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PRAAS 7 M —1A PR icis

« PtmallockfchunkPJ NAFEEL, KBRS S Aridik:
— F—"chunkix/Msize, ANFEPFEE, HiblkT7 U FFREAER
. 32&%4?%%?
« 6447 DATT RE 24T AT BE 8T

#ifndef INTERNAL_SIZE_T
#define INTERNAL_SIZE_T size_t I. éj\ Eﬂ chunk Hil‘ ’ ‘/\Z‘ 2Dj u

dendif
/# The corresponding word size +/ 2 >x<S I ZE_S ZX#%
#define SIZE_SZ (sizeof (INTERNAL_SIZE_T))

2. MALLOC_ALIGNMENT Al

MALLOC ALTGNMENT is the minfmum alignment for malloc’ ed chunks.

It must be a power of two at least 2 # S5IZE SZ, even on machines

for which smaller alignments would suffice. It may be defined as MALLOC_ALIG N_MAS KT\Eé}Eﬁ ;Q

larger than this though. Note however thart code and data structures

are optimized for the case of S-byte alignment.

- ASFE chunk B BiE 55 55T 7% o

#ifndef MALLOC_ALIGNMENT

#define MALLOC_ALIGNMENT (2 # SIZE_SZ)
Hendif
/¥ The corresponding bit mask value #/ 3

#define MALLOC_ALIGN_MASKE (MALLOC_ALIGNMENT - 1)
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fd: FEMET—5¢;Bk: R Ja—H

XA EIE RAETNAEAE, ARG &

Fd nextsize:3&[0) F —A b 24 BT chunk A /N K E# —4> 25 I chunk
Bk nextsize:f8HEI—EL HHTchunk K/ NN E — 2 chunk

struct malloc_chunk {

INTERNAL SIZE T prev_size: /% Size of previous chunk (if free). *7
INTERNAL SIZE T S1Ze; S¥* Size 1in bytes, including overhead +*7
struct malloc chunk#* fd: S¥* double Iinks — used onlv if free. *7

struct malloc_chunk#* bk:

A% nlv used for larse blocks: pointer to next larger size. ¥/
struct malloc_chunk#* fd nextsize: % double links — wsed only 1f free. *

struct malloc chunk#* bk nextsize:
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o Chunk2mem: R #f chunk Huhik3RAF 3R [F1 45 F 7 (59 4 A7 Hidik

« mem2chunk ZIE #EmemMhihE15 F]chunk ik

o %aligned OKflmisaligned chunk (p) T Le ik 2 75 2 3%
2*STZE_SZ%F 5%

« MINSIZEZE X 1 /N7 B B N AF R/ MIN_CHUNK_SIZE & X

/¥ conversion from malloc headers to user pointers, and back +/ =
4define chunkZmem(p)  ((Void t#) ((char#) (p) + 2#SIZE SZ)) T B, J A EI(J chunk H/‘J j( /J A

#define mem2chunk (mem) ((mchunkptr) ((char®) (mem) - 2#SIZE_SZ))

I

/% The smallest possible chunk ¥/
#define MIN CHUNE_SIZE (offsetof (struct malloc chunk, fd nextsize))
/¥ The smallest size we can malloc 15 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) : chunkZ2mem (p)) 5
& MALLOC_ALIGN MASK)
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1. # 8 —/~chunk # 4 A, T —“>chunk o

fiprev_sizefE LAY, XA [E] & AT LA -
chunk_ptr (of prev chunk)

el o

(if prev chunk is freg)

: P: prev_in_use
size .
data_ptr - M: is_mmaped
A% AO0OORRNO0C N: non_main_arensz
AvA1A1
UX4141
0x414 user data
1141 ext chunk_ptr
, size
1 next data_ptr (of next chunk)
41¢
414 user data
114 (of next chunk)

AAANANN

{ AAN
Ayl (A( Al (
UANOUOUO OO OOUOY ‘,qrn:q“

1L.eJPLEH, T chunkEl‘Jprev_size, WEHT
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AR 75 N chunk B R/ NAIAL T BPIR S K HRE YDA FE BbinH, 1X

022 PR chunk ) A a3 @ ffifast bins, unsorted bin, small

binsfllarge bins.

Fast bins: #&/NAAFHI S E AT

Usorted bin: HAA—8, MHH T PIEX:

— T B ECKS, BHunsorted bin, WIARFAEBZEDEH/, 5N,
e B B Tk chunki3#47 7325 % smal 1binfll lagerbin,

Small bins: 3:64/ bins, H/PNHIZI6FFEHA2FT, 4

binfy K/MHZESFTHEGZ 16T . F—binH chunkH K/ —H.

