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Bl “SCBUR " A EERAE C I Gt YRR R C M pREHEET | ot AOBIAR, P32 5K
P WA AR, T GCRIEMANR, BRI “RIER" S S T .

J—Jr i, X SR R LSRRI T, A e TR T, IR B
EARL BN . RTABYW LBmEEET , TEABR MR 8o hmsa g,



ABHAFS 7

FHPHEFS

ElPaYETk
ARSI 2 B R AR L o AP EEMAHE L, WSHE 1.

@ >

(b) -

©

@ | =
>

©

B KR

:k@%ﬁﬁm%%,m?Mﬁﬂﬁ%m%m%o
b) FORMAFRAE MR A, TR RRE ., R G, Frx gk,

(
K (b)
% (c) %%FLIE{uﬁE Fﬁﬂ:/nﬁn.%ﬂ B
(d
(

§ =

) e B[R] R 22

ﬁﬁ<@%ﬁi%i§,E%%E“iﬂ%”%%ﬁ¢&ﬂo

s

o TR AR GC S, AT R AP TAR L. e TR DI LIS, AH)5 3
A HFR LTI

A B RIS, HEAS B AR T 5 AR . DR B3 T DL B OB A 5 o
LG 2
a2 M

AR DL KRB ING FREFROR (B obj)e AR TR (Fl: copIED). 74h,
AARH N RIZGE LT A BPIA L E B ] (f5]: free_list. update_ptr(). HEAP_SIZE).

FIEHIIERE
WEAH N TRUE, R1E°M FALSE. P EEEHAIZ & var IR E N tvar.




8

vy

JyiE
Btz A, A4 NULL 2 A 38 AT (T bk i FE £ o

B

A ALK — e AR T 7 AR R B AR T ok g SCeR B Blan, FRATH LA argt. arg2 A
SR PREL func O E SLUTR o

1| func(argl, arg2){
2
3|}

MIRATLIEEEL 100 Fl 200 R LSV HIZ R, BI°A func(100,200) -
/)i
ARG AL BAE BRI —H 5y o BIAMER T X AE, HgiE SRR i A 1E .

1| if (test == TRUE)
2 a=1

3 b =
4

5

3

o
Lo

d

fE LW G, HA S test ARG, A SATH 2175150 417, H 5175 test
MEBA KGR, U —ESgdhdT. Hh, BAHEAHIER BN 254%
et

TE GC Bk, AREH A S . FRATHIE S GO ViR EBrg B N AE 23 18], o 4n
FAHESEE prr 810 BN SRR N *ptr.

e

AT LU obj. field VilAIXT 4 obj HIIK field. BN, FATEAAEXT L girl A4
name. age. job TrAMCAME, WM HE.,

1| girl.name = "Hanako"

2| girl.age = 30
3| girl.job = "lawyer"

for g%
AT HE LRI B RS T for TEFF . WIUIFHZASE sum 2K 1 2] 10 AT, RRBAF R .




AT

1
2
3

sum = 0
for(i : 1..10)

sum += i

for fEIMIL AR VI EN AT E . BN, FHIPREL do_something O W HTEEIA array H1{U
TR TCR N, AT for( T %4 ) WIBASRIRINUT Ui 2HITER .

1
2

for(obj : array)

do_something(obj)

MR, AT DR T X FEAE index ME A T AR CBREL v 2804 array MK, Fl CIEFA
WFEE T, AR TARA o FFLR .

1
2

for(index : 0..(N-1))

do_something(array[index])

S5

GC b HI BRI BA S SR 254 o BRI — Bl = 2R A BB S U i R 254, B
FILO (First-In Last-Out ), 5 HAH 5z, BB K Se i A B9 B e BOH i 2ede 4540, B FIFO
(First-In First-Out )o

A1 BIH push O PREUCFT pop (O PREICKS Kt AR (push) F1H 4% (pop )o i push (stack,
obj) M Fk stack HEAXT L objo H pop(stack) M stack HHUH Fodls, I8 bt Bl 46 -y
B IEME . 5346, FATH is_full(stack) Ki#f stack s& & A, H is_empty(stack) i #r
stack B NZS, IR FIERAE.

55— J5 1, AT enqueue ) PR L 1 dequeue () PR EL K 18] BA F1 P9 U il (enqueue) DA
KB (dequeue) %f TE, H enqueue (queue, data) 5& ] BA %) queue s ﬁ TE data, H
dequeue (queue) KM queue HUH F-1& A1 .

15 RRY R 2

B 7 LA B AR R ECZ AL, FATE A A TEONAARD o S R R

T/ copy_data() PREL, TREEHINAAXIAREL FRATH copy_data(ptrl, ptr2, size) 1l
size N NEHE NFE £ prr2 48 17 19 P A7 X3 ) 3] prrt 78 101 1 N A7 X3, 31X~ pREICIR C
W5 Y memepy O PREUHIEAAIA

swap () PRECEFRE AR (0 pRE. FRATH swap(vart, var2) REHAS & var1 FIAE
i var2 HIMH.
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RERHHEMARA GC PRERTE.

Heo?? P, Reat

, * Srack
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MutaceY q oI

19 BEYEYE

XFGXANA, FEA RS & KRS AME . e, Femmx gttt , e R
AIRYERAT I FY”, SRTE GC AT, X R B i I I e A1) HT B 20 1
£a7.

XPGCE AR N AF2S [ L . GC AR DOKE 0 B 4 B0 R AT R Sh sl i B A o I, X
G2 GC WAL, ARBHRIFTA “XR” #FERIXAE Lo

— Bk, X5k (header) FII (field ) A 8C. FATTT THFF A HoZ— LR

1.1.1 sk
FRATHAT G PR G A B 5 B ARl <37, Sk EBEEH L TFEA,
. Xﬁ‘%éﬁ kd\

RSE S VLSS
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URSRANTE FERT R RANIIRRAS , e e A IRV, 9 anJIcidk 5 A PR AR G X RN 5
PSS GC R ULARH H 2,

BeAh, Sk SefrAiaT GC BT MfE R . ARIMARME GC kAR, FEMAR.

FLARRE RS 2 BRI 4100 GC ARic — WFRIAE, WURAEX AL BEE 1 4 flag (B
f) KL FXF R RSO, MBS IR,

PURARAT GC 53k rp AR TR R/ NFIRR SR (5 B, B U 30 L I & Ao Hods
ik T S I, BATE R S SRR BRSNS ) — R T

1.1.2 1§

FAHEX RAEFE X R AT BER RN “5” o AT LR HAR AL C 3 5 RS AR
AEFUAREI S T . XA E 25 BB REE . 51— 5T, XM EEEA FT
TEHEEESCLRE R

P AR RUR B LT 2 B,

. Fa4t
« dF3E4T

FE BT AR 10 A ZS ) B X B A . ] C B S M C+ 18 5 S A 5 1033 0 B2 W% AR
BB T, B RAR Java DX 5 60 FH & B A0 218 5 O mFRIE =, 5 BTN
WA B TR, QTR RATAE 1.2 R A A
R EH R A AR D B FEA B o BB . A LA BB 2 AR TR 5
TEXTRNES, kZJEAAE LA I 1AL R, 78 “Bkm” . b4 kDLl ¢
ZUE 1.1 Fiw,

pOE-3

3k I,
B1.1 &, KR

S T TR R R R U, FeATH I SR A RN B 1 A

O FRIUPEHIATEI AL ISR AL F i T, PR BomET K, RRRREPLE A AR 7K.
Bln—& 8QHLAY TN 8 62, — 1 16 (LHLII TN 164370



14 H1FE 222 CCZHI

HANFE SRS S, BT LU obj.fieldl. obj.field2:---- R DSk 2 5 FF 15 [3) X 42 oby 1)
HA

EN st

Wit GC, MR WA SR . X IR B A B8 5. N GC 2R XT
TR EHE 0] 25 S HAO R . 55 —J7H, GC XFARSR A AT AT

eI LA P R B RAT T

BT, EEETE T AR L T AR BIR F AR . 2R AR R AT 2 AR A —
MR, RTE—m AR 6 FIFAHM . BRE 6 TEZAh, fE kR s,
FATEBLL GC AR G5 3l I (ER AR B HE S ARS8 B AT SR AT 0

T — HIE R EAE 0 R AR EE Ao SR B URAS 00 G Mkl AN B A, GC s
ARARR IR . TERZHGE TR, $8 RGBSR M S B itk o PO AR XA ]
L2, AU GC, e ih 5 AL B e i A A R A BRI AT 5 1 DRI FRATIAE Sk
HdL DL A T

TE “BERT 1, XPRAEREBISCRNIE 1.2 FioR .

piEA

N

Eizkal

E1.2 3ft&FfEH

TEMCFATHLIE 1.2 F ) B A C AR A BT XER . MRS G TR R R iU G
MRS AE AR B ORI, AT children(obj) ZRHUS M X4 obj YT Xf
SRR XA childrenO) PREL, FATATLAEIME P15 X G2 A 484 515 M L — L8
FIANLEDT, FAMERBGAT T LU AR AL HRIET 1.2 AL

1 | for(child : children(A))
2 func(*child)

RS, X% B, CARKAE LSV func O PREL
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BEEN mutator

mutator J& Edsger Dijkstra ™ BXEE HOR AT, 4 “BOASHEY)” MR Ui E 4, A6
FE GC X R G IR . A AT fE R L2 A e, H S —n)iE G 13
BRI N HRRIT” . S ULELAS 2 BEAR TR, GC B2 7EIX S mutator PR #4811 Hb
TAEE

mutator SEFRIEATIIRAEA LITE 2 Fh

o AR F
. PG4T

mutator 7EPEATIXSEHRAEIN e [RIJ REHIE ) FH P R T — BB Ah P CRRETH 53 | TSI 0
G SCEEAE ), BEE XSO PR B AL, X RE B E R e CE” EREIX SR gy
FRAERIIR, TG BT DO LE R BB R GG

B

Herg 2 H T (WEUESI TFEPED) AN R NAEZE ] o 4 mutator HITHAEHON R,
JIF e 0 N A3 TR 23 s HE 3 B 45 mutator o

GC AEHHEP T AT ZHLE] . FEFFIEHUT mutator FT, GC ZARCH THEM A H]
— B IR T mutator, FEIFELSHIR mutator IZLRAEHERAFRON G2 . SSRGS i)
GChZsash, MmisrBeal =S E] o iARARE B LB ry ] S 0], — RO T FRATLED RHE

SR, R TibeH e 28 5y B, A6 “S 0 o AT HE 1Y K /N [ %2 Ry 5 HEAP_
SIZE, AaiifTd Ko Beoh, FRATHE $heap_start & A5 i E bk 8 %r, 4 $heap_end
FE TR IR R T — bk 485 . WAk /Z2UE, $heap_end % T $heap_start + HEAP_SIZE.

WAL, AR5 el dn 18] i i3 S 2235 S A ROAR L, A 5 A e sk

HEAP_SIZE. $heap_start fll $heap_end MR UNIE 1.3 FiiR,

i

HEAP SIZE

$heap_start $heap_end

E1.3 #
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15 BTG

FRATE: B 2 PN A7 a3 8] v i) % 22 AR e 3 4 mutator 5] FHIOXT R R “IGhRF47,
s, U4 ) HE R R SR B S AR S T R 28R “AETR s 4T . st 2, Tabﬁ
ARG TR OGNSR T, GBI T o ZE Xt (RIEERG SRt 4 ) FeATaifih <

XHEFERFEZENZ: 8T X RAAREIG T . KA mutator 28 E5H 5| H (&
) B A%, AW B T matator FBJE T .

Hi, GCEEBIEXT4, WMBAEEsh 4, M8 dE G sh vt g nt, HIEA 54955 A
fas a8, M — DA 2l .

“

THEXT 4 GEZIROE S

EIREESIRIES

1.4 EHMRIMIEEHIR

BN »Ee

51 (allocation ) H§ MY J&7E N AE 25 [ /3 FEXT 52 o Y mutator F5 ZEFT AT RS, 843 ) 43 Aic
#i (allocator) HUE — N K/NEIE A9 25 (8] 43O i W00 78 3 1) AT FH 25 ] rp 4% 3 e 225K i 25 (]
E( [E],n mutator,

14 Java Fl Ruby iX $EPCAS T GC Mg AiE & (R UL BT, SSAE NI T /0B, o3 — 7T,
Kl CIEF M C++ WAL GC, FTLIRRT R malloc () PRECHT new s BT HE T2l

SR, UUERE A TG shxh 42 5iET, siaET CC wiiksrie il HZs Al . X BHEFRATA
DU WP

1A ZEA MR EER, Srh i3 8

2. ¥ K3, 4 ETHZN

ZHITE LA Rfa, T ibARRR CEIER S, X IR TR 1 Ak, IR
I AE IS allocation_fail() EREIEATES | TAGALTH,



1.8 R 17

, TEBLSEAYAATEREE h e 620 2 W MG 5 5B o PR FRATT A0 200 T RE 3 46 PXL P
ﬁfﬁﬁ&%ﬁﬁﬁi TE A7 2 (B R/NBEA IR R B 1 D0 T, D% K

BEN 51

Jr8 (chunk) 75 GCFATH G HLES 14 2 S M TG G2 1T 2 SE v o th R 25 1)

IR, MR — AR 7B L 4

SRJE, FRIP 2 HRE mutator (9 ZRILX A3 B0 FUREE RN, 10 GE B XA
TSI GG A BRI O, 33 (BTSSR A7 23 R OR 2B, S R
BRI sS o Eid, A HLA A KBRS p i sh i Rl CIER Zix R ) —
IrER— oo SRR AR

18 [

R (root) XA R “HEL” “HUK” . 78 GC RYTHFE , HUZHR X RAGFREHY R
%B%o
XLEHRE R T mutator EHESIHIBZS ] . 280005, 5F T B9 PR

1 | $obj = Object.new
2 | $obj.fieldl = Object.new

TEX L $obj i, B, WATES 1170 — DR (WL A), KRG $obj L
AFE WX R TE5 2 AT RATR A — D XR (W R B), SREHE $obj. fieldt fLA
RN GRS TEPATIEER 2 17)5, RSl LHEmE 1.5 Fizs .

E1.5 £BTETEEENTRER
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B 4] GCZHT

FEIX BIATAT A $obj FLEEM MRS FIXF SR A, Wil 2 Ut A ZiGshxi 4. s,
I AT DLl i) $obj Ze XTI A SIHXTR B, FrAXT4 B A Z2IG X4, itk GC ik
IXEEXT 4

GC 48 R AT LA P 422 a8 ] 422 D42 Jey 28 3 (] vh g | B X AR sl % 42

54 /A m e | AR, FRATW A LLE i mutator BELIZES | IR AR (call stack ) F1 25 £ 4% o
Wl ie, IR FFArde LA 4 Jmy s s (AR A

BAEX BIRATAE R — s, IR GC 7E— 1 (00 T JC 1% /™ 4 b 1 W 2 A 1 81 T
AR IR R ARTE ET o R TIX — R STES 6 IR, b 7 AIWTAR e EE, AT
BN RIIR

TEIX A E A EFIWOR R 2 O & . FTDATE “5ERT, RATEE & “GC n] L™ A
Wit b R EE AR £, X 1.2 R ETHEARTR

12 AR b, ARANE 1.6 s,

L1 HEpEN

E1.6 RINEEHER

BEAL, FATTRE Dy ACRS A AR 45 B B RN N $roots. WAL UL, BT X MY,
SLREMCUCHE T AR S TR R AE R func O BRELHYSHL

1| for(r : $roots)

2 func (*r)
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1.9 BEINGEG

PO GC RIEMPERERT, FRATRAILLT 4 st

o vk E

o TR A5 a1
o Mk R AR

o 7 9] 6 By AR

T EFRATE AT U
191 HItE

Mo— R R UF, At fE (throughput) 15 92 “ 76 5010 6] A B AL BRAE 17, X KIAE
GC RS -t A B Sh
HZSHE 1.7 R,

THR T

mutator

B 1.7 mutatorfl GC HIHITRE

TE mutator BAPATIIFEH, GC —IFsh T 3 %k, AHEALTRAEE 355K AL B, C,
Wl RS, GC BILIETRAIRFEI A (A + B + C). B—Jrim, |ATATE L, Ll GC xR
FHE K /NE: HEAP_SIZE. /2, 76 K/NA HEAP_SIZE MIMESHI T INFAAE BE, BAE TR AR
J (A + B+ C), KL, XFEHT GC RN HEAP_SIZE/(A + B + C).

PR, NATTE H S BT R ) GC B . AR DB A% S A i i A A IR A BE — AR
e

FIAHTT, ARFEA GC EHIFEEA GC FRic - THRREIEALL, 16 ohXd gull DAt bl
XN GC I B A sh x4, T GC ARIC — W W W 2546 A5 i AG 19 1% S FRIE 0
IPOE

SR, BEETE SIS R Z, 45 GC LRI Ak WA ARl . B ol T,
RS GCARIC - WEHRE L GC & A R B A i i 3w A e



20 HE1FE I GCZAHT

i d, B [E— GC By, HFEm 8 E 52 mutator WEMELALG . TEH GC B
BRI B, A B mutator FIBSITEWZE FELE N .

1.9.2 HRXHEE

A BT PRI GC B, MATE GCPUTHFE T 4 mutator BF AT, &
TR IA) 45 1Y 2 “PIRAT GC T 1A T mutator (9B I [H] 7, 5 2 306 AT BE 1 480 X FR A
A — A 1.7, SREEREDE A ~ C FRKRE, W B,

B2, FRATTAEAI ARG B0 75 22 B A A e A e 7

BRI R AT N . MR B AT R R 3h GO, FRATXSHLAS AR 4 il gk
SRR, HE GCPUTREEE G . WELEUL, EXHENLES T RREE, R,
VIR YN 2 i

FRAEAHIF, Web W BEER 2 Qe We? QnsRAEN Y Web W TG 2 4= GC, WIVE ARt 2
BRI, WAHPOHEGI, 5 Web WIEEFXFER GUI R, KREZH#HIE AN H R
HIEER, PrUARM AR BPA T B PR B R 3Z 3] GC A5

TR 0T e 5 40 o e KR ] RN 2Rl GC 3Rk, AT S R K
) ek 58 o ) e A 4 i PR R P Ao T LA S AR 30 PR T 9 2 P BT B AR A FR AR AN T, R
SR AR GC 3k

1.9.3 HEERNER

MG GC AR 25, HEMHRCRMRANREE . Ze A HERHRCR A N R A P .

— SRR, T EHERI L

BRI AR/, TEE R HERIN G B Z, GC EcR bl , At A5 5
(EERFESE, SoBUNEF . IR THET GO, # ZHEAE Sk P A5 B A2 i 7E e/ NIR BEE

Hok, MBI HE, MEMEHSCRE S RE R 2E R 260007, 6C ZHlF %P
e ARy, BRI, ST, P E 2 R BRI IR —2F . XTI E, GCARid -
T BRI AN S | okt AE R B HE

WOTIXAAUL, Wy GCJE A S NAFE B, Bl & b MR T AREE . 5%
WA R R S 18] — A, R TR AR GC ARARY B B F IR hnZ —

SR, MEREHRCRATT &, LSRR S [ AN TT3feds o () SR A . wT T A M
K, GCasfrtR; M, #AHAROUHM A RAHE, GC LS Rl

1.9.4 HIERNEERE

PC LA 4 RifEtitids, nlRdfiae . 7. WA SBEteas . ENZmaEmE 1.8
PR EHR R
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3
fein
ilig
=

I

!

| STk RS ) |

KA - AR

1.8 TFiEERHE RIS

ARFTJRVRN R P S B oo A IR A fik e A B /N . R TCRER), FRATAR A B AT A
FUHBGS AT, (0o T R A e A /N, DRI 3 AN m] B A 2R FH B8 i 41
WAL A AT H . — BFANT AL A BB HR A AP I, 25 CPU DRI Ea e, A
ZE AR NN A7 BRI G2 A7 . SR, BT 4 & B3 A B A Rl R s B 3 22 A7
T s 45 5 RS H T 8 22 R T[]

J3—J5 T, BA SRR BRI R 6] 18 5 AR ] BEAF AR R SE VT R I O o X AE 2By o
AR DL, FROy VIR B SR AT . 5 VTR R R, JEEA 5 O AR X G HE L
B AR, AR TR R R AT P G AR R B B R, 4 mutator REET T, AR
A TREVIRI R, 5% GHREAE R S BT B Biren ),

AL GCRAESMRIET IR REAT R, FIANTES 4 FhR B0 GC ZHIRE.



GC fric - iBlREIE

R FEAMEBL SN GC Ei%2 GC iR - &k E% (Mark Sweep GC)", B
LR, —BEFREMILEENSE, SRASSHGIEZFANEANEE,

| 20 AL s

AT R F R R, GCFRC — TH RS AR IC B BOFIE bR B B i, Fric B B
TEFTA TG S REM ARG B, TE BRI BOR R AR SE B ARG IR, W ARG S 4
511151 - 1 o 100 =~ I O R N DR S e ST ST S S P = I O S T
BRI PR AR A 50 2.1 BT,

REGFH2.1: mark_sweep() F
1 | mark_sweep(){

2 mark_phase ()
sweep_phase ()

3
4|3}

S22 B T R g BERTE BRI B o $5 T R AT 254 B Bt A7 i W]
TEZ R, BATER IS A 2.1 g HERET GC TR



|

2.1 A4S GO - THBRIA

RS
[ ]

v

—
| L]

v
L L | L]

— NULL

=3 I EER

BE2.1 HTGCRIEAPRE

2.1.1 FRiCER

4

FATH mark_phase () PRECEIEATHRICHT B AL FE

D58 2.2. mark_phase() Bk
1 | mark_phase () {
2 for(r : $roots)
3 mark (*r)
4|}

JEH T BAH] TR, ZEFRIC B, collector & N HE LAY R A 1G h % 24T Ednic. Mk,
TATE B AR e E AR S AT S, XA X5 g2 RAIE 1.8 WP PRI A “#f 5k
WHEE X" ERRAPRC XX S, SR 8 ) bR iC 8 1 48 £ B BE VI [ B B XS 52 o

XA REIL AT A TG Sh 3 RARARIC B T o

55 3ATHV B mark O PRAAY E SCANAUI I 5 2.3 Fio .

REGFH2.3: mark() BEL
1 | mark(obj){
2 if (obj.mark == FALSE)
3 obj.mark = TRUE
4 for(child : children(obj))
5 mark (*child)
6

23



24 B2 GOARIC - TERRE

FESS 247, KA RS SHEHI obj R O Hnc. I P ES TIRHRSFMELT,
B X EHbRic iR 4, A NP 2T mark O BB S RIXAME BRI, FRAT]
AL A R A AT AR IO AL B

WERFRCRTE N, WIFR PSR R K ER AT 8 A . XL B ICERT 20k 2,
JEHBEM obj.mark Viln], BIEZEA obj.mark HE, WFRXZOHRIL; # obj.mark MK,
WX Bebnic

obj.mark = TRUE
o) o )

E22 gEREMHLIE

PRCTEFT AT S RIA , PRCHBORETR T o ARich BEAS Rt i EaniE 2.3 P

{ — )
LI TP DM LM DT
m
f—>NULL
25 IREEE

2.3 FRIEHERERERHIRE

TEARICHTBOT, BFFSARCHT A G ShX R, ZIEEN, ARiCHT BRI RS 3 sl
L BEC BUELERY

PAEIER TARCH Byt Bl o JH— A HEE , bRic B BOstIe “il Jidf S0fpmic” fl4b #
WA XA “w IR WAL R GC R — MR EEAME, EZRIE a2 UL,
W icd.
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_

FEMRCERSI EBRSER
HNEE RIS TIRCAHERI R RE L 55E R (depth-first search ), X2/ BTEEMNHE
B R RN EBERI A .

g2 K1 KNI e P e P N
“II/ISIXI |7|\| |‘°|/| |‘2|/| IEI |

Dj DR

El2.4 FEMEEZ

S—FHE, 2B EfEER (breadth-first search) 5i%. XE2RETEENTE LR
IR

T L) A T
8||/|9|&| I“)I\I I“I/I I”I/I IEI |

Dj Bz fERATS:

E25 T EMEER




26 2 GCARC - TERAEEE

IRfER—T, B 2.4 FE 2.5 PEURZDHSBERRERINT .

CC2EBRMANR. FMEEBAAERREE, BREAXNSRYU(BENNRYE)Hr=
BE5,

B—HH, KBR—THREFERE (ESFHEIHINREE) T LAIE, RENTERLTERL
BRFETMRFERE. ALRIETCMREEBIIREMSEER.

2.1.2  BEMER

TETRBRB B, collector 2t Py ReANHE, ISR A T EFRICAIRT R (RIS ), (EHAEFT
UAFEIRH

RLEEH2.4: sweep_phase() FE]
1 | sweep_phase(){

sweeping = $heap_start
while(sweeping < $heap_end)
if (sweeping.mark == TRUE)
sweeping.mark = FALSE
else
sweeping.next = $free_list

$free_list = sweeping

© 00 N O o> W N

sweeping += sweeping.size

}

-
o

TERE I T AR size BB, ORI R A/N (80 M3, IR mark 3 —FF, FAT
FIRTES M Z ke LEAT.

TENGBR BT B, AT AR 5t sweeping i Dy HE, EAK UL R MHE T Hitl $heap_start
UG, HGT— A3 7% G R A

BB ThRGA, SLULIRX X RETESIXT SR WG SRR A IRIEANRE IR . 7255 5 173K
IBGEPRENL, HER T —IKI GC,

AT AETE X G R A . DSOS G g R X A R o, SRR RN <5
WEER” MR EER . 25 AT/ Bt R S0R P ixX oS INGER, win] LIR30 T

FATTE sweep_phase ) PRELHIEE 7 17, 46 8 TrilbATiX T4

TESS T A8 B T AR next MBI, FRATHAEAE )iz PRAERR DL R XA~ 23 IR e v L 43
A SRS . A LERNEDRZENESE, MR OA R b ik — 1 aitg 1
EARTET, next F/RXF (WH /-3 Ik, B field1l. WHEUL, %5 fieldl X/
M next. X CIEF P AYEEAR (union) FIRESAHTE



2.1 A4S GO - THBRIA

X HLEER AR 7T H Y sweeping MHUX —2 . & W RESASEM: “CCHY T
XGRS 7 RO FRATRIIE X D RE 2L T, FrLhgisl LA AR,

" [] »2
[] s

|

— i
HERIENENNIne

L T
T ?
[

ZSIRBER

El2.6 BRMEBREREHHERT

TEVG BRI B, FERe 2ol D P A o, HEAT B e, /2, BT AE 2% I 18] 55 iR/ aE
oo HMEBOKR, TEERETBUTAE 2 A I ) 2
DAL ARIC B Be L S B B R U] o A il A LA AR e S il —F o

213 Sfc

BN PN WIE EP AR EE’J%@EE*‘QHEIWE’JH&&FIE%’JFHO M4,
SrECIE EREFEATIWE? WU, 4 mutator HUEZFHE, EREAREIE /NG 1 1Y 43 BT
éﬁ mutator %7

WIRTSCHTR, FRATER BRI B O U R S e ) 25 NEE R T o RS INEERIF 4R
KANGIER e, XIERAERE VRS IC . T4 BCAY BRI EL new_obj O WAL 5L 2.5 Fizs .

REBFEHE2.5: new_obj() E
1 | new_obj(size){
chunk = pickup_chunk(size, $free_list)
if (chunk !'= NULL)
return chunk
else

allocation_fail()

N o 0o W N

27
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55 2 17/ pickup_chunk () PRECH T3 Jj $free_list, FHKTET size M. B
AELR A size KM EL, B 25R I size KA H, WEREHREIF size K/
AR, W2 R NZor e AR TR B size KAYSPHL, M2 AR size K
/NI RN FA5 size JETRIRA/INEY I3, FFHETRI AR 1Y 73 Bk 7] 248 PRI BE R

WS PR B AT $R B G 3E A 43 B, W 233R ] NULL. 3R [Pl NULL BF AR AN 21T, R
TAREHERCRESL, FRATEEAAIE R 2.5 HiE ] T2 ETHE 1.6 TEEEIAY allocation_fail () PRZKL.

_

First-fit. Best-fit. Worst-fitiIFRE

ZEIFEATH D B R BE UE First -fite EJO7E pickup_chunk() R+, RVEIMKFET
size DRI =IZBMREIZ SR .

A, DEREAILXYE, ABEEHEMNER, REIKTFET size Na/NDHR, XFhZEREIY
E Best -fit.

BB —FZEBE(E Worst -fit, BlkEZERERFRANDHR, BES EIRL mutator FRIERY
KNMDEERFARD, BERNREDEIRFRRNSREARL . BEHEAS Worst -fit REZERK
SR, LA REEARERL G X,

frZE Worst -fit, FITNAIILEE Best-fit F1 First -fit ;X . JFAVFEB R AR RAEFRET,
EIREDECFTRAIATE), HEEEER First -fit 0885 .

21.4 S

ISR E iR, ARYE BRI AR AT BE S AR R E /N, AR B TRES,
AT R A B/ N HOETE — TG B— > Ko e, XRD “WE4R 2 J0 MR E &
¥ (coalescing), G IFRETEGIRITBLHITHY

PATH I PREL sweep_phase ) UIACHSIE 5L 2.6 Fi7s .

RuLFEER2.6: BITAFAI sweep_phase() FEL
1 | sweep_phase(){

sweeping = $heap_start
while(sweeping < $heap_end)
if (sweeping.mark == TRUE)
sweeping.mark = FALSE
else
if (sweeping == $free_list + $free_list.size)

$free_list.size += sweeping.size

© 00 N O O W N

else
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10 sweeping.next = $free_list
11 $free_list = sweeping

12 sweeping += sweeping.size

13 |}

AT R 2.6 1) sweep_phase () BREXHATE 717, 4% 8 A7 5ACASTE R 2.4 AN[H]. 56 747 H]
TR KR I o B L Ok R HUR R 2L, QR R I HGES:, WIFESS 8 174 4R 4%
2 N EE I, B AN

2.2.1 SCHfHEa

PR GC FRic - HERFIEMILA, ISR EHOER R, KBS T .

TTAHTT, ETRBATRALR 3 BRI HITEGE, 7251 I EGE st AR D) 5245 2
TR 3G, SCBLAR IR

J38h, MRS R, IR AT S HABS R A AL WA DL AT B 7SR 3 EANE 4
wmf, BATEIREN G GCARIL - TR k5 HAL GC FIEMA & Tk,

222 S5FRIFAGCEHEER

TE4 6 A AR GC Bk, MWEURARERA SR PR~ GC BA R
Xt G BLAE 19 3 Bl S ) B HA S B ) GC BBk (58 4 350) Smic - Ik (5 5 55) A
e

M GCARE - WEBRF LA AR SR g 4, Pr ARl A Ry s GC Bk . Rt b,
TEARZ R MRS GC AR B P R B2 T GC ARiC - WEBRE %

L 23 BL

2.3.1 &R

TE GC FRic — I BRI 0 Al I 7 rh S i = A= g Ak i or e, AA RS B0
SNSRI TEHE I 45 Ak . FRATTFRIX FOR O 0 18 | 4k (fragmentation)o AR UTJE 1, Windows (1)
KRGS XIS
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AT
TS

( msvrrusmm )

75 NEE R
E27 ®#H1

W B, BB HE T e S ME T, 23 B — AN 1 4 SR R/ I AS
REPAT 0L

WAL, WL AR R AL, B N mutator BFIBATAH, A0 1.9.4 5k, EEA G
KRS G ALHAE S P AL &, S s [n) BT 55 A B[]

IR Ay 0 He e HE v 59 43 A5 17 0BG T mutator G211 O, Af AL ZASH GC Frid - 1Bk
Bk, a2 s M A A

J TR R A, ATLUR AP AESS 4 T DGR S A AW R, D RIEAREN R
1 “BiBOP 37,

232 HECEE

GC AL - W BRI A BRSSPI R 4 e AR A A0 I 25 INBE 22, TR 2%
KIGrH . SR A LU B A T 40 I AR A 23 PR Bk 0 I B s

Sy, BONTE GCE IR GCARid - FIRARRILT, A HORAE R — AL A
25 [MAEAE R, BT LA 00 ) 25 IR A 2R, A3 Bt B AR5 = i b HEA T, A7 FLIA REAEHE Fei/r e [
AT BCAR R I 42

A B TE T T AU (1 24> 25 PRAE E (multiple free-list) F1 BiBOP B:#7 &8 T HETE GC AR -
TH SR EAE s R A T A AR Yk

2.3.3 S5EREFNATES

G Al A (copy-on-write) JETE Linux 825 UNIX 11 R GUAY ST fif op 210 A9 5 1
7 ATATT, A8 Linux WPAZHIBERE, WAt fork O PRELIT, R N A7 25 (] 45
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AewiE . RO meRe, s s A AR B s R A £ TR ik, SR
MR HREAEC 20 T NAFas ], SEhr P N e T,

TEAAHERE VT R R T, AR U ) N AE s B AT A TR T

SR, YIATX L Z NAE RS AT AR, AR EE =N, oy N HAWFE 7 U5
[, 23RAEBIEA SISO . FEEEN, RS A CAA = E AL, XX AFAA 2516
HTES, Zils R RA N, AU SN, RIXAE, BB AR “ES
ABFHATE S 1, BT LAA IR S B R

AR, GCARIE - B BRFE S A — A A —— S E R ORI . R
HEXNE, GCUWRBE AW RIIRENL, XA 2 %R A AN % Kk A 1 S i
JRiaF N AFAS (]

AT ALHELXAN A, FRATTR A EARIC (bitmap marking) B, T XA, KAE 2.6
TR

24 BEXETTE

ZHIFRATIFRIFRIC - HEREE P RE T — 2 IR, XD WeEkd, XRmsr
BRFN/INE 3 BEAT R RE R AR B o (HORIXARE—f, BRI HE A IR0 2 1 — U s PR Bk
HoBE I/, SRR IR S E]

P, FATA R0, s R BN R 23 REER, BRI R o By 2
PRIGE RN U /Ny R s IR R . IXAE—fe, LB I mutator JIT HITR B 73 BROR /D IE 4 25
RS, BLARETERET ] R BIAT 5 2R 0 R T

FHEDRAARF — T XATik.

HhH 34 i
FHI
R
— A
i 4
Lol R e L]
T I T
! ] ] ™

23 IRBER

E28 HFA—IN=RERMER
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28 GChrid - TERRE L

HRM A2 WEER, #5208 ) 2R INEERA eI 3 NPk IRA, FIH
ZA S IR I 2 e W 2

iHHTR3IA

T

1] HTF24+
T34

4‘ 25 IR ]

E29 FIASITRERNER

XUCEEH 28 TC R AR, T 25 IR BER AT, 265 1 DITERIEH 2 DR 2 BUEH 25 I
HERMIT K, %2 DocREm 3 M FW YU S MEER I L. ik, BIInTEsrie 3 4~
TR, REARMT 3 TS NSRS 1T ol RRH— DS WOk UL, 7
FN AR EES N o WD 3 DD e

AR, XA AR ERATE L BB RS 2 A W R A e T
2T REER . T 3 AR T 500 ASTER e MOXAET 25, AT A T A
DWEERT .

—AEBL T, mutator AR 23 G AR R KA -8 1 XT3 Ffbs 2Dt 3 A 1 0 1T K
il s AR, SRS REER AN THER, 25 RS N2,

PR, FRATIE H 225 - BOR/INBOE — A BRR, Zp B R R T4 XA Ko, st iR
—NES AR, A ANFTRESA: XMk, REAIEZ A RCR AL R K 1 732
SR, PR SRk b e AR R Jr B p s 0 o 2R WLRY L i USSR AR — A 2 A+ A K ),
Ll 32 Ry A R B 4 R TR 2R mutator A% HHAE ARG A /N B, HEOGHE B HE AR B IX
FHORA R EAE I RMOE . T, WCRBOE s BRI ERR O 100 A5, IR AHERHIT 2
AT IADT e 100 A, PARCRTAET 101 M5 E3E 100 D2 REERBAT LT .

FIHZ A28 INEE R AT, FRATTTH ZAE 1E new_obj () PRELLL M sweep_phase () PRI, EIE
J5 1) new_obj () BRELLL M sweep_phase () BREL I ARG L 2.7 . ARALIH . 2.8 ik .
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RWBFL27: FIASAH=RFERE new_obj() F

1 | new_obj(size){

2 index = size / (WORD_LENGTH / BYTE_LENGTH)

3 if (index <= 100)

4 if ($free_list[index] !'= NULL)

5 chunk = $free_list[index]

6 $free_list[index] = $free_list[index] .next
7 return chunk

8 else

9 chunk = pickup_chunk(size, $free_list[101])
10 if (chunk !'= NULL)

11 return chunk

12

13 allocation_fail()

14 | }

KAgiEER2.8: FASANTHRHERA sweep_phase() F#
1 | sweep_phase(){

2 for(i : 2..101)

3 $free_list[i] = NULL

4

5 sweeping = $heap_start

6

7 while(sweeping < $heap_end)

8 if (sweeping.mark == TRUE)

9 sweeping.mark = FALSE

10 else

11 index = size / (WORD_LENGTH / BYTE_LENGTH )
12 if (index <= 100)

13 sweeping.next = $free_list[index]
14 $free_list[index] = sweeping

15 else

16 sweeping.next = $free_list[101]
17 $free_list[101] = sweeping

18 sweeping += sweeping.size

19 |

25 EIENES
A [ K F A G2 BiBOP ¥, BiBOP J2 Big Bag Of Pages 0455 . 1% 4 Ui ] g 1t
BOMERE , FH— A AR A “ORE R/ INAH I A X G T ARG ] 5 R/ N BB A T A B A A
ARV — T o B e SR KFIRL, GCHrid - BB R SR AR b, 1
AR B R 2 — e o - 4 RLHOCA B KN S 4




34 2 GCRRiIC -THREE
X, FRATAT AR AN ik JEHE R E E RN, LEAE e BRI B [ FE /N
X4, Xk SE BiBOP .
B CF UL ] BER & LU KESE , TEE T

licd
|
||¢f|||||||’—|—|7||| | 1+—++
T O A e T T

T30 F bk T2 F b T340 F )b
— HE
— T 247
— T3+
TRERPEA

E2.10 BiBOP®HTR=E

e 2.10 FioR, 3 A F RN RPVEG 0 BCRIZ2 008 1A 38k, 2 N i g
BRI AR 2 e B HEICEXT R, RSN TRCR . oA e g
BRRER/NEIXT G, T AN AT RE H B/ NS B o B

HOE, (1 BiBOP ¥EIFARESE R PRIE A L. e T 2 5y, HA 1
B 2 ANEEIN G, XREOLT AN BB AT ORI 1

BiBOP (& JFAE N TIHFRIE A 1L, 48 M iRk Ttk (B8 LimiXhe, 7£2
APerb o3k B R/ NG, R 2 FRARME 80

26 Colr:

TERLERY GC ARC - TEBRAE S, HITARCHIAE RIS R AR . it
SRS Rk — R B . SR ZFITE 2.3.3 e diad, KBRS I A R

XPBATAAT7:, IR E RIS R AR SRR, RERXTR —&EB. 75
PRICHIIR, ATEXT RS LEAL, MURAEX D RAG PR E T T REHEES THT
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PRICHI AL RAEFR A AL IEIFAE” (bitmap table), F XA FAEHATIRICHTT HFR R “ AL B bR
L7 PLEERKS R SEIEA 280, PN R AR A O 7RISR I, X HLIRATR
FRERORE o AL EIRRIC R DL AN &L 2.11 Ffz o

\\*E
\ \ I

¥ ¥ ¥
T (1] (o e e (1 1]
A B C D E F G

e [ Lo ][0 o] [oJo [0 [o[o][o Lo o]l 0]

I

TE 3 LB A
E2.11 {zEHFRIE

TEL RIS B B2, 57 s v (57 A o7 T BRI P A A5 DX RIS I . — R UL,
R 1 AT IR 1AM, FATEA Bl X 2 ME R .
(2 FEIARICH B9 mark O PRALAIFCRD 5 51 2.9 7R

REGFE2.9: LEHRIE A mark() B
1 | mark(obj){
obj_num = (obj - $heap_start) / WORD_LENGTH
index = obj_num / WORD_LENGTH
offset = obj_num % WORD_LENGTH

if (($bitmap_tbl[index] & (1 << offset)) == 0)
$bitmap_tbl[index] |= (1 << offset)
for(child : children(obj))

mark (xchild)

© 00 N O oo W N

e
o

}

fE3X B, WORD_LENGTH s > &, Raxie&dlarrh 10058 (B 32 AL AL A #Y
WORD_LENGTH /& 32). obj_num #& A& AL K RARHI AR, obj bR RN FESE JLAS. 1l
WE 2,11 ) E, B obj_num AHLE 8. SAMERGER, & 2.12 spiHBIRFAIE 2.11
AR, L, E RGN EM bitmap_table [0 FIAT L 9 4,
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bitmap_tbl[0] 1ol 1|lofl1]o]o]olf1

bitmap_tbl[1] | e oo

1A
BE2.12 R EMIREMAE
FKATH obj_num B ) WORD_LENGTH 15 2 (U index LA M REL of fset K43l F/n i 81 3
AT g5 FE g . 55 6 (7RSS 7T B T s %, B L AA8EE, SR B RETT
PEAE TR
FILEXT GBSk o AR BRSO T AL, O AR A LE 5 0, (BRI AL

2.6.1 =

2.6.1.1 S5EREFFAES

DA AR e E AR 2 B X R B bR r, XS A TiE R i

SR, A A AR AN S XX R E AR EN R, A SEAETOEME S . 2R,
KX B #=epg i AT T HS, T SR AEZ S Ak, KOG RS AER /N, BrLARp
i SR A S 2 KRB,

AN, Vbl Rk A AR B I I E AR B2 TR (Linux 46) B, LRSI EIAT fork O
PRECHI N FHRE P b . WU, EXT T —BRR P R UL 5 A & )

RIS | & (R R G BUA R D UL, AR 11 B rh S 28 B KA Ui

2.6.1.2 BRIEEESW

AAERRIC BT B, TETEBRBY Be vl LIS B GFAL . DA B3 BRERVEER 20 2003 Iy 38 3k, 418
TG SR SRR 25 NSRRI B BOHE IE S X R bR A .

FIFH T AL A8 TR R E R I E X R bR N A B B AL, BT LART AP Zhn i o

BLEFRIC T AT BRERAE ARSI 5 2.10 B .




2.7 HEIRVEBRIE

RELFEE2.10: [LEHRIZH sweep_phase() FH#

1 | sweep_phase(){

2 sweeping = $heap_start

3 index = 0

4 offset = 0

5

6 while(sweeping < $heap_end)

7 if ($bitmap_tbl[index] & (1 << offset) == 0)

8 sweeping.next = $free_list

9 $free_list = sweeping

10 index += (offset + sweeping.size) / WORD_LENGTH
11 offset = (offset + sweeping.size) 7 WORD_LENGTH
12 sweeping += sweeping.size

13

14 for(i : 0..(HEAP_SIZE / WORD_LENGTH - 1))

15 $bitmap_tbl[i] = 0

16 | }

5 — e n i bR Bo A, FRATH sweeping FeErm gAY, Ak, XEMH T index
Ml offset MRS, T [y HE ) [m] st ik g o7 (51 924

55 6 AT 12 TR MRS IRm Iy o 55 7 72 A Dy e v 5 0 6 B AR A
MNP REA VEEAR BN, BT STES 8 AT O TP I RIE RIS INGE R . MR D&
WL TARENIE, BP A SR T I BR A (A, R Z 5 —IF T .

1047, B 1L AT R RIS, B 12 AT R

51447 5 1S AT AT TEAL B R A TR B A BOE . AR — I IR RN, BT
PLRERS A BB A

2.6.2 EFERIMES

AR bR IC AR, A IR RATLAER, AR X G bk A7 P Sk BRI
SR 2 B AR U BOARARE AR e X G i i kSR 5 G R AR S B, BT

B RIMTEHEA 24>, XRHMIAELREI T, FATICE M Lin) (s oK ARG ALY
fi. NI, eI, — e B AR E s — D LA A

27 [EEECE

75 2.1.3 TR TG 25200, ERRIRIEFTE SRS SHER/NSGE R o Qi
AEFRHERR K, GC ARic — WEBRBEIE LS BT A g, 25 Rt 0515 2] mutator RYALEE,

JEIR I B 1L (Lazy Sweep ) 42 40 I R IE BR AR 1005 200 mutator Fe KBHERT R A9 J7 %, 7E
PRICHERAESS RS, A—IF AT IS BRRAE, o A A A e (R, Gl CHEIR

37



38 2w GChRic - WRRAE
e Bij 1k mutator KW EE A, T4, SERIEERARAEERAE A7
KBZIG R RKFENH R. John M. Hughes JF & I TEIR 1R EE 1,
271  new_obj() &#
TERVERR Y new_obj () RREUMIE LINLASTE H 2.11 Fi7R .
REBFA 211 TEIRFRREHH new_obj() R

new_obj(size){

chunk = lazy_sweep(size)
if (chunk !'= NULL)
return chunk

mark_phase ()
chunk = lazy_sweep(size)

if (chunk !'= NULL)
return chunk

=
= O O 0 N O U W N =

-
N

allocation_fail()

}

-
w

TECIY EAEVA 1azy_sweep () PREL, MEATHIERERA:. WIREREFIVEBREMER LI,
2R B WRANRE T HC 0 B, sl PUATARICERE. Y lazy_sweep ) PRI%NIR [M] NULL
B, Wt 2B R Ay, 2 mark_phase ) PREUHAT — bR 2/E, MM 1azy_
sweep () PRAECK /AL /o 11X HLBERE 70 IC 70 B sl R R 36 M 1 3% A7 70 B, mutator L AEA
AEFFEAT T — AL T .

2.7.2  lazy_sweep() R#
IABAIHKFE—T 1lazy_sweep() PRELIT

REBFHE2.12; lazy_sweep() FE#

1 | lazy_sweep(size){

while ($sweeping < $heap_end)
if ($sweeping.mark == TRUE)
$sweeping.mark = FALSE
else if ($sweeping.size >= size)
chunk = $sweeping
$sweeping += $sweeping.size

return chunk

© 0 N o o W N

$sweeping += $sweeping.size

[
o
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11 $sweeping = $heap_start
12 return NULL
13 |}

lazy_sweep() PRELZ: — Hli i, H BB T4 T g KN 0Bk 1k, fE4RF)
Bl m S HAR ] (H 2 7EIX B $sweeping AR E . WELEUL, W IFIA AL
BT B U BRERAE T A o B A i

i lazy_sweep () PREIH [y 2k 5 5 #0 B AT $R 2 /3 Bepf, £33& [l NULL.

PR Ry S SRR BRIE AN 2 — T il P A, & RAE S B SR AT 023 Iy, i LA AT LU 4 A
T BRIRAE T B mutator FEFAERTE], SR “IER 7 IEBREEAE R 2R

2.7.3 BIEREREFE 715

FATC RS, 8 AR R T LRI mutator FYEFAFAS ], A2 EAYIG? R fHAEAR
BEUIE, SEREERIBCREAMER . FTHT7, RSNIFRCoERAER TSN 2.13 PR

;
N | Y RO Y

b

E2.13 HEBEHIIRSHAHHIER

WU, IR TR HE, WESXS AR TGS G, BT T — R AR AR
Bo TEXFFLT , BIPLEIE BRI Z 785 RE E FARAF 7B, T LLBEIE 2D mutator Y
BERTE] . AR — AR R BRTIGE ST R [, B AT RIG e T, X FEisn 1
mutator [ IR H]

G, WR—T FIERMER/ A —E, T84 mutator BRI [ 5L 233G K. T 4F
JIT G BRI HER /N T 2 R AT TR AE 2R 8 T rh R4 S R E U

BARTE X LA R 2, A b B B S50 B 452 el TR R R B B 0 452 B[] —
FE, R RIRE, T AT AN 8, AT S TER 8 Tarh W Rt



S| EGE

GC BEAR—M “BRUEAEBLEESI BN RHNG". BBAANBAMABHS
1BE, TLULAAENREBELICRT ‘G2 EFRSIBEAES . iILZFXWRMNEEBCH “ ASIE
#H7, NimibLgBASHNRECESL, X#ME5|Bit#% (Reference Counting), 2
George E. Collins ™ F 1960 FE455F kA

NS BAS
D Hi !l
N Iy U .
X X
VN A
AR
N ™ N
,\(\/\/\[\/—\

| 31 ELEREGER:

SIAHEGE R BIAT — MRS, MRS “THEER . THEER RO R X R N SAR L,
Wk RA Z /DTS TR ARG (RGBT R TS i 8E, T i fho gk
HR RS A S B A BT, 51 TR s &l 3.1 s




3.1 5B

B 3.1 5|AitEiERrTs
M2, iETRATRE B ETHITEGE PR ERET NAFE BRI,

3.1.1  HEEEERVIERE

1E GCARIC - TEBRIE S AL GC 5k b, A 70 B mutator 2318 FI R T AR Y PREL,
JA 8l GC JrFE s IR B N A 25 1]

RALFEE3.1: garbage_collect() FHEL
1 | garbage_collect(){
2
3|2

SRIMAE S HIHECE I A mutator IR G 3 GC (WG A] . 5IHITHEGE S mutator B9FUTT
UM OE, BAE mutator (40 B R Pl o B0 AGES B ER HEA T AR B, AEPI RS LT
TIEAR B 2 A ARG, X S T new_obj () PRELAN update_ptr () PREL.

3.1.2 new_obj() &

RAELFEE3.2: new_obj() R
1 | new_obj(size){

obj = pickup_chunk(size, $free_list)

if (obj == NULL)
allocation_fail()
else
obj.ref_cnt =1

return obj

© 00 N O 0w N

}

5 GChmid - WEBRFAEAER], mutator 7EA42 BUBTXT S A BHE 2 new_obj () PR%K.

TEX B, pickup_chunk() PRECAY A KBS TE GC FRid - WFRA L h g AR . A
JIXR Y pickup_chunk () PREGR I NULL B, ZMECERCIE T o TS TR SEZ G 3.2.1
WO RFU . DI TRk, B TIPS NEER ARG, AR AT X A2 15 3hoxt
%o WHLEDBL, 7F pickup_chunk () PREGER Bl NULL AR —Z1, HEF gl icA Gl K/Ahmy s T,

41
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B3E SIATERE

SECICE AT T .

il i pickup_chunk ) PREGR PG R/NIRS RIS, FE25 7 78T HEERRIMEE N 1. 1R
WIS, SKHUPTER TR, HMRESAETIH T 535h, B ref_cnt fURXIE obj ML .
XREARZ SRR, HREFEIL,

3.1.3 update_ptr() R
update_ptr () PREUH FRHTEE ptr, HHIBIMXIE oby, [RIASIEAT AR B A4 I .

RAGFEH3.3: update_ptr() FHH
1 | update_ptr(ptr, obj){

inc_ref_cnt (obj)

2
3 dec_ref_cnt (*ptr)
4 *ptr = obj

5

}

HARTE mutator BB T8 5T IR P SSPATIC R R, (HEE50 E - T4 B A %6 4 171
*ptr = obj whsr, 2 ATHIEE 3 TR T N BEACRS . FEP EARIE TR LA 2 TR

1. xF 384t ptr #7318 21 & (obj) 893t H B HATIE T IRAF

2. x5 484t ptr Z AT 51 A 69 2t F (xptr) 893 RIS HAT IR A

HRRNTEA AR EPATHH RS BN inc_ref _cnt () PREL,

REGF L 3.4: inc_ref_cnt() HE
1 | inc_ref_cnt(obj){
2 obj.ref_cnt++

3|}

inc_ref_cnt () PRECE—MRETHATREL, & RS HBXTS obj MITHER I THE B44E
FHIRATHRE B I TR ERAE R dec_ref_cnt () PR%L

REL;EHE3.5: dec_ref_cnt() EFHEL

1 | dec_ref_cnt(obj){

2 obj.ref_cnt--

3 if (obj.ref_cnt == 0)

4 for(child : children(obj))
5 dec_ref_cnt(*child)

6 reclaim(obj)

7}

H R R B Z AT T B R xptr BTHEGER AT IR R AR . RS, TR
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HA 0 IXTRAER T “idl " B, XX RITE S 2iMu MR, 52, BIpHExt
sptr I PR R TR R E . 7658 5 4TI HIA dec_ref_cnt O PREHLE R 13X
RIF, it reclaim() PRECH obj i EI S IWEE R . reclaim() PRELSTEAT hZ UL,
K EATR

M2, BRXBRESAZOERENE? A AZSEIH inc_ref_cnt O BREL, JFIH
dec_ref_cnt () PRELWE? MG HITHEC LM M B %I, SEiH dec_ref_cnt ) PREL, J5H
HH inc_ref_cnt ) PRECA GG, B ZREIE N T AEFE «ptr Al obj A2 [l —XF LAY AL
WRFE IR dec_ref_cnt () i inc_ref_cnt () PRALHINIT I, *ptr Al obj M [F]—X 4
35, $AT dec_ref_cnt (xptr) W xptr MYTHEGE A AT HEZE Jy o MREIIN . XAE—2K,
T AT inc_ref_cnt (obj) B obj -t # M T, AIEESSI A E KA BUG, HIHFRA]
B I EXS obj MTHAL AR HEA T HY SRR R ML IX R BUG,

RJFHGE R KB — T update_ptr () BREHATIF B . HE K 3.2(a). HILHIRAET M
WEIH AR C, IWABIH B, AFpAME—F5m B 19465, BORIAERZIREH IS T C, i
F K 3.2(b)o

2 INBER ” 2 IRBER

o S e

off 77 L ST

(@) (b)

=]

E 3.2 update_ptr() FEHITETRIE R

Wt P ER R, B RIS EAE S T o, B BRI T, H B iERE LT A REER,
RERE PR R 1o SBCAHIE B T A 81 C i9FREE, FTLh C ATHERES I (E3S 12l 2.

FEAE AU O R S5 B S A TR B A 0T . B IR B, T RE S AR O AT A 7R
FEo SO G o 51 T HEOE 43 B e T3 8 AT s & &5 A 7 AR B3, ATE 7= A=
B S ZI W, R U, X IR TR LA A A S s LR, HETR T R RT5
HRANE SN G, X PR BN S 5 —J7 i, GCFnic — WG BRI R ™ 2 T b A
WL B, H SR i B s b 3 — I i, AR RE, AT LAULK N A7 45 B
mutator [F]I B 1T IEJE 51 HITHEE B — KAFAE

DAk 5 | R B A e



44 H3F 5IHIHEGE

3.2.1  EIBEPZIE iR

TESIFHEE S, BRI RIGLANIE A SR80 TR IO TP AOMED. 805 | TR
FOMEH o I, XPR D Bttt A AR 2s R 2S 0] e B s IR R R . W2 it , A X RAEE
JSEE 3% B[R] IS gl 2 S22 [ o BEBEIEAT A3, IS N AF 25 (A s e 3 i 4 Bl
AR IR S N R, RN SR ]

y—Jrin, FEHABR) GC Rk, BV AR il T B, R RICIE L RG] . A
SPHRE GCIFURRATIE, A RERUEME X R BRI, WX RARER . MRy, &
B GC AT ZHRT, HRA —HR I A2 (R B3 5

3.2.2 mAXEEERE

eI HTHEGE T, A 4585 mutator BB 1 I FE P A 2 0T B3R T, ol 2 156,
%?ﬁtﬁﬁﬁhﬁ mutator ﬁzﬁkiiﬁﬂiﬁ%ﬁé}iib&%‘[ﬁé}%ﬁ@l&, ﬁﬁifbﬁlﬁﬂﬂﬁﬂ@ﬁ? mutator [ #x
R 5 IE]

EIRATAESE 1 B h Fridi M IRAE , ARYE mutator B9 FHIRANIA) S5 AT 457 Ao ] 19 4 8 23 A
HARHEEMN R

323 RBLELEHER

FUTHEGER GC ARl - HERAEA A, WA MR A, HRATAR W U5
FHA R AU, BRIk BT .

T Ir, AN EE b, PRI AR A Z B R ST AT A 4k, A 21
R, PR BN 4 T 46 B A R AR

JITLA, A — B R R TS SN S SN T GC il - TEBRGE, 7E% 1)
A LAY 51 OC AR I ISR A 5 T8

33 BT

33.1 HEEEENERGEES

B IRRIFATIO mutator (19 S A RIS A 2200, M TARE—RETTIE, ANad7e K 2 K
LT HEEH RS BT MR AT IR AR T, 2 LI T- 4 A F IR 3k A T 5T
B PR AR T A mutator ELHERES UM . AESIIBOL D, MR E SRR, THACEE 11




3.3 B

BB SR, R R P 3 Dl Ak B DA SR 2 R A B H
KTk, BATRAE 3.4 TP NRENE .

332 HH=RFELARSM

FT 5B TR S R R B e HE Th T A X 2 i 5 LA FTAN e, BRan3RATH
2 32 PibLEs, ARARA PTREZELE 2 19 32 RO MM R AR 51— X5 . BB SR oL,
WA BRI R TR AT 32 iR/, kUL, X TRTA SR, WAURA 32 hiias
6] 3R A N AE2S [ A FHRCR KRR T FTE Uk, B & 5 2 A3, IRa =it
B TE Rk 13,

3.3.3 SCHmmiE3e

FURTHE A A BAR G R, (A RIS .

HATTE ST A ER update_ptr () PREUETE mutator KBTI, T4, FRATFHFZ
LIS B *ptr=obj MY ML /7 # HE 5 i update_ptr (ptr,obj). M A H update_ptr() A
B dEE £, D ESSREPRA S Mt W TR, AR R TC L E R
#AT, 24 BUG,

3.3.4  EMSIAEEEIR

REDER3.6: EABIRAIER

1 | class Person{ # 7€ L PersonZk

2 string name

3 Person lover

41}

5

6 | taro = new Person(" KHEE") # 12 il Person ZE f{ SE 41 AR
7 | hanako = new Person("f£T ") # 4 i Person 251 SL 0 4E 1
8 | taro.lover = hanako # KERE KA T

9 | hanako.lover = taro # 16T E UK RR

10 | taro = null #6f taro #44%  null

11 | hanako = null # % hanako %4 F null

PR OSSR iR R . AT X BEOh U )S , XERAYNEELANTE 3.3 FiR .

