LA
PRAE 73 BC B E 2L 1) MUk =3 (8], ORI R A — S sbrk()4 L heap X
BRI AE . PIRZEXT brk (O SEEL AT LLE 2 mmap (— MR, AT m R —2, 3
AHCIX A 218 I mmap() 1] R ECHT, 24 free iZIWAFRT, 40 ECIX 2 EH 8 munmap()
Bz WNAZIHIE %, RS

MR R malloc() ) BCNAEE AN, ZAREBELEAGLETR B L
EAE— D BC X, GRAFLE, S8 06HZ 2 FL DO, an SRt s 2, A %50 BL IX 20 e I A7
R, 2RI RIGAFERR AT — DA B Bl X o SR AT I FLIX &R T4
Tna, A4 malloc() 2 FFRE—ANHTHI 40 BE X, $012 20 B X 0N 380 42 J) 43 e DX 0 34 B 38 8t
SRS R 53 E DX AT 70 e N AF AR . EREICR B, SR FIFE I BRSSP RE BN A T 1
SYHC X BB, AR BE X IE AR 2GR, U 75 A A B B A ZR R R 0 2 FE X 1)
HFBZ G A T AT RS A

i N AR 277 A AR 22 INAERE T, ptmalloc 7648 R INt, 75 B0 70 e X O e A
T I HEAE R T 2L 5~10 4> cpu $54, AP RRRIRZ B HUT, BRI Rl &
K, T B malloc PERE T B o — OB 1 75 LV #E 100ns e 47, IR 2B I, S 2L ptmalloc
EZRFE I P IEREIZIZ YR J5 T temalloce BOHTRRIYI ptmalloc XHEIHEAT T4, AT
PER_THREAD F1 ATOMIC_FASTBINS fift,, fHERINGmPEA 28 - LA, IX A6 8B O B
ZRE IR T 2 AR WA I A FE R

3.2.3.2 chunk FJZHZR

ANE WA AT BB, AT AT E B, F 6 R4 BL i 28 (B 7E ptmalloc
F— chunk k3K7x. F A free() s B0R U AW IFAS LRI IR IR 5 8 E R 4
FH I EATHE 24 R 7~ N—A chunk, ptmalloc i F 45 e 120 25 74 >Rk L% 26 25 P 1) chunke

1. Chunk #%3X

ptmalloc 7E45 7 70 BC 23 [R] fHG i b 1 — S5 8., X R 7 V2R e s 4 L i
FE, DMESERABCARE LA . — AMEHFH chunk (R, SURIEICEA Y free $1)
TE N AE R T U B s

chunk Size of previous chunk
Size of chunk, in bytes AIM|P
mem —>
User data start here ...
next chunk
Size of chunk, in bytes

EEH, chunk F8EFFE M —A> chunk FIFF4S, —A chunk HELE T FH P& SR I A 77 X 35
AR RIS S . B mem faEF AR EIEIR IS H N FAREER . chunk 28 =AM
PIBAR—ON P, BERRAT— MM+, P A 0 MERAT—A chunk NN, XIS
chunk )55 —AM prev_size A H XL, prev_size F AT — chunk [ size, F£/F 7] LIM# XA
AR BN —A chunk FIJTEEHE. 24 P o 1 I, FIRHT—A chunk IEZEfE T, prev_size

15



T FEFFAREAS 0T LAS IR — > chunk K/ o AN BEXTET— > chunk #EAT AT/ - ptmalloc
SRR — ARG P BN 1, PABTIEFERR 51 F B AFAE 1 X 35
Chunk 58 Z/NREEIECEE =M M, AR5 2401 chunk A& BN A7 X 3803145 1) 52
WAL M A 1 ERR1Z chunk 72 M\ mmap B IX I BCRT, 502 M heap X385 B
Chunk 28 Z/NEIECEE =AM A, R % chunk J& T 0 FC X B E 40X, W
REBTAEESIIX, ¥z E RN 1L, BWERO.

AR chunk 7E A7 H (S5 R U B s -

—
chunk Size of previous chunk

Size of chunk, in bytes A P

mem ——>

Forward pointer to next chunk in list

Back pointer to previous chunk in list

Forward pointer to next chunk size in list

Back pointer to previous chunk size in list

User data start here ...

next chunk - -
Size of chunk, in bytes
4 chunk ZE I, 3 MOARSAIEE, WA APCIRZS, JRASE F S 8ol X 3t 7 4% 1 1Y

ANFE4EE, 84T fd F8 IS — N2 INIK chunk, 1M bk $8 AT N2 N chunk, ptmalloc Jfidix
PN FRENIE R /INHIE ) chunk & RE— DN XUAEER . T large bin T HIZE N chunk, I&FH A
fa%t, fd_nextsize fil bk_nextsize, XMANFEENH T INRTE large bin HH AT VLEC A 25 N
chunk. AN[FEIFT chunk #% X &#id bins B3 fastbins KA ZF) (bins Al fastbins 7£ 3.2.3.3
HAAD.

2. chunk 7 EIEH

RN TAEAS chunk Bt di IS 1818/, ptmalloc A T 2R, —A chunk B0 IEFE
WAEH, B A free 5, FrLL chunk B ) — 28380 m] DUAEAE FPIRAS AN RIRAS KR A
FRE S, RERFEEHEE. LA 32 i RmG A0, THRE, —4 chunk FZE/DFE 4
/N size_t (4B) K/NIZSE], FHRAEGE prev_size, size, fd Al bk (W, FED, & 168,
chunk [FJR/NEEX 52 8B 24— chunk &b TR ES, B~ —4 chunk ] prev_size
B A TR BT LASE R b, X AN (A AT AR A BT chunk {8 o XU 2R AT,
R S B 25 18] B2 48 1 o 0T SEPR_E, —AME F ) chunk BN THECA V%2 «
in_use_size = (1 15K KN+ 8- 4) align to 8B, X LN 8 & KA 75 A7 prev_size Fl size,
X YE R —A> chunk “f§” T 4B, FTUAELEE 4. ffm, BONTRE chunk A8 H
chunk {5 FH (1) 72 [A] — B3 8] o it DA S B A g R VR 9 SEBr i) 73 B 25 18] o B e 24 1 43 ic
Z#[H] chunk_size = max(in_use_size, 16). Xl e 4 H 1R NAEBCHS, ptmalloc SEPRi 2
SECEIN RN, RS A . iR F TR 7T, 15X A 2 e 4 s
bR 75 B BL B N AE RN, AN 2 38 SR B A 23 L R /N
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3.2.3.3 ZH chunk &2}

1. Bins

I free WA FHFA RIS LGS 248, ptmalloc 24 —& 2 heap Fl mmap B
SIXIA PN chunk, A AT N —IRASECIE KK, ptmalloc 28 /e i R IR
chunk Bk —ERGE FH P, XPElIEE S T AT RGO, FEIK T WS ECH T4 . ptmalloc
FEAHAR N chunk F AR BE R EEHERE R, IXFE ) — MEER AR 9 — bin. Ptmalloc —3%
Y3 T 128 A bin, FEEF — AN EARAFAEIX L bin (A0 R E TR ),

index unsortedbin 2 smallbins 4 .. 64 65 large bins
size 16 | 24 | 32 | ... | 512|576 640
chunks

AR EE—~ N unsorted bin, FALH M 2 FF U645 IHT 64 4> bin #X4 small bins, [7]
—™ small bin H11#) chunk FAG AH [F] 1) R/ « BIANFHERF) small bin ) chunk K/MHZE 8bytes.
small bins H1 (1) chunk 2 {8 Fz 3 A5 U7 64T HEA, B 5 BRI chunk B B 42 318 22 1Y) k350,
IMHTE chunk & MEER EHITEE, X, B4 chunk #A M FEIRIPLEHE ptmalloc .
Small bins J&5 [ ) bin #ZFR1E large bins. large bins 14— bin 23 HlAL & T — 45 E TG H
WP chunk, FA chunk #K/NFHES . AHEIR/NE chunk [F#E 4% HE S0 458 Y HE A
ptmalloc £ [ “smallest-first, best-fit” JiiU7E=S A large bins & A5 IE T chunk.

M3 ) chunk #2EER23 bin IO, ptmalloc #EK 8% chunk A& 75 AL T3 FH H i
Fri& PN 0 GEE, EXMRESLPR EAME T — chunk F1), [FIE ptmalloc 142345 75 € Hif
JE ) chunk f& AT, WRZHTE, ptmalloc 2 & 2EiEEATEH N—A KK chunk,
SRJEF A IEE 1 chunk i E] unstored bin W BYER ML, FEAZATE M chunk #RUE Bt
SEEPRE] bin 1. ptmalloc 9 T & E /M BLIEE, 2HE—2/ NP chunk S8 3] —AN14 4
fast bins I 28 o

2. FastBins

— IS LA, REFPTEBATI &4 H T8 B HE MR — S BN N A7 S (8] S BLes &
T AL chunk 2 5, WIS BB 55— AN/ NRNFEE R, X5 Elds R
FMNKIENNAF Y55 — 3, IXFETCEE 2 LUK, #fi, ptmalloc HP7E 73 BLid A2 9
5|\ fast bins, N KT max_fast (ERIAME N 64B) ] chunk # RS » & 5524 F fast bins
Hi, fast bins 1 chunk HASCE B 1 HARE Po XFEHBLCIZE EAEH, UTRELH
FUYECHT chunk /DT 0% T max_fast If, ptmalloc B 55237E fast bins FHZx A M 1) 45 R ER,
ARG A4 254K bins H 125 N chunk. 75 FEANEE E [ {5, ptmalloc £33 JJ] fast bins 11 chunk,
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BARARI) 2SN chunk HEAT & JF, H0KE 3151 chunk I unsorted bin #, 2R J5 FFf usorted
bin B /] chunk I bins 7,

3. Unsorted Bin
unsorted bin [JBAFI{EH bins ELA I EE—A~, WY H P BT chunk KT max_fast,

B fast bins FIZS I chunk & 3F)5, X2 chunk 726 293 unsorted bin A, 7EiE
1T malloc #AE BB , W SRAE fast bins HE A EIAIE ) chunk, 1] ptmalloc 256 7E unsorted
bin FEHRAE DN chunk, 2854 #$K bins. #12R unsorted bin ABEH & 73 HC K . malloc
#2244 unsorted bin "] chunk LA bins H1. 285 F M bins HH4k 2 34T A AN B FE . A
XA FERT LA HK, unsorted bin 7] LA 2 bins B— N rh X, HEhne Hgh 1 inds
Pic RS B

4. Top chunk

FEARTE K chunk #FE R L7 AoRAE L, Kb b, A =FF4ME L. Top chunk,
mmaped chunk F1 last remainder, N4 73 T 411X =RHRFPR chunk. top chunk 13243
Hic X ANEE 0B X A —FE R .

XTAEE B = TSE A mmap XIS L— BRI 25 IR N AE B sub-heap, T E
H sub-heap SRR F TR K, KON WAEZ IEHUEE MK A S T 0 BL ), 7625 N N A7 I B
AL, IREEAESR — A chunk, T top chunk. 4 bins Al fast bins &/ GETH A2 40 i 7
ZLHIIHE  ptmalloc 2 EVEAE top chunk F1 70 tH—H N 1725 7, Wi top chunk 28 & A5 K,
SRR 2 FEH Bl — 1 sub-heap, F¥F top chunk I8 2H ) sub-heap I, HH sub-heap
5O AW sub-heap F 5 4R ERERT R, SRJGTEHTIN top chunk b 43-HC it 75 (1) N A7 LA 2 77
B 752, SEBR I, top chunk 7E4rBLE B & 1E fast bins fll bins 2 J5#755&, FTLL, A& top
chunk B2 K, BEHASHINE] fast bins B /Z bins 1. Top chunk 1)K/ fifi 45 43 B A1 =]
WSS, WIS top chunk M BCNAFES T 5 top chunk 98/, WA [EIUH chunk 154
5 top chunk #H2E, HEAXPAS chunk Biex & I HOGHTH top chunk, MIM{E top chunk 22K
WIRTE free B [RILI N AE K T 3N BIME, 1 H. top chunk [ R/ NGB T UR4EHI1E , ptmalloc
24 sub-heap, IR top-chunk 5 T %4> sub-heap, ptmalloc 2] munmap 1E#A
sub-heap N AFIR 45 EE R A

H T 520 e DX A ME—RE R S RS heap XABAIZPECIX, B AJ LI sbrk()iih K uk &
WG 3EFE heap BIK/IN, ptmalloc 78 FF R 2 75 0 Bl — BB R I 25 IR N A7 (ot 2 BT il
) heap), FEHHBCIXHT top chunk 7E5—RIHH malloc B &4 B —4#(chunk_size + 128KB)
align 4KB R/INPZE [ N HIUG T heap, M top chunk 23 BL A A7, BT DL EAZEUH — 3
R RN AER, BRI AEIREFS top chunk AHRE & 3 BHT Y top chunk, %1%
VRIS 25 RN A7 R NI B AN BRI, 9 H top chunk FOR/NBERE T 4E M, SHATIH
FEWLAE, 98/ top chunk IR/, H B ERE —ANTURPNTE RN NAE, TSN A0 4
PAERG . WM ESBCIX A top chunk HIE N AF, 1M top chunk H3¥H 2 17, ptmalloc
21 sbrk() B FIEERE heap B A brk FF2, SRIGHEEX top chunk HIK /.

5. mmaped chunk

M TH B chunk A 95K, T H. fast bins Fl bins A AN AR A2 Z3K, H 2 top chunk 4%
B R T 2 0 B 75 SR IS, ptmalloc 315 ] mmap S B 4215 P P 77 L Sk T 2130 F 25
o IXFESTELH chunk 7ERY free IPIG ELEEMARRIRGS, TRMKEAFIRLS THIERS,
UOHZFER R AE X B 5] PS80 segmentation fault 4515 . IXFERT chunk AL 60 & FEATAT
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bin 7.

6. Last remainder

Last remainder #& A 4 —F4EFER K chunk, #t1% top chunk Fl mmaped chunk —Ff, A<
FEAEA bins 1R E|IX A chunk. 247 Z 50 HE—4 small chunk, {H7E small bins H1 kAN F & i
[ chunk, W12R last remainder chunk [ 2K/NKT @ 1 small chunk 2K/, last remainder chunk
B 3 2L chunk, FoFE—AN chunk 3R 145 F P75 55— chunk 28 BGHT 1) 1ast remainder chuke

3.2.3.4 sbrk 5§ mmap

MIEFRRB N AEAT R AT AT, Jbss Bz B IRX SR gs F - B8 B 22 AR heap (HED.
start_brk 5[] heap HFF4A, 1 brk F817] heap FITIFE. ] LAER R4 brk()F1 sbrk() k1
IkRiR heap THHBH brk {E, MTTZEYERIIE N ECLS FH P ) heap 75 [H] . #E{# malloc Z 7,
brk [1EZF T start_brk, il /& )i heap K/NA 0. ptmalloc 76 T UG T, £ 1E R 258 /NT mmap
53 B BB (mmap threshold, BRIAE A 128KB IR, 43 HLIX 21 sbrk()3 n—He kA (128
KB + chunk_size) align 4KB W= [AI/E A heap. JEETEX A mmap ML —H K /NN
HEAP_MAX_SIZE(32 fi. &4t - ERiA N 1MB, 64 17 R 45 _LERIA N 64MB) )25 [7]/E A sub-heap.
XEAARTH T UL ptmalloc FT4E A ECS 0], YA IR WA RCR, BASERXAX
BN —HRAEN chunk 5 H P o M PR T heap T chunk ), ptmalloc X 21 F fast
bins 1 bins SR LN chunk. PA#SH P IR — IR C o 45 75 B2 0 FiL i) chunk KZNINF mmap
SYBCEE, 1M heap 73 XA,  WGEE 3270 Ae X 2@ 5 sbrk() RGN heap K/, JEFE
S IX 2 mmap BT —HLH ) sub-heap, WAL top chunk HK/)N, FHIK heap 1
TN #2354 55 %] 4KB.

MG SRR mmap 2 ECEIME, JF H B BCX AT sbrk() 7 BC I g, 52 dE
F I/ BELIX AE top chunk NGRS BC 2 75 221 N AERS, ptmalloc 22508 FH mmap() B3R —
PN AR N AR ] A mmap() LB Y chunk TERECN B BRI, AN )8
TR NAE 0] o ARFIX XN AE TG ) #2r= R B i« TI7E heap H1 82 sub-heap H153
BC () 23[R ) ] Be 2= B AE AR AR N, 28 n] LRRRET A CHARZIRIER)D.

4 ptmalloc munmap chunk B}, WIEREIET) chunk 258K /N KT mmap 73 B8 1) 24 5
i, 3+ H/NT DEFAULT_MMAP_THRESHOLD MAX (32 f7 24BN 512KB, 64 fi7 ZSEERIA
N 32MB), ptmalloc 2= mmap 73 e BE JH 5 4 4 5T U chunk 92K/, 3644 mmap i
45 BIME (mmap trim threshold) % & N mmap 7 ECEIE R 2 5. X572 ptmalloc FI%F mmap
S BE A BN A TR BEALE], izl 2 BOIATE R, 45880 LU mallopt() % AL CREAE
3.2.6 A HUTSCPHZALE]D .

3.2.4 WA ECEIR

1. SPECSENER, UL 32 RGN, 64 KR GEML
o /MNTEET 64 7T H pool FiESHC.
o 64 3512 FHIZIAl: AERRAEITE LB pool Bk /AL H EL— R A& 1
o  KTHT 51277 HEEILRELIE.
o KTET mmap 20 BIME CERIAME 128KB): M4 15 B K mmap FI4 T SN HEAT 20 TE
WMREA TG mmap 3 BERE ST RENLE], K T2ET 128KB #h B mmap
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rBce BN, KTAET mmap 73 BCBE R 4 B A mmap() 7.

2. ptmalloc [0 R 7 P AE 3 FL SR (1 B4R D BROA:

1) REUECX B8, SN T Bk 2 AN ERFR R U5 18] 5] — AN BC X, 7R T 20 Bl 2 AT 75 22
AR 7 B IX A . RS B/ B L2 DR AFAE— DX, WA
FE SRR Z 2 B DO, an SRt sy, A HZ X 2 BE N AE, ), 2R
RO XA FER R E A — AT GRA NSO KX . R oA 553 Bo X 48
cangt, I4 ptmalloc 2R AN ELIX, FE3Z 53 B X0 2142 /) 43 B X A
INVEE R AN Z AR BFAA S0 T B, SR 515 B 2 20 e X 2EAT A0 B AR o R R 1Y
B BLX — @ NAEEABLX, A BE Xt A ACIHERE AR B 4k AR I« FEREE T 2
fic [X sf 2= B mmap() 61— sub-heap, Ffi% & #F top chunk.

2) RIS SROCIN RN SEBR TR EE B chunk 2[R/

3)  FIWTHTRT 0 AE chunk YK/ & 7535 &2 chunk_size <= max_fast (max_fast ERiAN 64B),
WA R, W8, RIBERIZE 5 .

4)  HHREIALE fast bins HH—NFTRE R/ chunk 73 ECZh A o anSmT LIRS, 45
MCahi . MR~ 1,

5) AW KN R B ALE small bins #, BIHIHT chunk_size < 512B & B AL W15
chunk K/NAELE small bins 1, WA~ —28, BRI 6 4.

6) IR T ELH chunk R/, #REBIEARFTERFEAS small bin,  MiZ bin 1) 24
B — MBI 2 RK/NE) chunke # RS, WIBECEER, S0, #%2)TF—H.

7) B TX—&, WHRESERZ —RREINAE, B3 small bins ARG IE R
chunk. T-/&, ptmalloc & 2523 )7 fast bins #[1] chunk, B #H4E 1) chunk #H7 45
JF8ER2F] unsorted bin H, SRJ5 )7 unsorted bin H ¥ chunk, 15 unsorted bin A
H—" chunk, I HIXA chunk £ BRI RN AT, I BB 20 B chunk K
/NET small bins, FFH. chunk BIR/NK T2 T HESECIRADN, ZREHFHE
FefiZ chunk BEATUIE], BCES A, S INUPRHARYE chunk 8975 A1/ HBRON small
bins B/ large bins 1, #WIERJE, AN —H.

8) FiX—&, UMTRESREZE —PREINAE, B3 small bins Al unsorted bin
EHAB|EER chunk, Jf H fast bins F1 unsorted bin H T4 1) chunk #RJE B T-1%
T . M large bins 3% “smallest-first, best-fit” G|, #— D EIEH chunk, M
HRI 7 — TR K/NET chunk, FEREFRT E0 0 BE 2 R0 2 bins . A ERAERT, W
SFBCEER, SR .

9) WIRIE fast bins fl bins # B A KL BIEE N chunk, 45 7 E4E1E top chunk K
AT HHE T o HIW top chunk KNS EFTT chunk IR/, W52, N top
chunk 43—k, BRI —5.

10) F| /X, W] top chunk HANEE & /M ECESK, Frbh, TRMA 7 AN iESss:
RRETHBX, P sbrk(), BEHN top chunk K/h; w2 IEF X, 8 mmap
KAy HL— N sub-heap, HEH top chunk K/ 53 1 H mmap() SR B #4FE. 76
XH, TEKEE chunk BR/DNRE B RA M IE . FIW R 2 BCH chunk
KRB RTET mmap 2 ECHEIE, FZ0E, W~ —2, A mmap 7,
BN BRI 12 22, BN top chunk HIR/N.

11) f#H mmap RS NFER 10 A 25 TR LR —3 chunk_size align 4kB K/MFIZSTH]
WG NAFFREHR 25 P .

12) AW A — R malloc, #H2ERBCX, WFEE#AT—RYIGH TAE, 7
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—HRK/NH(chunk_size + 128KB) align 4KB K/INWI 2 [AWE NHIUG T heap. # CL&H]
WA T, EECX AR sbrk() N heap Z50A], 43 4 HL X WAE top chunk #1J]
FH —A chunk, 2322 EFTR, IHHHNARERRBISH

SEE—TN s R FE RSB N AERIR/N, ptmalloc A5 A BE S E MU A H A
ECNAE ] FESE — IR IC AR, — B A — A B, HE A TREA
HFEI AR T 2N EESX, EXEFERESXPEN, brk H%ET
start_brk, FTLASZRR E heap K/NA 0, top chunk K/NMERE 0. iXi, WISRAE NN heap
KN, AN REI R AT 73 BLEE K o B B, 25 FH P G SR N AF RN INT mmap 73 BL I,
M| ptmalloc = H]4G heap. SAJG1E heap F A EC R Y, USRI L TX 4™ heap
AT A H P IIERFUR T mmap 2BCEI{E, T ptmalloc B3 H mmap() 77 fid
—HNAFER P, 1 heap W& A BEWIMGIL, BEBIH 75 —KiER/NT mmap 5 5
BT NAF S BL . 56— IR LG I 70 BO sk LU B 2% 1, i FRUESK, ptmalloc B Jo 2 224K fast bins,
WMRAFEFRBIUCECHT chunk, JE$R small bins. L2 AT, &IF fast bins, 3 chunk
BB unsorted bin, fE unsorted bin &, F#HiLE AT, {2 unsorted bin H1 (] chunk 4
BN large bins 17, 3+ 754K large bins. 7E fast bins #11 small bins 7 [ 25 3% % 75 ZkE A UL,
M7E large bins &L, TENE “smallest-first, best-fit” RN, AT EREHHILAC
H L BT T, I ptmalloc 2235 FEfH FH top chunk. #F top chunk AN BETH /& 4 i
Bk, MHEFTT chunk K/NKT mmap 2 BECERME, WAEAH mmap #4700 7503 0
heap, 4K top chunk. LLif§ 2 At EEK .

3.2.5 A7 Wt iR

free() BREFEZ — RIS IXIREENSE, BBUXIBE TR FE chunk. THE
WRBIRE T 7220 % chunk AT AR B RTZ chunk IR/, free() R B TAE B3R A1 F

1) free()eR &L FEIFE T 20 75 Z R BC X BB, SRORMIESFE % 4.

2)  FBEANITREES A 0, WH 0, WA AEBAMM, BHEE return. B F—15.

3) KW ETERIUY chunk f& 754 mmaped chunk, #1552, MEA munmap()Bi
mmaped chunk, fEFRPAZZS BB, ZZSAEA K. WHRIFE T mmap 4-Ad
BB K Zh AN L, I H 24T U chunk KN KT mmap 20 BCEIE, % mmap
A3 BC A BB % chunk IR/, 4 mmap WZEBIME ¥ 5E )9 mmap 20 BIE 1) 2
5, BEGERG, BIBKE T~ —H.

4) AW chunk IK/NFIRTAL AT B, 2 chunk_size <= max_fast, 71 H. chunk 347 T
heap MITHHE, WELZUIFAS top chunk AHEE, MIEER|T—2, HNUBKIIEE 6 5.

(N5 top chunk AHABHI/IN chunk 1 top chunk HEAT& I, Fr LAX BV 75 %

NN, b T HI W AHAR IS 6L

5) K chunk jit®] fast bins H', chunk FIAZF fast bins 1T, FEAMELZ chunk f# FR
AL P WAEMAM chunk #4769, REBuHE, k. X—BMEz s
BEIBELE R T, FEP M free()BRECHIR [

6) FIBIHT— chunk 2 ACTEAE A A, GISRFT— RSN, WEH. HE T~ —

1k
/yo

7)  HIW S ETR chunk B R — N2 758 top chunk, W, NS 9 25, HE:
T,

8)  FIWr T~ — chunk G AEME T, WERT—> chunk W2 H T, WEIF, IR
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& FFJE T chunk i) unsorted bin H. yEE, XBEAESHMERES, EHEH chunk
RN, PURBRE F G chunk IR/ FR86326 10 25

9) WRPIUTEIIX—, BRI T —15 top chunk #H4B1 chunk. WTGIEEH £ K,
# e 5 top chunk &3, FFHE 3T top chunk I K/MNEER . #1245,

10) FIWr &5 1 chunk FIK/N2 75 KT FASTBIN_CONSOLIDATION_THRESHOLD (ERiA
64KB), WIS, W &filk AT fast bins 16 FF-HAE, fast bins H11) chunk K4
w8 7, HE AR A chunk #4763, &3 )5 1 chunk 24J8F)] unsorted bin H.
fast bins ¥ R, HAETEHRZ G T —H.

11) AW top chunk FIR/NET KT mmap WRZRBIME CERINN 128KB), W52 1, X
TEABX, WEHEHE top chunk I —3GEHIERS . (HERILHLH
128KB [ & A IHIEH], ptmalloc 2 — B BIX R WAF, FHT-00 8 H 153 Fe
WK FAFEESECX, 2T sub-heap L 4E, H4 top chunk [1— B2 IR [F] 2545
YEA&SL, R top chunk A4 sub-heap, =%/ sub-heap LA A EAE RS, i
SR )G, B R, M free() BRECEH . 7TUUEH, W22 ar
free ) chunk K/ ERTERES FF chunk BIK/NKT 64k, FF H.ZE top chunk HK
NELE R mmap W 4E BB, A A AT RER e

3.2.6 At BiE MR

Ptmalloc = ZHR ML DUR JUANEC BRI T, XLk Iin] LUl mallopt()i#E47 15 5 «

1. M_MXFAST

M_MXFAST % & fast bins FHERAE) chunk FIECKR KN, BRIME N 64B, fast bins H1
TRAFI chunk 7E—BEHS B A 2855 36, 2B/ A G ml BLE 6 254K fast bins, @15 fast bins
®AN T T KN chunk, BUELREIR [F1% chunk, KOKIRE/NAT R DR, (HXAME X
BELK, 2FBKENAER, HHE 33 ptmalloc 2247 T KEZSHNAE, EAREHIES
BIERSG, FEUNFRNY.

M_MXFAST [ KAE A 80B, ANREW B L 80B T KM, RN B N KIME A BEHR
L IE P o Fast bins f2 AT B FC 2 /N SRR FP 3T, LRl R B FCVF £ /) struct,
INKT G, /KT string SRS

IR B EZIETTN 0, B A fast bins.

2.  M_TRIM_THRESHOLD

M_TRIM_THRESHOLD H T-1%# mmap 4a BI{E, BRIMEN 128KB. HBNULYE R £ 7E free
B A RA, WHRUET free 19 chunk X/ ERTJE REGFF chunk [1K/NKT 64KB, 5 H. top
chunk I R/NER] mmap Ui RIME, XFFEEEX, A malloc_trim()iR [Bl—358 7 P 7745 #
ERGE, WTAEESEX, I heap_trim()iR [0l —# 4 WAFAEE RS0, £ R A NAFIRYE
i, B2 NHT IR E mmap 43 AL BIE R mmap Y46 BIE -

EANEI— %5 M_MMAP_THRESHOLD &1 —#2{ H , M_MMAP_THRESHOLD T &
mmap 7 FCERME, XFT B REE AT R, 75 ZX X AR DA AT IR AL, R ERIIETE ptmalloc
HRAFIIZ N chunk BERSRIEH, REDH mmap SEIGE HKINAF. AMeEEH 2%
WH mmap FEHAE, RERIN free FHIZNAE, RXFERIRIR RATIRN, FFHXHES
ict ) PR A7 (AT FE LR A ptmalloc (25 I chunk HAXBE A7 15 %2, BT 75 B U0 5% S 80a 1) F)
MZEK, FEHIRERZRH mmap() 70 BC A7 AT, 78R AR SR 0T S5 I I 208 i) 2
T, TaEXE BTGOS0 #E, KO mReR
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M_TRIM_THRESHOLD [PMELL 20 ¢ BN DT R/ 55, BB N-1 2 RN A IR &
AR BRI T B — R W AF, 05 BBk, U EE Sk fil & 8 770504
EAREANTREN, FONZNAYS LR EISEIERS T .

3.  M_MMAP_THRESHOLD
M_MMAP_THRESHOLD H T % & mmap 7 ACEIME, BRIME N 128KB, ptmalloc ERIATF G
A EE mmap 70 BC BB mmap U4 BIE -
PR BB R N AF KT mmap 2t BRI, ptmalloc Y malloc() B8 £ H 5240 24 F mmap()
[T A, free BREHH 4T munmap() T BREEE . MY T BRI KRG BN 17
[ETUAL () PN A7t B 2R [N AR 4 E R G T o RIS KB N A2 AN BEMY ptmalloc 577 B, ANAEE
F, FTLA ptmalloc t R TE i AMS CIE L T A6 %7 N B A7
{EB{$FH mmap 7 ECA U0 R IR A
e Mmap =[] ISE N R G AR RS, T ST R, Bk
KAz i A K I AF AR E & X Fh 7 50
o Mmap A RE4Y ptmalloc BI7EZAEI chunk 1, A2 FE ptmalloc NAZ R
7]
o XHEERSGRERHEE A AR, K AEH mmap()EET A BL N AE, sbrk() A EEIEAT
8 mmap 23t A7
o ZWNTEAREW ptmalloc B FEAIH .
o SSHEZMNAAIRY, A mmap 75 ZIZ TIN5
o BRI IREEE RFIMER) mmap() BB RERE IR, Linux RERHHTE
% mmap [ NAEPIELTUE 0 2 IRK .
T LA mmap >R 43 Bic K Az i FE B AR A7 Bt & S i (R0 8, LA A% B0 #8AS K =28

4. M_MMAP_MAX

M_MMAP_MAX H T 5 B #FE -H H mmap 70 ECH N A7 B 5 R IR, BRIMEN 64K,
ARG mmap LI AAEHROKN 2 2 SRR G TERE TR

WK M_MMAP_MAX B N 0, ptmalloc K A2 d ]l mmap 20 e KB 77

Ptmalloc NACALEH 754 744, 7 PER_THREAD 41k, W44t T PNk,
M_ARENA_TEST Al M_ARENA_MAX, HiT PER_THREAD HIMEALER NG TS, X B AXTIX
PIAN IS A 2H

T4, ptmalloc A T mmap 73 FC BIAE 2 25 B AL T LT, mmap 3L BB 31
AWENIRATT RN, MEEXH mmap 28RBS BN, TLLEE
M_TRIM_THRESHOLD, M_MMAP_THRESHOLD, M_TOP_PAD 1 M_MMAP_MAX H1f{{£ & — 1,
B R SR ZE WA ZL R AZALE], ZALHITRIE T ptmalloc R & B HZ AT TN NAE, A&
YA K — 2L (1) N A7 RSV mmap 2540 Bt A7 -

3.2.7 EFHERTFM

N T Glibe WAFZRIY, I & ZE LR LA

1. JasrBer WAZSEREG RN ptmalloc W 4E A7 2 M top chunk JF46, W5 top chunk #H
SR chunk ANBEREL, top chunk PL T Y chunk & TGIEREL

2. Ptmalloc ANi&&H T E KAy AR NAE, REAR RS A E 1 40 B AVRE K Ae i A 3
FINATE, XBFE ptmalloc WAFEIE . WHRZEH] ptmalloc 7 FCK AN, 7E 32 L &
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g b, HENAAAEEL KT IMB, 64 L R4 L, HECINAAFAERANKT 32MB. X2
H T ptmalloc BRIATF 5 mmap 73 BCERESIZS A EETNRE, 1IMB & 32 L R4 mmap 7L
B KAE, 32MB 2 64 L R4 mmap 73 Fi BE ) 5 KR, X FE T ELORIE ptmalloc 3Bt
HINAE— € M mmap WG X ECET, 24 free I, ptmalloc £ B FE4E1Z N 7R [B1 45 5
ERSG, % T H ptmalloc 247

. AESEH] ptmalloc i) mmap 7B BB AT AL, POSK AL RAE 162 dr 5 39T

WAESTBCR B ptmalloc ZE77KINAF chunk HH7hRE, SEE R, IREEAD NS WRK
M Tz KT 128KB B AAF o BCHt = (i RS A mmap [A13&AF RS0 L N A7
3 R G0 FH 2B 1 AE— AL LA ptmalloc Z24711 chunk W 3B N A712, R TE 2 28
FERI 73 BE KN AE BT, $0E R G SR AT mmap(), FF R ZESR TS H 1 50N E0E
PUEE U, BRGGRENE 0o MUEAEM mmap FI#ERATE RS0 BC N AR A SRR .
mmap 73 BE ) A7 R I8 SRR A A R A B

. ZBERBESMBPITIIREFANE A ptmalloc, IXFIRET N AFREIE S N AAILE Lt

% Appach FE, RMERFRMGH I NZANEL FAYBEAT A AL, &4
BrBERUR KAL) A AE IR 145 ST N A7t . Google FRIVF 22 N 52 73 By BLAT
(1, ARAIFEAE ptmalloc HIEF] 1 A7 FEIE ARSI, TRAMATSEIL T TCMalloc KA
# ptmalloc, TCMalloc HATAAHIMIIL R, SCA SR B IALE], I BRI 181
M4, It H 2R ZAR T ptmalloc. Ptmalloc X T 42 A BRI A7 B RETE 2k
FE B G EIE M, (H B A X0 HCA A LR FIRE /NI AAFEE, T2t i 2 A W i
PIRIAEIF, WA S ENAETE .