Large bins: H T/ K T5 T-512BE1024B[) I chunk , R

FR A 53R TE 30




PRAAS 7 M= FE A A7 2

Sma]_]_ bj_n; index  unsortedbin 2 smallbins 4 .. 64 65 largebins

e chunk, 1 small bin"HJchunk - ﬂ
E‘Jj(/J\L?blnElﬁlndeXﬁﬁﬂT?é,% chunks

Chunk size=2 * SIZE S7 * index

o BEDEERR RN ERE, RXFEESH
3P H 75 oK B MR TR L

o IXFRRENS R I B P B FRAE
ik, WASHIKZ B NAFE




ARSI = R RN E

Large bins: —3L@ %634 bin, 326, >512B;644r, >1024B

o FEAbinTchunk K/NA R —ANE E A~ Z2 N EZ Y

« 3 N6,

o FFHMIbInEEMR K32, 164 8. 4. 2. 1, AZEMKIK64B.
512B. 4096B. 32768B. 262144B%%

o HEFFNWHETILR: 1@ e
o H—/NK/N: 512B, 3£324bin, AZEN64AB . 6 s
e Chunk size=b12 + 64 * index s s 40968
o HoMIE SR E s 4 avess

 Chunk size=512 + 64 * 32 + 512 * index

5 2 2682144B

6 1 A-FRE]




ARSI M= FE U778 2

Large bins: —3Lf463bin, 32f7, >512B:6447, >1024B
e Chunk size=b12 + 64 * index
o FHMPIE RPN E

FUE (797 | 853 (F145) | Bin index

e Chunk size=b12 + 64 * 32 + 512 * index ° - ;gg
16 23 2

24 31

32 39 4
40 47 5
#define largebin_index_32(sz) \ 48 55 6
(((((unsigned long) (sz)) »>> 6) <= 38)? 56 + (((unsigned long) (sz)) >> 6): \ 56 63 7
((((unsigned long) (sz)) »>> 9) <= 20)? 91 + (((unsigned long) (sz)) >> 9): \ 64 71 q
((((unsiened long) (sz)) »> 12) <= 10)? 110 + ({(unsigned long) (sz)) »> 12): \ 72 79 9
((((unsigned long) (sz)) >> 15) <= 4)? 119 + (({(unsigned long) (sz)) >> 15): \ 80 87 10
((((unsigned long) (sz)) >> 18) <= 2)? 124 + (({unsigned long) (sz)) >> 18): \ 88 95 11
126) 96 103 12
104 111 13
*/ XXX It remains to be seen whether it iIs good to keep the widths of 112 119 14
7/ XXX the buckets the same or whether it should be scaled by a factor 120 127 15
“/ XXX of two as well. 128 135 16
136 143 17
144 151 18

10
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\|

Large bins: —3t@ 634 bin, 32fif, >512B;64f7, >1024B
e %bin at(m, i)i#idbin index3f5binfraEZ k

o Znext_bin(b) T3 F— 1 binfythht

o Zfirst(b) HT3REbin 2 —" 7] A chunk,

« Flast(b) T HEbini 55—~ 1] H ) chunk,

#define wnlink{aV, P, BK, FD) { !
i . FD = P->+d; %
+ %7unlink (P, BK, FD) ~
l—\ un 1n ) ) ’ if (__builtin_expect (FD->bk I= P || BK->Fd = B, 0)) L
malloc_printerr {check_action, “corrupted double-linked list™, P, aWw);
=3
_ l /ﬂ:\‘—I_P I_L:" 4 else { "
7N I | oy FO->bk = BK; \
BK-»fd = FD; N
i {lin_smallbin_range (P->size) AY
. . . . &8 _ builtin_expect (P->fd_nextsize I= MNULL, 0)) { %
-:tdEfln-E hln_ﬂ-t[.m-, 1.} \. i {__builtin_expect (P->fd_nextsize->bk_nextsize != B, 0) A
. . , Il _builtin_expect {(P->bk_nextsize->Ffd_nextsize 1= p, 0)) 1
(Mb lﬂptr} {((Chﬂl‘ *] &((m.:l_>hlﬂ5[ ((1} - 1) * 2])) malloc_printerr (check_action, b}
i d double-linked list (not -, A
- offsetof (struct malloc_chunk, fd)) ,,m::jpfe cEmE
if (FO->Fd_nextsize == MNULL) { b
if (P->Fd_nextsize == P} N\
/'_‘;_. ﬂﬂﬂjﬂg E}f '*.'"'.'bllﬂ .]E‘/f FO->fd_nextsize = FD->bk nextsize = FD; %
! o else { A"
#define next_bin(b) ((mbinptr) ((char#) (b) + (sizeof (mchunkptr)<<1))) Fiilo=nisas = P gEssiey E
FD->bk_nextsize = P->bk_nextsize; At
P-=>fd_nextsize->bk_nextsize = FD; A
P-=»bk nextsize->»>fd_nextsize = FD; k'
/* Reminders about list directionality within bins */ ¥ g
1 alse { N
I:'tdefine first (b}l ((b:l —>fdj P->Fd nextsize->bk_nextsize = P->bk_nextsizej A"
) P-zbk_nextsize->fd_nextsize = P->fd_nextsize; A"
#define last(b) ((b) ->bk) } \
} A 11
¥ A
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Unsorted bin : ER]PLEMAsmall binsflllarge binsHjcaches
o W AHERE B W chunk, 2 chunk NHEF?

o FEIRIET, #FCfEunsorted bin

* unsorted binH A Gid M) chunk, HLaFEMRBAEM N Fbins
o BinsBHF AL Ebin[1]H T Ffiunsorted binfchunk £k

12
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Fast bins : FERE/DAFRTECRFE; 32;<64B;64 <128B

TE RIS, #RJfEunsorted bin

e Fast binsA]PLEFEZsmall binsH)—/NiJrcache

o BinsFHH W tEbin[1]H T Ffunsorted binf)chunk® 3K Jk

e Fast binsH] LHEFEZLIFO m

0
AR, 8 R m B R ST 1 13-20 2
o .. 2 21-28 32
Z%fastbin index(sz) H T ; e -
$h15fast binfEfast bins%y 4 37-44 a8
. 5 45 =52 56
éﬂ EF' El@ index 6 53-60 64
7 61 —68 712
8 6976 80
9 77 - 80 88

tdefine fasthin index(sz) \

((((unsiened int) (s2) » SIESI=824:3) -2 13
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e struct malloc state
— P EEIX R struct malloc statel]—~SE4
— ptmallocf# Hmalloc state e FH 4Nt [X
 struct malloc_par

— M EH M Hstruct malloc par, &RHAE —PHE—H
malloc par=SZfl.