45



46 3 GUHIHEGE

1| 7T 1| KHEB

E3.3 fEIFSIAMSE

B ERIXRE, BT X R EAGIE, L& X R HEE f AR 1. (HI2 X 2EXT 4
AIHFBA POHAATATX R G AR — I DX PSS AT, R BB E AT
S 1, LT I, ARBXAETET A B A LA E R0 R B ARG R S T O R BT, B
S L0 RLUAR I T B0, Pl IR e AT I

FATVE TARZ TN BOE A B, (R PSR WA HBCRIR T 55 IBA5I T
BERAR A ERBENT MR A, fXPARR. F9E, R B RGN IR
TEME S R0, o

BUNA 2, RN G IR HERMS R, e/ w A 7. 2R3k
AT TR X ey e B 5 | I RA AT i

34 LRSS

3.1  HARIERSIAHEE

FEVFG T EOE B B m s, Fef 492 2] 1 Horh — U2 “THECRS o g s S, R
BERT R Y B S i T AT AR, BPAEIR 5] 3502 (Deferred Reference Counting)O XTI
75 L. Peter Deutsch Fll Daniel G. Bobrow e S O

W 330 TR, TR G vk B R SR 2 MAR Y AR A

U, AT E ARG TR AR A e TG o AT s, BRI ES 2R
AR R4 update_ptr ($ptr,obj) BLE K x$ptr = obj.

bRk, XAk AR S E B PR R G HCR, MRS E A A TR
e, PR KREGE 1T TR E R B4 D B X — i

SRIMT, KFE A B S AN BEMTRI BEA T o RS TSR R e H 8 b, BT A& I3 4
BT RS AT IR R M R AT B985 | IR (BINS0. (R, A Al BER AR X R AT TR 3,
BB > 7 RIS L o




3.4 JERFIHIEE 47

o

E3.4 SKBREMAEES, EITH=RENN MR

T, WATERE R 5 80 vh i ] ZCT (Zero Count Table ), ZCT J&— 1%, BaH5L
1O5% FITEERETE dec_ref_cnt ) PREIFEH TR 0 X4, ZCT W& 3.5 Fis .

ZCT

Al WA B

E35 ZzCT

KNI BRI N 0 X AN — e AR i 3, FT LABT I SR X Be X 2 81 . IRl 3.5 tiE
B, FRATUIUEIE dec_ref_cnt () PREL, (i HE N AER 5| A0 .

3.4.2 dec_ref cnt() ®#
FFAEMER 5] B0 3 A) dec_ref_cnt () PREY, HE XANHLVE B 3.7 Fiw

REGFEERI.7: EIR5|BITEEH I dec_ref_cnt() B EL
1 | dec_ref_cnt(obj){
obj.ref_cnt--
if (obj.ref_cnt == 0)
if (is_full($zct) == TRUE)
scan_zct ()
push($zct, obj)
}

~N o g W N

4 obj HUTHEAHME N 0 (WBLRDE obj FIREREI) I, TE2H 6 174 obj WME $zct. AT,
U2 $zct KW, MBAECHEIET scan_zct O BRECKID $zct XTS5 447, S 547),



48 3% 5 HIHEGE

3.43 new_obj() ®E

TATH LR HAE IE— T new_obj () PREL. M I0HL 43 BL R/NGIE 1Y 4r Bk, $HAT scan_
zct () PR,

KELFE 3.8: LIRS ATTEUEHHI new_obj() B #L

1 | new_obj(size){

2 obj = pickup_chunk(size, $free_list)
3

4 if (obj == NULL)

5 scan_zct ()

6 obj = pickup_chunk(size, $free_list)
7 if (obj == NULL)

8 allocation_fail()

9

10 obj.ref_cnt = 1

11 return obj

12 | }

MR — R ECE A R 1T, SRR E S INEERER T RN ERaE . By
B R —I $zct, VIFFREEE, WA AT, ARCst RN T .

SRR A AT 2 S5 W R S 5 | TR e e —FE .

3.44 scan_zct() B

scan_zct () FREL MRS AN rs o

RAGEE3.9: scan_zct() HE

1| scan_zct(){

2 for(r : $roots)

3 (xr) .ref_cnt++

4

5 for(obj : $zct)

6 if (obj.ref_cnt == 0)
7 remove ($zct, obj)
8 delete(obj)

9

10 for(r : $roots)

11 (*r) .ref_cnt—-

12 |}

TERE 2 AT AISE 347, FRPEIT A R BT I X R AT AR AR T3 . XA 5
ARG B e E) TR R fE L



3.4 JERF| TR

AL S $zct MERMR, WERAFAETHEERE 0 FUXTSL, MPHGIEXT RN $zct
R, JFPRATLAT 2 TiRAE,

1. 3 F 3 643+ 4 B AT R B R AE
2. @K

50X 2 BIHEAER delete () PREUNE SLANRASIE 5 3.10 /s .

REG;EH3.10: delete() FEL
1 | delete(obj){
for(child : children(obj)
(*xchild) .ref_cnt--
if ((*child) .ref_cnt == 0)
delete(*child)

reclaim(obj)

}

W N O O W N

XF obj BT R R HAT I RAE, XHERMEE I 0 IS RINFT delete O BREL,
A 1P objo
B JE AP AR G TR X0 G T RS A T I A

3.5 K=

EAER T IRk, B AER 7RSI AT, R —If i, g SEaR, g T
PRURR 5 | A0 B A A A T 5 B0 TR S8 i ok BB A B 4

3.4.6 TR

R T IEIRTHECAHE R Gk, B IANRE S EAR BRI, AR B S e e, FRATE
AR T g T 0 — R A —— AT ED 2 [N 3

588, scan_zct ) BRECFEURKEIFTER T o AT scan_zct O BRELT AL 2% 14 B[]
5 $zct BWAR/MRIEL . $zct BUK, ZHERMXTZHRZE , D55 mutator i2/ERYRT ML o
BARARINA scan_zct O PR HEBUN RIS E], BEEL/D $zcto (HEXFHE—HKIFAM scan_
zet O PRECOR BRI N T, WK 7k . R R XFEA R B E T .

49



50 3 5 AEGE

35 HINELEES

3.5.1 {t+4 2 StickysIBitHEE

TESIABTEGE S, FATHDEAE AT — 1R, AR EN TR i B2 R ALTE
BN T IRMFTA S, THEESHE AT (32 (AL ke 32 ) iyas i), (HEXFES KR
THAENAFZE ] FTANEETT, 2 ASFRIRSGRAUERIN 1 A it Eeds . Wit id, 81
MG i ZS AR T 1.5 1%

1

[ N
S B

E3.6 XKMEWMM AFHEUAR—M1 P FHITHE=E

XFBATA A T7 %, AR AR AT BAR AL SE 1 “Sticky SUHHRGE” . 240017, 3
MBS T B e B8R 5 60, AR AXFhiT g e HRERCE] 2 49 5 U7 1, st 31
G WERBEX R T 31 X5, B AT Rl i i o X R4 d B T A s
FHg R — R

FEXPTHECAR I Hh (AR RER A XTR), A5 ER X R B A B XX &, 3]
FEAA MR I

3.5.2 HAEAM

XTI X R, FRATAT LUX AR B AP0 B no (e, St eicE, 4
WA A, BIMEXASXER AT S (RIS | HECh 0), WARERCIDIL, dusltgid,
FFIR 2 T A7

SRS EARZOIERY], RENR LS Bt - GEFIESEE 7 5), W2,
TEARZAFBUT , TG AESTE 0 2 1 BFERINAELL, S BL 5 Ao i Hh X RER 0 o

BEAh, RO RcR R X AT T R B A AR W B, BT RLRTAR IR, HoRE
RBHBIAT T REERARME . WAUEDE, ARG PERRIE, SHEEIRANCE A AKIRE,

FIEFILL BT, XTI xS, AW AR AR Al Tk

3.5.3 (FHGCiric - BREEZHITEER

H—AJrikde, eI ERUH GC AR - BRIk S g I TG E iR, B FAT]
TEIX BT EN B GC bric - W ERAIEMLER A BT AR




3.5 Sticky 5| %k

REBFR3: (AR GCHRE - EREZE

1

2
3
4
5

mark_sweep_for_counter_overflow(){
reset_all_ref_cnt ()
mark_phase ()
sweep_phase ()

}

HAE, TR 2 AR N R AT R AR BON o0 T, FATHEASRICH B ER B

RADFEI12: FRICHER

1

© 0 N O O w N

=
= O

mark_phase () {
for(r : $roots)

push(*r, $mark_stack)

while(is_empty($mark_stack) == FALSE)
obj = pop($mark_stack)
obj.ref_cnt++
if(obj.ref_cnt == 1)
for(child : children(obj))
push(*child, $mark_stack)

}

TERRCHT B, B el AR BT AR SIERIPRICAR R, SRS F U AR ICAR IR X 42,

X R AT A . Aad, X LT FE AR R BT SR ISR — IR 7E5E 8

fre

KA R RIEA R MR T — —HAONZS, WFRCHBiaiH.

KIBEL313: BERHER

1

~N o s W N

sweep_phase () {
sweeping = $heap_top
while(sweeping < $heap_end)
if (sweeping.ref_cnt == 0)
reclaim(sweeping)
sweeping += sweeping.size
}

TEWBRITEL, TRfy AU REEAME, [DSOH R EAI N 0 IR 5.
FATEX LA A GC ARIC - EBRAIE RS 2 R A 411 GC ARic - HERE L B2 A

AR 3 g TA] o

. — T b sk e A 2T 209 3 2 BARIE A 0
2. RAFIEAT &, WA OSSR AT R B AR
3. AT A R BHATI S HA, HEkaiE 24T T Rab— k3 %

51



52 3w s HMEGE

Boxtr, HESUSIHTHEGER GCARiC - IHBRIELT SRk, TR e RIS 5
T B, PRI E . TANEA — AL, IR RE TSR A S35

BRAEHATIRICAL B2 AT, /08 T A X AT . Ah, RN TE A 4R et
A BCE bR AR AT T BT &, BT AR 2k (BI85 | E— 20 &R shx &
FIERIX — S, BARTEX R TRIARICAL R L IAERY GC bRl - TR h R bR iCAb 3
BAEE Z RIS A, WS, Arrki MR

36 COLECE

3.6.1 {HAR1fus|IAITEGE

1 251 T80 (1bit Reference Counting ) & Sticky 5| T80 B — s ] 7. = A1t
s DA AR, B AR, R R ZILP Rt AR L

Aid, #E Douglas W. Clark F1 C. Cordell Green TSz “JLT %A NSt ag i, BT
AXTZEREER D E o, ZEFxX— i, B EG HA 1 AL, dlat ] o Fosen I HECh 1,
1 R INEBOR T4 T 2, XFFRBEA RCR AT A B (T 1 AR I & X 42
HYALER Ty 2 an &l 3.7 R o

B )@%

B A0
AR T
BGUTNE: KTFS5T2
B %1

85 | gL WA 1
E3.7 {ER1MOTHSRNN R ESE

o4

Wk EUL, FROTH 1 ARFIRFEAD MR85 EUE 1 N2 A, 5L —
Mol w S AT B, {2 W R. Stoye, T.J. W. Clarke. A.C. Norman"" 3 /> A T 1 475]
FHHEGE:, DUHCRIEREHRAA TGS . A g AR <1 A7 51 HEE
PR S H IS, AT bR (ag) HoZ Y, X R51HECH 1 BHRZ&A6h o, 5l
FHECRH Z RS FRZEA N 10 FRATABIFKLL L 2 FielkZS 4 UNIQUE 1 MULTIPLE, 4bF UNIQUE AR
AT HIFEEN A “UNIQUE #8417, 4bF MULTIPLE RS FAYFEEF A “MULTIPLE #8417

WA BT, ATEATSE B A FIEYE? AL, OMFEHE F BRIk 4 F 7057,
FrBERRAG 2 7 o HBAFAE R RN, shResffR & | Ak FPE AR 3



3.6 Uisl HHEGE

3.6.2 copy_ptr() =&

B b, L ALG TR BORR A I ST NAFE B . Al B NR DRI AR
E B X GOk B8 5, I 2 A F8 5ok BUR R 51, #EA T X TR AR Y 2
copy_ptr() BK R, THEK 3.8,

3 @\

(a) (b)

(uy—— UNIQUE #54f
(m}—— MULTIPLE #&t

E3.8 7E1M5|AitHukrhEHliEast

XHEEH T Za0M A 51 D a4 Er, iEHSIH Co XA LIFERGEIEH B 3] C FII84EF
EHEA T BRI, PR C AFEEMERAS L T MULTIPLE 484 . copy_ptr() M
BOOOACHS AR v 2 314 TR

REG;EH3.14: copy_ptr() EEL
1 | copy_ptr(dest_ptr, src_ptr){

delete_ptr(dest_ptr)

*dest_ptr = *src_ptr
set_multiple_tag(dest_ptr)
if (tag(src_ptr) == UNIQUE)
set_multiple_tag(src_ptr)

~N o O W N

}

ZH dest _ptr M src ptr SR 2 B AR R S W IR . AT, TR

8(a) Y, A WUFRET WL H VRS, B AUF8E R v wny i de 51 o

£ copy_ptr ) PRELT, B ETEN 2 17 delete_ptr () A%k, 2% MK dest_ptr 5l
FRIX R TR, 125 31748 src_ptr 23 dest_ptr. SRJG1ES 4 175156 6 174L4R 5
src_ptr DA dest_ptr HFRE B H A MULTIPLE,

55171 tag O BREGR 171552 (BB ) MIA5%5, 3R [l UNIQUE 8% #% MULTIPLE A94E & —
M. 55 4TTFIE 6 171 set_multiple_tag() PREUIAESLS: (4545f) 84 MULTIPLE 5%t .

Ji HE B mutator 3X i1 1) update_ptr () PR 240 1 copy_ptr O pR%L, SLAESC

53



54 3w 5 HEGE

1 AS Rk
TR delete_ptr ) PREHITULH .

3.6.3 delete ptr() R

REDFE3.15: 15| Bit#ER delete_ptr() EREL
1 | delete_ptr(ptr){
2 if (tag(ptr) == UNIQUE)

reclaim(*ptr)

3
4]}

A PRBE R . HA 85 ptr MIFRZJE UNIQUE I, B A2 IR P8 X A48 £ 7
SUHRINT SR R Y PR%EJE MULTIPLE B, 38 A e AF 78 oAl 5 | X AN 2 a8 4, Brlle
N EISOE

3.6.4 ==

UALG I EAE I, JEANE Ty B Rk AT Rk

BAFAE I —BRAF k=S 18], LE AP RO B OB BE B AG 22 0 SR B O B sl e 2 A7 L B0
W, TFRHUBREBEAT s A B H AN R B A R AN A A L (RIS AT R ) 193, A
e LN AE, N AE PR IR O R A B, IR — Rl IR SR P 2 i ]

WHCEDL, HEAXG A BN P EERT AR B, LIRS OE S
TESE TR EL A IR 2 B, AT BRI A7 RO, F R B ORI (]

LRSI HTHEGE AN 20k ke, BT B OB TR (S0 YR in 2 ) A e CE 5 |
AIXTR . ARNXRER DI, 7EF 3.8 og 2B C M D, SRR HE P e T .

WAl UM BO B T g B th 2R (a], BT AT T INAAT AR R . X 10
T EE A — R

3.6.5 &S

L2 5 | FTHEOE M k5 R Sticky 51 RITHEOE MBS EEA —FE . RATLAIEAINE, BA
BRI I RS

P Clark Fl Green [WLIZE R, B2 X R MTHEEHEARA R 20 WA TTHE AT
IR 2 AE T B a0 X RBCE AN E Bt AR AL

SR, FATTEIEPIIE mutator RE— BUWAIEAT, ARATRES AR Z X R TR BT L

EIRE BT 2 A ORI G T BORT S (WA= A BEYE FELZ AR RO RT B ), X s g Mk
WoRE R, XA, ATHARMERIE TS T .




3.7 ERbMC-WEEREE 55

37 BRI

3.7.1  HHARERStRic - BREE

ziie &b, SUHTHECE AR — RIS 2 A RE MR PR p B 3 . X025 IR0
) — KA, H GCARIE - WRFIE A A XA, I 2FATAR SR, HER 2
PSR 5 A HECE R —E, R GCARid - WERREE ARG 1Ty o2, 7 RIRHI—
R OL N AT S ETHEGE , AR 2R 3 GC FRid - WERRFER T

SR, XA IR AT DAACRARAK . A GC FRid - W BRI EE T 2 4l 1 [mll “ A 16
GBI, T — R X Rl 2 AR D, FRAEH GC ARiC — 15 BRI L MU DL 4k
NIRRT, Frh e R 2 IR

P, FATEA AT, Mwhse X AT Re A PR 5 AT 88" (1 GC Fnid - THBR
B, O AR R IEAT A BRI RS IR o AR X &R X RAEHEH] GC FRid -
ERBEER T, AR “EBARiE - BRI L (Partial Mark & Sweep ). ANid B A R, 1
Fr—Mi GC FRic — IEBRITER H A 2 A s sh Xt g, AT bR - RS B ry )
SEARARTE BTG . $E FORIRATHEN KFE A4 Rafael D. Lins ' F 1992 4458 H 1 0 bRic -
BRI

3.7.2 HitE

FEFRAPRIC - VBRI, X R S iR 4 FOR R BRI TS B RSB B L
IR R o

1. 2 (BLACK) : #af RZ 53R et % (3 & 7= A B g4t A &)
2.8 (WHITE) : #8572 53R 693+ %

3. % (GRAY) : &k TR Z

4. 1A% (HATCH) : T HE R VAR 138 64 5 %

R AU, F IR LR G X RIRBIE, WAL T 2 A A E], SR A H
00 ~ 11 HY(E X W 3X 4 DL, DR X 40, A4 H ] obj. color 2K X 4 obj HY B {A
obj.color U BLACK. WHITE. GRAY. HATCH H'WE&E —1MH.

N T RS, AT, B EEXTR G R INE 3.9 Pk,



56 3 5 HIEGE

I AL g ;|
[ [ In

' T

Ll v g |
E39 MERE

ATERG U RAEZE ABC FI DE, Hrh A F1 D R5 . teoh, &8 CFE S F.
P A X R BB AR SRR T AR

3.7.3 dec_ref cnt() R&#

Rk, it mutator M BR AR IS4 A 51 X451 HJE B update_ptr () BREU™
A BRUERSIHTHEGE —FE, TSR A TR R, 1F update_ptr () PRELCH I
H dec_ref_cnt () F%L. AidfETRRIC - IERREIERT, dec_ref_cnt () PREUFILIEA DiF
YNGR

REGFE3.16: EIIRIC - HERE LA dec_ref_cnt() ER%L
1 | dec_ref_cnt(obj){
obj.ref_cnt--
if (obj.ref_cnt == 0)
delete(obj)
else if(obj.color != HATCH)
obj.color = HATCH
enqueue (obj, $hatch_queue)
}

0w N o o W N

5 2172155 4 1710 dec_ref _cnt O BRECRILIE S| AT R Bt 2 AR R . Aad, it
LEMBE TR AEBT T, IR 45X BLAE Y delete () PRI TT 22K 12000 2 A BAZ ]I o

BAVREBENRES S1TZ2)5 . BIREX obj BITHEES AT EHAESS . K4 obj MBI,
2 obj MEIEAANIERHRE Y, Sk 2ol HlR EETE BB AL H . Y4 obj RYZI (A 2[5
HIEF M, obj CLBBIMEIRASN T T, BFLARRIFAT AEBAL

dec_ref_cnt () PREHIATZ G MRS WA 3.10 FoR .
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Shatch queue
.

3.10 dec_ref_cnt() BEHITZ I

FARE] A iS5 HEMIBER 1, F5m A BFEEFEE N E] 7 BAS1] ($hatch_queue) Z 1. U4k,
ABEIR BT . XA A BAAAE SR T IR T e SRR ER 5 | FH A — &R 3 IR 52 #i%E 4%
FIBAIN X R AWAE N GCARIC - WHERIAERIXS L, A 0EER 5] A BBt i

3.7.4  new_obj() F

FERR AR - WERRAE T, AT EAB N dec_ref_cnt () PREL, HZHEK new_obj O
@ﬁo

KIBFLI17: BBoiric - BREE T new_obj() R

1 | new_obj(size){

2 obj = pickup_chunk(size)
3 if (obj != NULL)

4 obj.color = BLACK

5 obj.ref_cnt =1

6 return obj

7 else if (is_empty($hatch_queue) == FALSE)
8 scan_hatch_queue()

9 return new_obj(size)
10 else
11 allocation_fail()
12 |}

YATLASTICIS , XSRS R MR, AT IHRVER A 3 4T85 6 17, 4orRi Ttk
R AT B A, B SR A BB R 2SS S i), FJF 238 id scan_hatch_
queue () PREIE ZRBAF, 43BCLSrH. scan_hatch_queue () PRELHATIE )G, )7 &xid )M
W new_obj OO PRELHFIR 221 7B o

WZRBAIN g zs, o3 Beks 23 2R I



58 3w sl HMEGE

3.7.5 scan_hatch queue() &%
scan_hatch_queue () PFRETEFR BN G211 25— H A BAFI G X 42

R #L;5 8 3.18: scan_hatch_queue() Bk
1 | scan_hatch_queue(){

obj = dequeue($hatch_queue)
if (obj.color == HATCH)

paint_gray (obj)

scan_gray (obj)

collect_white(obj)
else if(is_empty($hatch_queue) == FALSE)

scan_hatch_queue()

© 00 N O O b W N

}

WAREGH XS obj kR b TR, BIFa obj 1E S5, MKIKIAH paint_gray )
PREL. scan_gray() PRECFI collect_white() PREL (55 4 4THI%H 6 17), I IE &3 1 46 bR 4R
AP R, BRI, T R IR AT 278 2 5 H i idi

2 obj A HIR LIRS, SLERE obj WHIEEIEAGIH .. BT obj ALiktT
AT #AE, TR PR IA A scan_hatch_queue () PREL (26 8 17).

3.7.6 paint_gray() R

M scan_hatch_queue () BRECHIHAY 3 4~ pki%krh, BB AR paint_gray () pR%k.
BT EIE AR, e R s s s R e .

558 3.19. paint_gray() BE#
1 | paint_gray(obj){
if (obj.color == (BLACK | HATCH))
obj.color = GRAY
for(child : children(obj))

paint_gray (*child)

2
3
4
5 (*child) .ref_cnt--
6
7

}

PP oA RS B X RUR UK B, XX R AT as sl i 45k, IR H] paint_
gray () REL, XS RIRBUR 2R T B IEFEF R R, 7E scan_hatch_queue () PREUTHA
17 paint_gray () BREUE, HERSWIE 3.11 Fis.



3.7 EsRRIC - BRREA

Shatch queue Q
.-

B 3.11 paint_gray() BEHITZ R

X B3 paint_gray () PREEXT S AL B, C. F PS4y TH R FrkIRNTRFE
ME—T, WHER 312,

$hatch_queue $hatch_queue

E3.12 &yt paint_gray() EEARICEIRT &

B, TE (@) A BRI T KE, BARERT XS AR T TS AR, HIEARXT A,
MRS B AR AT T . P I7E (b) B BRI TR G, A X R I
Xt B BEATIRE AR, MEXT C 34T TR ERAE . 78 (o) P C SRR @RS, FFX A HlF )

59



60 3% FIHIHENE

TGS AT T . XK, AL B C IR EIRATHEEHEAR S T 0. (d) & A B,
C. F ARG REHG T

FRIIARIC — T BRI B RAIE SR 2R (AR GO AT TR I8 A X RS TR — XS 42,
Y A R ARG S [l SR PR3 . e TIX—md, FRAOTHAE 3.7.10 W5 Hh B RZEH N4

3.7.7 scan_gray() &%

PUTTE paint_gray O HRELLLGE, F—DZEPATIIE scan_gray O PR, B RIK
X%, EIHEERESY 0 BT SR I .

R 75;523.20: scan_gray() Bl

1 | scan_gray(obj){

2 if (obj.color == GRAY)

3 if (obj.ref_cnt > 0)

4 paint_black(obj)

5 else

6 obj.color = WHITE

7 for(child : children(obj))
8 scan_gray (*child)

911}

ATy, FERI 301 XFEAL T, FRP AR A JFIRE R, (HR R HA K AX)
o WERX R EERER o, FEF A DX RIEMA €@, BHAERX DN R TR,
WEtEll, A B, CHRSBIRMA G, THEERERT 0 IR 2P paint_black () PREALEE,
paint_black() FRECANUHLIE H 3.21 Fizs.

RAGFEE 3.21: paint_black()
1 | paint_black(obj){
obj.color = BLACK
for(child : children(obj))
(xchild) .ref_cnt++
if ((*child) .color != BLACK)
paint_black(*child)

N o oo W N

}

TE TR S0, BORBUR (A, paint_black () PRACTEX B T ERUE -
MR LER] GEBE Uk 8 TR ARG I ARG b, R C A B X 4, R [a]
JAk .

ff scan_hatch_queue () BREUTHITSE scan_black () BREUE, HERPIRASWIA 3.13 FiR.



3.7 ERarbRIC-WERREE 6l

Shatch_queue

E3.13 scan_gray() BEHITZE

AHMEE W, TR TIRIREIR RS AL B, C R T A6, mATERS ARSI 4 D |
E. F#GEM T RB6,

3.7.8 collect_white() FR&#

TPk &8 id collect_white () PREXIFILAGXTRT

R7G;EH 3.22. collect_white() B EL
1 | collect_white(obj){
if (obj.color == WHITE)
obj.color = BLACK
for(child : children(obj))
collect_white(*child)

reclaim(obj)

}

~N o O W N

PR A R O AT PRI T B e R T

$hatch_queue

;

T % E
ClF o | |

B 3.14 [EITEIREIR

RBE R IARIC - WEERG o AN AR T T RE i 5 — B E NIRRT Y
ARG AR W T



B3E SIATERE

3.7.9 [REERMR

bRl - WA RIIE AL, BRI EHE R AR RIRGE X R LT 4, Wit
IR LLIR I RAE” o A, BB AR BUE RN R AR
I AP S B AL AE TP B ™ AR R A . B 315,

A A
= \\ —~ [T ]
IES e 1H [T S o T N i 11 IS e 1
B C B C B C

B 3.15 {EIRLIIR =4 TR

PRSI GUHXR A, MR AGUHXR B, X2 BIJHXR Co T ARLANTEIE—
AMXFG CBIXZ A B3I EXEBIER T A— B — C— A BIEHRGIT . 5 F3A TR
MARFIXS G A BIGIHT. XEE—2R, X5 A B C BRGNS SRR T B0

B RE, AL N I PTRREOL, e A RIS

(N X7 EZ AP
LN IR AR RS EA DL

FEMCAE TR A A ey, O TR E B 278 T 1

orbRic — IHBREIE T dec_ref_cnt (O PRECER A X MA . ANRXS R AT AR E I
JEARR 0, UL AR AT RERIG IR G I —0y o XBFes etk At g sz 2 pAs, Ly
EZRHRE.

3.7.10 paint_gray() REHNES

KTHabRic - W BREE, RAOTEH — A2 Z UL, IRk 2 paint_gray() %, 7F
paint_gray() KA, S8 obj AR EABPISLIT S obj IRIUK A, SRJ5XF obj BYF R
PSR, Jf AR paint_gray ) PREL. obj H S THEER I A BLHA TR
X AR EE

WURTEX BURXT obj FXF R ATHEER ATIR , MHEXT obj MITHEERPITIE, SEA
FEWE? FATH paint_gray ) PRECH 4 — T, 2248 bad_paint_gray() K%k, HETE
latnf, ARG 3.23,




3.7 ERaMbRIC - VBRI

RFLEE3.23: bad_paint_gray() R

1 | bad_paint_gray(obj){

2 if (obj.color == (BLACK | HATCH))
3 obj.ref_cnt--

4 obj.color = GRAY

5 for(child : children(obj))

6 bad_paint_gray (*child)

71}

F52 I bad_paint_gray () PRECULAE [PISE PR 3 o 32 PR R A 728 o452 120 47 98
HRERINTZ], S SRR IR PR B A TR AT R 00 A AEINIE 3.16 PR ARRAL T,
bad_paint_gray () PRECICIEITHZETT

$hatch_queue .. "’
[T1r
[T %
m e
A B C

B 3.16 bad_paint_gray() R T % IRFIE1T ARG F
bad_paint_gray () PRER SO G XS AT I AR E I B DL an 8] 3.17 B .
Shatch_queue -

CIT1n
T

o T S | [ v
A B C

$hatch_queue

TP -

v

$hatch_queue

ol el o[ ] |

E3.17 bad_paint_gray() I iTid 2
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64 3T BIHIEGE

HRBAE RGN R C I, xR A B C PR E, HEEHMEE N oo TR, wid
scan_gray () BN G2 A THIRI R, AN EOM G A BTHEEMEC 27288 1 o, LA
PR T HE HA, MR B A CHMEMM, RIEHRIE collect_white O PR, XZ A F|
C HHEN R BT DI,

I kA X RS X2 bad_paint_gray () BIEIEIRIEC 2 A BASI %)
G (MR G A) BT T XN B, B ICEABIN G A BRI TS .
HEEM A 85 B, SAJSHAHR C, fRd CE] A, AREHEE A 2 CZIHFAY.

AR S FRic - VBRI, paint_gray O PRECAZTEIE R A YRS SExT A 1Y
TR AT R AR B0, TR A BT, Wit B AR T UG dE AT = 44 10 . 78
XA Z DB AT, R IR BEURE X 4 B2 1 G B R e

$hatch_queue [ | |
LT 1r
T &
=G | W) R =
A B C

v

$hatch_queue

(TP -

v

$hatch_queue

] S e (1 e e 1B

3.18 paint_gray() ERERIBUTIZIE

w318 frs, MRS CHBIXIE A BIHEEHEN 1, L A Re#E I, EX 2 )5,
paint_black() PRSI S A 5| C £HBURE, AN B A C MBS 17 m e, X
FEXT G 58 4 1 3] T RIGAPIRAS

3.7.11 _ #B53twic — iBIREIERNRIRME

SRINT, BRAMARIC — WEBRBIEIFAIESE I, IR DABA SR 0 G B Ao 1 B A ROR T
BEBAFN L SR A Xt G EE TSR e B 3, T DA BRI X G s X AN A A XA L B 2




3.7 ERMbRIC-VEBREE 65

AR 3 YO 4, R U EE DA A IR Y B 52 X0 42 0 SHRAT 1 IR mark_gray (O PREL.
scan_gray () PRELLAIS collect_white() PRAR. X ARRIGIN 1 A4S BT A6 2% 1IN
AN, RIS GE TG TR — RN e KB I (R 5 SR TC A




4 GC SHIE:E

GC E#I&i%(Copying GC) £ Marvin L. Minsky £ 1963 53R HEKMEZ. iR
FERS, RERREENTEHENENIREFZIEM=TE, BEZEEIMEXREBEU
B, XR2—MEHKENEZE. FUit, BIEEFBEDIRETEIRA From =iE, &
KB RAVFFZEFRA To =E,

thivl

41 AR
KRB JL N R FEA 2 Robert R. Fenichel 55 Jerome C. Yochelson P W58 1S 1 GC &
Ak,

GC K55 2 A From 25 AT ECM o Y From 25 A9 58 4 W, GC 234415 3h
XA AR R E] To 25 0o M HITEME, KFIESIE From ZS[H 1 To Z5[H] A, GC L4,
W T From %5 [HJFN To 25 [M] K /NS — 5, X J& 0 T ARUERRHE From 23 [a] H (1) T 45 1% B X 4
HRUCANE To 25 [ HL . GC Al 535 AL B ANIAT 4.1 B



4.1 frakd GCE .

RIES
2 o O Erefd iz
From %3 [H] To %5 [H] - ‘
{}mﬁm X A e f i 1 25 i
To =3 [i1] From %5 |H]

To %5 [H] To #5[H]

From %5 [H] To 55 [A]

El4.1 GCEHBEEHME

A —HERF—THIT GC EHIF LM copying () FREUIE,

REBFE4.1: copying() FEEL

1

2
3
4
5
6
7

%3

ks

copying O {
$free = $to_start
for(r : $roots)

xr = copy (*r)

swap ($from_start, $to_start)

}

$free SEAE/RPBIT LIV, HICIER 2 170K $free WEAE To ATk, SRIF1E
7. 5 AT HRIREMR T IR o copy O PRECKHE NS HULIE AR G2 *r Rl A RIS,
Hp xR IEATs IR . S A5 R TR 5, 3 R N H8 B8 ) 12 «r BT 7ERHT

23 [ IR AR

J=s

15 GC EZHIREE T, 75 GC &5, Jaas (a2 oV b sl wl m i, Bk, mR$sm
()% 52 48 S 23 4 B 5 AR 1 3R {8 6 2 A H o

WG SR 6 4748 From 28 [A] Al To 2510 B, GC #E45H T .

GC B335 1 A IR copy O PRELT . RADRIEAHEE T,

4.1.1  copy() B

copy () FRECKAE NS4 M RIXT RG], PRI TR 4.

67



68 4k GCHEHITIL

RELEHE4.2. copy() B

1 | copy(objd{

2| if(obj.tag != COPIED)

3 copy_data($free, obj, obj.size)
4 obj.tag = COPIED

5 obj.forwarding = $free

6 $free += obj.size

7

8 for(child : children(obj.forwarding))
9 *child = copy(*child)

10

11 return obj.forwarding

12 |}

G REE S 2 1Tk A obj A HIEE O, 17X B obj. tag & — Pk, £
/R obj MR TR TEM .. WH obj.tag == COPIED, M| obj MIE HE LM . ANidiX A
fE2FE I, AT HREN TESIMEMOAMEXATF, MEEAEET AT, X
B obj . tag Wi/ obj.fieldl MIHI#

AR obj MAPLE M, WIRECSTESS 3 1TEI5E 9 171 oby, RIMIE mF2s (BN R Fa4L .

WAR obj ME RTS8, W PRSI B2 ()X 52 A Huhk .

N IFRATPR AR UEES 3 AT RIS 917, EISGIES 317 copy_data () RRECK obj ELIE “KH|”
#| $free fA/RIMZSE], [ copy_data() PREUE XL HIEHLUNE 4.2 PR,

] HE
LT T LI LT I eromes
(a) To %]

AL M L] fromem

<y ———
Ec

4.2 @it copy_data() EEE HIxt 5

To %5 [A]




4.1 AF2aZGCHEMEE 69

mE 4.2 fiis, X5 A BEH, AT AL

TEFRATE EACHSTE B 4.2, 7655 34709 copy_data() PREUT, B HIE $free, JHZS[H]
iEnl: obj, j(/J\m obj.sizeo H 3 ATHATIEREM PRI (] X445 I BYFREH A TR 1] From 5[],

X U A

FES 4 1745 obj . tag i I- COPIED XM, XAk, BMEARZA4EM obj HIFEE!,
obj WAL HITRZIK,

FESS 5 A48 B 23 [BIXT R AR £ UEE obj . forwarding B GXFEAUFREUAE “forwarding
TRE” . IR MR ETE 1) JEAS A R AR, T U BRI BB s (6], forwarding $R%5T
IESERILHERS . 5340, IXAMAE forwarding AYSRALRIAE R EHE AL, X HLAY forvarding
& field2 M54

COPIED 5% Hil forwarding 84 AN 4.3 Fis .

AV [ LR T H | rromzm

& ———

A!

To %5 [H]

E 4.3 X COPIED #x%#i% & forwarding #5$t

TR 4.3 PRIXR AL tag WUPES BT — MRS, 7R BERIRAYZ COPIED AR,
Ah, forwarding BHPIE THE M A FEEr . XL forwarding F55f .

AT I ECASIE 4.2, TR 6 FTH LR obj WK M AT S $free, TEZ 8 4TAI
55 9 AT A X R TR RAE NS HL, T copy O BRI

A copy O PREZSIR T4 [m) B 25 (] U8 51, B A2 B 48 10 X A 5| FHE S xS
MR ER . SXFE—2R, M To 25 [a]48 1] From 25 [] A8 41k 43535 1) To 25 18] T

GC AT e B Ja RS AN & 4.4 Fis .

RN | O ) P S R

D’

E4.4 copying() REHITRER

To %5 [H]

i
Q:




70 4 GCEMIE L

4.2(a) PRITEBIXI G AL C D REFE A II5UHSE RPN From ZE RIS HIE] T To 25 [H]
AN, MARTE ] A A HHB B T A" FALE From 25 [ HLAXTS A 8] D #RBEMILT .

TEM S BUKANTTEAT 2 & AF. BRI REEDEA 2 M8, 205 HfE coPIED
FRAE AN forwarding 15 £ R ZEAL B RGN IZARRERE 21X >4 F. 3Tk, COPIED #r%
T obj HHAYERL, WL 1A mutator EXTA S HBIAME, X EAELLTR . 24001, I
1A LAZE 3 mutator, ANFIT e A 20, 6 fie A AUBE Y {EA COPIED.

41.2 new_obj() &%
R GC FRid - T IREEEE AR, CC B HIE i)/l 1 FR R a2,

K552 4.3: new_obj() EHL

1 | new_obj(size){

2 if ($free + size > $from_start + HEAP_SIZE/2)
3 copying ()

4 if ($free + size > $from_start + HEAP_SIZE/2)
5 allocation_fail()

6

7 obj = $free

8 obj.size = size

9 $free += size
10 return obj
11 |}

16 GC EHIEEY, R GCuEl)a RA | MrHryNFss ., fEE R B, HE
JE T B RN P AT 25 ) X AN 43 B 21 SR 25 mutator 54T 170 MR UE, X HLAG 4
PR GC bRic — IEBRFIE R BOARTR], AN 20 I 25 RAE R

XA — SN 5 RER, 75 GC EZHIH LT, HEAP_SIZE F/n /2 From %5 [l To 25
IR A K/ e WAV, From 25 [AIF To 25 [H] 1Y R/N—HE, #8J& HEAP_SIZE [)—2F,

WA H RN, & U8 4 BN B B i KO it e, iR 8h GC, B e
Sa W NI e O O S E I 7 Ay A N7 N A e N

WHR Gy He a8, B2 R 7 3k 2 8 size K/NAY 23 [B] IX AN 43 He v 4 310 H 0k, 22 45
mutator, ANLHE TG $free B8l size MKIE,



4.1 frakd GCE .

41.3  HITIZEE

AT i B 0T R B R GC ZHAE . R RINEE X GG Ry . 3A]
535 e FL X G2 A TG B AR 4.5 B . i T 4 GO ot &, X HLEE 0K $free FHEMTE A To 23
ARG T3k

. — 1  —
CTICT TG O e
A Sf C D £ [ ©
@é From %5 [H]
To =5 [H]
$free o—

45 WIS

BECR LA XFRET R GCo EITRMREALG HBIXIS B FI G, B S HIE T To 251
B S A MRS AN 4.6 i

" - -
BN ZON BONER BN B BE
@ } From %5 [i]
= To Z3 1]
Sfree

E4.6 BHEFZE

FEMLFRATTRE B B G A4 U X R 8 B, RATER 4.6 HiY B, fieldt C&ITLTHE
il 58 MEIARES, field2 B T —~481 B' #) forwarding 5%l .

A2, SXHEE B EH Tk, ERFXER ARE From 25 B, FHEFEATERIXA A
il F) To 25 [H] B,

71



72 4R GCHERITIA

| L L]

A B o D E F G
R From 23 [i]
1

To %5 [H]

Sfree

47 A®ERIZE

XRA T DAE B X ST BE4.7), A ABA TS, Bt A i fild
BIER T .

Tk, RATELEHIA B —REMMRSIHM G, UIRHTX4 B, 8RB Wi G B4,
ANEFHERELEHE B T, LR ZEHMN G 811 B 555 B LkiT T,

i HZH From ZS[BJF1 To 5[ B4, GC SE45R 1o GC A5 A HERLIRE WAL 4.8 ik .
FATELL G = A 25 Xk, 155890

HE
@ 1] ] To 75 [H]
NERRERNRE RN
B’ A} i E}
: : From %5 [H]

$free

E48 GC&FRE

MIRT, XA CL DL F BECHBIE AR, BTl agtnhi,

EX BT B, AL G, EMIUFIE RS R, AMKERIRTERA, X 2RISR
2 WA R BRI R . X IRTEIUE R A AR e T —a, Kie
TE 4.3.3 1 4.4.3 F R RE WA,



42 s

421  AFEHELS

GC bricd — 15 BRI AR 00 A ik i 2 A R S0 R (BRic B Be ) i 46 9% A I 1] 148 2R R 1
HE (B BRI B BT A 5% A IS [R] 2 11

Jy—Jrihn, oA GC Z 5k R ZIF R s &, P DUR—B i) GC Frid - W R
LA, EREAEBEI RN SER GCo WAt il, At iiss.

JEHIEHEROR, 22 . GC BRI — W BRFIETE TS BRI BOT 1E 2% A IR TR] 22 A W7
B GC RZMTEAA L A X AL . 558 B I AERY IR TR] 2 5 1 S X R A B LAY

4.2.2 TAIEEPEEDE

GC EHIFIEA M= NEER . XN /Bt — LN Ar 2], ik, JE A4
SRS, HREGXA M RINANT IR, I 2K5) $free FRETHIAT AT/ 1o

ke GCARiC - W BRIEMS I AT EGL S [ = WEER L, GC ISk B RG2
REB—T, 2 WEER Iy T PR EN L 2R 7B, 75 20 I 25 W EERXTIE 7 bR i
18 DL FATTAAF A 2 IR B 3 P U S5 — Bk, SR gl 2 48 KA I 8] I A 0 B
P —H

423 AerREEEE

WA TR 4.8 SETRIEMER, 30 Rt b ZHHE From 23 [RIFYIT K XIE . fBux
FEEM RECH T, MEHER — S (AT AR R 48 . fE GC ZHl Tkt , BkElT GC
AT R4

Wit GC M AEA M ERUF MR A, BURAS A AR AL MgRdd, aTRIZHE
B ACVFE R A R/ NIXTR

J—J7 M, TE GCARIC - IEFPRFASE GC Bk, —HZHE T4, s LA REFF RS
BT, BUEZO o a1 Y,

424 SEEFRS

ANHSNERE TEA, 78 GC & KA 5] FH R B 5 29l 22 HEFE HE BB 0% b 4
IHNLE, iHE—FE 48, B'5IH A, GSIHE, FH#EB . AL G E WFHE .
ARG O — 5, IR mutator AT IEEMCER . ITRIR L CPU #5381 A7 K i ik

O Aid, 7EGCCHRC - FERFE Pl T LI T A . M@ (o En, 1 LA RS R BRRE  1e
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74 W4T GCHEMIAE

B B AT BIR B (1.9.4 79)o XL B He 45 A 58 R, i R 4 R AT 51 56 R B0
GUHAESE PG AR

BEN e

4.3.1 EFERAMEET

GC &M FILIHE =250, il w KA i — R X G i, HAf—F
HERERAE T . AH LLHADRERE AT RS HERY GC Bk &, AT ABIX 2 GC = H B ki — A E R
R BRBE o

B GC Z M5 A GC AR — W BRE A AT AR X ks R TiX— i, &
1A 4.6 W REK N4

432 FFEFFIFAGCGCHZE

FATHES 2 TR R, GCARIC - WBRIAEA F IR GC Tk AEm . W
H GC Fric - EERBEIEA B SR 4.

3 —J7 T, GC E Rk AR St R E G5, B LU & AR GC A A AR
PERT. BN RGN, A 6C A BT GC RS UBITHEG . KT AIA]
TEH 6 T N R IAT IR

4.3.3  EBIFFHRK

TEX A WL, SR X RZOBIT L HIE R TR G NIRRT = 6 /Y
IR LI T pR K, P LA SR AR M SPHAR 2 2 R GCHR IS LR X M 0k, U
TR AR AT P

BEAh, PO AR IR T AR 2 AR AR, BT LIS A i Hh O T RE

N TR A B, FATETET —TH R REA 4 Cheney (9 GC il 571% —— kit
T HIm A,

m CheneyBJGC SHIHE

C. J. Cheney F 1970 4058t T GC 33k ¥, AL Fenichel Fl Yochelson [ GC & il
Cheney 1 GC Z il IEA L ITH, MHEE T T =2 6.




4.4 Cheney [ GC & il 51k

REG;EHA4.4. CheneyHIGC E#HIE %

1 | copying O {

2 scan = $free = $to_start

3 for(r : $roots)

4 *r = copy (*r)

5

6 while(scan != $free)

7 for(child : children(scan))
8 *child = copy(*child)

9 scan += scan.size

10

11 swap ($from_start, $to_start)
12 |

TESS 2 1744 scan Fll $free MM MEEI WAL . scan B TR E Hl5E BUNXT R H484
$free AR M THIT L ATRET, BRIRATERTH A0 GC Z 32 i il —HE

AR W PR HE ARG AR5, B EE 3 17RI5S 4 17, 7245 6 172155 9 f7i R
R SER RS, EACE I H X%, )58 From 25 [A] Fl To 25 0] B4l 45 1 T Cheney
19 GC ALl 1 OCHE TS 2 copy O PREL.

4.4.1  copy() B

RAB;FE 4.5: Cheney B copy() R
1 | copy(obj){
if (is_pointer_to_heap(obj.forwarding, $to_start) == FALSE)
copy_data($free, obj, obj.size)
obj.forwarding = $free
$free += obj.size
return obj.forwarding

}

~N O 0w N

HETES 2 FTRA S H obj R A RC AR HITEHET .

XfF is_pointer_to_heap(obj.forwarding, $to_start), U1 obj.forwarding /&5
6] To %3 [B] Y F5EH IR 7] TRUE, A0SR 2 (RIHEFE 51 B8 W) From 25 (8] AY454%H) Wik [B] FALSE.

e85 34T I x4, 1R 4 47 %t forwarding T8 AT IR E S forwarding ¥ & A H By 2
fieldl,

Wiy WL, 7E Fenichel £ Yochelson [ GC & i) &k vt g 347 5 16 22 flike & forwarding
FREFMIHERAE . SRTT Cheney 19 GC &2 il 5125 % A H # COPIED #5345 . 7F Fenichel il Yochelson
i) GC 21l 5% T COPIED FRZok IX 73 2 il 5E E R 5E i, 7E Cheney 1 GC &2 il 5k b fdi ]
F I forwarding $5%T -
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76 H4E  GCHERITA

WE 28 2 1) forwarding 8B ke FI B 4 G2 A5 52 il 56 B WE 7 R KIXE L —TF, GC &
SIS, HAREH R I MR WE? MR IEHEHE From 45 A1 FAL X 2 . Bt A i AT LAk i
FWr: PRLEXS A & 4G 1] To 25 M1 FEAL a5, MRLEXTRC S HIEHE T, Waiit, ol
Ml obj.fieldt 8 To ZHIMIXT L obj CAEHIZEEET .

462  HITIEEE

T SCF RS Fe s e B A, RO S A HEME— FIE, BRT5IAT scan F5%F
2N, PITRIRZSFNIE 4.5 B—FERY

O — — —
(LT T T LI TI T T
@é From [f]
ToZs[]
$free o—

scan e&————
4.9 WERE

TE Cheney RYF-IL T, B SCEMIITA MAR EHESTHIAOXT R, 7EX HAURE S B 71 G,

el | LA LL L] J ] Jle]]
? G

]|3 C D E F
@ } . From %% [f]

To %5 [H]

$free

scan

E4.10 E#HIBMGZRE

TR}, scan 13RFEE To Z5HIAUTL, $free M To Z[HH kM AsI T B M1 G M,
K scan U I 5E B ART R HATI RIS, DIK $tree BRI B il (XS G4 7 & Hil st
AR, B N RS ME R, HE scan fl $free —E. N 7t B AHEER .



4.4 Cheney [ GC & il 51k

i -
DN NN BL BN NN G
@ 1 — From 75 ]
LTI
To Z3[]
$free

scan

E4.11 #EBZE

R B, SREHE B BIHM A ZHIENT To 250, [FFHE scan Fl $free /MHIMAEIN T .
THEIZIE RN G, MR G G, EMERIET TossH, MG H8MH B R4 pHRE T B,

THIZEERAFE T, AEERs 5%, LR R TR TN, oY
1 E B RGENT scan fl $free —E, ARG HEHE From 25 [ To a5 H e, GC L T,

i —
LT T lll)'\ LT I LT
@j . To %5 [A]
NEE RO ERER
1B’ @ Al E?
[ I From %5 []

$free

scan

E4.12 GC#®RE

ETFHRIE B, G. A, E MR AHAE RN 4, Fenichel Al Yochelson i) GC & il B % % H
HRREEIL IS 2, 1 Cheney BY5 il 3505 R H A 2 EEAL i & .

4.4.3  #iF2TEEHIBASY

UL R T E A ST (FIFO) 254 B9 A, BIHEZAE R B9 X RARFFE NS, —
B — AT

AR T L 4.4 RIS TS 5 4.5 BUFBCAT H BUIE 2R mg BAS . B A FR AT 28 At AT
JIE e A e ?

77



78 4w GCEMIE L

AT, TEEE 4.10, XEHAREHERAXTRE B MG

TBAE 411 Anfwg? G RN A BB BIE R, B EAREET .

YL B N Z L E R R T, PR scan Al $free Z B AYHEAE B T PASI. scan
LR C ARG X R E], WHEE, $free BRMIAG D), SR Ls B M4,
scan TR A8l , A X ZRICH TR . XFE— R 2 158 A BRI 251,
RS 36 A X G e B o

G FEEHESEHAEBA S, 1EJZ Cheney F3 1) — KA S . AFFRE MBS H Z RN
fE2s AR REHE T 22

bbb =

Fenichel fl Yochelson ) GC & il .3k & 156 1H 8.1, 111 Cheney [ GC & il B 1L & %A
e, P E AT DA R H ek o s s S s AR i VAR . R R EHEHIPERAS, A A T H T
KN AEES )X — a5, A4 NI,

445 ERES

WRKIMZ—F, 1 Fenichel F Yochelson 1) GC ZHlA wkd, HA5IHKE R 52
AHAREY, PR A BEFE 0 AU A AE R . o5 — 7T, WU RATZEIE 4.12 thaE BRIREE, 78
Cheney 1) GC ZHilFZ T, ASIHKRIXS, Wt G ME, B A I AL,

P FRAT T B UL Cheney Y GC LA ZAF, RAEUE L GC FRid - WERIAE T
FHIH O B — 2 2

TR AT 2 R EA G RIR AL R Ik, %77 14 Cheney 1Y GC & il
LT TG

N LR ER SRS

Cheney 1Y GC Z 52 1 TAEAE R G BT T B R, I “BOsIL & AF
FOL™ R R

THEIFATE N KEAN 4 Paul R. Wilson. Michael S. Lam 1 Thomas G. Moher T 1991 &4
H AR BE L e R . XA )5 2 AR U IR AR R, AN XA — R sl g i i T
JER eI R PAT GC BRI T,

45.1 CheneyBIGCE#HIEX(EY)

BN T M E, RAT%EHRTB —T Cheney 19 GC EHIB B, LUK 4.13 XRERIT G
MW, BBEX HTA RS A 2 N




4.5 EPREN R T %

E4.13 XREWPSIAXE

AT Cheney 1) GC SIS IL B AT X RAG “GUiH ™ Anl&l 4.14 FroR, Ja e 3Tt e
TR RN AT E S O

N O[] e
°C T T
% S fu F@
D/\\ E/T\ F/\\ G/\\
AR W A 75 A I
HENEEEENEE RN RN
H 1 J K L M N O

El4.14 Cheney GC EFIHEZP RN MR E

B UUE AT LA IR RO GRS . AR RS B R 6 N, Wt UL
RERCT 3 R4,

£ Cheney 1 GC B il 5 kd, N THEFK AL B. C. D, E. F, G-+ A 5 2 42
XTSI a1 B R o

X LA B R G A5 TUE P X RIS R . AHER 1, A Figk A 518 B,
CIRAHSR IR o XHRE R T IR Z BIAESS 1 5 b ik i 1 [m] Jay v A RARDIR 28

i, HABR X BB A 5 HC R R . Xk, BERRAN T A RARAT v g B 3%
SLE U RO T REME, BRAL T AR,

07t , AFEBI A B, C EAREL T, R T HELRPRE,

Ak, FEHAMPEE 1 RS 4 gk, 6 BT AR A SR . AR

[P B Xof G2, IR DR [E] 25 DA DY A7 B2 B ik S X RN T . RIXFE, RARFETRETE
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AT GCEMIL

JTREAR S R W — T IR AU R AR BB RS, (BB TR R A E, 0 G 002 A i 1)
HEAMABAPRELIET o

DA 5 0 B4 S 00 DR G AR AT DA AR FEE G S 1 2R O 1 B SRR R AN T BBR Y, iR 55
iai(}

45.2 BIE

BN RENREA IR Cheney IFIES KR MR RE . AEXATTET,
ATZNE T 4 D EZEA LR,

* $page
* $local_scan
* $major_scan

* $free

G $page, EARRHEFEIS — N UUTIIEUZH . $page [1] 4R MIZH 1 Dot Ay IFk .

$local_scan N TUH PHE R IR EE N TR B . $local _scan[i] F8IA5S
i AT P A RZIE R A

$major_scan JEFR MR 1 A 58 B DU L A FE £ .

$free FIFE Cheney (WL —FE, #BIEFE M0 IT L FE 5.

453 HITHE

MABATESRATER, B AR Bi— T IR R IEE ., HER 413,
HOEE N A B To z3 (8], SRJGHER A, &ifil B Co EAVARBIAZHF] T4 0 i, B
B Cheney RS IL 58 —FE o IXMIEE To 23 IR U 4.15 s

$page[0]
Tl
A B C

$local scan[0]

$major scan $free

E4.15 ESEHHEERA, EFBMCZE



4.5 EPREN R T %

A A DL ERTE T, Urlh $local_scan[0] F81 B,

$free TEUMLIR NS 1 BUATFk, WHLZUL, 78T — AKX RSP HERH Y vUm
EXFER T, P S $najor_scan 51T $1ocal_scan FIHIE R,

HAN, XIS B R, RRT SR A U Y $local_scan AT R, ¥
Ry — H LB T 4 5 W 1k

TR $major_scan BF85 0 U1, FrLUAMRZHT—FEM $1ocal_scan[0] FFURTEE .
WHLEVL, TIHZEE R B,

$page[0] $page[1]
T
A B ( D
$local scan[0] $local_scan[1]
$major_scan $free

El4.16 #%EB, E#DZE

HOEREH TH BIIHE D, fEXHE D #EHEE] T $page [1] WIFk . (RIXFEEXT S 98 2 HE
P OEIF kA, BEP2 HIZ TR $local_scan HATH R, AT $1ocal_scan[0] AU
REE, FEIPHEYE $1ocal_scan[1] FFIRIEERX S D, lax) D iR, &Z#l 17 H 1,

$Spage[0] Spage[1]
T 71
A B C D H I
$local scan[0] $local scan[1]
$major_scan $free

E4.17 #ZED, EHHMIZE

TEXHEE 1 WESLW T, $free F8E 2 WYk, I $1ocal_scan[1] AUFHRE =,
FEF i $1ocal_scan[0] TR . WELZUL, FIXRIFHEXT B I8 E.

81



82 4w GCEMIL

$page[0] $page[1] $page[2]
VW e S
CTOMT M LI L
A B C D H 1 E

$local_scan[0]  $local scan[l1]  $local scan[2]

$major_scan $free

E4.18 #%EB, EHEZG

X B ARG NG, ERE R R T 2 . ORI S v RIS, Bl
$local_scan[0] MR FLRE(F, HihHiET $1local_scan[2] HATIHR,
Fi, F—AEERNEE, @i EERES T MK,

$page[0] $page[1] $page[2]
s e e
O M O Lt ™ I,
A B C D H I E J K
Slocal scan[0]  $local scan[1] Slocal scan([2]
$major_scan $free

E4.19 #EE, EFJIKZE

RIS ] A K B, 5 2 DU T, $free FRINEE 3 TR . ILFRATIME] $major_
scan, FRKM $1ocal_scan[0] #HITIH R,

PP RR AR R PR —4, XIS T, REXMNR C, EHlE A0
B I X R 22 S5 ARSI 4.20 B .

$page[0] $page[1] $page[2] $page[3] $page[4]

| ] Ao |
J K F L M G N

A B C D H 1 E (6}

$local scan[1] $local scan([2] Slocal scan[3]  $local scan[4]

$major_scan $free

E4.20 E#HZEA-OFEXNEZE



4.6 ZEEERIE 83

XA FIEES 0 T, $major_scan f511 $page[1]. HIRILA W RITIIRXT4,
{HX ST RHBA FX 5, BT AR e 2 6.

45.4 HITER

B2, I GC A ) B3 2 AT 3 1o 30T AR TR 8 A e 1 R ol 22 FlE T 2 W 2 &5 SR AN T&] 4.21 Fp
o WWRFKIE 4.21 5E 4.14 (Cheney I GC B PATE ) LR ER .

o [T v

E4.21 @TIEURELEERLZHXNR

RUTRBERE A, B Cheney BT BEALSEIR R AY GC R HIF L AR, 70l T IR
JEPLSE RO T , AEEM—ATE L, X REEAFAEE TR R

Nt AL BRI A RIE? X RO IRE R B RS2 B i AL et R, R AE
AT o) AR . X BRI T A 4.5.1 YRR EIAY) T B Se R PR
RIFEAR R — TR EAT 51 H S R X G 2 HRAE [ — > st

W s=iagsigs

CC BB R R 5 B HREFI 2 HE . X iR B R AW T e, &
AR —2F

M AFOHEFAE N 432 Gaf g2 28407, FRATASTEHE il 2 40y, W24 10 fy, Hop
T Y 2 Heas[al 4 AE N From 23 (8] A1 To &5 [A] K 4T GC E A . IETCiE Ml # =3
1 Hezs a2y To a3 1a], ARFRATmE X N4 A0 7 FH P S 3R 1) 1/10 34T T s

Rk, FATAH AT X R T Y 8 Htas [ IAT GC, TEX B GC #pid - T RE %
NBEGT .,

Z S [BIERIBE B T RO N 45, XFH A 2 Beas /T GC ElE s, XHE T
(N=-2) Bezs [l AT GC Fric - 1EBRAEE, Wt S X 2 Fhoa e &8k F .




84 H4E  GCHEMIHIL

4.6.1 multi_space copying() &

HRRNTHIIRE R 22 BE I . multi_space_copying () PRELUCASIE R 4.6
Fi7R o

HKAGEHR 4.6: multi_space_copying() &£

1 | multi_space_copying(){

2 $free = $heap[$to_space_index]

3 for(r : $roots)

4 *r = mark_or_copy (*r)

5

6 for(index : 0..(N-1))

7 if (is_copying_index(index) == FALSE)
8 sweep_block(index)

9

10 $to_space_index = $from_space_index

11 $from_space_index = ($from_space_index + 1) % N
12|}

XHUEEHE N 255, JF3k 530l J2 $heap[0], $heap[1], -**, $heap [N-1] . X H] $heap[$to_
space_index] /K )& To %5 1], IR AT GC B, To %5 [H] #8314 $heap[0], $heap[1], -
$heap [N-1], $heap[0] X Ff #F 417 # #. From =5 [A] 7F To 25 0] 1Y A7 341, A wh /& $heap[1]
$heap[2], ***, $heap [N—2] $heap[N-1].

TESS 3ATHEE A AT R TR SR RAT BARic. XMRE—IRE L1R1R GC Anid - BRI
HARIC BB o

A — mANTE, R R B I B T X 2 7E From %5 i) ($heap [$from_space_
index]) G M. M ZHL obj 7F From %5 [B] LA}, mark_or_copy () PRELSIEHZ il £ To
23], AR EHA H SR 4 . MR obj FEBR From 23 [A] LAAM HANME TS, mark_or_copy ()
PR BGI T IARIC PR — RS X AT BAmil, B IHARCEHE Z R e X%, & T mark_
or_copy () FREL, FAPAET —Th i 4

56 AT RIS 8 TR R B, X HERDIAERY GC bRil - BRI EEA —F, LT From
23 (AT To 25 6] LAAM 23 B H AR IC RN R 23 w0k 2 3 25 IR BE AR

55K To 25 [HF From 2 MfEA B8 — i E, GC g R T,



4.6 Zas R HIHEE

4.6.2 mark _or_copy()ER

T HEFEATEHH mark_or_copy () PR

REBEEA.7. mark_or_copy() i EL

1

© 00 N O 0w N

e
o

mark_or_copy(obj){
if (is_pointer_to_from_space(obj) == TRUE)
return copy(obj)
else
if (obj.mark == FALSE)
obj.mark = TRUE
for(child : children(obj))
*child = mark_or_copy(*child)

return obj

}

HEAES 2 fT A S obj JE B FE From 25 (BB . WIERFE From 25 [H ., A EHE GC

AL G X copy O BREUE ] obj, IR IS A AY L

2R obj ATE From 25 [F] B, B2 GCARIC - HERA L AIX G0 X Z B E bR AL,

XFHA X G388 4 H mark_or_copy () PR%N. FJo AL TR obj .