- RE R 2R R AR oA 25 50 O/ BTN AT, Ptmalloc £ 2 Z0RE 58 s 1 s I

T, HABELEAARERSAESIX, WRAEN 28, mEneiA )2
SR E X, W A B 500 X BB R S AR, s i — N aE 32 20 i X AR 4 i
LT . HTEZANLRENAA R E P RS IRAE R — DN EX, B LSRR 2 ),
gt ARt 22 £, ptmalloc 73 BEAT RIS A A7 R 20023 B DO, AT S 30 1 2 268
T4 I8 N ptmalloc IRCER B

. BriENAEEER, ptmalloc XT A A7 itk s A2 AH A BURH, ARYE S AR L], ai RS top
chunk FH2BHI IR chunk BA I, B 55 top chunk — FR £ BI2% K N AF AR TCi4 1% [l 45
BIERS.

. PR 2 W AE, BUE T Glibe WAFREYE, BRGNS, FH 00M

ARG AW, MM BEFATUMAAMN S KWENAFERD, BERSEW
/proc/sys/vm/overcommit_memory, /proc/sys/vm/overcommit_ratio, PANAEH ulimt —v

BR R Py REAE B S A7 2 1) K0S, B IERRE PP TRl OOM o3k o

4. 15 JBL 53 Bt B S R

i FTTH LA ptmalloc SEELFRLES 4T, 2l 25 0 S AR DR 3RAT 1B B (0 ], 3RATT 2R

LB R 1 7] A glibc WAF BRI, MR CAITATFIREIZ T Glibe E, {H Glibe FEANK
ARG RIER S, BATRAGNAFT, FFEN 0OM #H ARG R .

1H 2% 3.2.2 T4 ptmalloc FTHER RS 3.2.7 15X ptmalloc B8 FIVE E S0, JERA 0

RVIN=E
. 1E 64 M RGE LA RARE, W21 ptmalloc 1 mmap 7 EC B ZS B

HIF R M. FATH) NoSql RGLH M FL AN 2MB, I HIX 2MB (Y AR P& %
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7 7E ptmalloc [ 2MB AR, ptmalloc DA FFEALH] 20N 2MB X AT 2450
et — MR N ARSI, B IRER FH 2 483 mmap()IA47E R G5 Bc N AE, ptmalloc
INRIE KA T T 24 mmap IERE B E K T 2MB+4K, 24 N 40 FL 2MB 1 N 771
RE M ptmalloc L2471 chunk F143HL, Z847 1) chunk BRI 2 223K, A% B mmap()
BT, $Rs B RR .

2. RGHHEL 2M WAEIIH T R EAE WAL, — bR 2RI N AF cache, 55— AbJ& A ARER,
P L8 RERAE IR ML 2MB A7 T RE B4 (i R, Ab B 52 i 5 it B OZ N A7 3T LA
B e AN A A I N AT . AF cache BHIRIMEC 2MB, (HRHE H A BRHER L,
AHE FIRZAT AW T 2MB WAE, (BA — vl U E , BB 2MB A7,
B KR — B B A SR, BT AT DUE e KAy B I N AEE, 5 T ix ik
cache I/ 2M WAFHEAE (EH free list B HE, AFIRASZESEM cache H free A —/
2M AFER, B Glibe HH AL —HUBTT) 2M N AEH . Ptmalloc AN KA B AR Ay B I )
PIAEEL, ptmalloc U1 IR 8 HH 5t W Af 18 10 2% A7 1 DA A7 R0 P 1 6 A= o B B T P A7 20 B
A4 ptmalloc [ AU 4E 2 M top chunk FF45, 4155 top chunk AHARIFIABAS chunk 7E3
117 NoSql FI P 77l ¥ B BRI, top chunk LA 25 TR P AF I TCIRIR [ 45 R 40, B iX
THWAAE LA G AT

3. Glibc PAFBIE 1) 1) BRERAT T A2 9 4 Jm P A7t Hp 1) N A B N (R 380 R, Heh ey — A
i TR At 4 o A A7 it 23 AN 5 B 20 L A AF S BT RE R K93 BC K P9 72 7E top chunk 43 BiC T,
O3 BE LA JE S TR ARG, §30 top chunk FHE] 7 —ANTE i ) B bl bk 25 18], AT fa
ptmalloc FEEAFIMINAFREE 2, (HICTRIRFIGHEAE RS

4. FH—ANRFEFRBRNEBELE L, ERENEFRAET, MBS EARRNAE, |
ForBE AR B4 FHEE %, ptmalloc 2 AIEFEAIEE Z I FLIX, MTFRAIIMAER N
FEM RIS ) AR TR N AE I 5, 43 S5 ptmalloc 2247 chunk BB KAF B, MM
A5 EI Glibe WAERBEH 8. EIRATN ms EiX A i s, IR A ER .

5. WARMEENAARI 7T Glibe KEFINAATEF . BATHNAAEXT TN T%T 64K (1
WAETC, WA I 64K FIPRAFER, Wi AEi s, WAA malloc() 7
64K TN TFHL, BN, % 64K MNFHUIMANAEF, KAERISEIE RS, T RT
64K FINAESTAC, T malloc()/3ie, BT AR free()REdiml4s Glibco XL R ET]
64K [T AFHLK I (B AA7E T A7, S BT Glibe AT T KR M AR F A BERE LRI
BERS.
|eak 100k |64k |
AN 2 LN TR IRE /2 64K, 100K, 64K, SRJFRE 100K (K NTEER, Glibe 2342

TEIXA™ 100K N AFHL, AP 64K NAFHHERAE mempool H1, —E AR, W IXH

SMIC 64K IR AE, B2 100K ] I AZERAR 40 % 64K A1 36K IR N AEER, 64K (19 A AEHLIR

E45 N, H# mempool 2547, {HF ) 36K 4 Glibc 247, FHAREWNHZEHE T,

DR A N 2 4 B /N TR 64K, TXAS 36K [ A F7HU & I AFRE T, It A2 P A7 48 1) JR

Kz,

I RE] T, R IMERT SR J L
1. 25 H ptmalloc ] mmap 4> BC B {EH 20 2 P/ 2 P& . @ik mallopt() % B
M_TRIM_THRESHOLD, M_MMAP_THRESHOLD, M_TOP_PAD 1 M_MMAP_MAX F1[]
EE—A, KM mmap 73 BCBEZIAS RG], [FB 7 Z mmap 20 FCHE X E
64K, KT 64K INAZE D ECERAE F mmap M RS0, FEIOKT 64K I A7K
A munmap BEIREI RS, (HERFUE VA EIX A, X2 KKFEK ptmalloc 1153
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FBEIRAE . ARG mmap 2 ATH, #:4E RS0 ZEX mmap 7B N A7 I8,
1 HEEAE RS0 mmap MR TUEHTE 0 1R12, 1655 F 3.2.6 LI E M KA.
H T WIIRAT R SE T ECARAAS AE1F, O] mmap 12l BIE T EEAL ]
J&, chunkserver 7£ ssd ERITEREIR/D 25K 1/3, KPR R A2 TR L AR
8

2. FATRG A8 WS T 4 R N AR, E A EC AT KA ar BB R N A7 B, 18
Rf FE A AT, KA A A R N AP B IR G mmap RS8R H B )
BAERGLBC, B A munmap IR P45 3E RS0, LW AFIB R A mmap )
BAE RGN 8M BURE L MR/, WRAEEH ptmalloc [¥] malloc #4404t
WAE, B35 ptmalloc 1 mmap 2 R{E SIS THEENLE], mmap 2 AL RE1E 64
RL&RGE KA 32M, TR ECH N A7 KT 32M, AT BLERIIE malloc 73-BC i) A
EHERH mmap FMEEERF SR, FIIET free —EIRFIGEIE RS, A
24 ptmalloc B 47 FH T T — IR 73 i o (H 22 40 SEIX A48 FH malloc 73 BE 1, 52 malloc
B mmap FIFRRESR, SAWEZMH mmap R4 HEEAE RSG5 HC WA K
A, JFHEAHEA munmap B BCHINAE, HRAANKE ptmalloc 152

3. S WNAE cache, fiH free list & 2 Fr 73 B i N A7 B 43 FH Rl 20- B A A O ARAY,
SREAEREANE RIS D 73 Bl N AF o TR SRR RAAT N A7 PORAF TECB AR P A5 FH 1 A
BT PRI PEA L BT

4. MKImPBItRE, AT RGEWS 0 BHATH, FRNGIEREZ2E 2MB
REALNAE, 1R TG BEIOE KRB EC I NAF, AR RIS & 1 P 5 44 .
TAT LM /D FHEAEX 2MB M LR R G H R/ e, RS
TCMalloc R T8 B vt 48 FH 2R A0 F A2 & 1 E AU B9/ 73 B IR B R 43t 1) 4
. 8 HIEMH TCMalloe, %2 TIRZ &R ITHEIE.

5. JRARES 1T

ARy 32 B RACHS SEIAE T R E i il oA, A B Re it — P PEAE ptmalloc (ISEIL, i3
BT, FEWH SO arena.c AT malloc.c, XPAAEHE T ptmalloc HI% 052
L, HoAr arena.c 32BN 2 LRFESCRFISEIL, malloc.c & X T A F H malloc(), free() 55 R %L,
SEIL T T C X N AR B AR o AN 2x Ik B R 43 AT arena.c AT malloc.c BN SCAE,
MARMRYE ptmalloc FISEHLEEE, 73 B LMESRS BN, FEZ 54 T malloc()F free() B £
PRSI, 0 ) B AN realloc(), calloc()SEAMES 4. HIT ptmalloc [F]I SZHF 32 fi7-F- 6
64 frF&, FrblX B o R BB X R G, HIEZIT Linux X86 T & .

5.1 A Hricis

Ptmalloc 18 chunk SZEL A AEEBE, X chunk B BREL TR S bnicid, H=F2
22X} chunk BB T BER, 1X B VELE 0T chunk & B VRIS L3

EAFFIFE T, B4 chunk BIE/NK/N, Huhkxt 5577 XA FR, ptmalloc K57 &
BN size_t KJE, XT 3246076, size t KEEANAFT, X 64460°FG, size_t KEAHEA
455, WATREN 8 7717, 7E Linux X86_64 I size_t &y 8 F71, IXHHLLA size_t v 4 F5 Al
8 F MG AT M. o — BN
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#ifndef INTERNAL SIZE T
fidefine INTERNAL SIZE T size t
#endif

/# The corresponding word size */
#define SIZE SZ (sizeof (INTERNAL SIZE T))

J#
MALLOC ALIGNMENT is the minimum alignment for malloc’ed chunks
[t must be a power of two at least 2 * SIZE SZ, even on machines
for which smaller alignments would suffice. [t may be defined as
larger than this though. Note however that code and data structures

are optimized for the case of 8-byte alignment

*/

#ifndef MALLOC ALTGNMENT
#define MALLOC ALTGNMENT (2 * SIZE S7)
ttendif

/* The corresponding bit mask value */
#define MALLOC ALIGN MASK (MALLOC_ALIGNMENT - 1)

Ptmalloc 1 F 22 K BE ik AN F) - G [ 25 5, ¥ INTERNAL SIZE T 5& XN size t, SIZE SZ
JE XA size t KA, 1832 A0°F6 ML 4 41, 7E64AFE ML 4 FHEE 8 £ 1. 7
AN chunk %25 BL 2%STZE SZ 5%, MALLOC ALIGNMENT #1 MALLOC ALIGN MASK J2& FHk
AbFE chunk HUHEXT SR, WAL G IR NAhEHEE R X B R TFEFEE 32 P&
chunk Hihib4% 8 FHIXIFF, 64 AP E4% 8 FEiE 16 X F il LA T .

Ptmalloc K H i FAbric it W AR 3 AR 2 e, s W A7 B 40 B 5 WSk AT B 8. 7
ptmalloc FSZELERG 5 A5 F4A malloc_chunk SRR X Be bk, F4d F %2525 1 %F chunk
AR EEEL, B0, 5, #7555 . malloc_chunk 2 XANF:

struct malloc chunk f{

INTERNAL SIZE T prev_size; /* Size of previous chunk (if free). */
INTERNAL SIZE T size; /% Size in bytes, Iincluding overhead. */
struct malloc chunk* fd; /* double links — used only if free. */

struct malloc_chunk* bk;

/% Only used for large blocks: pointer to next larger size. #/
struct malloc chunk* fd nextsize; /#* double links — used only if free. */

struct malloc chunk* bk nextsize;

chunk F{5E SCHE TR T, 6P 8Nt — 1 g S/ 48

prev_size: {5 AT —4> chunk & %5 R I, 38 R - 3T —A chunk BN, TR RT—AN chunk
AN, ZIRIEE L

size: 4T chunk B/, JFHACSR T 2417 chunk FIHT—A> chunk [)—28)@ AT
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— chunk B EEMER A, 287 chunk & & 2181 mmap SRS TE, 2487 chunk 2 & & T
FEEHBLX .

fd Al bk: $8%F fd Al bk A 21% chunk S5 NI A AEAE,  HAE R T80 RLFK 75 PR
chunk BN EIZ5 N chunk R R —E B, WIRIZ chunk Bl 7 BCes S FEFAE A, TS
LIXAANTRE A H (1% chunk SREE M INFEFHRED 17, B DA S 1E SRR P 4
7], AR T IR

fd_nextsize 1 bk_nextsize: 2 2 E ] chunk fZ7E T large bins [}, large bins H1 1754
chunk s2 8K NHEFF I, (H R —AN KN chunk ATEER 24N, 3600 T X AN T BCRT BUInER
i 45 A chunk, FHE#Ri 2 FHEMIA N chunk, fd_nextsize &[H N —EC ST chunk K/
KIIZE—/N2H chunk, bk_nextszie i I HT— L2481 chunk KNI —AN2H chunk.
WIRZ chunk Bl 73 Fe s B HFE 78, 840X AN Fe k%A FH (% chunk B2 M size
FErhdRED T, TR E R AR AT SR, AN R TR

JS*

malloc chunk details:
(The following includes lightly edited explanations by Colin Plumb.)

Chunks of memory are maintained using a boundary tag’ method as
described in e. g, Knuth or Standish. (See the paper by Paul
Wilson ftp://ftp. cs. utexas. edu/pub/garbage/allocsrv. ps for a
survey of such techniques.) Sizes of free chunks are stored both
in the front of each chunk and at the end. This makes
consolidating fragmented chunks into bigger chunks very fast. The
size fields also hold bits representing whether chunks are free or

in use.

An allocated chunk looks 1ike this:

C}]UH/{*) 7 7 7 7 7 7 7 7 7 7
Size of previous chunk, if allocated //

7 7 77 77 —7—7

Size of chunk, in bytes /M/P/

[HO[H*) 7 7 77 7 —7—7

User data starts here. ..

(malloc usable size() bytes)

nextchunk—>
/ Size of chunk /

Where “chunk” is the front of the chunk for the purpose of most of

the malloc code, but “mem” is the pointer that is returned to the
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user. “Nextchunk” is the beginning of the next contiguous chunk.
Chunks always begin on even word boundries, so the mem portion
(which is returned to the user) is also on an even word boundary, and

thus at least double—-word aligned.

Free chunks are stored in circular doubly—Ilinked [ists, and look [ike this:

Chu]]k*) 7 f—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F+—+ 7 7 7
/ Size of previous chunk /
/ / / / / / /
7 7 7 T 7 7 7 T T 7 7 T T 7 7 7 T T T T T T T
‘head:’ | Size of chunk, in bytes /P/
[]]6’[]]*} 7 f—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F+—+ 7 7 7
/ Forward pointer to next chunk in list /
/ /
T T T T T T T T T T T T T T T T T T
/ Back pointer to previous chunk in 1ist /
/ /
T T T T T T T T T T T T T T T T T T
/ Unused space (may be 0 bytes long)

HeXfchU]]/{*) f—rt—F—F—+ =17 7 Tt —1T—1T—7 7 7 7

foot:’ |/ Size of chunk, in bytes /

7 7 77 7 7T 1T 7177 7 7 7

The P (PREV INUSE) bit, stored in the unused low-order bit of the
chunk size (which is always a multiple of two words), is an in—use
bit for the *previous* chunk. If that bit Is *clear#* then the
word before the current chunk size contains the previous chunk
size, and can be used to find the front of the previous chunk.

The very first chunk allocated always has this bit set,

preventing access to non—existent (or non—owned) memory. If
prev_inuse 1s set for any given chunk, then you CANNOT determine
the size of the previous chunk, and might even get a memory

addressing fault when trying to do so.

Note that the foot’ of the current chunk is actually represented
as the prev size of the NEXT chunk. This makes it easier to
deal with alignments etc but can be very confusing when trying

to extend or adapt this code.

The two exceptions to all this are
1. The special chunk “top’ doesn’t bother using the
trailing size field since there is no next contiguous chunk

that would have to index off it. After initialization, top’
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is forced to always exist. [If it would become less than
MINSIZE bytes long, it Is replenished.

2. Chunks allocated via mmap, which have the second—Ilowest—-order
bit M (IS MMAPPED) set in their size fields. Because they are
allocated one-by—-one, each must contain its own trailing size field.
*/

EEX B REVEAAREIR T chunk IUZHTT, E43ACH chunk R IRIE chunk TR —#,
ARAMAEAEH, BOHHSR. R 3.2.3.2 J9#iA 7X A chunk B, 2
FHI SR
/# conversion from malloc headers to user pointers, and back */

#define chunk2mem(p)  ((Void t*) ((char%) (p) + 2%SIZE SZ))
#tdefine mem2chunk (mem) ((mchunkptr) ((char*) (mem) — 2%SIZE SZ))

/* The smallest possible chunk */
#tdefine MIN CHUNK SIZE (offsetof (struct malloc chunk, fd nextsize))
/* The smallest size we can malloc is an aligned minimal chunk */
#define MINSIZE \
(unsigned long) (((MIN CHUNK SIZE+MALLOC ALIGN MASK) & “MALLOC ALIGN MASK))

/# Check if m has acceptable alignment */
#define aligned OK(m) (((unsigned long) (m) & MALLOC ALIGN MASK) == 0)
#define misaligned chunk (p) \
((uintptr t) (MALLOC ALIGNMENT == 2 % SIZE SZ ? (p) : chunk2mem (p)) \
& MALLOC ALIGN MASK)
XFFEAL SRR chunk, JEIT chunk2mem ZEHRYE chunk HihE3R1S IR [0l 25 F P B A7
Hb, A RiET mem2chunk ZARYE mem Hudib#32 chunk Hdik, chunk H ik 2 4% 2*SI1ZE_Sz
SF 5 T chunk 25 4R BT P AN NI LT B2 2*SIZE_SZ K/, FTLL, mem Hihik /2 2*S1ZE_SZ
X551 . %% aligned_OK Al misaligned_chunk(p) I T #2856 bk 2 75 & 4% 2*SIZE_SZ X 551 o
MIN_CHUNK_SIZE & X #5/M#) chunk IR/, 32 A& B4 16 775, 64 fiF &5 24
FHEGE 32 F9. MINSIZE & S T /M ELHI AR RN, &% MIN_CHUNK_SIZE #4T 1
2*SIZE_SZ X 5%, HihkX55 )5 5 MIN_CHUNK_SIZE KR/ MR & —FE .

J*
Check 1f a request is so large that it would wrap around zero when
padded and aligned. To simplify some other code, the bound is made
low enough so that adding MINSIZE will also not wrap around zero.
%/
#define REQUEST_OUT_OF_RANGE (req)
((unsigned long) (req) >= \
(unsigned long) (INTERNAL SIZE T) (-2 * MINSIZE))

/* pad request bytes into a usable size — Internal version */

#define request2size (req) \
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(((req) + SIZE SZ + MALLOC ALIGN MASK < MINSIZE) ¢ \
MINSIZE : \
((req) + SIZE SZ + MALLOC ALIGN MASK) & “MALLOC ALIGN MASK)

/#  Same, except also perform argument check */
#tdefine checked_request2size(req, sz)
if (REQUEST OUT OF RANGE (req)) {
MALLOC _FAILURE ACTION;
return 0;
1
(sz) = request2size (req);

X JUAN T F T8 F P I8 SRR 43 BE R /N 48t Bl P9 38 75 2 0 iR ) chunk DK /), 32X B 75 B3
HIAFE R I ANME S G bR X 55, BEAMIn L T SIZE_SZ, XEWRE ptmalloc 73-L A7 75 2
— NS overhead, A SIZE_SZ 775, it chunk =SB 2, FAT1IR 25 5 15 H 1X 1 overhead
N SIZE_SZ.

LA Linux X86_64 V-5 A, ik SIZE_SZ K 8 “#47, WK, —A chunk HZEDE 4 4
size_t (8B) K/NIIZNH], FKA7-fi# prev_size, size, fd Fl bk, /2 MINSIZE (32B), chunk
HIR/NEXS S5 2] 2*SIZE_SZ (16B). 24— chunk ATERPIRZER, ST —4 chunk [
prev_size I & A TCRAAT . FrCASERR b, X ANAR A1 A] I S 8T chunk f . X Wt kA A5
ANAT L, (ERSe GEAE ME R B0+ Samsihs b, —MERHE chunk RN T
NN ZSE: in_use_size = (I IER KN+ 16 - 8 ) align to 8B, X BN 16 +2& KN 75 B A7 Mk
prev_size fll size, 1H X F N F—4 chunk “f£” 7T 8B, FrLAEjZ: 8, £ — chunk
] overhead }y 8B, Rl SIZE_SZ I K/No )5, AN chunk FIAEF AH ) chunk {1
se A —Hes | . By DL 8 22 HCH: A di K3 A D S8 B 1 23 B0 25 TA) o B g 2% (10 49 IE 5 1)
chunk_size = max(in_use_size, 32). X e FiHRNAE S ELN, ptmalloc SEFRT 5 BLH)
WAFE RN

ER: W chunk & H mmap (BRI, W% chunk AESHH— chunk fl G —>
chunk, FTH 4 chunk %4 F—4> chunk ] prev_size [ 218 ] LA, BT AXHT B8 mmap()
43 Hie NAFH overhead A 2*SIZE_SZ.

— - - - _~

/% size field is or’ed with PREV INUSE when previous adjacent chunk in use */
#tdefine PREV INUSE 0Ox1

/* extract inuse bit of previous chunk */

#define prev_inuse (p) ((p)->size & PREV INUSE)

/% size field is or’ed with IS MMAPPED if the chunk was obtained with mmap () */
#tdefine IS MMAPPED 0x2

/% check for mmap ()’ ed chunk */

#define chunk_is mmapped(p) ((p)—>size & IS _MMAPPED)

/% size field is or’ed with NON MAIN ARENA if the chunk was obtained
from a non-main arena. This 1s only set immediately before handing
the chunk to the user, if necessary. #*/

#tdefine NON MAIN ARENA 0x4
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/* check for chunk from non-main arena */
#define chunk non main arena(p) ((p)—>size & NON MAIN ARENA)

chunk 764> B B2 DA HEXT 55 (BRIAE 8 7711, WTLLEHBWE, HE 8 Fiiek/IME
3 EL B AUR 2 WIRIFRAAL, W alignment = 27n, n HHCE n>=3) 1977 Rk
AT, FRLLE chunk->size SRIEAEAS chunk B/ N2 80aE, HoR 3bit A2 0, Kk
X =AUk e E S,

PLES 0 SiAEA PARGSAL, FRICHT— chunk BRESE/H T, K~ 1RRMH, 0o RRT
o

PLEE 1 AAE N MOIRZSAL, FRie A chunk B2 7552 18 ) mmap() B3 MFEFRE ) mmap B
XA BCHT, N 1FRRZE, N0 RRE,

PLER 2 AiAE N A RESAL, ARIEA chunk 2 BB TIEEHEX, A 1FRE, NORR

JS*

Bits to mask off when extracting size

Note: IS MMAPPED is intentionally not masked off from size field in
macros for which mmapped chunks should never be seen. This should
cause helpful core dumps to occur 1f it is tried by accident by
people extending or adapting this malloc.
*/
#define SIZE BITS (PREV INUSE|IS MMAPPED|NON MAIN ARENA)
/* Get size, ignoring use bits */
#define chunksize (p) ((p)->size & ~(SIZE BITS))
/% Ptr to next physical malloc chunk. */
#tdefine next_chunk (p) ((mchunkptr) ( ((charx) (p)) + ((p)—>size & ~SIZE BITS) ))
/% Ptr to previous physical malloc chunk */
#define prev_chunk (p) ((mchunkptr) ( ((char*) (p)) — ((p)—>prev size) ))
/* Treat space at ptr + offset as a chunk */
#define chunk_at_offset(p, s) ((mchunkptr) (((char*) (p)) + (s)))
prev_size 7B ELIRAE I chunk SREFIVEPY, ALSRMIEDZFT—1404% chunk (5 S
TXAEARP) G Ab w2 T IS AR B chunk 2548440l T DL BB SR BRI HT— chunk $RA(E S, M
T AEAHE— 5 AL FREEAE o AT, 2480 chunk BR1 foot 15 Bt ELE T N —AN8E4% chunk
H SRR . FBL prev_size il AEBWE? A FiAP L
1) W R AT —M4BHE chunk B IR, A84 41T chunk BLA5HIK P91 prev_size FBOL I
FERT—NEREE chunk BRI/ o IX 32 HH 24 AT chunk $8 4 3R1S BT — A2 N chunk bk R4 85
%% prev_chunk(p) st & f X M 5 SEEL o
2) W ET—AM4E4E chunk ZEAE A, 24 ET chunk [ prev_size 2= [EIHEHT— chunk
EHF, AP RERTT— chunk FINAENZ, XT4HT chunk BA AT E L.
T size 13 T A chunk B/, Toie R — chunk & IRRESEGE B APIRE, #nT
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DU I A chunk RN A chunk BIR/N, 4520 F —AS chunk FItidE, BT size HIMK 3 A4
bit i3k VMG, TFERE PR GE R, B SEbRE size 7R TIHE RN —1 chunk
Hodik, IXSE next_chunk(p) S H B,

%: chunksize(p)F T-3K15 chunk FISEBR R/, 75 ZBFl size HHIEHIE S .

% chunk_at_offset(p, s)¥& p+s HIHIESRFIFEE— chunko

VR A FARI0E, ATRUA 2SN I HAOEAERS TR chunk B, (HEASH
ZANESZIN chunk B, FUNIESEFIZ AT IH chunk 3—E A& AN KIIZ N chunk
Peo

/% extract p’s inuse bit */

#define inuse(p)\

((((mchunkptr) (((chark) (p))+((p)—>size & ~SIZE BITS)))->size) & PREV INUSE)

/# set/clear chunk as being inuse without otherwise disturbing */

#define set_inuse (p)\

((mchunkptr) (((char*) (p)) + ((p)—>size & “SIZE BITS)))->size |= PREV INUSE

#define clear_inuse (p)\

((mchunkptr) (((char*) (p)) + ((p)->size & “SIZE BITS)))->size &= ~ (PREV_INUSE)
X —41 % T check/set/clear 24HT chunk {f AR EAL, 24T chunk [ A brid

RAFAEAE T —A chunk [ size ()55 0 bit (P ARSI, FrLAE 3R T —4 chunk H#k,

SRJ5 check/set/clear —> chunk ] size 31 0 bit.