14
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« malloc_state e

— Mutex: T ik |ﬁﬁﬂﬁﬁiﬂm
— Flagsitsg TR i) —Sehy L0 mrs

j!:‘ &% Set 1f the fasthbin clunks contain recentlj,r inserted free blocks. #*/
D A Hote thiz 13 a hool but not all tarzets support atomics om hooleans.

int have_fastehunks;

— Malloc consolidate() : &3F
A fast binfjchunk

— Clear fastbin: T #rE7H | |
/% The remainder from the most recent split of & =mall request */

IZ: aéé?&ﬁfaSt Chunk mebunkptr last remainder;

A% Wormal bins packed az deseoribed shove ®/

— Set fast chunks, FIRAFACDX  wobeketr binsloms « 2 - 21

A& Bitmap of bins #/

A Fasthinz */
mfasthinptr fastbins¥[HFASTEINS];

/% Baze of the topmost chunk — oot otherwize kept in & bin #®/
mebunkptr top;

ﬁfast Chunk unsigned int bizmap [BIHMAPSIZE];
‘define FASTCHUNKS BIT 1U . .
? © I'LIIE‘ N 1w A Linked list #/
#define have_fastchunks (M) (((M)->flags & FASTCHUNKS BIT) = 0) struct GIIOCIEERES #next:
#ifdef ATOMIC _FASTBINS
“define clear fastchunks (M) catomic_or (&(M)->Flags, FASTCHUNKS BIT) A Linked lllst For frnlze arenas.  hocess to this field 1s serialized
. i N by fres list lock in arema o/
#define set_fastchunks (M) catomic_and (&(M)->flags, FASTCHUNKS BIT) struct malloc_state *next free;
felse
#define clear_fastchunks (M) ((M)->flags |= FASTCHUNKS BIT) 15
#define set_fastchunks (M) ((M)—>flags & “FASTCHUNKS_BIT)

Hoam AT £
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« malloc_state
NONCONTIGUOUS_BIT: &7~MORCOREIR [m] 7% £L2% (],
— FE/HLIX:  MORCOREf# Hsbr () BRIAIR [a] 0634 £ ) i Ut dik
— JEFE X FHmmap () 5B KB BTN A
o JEFHTEC X BRIAAS 7 BL I B2 1 2% [8]
« fastbinsY#HE 10 (NFASTBINS) Itz [KI%4H
* topse—chunkigft, F8MIZTBCXHItop chunk

e last remainders—"~chunkfg4l
— r%dsmall bin, —FzHF, —F%H&chunk, last remainder
& 71X ~chunk .
#define NONCONTIGUOUS BIT (20)
#define contiguous (M) (((M)->flags & NONCONTIGUOUS BIT) == 0)
#define noncontiguous (M) (((M)—->flags & NONCONTIGUOUS_BIT) != 0)

#idefine set_noncontiguous (M) ((M)—>flags |= NONCONTIGUOUS BIT)
#idefine set_contiguous (M) ((M)->flags & “NONCONTIGUOUS BIT)

16
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« malloc_state
— Bins: unstored bin, small binsfllarge binsHJchunk®Z k
e small bins—3£621>, large bins—3L634>, FK—3L125bin
— NBINS’E X N128,
e bin[0]Fbin[ 1271 AFFLE, bin[1] Aunsorted binHJchunkik 3%k

“SL R, prev_sizeMlsize AW
AARATSLFRAEH -
e fd nextsizefllbk nextsizeFEKRA
large binsH )% A chunk /<= H 2|
e large binsHJZ A chunkfE 3R S AT EIX
ez AT B
o XN FERASHIEH. IR% 17
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« malloc_state:
— Binmap: & —NintEH, B —bit A2 bl t 3 M 145 H chunk
— idx2bit ZEEER I N, HE AR N0 HERD
« Z4f: : idx2bit(3) SN “0000 1000”
— mark bin¥ B % i/ binfEbinmap XN [Kbit A A1
— unmark bin¥ B 51/ binfEbinmap X M FIbitHi7 N0
— get binmap3REUEE i binfEbinmap X N Hbit

t#define BINMAPSHIFT 5

#tdefine BITSPERMAP (1U << BINMAPSHIFT)

f#define BINMAPSIZE (NBINS / BITSPERMAP)

t#define idx2block (i) ((i) >> BINMAPSHIFT)

#define idx2bit (i) ((1U << ((i) & ((1U << BINMAPSHIFT)-1))))
#define mark_bin(m, i) ((m)—>binmap[idx2block (i)] |= idx2bit(i))

#define unmark_bin(m, i) ((m)-—>binmaplidx2block(i)] &= ~(idx2bit(i)))
f#idefine get_binmap(m, i) ((m)-—>binmapl[idx2block(i)] & idx2bit(i))