4.6.3 copy() B

RIERNTKEF copy O PREL,

REEiER4.8: Z=EEHEEPH copy() T

1

© 00 N O O W N

e
o

copy (obj){
if (obj.tag !'= COPIED)

copy_data($free, obj, obj.size)

obj.tag = COPIED

obj.forwarding = $free

$free += obj.size

for(child : children(obj.forwarding))
*child = mark_or_copy(*child)

return obj.forwarding

}

XA copy () PREUIEA L FI Fenichel 58 A2 GC ZHIFIETH copy O PREL (1LH5

W 4.2) —F, HA R, e ATES 8 4T IHIH copy O %k, W& mark_
or_copy () PREL, UNRXFLR xchild R HIXFL, ML mark_or_copy () FREHFUIA X
A copy () PREL.
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86 4w  GCEMITL

46.4 HITIHIE

TEIX BIRATH ECR B BAR M A — T 225 [0 & i Ak e . AT MBI N R 4, iEF
Kl 4.220,

To %5 [] From %5 [H]
$heap[0] $heap[1] Sheap[2] $heap[3]
23 INBE R [] sk

[ etz

E4.22 FEFHEPITE1RGCZH

To %5 (] $heap[0] &5, HALAY 3 NS AIELHA XS . FEXRE T AT GC LS4
W& 4.23 iXFE

To 55 [H] From %5 [H]
$heap[0] Sheap[1] $heap[2] $heap[3]

/‘\_/v\k/\_/v\/
23 IHEER [] 58

L] Erettmmyzsia

E4.23 F1RGCHERZE

AW $heap[0] EH To Z5 (0], #4 $heap[1] 1EN From ZS [ AT T GC BHl B . 1L
41, 7€ $heap[2] Fl $heap[3] THAT I CCHRIC - HFRILIL, Ko Puds| T NEER,
%'l mutator E'ﬂﬁ%ﬁ“ij%ﬁﬂ', %Er?/i\}ﬂﬁ/l\élﬂ%ﬁ%:{ﬁ $heap (o]l *ﬁ\%ﬂthﬁj\ﬁ%éﬁ mutator,

Nk, A To Z5 [B] Ml From 25 (8] 73 5 ¥ 2l — L, 45 $heap (1] 1E N To Z5 [H], Kt
$heap[2] TEN From Z5[H], 44T FHEIAY GC,

mutator & TIX SRS EHOTFAAIET . LEFRA PREE— T HUGRA TR, TERE 4.24,

@ Xk BRI A 1l



4.6 Zas R HIHEE

To 25 [H] From %5 [A]

Sheap[0] $heapl[1] Sheap([2] Sheap([3]

% RBER g
[ etz

424 FEFHEPITE 2R GCZAT

TWRKIT R, XK $heap[1] 42 To Z5[H], $heap[2] /& From %5 ], FEXFIARE T AT
GC, Hemhos B iianiE 4.25 PR iR,

To 75 [8] From %5 [d]

$heap[0] $heap[1] $heap[2] $heap[3]

F_/k/\\\\\\‘__;/////
25 IR [ ] s
[O] etz

El4.25 FE2RGCHERZE

$heap [2] MG BIXT LA Z HIE] T $heap[1] ', 7F $heap[0] Ml $heap[3] AT T
GC Frid - BRI
WAL, HTHER TR GC, FATH $heap[2] 14 To Z5[0], #f $heap[3] &K From %5[H],

4.6.5 (K=

Zo 73 (A B2 i R A K ME ARy, R B T I 2 Has a), DT R A RO A T M
VIFER) GC BBk Haefli AN e, 1 228 ) & Bk AN TR 22 2s i — A arbe, NEEREFH
B HAE 1N AHE,

4.6.6 TRES

AT GC E IR EH A N S50 R RS ], %k F9RF B9 (N-2) Bezs AT Y2 GO
Pric - IEPRT L . LAt BE T GC ARl - I8 BRIIE A 1Y IR —— 20 BCRE 2R I 1) | 2R




88 Hi4E  GCHEMIHEIEL

WAL

PUBHIHT GC HRIE - TR A2 40, AEATLAGEAR eI, 4T H7, TSRk
N =3, HRAEIE A A LA ZE I A RO 13, AR TR T g 273 Kzs i)
T GO B, FATRRREMI i —k, d R Ry 173,

S b, RS GO BRID - WREMIARE GC BB, A4 IS . KR WA,
JLTAAETE B B 107 R



GC#ric - B4 =%

GC #xic - E4a &% (Mark Compact GC) 2% GC #ric - BM{EZ5 GC E#8
ERESEY, RIENBLSE 2 BME 4 BB HEIHRREARILE.

Be Sore Compacy Yy

L 51 AL e o

GC FRic — ARSI bR i B BRI 45 B BEF 1l

HoE, BRI BRI TE R GC Arid - BRI B M RiC B Be e & —HF

PR, BATEHREOKHERIAT RS . FE4i B Bl o B8 23 ok B e TG sh i 42
4 1 7 A A S R AT T AR5 4 P A 48 GC RIS T, A el cC Bl
BN, ASFHRGE A HE

A B SR KF A Donald E. Knuth PO BFSE H SR Lisp2 B

5.1.1 Lisp2 EiZHITIR

TEFEAIN FX AR AT, T B RFSE T — T XA X R 45 H .
Lisp2 535 7E X 42 3 UK forwarding 48 41 B8 11 T 25 0], 31X HL Y forwarding 5 £ R GC &
S By Ik — R, A TE GC B IS, AT Hl 5 Xt f 4 (A’ B %)




90 5%  GChRid - B4k

forwarding #8517, FEAS T URKEXT G2 0 H Ar oS FH A7 Sk 48 o X & ORI E forwarding
FEET LA RAFAERE S SEHE X B
Lisp2 BiEH XTI WE 5.1 iR

forwarding &%t

»

W_J
% 1

5.1 Lisp2 EiEdExts

51.2 BHE
MRAFKNIRE—F Lisp2 Hdk. 2001 F, BOERATELER 5.2 XA FHIT GC.

E5.2 WBEIRE

B RRCH Bt ARIC B RS BHEIRZSUNIEL 5.3 P o X B EIFRIC B BB BATT7E 26
2 FEHONREN AW SN, XA ERNA T

rd K
N 7 | 2 I I | 0 I I | 2
A B C D E F

E5.3 tRiEMERERE



5.1 fraZGehmid- R4k 91

JE4 O B U5 MRS 5.4 R

e

|
D’ F’

||
B’ C’

E54 EHMEBRERE

L EIRATREGE AN, K52 G ShXI R B, C. D, F 3 4IXF N1 5.4 Hig B, €'\
D'\ F's ¥E Lisp2 Bk, EAMBOIFASBUES LHSIN T, H24%/N T ez s,
T TRER T HEM —

X LR 45 B B i PR AR A An RS T B 5.1 B

RIBELL1: EREMER

1 | compaction_phase(){

2 set_forwarding_ptr()
3 adjust_ptr()

4 move_obj ()

5|}

AR 5 5.0 Fon, IREEBT B LA 3 AP BRA

1. % % forwarding 454t
2. B ATIGAT
3. B

AR IR N ACHS T B 5.1 B95E 2 AT RIS 4 17 T IRA PR OO AN BRI T U .
5.1.3 $B1— 8% forwarding 5§t

AR 1, BIFE S EEANRE, 400X L BE forwarding 155, XTR obj HY
forwarding $8%F 1T LAFH obj . forwarding K Vilnl. 54, FATEBIEERE T forwarding 5 £
A NULL. T SeH A TX I HAE R set_forwarding_ptr () PRECUMCHSIE H. 5.2 iR,

REG;FEH 52, set_forwarding_ptr() L
1 | set_forwarding_ptr(){
2 scan = new_address = $heap_start
3 while(scan < $heap_end)
4 if (scan.mark == TRUE)



92

$5% GCARic - R4k

5 scan.forwarding = new_address
6 new_address += scan.size

7 scan += scan.size

8|1}

scan &R RHEH XTI L 10484, new_address /&35 In] HArh S iP5 5. ATEZ )G
B e 2 TBX AR 5, 3R FE 440

—H scan f8EH R ENE XS, BEEKEXT L1 forwarding F8ET 1951 H B AR A NULL 55T 2]
new_address, ¥ new_address #X R R D, T4 4 17814 6 1T HEAT A L2 X SE 4
set_forwarding_ptr () EEPATIEERIT, HERLIRZS WA 5.5 R

scan »—T
new_address

5.5 set_forwarding_ptr() BEHITRER

WREHIA B, C. D, FAIEXRE forwarding TEF 351 H TE 54 hi B, ¢/, D', F,

FATHE X B 45 forwarding 8 £ B 25 MR A B, GC & il B LT From 23 [8] Fll To 2%
[ 5845 FITFR T, IR AMER A 8h 3 To 255, X5 A MWEURELE T From =5
BB, XFE—REHEHY forwarding F8 4110 S 7E XM L

SR, PATE GC FRid — Hedi 5k g s [ RN Ji 23 (A2 [A]— =35 0], Br DA AT fig H 34
BT X R e i SO0 . DITE RS S X AT, 77 B SR 45 X R 48 4 0 T8 2 Pl
BRI BI ML, Xk, ZE HEBIXNE, GCHMEHRT .

R T AER IR R IR . AREFEI I E forwarding $8 4. R IX FE— 2K mutator
JUT A R S5 T R e, DRI AN S A B AR L 1T 3R



5.1 42 GChRid - R4

5.1.4 B2 — BEFEs
FEA IR 2 DL adjust_ptr () BRAOK S B & XE S 045 4

RAGEHR5.3: adjust_ptr()

1| adjust_ptrO){

2 for(r : $roots)

3 *r = (xr).forwarding

4

5 scan = $heap_start

6 while(scan < $heap_end)

7 if (scan.mark == TRUE)

8 for(child : children(scan))
9 *xchild = (*child).forwarding
10 scan += scan.size

11 |}

BTN 2 TSRS 3 T EE R AR .
SRIGAESS 6 ATEI5 10 71300, EHPIraE st R e s . I TES USRS 2 17,
B3R IREEE, DR 2 YO B HEPITIER T .

scan T

B 5.6 adjust_ptr() &

|
it
1
n

5.1.5 B3 —BEIIR

TE PR 3 R ABEAHE, KOG S R F] forwarding FREF YT T HARAL . KK TR,
DORE— R R 3 W REE I T .

REGE#5.4: move_obj() EY
1 | move_obj(){

2 scan = $free = $heap_start
3 while(scan < $heap_end)
4 if (scan.mark == TRUE)
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94 5% GChRil - R4S

5 new_address = scan.forwarding

6 copy_data(new_address, scan, scan.size)
7 new_address.forwarding = NULL

8 new_address.mark = FALSE

9 $free += new_address.size

10 scan += scan.size

11 | X

R BNTE XGRS 5 AT 25 8 A HR B X R 3 3 forwarding F8 5151 H]
HpRAL O i PR 7E X BLEE R copy _data () BREL, FT L™ A% 3 SC bR UL 1% 13072 52 il T AN
EHE),

1EIX R F AT e 0l I copy_data() BRESIETE SIS RABL G 708, F5L LA M E
Lo W 512 5T, AREASUCEXT R HESI ,  HIE XS G4 5 DA HE A 1]
AR EIHER Tk, P, XBUOIIE T BAsdEh © A TH 4 T,

T RS AL Bl 5 B X G AT A, R forwarding $5 513 NULL, BUHARELL, FHKE
$free 4 5] new_address.size MKJE,

move_obj () PREPATIE )G, HERZSMIEL 5.7 s,

scan
$free

Kk

GC hRiC - IEARSE MM L 3, MR ISR R

1E GC Apic - IR S PAT ISR . PTG R IR A TE &4 4.2 Wpidid T

1M H. GC ARl - IEAAEA S GC R HIFEIRFE HAEA B M MER I L. GC ARid -
PGS T IR rp i 4, MERTHIRCR L P2 GC Mk 2 8. L “JLP7 x4,
SRR AT forwarding FREFAYZSTH], Fr LA™ A& R IEAE] 2 45




5.4 Two-Finger B 95

=I5, RAE GCARIC - W BRFA WREM TR e, (AP B IRAi iy e, Frll&
PEEERERAE, ANRETT A RO HIE

5.3 BL

EGEEEITERE

WERTiR, IR4AEE R . Al T2k e il FA s it BORAAE .

TEARTT AR Lisp2 BIERYEAE, AU BAHESEST 3 DR . WAtRUl, PUTIZH
LT AL SR B TR FIHE R/ NUE HE Y o GC ARIE — R4Sk i A 20495 1 HAb 5k

TE GC Fric — iBBRARET, WEFRET Bt ZHR AN, AR 1 Jalig 17 B GC ARid -
PR RLEAY R 3K, AR EAE PR 2 3 A a], IR — AR Y B R BRIE , ) 2 o
K, PITHFE I A Ll AR

THEFRNTE N REN G —FRGR S, RAXADEEATE, ARG RE A E
F.

m Two-Finger &%

TR A K Z A 44 Robert A. Saunders ' WF 58 1 2K (19 45 4 Two - Finger (1 4 5035
RO — M A B, BRI ZE R 2 YUk,

5.4.1 HEIiR

Two-Finger SEEEA B IRK T LI 26 1F, AR “ w200 BT A X GBS O/N—20 0 Z i
N A SRV AT XA BR N, 1T Two-Finger 55035 5000 200 ™ A% 0~ 33 AN 1l 29 4540, R R AT]
SAEZ G N AT U

J3—J7 I, Two-Finger H. %A Lisp2 Bk AE], BA LR forwarding 5 £ 1E 45 25 1],
U BEAE J 25 ()X 2 3 b 1% forwarding F8EFRIW] o 7E3X HLIRATTHF obj . field1 FHIAE obj
1) forwarding 8451, XFE—HKH obj.forwarding B LIVIIH] T o

5.4.2 HEE
Two-Finger BILH LT 2 M BRI AL

1. %3t %
2. B A4
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XAFE I — KA TSI 4, 5E K 5.8,

(2)

(b)

(©

(d

TE Lisp2 Bk, 8 ST IR 4 B E G sh X R A A2 8l 1T 7E Two-Finger Bk H,
D)2 38 o A T R i R L L TG sh X G 3 s NS 1] o BRI R T 3 X S e A I b 25 IR 23 [

N

a
EREREEEEEY IR En

e eI

E 5.8 Two-Finger&EHhx &%z

WAL W G RN—E

PEAMBIETE R, B Sl pon LA B (18 5.8(d) B9 X5 ). TR Two-Finger 5
R, FRATTEN T B AR B G 1 2 (R AR D TG sh A G2 i) H AR =S 6], X028 11l SR
XMRASTE GC SRR A d e . XAE—K, FATHREIE forwarding 45 #1827 1X % SR

B R, A REZHESH 1T
TN TR ST KRG TR 1 MR 2,

5.4.3 S$B1—BHWHR

e $free Fl Live X 2 MHEEF, MMisG ] 1E b AHE R FATR LHEX 2 MeHF

ERTF48, A MEEA Y Two-Finger 5.7 .

$free B M T FHALE SIS R (H AR 0] B, 1ive 2JH T FHIFE X R (a5 [A])

MRS . HELL M $free Fil 1ive FEEH IR MRS ANEL 5.9 frs .
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H
L EEEE L O ]
A B C D E F G
== =]
$free live
E5.9 #EMAMESHRRE
2 FEENFE S B B A5 as (B F R 2 (] A% S i SR % 42
HE
L PR P [
A B ( D E F G
$f§ee @% F li\Ize
I [ T
F’ B ( D E F (
Sfiee hge

E5.10 B3R

X BIRATHE A L RN forwarding F5 4TS
move_obj BB THATR SN Zny45dE, HAMCR g i 5.5 s,

REG;FHE5.5: move_obj HE]

move_obj () {
$free = $heap_start
live = $heap_end - 0BJ_SIZE
while (TRUE)
while($free.mark == TRUE)
$free += OBJ_SIZE
while(live.mark == FALSE)
live -= 0BJ_SIZE
if ($free < live)
copy_data($free, live, OBJ_SIZE)
live.forwarding = $free
live.mark = FALSE
else
break
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P X BB RN e — S0y, B DLk B0 O 0BI_SIZE. $free 1 51 M 7o i Y X 52
($heap_start) PRI EME; 55—, live F85F AT S ($heap_end-0BJI_SIZE)
AR Gl e

TESE SATHIES 6 17, $free FRETBEIIG S RIATIR

TESS TATHIER 84T, live HRETBRITARTE SN R THEEK .

TESE 91T, live FREMIRMIIG AN S, $free FEEE MARIEZIXS G BLIT 2 ANFEEH R
R, AT R SRR E . Ah, X I TE WS BRI XS G485 15 88 8l 5 B9 %5
7 forwarding 545,

TESS 9 47, WSR2 DNIREFSCHS, NIEIRE XA MER IR G, P IREG 2,

B, FEACHETE 5.5 H, BRATA T IE $free F5 5 23X $heap_end B # 1ive f5 5 21k
$heap_start MIHNL. KINXEMEME TR 2 RIENNS, SHESRIREINE ., X2
ARG, AT T E

5.4.4 22— HigE

TR FHRAE M BRI R B85, e, fHAR MRS E X R PATIRE
BRI adjust_ptr () PREL. HGIERRE 5.11,

R T T
J
live  $free

E5.11 XHRBEERMHFNIES
MR LE AT, $free FEENTR A3 ETT K, XA T $free FEEFAH LAY E LI T M
HZ—,
« EEFHT R
o BB AT F
R, 481 $free fa5H A I b AOF8 5T S H IR TR . (LN TFX AR EE
adjust_ptr () PREIE,
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REG;FH5.6: adjust_ptr() FEL
adjust_ptr(){
for(r : $roots)
if (kr >= $free)

*r = (xr).forwarding

scan = $heap_start
while(scan < $free)
scan.mark = FALSE
for(child : children(scan))
if (xchild >= $free)
*child = (*child).forwarding
scan += 0BJ_SIZE
}

=
= O ©OW 00 N O O b W N =

=
w N

Fie UG HERI Y AR A48 5T o 985S BRI RTE $free 47 IUNT, ARG XX
ROEAWH T THLL, REWHIE, 1EXFEO T AR5 005 | B AR 38 218 3 )5 1)
XFG ., HEATIX TRV E R RS 4 AT AES 11 47

KA T B0 5 2 % HETE $heap_start Fl $free Z[A], AT LI EH 5E $free I E 450
BERT

T35, BFRILET $free FREFHR MIATHA K, BT LART DUBEIXHE B HEHEA T4 BCARAE

5.45 (K=

Lisp2 B EFH MR X R AR A 1 DN FHT forwarding 85, Xt HEia T HE. SR
ESb] Two-Finger =R EE forwarding TR BETER SRR S, T LAANTS B4 7MY N AF
2 [E LA T forwarding 851, PIUHCZENAFRYMEHIZCR b, 252 I Lisp2 FREMM AR R .

b, TE Two-Finger i, i BT R i1 R UK R AT 2, [ Lisp2 H3E D 1K,
FEAT 4 7 T A

5.4.6 TR

SBBATEN A GC S HIFEN Frud i IRFE , B BA 5 SC R X R HEE h B 1Y
i, SRRERS A G AR U . AR Two-Finger WA EX R B SI R,
— XS H AT RAR , 45RO B R T TR R4 1 J5 7 TR, R, FRATTEEA
TR R X AN SR BN A O

HAMZ LA —ABREIS5A, IERUE A X G i KN —3 ., R R e B a1~ BR
A RGN KZ, FFLAIX S 2 T Two-Finger BIERIR FHVERE . A, AT 2 &g
A3 1) BiBOP 123 BE v IR X AN R, H SR R]— /N B R HE R [a] — AN Jr B 8L, g RE
AP H Two-Finger B35 T .
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| 55 E3EEES

TN TS K B. K. Haddon F1 W. M. Waite ! F 1967 4EWF5T H A0, X & —
AN R R R4 1 7 1 o IXANE R Two-Finger S0 —FE, #BREIAT 2 WEAHRAE .

5.5.1 %E
FARE AR LUS 2 PR TH4H

1. % st & (BF) VLB M 558 I8 £ 4% (break table)
2. FHI4

PR R LELRIE SIXGRE—IFEE . RF B TIE,  IXRIAT I P A R4 S A A ]

MR, WATARECILX SRR D), BT Z P B 6 AT B0 1R B o A A 4 5 40
H forwarding Fi&EtAAT R OB T AT I BOA5 B, AT 7R M B3 v DU ol P 1] Bt e %

PRIl BEHs , RME SRR “F IR — NI S0 L s T TR B (5 B RA%

TEIEX AN FeAs BTSSR I G 945 8 (L T X AR A B g1k A (P ik 1) Bk
AR RN ) BB FAR WU 18] 512 ARG FAR . At 1O TR bk, RATH 1 AFRR
/INEH 500

|950|400||200|200||500|300|
AH

E5.12 [ERRE

FA D ZEB ERTE SRR B ik, A A (ER BRI BRI R AT RE A BEN] -
A AR B AL ? " BEE X R AR, EaPOTE INEE L, A, RIERAS RS A
HNZRDTE 24T Wi, XMFIEANRARME, SRR GHLITE 2 5L .

HPRELE 2, TRZLET RN, XEEBREKRERES T T EREEME
REETFHWE? FATRTE 5.5.4 55 & LB B

NHEFORENE R BN LR P NERZE, AT AT (B2 3h gLt ) Al
Jr 2R3 (R SRR BR A ) A R KU

5.5.2 TB1(BIEERD ) —BrIxI5REE
TS B ST (a) RS Sh)E (b) HERIRZS WA 5.13 FiR,
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e
o (1) I (1)) I [ T
U
o | EEEET I O 0 (] T ) [ [ ]

B 5.13 &R EEBIEIERIHE S E

PATXIHERAE R & move_obj () PREL

HALEER5.7: move_obj()

1 | move_obj(){

2 scan = $free = $heap_start
3 size = 0

4 while(scan < $heap_end)

5 while(scan.mark == FALSE)
6 size += scan.size

7 scan += scan.size

8 live = scan

9 while(scan.mark == TRUE)
10 scan += scan.size

11 slide_objs_and_make_bt(scan, $free, live, size)
12 $free += (scan - live)

13 |

TEIX . scan FREHH T FHIGE SR RHE, WHEFF LI IRIE R, $free 71X L1 Hin
2 ETERER . size EIRFRIHIUNYAS T, X LAY/ HAE A2 HIR 0 s 30 ] Bt st FL Y 3 e

TESE SATRIEE 717, scan f8EM AT FHIG AN R o WiRvl, HEIERANE
XZ ML, PG AEE SR SR, i size TR scan fET BT YA [E] 1R/
56 4TRSS 7T AT AT IR R IR, AIE R scan &T8EF, size AMEEL

RGN scan TREHR AT SR RAETIT K o 7E58 8 47, FFX ML EICRTE 1ive F55T
B XMEEH scan F8EFARIE, FHTICSRIG S R ATk

B2 RoR, TE5 9O AT FIEH 10 1T 4R 8L scan T84T, 18 RELLMIG S 2/ EPATH
11720, live Ml scan Z[HIC A LLAFFEIG I R BE T IXBTHERPRS AN 5.14 Fos
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I
:

size

=

$free live scan

5.14 move_obj() FHE 11 TR HERKE

TES5 11 1719 slide_objs_and_make_bt () PREL AT H% 311 Sl 0 G2 1 FIAE) 70 1) B 2 4%
HIHERNE . X RIS (B2 Live, HARA AL $free, ZRLZNIIRTRIERY SR/ E (scan-
live). KT IHBRM AR, FATSAE/S H T U

TR 12 4T e N — kB8, # $free ¥ 5l (scan-live) 1K/

N, B $free MY B K/
ST ERIINREEI RN XIEREMEB s 5.15 Fis.

e
| (T I ][ | [ |
U
o | IR )T ) i 1|
U
o NIRRT

E5.15 X&BEBEH

X HUM Lisp2 B0E—HE, AR i UG S X R 720 sk AT i . AN i ik AN 2 70 5
Moah s X4, MR S LERTE SR G o 7RI R SR X G A BC Al FG.

5.5.3 FR1(EFEH)—HREREERRE
HURAEP 515 H AT RBLHOR, (R RS S X RAER, 5 B S0 £ 8 T )

) B s T o YRR 2 B RS Sl 0 R A0 1 Mk (Live ) FIBEHTN RAEWT SR/ (size) HY
HE.
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live size

|950|400||200|200||500|300|
AH

E5.16 ERFREHZIAO

() B Fe A% PR S AE AR 1 5.7 1956 11 47, B slide_objs_and_make_bt () PRELIIH
TRIMATHY o PR A A AR MR B e i 2 — IAR S 24 A Ab B, B DAFRA THE X B AR AR, T2
K EE Ry KK i 1

(i8] B 2 A B A4 3K FH AT PSR E AL B o

o AT F B
o A3 1A A A

KT WMARZhA G, A TC EAE AT I B AR RET 1 o FSRIR] B A% A BL e 5.17
JRe O WEBTFRARRIEAS DXL ikl (B 15K/ 50),

HE
o | L JEEEEE LT B ]
A(0) B(100)  C(250) D(350) E(450) F(550)  G(700) H(800)
3 I
size
$free live scan @
] B %
o | CEEIET ] HIOO\IOOH HERR RN
B(0) C'(150) D(350) E(450) F(550)  G(700) H(800)
I size I I
$free @ live scan
5] B A
o| LTI [ JL I T T Jpsopodfocfiog
B(0) C'(150) F(250) G(4O

B 5.17 HHERERE

Kl 5.17(a), f&@ﬁ%ﬁBc%ﬁﬁﬁﬁ@%%ﬁ ¥ BC U HihE (100) DL &% BC Z230
SRR (100) HE W—XF, #id scan 1855 AT HENH) 350 S-uhil,
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BT REER 5.17(0b), X HEIAT RSN R FC HAE . 3B 2 21 ) B2 48 19
5B (550, 300), NI ABEHEHIZEES A (100, 100) ZJ5 (B 450 5 Huhl), PA*E
G FC B FX HL

T FRATTEELL T A CA T B ERA% a7 k™, st 248 (100, 100) B 3h 3 FC £l
B3 He (800 Sl ), XBE—3k FC stfeRsh 1T, WATEHALS),

e, B REEMAE S (550, 300) & EIER D) FG JEa5 ok 2sm], Wit 800 %
ok 22211 700 Sk B

DB SIJRAR G A I HRAE, SRR PRSI 5.17(c) im o 763X B3 1 5 (R B e A 1 A
BT . 2 AEAZIEA B BAE—JTRHSIR, W, ARG shx G800 B ik
(1ive) FINFHES ) o 33X J2 R A2 We?

FEEL5.17(b) v, PR BRERAR W iR 20X 8 FC M3, FrAFRATLEE SRS 800 5
Hihl, XZERE FG, (550, 300) Hid M3 4 Ee s 700 Sk,

G CAT B MBI BR AR LRI A T, A7 B 23 30 AR 3RAK 22 AT 2 PR 25 [ ) 1 2 o
FEXFIIEOL N, R A LT REL T .

oK, WA AT AERR R 1ive MIIUFHES, ANidXFEREr=A: T &AM FE

SR, DA A AR —IT R 1ive MIUTHES, FTLBER T N — P8R “HHes”
MR

ml, RAIAFMULE 78— %,

5.5.4 HE2—EHigE

£ adjust_ptr O BRECH, H55 | IR BIATHOXT R AUFE ST B ns | RS Sh R AR S 195 5
X ITUERAEAS By I T DR A PSS o B AR AR TR Y o

REBFEER5.8: adjust_ptr() E#
adjust_ptr({

for(r : $roots)

*r = new_address (*r)

scan = $heap_start
while(scan < $free)
scan.mark = FALSE
for(child : children(scan))
*child = new_address(*child)

scan += scan.size

= e
= O ©W 00 N O U W N =

}

5 Z AT N A A AR R LESE 3 4T RI%E 9 4785 71 new_address O R4,
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REG;FHE5.9: new_address() L
1 | new_address(obj){
best_entry = new_bt_entry(0, 0)
for(entry : break_table)
if (entry.address <= obj && $best_entry.address < entry.address)
best_entry = entry

return obj - best_entry.size

}

N o o W N

XA PR AL 23R P14 obj B85 B9 HhE, 7E5E 2 17HY new_bt_entry () R A UE U
] B FA% A o

B3MTRNE S AT T M A RBI R, R obj LKHLIT Ay HbhE (address) A H
TR R R A B XRS5 2] TR obj FTEX R ERMAH . XA D
best_entry,

TSR] B A HLA A SR M P 2 55 HES i, FRATA AT REH] — o A oA 3 A
£ vest_entry. AL WUR T AT ULAYIRAE, [ BERAS BN HIOEA RS HEIIR, DR
BRERERA TR AL,

R4 best_entry XEWHE A AWE? BEE2—DAH, XPAHFA obj FTEA S AL 5)
HIAAE B J8 T 1A X G 09 A X A 2 4 ) /2 7% 3)) best_entry.size 1> R/ I,
obj BB JE ML LR T obj — best_entry.size.

TATRE B HME —T

M
ol L I [ ] [ ] |
A0)  B(100) C(250) D(350) E(450) F(550) G(700)  H(800)
o | ] I L L 1 1 J[ssofsoof roo]too
B/(0) C/(150) F/(250) G'(400)

B 5.18 XFZ#BINEIE IR L

A, e 518 i, GnRIRATAEE B B o8] T B/, EEHiELL B (iihk 100
LRMARPLFRME, RS KIAD (100, 100) & best_entry, 2 N A H B (14 ok
100 *K75 best_entry.size, BPKf B fhbigi 2 100 453 B’ i AL 0.

I3, FATAT L F i 550 3k AT (550, 300) #1300, 33 F/ Ayl 250,

105
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5.5.5 ==

TEFAR TR, WA 2N JRAa R 2R i s ), e Oz AR i s M T o dk,
TREE T AR B P/ A

BARTEAR TG H LR AIX — 5 ERAR T I Two-Finger —FF, A 70 4 Hi 5 O/ B X 42
P iX — s b, RARTIET LIULEE Two-Finger BALTH L . X & KON TERM L, AT LUHE
I GAF AR X R TR L

5.5.6 TR

LR E] B AR T EAT AR R B o B T B A B Bl X R AR AT AR 1 R Bl
TR, UMt 2 B 4R 00

HEAh, AETH GBI UL AN RE 2SR R AR T R AT AE . AEHUR RS LA, AR STHE R A
HERF, A% R ZRRE R AL o A HEFF RS LT BRI RTHAE, BT RUIF A BEMARAS L i
Helr)

m ImmixGC &%

PR ORFBA TG 2N K F A4 Stephen M. Blackburn 1 Kathryn S. McKinley ! -F 2008 4F-1ff
FEHRAY ImmixGC Bk . WERZFINMARNED:, XMEENEE, A —EERR N .
A AP FRW A KR, IR Z G LI BA W, FrAefssm A c %
PR, Bl AF AT LAY

Immix X MAA RE” MR, XNFERARLL GC ARl - HIREE AR, AR
OB PAT RS . Wi, B GCARiC - BREEMIESRA G T ik,

PEULIE CHIEE X AN E LS E] T JikesRVM (Research Virtual Machine) @ T PN A T
Akl MM Tk (Memory Management Toolkit) H1 .

5.6.1 =&

ImmixGC EHES> S — 5 K/NE “He” (block), FHE Ao il— & K/ “4” (line ),
XANTIEA T LI G BAL, T 2 LAZR R B [T Y

YRR BT RS, R LR . BB BRI GCo

GC AR UAR 3 BRI

@ JikesRVM: H FIETE FHTFHOBRIS T & 1 F THFSE A9 HE ML A% ( http:/jikesrvm.org/ ).
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1. & % % JA 6 From 3=
2. RN

3. H TR

R A RS RIPAT LT 1Y, 76 ImmixGC 1, HAGEHEHFE ™ E AL,

AT RS KN BB A S AT IESE . IS 2l i A IR 1 R B R R 4E X S ) £ B
(£ H K From ),

TR, TELPR 2 rh MARR O G, IR XT RAFAE Tl Fp b LR 3 Bl A T AR i B 52

Hil R, ROk, WURXIAETE TR 1 AP B 2 1 From BRELAXF QA0 AT = HIERAE, X
BRICZ AN X R BEA TR IC A

AR 3 MR FHREABARCIIZL, TR ARG s % 4.
LI B sl ImmixGC AR

5.6.2  IERIHAIAK

ImmixGC AFHHEHER R, SEERDBRITIN T /ML
PSP, B A IS R R/ 32K AT, i SiE MR/ N 128 AT AR

HEZSI S SCHREUE . XFE—2k, BEPHUA 32 x 1024 + 128 = 256 4k,

BB LT 4 A5 1

e line
* mark_table
e status

* hole_cnt

T4, H $block[i].status HEAT LAV T56 1 S status Ik, O T ik gbif,

FATTH AL MU 2EA T U

F5E line SR E A T—HE, READRIIL, LESPCLHRN S, $block[i].line[j] &

IRBTEES 1 SHRENER § L

1T R 1Y mark_table IR 5 & ANLEARN WA TARICEIAZ &0 FTANEETT, 5519

Py § 5 S xs i 9 T4 10 9 07 R /2 $block[i] .mark_table[j]. FKA153 45 mark_
table[j1 —F47, TEARCEIIEC T AR H B, K HICSRTE mark_table[§] 1.

« FREE (XA *T %)

* MARKED (4772 T %)

« ALLOCATED (A #+ %)

« CONSERVATIVE (& < #7i2)
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status & H T RR BB P ABI A, FRITED 4 status —NFT, FEHIT
GC B4R AT, 10 5% T A i

« FREE(-TA LA E)
o RECYCLABLE(—3# 45 & A4 %)
« UNAVAILABLE (& A & #4.)

AR, WIERARAS T B Pl & FREE.

)5 — hole_cnt T TTiC s4F AT “FL7 (hole) B, X HL AT Ui 1 FLIR AT L2 10 K T55
T 1AMz k. FATHIXAS hole_cnt MEAE N FRIRIE 46 SRR 194805 . A0SR FEA
hole_cnt MUMHAR K, ABA T B AX RAASARICAT SR, M2 Hx &, o &kils
15 5.6.7 T AT I

ZE LT, 7E ImmixGC Hr, HEWE] 5.19 FR,

e[ O Lo T [CL o L] T 1]
mark_table | [ ] - I A A [ ] LT [T ]
hole_cnt

$block[0] Sblock[1] $block[N—1]

519 ImmixGC sy

_

AT LABEAPFHRABIERIC?

mark_table[i] REEBM 4 MBS, XAWKAE 2 UMET, MTAERESEH 1 1HF1(8

i) e?

EXFXBHTMEEXR . RIENRZ GC HRBIESAENE FIEiTRHTHITEN.
ImmixGC A HEIo .

BARBHRHREFMRLEE, BRATESHERE TS NERPOE—1TRNEZE, #FE
ZEREITAIE,

RNTLMELELE, CAS(Compare-And-Swap) &< SR aifiti) . CAS esSENEE
AT 3 b E—H T, B EMERENNGS.
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1 ZEEINRFEENE
2. LUz EREEHTHE
3. LIHEERAEE, LR 1 IENRF=EBHITENRE

RIEXA CAS 2<%, BIfE 2 MR 2 PLAERY GC &R MEE— REFEZE, FaH
MR —HRIBR, BESRIIERAIITESER.

RMERSREP, X1 CAS s AR 1 UREM, MR 1 NFTARMLERFE
B, FRARBRIK, AR nark_table[i] # status IHEEE 1 MFTH=E.

5.6.3 XIS
£ Tmmix GC 1, SFGAREA/INIEA LT 3 2,

L[] 'J\ﬂﬁ%: éiyy\_l:k/]‘
« AR AKX, RESKFY
« XKAFH. KFFF8KFH (Immix GCRFE )

R KN G2 Tikes 9 MMTk &R, BT LAARTE TmmixGC T4 H, 53T 2 A28/
POE TSI EEIPOE 3

5.6.4

KATHKFEF ImmixGC H AL 7 EME . ImmixGC B AR DL GC FRil - T B 8 sy 5Lal,
AL HATE S EC P 2SI BE SR, T2 $cursor Fl $1imit XA IREN . A4S A5
RECYCLABLE HALIYTFRFIAR R, 1§ GC ZHITEIRFE, —iliik $cursor 13N —il i 771

WASE A S BCEAE T — L, B2k THREE — e iy A AL, BIFst<sitk $cursor
Fl$1imit [ A7 W B, R XA B B A i ALERFE R T, B4R )7 3t & status BN
RECYCLABLE 7% 7 #I| UNAVAILABLE, MU/ RECYCLABLE B¢ B k7L .

N R4 58 BT A7 1Y RECYCLABLE HAR IR 2538 K/ AL, 72 N FREE B4 1 — 3
B, MR LEA FREE R T, BTSSRI GC, #i{f 4 RECYCLABLE JtE(# FREE .

IR, WILHARAS NI RECYCLABLE $&, HUf5 FREE ¥k, It DX HIAY /& FREE Jt.,

ImmixGC H 4 15 O ANl 5.20 Fiis .
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$eursor o—
$limit
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PSS ] N e A i
mark_table | T3] T 1@ ||C T T T T 0||C T T T-T 1T

$hlock[0] status:RECYCLABLE ~ $block[1]  status:UNAVAILABLE  $block[2] status:RECYCLABLE

$cursor e—— ﬁé}ﬁﬂ 100 4y El",l}ﬁ'%}
$limit e——p (100 577

® EREEE o)) [ [ == |

CTFT T T || T T 1T | C T T 1T 1T 11
status:RECYCLABLE status:UNAVAILABLE status:RECYCLABLE
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$cursor 50 F
Slimit
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CTFT T 7o || T T 1T || T 1T 11
status:UNAVAILABLE status:UNAVAILABLE status:RECYCLABLE
Il MARKED
[ ALLOCATED
[ 1FREE
[F] CONSERVATIVE | mark_tablefl{&

E5.20 ImmixGC H4> it

WIHAIRES T $cursor Ml $1imit 43 HIF5 M $block [0] FWIAYFL ($block [0] .1ine [2]) Ay FF
LMK HSHE 5.20(a).

B e BLZL A B 100 5 BIXT 4. $cursor Ml $1imit 1 57 F-#KFL, %4 RECYCLABLE ¢
15} mark_tableo

KA $block [0] . 1line [2] iXFLHLAEZMAC 100 745 AT 42, FIr LAsik 8 31 HL i 4 e X 42
MBS, $cursor 1A EM $block[0].1ine[2] FITF LA T30 100 FIT RN &,
$limit 5| HIAYJE $block[0] .1ine[2] WIRE. AP, T Z4E $block[0] . line[2] B
HE T X5, A LE R 4T $block [0] .mark_table[2] M FREE iS5y ALLOCATED. 52 % &
5.20(b).

T PR A 50 FAT BT S, ORI A XN BEIUEE $cursor A $1imit Z[E], Fr LA
$cursor Ml $1imit B I% MBI R $block [0] .mark_table HIFI Q25 [0], FHE R $block[2] .
mark_table MM F Rk A & — L (4 $block[1] .status A UNAVAILABLE, JITLAAZE4K
block[1] .mark_table). H/FIRMTATLAFH, $block[2] #Y 1ine[0] # 1ine[2] #R/&fL, F&
MITREAE X AL B IE 50 P RIX R o LS $cursor M $block[2] .1line[0] Ik nl 477 3
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T 50 M7, $block[2] .mark_table[0] #%EX 5 AL T ALLOCATED. HZ %Kl 5.20(c).

MR lmER T, Koy BT /NI R, B DUA 2 1 B A 0 . B3R 30508
FNFLZHT, NIRRT . Xk, ML BRI, BB T
AT BB FEN, MAFETE $cursor M $1imit Z IR 43HC P RIXT R0}, wiA K s
$cursor Fl $1imit MIJ7¥E, 1247 E M FREE Bt B/ Ficdk .

5.6.5 SECATRIFRICIRIE

16 ImmixGC H1, AMUFE GC B, 7EA TR S TR E . 2R 1ine [1] H 40T
X G 2T 5 XA LT Y mark_table[i] H1i% # ALLOCATED. iXJ&K I HEA 1ine[i] HLAY
X G 2 S B B X G 7 2 4

Z B F NG R0 RE & 5 P line[i+1] BIE L, PASFE W, 4 mark_table[i+1] /&
FREE i}, f1'E % & CONSERVATIVE. iX ) CONSERVATIVE A9 & 2 “an S/ A % % 5 ¥
T line[i+1], N mark_table[i+1] W] BES L 7 Fr 70 BL X 42 (14 )5 238 37 (71 4n 5] 5.20(a) 19
$block[0].1line[4] XFERIHN ) AL ZJGTE 1ine [i+1] FEA T ECAIRS R, B S0KF mark_
table[i+1] FY{E I CONSERVATIVE {5 % ALLOCATED.

AR SF AR ICTER IC B BORARA R . ZEPRICBTBL T, BRI R A Ak A X A4~
MG IEE R T AL, NIRRT BRI A X R RN, RO B T A IS S 4,
T LAk A R A R TSN B

R T IR IR, FRATTA SR T B ORSF R, BIERSext /NI 44T I CONSERVATIVE
XAFRIC . R 20 B BN G, T DL AS IR SR AR 5 A 500

F—Ji i, R RER /NSRS AZ, B ER I AR . WY, B
WA G @ 2, XA XF M ) mark_table B ALLOCATED,

Gk, R TARIEXT G KN SIS ThR IO AR B, 78 A Uk T 4R 0 G i 0 b 25T 18 A %o 42 11
KN ImmixGC H 2y T A5 R BTAE 9% At I] 7Sk BLERS 1 TR/ N 7 A B R A6
B E VG REIUPOE il A i = o St VA

5.6.6 FE1—ikERHFromik

AT TR LI ImmixGC AR T o 78 GCIFERAYIE , TmmixGC 2K
A e il R LI AE— %A%

o B AA L& A 3474 Be#g RECYCLABLE 3k
s EEXRGCH KM AL, EEXRIRIVT—20%E

R L EAE— 2R, RARBE I IRAAT o JCE AT IR A0 g0 3R 1 A2
AT, EAEHEAT DR 2,
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T AT, AR N PR AR IO From B, From Hufé 0 276 FE 40 i o
PR G S, A TR 4 3P A G425 I S P R 1Y From 28 TR R 1R .

R TE ImmixGC B 2o E (P B I HOR Y From B, BUKR LR 415075 Feok
R

TR IH LA FLEAE MR b/ b . FLECH 2 0 e F AL

TR E B TR TALR ¥ Aok A es i

s WIEMATH
o THEW AT A

XK I HR LA A e AL (hole_cnt) YE RG], T IRHFIT J K 5 i .

HI3 14 17 TR 2 S 3 1 BT A 26 P IR Sl FREE £ I /0 A T 0L o AN 3k DRA 3k BHBEAS £
T£ MARKED 2§, FrLA#/RAY H & ALLOCATED Fll CONSERVATIVE £k3X W & (43 1 15 1t o

WAERS2, R FERE FEA 2 LI 1A (B REAF 7R 2 A X R B )
ALLOCATED Fl CONSERVATIVE £k Y MU 2777 BUMENL. WEii, HIs E 7 B3R 2R 8l
AN L T 6 42 T 75 21 FREE 4 800 L BR .

600

502

400

200

JEFREEZE A9 545

L% (hole cnt)

E5.21 HFMNEHFHE

Jy—JTIH, FIArRC LT B R R HE T FREE A3 T 1B Ol

HAEK 522, NiXASEH B A LUE H, WERAAEA 5 DL — D3 (W T REAEE 24~
BAERIHL), WIXA~HR L) FREE 28 EB0N 36,

AR O A 25k BT T, AT EA TR H] From HeIE . Ay e FRAT 77 2t &
24, 43I AE require Fll available, require /&5 From $t HL:E FREE £k 19 S 4K,
available JEFR 45 H] From SeLIAMYP TR 19 FREE £G4

O MBI IR, O B AR A



5.6 ImmixGC &

60

49

41
10 40

FREEZE () 5k
3

20

FL#K (hole cnt)

E522 AISEHEE

BEHA T From B, S NGE R AL SR ITF i, Wt B U7 hole_cnt 5
R TTITHRTE/ N HIT R 3R, XIS BERAE require BN EHE H 7 B9\ (3F FREE 2k
M0 FIE, M available HLI 2 0] 43 Be BT I A9\ Al (FREE K10 880) MIE . % require
IFILRIE R 0, available MIWIUR{E/EHET FREE ZEM0 B8, AT, require < available.

1 require > available B, XFE 7T RREE R T, EJn, WL LA L R
FIRBOE AR, WL P2 A ] From B .

FATEIX BB &L 5 /2 “From Herf ALLOCATED £l CONSERVATIVE i) EHL” < “BR
From IS HeH FREE 2k 19 8807 X ALY From B,

A BRI G TR E T, RO 5.21 FE 5.22 B9 E B AN RO FE S
R AR BT EIR, B LA A R R AT B

require. available FI{EF AN 5.23 FiR.

FL#L (hole ent )

4k FREE £ 19 5 [502(227 (207 [215(220|216

require: 0
FREE £k 11 351 10 | 29 | 49 | 41 | 36 | 40 | available: 717

E5.23 H%EESEAFrom3k (¥4 E)

BeAk, FRATEHE P AEAE 2 > FREE B, IXFE—3K, BRI available Jf 25 1] 43K B
Elth FREE ZE10 880 1, Wi BT 2/ FREE Bk, Wakf&n T 512,
HEM hole_cnt = 6 HFURIH R XA . HHERE 5.24,
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I FREE 4,68 |502|227]207 | 215|220 216 oquire: 216
FREE £f 5350 | 10 | 29 | 49 | 41 | 36 | 40 | available: 677

!

E5.24 %E# A Fromk (# %5 hole_cnt =6 Ht)

N AR require < available, Fr LAFRATAR S 2R

K1 5.25 IR A8 K 5E hole_cnt = 5 BFAYIENL. EMILET require i J2/NT available, T
PAARZHE R

2 0 6
A FREE £k 8 |502227|207|215 220|216 equire: 436
FREE £ 1) $254 10 | 29 | 49 | 41 | 36 | 40 | available: 641

!

5.25 iEEE F From#k (%5 hole_cnt =5 i)

PR RS T hole_cnt = 4, UEATHPRAGNIE 526 7R, iXBTHAH require >available,
JRLAHZREEH . WtEsl, AU, T hole_cnt KT4AET 5 MBEHHPDICUIERH From H,

A FREE 49,68 |502|227|207 | 215|220 | 216 oquire: 651
FREE & i1 S50 10 | 29 | 49 | 41 | 36 | 40 | available: 600

!

5.26 EEEFH From#k (%5 hole_cnt =4 i)

MY g R HUR £ From 35, ImmixGC &AM R B, WRIEH RN BRI T 3
et EATTESRY) hole_cnt KT T 5, ILAREF #4843 43 M F0 5% 2 X 42 7% o)
£ 5](*) RECYCLABLE ¥ # /& FREE Yt H,

AT RFE R, RATEX BJGE T8 M7 From B, ERIEREIE T A From
P py Xt g 888 sh B H A 5L,

SO o R S B HoA B X AR SR KA, SRR R L Y B

@ FHLES: RECH B AR BE S, WIS E S,
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(opportunistic evacuation), & “AEHAR 1 R XA AR IEIE

5.6.7 B2 —3EEME

R BB AT A8 R 5, AR 200 Bl TR iC b FRECAE i Ab B . 3 FRL ) A2 o) Ak
PR 12K FH From S BLA TG 52 6 23] A B (To H), FF3FAT R4 .

IR B, W8 R B A G 5 H From BB, AR A2t B wl4RAE, ke
SH RS BAThR IO

TEPATPRICERAER, e BX R ARG, P8 H X D A9 28 () mark_table FUME B
MARKED.

XHEIE KRR —T, FRATE S BUR E Z0/NRIXT G AT ad PR SF bR iC e . X F /N
MmiE, HERE KR LK nark_table M B} MARKED 5t17 T, W2 % & E &
i TR

95 R R 2, TR EE A S HX N B mark_table, BFATA S5 HX N A2 mark_
table [W{H 1% A MARKED,

TEE AT, 25 1] From B BLAYXT R 29 &2 ] 31 To He, QR AEHS FREE R FHAE To
B2 50 v BEYCAN From H LAY T A 16 s %t 5 o A XA JF AN BB A 24F 1T RECYCLABLE Ht A
i) FREE £k .

R T BERE To i, RATRAARA . WHEul, AR GIEAER B From BT
X Z TR R B Ty o Ak B ARV EAS — e BB UR] AT, AT 2% S FREE 2ok
W AR AT W X 5. WHERHER FREE kDA T, IR AR B & i il e, PAThR
ICHERAE . XU TR AL B HE 1R

5.6.8 B3 — BIEMER

RO B AT, St NEBRI BT .

7E ImmixGC H1, 25723 LUk hy B R 7 X 4 2 06 s i i 2 BTG sh . A 1 Aol 1
AL EBIE SIS RSO, DA SR s A

R, 75 BBy B B8 R A ) mark_tableo 5 KEMMZ—F, mark_tablel[i] Y
{H & FREE. ALLOCATED. MARKED. CONSERVATIVE HL[H M{E & — 1~ H .

R mark_table[i] MY{E & FREE 5% ALLOCATED, W line[i] HLutA PRI IEN — A
XL HA R, KIGXADZogtRe s R A 1o A5R mark_table[i] {2 ALLOCATED,
M55 mark_table[i] = FREE.

& 5.27 %) T mark_table[i] FU{E S~ FREE I (1% M (a) A1 mark_table[i] FY{EH N
ALLOCATED W AYIE L (b))




116 #i5%  GChRid - B4k
mark_table[i—1] mark_table[i] mark_table[i+1] mark_table[i—1] mark_table[i] mark_table[i+1]
-

mark_table[i—1] mark_table[i] mark_table[i+1] mark_table[i—1] mark_table[i] mark_table[i+1]

B

Il MARKED
[ ALLOCATED

[ 1FREE
[F] CONSERVATIVE

mark_table FY{E

5.27 mark_table[i] B{& = FREE 5 ALLOCATED K¢

T 1Al & mark_table[i] FY{E A MARKED i MYfE AL, XAPE AL E RS 1ine [1] BMXI R 1E
XK GC AL R AATE Tk T o Ak B IRATAHE AT UOR BB A IS I B o B 3%, BT
DISREE R T — “IAEE XML E R, WHlE20F nark_table[i] = ALLOCATED.

&l 5.28 F/R ))& mark_table[i] AY{EA MARKED A A% L o

mark_table[i—1] mark_table[i] mark_table[i+1] mark_table[i—1] mark_table[i] mark_table[i+1]

=

Il MARKED
[ ALLOCATED

[ FREE
[F] CONSERVATIVE

mark_table [{{H

& 5.28 mark_table[i] B1& 4 MARKED B

TETE BRI B AT — A8 H G AE mark_table I, {HWARERIICL X4, wWEiD
FRHETEIE 2R B B B X G bR 75 A7 25 BUH o

i IATHRAE— T 24 mark_table[i] [U{H A CONSERVATIVE A (15 M. X FpiF Bk &
91—, WHE line [i-1] BAXT R A ATREW S48 T 1ine [1] MU=l TEXFMEM T,
W 1ine [i-11 AUXT AR AR TG ST 42, wh vl LUKF 1ine (1] #E47 MU R . SR, BPf
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line[i-1] HA—MEIXLR, X DXL WA ATHE S 1ine [1] AIZSIA], BT LA B AN BERSE:
line[i] #FAT MISCHFIH T o

It LAFRATTEL VA4 mark_table[i-1]. mark_table[i-1] f9{H AN J& ALLOCATED 4 /& FREE. I
mark_table[i-1] M {H J& ALLOCATED, line[i-1] HLufk n] BEA7 76 & 16 sh %t 42, X b F i1k
A8 mark_table[i] FY CONSERVATIVE [ . [fii 415K mark_table[i-1] MY {H j& FREE )15, Hf
2 line[i-1] B AWE SN L T, HATWHL AT LIS Line (1] MIFAIH T, A mark_
table[i] ) CONSERVATIVE %755 i\, FREE.

& 5.29 FI/R A& mark_table[i] AY{H A CONSERVATIVE FfAYIE 4L o

mark_table[i—1] mark_table[i] mark_table[i+1] mark_table[i—1] mark_table[i] mark_table[i+1]

. I

mark_table[i—1] mark_table[i] mark_table[i+1] mark_table[i—1] mark_table[i] mark_table[i+1]

s/ B

Il MARKED

[ ALLOCATED
[ FREE

[ ] CONSERVATIVE

mark_table F{H

E5.29 mark_table[i] #¥{& 4 CONSERVATIVE #f

XAEHE $block [k] .mark_table &H# KT ZJ5, X $block [k] KU FRIRIEMZE R T .
YT ET A BB IA T S TG BRERVERT, GC 2

5.6.9 {i=

ImmixGC e K I RHE 2GS G2 00 Ry SR 4 B B A 7 A B

FIANE DT, A FC A s FR AT O S FH 1% 2 RECYCLABLE BRI AS & FREE BXFIE . X FE—3k
SRR TN G HEAE R — N He L, R R AR R AR 2 1ok, Rl R R A AR

A —Jrm, AR R LA AR BN &, s IR SIR e . 28w B9,
BPGE 1 ANB A L ANE SIS, a2 B X B LT (19 5% B 30 o

PR, FRATHEHR T B /N 2. SXRE—3ke, SR AE RS 0 b A R B A X 52, Sk 1Y
THFERE .
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AN, PROAFRATPRAE AL ™ B A 2R M £ From B, BT RIAT DUAT R i ke ik ) it

5.6.10 HRma

75 Immix BYEGEE R, X GATEHPARAFE, B A ESRF ImmixGC BEMZATHDE
Hess e FUR N T B LR b AT HEA T B TR 4

WIERK ML —T, AT EMaL IR RIBRIC . ARLEBAT 16 B G i 4Tl REJC I ml
oo BARFRATXA LT LT R R EU, HAT0kA SO




FLtZRl, HMNEFEZRPNMETREH GC Fix. MBEELIEEFPLIXL
8%, WEEFIFAEMGIMETERE GC AU, XBAIMERERIRZ “/RF GC™ /M “IF
=l GC”

o1 RATEETE

AR, 5T GC (Conservative GC) #8192 “ANREIRINFEEF MR AT CGC7,

6.1.1 ABAIRARYIR
AHIHIHIM (ambiguous roots ) FEHISRAF 2 WE? FRATFES 1 22 rhiksd F s LS jal 42 AR

EAE
YR

 EREFEN

Y EENTHE AR o
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FRATTUATE A A Bl A A — A8 8 PR HL T A 6 T (call frame ), 38 FETIUHL If0 3 25 R AN
MRS S EIE ., AR e P IRA C IE S HLA Y int | double SXFEAYARFEHT (KK
), WHSA voids XAEMTREIT . WRR UL, I8 HIMUR e A 38 1 A AR5

AR
0xcbf10703

I 0x0fda4754

0xb7d8a6d0

0xb757eb90 S

0xb7¢7b6d0 -—
4 FH T

0xb73f6b90 GC

0x00000324

Ele6.1 EAkPrE

P HIWUR AEAE GC AR — A B0 HES], L GC ARRESUN R ST AARTR 5T, BrLAA
MUY PEAS T B AR o

6.1.2  iEEHFIAEIRETAYIR A

TEAI R IX — 20T, GC AREIRBIREHFIAESR 51, W2 ud, ABIa AR B ra
PEERA AT RERAR EE o SRMIXFE 2R, 7E GC Il o K i BLAS BHA PR 5 U s £ ik
5. RSP GC A AIITRIAR, LU “SMRREE” BORSBERIBIE £

SRR SF I GC TR A AN WA AR IS BT AT Y BEA T H

1. 2R EAHTF6GIE7 (f£ 32452 CPU MK ILT, 4 4 65453%)
2. RRRISHIEAN?
3. R RAIRH A F I K7

55 1A H 2 A CPU BRI FFR A ARy . A2k CPU & 32 (2 iy, 85 AY(E (uhk) 2t
I 4 BIAE AR CPU JE 64 ALR9TE, FREFROMEATE 8 BIMTEL IR IR O, MR
S ARRR ST o AR AR AU I, FRATA AT 5 AL 3Ry b 2 B0 T B8 5145 5 0 5%
B, ASFFE N FFRLIN A 5 5T 28 GC AR

55 2 AT H R A AN AR LA (EDR AR AR GC XTRAME. S0 T GC &AW
HERS, X RSPoBCEER . WL, I8 X R AR FHRE B E AR N . X A
T H AT T X — K
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55 3 AN IUH 2 A AU AR AN B DR AN R AR E W G Sk o HRRT DU AT/ 2 5
A ZEH) “BiBOP 57 25, 4EXR (FEberh) & BRI E K/ 5, AO0H AR 2 06 52 A (L AN S %o
BB E R/ NERL

PAEFATZE A 3 A0 H R AR AT H "o ARG AT R AN R 25k 55 (28, X
L) = ST E RS S

6.1.3  SRUIEETRYIEIS T

HETAUFRZTT GC I, B /R 2 BUAR RSB AIHE LA X R 09 Mk — R 0, X
i GC Ot IGIE TR X MEDR AR TR BE 0 XU “BURMEEH A9 ARIREE” (false pointer), UNA] 6.2
[N

i
0x00d0caf0 0x00d0caf0
(HfE) (¥5%H)
S E Y
gy
HE

N
[ ]
MIES

6.2 FRINESTEYIEIEST

PRSP GO KX “SUFRE RYARTRE” B TR AT RAHEEE", FRA XA S AIAE 48
EF SRR

I, R GC ARl — WAL MIEN T, —RBBFEE R 4, Birats
BEAEFE BT 48 10 AT R A5 TR MR B A TG s 42, W HIE AR IC . PO BAS RRB  X A Sk
JESEm AR, FLLESF T GC RN — AR FIE X 27, Xk, #Ei817 GC IR
B R —FMRSFRAS RS, B “JURTBEMAR VI B IEIR ST, RRZEI”, FrUATRMN TR R 2k )
sl G,
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6.1.4 AHERIRRIEIRLSHS

HEET AW ARIZTT GC I, TR MXT G KA RO R 2B AUE R . FT 7,
B C I FEMRRE R IPRE (ag) BT R AL, R — XL,

TSR BE MK MR R SRR E A A 15 2 P 2R BUE 2, GC Ot RE IR B R S A (B 2
RIS SEARTR S . LU CHEE 0], Frf s AR L & TR R, HERF R A
FERUAN) & SCA (R CLEIEHR B 28T, A int JERIRI0, LA Al REIERRIRBIFE 4T Y .