/# check/set/clear inuse bits in known places */
#tdefine inuse bit_at offset(p, s)\

(((mchunkptr) (((char*) (p)) + (s)))->size & PREV INUSE)
#define set_inuse bit_at_offset(p, s)\

(((mchunkptr) (((char*) (p)) + (s)))—>size |= PREV INUSE)
#define clear inuse bit_at offset(p, s)\

(((mchunkptr) (((char*) (p)) + (s)))->size &= ~(PREV_INUSE))

FHE =A% T check/set/clear 455 chunk [1] size 35+ 1) 45 B bR A7 o

/* Set size at head, without disturbing its use bit */
#define set_head size(p, s) ((p)—>size = (((p)—>size & SIZE BITS) | (s)))
/* Set size/use [ield */

#tdefine set_head(p, s) ((p)—>size = (s))
/* Set size at footer (only when chunk is not in use) */
ttdefine set_foot (p, s) (((mchunkptr) ((char*) (p) + (s)))-—>prev size = (s))

% set_head_size(p, s)F T W& M4l chunk p [ size IIFREH size HIEHIER. %
set_head(p, s) H T E 41T chunk p [ size 38 Z8& T A 1 size I%EHE B . 7 set_foot(p,
s)FH T 15 & 24T chunk p [E) R —A> chunk [ prev_size N s, s A4 chunk ] size, R 24 chunk
p NZ W A B HIXAZE, 480 chunk [ foot BN AEZS [AIAAE T R — chunk, B F—A4

chunk HJ prev_size.
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5.2 NG EH

XA chunk, ptmalloc K XN AAE BT, MRIE W chunk BRNIAE T
IR A HTBAE DY ASF T bin A, X PN chunk ()75 85 €13 fast bins, unsorted bin,
small bins Fl large bins. Fast bins & /NA AR EEREAF, HJ—LK/NNT 64 751 chunk
By, B SESTHON fast bins 11, FEEC/NNAERS, B2 EE fast bins & EH G IE N
WAEHL, WRAFAE, M E IR fast bins A AEHRE, AP BCIE L . Usorted bin A —
A, [ chunk B 4567 E) unsorted bin H1, 4rAL A7 & F unsorted bin H 2R H
HIEN chunk, ISR ENH 2 KM chunk, MIEEREISGH T, B4 unsorted bin ¥ HT
A chunk J small bins B{/Z large bins H1. Small bins FH-T-7£8# 5 A/ chunk, 3£ 64 4
bin, /NI chunk K/ 16 773588 32 5275, > bin FIR/MHZE 8 5 EUE 16 771, 4
SN AEERISE, SR REBRUCEC ) 77 20 small bins H AT $8 &3& 1Y chunk. Large bins i T1/%
fii KT455T 5128 51 10248 (175K chunk, 1% L8 chunk A FH X 8% 2 (4 T8 303 R/ N HER
S BC N AE IS F e VU AE 77 S large bins H1 23 BC chunke

5.2.1 Small bins

ptmalloc {# [ small bins & ¥ 2% [ /)» chunk, £4> small bin H1 (%] chunk [ K /N5 bin ff] index
BUWTFRR:

Chunk_size=2 * SIZE_SZ * index

7 SIZE_SZ N 4B [f)°F- & L., small bins F chunk K/NE DL 8B WA ZEIZEZEHS, fek
[ chunk K/NAJ 504B, Fe/IME) chunk K/ A 168, FITLASEBRIL 62 4™ bin. 43514 16B. 24B.
32B, e , 504B. fE SIZE_SZ N 8B (P& I, small bins 1] chunk K/N2LL 16B A E
S5 ZEHA, BRI chunk SR/ 1008B, /MY chunk K/ 328, ATLAsEFrRdt 62 /) bins
350N 32B. 48B. 64B, +t+ee , 1008B.

ptmalloc 454 T 62 MMM EEER CRRANMEER A B A BER LT T, Ik 1 AU
2 T X R N T S g — b B, BIfaifdmte), B— MR NS N chunk K/
— 35, DRI Y AR P 7 B 0 L A 21 RN oA A7 28 [ B B A 0] B R R BT B T
T B P DAAR B FAD 35 F IS FH R 2 1 A A7 25 1) R 1 SR T SO 2 MUK 22 B AR o FRATT AT
DL R B SR R IR7E SIZE_SZ N 4B 74 E ptmalloc X 512B 745 LA N 25 A chunk 2L
X IrE R FELD o

index unsortedbin 2 smallbins 4 ... 64 65 large bins
size 16 | 24 | 32 | .. | 512|576 | 640
chunks
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5.2.2 Large bins

1E SIZE_SZ N 4B [1°F & &, KT%ZT 512B I chunk, #, 1E SIZE_SZ N 8B KT
& I, K/NKT2EF 1024B %A chunk, H sorted bins & 2 . Large bins —3:£145 63 /> bin,
A bin 1 chunk RANASZ —/NE E & 2 K55 25081, 7250 1% 6 4 bin, &4 bin 2 —1
[E] 78 A Z IS5, BAN bin BEIKUCHN 324 164 84 4. 2. 1, AZKICH 64B. 512B.
4096B. 32768B. 262144B %,

DL SIZE_SZ A 4B [F°F- & A1, 55— large bin [AIEEEE chunk K/NA 5128B, 3t 32 4 bin,
ANFEN 64B, FEBIHEUTT K R:

Chunk_size=512 + 64 * index

557 large bin HIAE4E chunk K/NRE—4 bin 45 chunk K/, J# 2 UT R &R

Chunk_size=512 + 64 * 32 + 512 * index

FIEL, FATAVHE HEA bin B4 chunk K/NFIZETR chunk K/N. 3X 2% bin #21RE
R, 32 small bins H2 35 2 B, small bins AT AR H R A ZEN 8 MEEH], —
H47 64 4 bin (55 0 Ml 1bin ANFELE), FTLAFRATAT LUK small bins #1 large bins 17 AU — A
7 128 4™ chunk FIEUA b, FH BIRT 5347 small bins, J&—#53°4 large bins, > bin
[ index A chunk ZLZH 1K) T hx, T2, TATAT LAARHEEA T ARTHE H 1% bin 1 chunk K/ (small
bins) B& chunk KX/NEH (large bins), ] DARHE 75 Z 0B WAF LR/ E L BT chunk
FrJ& bin [¥] index, ptmalloc i 7 —2H 750 SEHL 17X Fit 5.
#define NBINS 128
#tdefine NSMALLBINS 64
#tdefine SMALLBIN WIDTH MALLOC ALIGNMENT
#tdefine MIN LARGE SIZE (NSMALLBINS * SMALLBIN WIDTH)

#tdefine in_smallbin range(sz) \
((unsigned long) (sz) < (unsigned long)MIN LARGE SIZE)

#define smallbin index(sz) \
(SMALLBIN WIDTH == 16 ? (((unsigned) (sz)) >> 4) : (((unsigned) (sz)) >> 3))

#tdefine largebin index 32(sz)
(((((unsigned long) (sz)) >> 6) <= 38)? 56
((((unsigned long) (sz)) >> 9) <= 20)? 91
((((unsigned long) (sz)) >> 12) <= 10)? 110
((((unsigned long) (sz)) >> 15) <= 4)? 119
((((unsigned long) (sz)) >> 18) <= 2)? 124
126)

(((unsigned long) (sz)) >> 6):
(((unsigned long) (sz)) >> 9):
(((unsigned long) (sz)) >> 12):
(((unsigned long) (sz)) >> 15):
(((unsigned long) (sz)) >> 18):

— = — - — -

+ o+ o+ o+ o+

s/ XXX It remains to be seen whether it is good to keep the widths of

/XXX the buckets the same or whether it should be scaled by a factor

s/ XXX of two as well.

#define largebin index 64 (sz) \
(((((unsigned long) (sz)) >> 6) <= 48)? 48 + (((unsigned long) (sz)) >> 6): \
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((((unsigned long) (sz)) >> 9) <= 20)? 91 + (((unsigned long) (sz)) >> 9):

((((unsigned long) (sz)) >> 12) <= 10)? 110 + (((unsigned long) (sz)) >> 12):

((((unsigned long) (sz)) >> 15) <= 4)? 119 + (((unsigned long) (sz)) >> 15):

((((unsigned long) (sz)) >> 18) <= 2)? 124 + (((unsigned long) (sz)) >> 18):
126)

#define largebin_index(sz) \
(SIZE S7Z == 8 ? largebin _index 64 (sz) : largebin_index_ 32 (sz))

#tdefine bin_index (sz) \
((in_smallbin_range(sz)) ? smallbin_index(sz) : largebin_index(sz))

7. bin_index(sz) ¥ 5 N AF R/INTHELHE TR bin (9 index, WIERPT G WA K/NE T small
bins FIX/NEE, 1 smallbin_index(sz), M largebin_index(sz)). smallbin_index(sz)
THEEAE TR 5, AR SIZE_SZ 2y 4B, JUIHE sz BRLA 8, Wik SIZE_SZ 7y 8B, W% sz BRLA 16,
W5k 2R LA small bins &5 =K A % o largebin_index(sz) T E AR E 24—, w] LU0
I ERE B SR chunk B K/NEHETS bin index (2= & . LA SIZE_SZ A 4B - & A,
chunk K/N5 binindex BT R U1 R R FR:

TG (771) | 859 (F75) | Binindex
0 7 AFAE
8 15 AFAE
16 23 2
24 31 3
32 39 4
40 47 5
48 55 6
56 63 7
64 71 8
72 79 9
80 87 10
88 95 11
96 103 12
104 111 13
112 119 14
120 127 15
128 135 16
136 143 17
144 151 18
152 159 19
160 167 20
168 175 21
176 183 22
184 191 23
192 199 24
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200 207 25
208 215 26
216 223 27
224 231 28
232 239 29
240 247 30
248 255 31
256 263 32
264 271 33
272 279 34
280 287 35
288 295 36
296 303 37
304 311 38
312 319 39
320 327 40
328 335 41
336 343 42
344 351 43
352 359 44
360 367 45
368 375 46
376 383 47
384 391 48
392 399 49
400 407 50
408 415 51
416 423 52
424 431 53
432 439 54
440 447 55
448 455 56
456 463 57
464 471 58
472 479 59
480 487 60
488 495 61
496 503 62
504 511 63
512 575 64
576 639 65
640 703 66
704 767 67
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768 831 68
832 895 69
896 959 70
960 1023 71
1024 1087 72
1088 1151 73
1152 1215 74
1216 1279 75
1280 1343 76
1344 1407 77
1408 1471 78
1472 1535 79
1536 1599 80
1600 1663 81
1664 1727 82
1728 1791 83
1792 1855 84
1856 1919 85
1920 1983 86
1984 2047 87
2048 2111 88
2112 2175 89
2176 2239 90
2240 2303 91
2304 2367 92
2368 2431 93
2432 2495 94
2496 2559 95
2560 3071 96
3072 3583 97
3584 4095 98
4096 4607 99
4608 5119 100
5120 5631 101
5632 6143 102
6144 6655 103
6656 7167 104
7168 7679 105
7680 8191 106
8192 8703 107
8704 9215 108
9216 9727 109
9728 10239 110
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10240 10751 111
10752 14847 112
14848 18943 113
18944 23039 114
23040 27135 115
27136 31231 116
31232 35327 117
35328 39423 118
39424 43519 119
43520 76287 120
76288 109055 121
109056 141823 122
141824 174591 123
174592 436735 124
436736 698879 125
698880 2132 B 2764 126

HE: EFRZ chunk K/N5 bin index [ R ¢ 2, WX T-FH 2 ZE 0 BC ) N AE K7D size,
WA checked_request2size(req, sz)iT % chunk K/, F3A# A bin_index(sz) 5 H

chunk fITJ& ) bin index.

XFT SIZE_SZ v 4B HJ°F-£5, bin[0)F bin[1 & ANAFLERT, K AE /MY chunk 24 16B, small
bins —3£ 62 1™, large bins —3£ 63 4>, JHfZk—3 125 4 bin. 1M1 NBINS & XN 128, HSE

bin[0]F bin[127]#SAFELE, bin[1]4 unsorted bin [] chunk 8%k .

typedef struct malloc_chunk* mbinptr;

/% addressing —— note that bin at(0) does not exist */
#tdefine bin_at(m, i) \
(mbinptr) (((char %) &((m)—>bins[ () - 1) * 2]))
- offsetof (struct malloc chunk, fd))

/% analog of ++bin */
#tdefine next_bin(b) ((mbinptr) ((char*) (b) + (sizeof (mchunkptr)<<1)))

/% Reminders about list directionality within bins */
ttdefine first(b) ((b) —>fd)
ttdefine last (b) ((b) —>bk)

/* Take a chunk off a bin list */
ttdefine unlink (P, BK, FD) {
FD = P->fd;
BK = P->bk;
if (__builtin expect (FD->bk !=P || BK->fd != P, 0))

malloc_printerr (check action, “corrupted double-linked list”, P);

else {
FD->bk = BK;

P T s
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BK->fd = FD;
if (lin_smallbin range (P->size)
& _ builtin_expect (P->fd nextsize != NULL, 0)) {
assert (P->fd nextsize—>bk nextsize == P);
assert (P->bk nextsize—>fd nextsize == P);
if (FD->fd nextsize == NULL) {
if (P->fd nextsize == P)
FD->fd nextsize = FD->bk nextsize = FD;

else {
FD->fd nextsize = P->fd nextsize;
FD->bk nextsize = P->bk nextsize;
P->fd nextsize->bk nextsize = FD;
P->bk _nextsize->fd nextsize = FD;

}

} else {

P->fd nextsize—>bk nextsize = P->bk nextsize;

P->bk nextsize—>fd nextsize = P->fd nextsize;
}

}

P e g

% bin_at(m, i)i#1d bin index 345 bin [EER ), chunk HI fo F1 bk A 7K 23N chunk
FENEER A, T TR bin IEER L, RFTE XA ATLL T, prev_size il size X HEFR
RS A =, IR A, ptmalloc N T 54X (i NAFAENA], B9K cpu =il G247 1 i
#, AE bins FAHH HONEEAS bin T 7 I NMEEH N A28 T AL bin BIEER L1 fb Al
bk FE%f

M bin_at(m, i) 1€ AT LAE H, bin[0O]AEAE, LA SIZE_SZ v 4B HI°F- & R, bin[1]1HIHT
4B fFAEI 2454 b, J5 4B fAERIZ 484 bk, 1 bin_at iZ[AIf*)/& malloc_chunk HJf8%l,
T fb 7E malloc_chunk H)fFL kA offsetof (struct malloc_chunk, fd))=8, AT LA fb Ak I
2 8 W15 3] malloc_chunk Bk (EYIIE, X} bin FIEEE S chunk, — & A EEIE L prev_size
il size 3, XPHAMEGR 5 HAD bin EER K1 fb 1 bk AR M.

% next_bin(b) H T3R1F N —A™ bin Bk, FRYERTTHI 734, FATHEIE R 75 206 2410 bin
bk ) 5 A2 SR AR B 2T — 4 bin BUREZR Kbk .

A bin ff XA JEAEER E P25 chunk, bin FIBER SLAOFREN fb F5 M58 — Nl Y
chunk, 8% bk felF &G — A H BT chunk. % first(b)H T-3%15 bin FIZE— AT H chunk,
% last(b)F T3k75 bin ()5 — A0 ¥ chunk, X228 1377 bin, 1Bk bin f5EE
ko

%: unlink(P, BK, FD)F T4 chunk MFTTERYZS IREE R ISR, 13 & large bins 112 A
chunk AT REAL TN XUAIIE A BER F1,  unlink B 75 2PN EEZR HH AT AN B

5.2.3 Unsorted bin

Unsorted bin 7] LA {E /& small bins il large bins [1] cache, "4 —4 unsorted bin, PAX{
)5 R 2SN chunk, 250N chunk ANHEF, BT I chunk 78 B #EL5E /2] unsorted bin
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B, BCES, GnERTE unsorted bin %A AIE N chunk, B2 unsorted bin I FTA chunk
SR Z AT B bin #, 285 FAE bin H 3 EC A IER chunk. Bins 22 H G E bin[1] T
1£4% unsorted bin [ chunk %% k.

JS¥*

Unsorted chunks

All remainders from chunk splits, as well as all returned chunks,
are {irst placed in the “unsorted” bin. They are then placed

in regular bins after malloc gives them ONE chance to be used before
binning. So, basically, the unsorted chunks list acts as a queue,
with chunks being placed on it in free (and malloc consolidate),

and taken off (to be either used or placed in bins) in malloc.

The NON MAIN ARENA flag is never set for unsorted chunks, so it
does not have to be taken Into account in size comparisons.

*/

/* The otherwise unindexable 1-bin is used to hold unsorted chunks. */
#tdefine unsorted_chunks (M) (bin at(M, 1))

JS*
Top

The top-most available chunk (i.e., the one bordering the end of
available memory) is treated specially. It is never included in
any bin, 1s used only if no other chunk i1s available, and Is
released back to the system if it is very large (see

M TRIM THRESHOLD). Because top initially

points to its own bin with initial zero size, thus forcing
extension on the first malloc request, we avoid having any special
code 1n malloc to check whether it even exists yet. But we still
need to do so when getting memory from system, So we make

initial top treat the bin as a legal but unusable chunk during the
interval between initialization and the f{irst call to

SYSMALLOc. (This is somewhat delicate, since it relies on

the 2 preceding words to be zero during this interval as well.)

*/

/%* Conveniently, the unsorted bin can be used as dummy top on f{irst call */
#define initial top (M) (unsorted_chunks (M))

R e A, 3 bin[1]1% & N unsorted bin ) chunk #%3k, X} top chunk
KW a1, BB top chunk #1UE4L N unsort chunk, fXAX WU —AME T ., XA chunk
FINZEH EAGEHT top chunk SRBLAAE, FEJEREZ top chunk ANETAEM bin, {H
ptmalloc H ] —2£& check fUhY, FIHETREL top chunk J& T — &34/ bin.

41



5.2.4 Fast bins

Fast bins 2 & H THES/NNAARI LR, BROIMEDL T, X7 SIZE_SZ 5 4B WIF- &,
/T 648 [¥] chunk 7} BCIER, XF SIZE_SZ v 8B HI°F- &, /N 128B 1) chunk A ECIER, B
S5 153KR fast bins HE TS H i K/ chunk 724 CRERAUCED), 1 SRAEAE, AUELRER (A,

Fast bins 7] LLE % 42 small bins []—/N&B4) cache, BRINTE L T, fast bins A cache T small
bins AT 7 N K/NAZS A chunk, k& Ui, X SIZE_SZ A 4B [)°F- &5, fast bins & 7 > chunk
TIHEER (bin), & bin [¥] chunk K/MKIX A 16B, 24B, 32B, 40B, 48B, 56B, 64B; X
T SIZE_SZ N 8B HIF- 15, fast bins 5 7 4~ chunk FWEER (bin), &A™ bin ) chunk K/MK
X N 32B, 48B, 64B, 80B, 96B, 112B, 128B. LA 32 ARZG AW, HFECHIHNAEK/NE chunk
K/ fast bins [FIXF R R 1R R s

m Holds chunk sizes Read chunk size

0 00-12 16
1 13-20 24
2 21-28 32
3 29-36 40
4 37-44 48
5 45 -52 56
6 53-60 64
7 61 -68 72
8 69 —-76 80
9 77 - 80 88

Fast bins 1] LG 42 LIFO U4k, i FH 1) B RS2

JS*

Fastbins

An array of lists holding recently freed small chunks. Fastbins
are not doubly linked. It is faster to single—Ilink them, and
since chunks are never removed from the middles of these lists,
double linking is not necessary. Also, unlike regular bins, they
are not even processed in FIFO order (they use faster LIFO) since
ordering doesn’t much matter in the transient contexts in which

fasthins are normally used.

Chunks in fasthbins keep their inuse bit set, so they cannot

be consolidated with other free chunks. malloc consolidate
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releases all chunks in fastbins and consolidates them with
other free chunks.
*/
typedef struct malloc_chunk* mfastbinptr;
#tdefine fastbin(ar ptr, idx) ((ar ptr)->fastbinsY[idx])
R4 fast bin [ index, 3%75 fast bin [l . Fast bins (%07 5€ X AE malloc_state 77, 5.3
T EM N A .

/% offset 2 to use otherwise unindexable first 2 bins #*/
#tdefine fastbin index(sz) \
((((unsigned int) (sz)) > (SIZE SZ ==8 2?2 4 : 3)) - 2)
% fastbin_index(sz) Hl T-3f45 fast bin 7E fast bins Z{ZHH [ index, HiT bin[0]F1 bin[1]
(] chunk ANFEAE, BT LATE B8 2, X5 T SIZE_SZ Ny 4B [I°F- 63, 4 sz B LA 8 ik 2 3 21 fast bin index,
Xt F SIZE_SZ N 8B KV, ¥ sz BRLA 16 2 2 753 fast bin index.

/* The maximum fastbin request size we support */
“define MAX FAST SIZE (80 * SIZE SZ / 4)
#define NFASTBINS (fastbin_index (request2size (MAX FAST SIZE))+1)

J*
FASTBIN CONSOLIDATION THRESHOLD is the size of a chunk in free()
that triggers automatic consolidation of possibly—surrounding
fasthbin chunks. This is a heuristic, so the exact value should not
matter too much. [t is defined at halfl the default trim threshold as a
compromise heuristic to only attempt consolidation if It is likely
to lead to trimming. However, it is not dynamically tunable, since
consolidation reduces fragmentation surrounding large chunks even
if trimming 1s not used.

*/

#tdefine FASTBIN CONSOLIDATION THRESHOLD (65536UL)

48 SIZE_SZ (IANEI K/, € X MAX_FAST_SIZE Jy 80B H{/Z 160B, fast bins FZH 1] K/
NFASTBINS J/y 10, FASTBIN_CONSOLIDATION_THRESHOLD A 64k, 4% /BIH chunk 5i%
chunk A48 25N chunk & 915 IR/NKT 64k I, BEUVCHNAFRE R ATRELLE 2 T, 7 2
{8 fast bins FEIFTE chunk #RHEAT G I, LA A7 X R GE RO o

#ifndef DEFAULT MXFAST
#tdefine DEFAULT MXFAST (64 * SIZE SZ / 4)
#endif
J*
Set value of max fast.
Use impossibly small value if 0.
Precondition: there are no existing fastbin chunks.

Setting the value clears fastchunk bit but preserves noncontiguous bit.
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#define set_max_fast(s) \

global max fast = (((s) == 0) \

? SMALLBIN WIDTH: ((s + SIZE S7Z) & "MALLOC_ALIGN MASK))
#define get_max_fast() global max fast
L THIFF) %% DEFAULT_MXFAST 5 3 T BRIAH fast bins FH % K chunk K/, X-F SIZE_SzZ

N 4B -5, K chunk N 64B, X SIZE_SZ N 8B HJ°F-&, K chunk A 128B. ptmalloc
BRINTESL N set_max_fast(s)Kf 4 JRi 48 & global_max_fast 1 &y DEFAULT_MXFAST,
FEWHE fast bins H1 chunk R KM, get_max_fast()H T3RE X4 F4 & global_max_fast
B -

5.3 LG

BN EC X 2 struct malloc_state [—7N 541, ptmalloc 18 malloc_state SR HL /3 EC X,
S FAEH struct malloc_par, 4 JRHE —/ME— 1 malloc_par S24.

5.3.1 malloc_state

struct malloc_state )& X 1R :
struct malloc state {
/% Serialize access. ¥/

mutex t mutex;

/% Flags (formerly in max fast). */
int flags;

#if THREAD STATS
/* Statistics for locking. Only used it THREAD STATS is defined. */
long stat lock direct, stat lock loop, stat lock wait;

fendif

/% Fastbins #*/
mfastbinptr fastbinsY[NFASTBINS];

/% PBase of the topmost chunk — not otherwise kept in a bin */
mchunkptr top;

/# The remainder from the most recent split of a small request #*/

mchunkptr last remainder;

/# Normal bins packed as described above */
mchunkptr bins[NBINS * 2 — 2];

/% Bitmap of bins */
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unsigned int binmap [BINMAPSIZE] ;

/# Linked list */

struct malloc _state *next;

#ifdef PER_THREAD
/# Linked list for free arenas. */
struct malloc_state *next free;
#tendif

/* Memory allocated from the system in this arena. */
INTERNAL SIZE T system mem;
INTERNAL SIZE T max_system mem;

Mutex HITHRATHTTR DX, 256 2RV R FE— Do IR, 55— 3REEA4
mutex IR IZ I IX 7 BC N AF, A BCse e, BRI BE X mutex, DA H B4
A i L X

Flags i3k 77 ECIX I — 284535, bit0 FTAR IR /3 L IX A2 5 AL 7 22 /b — > fast bin chunk,
bitl HITARiR 7 HCIX 2 15 A8 IR [m1 34 252 (1) g 4D bk 2 1)

J*
FASTCHUNKS BIT held in max fast indicates that there are probably
some fastbin chunks. It iIs set true on entering a chunk into any

fasthin, and cleared only in malloc consolidate.

The truth value is inverted so that have fastchunks will be true
upon startup (since statics are zero—filled), simplifying

Initialization checks.

*/
#define FASTCHUNKS BIT (10)
#define have fastchunks (M) (((M)->flags & FASTCHUNKS BIT) == 0)

#ifdef ATOMIC FASTBINS
ttdefine clear fastchunks (M) catomic or (&(M)->flags, FASTCHUNKS BIT)

#tdefine set_fastchunks (M) catomic and (&(M)->flags, ~FASTCHUNKS BIT)
ttelse

#define clear_fastchunks (M) ((M)->flags |= FASTCHUNKS BIT)

#define set_fastchunks (M) (M) ->flags &= “FASTCHUNKS BIT)

fendif

THIRR 7 1 2 BT flags T fast chunk FUAREAL bito, W15 bitd v 0, R/
X H A fast chunk, WA 1 KIREH fast chunk, PIUGEAL5E R I malloc_state S5 7, flags
N 0, RRZAEIXH A fast chunk, HEFR EEA, BEIM fast bins H1 3L chunk #i2 ik
[7] NULL, 7€ 25— YK F B $1 malloc_consolidate() % fast bins #3847 chunk & 30, 20159 max_fast
KT 0, & clear_fastchunks 7%, trEZDEX FCEEA fast chunk, KN E%EL
malloc_consolidate() 2 & J: T B 1 fast bins H1 /] chunk. clear_fastchunks 7% H 27 bR
malloc_consolidate() i H . 446 fast chunk JIIA fast bins i, Fft/2HH set_fastchunks ZZ#x
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R HEL X H fast bins FIAFLE fast chunk.

JS¥*
NONCONTIGUOUS BIT indicates that MORECORE does not return contiguous
regions. Otherwise, contiguity is exploited in merging together,

when possible, results from consecutive MORECORE calls.

The initial value comes from MORECORE CONTIGUOUS, but is
changed dynamically 1f mmap I1s ever used as an sbrk substitute.
*/
#define NONCONTIGUOUS BIT (2U)

#define contiguous (M) ((()->flags & NONCONTIGUOUS BIT) == 0)
#define noncontiguous (M) (((\M)->flags & NONCONTIGUOUS BIT) != 0)
#define set_noncontiguous (M)  ((M)->flags |= NONCONTIGUOUS BIT)
#define set_contiguous (M) ((M)->flags &= “NONCONTIGUOUS BIT)

Flags 1 bitl @154 0, F7x MORCORE i [F]3% 42 fE 0L kit 2% 6], bitl *4 1, %7~ MORCORE
IR B AEESE R 2 ], X T 40 ECIX, MORECORE H:S2hy sbr(), BRIAIR[A]IELE R it
bRz, W TIEESEX, M mmap() /3 BE KEEILAAE, ARG T U4 RN, 3 7 A X
BT R, TERAEDL T mmap BT X S0R AR i SO bk 25 (FESE1, B AR 2 X Bk
77 Bl R A R A i 7 (]

Malloc_state H A B T J LN BRI GEvH A8 &, ERINIE A %€ L THREAD_STATS, Pt LAAN 5%
B G DL ST

fastbinsY #1510 (NFASTBINS) M IMNEH, H TAFEEA fast chunk 553 L15%f,
JIT LA fast bins it 025 10 4 fast chunk R FE )52

top 72— chunk 8%, 817173 HCIX [ top chunk.

last_remainder & —> chunk 8%, 23X LR SMAC small chunk B, MA—~> chunk #14y
HH—A small chunk IR [BIZ5 H 7, 35 BB AR5 0 FEC— A chunk, last_remainder &t /2&
8 M HIIZX A chunke

bins F-T-#74i# unstored bin, small bins Al large bins [1] chunk %%, small bins —3& 62
™, large bins —3& 63 4N, hni2 sk —3L 125 4> bin. 1fif NBINS & XA 128, H:5Z bin[0] A1 bin[127]
FRANAFAE, bin[1]14 unsorted bin [1) chunk #33k, AT PASERR HA 126bins. Bins 24 REAF X
1 254 (NBINS*2 — 2D > mchunkptr f5 %, MHRATLI T LA chunk BJLHE], — MG T,
chunk S 19K 7NA 6 > mehunkptr JK/)N, 1X 254 AN REF IR /NE 4 BEAE T 126 > chunk g ?
REAA TG, R IR E AR, YRS H19E 126 /> malloc_chunk &5 4414

REF TR, R HEEERPIF LT A (B 126 1D, k&AM RE TR IEMIE R

MR 126 NMEA LT R F5L E, X T malloc_chunk KA FIEER “Skiim”, HN
H] prev_size F size 7B A2 V& A LA SEFRAE F T, fd_nextsize Fll bk_nextsize 7B X A large bins
2SR chunk A2 3, TXTT large bins 25 chunk 8% kAT BEIXH AT, Fik
EA BT G AW RAG A E L2 A AR . RANHRE—F 128 1
malloc_chunk Z5fRTREH L2 A & 7 2/ D WAF s EIWe ? iR SIZE_SZ HIK/NA 8B, NIFE
BRI R/MBN 8B, 45 N 126%2*8=2016 7711, M 126 > malloc_chunk 578 ()% 6« S5 7
TEZ/ADPNAFIE? 126%6*8=6048, ELIVI/Z 60488 47 A&, WIAAZYL T, prev_size, size,
fd_nextsize 1 bk_nextsize X DY B e oA AEATT SEBRAE R 1), BRItk 58 4 mT DAl FH (B 55D,
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DAL ILE SEBR AR B A7 126*2%8=2016. Bins FREFEUZHMK/NA, (128*2-2) *8=2032,2032 K
T 2016 (FHEL L/ 16 NFEHEBIRTEE 7)), FAIX 254 4~ malloc_chunk &5 R$REN TG
KRBT WA BT DAAFAEIX 126 N 2K7T 05 T .

binmap F-EE— int (41, ptmalloc F—> bit RAR1R1Z bit XM H bin F &5 &%
A chunk.
%

Binmap

To help compensate for the large number of bins, a one—level Index
structure is used for bin—-by-bin searching. ‘hinmap' is a
bitvector recording whether bins are definitely empty so they can
be skipped over during during traversals. The bits are NOT always
cleared as soon as bins are empty, but instead only

when they are noticed to be empty during traversal in malloc.

*/

/# Conservatively use 32 bits per map word, even if on 64bit system */
#define BINMAPSHIFT 5

#define BITSPERMAP (1U << BINMAPSHIFT)
#tdefine BINMAPSIZE (NBINS / BITSPERMAP)
#define idx2block (i) ((i) >> BINMAPSHIFET)
#define idx2bit (i) ((1U << ((i) & ((1U << BINMAPSHIFT)-1))))

#tdefine mark bin(m, i) ((m)—>binmap[idx2block (i)] |= idx2bit(i))
#define unmark bin(m, i) ((m)—>binmap[idx2block(i)] &= ~(idx2bit(i)))
ttdefine get_binmap(m, i) ((m)—>binmapl[idx2block(i)] & idx2bit(i))

binmap —3% 128bit, 16 ¥, 4 1~ int X/, binmap 1% int 43 J% 4 > block, &4 block
A 32 bit, #R¥E bin indx 7] LI# FH % idx2block 115 H 1% bin 7E binmap X N bit J& T4
block. idx2bit ZHUH i f2 4 1, HE LA 0 (HERY, 2551 idx2bit(3) 4 “0000 1000”

(HEIR 8 7). mark_bin W& i /4> bin 7€ binmap F X N [F) bit f74 1; unmark_bin 1% &

251 bin 7E binmap H X4 W Y bit 24 0; get_binmap FEHUER i 1> bin 7 binmap X} W Y bit.

next - Bt T 73 Bc X DB [r) i SR Akl ok

next_free Bt 25 I 1) 43 e X Bk 2 4E L R, HUATE € L T PER_THREAD FIH L T4
T SOZTF B

system_mem PB4 AT AL X C & BL I N AE KD

max_system_mem 1C.3% 1 24 HI 4L X 5 K BE 23 L ) A7 R/

5.3.2 Malloc_par

Struct malloc_par HJ5E XU F:
struct malloc par {
/% Tunable parameters */
unsigned long trim threshold;
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INTERNAL_SIZE T top_pad;

INTERNAL SIZE T mmap_threshold;
#ifdef PER_THREAD

INTERNAL SIZE T arena test;

INTERNAL SIZE T arena max;
#tendif

J/%* Memory map support */

int n_mmaps;
int n_mmaps_max;
int max_n_mmaps;

/% the mmap threshold Is dynamic, until the user sets
It manually, at which point we need to disable any
dyvnamic behavior. */

int no_dyn_threshold;

/% Cache malloc getpagesize */

unsigned int pagesize;

/% Statistics */

INTERNAL SIZE T mmapped_mem;

INTERNAL SIZE T max_mmapped mem;

INTERNAL SIZE T max total mem; /#* only kept for NO THREADS +*/

/# First address handed out by MORECORE/sbrk. */
char* sbrk base;

trim_threshold 7 BRI 4 BRI, BRIAN 128KB, BN ALIX ) top chunk K/NKF
EANBUER, f£— KT, WH free B 2URAR N AE, 8/ top chunk IR/ . BT mmap
S BCBUE B A TR, 7E free IN AT BERAIAR BEE SN mmap - BCBIME R 2 £%, 1E 64 AL 5
4t b, mmap 7B fORAE 9 32MB, T DAL BIAE I B KRB 64MB, 1E 32 i R4 L,
mmap 73 BB S ORAE Y 512KB, it DA BB I B RAE Y IMB. Y4 8 T LA3E i R 2
mallopt()i#ATIX & -

top_pad F-BtRANTE SN B WA 22 S5 S INA A pad, BRVOZ BN 0.

mmap_threshold 7Bt 7~ mmap 7 ECEIME, ERIME N 128KB, fE 32 fi R4 Fi KN
512KB, 64 {7 &%t HIH KN 32MB, BT ERIAFF R mmap 2 Fe R{ES) A AR, %7 B
HeahHBn, BEASEE R KE.

arena_test fll arena_max ] 7> PER_THREAD fitft, 7E 32 fi. &4t | arena_test BRIAME N 2,
64 fr R4 FRIBIMER 8, LR MMM B X E /N T4 T arena_test i), A2EHOH
BRI BCIX o N T BRFIEC X A5, ] arena_max SRARAE/C X B KELE, “RSeH I
it X #miA 2 arena_max, ASHOEFFSEX, REEHEFRIRX . XN TFEB
HR AT LLAE FH mallopt() B EUX B

n_mmaps F- BRI Y ATEEAR A mmap() B8 EC I AR R EIANEL

n_mmaps_max FBR /N mmap() B E0r FC AAES ) R R, BOAVE
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65536, 1] LU mallopt() & #fE 24

max_n_mmaps “FE KR AT mmap() 26507 BE I A7 B8R 1 R EL, R
% n_mmaps <= max_n_mmaps % .. X FEBOE T mstats() &£ H g 7 B2 IX A

no_dyn_threshold ‘7B RN S mmap 7 BCBE 2 SRS, BRAMEN 0, tHEt
S BRINIF S mmap 73 ic BIE 27 TR B L] .

pagesize T-BIRIN RS TTR/N, BRIAH 4KB.

mmapped_mem 1 max_mmapped_mem #FH T4 it mmap 2 ECHT N AFE RN, — BB
TN FERIMEAZE, max_mmapped_mem F-T mstats() 8%,

max_total_mem F-BfE AR UL T TG vt 2EFE 70 Be 1) N A7 = 2

sbrk_base “FE R NHE L AAHLAL

5.3.3 4B X IRl aa4L

Ptmalloc 5 X T @ F LA 2 R AL &
/* There are several instances of this struct (“arenas”) in this

malloc. If you are adapting this malloc in a way that does NOT use

a static or mmapped malloc state, you MUST explicitly zero—fi1ll it

before using. This malloc relies on the property that malloc state

Is initialized to all zeroes (as is true of C statics). */
static struct malloc_state main _arena;
/% There is only one instance of the malloc parameters. */
static struct malloc par mp_;
/% Maximum size of memory handled in fastbins. */
static INTERNAL SIZE T global max fast;

main_arena X/~ EECX, ARG HACE — 1N ERMNESBX, mp_&4mE—m
—/ malloc_par 25|, HTEESHMSIHEE, global_max_fast 4548 &K IR fast bins H
BRI chunk K/,

2B IX main_arena WAL R EL:
JS¥*

Initialize a malloc state struct.