18
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Malloc par

trim thresholdB: & ~UL4E R,

TOP pad: 378, BRIAAZO

mmap thresholdZFEX 3R 7mmmap 4y Fic
RI{E, BRIAMEV128KB

arena testflarena max/ T
PER_THREADfI: AL

BRI\ N 128KB

1708 =truct malloc_par

1710 {

1711 /% Tunable parameters #/
171z

IHTERWAL SIZE T arena test;

INTERWAL SIZE T arena max;

1717

1718 /% Memory map support #7

1719 int n_mmaps;

1720 int TL_mmaps_max;

1721 int max_n_mmaps;

1722 /% the mmap_threshold 1= dynamic, until the user sets
1723 1t mammally, at which point we need to dizable amy
1724 dmamic behavior, */

1725 int mo_dyn_threshold;

1726

1727 /% Statistics #/

n mmaps: e/~ 4] BEFEE Fmmap () E N e aen

PR E50 0 BE R N AT BRI A 4

n_mmaps_max - B K 7~ B AR5
mmap () BRI 73 B 1 N A7 B B R 2K
. SMAE 965536

1731 /% First address handed out by MOEECORE/sbrk. #/
1732 char #sbrk_basze;

1733

1734 #1f USE_TCACHE

1736 % Maximum momber of buckets to uze.  #/

1736 size_t teache bins;

1737 size_t teache ma_bytes;

1738 /% Maximum nomber of chunks in each bucket.  #/
1739 =ize_t teache_count;

1740 A Maximum noamber of chunks to remove from the unsorted list, which
1741 aren’ t used to prefill the cache. #/

1742 =ize_t teache unsorted limit;
1747 fandi £

19
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Malloc par
« max_n_mmaps: ¥ Fmmap () B8 %553 FC i) AR B 2= 1Y e K E

1709 t ot malloo_par
1710

e no dyn threshold: FEXERIRET 0/ swsswmas

171z

T J2 mmap 43 Be BRAE 2025 3L M1 #) I %:ggg%:%:hpt? -

L Max,
1717
%j(‘[A’fE j\]o 1718 ,ﬁ«m 3,r ap suppert %/

1719 nt n_mmaps;
1720 nt o p mas;

o pagesize%%%éﬁ E‘jﬁﬁd\’ %ﬁ% 1% I*tth v theeshold | -:lg,rnamic, until the user sets

1723 1t mammally, t whi h point we need to dizable amy
N 1724 dynanic behavior, #/
7\, 4KB 1;3: int no_-:l:,m_tl'ureshuld;

1727 /% Statistics #/
INTERMAL SIZE T mmapped m

o mmapped memAlmax mmapped mem#l BB S oo,

1730

FIF 45 v Fmmap 43 BE A 73 77K/ i%mﬂymwmww

1734 #1f USE_TCACHE

* max_total memFECERLREIFOL i datiminns e

1737 size_t teache ma_bytes;
1738 /% Maximum nomber of chunks in each bucket.  #/

FRTRIREARG A ERY 5 e
N N size_t teache_count;
’}E‘[/‘l_‘:&/ -;E]j %JU‘ 1740 A Maximum noamber of chunks to remove from the unsorted list, which

1741 aren’ t used to prefill the cache. #/

+ sbrk baseFBUERHEMRAG AL, o

20
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43 B X IR ER 4L
e av—>flags |= FASTCHUNKS BIT:

— BEFFEfastbin
e , mp e AME—I)—Pmalloc parsZ#|, HTEHESEMG T

1799 malloc_init_state imstate av)

igg? r . ptmalloc_init_ninimal (void)
int 1;
1802 mbinptr bin; {
1803 #1f DEFAULT TOP PAD !'= 0
1304 S* Es:‘:aElishlcircular lin]::s for normal bins #/ mp_. top_pad = DEFAULT TOP_PAD:
1606 for {1 =1; 1 < HEINS; ++1) endif
1306 {
1207 bir = bin_at fav, i) mp_.n_mmaps_max = DEFAULT_MVAP_MAX;
1804 bin—>»fd = big—>bk = bin; mp_. mmap_threshold = DEFAULT MMAP THRESHOLD;
ig?g ] mp_.. trim_threshold = DEFAULT TRIM_THRESHOLD:
1811 #if MORECORE_CONTIGUOUS mp_. pagesize = malloc_getpagesize;
1812 if (av != dmain_arena) #ifdef PER_THREAD
1312 #‘mdif g Car) # define NARENAS_FROM_NCORES(n) ((n) * (sizeof(long) =4 ? 2 : 8))
1815 f; fzznzn@;i;u:re:}' mp . arena_test = NARENAS_FROM_NCORES (1)
15816 set_max_fast (DEFAULT MEXFAST); narenas = 1;
1817 atomic_store relawed (#av—rhave Fastchunks, Ffalse);
1518
153149 av—rtop = initial top (ar); 21

1a8z0 }
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P L 06 TR
e Ptmallocl{JHic B EITA 2 switch (param_number) |
— mallopt O BREACE T, i EMH L Cai: Tﬁiﬁsi 0 & value (= VAX_FAST SIZE) |
SIEX GG T, mRBEE] set_max_fast (value) ;
f4k, JMptmalloc init O Bkl
Wiftptmalloc, WEREESRE .,
H14i, 1§ malloc consolidate () break:
PRZL, malloc consolidate () PRZX
case ) TRIM_THRESHOLD:
oA 50 B X 2 CL a6, 1 . trin threshold = value
WRKAE, WPIEWETECX . [[ mp_. no_dyn_threshold = 1;
HRATMAES, mp #WBAH,
mp P FEHEMN, &l E
B DX R4k (5] 25 1)