AN C Il AR S B AR R XA, W 8 AN W B9 B30 4544 (ambiguous data

structures ) T °

RIBFEL6.1: FABIEIRSN

1 | union{
2 long n;
3 void *ptr;

4 | } ambiguous_data;

Sy} ambiguous_data EAE, TLVE T B iERET ptr, wEEAGIEEE no Wk n
HALRE BRI AARRE”, A GC RPN R AR R .
R GEA XIS, GC AU R AR AR, B s LA (.

IESLEEFRA KT GC

Taral GC WL RTE T2 5 9 516 5 A FIREFr o AL AR AR EOR TR GC wlnT DL 2
B, W E SR B S Rl A RS GC e, BFdie AC Bk, i
T H AL PR P A S L TR 20 GC TR,

63 BEL

6.3.1 RAIEHNIFEHEEMAHAE

WA W8 B AR RS S5 M RO (E O AR B B ARIR 5T I, FRATHE 2R — 5 B AR
T3 — AN E 5 T 2 R Z A iR X GC LR AR
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6.3.2 fHIZRAIEEISEBH

BAEEBRAE R ARTE BRIy, A7 GO U BT R XT R AR VUI IS S0 & dnsk
XX RAFAEREITRER, IAEN PR RGN R FERFEE S 1Ak
SIS GFE W TS G, PRI R o o R M

6.3.3 EEB(FEARI GC HXBIR

FETCHE IEMRIR RS A h, FRATEA EABEMTH GC EHIBAESEB LM GC ik,
BB ATZ RIAESS 4 Frh b IREE . GC & IR AE R HIX R, 2R ES 3
Brasil, BRRANEAARERX 2005E, ol BEitER4 =5 7. A, FEXENE
EIgEE, WA rTRER I AN SRS ES TR 4. — HES THERE, Hiar-a
BEHEAREIM BUG,

O st oC

HEHIEC GC (Exact GC) FIPRSFE GC IEGFMI i, B EREIEMIR AR EF FIHEFE £ GC.

6.4.1 IFFRARILE

HER GC FERSF GC AR, BT REAS I IR EH FIAEFR HE Y “ IEAR AU (exact
roots ) KefhAT GC 1,

BIER AR T EARZ R, Ay kA s, Pie®e iS5 A BT
SCBR”, B DAE G AR B B 5 R O T3 5 AL SRR Y Y S .

AREP AT IR EN G RIET %, TEANEIESH "R,

6.6.2 ITiRE

D IERATIREE (tag),  H R A IR A AR LA BT - HR R S 18 1 DOk . 4T
PREEINIERI R 2, T AT RS Ui i) 2 P AR AR 1 A RS Tk

15 32 fi CPU BINEEL T, 4REFRIMEIE 4 BUNTEL, K2 fi—mE e 0, BATHA A5
o5 3 TP SR EIAY 1 ALG HTHEGE B 2R o AR TR, S R TI H ERRE B AR
a5t

FTRRZE B BRI R 7R o

¥ 3ERHA (int F) @ AH3) 115 (a << 1)
2. 3% 1 4B 45 (all)
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FIARAE RIS R B AT 75 B — 283 Ty, LA X8 (E (AR 41 FTAR 260, B EAE
TR o AR 2R Bl 1AL, ISR T, FRATEUR AL e — AR A R S T

AR XA B TAR ARG, b FAR T B AR AL R T B, Rtk TEALBRAR PP N it
Tt s, AU 5 P SAUE. itt, ABR P et R R b A8l 1 46z, B
HhR%E, B FHIR Z BT —REE T4 R B ATHRSE

FA_LATARZE AU AR S R ERAEAR IS th i 5 A B P AT HY , LR FRATTZ AT BERY 5
TR E AR R SR GO

KA AR B BT A R T AR S S, GC Bk BE EE Bt P UNHE £ AAEFR &1 T, dRie
FATHTBERT “IEFAIAR”

6.43 FIESERMEFIER

A — RO ERAE A A TR A IR AR A OCBE D 2 SRR, MEAL B P LA AR AR

HAR 0 A8 — M IE S IR B, X IERR RO TE AL PR P BLUAE S T mutator
RERA MR ER, AAJE LB AR BT GC.

AT, IR F AR R VM (REAUAL) X AR IS, A2 VM LA I R A
FAF e AAEIE R AAROR M o FRATTPRAE “ SR P o RZ A 43 —Fh % 4 Rubinius #9175 4L
HARNY, MR Tk, IS 12 5.

6.4 Rm=

B, HEF GC gAY GC A By HRPUITEE . WAL, EA
SNNERIL THIXRICTEE . GC 2, HRRASBTEHNEK.

BeAh, BRI GC BB LR S Rk O HERRC GC RERIAR PR 8 BB
AEAREE, FrRAMGERR SR R, ESMRAE, XD GBA T RERARR .

6.5 TR

HEIEERR GC I, 15 F A BR P AN GC #EAT—26 308k . Watie i, 7EQIEins
Ab B P I e 2B e GCo HEBRICLE R IR A SE BT 1, X AR S B R A 2 DU A B 4H
A LAEAR B P S BE E, HERRS GO L PRSYEX GC ORI

AN, AN IER AR AT —E B, XA AR <P GC PP RAETER]
U HATRRAS, PO ERR A TR R O R4S, SRR PR ER i, I R A b B
i PP B R PRAT I T
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65 EEHELE

AHERFRERBICH, PR GCAMNERA, B AR GC I H kK ah*)
LERIL o ORISR 7 ik 2 — e S .

6.5.1 ZHAIHSIAXTR

R ATEARSFR GC IR GC EHlE ARSI REFTLDIAHS], 2R
TEE S R AR (BN IAfR BHREEH) B, ES XA T Re 2R 45 .

fiff Rk A [ R A I i S 28 H R AW (handle ) Sfe [A] 42 s Ab FR6F 42

MEL 6.3 AT LA, MR R Z A AN . AR A — 0, e 1
]k SEF R R £ o T HL Ry ER AR 5 A4 e A8 S X SN WA B AR BB R ) X R 4R e, B
B AARTEET . WD, mutator FAEXS G, 5 A 28 B AR B R 2G| TR T
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m MostlyCopyingGC

1989 4E Joel F. Bartlett " AF 3T Y T — PMESEES GC B Rl B, 4k MostlyCopyingGC.
AL REAE AN B (AR B A8 H iz 1T GC B il Tk

6.6.1 HRE

TSI Scheme BHEAL C S MEIREF ©, Bartlent HF53H T MostlyCopyingGC, LA
EAE B SS B PREE (C 1) LA A7 AR S A W1 1 AR O LAl 00T GCo Bartlett 7Ei83CH
P, TERXFRERE T RERS SC AR T2 GC Bl TE .

fA AL, MostlyCopyingGC 2 “HETR LE AN BH B (1) MR F5 ] 19 % 52 LA SR X 2 48 52 #i 11)
GCF¥E” . Mostly 5 “RK&ER/3” MERE ., UH T, MostlyCopyingGC Hte il THIRLEAGERS 11
XFGe, B A R X RERIEA TR R GC A
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1. R B A 69 AR
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3.8 KA E

4. CPU A& 32 4%

KF ERILEERE LI =,

55 2 MATHRACIER T GC REAEEA AR I WXt 4 BLIW U B A R AR £

X IR R F AR — T8 4 050 XTI RS MostlyCopyingGC Hidi T
32 fii CPU. R T ZEAS/ NS g ] B0 2 b o) KSR, FRATHELA 32 fi7 CPU HHTHE T
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Kl 6.5 finh MostlyCopyingGC FHEZE R .
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4i%s  1|OBIECT G5 0
45 0 45 0

$current_space 1
$next_space 1

El6.5 HEZE#H

TE GC $ATHS, Bl 6.5 H11Y $current_space Fl $next_space A B TRl To U1 (To Z5[H])
Hl From BT (From 75 [] ), 45 Fl $next_space —HFEMYILE To U1, %45l $current_space —
FER U2 From T,

I, $current_space MIMH B EL B A X L IEAEM AL, 1HER 6.5, IEFEff
FHI) T 5 WEN T 16

—MBE ML T $current_space Fl $next_space & [ —H, HATE GC B X A BIEA
A

WeAh, FATE By AE A AT A Y DO B LA PR AR S i —F

o OBJECT——E /4% A 69 T
« CONTINUED—— X EAE A RHE RN, EBEEH2ATZE

KFLPLEARE, HATSAEZIER 6.6.3 TP AR
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RRIG B RN - BRI X R IR, 73 B 3h 1t 2 A AR

UARIEAEM A 5T A FFE mutator HFITFADRIA/NE R, XFREL2HCE]IX it (]

6.6),

S IEAE S Y TR Sp A NS L

45 1|OBJECT

FEAMRCI X 5

J3—J7 0, HIEAEE A TR A R/ TS R B 7 BRE, W e g R S B BT, SRS

[1]

$current_space 1
$next_space 1

e

45 1|OBJECT
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LI
LTI

E6.6 SEIK(SRRNFERE)

TETEAE 893X S8 U2 B 0BIECT ARk (8 6.7).

YIETEA I ORI HO A L

HUMBCHIR 5

4i*5 1|OBJECT

FAL, mutator 7] GEZS HIF /M ECAR I 01 K/ ZS (0] o 24 mutator BER KX RIS, ZrFcfE
SEXTREE Z AN TR TEE 2 TU ey, AR pg i —4E, WS 7E L i ik

[T

Scurrent_space 1
$next_space 1

L

$current_space 1
$next_space 1

|4+ 1 [oBieCT

[ 1] oBiECT

[T

E6.7 HEMK(HRKNMRE)

S$current_space 1
$next_space 1

OBJECT, ZRJGTESE 2 N2 )5 1K B CONTINUED Apidi. EARFEMUNE 6.8 iR,
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HUTBCAYRT S 4= 1] OBIECT 4 0 % 0

$current space 1

<£:}7 $next_space 1

[4i% 1] oBiEcT [45 1] oBiECT [4% 1[coNTINUED]

[ ] HEEE

E6.8 HEKRXIH

6.6.4 new_obj()
THALIRA T L= NE, SREE SR IIE

RELEE6.2: new_obj() R

1 | new_obj(size){

2 while(size > $free_size)
3 $free_size = 0

4 add_pages (byte_to_page_num(size))
5

6 obj = $free

7 obj.size = size

8

9 if (size < PAGE_SIZE)

10 $free_size -= size

11 $free += size

12 else

13 $free_size = 0

14

15 return obj

16 | }

FATHAL B XT G KN (O 1545 new_obj O BREL (FUIHIE IR 6.2) 155 1 1S40,

TES 2 AT IR B 2 R 28 it $free_size JE IR FF PR K/NEY . U1K $free_size /N T
mutator IR R/ (size), IB4 add_pages () BRBUM 2/ ECHTAYIL, ¥ KRIFIK/N . A5,
BT L) A WAL 18 25 add_pages () BRI, X TIXeR%, RANTSEHE TR 6.6.5 T4
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KEUH

W6 AT R R $free TR MM RANTF L . FRATH obj BEE L $free-

559 AT M A size J& 75 /N T T K/ (PAGE_SIZE). 4 size /N T I K/NAF, M2 M
$free_size MIET IR I size WIMH, BIE $free $5 M NI HE .

WR mutator HIE R K /NI TUR/N, IEAAHE $free_size IH 0. XAE—K, X5HE
AP B B E A CONTINUED UL T o MATAARREHEXT 443 Bl 1% B 4 CONTINUED fY 0T W7
RANSTERTN 6.6.8 15 h K F U,

6.6.5 add_pages() R

T HEFRAIKE — T 7 5EH B 0L 11 add_pages () PREL. XA~ PREUETE new_obj () PREL
PR A FH ) PR

RABEH6.3: add_pages() EH

1 | add_pages (page_num){

2 if ($allocated_page_num + page_num >= HEAP_PAGE_NUM/2)
3 mostly_copying()

4 return

5

6 first_free_page = find_free_pages(page_num)
7

8 if (first_free_page == NULL)

9 allocation_fail()

10

11 if ($next_space != $current_space)

12 enqueue(first_free_page, $to_space_queue)
13

14 allocate_pages(first_free_page, page_num)
15 | }

7t add_pages () PR (fCHDIE B 6.3) v, KB il TUEUVE I S50

92 1T 4 s 28 i $allocated_page_num HIRAFHIMAEIETE M Y 1%k, UKo, HEAP_
PAGE_NUM "RAFEHEF 0 008 WAL B “IEAE 0T + WA IB N TT > B0 —2F"
HEOL, WFRF 22U H mostly_copying ) PR%L, HUHiE1T GCo

55 6 AT WJE M £ind_free_pages() PREL, TEHEN T-4K page_num Ui 1Y 3% 22 19 25 UL,
XA PR IR TR 1) BT & A0 23 T (AN SR 28 DU 220 1R 3% U4 1) 13k 1 00) 48 4. an
SR MBS NULL B35, 4R R

ME 4T GC B Hl X 2 iF, S T new_obj O PRL, 4 7E GC H A X 4> add_
pages ) BREL. 734k, S5 11 ATHISM RATE GC AN,
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TEZIG A 1247, 418 GC Hfi arBe iy UUi% 4% |- $to_space_queue. 4 GC HUATHT, 7EiX
Hi%EH: I $to_space_queue M ILEHE HAE To 11,
5 14 AT/ERIFLE ] find_free_pages () PR FI 125 VU] allocate_pages () BREL,

SEPRIT BT
7558 6.4: allocate_pages() Bl
1 | allocate_pages(first_free_page, page_num){
2 $free_page = first_free_page
3 $free = first_free_page
4 $free_size = page_num*PAGE_SIZE
5 $allocated_page_num += page_num
6
7 set_space_type(first_free_page, $next_space)
8 set_allocate_type(first_free_page, OBJECT)
9
10 while(--page_num > 0)
11 $free_page = next_page($free_page)
12 set_space_type($free_page, $next_space)
13 set_allocate_type($free_page, CONTINUED)
14
15 $free_page = next_page($free_page)
16 | }

allocate_pages () PREL (fUHDIE L 6.4) Y445 ] 25 TURYHE ST F1 20 BC Y DU HTIE S 40

TE45 717 1 set_space_type () BRECHE B 19 25 DU 4 5 1% B A $next_space MIMH. 1
BOEUL, HEAE GCH, XMt &S 8F BUE To 1. AL, 755 8 4718 H set_allocate_
type () PRALZS DUK'E | OBJECT britio

5510 1T PR HAE 2 BE ) TUBCR T45 T 2 BIBMEA 2. 55 11 1719 next_space () PR%K
FHAR 9 FAE S B 5T R — A0

6.6.6 GCHITIIIE

KTMEAE, RECEHA T —EMN T . AT HEATHEAEVE—T MostlyCopyingGC
HPA T It TR

Kl 6.9 R & GC I IR RTHEFPIR A . X B $current_space Fil $next_space 1 {H & 4H
A o

R L IR ST 4R GCo B Y85 $next_space MIH TG 8., — H GC FHFIHIAT,
M $current_space {H (4’5 ) MR IUELE From b1, R $next_space {EARRIH TIRIE To Ui,
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$next_space HIfH, Bl 2.
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A ARG B AR S THLAJS T T To ST R B TR RE R B0 T, X
g DAY (B2 30 50 5T T D W 2l S il ik 250 AR5, &8 Ui 9 5 23 BB 0E N $next_
space. WHLEYL, XA DIHEM To UL,
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i
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[ 455 2 [JoiecT [ 45 2] JosiECT % 0
AN (EAluE
A/ Y c/ D
B X E
OBJECT Gir's 0 Gir's 0

CLL]
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$current_space 1
$next_space 2

6.12 E#WEHZE

W To TR ITA X REHIEERIG, GCETR T . XT3 $current_space MIfH
WE N $next_space MIMEH. HIE 6.13 AI%I, $current_space Fl $next_space MIEIE—HE

[ 4= 2 ToBsECT [ 4% 2 [JosmEcT e
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A/ Y C/
B X E
OBJECT 45 0 % 0
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$current_space 2
$next_space 2

E6.13 GC&XE
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BT L e R 4, T AR 23 IO AN B3O SR BT S | R S8 . 38 Hm i F, anR
FIT A ) o B A MRS XS 5, T84 0 1 b SRS BE B [mliic

XA AT DA 3 R R/ NS Rk AR N, R4 BV BT A X S AR 51
B, FRATHAREIES R BE R (. AL AR TTAR/NT , BN vTEEL, 3RS BCR GC T
B o BT LK DU B Al KN R AR OGN . PR SCmk U ek, I as R AR I
BB K/NTE 512 F5

6.6.7 mostly _copying() FE&
MB2IATREF GC LI

R 7GiEH6.5: mostly_copying() EEL

1 | mostly_copying(){

2 $free_size = 0

3 $allocated_page_num = 0

4 $next_space = ($current_space + 1) % N
5

6 for(r : $roots)

7 promote_page (obj_to_page (*r))

8

9 while(is_empty($to_space_queue) == FALSE)
10 page_scan(dequeue ($to_space_queue))
11

12 $current_space = $next_space

13 | }

mostly_copying() PR (A% R 6.5) & W4T MostlyCopyingGC M PR %L, © /2 HH add_
pages O PREL (AT B 6.3) T .

RS 247, A T A R 613 From SURY/p kB2, 4 GC IFIRIY From vt FLAY 432
R/NBEH 06

TESS 417, B $next_space 4T3 . H T k%2 $next_space FUHfE Ui th, 7EXT $next_
space HEATHY AT, FRATTOAZTH H 2 N LR

AN, MostlyCopyingGC AN B AL A GC M ZE A4S LAY T 9% 5 3 o, A 6.13 A 41,
DTN 1 B, SIS T RESARIR AL, Ak, H o N AEE A LA L
BEERIE 2, DAORIE R 45 G 25 BUA e ME— 0 25, B2 )P BB TR 45 B 1N $next_
space M1 5T FIHLAL ) BT

TEER 6 ATANER 747, W OR B A MRS TR R TUE T, obj_to_page () PRALKE XS TTE
S, R BXZ AT, T promote_page () PREL, FRATKAE FIAINY 6.6.8 AT
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55 9 AT 10 4T /2 X To SUE X RIF X G347 Hil 4L . BR 2 CONTINUED Ui, A1)
To TI#R#EFLR] T $to_space_queue. FRATHFH—A>—PHuHUE £ IE 4 page_scan() FREL,

6.6.8 promote_page() HE

promote_page () FRAL (fLHLIE L 6.6) S K HIVES B TOE T pREL. AR HIES B0 1L
xR 724000, A s p— g2 STt

R#BEH6.6: promote_page() EEEL
1 | promote_page (page){

if (is_page_to_heap(page) == TRUE &&
space_type(page) == $current_space &&
allocate_type(page) == OBJECT)

promote_continued_page (next_page(page))

set_space_type(page, $next_space)

© 00 N O O W N

$allocated_page_num++

-
o

enqueue (page, $to_space_queue)

e
-
()

Ny
%
NN

T 34T AR A AT DR A IV ES R SUR TR LU T A4

« REERA
ﬁ \=4

1% 5 /& & F2 $current _space 18 F)
* W% % A OBJECT 4% &

1E5% 6 17 H] promote_continued_page () PREL, HFH/G MM UL, TN AL FRAK 4L WAL
Y 5 6.7 JTR .

REG;FH6.7: promote_continued_page() BE£L
1 | promote_continued_page (page){
while(space_type(page) == $current_space &&
allocate_type(page) == CONTINUED)
set_space_type(page, $next_space)
$allocated_page_num++

page = next_page(page)

N o o0 W N

}
e 8 1TEI%E 1017, Tt page, iEHH $to_space_queues

B2 AT AR 34T R A HAE S BN W 9 5 & M $current_space, VA KIERHE T
CONTINUED friic WS ME, WIFVESER B XGRS T 24001, XA HEH ST

137



138 e RSP GC

1 6.6.4 17, AT X AW 4> ECH] CONTINUED UL, o Rk /e T10 A% 75 #A 6.7 (5 4
PRI 6 470 WRTANTAIHEX L3 B CONTINUED 0L, ABAXSuifr il fiels 2ot i,
CONTINUED UL/ F —/N UL RE x5 & CONTINUED Frik, ARG E T, 1ok, A
5 CONTINUED % U1 N 238 $to_space_queue f 1T enqueue (), Tk page_scan() PREIA 2
B . Uk, BIEEFRATHEXT 4 43 Fl 2 CONTINUED UL, XX R S il

6.6.9 page_scan()#HE

AR LA MAR G R RA { 38 TS, T HEgZE S To SURMX R FXR T,
page_scan() PR (A5 1 6.8) &l i mostly_copying () PRELIE I AY PREL, XA~ PR
BB To TUE NS

K AEH6.8: page_scan() &l
1 | page_scan(to_page){

2 for(obj : objects_in_page(to_page))
3 for(child : children(obj))

4 *xchild = copy(*child)

5|}

XA PR TR T HLBIT AT X 0 T SRS copy O PR, FFHHEX RN B BHAREL
5 HARZS (8] Lk o

6.6.10 copy() R
copy () FRAL (fRI i 0 6.9) 445 HIRH G TE B4

REBFEH6.9: copy() L

1 | copy(obj){

2 if (space_type(obj_to_page(obj)) == $next_space)
3 return obj

4

5 if (obj.fieldl != COPIED)

6 to = new_obj(obj.size)

7 copy_data(to, obj, obj.size)
8 obj.fieldl = COPIED

9 obj.field2 = to

10

11 return obj.field2

12 |

TER 2 AR AL R obj M TR To T WK obj £E To BUHL, AR, Wi
FLAZR ]
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TEER 5 AR A ORI A R 5e e . WEREHISEHE, WIAES 11 473R [7] forwarding 155 .
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He ok HELR I HARZS WA Hbdk, copy O PREICERZE R T .

6.6.11 (i fNfR=

Ui MostlyCopyingGC UMM, BB RETEIR ST GC BATH] GC Ik . Wwit2ii,
il MostlyCopyingGC BYIE, M8 B HAMK GC Z AL ML .
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6.7.1 IEFHRVEIRIRAITRAEL

TEFREHBOBE BRI B, BRE DR W7 DA 35 B0 G RO L8 7 08 G ) R/ B AR B G E 2L
HARRYE, E2AT T LI,

1. X
2. FFF T

HAERRN FTAWTT, APNERBMRILSE T, Mgy 6C AR “ &
IR, AR R BSE T,
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El6.14 ELLIAFIHEIR

6.7.2 EFHE

i 44 S S, PR U — R R T R R A MR A4 B . XA R A RS R
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mutator JGik 5| FHE A AR M L X4, e id, QAR BAE 7 X R b bk i 4R &,
e H e “AERE", A AR R,

FATIE GC ARl - ERRFE P mark O PRECE A G AR L S BE, HARAS At
iy 8 6.10 TR,

RADEE6.10: mark() FEL
mark (obj){
if ($heap_start <= obj && obj <= $heap_end)
if (!is_used_object(obj))
obj.next = $blacklist
$blacklist = obj
else
if (obj.mark == FALSE)
obj.mark = TRUE
for(child : children(obj))
mark (xchild)

=
= O © 00 N O U > W N =

}

WERVES R GOEAE R, ABA%E 3171 is_used_object O PREIZTIRIAIEL
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BeAh, GC PRI A R ST, W2, 7Efnichr Biis 2 EEE Ak & plic S 1E
BB L
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RO ENTRE/N, WBATXER, B LLRESENS HE Y 0 42 il e e IR PR EE

6.7.4 {KaF0fRes
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7.1.2  FHERTRIMEFAIR

A3 AR W TS R X G2 A3 2 LR, EEXER RN AR AR F B GC 5k, FRATTHE AN AR A%
X GRR BT G, BI5E — i AF I 6 G MFR B AR 4

ASTTES, AR G A 2 A8 s 3 . AR FRATT RO BB A AR L AT GC 2B
AREWE? BT 51RO AN SEAR T, 4 AT RS4R3 sh X & 148 E (0 GC FRid -
HREIERARICE B GC ML), Bk, WRRE LIt E, 3 GC Lt
[i] W i S BB .

TA TR ST GC FRAFAAR GC (minor GC ). minor 753X AR EUE /NG
B GC RRTH IR B A AR R BAF G Tk, GC FERII I N RAS R T

T35, B GO T — 5 BB AE AT G YR B AR Sk Ab 3, FRATTHE
RAU TR A AR 5 B T AR AR G 1 LR R 35 T (promotion) Y,

R A AT GARME B A b 3, BT DAFRAT TS ARAR XS S0 D AT GC RYMIR . AT T8
AR GC, FRATH: M ) E AT 20 GC R EFAL GC (major GC ).

FEX A — ST B, I8 oA b 3 SO i B SR AT GCo FRATT AT ZHE B A
ZHI A EEAR LA SR, SRR S IR A L I ROR

W2, AR ISR JE IR GC ARIE - W R A GC & kI 97— R AL 3R AT
VEPRI TS, IR e B R S AR — I

T2 KR FE A David Ungar #F 58 HOR A9 GC & I 572 A0 434 R s 3% [mT i i 74
FHUGE Ik

m Ungar B9 5341 1% B4

7.2.1 RIS

£ Ungar B3Rk ey, HERSSH WKL 7.1 s, FATEILTHZRAH 4 250, 7
S A ] 2 AR IMEEER R EAS I LS AEAES ], JF20 5] $new_start . $survivorl_
start. $survivor2_start. $old_start X 4 NEEGIHENIIFL . AT AERLZS BIFI=E
eI RSy /W TRAcy Avied TIPS RE SR AW B S 2 o e < A =X it [T N e Y AW - 1 B 2 o LT e
ARSI, Ungar FEIRSCHEA BEAS 0] . SEAF2S 0] DL BB AR M R/ N il i T 140K
T 28K AT 940K FHY

ICARFRAT T &t — D FHEAR R AL, FROMIC S SE (remembered set), N $rs.

O A s —Fhid /e Z 4L (tenuring ).
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$new _start
= Ssurvivorl_start
—= $survivor2_start
— $old_start

Azl S As] BARRAS ]

Az )
E71 ML

A s AN & B T R A, R AR SO R RS ], MR AT A LR S ] . Y AR
X[ 1 e, B AR GC i A g, # AR s [ b A TS Sh Xk R 2, X ER GC &
BN EM, HARzS AR SRS,

2 SRS A GC SIS B From Z5[H] | To 28 ARG, FeAI4s HAIHIH P R—A~,
TERRPATHEN GC BymHEE, WE3hxF Rt S Z TP ) — DA M HL, PR IRATH E7E
PR A7 25 [BIVE R From SEAFASIA], KA i FH Y B A7 25 [BI/E R To SA743 [H] .

A AR GC B2 il A i s [ B X 4. Wk & ud, Az s [ A From = A7 25 [1]

X A2 (8] LS s X R B S R i 2 To Arzs B L. Xt EH A GG,
A M —Z BB AR GO AETE FORIXT A S8 21, e Su & 6 3% 4F
Az %
Ungar B0k % B, B 6C R B 7.2 iR o
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X\

1 ° R
D:g'—'—' [TT1
A s ] From=Ef725[8] TosEAff-45 1]
) YY |
L] [T T
A s ] TosEA723 A From=EA7-25[H]

T ol VY
T
A s ] From3Ef725 6] TosEAF4s (]

E7.2 Ungari o CHR EY & K GC R EE

TEPATH AN GC A — iU ZE T, AR A T 0% 18 3 R AR A2 ) 317 A= AU
IS BRI RA R PR A A A W5, dnl fEReaF ARG NI, BR
T GC AR, FRATIL T B M AFACAS T A5 T /AR (AR — R B 2304 ) SR AL P

ﬁﬂ el ]
anlnE

s ) AR

F H

E7.3 NEER=EFIAFERTE
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AR [T R DI s e SO 33 [ e %y B A B AR AR R & B, LR 408 GC e
LRt . A FIEBMNEFXIRATI, 4P R ERAET R ITA N G, Xk
RRHEIE T A QLI I e 3 o

P FATA R ANE 7.1 P (%] —— i k8o L REABRIC R MBS R 2B AR
PR ZHGI e XA A GC IRt IR EAFUERI IT A X R, Hld g Ric s
KRB MBI G EAXITRGTIH . RTICRE, AT T O RE AN o

M2, LB ER GC 3B TR X RAC B A 8] 5, st AT 24 GC T,
ZARC GO Bt axEry Ty, R R T RAES 2 a4l /i GCARid - BRIk

7.2.2 igRE&E

ISR T R0t TR B AR R B ARG BAOoRYE, 78410 6
PRI SRR R (BAR—FERAR YY), FFREATIR, RUABUR B AR AR M 45 £

AARIA TR TR HARA R (BTG, I ALEX XX R T H T (&
SRR BRI, BRSBTS L IR G (BB ARARR 50 BB EE 10 284001, 1B K 7.4,

IR

N {EE
A
A A 1) EARAEE ]

@ x5 A

LR
R Joik HHR

S JEL
T [T
A A
A ) AR

E7.4 RT3 AMNBERYRIIERE

AR IO AR, AT R A SRR GC XS, PUTHIAM GCJE, A EFHAL
A XAARE T IHRATICEIL B B 5T HArd ARS8 A IEHNTER 7.4 1, g5
EHBA T B R B SIH TR A” X —fFE.
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Wik, fElsRERAZICRG I AR R, MRICR A SIS, &k, &
T REE i IC AL R R I SRR G, BEME TES B BARK G, FRf A 51X R AY
FEF O I A br s e 1o

iR

L)
A
BT B

@ X IDOE W
0

:[ A AR £

[L}°
A A
B B

E7.5 igXTEZHSI AR RE

LSRR AR F R A E R/ MR AR S . A D ICE R AR M X R AR
M4, BATZE AL FE RIS RARIE? LT 2 F — T I RENH 5 A
BE” T

7.2.3 BARE

FEor B, O TR R R BN R R R, FATHHS ABRRE (write barrier ),
1€ mutator XS &2 R FREFEE, BABEREATT 8B, write_barrier() PRELN
DA AR T B 7.1 P o XS pRACERER 3 25 p B update_ptr () PRAETE 58 A W)
AT B T SR T
REGFHR7.1: write_barrier() B

1 | write_barrier(obj, field, new_obj){
2 if (obj >= $old_start && new_obj < $old_start && obj.remembered == FALSE)

3 $rs[$rs_index] = obj

4 $rs_index++
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obj.remembered = TRUE

5
6
7 *field = new_obj
8|1}
ZH obj SRR IMTIHIIR L, obj WAFEZHFTHIIEE, 1 field FRAYILE obj MAYHL,
new_obj JETESR FT BB N 51 HARAIRT A

TR 2 AT A LU 3 ki

o KRR et R R SRR

o J5AT BTG H 5] A H B AR RO R A H AR R

« ARG R R A TR ZAHITEI T EE P

X BB A S5 AR B, obj SR IC SR ECSRET T,
%5 3 17H) $rs_index EH THrC FXZ KT

57 AT AT RO R 5 .

7.2.4 IR
£ Ungar (40 R B BT, X2 1 330 sk T A0 A 3 R R R /N2 4h, A LR

iz /ﬁ’flil JBN O

. Xﬂ'%fl’]#’ﬁ“( age )
28 280947 E (forwarded )
Zwit R EIRF T EAFE ( remembered )

age 7N U JE X G B A AR GC P A7 36 T Sk B9 UL, 33X A G R e — 7 OBk (AGE
MAX), XSt Y BB AR S AR ] . FRATTHE GC BB A GC bRl - R4 B AW
# it forwarded, X EHMEMZ LAY, HAREHIRET (k2 ZHIAHFEIX R r9PrE . X HAY
remembered W—4F, JEHRP IR M ICRETEZICENIRE. Al remembered HH T &4
X4, age Fl forwarded H A FH AR £ .

Ak, B GC E R Lk, FEX BRI EEHEH forwarding 8% 7 forwarding ?a -
FIH obj.field1, M obj.forwarding Vil obj.fieldl, MU KFEELB/ LR T, XMI
EIRIRATTTESS 4 T 5 =rh A A i rk—+

Ungar 150 Ch7 3% B F 26T ) 25 A an il 7.6 s .
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age
—— remembered

F forwarded

% i)
B 7.6 I&Ery&EM
7.25 9
SRR A AT o PATATELHY new_obj O PRELUMCASIE HL 7.2 iR o

REGEEA7.2: new_obj() B

1 | new_obj(size){

2 if ($new_free + size >= $survivoril_start)
3 minor_gc ()

4 if ($new_free + size >= $survivorl_start)
5 allocation_fail()

6

7 obj = $new_free

8 $new_free += size

9 obj.age = 0

10 obj.forwarded = FALSE

11 obj.remembered = FALSE

12 obj.size = size

13 return obj

14 | }

X B SrBCF GC B A A LR AR — 4 . At iX LY $new_free JE 4 ) Ak LA [H]
0F3 8= SR S U =57

RS 2 AT A A A S (] R R B ATAE size K/ EL . QnRBEA B8 K/ANE 438,
MPAT A GCo R TEPATH AR GC I, W] LUK 230 A 2R e as (8], B DL R 2T 5
(RN R T HE s TR RIS, 3 o BE 43 Be 3 A s 1)

Ty D5, AREE K TR s (R A AT G AR I U 2 0 Be AR . Ao BV A B 40 Tic 20 26 s
], EATEA A B BB TE R BARARAS ], I, R3S 5 53 T 3 L AR s ) 58K Y
AU AR — DT T

557 AT A 8 ATIIME AN GC EHI LI new_obj O FREL—AHE, #P/EN $new_free 1
3l size K/I,
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MAEE 9 17215 12 47T 0 =X R R iR AL A o
7.2.6 FHEKGC

A S T O g S R, B AR GO i Ja B, PUATIX IR AE Y 72 minor _ge () BRAL.
minor_gc () PRELH TTHUHT A AC 2 (W] h A % S X5 i ] To =g A72s R ARARAS ], FRATT5E
K H#E— T 7E minor_gc (O PRECH P TR TIHRAIER copy O PREL

REGFHRT.3: copy() HHL

1 | copy(obj){

2 if (obj.forwarded == FALSE)

3 if (obj.age < AGE_MAX)

4 copy_data($to_survivor_free, obj, obj.size)
5 obj.forwarded = TRUE

6 obj.forwarding = $to_survivor_free
7 $to_survivor_free.age++

8 $to_survivor_free += obj.size

9 for(child : children(obj))

10 *child = copy(*child)

11 else

12 promote (obj)

13

14 return obj.forwarding

15 |}

TRESTE R 7.3 BRI ERIRA TR SR 4 B4R 210 copy O pRERILIIR . HEAESE 2 174
obj JEM U EMISEEE, WM AERIERE, WAESS 3 FTAAXT R AR . 2R obj.age < AGE_
MAX MEL, WHURULANRE RN SRR, I ARTES 4 17215 8 Tk as AR HAnas ]
AT, SRIGTESE 9 FTAEE 10 fTI RO LA 4 TR HIMXI S, HEHIH X5,

F—T51, 2 obj MIAFIYIAE] AGE_MAX H, I3Eid promote () PRELIMATH FHHRAE .

iR E H HArxI 4, Bl obj.forwarding, XHE copy () PREUELAS R T o

IAFRMTEE T UE, PATE FHRER promote () PRECANCHL I B 7.4 PR,

REG;FEE7.4. promote() HEL
1 | promote(obj){
new_obj = allocate_in_old(obj)
if (new_obj == NULL)
major_gc()
new_obj = allocate_in_old(obj)

if (new_obj == NULL)

N o o W N

allocation_fail()
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11
12
13
14
15
16
17
18

7.2 Ungar 94317 3% [m1li

obj.forwarding = new_obj
obj.forwarded = TRUE

for(child : children(new_obj))
if (xchild < $old_start)
$rs[$rs_index] = new_obj
$rs_index++
new_obj.remembered = TRUE
return

}

AT AT ot — X R0 BE 212 AU ] BB AE , AN TR LA RO A X RO B

AARZSAIHARRS IR E] T AGE_MAX FUXTA” . 7F promote () PRELH, B4K obj JEme EH THIWXTS

FAETEA 2 AT AER 3 ATIHARETE obj RHFRI ARSI L. WERARE, B2 3h

ZAA GC AR BLEAF A A e, WERICIE R B, B A3 Bl s R PR 3T
TEEAEGC A T GC FRil - WHBREAIE, T AR 2 478155 7 47 GC FRid - T BRIAIE Y
oy PLAh F S A AR [R]

Wk obj REZHERNZAFAUAS M HL, B2 mEAESH O 7 MIER 10 71 # forwarding 45§ L K&

forwarded #Ris, FRJFAESS 13 ATIHA obj BT A 15 FFT AU R4 5. WR obj A IXHE
s, BETESS 14 17 15 1785 new_obj LR ENCRE . 10iC 4 PR OB L 2k
AT —K

FIH copy O PREHNATHIAEIL GC ) minor_gc ) PRECUMASIE L 7.5 FIiR o

RAZiER75: MEKGC

© 00 N O 0o W N

e e o
g W N =, O

minor_gc(){
$to_survivor_free = $to_survivor_start
for(r : $roots)
if (*r < $old_start)

*r = copy (*r)

i=0
while(i < $rs_index)
has_new_obj = FALSE
for(child : children($rs([i]))
if (*child < $old_start)
*child = copy(*child)
if (*child < $old_start)
has_new_obj = TRUE
if (has_new_obj == FALSE)

151
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16 $rs[i] .remembered = FALSE

17 $rs_index--

18 swap($rs[i], $rs[$rs_index])

19 else

20 i++

21

22 swap ($from_survivor_start, $to_survivor_start)
23 | +

BARA L, A IFAZARME

E AR 2 1743 To SEA72S (Rl 4y 3

SRIG , RS 3ATENEE 5 475 il R MARFR 2 A A= AR 42

e, TE5E 7TATHEE 20 FTH R IC SR ETIC RN L $rs 1], AT FXF R E HIHRAE.
DR TN BAEART G5 | A AR AR G AT B

ERRERYIPSe et =R TP R SaiVi e TRE Y hwend K] IS 7Y A RELS - ) o P A Y Aviend |5 £ S =1
il I AT SR TE R AE A ], B 480% E h FALSE 1Y has_new_obj hRaiE A TRUE.

FEREFATRIES 15 170, WRFREA FALSE, WIS $rs (4] #EE 28 A 48
AW T . XFES T, RATES 16 172128 18 1K X Ao &R Mic e 52 MR .

R AESS 22 474 From SEFFE2S [ A To SEAFAS 1A B4, HrAE1C GCtasd T,

BAAC GC AT I RN 7.7 PR

wal e -

A iz (] AP B

e

imoRdE

[ -
A D'

1 I
B’ c't

E7.7 #HERGC
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_

FEZERHETELD?

BERN GC ERIEEE=B"%5 R From =B To =&, RIME From =EERITREBIE
mE, BRREICENWME To=@EEEX. FEE Ungar I AIIREIRE, To #EF=ELY
A From S=F=ELUAREMRTEFRYENNR . From =EFEZEMEFZTERRA/NE To =
FEX, LUARENGRES, To ZFZTEAREETHTEN].

AREXMBRE, RZEDRECEFATEAFAEFNEFRTE. S8, MRMERE
XFpiES, SR EMAIT RSk .

ARMER ELBEARNNRRLD, MUXFEHAERNTR, REHLEFEIIHMEX
TRIFERIET .

7.2.71 ZEBEFEHKGC

KT EBHER GO, XEBEHARHETR, HINTZATN A IEAT BT GC T T,

AL AR GC X G —— AR ] HR AR HE 2N, an R FRATTHEZ AR GC LA T
GC E Mk, RERHIR A [ B8 8/, i DI RIS,

Ungar B8 SCHAEZAFAR GC R HE] T GC Frid - IERRE L,

7.3 [

HEILEEINE

REMGAFLRRM I X—ENBRERET 2R, A&l TR EEE O .
PUEAMENCARTRE, BT GO FUR NI A AR G Y iR 5, I — SR A RE IS A I a] b BT FE .

Fead R, PO ZARAR GC I B A AR XE S g I A4 28 AR A0 RAAT I, I A L3 AR AR
GC ARG . Aid, 7EZd R GO TS THAY R R A s [ 2 1, Z24RER GC
EASPHTT. NI, ZAER GC TR Z R AR GC K.

LRaoRAE, B, W] LGS GC B AE 9% A I E] (Fr bt ), IE 4 Ungar
UL AREE . “HE g W], ARSI AL B8 A IR GC B M SAE Y 1/4.7 W] W ARBIK
MEVEIEE VN | TR0 € S g

Jy—J5 i, AR GCAR BRI ], T DAFRATT B2 4 4 mutator 1Y 5 KB AFRT [H] . O
T AR mISOR AUk mutator S KRBT RN T4k, BATTREAE 7.7 18 RN 41
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7.4 B

TR ERPSIEIRIER

IREXGARLLRI L XNENETE O SRR, IFAE T AR . 55R,
MR EAFHRAMNBRFFBARE . XA R PRI I, Aites ™ A2 LT AN AR

o AR GCHT LA e uF 1A 38 %
o XHE K GCHEEAT

BRI, RAFATBEE A B AR S A, s BRI R T, SR
E.

MH, BABFESBERSIMHRR T ki . B 258 AR GC Ak iR $2 THECR
KT BN BES S i RN, AR 3 DA REAS S M R 45 A T . XA RN R
ANIRSEE S ARKIR MO BEA 2B, sE BN n] RE Sl 2 SR X AR 50 T AT
SR AL B4

| 7.5 EEERTACL R baEs

Ungar 970 AL TR il 0 s S AL sk AR A 5 LT o SRITTEANIE s oL F
N T HHACF A NGB R, R GIHBXT RSN T 11T RN
[ FHRCR AN B AR T .

HEAh, APRAACZ ISR S, b2 i B sk 4R i Hh A IR RS

TEX IR EN A —DEE RN TTE .

7.5.1 +EHtric

Paul R. Wilson Fl Thomas G. Moher JF & T —F /£ A #Ric (card marking) (975 1% 122,

TEXA T, Eo it AR A (a4 BAR S5 B R/Nr BTk, 3 SR A — a3 1]
AR R wCHEE], KA MEERNN 128 F45. 54, FATEZ RGN AR —A
SHXS LR AR AL, IR AR A BRI £ A (mark table) HEATE B, 3 KZ ML — T A
T3 2 B AR AR IC R N 2

PR SRS A N B AR R BB RO RS I, SR kS ) 0T s
BIR R BCEARENL, XTHRAE ] DUE S S AR E . B X Rk R R, WA

Al
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Fric 4%
L vl | ]
KR
E, SNE
| |CEp | O
HEARES ] ZAER =

E7.8 FH#rd

GC BF £ FHR A7 B M . HIRBIBE TAREAL 1R A if, S R 7R L JF iR S 4R 45 1m)
BAERA RIS . Xt R A frid.

KA ARG B — KA R 2 e A ROR N AEZS (0], o RS 128 4715 (1024 1) BT A AR
23 [ R — MR HWERRIC, FTLAEE I (bit table) HFFEEZARACAS ] 171024 123 [H] .
W2, FRATHEZ MR B BFRESHY 0.1% KN NFZS R T .

AN, Jeie AR A [l m g R s [ R 5 DB A35 i, #A84 & A Bl SR TR Tk
AL

T, XAINERA A, AR R R IC ks i E TR Z A, AT REst &
TEA R R BAE SR R A i ] o R A 7 Jmy A7 A6 DA AR AR 23 [l 1) 2R AR s Tl iy 5 | R,
R A rie A e L EER

7.5.2 TAERIC

VFZ 08 S LAV SR AT BN AF 25 1A, DR 2RAE R R AR R 7 0 ot i 32
HFEEERN, FATHAERS 2 OS BIHE Y .

— . mutator XJHEN BYFE—TURIPEAT S ALRAE, OS Wi B UL A JUE A BRI, 3
AT I AR I i B 5 AR AL (dirty bit).

KRG R RFCEN, MARIC (page marking) F MDA 2534 TUTH H S ARG

WA E SRR G
e IVJ IVg u
1 2
IEE” BEEE
i IT3- im Em
[TTT e [T

e vl AR )

7.9 TUHE#HRIE
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SR, FEAZFTA OS #F H AT X Mttty . AT ABEA ] DU H SRS A1 OS HEA 1
— Rk, BRI R DIRE

AR, SRLE mutator PUTEERR PRI ZFERSHAES A, Y mutator 5 A ZFLL
23[RV, SE A S AL FRAG I HE X A . TR SR AL BRI R, FIR RARic—E, e
BEE 5 KSR LT X R A

G CPU BN, ST/, A R AT—HeR A K/ R 4K 75,

XA R HGE T RE A A 0L S AR S A SCRE A A R DI RE R AR . Si Ak, BRI
ARSI 7 P A X o A T B S AERE, BT DABR T ZEAE R T B AR S )48 ) i 2R A2 1] 1Y
SURRE, FEICABAS O N R 28 R i, &1 7.9 3 2 AT & — A+

7.6 BEZEcE

I ARBIIRTWCRE X 553 R A AR AR AR SR N EARGE TR AR AR &2,
%ﬂ?f%@ﬁﬂ%i(ﬁﬁﬁ’]fi&ﬂLlﬁ(E’JHTllﬂ o

ETXAMEI, RETRESMEB N 3 R4 REALE? XSRS T2l E—
FOXT BRASER TR /D T 9 S A7 ik it U A E 2240 dsr 35 [l i (Multi-generational GC ),

i ; \ WL
[T

. ‘- i

1 [ I

B2 ] 5 AR ) EoRY vl E vt
B 7.10 43k 4KRHE94 KRB E U

EXADTES, BT EREMNIR—R2ZHN, BRERAE —N e # % XAt #E Hid sk
AL X i HAR 5 .

IHRECE L, XA W R LS Rk, BT A AN i i S BRI 1 B e AR
POE 8

{HEFRATEA RS BRI A . R, B2 BB EE AR AR /N T, 53X
FE— SR ZIB R B AR L T, 8548 b by 3 RIISCAE 2% A6 ek ) sl ke B 1 1
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LGARE, LA -LMURERRIE At Rl 2 A 3 AUREAFR Y,

7.7 EEISTAE[

B ZE B3 I (Train GC) J& A Richard L. Hudson £ J. Eliot B. Moss & By )7k 231, & &
AT AEHARRIR B A HZAE GC TR MEE, TR HIZ AR GC s Rl g K o
AT 2 T B AL, KRR RE S I N R A Se kDL PR A

7.7.1 RIS

1) 2y g TR o 2 AR AR A T B — 2 R/ y B R4 R 28 (DR R 42 B, 1
A DA b ) A TR 3% 8 B R P PR B 4 o SR A R 3R IR R R . 1 IREAEAR GO
LU HIPER GC X4,

BN RV ZE AR H L™ AR T W T T 495, BAHEH: . AR DL AN IUT
EHR GC W41,

UEAh, FRATTEE R 25 5 ZE R4S ZE e A e SR A o 9 e 1 SR LT SR A S ok 1 LA g 42 1y
UM, ERIRIE SR g SR Rk A A — 51 42 i S =R 5 R

2 b W I e A AN 1 7,11 R o

FUERASRI | S 1Y B 1-1 1
oA jidE JitdE
I 1-1 I 1-2
G171 .
A 2-1
pZIESY)
A 3-1 i 3-2 HIH 3-3
G143 - .
Fe R vt AR [H]

E7.11 RN
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B B AN GO R R M A AU (A1 T, FRATTZE 0 o A7 B9 42 sl =S B 4R,
B X R LA P HL o 4% 22 R HL A9 73 B B D — AN I S i A S [RIAFAE Y . Wt e i,
FATEX AT GC IF, WA T GC Al Tk Y I 2

e A GC 45 m, LIZHAT B 4EN GC T o AT E 4R GO IF, TF Sk F AT 3k
FIRJE GCHIX R, TEE4EMR CCHATIE, BIAIRLEAE N GC X R A 4 B A R/T 1 B3,
I AFRAT PR X S AR o =S R B, DA AT T — OB E 1R G

UEAR, FNZESR I B X R S5 FITE Ungar 9501 Rsr 35 IR B R S A 6 G 480 54— 38

7.7.2 #FHERKGC

FTEACES [ TG, B AR GC T IRIaAT T BRI GC 2 EMREEE B AR5
FUHBHAAT R R R M L L . BT —ERB R PITE RN copy O PREUE.

REBFEEHT.6: copy() ERE

1 | copy(obj, to_car){

2 if (obj.forwarded == FALSE)

3 if(to_car.free + obj.size >= to_car.start + CAR_SIZE)
4 to_car = new_car(to_car)

5 copy_data(to_car.free, obj, obj.size)
6 obj.forwarding = to_car.free

7 obj.forwarded = TRUE

8 to_car.free += obj.size

9 for(child : children(obj.forwarding))
10 *child = copy(*child, to_car)

11

12 return obj.forwarding

13|}

copy O PRI X4 obj I B HAR 4 to_car M-, X T to_car ATSTE T
I minor_gc () PRAUN R ULH]

AN 2 74 obj 2R BRI, WM REZ S 525, Wi E i Z B HEL obj
AR to_car MArHE, WIERPIRIN, BINERT obj B3, #Eil i new_car () PRECK
to_car HEBE WA L, DIE—1#1Y to_car.

new_car () PRECE 25 B 4 RE L B T S 800 4 car WIS T, KB car &I 4
—Wis %, A, Y new_car O BREHYSHECH NULL I, sL7E 8 4R A4S 18] B Y 42 T A9 B s T
P b1 24, B W — 5 AR BB A1 4

TEES SATHIEE 8 47, 42 obj, FFIE forwarding 5145

TES 9 AT AR 1017, REHERERXIE, FFEH TR, X BAH Ungar B9/ UH %
AR AR
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M2, FATEEARE to_car HWE? KFEF— T minor_gc () PRECKSUIF 1o minor_

gc O BB DN AR AT 51 7.7 Fim

RAEGFEE7.7: minor_ge() BEEL

1

© 0 N O O W N

e
N = O

=

minor_gc(){
to_car = new_car(NULL)
for(r : $roots)
if (*r < $old_start)

*r = copy(*r, to_car)

for (remembered_obj : $young_rs)
for(child : children(*remembered_obj))
if (*child < $old_start)
to_car = get_last_car(obj_to_car (*remembered_obj))

*child = copy(xchild, to_car)

}

HETESE 2 TS — AWM, K EMEN to_car. RIGTES 317815 5 17 E HlH £
(] AR 5 PR 42
PR A, A 7T AT 1 AT R A B IE SR 4E $young_rs, B Hfil#TA0as ] rh

AR i EARAR A A5 X 4. XY to_car AIRMIFESE 3 47215 5 70Tk A7 10 & il 454
ANTAl. 7 BLIRATTHE & B FH A X 4 *remembered_obj T & 81 4 i fie i — 17 42 &N to_
caro AL, 55 10471 obj_to_car () BRELZIIRINIZEL obj FTEIY A, get_last_car() M
2RI B car PR A 40 B Ja— 17 420K

KB o3

WRAEEE 74750 11 AT i8R, BA SRR QP HER] 1 R — s 42 . X AES
Bl H H R R S P RRATSTE 7.7.6 1t T i
TEFN AR S SR, B AR GO s BL s 7.12 s .
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) i , [1TT] [1TT]
EE [T [T
v el R

l
B AR s 1] AR

D

[1TT] [TT] [1TT]
LI

%
iﬁg.j ZEJ3-1

E7.12 FIELMREWEHNFERGC

7.7.3 ZBEEFEHKGC

AT R AR GC Z )5, ATHEHITEEN GC.

ZAEAR GC VIR A0 3k SRAE R GC X420, fEX BLIRNTEAE N GC X4 4
N $from_car. TERRRPATESEN GC B, HiT¥ $from_car HLAYIE X5 & il 2] H A
AR, R TR $from_car.

G ZE R I EL Y major_ge () PRETANICIS S L 7.8 FR o

REBFEER7.8: major_ge() EH
1 | major_gc(O{

2 has_root_reference = FALSE

3 to_car = new_car (NULL)

4 for(r : $roots)

5 if(is_in_from_train(*r) == TRUE)
6 has_root_reference = TRUE

7 if (is_in_from_car (*r))

8

*r = copy(*r, to_car)

9

10 if (has_root_reference == FALSE && is_empty(train_rs($from_car)) == TRUE)
11 reclaim_train($from_car)

12 return
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14 scan_rs(train_rs($from_car))
15 scan_rs(car_rs($from_car))
16 add_to_freelist($from_car)
17 $from_car = $from_car.next
18 | }

T AETES 2 47 has_root_reference X MAF fEMA{E N FALSE, X J&— ek, FRL
$from_car H 3k MFI LB GAIEMRM LI H . FATSLES 10 77 HBIX Mrk.

R ORI 3ATHER — WS B A RER to_car.

SRIG, FESE 4 1T515E 8 170 $from_car M ATA MARS X REREZ HIE] to_car HL 2,

TN, RATEEAESR 5 7P A & 5 X4 *r J2 5 IR $from_car 1E [ —i5 4 L.
WER AN E, SR has_root_reference W AE N TRUE.

10478 if AR A “LL $from_car kWS ER B A KA TREIH, A
AN ISR IR NS o YA AR ER 1k 5 ZE i 5 T, 2 il B4 BLY
XTGR9 42 LR X g | FHISE, 565 10 A7 A A 25 SR s L, sy gl vl Dot e
G ZE—JF s, P I ESCERAE A SR 258 11 1719 reclaim_train() PREL. XA~ BRECK: LA
$from_car kI E IR $free_list, NN EMFH L EREN T —1 $from_
caro KA —JF I A L AN Bl 7.13 FiR

$from_car Flzlzﬁ
[*Dj | EDDE |
1
11 I:l:‘ 12 AR 1-3

$free_list \

NULL

.

$from_car

[TT]
$free list f ‘ ‘
[TT]
[T

B 7.13 %5 E—FHEKERER
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TES 14 4758 1517, i scan_rs ) PREUITIIITEER $from_car BIF EHiC kDL L4
FRfIC RS, &l $from_car XIS, FHEEIEHRANIKE —T scan_rs() PREUIE,

RAD;EE7.9: scan_rs() B

1 | scan_rs(rs){

2 for (remembered_obj : rs)

3 for(child : *remembered_obj)

4 if (is_in_from_car(xchild) == TRUE)

5 to_car = get_last_car(obj_to_car(*remembered_obj))
6 *child = copy(*child, to_car)

713

55 4 1T FPRTH A R T 280010 SR 2E rs IWITE remembered_obj M T X4 child & & 7F
$from_car M.

$from_car WX R WG H 2] to_car. BLHTHY to_car & & 5 HIAI X4 & 91 4 i
RKEBER . IR to_car 2N PR X4, MBAFNTMHEE = LM, MRINE 11
AL 1-1 AIE SR NS D020 AN ] 7.14 FEL 7.15 P

$from_car $from_car
R 1-1 . FEI 1-2
K| HI# 1 ! |
[TTe] LIl @
IR 2-1 7RI 2-2

542

E7.14 #ERINEIWIZRE

$from_car [T14 $from_car [TT]
IR 1-1 D:l IR 1-2 ZEIR 1-1 R 1-2
1]
R 2-1 FEIR 2-2 B 2-1 FIR 2-2
5% 2 H C1 31l %2 H ; O
11O F=L T =

E7.15 #EZFER1-1H0ERE
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PEFRATHR IR S VE 5 7.8, FE56 17 471U $from_car, TEZ 18 11K $from_car.next 1EH
T—> $from_car.
7.7.4  BSNREE
FetE Ungar A9 RIS A5 AR B, 31 4 b 35 [mT i v 8 55 A B B R A 0 2 — 45 o

REGEE7.10: write_barrier() &#{

1 | write_barrier(obj, field, new_obj){

2 if (obj >= $old_start)

3 if (new_obj < $old_start)

4 add(obj, $young_rs)

5 else

6 src_car = obj_to_car(obj)

7 dest_car = obj_to_car(new_obj)

8 if (src_car.train_num > dest_car.train_num)
9 add(obj, train_rs(dest_car))

10 else if(src_car.car_num > dest_car.car_num)
11 add(obj, car_rs(dest_car))

12

13 *field = new_obj

14 | }

SV g e, FRATHE A& S AT 4 obg IC %3 Tl Erh, (HFZMREHOR
RGN0 %5

T OETESE 2 114 obj BAZR BT S . IR obj AN S, ML EH B Il
FhCRER T,

SRIGTESS 3 4TI 5 | A HARXT S new_obj B ARSI AEMX L. WHZ, #ZH obj i
S EF A Rl sk AR

JUES new_obj BTG, A obj 0 new_obj AR IRy o e I - ¢
i HIE R ILSE objo src_car. dest_car S TAMH, ATE B85 & 5 R4 & ) 4
i, JEF TR E S M BRI E 4R, W2 dest_car FTE IS AL T src_car FTJERY
SIGETTA, AR & BT EIXT 4 obj 15k F dest_car ATJ@ A4 iE sk, ansf
dest_car VT src_car AT, APAFRATHIC AT IHIINS obj i05#%) src_car MTICRET,

e EORHR

KTHAFRR M ENNE, REEEA ARG #7514 535 B R 7l %
Rhdsk 7N ST R (B %) BT 48 (B0 42) W5, 3R 0 s N HT T 4 8 3 /5 1 40
I XA A

B ZORAE AR GC B ZE R e B 5 1 L B 4 g 3 RO 5 Sk B JRIFE R GC R XT 42,
FF LS ZARAR GC T IRIATIY, HARRIA AR GC X R R S 4 1
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WHCRUL, ERITEAFAC GC I, RZH R A TR A GC X R 4 55
BB TR LA T, DR B R A Rt 1

XAk, B ABRBEEICRE BIC RN, i I8 A g 0 B A A 5 T
XTI R I MG R RR KRR, MR T/ 20 R AR5

i%HEh-----------------

iCREMHLE
EL EHAIERIEI A write_barrier O RERINABITE T — M@k, BARREZEE
ICRERH THER.
MRFERZEICRER T, MOBHARTHER GC RBF=HMENTE, EFRRMREH
T,

B—HH, FEFATEYS, WRENERE C NICRE# 7z EADE? %R C ~—
BT FN GC HWREM. MEB(IEEXSER C #1117 GC, thwiiE & C siEAIZIZENZERM
Xt CHISIA. Lo, FENCRESH, MUERICREMFTENN BRI FERBINEIR.

RECHREH TRERE L ERBHFH 7 ZWE (BHRERSIBHAEREK) IR . XIS
SRR AR, BIRINIT GC #EENHAITEFIRIE.