This is called only from within malloc consolidate, which needs
be called in the same contexts anyway. 1t Is never called directly
outside of malloc consolidate because some optimizing compilers try
to inline 1t at all call points, which turns out not to be an
optimization at all. (Inlining it in malloc consolidate is fine though.)

*/

#if _ STD C

static void malloc_init_state (mstate av)

felse

static void malloc_init_state(av) mstate av;

#tendif

{
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int i;

mbinptr bin;

/% Establish circular links for normal bins #/
for (i = 1: i < NBINS: ++i) {

bin = bin_at (av, i) ;

bin—>fd = bin—>bk = bin;

#if MORECORE CONTIGUOUS
if (av != &main arena)
#tendif
set_noncontiguous (av) ;
if (av == &main arena)
set_max_fast (DEFAULT MXFAST) :
av—>flags |= FASTCHUNKS BIT;

av—>top = initial top(av);

A3 L IX IR A6 AX B8 BRI 3 BE IX () 524 av A2 4 JR i S AR B E0E DK av HINATE 7B
#IE 0 1o WA AU TAE LB 8, E SR I T A 1) bins, HIEEAAEAS bin ()75 H
FA7, B bin [ fo A1 bk #R4E ] bin A5 . HT av Hra FBEVA N 0, BPERIN S BCIE
SRR HEEZS (], HHE 3L X A e 4 Bl 2k 0 e U b hE 2= (8], BT DAXEFHE 0B IX,
T W E A BUARE L B L 2 (F] . WA B2 E A BLX, 2R E fast bins K
chunk K/N, HTESEXRA—A, HH—ELmAeHHEN, XHARIUE T X2RALE
global_max_fast R¥JIHM T — Ik, REZ 2 /A EMEAE 0, kg E 4 IX Y6k 1.
5 ¥IUE1 top chunk.

Ptmalloc Z¥W]4H1k

/* Set up basic state so that int malloc et al can work. #*/
static void

ptmalloc_init minimal (void)

{

#if DEFAULT TOP PAD != 0

mp . top pad = DEFAULT TOP PAD;
fendif
mp .n_mmaps max = DEFAULT MMAP MAX;

mp . mmap threshold = DEFAULT MMAP THRESHOLD;
mp_. trim threshold = DEFAULT TRIM THRESHOLD;
mp .pagesize = malloc getpagesize;
#tifdef PER THREAD
# define NARENAS_FROM _NCORES (n) ((n) * (sizeof(long) ==4 ? 2 : 8))
mp_.arena test = NARENAS_FROM NCORES (1) ;

narenas = 1;
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fendif
}

FERG TR mp_MFBVIGHAEINE, ER—RIE, e T 4aikik
PER_THREAD, 2HR4E R4t cpu (/MK B arena_test [I{H, ZRIA 32 AL RS A, 64 (iR
4.8 8 #%, arena_test tHifi 15t B AR AE -

5.4 AL EiET

Ptmalloc ML BIEIIAZ, 7 3.2.6 1 CLMuI BEEIE, X HLZ5 H mallopt() el £ SEHL:
#if STD C
int mALLOPt (int param number, int value)
ttelse
int mALLOPt (param number, value) int param number; int value;
#endif
{
mstate av = &main_arena;

int res = 1;

if( malloc initialized < 0)
ptmalloc_init ();

(void)mutex lock (&av—>mutex) ;

/* Fnsure Initialization/consolidation */

malloc consolidate (av) ;

switch (param number) {
case M _MXFAST:
if (value >= 0 && value <= MAX FAST SIZE) {
set_max_fast (value) ;
}
else
res = 0;
break;

case M_TRIM_THRESHOLD:
mp . trim threshold = value;
mp_.no_dyn_threshold = 1;
break;

case M_TOP PAD:
mp . top pad = value;

Il
—

mp .no dyn threshold
break;

case M_MMAP_THRESHOLD:
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#if USE_ARENAS

/# Forbid setting the threshold too high. */
if ((unsigned long)value > HEAP MAX SIZE/2)

res = 0;
else
fendif

mp_.mmap_threshold = value;

mp_.no_dyn_threshold = 1;

break:

case M_MMAP MAX:
#if 'HAVE_MMAP
if (value != 0)
res = 0;
else
fendif
mp_.n_mmaps _max = value;
mp .no dyn threshold = 1;

break:

case M CHECK ACTION:
check action = value;

break:

case M PERTURB:
perturb byte = value;
break;

#ifdef PER_THREAD
case M ARENA TEST:
if (value > 0)
mp .arena test = value;
break;

case M ARENA MAX:
if (value > 0)
mp_. arena_max = value;
break;
#endif
}

(void)mutex_unlock (&av—>mutex) ;

return res;

Mallopt() T i B K FEAE 5.3.2 O A 41, X ARG, HEERE—T
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72, 1E mallopt()PR AL E /T, TFERE R EVMGML T, WREAVIGNL, A
ptmalloc_init() BRI ZHT 4G 4E ptmalloc, 28 )5 3R15 3 2 BE X 1981, 18 FH malloc_consolidate() B8 %4,
malloc_consolidate() bR Z0 2 FI W 3 0 FL X 2 /| L vIahie, WREA, Wyt EoBeX.
[FI AT 2, mp_# A B X mp_Hh SEFBRIE, il £ 7 B IX R E 2 1 o

5.5 Ptmalloc FI¥I464L

Ptmalloc IHIAEA A AEAEH R 8 — AN N AF TR TE R, 24 ptmalloc BIF UG — &R 7E
JHE— R malloc()BR remalloc()Z R, BONERAE R GEAN Glibe 2N BERE MIRT 4G LA 7 A
MTAE, FER PR NAELART, Glibc DAL 1 2 IXNAF .

7 ptmalloc H' malloc() B8 £ 52 BrF% H B EUCN public_mALLOc(), XA REURITIGSHAT
Wrs B — BeAAs

__malloc_ptr t (*hook) (size t, const malloc ptr t)
= force reg (_ malloc hook) ;
if (__builtin expect (hook != NULL, 0))

return (*hook) (bytes, RETURN_ADDRESS (0));

TEE X T __malloc_hook() 4 J& BRELIIH AL T, HIEHAT__malloc_hook() &%, 7EIEFEY]
154 malloc_hook #5117 Y B& H0UN malloc_hook_ini().

~_malloc ptr t weak variable (* malloc hook)

(size t  size, const malloc ptr t) = malloc hook ini;
malloc_hook_ini() B #5E X AE hooks.c H1, SZHACHL AT -
static Void t*
#if  STD C
malloc hook ini(size t sz, const malloc ptr t caller)
ftelse
malloc hook ini(sz, caller)
size t sz; const _malloc ptr_ t caller;

#endif
{

__malloc _hook = NULL;

ptmalloc_init();

return public mALLOc (sz) ;
}

malloc_hook_ini() e& ZUAb ERAR T 5., 2 I ptmalloc FIRIA L EREL ptmalloc_init(), %4
J& FE A pbulit._mALLOC() BRI £ BE N FE . Ptmalloc_init()ER A AERTEE4L ptmalloc 585
¥4 AP & malloc_initialized BN 1, 4 pbulit_mALLOCc() B £ FF IR AT IS, S AT
malloc_hook_ini()E& %L, malloc_hook_ini() &% i ptmalloc_init(), ptmalloc_init()ef & 5c ¥
Wr__malloc_initialized /2758 1, W2, MR H ptmalloc_init(), AF4T ptmalloc #I4H1L .

5.5.1 Ptmalloc RAT G4 73 BC S BE TN A7

24 ptmalloc ML PR EL ptmalloc_init() B A T H Z 8T, Glibc H AT BE 75 2240 Hd N A7,
EC N2 FE FAA S WIS A T8 B B N A7, N TR ULX — )@, ptmalloc £ 17 P 40T
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TR P AE X P B L 8 - Ptmalloc $2 41t T = ANBR 2L, malloc_starter(), memalign_starter(),
free_starter(), 1HAG 2L realloc_starter() PR, X JLNEREH LI T -
static Void t*

#if STD C

malloc_starter(size t sz, const Void t *caller)

ttelse

malloc starter (sz, caller) size t sz; const Void t *caller;
#tendif

{

Void t* victim;

victim = _int_malloc (&main arena, sz);

return victim ? BOUNDED N(victim, sz) : O;

static Void tx*

4if  STD C

memalign starter(size t align, size t sz, const Void t *caller)

ttelse

memalign starter(align, sz, caller) size t align, sz; const Void t *caller;
ttendif

{

Void t* victim;

victim = _int_memalign(&main arena, align, sz);

return victim ? BOUNDED N(victim, sz) : O;

static void

#if  STD C

free starter (Void t* mem, const Void t *caller)

ttelse

free starter (mem, caller) Void t* mem; const Void t *caller;
tendif

{
mchunkptr p;

if(lmem) return;
p = mem2chunk (mem) ;
#if HAVE MMAP
if (chunk_is_mmapped(p)) f{
munmap_chunk (p) ;
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return;
1
#tendif
#ifdef ATOMIC FASTBINS
_int_free(&main arena, p, 1);
ttelse
_int_free(&main arena, p);
#tendif
1
XA R E P SEBLARAR g 5, 2R A ptmalloc [P EBSEEILEREL, X BLEANEGH A28 3
BREIISEIL T, AE 5.7 F1 5.8 T TEGH S 21X 8 A 8 ok B ) S AT

5.5.2 ptmalloc_init() & %X

ptmalloc_init()BRZL LLE, 5 73 B IXAS R B 2H

static void
ptmalloc_init (void)
{
#if _ STD C

const char* s;
#telse

char* s;
endif

int secure = 0;

if( malloc initialized >= 0) return;
__malloc_initialized = 0;
HARE SRR malloc_initialized £ KT T 0, WHIZEKT 0, %R ptmalloc
S, WMHEMMEN 0, F~ ptmalloc IETEYIIAIL, 45728 %= malloc_initialized FI3k
PRIUE4: 5 RWI4E 1k ptmalloc —iKk.

#ifdef _LIBC
# if defined SHARED && !USE__ THREAD
/% ptmalloc init minimal may already have been called via
~ 1ibc malloc pthread startup, above. */
if (mp .pagesize == 0)
# endif
#tendif

ptmalloc_init_minimal () ;

#ifndef NO THREADS
# if defined LIBC
/* We know  pthread initialize minimal has already been called,
and that is enough. %/
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#  define NO_STARTER
# endif
# ifndef NO_STARTER
J* With some threads implementations, creating thread-specific data
or initializing a mutex may call malloc() itself. Provide a

simple starter version (realloc() won’t work). */

save malloc_hook = malloc hook;
save memalign hook = memalign hook;
save free hook =  free hook;

__malloc _hook = malloc_starter;
__memalign _hook = memalign starter;
__free hook = free starter;

# ifdef _LIBC
/# [nitialize the pthreads intertface. */
if (_ pthread initialize !'= NULL)

__pthread_initialize():

# endif /% /defined LIBC */
# endif /* !defined NO STARTER */
ttendif /* !defined NO THREADS */

N LLFERRAE] ptmalloc Y pthread HJGEALMMHER, RAF4HETH hooks BREL, FHiT
ptmalloc ARG BT 18 F I 73 Be /B R B ZE hooks BRI,  RUATEZRAERI AR L —LE A
A SEHI, ptmalloc IEBA WA, Pt DL ZAAFIRALFE . IR LE hooks PR AT L H, 7E
ptmalloc KIS, ABEMEF remalloc BR%L. 7EAKAT hooks BREURAE LA, $HAT
pthread_initilaize()#/J46 4t pthread.

mutex_init (&main arena.mutex) :

main arena.next = &main arena;

I E I IX A mutex, FFAF 0 BC X next $54tH4E 71 B B H BB R R .

#if defined LIBC && defined SHARED
/% In case this libc copy Is in a non—default namespace, never use brk.
Likewise if dlopened from statically linked program. — +*/
D1 info di;
struct link map *1;

if ( dl open hook != NULL
|| (Ldl_addr (ptmalloc init, &di, &I, NULL) !=0
& 1->1 ns !'= LM _ID BASE))
~ morecore = failing morecore;
ttendif
Ptmalloc 75 ZARIE R A E SR IX A GEMH sbrk() 0 BCESLER WA=, WfE 24N
BEDXAEFH sbri() AN RESRAFELL [ M A0 HBIE R 8], REZEAEIT Glibe FEHT 2 AB) A TR
T UmER), b TBNdr & iE, 23 Glibe FE, Glibe FEARIS BN A7 A —
¥ L, s BAE R FH P R R — 0 #5 Dl (HWR Glibc FEAEERN A 72316, Bl H
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FREFRFRSHmERIHIHA T dlopen BREUINZEL Glibe B H 1) ptamalloc_init(), XFH{E LT K
ptmalloc A FRVHEH sbrk() 7 BCNAE, R F1E__morecore BRELEET$8171__failing_morecore
BT LAZE 48 A sbrk() 7, __morecore SRR sbrk().

mutex_init (&list lock) ;
tsd_key _create (&arena key, NULL);
tsd_setspecific (arena key, (Void t *)&main arena);
thread_atfork (ptmalloc lock all, ptmalloc unlock all, ptmalloc unlock all2):
VI 2 RBt list_lock, list_lock T TR o BCIX (IR IATEMEER . I8 5 O Z6FE
FAA 5215 arena_key, Z AL SEBCRAF & 2 AL X (arena) Y] malloc_state 32454l .arena_key
FR AT RE A A BC X R Er, WMATse R AEF I IX 4EE, X HR A ptmalloc_init() (]
LR arena_key P E B ENACIX b o BRI ARLFEE 1L E S IX 2 BL N AT
SR 5 IR H thread_atfork() 5 B G AT ZEFELE fork 2672 (linux FZ&kFE 2R EJEFE, A
FAL fork HEFERIHLEICIE) B ALEE mutex BRI KA, fEARHFE fork TZFERT, A
ptmalloc_lock_all()3R1G A 7 BL X 8, 25 1EFrA A IX BN AR, UTFEBEadETwE,
3 F2 H FH ptmalloc_unlock_all() E #r unlock AN X BB mutex, T £ FE A
ptmalloc_unlock_all2() FHH 4G AR 70 BE X I8 mutex. 1% J LA B A TE 5.5.3 140

#ifndef NO_THREADS
# ifndef NO_STARTER

__malloc_hook = save malloc _hook;

__memalign_hook = save memalign hook;

__free hook = save free hook;
# else
#  undef NO_STARTER
# endif
ttendif

2 pthread HARTLTERUG, KA hooks bR HIE IR M JRAH

#ifdef _LIBC
secure = _ libc_enable secure;
s = NULL;
if (__builtin expect ( environ != NULL, 1))
{
char skrunp = environ;

char *envline;

while (__builtin_expect ((envline = next_env_entry (&runp)) != NULL,

0))

size t len = strespn (envline, "=7);

)

if (envline[len] !="=")
/% This is a "MALLOC ~ variable at the end of the string
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without a "=’ character. Ignore it since otherwise we
will access invalid memory below. */

continue;

switch (len)
{
case 6:
if (memcmp (envline, “CHECK 7, 6) == 0)
s = &envlinel7];
break;
case 8:
if (! secure)
{
if (memcmp (envline, “TOP PAD 7, 8) == 0)
mALLOPt (M TOP_PAD, atoi(&envline[9])):
else if (memcmp (envline, “PERTURB 7, 8) == 0)
mALLOPt (M_PERTURB, atoi (&envline[9]));
}
break;
case 9:
if (! secure)
{
if (memcmp (envline, “MMAP MAX 7, 9) == 0)
mALLOPt (M_MMAP_MAX, atoi (&envline[10]));
#ifdef PER_THREAD
else if (memcmp (envline, “ARENA MAX”, 9) == 0)
mALLOPt (M_ARENA_MAX, atoi (&envline[10]));

#tendif
}
break;
#ifdel PER _THREAD
case 10:
if (! secure)
{
if (memcmp (envline, “ARENA TEST”, 10) == 0)
mALLOPt (M_ARENA TEST, atoi (&envline[11]));
}
break;
ttendif
case 15:

if (! secure)
{
if (memcmp (envline, ”“TRIM THRESHOLD ”, 15) == 0)
mALLOPt (M_TRIM_THRESHOLD, atoi (&envline[16]));



else if (memcmp (envline, “MMAP THRESHOLD ”, 15) == 0)
mALLOPt (M MMAP_THRESHOLD, atoi (&envline[16]));
}

break;

default:

break;

}
}
}
ttelse
if (! secure)

{

if ((s = getenv("MALLOC TRIM THRESHOLD ”)))
mALLOPt (M TRIM THRESHOLD, atoi(s));
if ((s = getenv("MALLOC TOP PAD ”)))
mALLOPt (M TOP_PAD, atoi(s));
if((s = getenv("MALLOC PERTURB ”)))
mALLOPt (M PERTURB, atoi(s));
if((s = getenv ("MALLOC MMAP THRESHOLD ”)))
mALLOPt (M MMAP_THRESHOLD, atoi(s));
if((s = getenv ("MALLOC MMAP MAX ”)))
mALLOPt (M _MMAP MAX, atoi(s));
1
s = getenv("MALLOC CHECK ”);
#endif
if(s & s[0]) {
mALLOPt (M_CHECK ACTION, (int) (s[0] - '07));
if (check action != 0)
__malloc _check init();

IR B AR B A S B B O T B S 5l IX S8 S50 HF MALLOC_TRIM_THRESHOLD_,
MALLOC_TOP_PAD_, MALLOC_PERTURB_, MALLOC_MMAP_THRESHOLD_, MALLOC_CHECK_,
MALLOC_MMAP_MAX_, MALLOC_ ARENA_MAX,MALLOC_ ARENA_TEST, 1 5 b 358 37 v ) - s
TAFAE, W mallopt() BRI ZCE B AN FET . WX R 2 7E Glibe PERIAAL AT I,
S 2 W7 e A TAE.

void (khook) (void) = force reg ( malloc initialize hook);
if (hook != NULL)
(*¢hook) () ;
~ malloc initialized = 1;
7£ ptmalloc_init() BREEE AL, BB ZTSA7E__malloc_initialize_hook PR, WIHRAFLE,
AT 1% hook %, B a4 R & malloc_initialized W& N 1, F7/R~ ptmalloc_init() L& H]
IR TE R
1
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5.5.3 ptmalloc_lock_all(),ptmalloc_unlock_all(),ptmalloc_unlo

ck_all2()

/# Magic value for the thread-specific arena pointer when
malloc atfork() is in use. */
#define ATFORK ARENA PTR ((Void t*)-1)

/% The following hooks are used while the “atfork’ handling mechanism
is active. */
static Void t*
malloc_atfork(size t sz, const Void t *caller)
{
Void_t *vptr = NULL;
Void t *victim;

tsd_getspecific (arena key, vptr);
if (vptr == ATFORK ARENA PTR) {

/* We are the only thread that may allocate at all. */

if (save malloc hook != malloc check) {
return _int _malloc (&main arena, sz);

} else {

if (top_check () <0)

return 0;
victim = _int malloc (&main arena, sz+1);
return mem2mem_check (victim, sz);

}

} else {

/% Suspend the thread until the atfork’ handlers have completed.
By that time, the hooks will have been reset as well, so that
mALLOc () can be used again. */

(void)mutex_lock (&list lock) ;

(void)mutex_unlock (&1ist lock) ;

return public_mALLOc (sz) ;

MALHFEH I FEARARMH fork BINLHIGIE TLRFERT, W HFE P RILIETRESBA
1%, ¥4EH malloc_atfork() %4 Bt N A7 . malloc_atfork() BBt 5 5 & F H SR AFERLA S5
I EE X FRAE, W i%54%E )y ATFORK_ARENA_PTR, EWRE AL IR IELE fork BrLkfs, JE41
fF 72 R8 list_lock FIEENFFECIX, 9T RA AL LU BL N AE, Q1 RAE fork ZERERTIY 73
BC R B RAL T check #E3X, B3R 020 BC BR 2K _int_malloc(). 75 JUI7E 23T P A 4 [ s
G AT . R LR FEAAAT S b 3R 51 A% ATFORK_ARENA_PTR, RMRE 4HTLFE H 25 Lk
T2, B AIMNOLIETE fork TZFE, MAATZHE R RS fork FLRREMLREERAEL, T 2%
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FRERAS4 SN list_lock, TNRIREA RBIUNIN, FoR fork TERFERILFE CA 5 fork 14,
MRTRAETT DB NAE T, T RAERBIARIT list_lock, FiEH public_mALLOc() 4Bt N 17 -

static void
free_atfork (Void t* mem, const Void t *caller)
{

Void t *vptr = NULL;

mstate ar ptr;

mchunkptr p; /%* chunk corresponding to mem */

if (mem == 0) /% free(0) has no effect */
return;

p = mem2chunk (mem) ; /* do not bother to replicate free check here */

#if HAVE MMAP
if (chunk_is_mmapped (p)) /# release mmapped memory. */
{
munmap_chunk (p) ;
return;
1
ttendif

#ifdef ATOMIC FASTBINS
ar ptr = arena_for chunk (p);
tsd_getspecific (arena key, vptr);
_int_free(ar ptr, p, vptr == ATFORK ARENA PTR) ;
ttelse
ar ptr = arena_for chunk (p);
tsd_getspecific (arena key, vptr);
if (vptr != ATFORK ARENA PTR)
(void)mutex_lock (&ar ptr—>mutex) ;
_int_free(ar ptr, p);
if (vptr != ATFORK ARENA PTR)
(void)mutex_unlock (&ar ptr—>mutex) ;
tendif
1
YA R FEANLRAZEH fork BIMLHIGIERTLARNF, WA o B A2 7 2R A
17, 4 H] free_atfork() B EUREUN AT o free_atfork() e HUE SEIEIL 7 free HIPIAFHRIBETIR1T
chunk FJFEEF, a1 1Z chunk ZIBIL mmap 7 ECHT, T munmap()BE 0% chunk, 75 003E
_int_free() B EUBE N A7 . FEVH_int_free()BRELHT, JetR¥E chunk 155 3R1S 0 ICIX FRET, I
FEEUA LR AL S O F64%E, AR IFIS T ATOMIC_FASTBINS {24k, XMLl T lock-free
HIHARAAL fastbins oL [ EER AR . WFRIZAIT)E T ATOMIC_FASTBINS ik, Jf H 24HiT2k
FREBA IEAE fork BT 14 A8, WX BEXKIn, S8 5 1A _int_free()BRiE, SR XT 75 o X fig 4«
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M FIEAE fork TEREMIZRERUL, RATEX D EKMBIY, FIOVZLRE O frf 1
Sy B DXt 1

/# Counter for number of times the list is locked by the same thread. */

static unsigned int atfork recursive cntr;

/% The following two functions are registered via thread atfork() to
make sure that the mutexes remain in a consistent state in the
fork (Jed version of a thread. Also adapt the malloc and free hooks
temporarily, because the atfork’ handler mechanism may use
malloc/free internally (e.g. in LinuxThreads). */

static void

ptmalloc_lock all (void)

{

mstate ar ptr;

if(_malloc initialized < 1)
return;
if (mutex_trylock (&list lock))
{
Void t *my arena;
tsd_getspecific (arena key, my arena) ;
if (my arena == ATFORK ARENA PTR)
/# This is the same thread which already locks the global list
Just bump the counter. */
goto out;

/% This thread has to wait its turn. #*/
(void)mutex_lock (&list lock) ;
}
for (ar ptr = &main arena;;) f{
(void)mutex_lock (&ar ptr—>mutex) ;

ar ptr = ar ptr—>next;

if(ar ptr == &main arena) break;
}
save malloc hook = malloc hook;
save free hook =  free hook;

~ malloc hook = malloc atfork;

~ free hook = free atfork;

/% Only the current thread may perform malloc/free calls now. */
tsd_getspecific (arena key, save arena);
tsd_setspecific (arena key, ATFORK ARENA PTR) ;

out:

++atfork recursive cntr;
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1

MR RN fork FOALHI G 2 T 28FERT, BT ptmalloc_lock_all() &
B0 )0 4 R B list_lock AR B 43 BC X D0, AT ER GIE 43 BT DXOIR A B — Btk .
ptmalloc_lock_all()EE % 1 S & ptmalloc J& 75 B4V, WA VIEM, BH, RS
ZAIa, AR AR BE list_lock INEH, EBIZRAG AR list_lock, X FTA 14 HE X 0
B, B ORAF A ) 70 BORE FRCRR 250, s malloc_atfork() AT free_atfork()ef {4 fork 12 FE30]
V) T A FH 000 A A7 20 B TBCRR B, AR5 AR A M T AR B AL A S8 i (1 S5 7 i X $8 4,
ATFORK_ARENA_PTR {78 3| 4 AT &AL FAA Sl vh, T FR iR BT IAE IELE fork T4 A
TIRIER AR fork 2 TR TAEIER, MR HITRIETRE fork Z T4, 45—
THIECAEOE, HATEiR gk S E LT AR, KI A FTZAE C&X] list_lock 1T 7
B X g, Foxt 4 fmAs & atfork_recursive_cntr Il 1, FonidId fork FERFEHIZEE, ARIE
RLFEE fork THETFEF, AHE ptmalloc_unlock_all() & £ n 81 )k 20 5 1/ H
ptmalloc_lock_all() &R %5 A 81 ¥ ¥k £ 08 5 — 20, (8] B 8 OR GE R GE BT A 19 7 A2 W A
ptmalloc_unlock_all() B e 1 /B S X6 FE A ptmalloc_lock_all() R AR B ) IR BUER FF
—3, Bk AR .

static void
ptmalloc_unlock all (void)
{

mstate ar ptr;

if(_malloc initialized < 1)
return;
if (—atfork recursive cntr != 0)
return;
tsd_setspecific (arena key, save arena);
~ malloc hook = save malloc hook;
__free _hook = save free_ hook;
for(ar ptr = &main arena;;) {
(void)mutex_unlock (&ar ptr—>mutex) ;
ar_ptr = ar_ptr—>next;
if(ar ptr == &main arena) break;
}
(void)mutex_unlock (&1ist lock) ;
1
MR A RFE TN fork TERFENS, KLFEM-FLFEESAA ptmall_unlock_all() %k
BEA R list_lock, BERUTTA 2 BLIX B4 . ptmall_unlock_all() A% E 2645 2 ptmalloc & 75
wIeth, REWIGIE A e %R, BEK2RAE atfork_recursive_cntr % 1, W
atfork_recursive_cntr 5 0, A #kGPAT, XLRIE T3 fork F2RFE R &M —IK. #ERKY
TR A2 B RLA SEBE [N JE SR BG4 BE X,  malloc_hook I free_hook i4 5 4 HISK ) hook
PR, ARSI PIITA S ELIX, KRR RS S EE X, S SR list_lock.

#ifdef _ linux_
/% In NPTL, unlocking a mutex in the child process after a
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fork() is currently unsafe, whereas re—initializing it is safe and
does not leak resources. Therefore, a special atfork handler is
installed for the child. */

static void

ptmalloc_unlock all2 (void)

{

mstate ar ptr;

if(_malloc initialized < 1)
return;
#if defined LIBC || defined MALLOC HOOKS
tsd_setspecific (arena key, save arena);
__malloc_hook = save malloc_hook;
__free hook = save free hook;
ttendif
#ifdef PER THREAD
free list = NULL;
ttendif
for(ar ptr = &main arena;;) {
mutex_init (&ar ptr—>mutex) ;
#ifdef PER THREAD
if (ar ptr != save arena) f{
ar_ptr—>next free = free list;
free list = ar_ptr;
}
ttendif
ar ptr = ar ptr—>next;
if(ar ptr == &main arena) break;
}
mutex_init (&list lock);
atfork recursive cntr = 0;
}
ttelse
#idefine ptmalloc unlock all2 ptmalloc unlock all
ttendif
PR L ptmalloc_unlock_all2()#% fork HIF2FEIHH, 7E Linux R4, F4&F7E G
unlock MAZZAE GHEFE) H4kKT) mutex N4, 2 FEEIEME, (HEFVIHNL mutex
AR, AN T IXANRRA R T Linux ) atfork handler. ptmalloc_unlock_all2()
PRI AL PRV A2 ER ptmalloc_unlock_all()BEELZE AL, 18 FH mutex_init()f8# T mutex_unlock(),
W SRTT 5 T PER_THREAD FIMLAL, 4 A ZRE 4k 7R K 4 FL X NN B free_list oY, X -7
FE R, LA AR atfork_recursive_cntr FIMEH EZ /D, #KB ZMEKEN 0, KN
ptmalloc_unlock_all2() ek % R 241 A2 I — K.
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5.6 X #F

BT HE =D ESEX MR ENAAAET, TR AERE LN mmap BT X
B, WRAZANEREHESBNNAAY, HEANEIERARERIN P sbrk() %L,
RNARH—ARECR sbrk()i A BECRUE 2 BC A B2 4 thhE 23 (B2 2R (1) . iR 2R E
BC X R BN AR, RCRARMIRA. T BRI AN S, ptmalloc {3 T FE 3273 B X SR AR,
FE X FTEE, dEFE S EC X FIFERT L EL/N A AEE, FF B AT LABIEE 2 AN EF 0 EEIX, AT
TELZERE 73 BE A7 4 LU U I LR, AT RAAIEE B 22 (1) 3E 35 70 C X R 58 1/ BiAF 555 ks>
SR HBITE S, HEE A EAE.

Ptmalloc /B4 HAEE 40 Bo X ORI 0 BC X AT AWE ? B el —MHraEE X,
e EL XA mmap() B B — KRB AERIEHUHE (sub-heap), AT B MIZIE T BCIX
MO /NN AL M sub-heap H 1143 oK, WS — sub-heap IANAERIE T, B
sub-heap FHIAFABHE, FH mmap()/Be—HUH R NAFERAEA sub-heap, FHHT 1
sub-heap B2 7EdEF /3B IX H sub-heap B HR [ EERH

5 ESEIXH ) sub-heap i N AEA S TEIREIEK T %, [FIFESAR 3250 B0 XA
HEATHEAT sub-heap Wi, ¥ sub-heap ' top chunk [{)— &80 IR [0 25 E:1F 2 45, IR top chunk
NEEA sub-heap, ZAUEEA sub-heap &[4 HRAE RGE . WARHER) SFAF 2 2411 free ) chunk
K/MIN_E AT G RE A I chunk [ K/NKT 64KB, JFfH. top chunk FIK/INEE] mmap W 4s RI1H
A W] Re i HE .