22



JEARAY 73 Hr— PtmallocHIAT4G1L

7E ptmalloc 7' malloc() R &% 2 bRt 1 R #0CN public_mALLOc(), XS ERAEEIT i< H4T
ﬁﬂ?rmr—ﬁ%%tﬂ%
__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 | __malloc_hook() & R eR E HIIFH & . AT __malloc_hook() R L, 7EHEFEH]
A malloc_hook F5 [7] 1] ER £ 5 malloc_hook_ini() -
~ _malloc ptr t weak variable (¥ malloc hook)
(size t  size, const _ malloc ptr t) = malloc_hook_ ini:

malloc_hook_ini() & £ %€ X AE hooks.c 1, SCEACHIUN R .

static Void t=*
#if _ STD C
malloc _hook_ini(size t sz, const _ malloc _ptr t caller)
Helse
malloc_hook_ini(sz, caller)
size t sz: const  malloc ptr t caller:

Hendif
1

~ _malloc hook = NULL:

ptmalloc_init () ;

return public_mALLOc (sz) ; 23
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Ptmalloc AR AR 43 BE /RETL N A7

e ptmalloc init() ZFj, GlibcHA]gEFEE N F .

o NTHEPR ERIAR, ptmallocsh$é T 7 EURE MR BE HE R i = A
PRI
— malloc starter()

— memalign starter ()

— free starter ()

24
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ptmalloc init () PRIZX
ptmalloc init () BRELLEK:, o3 BEATIX A R B/ 24

if(__malloc_initialized >= 0) return:
__malloc initialized = 0;
— & mallocHJI61L

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;

— X T ZERERMA, X T —ShAEE, FERAF ST hook K%L
mutex_init (&main_arena. mutex) ;

maln_ arena. next = &main arena;

o WIIRH T EIX Fmutex, FRRFFECIX Mnextdatt451R B B4
I T ER 25
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ptmalloc init () PRIZX
o ALK A REAE FH sbrk () 43 Be 42 i 3L N A7 25 1]
o INEBIAER FEglibe

— GlibcEWFEF RA — 1 # U

— BB N RE — N

e morecorepR#IE%ETTE ] failing morecoreiftn] PLZE {5 H

#if defined _LIBC &% defined SHARED

/% In case this libc copy is in a non—default namespace, never use brk.
Likewise 1f dlopened from statically linked program. #*/

D1 info di;

struct link map *1:

if (_dl _open_hook != NULL
| (dl_addr (ptmalloc_init, &di, &I, NULL) != 0
& 1->1 ns !'= LM_ID_BASE))

__morecore = failing morecore; 26
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ptmalloc_init () pR%Y
- FlIEEtbE Rt

HEIL CHE

— list_lock, list_lock=EZH T [F]20 7 BCIX B B A JE A BE R

e arena_key e fAH L4

— PRAFHI ST BE X (arena) Hmalloc stateSEfFl+g%l
— i Hptmalloc init(), HEIEMNTHHEIX 5 AT

e thread atfork () % & AT

I fork 4%

« ptmalloc_lock_all () 3R15 Frf 43 Fic X 181

+ TEI

mutex
mutex init (&list lock):
tsd_key create (&arena key, NULL):

Ny

tsd_setspecific(arena key, (Void t *)&main_arena)
thread atfork(ptmalloc lock all, ptmalloc unlock all, ptmalloc unlock all2)

Am
+

EiH Fptmalloc_unlock_all2 () EF#14ab BAN 70l X 381

27
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ptmalloc init () PRIZX
e fEptmalloc init () BRZLLE R &b
— BEEGHAE malloc initialize hookPR#L,
o WRAFAE, hATiZhook ki Harena_key &L S
e« e/ E malloc initializedi B N1,
— Xonptmalloc init () &M TERK .

void (*hook) (void) = force reg ( malloc_initialize hook):
if (hook != NULL)
(*hook) () -

_malloc_initialized = 1]

28
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ptmal ].OC_iIli‘t () ]%[ﬁ static Void_t#

malloc_atfork(zize t =z, conzt Void_t #caller)

C AR EA TR, TR

Void_t #vptr = NULL;

— R FHmalloc_atfork () &Ll ™ ™=
Ij\j ﬁ tsd petspecific (arena key, vptr);

if (vptr == ATFORE_ARENA PTR) {

— ;,f[J H(ﬁ: j?[é* %‘I-‘%ATFORK_ARENA_PTR , /% We are the only thresd that may allocate at all. #

if (zave malloc_hook != malloc_check) {

] @Ji ’ffé )% @Ji ;Fl] éj\@‘a IX return _int_malloc (dmain_arena, =zz);
} elze {
o HETRAARLFE ] DLl N AT £ (t0p_check() 0)
N return 0;
- ?i:[_\‘ )l_\lu : %%%ﬂﬁj\@a victim = _int_malloc (kmain_arena, sztl);
N N return mem?mem_check (victim, sz);
o H17 AIMISAE 5E U BT :
H-/H N I oelze |