AT EXCHEXNEFIRIE LAATE), BB 1ML, BBMERMEEER C #5E GC 33
SKAPCEZINE . XELEGRABRET —ER, TIEREIEM C PASHUREIENR
17 GC lefmid Ik, FrLA—FFasiRIENTT GC AJREEE IS LE .,

EIX ML IR BEEARR EAIME, FRUARBHHAFFRT

7.75 s

A Ungar 19 70X 52 35 [0 Wi oA AR 3R 1) — 5 9 20 Az 38 1l e 468 1A 2 28 4R AR GC T fm 1
mutator I R P[] o 332 PR 20 AR [T s B A 2 AR AU )X A LEBOR A ME S A T
ZAE GO X R . MIAEF R Imch, — AR GC RV ARER /N — 873 (B 420
M GCHIXTR, NI EERELH A5 AR GC BT MY mutator B KB FEISTE] T o

[l s e LV e ZN: ALNEEIN D P NGB S S e S S (e 5 kW 1 K =5 e J LI a1 )
RE I 5 22 e (i3 HLL AL 42 M) IO R B ASr 38, J PRT D 910 4 5 3 ml e 2 08 EL AR 5 | A %
GEAAE R —E % L W RRE ML — FTEZ AN GC RIS to_car B, 7EF 1]
Belnlierb, FRATIR A A 7 4124 2 i B R R AR 5 B R R ZEHEAE IR — 35 %2 1o X h
—k, EEEPITEAFCGC WFET, Fra BRI R 2 W e HER [ — 51 4 L
PR ATT L RE A D 451 4
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ARFATBA B B RIX S B AR 17, Sl TR 4 B P8 225 i) 52
Bk, W U AR e, AU GO XS AR R I — BT GC T .
TERFANTAAEE— T 7.16(a) X EERTAREL .

To 45 [A] From %5 [A]
@ A B ct
$heap[0] Sheap[1] $heap[2] $heap[3]
@ 4R GO
To &5 [H] From %5 [H]
©) | A7 B C T
< it ac
To #5[H] From %5 [H]
(© A B’ C ?

7.16 BEIZTEEFEEPITEENRGC

XA B CIE M TR B . FEHRZS T, R ATH: $heap[1] /4 From =5 1],
H $heap[0] 15 To Z3 (], LAMORIATZ 25 WS M50k, S5 R fmug?

BIR A ARIERL, Ak RO E RIS T, B L2 Bl 25 180 30 G i &2 i 2
heap[0] 2. [FIFE, B. CM&spidliiy &2 it 2.

PBOXRE, TERER IO RAERS S ROy, TR 2223 ) 52 i 5 AR 2 28 o B i)
XFRREHATE 3R, BT LA E AR AT GC, m&(ﬂiﬂl&(ﬁﬁﬁﬁiﬁ;&o

7.7.6 EReS

FES) 2 By 3 PN AT 5 A BRI P AR A AN, B LGAE Ungar 0940 AR 3% M 3R
AP AR G, PIAE Ak & T, 0 ZE 4 300 TS L Ungar A9 43ARA 3 T 22 — 2

AIEJEXEE . SEFR b minor_gc ) PREIHI major_gc O PRELAI DA A MR K IFEBE,
AR A 2 R L AR R IR G o 942 B IR TSOR: DL X ERINT— S AR AT 1Y

AR AR A S, A F AR RIS, T2 L HER A A A R R AR
X[ LA HE o BR A 45 57 % DSOS [R] 9 7 7 R AT GCo
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1SR O (Incremental GC ) 2—MilEidiE i i ik B Sk #=H) mutator £
KE=TEGE.

ldoy H!’ 3&,

""l'

U %" Qﬁ 2
Y s
9 Saep by Seep

N (2 2 E=t iR Eg

EH Y GCABIREE, —H GC AT, AifZ A mutator FEBEHIT T, XEHA
M, WEbRB, GCARRMEFS TIEN, TREEH - FFEKER, F19 mutator X4
ERAEBBE R FEVEN T o FoA RS X RE A T7E BT I 3 75 mutator 584045 (HIBATHY GC M fE 45
1B GC Y, (5 IR R GC R E A 8.1 iR

mutator -------------o

E8.1 ELEGCH=EE

(D HeiEJy Stop-The-World-GC, Bl “5 11l i $hA7 19 GC™
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AR (mutator) BOFLERIR, AL GC R B Anf)

R AATTAR S 7 b 0 32 (RSO A o 5 o 35 (incremental ) IX ANl “1818 & =284k
MR, e Mg F—F, 8988 RO GC R mutator — 555 8 BT 19 F k.
S T B P 8.2 B

E 8.2 MEXIFOWKKRERE
TEAR FE TP AT PR 2 g 1 g 5 by S T ie i) = R dais

8.1.1 =@&frcEiE

AR 3 ) SRR B R AT T S O A, B2 Edsger W. Dijkstra 58 A2 H
1) = AhRIC L (Tri-color marking) !, JBIA4 B, S NEEEEF GC HgXT R 3% IS H 1Y
TR O3 B =, 3K = 6 R 5 A R LA R R o

s GE: TR EINTER
'R@:ﬁﬁﬁ?%ﬁ%
c BE . BMEZRYITR

FATLL GCARIC - WEBRE 2 0 1) R PR e ] — T

GC HFIRIBATRIFNA XN R AR F 6, GC—TFIRIZTT, A MARBER] IR X AR 2 b
i, RJEHERMRE . GC HERM T XHMXY LR, HBRAERTEN, Ikt gm
T IRAEXTR

REOX RPN AR PG, PR R SBIR K G T B 50 SRR
JRAARE, XMZ SRR

B GCHRMNEBNFAEKEOMNE T, W ReFARE, SRy HE,

BB = EARCT R MRS . A — U B IRA TR, BB TR BB GXT R AR @ X
Z, A BN Gk BUE AR (S50 P A ARk R R X R AKX R AT B ).
TEIX REATRIEXT R AL, EAMRHIEX R =B ORI B DXRE AR
oL, BWEMFABE, XEEARYE AL A E T AE

BEAl, BB PR I RFZ TR, A = Opric Bk S A EER T GC
PRI - W BRGNS RERH T AR AR GC Frik.
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8.1.2  GCtwic —iFREZERSE

M2, AR GC ARl - W BRI kI s tr & g e ?
W GC AR - IWERTE T 2 LU =4 Br B,

o BRI
o AR

o FHIRHE

FATIEAR A R B B RE ELAE AR 5 | -T2 IR UK (. TEARICBT Be A FRK (X 52, B 3L
TRIRAIR IR, EREE R KO IR R, TEIE R BN A 4R dE, B ) §i%
PR NEESR, B REXNZAREA,

AT — L FH — T PTG 5 IR DY incremental_ge () PRACIE

REL;EES.1: incremental_go() B EL
1 | incremental_gc(){

case $gc_phase

when GC_ROOT_SCAN
root_scan_phase ()

when GC_MARK
incremental_mark_phase ()

else

incremental_sweep_phase()

}

© 0 N O U W N

HETES 2 KA AL i $gc_phase, FIWIN izt AWEABY B o

24 $gc_phase N GC_ROOT_SCAN i, HEAMRAE LI B, ERERBP, TATHE BN
MG ZAT Ehril, BB, REAR B RAE GC I iE T —Ik . KT i#
AR, RATHAE 8.1.3 T T UL .

MR A B B4 RS, incremental_gc () PRALL 15 — B V%, mutator 2 IR IT 1R 2
7o ¥ T AR IRIMAT incremental _gc () PRELHS S iE Abnic BBt fEFRIC By B b 2 08 H 3
incremental_mark_phase () PRAL. X/~ MARICHR th B AR X 4, Y#ERfEdEAT
—EWEE , mutator ZSFRKIFIRIZTT . ARG ARG, ERWRICHENZNT, PRCkBolas Rl 1.
ZIEH GC SEENEBRIT B T TS IES% 8.1.4 15,

TEWEBRB Bit 21738 5 . incremental _sweep_phase () PREUAS J&— ML FREE N HE,
MERR ERE—E M, R H GC, FRRGETT mutator, HEIHIES % 8.1.6 17,

B, TATE GCARIC — W BRFEIESAT T4 b3, SUE XKLL IR REAR 2 A b S 3
A e, S PO BCA IR AT
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8.1.3 iREHMER
AR B . VB AR FR IR root _scan_phase () PRELANFCASTE R 8.2 i/ .

7EE8.2: root_scan_phase() E#l

1 | root_scan_phase(){

2 for(r : $roots)

3 mark (xr)

4 $gc_phase = GC_MARK
5|2

TESE 2 ATFNEE 347, XTAE i MR R 2N X% 2 08 H mark () PREL. mark () PRELAYDHACHD
AARAS I 5 8.3 FIr .

RAELFEEB.3: mark() FEL
1 | mark(obj){

2 if (obj.mark == FALSE)

3 obj.mark = TRUE

4 push(obj, $mark_stack)
5|1}

MRS obj AT HARIC, IR R0 AR F HERIRR IR . 3 BT 9 obj i F
(3R BOR G IR, 7 F— 5 IR PRI B, 8 LI T mark ) BRAL

SR AT AT B MR FH I G20 i T IR G, KRR B BE S 3R T mutator 24k
ST

AN, X $gc_phase 25 T GC_MARK. AR, F—IK GC M2k ARFICHE: .

8.1.4 twCHER
FEARASTE B 8.1 LAY incremental mark_phase () PRELUN AL L 8.4 Fi7R .

RAG;EH8.4: incremental_mark_phase() &%l
1 | incremental_mark_phase () {
for(i : 1..MARK_MAX)
if (is_empty($mark_stack) == FALSE)
obj = pop($mark_stack)
for(child : children(obj))
mark (*child)
else

for(r : $roots)

© 00 N O O W N

mark (xr)
while(is_empty($mark_stack) == FALSE)
obj = pop($mark_stack)

=
= O

169
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12 for(child : children(obj))
13 mark (*child)

14

15 $gc_phase = GC_SWEEP

16 $sweeping = $heap_start

17 return

18 | }

TESE 34T 6 17, MARICHRIUE XTI 4, B H X R OK &, B — R I ERAEAT
MARK_MAX K. TEiXH “MARK_MAX X7 J2 8 sl o A2 —UEHRIrA RO 4, T HAb s —
TN, RIFEE CC, FIRITEPUT mutator, XHE—, SLREZRST mutator R KB (52T [H]

55 8 ATEINS 13 AT R R Z bR iC B BeAT EA T AL 3, FEaxX HUE TR i RE AR 5 | A% 42
PR GC 23k B AR 51 EEHT, T Aok 35 Ak B FH ke o X3 Y BT I o 3 L AR AT
TR ZBEARICHE SN 4, T HES 3 mutator BRI [ I, 45 15 AT A 16 1700 &K
HEATE BR B B e TAE

KATHRIEHMIE — T hRichr B WERAEAR I BO 15, T84 FHR AT mutator 23 &£
fFaZEm? HEK 8.3,

A A A

Al
e
CT—[ 11 T[T T
(a) (b) (c)

E 8.3 EINXHEAIREER

&l 8.3(a) A& NI WIS Aric B BES PR, A BRI, B WU K (L, T DA T ok sk
PN B AT R T o EX BIRATARZL AT mutator M,

&l 8.3(b) J& mutator #LM A 4517 B A5 B MM A 4817 C ZJ5 AR, SRS FMNER A
B 4510 C 51, BU Tl 8.3(c) iIXHE,

M4, XA R EF I Ehric b Bess KA A7 B IRARKEXNS, SR
JE R T A, SRS C RTINS, BIPHIASX BT R, XERNOEHRT
AME—F50 C MBI A T .

BAX L GC FRIC - IEREEIA TS &, FRIF 2 B S 0 “Aridistie . —
B AEARICEIN , w23 U T B B B g 0 IS 2ok G 3 i 8 R i) ]

FEIX HLIRAT I L7 5] 8.3(c), RN J5t A 78 MR (% 2 48 1) (1 e iy 48 4 o — B
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N
Fm
I%
i
S
=

PHERXMR ST, TS A SR
N TP IERAEXAEO, TR S fe 5 G B T —SeAb B, RIS 7 R A 4
BB OGS T

8.1.5 BARE

SR B T ATRRE, T FAE R R T A 2 T AR,
el KA — F Edsger W. Dijkstra 8 ABE A0 ATRBE, SER QAL 8.5 B5 151,

R#G;E%8.5: DikstrafIBNFRRE
1 | write_barrier(obj, field, newobj){
if (newobj.mark == FALSE)
newobj.mark = TRUE
push(newobj, $mark_stack)

*field = newobj

}

N oo s W N

AR BT A X 5 newobj BEAHARIC, 2 WUHs HbRIC /5 HERIARiCAR L. B )il i,
W2R newobj /& HEXER, WAL TIRMUK A,
N HELEFRATRE AT E XA S A B FOR B 1 8.3 thRYbRICEIR I, 1 K] 8.4,

A A \
= Bl e
ClA—{ 1] [T4—[T1] CT1 [

(a) (®) (©)

E 8.4 DijkstratiS N\ Rk

HRZEEE 8.4(0)o ATLAFE R, XEALCE M A $51H B IHEE BN T A 4510 C,
B C NHETRT KT,

R 7E mutator BT 15 B 8.4(c) H, WBAT ™ A RS G248 18] AR R 8951
PR R TN TR B 1k T hRicistle .

8.1.6 EI&MER

MPricAR MR, GC S HEATEBRIY B, 1EFRF B b AR B B2 fai 5, anf B i 5 8.6
iR o

B 171
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REGiEHE8.6: incremental_sweep_phase() &l

1

© 00 N O b W N

e e
N oo o W N e, O

incremental_sweep_phase(){
swept_count = 0
while(swept_count < SWEEP_MAX)
if ($sweeping < $heap_end)
if ($sweeping.mark == TRUE)
$sweeping.mark = FALSE
else
$sweeping.next = $free_list
$free_list = $sweeping

$free_size += $sweeping.size

$sweeping += $sweeping.size
swept_count++

else
$gc_phase = GC_ROOT_SCAN

return

FAT IR X2 2 Fob i LAY sweep_phase O RREUH B33l 1 T I, mib s AR A T

incremental_sweep_phase () PREL,

SR BYF, Z RO AT AR LR AL BRARIC O X SO R R S IR BER, BUH CARICHY

XFR PR ENL o

SR, DT AR —E AR X RS TIE R AT, W Z S B swept _count XK IL
SR EL I BRI Z i B, Y swept_count >= SWEEP_
mutator, HEHERIIEIREHENT, K $gc_phase XA GC_ROOT_SCAN, %53 GC.

8.1.7 i

Sk LAY AR A5 1R Y GG ARIC — Y BRIAIE Th B BC B AT A R

X

RAELFE8.7: newobj() EEL

© 00 N O 0O W N

=
= O

newobj(size){

if ($free_size < HEAP_SIZE * GC_THRESHOLD)

incremental_gc ()

chunk = pickup_chunk(size, $free_list)

if (chunk != NULL)
chunk.size = size

$free_size -= size

if ($gc_phase == GC_SWEEP && $sweeping <= chunk)

chunk.mark = TRUE

MAX I, 45T BR B B, R AT
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return chunk
else
allocation_fail()

}

BCAES 2 TR ) B, AR AR e $free_size DT —F B9 (HEAP_SIZE

Y GC_THRESHOLD %), #i#i4T GC.

IR GC JRAE PR B S5 A A B o JRT,  PROASE R CRIR DO D GC By,

J L H K incremental_gc () PR, JrERIGEASIHIM . PIAE Pk, FA1%
SRR Ok, R GC AL,

% 5471 pickup_chunk () BRECHH THE RS WEER, RITK/DNKRTET size B8,

RELILICTHIE, ZeRBAES 2 Fhd i B .

TESTHC 10 R OL T, T ORTESE 7 77 BE A RETK/N, 1256 8 £1X] $free_size it

T size R/NAYIBHEE . UERAEX HUEH XA 73 8RR [B] mutator SEIERE T .

TEVG BR BT Be i BEAT X I B 00 &, MRS X BE X B B AR RN, ENTA T BE

GO s, PTESE 9 17 & BUAE GC A A #EATEBRBI B, H. chunk 7EA7EE I FR 52
EER S L, ASR chunk 7ECVEBROE SRS B L, A AT AKE B . A0SR chunk 76304 B4
RSS2 (0] L, AR 10 47 MBS B AR AL

DX PP E LT AL B ] an & 8.5(a) FNIE] 8.5(b) AT/ o
WRAEARASTE B 8.7 MU 5 AT I REAT I /e, AXBCal eIl 1

2 HRA
“ —

chunk
TR oE B 25 ] [
Ssweeping
N
() I
chunk
TR oE B 25 ] [
$sweeping

E 8.5 FERMEHEISE
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8.2 b

8.2.1 #RIERAXEEATE

AR I R IO S — 384T GC, 12 A mutator 8E5IBATHY, PRI 2K 0] 35 1%
F| mutator FJIiZ1 T,
e Ay % PNGE S IR LR 42 i A ke, B A A4 A e R AR ) ) o, FHRR o

8.2.2 [HETEHMIE

WUGIATIESE 7 Fop BT udiRke, REHRIE A GRS, ataigmasb . 7e Rk
i B, AT A RE A G A GC I TR AR 5 AR ety SR i A i, (HAEs 5K GC
AR T o ROAFRATAY F A RE ST SR 4 R i KR P, B AR 2 0 — 2 A B s
HOER

WIRTRTIR, EES R AT, RO I I A e A R S 1]
Attt es Bl X R— IR R . BT EEM—Tr, WIZARIE IR P i

m Steele B8

TEX AT KRENH—TF 1975 451 Guy L. Steele, Jr. ¥ & 5 PY AN g (i
I E ABFBEEL L Dijkstra (95 ABERE KA 4%, EREI/D GC HAEFIRPRICHINT S .

8.3.1 mark() &

Steele AU TP A mark () PRECAN Dijkstra BB E TP mark () PRECH BEARTR, TEAEICH
TR 8.8,
RAEDEE 8.8: mark() EEL

1 | mark(obj){
2 if (obj.mark == FALSE)

3 push(obj, $mark_stack)

4|}

AR R 8.8 MCHS I B 8.3 MY AR Z AL 7E T, 7E X Ge3fe LRI AR iC K I i BE AT A i
objo TERXMHIEH, 7EMARICAR G X R A i B bR A . iR, X EA K6

XFG e “HEEAR AR A A BB RS AL X", BEXTRE B8 TSR R,
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8.3.2 BAFE
Steele [45 AR (9 P ACHD LR A 35 20 8.9 /2%
RALBEB.9: SteclelIBENREE

1 | write_barrier(obj, field, newobj){
if ($gc_phase == GC_MARK &&
obj.mark == TRUE && newobj.mark == FALSE)
obj.mark = FALSE

push(obj, $mark_stack)

*field = newobj

}

0w N o o W N

4 $gc_phase == GC_MARK. obj.mark == TRUE H newobj.mark == FALSE i}, ¥ obj.
mark W E N FALSE, 1 obj HEFRBIFRICAR L o il 2ii, W RAER DB & ha HX 4
SRR, FHnys B BARX SO IR A A6, IR AFNTHHE & 5 A R4 BUK 6,

IERADREIN T, X ANE AREZGOIRY IE it . & & 8.6,

A \ \
BEQB¥QE%

[ 13— C—{ 1]

@ (b) ©

E 8.6 SteeleIENFRE

HIEITT AL, B AGERETER] 8.6(a) BIIE] 8.6(b) T RHE THEH, %5 A BB T K, 45
8.6 (c) T ANAAAE MBS G248 0] (1 B S 048 5L, AN 23t IR TE Sl 6 S b 10 35t e 14
RBT S

Steele )5 ABEBEAH L Dijkstra 95 ABFRERCUL, if WA IR 2™ 4% — 20, i,
LEIVECE PN s JINE P N e L

SRS — D7 D, FRICAT G AR ks BRI 254k o 28017, 8] 8.6(a) LAY SR (AXTR A 1E
Kl 8.6(c) AR T Ko, Wt RUl, WE A PHRERT . FEXERANBOEEE RS A
ZHI C AR T B, XA YIRAHE RS A B, ghICEX C #TFRIE T o

1M Dijkstra 195 A Gt LANAIWE? 7 Dijkstra 15 AFRRE, PHE &N CIRRT
TR, FrLLBEE 2 ST 4 C Ol T, RPN TR, SR BT 4 C LI C
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FUHB AB RIS RAR T F K
Steele )55 A B B it i FRIARIC S ORISR ICBIXS G, MTBI 1k 1 DR G 22 1 1
PHR B e A o

| 8.4 EETEES

T IR ATEE N R R AL 1990 437 K — JF & AR P B NS A BB A
2, WFRR PR GC” (Snapshot GC)o X2 X AL EIE LL GC T I XL [ 5| OC &R
(snapshot) AERIEIAT GC 1Y, ik, RIGAHEM T, 78 GC TR ENE%, R GC
FEUR B A5 B A GC ATt B g A B A X 42 o

8.4.1 #twicHIER
VRS T O FRE I B AN U T B 8.10 FTR o

RAEB588.10: incremental_mark_phase() &L
incremental_mark_phase(){
for(i : 1..MARK_MAX)
if (is_empty($mark_stack) == FALSE)
obj = pop($mark_stack)
for(child : children(obj))
mark (*xchild)

else
$gc_phase = GC_SWEEP
$sweeping = $heap_start

return

= e
= O ©OW 00 N O O W N =

}

FRIC B Beal A A0 BE L ACRD W B 8.4 AR A, TEAIRAYT D, AT BRI BT A
FEFAE R . RO SIE NG T LA GC TFRRI AT RIAI 51 56 R M RN T GC” X
T JE ]

TEARIC B B BT B9 MR BB RAE GC IF IR I BZ 2O B R BTG . R, 83
GC IR AF R R F g, It R X D RO RTEFRC B Belbnic se 5 17, FrABAT AL 2
MBI EARICE o X —Rlt nl LU FAMBZEST GC b B AL 2

8.42 MEBWRIBOHEBNRIIEH

75 8.1.4 R B ATHLE 130 i 5 A B REA By 1k A R G4 ) B R AR T, AR
TR NGB BIHREE , S AR B LA VA R GO G4 1l FEXTR IV TEE. A
A A RE NG £ 47 50 35 (el W7 B 2 A X AN S0 A DO B iR A S R R T A
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GC I ar i £ B 3% Bl G X T s Y

TGS, A BEAT Wb B A AR BT AR IC S B FARXTR 1o Rl AR a7 ARG
XEAR I HOXRATEE, HZRE T GC IR ET, A5 B AR H O Rt
SHARIC

FEIAR RO BRI A1 DL E N5 BEFATATER . F8 M X R — 2 MBR, winl e
ERE GC TR TR S R T o PIAE R M B A SRR L, MW BRAE ) 0 52 48 £ i 220E
Fr—SERFIR AL

8...3 BAFE
R O B S AR R D AR AR A 3 2 8,11 T
REGEES11: FROSNRRE

1 | write_barrier(obj, field, newobj){

oldobj = *field

if (gc_phase == GC_MARK && oldobj.mark == FALSE)
oldobj.mark = TRUE
push(oldobj, $mark_stack)

*field = newobj

}

0 N O O W N

GRS AR, 4 GC i#E ABIFRICBT B H oldobj WA bRICHT, MIARIC oldobj,
IER FLHE SRR HL

WHEBE, LEARIC B b AR AR 5 BT A oldob] SEFEXTER, BRI IR UK€

N EIRA A A WAl AN AR R B 1E A 8.3 bR id s 1A 8.7,

A A A

O
Lo = N = ]
a1 =1 [0 [

(@) (b) (c)
8.7 HEXHIBNRE
TEE 8.7(b) # R 2K 8.7(c) BB E ABEBEAE TVEH, B8 C IR T K, X

—RHLB Ik T C RIpRICHE
HRFER, HAET I 8.7(b) XA BT E R T ARG G5 0 H AR fEr . Ny
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M B E C RSN TRk, Frlmikmys A Be e X AR 2 R AT Rk AL 3], A2
M B 1] C R EHBOMERIS, C A 28R UK A

8.4.4 EC

TEGRR L, S BCAnfIS s B 8.12 B o

RAEGFH8.12: newobj() T
1 | newobj(size){
if ($free_size < HEAP_SIZE * GC_THRESHOLD)

incremental_gc()

if (chunk !'= NULL)

2
3
4
5 chunk = pickup_chunk(size, $free_list)
6
7 chunk.size = size

8

$free_size -= size
9 if ($gc_phase == GC_MARK)
10 chunk.mark = TRUE
11 else if($gc_phase == GC_SWEEP && $sweeping <= chunk)
12 chunk.mark = TRUE
13 return chunk
14
15 else
16 allocation_fail()
17 | }

FORD G B 8.12 KA LA T 5 8.7 AR, Aid 2 9 47 % 10 7750 T A IF] . 729
AR AL, FEARICHY BOHEAT MO 2 T4 F 0 obj MIARELL . WHLZYL, 248 obj WAL
RO, XA 8.7 B —LE . RIS L T A SR EARXS A, BrLR B TIRZ
X, G FL EMITERE TIRZ RIS,

BRI B 1 70 e A BN 55 AR 3 5 8.7 S8 42— X

N s rSARE

T HEIFRATHRM R T A L — T AF PG 3 S AR, N TR &
AT IX LE A TG 2R 25 PF AN 8.1 iR .

#81 WEINTEANREE

RHE A B C B # z fE

Dijkstra — — H M (a) 5] (b) A CUR UK 6
Steele ey — EETYI M (a) 2] (b) Bt AR IR
R — =] — M (b) 2] () 4 CURBLK
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ARk, B3 B LR EADURE ABRRE, 5B A7 T AT E 2 5%
JI AFRATT A T B AT LU . AN BV AR R X AR 225, &5 A B Bl e 12
A, 3 — a2 FERR R A SR



RC Immix &%

REBAARNE 2013 &4 Rifat Shahriyar EAFFERI RC Immix &i% (Reference
Counting Immix)?7,

91 T

RC Immix 5245 51 T HEOE A — R —— b AR BGE 2 7S g0 . AR Pk
= T 5 HITFEBGE R “AIFEI5 | FHIT80E” (Coalesced Reference Counting) 2 FIFRATLESS 5 ®p
A Immix 205 TR, KL, AFHERENHS G TS,

9.2 EEEEHERE S

A IR I E0E 2 2001 4EH Yossi Levanoni fl1 Erez Petrank JF & 182

FESS 3 B IRATI R UM i, FEfFntk iy m, UGS AR BEEERA GC, R Z
— I TR 28T, RS A XS B TR B AR R N 9.1 R

TEM (a) B (d) B9t Re b, B4 X BHEEM A A7, A F B BB AR A e g ek, &
XA, FESI R T, X RIBI G FHOCR R AR, ARENGBOZA S8, DR
WEHBUE — ERIEMR . ARPTRAL, XORESE A GRS . AR 0 % R A 1 3L,
W25 AN PA TR 28, AP 845 B

FEX IR TEE B DA PGS WX Rl — RTG53 A T — R T R A
PR T 23 HARARTH . B DR 2 s DR IRA A2 4k, 250015, 7el8 9.1 h, PBOK () 1Y
dec_ref_cnt (A) F (i) B inc_ref_cnt (A) HKIE T, FrLA (a) Fl (¢) TP A BOTTHELERE A K4
Ak, [FPR, () B inc_ref_cnt (B) M (ii) i dec_ref_cnt (B) H—#f,

FC AT, PO — B R 0 TERRARAS , i (4 i 39 2 R i AR,
REA A5 A F A -

TR E M T —Fh 5k, SR ) e — W e ) A Ja RS |, 7R
B N AT B 3508, X 2 & F B 5| A1t 8% (Coalesced Reference Counting)s 7EH
IR R, BEE S A AR s, THEER A g HR ET s A B Sl i 2
B ZEMX (Modified Buffer),
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X
(@) \ ,/| / 5 GC AL 3
2 |

A B
@ inc_ref_cnt(B)
X dec_ref_cnt(A)
(b) \ /
1 2
o |i]|3| m
@ inc_ref_cnt(A)
< dec_ref_cnt(B)
o \ A
2 1
o
@ inc_ref_cnt(B)
X dec_ref_cnt(A)
(@ \ ; /
L [
A B

E9.1 SIRHIEPITHRAEN

UNSRAEXT G 5 | TG 3 K LR AR AN B A B 37, 2 80 — B )4
EJES IR . A BRI AL 3 B A iRy IR 580" WAt A PitE. TEIER 5]
Gk, R ZCT TR0, TR AR 20T, U IR E AR

I3 =5, e IR RS ITHEOE R 2O R S R AR 2Rl 6 G R IT AT 50 G T 2 B
X ST Rl AR AR PAT I AN PO X SR AT i ey, BT LA
B AR R . 181 9.16) "X RN ] T kg nb X, et ppREE 9.2 Fin .

TG I

E9.2 EMEMX
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WATRFG ST 2esh 709 X REE 4 eeshan gl X 518 A FEME] T kg b X, oA 3
BOTEER, TLL A F B T HEER AR X A IS AN IEBR Y o XS KRR

FENGE R E W  T, IRATIMELZEAT GCo AIFRGIHITEOE I GC 48 1A R i g
GEpIX, JFIERRBE T AR . A R G R X, ] BT I A TR
We? FRATHF 9.1 AUl .

e, X HEHFEE N A AR B, SERHRATE X X4 A EM R ek gz npix (14 9.2),

RIG, B X WESI XS 24T B— A — B XAk, HoRTRATE 230 X 1303
WX T, BT A B R A T

PRk, BORTE (d) BrBEE SR o X T, X EZR 3 GC T A R R kX,
P AT LA B DL Tk 25 8 .

1. X (1) 9B (b a3 & X ah) 5] A 692 A
2.XHAGI AMAB

PR 28R XA, & PR A X R AT

1. *F A 83 BT E
2.5 B Wit A B et AT

TEE IR ok, s R 2 AL an s 9.3 fis .

AL, R 9.1 Frs BYBRER 5 RO AR L, 5 01 85 DT HEOE s BCas 0 38 10
b, Ab PR BN TR A

B Ak, B A B U BT AR B X B X8 51 H AR R R Ao, BRI R
A— C—D—E—BXHPRIIMEZHXER, BEWRIFIZETT. HRFILERHL—T.

AT A T T — A IR RS ROk R, T g D AR SR PR AR —
e,
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@

S——
\Fi
I

| 5 GC ey b

—

register (X)

i

(b)

—

e
o

(©)

—

>“13'4r’//”
>
He.
I

(d)

—

e
I

o)

inc_ref_cnt(B)
// dec_ref_cnt(A)

E9.3 AFHES|AIHEERITERNEL

>
s

<5

(®

—

>T/
X

9.2.1 {HILHS
RS AR,
REGFEOAN: GHES| HITEHENENRE

1 | write_barrier_coalesced_RC(obj, field, dst){
if (lobj.dirty)

2
3 register(obj)
4 obj.field = dst
5|1}

X LS AR AE 5| HHEGE T S A BRI, AT IS A 3G 8, T2
DT A ZE M B FE IR S (obj) BIPRER (dirty) /& CEM 5, WERBEN, #if HE
B 2 2 5 X ($mod_buf Do FUAT “TEM B G vl X7 (HRAVE & register ) PREL, TIH
TAPRF—T
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REPFEH9.2: register() HEL

1 | register(obj){

2 if ($mod_buf.size <= $mod_buf.used_size)
3 garbage_collect ()

4

5 entry.obj = obj

6 foreach(child_ptr : children(obj))

7 if (*child_ptr != null)

8 push(entry.children, *child_ptr)
9

10 push($mod_buf, entry)

11 obj.dirty = true

12}

G, Y $mod_buf W Y, FATHE AT GC AR IAA R 123 (1]

Bk, AT ST 8 1TH#E#A obj HIME B, LUK HEM 8 s 2 vp X, x4
entry JEFR 17 HEXT R M H A T X LR R G . AT X ME BAEHN $mod_buf Y —4>
TR AT

FESS 11 AT obj 1Y dirtyflag, KT ZHEILIEME]T $mod_buf.

RIFRNTRE R IIT GC R KA.

R7GEH 9.3: garbage_collect() L
1 | garbage_collect ) {
foreach(entry : $mod_buf)
obj = entry.obj
foreach(child : obj)
inc_ref_cnt(child)
foreach(child : entry.children)
dec_ref_cnt(child)
obj.dirty = false

© 0 N o O b W N

[y
o

clear ($mod_buf)
}

e
-

BRG] PRI, G IS I A W e — I I B ) IR S R s R IR A R A 7
L[ﬁiﬁa B PRI RAR L . 7E garbage_collect () PRELH, AR $mod_buf, X T
MRS obj HEATANT AL B,

1. % obj BLAE 89 F 3k S a3t M BHATIE (B 447, % 547)
2. %F obj ART 89 F A R ey M B HATIRE (5 647, H 747)
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55 1 AL FR 67 T AR LAY CHE OIRER, 8 2 TR FE 6 5 A A LAY e etk
B, BEMNGENMEGRRESIE, SHTRRIEE . 1A, BRUERS AL — B,
Seib AT R TR A R B 2R — Xt AR A2 T

9.2.2 {KEFlfk=

FIFGI T BOE B PL AR I TRk BRI TR G DAL B, TR AR
FRRFEIE L —JFPAT, T LAREJC AL S A AR O 7R 23 o JEHAE — X GO S T4 £
BOL T, ARG I EOA RE R BIAR A .

BRI T mutator BET S TR], SR A O 1 A R e i DX R AR R A 2L
mutator B 15 IR, QR i X RN U DN S RE AR I 4 A B I 1], AN S 3 Al
DU BE AR BRI ARk B L T TR EEAT TN AR 4 - B

BN 2B mit s Immix ES

T ) KR UL B 208G 185 | HITFEBOE AT Immix 456 .

TEUAER G IR RS TRk, i AR v X, THECERE R O XS R bl 4 45
DINEER, NZIE RS BCASERS o AT UL LAl 5 | TR R — R

F—J7 1, RANFRATESS 5 HAhAARIREE, Immix TOREDIXTZON AL, M
FANLHEATNAFE IR, IR S IREER . RGN — NS SR T, wiinl e
o HBLNEA —MENXFER, EADLICEAE R Bl

RC Immix RO LA TS, RUATHEES , XA IR N R B AA S SX 4 .
ESUE-Tilpaw EnyiIROE Jibpa €l S N LD OE Jilipa i € SN IUP S L Es S WO IO DR ek '
H, MR EGR R R 12 XD AR TG S R . R EUE R T 0, SEE
S, B 9.4 TR IR MRS

/

o | [ 5 e [

E9.4 ZryiTH=S

N T ARSI, LT BLE R AR R RN X RS AR, i 4
PG B0 G BB ™ o RS G A ORI 37 A4 000 3 AR T 0 G2 8] 5 56 R AL R, IXRE— K
SRS BT A BB AH RN T o
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TR B — T RC Immix H2 Qnfe] DLZH B0 AT NAF A LI . FRATR—EFE —
T dec_ref_cnt() K%L,

RAEBFE 9.4: RC Immix B dec_ref_cnt() ERL
1 | dec_ref_cnt(obj){
obj.ref_cnt--
if (obj.ref_cnt == 0)
reclaim_obj (obj)
line = get_line(obj)
line.ref_cnt--
if(line.ref_cnt == 0)

reclaim_line(line)

© 00 N O o W N

}

WA 2R AMER LT o X R AT 0 B, XA TR A TR A . MR
TR 0 B, FRATHEA] LUK A i A U T

Rk, FRATHE L s & IF B 5 | LR Immix HEF] T2, AN Xl A
SERE, DO BORE N A BT IR N AR GO0 SR8 i 1 AR 7 B By, (B2 AU RERA T
JE45

TE AR T AT B RAERAE . EEIBUR IHRAE , AN [R] 1 2 S A IR 52
X, BRI RITRET S o AN B a5 HHEGE AR S R b i X 4
FIFEEE, R AR R 05 | OC R kA AR A DG AR A i 1l 7 TR I e 45 Pr it 2 19 45 AN
B, TET,

FJ& RC Immix J2 i FR A X G oR SE 46 11 X B A XS S RT3 & (New Object ), I
TATHRE—T

9.3.1 FIWR

£ RC Immix |7, FRATIEEA LTt GC BT SR H R, DX HFHAX %, KK
FUA A TEAF A3 A 3 DS AT RSO ] AT 2 i A 4 DX, 2 R Ay 3 e A R el
GepIX, FTLARR B PG 8 mDE A e 5T . FROTRIEAII]— T . ZATC &l 7, By
WA GC, WfEit, BRAEE—K GC 24 My, PIHs m it 4 i fr g 154t
B LE—IK GC Z a4 ny .

AR IRATAE 9.2 W rh BT UG A IRAE , B 2l 22 vp IX HLIC S A2 M B — IR GC IR B BLAE Ry 1k
REF MBI X 42

JITA 38 B AR £ R TE B —IR GC Z R By, e ui, FTa 51 B G Xt
SN R TSRS hIX

PRIIL, AT DA o A 4 B A0 2% o Xk X 6 S A7 A2 il A
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FIFX M, RC Immix FPLUHI G S R T R4, XA AR BB R F B8 (Reactive

Defragmentation ) v,

9.3.2 #EEhRYRE 5218

RC Immix FIE IR A H RS —#F, TE S22 o DXCWG 1 A I e 4 2> A FR S 20 2 v X

KHT AR BT Hx 4, siaiB e RS 25 02s L, XA BERFTmE 4 T GC B HilHE
LI 5 % Tmmix GC N A FEA—F

M — D PO S AE B brzs i), AR S R b BARZS W 1 i ol 1, wtieR

— AR, ATAX X AT 3 i % R 838, RC Immix H1#Y garbage_collect () A
B 5 9.5 Firs .

REZFEE9.5: RC Immix Hi garbage_collect() iR

1

© 00 N o o W N

S
N = O

garbage_collect () {
dst_block = get_empty_block()
foreach(entry : $mod_buf)
obj = entry.obj
foreach(child_ptr : children(obj))
inc_ref_cnt (*child_ptr)
if (! (*child_ptr) .old)
reactive_defrag(child_ptr, dst_block)
foreach(child : entry.children)
dec_ref_cnt(child)
obj.dirty = false

}

XHLT) garbage_collect () PREUHIGIFALG | HITTHEE T garbage_collect () FREUIMA

FEA R R A FR T R v X, ARG AL T SR E PR, AR 9.5 AL IE L 9.3
BN Z AL FET45 8 170 X EXPH XU T reactive_defrag() pR%L, X9k shoir A
B, BATNIKFEF reactive_defrag() PREL,

REG;5H9.6: reactive_defrag() FEk

1

~N o O W N

reactive_defrag(ptr, dst_block){
obj = *ptr
if (obj.copied)
*ptr = obj.forwarding
else
if (obj.size > dst_block.free_size)
dst_block = get_empty_block()

© WA B Windows X S R G TIE A LR B TR —FF, ORIV IR H (A3, FURGE — i
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new_obj = dst_block.free_top
copy_data(obj, new_obj, obj.size)
10 obj.forwarding = new_obj
11 *ptr = new_obj
12 obj.copied = true
13 new_obj.old = true
14 dst_block.free_top += obj.size
15 dst_block.free_size -= obj.size
16
17 line = get_line(obj)
18 line.ref_cnt++
19 | }

KEWERT, ZHXFZIEE forwarding F8 AL BRFIFRATFES 4 TP A2 Cheney
1 GC A HIFER M . 78 RC Immix T IRATIO T Z B L ny i, B R M 2L,
W E XL AT AR A T

RS RE R R B, T LA RO SRR AT e T

il , SCEREEA . BRI R R SIS S R R R T RS, Xk,
BRI ALETT, XA Re B A, eobh, DROAFRATE LS T HEOE N Rl
JFUAASBE RSB B B 3 . o T g BB, 7E RC Immix BUOA 24T — TR 46, IRi2 R
RBYFE B 38 (Proactive Defragmentation ),

9.3.3 FAMRAYEE HEEIE
B EH I TR P S BIAT 5 A e

1. Rk b st 8t 47 R 4
2. Rk E A VEER G| R 6 B IR

N T DX SRR, AE RC Immix FFER T HEATHSIAGTE BB A, SR BT o0 — TR
N T AEWIE T T L, FATTRR A B e R B

AR E ZAL I BB, SRR L REAS I 4 T MR A R B A R E il o X
MBI ZHITESR 5 BER A HRYIEARR) GC bRl - TR ..

i AR AR R, X IHX G AT 4™ A LA PR SR R TR RE . A E
WA —AEAL, IR T A BTG . AT UHTHRGE MR, — B A Sticky 51
HHRGE. 78 Sticky SURTHEGE T, WERF M QBT GR , IB A Z 5w AN REX AL
TEATHE, HBERLCIAE . A, WCRIT R AR R BB, st FOR MR A R T A R
WL RE T BOE A A E . Xk, AR T A BIE 2 A X R BB A 2N
MBI ZNT o
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SR BB L, BB REF BE AL TR B PR A AL, DRI AS RO A S A
1o HorBei SR/ T B —E (E (BTN AHER) 10% ) B AT B N

9.4 LU

9.41 =

Wit RC Immix, 51HTHERERIE S —— Ak 580 7RISR s . S804,
SRS FTHEGEM L, HEm P4 A T 12% AREEAENEF m N, EESE
T ZEA GC,

HE RS EIME N ERA A, H—RESATHIFRG IR L. oA @5 AR
B T B A 3G, B AR X G2 (R 5 1 SC RS & ARk, bt AN TR
K%,

T AR EEER T A WEER . S DO IR I e, R RN R Blids H kAT
VLT AL T o DbAh, ik LA 5 T B s i 4 2 2 INBE R A B o sk R FRATT A58 4
i CC E R M i O iRt T

9.4.2 fRe

RC Immix M6 85 HITHEGE —FE, BRSIIE St E] . A G frag,  wl Rl i
B G i XA R/ N R AR SR A5 1)

I3 — AR R BN — DRI G, IR I AR TR R 1,
WHE LR NI A — NS REOL T, S HHTHFERE .
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10.1.3 Python B9tk EIKE %

Python 7E L7 MR T 51 ITHAGE . R TS UHTHEIN AL IRATE 24650 3 3P i
BT, WEREAA AP HMTT, HEEILE,

L 10.2 BEEGE:

$ T RFRATEIBRT I A Python FYURAATD , S BE AT AL
BB —REE Python HHAMFIXT RIS S 1 RERF LI,
HRAVGEH

Python HUB 5 “FI 3" “T0LH” 25 N B BIE IS RGBS WA AE N R AT 8 X, Hi i —
T4 10.3 iR

*10.3 AN EETEEB AT

e vl Xt Bz B A B H R KB

PyListObject G| A
PyTupleObject JLLH A
PyDictObject SRl
PyFloatObject TR
PyLongObject KAy

I ALEFA PR IEM A B R 10.3 AR RO FICA RN . JERFRA TRl s 1o

Include/floatobject.h
/* TER *+/
14 | typedef struct {
15 PyObject_HEAD
16 double ob_fval;
17 | } PyFloatObject;

L IRATRE R G — T SR O DG AU o Python Y57 3 IMTSCR T 2 51 T
Hokm s, WRRUE, BOZA R I
%5 15 1719% PyObject _HEAD 5 SLANF .

Include/object.h
78 | #define PyObject_HEAD PyObject ob_base;
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MR ST PyObject IO ob_bases

Include/tupleobject.h

/* JUH */

24 | typedef struct {

25 PyObject_VAR_HEAD

26 PyObject *ob_item[1];

32 | } PyTupleObject;
33

UEAh, JEAXINAE 25 1719%: PyObject _VAR_HEAD Y& LHNF .

Include/object.h
93 | #define PyObject_VAR_HEAD PyVarObject ob_base;

107 | typedef struct {

108 PyObject ob_base;

109 Py_ssize_t ob_size; /* [RIFILEEE */
110 | } PyVarObject;

F bR AG R AR ¥ 22 8 LT PyVarObject i [ i 51 ob_base, S fr Lif 2w XL T
PyObject 4544,
THKNTEEE PyObject HINZE .

Include/object.h
101 | typedef struct _object {

102 _PyObject_HEAD_EXTRA
103 Py_ssize_t ob_refcnt;
104 struct _typeobject *ob_type;

105 | } PyObject;

X A ob_refent B A T gERE S IR
G, BT i N BB AR ERZETT L R A T PyObject 2514,

PyFloatObject PyTupleObject PyListObject
PyObject PyObject PyObject
double ob_fval Py ssize tob_size; Py ssize tob_size;
PyObject *ob_item[1]; PyObject **ob_item;
Py_ssize_t allocated,

E10.1 XSERIEH
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JfE 42— %], PyObject NAYALIL ob_type M Bt HA 2 FAIAME R, X 7 iE iR GC
KEAK, FFUA A A F 5 L

m Python RES L EE

AATFATHE R R Z I Python 73 BE AT 19773k LA B CH A BE ) N A7 94514 o
ZAGF, R FRATH Python JAIA K SEELAN T X BEAY RS .

a=[]
TEX A BT R BRI BCWE 7 FRA PR AR X — 15 X et 7 130
RFEN

TE Python W1, 4EL4FL NAF2SBIEY, ANEALLS F malloc/free, 1] 278 HIERE e 3 />
BLVAEOE o P SV &S R m s

AR CEEE IR
®IR ST AR
#22 Python X440
¥R Python &% P 1740 it 4%
F02 38 FH I SERE A e (40 glibe (1) malloc 45 )

245 H #b (40 HDD 4% )

E10.2 Python HEEEH D E

50 JZME T e OS BYThRE. 5 —2 JRAE RS FIbLaR i Py BEPEAR SCHR A4, OS By B LLIN
PR DT AR T BE . 2 —1 2R SR E P T B A 2, 08 S IATIX ik T fE
PN R E 2l i T A BT, FATHABIMINAG T .

TES 3 JZFNEE 0 JZ WA T — L8 BA MURIER R B, HIAHTEANT o X BB ATRL 543 5
14 A 1
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PyDict_New () — 32
PyObject_GC_New() — 2J2
PyObject_Malloc() — 2F
new_arena() — 12
malloc() — 0J2

KTHA R BN ERA TS TR FE VR, BT BOR G ERE T — T
FEELE T .
T HEFATHNE 0 ZITUA VR .

104 EIER EEET R

DL Linux 441, 55 0 JZ48 K932 glibe 1 malloc () IXFERY /L&, s&X Linux 55 OS H
N R R T o

Python H1 I AN & A8 AR AT AT X G AR 08 FH malloc (), M2 AR 46 2 70 C Y N A R/ R il
RSB JT R . B I AR R /NIZR KT 256 5, 8 SE LR T malloc ()5 QRN TAE
T 256 AT, BERES 1 EME 2 ZMGT .

S BR B IEACHS R s o

Objects/obmalloc.c

723 | void *

724 | PyObject_Malloc(size_t nbytes)
725 | {

726 block *bp;

727 poolp pool;

728 poolp next;

729 uint size;

730

/x RGNS ALTE, WL +/

743 if ((nbytes - 1) < SMALL_REQUEST_THRESHOLD) {

/x HHTEINAE RNV T AT 256 T B NAF R CH LERIH 2J2) +/
901 ¥

/% RPN T 256 T IAEATEC (550 J2) */

913 return (void *)malloc(nbytes);
914 | }
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T 23 8 4843 BC 19 X 5 K/ % 3% 45 PyObject _Malloc () BRI %L, if i /A) 1Y 2514, RI
SMALL_REQUEST_THRESHOLD 7 2 LA R AR o

Objects/obmalloc.c
134 \ #define SMALL_REQUEST_THRESHOLD 256

A ULIIT H A I AR/ TF 256 1 B A9 J2: malloc O o

105 BRI e

Python " AR REEAR EAR/INTAET 256 747, JF Higog—28 0 Pl SR F a4 .
A TR

for x in range(100):

print(x)

1234 Python JIAZAEM 0 5 99 Ak (MK © e AL T AT H O IR R . XA RF S
KA — AR NPT H

TEXFEOLT , WERB AL 0 JZ M HCas, Mte &AM EIHH nallocO) Fl free )
ATE B, R —RBCR 2 AR

P, FEZBCIER /NXTR IS, Python PFRERVRFIRAALBE . SEBRPAT T i X004k 21 AY 5
SR 1R 2 JRB AT IS

i EOI /N TR T 256 FATHIR G, RIS 1 RRNAE ST X — R dk
M 0 JZIT A AR B A7 s 6], R R BURSK . 5 12 AR AR B 0 & R 25 1)

10.5.1 HRTFLEE

FAPREE 1 2P B 5 B N AFE5 e

AR BT A8 B A 25 ) VR IR N AR TR], B A4 A R A AR R . FRATTFR B/
B block, fe 2R [m] 25 W3 47 1Y 323X > block Ak, FE block K #A 1 J2 pool
pool N #EL 2 block o pool T FAE arenas

O AL SERTHT 0mEL
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arena

x

block

E10.3 arena. pool, block =&KX %

W& Ut arena > pool > block, JEGLARAGML Wi e

F T G E I H malloc ) Ml free (), &5 0 )2 BB AR 23 L K B0 arena SR {7 B

AT pool J&HFHRUE B2 1Y block 5L,

arena XA “TEA0” B . R ARG 5 AR Z A pool, pool HLITE

TFAEIRZA block, XAFEELVF 28 b BiLfi— 2L

10.5.2 arena

FFRATTSE M arena FUR UL

Objects/obmalloc.c

250

256
257
258
259
260

264
265
266
267
268
269
270
271

286
287
288

struct arena_object {
/* malloc 5 arena Y}l

uptr address;

/* ¥ arena Ik F45 pool i FHIRIXT FF (M HbliE */
block* pool_address;

/* I arena 55 N pool £t */

uint nfreepools;

/* I arena 1 pool HEEL */

uint ntotalpools;

/* HEREZS N pool MY HALMEER */

struct pool_header* freepools;

/* FHIGULH] */
struct arena_object* nextarena;

struct arena_object* prevarena;

199
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arena_object é%*@ﬁiﬁffﬁ% arena,
arena_object It address HIRAFEHY RS 0 )2 NAFE/M B AR5 BC 1Y arena Y HiHE
arena HJR/NFEE N 256K F5, KN T ZEE L.

Objects/obmalloc.c
172 \ #define ARENA_SIZE (256 << 10) /* 256K FIT */

arena_object 14 1 51 pool_address HHRAF A ) arena LI 3L 11 pool MMkl ANidix H
BH—AME, KA T3 address Z AMATE EE— 51 pool HihEWE? arena A HBHE I3k
A% pool M1k R 92— ECAY TR )

HY b, A B arena 1 HB3EFT arena I3k B9 pool Byl A AR, 2T HFEH,
AT FIER 10.5.3 35 REFRANBL

arena_object I RIHFE MEEFH I B pool HUKLER: | H545 pool 34 HE 5 B[ BE 1 X 55 .

Ak, arena_object A H %4 arenas HHL,

Objects/obmalloc.c

472 | /* Y4 arena_object fENITLHEIMELL */

473 | static struct arena_object* arenas = NULL;
474 | /* arenas[ICREE */

475 | static uint maxarenas = 0;

arenas

arena_object arena

E10.4 arenasHy&H
KEMIZEZE T, 25 (K arena_object MY AL 51 HLAT FRATT 3 UL b iy 26 0, 3k 2
“uptr” “block” “wint”. EATEMIZE L4 .

Objects/obmalloc.c
219 | #undef uchar

220 | #define uchar unsigned char /x 218 x/

221

222 | #undef uint

223 | #define uint unsigned int /x HRTFET 1600 */
224

225 | #undef ulong
226 | #define ulong unsigned long /x HRTETF 3200 */




10.5 #51)2 Python (R NFF LR 201

227
228 | #undef uptr
229 | #define uptr Py_uintptr_t

232 | typedef uchar block;

uchar 1 uint 437 & unsigned xxx 18 TR unsigned R A mER, B
TEAL BREAE SO RN A 2 T 2

M 2FATKAE EIR— T XHP R Py_uintptr_t B, XDEBZBEI 54, M
RAFTAREE o HOE SRR IR IR PRI A R i 22 5, ANl — o LAk .

Include/pyport.h
78 ‘ typedef uintptr_t Py_uintptr_t;

uintptr_t &M M C99 FF i T AR stdint . h $2HERY, 7 C F8EHFefb iR BT, Bk
EIRKIIVER

C 85 K/MBHE IR M AR L . 284017, 24 CPU J& 32 (i, F84F ULF) #4235
9, 4 CPU & 64 iy, a5t 8 FH45iy. FATE 32 12 PC RHEHHEALAL int AT AR,
HIEAE 64 17 PC ERHEEHFALN int W02 UG ) o

uintptr_t IE AR TN 22710 . uintptr_t 2RISR, 4 2958k 8 527,
WEHR 5T Ak, RS A A T Y TR

int YL uintptr_t AYIFH AL
B B
32 i CPU
int uintptr_t
a5t | st
6401, CPU
int uintptr_t

E10.5 FiEstEE#nAEHER vintptr_t

10.5.3 pool

arena WERAS1> pool BIR/NEELE 4K T35, OAJLFX A OS i, HE LN A7 Y 0T
TR /NARR: 4K 7T, B LA T AR HIAE pool HYR/NBEAE A 4K 575
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Objects/obmalloc.c
147 | #define SYSTEM_PAGE_SIZE (4 * 1024)

182 | #define POOL_SIZE SYSTEM_PAGE_SIZE /* must be 2°N x/

e gl

—E

RZHLOS I L U Ay B R A BN AE Y o 48 BT RN pool R/INBERE JSUAH ) B 1L,

FEAELE OS LA pool “h BN KA HNTE .

arena N ) pool #4730 4K 5 B R/, Aad &) s 2R — /K, i ZE pool
TEk Y HLHE 2 IR AK 259 PR BT X 5% o WAt UL, B> pool TFLAYHLEE Y 4K 75 (2 1Y
12 RJ7) B, B — 15 R IR AT £ 42 205, arena Y HAEF arena PITT 3k pool ik 2 A

(1, B ERAE pool Mk AYgX 5%,

arena

pool pool pool pool pool pool
@K FI@KTIEK T 77 | @K FD|(4K F0|4K T 1)
0xb7¢65000 0xb7¢a4000
4K FATRSF 4K “FATR T
0xb7e¢64008 0xb7¢a4008

10.6 pool B335

TEM pool #25 block Y, b IHHX — & DI KA BIAE T KRB . 2T ABA TR AE

10.6.20 i A K .

P& RIMTARZEA AR HE pool HILSFIIA .

KT G TN SAEZ G AT, X B H BRI A XA AR g 1.

Objects/obmalloc.c

235

236
237

238

239

240

241

struct pool_header {
/* SrBc3E pool LA block KR */
union { block *_padding;
uint count; } ref;
/* block 7S HEERAITL */
block *freeblock;
/% F81A T —4>pool WU (WM HER) */
struct pool_header *nextpool;
/% FRIHT—~ pool IHREF (MUMEER) */
struct pool_header *prevpool;
/+* HUEFTEHY arena RG] (X T arenasifiF ) */
uint arenaindex;

/* ECE block IR/ */
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242 uint szidx;
/% FIF—4block R */
243 uint nextoffset;
/* FIRESIBC R — 1 block Z AT WAL */
244 uint maxnextoffset;
245 | };

ELEAREN pool_header MR T W HFE—F, DA ZHESD pool Hko pool_header 1
arena KA pool S, PREF pool NI block IR /INFIANEL

10.5.4 new_arenal()

PAZ RIS, B k3R RS2 bR b s — T A4 il arena BOACHSAE
H A arena AY S & FH new_arena() RS AY, AF LA KA1 5C R MBS HL B — T new_
arena() PRELMELIRLER

Objects/obmalloc.c:new_arena()

508 | static struct arena_objectx*
509 | new_arena(void)
510 | {
511 struct arena_object* arenaobj;
518 if (unused_arena_objects == NULL) {
/* % arena_object */
/* A arena_object fM7EFl arenas fllunused_arena_objects
*/
558 }
/* ftlarena SricLA A I arena_object */
/* llarena W/ EI i pool */
594 return arenaobj; /* iR[FifY)arena_object */
595 |

[A°N new_arena() PREUEMEIT 100 F7AY K eREL, FTLATRAT—HR4r— 2 K i

Objects/obmalloc.c:new_arena()

508 | static struct arena_objectx*
509 | new_arena(void)
510 | {
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511 struct arena_object* arenaobj;

512 uint excess;

513

518 if (unused_arena_objects == NULL) {

FEiX BB unused_arena_objects &I AWE?

Objects/obmalloc.c

480‘ static struct arena_object* unused_arena_objects = NULL;

unused_arena_objects i 1Y 2 IAE AR AT HI Y arena_object Y 5] 4% K. unused_arena_

objects TEHA PN arena_object MM, CEF1 arena_objecto
PRk AR R BRI AR {E2 NULL, T LS BCA ] LU IR arena I, if THA]N EL
THEFANTHRE R XA if IHHMNAIE,

Objects/obmalloc.c:new_arena()

518 if (unused_arena_objects == NULL) {

519 uint i;

520 uint numarenas;

521 size_t nbytes;

522

526 numarenas = maxarenas 7 maxarenas << 1 : INITIAL_ARENA_OBJECTS;
527 if (numarenas <= maxarenas)

528 return NULL; /* Uil */

TERX LY BT 0 BLHY arena AOEE

maxarenas 7¢/ /& arenas (T3 [ arena A4 A TR B . M58, RITFRTEH
new_arena() MBI & —1> arena_object #¥ A1, Ll maxarenas /2 0.

IAh, X numarenas 23 #1% % i INITIAL_ARENA_OBJECTS.

Objects/obmalloc.c

490 | /* HICATELHY arena_object AR */
491 | #define INITIAL_ARENA_OBJECTS 16

B2 /MBI LT numarenas ¥4 BN maxarenas MY 2 15, IR %5 (numarenas) &
Aus i, PR LW E AN RE N arena T, TRFES 528 17i& 7] NULL.

Objects/obmalloc.c

533 nbytes = numarenas * sizeof (*arenas);
/* TE55 1 NS BON NULL I, realloc S5malloc #H[R] */
534 arenaobj = (struct arena_object *)realloc(arenas, nbytes);

535 if (arenaobj == NULL)
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536 return NULL;
537 arenas = arenaobj;
538

Z 5 P B T B arena_object, W HAA AT 2R arenas (T arena 1%
A1) . X realloc () PREATAAIIEEE 0 JZHY 0 HCAR B9

Objects/obmalloc.c:new_arena()

548 /* unused_arena_objects EWFIE */
549 for (i = maxarenas; i < numarenas; ++i) {
/* FRICH AR STBC arena */
550 arenas[i] .address = 0;
/* HAEREBAFANULL, BRICZAMBIR T — T84 +/
551 arenas[i] .nextarena = i < numarenas - 1 7
552 &arenas[i+1] : NULL;
553 ¥
554
555 /% BB SRR R +/
556 unused_arena_objects = &arenas[maxarenas];
557 maxarenas = numarenas;
558 }

AT 43 B 1 arena_object FERy “ AR Ad Y arena_object” HAER| AR X
i} arena_object 4SRN 51 nextarena f&AE hy L [m) 4 & FH 11 .