— RGOS, IR 2GR, A 2, SRR Rt X E 2,
Fr LA BRI A BRI — A B X, BN B X R A AT REf 2 MR A, O T IRIE
HC X B ZAE 22 4, 0o BEIX U7 0] 75 EEBORY, MRS 20 B0 X BBy, AT RASE % 53 id
XABCNAE, I BEIX R DR 2R AL AT S5

YE—RREFEAR malloc 2ECNAZAIN, ZERELEELREAGEET RGOS
AAAE— N BCX, WRAFAE, 2% B DO, an S met s, 18 & B X 7 B N A7
WK, ZE ARSI X RGN EE R BT — DT IRN  EL X o an SR e 1 23 B X & 2
2 met, 2 malloc SFFRE—AHHI X, %5 B XA 253 BL X 1427 25 FL X JE
FERIE B, RS FZ L X AT A oA . RIS E R, ZRFE RIAE B SR A [l
FIAESEC XA, A% 0y BL DX AEAE RO O e R AT, )75 22554 B 21 HA A R R T80Z 43 i
X ) B R85 A AT CAEAT [l A o

5.6.1 Heap_info

Struct heap_info & X Il K :

/% A heap is a single contiguous memory region holding (coalesceable)
malloc chunks. 1t is allocated with mmap() and always starts at an
address aligned to HEAP MAX SIZE. Not used unless compiling with
USE ARENAS. */

typedef struct heap info {
mstate ar ptr; /#* Arena for this heap. */
struct heap info *prev; /* Previous heap. */
size t size;  /#* Current size in bytes. */
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size t mprotect size; /#* Size in bytes that has been mprotected
PROT READ/PROT WRITE. #/
/# Make sure the following data is properly aligned, particularly
that sizeof (heap info) + 2 # SIZE SZ is a multiple of
WALLOC ALIGNMENT. %/
char pad[-6 * SIZE SZ & MALLOC ALIGN MASK];
} heap info;

ar_ptr 2R FIFTE S EC X Fa%E, mstate 1€ SUN: typedef struct malloc_state *mstate;

prev B TR — M ELIX H11) sub_heap F A1 R B K . prev $5 M EER 1)
HI—7 sub_heap.

size FEBR IR YT sub_heap F A LA K/, DL page X 5%

mprotect_size “FEBFRIR AT sub_heap LS (RIT N AFE RN, HE0R ULIE A 15
BEHT A AE RN

Pad 7% F TRl sizeof (heap_info) + 2 * SIZE_SZ /&% MALLOC_ALIGNMENT R} 5%
MALLOC_ALIGNMENT_MASK A 2 * SIZE_SZ - 1, & SIZE_SZ 4y 4 B¢ 8, -6 * SIZE_SZ &
MALLOC_ALIGN_MASK [ {5 & 0, #n R sizeof (heap_info) + 2 * SIZE_SZ A & %
MALLOC_ALIGNMENT X} 5%, it e, it SHAT iz .

J* Get a compile—time error If the heap info padding is not correct

to make alignment work as expected in sVSMALLOc. */
extern int sanity check heap info alignment[ (sizeof (heap info)

+ 2 % SIZE S7) % MALLOC ALTGNMENT
? -1 : 1];

R — 5 EARUEXSFFWE ? AFE A E T X 28— sub_heap, heap_info {77
sub_heap []3ki#6, I heap_info 2 J& & 1% F 7 BL X ) malloc_state 5241, % FR malloc_state
SE 5, +2& sub_heap FAUES—A chunk, {H chunk )5 Hihit 25 254% 8 MALLOC_ALIGNMENT
X555, AT LALE malloc_state SEBI RIS —AN chunk Z [A1 AT B JLANF 151 pad, (EU1 IR sub_heap
ARFEF I X IS — sub_heap, N'EER heap_info JG /25— chunk, {H sysmalloc()ef
BERIN heap_info 2418 MALLOC_ALIGNMENT X551, %A B0 TIE, EE%
heap_info Ji& ) A7 5 | FE e i — > chunk. AT PLIX B AE SR PRI R sizeof (heap_info) + 2 *
SIZE_SZ /21% MALLOC_ALIGNMENT XI55, FEIGATISHiA FH Pk & 1, AN B0 5%

5.6.2 FRE 4 ACIX

NT XL, ptmalloc 78 X TR 4R &
static tsd key t arena key;

static mutex_t list lock;

#ifdef PER_THREAD

static size t narenas;

static mstate free list;

#tendif

/% Mapped memory in non—main arenas (reliable only for NO THREADS). */

static unsigned long arena mem;
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/% Already initialized? */
int malloc_initialized = -1;
arena_key 17 UK & 262 (1 FA FH S5 i FA AR SEBIARAT 1) /2 /3 BL X Carena) [ malloc_state
S FEER . arena_key TR A RTRE & E A TCIX 484, WolRERAEE DI IX MIEE .
list_lock FH T [F)20 4 Bie X 1 B ) IR JE B
WS sE LT PRE_THREAD, narenas 4 )& 38 8358 BT M X I HUE, free_list 2R 38 &
TN B X (R RERR, 1K S A N 2 I X AT e SR M SRR TR gk Rk ). &R E
narenas Al free_list #5H 81 list_lock [F]25 .
arena_mem R H T HZFEN ptmalloc fiAS, 183% 7 IEFE L IX BT 70 BL i N A7 RN
__malloc_initializd 4= /548 & F RARHE T ptmalloc E&¥IIG4L T, HAE KT 0 B FRRnE
ZHIE.

Ptmalloc {58 F 41~ i 22 Rk 3R A5 4 B X
/% arena get () acquires an arena and locks the corresponding mutex.
First, try the one last locked successtully by this thread. (This
is the common case and handled with a macro for speed.) Then, loop
once over the circularly linked 1ist of arenas. If no arena Is
readily available, create a new one. In this latter case, size’
1s just a hint as to how much memory will be required immediately
in the new arena. */
#define arena_get (ptr, size) do { \
arena_lookup (ptr); \
arena_lock (ptr, size); \
} while(0)

#define arena_lookup (ptr) do { \

Void t *vptr = NULL; \

ptr = (mstate)tsd_getspecific (arena key, vptr); \
} while(0)

#ifdef PER_THREAD
#define arena_lock(ptr, size) do { \
if (ptr) \
(void)mutex_lock (&ptr—>mutex) ; \
else \
ptr = arena_get2 (ptr, (size)); \
} while(0)
ttelse
ttdefine arena_lock(ptr, size) do { \
if (ptr & 'mutex_trylock (&ptr—>mutex)) { \
THREAD STAT (++(ptr—>stat lock direct)); \
} else \
ptr = arena_get2 (ptr, (size)); \
} while(0)

67



fendif

/# find the heap and corresponding arena for a given ptr */
#define heap_for_ ptr (ptr) \
((heap info *) ((unsigned long) (ptr) & ~ (HEAP MAX SIZE-1)))
#define arena for chunk(ptr) \
(chunk_non_main arena(ptr) ? heap for ptr(ptr)-—>ar ptr : &main arena)

arena_get 1 JaiH] arena_lookup K ALLAL IR L6 o2 B0 & — D B X R ET
RIANZFRER, A arena_lock S0 1% 43 B XOINBA, SR Bt i Dy, 458 A 1% 20 B X 25 e N A7
WIS NTZ 0 E XN I, U FH arena_get2 3R43 — AN BLIX 485 - i X7 PRE_THREAD,
arena_lock JACEEA LEA[R], anRALARINA WAL A Sl A & o FE X (P Ha 4, T B0 1%
SEEDOINE, A, A arena_get2 K43 70 HCIX %, PRE_THREAD HITLALIRIE | 4N 4ifE
REMNACHERZBCX h BN A7, b5 H e 4R R 3 240 e Xy R 8T8, (H
PRE_THREAD HITLALIFASBEIRIERE N AR HA — DA ML IX, 2 R g8 § 73 Be X B2k
PIWCE B RERT, AREFIINHT B X, RN AR, il 2 AL
—/NECX . FTEA ptmalloc ff) PRE_THREAD 4k, XTZRFR/DI o] g o fdh— Ltk e, HEFE
Z0F, FRIHEREIE AR . BIIR A AAE E BE X BE LR, ARRTRENE, X A
A, BEOMBIHRE 2 #E 100ns 7247 I [A].

54> sub_heap M AFHRAE ] mmap() ¥ AL, I L HEAP_MAX_SIZE XI5%, JiTLAHT LA
Y5 chunk HFREHHINE, ZRTFIXAS chunk FTJ& K sub_heap 33k heap_for_ptr 14 chunk
kA sub_heap HIHiHE. T sub_heap HISLEAE T heap_info K154, heap_info
HARAE T e X ) FaEr, BT ARl LU chunk [Pk 3R15 70 FC X Bk, BT42 21X chunk
BT AEE X, arena_for_chunk SR AE e
“define HEAP MIN SIZE (32%1024)
#ifndef HEAP MAX SIZE
# ifdef DEFAULT MMAP_THRESHOLD MAX
# define HEAP MAX SIZE (2 * DEFAULT MMAP THRESHOLD MAX)
# else
#  define HEAP MAX SIZE (1024%1024) /* must be a power of two */
# endif
ttendif

HEAP_MIN_SIZE & X | sub_heap WAFHI & /ME, 32KB. HEAP_MAX_SIZE & X T
sub_heap WTEHLHIH KM, 7E 32 f7 &% |, HEAP_MAX_SIZE BRIME N 1MB, 64 N FR % I,
HEAP_MAX_SIZE fIERAME A 64MB.

5.6.3 Arena_get2()

£ 5.6.2 TiHHEH], arena_get 75 A H LA LHIHE TS — MoK, i
AL B X BB AAE D BC X, AEXHZ A X et R, w2 arena_get2() RS —
NECIX, TR arena_get2() pREE) SEH
static mstate
internal function
#if STD C
arena_get2(mstate a tsd, size t size)
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ttelse

arena_get2(a tsd, size) mstate a tsd; size t size;
#tendif

{

mstate a;

#ifdef PER_THREAD
if ((a = get_free_list ()) == NULL
& (a = reused arena ()) == NULL)

/# Nothing immediately available, so generate a new arena. */

a = _int_new arena(size);

WRIFJE T PER_THREAD 14k, E eI ELIX 1 free list HH3RAF— D MHLX, 207
X free list /2 NARZRAE (HERE) thakKTmk, IR free list FIRA DX, ZHXEHCH
HIZBCIX, A 24700 X ) ok B PRI A B R, R ARG /T X, Al
H—NE T RCIX

ttelse
if(la tsd)

a = a_tsd = &main_arena;

else {

a = a_tsd—>next;

if(la) {

/# This can only happen while initializing the new arena. */
(void)mutex_lock (&main arena.mutex) ;
THREAD STAT (++(main arena. stat lock wait)) ;
return &main_arena;
}
}

W REAE HIRAA SEB HBA rBE X, A R B IXAE s 7 B X, SRR AL s 45 o
FAAETIC X, EAREIRIFIZ 0 X B8, Rz P X AR — A B XA i 7 o Xtk
1% 73 e X2, ARG S AT AR AL SEG v i 23 i X IEERT SR A, B3 A B4 R 75
FeIXgERH, XA, WA E0MX 6L T, SR3R5 E 0 X 8, R R4 i
XABRL D), 3R 1A 37 e X

/* Check the global, circularly linked list for available arenas. */
bool retried = false;
repeat:
do {
if ('mutex_trylock (&a—>mutex)) {
if (retried)
(void)mutex_unlock (&1ist lock) ;
THREAD_STAT (++(a—>stat_lock loop));
tsd_setspecific (arena key, (Void t #%)a);

return a;

69



}
a = a—rnext;
} while(a != a tsd);
i 4 JR Ay BE X B R, S0 24wk g ) 2 e DO, dn SR o e X OBt s, K%
SN R FERL A S IR BHZ AL X« WiER retried A true, REMRE XS IRk
RECIXEER, FHHFE TR list_lock, X4 EC X NI, 7 EORE A4S A8

list_locks

/% If not even the list lock can be obtained, try again. This can
happen during atfork’, or for example on systems where thread
creation makes it temporarily Impossible to obtain any
locks. #*/

if (lretried && mutex_trylock (&list lock)) {

J* We will block to not run in a busy loop. */
(void)mutex_lock (&list lock);

/# Since we blocked there might be an arena available now. */
retried = true;
a = a_tsd;

goto repeat;

HT7E atfork I, AC&FE R 2B M CDOmSt, FHxT 2 /8t list_lock %,
TER GARERE T ARG 0L T, AT LR ARG A BL X 1, Br AFE A SIS OL T,
RS AR B list_lock, WIRAREIRS 4R8N list_lock, FHZELEA R list_lock I, E %
RAFA R8N list_lock, AL U Y AT A LIRERIE T4, N5 FEN 2 m 08X
B, SO Omat, wiReid 5 ks R R RERE — D X, R el — N
FIAEFE X T .

/% Nothing Immediately available, so generate a new arena. */
a = _int_new arena(size):
(void)mutex_unlock (&1ist lock) ;

ML /T B A 2 R BESRAT — AT BC X, R RERNE —ASET AR E X, A
ITRXE, FTLAAORIRAR T &R list_lock, FEEIETEHMITEIX, FRHAEXIIA T4
SHCXEERF LSS, 75 EX 4 R8T list_lock 8
ftendif

return a;

}

5.6.4 _int_new_arena()

_int_new_arena() R EH T8I — N EEHBLX, 7E arena_get2() R ECTH B0 H, %K%
SIS a0
static mstate
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_int_new arena(size t size)
{

mstate a;

heap_info *h;

char *ptr;

unsigned long misalign;

h = new heap(size + (sizeof (*h) + sizeof (*a) + MALLOC ALIGNMENT),
mp . top pad) ;
if(h) {
/# Maybe size is too large to {it in a single heap. So, Jjust try
to create a minimally-sized arena and let int malloc() attempt
to deal with the large request via mmap chunk(). */
h = new heap (sizeof (xh) + sizeof (*a) + MALLOC ALIGNMENT, mp . top pad);
if ('h)

return 0;

WP AHAEEAIX, EAOEE D sub_heap, FEANEE SR X FHA FR I
FREHREE R, N EEDBCIXEAE —A heap_info S| F1 malloc_state =2, X /NS4
FRALTHEE X 2 — A sub_heap T 4R 77 » malloc_state SEA5] "5 #5255 heap_info 524
Fr AEQ AR R = FC X, 75 B B 4544 2 B A A1 ) A7 23 1]« New_heap() iR £ 01
—ANHTI sub_heap, JFFiR[Al sub_heap 1IFE%ET .

a = h—>ar ptr = (mstate) (h+1) ;
malloc init state(a):
J*a—>next = NULL;*/
a—>system mem = a—>max system mem = h—>size;
arena mem += h->size;
1E heap_info 524 J5 %4245 malloc_state S5, #1451k malloc_state SEf5], B2 HTiZ% AL X
Fr oy BRI N AF RN GETHE

#ifdef NO THREADS
if ((unsigned long) (mp_.mmapped mem + arena mem + main arena.system mem) >
mp_.max_total mem)

mp .max total mem = mp .mmapped mem + arena mem + main arena.system mem;
tendif

/% Set up the top chunk, with proper alignment. */
ptr = (char *) (a + 1);
misalign = (unsigned long)chunk2mem(ptr) & MALLOC ALIGN MASK:
if (misalign > 0)
ptr += MALLOC ALIGNMENT - misalign;
top(a) = (mchunkptr)ptr:
set_head (top(a), (((char¥)h + h->size) — ptr) | PREV INUSE);
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7t sub_heap H' malloc_state 249 5 (9 A A7 0T Ly B4 P A, ptr 48 W0 A7 fif
malloc_state S J5 (2SN PIAF, St ptr $%[8 2*Sz_SIZE X55)5, H4 ptr TRE 45 /1 BLIX 1) top
chunk, H5E2 B30 sub_heap H 3475 I N AEHAE N top chunk, 2R J5 ¥ B top chunk [ size,
FEFRIH top chunk FIHT—™ chunk 24 240 T4 Bo k4

tsd_setspecific (arena key, (Void t *)a);
mutex_init (&a—>mutex) ;
(void)mutex_lock (&a—>mutex) ;
PN LF R 30 BE XN R FR I FAA SEB SR X0 HE 3220 e X Bk AT 9l aa 1k, I

15 Z5 .

#ifdef PER_THREAD
(void)mutex_lock (&1ist lock);
fendif

/* Add the new arena to the global list. */
a—>next = main_arena. next;
atomic write barrier ():

main_arena.next = a;

#ifdef PER_THREAD

++narenas;

(void)mutex_unlock (&list lock) ;
fendif
FENIBIER AR 3 0 BL X DD B 3 FEIX () 4 R ik v, tnSJF /8 1 PER_THREAD flifk, 7&
arena_get2() BRI A X 4 R list_lock AN, X BB B4 JR 20 E X B 6 I 7 RS 4 Rt
list_lock. 1SV A H A PER_THREAD 4k, arene_get2()eR#0A ] _int_new_arena()e& i £
3145 T A JR80 list_lock, Pt LAY 42 J& 9 e X B 3R A 254 F 8t

THREAD STAT (++(a—>stat lock loop)) ;

return a;

5.6.5 New_heap()

New_heap() BR £ £ 57 A\ mmap X Ik i — B ] 47 KA N sub_heap, 7F 32 7 &%t L, %
BRI M NAE, B IR AM X5Es TR 64 HRG L, R B 64M
WAT, WL N AE B hE 3% 64M XI5F. New_heap() R % R & WL — B R0 b 25 a], %25
BANE LS, ANk swap. New_heap() el £ ) S2 B ACHD 4N T -

/% If consecutive mmap (0, HEAP MAX SIZE << 1, ...) calls return decreasing
addresses as opposed to increasing, new heap would badly fragment the
address space. In that case remember the second HEAP MAX SIZE part
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aligned to HEAP MAX SIZE from last mmap (0, HEAP MAX SIZE << 1, ...)
call (if it is already aligned) and try to reuse it next time. We need
no locking for it, as kernel ensures the atomicity for us — worst case
we' 11 call mmap (addr, HEAP MAX SIZE, ...) for some value of addr in
multiple threads, but only one will succeed. */

static char *aligned heap area;

/# Create a new heap. size is automatically rounded up to a multiple

of the page size. */

static heap_info *

internal function

#if _STD C

new_heap(size t size, size t top_ pad)

ttelse

new_heap (size, top pad) size t size, top pad;
#endif

{

size t page mask = malloc_getpagesize — 1;
char *pl, *p2;
unsigned long ul;

heap_info *h;

if(sizettop pad < HEAP MIN SIZE)
size = HEAP MIN SIZE:
else if(sizet+top pad <= HEAP MAX SIZE)
size += top pad;
else if(size > HEAP MAX SIZE)
return 0;
else
size = HEAP MAX SIZE:
size = (size + page mask) & "page mask;

P size IR/, size MR/ IMEN 32K, i KAl HEAP_MAX_SIZE fEANE I R4 EANF,

1E 32 M RGN IM, 64 (i RGN 64M, ¥ size [ A/NEE S i/ ME S i B2 18], FELAT
XF5F, U size KFHRME, BRG]

/% A memory region aligned to a multiple of HEAP MAX SIZE is needed.
No swap space needs to be reserved for the following large
mapping (on Linux, this is the case for all non-writable mappings
anyway). */

p2 = MAP_FAILED;

if(aligned heap area) {

p2 = (char *)MMAP (aligned heap area, HEAP MAX SIZE, PROT NONE,
MAP PRIVATE|MAP_NORESERVE) ;
aligned heap area = NULL;
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if (p2 != MAP FAILED & ((unsigned long)p2 & (HEAP MAX SIZE-1))) {
munmap (p2, HEAP MAX SIZE):
p2 = MAP FAILED;
}
}
4 J5A5 & aligned_heap_area /& E— X mmap 2B WAEIIE R AMLEE, 3F O 488
H8 HEAP_MAX_SIZE K/N5F5%. U5 aligned_heap_area NS, 223 M\ I R L5 45 o Hb ik
GRS K /N HEAP_MAX_SIZE [N /78, T4 )R8 & aligned_heap_area J& A 81 R Y, WJ
REAFLEZ DMEALRIN mmap() B2 aligned_heap_area JFAGURTEN 1 AL N A7k, #E R4t
SR Ly — ANRFES T, HSAE Rl — ikl w5 Rl A FE Bl 2 2 . ToiR s 75
JTh, #H 4R aligned_heap_area BEE N NULL. W SREB e 3ly, (EIR B 14 52 FUl Hh bk A
Fe 1% HEAP_MAX_SIZE R/NGFF5 I, U X S i at, Al Sph 2R I

if (p2 == MAP FAILED) {
pl = (char *)MMAP (0, HEAP MAX SIZE<<1, PROT NONE,
MAP PRIVATE|MAP NORESERVE) ;
4 77 & aligned_heap_area i NULL, B M aligned_heap_area FFURWLT M T, 2k
WL 2 £% HEAP_MAX_SIZE K/NIREALN AT, BT Huhbxs 5%, PUOAERIATTREIG LT, w52
WL 2 3% HEAP_MAX_SIZE K/ RE LN A7 A4 B S Bl ik 4% 8 HEAP_MAX_SIZE K /N 5%

if(pl != MAP_FAILED) ({
p2 = (char *) (((unsigned long)pl + (HEAP MAX SIZE-1))
& " (HEAP_MAX_SIZE-1));
ul = p2 - pl;
if (ul)
munmap (pl, ul);
else
aligned heap area = p2 + HEAP_MAX SIZE;
munmap (p2 + HEAP MAX SIZE, HEAP MAX SIZE - ul);

Wb 2 f% HEAP_MAX_SIZE K/NHIENNAEL), R T5 T pl JF4% HEAP_MAX_SIZE
KAPXFHEE — A U AE 25 p2, p2 1EN sub_heap MY 45 ME UL M4k, p2+
HEAP_MAX_SIZE 1E/ sub_heap giaithlit, JF44 sub_heap M5 W ibEIR{E S, 4R &
aligned_heap_area, #¢)oil 254 2 REB AL G HAE RS

} else {
/% Try to take the chance that an allocation of only HEAP MAX SIZE
is already aligned */

p2 = (char *)MMAP (0, HEAP MAX SIZE, PROT NONE, MAP PRIVATE|MAP NORESERVE) ;
if (p2 == MAP_FAILED)

return 0;
if ((unsigned long)p2 & (HEAP MAX SIZE-1)) {

munmap (p2, HEAP MAX SIZE);

return 0;
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WL 2 £ HEAP_MAX_SIZE KX/NIRERNNAZRIG T, P23 BLT HEAP_MAX_SIZE K/
VNS, SR, IRE R RT), EZE RS S 1% IR HEAP_MAX_SIZE K/NAT 5%
K, RIE

}

if (mprotect (p2, size, PROT READ|PROT WRITE) != 0) {
munmap (p2, HEAP MAX SIZE):
return 0;

}

h = (heap info *)p2;

h->size = size:

h->mprotect _size = size;

THREAD STAT (stat n_heaps++) :
A mprotect()BRECK size K/NMUNAFARE RS, WERKM, FEREEA sub_heap

. SR )5 58T heap_info S8 HH FRIAH < 7 B .

return h;

5.6.6 get_free_list()# reused_arena()

XA REAETT I T PER_THRAD fRALIS F T-3REL /3 BCIX (arena), arena_get2 ¥ 4G
H get_free_list()22 i $#F arena, W1 KMAE 22 1H ] reused_arena()3k15 arena, WIS A4
BAIREEX, WA _int_new_arena() B — NI ECLX . Get_free_list() B& 2L IR AR
LI
static mstate
get free list (void)
{
mstate result = free list;
if (result !'= NULL)
{
(void)mutex lock (&list lock);
result = free list;
if (result !'= NULL)
free list = result—>next free;
(void)mutex unlock (&1ist lock);

if (result != NULL)
{
(void)mutex_lock (&result—>mutex) ;
tsd_setspecific (arena key, (Void t *)result);
THREAD STAT (++ (result->stat lock loop)) ;
}
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return result;

XA IR B, ESEAE arena [ free_list /2754 NULL, WIRAA NULL, 3
54 R8N list_lock, ¥t free list FAIZ— arena MEBATIBEZR L, MR8 list_lock. WIEEM
free_list H3R1G—1> arena, X11% arena W81, FHH##1Z arena INAZRFERIRLA 26 o

reused_arena() B8 E FIVEACAL S U T
static mstate
reused arena (void)
{

if (narenas <= mp .arena test)

return NULL;

B A AR I X LS B SN T X AN B BR 2 (. (arena_test) , 7F 32 7 &
4t I arena_test BRIME N 2, 64 fi R4 EIMERVIAE Y 8, W M TR I X BE R IE
FIPREME, BEHERE NULL

static int narenas limit;
if (narenas limit == 0)
{
if (mp .arena max != 0)

narenas limit = mp .arena max;

else
{
int n = _ get nprocs ();
if (nh>=1)
narenas limit = NARENAS FROM NCORES (n);
else

/* We have no information about the system. — Assume two
cores. */

narenas limit = NARENAS FROM NCORES (2);

if (narenas < narenas limit)
return NULL;
WREAJHA R narenas_limit, WARNHZERE 7 H#HEN R KX A2 (arena_max),
¥ arena_max TR{E %5 narenas_limit, 5NRIE REH cpu N RGN F KD E
narenas_limit [¥1°K/)N, narenas_limit [ K/NERINS arena_test K/NAHTE]. 285 P IRCH Wik 72
B9 HT L XA BUE R IA 2] T 2 X BRI AN, WiR A S 2IPR e, k[,

mstate result;
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static mstate next to use;
if (next to use == NULL)

next to use = &main_arena;

result = next _to use;
do
{
if ('mutex_trylock (&result—>mutex))

goto out;

result = result—>next;

}

while (result != next to use);

/* No arena available. Wait for the next in line. */

(void)mutex_lock (&result—>mutex) ;

out:

tsd_setspecific(arena key, (Void t *)result);
THREAD STAT (++ (result->stat_lock loop)):
next _to _use = result—>next;

4 JR AL & next_to_use fR 1A N —NATRERTH I ECIX, e RS RA SR, FEH
TS b o B X PRI R BRI AT B, 8 S B RS ARl — AN o BL X FF a7, 3
FENDEX BRI N IEZ . B 50T next_to_use /&2 75 4 NULL, 43R, #3240 X RAE
%5 next_to_use. RJG M next_to_use FFURE [ 73 FCIX FERR, St [ 1) 43 o X b, ok
It pk T, AR HEIS, Wi o XA EER T A 2 ECX, S=ulmeii el 1,
IR1F next_to_use ¥5 7] 11 4L IX I8 o AT 21 out ARAY, BRkE CE G — 0l X 8L,
FAZ X I AN RFEFAA 20, T a0 X BN — DN Be X B 25 next_to_use.

return result;

}

5.6.7 grow_heap(),shrink_heap(),delete_heap(),heap_trim()

KU ESEHL sub_heap R AL, grow_heap() B AL £ 2K sub_heap Al m]
Iy shrink_heap() B ¥/ sub_heap (RN 7E X, /% sub_heap (1 E48L14
1715 & delete_heap()N—N%, WIS sub_heap HATH N FHIAS N, i H1i% 2 50k
sub_heap FIE LN 78 L5 HRAE R 565 heap_trim()BREUARARE sub_heap ) top chunk /1M
H shrink_heap() BRI UL 45 sub_heap.

Grow_heap() B& B S BIARAL 40 R
static int
#if STD C
grow_heap (heap info *h, long diff)
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ttelse
grow heap(h, diff) heap info *h; long diff;
#tendif
{
size t page mask = malloc getpagesize — 1;

long new_size;

diff = (diff + page mask) & “page mask:
new size = (long)h->size + diff;
if ((unsigned long) new size > (unsigned long) HEAP MAX SIZE)
return —1;
if ((unsigned long) new size > h—>mprotect size) {
if (mprotect ((char *)h + h—>mprotect size,
(unsigned long) new size — h—>mprotect size,
PROT READ|PROT WRITE) != 0)
return —2;

h—>mprotect_size = new_size;

h->size = new_size;

return 0;

Grow_heap() Bf £ ) SEIIL LGRS IRT B, 1 SR B N B AT 12 W] 5 1 A AR R/ 4 R OGS 5
SR JE 15 sub_heap &AL AT 5 ) N AE K/ new_size, FIWr new_size s& 7 KT
HEAP_MAX_SIZE, #n#2, ix[E, MW new_size &7 KT 4T sub_heap IR 3A] 5 [X
WM, R, W mprotect()i% BB XA 5, FEEFET sub_heap [AIEE
] 5 XA K /NN new_size. 55 K5 24T sub_heap B 7B size B HI N new_size.

Shrink_heap() &£ 1 S B EACHS i R -

static int

#if  STD C

shrink heap (heap info *h, long diff)

ttelse

shrink_heap(h, diff) heap info *h; long diff;
ttendif

{

long new size;

new size = (long)h->size — diff;
if(new size < (long)sizeof (*h))
return —1;
/% Try to re—map the extra heap space freshly to save memory, and
make It Inaccessible. #*/
#ifdef LIBC
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if (__builtin_expect ( libc enable secure, 0))
ttelse
if (1)
#tendif
{
if ((char *)MMAP ((char *)h + new size, diff, PROT NONE,
MAP PRIVATE|MAP FIXED) == (char *) MAP FAILED)
return —2;
h->mprotect _size = new size;
}
#ifdef LIBC
else
madvise ((char *)h + new size, diff, MADV DONTNEED) ;
ttendif
J*fprintf (stderr, “shrink %p %08Ix\n~, h, new size); */

h->size = new_size;
return 0;

1

Shrink_heap() BREU I S50 diff D TINS5, [FIRT sub_heap [ size /2 %23 TINS5 1, B
PLiH5L sub_heap [ new_size I AN FRACER TG 55, WIS new_size t sub_heap [ Hiudikifs
AN, IRETIR Y, i SR B2 4T 7ETE Glibe 1, WM sub_heap H )% diff K/NEIREILAAE,
B — AN AT S LS X 3, 75 mmap() B E0X B H T MAP_FIXED fri&, SR
W sub_heap HYFIELH G A LR K/ WRZRBOSATAE Glibe 2, Ui madvise() B4,
SEBR_E madvise() BREUAT 4 BAME, RO IR BIETR, X HE IR AP madvise() B8 I [E14E .