* 5j(’fﬂ"é)%%}ljll 1 St_lOCk /% Suspend the thresd until the atfork’ handlers have completed

_ %’?%%)ﬁfOfk%éﬁ %% 8r a‘fi-az‘lf'ime, the hooks fﬂl !1.&';'5 been reset az well, so that

mdl[0c () can be used sgain. *
° ;F%ﬁié)% ﬁﬁl ]_ St 10Ck (void)matex_lock (klizt_lock);
) B (void)matex unlock(klizt lock);

¢ pUbl 1 C_IIIALLOC () éj\@a Ij\] ﬁ return public mALLOc(zz);

29
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T1C vold

ptmal loc_in i ‘t () ]%I %ﬁ : E::alluc_lmk_lll (void)
+ SUEREAE fork THERERT : PR
— TR BRI X ) — S b € e e )

TNy .'l.l' id_t #my_. :
- 5j‘( /r%':é)% %)Ili b t::l_l'ets:;leci-:'?::?:arena_key, my_STena) ;

if (my_arena — ATFORE_ARENA_PTR)

_ ﬁj\i)’é“ XTJ‘ ﬁﬁﬁ‘ EI/‘J éj\@a B: j:”:] @Ji ¥ :z; ;;&:hiszmﬂ::fd -:a:‘m alrasdr Jocks the globsl Iist

goto out;

- 1%ﬁ§j\@a$% J‘j‘& I%l iﬁ % This thresd has to wait its furm ®
(void)mutex lock(Elist_lock):

— Fforkififal, fHH ) Sy

for Ear_ptr = Emain_arena; ;:I ': 201 gffh'? 121548
(void)mrtex_lock(fsr ptr—mutex);

malloc atfork, free atfork ar. phr = ar_phe-smet;
if(ar_ptr — fmain_arena) break; f’fﬁﬁﬁ‘ﬂﬁ%ﬁﬁﬁiﬁﬁ

RAE N I3 BORE T BR A H e o,k = _ st ok

save_free_hock = _ free_hook:

- RAESEAROAA REI R R

_ free_hook = free_atfork:

f—

%,
= Only the cuwrrent thresd may perfo

J?; ﬁ éj\ E‘a IZ: j:E[‘ %+ tsd_getspecific/arensz key, save_arena);

tsd_setspecific(arens_key, ATFORE_ARENA_PTR);

out:

e atfork recursive cntr: T o

o H B B SR A7 3 " 3
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ptmalloc init () PRIZL:

if(__malloc initialized < 1)

« atfork recursive cntriil return:
. if (—atfork recursive cntr != 0)
_ \/l 2 H 7r\‘ S . 1 - _
FIH i 12 75 0. (o
— ﬁf%iﬁ?%ﬂﬂfork%@é%%ﬂ% tsd_setspecific (arena key, save arena)
1lloc_hook = save malloc_hook;
77 \/__‘\/_, __ma — — — ’
ﬁfl:@]l U\ __free hook = save free hook;

— FEE R 2 HT A R SEAE IR for (ar_ptr = &main arena;;) {

. (void)mutex unlock (&ar ptr—>mutex) :
Eﬁﬁﬂ%a@ﬁ}@ag ar_ptr = ar ptr—>next;

if (ar_ptr == &main_arena) break:

}
(void)mutex_unlock (&1list_lock) ;
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ptmalloc init () PRIZL:
« ptmalloc unlock all2 ()

— unlock NACZAE (GEEFE) Hige
AP mutex M4, SR
VRl

T HIME emut ex g A 1)

°
Ll

Hendit
ar ptr = ar ptr—’next;
if(ar ptr == &main arena) break:
}
mutex_init (&list lock) :

atfork recursive cntr = 0;
} I

Helse

#define ptmalloc unlock all2 ptmalloc unlock all
ttendif 32
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o 1. 2N AR R IA ] sbrk O BRZL T
— ZNEEHNE SR X B N NAFESR, AERIRIRRL
— [FIN AR Z &R H sbrk O
° ﬁ@%j}%
— ptmallocs ] EE 3 7 e X R 3 43 Be X 1) Th e
— HEF 7 X A% Fmmap 79 Bic — KR N AFALIUHE (sub_heap)
— Mg R IE N
— Sub_heap MM, BEMGT, WIFEAE Hmmap i HIE—8, LLEIN
FER AR IE T 43 I [X A sub—heap ) B [A] 5 3R H
o WHEHER) AT
— HHifreeff)chunk K/INin_EHT J5 886 IF chunk 19K/ K T-64KB,
— JFHtop chunki) K/INARmmap 46 RME, A A vl BEYHHHE

33
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Heap info: EfJHeap Header

e PadFEEHH T{%iFsizeof (heap info) + 2 * SIZE SZf&#%
MALLOC_ALTIGNMENT5%H). MALLOC ALIGNMENT MASK A2
SIZE S7Z — 1, JCiSIZE S7ZN48k8, —6 * SIZE S7Z &
MALLOC_ALTIGN_MASKHME 90, WK sizeof (heap info) + 2 *
SIZE SZASFZFZMALLOC ALTIGNMENTS 5%, 2 eI sl o= ik 4
I BRI S PUAT RIHI R, vmeses omees renone

jil’ﬁ‘/é. ﬁﬁ%ﬁéf%IEXﬂL%wé 9 | mstate ar_prr; /* Arena for this heap. */

struct heap info *prew; /* Previous heap. */

gize T 3ize; f* Current size in bytes. */

3ize t mprotect size; f* Size in bytes that has been mprotected
PROT RELD|PROT WRITE. */