Frit =z A, FATEHE 0 A arena_object MM It address H'o A1 address HLifi %
{54817 arena (4541, ANil7E arena_object ANFA arena MR, HFHEIBIIEE N o, ff
HH arena AR P B IFR A&

IR B I R 4R Y arena_object TR ET A unused_arena_objects t

T38h, AT BTG 54 arenas P17 arena_object M4 A maxarenas B

maxarenas numarenas - maxarenas
|
arenas Wk 7 e
| | | | |
/ Y Y I

unused_arena_object

B 10.7 #E#E unused_arena_objects

XAERATHLIE B T A arenas MIRIERIL . 12 FRIRATLLAUIR B HH 2L A2 ——arena.
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Objects/obmalloc.c:new_arena)
/% B ARBEAT Y arena_object */

562 arenaobj = unused_arena_objects;

563 unused_arena_objects = arenaobj->nextarena; /* I */

/* /3T arena ( 266K F1) */

565 arenaobj->address = (uptr)malloc(ARENA_SIZE);
566 if (arenaobj->address == 0) {

567 /x SYBLRIM */

570 arenaobj->nextarena = unused_arena_objects;
571 unused_arena_objects = arenaobj;

572 return NULL;

573 +

FAT unused_arena_objects PRI — AR AT Y arena_object, HIHAHCLSS arenas

WA arena Z3FC R, 0K HUH 1Y arena_object FRR % 2 3 unused_arena_objects,
iR 9] NULLo 0 Bd, 753X R BRI 7, A0 malloc () BREL— 4 X0F 3R [0] {634 47
NULL iy, — ELRIGRIEAA A0 R I3 2 X SRR Ak B

PRI EC 2 Y arena PR E] A pool,

Objects/obmalloc.c:new_arena()

581 arenaobj->freepools = NULL;

582 /* pool_address <- X353k pool fHLHE

583 nfreepools <- Xﬁ}?ﬁ%arena‘“poolﬁ@iﬁﬁi */

584 arenaobj->pool_address = (block*)arenaobj->address;
585 arenaobj->nfreepools = ARENA_SIZE / POOL_SIZE;

587 excess = (uint) (arenaobj->address & POOL_SIZE_MASK);
588 if (excess != 0) {

589 --arenaobj->nfreepools;

590 arenaobj->pool_address += POOL_SIZE - excess;
591 }

592 arenaobj->ntotalpools = arenaobj->nfreepools;

593

594 return arenaobj;

595 |

Z5FK arena_object MM pool_address AT LA 4K “F 15 X 55 1Y pool HyHhL

FEEAE ] POOL_SIZE_MASK KX JH malloc () P& B Y arena AUMiHEBEAT FRdlcAb BE, T1508
it i3 (excess)s

WA L 1 & (excess) M 0, K arena Y HEHENIEF & 4K 275 (2 9 12 IR5) A% 5L,
ST LARR 7 23 JE AR IR 8] 43 B Y arena_object. iX A K2 arena N ELZ8 4 pool dHIH 1, LA
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Al LU T arena BRIV pool IR /INRK Y arena N pool HIEE .

WRMEENEA N, BIFMEITE “arena B ML hE + 8 087, B H B E A5
pool_address. ULHT arena WHIJE MR 227742 —A> pool HIZSH, FJTU\E“YBZ?EE%B%, PEEN
WE N nfreepools.

pool address
arena

P(iglJrP . pool
(4K 90) (4K )

!

LBunibhiy pool%t

(excess) A

E10.8 % & pool_address LK §%E pool HE
XFEFRA T A 8 T — arena.
10.5.5 usable_arenas#lunused_arena_objects

ATHIEH— T4 2 arena 142528 i usable_arenas fll unused_arena_objects ML, K
KL iCfH unused_arena_objects 7F new_arena() PR H BT IE
PR A ik Se A h G TR TR, T ATRA T b e ok 1

Objects/obmalloc.c

unused_arena_objects

B BUAE R WAl Y arena_object LT Mm%

(LA arena iR R FNEE )

arena_object J& M new_arena () NI FF LB

AN, 7EPyObject_Free() i arena 4N T, arena_object 2B INEIXAFIZRAYFF L
TR, HA 42501k arena_object B 5t address N O, AW HAFAXAF3

usable_arenas

X JEFFA arena fi arena_object FIXLAIEEHR, Hi arena /3t T 1l F FH % pool,
XA pool IEAEFRFPE AT, sk i AR Bl Al T .
XA FHE I bLock FUR [ 2 (1) arena [WIFHES
(FTF R 7t nfreepools TFFHES )
XEWE A MR 2 1 arena AR L,
RIG EWMSHIREN LT N7 arena iR M RGN LS
HRAEFR ML, XIS (eI KPR LRl arena,

207
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TEWAT BEH 1Y arena B, FAT H unused_arena_objects. HWIHRTE 3 HLHT AT arena,
X AEEFR U —1 arena_object, ML arenas

TEW A BEHIY pool B, DUl A usable_arenas. WUIRFESECHIEA pool, XA R
U arena_object, MAFBECEIM arena B — pool,

usable_arenas /& 1f arena_object M. 01 nfreepools HE/F MIHEZ. M Python2.5 F 4fi ek
T — R

XA — e, IRt unused_arena_objects JEHLREESR, usable_arenas AW AIEESR .
MIRA TR unused_arena_objects B, HEEHHZFIA arena_object MM nextarena; MM 43K
KH usable_arenas i}, MIATLUHAAIA nextarena FIALH prevarenac

arena_object MY nextarena il prevarena FEA RSO R AR, 38 R0

Mo

10.5.6 F£1BES4
551 )24 Be a8 AT 55 5 2 4 A arena F1 pool, K5 HAF A arenas HL, mi# %% unused_

arena_objectso
51 2RSS T DUH— Ak B g, IR “E B arena”
AATHREATRE BT block, AidSFRITEC block HZH 2 )= .

EIYH %25 Python RHEE
52 JZM o BCAR 71 5T pool Y block
% — )2 52FR ¥ block BTk bR 0125 B %, FFRSIK block %5,
IR AT KT B X — )2 W B block AYIE

10.6.1 block

pool B 43 E H—-0Y block . FRATTHE Python HHAE TR, F AR B 43 L iX 4 block
(FEELRA/NARKT 256 FHAITELL T ),

LA block by B AR 43, 3X 42 M pool 91 4R Ab B 35 e 411 o 33K 2 R A FR AT — T s 1
pool BYRHEREYLE T “iX 2 8 =35 block { A pool .

FATTHE BEAS block R /INE Hy 8 55, AHRLHE block [kl /2 8 M54, X3
Fr 44k, R pool 4% 4K F45 (2 H 12 W7 XF55HY

F AT A B block #2 8 FYAEEO FFWE? 33X 2 P ik B — 2K block [ itk 75 64 i CPU F1
32 {3 CPU HERA £ BR R, A0SR AR (B8 . CPU Al , I A7 A SEEREE T 1 [ s gl ]
eI “HEIEXI SR, TR — I, BT RLAHE 8 R
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pool
(8577)
1E pool N K/N | block block | block . block block block
S E M @F1) | @F )| 8FT) BFT) | ®@F ) | BFT)
2 AK SN SRR ik 2 4K FATX S Y bk
pool
(24579)
1E pool PFHE KN block . block
SR [ A 1 (2451) (24517)
2 AK ST SR o ik 2 4K FATXE Y bk

10.9 X3F block

R 1 /NGB B9 block 19 /ININEE 10.4 TR o

#10.4  HiBEHIK/NFIRT R ) block B K /)

BiEMK/N(FT) X Kz # block BIK /N (275 )
1~8 8
9-~16 16
17 ~ 24 24
25~ 32 32
241 ~ 248 248
249 ~ 256 256

_

F ALt 3578 hack

malloc () IREIAIHBULSESE F RIZB—ER/NNIFH . BARE CPUNABMERXE, &
IX7E 32 iz CPU BIER T, glibc malloc iIR[EIFIZLL 8 FHIFFHIHEE .

XER CPU BERANIXER . CPU FEN EEMXISFRIMBUEYH AR . BRI, malloc() 723HC
RIHbHEtB R EE S CPU X335 RiIREIEEE .

MAX—RMES hack #h2BIEAYE 3 [ ABIEIRE.

BRIBEEWERRAFEAENMEE . MRM malloc () REINHIEZIZ 8 FHIIFHI, BBAEISH
MESMEER ‘07, FRRINEITEXEREN, BEEIMFERER. JRINENEHTE
XAMEEES, MK 3088 0, TMiRE.
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BE—PIEEKRAER hack, {BZSL E glibc malloc ZDSEI 71X hack

AR LN TFERIREEIATE glibc BORME .

http://www.gnu.org/software/libc/development.html

WMRAREFHAHR—T malloc.c B set_head() REL, FEEAM—LEBHNER. BX
BIEERE—BRE.

10.6.2 usedpools

Python (73 HLAS K H] Best - fit (973 HCHOE , BRI R0 BCRY block R/ IR HITE IR/
R I B —TF AR R BN A 58 /M block 19 pool, HEIETBE, block HIR/INNIAFAF & 224
BLAY I/

X FTFEREZENL—T, F-ATE LA block 547 K1 43 pool B, WHLIEUL, pool N A
block FYR/NERARAE . PRI, AR B 5 B s 1 K/ MARXS LY block , B fe 025 HR B A7 3 A
block %) pool

WA, HHZREXA pool BRI PR B 1Y o PR A TR B R 20 BE I 2 R A T X S R A 3
I AN RGX BLAGPERE AN A BE 502 MRS M 107 PR e ) B M R

it ok, MIRATHE 2 pool J5, A& RK/N, HEA LI pool N L2 —4~25 Y
block, #EAEFEFAHLR] 73 block o

A2 Python ok T SE R i R R pool BF TAFARE TR WE? &Rt e T usedpools

usedpools 7%%% pool MELZH, HESH WA 10.10 PR,

usedpools
pool
pool
pool
A
L]

E10.10 usedpools HZE#

A pool XU BERAIE, W T —DXUaEHREEXR . usedpools HAFAHAYIEHE 17T K
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usedpools 11 5T MARZ pool TR HIIFLE block B R/INMF A BRI pool,  FHs H =) HR [H]
K A2 usedpools ME 5] A pool NFFIY block 14K /INI A 25 (14 X i G R AR o

#105 HIEMRK/NIRSIHXTNXR

FRIERI AN (F7) Xt Rz f9 block B9/ (F97) ES
1~8 8 0
9~16 16 1

17 ~ 24 24 2
241 ~ 248 248 30
249 ~ 256 256 31

W2V, AR HIEN /N 20 795, RATIMS M B 105 BUL &R S 2 oo RS
1) pool, HBAIXA™ pool A& T 24 F751Y block.
XA, RATHEELL O(1) M8 R B 8 RAF5 BT H 3G K/ pool T 6

usedpools
/ 0 1 2 3 30 31
87 1657 W5 | | 2w 2487 | || 256
JHfpool | || FHfIpool | || HEIpool| || Hpool FHfpool | || FHHIpool
i i ! i
8F T 16577 24575 248757
JHpool | || HHIpool | || HHIpool FHpool
! '
851 2457
Jipool JHIpool
R !
24T
I #Ipool
L4
E10.11 5 usedpools BZ 5|83 R #Y pool

XHETFERREFEEMN R, X1 usedpools WY pool HEF & M a BEFRIEHN . FL L,
— H pool WHERHY T A block AR B B, B SHAE I —A> “%5 pool” & [A 45 arena, FKA1IF
ANHTE JZ R pool BEHLAY block, P IX HEIE N T M usedpools H1 Y pool 4 3% 1) H ifs FE il
block FY ] BETE o



212 #5103 Python 873 [0

usedpools usedpools
IETESMRCHY IETESMRLEY
pool pool
: BB
75 pool %EY‘T
“3pool
IEAEZMBLAY IEAESMBLAY
A pool A pool
L]

E10.12 EYHZ pool

TE X FPE G0 T, FRAT R 200 A i 3R v i BB pool o T 22 T LA R FH R Ji) 4% 35 oF 3% 4%
usedpools TCE, W& K ME5HY [, B #2548 K AL PR T 2R A FIG A .
10.6.3 EZHJusedpools

il usedpools PR EH B AR R, FHEE—T usedpools PRI 5y, HARAS &
PEH IR

Objects/obmalloc.c

412 | static poolp usedpools[2 * ((NB_SMALL_SIZE_CLASSES + 7) / 8) * 8] = {
413 PT(0), PT(1), PT(2), PT(3), PT(4), PT(5), PT(6), PT(7)

414 | #if NB_SMALL_SIZE_CLASSES > 8

415 , PT(8), PT(9), PT(10), PT(11), PT(12), PT(13), PT(14), PT(15)
416 | #if NB_SMALL_SIZE_CLASSES > 16

417 , PT(16), PT(17), PT(18), PT(19), PT(20), PT(21), PT(22), PT(23)
418 | #if NB_SMALL_SIZE_CLASSES > 24

419 , PT(24), PT(25), PT(26), PT(27), PT(28), PT(29), PT(30), PT(31)
420 | #if NB_SMALL_SIZE_CLASSES > 32

421 , PT(32), PT(33), PT(34), PT(35), PT(36), PT(37), PT(38), PT(39)
422 | #if NB_SMALL_SIZE_CLASSES > 40

423 , PT(40), PT(41), PT(42), PT(43), PT(44), PT(45), PT(46), PT(47)
424 | #if NB_SMALL_SIZE_CLASSES > 48

425 , PT(48), PT(49), PT(50), PT(51), PT(52), PT(53), PT(54), PT(55)
426 | #if NB_SMALL_SIZE_CLASSES > 56

427 , PT(56), PT(57), PT(58), PT(59), PT(60), PT(61), PT(62), PT(63)
428 | #endif /* NB_SMALL_SIZE_CLASSES > 56 x/

429 | #endif /* NB_SMALL_SIZE_CLASSES > 48 */

430 | #endif /* NB_SMALL_SIZE_CLASSES > 40 */

431 | #endif /* NB_SMALL_SIZE_CLASSES > 32 x/

432 | #endif /* NB_SMALL_SIZE_CLASSES > 24 */




10.6 %52)2 Python W40 Hios 213

433 | #endif /* NB_SMALL_SIZE_CLASSES > 16 */

434 | #endif /* NB_SMALL_SIZE_CLASSES > 8 %/
435 | };

REGTERAHE X EE T AR, ERIRNTE I # usedpools AT A%,

Objects/obmalloc.c

247‘ typedef struct pool_header *poolp;

poolp KA pool_header AIFEET AU 44 o UL, usedpools = pool_header MFE 5T
TR

B RFA R BB % NB_SMALL_SIZE_CLASSES HY %,
Objects/obmalloc.c

115 | #define ALIGNMENT 8 /x BTN 2MNIRTT */

134 | #define SMALL_REQUEST_THRESHOLD 256

135 | #define NB_SMALL_SIZE_CLASSES (SMALL_REQUEST_THRESHOLD / ALIGNMENT)

NB_SMALL_SIZE_CLASSES J& “256 / X} 55 [ F 15 80" . 256 48 1Y J& 256 F 97, Wk 25 1

JERES 2 EE A 2 i A B B, WAL, 7R R IRATR I block 1Y

KNG Z DR, HERTEHON FF R 718, X2 B2 2 32,
FEULSERS F SRR EE R 2, R R .

Objects/obmalloc.c f&jB& AT
static poolp usedpools[64] = {
PT(0), PT(1), PT(2), PT(3), PT(4), PT(5), PT(6), PT(7)
, PT(8), PT(9), PT(10), PT(11), PT(12), PT(13), PT(14), PT(15)
, PT(16), PT(17), PT(18), PT(19), PT(20), PT(21), PT(22), PT(23)
, PT(24), PT(25), PT(26), PT(27), PT(28), PT(29), PT(30), PT(31)

}
XHEREEZ TIE,
FK usedpools MITCREEZE 64, HHIER/NFISHIIA 32 Fl, WA RAEHOCRWE?

N T AU EEFIEHE pool, usedpools MITTE &M MU P —ZLAY, A I i 43 IE A 25 2
R R B A 222 32 BIfER 64,
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usedpools
WA~—2H
0 1

0 1 2 3

E10.13 usedpools I HES|

THEHIRAEREEZ PTO MNE, XAZEHE XAE usedpools MIICER N o

Objects/obmalloc.c
410 \ #define PT(x) PTA(x), PTA(x)

% PTO) LIA—4 I Z PTAQ -
TR A B BIH % PTAQ -

Objects/obmalloc.c
409‘ #define PTA(x) ((poolp ) ((uchar x)&(usedpools[2*(x)]) - 2xsizeof(block *)))

AT LT — 8%, XAFEEHHE 0 AL B2 N — A 1Y TF L FAERT “PI block FR4EF
BRI/

[P EUR R AT AT A AR B SRR X AR 427 i KK L —TF, usedpools s&:45 A4
pool_header M%I4 .

Objects/obmalloc.c BT

235 | struct pool_header {

236 union { block *_padding;

237 uint count; } ref;

238 block *freeblock;

239 struct pool_header *nextpool;
240 struct pool_header *prevpool;
241 uint arenaindex;

242 uint szidx;

243 uint nextoffset;

244 uint maxnextoffset;

245 | };
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3 LX) 4% 2% 119 1 B 2 nextpool Fll prevpools

TR S block TREMRLAY R/, WURIERTRE SIS 236 17 27 237 A7 LR ref FIZE
238 AT freeblock HYR/N, S TIXUALH, FRATHE MO ref & LN union HY block T
BB _padding. WA _padding SEFR B IA BT

FEICFEA T3 mT AT X AEAE ] usedpools T o

byte = 20 /* HUEHF I E*x/
byte = (20 - 1) >> 3 /* XFF: 454 2 */

pool = usedpools[byte+bytel /* P ZPM—4l, FrLIRTINAE : index 4 %/

XY, B AY pool FAFEUNT K.

pool; == pool->nextpool
pool; == pool->prevpool

pool->nextpool == pool->prevpool

usedpools pool_header 5414

0 | @QTLISKIARTION | block * padding;
Hohk

1 block *freeblock;

(1) Viln)ix B (3) nextpool X1 &5 (2
2 <:] struct pool_header *nextpool; prevpool XfRI5R 513
3 struct pool_header *prevpool;

E10.14 usedpools HIHIEAHL

ARG ESERE IR T, AL 422, HEHE usedpools FHK LMK pool _header AL
HAFRSE T 33X A, EE G XS, HRXBEAMEAEL LT RN, Y
EHFE BN WA R T SRR, AR — P

usedpools LA KA A 24 .
AR A PR TIE
A ZJEEEEEE S B TN, X REHEERNOWMEL T .

TEFT LRATRIN G, REAS S T B LA DR — 285 | 3R
(H 7% pool_header "1/ IFRINFR £ WL 1)

JEoR ANt WiR H R ¥ pool_header MYTH, fEMEHLZs I usedpools A 1F KK, &
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FEARBBAT WRBL . PR FRATT 200 5| £ usedpools, It LAk B/ — S A 23 i 5 5%
A T

WAk, FFATRAET pool_header WXL HERMY ML, Fi LLEXIR SR iR M 2 SIS
VR Rz e A X LR sk, FARREARE P i A itk [, Jr LIA A8 T I 4
SRBITT IR

10.6.4 block BIIREEE

pool 8 block 5843 1, HF4 pool s&/E A#EAT block HLRZASE HLAYIE?
block HA I =FRZEs

1. &% 5B
248 A 7
3. k1A

{1158 B2 1Y block H I AL — K . © BRI block, AR AT block 52—
FRBY A A2 Y block

24 mutator H1 i 43 Bt block A, pool W2 T T e P 5 58 R M FH Y block & i 25 .
SR, pool H 4l AN ) 4 i 45 B FH 9E HE Y block FIAAH FHAY block

Rl SEEE Y block RSB,

Jr A 58 B2 1Y block #5239 % # 3 — > I AE freeblock MY %S N HE R FEATHE HL . block
SETERET A I B 3% 1 3] 25 PRBE R Y . R (52 52 19 block 8 280 T R e
JIT LARE IO 25 PRI GE 2T Sk 0 b 50 25 9 125 AR BRSO R 11 block o ZJ5 FRATRERE L
SEEEMY block HBHEAEA freeblock 11, iX/™ freeblock J&Hl pool_header & X[, FKATH
freeblock MTEF 3k, JEA block 7S REES

RETTREZAUL: “1E block WHRE AZEAZAKEFWE? ” AL XA block JEAE RO 4
) block, 5 AfFA#Z OK 1, Sead, BgEN 4B iEE HP) ARRIMS & 45
BCAY block, FTLAFRATARERAMEA: BLEIS A

FHEZ VAR R block T o BB WA Sl BRI, BT LA BEAR 8 58 EE 1) block
HBFEFHBE R TETE . MIRTATOT AUHAPEIR L block JE 28 INEEZR , (HANEERE, BB/ H
BRI, RATAREE X 2155 1S,

PRI FRAT THRE A AN pool TFk A% HER X H A T4, pool_header MY/ nextoffset !
PR A%
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- FH 52 EE 1Y block
FHAS INEE R 42
v ¥
et el ek | [ womsees | ke | ksonng
block block block block block block

[
Al block £ B2 S ik

10.15 pool # block &2

5 H R AT 40 T5C B AR A 9 block &3 Z2 1Y block, PRy 23 BE I 2 M pool 14 T3k TF 45 43 1L
block 4, B DL oA 25 H B4 FH 58 52 19 block FIEL 2843 B Y block, PRI FRATT H B0K (i 5 12
T EN T —1 block, HLHIE B SE 2 AR AT block T &

10.6.5 PyObject_Malloc()

2T usedpools MINAMAASE T, MAELLIRATKE B LRI block FYERIEIE

AV AN A5 0 JZ2BTHEH] Y PyObject_Malloc () PREOKSMHEL block. Python H{ii
1) 2 IR 43 X 2 AR S X A PyObject_Malloc () PREURATECI . XA RECA —AMMEH, 4
TH “4HEE block” “43BL pool” LA “43BL arena” .

PyObject_Malloc() PREXULIR new_arena() —#f, J&2— Kk 200 FT K pi%k. T K
IR IR

BRI AR RE T R IR

Objects/obmalloc.c:PyObject_Malloc()

723 | void*

724 | PyObject_Malloc(size_t nbytes)

725 | {

/* RA/NTEET 266 F 17 */

743 if ((nbytes - 1) < SMALL_REQUEST_THRESHOLD) {

/% (A) Musedpools HHUH pool */
750 if (pool != pool->nextpool) {

/* (B) iRl pool I block */

781 ¥
782 /% JSERAFAEN LI arena? %/
786 if (usable_arenas == NULL) {

/* (C) M new_arena() */

801 3
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803
804 /* M arena Ul FH5E 5410 pool */
805 pool = usable_arenas->freepools;
/x BB pool? %/
806 if (pool != NULL) {
/% (D) WAL S8 5 pool +/
/* (E) 1t pool JfiR M block */
874 }
899
/* (F) #IhR1LZS pool */
/% (E) #ltfift pool iR Ml block */
901 ¥
905 | redirect:
/x BRTFET 256 F 1, H—EM M Hnalloc */
913 return (void *)malloc(nbytes);
914 | }

10.6.6 ( A )MusedpoolsFEH pool

Objects/obmalloc.c:PyObject_Malloc(): ( A ) M usedpools FREXH pool

723 | void *

724 | PyObject_Malloc(size_t nbytes)

725 | {

743 if ((nbytes - 1) < SMALL_REQUEST_THRESHOLD) {
744 LOCK(); /+ LR */

745

746

747 * BRG] */

748 size = (uint) (nbytes - 1) >> ALIGNMENT_SHIFT;
749 pool = usedpools([size + sizel; /#* Il pool */
750 if (pool != pool->nextpool) {

TES 748 1745 HH I T T 88 4 i usedpools MR Z T o HITE 1Y 1 85k LA FF
RG], Wik, 7% ALIGNMENT_SHIFT fJE XU F s,



Objects/obmalloc.c

115 | #define ALIGNMENT 8
116 | #define ALIGNMENT_SHIFT 3

1E PyObject_Malloc () MU 750 17I4r pool 475 EL &1EHER | R 5484 1Y usedpools HYTT

10.6 %522 Python X £l

R, WRCAHEES T, pool Al pool->nextpool MHLIEN IZ AN

10.6.7 (B )i&[El pool WY block

4 pool BirHLSELERT, FRATHLEIEA “(B) 12 ] pool AT block” X —ALBEENEL T

Objects/obmalloc.c:PyObject_Malloc(): ( B ) iR [E] pool &Y block

750 if (pool != pool->nextpool) {

/% pool NAIHL MY block AL E */
755 ++pool->ref.count;
756 bp = pool->freeblock;

/% AEId A REEREUE block (EFH5EEEAY block ) */
758 if ((pool->freeblock = *(block **)bp) != NULL) {
759 UNLOCK(); /* fitBRekfem =/
760 return (void *)bp;
761 }
762

/* MR U block CREFH B block) */
765 if (pool->nextoffset <= pool->maxnextoffset) {
767 pool->freeblock = (block*)pool +
768 pool->nextoffset;

/* BOEF T 1% block IR EE */

769 pool->nextoffset += INDEX2SIZE(size);
770 *(block **)(pool->freeblock) = NULL;
771 UNLOCKQ) ;
772 return (void *)bp;
773 }
774 /% BAFESMEC T pool M block T */
775 next = pool->nextpool;
776 pool = pool->prevpool;
T next->prevpool = pool;
778 pool->nextpool = next;
779 UNLOCK Q) ;
780 return (void *)bp;
784 +

TATE L uFid anfay M as REE R B block (fff FH5E 54 AY block ) LA R Qi a] 38 3o i 7% 2 Bt
block (ARAF K block) T o B 2eFATR 2558 25 INGE R EUHE block,

[

219
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4 block NEESR (F—12% block AYHBAHE) i NULL B, T8 m A% & B block
%5 769 171 % INDEX2SIZE() HIE XN s,

Objects/obmalloc.c
120 \ #define INDEX2SIZE(I) (((uint)(I) + 1) << ALIGNMENT_SHIFT)

A LFRATT R EH 25 | MR block MR/ CETE) #1047 T o
T 775 47205 778 ATiX L, pool LA REZTEL Y block T o X AFFRATTHE pool MH:
FAERY) usedpools R RR
10.6.8 ( C)iAMANnew_ arenal()

T RIATHABAEFIH] PyObject_Malloc () PREXIT A %5 block YIE N T iZ AN Ab 3L
BN K —REF “(C) W new_arena()” X5,

Objects/obmalloc.c:PyObject_Malloc(): ( C ) i F new_arena()

786 if (usable_arenas == NULL) {

787 /* S3TR#Hi arena_object */

794 usable_arenas = new_arena();

795 if (usable_arenas == NULL) {

796 UNLOCKQ) ;

797 goto redirect;

798 }

799 usable_arenas->nextarena =

800 usable_arenas->prevarena = NULL;
801 ¥

A AT Y avena B, 1 H new_arena() PREL, ¥H1 arena_object W | usable_
arenas . QIR new_arena() PREURIL, HLBKF redirect Hr%E i malloc ()
KA FRATIX B Y usable_arenas HiiJ5 &R A %4 arena_object, FATLAEERL IR TT
ARBCE N NULL. W2, usable_arenas 1HIEE | — ik BLAMHCHY arena_objecto
10.6.9 (D) #D4R4L{EASEEERY pool
THENTRAER “(D) WAL HIZE SR pool” X /MIE

Objects/obmalloc.c:PyObject_Malloc(): ( D ) #1444k 15 F 52 E 4 pool

804 /* HUH arena W 58561 pool */

805 pool = usable_arenas->freepools;

806 if (pool != NULL) {

807 /x JEMASEHER pool MEEF P ELTY +/

808 usable_arenas->freepools = pool->nextpool;
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816 /* Marena T Y pool #UF I e —4> */
817 --usable_arenas->nfreepools;
818 if (usable_arenas->nfreepools == 0) {

/* WE F—" arena */

825 usable_arenas = usable_arenas->nextarena;
826 if (usable_arenas != NULL) {

827 usable_arenas->prevarena = NULL;

829 }

830 ¥

usable_arenas J&— "% Al Y arena_object HE/F 5 5L A fE . 55 805 11 HI% 806 17171
TR EriX 1> usable_arenas kY arena _object IR freepools HUAA B A1 pool,

WA ff H5EER Y pool, FRTEMLIA freepools HLIXE T —Mfi FH5E 52 Y pool .

TEZ JE B 818 17 3% 829 17, arena HLIAIEL 4204 7] Y pool T, XHFFRATHE F—4>
arena_object W F| usable_arenas . K AFRATIE K usable_arenas i THER MY,
FRUAFAAE T SERTIOEER . I IRATTAESS 827 4144 MLt prevarena i} NULL.

10.6.10 ( E ) #1%84% pool HiR[El block
THEIATRE—T “(E) VIR pool IR 9] block” iX#R41o

Objects/obmalloc.c:PyObject_Malloc(): ( E ) #1#&4£ pool 3i& [8] block

842 init_pool:

843 /% #E$ET| usedpools BFFk */

844 next = usedpools[size + sizel]; /* == prev */
845 pool->nextpool = next;

846 pool->prevpool = next;

847 next->nextpool = pool;

848 next->prevpool = pool;

849 pool->ref.count = 1;

850 if (pool->szidx == size) {

/* HEHTIT R R/NRT pool I E B block K/,
/% ARIIN—HE, IBAAPIG AW IC TS

*/
855 bp = pool->freeblock;

/% BOE T —1% block YHLAE */
856 pool->freeblock = *(block **)bp;
857 UNLOCK Q) ;
858 return (void *)bp;
859 }
865 pool->szidx = size;

866 size = INDEX2SIZE(size);
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867 bp = (block *)pool + POOL_OVERHEAD;

868 pool->nextoffset = POOL_OVERHEAD + (size << 1);
869 pool->maxnextoffset = POOL_SIZE - size;

870 pool->freeblock = bp + size;

871 *(block **)(pool->freeblock) = NULL;

872 UNLOCKQ) ;

873 return (void *)bp;

874 ¥

AT 844 1125 848 1THUHEAE, M arena HUH Y pool i A El| usedpools ATk,

TE5 849 174 pool_header KA ref.count K 1. XTSRRI pool HE L
SIBCEY block AUEEE o 42 T R IAELS3 B —A block, FFLAMT 1 E0I46 1k

SRJE KA pool A [ 5E 1Y block /NI Y block o/IN & 75 A ) o 350 JURG: A5 B %) 15 28 fiff
3L —UK 1 pool F &Ko XF TR fH Y pool, A AR A Ry Hok i [ 5 (1) block K/h, B LA
TR A AN R F . QAR TR A B, SN pool B block Fy btk 44 R A

WX R A A, IR pool . FEATIXIHRAERYZEE 865 17546 871 17 1AAS,
SIX RS CBOMERLE , PTLALEIRATTSS & Bk

i 5E 54 A9 pool
T W k5 EF1)
-~ - block block | block . block block | block
PRI @i | w5 | 5 ) 85 | 671 | 65 )
HEHY A/ block L2514 52
block .,
2 BRI E A 5E 5 A9 pool
(85719) I‘I% (167%)
- > " block block __ block block
SRR/ AN (16514) 1654) T (1675 H) (16514)

block CL£:41 585
E10.16  pool HI#IFA 1L 1 i

TESS 867 17 H PR % POOL_OVERHEAD JE45H1A pool_header AU K/,

Objects/obmalloc.c

291 | #define ROUNDUP (x) (((x) + ALIGNMENT_MASK) & ~ALIGNMENT_MASK)
292 | #define POOL_OVERHEAD ROUNDUP (sizeof (struct pool_header))
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6.1

( F ) #%a= pool

10.6 %522 Python X £l

879

882

884
885
886
887
888
892
893
894
895
897
898
899
900
901

RIGEANREFR “(F) WIHALES pool” I H/MIE o

Objects/obmalloc.c:PyObject_Malloc(): ( F ) #1844% == pool

}

pool = (poolp)usable_arenas->pool_address;
/* 1 JE arena_object UM E */
pool->arenaindex = usable_arenas - arenas;
/x AR */

pool->szidx = DUMMY_SIZE_IDX;
usable_arenas->pool_address += POOL_SIZE;

--usable_arenas->nfreepools;

if (usable_arenas->nfreepools == 0) {
/% WREA TR pool, HLKE F—1 arena */
usable_arenas = usable_arenas->nextarena;
if (usable_arenas != NULL) {

usable_arenas->prevarena = NULL;

}

goto init_pool; /* (E) ¥tk pool Jfik[Flblock */

TEMA — TR B EH IR R E IR — T, w2 e fifi FH 22 DuMMY _SIZE_IDX.

Objects/obmalloc.c
294 \ #define DUMMY_SIZE_IDX Oxffff

Ptk

N T AER I B9 block K/NEAE, FEATTREHT pool HY ML 5t szindx WM — 1> KA HE FUL{EL
XFERL ] LIE T goto TR AIBEFL 2 init_pool, TEWIARAL pool HYMIMEE, B SIORE /NI %

e

FEFRA T 7E T KA 1) PyObject_Malloc() PR%K.
10.6.12 PyObject_Free()

TR B8 0 N A7 23 [ RS il A, 3 42 B R ZEUFHY PyObject_Free () PRAUHE AT LUK ]
PyObject_Malloc () PRELLRFE 1) NAF2S ],
XA R =AMEM L 2352 B block” “FEHL pool” LA “FEJK arena”
TR F B IX S PyObject_Free () PRECIE.
PyObject_Free () WJE—MHEW RAYRREL, X FR/ 1Y sRBCERAR R, 1 52 LU BOUE FRL g

223
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Objects/obmalloc.c:PyObject_Free()

919 | void
920 | PyObject_Free(void *p)
921 | {
929
930 pool = POOL_ADDR(p);
931 if (Py_ADDRESS_IN_RANGE(p, pool)) {
933 LOCKQ);
941 /% () AEAE BN 4 block %155 freeblock */
/* X4 pool i) free il block J&: 75 HNULL?  */
943 if (lastfree) {
949 /% pool P LAt block */
950 if (--pool->ref.count != 0) {
951 /% APATATATIRE */
952 UNLOCKQ) ;
953 return;
954 }
/* (B) ¥ poolik[il arena */
/* Yarena NIT A pool HZM */
985 if (nf == ao->ntotalpools) {
/* (C) Bl arena */
return;
1025 }
/% arenaiff|—/ %5 pool */
1026 if (nf == 1) {
/% (D) #451% usable_arenas YTk */
return;
1041 }
/* (E) %fusable_arenas JFH7HET */
1102 return;
1103 }
/% (F) ffi Apool */
1121 return;
1122 }
1123
1124 /% (G BEHOLAZs [E] +/
1125 free(p);
1126 | }
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10.6.13 (A )BIEABERIISREI block iEiEE freeblock

Objects/obmalloc.c:PyObject_Free(): ( A ) {BIEARERI TS #Y block &2 freeblock

919 | void

920 | PyObject_Free(void *p)

921 | {

922 poolp pool;

923 block *lastfree;

924 poolp next, prev;

925 uint size;

926 /* JNULL AR HATAEfTH8AF </

927 if (p == NULL)

928 return;

929

930 pool = POOL_ADDR(p);

931 if (Py_ADDRESS_IN_RANGE(p, pool)) {

933 LOCKQ) ;
/* M pool H1HUH freeblock */

941 *(block *x)p = lastfree = pool->freeblock;
/* FERE block HEHF freeblock I3k */

942 pool->freeblock = (block *)p;

T 56 FH 2% POOL_ADDR (), MAAEE Jhy il %o 52 17 b ik B JHC 7 I 1) pool. X T % POOL_
ADDRQ), PRUMTEANT LR T —2eg Bim4 15, FrARMTSReml & — 1k oy KR U, i
%% 10.6.20 77,

% 931 17117 Py_ADDRESS_IN_RANGE() i 5if5#rH % POOL_ADDR () 34T pool &7 IEH .

it kA, B pool BUHY freeblock, & H MAENEHAN 41 block, Z AiFRATTE
10.6.4 5 T U 08 FH 58 54 9 block 2842 1) 23 PRI B 2248 B0 st 2 33 I Ak 3

25, AR RBECT 49 block FHiAE A pool Y freeblocks

10.6.14 ( B )& poolik[Elarena

THE “B)% pool 1% [A] arena” b1 14 8

Objects/obmalloc.c:PyObject_Free(): ( B ) 4% pool iR [E] arena

943 if (lastfree) {
944 struct arena_object* ao;
945 uint nf; /* ao->nfreepools */

946

225
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949 /* pool AT &AL block */
950 if (--pool->ref.count != 0) {
951 /* pool IEFEWAE A */

952 UNLOCKQ) ;

953 return;

954 }

/* prev <-> pool <-> mnext */

/* prev <--> next */

960 next = pool->nextpool;
961 prev = pool->prevpool;
962 next->prevpool = prev;
963 prev->nextpool = next;
964
/* Ffpoolik [ arena */
968 ao = &arenas[pool->arenaindex];
969 pool->nextpool = ao->freepools;
970 ao->freepools = pool;
971 nf = ++ao->nfreepools;

55 943 1T I JR P AL i lastfree HAIZHT — 1Y freeblock. “4iX L ANH NULL B,
AT TIXA 1£ AP IAT L.

TE45 950 47K A pool HLETA B 243 LAY block, WA GG, sEABATEMEAE, &
% return.

R pool WA T 440 BLM block, B AIXA pool 58 4 A B AT H, X I 3t b 2500 H:
25| arena 11 freepoolss L 960 17 H 5 963 17 Ay AL B XF 5 1) pool N usedpools h
Wi, SRISTESS 968 1TRI%E 971 17 pool i [l arena.

10.6.15 ( C )¥ arena

Objects/obmalloc.c:PyObject_Free(): ( C ) B # arena

985 if (nf == ao->ntotalpools) {
/* M usable_arenas it arena_object */
996 if (ao->prevarena == NULL) {
997 usable_arenas = ao->nextarena;
1000 }
1001 else {
1003 ao->prevarena->nextarena =
1004 ao->nextarena;
1005 }
1006




1007
1009
1010
1011
1012
1013
1014

1015
1016
1017
1018
1019

1020
1021
1022
1023
1024
1025

if (ao->nextarena != NULL) {
ao->nextarena->prevarena =

ao->prevarena;

/* N T A arena_object
* JE4% % unused_arena_objects
*/
ao->nextarena = unused_arena_objects;

unused_arena_objects = ao;

/* Fji{ arena */

free((void *)ao->address);
/* “arenalfi RYIIHEL” WIARIC */
ao->address = 0;

--narenas_currently_allocated;

UNLOCK Q) ;

return;

10.6 %52)Z Python W4/ Hces 227

4 arena N AJEZS pool MR, XA> arena SESE BRI T, Aok LR,

7E 55 996 17 2| 55 1011 17, M usable_arenas (7] H [ arena £ %) B H X 4 arena_
object, TEHS 1015 17K Hi% 425 unused_arena_objects (A ffi 1) arena 5538 ).

ZJG BT arena, TERETL arena J&7, A T K5 “arena 1 KB /3B, ¥4 arena_object MY
Wt address WM 05

10.6.16 (D )#zhFusable arenasB9FFL

Objects/obmalloc.c:PyObject_Free(): ( D ) #3h%| usable_arenas B FF

1026

1032
1033
1034
1035
1036
1038
1039
1040
1041

/* arena HH—/~%5 pool */
if (nf == 1) {
/* E4ER|usable_arenas [k */
ao->nextarena = usable_arenas;
ao->prevarena = NULL;
if (usable_arenas)
usable_arenas->prevarena = ao;

usable_arenas = ao;

UNLOCKQ) ;

return;
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T4 “arena R —A%5 pool” M -

X —%5 pool FEIIFESE “(B) #F pool iR [A] arena” X #3433 71 Y pool . WHEEIEUL, B 2
FHIXIK ) PyObject_Free() PREUMIE, XA arena HHTAT Y pool AR IE7EGEAH A AR

KR T 1Y) pool #RIEAEREfEH, rLA arena_object AL A i%EH2 3] usable_arenas, 7
FEBHA . PUTRIURIE RS 1032 173155 1036 17 HIAUR

10.6.17 ( E )X usable arenasi#{THEE
ATREST, WMIRKEFE “(E) X} usable_arenas BEATHET” X &40 ALFREIE .

Objects/obmalloc.c:PyObject_Free(): ( E ) ¥t usable_arenas i#t{THEF

1049 if (ao->nextarena == NULL ||

1050 nf <= ao->nextarena->nfreepools) {
1051 /% APITAEATERAE */

1052 UNLOCKQ) ;

1053 return;

1054 }

1060 if (ao->prevarena != NULL) {

1061 /* ao isn't at the head of the list */
1063 ao->prevarena->nextarena = ao->nextarena;
1064 }

1065 else {

1066 /* ao is at the head of the list */
1068 usable_arenas = ao->nextarena;

1069 }

1070 ao->nextarena->prevarena = ao->prevarena;
1071

1075 while (ao->nextarena != NULL &&

1076 nf > ao->nextarena->nfreepools) {
1077 ao->prevarena = ao->nextarena;

1078 ao->nextarena = ao->nextarena->nextarena;
1079 }

1080

1086 ao->prevarena->nextarena = ao;

1087 if (ao->nextarena != NULL)

1088 ao->nextarena->prevarena = ao;

1089

1101 UNLOCK Q) ;

1102 return;

1103 }
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TESS 1049 174 W3R 9] pool [ arena_object %S pool £ F1 K —* arena_object M=%
pool AT HLH . W ZHTHY arena_object T —> arena_object /)N, MABAHITIE
¥4, HEZ return.

WHRIFAEINE, WAZIXT usable_arenas #HATHEF, #% arena NS pool FUXE M /NEIK
Y AT HES

551060 17215 1071 177 T{ M\ usable_arenas U X4 arena_object.

SRIGTESS 1075 475155 1079 174 B F —ME AL &, AT AR,

usable_arenas

%5 pool %Y Z5 pool %Y %5 pool %%
3 7 10
A
Z5 pool %L
4

E10.17 Xtusable_arenas#{THEAN

LR T R BRSBTS T, B (R 4fA pool 7

10.6.18 ( F )#HA pool

Objects/obmalloc.c:PyObject_Free(): ( F ) X pool

1110 --pool->ref.count;

1112 size = pool->szidx;

1113 next = usedpools[size + sizel;
1114 prev = next->prevpool;

1115 /* ffusedpools M JF3kifi A : prev <-> pool <-> next */
1116 pool->nextpool = next;

1117 pool->prevpool = prev;

1118 next->prevpool = pool;

1119 prev->nextpool = pool;

1120 UNLOCK () ;

1121 return;

1122 3

1123

1124 /* We didn't allocate this address. */
1125 free(p);

1126 | }

HREIZ—T, FATERX— PR &R LR lastfree N NULL, WAHUZEYL, 1E
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PUATIXRBERL block FIHRVEZ T, X1 pool P block ALY 2B M FL 25 T o
>|57rLﬁE’J pool M usedpools THLH, FUCKIX A pool i A usedpools Tk,
R 1112 473055 1119 Fr{CI BTt A7 i A B
XFEFRATMYFE T PyObject _Free ) PREL. JaF&hr JL-F-27E1 arena BYEHE, X5
BIRHEE 120 5T, AW B IR B, FROTETEM — A KRRV T,

10.6.19 arena# pool BYBERERES

7E PyObject_Free () PRELHIRATHE] 7 ILA/INESS, Hrpig— e e se i A H
RZ N

BT, RFEEINL—T Z R 10.6.18 A Z

TEA pool BIIEFEH, M usedpools HUH ) pool (pool N ITA block #FTL £ 53 HL ) il
I BEHL block BYHEAEIR 9] usedpools B, XA~ pool L&A A T usedpools FIITGER MIYFH k.

REWATIE, X2 el A R Z 1 pool”.

I Ah, ¥ usable_arenas & %5 pool M4 HEATHEF, & “OL S i BRI iR 2 1)
arena’ .

MR 23X AMERVERE T SR T A Rl 35 e 2

e, OSBRI T e 22 W N A7 &S 18] 48 18 2 0 S AT mT 23 ) D g N R s (], 3
ek, A= (R 2 B A7 25 (] (BB 2 M i N A7 2 ) 0 kR S T

PBOX A, R AN AR S AT 2 6] 2 i N A |), B 1S e S A L
WRX TR NS ) e 2 =S, IR 4L RER ORI

XA] LR AR Al N A7 s Iﬂ*ﬂeﬁﬁllﬁ’]ﬁﬁ%

10.6.20 M block #% pool B93%15

TR Z A7$E 5 192 POOL_ADDRQ) -
462 %2 POOL_ADDR() FUAE o XA 75 M block FUFE4HH Z 1% block FTJ& I pool I
R

Objects/obmalloc.c
147 | #define SYSTEM_PAGE_SIZE (4 * 1024)
148 | #define SYSTEM_PAGE_SIZE_MASK (SYSTEM_PAGE_SIZE - 1)
183 | #define POOL_SIZE_MASK SYSTEM_PAGE_SIZE_MASK

297 | #define POOL_ADDR(P) ((poolp) ((uptr)(P) & ~(uptr)POOL_SIZE_MASK))

K AFATSEMER AR, FATAERITE, EREZRIARI.
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Objects/obmalloc.c: POOL_ADDR() ( & E&hiZ )
297‘ #define POOL_ADDR(P) (P & Oxfffff000)

X BAHGAT S5 p AT THRICAREE . BN A A X FEEEBE SRS pool fY il W7
KFEIG L —F pool HUHEXTFF AR, &4, ¥ 4K FXFFm, waiZul, HZMN
pool WHFFHELAL block AYHLIEFFUf H] ox£££££000 ARic, HAEREHLE] pool AYFF k.

pool
(4K F5)
0xb7e¢65000 T
(4K 5% 5%) 0xb7¢65724

0xb7e65724 & OxfFF000 = 0xb7e65000
F—UCARICAL T RE SO 3K M ik

E10.18 F#riZAEFEE pool Mk

— PN MBI 2RI Y pool & — IR H AEIS A A AL B, HE AR I A2 IR — A
pool, 2 HE Bl N SR A X bk, an SR %A sk FEUE T — pool -+ HREXRFE—3k,
BEYR pool YA 355t 25 A0 N Hb 3

XA XS ST, AU SRR C A FEE REER BIXF 2 1Y pool s iXJE O(1) HIFIE,
MRS

107 EREREE LG

XFGATHNRMICH G 2 ZRERY R, T2 BB AT I 240 2% B RAAT RO 20 T 48
TEIE BLBATTRA AR IO G i Q5 o frg FLAY 7 LR B, — R B R
TE T MR E SRS IRBERAR T AL, A0 B .

Objects/dictobject.c
205 | #ifndef PyDict_MAXFREELIST
206 | #define PyDict_MAXFREELIST 80
207 | #endif
208 | static PyDictObject *free_list[PyDict_MAXFREELIST];

209 | static int numfree = 0;

X OR8N R E SON A B 80 MITER AR, IS M EER X R 2 W IRt AF A
= WEER .
TSR M G RN R P, X LA s TN EEDE R By

231
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Objects/dictobject.c
929 | static void
930 | dict_dealloc(register PyDictObject *mp)
931 | {
/x BRIy BT M RN TER */
/* RS IRNEERIE R A */
/% AEAEREON RIS T IIY */
945 if (numfree < PyDict_MAXFREELIST && Py_TYPE(mp) == &PyDict_Type)
946 free_list[numfree++] = mp;
947 else
948 Py_TYPE (mp) ->tp_free ((PyObject *)mp);
950 | }

POk RE, ANSRAE R 7 S G 2= PR R AT 2= (6], IR 20 i 5 B 10 7 0 A7 A 25
WEER . J3—J7 0, AR o8 SR A 7 ML AT T 28 INEER 0 B 4L 1, A v E &%
WL A IRNEER IR B X R, IR R CRATE o

HTORRARE HEAMR Y — IR, A AR,

Objects/dictobject.c
223 | PyObject *
224 | PyDict_New(void)
225 | {
226 register PyDictObject *mp;
/% Kz WEER PR TA XTI */
238 if (numfree) {
239 mp = free_list[--numfree];
242 _Py_NewReference ((PyObject *)mp) ;
256 } else {
VAR UE SUEEPOE 3 e civi WO E LY/
257 mp = PyObject_GC_New(PyDictObject, &PyDict_Type);
258 if (mp == NULL)
259 return NULL;
264 }
270 return (PyObject *)mp;
271 | }




10.7 553)2 XA

RS NEER LA XS, REGIR I E . RS HEER B BEA XS, A BB IR 4

MRS N EER B AR 20 1R X REEA B BLEs

AKX REFA B LA e L 1 BT T Ao X SRS B AR ORI BR X 52
WARBUHRER AR 22 6 1R 5 0JZM Iy, MM ARG, H I 3RA]
o 2 PR B AR T AR — A

free list

0 1 2 3 4 5 6 7 78 79

FEAH T 52 BE A S B R B
E10.19 XN&B¥EHNEHER

BEAb, XA IREER AR FILO pJ7a0, Wit 7EfEzsiiaER i ARam,
BT RS S e d LT, R S PREERR PG Bla vy, 2 DS B 437 1 e T A T 5

SRR S

BIDHL 5 0 225 3 2RI a il B4 A
Python 7EA 5 SRR AN, 73 HE A% P AT A9 S 5 ANTE] 10.20 R

1E243K PyDictObject (7 HLX152)! 7S PR A e A R 5
(s PRS2 2 WA ISR 2 J2)

ERY | PyDict New() |

145 % sizeof(PyDictObject) ZAEC M pool #EAEAY block

FAT) block! (UnSF3A pool WP FHEE 1)2)
H2)2 | PyObject GC_New(). PyObject Malloc() |

43K sizeof(PyDictObject) M arena 434} pool

T pool! (ISR B arena WIFHIZE 0 )2)
ERl= | usable_arenas->freepools. new_arena() |

FRAUHA arena, THLATE 256K . . .

FATH 2SR IR 256K WA A7 22 1]

10.20 N EREMRLE

233
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108 FLEBESS

F T RALFAT— 'R B BTE Python 2 QAT SEBLG | IO

10.8.1 EE

TR, A RN TR . AR R R N, e
g L1, RGOSR S HECRD, SAETEES Bsk 1,
SEBRATFEARAE & 7% Py_INCREF O $UATHY, X HE LT ZNHT debug HIALFE

Include/object.h

648 | #define Py_INCREF (op) ( \
650 ((PyObject*) (op))->ob_refcnt++)

IAMAA — - HRAT NULL K5 A Y %% Py_XINCREF () o

Include/object.h
703 | #define Py_XINCREF(op) if ((op) == NULL) ; else Py_INCREF(op)

TAAHTE CHF WA HEBELAFRP TR X, XJ2 “eXtend” (§78) WAHE . =
7 Py_XINCREF () Kutd, EESE YA NULL KA /ERY 2 Py_INCREF ().

10.8.2 Q: HEHRASHMiEHIG?

KTREAFBEATC LA 3 Trhihd 1. REMZIEILs, ShES T — a4
FHE B WA R AT EE
NIRRT B AE Python HSEBRJE A0 a3 G ik 1 o

Include/object.h: BIRIEIT
101 | typedef struct _object {

102 _PyObject _HEAD_EXTRA
103 Py_ssize_t ob_refcnt;
104 struct _typeobject *ob_type;

105 | } PyObject;

JH Py_ssize_t BIE L5t ob_refent (GRS )

Include/object.h
102‘ typedef ssize_t Py_ssize_t;

Hl ssize_t TE X Py_ssize_t M,
ssize_t BITE 32 Vi IAHE F A /2 int &Y, 7€ 64 VU IABE 4t /2 long B, 7] L4 HRE]



10.8  SIAHEGE

R IR/ —HE

WRARFTAL, TR —FRUEREHIAR AU RN o (EJE O SR A AR E 4 7
TR TR, BT LARME S TR A 1R 5 DU, A2 i

A T — B RIEER] . A AT & RVFAFE TR 7 AT 5 BUAS LA 157

FePr EIXAEREN T debuge 51T AT RN, BUA Dol A1 i B8 g 4R 1 it
WrTaE . ARVET TR A e OB E o T AT A

Include/object.h

597 | #define _Py_CHECK_REFCNT (OP) \

598 | { if (((PyObject*)0OP)->ob_refcnt < 0) \
599 _Py_NegativeRefcount (__FILE__, __LINE__, \

600 (PyObject *) (OP)); \

601 | }

SR 3 I Ak B R K Python DL T debug 19, B 4 5k £ B4R A &= B VR, _py_
NegativeRefcount () PRALZSIHEAL Ay 4K X G245 8 Y U R 15 S i i1
10.8.3 E=IRIE

TV AR T
BIEATTZNY debug LI, B EACASAIT R

Include/object.h

652 | #define Py_DECREF (op) \
if (--((PyObject*) (op))->ob_refcnt !'= 0) \
655 _Py_CHECK_REFCNT (op) \
656 else \
657 _Py_Dealloc((PyObject x) (op))

Je R TE B A e, W R4S 0 DL A B9 BO(E, Bt JH %% _Py_CHECK_REFCNT (). _Py_
CHECK_REFCNT () 2T debug %, BTk ar s HITEE 2 B0 T 17145,
WARTHEES 0, AP A4S % _Py_Dealloc()-

Include/object.h

643 | #define _Py_Dealloc(op) ( \
645 (xPy_TYPE (op) ->tp_dealloc) ((PyObject *) (op)))

PRI R —FE, X H WA NULL AP R R R

Include/object.h
704 | #define Py_XDECREF(op) if ((op) == NULL) ; else Py_DECREF(op)

235
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A tp_dealloc HLAFH DT REAS IR R B pRBHE £, HLAN T WX A 17 5 BT A
SRR

Objects/tupleobject.c
160 | static void
161 | tupledealloc(register PyTupleObject *op)
162 | {
163 register Py_ssize_t i;
164 register Py_ssize_t len = Py_SIZE(op);
167 if (len > 0) {
168 i = len;
/* B ICH MR TCR AT */
169 while (--i >= 0)
170 Py_XDECREF (op->ob_item[i]);
182 ¥
/* BEBOTHX G */
183 Py_TYPE(op)->tp_free((PyObject *)op);
185 Py_TRASHCAN_SAFE_END (op)
186 | }

R T RBEHOTHX S, B ST T R W5 | TR A TG A, 25 X 2 A
7 tp_free o PREE £ o

BB tp_free WA AF A 25 X G B AL BRECHE . AN S ER A A LR 9 Y AR 2
PyObject_GC_Del () PR%K.

Modules/gcmodule.c

1380 | void

1381 | PyObject_GC_Del(void *op)

1382 | {

1383 PyGC_Head *g = AS_GC(op);
/% BWEIRAY . BECHTAOALIT +/

1389 PyObject_FREE(g) ;

1390 | }

X B P PyObject_FREE() L& Z HIAE 10.3 75 H i ML PyObject_Free () PR%K, iX
AT 103 THEMT .

Include/objimpl.h
121‘ #define PyObject_FREE PyObject_Free



10.8  SIAHEGE

JULH I AR AR T A0 R s

Py_DECREF AR A
_Py_Dealloc
tupledealloc —— JCH B
PyObject_GC_Del
PyObject_FREE
PyObject_Free — BN

10.8.4 £R4EEE

BRARDERN 1RO QBT A A A 21— T 42548 (finalizer) I

RERAHAE R SRR RMAL P, PEAT R 8E A PR DO RE

F RN T HLAT A BRI AR AR A BE R B AN AR, REE LA i HA
PR,

FRATAT LG TR E S A

class Foo:

def __del__(self): # o LAREEE
print("Bye...")

XAE LT 2240 Foo ZERYSLMH, I AFE R BEIX N SE I 224 i “Bye. . .70

M4 Foo R SRR b ERET FIRYWE? 5 % S AR RO SR A I I8 FH A IE
FEIL Foo ZESL M IR FH IET 40 R BT s o

Py_DECREF AR
_Py_Dealloc
subtype_dealloc —— SRR B
slot_tp_del — RS

subtype_dealloc() MRELE L LR, HER -EERATE, RERALER, Ailp
ML BT S R B AN B AME T

Objects/typeobject.c:subtype_dealloc(): EaihE H 44 45 28 pIER 4
846 | static void
847 | subtype_dealloc(PyObject *self)

848 | {
849 PyTypeObject *type, *base;
850 destructor basedealloc;

851

237
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853

920

921

922

938

1074

type = Py_TYPE(self);
if (type->tp_del) {

_PyObject_GC_TRACK(self);
type->tp_del(self);

/* B *x/

}

LOIRITEOL T, 225 tp_del HHRAFE PITA L AT Y slot_tp_del () PR%L. Xl
— DR, ALBRE debug MFEERIGAALBE, LA AR R L1

Objects/typeobject.c:slot_tp_del()

5257
5258
5259
5260
5261

5266
5267
5271
5272
5273
5274

5280
5281

5289
5290

5315

static void

slot_tp_del(PyObject *self)

{
static PyObject *del_str = NULL;
PyObject *del, *res;

self->ob_refcnt = 1;

/* WA __del __FHTE */

del = lookup_maybe(self, "__del__", &del_str);
if (del !'= NULL) {

res = PyEval_CallObject(del, NULL);

/x BUETRSY HERAG AFIT AL AR +/

if (--self->ob_refcnt == 0)
return; /* iEHpREL =/

/% AWy E AL SRR OL R RS AL BE */

}

e

5EH 1ookup_maybe () PREUBH LB __del__ () 711k, #A)5H PyEval_CallObject ()
PREGTHE . LA Foo 28911, L2kttt “Bye...”s
£ 5266 1T AURSRE XS BT RSB 1.



10.9 5IHBITA

TESE 5289 A% X MRS AT i, FESE 5290 17iR H R %L

W ZAL (finalize ) i 2 AT 42 (self) AHIGIH, IBATES 5289 115 HITEGES A
2R 00 HIL, ZJ5E RPN SR ST NAEREI . X TAL B ER e ZAL A TE 5, BT LA
ATHIR,

10.8.5 IHNITECIE

Bl i3 Python AURARESIN , RN 2 51 TR0 B B Al 441

FHAC b, 72T Python FY AR BEAR 06, 8L 46 200 24 1A 38 B SRR R0 4R A A
Python "Rl LIZiE C HYH RERLHRE, Anid o [RJ e 28 81 5 T

G0 A5 08 2 A i A ) T A BRI A B R A A A 1) X G i 5 LT INEE AT 1Y
FEAT T —J5 A —E & Python RUXI 4, WATLUE C i & W42 R L i R i A8 o

AT TR AL BEAN S T A WP HELAR AT )

BT, HMJRERASE SIS, R RSO T AR AT LA PAT TR B 5 SR
AR G| AT 3G, fm B AR AT b S EE AT I A . RO AR RS |
AR O E AR, B RLRIMEREAT TR B, A a8 S CH ARt n] DLBEAT 14K
AbBE, Aid i RS MAH ).