#tdefine delete_heap (heap) \
do {

if ((char *) (heap) + HEAP MAX SIZE == aligned heap area)

aligned heap area = NULL;

munmap ( (char*) (heap), HEAP MAX SIZE);

} while (0)

Delete_heap() % 6 3 14 56 FI W7 24 BT MM FR A sub_heap M4 Mt R B 54 R4 &
aligned_heap_area f&8[A] R hEAR A, 0 SR A ], K 4> 528 & aligned_heap_area ¥ B A NULL,
K24 sub_heap MHIERAJG, 56T LA CHHT sub_heap HAL 4Rk B2 B AR (R st bk T 46 e i
BT sub_heap, XA DU & MHLHIIE B A7 . 2R 5 A munmap() BRI ECK 224 sub_heap
FR) AU N A7 X SRS TicE . 7E I munmap() BRI, heap_trim()BR#C H] - shrink_heap() 2R %X
Al BE L sub_heap V14r B Z AN+ X 38, munmap()BR £ 15 — /NS 400N HEAP_MAX_SIZE, &
Wi% sub_heap (K/INA HEAP_MAX_SIZE) [¥) A7 X St Ul 5 e %2 /0 A 7 X 3k, KA
sub_heap #EREIHE T o

— — = =

Heap_trim() BRI IRA LS 4 F
static int

internal function
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#if _STD C
heap_trim(heap info *heap, size t pad)
ttelse
heap_trim(heap, pad) heap info *heap; size t pad;
#tendif
{
mstate ar ptr = heap—>ar ptr;
unsigned long pagesz = mp_.pagesize;
mchunkptr top chunk = top(ar ptr), p, bck, fwd;
heap_info *prev_heap;

long new size, top_size, extra;

/# Can this heap go away completely? */
while (top chunk == chunk_at_offset (heap, sizeof (*heap))) {
A EESEX 2F —A sub_heap, BAHEEDELX I —> sub_heap F L 7 —
A~ heap_info HISEHIFT malloc_state [SEH, 70X HHIHE sub_heap H HH—A
heap_info S5, XHR heap_info S f&, AT ELAT- 20 B N AEE . 24 24T 4E £ 73 FLIX 1) top
chunk 5 2487 sub_heap [ heap_info S 145 R HBHEAR[F] I, BRAE 28T sub_heap HH A
—/N I chunk, %A CECH chunke BT BAA] BLE 4 HTEEAS sub_heap #RREH

prev_heap = heap—>prev;

p = chunk_at_offset (prev heap, prev heap—>size — (MINSIZE-2%SIZE SZ));

assert (p—>size == (0|PREV INUSE)): /* must be fencepost */

p = prev_chunk (p) ;

new size = chunksize (p) + (MINSIZE-2*SIZE S7) ;

assert (new size>0 && new size<(long) (2*MINSIZE)) ;

if (!prev_inuse(p))

new _size += p—>prev_size;
assert (new size>0 && new size<HEAP MAX SIZE);
if(new size + (HEAP MAX SIZE - prev heap—>size) < pad + MINSIZE + pagesz)
break;

> sub_heap BRI 13 A] 5 XIB IR EHAA M chunk T fencepost, LL 64 fiZ &%t 4
%, BJE—A chunk &5 FH 42189 MINSIZE-2*SIZE_SZ, N 16B, #x)g—> chuk (] size 7%
LK IIET— chunk A inuse IRZS, FEFRIR4HT chunk K/NA 0, EI%EE =4 chunk 4 inuse
R, XA chunk 2 fencepost f—#4), X4 chunk [K/NR 2*SIZE_SZ, 4 16B, FirLA
T fencepost K1 chunk H4%[E]K/NA 32B. fencepost 5 I B8 KT 32B, 2 ) chunk
38R M 16B, 55— chunk (K /NKT- 16B, IX FiE L & A 1E top chunk [ 25 1] /- 2*MINSIZE,
KT MINSIZE, (B} F— 584225 R sub_heap K3, top chunk 25 18] H € KT 2*MINSIZE,
Fr DAAEIX AN R X i It - T fencepost 1 chunk 25 [H) FLS0AR & B 20 Bio 26 B 248 1,
new_size 7~ 2T sub_heap " AJ 3R] 5 Xk nl 2 8],  an SRAREEE — AN chunk AT —A
chunk RZRARE, AT sub_heap H AT AJ 5 XA AT 23 8] K /NI 75 250 X A>3 N
chunk BRI 1R new_size 5 sub_heap H IR FIA AT 1525 B X4 K /N 2 FIZNT- 32+4K (64
RLRG), EWHETT— sub_heap HA] HIZFRIRAD T, AREBHCAHTY sub_heap.
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ar_ptr—>system mem —= heap—>size;

arena_mem —= heap—>size;

delete heap (heap) ;

heap = prev_heap;

if(!prev_inuse(p)) { /* consolidate backward */

p = prev_chunk (p) ;
unlink (p, bck, fwd);

1

assert (((unsigned long) ((char*)p + new size) & (pagesz—1)) == 0);

assert( ((chark)p + new size) == ((char*)heap + heap—>size) );:

top (ar ptr) = top chunk = p;

set_head (top chunk, new size | PREV INUSE);

/*check chunk(ar ptr, top chunk);+*/

HATHAEESLX PINFGT, AR5 delete_heap()7Z: BRI sub_heap, &
4 HT heap BCE NHOREIL sub_heap HIRT—> sub_heap, p 48 12 BB sub_heap HIHT—
> sub_heap HIEIZECEE =4 chunk, @13R p IRET— chunk NZRARES, HTATREHILZ
AELE TN chunk, FTUAE p WEN p BIET— chunk, HELZ p #8172 chunk, ¥
%75 N chunk MZE N chunk BE R 2 BR, 49 RZ 25 N chunk B %5 sub_heap [#] top chunk,
FF % & top chunk [ size, FriH top chunk [FJET—™ chunk &b T inuse JRZS . SR )5 4k S2H| W7
INGAT, QI RABFR SE A AN, B IR, WIS L, dREEN 4THT sub_heap HEATHL4 .

}
top size = chunksize (top chunk);
extra = ((top size — pad — MINSIZE + (pagesz—1))/pagesz — 1) * pagesz;
if(extra < (long)pagesz)
return 0;
/% Try to shrink. */
if (shrink_heap (heap, extra) != 0)

return 0;
ar_ptr->system _mem —= extra;
arena_mem —= extra;

/* Success. Adjust top accordingly. */
set_head (top chunk, (top size — extra) | PREV INUSE);
/*check chunk(ar ptr, top chunk);+/

B BT top chunk FIR/IN, W2 top chunk AR /MEZ: pad A1 MINSIZE ZNF—T1 K/,
REEH, VA shrink_heap() B H0 48T sub_heap BEATUL AR, 23 IR IR ELAS DU 4
B, AG R AR — A R NAE, 58 shrink_heap()2M, IREGR S, 0, 58 N 1E48 H
it, HH top chunk IR/

return 1;
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5.7 W4 BE malloc

Ptmalloc2 KN AF 7 BB A malloc(), {HIEACASH FF A REFR 21 ok %, 2R 202 H
% € XN public_mALLOc(), BRI A Z R AN R I dm k24, BEAEM AR
public_ mALLOc() A& R 2 T PR 103 2% int_malloc() %L, _int_malloc() BREUA & W AF 2 B %
O FTHFRATHE 35T malloc F1SEIL

5.7.1 public_mALLOCc()

Jeghy HURAAY :
Void t*
public mALLOc (size t bytes)

{

mstate ar ptr;
Void t *victim;

__malloc_ptr t (*hook) (size t, const malloc ptr t)
= force reg (_ malloc hook) ;
if (__builtin expect (hook != NULL, 0))
return (*hook) (bytes, RETURN_ADDRESS (0));
ek B e I AEE WAL hook BRI, UNSRAELE, VWM hook BR%k, FFiR[EI, hook
PRI B TR B R AR AR T L N A, B SCRER P RIEI N D TR 15 S
% 5.3 R HIHHIE .

arena_lookup (ar ptr);
arena_lock (ar ptr, bytes);
if(lar ptr)
return 0;
victim = _int malloc(ar ptr, bytes);
RE X HREE, WERSREU R X R, iz [EHR W, 50, U _int_malloc() B %1 73 i
NAE

if(Ivictim) {
/%* Maybe the failure is due to running out of mmapped areas. */
if(ar ptr != &main arena) {
(void)mutex unlock (&ar ptr—>mutex) ;
ar ptr = &main arena;
(void)mutex lock (&ar ptr—>mutex) ;
victim = _int malloc(ar ptr, bytes):
(void)mutex unlock (&ar ptr—->mutex) ;
Wik _int_malloc()ER L B N AF RN, F HASFH B0 BE XA 2 LI, 3 p i i o] R
& mmap XN T, UESLX AT AMSEF SR A AE, B EH 2N E S
BLIX HR A EE AR o B e RO S A L X B8, SR a3k A8 0 Be X 8, FF18 FH _int_malloc()
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PR BC AT, SR R Jr BC X AR o

} oelse {
#if USE_ARENAS

/% ... or sbrk() has failed and there is still a chance to mmap() */
ar ptr = arena get2(ar ptr—>next ? ar ptr : 0, bytes):

(void)mutex_unlock (&main arena.mutex) ;

if(ar ptr) {

victim = _int_malloc (ar ptr, bytes);

(void)mutex_unlock (&ar ptr—>mutex) ;

}

I H int_malloc() B8 H0 o Bt N A7 2 W,

AKX ESRX, BEFLEAEE

SEEX, wWRA, AR arena_get2(\ R ELX, SREX ERC XM, WHE arena_get2()
RN EEEIX, 220 A _int_malloc()BRE M ZIE E D BC X 2 BC AT, Bea ROz IE

I X B
#endif
}

} else

(void)mutex_unlock (&ar ptr—>mutex) ;

R _int_malloc() R 43 ic N A7 %2

TSI £ 2 BE IX R B0 o

assert (!victim || chunk is mmapped (mem2chunk (victim)) ||

ar ptr == arena_for_ chunk (mem2chunk (victim))) ;

return victim;

5.7.2 _int_malloc()

_int_malloc() E& #E N A7 B A% s

AR 7 HE T N AF BRI RN, ek b sl 1 D

TrBCAAE AR, R TR 20 A 2 BTk DO R 23 FE A2
a4 i _int_malloc() &8 %4 1 B B0E SR I A2 1 5E X

static Void t*

_int_malloc (mstate av, size t bytes)

{
INTERNAL SIZE T nb;
unsigned int idx;
mbinptr bin;
mchunkptr victim;
INTERNAL SIZE T size;
int victim index;
mchunkptr remainder;

unsigned long remainder size;

/% normalized request size */
/% associated bin index */
/% associated bin */

/% inspected/selected chunk */
/% its size */
/% its bin index %/

/# remainder from a split */
/% its size */
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unsigned int block; /# bit map traverser */

unsigned int bit; /# bit map traverser */
unsigned int map; /# current word of binmap */
mchunkptr fwd; J# misc temp for linking */
mchunkptr bek; J* misc temp for linking */

const char *errstr = NULL;

J#
Convert request size to internal form by adding SIZE S7 bytes
overhead plus possibly more to obtain necessary alignment and/or
to obtain a size of at least MINSIZE, the smallest allocatable
size. Also, checked requestZsize traps (returning 0) request sizes
that are so large that they wrap around zero when padded and
aligned.
*/
checked request2size (bytes, nb);
checked_request2size() BRI R 75 ZL 0L I N A7 K/ bytes #3 AT 0 BLHY chunk K/
nb. Ptmalloc P #54-HCHSZE LA chunk HHAL, R4 chunk IR/, TRE G 3R 7533 2 25 1R

chunk.

5.7.2.14% B¢ fast bin chunk

WER TR chunk K/NINT55T fast bins H1 K chunk K/, B 5EZ2 fast bins 1
S3HE chunk. JEARASANT :
J#
[f the size qualifies as a fastbin, first check corresponding bin
This code is safe to execute even if av Is not yet Initialized, so we
can try it without checking, which saves some time on this fast path.
*/
if ((unsigned long) (nb) <= (unsigned long) (get max fast ())) {
idx = fastbin_index (nb) ;
mfastbinptr* fb = &fastbin (av, idx):
#ifdef ATOMIC_FASTBINS
mchunkptr pp = *fb;
do
{
victim = pp;
if (victim == NULL)
break;
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while ((pp = catomic_compare and exchange val acq (fb, victim—>fd, victim))

I= victim) ;
ttelse
victim = *fb;
#endif

if (victim !'= 0) {
if (__builtin expect (fastbin index (chunksize (victim)) != idx, 0))
{
errstr = “malloc(): memory corruption (fast)”;
errout:
malloc_printerr (check action, errstr, chunkZmem (victim));
return NULL;
}
#ifndef ATOMIC FASTBINS
*fb = victim—>fd;
ttendif
check remalloced_chunk(av, victim, nb);
void #*p = chunk2mem (victim) ;
if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);
return p;
}
}

UL FE IS ATOMIC_FASTBINS 24K, M fast bins HH4XHL— chunk #0415, B 26l
AT chunk K /NRTE1Z chunk FITJ& fast bin ) index, #R#51% index 3K73FT 7 fast bin )=
N chunk 8K 1) RIG0E5, SRJERRIGE R —A> chunk fE NI chunk BERIILER. v 7 m
HLM fast bins F143AC chunk, AT fast bins §1 chunk BERZSTIREER A inuse IRAS, 8 Sl
AR A 25 A chunk & 3F, M fast bins F1 4>t chunk, R F5BUH 25— chunk, 311 chunk2mem()
BRI IR [m] FH T 5 (1) N AR

WARIT S ATOMIC_FASTBINS ik, XHEAEH] T lock-free HIFA S Al BELR MR S5 —
/™ node J#EE . Lock-free SV MFEAL 2 CAS (Compareand-Swap) JEFH#1F. 243N Huhikfr)
JRUGAE SF T HA LA R, HESSHE, TibA S0, R ENX AL E . HEre
cpu SCHFIRZ 64 ALH CAS, JF HARE p LA FF. JETHAESR A cpu I BiE 3T 4 5t wT LA
FERHERAE, Ao AR T .

— M) CAS AT T BRI TRE p, BRI —> 32 78 64 1%k,

il p A (Fp) BIHERE cmp URETHAE).

BT XA A E TR AN HHE xchg CEJEFH4E).

WH CAS LU T *p Al emp,  WIEAAHSE *p B pl xchg (JETER1ED.
W STR SR P AT

%3 B0 cAS #AERIUE T EANMER p BABHAMLREL L. Wik*p S AL
FER L, ASAEE 2 BT EHMEMEHTME (cmp) C&ETH T, FbiX AN TR, &=
k. ZEEWRET, BT 3 2 NEFERE, BAEEA —ANEE (RIRIUTEI 3 1)
CAS FRIEWTLARY), XAEEAA BE, RORIE 1A ZRE BAE “ArdE”, AR 2 H 2
P RIBORPMAZAE, A2 BB KRR

i
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ABA [, 4 A ZRFEHAT 2 MO, B ZRFEEEM T *p A x, 0 C LR AR EE T
JEGG(E, IXETEIE] A R, A LRIERNAFEECEWESOL T, CAS HIESmI) (52
B B REZRMO . ABA KA B IL T 2xit sl ()8, KA p AN AE— AT RE &AL,
HALNFE O HE S, 1M A KRN E B B SO 2 R A AT A 45 R

WA IT 5 ATOMIC_FASTBINS flift,, X B SCElo HIL ABA [nl @2 Ao, WsRIF
J& T ATOMIC_FASTBINS flift, 7 free i, WIS chunk J& T fast bin, AN ZX 7 HCX
Jng, B LLEL lock-free 3 AN Z chunk JIA fast bins IBER . 24 MArHC X 4B N AE
T BN X B, BTl A LRFEIRA T /B IX 8, A fast bin HH AL N AZ AT 2 IR
i, #iB LLFEH free BRELIA fast bin [REER AT —AH1 chunk, BIEE LT *fb 4 x,
EARSAELE C LRFEM b e ml R, WIRAFTE, BIRE C LR /BL T *fb ATAA1 chunk, Jf
F51Z chunk Bl Rl T fast bin, {H C ZRFE5rEC*fb AT A7 chunk 75 B3RS0l X 18, 1H 4B
X8I A ZREEFEA, ATLL C LREEA TR *fb 2Iml JRE, WAt A& /77E ABA [/,

5.7.2.2%3B2 small bin chunk

R BTN chunk K/NE T small bin, T2 BAT Q1R 1A -

JS¥*
[f a small request, check regular bin. Since these “smallbins”
hold one size each, no searching within bins I1s necessary.
(For a large request, we need to wait until unsorted chunks are
processed to find best fit. But for small ones, fits are exact
anyway, so we can check now, which is faster.)

*/

if (in_smallbin range(nb)) {
idx = smallbin_index (nb) ;
bin = bin_at (av, idx) ;

if ( (victim = last(bin)) != bin) {
if (victim == 0) /% initialization check */
malloc consolidate (av) ;
else {
bck = victim—>bk;
if (__builtin_expect (bck—>fd != victim, 0))
{
errstr = “malloc(): smallbin double linked list corrupted”;

goto errout;

}
set_inuse bit_at_offset(victim, nb);
bin—>bk = bck;
bck—>fd = bin;
if (av != &main arena)

victim—>size |= NON MAIN ARENA:
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check malloced chunk(av, victim, nb);

void *p = chunk2mem (victim) ;

if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);

return p;

WS BCH chunk J&T small bin, B /G chunk BT B small bins #1401 index, 285
FR4E index ZRTFHEAS small bin 175 H chunk XA EEER K K, RE¥ &G —1 chunk TR{E
25 victim, WIER victim 53F:LAHME, FoRZEELR N, AEEM small bin 175K chunk #EE
Srin, XHEAL, FEMHPDZERRAE . R victim 5F LA, ARRMIEL, R victim
N0, o small bin B A WG A RJEREER, 1 malloc_consolidate() BRIELCKEF fast bins
T chunk & 3. A, K victim M small bin FJXUAEAEER P ECE, % & victim chunk 1]
inuse Fr&, ZARELT victim chunk F T~ —NHZE chunk 11 size FBLHIZE— bit. M small
bin FHECH —AN chunk 7] LA unlink() 7 B0, Wi A .

P AW G/ BC X R AR B ERIX, WS, 4 victim chunk [ size FEHIFRIR
AEE X B & bit 152, & )5 T chunk2mem() BRI E35 45 chunk B2 BR AT B N 718 4TS
Bz AR EHR [ Z5 N 2 . B small bins 40 AC chunk (9 TAEE K T, (HERATEF),
250 B small bin F1AA ZE N chunk, B2 XT R small bin i858 WG T8, FH% A HREL
Bl chunk, X A7 0 #8522 )5 110 2 ROR AL B .

5.7.2.34HC large bin chunk

R AT K chunk AN J&ET small bins, #5447 00 F RIS -
J#

[f this is a large request, consolidate fastbins before continuing.
While 1t might look excessive to kill all fastbins before
even seeing if there I1s space available, this avoids
fragmentation problems normally associated with fastbins.
Also, 1n practice, programs tend to have runs of either small or
large requests, but less often mixtures, so consolidation 1s not
invoked all that often in most programs. And the programs that

it 1s called frequently in otherwise tend to fragment.

*/

else {
idx = largebin_index (nb) ;
if (have_fastchunks(av))
malloc_consolidate (av) ;

Firi# chunk A& T small bins, HSAmt—3EJ&T large bins, & GRYE chunk K/NkAS
XtV large bin [ index, &35 I 2417 0 BL X 1 fast bins & AL chunk, WHRAFAE, M

87



F malloc_consolidate() & & F fast bins # /] chunk, FH#51X 45K chunk I unsorted bin
s

T FEACAL SZIL M last remainder chunk; large bins F1 top chunk A3 Bt it 75 f) chunk,
ZHAE T Z2NZ R, EXEEIA, FE2TAER 73BT P8 #R 70 BC D) ) small bin
chunk, large bin chunk A large chunk. &M= FEHM T EHr 22173 small bin chunk,
NANRAERT— 2571 HE small bin chunk A3, I3 I malloc_consolidate() e 40 & I fast
bins H11#] chunk, # 75 [H chunk JIIA unsorted bin ', @15 % —2%X M last remainder chunk,
top chunk H4ft small bin chunk #RM LG, UiiR fast bins FHAFLES N chunk, 2]
malloc_consolidate() i %1, HSATE usorted bin At F] GEAALE & 1E ) small bin chunk f£ 43 fic
It AR EE R 2k

%

Process recently freed or remaindered chunks, taking one only if

it Is exact fit, or, I1f this a small request, the chunk is remainder from

the most recent non—exact it. Place other traversed chunks in

bins. Note that this step 1Is the only place in any routine where

chunks are placed in bins.

The outer loop here Is needed because we might not realize until

near the end of malloc that we should have consolidated, so must

do so and retry. This happens at most once, and only when we would

otherwise need to expand memory to service a “small” request.

*/
for(;;) {

int iters = 0;

while ( (victim = unsorted chunks (av)->bk) != unsorted chunks(av)) {

X [F) 3k [ unsorted bin FUXURIfEIANEER, M 7 45 R B S AT 2R EE R R — >3k 4h

bck = victim—>bk;
if (__builtin_expect (victim—>size <= 2 % SIZE SZ, 0)
|| __builtin_expect (victim—>size > av—>system mem, 0))
malloc_printerr (check action, “malloc(): memory corruption”,
chunk2mem (victim));
size = chunksize(victim);

AL 2 HT3 77 (1) chunk A& 5472, chunk IR/NAEE/NT25F 2 * SIZE_SZ, tWAEEIES
ZT X SN ECE . SR 5 IR chunk FK/NIFMESS size. X B ALLFA /N A
B, AT T victim->size, {H victim->size 8L & 1 AH R FIFR EALAE B, A8 F chunksize(victim)
A&, {HE unsorted bin FHIZTH chunk BT EREMEEZE T, ITUX B EHE:
victim->size ¢ H 7] .

JS*
If a small request, try to use last remainder if it i1s the
only chunk in unsorted bin. This helps promote locality for

runs of consecutive small requests. This i1s the only
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exception to best—fit, and applies only when there Is
no exact it for a small chunk.
*/
if (in_smallbin range (nb) &&
bck == unsorted_chunks (av) &&
victim == av—>last _remainder &&
(unsigned long) (size) > (unsigned long) (nb + MINSIZE)) {

MR TFESB— small bin chunk, 7£ 5.7.2.2 5Hf#] small bins A ULECE] & i&E )
chunk, 3fH unsorted bin H 45— chunk, F HiXA> chunk 4 last remainder chunk, JfH.
XA chunk [FIK/NK T T & chunk /NN E MINSIZE, 7R3 X 246 PRI E L R, AT BAE
FHIX /N chunk Y143 H 75 2L 7] small bin chunk. X 42 #E— F M unsorted bin #43fi small bin chunk
PG O, XMARAH] T cpu MBI ZE A7 arH .

/# split and reattach remainder */
remainder_size = size — nb;
remainder = chunk_at_offset (victim, nb);
unsorted_chunks (av) —>bk = unsorted_chunks (av)->fd = remainder;
av—>last _remainder = remainder;
remainder->bk = remainder->fd = unsorted chunks (av) ;
if ('in_smallbin_range(remainder size))
{

remainder—>fd nextsize = NULL;

NULL;

remainder—>bk nextsize
}

MiZ chunk H1 5 H TR K/ chunk, THEA)SM TR chunk B/, K30 1) chunk
BN unsorted bin FIEER T, ¥ T H chunk 75843 BLIX 1) last remainder chunk, #7% T~
#J chunk J& T large bin chunk, 1% chunk f] fd_nextsize 1 bk_nextsize 15 & & NULL, K HiX
A~ chunk (Y ANAFFET unsorted bin H, Jf H. unsorted bin FFH HAY A IX— chunk.

set_head (victim, nb | PREV INUSE |
(av != &main arena ? NON MAIN ARENA : 0)):
set_head (remainder, remainder size | PREV INUSE);

set_foot (remainder, remainder size);

check_malloced chunk(av, victim, nb);

void *p = chunk2mem (victim) ;

if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);

return p;

BB AL 1 chunk T last remainder chunk RS S, 40 chunk [ size, IRA&SFRENL,
XFF last remainder chunk, 752 1AM set_foot %%, KN R A AT WIRZEEM chunk 11 foot 15
B (prev_size) A RAEXN, AT inuse IR chunk [ foot ToRK, 1% foot &1k [A14A M 2
PR AR — 885 . BB TER chunk FIAHIAE S, T chunk2mem()3k18 chunk A AT FH )
fE4a%Er, REIGRIE, 1BH.
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/% remove from unsorted list */
unsorted_chunks (av) —>bk = bck;
bck—>fd = unsorted chunks (av) ;

B RAEABER P H 5 — 1 chunk 2B

/# Take now instead of binning if exact it */
if (size == nb) |
set_inuse bit at offset (victim, size);
if (av != &main arena)
victim—>size |= NON MAIN ARENA;
check malloced chunk(av, victim, nb);
void *p = chunk2mem (victim) ;
if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);

return p;

}

AR AT chunk 5T chunk K/h—20 CRE4AT chunk GR 18], 5 e BEE AT
chunk AT inuse MRA, ZAREALALTHILR S —A> chunk 1) size H, W 4 FT 5 FCIX A 2
FAEEX, B E AT chunk AERE D BCIX brEAL, /5T chunk2mem()35:453 chunk H17] A
FINAEFRE, RGN AE, BH.

/* place chunk in bin */
if (in_smallbin range(size)) {
victim index = smallbin index (size) ;
bck = bin at(av, victim index) ;
fwd = bck—>1d;
R 2487 chunk J& T small bins, 43 2477 chunk FTJ& small bin ) index, 7£##1% small bin
()i R RSB L bek, 28— chunk TR{E 4 fwd, A 4ATH chunk 236 A F bek Al fwd
2 18], {EA small bin #ER I —1 chunk.

}

else {
victim index = largebin_index(size) ;
bck = bin at(av, victim index);
fwd = bck—>1d;
W 2407 chunk J& T large bins, 3152411 chunk FTJ& large bin Y index, 7##1% large bin
(K LB S bek, A chunk IREZS fwd, k2 47T chunk 2346 A E bek 1 fwd
Z 18, YEN large bin H#ER 15— chunk.

/% maintain large bins in sorted order */
if (fwd != bck) {
/% Or with inuse bit to speed comparisons */
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size |= PREV INUSE;

/% 1f smaller than smallest, bypass loop below */

assert ((bck—>bk—>size & NON MAIN ARENA) == 0);

AR fwd ANZET bek, R large bin HA 25 A chunk 4775, 1T large bin H1Z¥ 1A chunk

FE IR R/NITFHER 0, 75 22K 24 BT A unsorted bin B Y chunk 73 A2 large bin &
FINLE o 4 HT chunk 1) size 1 inuse #5& bit BAL, M0 1, E-FI0H chunk K/NETEE
B, REIEE TS ET chunk. X EGEM 7 — IRk #E, WS 7E large bin XURIJEHAEER
R JE — chunk [ size B RIIEE 0 EC X AR & bit %A B AL, BEIAFTATE large bin
H chunk #AL T IRARES, &brEA—E 2IFEM .

if ((unsigned long) (size) < (unsigned long) (bck—>bk—>size)) {

fwd = bck;

bck = bck—>bk;

victim—>fd nextsize = fwd->fd;

victim—>bk nextsize = fwd->fd->bk nextsize;

fwd->fd->bk _nextsize = victim—>bk nextsize—>fd nextsize = victim;

AR 2 HT chunk LU large bin 55— chunk B /NE /N, 84 2481 chunk 5t A 21 large

bin FIBERM G, TENEJE— chunk. RJLLE H large bin H1) chunk 7232 B K Z /NP
IR HEFP I, [N —A chunk A28 T ISR PERAEER H, — MEER AL T large bin T
f) chunk, 55— AMEELN chunk size FE R, 1255 R AR E KN chunk BHCH 56— chunk
F RO/ 7 e — e, BT — RS EZ MAHFEIR /N chunk 38 7 F —DANEIRZNE)
chunk, IXFER]PUINPRAE large bin 82 i 7 .

}
else {
assert ((fwd—>size & NON MAIN ARENA) == 0);
while ((unsigned long) size < fwd->size)
{
fwd = fwd—>fd nextsize;
assert ((fwd—>size & NON MAIN ARENA) == 0);
}
1E )3 7 chunk size 7, H 2 25—~ chunk K/NNF5EF 2407 chunk KX/N T chunk
BHTEI .

if ((unsigned long) size == (unsigned long) fwd->size)
/# Always insert in the second position. */
fwd = fwd—>fd;
TS large bin 55 F 42 T 5 41T chunk K/NERIKI chunk, T [E— K/ chunk &
ZAFAE, A chunk size BERHF—E WA T fwd AR FI K chunk, N T AMEEL chunk size B
K, AT chunk R AR fwd Z )5

else

{

victim—>fd nextsize = fwd;
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victim—>bk nextsize = fwd—>bk nextsize;
fwd—>bk _nextsize = victim;
victim—>bk nextsize—>fd nextsize = victim;
W chunk size FE R LA 5 41T chunk KNP chunk, k2 U 2487 chunk K
INKTF fwd RN, WP 24815 chunk 1 41Z chunk size AR N chunk size #3%, chunk size
R R AZ IR R BN B R o

}
bck = fwd—>bk;
}
} else
victim—>fd nextsize = victim—>bk nextsize = victim;
iR large bin #:3R %A chunk, BEE2K XTI chunk A chunk size 5535 .
}

mark bin(av, victim index);
victim—>bk = bck;
victim—>fd = fwd;
fwd->bk = victim;
bck—>fd = victim;
AR 24 R chunk 6 A 3] large bin 175K chunk 888, F1 large bin AT XM
binmap [FJAHRE bit B A7,

f#define MAX_ ITERS 10000
if (++iters >= MAX ITERS)
break;

15 unsorted bin H1 [ chunk #2347 10000 4™, £ 5 10000 PELE H, 85K [A]
ALFE unsorted bin 520 PN AE 53 B A RCR o
}

944 unsorted bin 7SN chunk IIAZIAH M) small bins 1 large bins J&, #4438 FH A
VCHR %4 Be large bin chunk. VEACAS LN
%
If a large request, scan through the chunks of current bin in
sorted order to find smallest that fits. Use the skip list for this
*/
if (!in_smallbin range (nb)) {
bin = bin_at(av, idx);

/% skip scan if empty or largest chunk Is too small */
if ((victim = first(bin)) != bin &&
(unsigned long) (victim—>size) >= (unsigned long) (nb)) {
W B 2 ECH chunk A4 large bin chunk, ZEHI%F R [ large bin 885, 1R large bin 4%
AT, BEFERTERE chunk AR EZK, WIAGEM large bin H4MEC. &SI, 6
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large bin 552, L E|AEIER chunk,

victim = victim—>bk nextsize;
while (((unsigned long) (size = chunksize (victim)) <
(unsigned long) (nb)))
victim = victim—>bk nextsize;

S )3 J7 chunk size 83 , BRI B 5 — MK T 5T Hrif chunk K/ chunk 18 H 7 3.

/% Avoid removing the first entry for a size so that the skip
list does not have to be rerouted. #/
if (victim != last(bin) && victim—>size == victim—>fd->size)
victim = victim—>fd;

T E M large bin FE £ HIEIUET chunk victim A28 R FH 55— chunk, 3£ H. 5 victim
K/NFHIEN T chunk A 1E—AN, JB4 Bk victim 24 chunk size 858 T 23, 9 7 A H%E chunk
size HER, FTEBEAR chunk size BER P EITT AU, BT BUIX victim->fd 5 508 B2 chunk
VB MEIE chunk. H1T large bin 558 F [ chunk W2 3% KN, [Fl— K/ chunk H £ 4
If, X chunk W EFEE—E, FTLL victim->fd T5 50 RE) chunk BN 5E 5 victim K
N—FE

remainder_size = size — nb;
unlink (victim, bck, fwd);
5 victim V)43 J5 42 KN, IR B unlink() 7 BRECE victim M large bin 85 A ELH .

/% Exhaust */
if (remainder size < MINSIZE) {
set_inuse bit_at offset(victim, size);
if (av != &main arena)
victim—>size |= NON MAIN ARENA;
WA victim Y15y JERIR KN MINSIZE, TP EAS victim S ECA R Z, X Al
T, SEFRZECH) chunk TR chunk ZEk—25, DL 64 17 248 A, remainder_size [ A] g
K/NA 0 F1 16, i A 0, s victim FIR/NINEFEET BT chunk K/, % & victim [ inuse
Fri&, inuse BRGNS T R —NHARK chunk 1Y) size FE H . W15 remainder_size iy 16, NIiX
16 TR R o MFEFT XA R ESECX, B victim (1) size FEHHIEHEE S ELX
br&EA

}
J# Split */
else {
remainder = chunk at_offset (victim, nb);
/* Wle cannot assume the unsorted list is empty and therefore
have to perform a complete Iinsert here. */
bck = unsorted_chunks (av) ;
fwd = bck—>fd;
if (__builtin_expect (fwd->bk != bck, 0))
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errstr = “malloc(): corrupted unsorted chunks”;
goto errout;

}
remainder->bk = bck;
remainder->fd = fwd;
bck—>fd = remainder;

fwd->bk = remainder:

if (lin_smallbin range (remainder size))
{

remainder—>fd nextsize

NULL;
NULL;

remainder—>bk nextsize

}
M victim FY)4 BT B chunk, Fé) 435046 — 4318 chunk I\ %) unsorted bin §7.
LR 4235843 chunk J& T large bins, K3 43399 chunk Ff) chunk size 55 5% 13 B N NULL,
[X°A unsorted bin H11] chunk B2 AHEFII, X NMEETEH, BIEZE.

set_head (victim, nb | PREV INUSE |
(av != &main arena ? NON MAIN ARENA : 0));
set_head (remainder, remainder size | PREV INUSE):
set_foot (remainder, remainder size);
B victim F remainder FIRZS, 1T remainder %5 chunk, FTLAFE Z# 1% chunk
] foot.