/* Make sure the following data i3 properly aligned, particularly

that sizeof (heap info) + 2 * 5IZE 5Z i3 a multiple of
MALLOC ALIGHMENT. */

char pad[-& * SIZE S5Z & MALLOC RAT.IGH MASK]:

} heap info;

34
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arena_key {7 i & 26 FE AL S26, 1Z AL A SERERAT B A2 77 B
X (arena) Hmalloc stateSLZflHIF84T .

list_lockMH T [F]20 43 HC X ) HL ) A T 35 .

narenas: Ja) AL B R 78 AT 7 EC X FI L E

free list% a8 &2 55 N 40 e X 1Y) B o) B 2%

static tsd key t arena key;
static mutex t list lock;
#ifdef PER_THREAD

static size t narenas;
static mstate free list;

Hendif

/% Mapped memory in non—main arenas (reliable only for NO THREADS). #/ 35

static unsigned long arena mem:
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e Arena_get2() :

« arena_getZ X EH LAENIRH S H R B S — 2B
« arena get2 () BREERE — 7 EIX
« MHE: RETEERESEX, BFESBX BN EER =
— WRAALZEFEDTLX, 15'7%153'% S
o WX N —AME L o B IX
o WIHRIXAMFEIE I XONTS, BERIX M HT B X AW

<]

Helse
if(la_tsd)
a = a tsd = &main arena;
else {
a = a_tsd—>next;
1f(‘a) {
(v01d)mutex luck(&maln arena. mutex)
THREAD STAT (++(main_arena. stat_lock wait)):
return &main_arena:

) 36
}
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Arena get2()
LA T AR, AT A2 gEIR1E %)
— H e ulna =
— R, BFHZELS RS, HEE 4R
— FTAEMER TN, IS E X
o R ECX A T 2R E X fER

¥ TF not even the Iist lock can be obtained, try again. This camn

happen during atfork’ , or for example on systems where thread

;
i
N
/

=
cu
||

creation makes It temporarily impossible to obtain any
locks. *7
if(lretried &% mutex trvlock (&list lock)) {
A% We will block to not run in a busy Ioop. ¥

(void)mutex lock(&list lock) ;

¥ Since we blocked there might be an arena available now. #
retried = true;
a = a_t=d;
et e oarmaeat -
/% Nothing Immediately available, so generate a new arena. ¥/

a = _int new arena(size) :

(void)mutex_unlock (&list lock) :

37
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_int _new arena()

* _int new arena() REH TEIE —EFE 4 EC
arena_get2 () BRI A 1A

» , malloc stateSZH| B HeEheap inToSLA

_int_new_arena(si
{
mstate a;
heap_info *h;
char #ptr;

]
F

unsigned long misalign;

5 [ 171
h = new_heap(size + (sizeof(*h) + sizeof (*a) + MALLOC_ ALIGNMENT), 1‘ ptrj:E{ H ?A -[’

mp_. top_pad) ;

1£(1h) e
/¥ Maybe size Is too large to fit in a single heap. So, Jjust try mal 1OC S ta’t e%1§u E
to create a minimally-sized arena and let _int_malloc() attempt T
to deal with the large request via mmap chunk(). */ ;/‘—\; A}
h = new_heap (sizeof (*h) + sizeof (*a) + MALL.OC_ALIGNMENT, mp_. top_pad) ; E/‘J I lﬂ W ﬁ
if (1h)

2. ptriff{EZe 70 BL X

/% Set up the top chunk, with proper alignment. */
ptr = (char *) (a + 1) : H(Jtop Chunk
misalign = (unsigned long)chunk?mem(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) :

38
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New heap () :

“New heap () B& 2 171 57 Mmmap

X e B —

— 3207, AFRBRGTIM, DAIMKES%
— 64107, PREMLITE6AMNAE, BRI N A7 B bl $2 6 AMXT 55

if(size+top pad < HEAP MIN SIZE)
size = HEAP MIN SIZE:
else if(sizettop pad <= HEAP MAX SIZE)
size += top pad:
else if(size > HEAP MAX SIZE)

return 0;

1. sizef I R/NAE R/ ME

5 KB 2 [H]

2. FHLATUXF5F
3. WRsize KT HKE, H

AR

else

BN 17>

CAE Nsub heap

size = HEAP MAX SIZE;

size = (size + page mask) & "page mask:

39



ARG 73 M2 70 B X SCHF

New heap () :

« 1. aligned heap areafN A%, ZEiAMM IR BRSS o5 W HhE - 4G
5K /N UHEAP MAX_STZEF) P AE B

e 2.4 JmA FEaligned heap areal®H SR

o 3. LG KRIh. &R Ealigned heap areai’ B ANNULL

o A BRGSO, B RS IR A B bR AN 5, TR (R 2R

p2 = MAP FATLED:
if(aligned_heap area) |
p2 = (char *)MMAP(aligned heap area, HEAP MAX SIZE, PROT NONE,
MAP_PRIVATE |MAP_NORESERVE) ;
aligned heap area = NULL;
if (p2 != MAP FATLED &% ((unsigned long)p2 & (HFAP MAX SIZE-1))) {

munmap (p2, HEAP MAX SIZE) : 40
p2 = MAP FAILED:
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New heap () :

o 1. ZRBRLET2fFHEAP MAX STZER/MNRIEINTE, fH T Hodbk w55

o 2. M RTFTpIFHIZHEAP MAX_STZER/NXF5F B 28— e f bk
WA 25 p2

o« 3.p2/EAsub heap L s

e 4.p2+ HEAP MAX SIZEYE Asub heapHtsh s Hiuhk

if (p2 == MAP_FAILED) {
pl = (char *)MMAP (0, HEAP_MAX SIZE<<1, PROT_NONE, b, FfBfsub heapH4s Wbtk