ARG EOE BT BUL B A PR3P A IE ARG T A AR PE 5 LI B9 R O LE R
AR

WERM RGBSR T T 1, e R TR IR, IR X5
THBUR e BRI BTG, ] A BRI A B

(R AE Sy B AL VR N R G2 i 5 | I HRGAR rTREDS O AT B, AL i D) SE AT it
HURIPRAF A

BOXRE, ARG E R 5 R AR AT O, A ] IR AT IR O . X o8 4z
FEfy 5 A CHIBr, A MRARNEIZE A E0E, R PATTHEAE B ALY, XA AT
KEER

BeAh, FELL C i BK HEXS Python BYXS RFEATHRAERS, A7 00 258 R B, 25 LA
Python HY/K HEE e P A, 1 5 AL AR P 22 08 Y s SR AT H RO B, B DA il o5 AT
FATA TR 25 5 5 I, I RGOA IR B — a5

10,9 BEEREEE

WREN T IR A I A e FIR, i e T ST RIR A AL
TEIX A F AL RGOERE — 5, SURFTABCEX T X7, Mo T 5" My O
i —4%, XRAIEEA A BOX ).
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WeFEA 5 AT A AL, A AR 0 78 AN T 22 0 51 F R 6 42 i 51 T 508 8 (py _
DECREF () ) BT, Wi @id, 51 %S iR El i sd R 2 31
XA “BIRITA R X eRE R BE S EE & ERE L,

10.9.1 {&ES|BRIFAEN(REE)
o33 3| AT L 6 0 S R U85 A6 P SRS I 2 32 2

WA WHTT PRECTT
FJ?ﬁ)rR Fﬁﬁ&
7 I H Ei | H
X4 POE

E10.21 fEE5]| BAETA

TS 1) X G0 5 R 00 265 9 7 1) o8 — BB 2 BT A A — 2 22 25 R 7

TSR R I 5 =30 T IR AL, IR ALER [0 5 195 | 25 TR 2 1 52 IR
ATl A

Az IR X G 0 I A eR AR B AR S B T A BRSSO o 28N, AE LUHT A
PyDict_New() PRECHEALA 15345165 1T A AL HL T

Obijects/dictobject.c
223 | PyObject =*
224 | PyDict_New(void)
225 | {
226 register PyDictObject *mp;
/x Kt s REERNETAXSR *
238 if (numfree) {
239 mp = free_list[--numfree];
/x JBAGETETIN */
242 _Py_NewReference ((PyObject *)mp);
256 } else {
/% WERBA FOH X G () */
264 }
270 return (PyObject *)mp;
271 |




10.9 5IHBITA

VR _Py_NewReference() RYE XU TS o

Include/object.h: & debug 4bIE

112 | #define Py_REFCNT (ob) (((PyObject*) (ob))->ob_refcnt)
636 | #define _Py_NewReference(op) ( \
639 Py_REFCNT (op) = 1)

AP PR B B T 1o

RIXHE, 1 PyDict_New () " XTSI AT AR BBy 1, RIIAMTr . 51 s
AOME 1 R ARSI ™ R, X5 TR o 2R 5 R AT el e
KA 1 TR

PyObject *dict = PyDict_New();

Py_DECREF (dict);
dict = NULL;

oM E 222 7 oI BHA R Ol T B &), BT ATES IS Rt s 20092t s
AR

10.9.2  HESIBRIFAEIR (REIE)

CHE TR B FT A AL 48 592 s RO FAEIR MHEAZ 8P HTr, 2= T 5 IR B A AU HUE
HAEmE .

ST E R TS EBTA RN, SN REXTIX AT TR AR T DO FUR A E T
PR, AR REAEBIR A NS, IR A A 5 R 2 B R R IE

Ly A AT A0
FiAi L i
/O ij )
31 el
x4 x4

E 1022 &SI RRIETER
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AN, 8T HRETEDY Iy (A &) 48 € B BRINFR A X 4 X2 R 180 H e i IR 7E 98
EMRNFA XS, — B TR, AT AR S T, BT LME D AR S A E E T
AR

HAET A B R RET PyTuple_GetItem() o —HIHH PyTuple_GetItem(), JCA
FAE RS TR 2ok M 25 0 5
Objects/tupleobject.c: & B E#RE

97 | PyObject *

98 | PyTuple_GetItem(register PyObject *op, register Py_ssize_t i)

99| {
/x BWIATCRIERAE «/

108 return ((PyTupleObject *)op) -> ob_item[il;
109 | }

TEIX I EA IS I AR LA BT 5 U . WatEid, BeAEs IR B s M IT
PyObject *tuple;

PyObject *item = PyTuple_GetItem(tuple, 0);
item = NULL;
/* Py_DECREF (item); AfEXAT! | %/

PR T RS T B R BT A R, BT LLRIME 5| FH 45 gt A BE X HPRAT I R A

EH IR BN TR WL A AR J05 | A T A 4 5 A8 45 98 FH 7 AR s faf
LIE g

SR, AR5 RS2 T 5 FHAITA AL, B84 55 AR A Eh i sl AS FH A 2% 52 1) i i
BAET o WG R RS D AR LA T R I R B, SR O R PR R AR T A
AR P A e A T R E I 2 2E BUG,

PAT A5 B A BB (0 PR BGA A PyList_GetItem() . PyDict_GetItem() %5, Ef1#LE
15T MRS B JT R 1Y PR AL

10.9.3  GESIBAREIR(SEH)

BT F AT — BLAE R R B IR TE, XUCGZUSECT .
PR SBUL B A KB , BREOT A I 2 R XA S E S A R
XGRS KRS R, 98 P D7 oA SRR A RSEF IR R A T
di 96 P A AL AR PE PR PyTuple_SetItem() PRI%K.
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iy PRECT v PREOT

Wit [> ﬁéﬂ

POE POE

E10.23 HIES|IAREFEN

Objects/tupleobject.c: & B EIRIE

111 int
112 | PyTuple_SetItem(register PyObject *op,
register Py_ssize_t i, PyObject *newitem)
113 {
114 register PyObject *olditem;
115 register PyObject **p;
127 p = ((PyTupleObject *)op) -> ob_item + i;
128 olditem = *p; /* HUHEAEAMXTE */
129 *p = newitem; /* iBJNE|ICH */
130 Py_XDECREF (olditem); /* XTHUH AR R TMHRIE */
131 return O;
132 }

XA R SO TRIB IR ICA . BRSO ot . REI AREIB IR

T ERFIEENZ, XEBANBMBTH TR AT ERAE ., RO SAXRIn 7 —
BTG, S TG S B AR e

O LIRS T R BT AL BT H

P TR B S BT AL, SR ERXTR NI 1T Wi, MR
JEMICAH SR, ESCEAX XA G BT R, UF ORI 89 1

TN EAMALEA “ a5 B FTA R W7 A48T AR E— U ARXENT, Aid 22
REZFIIT, ARt 2 AR AR 3 A

AT, Rl R B SH TA BELG AITT e, ik T — R e
BELprA B, AR REAR R 1% b5 AR
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PyObject *tuple, *dict;

tuple = PyTuple_New(3);

dict = PyDict_New(); /% BRGIHRFTA A — A ZS L «/
PyTuple_SetItem(tuple, 0, dict); /% JEIMFH +/
dict = NULL;

/% VAT EFATIAEARAE */

FEAETCA BUB TR M, SR BREA TR AR T, miEocdl. XFEREE, g
HEEA 5 BT B AR,

A RS RS T B R EGA A PyList_SetItem() FR%X, ‘B Ml PyTuple_SetItem() PR%K
A, AR RAEER T IE TR M R AL

10.9.4 HESIANEREIN(SE)
A 7 48 S 5005 FE AT RS 2 PR O AR LI

W RO W R
FiAiAL [> il
H
N O
x4 x4

E10.24 HES|IHAHIEFEN

YR PR T E A S BT RUR , AR A8 25 R T BB BB T 45 300 I,
X BN T8 1 5 #R e 00 B 15 10 0 G085 LT A A

PTG, RERTTA—DNIAR, IRA BN R B s . (Hani
VT — AT AR BA, B AXT R RE B, R sk B PR 7 1 i R R PR 7 5
R FTA L

10.9.5 {EASIRAIHEESETBUGIS

YRR, REMZZEAZHIA T, eI kT, B LAt 20 B B X R 5]
PR, 558, WRIE Python AHERITE LA HAEF S IUHTHERE T, A A ZY JE Python
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BNC T AT IR AR I SO SR BRI, sl 4B R 45 5 1 A B s A 1) R B8R Sk
P77, SRR TGS 54

FIERX R, EH VN ERIC - BREE SR EORU, @RI BIE RS ™ &
BUG.

A Gmk, BULA SR BUG, HIFARERE SR REM S I HHEOE T iz
BUTESS 3 BT ao e, SR EBOEAFERZI0AL, LA mutator A KB (56 [A] B0 55
I FNTZ AN A DL R i i, AR S AN R R R AR R T I AN 3 5 R T 5 T

d%HEh----------------

LA RS SR

FRSIATEES 28 T BUGC RENERRERRHIT T IHEIRIE. AMitETrE—LRA,
] LUBIS AU M A9 BURVERHEBR A X SHIVEEIR

HZEZRIE C++ i shared_ptr, shared_ptr S IEHRITIHERIE, UAFBEE
NXIRAT (BDS I AITELEE R 0 BY ), MESEFX MR,

XiE—3k, BMERERSIAITEGEL, haTLUBE SEHEURIER TS iERIER BUG.,

A, A4 Python FIESVHERF RSB RABIMIERI T EUIRIER? BREVMIERIT
HIRIEKIE T . —ERTUMMITE, MASTHITHIERPRITE, XE—RBNMEEMRIT
HIBRIEE 2,

XIF Python s, IHEUIRIERKIZE L XREESHIBREFRNMEE, TR ERES
MU HITE .

10.10 FIpIee ST E TRt Ao

ERART LR, RADRAE—T Python SR FIEAR AR RAE IR 5| A .

FUTHEIEA — A Earpo e, BICIERCA TR S BRI, X — e 2 b s
PR T . MR, Python th—FEAFFEX AR,

MRS 2 TP YL MR ARIC — T BRI o Python (14557 3% WS U 72 B Ak Eoim Lk )
e A Sigp DRAE IR | FH A 1R AL
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HITE 10.26(4) ATHL,  POMAFAER ARG ST G5 BT R sohts T A A
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SR X HL 5 B LA — Sk, XA Python X229 51 FHHA T IR 450 . (R MR X S8
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[

Python X! Python
ETE
(TEFRFIHD) T oy
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"y Python %} 4
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!

Python X} % Python
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\ 1 1 Python /

X5
& 10.26 fEIAS| ARERE X (3)
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REW R
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PATHREIRESS, FHEXT R P ZE B A DL T B,

1. "THE 3 ik 2+ % 69 45 &
2. RT A5 ik 2t R 04k &

HET OB IX B0 G o3 S AU 4 42 . JERE P PTRERIA AXT R (IG 3 80 #2345 1
REER, ERPATRERIIA MR (ARSI R ) i BI5 2 JepEk .
ZIr B B A R SR RO SIS R T RERI AN R AEER

1. 234 (4) R FRMGBHHBERTET L.
2. AAREF AT F 5

HHN, PR RA T AR RIE R R R RERIA X RAEER
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Python X4
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ol Python X} 4 =
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RERLZAE T, RZFTATER T ARSI RAFEPOE LS T A T RERANS 521
HER”, X RRE RS R LA BRI BRI R T o

BT, EETORMURIRATURE 1o FRUT R AT BERRA X", 4“7l BE
FTRAXTR” R R BIX R bR, 4R 10.27(6) B,

(6) . bk U )

bESie | | Python
x4
N Python
Feik 0|2 v
ol Python /
IOES

ATTRESN RN G ABER O Al RERA N AR BER
(X554 ) (XL 5ER )

& 10.27 1B AERE X (6)

I, 18 Python FPLELRE “TRMARIC — TEBREFIL" FANASHE , wifddk TORERS | R
PRk AR 5 | PR 2 XL IH R 5 | IO AR A B0 300 Gt AT B3 ml i, BT LA
A AR HAR R EA G | TR [T

10.10.2 B]{EWUR

HARIA Python MR E FARS K AAERG I o AR GATRECR B 145 [ HABXS 5 1,
XX R AL ] RET EAEFRT I o

T3k “ T QR B 148 ) HAB XS R AT TR R SR h A ae Xt & o

HAEMER AR GA LA . SR T, X BEXTRAELR B 45 1) A XT R A5

RS GAT TR R AEUE A o XS RANREOR B 46 1) AT R 951

ERGHRLIR TSRS G2 A X BE RS G o PR 54T R S X R B R 5 | F B Al AE
T LLEA TRHEBRTEARER S | B8 DI % RG22 5h
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FHTEERG ISR A Sk

PIE S

E10.28 BH|IRHILEH
XA TR G| B 5% B R Sk a5 LU E B

1A T A& B F 09 e 4k & 09 % R
2. AT EH A AHH BN RA

HoE ST FR

Include/objimpl.h

242 | typedef union _gc_head {

243 struct {

244 union _gc_head *gc_next; /* TR mEEL */
245 union _gc_head xgc_prev; /% JHT XL */
246 Py_ssize_t gc_refs; /x FHTEH */
247 } gc;

248 long double dummy;

249 | } PyGC_Head;

5K PyGC_Head HAEZEIIA ge FIALET dummy AYIEK A4,

TEIX R 5L dummy A 7 —ERVEH . BIMESSHIR ge BIR/NR 9 FHr ik A BT Y
B, BRSREASK PyGC_Head MY R/INX 54 long double # . HNZEHIA gc YK
INAKRAT BEAE BGXAEA EARTREUE, BT AFR9E E dummy #2317 —SLIB T —HFEH] .

10.10.3 BRI R

FEAE AR A R, WA e P TGRS | s 3 s ) Sk o i EFRAI DR — R F — T X
AR

FEX B _PyObject_GC_Malloc () PRECK AT /3L Sk M BRAE . XA BRI 11 53 43 L BT
B AT LI R

Modules/gcmodule.c: _PyObject_GC_Malloc(): RB 5B LaIER5
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1320 | PyObject *
1321 | _PyObject_GC_Malloc(size_t basicsize)
1322 | {
1323 PyObject *op;
1324 PyGC_Head x*g;
1327 g = (PyGC_Head *)PyObject_MALLOC(
1328 sizeof (PyGC_Head) + basicsize);
1331 g->gc.gc_refs = GC_UNTRACKED;

/% JPAGHEATIRER G B . J5ik +/
1342 op = FROM_GC(g);
1343 return op;
1344 |

B 1327 AT AR A L T X S, WERFEEMIE, X BRI BL T 451K pycc_
Head MY K/, T WLAE SN FCXT G B[R, ARARAN L T I FAE RS | s 3% [T ie i) 3k R/

H2 T ORTESS 1331 174% GC_UNTRACKED £ A TAEER 5| IS B ) Sk A O ge_refs
EPO

DAMPR R R XA A G EET Y EX AR E R EME, GC SN RIX
NEBN G E R G5 R

Include/objimpl.h: GC_UNTRACKED #9534
255 | #define _PyGC_REFS_UNTRACKED (-2)

X~ _PyGC_REFS_UNTRACKED J& GC_UNTRACKED AUl 4 . gc_ref J& F T E KX 4 /5|
TR B, AN ik e R UEAE IR

NITFERZEE AR “ T3 A E L — A AR GRS T 7 7 R X R R AT, R
JITAT 25 R AR AR5 B s i Sk, B AU T e b A /NSk o PG AT L1 B A
ge_ref KRR ERAE .

GRS 1342 A7 RIS 1343 1798 7% FROM_GC (), IRIMIZEIR

Modules/gcmodule.c
33| #define FROM_GC(g) ((PyObject *)(((PyGC_Head *)g)+1))

XANE 2 A TR G B BT A Sk AR BE R I IE R AR G2tk o 1EJE PO A X
A, P HTT A A S e A T TR | B30 RSO Sk A 784058 0 G AR 5
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S B FHTAERRG B mIcir) Sk

iR 257

Xt G A

10.29 R [E Ayt

WIRLE IR PyGC_Head HIR/NEAXTFF, FROM_GC () & [0 4 iy hik 5t J2 0 A8 9 X 57 00K I
AT A, P AE KN S 25 K PyGe_Head MY K/

10.10.4 BIZAREITR

N T RTEAEIR T, 5 2R A X R IR R BE R (AU BE 3R ) 381 TEA AR R Z
JE U Ty PR SR
NHEELA AR R —— FHOA PR E R,

Objects/dictobject.c
223 | PyObject *
224 | PyDict_New(void)
225 | {
226 register PyDictObject *mp;
/% HERRIERAE */
269 _PyObject_GC_TRACK (mp) ;
270 return (PyObject *)mp;
271 | }

%5 269 17 _PyObject_GC_TRACK () TA ST HHE R AVIRAE . XK [FIAE LA W T 551 4G
AR

Include/objimpl.h

261 | #define _PyObject_GC_TRACK(o) do { \

262 PyGC_Head *g = _Py_AS_GC(o); \

265 g->gc.gc_refs = _PyGC_REFS_REACHABLE; \

266 g->gc.gc_next = _PyGC_generationO; \

267 g->gc.gc_prev = _PyGC_generation0->gc.gc_prev; \
268 g->gc.gc_prev->gc.gc_next = g; \

269 _PyGC_generation0->gc.gc_prev = g; \

270 } while (0);
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XA A — SR ERZER, RS 261 17815 270 77/ do{. . . Jwhile (0) FHift
Ky Tr o X EAEN TR, MUESE 2 (PRI E L), kW 24~
A EER SRR — R A) 1o AU n] LK HIGHE .

M2 KFEBEPNER ., e AT LB TR B3 R ko 55 262 179 %
_Py_AS_GC() MY LN FiR.

Include/objimpl.h
253 | #define _Py_AS_GC(o) ((PyGC_Head *)(0)-1)

SEMKT LI TF S MR TR bR, K-Sk bk B AR AN, B TR 285 | B35 T i3k

$2F K4 _PyGC_REFS_REACHABLE X MREAFA ML ge_refs 1. XMHrikA “Fyn]
RERAMXT 4" R,

5 SR T A BT R R R MR SR, IR R R . RAT7ES
265 172155 299 1T T WiAE O T2 R8s it _PyGC_generation0, 1HZ% 10.10.6 17),

BAE— R AL T A e X SRR TN A RAEER AU FELR b . RS | T3
TSR A TS 25 e X 52 B R TSR B 5 | X114 o

BRI RES B ER
Q i
/ PR / T smas
— P— \
\ e |:> \ 75Nt 4
ORI [ TN 5 j
RE S FIEAS B S FIEAS

E10.30 BIEESRTR

10.10.5 ERIBIZFFHEITIR

e 5 | EOE B A 2 G 2 BT, B Xt G 25 2t G N B i G 2 R
DR R AT T B 3 B O B T R4, T 33 & et B 7 24 44

IR VAR 5], F R B I SR
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Objects/dictobject.c
929 | static void
930 | dict_dealloc(register PyDictObject *mp)
931 | {
932 register PyDictEntry *ep;
933 Py_ssize_t fill = mp->ma_fill;
934 PyObject_GC_UnTrack(mp); /% BEFZEH %/
/x FIXTR AR */
950 | }

X B 934 1711 PyObject _GC_UnTrack () PREICKINA TS AR R XTSI #AE .

Modules/gcmodule.c

1303 | void

1304 | PyObject_GC_UnTrack(void *op)
1305 | {

1309 if (IS_TRACKED (op))

1310 _Py0Object_GC_UNTRACK (op) ;
1311 |

%% IS_TRACKED () FIWI XIS AR IEEIB BEAUXT 42 .

Modules/gcmodule.c
125 \ #define IS_TRACKED(o) ((AS_GC(o))->gc.gc_refs != GC_UNTRACKED)

7 AS_GCQ) JEZ R 2 _Py_AS_ccO) MBI, T MR b BGH TG 5 | 3%
s sk o
NSRS IR B AT 5, a4 oG B

Include/objimpl.h

276 | #define _PyObject_GC_UNTRACK(o) do { \

277 PyGC_Head *g = _Py_AS_GC(o0); \

279 g->gc.gc_refs = _PyGC_REFS_UNTRACKED; \

280 g->gc.gc_prev->gc.gc_next = g->gc.gc_next; \
281 g->gc.gc_next->gc.gc_prev = g->gc.gc_prev; \
282 g->gc.gc_next = NULL; \

283 } while (0);

X HLHJE R IB EE 4 DL A bR i (_PyGC_REFS_UNTRACKED ) /7 A B 51 ge_refs, JFM%
ae X REER T R ERIE .
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M —4, KA O F AL 5] T ROE B BV B A A G o R Dyl i
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FaE A GE
/ [ Fi /

EaSTOUE S PR G EaSTOUE

E10.31 #ZRBIREESENE

10.10.6 PDHRBERENTRIEER
A NI, ZE st AR R R 3 A0, TS, AEFRE BB R 5 1o 3 el

TS TR S TR F 3L OV SR A O 7 ™ R R R, 78
REGEEFR PR IRAE5 3 18, B S — Y

BOHS B GRER AP IBN “0 AR T 2 7

RO AL A5 R BB A4 (IR X 5

Modules/gcmodule.c

37| struct gc_generation {
38 PyGC_Head head;

39 int threshold; /* FFURGCIIBIE */
40 int count; /x ZACHIXTZEL =/
42| };

AR 2 X R FE R LA head.

SRJG X B threshold BEAE i SIAE IR G | B3 10T i 19 16

TE 7 ZEHE BRI — AT GC BT, A count SEANTFIELER, EIRE T A BRI T
GCo M count FUEARLT T L threshold MY EIMERT, P HixT X —PHAT GC.

AR, WA count THEXMIXT R WA, N RITR,
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#106 BRHER

K & x5 (B 5 count )
o1t e I T S B — IR 8 2 S R B
118 01043 GC TR %L
218 1RZ 3T GC T3k

FRATTA IR 1) 42 R A2 R AR LA AR AR A SRR

Modules/gcmodule.c
45 | #define GEN_HEAD(n) (&generations[n].head)
46
47 | /* linked lists of container objects */
48 | static struct gc_generation generations[NUM_GENERATIONS] = {

49 /* PyGC_Head, threshold, count */
50 {{{GEN_HEAD(0), GEN_HEAD(O0), 0}}, 700, 0},
51 {{{GEN_HEAD(1), GEN_HEAD(1), 0}}, 10, 0},
52 {{{GEN_HEAD(2), GEN_HEAD(2), 0}}, 10, 0},
53| };

2 T4 PyGC_Head, XUnlfERJE LLGIHI A B LBt L. 755k, Mt go_
refs N 0,
TEIX R PE— T FE 10.10.4 15 A #2728 & _PyGC_generation0 M,

Modules/gcmodule.c
55| PyGC_Head *_PyGC_generation0 = GEN_HEAD(O);

SR MBS A0 S8

— IR T A A X RAR AR 0 U 52 eoh, MO AR 4R, HA K fEss
FUHBLIL TS TR A A X R A RS T WAl , 1 AUH) A ST SRR A A 210 T
T RVEFRG IR PR RS, 2 AR A8 0 QAR ARG 1 1 2 RIGER 5 IS Ml
RO 38
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1% 218
01t ‘.I.::::

FaS AIOEA
FaSIEd

\ FaSiyaE
\ x4

/ FIEAS
POEX —

FaSEO0E S

E10.32 HRE[J/ITRER

10.10.7 {aIAS¥1THEIA S| LR B

MNFERAAE, A8 A A A Xt G A I A T 20 5 | FH B3 [mISC . O T A 1O S i R AR 3T
ZHTEavhd 17, EEMAHERT .

Modules/gcmodule.c

1320 | PyObject *
1321 | _PyObject_GC_Malloc(size_t basicsize)
1322 | {
1323 PyObject *op;
1324 PyGC_Head *g;

/% TR R EAE */

/% XEIMBLI X GAGHEA TR </
1332 generations[0].count++;
1333 if (generations[0].count > generations[0].threshold &&
1334 enabled &&
1335 generations[0] .threshold &&
1336 !collecting &&
1337 'PyErr_Occurred()) {
1338 collecting = 1;
1339 collect_generations();
1340 collecting = 0;
1341 }
1342 op = FROM_GC(g) ;
1343 return op;
1344 | }
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TES 1332 174 0 ARAY LT count PATHY S#RAE

Fe T ORAG A2 B REHAT IR FR | IS I M, 5B TE S 1333 1740 A 0 1R count AIXA
I T E Y L

SR 5 AE 55 1334 171N 42 J7) 22 1t enabled /& 0 LAAM MU, X D72 fE & 1 AT LA
Python JKUEFRAERY APL, UG TE PR RLSATIRER S S 3 MU, s A A 20 0.

TS 1335 478N threshold AN 0, 1E4S 1336 A7 HHINEER G FI LI 10 W2 75 IE 7
PAT. )5 H PyErr_Occurred ) PRECKRI A A A KA T .

TR BEAG A A%, WEATIE IR IR mT

TEIB AT 8 20 5| B 9 Wi, o 42 )R 78 i collecting N 1 IEFEMAT GC), 4
collect_generations() PREL. X2 HIEIAS | FH b I R &8 53 o

[N} collect_generations() PRECAR ML, UIE —&AKHFM,

Modules/gcmodule.c

882 | static Py_ssize_t

883 | collect_generations(void)

884 | {

885 int 1i;

886 Py_ssize_t n = 0;

891 for (i = NUM_GENERATIONS-1; i >= 0; i--) {

892 if (generations[i].count > generations[i].threshold) {
893 n = collect(i); /+ PATHEIRGIHBIKIIUL!  */
894 break;

895 ¥

896 }

897 return n;

898 | }

TE 3 LR A A0 I BCRS B, X 2ot B AR AT GO, BORE— B 2R 5| F b7 4% [l
WY BT AR ER IS A TR A collect () PRETH
10.10.8 {EIAS|FAALIIKEIUL

M2 HKHE —F collect () PR, X /> bk £ 52 P& ke 4 o 7 5, WARZ 5 B 1 (I
PyObject_Malloc() KAHARKE), XIKALEE DS T debug AEFREEER ST .

Modules/gcmodule.c

732 | static Py_ssize_t

733 | collect(int generation)

734 | {

735 int i;

738 PyGC_Head *young; /* EPffAFRMI—It */
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785

786

794

795

798

799

808
809
814

834

865

880
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PyGC_Head *old; /* F—f% x/
PyGC_Head unreachable; /* JoRFEARRERAXS R IEER */
PyGC_Head finalizers;

/% EHHEE *+/

if (generation+1l < NUM_GENERATIONS)
generations[generation+1].count += 1;

for (i = 0; i <= generation; i++)

generations[i] .count = 0;

/% IR D LUT R EER +/
for (i = 0; i < generation; i++) {
gc_list_merge (GEN_HEAD (i), GEN_HEAD(generation));

/* Y old B HRIRA */

young = GEN_HEAD(generation);

if (generation < NUM_GENERATIONS-1)
old = GEN_HEAD(generation+1);

else

old = young;

update_refs (young) ; /* 5T B H TR BRI Sk B +/
subtract_refs(young);  /* MIBRIFRIYGIH */

/% BIHEGERHE D 0 X R BB B T RERNIA XN GEER */
gc_list_init (&unreachable);
move_unreachable(young, &unreachable);
/% BTG IR U S R F B 1R +/
if (young != old)

gc_list_merge(young, old);

/% B ASTTRERNIEXT L RE R A AL RN +/
gc_list_init(&finalizers);
move_finalizers(&unreachable, &finalizers);

move_finalizer_reachable(&finalizers);

/% BEHEIARG X ZHE +/
delete_garbage (&unreachable, old);

/x ff finalizers BERTEM N “RNEERILAI B */

(void)handle_finalizers(&finalizers, old);

259
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F O A B AU T R e AT A, R e S AR T R (e 00 Z IR RE BT
RS LU MU iR 5 9153 A 2 e g

SRJE AL S TR S i 2 TG EE 5 TR Bk B, MO AR R SE PR 51 o

BAE—A, IEMZRTAE 10.10.1 5 SR BAREE , JE3R5 1 RIX RATHEE SR 0,
JIT L EOK FAE AR T RERIA N R HER

ZIRAEM GC H=7E TR B G Rl R —E A IR N —AR, iECE T

APSE S S B 9 O/ Fy ) G SR AR U TE AN DRE i BRSO S D S SRR S A1

fJr HEOR AN ] BRI IR R AYBE R LA G AR, o8 @R TG B S0t

FRATHE collect () PRELIMAL 1L G H I/ INE A R,  REZIZARH 2 5 BAIE

ATV LR IL A, T IR FF A F I RO

10.10.9 gc_list merge()
XA PRI DT AT I 0L ) 4 3R I A

Modules/gcmodule.c

187 | static void

188 | gc_list_merge (PyGC_Head *from, PyGC_Head *to)
189 | {

190 PyGC_Head *tail;

191 assert(from !'= to);

192 if (!gc_list_is_empty(from)) {

193 tail = to->gc.gc_prev;

194 tail->gc.gc_next = from->gc.gc_next;
195 tail->gc.gc_next->gc.gc_prev = tail;
196 to->gc.gc_prev = from->gc.gc_prev;
197 to->gc.gc_prev->gc.gc_next = to;

198 }

199 gc_list_init(from);

200 | }

A TRORAR T, ST from BEFR AL to HERMIARE .,

10.10.10 update refs()
AN BRI T i i 8 1 B A o S R X R BT ge_refs LG,

Modules/gcmodule.c
238 | static void
239 | update_refs(PyGC_Head *containers)
240 | {
241 PyGC_Head *gc = containers->gc.gc_next;
242 for (; gc != containers; gc = gc->gc.gc_next) {



244
264
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gc->gc.ge_refs = Py_REFCNT(FROM_GC(gc));

265 |

XA R A RS SR, Z SIS

10.10.11 subtract refs()

XA BRBA T AT A AR REER IS, R RIS R ge_refs BT
KA E

Modules/gcmodule.c

290
291
292
293
294
295
296
297
298
299
300
301

static void

subtract_refs(PyGC_Head *containers)

{
traverseproc traverse;
PyGC_Head *gc = containers->gc.gc_next;
for (; gc != containers; gc=gc->gc.gc_next) {
traverse = Py_TYPE(FROM_GC(gc))->tp_traverse;
(void) traverse(FROM_GC(gc),
(visitproc)visit_decref,
NULL) ;
}
}

TEIX HLXT 25 20 X G 6 N B9 Ir A X2 08 ] traverse (O BRER
XA PRBCEETT R AR IS T Ui A 3, 58 296 17 DL tp_traverse NAFA 4%
ANTUREAG 3 T pR R FTAN T, BERAVIE LT B LU iRk

Objects/listobject.c

2158
2159
2160
2161
2162
2163
2164
2165
2166

static int

list_traverse(PyListObject *o, visitproc visit, void *arg)

{
Py_ssize_t i;
for (i = Py_SIZE(o); --i >= 0; )
Py_VISIT(o->ob_item[i]);
return O;
}

XIEEFR N T A TR M Z Py_vISITO.

261
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Include/objimpl.h

303 | #define Py_VISIT(op) \
304 do { \
305 if (op) { \
306 int vret = visit((PyObject *)(op), arg);\
307 if (vret) \
308 return vret; \
309 } \
310 } while (0)

1E%: Py_VISITQ) 1, XS4 op W visit. XA visit SEAEASEULIBEL 1ist_traverse()
PRELAY . HEAh, TEX I arg —EIEHR visit WSEUEHL 1ist_traverse () BRI,

XRE—2k, 3 I3 bR SO RE X A O B LR B SR ol T8 8 A pRE . FEIXRIE LR, Xk
BIREPH visit_decref () PREL,

2B 0) ) R BRI 5 1) ) R AR S 2 AR O R et AT LR D IR B A, FEiX
FFOLT , BUs ] AY ek RO il 7 R, FRATTAA AT 2% b 2 1Y) o B0 43k iy ek 6, anoc 4]
PORREL . IR REAE . AR, MR HTE, B REAE B R BT 1] A RR . PRI A
TEX AE IR A EFH N e — AR RIS G . X T, EZ)E &Sl
REH MITIRE R, ERE S A .

THEFATIN R ER, REFE visit_decref () BRELIE,

Modules/gcmodule.c

268 | static int

269 | visit_decref (PyObject *op, void *data)
270 | {

271 assert(op !'= NULL);

272 if (PyObject_IS_GC(op)) {

273 PyGC_Head *gc = AS_GC(op);
279 if (gc->gc.gec_refs > 0)
280 gc->gc.gc_refs——;

281 }

282 return O;

283 | }

FERMGEOT, XDRESE op B THERNMITER . WA C SR H T, o
DA ZIXT XA KR B ge_refs PATIREHAE .
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10.10.12 move_unreachable()
XA PREL A TG IR G| B X RS S RIS AT RE B TA X R 552

Modules/gcmodule.c

354 | static void

355 | move_unreachable (PyGC_Head *young, PyGC_Head *unreachable)
356 | {

357 PyGC_Head *gc = young->gc.gc_next;

367

368 while (gc != young) {

369 PyGC_Head *next;

370

371 if (gc->gc.ge_refs) {

380 PyObject *op = FROM_GC(gc);

381 traverseproc traverse = Py_TYPE(op)->tp_traverse;
383 gc->gc.gc_refs = GC_REACHABLE;

384 (void) traverse(op,

385 (visitproc)visit_reachable,
386 (void #*)young);

387 next = gc->gc.gc_next;

388 }

389 else {

397 next = gc->gc.gc_next;

398 gc_list_move(gc, unreachable);

399 gc->gc.gc_refs = GC_TENTATIVELY_UNREACHABLE;
400 }

401 gc = next;

402 X

403 | }

XA while WA young AR #R AT S 43K .

TSN if 1HAMY else IBAITFIRUEHINE . X R IIILTL ge_refs o 0 B, FFE X LH
313 unreachable (NAIHERIIE) 553K, 45 ge_refs W EFRik GC_TENTATIVELY_UNREACHABLE,
BRER BRI REEIA X R EER L. A AR E X AR YR ? B R A g
XG0 V] BEWEFS HH unreachable fE . 28T, UERXT A ALEER, I AR ER HA
unreachable (NI REER ) FERF H .

PN RIZRIRIT RN 5L ge_refs AN O BFAUTEIL T o XEHEE L ge_refs W E frak
GC_REACHABLE, EME VR “WHZhxI 4", Wt ZAEMEER T M. SRS H U5 n) 3 1 3k D7 ok L
P visit_reachable() PR%L.

263
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Modules/gcmodule.c: &M EIRIE

304 | static int

305 | visit_reachable(PyObject *op, PyGC_Head *reachable)
306 | {

307 if (PyObject_IS_GC(op)) {

308 PyGC_Head *gc = AS_GC(op);

309 const Py_ssize_t gc_refs = gc->gc.gc_refs;
310

311 if (gc_refs == 0) {

317 gc—>gc.gc_refs = 1;

318 }

319 else if (gc_refs == GC_TENTATIVELY_UNREACHABLE) {
326 gc_list_move(gc, reachable);

327 gc->gc.gc_refs = 1;

328 }

342 }

343 return O;

344 |}

W ge_refs h o, MUKHBEN 1, PUERZRGIHILR

WSR gc_refs /& GC_TENTATIVELY_UNREACHABLE, Vil B CLZ/F A THEMG X4, fr
DUt A TN R R o X IR PRHAL 53] reachable % (young IS AT AR ),

¥ ge_refs WHE N 1.

10.10.13 move_finalizers()

A BREVE R IR LE RN SRR N A AL S pAR TG S R . BT R AERN,

RANTSIEZ G 10.10.17 35 B K F Mk -

Modules/gcmodule.c

419 | static void

420 | move_finalizers(PyGC_Head *unreachable, PyGC_Head *finalizers)
421 | {

422 PyGC_Head *gc;

423 PyGC_Head *next;

424

428 for (gc = unreachable->gc.gc_next; gc != unreachable; gc
429 PyObject *op = FROM_GC(gc);

430

432 next = gc->gc.gc_next;

433

434 if (has_finalizer(op)) {

next) {



435
436
437
438
439
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gc_list_move(gc, finalizers);
gc->gc.gc_refs = GC_REACHABLE;

}

XA AT R UL )T . HJ&38 )7 unreachable 53¢, A AL 2H
@J finalizers %ﬁ%%ﬁ'ﬁa o

10.10.14 move_finalizer_reachable()

XA PR E TT N8 A A EE SRR XS RO IR AE T 24k, B R HRIR 5. 1

S

Modu
458
459
460
461
462
463
465
466
467
468
469
470

AT IR IR N T e LA BB KA PR B X SR 177 i o

~

les/gcmodule.c

static void
move_finalizer_reachable (PyGC_Head *finalizers)
{
traverseproc traverse;
PyGC_Head *gc = finalizers->gc.gc_next;
for (; gc != finalizers; gc = gc->gc.gc_next) {
traverse = Py_TYPE(FROM_GC(gc))->tp_traverse;
(void) traverse(FROM_GC(gc),
(visitproc)visit_move,
(void *)finalizers);
}
}

X ML TR E R A% T AR K HIFE

Modu
442
443
444
445
446
447
448
449
450
451
452
453

les/gcmodule.c

static int

visit_move(PyObject *op, PyGC_Head *tolist)

{

if (PyObject_IS_GC(op)) {
if (IS_TENTATIVELY_UNREACHABLE(op)) {

PyGC_Head *gc = AS_GC(op);
gc_list_move(gc, tolist);
gc->gc.gc_refs = GC_REACHABLE;

return O;

265
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X AR H R S AR A7) finalizers FERITE -

10.10.15 delete_garbage()
T LT XA BB BB IR 5 IR0 T

Modules/gcmodule.c

668 | static void

669 | delete_garbage (PyGC_Head *collectable, PyGC_Head *old)
670 | {

671 inquiry clear;

672

673 while (!gc_list_is_empty(collectable)) {

674 PyGC_Head *gc = collectable->gc.gc_next;

675 PyObject *op = FROM_GC(gc);

682 if ((clear = Py_TYPE(op)->tp_clear) != NULL) {
683 Py_INCREF (op);

684 clear (op) ;

685 Py_DECREF (op) ;

686 }

688 if (collectable->gc.gc_next == gc) {

690 gc_list_move(gc, old);

691 gc->gc.gc_refs = GC_REACHABLE;

692 ¥

693 }

694 |

TR 682 17194 M clear ) PREL. clear ) BREUZIERXTRNA I sR%L. 1T
AT, TEEERT A X TCR N AR R PA TR IR, IR HNBESR D 22 B pR A

SRIGTESS 683 17X X GPAT — U A . B IR BB GBI TR XS 4, T RE
R clear () RRECHYZE S RNV AL A SR, b TR XA E AL, 7EH] clear O
BRBCZ BSE AT A, Z SR clear O BRAL.

IRIG S BT AR . AEIEAT IO IRAE Y, BB RS T EH SR 0, X
R ENREIL

Aid, WA ] RE A D B R BON RIS BRI (R ZEUE LT 2 B T BT
RS BUG ), 5 688 1725 691 ATHIFURS ZIER] T iX Fiis it .

AR R B E R T X%, B4 collectable->ge.ge_next TS M BRI N iZ 52
AT . A — A, anR collectable->gc.gc_next PR g ) X 5 5 Z i —FE, kX
AT G i R AX G (WA XX RAETR SIS ), Ik [FOR A AR Z 85K
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10.10.16 handle finalizers()

FEIX

A PREL 42 R AL i garbage MM Z HIIR LAY finalizers 4.

Modules/gcmodule.c

641
642
643
644
645
646
647
648
649
650
651
652
653

655
656
657
658
659
660
661
662

static int
handle_finalizers(PyGC_Head *finalizers, PyGC_Head *o0ld)

{

}

PyGC_Head *gc = finalizers->gc.gc_next;

if (garbage == NULL) {
garbage = PyList_New(0);
if (garbage == NULL)
Py_FatalError("gc couldn't create gc.garbage list");

}
for (; gc != finalizers; gc = gc->gc.gc_next) {

PyObject *op = FROM_GC(gc);

if (has_finalizer(op)) {
if (PyList_Append(garbage, op) < 0)
return -1;

}

}

gc_list_merge(finalizers, old);
return O;

i/ PyList_New() PREL%H garbage MAMH, X —SAUIEY] T E/27E Python HALHIRY S &
LA THEM Python /K EAL I 42 J5) A8 it garbage, JFAH MR T AN A APL,

import gc

gc.garbage # []

IR JETE Python U 22 8 garbage E’thﬂ$ﬁﬂ A import A2 FH T i HL bR
ﬁﬁ%%& FERX B A R B ge BEHLT HE—JH] gc.garbage, HLAEVIAIH
X/ handle_finalizers () PREENIXT 4,

10.10.17_{EIRE| FFRR A SR A0ITEE

PG F B3R BT A A5 3R BN SARBRTEAL BEYE Bl 2 A, 302 AT A 0e?

b, BRI TR A L8R A0 GIE AR H R .

AT, BRI XT R ARG (JEFRGIHD B AR, R e A A S %
ghigw ., MBSV IR A Lf W2

267
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EREGE 51H 2N
51H

BEIZSEVE MRS 242525 2

E10.33 BN AT S AILLESR

TEREES | DX RS, IR EE 2 DX R 4L, B AS0F S TER AL sl
FENEE 1LAXR WU, XML T RICERK OCERA) S 1AM R, WA
W EARUXFEDIRT E, Adbod R, maid Rl —rRmaie.

DR R S (R RELBEAT R 9 I, T ATEAR A5 I T RL IR e, A 24545 A28 5 | T B3k
XFGIEHFRTE GC X ZIEE Z A

FHECHL, A LE5 R EIR G IXT R BEE /R N BERAE Python PNREAT AL B, iy 1A 42 21 19 42
it garbage MLAEIXAE . WA BUA A AE ARG R 51 BRI &2, ATl 20 X i) e,
M PR 04 £ R 25 BR RAVIEER S| ]

10.10.18 AFEEANFEIENS

PEIRG IS 3 PSR AR o AR AT, H B AT S AR R,

BB RE— T T C R AR B A AR S I B BL] . Ui A 2, AR
SN T By 1k B 22 —— BOAMERIR AT AR RO R LS ARSI RIS S X & .

SRTAEARER G I BRI e, BIAETE S 1ok A T2 5 R BA A 3L,

o ERMEA AT ABRRE, BP0 C g0 5 B R 5 DI 9E % 3
BAXRT o B REGBICFE, RGBS Eb B e 5 e 2 2] T R ge_
refs B,

E Python FYE RG] T8 5 MW, FeArT 4 R G2 0 5 | TR X i Bt ge_refs AT T
WA, IR AR o ML EEIR IR S I I BURT ZE . Si8h, XTSI, et
ge_refs i, WHLEUL, XPMXIRN ge_refs XIALH 0, ZXEREESWEIERNNE
Pk, BMERA S AR Rl A 2 224
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10.11 BT E D

FEART G, AR — T PythonGC AYMEREIHBE A E 45

10.11.1 gc.set_debug()

GC H A W —A RIS I R JC A 7 o AR5 S 0 5 i e 3ok oy o 400 SI 42 114 1oz
P, XN R EHA K T,

K2k Python f9 557 3% TSR A 2 5 | FE TSRS, BIr AJEAS S 25 1 3R FH AR 3 T e i 1)
O ARG RS | b 3 DSCFE S A RR B L 2 Ae A S 22 i ), iy DAt s S 2 R 800 H T
M 137 ) 00 o

TEXFPEOT , BB gc B set_debug O KA,

import gc

gc.set_debug(gc.DEBUG_STATS)

gc.collect()

# gc: collecting generation 2...

# gc: objects in each generation: 10 O 13607
# gc: done, 0.0087s elapsed.

— H JH] set_debug() WE T gc.DEBUG_STATS hiaki, A4 REWRIEATHE IR 51 42 3% Rl
AR LR R B .

1. GC *+ - a94%,
2. BARAE K E
3. VEER 5] R B3 EDKPT 38 3 64 B IR

F%k T DEBUG_STATS L4k, TUﬁsmd@%OE BEE & PSR R o K T IX 2845
B AR SUTE ge B S5 0py © P DA A IO, WRR A XA

10.11.2 gc.collect()

WCRIAE T IRPET Tk, SRRSO, X RATRERE I ge. collect O T o
i ge.collect O B, WLRELE N AR Y i 17 g A b AUAE I 20 SR AT IR R 5 | T 47 3 1ol
Wy o WELRUE, AR LUTEN AR 28 N B8 A R T RO R AT GC T

@ e ARHAYSCRY : http://www.python.jp/doc/release/lib/module-ge.html,
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10.11.3 gc.disable()

WARIEATT, ST ge. disable O AN, X2 —Fh TBL.

— HIJH ge.disable (), EHRTIHBLI BRI k2 E 7o WRRUL, TEERTI IR AL
PR AE— HA R BRI

SR MR A PP B A F BT, ARG IR S TR AR/l AL, IR A AT ik
WMAR I — DTk . X BT A SRR 1.




DalvikVM BY 51Kk 344

AEREHIARNE DalvikVM BIRIREIN . 52 DalvikVM KEREGIFARE, BIR
% “Google FH” LHEHHI VM, KKXHMZBEIKRTIE,

8\

BN s=ais

TEVE DalvikVM Z 1T, T 2EK 14514 Android . Android [V ACHS H 22 % B8 Android -
BEA NI, RIS Z AT, RITTEFHIL T X LEE,

11.1.1 {142 Android

Android J& Google 28 F & AR I FHLF- 5 B4 K o

Android 5 FHL 0S., IR EZ I IEA N R, DL 45 FRE% 2 28 iy v ) 24 45 4K
HRE, TENE AN RN G, Rz,

KEH UL “Google FHL” 45 ML ZHE 2 T Android “F- & 1 “Android &7, H AWM F
2009 4 7 A 10 Hiliik NTT DOCOMOY % £ T #1423 HT-03% 1 Google T4l

(D NTT DOCOMO /& H AR —FKHFA T, J& AARRKWBIEFE SR, a6 THNEAMf ., —iF&HE
@ HT-03A: http://www.nttdocomo.co.jp/product/foma/pro/ht03a/.
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11.1.2  Android 2243
Android PIE5H AT E 7R

N HRT
o7 R HE A
DalvikVM
UREEGR
Linux M #%
B ( Android 2 )

B 11.1 Android Z2#4

Android P&, ZERIE 11.1 5 N7 738 RS Linux A%, L E5A i,
BBHA libe F1 SQLite 25 BRI

SRJE P L2 DalvikVM, BRI M 78 Android V-5 iz 47 i FHFE 7 JE 00 1 #5
JETEIXAS DalvikVM HUE1T71 .

of R P HEAR b & A LA AR I 1A B AR 55

FAE EA, m B2 AT . Android W FHA AN FIAESR SC i o g, P AR
AT Web 3] 8 555 W AR T3 B

Android W PR F 2 Java, Java IR A9l 1 I T Dalvik VM #1984
DalvikVM 2474 B I F 1519, 7F Android SF-& Fisfr i R .

11.1.3 DalvikVM BY4S1iE

DalvikVM JZ& i Dan Bornstein & Google 28 w] 1) TR & 19, Dalvik 334>l 4 19 45 7k
VR T I IT & # Dan BURLSEFT s AL B —>/NfkS, R T 0K 5 9 Eyjafjorour (U “ 0K &
WY ), R4 Y Dalvik CEEUR “ LA s ),

Dalvik VM i B R T 19 515 553 1 Sun 23 @ 19 JVM (Java 58 UHL) B FEAT 1 515 5
BEATAHA L . Dalvik VM it B A EAAT 1“7 15 % 8P Dalvik Executable (37 Ji& 45 2 dex). i
i 8 B Sun 42 1t (19 Java g 15 4% i Y Java 28 SR (97 & 44 0 class), #E AT LL43 3 Dalvik
Executable, &M R U ] Android SDK BT4L- 19 T.H. dx,

T B B BUAE BT EE (method ) 15 B, 53X .dex SCIFEE LI (Y _class SCIF/IN
AR AR Android A3 IR P BTN, FRATHELREA RO Ml A BRAY B

IEAh, DalvikVM BB H AR Z — @ iz S al REHL Y 9 N AF . o4 Android 232
ZWAFRRGI, BT DX A Bt Al DA FT 581 .
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11.1.4 Android E2{E5H

Android B AR P SCHF AT 558 o 90 4] LAFE D Y0 R o i W] IRHC 28 10 . 30 R Hb 15
GRS, RITE,

B NWZIR R, BN R A TR i, B AR B R O, Rt
JRFER ERSEIM . 7E Android - [ J& W] SEEE AT 45 A9 W 7

Android W 45 )3 sh i) 25058 sh— > /e Zygote L, Zygote X XN HERR ST A Android
MR B ACHERE , A 240 sh— N AR P BORBE, Zygote 5E4 fork H—>FiEFE .

KIh Zygote AARZ B, AT LUR Sh 26— Bt a], At —H5EmUagh, SUREAR midk
AR AR T A, PO RG] — SR NS ), BT LRI AR LR T

FITA 1o FHR P A A 2 7

Zygote
il e

fork() fork() fork()

R b Web .
HL GG AS R Y MR A A

o AR T

11.2 Zygote ¥ AREFRIE &

11.1.5 Dbionic

bionic & Android *F & 9 libe, L2 C JF. Linux 47— B2 A —Fpny /g glibe
M) CJE, AN Android FIEEM AR C bionic, glibe F TR AMAKLKKT .

WX AL, bionic FFA 4L JHATEY, ERUA HZ I BSD libe BRI T — M H T
Android FIZ&VE” .

11.1.6 ashmem

ashmem 4 android M4z, &2 — M IEENFW RS, BRENEBGRA Linux WEZR ., A
Android FHLAEEE IT LI 1s “Idev”, NIZBEWHIAELE /dev/ashmem XX o
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ashmem J& Anonymous Shared Memory Subsystem (& 44 L NAEF 25 W RIFR. HLaE
45—, ashmem 528 T A RAL BAL S N AATITAR 19 R 56

i 3 ashmem 73 BiC N A7 25 [A] I, 535 2T 5 /dev/ashmem # %, ffi il mmap, — H $047
mmap, THEHLESZH ashmem 2\ tmpfs® A EHE

AT

-
NTIRET ashmem tmpfs

11.3 @it ashmemiZ &k HBHTE

ashmem 73 — DRI ) T REAL & G A7 DI RE . WERFRANTAE ashmem 73 F4 A 77 23 0] Hh %
— PR T CXASTTRUN T BN AEAS ], Bl A X A )R M 45 08

TE Android H1, JF & & UESR T — 125K 24 1F ashmem Y Java 25 A9 API, X420 4E
android.os.MemoryFile, FATEEILT, WAEZEHE LA N Mt ReIR L%V

—fAEO T, DR Java) BYNAFE B HT GC 2SR . SR X R miie 1,
XL B I NAE S A 2 B BRI 45 0S. R ZEUE BT X 86 A 1723 [ B G AP TR R Ak
AR 4 0S,

it fdiH ashmem BTG HEAN —FE T o 7E ashmem 1, BEAY A7 25 (B & 9 B 4% 0R [0 45
0S. ik, 1] ashmem BEAE A B 8O HEA T R A7 HRAE

/kernel/mm/ashmem.c HLAG JECHS, XT ashmem A SCERAG D48R %) 1324 1 B 1728 B4 (5 DK
YRR AT IEAHD ).

11.1.7 dlmalloc

$2 T RIRIR Android B9 malloc M (3% SUHT#T AL 7] GC T WE ),

bionic H11 % 119 malloc 49Kk AS & glibc malloc, Doug Lea Tk T —1EAC glibe malloc 80
Sriicds, AR dimalloc,

VS uRra A glibe malloc W2 /1 dlmalloc 7 2E T % 19 o glibe B malloc B &30 T,
A It Android F-& i T AR dlmalloc.

@ tmpfs: A LATE Linux HLES AAE T AR BN SCIFRGE . PR SCHRRAE AR AR LY, I L SEL 3 — e, SOt
SBMEBR
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MAFA TR 722 B A XA dimalloc ME . ZEFH AT dimalloe £E i—4> H HIAY malloc ()

static mspace mymspace = create_mspace(0,0);

#define mymalloc(bytes) mspace_malloc(mymspace, bytes)

S M AR S RE E L —A> A i Y N AF 23 BC PR A mymalloc O AR, E SN Z 4%
F4%E4% dlmalloc.c.

1E dlmalloc H1, FRATH 2 H create_mspace () BREUE W — 1 H F malloc 1 A7 %5 1]
IR mspace s&— M 8EF, TRIAIRE XA M EEA, F0598 AESEFT IO, FEp 2
W4 Z A U mspace AR B INAF2S (B K/ IME £ 45 mspace_malloc () PREL, AT,

AN T dimalloc B9BEH AR Doug Lea HYE ¥

BEN =#%3 mmap

mmap 7E DalvikVM HAEF G EL . T EFRATEXS mmap SEAT T HAG AR, AR 2K mmap B9
BEF AT LAk i —y .

11.2.1 {+4 % mmap
TR BE B mmap (NAFWES SCH) A=A 19
OS $ALA ST APT ARXEREALUT IR . BORA — DR, BRI “%8 2 N7 % 30
AP 12 DNFR -8 7T AT B REEE . EXFER T, gt mZ U R e,

S Lrr Ly
C AR N ()
C KA B R

REEAKRAMA, T2 mmap HUHEA: T,

mmap SE— PSP N AR RS B N AE B R G o RO AR HE SO SR BB AL )
I AR — SR L REE e s T Z IR 10 W ZATRIREF S, AR mmap BT,
HEPAT LT 808 1

I —3, mmap 3 A SCPFER AT LIBCSS B A AF 23 (6] o 2T mmap BHEATE, PO pR%L
S POSIX® 5 Iy, FFLL HE R L) POSIX JobfEfy OS, AR S s 38 A T i

@D dimalloc: http://g.oswego.edu/dl/html/malloc.html .
@ POSIX: Portable Operating System Interface (P BHIERAE RGHE 1), KRR 7S BLAY UNIX OS 22 X 3L
) APTHRHE
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XRS5 MA7 (mmap)

mem|[3]
seek(3)
_—
seek(20) read(f, buf)
%mm]

e

ARXERBHL 5] 5 BERL I

E11.4 XFEEXEFRFERIRENLE

11.2.2 ERADEC

SEBR b, AR 00T HEAE 1) mmap BEAS A PR SO SR 7 T, T A B A AR
WS

A — D MAE /devizero BB SO, IZSCIFARFARIR, TSR UL E “0” JTOMRFFLE.
T IR A B S, FFHAT mmap, SERERA PR BOAT S ST I N AE S T] . NS B A IGX
MBS, ERRR SR (07, RMEX AT B ALAE, SR BASEAAESCER . h3C
PRA B A S 4K @?U\Eﬂ@&ﬂ]ﬁﬁ mmap X S Y P AF S (B AT 5 ARAE, Bl Y
HL R — W7, X SRR S TH R AR IO o R . WA U, WUERFRATEE /devizero X A1 £ U
mmap, HUIHE R S8 E /N (TEB AT “0” BPIREST) BNAEA )

fd = open("/dev/zero", O_RDONLY);
ret = mmap(NULL, (4 * 1024), PROT_WRITE, MAP_PRIVATE, fd, 0);

Ak, g vap_anonyMous B [RIRE T DL 43R

ret = mmap(NULL, (4 * 1024), PROT_WRITE, (MAP_PRIVATE|MAP_ANONYMOUS), -1, 0);

0 TE 5T FC A I TR AT 2 ] — D AR brk BYRGET, XO2YRE C BYHER RG]
Ak CRHER /N FBRJE B R E 1, B FRATTAR ] brk 7 EHEAL AR S

Ak, WRFEAFEET /devizero B mmap, FLAEMIE LA EERE NIFESH T, W
RUL, XA AT LAARTR HE brk BRI HARBUR NS (8], PRI FRATA —F 73R
—j(ﬁ%[j\jf [AIE, XA IEAR M, AN KK EFEE— A, mmap HEEATL I PAA (4K

) RAFHL
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HSZAE Z HIA 281 dimalloc 14 P50 B /MR TR G A7 25 (R ISR B 02 brk, ASad 7843
Bt RARFRR A2 8] B, i mmap T

11.2.3 i5KRTNEIBEE

FANTH mmap ECAFBI BN TF . A XA ZRE L 16 79 B SCIF EHE T B 20 4 2
WTF, XA, 2N RIERAE

Y mmap Z5RIS, SEBR EWBNA IR BT AT BE, FURAE N BEAUN A RS T
AR LGHAE A e 73 B A B A A7 W 2

B GERAE VT IR B N AF BRI T 0 o R W) BN AR B B FC B U N A, T A
AV IR 22 AR T AR DR o FRAT AR BI85 ,  SEPn it ATy BN A7 (9 70

HERAN A

St

gt |

xxx.tXt

yoe
YN

HEE | HEE

E11.5 ERTTEIEE

FGOXREAE AT 5 TR 23 R BN A7 9 D7 3P “ 3R DU (demand paging ).

11.2.4 HEPES5FAEMET

TESAAT mmap 1, A7 “SETZBS” R “RAA W PR S 7 AR e

U E LR IT mmap I, ROREEDIERR A M 2 B R, (HENTS U E N
FA—HER o A=Y, ARXS X AT E AR, AR IOt 2 S 0 A H A
B b BOXAEILE Y BN WU RO I
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R
Huhl s8]

PN AT

_4—

N

ige
He k2 [
|

E11.6 fE=pst

HZSF mmap API $85€ MAP_SHARED Fpii, BEEHUITIZZmGT .

BT, 4R A MHRAT mmap BF, AR IEREAR S WML B R A BN AT . X
F SO B TR TR A BN AE, BT LA R SRR TS ASRAE, IR AN 2 S A
AR I

bz
Hihik s ]

YN A

bR
Huhk=s[h]

E11.7 FAERET
H S mmap APT 48 5E MAP_PRIVATE f5ii, MR HITRAA MG,

11.2.5 BSEEHIEAR

ZHABERRE I, FEFAA BT B TR A R B N AT
EORFRAT B 2K e AR 0 AT, i A ) T 5 ) 3 o it i
— I AR BB — RS RO BN AT, SR X SR BN A P AT B . AR T RS
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B, HArEZ i H T XA R ES RSN . oy BRI ES W TE R, BrAFRA
“EFAE il AR (Copy-On-Write ). 33X J2&: 172K LI JE BE 1 H R 2 —

HERE
YR NAT Sk ] YIBLNAF

_A— |

%

SEie
Hi k2 ]
(T

HER
Hhk= ]
I

E11.8 BHREHEAR

TEE 2 B P BA TR YF R X T BE o

EEN pawikvMm et

BB 2 B K 3K B Dalvik VM [ PR AR S IE . 53X R FRATTH T % U8 1Y Android A J& 1.512
(Dalvik VM HIA S Android 6 1 A AHTF )

11.3.1  FREUECHT
H e HRFEAN B — i 6] Android IF % % B9 % (B 11.9),

http://developer.android.com/index.html

XA 230 Android JF A AR S MAFEMFEE . KA LITE EvEN A S & RIRIH],
VI EWF T Android MR ZFE .

BEAPR G AT LKA R 3R HL Android SDK

http://developer.android.com/sdk/1.5_r2/index.htm] (A<~ $HZE I 4 B 5 il AR )

Android SDK J&3& T Android V- & M I & T H, A 435 Android 2 3 #5201 45 FlI
DalvikVM FJERA 7345

A FRATX R AR ZE ) J& DalvikVM B JEACHS . 4 Android 22— PNFFIEIH, Bri3kAT]
AESRA AT THT X4 0o 3l R A S o
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and>30id

developers

m SDK Dev Guide Reference Blog Community
\a&s Download

Developer Announcements g

The Android SDK has the
tools, sample code, and docs

DEVELOP ER The Google I/O developer conference took you need to create great apps.
place May 27-28 in San Francisco. If you
CONFERENCE missed the conference, you can experience Leamn more »

the Android sessions by viewing YouTube
videos and presentation slides.

_ Publish
See the Mobile sessions at Google I/O » = Android Market is an open

service that lets you distribute
your apps to handsets.

Android 1.5 SDK T
Android 1.5 SDK is now available. It includes
new APls for Android 1.5, updated developer 7 Contribute
tools, multiple platform versions, and a
Google APIs add-on. I Android Open Source Project

gives you access to the entire
Download Android 1.5 SDK platform source.