}

check_malloced chunk(av, victim, nb);

void *p = chunk2mem (victim) ;

if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);

return p;

M large bin H i e UEEC VR R B T &3E /) chunk, A chunk2mem()$:45 chunk Ha]
MM WAEIRE, REGNHE, BH.
}

iR aE b A SN EEIE /) small bin BY large bin FHESBEA 7 BC 2 7 AT chunk, T
BE L 2HT bin B index KHJ small bin 8% large bin &7 A 25 A chunk 1] F1 H >k 2 i By 75 1
chunk. JEACAGSEIELATT

S

Search for a chunk by scanning bins, starting with next largest
bin. This search 1s strictly by best—fit, 1.e., the smallest
(with ties going to approximately the least recently used) chunk
that fits is selected.

94



The bitmap avoids needing to check that most blocks are nonempty.
The particular case of skipping all bins during warm—up phases
when no chunks have been returned yet is faster than it might look.

*/

++idx;

bin = bin_at (av, idx) ;

block = idx2block (idx) ;

map = av—>binmap[block];

bit = idx2bit (idx);

FRECT —ANHE2E bin 125 K chunk 5838, 37 3REUZ bin X} T binmap # i] bit £ [Y{E . Binmap
HRRR IR T AR bin 2 R E 2 chunk /£7E. Binmap % block &, 44 block N—"
int, 3% 32/ bit, ATLAFEIR 32 4 bin R A A chunk /74E. {8 binmap A AR A4k
bin /& 5 &AM chunk. XHE N EHLLHTH chunk K1 bin F 252 chunk 7] .

for (;;) |
/# Skip rest of block if there are no more set bits in this block. #*/
if (bit > map || bit == 0) {
do {
if (++block >= BINMAPSIZE) /% out of bins */
goto use top;
} while ( (map = av—>binmap[block]) == 0):

bin = bin_at(av, (block << BINMAPSHIFT)) :
bit = 1;
}
ldx2bit() ¥ idx Fa e A R BN 1, HEMIEZE, map £7x—> block (unsigned int)

5, % bit KT map, E¥RE map N 0, % block Frxd M (KA bins #8425 IH chunk,
T2 /)J) binmap ) F — block, BRI E]—AN 0 1 block B # 71 5 A 1 block.
BHER T f5, W B bin 3817 block 25— bit XY bin, FE4F bit BN 1, F£781% block
W bit 1 4R bin, 1XAN bin IS A 2SI chunk, % chunk K /N— 23 £ ZE 3K

/% Advance to bin with set bit. There must be one. */

while ((bit & map) == 0) {
bin = next_bin(bin);
bit <<= 1;
assert (bit != 0);

}

FE— block i Jixf i bin, ERFE]—A bit A%y 0 BH# T, WX bit XFTH) bin
W 2SN chunk £77E .

/* Inspect the bin. It is likely to be non-empty */

victim = last (bin);

s bin FER ARG — chunk TRAE A victim.
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/% If a false alarm (empty bin), clear the bit. */
if (victim == bin) {
av—>binmap[block] = map &= “bit; /* Write through #/
bin = next bin(bin) ;
bit <K= 1;
I victim 5 bin B3R LFREMAIE, FR1Z bin FEH 2 chunk, binmap A AH RN AL
WEAUER, H4 binmap KIFHM bit f7iFZF, FKIBCHHT bin N —4 bin, K bit BT — bit
Az, Bl 2,

}

else {
size = chunksize (victim) ;
/#  We know the first chunk in this bin is big enough to use. */
assert ((unsigned long) (size) >= (unsigned long) (nb));
remainder_size = size — nb;
/% unlink */
unlink (victim, bck, fwd);

T bin FHIERJE A chunk 2 E5K, FREGZ chunk B9R/), THED) 7 PR chunk
JERIR A TIRAN, ARG victim M bin R FEUH

/% Exhaust */
if (remainder size < MINSIZE) {
set_inuse_bit_at_offset(victim, size);
if (av != &main arena)
victim—>size |= NON MAIN ARENA;
IR 2B FIRANINT MINSIZE, FEEEAS chunk BCA N E, 13E victim FPRES N
inuse, WIRMET I AIEESIX, KE victim F4EE DB X AREN .

1
J* Split */
else {

remainder = chunk_at offset(victim, nb);

/* We cannot assume the unsorted list is empty and therefore
have to perform a complete insert here. */
bck = unsorted_chunks (av) ;
fwd = bck—>fd;
if (__builtin_expect (fwd->bk != bck, 0))
{
errstr = “malloc(): corrupted unsorted chunks 2”;
goto errout;

}

remainder—>bk

bek;
remainder—>fd = fwd;
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bck—>fd = remainder;
fwd->bk

remainder;

/% advertise as last remainder #*/

if (in_smallbin_range (nb))
av—>last _remainder = remainder;

if (lin_smallbin range (remainder size))
{

remainder—>fd nextsize

NULL;
remainder—>bk nextsize = NULL;
1
M victim F7] 43 H BT 5 ) chunk, 842 35804 A — A8 chunk B 2] unsorted bin 1,
WP AR5 chunk J&T small bins, K4 ELIX ] last remainder chunk 152 B A F 42053 #4 B
1) chunk; MR 45847 chunk J& T large bins, FHI4 74> chunk Ff) chunk size ¥ & fa%F %
BN NULL, [A°A unsorted bin H11#] chunk & AHEF1, XWATEECH, LATEZ.

set_head (victim, nb | PREV INUSE |
(av != &main arena ? NON MAIN ARENA : 0));
set_head (remainder, remainder size | PREV INUSE):
set_foot (remainder, remainder size);
B victim F remainder FIRZS, 1T remainder %5 chunk, FTLAFE Z# & 1% chunk
] foot.

}
check malloced_chunk(av, victim, nb);
void *p = chunk2mem (victim) ;
if (__builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);
return p;
P H chunk2mem()3£13 chunk R H TN A EE, REIGNHZ, B,
}

WRMFTE I bins FHAEA SFAFFT I chunk, FIRERITEHLA bins 9% 25 chunk,
BE TR I chunk KAMEK, F—2F 23 top chunk 3 BLHTRE chunk. JEACASSZEL AN
1::

use top:
S
If large enough, split off the chunk bordering the end of memory
(held in av=>top). Note that this is in accord with the best—fit
search rule. In effect, av->top is treated as larger (and thus
less well fitting) than any other available chunk since it can
be extended to be as large as necessary (up to system

limitations).
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We require that av->top always exists (i.e., has size >=
MINSIZE) after initialization, so if it would otherwise be
exhausted by current request, it is replenished. (The main
reason for ensuring It exists 1s that we may need MINSIZE space
to put in fenceposts in sysmalloc.)

*/

victim = av—>top;

size = chunksize (victim) ;

B 17 BE X 1T top chunk BRAE 25 victim, FE3R4F victim 1K/,

if ((unsigned long) (size) >= (unsigned long) (nb + MINSIZE)) {
remainder_size = size — nb;
remainder = chunk_at offset (victim, nb);
av—>top = remainder;
set_head (victim, nb | PREV_INUSE |
(av !'= &main arena ? NON MAIN ARENA : 0));
set_head (remainder, remainder size | PREV INUSE) ;

check_malloced_chunk (av, victim, nb);

void #*p = chunk2mem (victim) ;

if (__builtin expect (perturb byte, 0))
alloc_perturb (p, bytes);

return p;

}

H T top chunk P) 43 i/ chunk J&, 16755 MINSIZE # %58 KAE N fencepost, FlT i 4%
03 2 top chunk FK/NKTHTifE chunk IR/NIN_E MINSIZE X464, A BEM top chunk
rF BT RS chunk. M top chunk )43 HilF 35 chunk AL BRI FEER BTTHIAY chunk $]43 2848,
ANFE I, J5 top chunk V)43 5 B3 4235 7344 AE 8T top chunk, J5i top chunk [ fencepost
T55RAVE N3 I top chunk [ fencepost, ATLAYI 7 2 JG I 43 1¥) chunk A set_foot.

#ifdef ATOMIC FASTBINS
/% JWhen we are using atomic ops to free fast chunks we can get
here for all block sizes. */
else if (have fastchunks(av)) {
malloc consolidate (av) ;
/% restore original bin index */
if (in_smallbin_range (nb))
idx = smallbin_index (nb) ;
else
idx = largebin_index (nb) ;
}
R top chunk WANBEN £ R, P fast bins T A 2N chunk f77E, HTIHET
ATOMIC_FASTBINS {E4LIH LR, free J& T fast bins ] chunk N AN 35BS /- FCIX (940,  Fir LA
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TEYE F_int_malloc() B RS, A Al BeA H e 2612 T4 1) fast bins A T2 H chunk,
H ] REAE TR 1) chunk J& T small bins, {H I §i i 12 SRR A 73 B2 P & 19 chunk, BT
ZHE small bin chunk BFZE §7 T 125 BRARAN2: 8 F malloc_consolidate() BRI UK+ fast bins H1 )
chunk &3 A 2| unsorted bin H . FrfEIX AR fast bin HHH chunk f£7E, WA
malloc_consolidate() K%L, JFEHr s & 2480 bin I index. FHERIHRAINZHITEIR, ZiRE D
fic small bin chunk (/2 large bin chunk. WIHRJIT 5 1 ATOMIC_FASTBINS fitk, 3 H] BEAE HIH
BAAEMAZE] fast bins H#) chunk # & FF/E A unsorted bin H1, M unsorted bin H#t AT LA
73 HE tH T 5 Y large bin chunk 1, BT LU A BCY) 73 B Y large bin chunk 75 228 1K
ttelse
%
If there is space available in fastbins, consolidate and retry,
to possibly avoid expanding memory. This can occur only if nb is
in smallbin range so we didn’t consolidate upon entry.
*/
else if (have fastchunks(av)) {
assert (in_smallbin_range (nb)) ;
malloc consolidate (av) ;
idx = smallbin_index (nb); /* restore original hin index */
}
R top chunk tHANGEH L 223K, & fast bins /& 5H 2N chunk /£7E, 115 fast bins
H 25K chunk 7278, E¥H T ATOMIC_FASTBINS DLAL IS HL R, RAT—Fhalfig, Amt2
Jr 7% ) chunk J& - small bins, {EIE i 1 1202 BRAS A 70 BL 2 BT 75 (1) small bin chunk, BT
2 small bin chunk B7E JT [ A5 BREEA 21 FH malloc_consolidate() BR EUE; fast bins H ) 2S
N chunk & JFE I 2] unsorted bin H1. FT#EIX BLUNR fast bins 4 2N chunk /£7E, THH
malloc_consolidate() R %L, F HFH5 & 2981 bin 1) index. ¥R HAINZRIEI, 2 EH 5
At small bin chunk.
ttendif
%
Otherwise, relay to handle system—dependent cases
*/
else {
void #*p = SYSMALLOc (nb, av);
if (p != NULL && __builtin_expect (perturb byte, 0))
alloc_perturb (p, bytes);
return p;
WESEART, REEERGHIENIE T - sYSMALLOC()e& Er] E B I chunk .55 small bin
chunk, large bin chunk 1 large chunk. W75~ —75 A 4% BR B0 52T
1

2k, _int_malloc()ERE IS EE D 51 5E 1, Ui A WA REREBE A 5, — N
malloc_consolidate(), 75—~ A sYSMALLOc(), *KF7E T TH A & 15 4 44 sl
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5.7.2.4 sYSMALLOc()

24 _int_malloc() =23 M fast bins, last remainder chunk, small bins, large bins fil top

chunk #RMCZJ5, MM sYSMALLOC() bR £ B 7] & 5t HiE A7 T B & K chunk

FESRBUEARS a0 T -
JS¥*

sysmalloc handles malloc cases requiring more memory from the systei.
On entry, It Is assumed that av—>top does not have enough
space to service request for nb bytes, thus requiring that av->top

be extended or replaced.

*/

#if STD C

static Void t* sYSMALLOc (INTERNAL SIZE T nb, mstate av)
#telse

static Void t* sYSMALLOc (nb, av) INTERNAL SIZE T nb; mstate av;
#endif
{

mchunkptr old top; /% Incoming value of av->top */

INTERNAL SIZE T old size; J* Its size */

char* old end; /% its end address */

long size; /% arg to irst MORECORE or mmap call */
char* brk; /% return value from MORECORE */

long correction; /% arg to Znd MORECORE call +/

char* snd brk; /% 2nd return val */

INTERNAL SIZE T front misalign; /#* unusable bytes at front of new space */
INTERNAL SIZE T end misalign; /% partial page left at end of new space */

char* aligned brk; /% aligned offset into brk */
mchunkptr p; /% the allocated/returned chunk */
mchunkptr remainder; /% remainder from allocation */

unsigned long remainder size; /* its size */

unsigned long  sum; /% for updating stats */
size t pagemask = mp .pagesize — 1;
bool tried mmap = false;
#if HAVE MMAP
J*

[f have mmap, and the request size meets the mmap threshold, and
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the system supports mmap, and there are few enough currently
allocated mmapped regions, try to directly map this request
rather than expanding top.
*/
if ((unsigned long) (nb) >= (unsigned long) (mp .mmap threshold) &&
(mp .n mmaps < mp .n mmaps max)) {
char* mm; J/* return value from mmap call*/
IR ATECH chunk K/ANKT mmap ZPECEME, BN 128K, JF H 4aiHERfE H]
mmap!() 73 FC 8 A AE BN T 80E B B O KA mmap() R G0 ) ELER I #4E R 48 H I A7

try mmap:

J#

Round up size to nearest page. For mmapped chunks, the overhead
is one SIZE S7 unit larger than for normal chunks, because there
is no following chunk whose prev size field could be used.

*/

#if 1

/* See the front misalign handling below, for glibc there is no

need for further alignments. %/

size = (nb + SIZE SZ + pagemask) & ~pagemask:
ttelse

size = (nb + SIZE SZ + MALLOC ALIGN MASK + pagemask) & ~pagemask;
fendif

tried mmap = true;

H1F nb 9 chunk IR/, £E_int_malloc() &3 h CL40KE P /5 B B RN AL N
chunk KB, HUIERIXA chunk B mmap() 720 BCHIE, 1% chunk AFEAE R —MHAR)
chunk, WA prev_size FIAFFEIAIRT AR H], P LLIETE E44h SIZE_SZ K/ AF. H
T mmap() 73 Bic i) A AF BRI 55 o G0ERAE A mmap() 2 BC A7, 7 BTSRRI N AF
K7W sizeo

/% Don’t try if size wraps around 0 */
if ((unsigned long) (size) > (unsigned long) (nb)) {
mm = (charx) (MMAP (0, size, PROT READ|PROT WRITE, MAP_PRIVATE));
if (mm != MAP_FAILED) ({
Jo#
The offset to the start of the mmapped region is stored
in the prev size field of the chunk. This allows us to adjust
returned start address to meet alignment requirements here
and in memalign(), and still be able to compute proper
address argument for later munmap in free() and realloc ().
*/
#if 1
/* For glibe, chunkZmem increases the address by 2+SIJZE S7 and
MALLOC ALIGN MASK is 2*%SIZE SZ-1. FEach mmap’ ed area is page
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aligned and therefore definitely MALLOC ALIGN MASK-aligned. +*/
assert (((INTERNAL SIZE T)chunk2mem(mm) & MALLOC ALIGN MASK) == 0);
#telse
front misalign = (INTERNAL SIZE T)chunk2mem(mm) & MALLOC ALIGN MASK:
if (front misalign > 0)
correction = MALLOC ALIGNMENT - front misalign;
p = (mchunkptr) (mm + correction);
p—>prev size = correction;
set head(p, (size — correction) |IS MMAPPED)
}
else
#endif

p = (mchunkptr)mm;
set_head (p, size|IS MMAPPED) ;
}

WEREHH R T B size /T nb, FoRiH T, ABECALE, S, A mmap()
BT HRRANEINAE . IR mmap() 73 BC N A7, K mmap()iR 8] N A7 4R B s i 4y
chunk 8%, FFWE 1Z chunk [{J /N size, [AII % E 1% chunk [ IS_MMAPPED bri&ifr, #
TR chunk Z2i8 1 mmap()BRELE 2 N R S5 BLHT . BT mmap ()& (] 1) P A7 il 2 4 JE 006
FEH), e SR iL IR 2*SIZE_SZ X5, AR chunk I SR 55N, fEH chunk2mem()3k
HY chunk HSERRTT A A BEE )8, BT PAIX BN 75 B R0 S5 4R o

/# update statistics */
if (++mp_.n mmaps > mp .max_ n _mmaps)
mp .max n mmaps = mp .N_mmaps;
sum = mp .mmapped mem += size;
if (sum > (unsigned long) (mp .max mmapped mem))
mp_.max mmapped mem = sum;
#ifdef NO THREADS
sum += av—>system_mem;
if (sum > (unsigned long) (mp .max total mem))
mp .max total mem = sum;
fendif
SR GG A, B e ST 2R mmap 0 N AFERITEEOIN—, WA mmap() 4>
FC A AR P R T B s OE, B R E N E, XA R, By
mmap 7t N AE 24845 7 mp_.n_mmaps < mp_.n_mmaps_max, AT l++mp_.n_mmaps >
mp_.max_n_mmaps N IRJE HHT mmap LA A&, WRZE R T RER &K
&, BH4arfEIRES mp_max_mmapped_mem. IR R SRR, 87 B 504 hr gt fE
Fror e A7 8 2, R B KT &EMHRKE mp_max_total_mem, &K
mp_.max_total_mem A4 Hi{H .

check_chunk (av, p);
return chunk2mem (p) ;
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}
fendif

/# Record incoming configuration of top */

old top = av—>top;

old size = chunksize(old top):
old end (char*) (chunk_at_offset(old top, old size));
brk = snd brk = (char%) (MORECORE FAILURE) ;

{RAE 4T top chunk HIFEER, K/NFIGE AL B IIE I AL &b,

%
If not the first time through, we require old size to be
at least MINSIZE and to have prev inuse set.
*/
assert ((old top == initial top(av) && old size == 0) ||
((unsigned long) (old size) >= MINSIZE &&
prev_inuse (old top) &&
((unsigned long)old end & pagemask) == 0));
/# Precondition: not enough current space to satisfy nb request */
assert ((unsigned long) (old size) < (unsigned long) (nb + MINSIZE)) ;
#ifndef ATOMIC FASTBINS
/% Precondition: all fasthins are consolidated */
assert ('have fastchunks(av)) ;
ttendif
K 2E top chunk BI&EEME, RS —IRIAMHARKEL, top chunk AIRER B VILGIL, WIRE
old_size 4 0, 1R top chunk C&WIHIL, N top chunk [FIK/NA UK T 45T MINSIZE,
A top chunk L5 T fencepost, fencepost 7% MINSIZE K/NMAIHNAF. Top chunk A Z0FRIR
HI— chunk 4bF inuse tRZS, XEME, IFH top chunk HI4E A HLbE D € 2 TN F5 1. 7
4k top chunk 2 fencepost B/ E/NTF TS chunk YK/, ANSREE int_malloc() BR %
HE L% A8 top chunk $R15FT 75 1) chunk. % J5 £ 25 40 S 3% F1 3 ATOMIC_FASTBINS {24k,
TEAEF_int_malloc() 7 Be WAFERT, $-15 T 4 EC X I8, free Bt EFRAS 40 e X )B4 BE M) fast
bins I HHI chunk, T _int_malloc()7E i A BREHT, CZ&% fast bins A chunk
H#E I IINE] unsorted bin T, AL, AERET fast bins A2 4N chunk 727E .

if (av != &main arena) {
heap info *old heap, sheap;

size t old heap size;

/% First try to extend the current heap. */
old heap = heap_for ptr(old top);

old heap size = old heap—>size;

if ((long) (MINSIZE + nb - old size) > 0
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&& grow_heap (old heap, MINSIZE + nb — old size) == 0) {
av—>system mem += old heap—>size — old heap size;
arena_mem += old heap—>size — old heap size;
#if 0
if (mmapped mem + arena mem + sbrked mem > max total mem)
max total mem = mmapped mem + arena mem + sbrked mem;
#endif
set_head (old top, (((char *)old heap + old heap—>size) — (char *)old top)
| PREV_INUSE) ;

WR AT B XN AE P BC X, HRYE top chunk (4843545 2411 sub_heap ] heap_info
S5, AR top chunk FIFEARA R AR LA BCH TR 6 chunk (RTIHICZ WS, XME
SE AL, I K sub_heap AT AT 5 X3RN, 41 SR BLDh, B B0 A7 T ST HE &
FEHEHHT top chunk 1] size

}

else if ((heap = new heap(nb + (MINSIZE + sizeof (heap)), mp .top pad))) {

P4 new_heap()RE A& —NHT ) sub_heap, HIT1X4> sub_heap H /D FHE AT A/
A nb ] chunk, K/NHN MINSIZE 1] fencepost FlIK/NA sizeof(*heap)H heap_info 521, Fir DA
£ new_heap() R EL 1 43 B KN A nb + (MINSIZE + sizeof(*heap)) .

/# Use a newly allocated heap. */

heap—>ar ptr = av;

heap—>prev = old_heap;

av—->system_mem += heap—>size;

arena_mem += heap—>size;
#if 0

if ((unsigned long) (mmapped mem + arena mem + sbrked mem) > max total mem)

max total mem = mmapped mem + arena mem + sbrked mem;

ftendif

/% Set up the new top. */

top(av) = chunk at offset (heap, sizeof (kheap));

set_head (top(av), (heap—>size — sizeof (*heap)) | PREV_INUSE) ;

R AR sub_heap TRAFHHTIIZECX FRET, #1% sub_heap HIA T3 BC X [

sub_heap HEFRT, HEHTAUATOE X NESESG T, BHEER sub_heap XA —12FH
chunk 7E 947170t [X ) top chunk, 3F% & top chunk HIHRZ .

/% Setup fencepost and [ree the old top chunk. */
/% The fencepost takes at least MINSIZE bytes, because it might

become the top chunk again later. Note that a footer Is set

up, too, although the chunk is marked in use. */
old size —= MINSIZE;
set_head (chunk_at_offset (old_top, old size + 2%SIZE_SZ), O|PREV_INUSE) ;
if (old size >= MINSIZE) {

set_head (chunk_at_offset (old_top, old size), (2+SIZE_SZ)|PREV_INUSE) ;
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set_foot (chunk_at_offset (old top, old size), (2*SIZE SZ7));
set_head(old top, old size|PREV INUSE|NON MAIN ARENA) ;
#ifdef ATOMIC FASTBINS
_int_free(av, old top, 1);
ttelse
_int_free(av, old top);
#tendif
} else {
set_head(old top, (old size + 2%SIZE SZ) |PREV INUSE) ;
set_foot (old top, (old size + 2*%SIZE SZ7));
}

1% & 5 top chunk 1] fencepost, fencepost i % MINSIZE K/NMAWNAEZSE], K% old_size
k2 MINSIZE 7325 top chunk A N7 ZS 18], B B fencepost HEH A chunk [1] size
0, HFRRFT—A chunk 4T inuse IRZS . #2535 HIWTJE top chunk HIA R A7 75 18] 275K
TZ5F MINSIZE, WiIRE, FRIRE top chunk 1] LR H K T2 T MINSIZE K/ chunk, T
7 top chunk Y173 /% A chunk A1 fencepost Jiif 7, Yol & fencepost (11551 chunk
HIR/INA 2*SIZE_SZ, FHARIRET— chunk &b T inuse JRZS, fencepost HIZE— chunk &7
P E foot, FRn1Z chunk b T 2 RIRES, T fencepost 58 /™ chunk #IAR IS — chunk
T inuse IRZS, BRUAAREER AT chunk FH4T, A 4 KX A Z3 XY fencepost. 7 7hH:
S top chunk 173 R ) chunk 240 T2 RARES , 15 fencepost HZE—A™ chunk #IFRIRFT—
A~ chunk A inuse ARZS, SRJGIRHPEIZALT inuse JRZSHT chunk 1 _int_free() s BB il »
XFEA e 4 2 ZE AN REA AN chunk AHEIZ)5E

WS JE top chunk H A R [HAS & MINSIZE, K HEANJE top chunk 14 fencepost, 1%
# fencepost FIZH—™ chunk FFHISIRES .

}

else if (!tried mmap)

/* We can at least try to use to mmap memory. ¥/
goto try mmap;

I8 K sub_heap AT ] 5 X IO/ NFITEIEE BT sub_heap #RIE T, 23508 H mmap()
PREE N RG I BCT R chunk.

} else { /* av == main arena */
/* Request enough space for nb + pad + overhead */
size = nb + mp .top pad + MINSIZE;

W GHT A EL X AR, BT R E 5B sizes

J#
[f contiguous, we can subtract out existing space that we hope to
combine with new space. We add it back later only if
we don’t actually get contiguous space
%/
if (contiguous (av))
size —= old_size;

—RAEOL Y, EEXAE sbrk()M heap I EEAAE, sbrk()iR [BIESLHI M A AF, X
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BT 2SI size, JldE top chunk H CVA N N AE KN,

J#
Round to a multiple of page size.
[ MORECORE is not contiguous, this ensures that we only call it
with whole—page arguments. And 1f MORECORE 1s contiguous and
this is not first time through, this preserves page—alignment of
previous calls. Otherwise, we correct to page—align below.

*/

size = (size + pagemask) & “pagemask;

¥ size FLIRTUR T, sbrk() 2620 LGN BAL 7y BE SR REAL A A7«

J#
Don’ t try to call MORECORE if argument is so big as to appear
negative. Note that since mmap takes size t arg, 1t may succeed
below even 1f we cannot call MORECORE.

*/

if (size > 0)
brk = (char*) (MORECORE (size)) ;
fEF sbrk() M\ heap H 4L size K/ RE LN A7 ER

if (brk != (char*) (MORECORE FAILURE)) f{
/% Call the “morecore’ hook if necessary. */
void (khook) (void) = force reg ( after morecore hook) ;
if (__builtin expect (hook != NULL, 0))
(¢hook) () ;
I sbrk() 7%, I H. morecore ) hook BREA77E, 1 morecore ) hook BF#.

} else {

J#
If have mmap, try using i1t as a backup when MORECORE fails or
cannot be used. This is worth doing on systems that have “holes” in
address space, so sbrk cannot extend to give contiguous space, but
space 1s available elsewhere. Note that we ignore mmap max count
and threshold Ilimits, since the space will not be used as a
segregated mmap region.

*/

#if HAVE MMAP
/% Cannot merge with old top, so add its size back in */
if (contiguous(av))
size = (size + old size + pagemask) & ~pagemask;

/% It we are relying on mmap as backup, then use larger units */
if ((unsigned long) (size) < (unsigned long) (MMAP_AS MORECORE SIZE))
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size = MMAP_AS MORECORE SIZE;
WA sbrk()iR BRI, B2 sbrk()VA AT A, A mmap(AXE, ST OB N AF
KANFHFE TS F5, W EHFEA size /N T 1M, K size 154 1M, WELE A mmap()fE
N morecore BRI BL IR/ NAEERK/NA 1M,

/% Don’t try if size wraps around 0 */
if ((unsigned long) (size) > (unsigned long) (nb)) {
char *mbrk = (char*) (MMAP (0, size, PROT READ|PROT WRITE, MAP PRIVATE));
if (mbrk != MAP_FAILED) {
/% e do not need, and cannot use, another sbrk call to find end */
brk = mbrk;
snd_brk = brk + size;

Jo#
Record that we no longer have a contiguous sbrk region
After the first time mmap I1s used as backup, we do not
ever rely on contiguous space since this could Incorrectly
bridge regions.

*/

set_noncontiguous (av) ;

}
WERPTH RN AE NG, A mmap() BB BCNAF. IR BT, HH brk
Al snd_brk, FE¥EHT 5 FC X & 115 B AT 4 AN EELE kg 400 A

}
fendif

}

if (brk != (charx) (MORECORE FAILURE)) {
if (mp .sbrk base == 0)
mp . sbrk base = brk;
av—>system mem += size;
R brk &%, Bl sbrk() 5 mmap() 7 BL R, 405 sbrk_base i& BH ¥ UG 4E , 58T sbrk_base
14 i 23T XA A A7 P sk

J#
1 MORECORE extends previous space, we can likewise extend top size.
*/
if (brk == old end && snd brk == (char*) (MORECORE FAILURE))
set_head(old top, (size + old size) | PREV INUSE);:
else if (contiguous(av) && old size && brk < old end) {
/% Oops! Someone else killed our space.. Can’t touch anything. */
malloc printerr (3, “break adjusted to free malloc space”, brk);
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A sbrk() 7 BC R, B85 top chunk K718, H152 7€ top chunk [ ET— chunk &b T inuse
R WEGHT B X AT 7 BCE L BN AE, 5 top chunk BIR/NKT 0, {HHTI brk fE /)
TJi top chunk (g, HEST .

J#
Otherwise, make adjustments:
* [f the first time through or noncontiguous, we need to call sbrk
Just to find out where the end of memory Ilies
* We need to ensure that all returned chunks from malloc will meet
MALLOC AL IGNMENT
* [f there was an intervening foreign sbrk, we need to adjust sbrk
request size to account for fact that we will not be able to
combine new space with existing space in old top
* Almost all systems Internally allocate whole pages at a time, In
which case we might as well use the whole last page of request
So we allocate enough more memory to hit a page boundary now,
which In turn causes future contiguous calls to page—align.
*/
else {
front misalign = 0;
end misalign = 0;
correction = 0;
aligned brk = brk;
PAT BIXAN 533, BIRE sbri()iR ) brk E KT top chunk FZE L, B2 5 (1)1l
HE5 5 top chunk HMEEANESE, ATRER B TAMEHE T A sbrk() pRi&, X B 5 AL R
I RO 5 )

/% handle contiguous cases */
if (contiguous(av)) {
/% Count foreign shrk as system mem. — */
if (old size)
av—>system mem += brk — old end;
WA BC X ] 73 BB S RN AE, I BA MBI T sbrk()BRE, KAMER A sbrk()
SHECH AT AN SR IR X BT iE N AE Gt

/% Guarantee alignment of first new chunk made from this space */
front misalign = (INTERNAL SIZE T)chunkZ2mem(brk) & MALLOC ALIGN MASK;
if (front misalign > 0) {

J*
Skip over some bytes to arrive at an aligned position
We don’t need to specially mark these wasted front bytes.
They will never be accessed anyway because

prev inuse of av->top (and any chunk created from its start)
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is always true after initialization
*/
correction = MALLOC ALIGNMENT - front misalign;

aligned brk += correction;

}
THECY R brk BHFIEMR 788, R4E brk Hihib3% MALLOC_ALIGNMENT X 5% .

¥k

If this isn’t adjacent to existing space, then we will not

be able to merge with old top space, so must add to Znd request
*/

correction += old size;

/# Extend the end address to hit a page boundary */
end misalign = (INTERNAL SIZE T) (brk + size + correction);
correction += ((end misalign + pagemask) & ~pagemask) — end misalign;

assert (correction >= 0) ;
snd _brk = (char*) (MORECORE (correction)) ;

HH T i top chunk LS 45T brk ASAHAR, A BE 8 H I top chunk FINAE T, 7
BEPTOAFTT chunk 2 BCEB AT, 4 top chunk I/ NIMEIFF IEE A, M4HT brk H
SHCHTRE chunk, THEH RIS FFHT chunk 59l end_misalign, 28 )5% end_misalign %118
GO FF R R SR IE RO B Hr I8 Eo SRE R sbrk() 7 Beir IEE /NN AT,
W5 sbrk() 2 BC R, T 24HT ) top chunk HRa] BLAMC HE BT 75 FROSESE N AZ 1Y chunk.