MAP PRIVATE | MAP_NORESERVE) : .
eG4 R E

if (pl != MAP_FAILED) {
p2 = (char *) (((unsigned long)pl + (HEAP MAX SIZE-1)) .

& ~(HEAP_MAX SIZE-1)): aligned heap area

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); 41
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New heap () :

1. W5 2f%HEAP MAX SIZE R/NHIRELNFERIL T
ZA LU HEAP_MAX STZE KN 2 400 N A7
W FHmprotect O B size KVNNAF R E AN A LA 5,
WRFW,  MEFREEASsub_heap TR
SR 5 5 Frheap infos2fi] 1 i FE e 2 B

/* 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}pB & (HEAP_MAX_SIZE—I)) {

munmap (p2, HEAP MAX SIZE):

return 0;

}

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

return 0;

42



ARG 73 M2 70 B X SCHF

get free list() flireused arena()

« 1. 73 JPER THRADPLALES F F3RE /3L IX. (arena)

— rena get2/ L Hget free list()22id3k{Harena

— IR RMAE = reused_arena () 3kf3arena

— WRVPRKE AT EX, A _int_new arena () Bl —M#T 7>
A [X

— B A R e X R e A /T 43 B X R B PR B

(arena test) , fE32/7 224t Farena testEIME N2, 6407 RSt

ERIBOMEAS, W AATHAERN X A ERAARIREE, H
FIR [BINULL .

reused arena()EREH)IE SRS =CEHLON T -

static mstate

reused_arena (void)
{
if (narenas <= mp_ . arena_test)
return NULL ; 43
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grow_heap (), shrink_heap (), delete_heap(), heap_trim()

X LN BRI ECSEH sub heap AI3E K AT 45

» grow heap () BR# T2 Kfsub_heap ' I 132 A] 5 X 34K

o shrink heap () BR#4d /)N sub_heap ) i 4Lk A AF X 15

o delete_heap O N—"%, Wik sub_heap™ irF i N AFER 2 I,
i 2 R UK sub_heap B BN AFIE I 245 4 E R 5t

e heap trim() pRZUMRHEsub heapHitop chunk X/MNFH
shrink heap () EZU 4G sub heap.

if ( _builtin _expect (_ 1libc_enable secure, 0))
Hel se

if (1)
Hendif

{
if({(char #=)MMAP{({char *)h + new size, diff, PROT NONE,
MAP_PRIVATE |MAP_FIXED) == (char *) MAP_FAILED)
return —2; 44

h—>mprotect _size = new_size;
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grow _heap(), shrink heap(), delete heap(), heap trim()

e 1.F&Jsub heap

e 2.#8sub heapHHI—3t#5 mheap

« 3. pFRIHIRBRE M sub_heapJHT—1>sub_heap F{RIEEE — 1>
chunk

o 4. R pMIET—>chunk AT AR,
— BUIEpRI BT —ERIA LS D, FKE H I\ 7% PR % 38 B B

ar_ptr—»system mem —= heap—>size;

arena_mem —= heap—’size; 5.*%ﬁz HﬂChunkmtﬁgé SUb heapﬁﬁ

delete heap (heap) :

\l

heap = prev_heap;

top chunk
6. W B top chunkfsize, FRriHtop
chunk i g —>chunkAb T inuseR 7S

if (!prev_inuse(p)) { /* consolidate backward */
p = prev_chunk (p) :
unlink(p, bek, fwd);

assert (((unsigned long) ((char*)p + new size) & (pagesz-1)) == 0):
assert( ((char*)p + new _size) == ((char*)heap + heap—>size) };

top(ar ptr) = top chunk = p: 45
set_head (top_chunk, new size | PREV_INUSE):
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grow_heap (), shrink_heap (), delete_heap (), heap_trim()
« L RIEGEDE—RZ N

« 2. 5N Hshrink heap O BREUN 4 Hisub_heapHFAT U
« 3.5JE, EHANMAMHST, EHitop chunkf)R/»

top_size = chunksize(top chunk) :

t = t 1 - d — MINSIZE + -1 - 1) * X
extra ((top_size — pa (pagesz—1)) /pagesz ) * pagesz:

if (extra = (IoNZ pDacesz)
return 0;
/#* Try to shrink. */

if (shrink heap (heap, extra) != 0)

return 0;
ar ptr—r’system _mem —= extra;
arena_mem —= extra;

/¥ Success. Adjust top accordingly. +*/
set_head(top chunk, (top size — extra) | PREV_INUSE) : 46

P T B S I N S PR SN N T



PN EEE
A,

- > e

LS. KH
LA . KEEE.

RIS o KA o

o

i

—a

-y

, R BEFNR T

Lo

o

47