JS*
If can’t allocate correction,
brk. It might be enough to proceed without failing.

try to at least find out current

Note that if second sbrk did NOT fail, we assume that space

is contiguous with first sbrk. This Is a safe assumption unless
program is multithreaded but doesn’t use locks and a foreign shrk
occurred between our {irst and second calls

*/
if (snd brk == (char*) (MORECORE FAILURE)) {

correction = 0;
snd_brk = (char#*) (MORECORE (0)) ;

UR sbrk(V AT ARG, SR AT brk (45 s

} else {
/% Call the “morecore’ hook if necessary. #*/

void (*hook) (void) = force reg ( after morecore hook) ;
if (__builtin expect (hook != NULL, 0))
(xhook) O ;
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T sbrk() AT T, I H A morecore hook BIEFAE, 41T1% hook PR %,

/# handle non—contiguous cases */
else {
/* MORECORE/mmap must correctly align */
assert (((unsigned long)chunk2mem(brk) & MALLOC ALIGN MASK) == 0);

/% Find out current end of memory */
if (snd brk == (char*) (MORECORE FAILURE)) {
snd _brk = (char*) (MORECORE (0)) ;
}
PATRIXH, EWRE brk & mmap()7 AL, W5 brk —E &% MALLOC_ALIGNMENT
X551, KA mmap()i Bl hl 32 506 55 . aniR brk i kIR, /A morecore 35445
T brk 45 AL

/# Adjust top based on results of second sbrk */
if (snd brk != (chark) (MORECORE FAILURE)) {
av—>top = (mchunkptr)aligned brk;
set_head (av—>top, (snd brk — aligned brk + correction) | PREV INUSE);
av—>system_mem += correction;
TR brk BI4E RIS, WE 4 ET 0 BC X A top chunk 2 brk, W& top chunk H K/,
FEEE W53 FL X R 4 e A7

Jo#
If not the first time through, we either have a
gap due to foreign sbrk or a non—contiguous region. Insert a
double fencepost at old top to prevent consolidation with space
we don’t own. These fenceposts are artificial chunks that are
marked as inuse and are in any case too small to use. We need
two to make sizes and alignments work out.
*/
if (old_size !=0) {
J*
Shrink old top to insert fenceposts, keeping size a
multiple of MALLOC ALIGNMENT. We know there i1s at least
enough space in old top to do this.
*/
old size = (old size — 4*SIZE S7Z) & “MALLOC ALIGN MASK;
set_head (old_top, old_ size | PREV_INUSE);
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J#
Note that the following assignments completely overwrite
old top when old size was previously MINSIZE. This is
intentional. We need the fencepost, even if old top otherwise gets
lost.

*/

chunk_at_offset(old top, old size )—>size
(2+SIZE SZ) |PREV_INUSE;

chunk at_offset (old top, old size + 2%SIZE SZ)->size
(2%SIZE S7) |PREV INUSE;

/* [f possible, release the rest. */
if (old size >= MINSIZE) {
#ifdef ATOMIC FASTBINS
_int_free(av, old top, 1);
ttelse
_int free(av, old top);
fendif
}

1% B Jii top chunk [f] fencepost, fencepost 75 % MINSIZE K/NANAFEZEE], K% old_size
2% MINSIZE 152 J5 top chunk HG RN A7 25 8], FATAT LR )5 top chunk 45 2 N 47 75 (6]
—E KT MINSIZE, ¥ top chunk Y19 =3 N chunk Fll fencepost B4, &L B VIt
K chunk FIK/NA old_size, FARIRAT—4 chunk 4bF inuse JIRZS, J& top chunk Y14 ik
) chunk 4= B 4b 175 PRARES , {H fencepost [ 55— chunk FIFR IR ET—> chunk 4 inuse IR,
SRJG SR HKE 1Z AL T inuse IRZS chunk T _int_free() B 3RS iltdsi. AR5 B E. fencepost 5
—/ chunk FJR/N K 2*SIZE_SZ, FFARINAT—A™ chunk AbF inuse IR7, ZRJ5# & fencepost
HI2E — /> chunk [ size 2 2*SIZE_SZ, FHHRIRET— chunk 4bF inuse JRZS. 1X B F 40 HC X
H] fencepost 5 9E £ BLIX A fencepost A [F], E /3 ACLIX fencepost HIZH /> chunk HIA/N&
BN 2*SIZE_SZ, TAEF 4 BLIX Y fencepost B 5 — AN chunk B RK/NEE N 0.

/* Update statistics */
#tifdef NO_THREADS
sum = av—rsystem_mem + mp_.mmapped mem;
if (sum > (unsigned long) (mp .max total mem))
mp .max total mem = sum;
ttendif
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Bk, X EECX R E R g .

V% if (av != &main arena) */

if ((unsigned long)av->system mem > (unsigned long) (av—>max system mem))
av—>max_system mem = av—>system mem;

LN 57T BE X T o BE B P A R T I s KA, BB ST e X B R BC I N A &S
check malloc state (av);

/% finally, do the allocation */
p = av—>top;
size = chunksize (p) ;

/# check that one of the above allocation paths succeeded */
if ((unsigned long) (size) >= (unsigned long) (nb + MINSIZE)) {
remainder _size = size — nb;
remainder = chunk_at offset(p, nb);
av—>top = remainder;
set_head(p, nb | PREV INUSE | (av != &main arena ? NON MAIN ARENA : 0));
set_head (remainder, remainder size | PREV INUSE);
check malloced chunk(av, p, nb);
return chunk2mem (p) ;

W AT top chunk W L&A 0 B N AFR 7 BLIT 75 B chunk, MCSETY top chunk H143
FC T 75 9 chunk FEIR 9]

/* catch all failure paths */
MALLOC FATLURE ACTTON;

return 0;

5.7.2.5 malloc_consolidate()

malloc_consolidate() 5% £ H T fast bins H11f] chunk &3, JFHI unsorted bin H1, 52
ILIFACHS 4
%

malloc consolidate

malloc consolidate is a specialized version of free() that tears

down chunks held in fastbins. Free itself cannot be used for this
purpose since, among other things, it might place chunks back onto
fasthins. So, instead, we need to use a minor variant of the same

code.
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Also, because this routine needs to be called the first time through

malloc anyway, it turns out to be the perfect place to trigger

initialization code
*/
#if STD C
static void malloc_consolidate (mstate av)
ttelse
static void malloc_consolidate(av) mstate av;
#tendif
{

mfastbinptr* fb; /# current fastbin being consolidated */
mfastbinptr* maxfhb; /% last fastbin (for loop control) */
mchunkptr p; /# current chunk being consolidated */
mchunkptr nextp; /# next chunk to consolidate */
mchunkptr unsorted bin; /% bin header */

mchunkptr first unsorted; /% chunk to link to */

/* These have same use as in free() */
mchunkptr nextchunk;
INTERNAL_SIZE T size;

INTERNAL SIZE T nextsize;

INTERNAL SIZE T prevsize;

int nextinuse;
mchunkptr bek:
mchunkptr fwd;

JS*

If max fast is 0, we know that av hasn’t

yet been initialized, 1n which case do so below

*/
if (get_max fast () !=0) {
clear_ fastchunks (av) ;

unsorted bin = unsorted_chunks (av) ;

R4 JmAr & global_max_fast A%, EIR ptmalloc CAVIIHN, ERELIX flag H

fast bin MIARELL, ZbrEM R RSECX P fast bins H
unsorted bin,

¥

423N chunk. 2R JG

H:/H

WAF

Remove each chunk from fast bin and consolidate it, placing it

then in unsorted bin. Among other reasons for doing this,

placing in unsorted bin avoids needing to calculate actual bins

until malloc is sure that chunks aren’t immediately going to be

JrBE X
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reused anyway.

*/

#if 0
/% [t 1s wrong to limit the fast bins to search using get max fast
because, except for the main arena, all the others might have
blocks in the high fast bins. [It’s not worth it anyway, just
search all bins all the time. */
maxfb = &fastbin (av, fastbin index(get max fast ()));

felse

maxfb = &fastbin (av, NFASTBINS - 1):
#endif
fb = &fastbin (av, 0);

P45 B X B KR — fast bin TRAEZS maxfb, 55— fast bin TRE 25 fb, 2R J5 i [ fast bins.

do {
#ifdef ATOMIC FASTBINS
p = atomic_exchange acq (fb, 0);

ttelse
p = *fb;
fendif
it (p =0 {
#ifndef ATOMIC FASTBINS
*fb = 0;
fendif

REHHT I P71 fast bin 230K chunk Bl BE R L3R ESS p, TR p A8 0, 24
HIl fast bin B R MLIGEHRE Y 0, BIMHIER T 1% fast bin F1 2SI chunk 553 .

do {
check inuse chunk(av, p);
nextp = p—>fd;
F 75N chunk BEELH T —1 chunk BUESS nextp.

/% Slightly streamlined version of consolidation code in free() */
size = p—>size & " (PREV_INUSE|NON MAIN ARENA) ;
nextchunk = chunk_at_offset(p, size);
nextsize = chunksize (nextchunk) ;
K152 chunk [F) size, FH3E22%: size F1f¥) PREV_INUSE A NON_MAIN_ARENA ki, Jf
SRIUHAR N —A> chunk 1R —A> chunk IR/

if (!prev_inuse(p)) f{
prevsize = p—>prev size;
size += prevsize;

p = chunk_at_offset(p, —((long) prevsize));
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unlink (p, bck, fwd);
1
WER 2T chunk BIHT—> chunk 25, PR 4 HT chunk S5HT—A chunk & B— 75
chunk, HIFHI— chunk 2K, N4H7 chunk ) prev_size {#4F 1 BI—> chunk 1K/, it
B G IR chunk KN, FF3REUET— chunk BIFEAT, BT chunk M2 R E 2 TR .

if (nextchunk != av—>top) {
nextinuse = inuse_bit_at_offset (nextchunk, nextsize);
R 5 4HT chunk AHEE T —4 chunk A2 BLIX T top chunk, &F 5 XH chunk £
BH T — chunk 24T inuse IRFE .

if (!nextinuse) {
size *+= nextsize;
unlink (nextchunk, bck, fwd);
} else
clear inuse bit_at offset(nextchunk, 0);
W5 [T chunk AHARHT N — chunk &b inuse IRZS, {EBR 24 BT chunk 1] inuse R,
M4 ET chunk XA 7o B, CREAHABE T — AN chunk WS INEER HMIBR, FFT1H5E 40T
chunk 5 F—4* chunk &35 1 chunk K/,

first unsorted = unsorted bin—->fd;
unsorted bin—>fd = p;
first _unsorted->bk = p;

$& IF 51 chunk N unsorted bin XA (G 5E R

if (lin_smallbin_range (size)) {
p—>fd nextsize = NULL;
p—>bk nextsize = NULL;
}
R4 I )5 H chunk J& T large bin, ¥ chunk ] fd_nextsize 1 bk_nextsize % & ¥ NULL,
[KIA7E unsorted bin HFIX AN FBOCH

set_head (p, size | PREV_INUSE);
p—>bk = unsorted bin;
p—>fd = first unsorted;
set_foot (p, size);
WEEGIHFERZN chunk KN, FFFRIRET— chunk 4& T inuse RAS, BN ZRLRIEA
REA M AHRE chunk #RAL T IRIRES . R 5-& IF /51 chunk A unsorted bin B)X a1 7
WeERY ., B ESIFERIAH chunk i) foot, chunk Z5 A A2 B foot, 1% foot AbT
N—4 chunk ] prev_size H1, H& chunk %5 K& foot A &H %K.
}
else {
size += nextsize;
set_head (p, size | PREV_INUSE);
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av—>top = p;
1
W 4 ET chunk ]~ — chunk A4 top chunk, 2481 chunk &% top chunk, &2
top chunk ) K/
} while ( (p = nextp) != 0);
L33 77 58 24817 fast bin A ATA 2 chunk.
}

} while (fb++ != maxfb):

H 33 [ 56 A [ fast bins.
1
else {

malloc_init_state(av);

check malloc state(av);

W ptmalloc A WIUEA, HILHAL ptmalloc.
}

5.8 NI free

5.8.1 Public_fREe()

Public_fREe() R £ [ YRAAL 4 F
void

public fREe (Void t* mem)

{

mstate ar ptr;
mchunkptr p; /% chunk corresponding to mem */

void (*hook) ( malloc ptr t, const malloc ptr t)
= force reg (_ free hook);

if (__builtin expect (hook != NULL, 0)) {
(*hook) (mem, RETURN_ADDRESS (0));

return;

WIRAZLE free 1) hook BR%L, AT 1% hook BRERIF], free [ hook bR = B H T Hr
LR R B P 3R AL free BRIEL

if (mem == 0) /% free(0) has no effect */

return;

p = mem2chunk (mem) ;

free NULL $54T FLIZIR [B], SRJEHR4E A AFIRET 3RS chunk [UfE4T
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#if HAVE MMAP
if (chunk is mmapped (p)) /* release mmapped memory. */
{
/* see 1 the dynamic brk/mmap threshold needs adjusting */
if (!mp .no dyn threshold
&& p—>size > mp_.mmap_ threshold
&& p—>size <= DEFAULT MMAP THRESHOLD MAX)
{
mp . mmap_threshold = chunksize (p);
mp_. trim threshold = 2 * mp_.mmap_ threshold;
}
munmap_chunk (p) ;
return;
}
ttendif
U H 24 free fY) chunk 281 mmap() 73 B2 Y, 8 F munmap_chunk() B % unmap 4 chunk.
munmap_chunk()ERE U munmap()BRECEE L mmap() /2 BCI N AEE. [N Z SIS T
mmap 73AC EE A RS, BOARIFER, W5 4HT free B chunk FIR/NK T E K
mmap 7 ECEE, /N T mmap 7 ECEME R BORE, 24910 chunk FR/NMREZS mmap 4B
B, FAZEL mmap Wi BIME Y mmap 70 BCBIE ) 2 6% . BRATEOL T mmap 73 BCB{E 5 mmap
Wi BRE AR S, O 128KB.

ar ptr = arena_for chunk (p);

MR chunk FREFER1F 2 FC X AOFEE .

#ifdef ATOMIC FASTBINS
_int_free(ar ptr, p, 0);
WRIFJE T ATOMIC_FASTBINS DA, AT EXS 70 B X g, i FH_int_free() B& H#hAT SE
PR IR TAE
ttelse
# 1f THREAD STATS
if ('mutex_trylock (&ar ptr—>mutex))
++(ar ptr—>stat lock direct);
else {
(void)mutex_lock (&ar ptr—>mutex) ;
++(ar ptr—>stat lock wait);
}
# else
(void)mutex_lock (&ar ptr—>mutex) ;
# endif
_int_free(ar ptr, p);
(void)mutex_unlock (&ar ptr—>mutex) ;
ttendif
WA TFIE T ATOMIC_FASTBINS Ak, B 0EX 8, 18 _int_free()pRHHhAT 58
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}

5.8.2 _int_free()

S
#

_int_free() PR EX ) SLELYEARAL 4 R

tatic void

_int_free(mstate av, mchunkptr p, int have lock)

#

ifdef ATOMIC_FASTBINS
else

_int_free(mstate av, mchunkptr p)
endif

#
{

INTERNAL SIZE T size;
mfastbinptr* fb;

mchunkptr nextchunk;

INTERNAL SIZE T nextsize;

int nextinuse;

INTERNAL SIZE T prevsize;
mchunkptr bek;
mchunkptr fwd;

const char s*errstr = NULL;

#ifdef ATOMIC_FASTBINS

int locked = 0;

fendif

size = chunksize (p);

FRELTR BUREA chunk FR/N .

/% its size */

/* associated fastbin */

/% next contiguous chunk */

/% [ts size */

/# true if nextchunk is used */

/% size of previous contiguous chunk */
/* misc temp for linking #/

/* misc temp for linking #/

/% Little security check which won’t hurt performance: the

allocator never wrapps around at the end of the address space

Therefore we can exclude some size values which might appear

here by accident or by “design” from some intruder. #*/

if (__builtin expect ((uintptr t) p > (uintptr t) -size, 0)

|| _builtin expect (misaligned chunk (p), 0))

errstr = “free(): invalid pointer”:

errout:

#ifdef ATOMIC FASTBINS
if (! have lock && locked)
(void)mutex_unlock (&av—>mutex) ;

fendif
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malloc printerr (check action, errstr, chunkZmem(p));

return;

}
/* We know that each chunk is at least MINSIZE bytes in size. #*/
if (__builtin_expect (size < MINSIZE, 0))
{
errstr = “free(): invalid size”:

goto errout;

check inuse chunk(av, p);
FIHEARTS T2 tr, chunk FIFEEFHILEAGER . chunk B R/NDZK T4 T
MINSIZE

%
If eligible, place chunk on a fastbin so it can be found
and used quickly in malloc

*/

if ((unsigned long) (size) <= (unsigned long) (get max fast ())

#if TRIM_FASTBINS
Jo#
It TRIM FASTBINS set, don’t place chunks
bordering top into fastbins
*/
&& (chunk_at_offset(p, size) != av—>top)
fendif
) |

if (__builtin_expect (chunk at offset (p, size)—>size <= 2 * SIZE SZ, 0)
|| _builtin_expect (chunksize (chunk at offset (p, size))
>= av—r>system mem, 0))
{
#ifdef ATOMIC FASTBINS
/% e might not have a lock at this point and concurrent modifications
of system mem might have let to a false positive. Redo the test
after getting the lock. */
if (have lock
Il ({ assert (locked == 0):
mutex_lock (&av—>mutex) ;
locked = 1;
chunk at offset (p, size)—>size <= 2 * SIZE SZ
|| chunksize (chunk_at offset (p, size)) >= av—>system mem;

1))
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fendif

errstr = “free(): invalid next size (fast)”:
goto errout;
}
#ifdef ATOMIC FASTBINS
if (! have lock)
{
(void)mutex_unlock (&av—>mutex) ;
locked = 0;

#tendif
}

WHRYHT free [ chunk J& T fast bins, ZFH N —MHLLH chunk FIR/NES/NTET
2*SIZE_SZ, F—MHRE chunk RN SR T2 X T r BC N AR, Wi, s, 1X
AT —AMHAE chunk K /MULFA 008, R4 chunk [ size F B L& T —2ehr &AL,
IEH BB R —/NHAE chunk [ size FF ) PREV_INUSE FrEfr 2 B AL, (HIX g2 2ok Al
HIE O, WAL S —NH2E chunk 1 size AR EAL B BAL, 37 H 1% chunk K/INA 2*SIZE_SZ
FIESRIE DL aNRIF)E T ATOMIC_FASTBINS 14k, JF HLid FH A pR BRI A 2 B X, - Jir
DLSEER 73 B X P 20 BC ) A7 e B 75 0 r B O st, R sa bUfE, BTl X it

if (__builtin expect (perturb byte, 0))
free_perturb (chunk2mem(p), size — SIZE S7);

set_fastchunks (av) ;

unsigned int idx = fastbin_index(size);

fb = &fastbin (av, idx);

WEMHT 7 HC X 1) fast bin flag, 27~ 41T 73 FLIX 1) fast bins H1 O 25 N chunk. 285 1R
52417 free 1) chunk K/NREUFTJE [ fast bin.

#ifdef ATOMIC FASTBINS
mchunkptr fd;
mchunkptr old = *fb;
unsigned int old idx = "Ou;
do
{
/# Another simple check: make sure the top of the bin is not the
record we are going to add (i.e., double free). #*/
if (_builtin_expect (old == p, 0))
{
errstr = “double free or corruption (fasttop)”;
goto errout;
}
if (old != NULL)
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old idx = fastbin_index (chunksize (0ld)) ;
p—>fd = fd = old;
}

while ((old = catomic_compare and exchange val rel (fb, p, fd)) != fd);

if (fd != NULL && __ builtin_expect (old idx != idx, 0))
{
errstr = “invalid fastbin entry (free)”;

goto errout;

}
WIS T ATOMIC_FASTBINS 4k, {#FH lock-free 44 A SZHL fast bin [ 5[] % % 47l A 45
YE. X lock-free ik, HZ W 5.7.2.1 5. XEMH ABA [, LAY HTLFRIRH b
FEORAF S old T, FEIH cas I AT, B 2R *fb 1B O x, WIER B AR A T H1H) chunk,
T x->fb 517 old, U1 B ZFEMIER T old, W x A old->fb. U1 C A FKs*fb 122500 old, NI
ATRER B AR chunk x B, 503 C R B MMERE old MEFTIIA . XPFHEHL, A
2 PEEER B, FTUAA S ABA ).
ttelse
/# Another simple check: make sure the top of the bin is not the
record we are going to add (i.e., double free). */
if (__builtin expect (xfb == p, 0))
{
errstr = “double free or corruption (fasttop)”:
goto errout;
}
if (kfb != NULL
& _ builtin_expect (fastbin_index(chunksize (*fb)) !'= idx, 0))
{
errstr = “invalid fastbin entry (free)”;

goto errout;

p—>fd = *fb;

*fb = p;

WREAITE T ATOMIC_FASTBINS fILAL, Kf free ¥ chunk A fast bin B 5 EE T,
Ut FEFR K N 4T free [ chunk. [FII 75 ZE50 2 54 double free iR, IR KAN
NULL B3R, fRIEZR Sk chunk AT JE Y fast bin 52477 free 1 chunk )& i fast bin AH[F] .
tendif

1

J*
Consolidate other non—-mmapped chunks as they arrive
%/
else if (!chunk_is_mmapped(p)) f{
#ifdef ATOMIC FASTBINS
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if (! have lock) {
# if THREAD STATS
if ('mutex_trylock (&av—>mutex))
++(av—>stat lock direct):
else {
(void)mutex_lock (&av—>mutex) ;
++(av—>stat lock wait) ;

}
# else
(void)mutex_ lock (&av—>mutex) ;
# endif
locked = 1;
}
ttendif

USR] free [ chunk A2 mmap() 72 FCi, JF H AN BCA SRS 2 X A8, 3%
B BE X A8 o

nextchunk = chunk_at offset(p, size);
S 4T free FA chunk FF —/MHABET chunk.

/* Lightweight tests: check whether the block is already the
top block. */
if (__builtin expect (p == av->top, 0))
{
errstr = “double free or corruption (top)”;
goto errout;
}
/# Or whether the next chunk is beyond the boundaries of the arena. */
if (__builtin_expect (contiguous (av)
& (char *) nextchunk
>= ((char *) av->top + chunksize (av->top)), 0))
errstr = “double free or corruption (out)”;
goto errout;
}
/% Or whether the block is actually not marked used. */
if (__builtin_expect (!prev_inuse (nextchunk), 0))
{
errstr = “double free or corruption (!prev)”;
goto errout;
}
GEKE, A7 free i) chunk ANEEAN top chunk, KN top chunk NZ5 A chunk, U
X free 5L A] €N double free #51% 1 o WIS 24H] free K chunk 2@ 1L sbrk()/BCHT, FHH F—
ANFAZBET chunk fHbhE DT 1 top chunk BIgE aCHbl, #7247 0 HC X 19 25 bk,
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WA . W5 24T free B chunk B R —MHZE chunk [ size F AR EA A 7R 24 HT free chunk
N inuse KA, I HEN double free £5i%.

nextsize = chunksize (nextchunk) ;

if (__builtin_expect (nextchunk->size <= 2 * SIZE SZ, 0)
|| __builtin_expect (nextsize >= av->system mem, 0))
errstr = “free(): invalid next size (normal)”:

goto errout;

if (__builtin expect (perturb byte, 0))
free perturb (chunkZmem(p), size — SIZE SZ);
T 4T free 1 chunk R —/NMHEZE chunk IR/, 1Z KNI /NTF 25T 2*SIZE_SZ 5%
FRT T X IR X N A7 B, HEs

/% consolidate backward */
if (!prev_inuse(p)) {
prevsize = p—>prev_size;
size += prevsize;
p = chunk_at_offset(p, —((long) prevsize));
unlink (p, bck, fwd);
}
WA HT free 1 chunk IRT—MHESE chunk A HIRES, 5ET— N2 chunk & 3. Tt
HEIFEH chunk K/, R HT—NHHARZS A chunk 7SR chunk 852 H kR .

if (nextchunk !'= av—>top) f{
/% get and clear inuse bit */
nextinuse = inuse_bit_at_offset (nextchunk, nextsize);
R 54T free F) chunk AHARH K —4> chunk A2 BCIX K top chunk, & 534H1
chunk AHABH) T —> chunk &5 40T inuse RZS

/* consolidate forward */
if (!nextinuse) f{
unlink (nextchunk, bck, fwd);
size += nextsize;
} else
clear_inuse bit at_offset (nextchunk, 0);
USR5 247 free ) chunk AHABHI T —A chunk 4b T inuse JIRZS, TERBR 24T chunk ff] inuse
WA, WZHHET chunk 25 1o B, BEAHARAIT — 2 chunk WS IREERFMER, Jf it
2T chunk 5 F— chunk & 3£/5 1) chunk K/

JS*

Place the chunk in unsorted chunk [ist. Chunks are
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not placed into regular bins until after they have

been given one chance to be used in malloc

*/
bck = unsorted_chunks (av) ;
fwd = bck—>fd;

if (__builtin_expect (fwd->bk !'= bck, 0))
{
errstr = “free(): corrupted unsorted chunks”;
goto errout;
}
p—>fd = fwd;
p—>bk = bek;
if (!in_smallbin range (size))
{
p—>fd nextsize = NULL;
p—>bk _nextsize = NULL;
}
bck—>fd = p;
fwd->bk = p;
F5 FEJEHI chunk I unsorted bin B REFEER . W15 -G IHE 1) chunk J& T large
bins, 4 chunk 1] fd_nextsize il bk_nextsize ¥ & A NULL, [XN7E unsorted bin HIX N 7B
T H.

set_head (p, size | PREV_INUSE);
set_foot (p, size);
WEEGIHFERZN chunk KN, FFFRIRET—4 chunk 4& T inuse ARAS, BRI LRIEA
REA M AHREI chunk #RAL T IRPIRES . 2R 55K -& IF /51 chunk A unsorted bin (XA 7
WeERY ., B ESIFEIAHN chunk /Y foot, chunk Z5 A A2 B foot, 1% foot AbT
R —4~ chunk ] prev_size F1, R chunk %A & foot 7 721 %I

check free chunk(av, p);

%
11 the chunk borders the current high end of memory,
consolidate into top
*/
else {
size += nextsize;
set_head (p, size | PREV_INUSE);
av—>top = p;
check chunk(av, p);
}
TR Y HT free [ chunk R —/MHAE) chunk 4 top chunk, %2457 chunk &J3F A top
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chunk, &4 top chunk H K/,

JS*
If freeing a large space, consolidate possibly—surrounding
chunks. Then, if the total unused topmost memory exceeds trim

threshold, ask malloc trim to reduce top.

Unless max fast is 0, we don’t know if there are fasthins
bordering top, so we cannot tell for sure whether threshold
has been reached unless fastbins are consolidated. But we
don’t want to consolidate on each free. As a compromise,
consolidation is performed i1t FASTBIN CONSOLIDATION THRESHOLD
is reached.

*/

if ((unsigned long) (size) >= FASTBIN CONSOLIDATION THRESHOLD) {
if (have_fastchunks (av))

malloc_consolidate (av) ;
WHREIHJEM chunk K/N KT 64KB, I H fast bins HH A7 7E 2K chunk, 18 H
malloc_consolidate() B #1& J fast bins F1[{)%% K chunk F| unsorted bin .

if (av == &main arena) {
#ifndef MORECORE CANNOT TRIM
if ((unsigned long) (chunksize(av—>top)) >=
(unsigned long) (mp . trim threshold))
SYSTRIm (mp . top pad, av);:
WY AT L X O 343 BC X, 9 HL top chunk (RN KT heap M4 BI4E , ¥ FH sYSTRIm()
BRI EH 56 heap.
#tendif
} else {
/* Always try heap trim(), even if the top chunk is not
large, because the corresponding heap might go away. */

heap info *heap = heap for ptr (top(av));

assert (heap—>ar ptr == av);
heap_trim(heap, mp . top pad);
R RAEF X, A heap_trim() ek E 4 4E 3 73 FL X () sub_heap.
}

#ifdef ATOMIC FASTBINS

if (! have lock) {

assert (locked) ;
(void)mutex_unlock (&av—>mutex) ;
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#endif
WRIFFE T ATOMIC_FASTBINS TEALIFERAF 70 HE X A8, TR 73 P XA
}
J#
It the chunk was allocated via mmap, release via munmap (). Note
that 11 HAVE MMAP is false but chunk is mmapped is true, then
user must have overwritten memory. There’s nothing we can do to
catch this error unless MALLOC DEBUG is set, in which case
check inuse chunk (above) will have triggered error.
*/
else {
#if HAVE MMAP
munmap_chunk (p) ;
W Y HT free f) chunk &ZiE mmap()7Be i), A munma_chunk() BN AE
#endif
}

5.8.3 sYSTRIm()F1 munmap_chunk()

SYSTRIm() B LA 2 T -

J*
SVYSTRIm is an inverse of sorts to sYSMALLOc. It gives memory back
to the system (via negative arguments to sbrk) if there is unused
memory at the high’ end of the malloc pool. It is called
automatically by free() when top space exceeds the trim
threshold. [t is also called by the public malloc trim routine. [t
returns 1 1f it actually released any memory, else 0.

*/

#if _STD C

static int sYSTRIm(size t pad, mstate av)

felse

static int sYSTRIm(pad, av) size t pad; mstate av;

#endif
{
long top size; /% Amount of top-most memory %/
long extra; /% Amount to release */
long released; /% Amount actually released */
char* current brk; /#* address returned by pre—check sbrk call */
char* new brk; /#* address returned by post—check sbrk call */

size t pagesz;

pagesz = mp_.pagesize;

top_size = chunksize(av—>top) ;
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FREL T K /ME, top chunk /N,

/# Release in pagesize units, keeping at least one page */
extra = ((top size — pad — MINSIZE + (pagesz—1)) / pagesz — 1) * pagesz;
1155 top chunk HP i K AR 25 1 K /N, top chunk H /0 75 25 MINSIZE 1) N AE AR AF

fencepost.

if (extra > 0) {
J#
Only proceed if end of memory is where we last set It
This avoids problems I1f there were foreign sbrk calls
*/
current brk = (char*) (MORECORE (0)) ;
if (current brk == (char*) (av->top) + top size) {
SRECA T brk {8, W 24 AT top chunk 45 RHUIE 5 25T brk (EAHSE, $14T heap Y.

Jo#
Attempt to release memory. We 1gnore MORECORE return value,
and instead call again to find out where new end of memory Is.
This avoids problems i1f first call releases less than we asked,
of if failure somehow altered brk value. (We could still
encounter problems 11 It altered brk in some very bad way,
but the only thing we can do Is adjust anyway, which will cause
some downstream failure.)

*/

MORECORE (-extra) ;

YW sbrk()VEETSHE € KNI A2 heap .

/% Call the “morecore’ hook if necessary. */
void (*hook) (void) = force reg ( after morecore hook);
if (__builtin_expect (hook != NULL, 0))
(xhook) () ;
new brk = (char*) (MORECORE(0)) ;
A morecore hook /77E, 44T hook BR L, 4R )5 3RS 4 HIETH brk 1E.

if (new brk != (char*)MORECORE FAILURE) {
released = (long) (current brk — new brk) ;

if (released != 0) {
/% Success. Adjust top. */
av—>system mem —= released;
set_head (av—>top, (top size — released) | PREV INUSE):
check malloc_state(av) ;

return 1;
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WS IRBUHT bri ALY, TFERBRUR AR/, T 2 mT B X RT3 B N AT
B top chunk K/,

}

return 0;

Munmap_chunk()B& Z0EACAS U1 -
static void
internal function
#if  STD C
munmap_chunk (mchunkptr p)
ttelse
munmap_chunk (p) mchunkptr p;
ttendif
{
INTERNAL_STZE T size = chunksize (p);

assert (chunk_is_mmapped (p)) ;
#if 0

assert (! ((char*)p >= mp .sbrk base & (char*)p < mp .sbrk base +
mp_. sbrked mem)) ;

assert((mp .n mmaps > 0));
ttendif

uintptr t block = (uintptr t) p — p—>prev_size;

size t total size = p—>prev size + size;

/%* Unfortunately we have to do the compilers job by hand here. Normally
we would test BLOCK and TOTAL-SIZE separately for compliance with the
page size. But gcc does not recognize the optimization possibility
(in the moment at least) so we combine the two values into one before
the bit test. */

if (__builtin expect (((block | total size) & (mp .pagesize — 1)) !=0, 0))

{
malloc_printerr (check action, “munmap chunk(): invalid pointer”,
chunk2mem (p)) ;

return;

mp .n mmaps—;

mp_. mmapped_mem —= total size;
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int ret _ attribute__ ((unused)) = mummap ((char *)block, total size);

/% munmap returns non—zero on failure */

assert(ret == 0);
1

Munmap_chunk() e Z0SEIAH 2 87 5, B GRS AT free 19 chunk (RN, Wi 5 241 free

) chunk S&i83iL mmap() 7B, HTF#H mmap()2 B chunk [ prev_size Hic 3% [ RT—
AR ZS N chunk K71, mmap() 7 BE I N A7 2 T 551, BT A— &L T prev_size 24 0.
SR THE 241 free 1Y chunk &5 R N AE K/ total_size, FHRIRLG P AFER L dn kb 2 75
SRS, FOE LX) mmap ZETHE R, 5 A munmap() R ECRE L chunk B R4
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