Leam more »

&% Watch

Iﬁl

o
SDK 1.5r2

More Android videos »

E11.9 REHHE

http://source.android.com/

A WA LRI Dalvik VM 9 JEACRS

BE—Fh R Android & L —NIUAE repo BB ST T E AN RPOEACHS . X FixX
ATR, MM Bt RE AT R 807k

http://source.android.com/release-features

XA 7 R BB RE AR I Android JEACTSRE, Fir IAH S AR E] (25546 1 29 20 7341,

BeAh, RN FRATH repo SRR IR ACAD & A B TF A MAS , BT LG A6 75T ik 4 4 D4
BIA AU IT R RRAS (1.502) B9 332

repo forall git co android-1.5r2 -b read-android-1.5r2

BT RN git H3EH DalvikVM
Android FYURACTS AERIE AR Z git G FEIL MK .
https://github.com/android
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PR ik Horb oy T Dalvik VM /Y git €7, FrLAFRATH L git cloneo

git clone git://github.com/android/platform_dalvik.git

TEXAIEOCT , FRATTALAE 73 STUIG 3 33 Ak B Fir T B AR IE

git co android-1.5r2 -b read-android-1.5r2

X FARIFRIEE DalvikVM B3, EHEBEHA — Tk, BARZAREUEA Android
IRBEWE ], A8 — DI E RIS —— R R IR i 0 BRIEA T 4845, it RE IR SR
PAHUFE U F 1B AT IR

X T HGOAR T # DalvikVM JRACRS RO BE#, SEH B 2R — A0k . RN TE X R
FRATEA BB EILPRBAE DalvikVM, HEIRECE Y it ©FEATLLT .

11.3.2 RAFILE

H repo BRI T IRACAS Y 2 E W LR L, FLrp A — AN AE dalvik B9 H 5%, DalvikVM #H¢
AU RS Sk T 2 LT
BB AFRATT ek fi P b B — T = H SR

#£11.1 dalvik I B FHI4&H

B x A
docs SO
libcore Java 28R, (i ApacheHarmony @
tests W3
vm Dalvik VM A

R A5 18 B 5 S VM LIS, B DL B AN R Ui X BB H S T
TEX HEENE v XNH, HPECE S DalvikVM 9IRS, B SEE5HmeE 1.2 B,

R11.2 vmANBFEREH

H x wm =
alloc OMIC . B R AR Pl 45 GC)
00 TE SRR
mterp Dalvik VM 3R {H #%

(D Apache Harmony: Java SE [FFIFRIT LT H , JFRNE RN VM FIZEFES,
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BeAk, vm HSR A RIS A e 11.3 .

*11.3 BEKBELH

B ADITEL
C 60 325 72.97%
CHiiES 22071 26.70%

DalvikVM 12y 8 T3 AT YU M Al FErh RAR RS2 T C IS AR, (5 VM B9 L
i GEBH 25 ) M fIC it = b i

I pawikvM g 6C ik

FETRATZUE GC T,

Dalvik VM 573 IBCR )2 GC drid - W FRFE . GC dmid - IS BREE Shric ir A G
XL, WA AREIXS, KFEEICHE,

UEAR, DalvikVM SR A bR IC T35, XA 5 e b o 4l b 2 A i /2 1], R
PR R,

KT X LB TR N BRANTE A4 2 bt 7, i KR F AR Z B Es .

BEAh, AN DalvikVM HBEFE Android & LiafE, A ABRHALE & A B P95 300 GC
PETIAT AR, TR R B A, dREefE ik,

1.5 BEGEE

TE T GC ZRT, BATVCNBIEEFITHIRE N o I RE HI A o N LU PR

11.5.1 XFSRAYFhSE
DalvikVM 45 4 Bl % 4 (945, F st kR ——N 4.

F11.4 JavaIEIEFI N ERE X HIESHERIRT R X R

e Ay Xt Rz K Java HI$iHE

ClassObject ES
DataObject S
ArrayObject el
StringObject FAG R




[ER L iIEE ClassObjecto

SIS, N

A &S
// WHE X ClassObject

EBAULIX T ClassObject AR B LR FE BN AE2s 1H] .

public class Clazz {

}

T HUES5 K DataObject . BXTI Z HI 28 2 i S i

/1 E

class Clazz {

}

=
o

public class MakeDataObject {

static public void main(String args[]) {
/7 R
// WEBE X Dataldbject

Clazz dataObject = new Clazz();

%T?‘E

11.5.2

J5 R4

LA ArrayObject. BRUNE M4 F—HF, XFRLAg 254 .

& stringObject. WIREMAT—HE, X AETFAFH
IR L&

11.5 X548

AR RIER Java (926, ANE R E LS 2 1%

THEEFRAT R KB B LK DataObject Fl ArrayObject M,

dalvik/vm/oo/Object.h

203
204
205
206
207
208

236
237
238
239
240
241

struct Dat
Object

u4
};

struct Arr

Object

aObject {
obj; /* WABCETEITK */

instanceDatal[1];

ayObject {
obj; /* WABCELEITK */

/x TUEREE . BUVIRILEARE */

ué

length;

283
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/x BHTTE */
247 u8 contents[1];
248 | };

55207 170 wa J& uint32_t A4, BREELE 4 77 (32 ) B9AE U, [RIFE, 55 247
171 us J& uinte4_t MUI44, BEJE 8 07 (64 ) AR T,
LA AR BRI R A5 F AT 3L 1Y object S5 HAARIE

dalvik/vm/oo/Object.h
170 | typedef struct Object {
171 /* TRIMZEXRAARE +/
172 ClassObject* clazz;
173
174 /* T8 synchronized */
175 Lock lock;
176 | } Object;

B2 T clazz FEA ZiHK classObject (G2EXFR) FEEF . W2 UL, X LX)
ZEER N PR

Object DataObject StringObject ArrayObject
ClassObject* clazz; . . . . . .
ass bject™ clazz Object obj; Object obj; Object obj;
Lock lock;
u4 instanceData[1]; u4 instanceData[1]; u4 length;

u8 contents[1];

E11.10 XHEHEH

LK classObject HLICFE A D LHIRMESE B XA GC BARKKER, #A
PRI T .

11.5.3 DalvikVM BIRTFE

DalvikVM & F M th - B 25 DalvikVM BOME, ILAMNE A FE— Y AE HeapSource P B
HEMIZRVE o A FErh AT PR =& 23 3Bk ) VM Heap 11 VM HeapSource.,

VM HeapSource JEA £ % PiFl VM Heap.

B—MEMT Zygote(ﬁﬁﬁ Android i Fi /¥ 19 5C ¥ #2) 1) VM Heap. Zygote % f
Android J& I JFHRIE 4T, AT —LE T4 BRERAE, ) 10 5l 25 10 IO B 0 e 0 P 45
VM Heap /& 7EiX ﬁl‘ﬁﬂ FHE/J
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55 R BIAE RS Android B FHFR T A VM Heapo 4 Android L FH 2 (451 40
HLIE AR GE ) T SE AP I, FR P AX > VM Heap #4743
B2 5 VM Heap JFIAEIE .

dalvik/vm/alloc/HeapSource.c

100
103
107
111
117
121
122

typedef struct {
mspace *msp;
HeapBitmap objectBitmap;
size_t absoluteMaxSize;
size_t bytesAllocated;
size_t objectsAllocated;

} Heap;

ERTEALEN Heap M) B B4 msp (memory space I fETFR) 547 48 17 malloc 765 MY NAEZS [ A6 T, FE
Hh BT E S PRI 52 objectBitmap H R B SRR A K25 A] . absoluteMaxSize &
ERG el msp N AE ERR, bytesAllocated RO NAAR (1), objectsAllocated
JEIM LS8 A X G

TTHHAAE—T VM HeapSource,

dalvik/vm/alloc/HeapSource.c

124
127

struct HeapSource {
size_t targetUtilization;
size_t minimumSize;
size_t startSize;
size_t absoluteMaxSize;
size_t idealSize;
size_t softLimit;
Heap heaps[HEAP_SOURCE_MAX_HEAP_COUNT] ;
size_t numHeaps;
size_t externalBytesAllocated;
size_t externallLimit;
bool sawZygote;
};

HAfWA R A B RRER, B2 heaps i numHeapso B heaps B ICER A 2
7% HEAP_SOURCE_MAX_HEAP_COUNT &7 /.

dalvik/vm/alloc/HeapSource.h

28‘ #define HEAP_SOURCE_MAX_HEAP_COUNT 3

%k

XHE—2K heaps MITCR A M FIRHLZE 3 1. numHeaps HLHAISE /3L, heaps Y VM Heap
%

o

285
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HeapSource
JHT RT3
Heap +| |

HF Zygote ik
Heap +| |

Heap

11.11 VM HeapSource &4

PIE 1111 6, numHeaps Hi/& 2. — H Source #iZHL T, heaps M5 3 NMIL R WA
REBLAE T
11.5.4 dvmHeapSourceStartup()

VM HeapSource J&H| dvmHeapSourceStartup () BREUA MM . XA eRECLAEK, FrAFRAT]
I3 AT ER 7 MU 8 AR B o b, X BN BR T 5B b BRI RE

dalvik/vm/alloc/HeapSource.c: dvmHeapSourceStartup(): BT 3 &B%

392 | GcHeap *

393 | dvmHeapSourceStartup(size_t startSize, size_t absoluteMaxSize)
394 | {

395 GcHeap *gcHeap;

396 HeapSource *hs;

397 Heap *heap;

398 mspace msp;

399

411 msp = createMspace(startSize, absoluteMaxSize, 0);
418 gcHeap = mspace_malloc(msp, sizeof (xgcHeap));

423 memset (gcHeap, 0, sizeof (xgcHeap));

424

425 hs = mspace_malloc(msp, sizeof (*hs));

430 memset (hs, 0, sizeof (*hs));

— MR E A T Y R B 24 BRI K Z 00 F qvm (dalvik v BYTRTFR ) WD, XA &L
EEWAITT .
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B el startSize Fl absoluteMaxSize 1F 5 KU fL 1 45 dvmHeapSourceStartup() PR ,
fERIUG VM Heap K/IMEIBZS startSize. FEFEE T Java BUJH SIET —Xms (FI4H VM Heap K/V)
AITEOL T, BI46 VM Heap f9R/N a2 IXAME . WEREATEE, AB2014H VM Heap HY R/
BRI 2M 719

absoluteMaxSize %ﬁlﬂyi‘ V‘]ﬁﬁ’@ﬂgﬁ\ VM Heap H “BeRK VM Heap KN ?kﬂ?ﬁﬁ%é/a‘ VM
Heap 73 G X A R/ INFEZS 0] o FEFEAE T Java (98 3BT -Xmx (5 K VM Heap K/)N)
BT, K VM Heap K/NEEXAME ., WURBEA AR E, IE2H0I4H VM Heap 1R/
BRI 16M 75,

WA AT VE— T RECH AT, 56 411 17 1Y createMspace ) PR AL /& dlmalloc [
create_mspace () FREUI ML R R, HALFRINZE IR create_mspace () PREAHIA], #BJELE U]
F malloc I N AF25 0] (Dalvik VM FHE), RBFE B dlmalloc H 23 e 45 B IN A= ], P
DL B B AR N A2 18] 1o FATHERT 4R VM Heap J/NFLE K VM Heap R/ME N 24K,
BT BIRRL T malloe B A4S [ BRI R KNI RR N o DRSS B N 28 et A 80
FATHAFIER T

startSize absoluteMaxSize
msp #I11h VM Heap 5 [i1] A2 ]
(B4R TR (RSP AE )

E11.12 FcreateMspace() £ N TEZS [E B 244

55 418 1A 17 BT AR FE S5 K gcHeap, 45 425 17 71 57 IR B 4549 1A HeapSource. M Ifi 3
e 283, DalvikVM 5 T Zygote FIHF R R F P Al VM Heap, X H AR A 2 F
Zygote [ VM Heap, /21, gcHeap Fl hs #843HCE] T H T Zygote ) VM Heap.

dalvik/vm/alloc/HeapSource.c: dvmHeapSourceStartup(): Jg&R%

433 hs->minimumSize = 0;

434 hs->startSize = startSize;

435 hs->absoluteMaxSize = absoluteMaxSize;

436 hs->idealSize = startSize;

437 hs->softLimit = INT_MAX; // no soft limit at first
438 hs->numHeaps = 0;

439 hs->sawZygote = gDvm.zygote;

440 addNewHeap (hs, msp, absoluteMaxSize);

444

445 gcHeap->heapSource = hs;

446

447 countAllocation(hs2heap(hs), gcHeap, false);
448 countAllocation(hs2heap(hs), hs, false);

287
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449

450 gHs = hs;

451 return gcHeap;
456 | }

55 433 1725 440 17 A I iEA T A 200 i 1L HeapSources
BA S BRI E, USRS 437 173171 softLimit IR, softLimit J&H

DalvikVM HESE R, ‘EERE/ECE] VM Heap =5[] AUEAF LA FBR . EAIX LE L BEE T INT_
MAX, IXADZEHGESCT int BUERR(E (2 147 483 647)

AR, TE5S 439 175 — IR L T 2 78 i gDvme X2 RZEEHFA 5 DalvikVM AHOC
KPP E(H . Dvm A DalvikVM )= B,

T RS A TRAAE A A

TESS 440 ﬁ‘ﬂﬁﬁ addNewHeap () PREL, A2HL VM Hf‘apo T IRA TS TR BT A SR

TESS 447 1T FN5 448 171 countAllocation() PRAL. X FUZHZ 43 FLAY gcHeap 45 11
F/NNE] bytesAllocated (VM Heap fif FIFF1940) B E . 11.5.9 1S4 21X pR%L .

TEEE 450 1745 2 R A8 i gis BB X IR AE L) VM HeapSource F48%T . KE N ZC 4 HEE
F 7, DalvikVM MIEACRSEER A 2 RS A PRI E 78k g, H global 19 g.

T, 4B, dvmStartup () PREUETE Dalvik VM Ji Sl FH 9 o bR ECH FH 5C & [ an
TR,

dvmStartup () —— DalvikVM A a0 PREL
dvmGeStartup() — Winfkae
dvmHeapStartup ()

dvmHeapSourceStartup ()

11.5.5 addNewHeap()
IR 232554 B B B, VM Heap 9 FRAE . 3304 PR BCU A0 BR300 RS 23840 it

dalvik/vm/alloc/HeapSource.c: addNewHeap(): Bj&B45

321 | static bool

322 | addNewHeap (HeapSource *hs, mspace *msp, size_t mspAbsoluteMaxSize)
323 | {

324 Heap heap;

333 memset (&heap, 0, sizeof (heap));

334

335 if (msp != NULL) {

336 heap.msp = msp;

337 heap.absoluteMaxSize = mspAbsoluteMaxSize;
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338 } else {

339 size_t overhead;

340

341 overhead = oldHeapOverhead(hs, true);

348 heap.absoluteMaxSize = hs->absoluteMaxSize - overhead;

349 heap.msp = createMspace (HEAP_MIN_FREE, heap.absoluteMaxSize,
350 hs->numHeaps) ;

354 }

addNewHeap () PR{{t2 VM HeapSource ) hs. VM Heap [ SR msp LA M VM Heap 25 [H] [
KK/ mspAbsoluteMaxSize TE NS HHEIN

55 335 AT AR S A A BE N 25 2 G A S B msp S 75 M NULL.  U12R R N nuLL, %3 msp A
mspAbsoluteMaxSize W ET LN Heapo

Y msp A NULL B, A= BT VM Heapo 8 341 171 oldHeapOverhead () PFREXILTE VM
HeapSource [ VM Heap i [0 SEBR 8% 43 BL 19 A7 2S5 B R /. sk 2id, 7E55 348 1Tk AT
HHIE “VM Heap M K K/INBZE VM Heap BIEHIR/N .

IRG T3 A5 AR 45 349 4724 BUHT Y VM Heap. 1538 252801 HEAP_MIN_FREE 42 VM
Heap HIFI4G K/, BRIAR 512K F15,

dalvik/vm/alloc/HeapSource.c

45 #define HEAP_IDEAL_FREE (2 * 1024 * 1024)
46 #define HEAP_MIN_FREE (HEAP_IDEAL_FREE / 4)

BT R ERZKEBEN — Sl 2 S B onsp 7T BE N NULL, 01 1154 795 fir ik, 1&
dvmHeapSourceStartup () PRETAMIF/r B VM Heap, WAL, A HALM I IS4 nsp
{ELAT ECH NULL.

XHAILEAEA 3 Android NP Z I . WRZEMINZ—T, ZHFAIE 11.5.3 ik,
VM Heap 437 N WiFl, —Fh T Zygote, H—F TN AR, H dvmHeapSourceStartup() PR
A ) VM Heap 52 HI T Zygote W) 243 S NHAR P, PG 200 R e & RO ST VM
Heap, FrLAZAE NULL 41845 addNewHeap () PRELI) msp, TERREUNT/IEC VM Heap.

dalvik/vm/alloc/HeapSource.c: addNewHeap(): JFE&84>

355 dvmHeapBitmapInit (&heap.objectBitmap,

356 (void *)ALIGN_DOWN_TO_PAGE_SIZE(heap.msp),
357 heap.absoluteMaxSize,

358 "objects")

366 if (hs->numHeaps > 0) {

367 mspace *msp = hs->heaps[0] .msp;
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368 mspace_set_max_allowed_footprint(msp, mspace_footprint(msp));
369 ¥
374 memmove (&hs->heaps[1], &hs->heaps[0],
hs->numHeaps * sizeof (hs->heaps[0]));
375 hs->heaps[0] = heap;
376 hs->numHeaps++;
377
378 return true;
385 | }

TEER 355 ATHE AL IR . T IX PR Ar AT AE T — iR il

55 367 11735 368 1747 AL BRI 2 45 heaps [01 .msp (BLAE IEFEMH F Y VM Heap) Jill I
— BRI ZEAT, HABESEA TR T

%5 368 17 1) mspace_ footprlnt() PREE ] dimalloc %€ LAY, 2 dlmalloc A= B /%) mspace
HIFE LB 2 XA PR AL, #E23IR ] mspace SEPRH R (IEFE A BCIY) F5 8. I —4¢, BR
A footprint TR R N fE R

mspace_set_max_allowed_footprint () IIIQQXEXULV‘]X?EQIETJL%E%‘J%%#FE/JIZ@&, BEHLE

T CHBE LR A T EON (7, XA R 2 ] dimalloe & LAY, fEXFPEALR, A

WIAEZS [RIEIRAE B 700 B AL 28 T 281, It ISR X IX AN N2 R T8 9 20 e H . 294K
XA NS ) Y AN SRAT 23 [ A 2R, S0 mT LA RO 23 (8] R/ INAA T 0 BC AR

ZIGTES 374 172056 376 17K B9 VM Heap #fi A E] VM HeapSource BYF 3k

HeapSource HeapSource
FH%FZ}gOtFE’Jiﬁ JHF N FHRR A HE
Heap[ = M [ KB | (Heap|~fifizzi | REAAER | s
HIF Zygote e

Heap [> Heapl~| flifflzsia] | 2k

Heap Heap

E11.13 iEj0 VM Heap

52 L AE DalvikVM H1 M VM Heap 4 Bie 4 A7 (9 I, 5 %€ 22 AL VM HeapSource JF 3k (1)
VM Heap UG 70BL. BE T VM HeapSource JF3k [ VM Heap Z 4k, HAWK) VM Heap #BJ& H i
1, BIMEA 2S poRBCBABERT e 4 o BRI, ZET—EAE I VM Heap A — BRI,
RIS BEPRAT B 19 73 BCARAE
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11.5.6 XIR[ZE

A Dalvik VM 1437 3% [T Bk R R 2 A& ARie”, B A ERRic B “Hhr ™
Dalvik VM 4 B FR v 4] .

| ARt A
2. 5 A5 A

Faic s BUETE GC FRic S A Az ]

XA T 3R BC 2] VM Heap WX RIGALE . BRKTE VM Heap N ZFBCXF RN,
TR PA T I BR e 454 -

XA A7 AE T 81 VM Heap N,

dalvik/vm/alloc/HeapSource.c: B&E—iB

100
103
107
111
117
121
122

typedef struct {
mspace *msp;
HeapBitmap objectBitmap;
size_t absoluteMaxSize;
size_t bytesAllocated;
size_t objectsAllocated;
} Heap;

B Z5HK VM Heap J5, FIARE S 107 1743 BLE5 F 1K HeapBitmap [U#/E . HeapBitmap iX ™
SER R E AREI e

dalvik/'vm/alloc/HeapBitmap.h: 8% E%%

51
54
55
56
58
59
60
61
64
65
66
70
71

typedef struct {
/% il */

unsigned long int *bits;

/x PLEIRY PR */

size_t bitsLen;

/% XN B VM Heap 7S5 [H] BTk +/

uintptr_t base;

/% PIFEES [ Y IEAE M FH A9 28 [T R AR 5T +/
uintptr_t max;

} HeapBitmap;

7 B SE AT 2580 AR 78, HJ& unsigned long int MR . FRATT 26 55 47 /Y Bl Bt
bits RN &, N JE unsigned long int MIELAL, FrlL 1 DICEMK/NRMGMEAS 4 15
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o BIAIE 180 32 M,

A — R RF TR, FAALEEH mmap O BRECIECH, FrLAEHT 4K 535 RS EOR-/ D
HesrEAL

Ak, 2 64 171 base HLE VM Heap BFF Sk Mtk o X ANkt SEBR b I A 248 1) N A7
R FFR Y, HUHAAE DL 4K 100 55 iy sk

MOE AL

bitsLen
bits 10| 00..00 | 00.00 | 00.00 | -+ [00.00

R | REER | - - - LA

base max

DalvikVM Heap

E11.14 f(IERZEH

11.5.7 dvmHeapBitmaplnit()

XFZALEJE B dvmHeapBitmaplnit () PRECBIEERY . DA pREL A A dvm = A>F 8k, BF
PARI AR H] dvmHeapBitmaplnit () J& CL 28 A A PREN

TEIB NN VM Heap 5 28 I IX A R EL, X — MO SEZHIN 11.5.5 bl 17, F
T EFRATHE R L —R

dalvik/vm/alloc/HeapSource.c: addNewHeap(): 12E

321
322
323

355
356
357
358

385

static bool

addNewHeap (HeapSource *hs, mspace *msp, size_t mspAbsoluteMaxSize)

{
dvmHeapBitmapInit (&heap.objectBitmap,
(void *)ALIGN_DOWN_TO_PAGE_SIZE(heap.msp),
heap.absoluteMaxSize,
"objects")
¥
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X B A TE B &5 356 111 %% ALIGN_DOWN_TO_PAGE_SIZE() o X7 484K B4 M stk LA
4K FHT A REX 5, i, ﬂu%?ﬁ“m*%”%%% XA, 4RI 07,
BT LRNE, NS Hawits f dvmHeapBitmaplnit () PREL.

KA1 454K 49 HeapBitmap

¥ VM Heap #9 77 sk #o ik ( heap.msp ) ¥A 4K F ¥ 3T 4E
# K VM Heap X +* ( heap.absoluteMaxSize )

"object" (F4F &)

AL, ENEBAEO R, —EKEH dvnHeapBitmaplnit () FREE

dalvik/vm/alloc/HeapBitmap.c: 2 B&$EiR4bIE

40
41
42
43
44
45
46
47
48
49
52
53
54
58
66
67
73
74
75
76
77
78
79
80
81

bool
dvmHeapBitmapInit (HeapBitmap *hb, const void *base, size_t maxSize,

const char *name)

{
void *bits;
size_t bitsLen;
size_t alloclen;
int fd;
char nameBuf [ASHMEM_NAME_LEN] = HB_ASHMEM_NAME;
bitsLen = HB_OFFSET_TO_INDEX(maxSize) * sizeof (*hb->bits);
allocLen = ALIGN_UP_TO_PAGE_SIZE(bitsLen); // required by ashmem
fd = ashmem_create_region(nameBuf, allocLen);
bits = mmap(NULL, bitsLen, PROT_READ | PROT_WRITE, MAP_PRIVATE, fd, 0);
close(fd);
memset (hb, 0, sizeof (*hb));
hb->bits = bits;
hb->bitslLen = bitsLen;
hb->base = (uintptr_t)base;
hb->max = hb->base - 1;
return true;
}

TE 55 52 17, M ¥ maxSize (Fit K VM Heap K /N) i 5 bitsLen (1 K K /N). 7% HB_
OFFSET_TO_INDEX() 23 VM Heap ¥ 3k Mtk B VE X Z 10 object MR RITH A KRS .
Wt UL, HEAEXREIRAEMN “RRET x TTEROK/N, SUE TR KN,
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bitsLen
[ [ [ [ [ [ [ [ | [ [

sizeof(*hb->bits)
BA—ITRAARN
HB_OFFSET_TO_INDEX(maxSize)
RLPFAE B m R |

DalvikVM Heap

11.15 TEALE XN

FESS 5347, 4K FArKE IR R 1Y bitsLen #F—X 55,

ashmem_create_region() PR B S F Android [ ashmem 78 X R, 56T ashmem 3R 4]
1116 THE A T . #F ashmem_create_region() PRETHIRIIE 1] /dev/ashmem [ 3L
PERIRAT . AT HILRICE S o

TE 55 66 17 H mmap O PR L3 BC AL BT, 76 N AE OR3P B A PROT_READ (1] 132 Hi) 1 PROT_
WRITE (A] 5 A ). . ashmem_create_region() PR &L 45 AL I A S 500 SO #5845, BRIV &t
ashmem R IPBCNAFZS 0] o FRATDRE C RSN A A7 23 W] 120 MaP_PRIVATE (FA N K ). HLALIETL,
RIEAE NAF 2 R PA TS ARRME, WA S B HAB R I .

5 75 17BN 78 AT HRAE ] T W AR AL 25 H9 1K HeapBitmap. TEMLTH R ZITERE 78 17, iX
HK vase (55 07 BIXF R A9 25 0] 9825 1 B(ETRTE T max ML . F 58 FA0R max 2 — KT
base MM, WUEIRE “IEBA 7RO ZAS P BRCEARMIAL” . Dt HA b i i o

11.5.8 $3#cEI DalvikVM B9 VM Heap =i

T HEKEFEFIX L BLF] Dalvik VM () VM Heap 25 i) AL 3L,
FEXF G4 BLE] VM Heap 25 (8149 sR ALY Gt R AR 98 FH B TR

dvmMalloc()
tryMalloc()

dvmHeapSourceAlloc()

HAKEE dviMalloc() PREL. EA 18017, JEMIEH RINREL, Al —JRAEHT
FERAL B e SR, A ISR SRR R T RN S, AR AR BT AR .
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486
487
488
489
490
491
492

540

544
545

571

621

641
642

void* dvmMalloc(size_t size, int flags)

{

GcHeap *gcHeap = gDvm.gcHeap;
DvmHeapChunk *hc;

void *ptr;

bool triedGc, triedGrowing;

dvmLockHeap() ;

hc = tryMalloc(size);
if (hc != NULL) {

ptr = hc->data;

dvmUnlockHeap() ;

return ptr;

TE4 540 1T8iE VM Heap.
TEER 544 £ 1R T2 SEBRAAT 3 BC Y BRI, I [0 18 /245 1) 25 #4 4 DvmHeapChunk HYFE T,

AR AT debug BYSGL, PIUIRATEA L ERHINTEEE .

11.5 X5 EH

FESR ST1UATHUR SRR B T8 ER . 7258 621 11K VM Heap fif8i, 3R [I4rBLAFEEL
KRR B 544 17H) tryMalloc O PR, A MG BCLIANER MG, X ek Bed 2 73R
W, W PR .

dalvik/vm/alloc/Heap.c

325
326
327

350
351
352
353

406

350 T HIEAH T dvmHeapSourceAlloc () PREN

static DvmHeapChunk *tryMalloc(size_t size)

{

DvmHeapChunk *hc;

hc = dvmHeapSourceAlloc(size + sizeof (DvmHeapChunk));

if (hc != NULL) {

return hc;

295
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X dvmHeapSourceAlloc () FRAUM & i Z A XF 42 73 BiL 45 Dalvik VM (1) VM Heap %5 [H]
PRAL

dalvik/vm/alloc/HeapSource.c

652 | void *

653 | dvmHeapSourceAlloc(size_t n)

654 | {

655 HeapSource *hs = gHs;

656 Heap *heap;

657 void *ptr;

660 heap = hs2heap(hs);

661

662 if (heap->bytesAllocated + n <= hs->softLimit) {
666 ptr = mspace_calloc(heap->msp, 1, n);
667 if (ptr != NULL) {

668 countAllocation(heap, ptr, true);
669 }

670 }

678 return ptr;

679 | >

TESS 655 41454278 B gHs 1Y VM HeapSource fF A hso
TES 660 17187 hs2heap (), XA HE AR iR o

dalvik/vm/alloc/HeapSource.c
173 | #define hs2heap(hs_) (&((hs_)->heaps[01))

X HHCH T VM HeapSource ) heaps 155 0 NJT R, 41 11.5.5 5+ rak, &7 HAEH
VM HeapSource H 3k VM Heap, 1% #873 #E47 A IEJE X TR, Wl ud, HAE M YFTE
i VM Heap 3B %42 .

TE5S 662 47, HEHHT/MACE] VM Heap 195719 KURIX W53 B 7 15 RO, Bk L4 2R
INTFEET softLimit (Dalvik VM 8 52 B A - A9 4B 5 FR ).

55 666 17 HEAT (1 40 FH) 2 S FR AN VM Heap 43 it 4 £7 %5 [H] . mspace_calloc() PREE
dimalloc %E R E. BIRSHE Z D VHLEAR, AN HIREM C I FH I callocO ML
SRR, #IE A n NEERIR/DN, BENAEHZ N o SRR EHITF L 9465 . 78 dimalloc
i HER 1] 2548 msp (VM Heap ) L2555 1 S8

eAh, M dimalloe Z3BCAYFE ST A2 LA 8 A5 XS 55110 . Walag e, XA ET 1 Hhk 5 7€ 2 8
MREE ., oD E A, IHRF AR,
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VM Heap Source

~ ] @ VM Hep |

Heap

Heapl .| vM Heap

Heap

B 11.16 M VM Heap 53t
RN BN, FRANTEEESE 668 1718 countAllocation() PREN,

11.5.9 #tRicEIIRE

LK B B XA countAllocation() PRELATINANE
XA PREAT S5 R, B0 8RS BCE] VM Heap 0957 198RS S48

dalvik/vm/alloc/HeapSource.c

243 | static inline void

244 | countAllocation(Heap *heap, const void *ptr, bool isObj)

245 | {

248 heap->bytesAllocated += mspace_usable_size(heap->msp, ptr) +
249 HEAP_SOURCE_CHUNK_OVERHEAD;

250 if (isObj) {

251 heap->objectsAllocated++;

252 dvmHeapBitmapSetObjectBit (§heap->objectBitmap, ptr);

253 }

256 | }

THRFIERES 25217, 4 countAllocation() FRELINHS 3 IS4 is0bj N true BT, Hiss
P4 dvmHeapBitmapSetObjectBit ().

XA BRBUR N E AT, STTHEXTN 2B G X G R A N B2 B 1 1 (IE
TESFECIIFRIC ) WHLRBE, B YIRATFEARES, MR EESPARIC B R4

AN, MEAEXT R LSMOAR PGS ECE] VM Heap B, 75248 countAllocation PRAXIES 3
NSH is0bj E N false, WXL, fEXFIELLT, XFRLUIMRVEHA S #bRiC
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FIXRAIE . A GC TR AL IS TS, BT LUX B T VM Heap PYBYXT 42 LLAME
AR ETE GC X R L HE Z 4,

11.5.10 4> ECSLH

R RALFRAT T W48 2 ) S8 43 B2 Dalvik VM 9 VM Heap 28], £ 5740
S PR dvmAllocObject (O BRER. XN PREL—FF, A WEHELIRARTT B sl E R e 1

dalvik/vm/alloc/Alloc.c

134 | Object* dvmAllocObject(ClassObject* clazz, int flags)
135 | {

136 Object* new0Obj;

145 newObj = dvmMalloc(clazz->objectSize, flags);

146 if (newObj !'= NULL) {

147 DVM_OBJECT_INIT(newObj, clazz);

154 }

155

156 return newObj;

157 | }

TESS 145 17 H clazz->objectSize ARELFIFI R/ N, XA objectSize MU B I F—FHF,
%%’iﬁilﬁlﬂ"]i% AR/ (19 )o
KN EARPI A “E5H 1R object MR/ B SEBIAE 1R /N
}‘Q/\fﬂ¥ s HI Java ACASHEATINF & o
/7 FEX
public class Clazz {

static public int memberl;

static public int member2;

Y

T LIRS, ARSI 73 BCE DA R TR o

DataObject

Object obj;

S | member] (SE1 A5 &)
FN %L | member2 (SXBIAL &)

B11.17 HEEFITE
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TESE 147 1718 FH A9 %2 DVM_OBJECT_INIT() &M ST Wik X S 10 % .

dalvik/vm/oo/Object.h
182
183

#define DVM_OBJECT_INIT(obj, clazz_) \

do { (obj)->clazz = (clazz_); DVM_LOCK_INIT(&(obj)->lock); }while (0)

Fi 7] 45 40 A ClassObject MIFREF B VE N SEAL B4 T W0 clazz (MR A9, HLAMAE
WAL AL 1ock (FHTAIE synchronized ), AidiX il A BRI TE P TICE, BIMg AR T .

L 11.6 EREING

TiZEE GC BT . REHILICIFIE, Dalvik VM B3 ISCR AT 192 GC FRid - 1%
BREAE . X—TaliERATREFR GCARIC - HRE LIRS 2 T SE 3R

11.6.1 [3&1 GC BIRIH

1€ DalvikVM 1, FiRESR T GC a8l

1. VM Heap & A = R =10, % R 45 B kAT
2. Java.lang.Runtime % gc () Z &4k 8 JA A

TEX UL — N 3T GC A 3EA R EL dvmCollectGarbageInternal () AYMEZINE

dalvik/vm/alloc/Heap.c

718 | void dvmCollectGarbageInternal(bool collectSoftReferences)
719 | {
/% IR +/
762 dvmSuspendAllThreads (SUSPEND_FOR_GC) ;
/% VEASARICAH DG R ECE . AR B */
/% VST BRAHSC AT R 2O TEBRET B */
/% SRS RERT IR IETE */
1011 dvmResumeAllThreads (SUSPEND_FOR_GC) ;
1042 | }
ik AR, S bRiC BB RE BRI B, R ahE kiR . BARE A R, (Hik

Je A R F AR 0 WAE N GC Ry AC e L L
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11.6.2 tRicHIRE
TSR R — FARICIIUT . EARVLRITUT , 2 A S I e

1. ARIE AR A 84 2t %
2.3 &k CARITE AT £ (FR3T)

MK ENE— TN RS BLAIE

11.6.3 {R<FHIIR
XHEEANG—F DalvikVM H M .

o JA Java @ L%

o A ARHIEEA (int, float. booleansF)
< INI# 4 /&3] A

« INL#9 B3R 3] A (BAN&A2)

o FERAAH TR

« GCRRAP FoyxF %

* DalvikVM P &9 5 % %5 (&N &42)

* DalvikVM  &938 A A (&N &42)

SRR R R AT, SEAR B A E X (int . £loat 55) ML AR Xt G40 L 2

DalvikVM ) VM Heap 25 [] Rt 250K AR AR B bR IE
AR, FRATEUE— T “VM i AR, HALE 2 R R AGE A X AR

BT,
11.6.4 DalvikVM EZS1FaE1182

VM KR EOr AP, — LA franlas, 71 —RRHErplas.
HERAL G A A A a0 R T30

2 2 \
’ 1 ‘ 1 1 ‘ ’ 3
i e

E11.18 HEKRHBHITTE RS
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XL T 42 =37 S5 fl. HERALAAS BEHERR B, SR XAk U B ATt
B, IR AR EIR o
FAF AL S, A AR a0 R

. <1 < 1 <] x| 3 e JIELE S
N o> 0 s
y y *2 y 2

E11.19 HESHRVSEMNITERG

FAFAHLAR M E A — UM B T A, SR A A A AR N R A5 R 25 5
DalvikVM H 2R F I J& A A7 e Lo o

Id%HEL------------------

A4 DalvikVM pRBHERFFHEMNEE?

MAERZ VM EBRFAHERENIES, oTLAURERNSER AT HISHER. AXMMERT, A4
DalvikVM RANFZSEEER? IER—T, £XE5 JVM ERANEFFENR.

ZFRLMM I HERYRTE , BEL EtHEE Android S ERHRIER

A2 Android £2iRAIRMIEER RS ST FRI8510 .. MR VM NGB EERAFFSR
Mg, BAE VM RRIZOIEEES S, NRNESSERNERRERENERE, AltaeeE—
ERZE LRF VM HETEE .

EsL b, IMER Android £ixAY CPU R B ARM, DalvikVM IEBirERE ARM it T
T (BSHARSZIEHTEFAIE , EIXEILL x86 tBE8z1T Android FIBHR).

BRI, FAERRANEMREMRASERIEM.

MIBER BT E AT UBEEE EESERTE. dalvikivm/mterp/README.txt B-9—T 5 %F VM
Az ER D X AFRIARY

[RRAIMR AR O 2 B RIRRY C 15 S REELIIRY
BRTREAMERE, FRESXEERILRESES T .

WLER—BER TNTHERERT ARM BIICRAE . XiF—KpaEERERE LRYRFT .
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11.6.5 VM HIEB%

AR VLY Dalvik VM (14 FHAR I 2544
TERRRIHFITTEIY , AR 2R WO AR R IR . X WU 1 TR I iA AL B0 R
£ DalvikVM BYTEEL T, — i EE DL M

C B EE

- S

MR E WA AT

EHLHE (0x00000000)

Ik

L

JRFRAE O
o/ &%00
s 1/ 2801
(Es U IBETRAlUN

JRFRAE O

JRI AR i 1
It ZH00
2501
242

it

—

JEHIT7 i

bl (OxEFEFEer)
B 11.20 VMRYiER#%

BEUTA DT LN AR AR B 11.20 SXRESERUT, SR J5 Bds 2245 05 1R i AL it — 2 i I
FEAEASA I

BT ik 2 A R o P RCE AR . FTAN DT, Rt o X RLETIE I I 7 ik 28 o,
WL, S ER i an AR 2 X AT L S8 n, AU o PRAT IR ER A

KT VARG ATT L RV A B, B BER 2| BEAR L B KR . X AR
FUE BRI WIN OB, RIS M R A9TEEE A int . £loat SFHU(H (Java BUREAZEZEAY)
RBAAA—EN . WYL, R R A 15 00 AP HEX R AR RS B CRUED, GG d )
AR
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Ii%i&aIII-----------------

A LERABFRFINGC?

DalvikVM F A ARBERTFH GC 1.7

R ZBITESE 6 ERFMRAIEREE, R GC B =, BRFtRIEERTH GC, —RER
TESHEREFNEAEERE. B4, ER DalvikVM EBRIE GC R - BREiX, FrLAED
EXBRTR GC BRI AEM, HINEEMESHERFNRE, FXBTHRFR GC.

Aig vm/alloc/HeapSource.c 5 484 TR E—G1E: “NRILIW T E4HE - T, R
BELMEDERIIE, B DalvikVM RBIEHAY GC Ai—REIFHR AT T o

11.6.6 ¥IER¥RIC

T ERATEET ERNERE B HRATHILA PRI B s
WIAFRICSE B dvmHeapMarkRootSet () PREUIHATAY . X HLFRATTHE FHAN 5 A0 ik A 1

dalvik/vm/alloc/MarkSweep.c

313 | void dvmHeapMarkRootSet ()

314 | {
/% KIbRic */

324 dvmGcScanRootClassLoader();
/% FEABARITINPRIC */

326 dvmGcScanPrimitiveClasses();
/¥ RIRARRMIBRIC */

334 dvmGcScanRootThreadGroups () ;
/% INIR )R s +/

344 dvmGcMarkJniGlobalRefs () ;

380 }

PR TCAL A SE B E —il , FTLATERE A K F A4 dvmGeScanRoot ThreadGroups () PRIAX
FISEEL
FE4S 334 171 dvmGeScanRootThreadGroups () PRELIIXT T A AL geScanThread () PR%K

dalvik/'vm/Thread.c

3190 | static void gcScanThread(Thread *thread)
3191 | {
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3208

3212
3213

3217
3218
3219

3222
3223
3224
3227

3230

dvmMarkObject (thread->threadObj) ;
dvmMarkObject (thread->exception) ;
gcScanReferenceTable (&4thread->internalLocalRefTable);
gcScanReferenceTable (4thread->jniLlocalRefTable) ;
if (thread->jniMonitorRefTable.table != NULL) {
gcScanReferenceTable (&4thread->jniMonitorRefTable) ;
¥
gcScanInterpStackReferences(thread);
}

gcScanThread () PRAL S X IX MR PATIRICHERAE . X AR BRI 25 3227 1711
gcScanInterpStackReferences () PR%N .

WFTATA, JAHIE BAFE R AL B AR Bl o PR sk B S M AT IE AR TR X
LU GC AR o

SR PR HAE A TARIC A B2 X 1> geScanInterpStackReferences () PREL .

dalvik/'vm/Thread.c

3130
3131
3132
3133
3134
3135
3136
3137
3138
3139
3140
3141

3150
3151
3152

3154
3155
3156
3157

static void gcScanInterpStackReferences(Thread *thread)
{

const ué4 *framePtr;

framePtr = (const u4 *)thread->curFrame;
while (framePtr !'= NULL) {
const StackSaveArea *saveArea;

const Method *method;

saveArea = SAVEAREA_FROM_FP(framePtr);
method = saveArea->method;
if (method !'= NULL) {

int 1i;
for (i = method->registersSize - 1; i >= 0; i--) {

u4 rval = *xframePtr++;

if (rval !'= 0 && (rval & 0x3) == 0) {
dvmMarkIfObject ((Object *)rval);
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3158 }

3166 framePtr = saveArea->prevFrame;
3167 ¥

3168 | }

XA PRBU FABAR T R, U DTSR RS, AR AR R ThRI

55 3134 AT AT A B S 2R AR R B BRAE Bt . SR 5 7RSS 3150 17 3% 3157 17, #wid
JITA 4 1) U At X 2 e (R As /. 400,

TESS 3166 173 Dy A m it R E AL E ), 4hEihnid.

FEXA PRECH T ZER R B IE R 3155 171% dvmMarkIfObject () o X7 SEPR & X5
AL PATAR IO A

BRI AR T HET T AR T T AR

11.6.7 {ERIFFRIC
TE T A R SEBRAR D R 2 57, TRAT1 56k B 7 10 I 26 (285 e

il
ofoJoJoJofoJoJofofoJo] --- [ofo]oJoJofofo]0]
8 8 8 8 8
T FW | T | T | T

e

B11.21 {(EEH

ZHTC &R, MR AN 32 (TR IWEEL . BT 17X VM Heap I
8 NF 4T . 7E dlmalloc H 3 ECAERT, i T CRAR AT 8 /N0 X S A ik, 3k A 1 )
1 AEXFIE 8 AN

TMTULNEZE, HEMRICHSEIEIAME T, BRI TEMSFERNERE, Nk
MHRAEZEVHFH T _heapBitmapModifyObjectBit () PREUK SLEAL I FAR bRiIC

ENIESINGIE 55 o er =1 ah

dalvik/vm/alloc/HeapBitmap.h:_heapBitmapModifyObjectBit(): &I &R
unsigned long int
_heapBitmapModifyObjectBit (HeapBitmap *hb, const void *obj,
bool setBit, bool return0ld)

305
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202 | {

203 const uintptr_t offset = (uintptr_t)obj - hb->base;

204 const size_t index = HB_OFFSET_TO_INDEX(offset);

205 const unsigned long int mask = HB_OFFSET_TO_MASK(offset);

/x JEE */

95203 17 B3 B VM Heap (977 3L B35 5107 B (19 A%

TR ERMERN RG] . RERICAHIE, (7B R — T 32 e R .

55 204 AT AR BT HEAT B A BEEEJE B AL E R B o X offset Y % HB_OFFSET_TO_
INDEX () W S0k oA o O T T B, X HRIT T — e R 9 7 o

dalvik/vm/alloc/HeapBitmap.h: BHFA—EBH%E

29 | #define HB_OFFSET_TO_INDEX(offset_) \
((uintptr_t) (offset_) / 8 / 32)

FEX LR AT JeHs ofeset_ BRLL 80 PHOMAIEIAY 1 AEXFRE 8 AT, FILAH offset_ B
DL 8 s T AFE A I AR ES o ARG PR S SR PR LA 32 (B e Z 80 ).

XL REE TR E R T T .

A A HERD (Bit mask ) LA TARIC . B 57 Az B 56 %) 1F J& %% HB_OFFSET_TO_
MASKO) o N T 5 PR, 3k Bt R IF—3B 401 PR FH 0 22

dalvik/vm/alloc/HeapBitmap.h: BF—EBHE
37 | #define HB_OFFSET_TO_MASK(offset_) \
(1 << (31-(((uintptr_t) (offset_) / 8) % 32)))

RS A AL PR AR AN 11.22 Fs .

a. s b.  offset / 8 (=33) c. b%32 =1
bitz[0] [0]0]0]0] -+ [0]0 . bitz[1] [0J0J0J0] - -- [0]0]
bitz[1] [0J0[0]0] - - - [0]0 bitz[0] 101010]0} -~ - |0]0 p—

bitz[1] [0]0]o[0f - -+ [0]O 1
T —

offset =264 33

d.  3l-c (=30) e. l<<d
bitz[1] [0JoJo[o] --- [0]0] bitz[1] [o[o]o[o] --- [0]0]

R —
30
[o]1]ofo] --- [0]0]
SE AR

B 11.22 4R AiER
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AL Y offset_ A MHETF L BIRRICXT R RFL . B 0K offset_ BRLA 8 RIRTTALIE
MRS, SRIGHT 32 BRIk . XHE—RtBeR i RGN mE T, A5 31 M mB(E,
B AHR MG 7, XA SR AR X X R RS i T . A 11.22 frow, SRR Im B
Ha, 1 AR i, MRS T, SRR TARCAL B TR

£ _heapBitmapModifyObjectBit () PRELMIIG &R, B LATHA B3R 5 R HERD hy SE il
HATHRIC

dalvik/vm/alloc/HeapBitmap.h:_heapBitmapModifyObjectBit(): JF3&B4y

unsigned long int
_heapBitmapModifyObjectBit (HeapBitmap *hb, const void *obj,
bool setBit, bool return01d)
/* RIS */

213 if (setBit) {
214 if ((uintptr_t)obj > hb->max) {
215 hb->max = (uintptr_t)obj;
216 }
217 if (return01ld) {
218 unsigned long int *p = hb->bits + index;
219 const unsigned long int word = *p;
220 *p |= mask;
221 return word & mask;
222 } else {
223 hb->bits[index] |= mask;
224 }
225 } else {
226 hb->bits[index] &= ~“mask;
227 }
228 return false;
229 | }

R, EREURIE S setBit B RIHAE M RA 22 4L

1. #7342 B (3 setBit A true)
2. MAL I Y £ 4718 (2 setBit A false)

HIEEMRICIHIR B

TE5 21717, MR returnoid MERARE, FriffAT 0 IRWA AR, QR returnold M
false, MRk HBE TARIC, WHLRES 223 17r9b 3, 7EixX B BT ThRid#fE. s BEn
WAEIEZHE 11.23,
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[1J0]1]0] - - - [1]0] hb->bits[index]
OR

[o]1]0J0] -+ - [0]0] mask

[1[1]1]0] - - - [1]0] hb->bits[index]

Hibmic

B 11.23 #Ri2AIE

M5 217 171 return01d 4 true B, MR BIARIE AT, WEE2 UL, Anic Al i (Ef
PRI . E2bRiE T, s MARRC. 5 219 1757 ST AL IR A 0 Z 508 &2 6 228 B word,
55 220 47067 B SEPRIEATRRIC

R RAR ORI, IR AESE 226 FTHATHY . TR NTE, S %K

11.24,
[1T1]1Jo] - - [1]0] hb->bits[index]
AND
[tToJ1J1] «-- [1]1] mask
[1ToJ1Jo] - -+ [1]0] hb->bits[index]
Frig g bR

E11.24 SEBRAERIRE

X HLBTUFRYSC TARICHI NS, A TS G207 B AIRR 10007 P M e By o ik W 02 161 1) 1
WEIRAIE, (L EEAR—EL

11.6.8  XAIEEHFIERN RIS

REABALE int Ml £loat FAEFREr . FEIATRIIARIC A, 20U i R bk B4R £
BUAFRIEXT S o

Dalvik VM Hiliid A2 AR 4 sk XM AEAR BRI X 8 £ . WSREE LT 4 Tk Ar
TR P RI0RE AR Ry 48 1) % S e £

1.RA0

2. & 8 #9454 (d malloc kA F4541)
3.4 ZALEEE A

4. 3BT A5AT A9 A ROE 2 o BL P
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IR TT REAFAERE I A BRI AR ST, B AR A R AETR R BRI,
DIBTE M S BRI, Ik — T 7/ F X AETR £ o

X HUE A SR 3 AR 4 SR R, FROTHORE B X w0 iy 523 .

dvmHeapSourceContains () PRAL 1 57 52 bR MG A el . 33X A pRECIR 53 K A 48 512 B AE N7

PRI

Bk — R A AR

dalvik/vm/alloc/HeapSource.c: BIER45

792
793
794
795

799

bool

dvmHeapSourceContains(const void *ptr)

{

Heap *heap;

heap = ptr2heap(gHs, ptr);

%5 799 1719 ptr2heap () PRECH T MXT G 45 £ 19 ik AR B B 43 B 2% 2 19 VM Heap 1

Hidik o

dalvik/vm/alloc/HeapSource.c: M ZE—ER4%

216
217
218
219
220
221
223
224
225
226

228
229
230
231
232
233

static inline Heap *

ptr2heap(const HeapSource *hs, const void *ptr)

{

}

const size_t numHeaps = hs->numHeaps;

size_t 1i;

if (ptr !'= NULL) {
for (i = 0; i < numHeaps; i++) {

const Heap *const heap = &hs->heaps[i];

if (ptr >= heap->objectBitmap->base &&
ptr <= heap->objectBitmap->max) {

return (Heap *)heap;

}
return NULL;

FAVEIT T — o e, XHEMBEREWRT .

XHEE VM Heap Source Hy VM Heap HERP, R X 200484 R E7E VM Heap JERIAN .
BRI R, Ay VM Heap 8 HoAd H 282 3 4>, FrLA i fale

2T K J& dvmHeapSourceContains () FRELAYE 157 o

309
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dalvik/vm/alloc/HeapSource.c: fF¥&B%

800 if (heap != NULL) {

801 return dvmHeapBitmapIsObjectBitSet (&heap->objectBitmap, ptr) != 0;
802 ¥

803 return false;

804 | }

MIRAF] SR EF XTI VM Heap B, pRECGKIR 7] false, SXHLERE FIWH T “X2IE
e o

MR F S8 ENXT RN A VM Heap B, PREUGAC AR E R B E S E BN F ST
I HRAE ) JE 4 801 171 dvmHeapBitmapIsObjectBitSet () PREL.

dalvik/vm/alloc/HeapBitmap.h

304

309
310
311
312
313
314
315

dvmHeapBitmapIsObjectBitSet (const HeapBitmap *hb, const void *obj)

{
if ((uintptr_t)obj <= hb->max) {
const uintptr_t offset = (uintptr_t)obj - hb->base;
return hb->bits[HB_OFFSET_TO_INDEX(offset)] & HB_OFFSET_TO_MASK(offset);
} else {
return O;
}
¥

TEX HLZ PR B B AR R C W E T X R B0 G FIAARE AL, PR 23 BE R R X
G ERPHRCBINNRALIE, LRI BRI BOE bR B A A0, AF R A R A bk
TE AR LR AR B A XT G o B2 FI WA B ik Dy “ARAEEE7
PATIXTHRAERY S 311 17,

11.6.9 EEWR

ZHTRAY— EAR SRR AR IC B AL, 1 o R S ] R i pnic 2 R E AR iC Y X
%, VLR 2 EARIC S ik S X RAHSE AR £
F PR AAT GC RYEEA AL, FAT Rl AP IR IC R N KK KB A — T .

dalvik/vm/alloc/Heap.c

718 | void dvmCollectGarbageInternal(bool collectSoftReferences)

719 | {

720 GcHeap *gcHeap = gDvm.gcHeap;
721 Object *softReferences;

722 Object *weakReferences;

723 Object *phantomReferences;
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/x BIHRFRIC */
868 dvmHeapMarkRootSet () ;

/* SHRGERETRICIIR G */
894 dvmHeapScanMarkedObjects() ;

/% THBRERE: ANE «/

1042 | }

FATHIXA™ dvmCollectGarbageInternal () FREUCKRIMAT GC. XA PREUE S IA 300 17HY
RREL, A KEBHLE T GC MR E SR debug HA& |, FTLAHABAAR G IFARIRK,

fL T 55 868 17 ) dvmHeapMarkRootSet () PRI AU AT W) 4 A i 1Y PR B, FRATTAE Z HiF 1Y
11.6.8 T P 2 U X AR % T .

FEPOREFR IS 894 171 dvmHeapScanMarkedObjects () PREL. B & AW IR RIC F LAl
PATHRICERAERY R

XA KB R IRESAARE 2%, FrARATHIIA R R

dvmHeapScanMarkedObjects ()  —— LIFIIAHRICHIERITE KX 4
dvmHeapBitmapWalkList ()
dvmHeapBitmapWalk()
dvmHeapBitmapXorWalk () —— XHRicTe 58X G i FH 1m1 i ok 45
scanBitmapCallback() [ERTEEA
scanObject () — WRXZEML (FRid)

WRKRFAE @k B 1, s sk B 262 0] 45 TR A 1 5 Ta] i IE
11.6.10 dvmHeapScanMarkedObjects()

AT ITAEYRE, BT I UK R AT 2R )

dalvik/vm/alloc/MarkSweep.c:dvmHeapScanMarkedObjects(): BI3ER4>
755 | void dvmHeapScanMarkedObjects()

756 | {
757 GcMarkContext *ctx = &gDvm.gcHeap->markContext;

TE5E 757 77 MU markContexto IXAETE MIZ5H1A GeMarkContext HIFEET o

dalvik/vm/alloc/MarkSweep.h
40 | typedef struct {
/% BRICHLE */
41 HeapBitmap bitmaps [HEAP_SOURCE_MAX_HEAP_COUNT] ;
/% BRiCH EE «/

311
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42 size_t numBitmaps;
43 GcMarkStack stack;
44 const void *finger;

45 | } GcMarkContext;

GcMarkContext ﬁj[ﬁ[]”'g E"J% ?—ﬁ s %Eﬁiﬂ i3] H‘Hﬁ{i% i} s /H\: EF'@@%HWE{E £ %Ejﬁﬁ o

dalvik/'vm/alloc/MarkSweep.c:dvmHeapScanMarkedObijects(): F3&R4y

755 | void dvmHeapScanMarkedObjects()
756 | {
/* HPEH */
767 dvmHeapBitmapWalkList (ctx->bitmaps, ctx->numBitmaps,
768 scanBitmapCallback, ctx);
773 processMarkStack(ctx) ;
776 | >

%5 767 17 #Y) dvmHeapBitmapWalkList () PRAUHZ M VM Heap M1l iy {1 2] 5 O T, 425
VM Heap X} 1 (9 Fr A FRic (o7 B 28 45 dvmHeapBitmapWalk () PR,

TEVH I dvmHeapBitmapWalk () PREL T, FRATAKIRAT A7 AT AR 34, BRI
A4 dvmHeapBitmapXorWalk () FREL. WLAN, A T AT pREL, FoNTETREMM—Leifiss TR,

BRI PRBARTCIN, T ELREAR SARE UK, LA RIR T .

TR KK U] dvmHeapBitmapXorWalk () PREK

11.6.11 dvmHeapBitmapXorWalk()

dvmHeapBitmapXorWalk () PRELAT DAL R A B i KIME S o AR 70 AR ME, KA
20240 ) 1 A FE A
XA BRBGHA T ERAE AN R TR o

1. FRALE R 89473842

2. de 5t M ARICAL 69 3T F AN R

3.ER 1 Ao 2 AR P KA

4, B p Kiket, A8 = %K (scanBitmapCallback())
5. R E A SAT A SRk, WERERER

REW VIR “—di i, — 4B AR iC B R4S Bl J6 R &L, e — R kit o
LA S AN R T REWER T, RERIATEA D valko

ke, AHD R FWARTE R bR 4 7 BT Y Xor, X MBS TR BRI B R 48 15,
BRI F EAEI.,
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P REAZIZFULRENTR T o XD eREEIA 200 47, FTRIIR 4 TR0 . sl
N T RUGEATTE, FATRA THDNE, A BRI,

dalvik/vm/alloc/HeapBitmap.c: dvmHeapBitmapXorWalk(): EX £ HX

bool
dvmHeapBitmapXorWalk(const HeapBitmap *hbl, const HeapBitmap *hb2,
bool (*callback) (size_t numPtrs, void **ptrs,
const void *finger, void *arg),

void *callbackArg)

static const size_t kPointerBufSize = 128;
void *pointerBuf [kPointerBufSize];

void **pb = pointerBuf;

size_t index;

size_t 1i;

PRCH B S R HIARIE 2 M SE no2. MLERISWREMA . B2 24X DS
TR P A 2 J BRI 3 BR B B 2 I BIX A s ARIC B B i 245 H X R AL AR L
X PP 1, XA PR A IR T, Bl dvmHeapBitmapWalk () PREL, HAE B AN 2 40LA4 037 1]

Ft o

TESS 187 T35 189 474 ML T I TH AT AR E IZE 111X . pointerBuf &2 il IX AYSLAK,
pb JEE ) pointerBuf AR PIVE N E =R

dalvik/vm/alloc/HeapBitmap.c: dvmHeapBitmapXorWalk()

277

283
284
286
287
288
289
290
292
293
294

304
305
306
307
308

index = 0;

const HeapBitmap *longHb;
unsigned long int *p;
longHb = (hbl->max > hb2->max) ? hbl : hb2;
i = index;
index = HB_OFFSET_TO_INDEX(longHb->max - longHb->base);
p = longHb->bits + ij;
for (/* i =i */; i <= index; i++) {
unsigned long bits = *p++;

DECODE_BITS(longHb, bits, true);

return true;

#undef FLUSH_POINTERBUF

#undef DECODE_BITS
}

313
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55 277 171 index KR WAL R Sk o B HAI IR (E B E Jy o, H B4 287 17, index
HE—EH 0o

TEZE 286 17 HL#K hb1 B hb2 AY max (A, Kf max H3 KA EIBE N 1ongtb, AN nb2 f& M
WAL, H max B ERF I n1 /D, PIFRATE n1 €N LongHb.

55 288 A7 U TR I i e K& 5

FESS 290 1185 294 17, BATIEIRNES] 0 B KRG BIPHEIR, KAL) 0= #2200
J¥ 58 45 %% DECODE_BITS () o

FH XA Z O ATEREUNHOE LT o WEEDL, % DECODE_BITS () & MFE A, H
A XA B A B B . 45 307 AT I LAY #undes L2 AN ELA

dalvik/vm/alloc/HeapBitmap.c: dvmHeapBitmapXorWalk(): DECODE_BITS()

204 | #define DECODE_BITS(hb_, bits_, update_index_) \
205 do {\
if (bits_ !'= 0) {\
207 static const unsigned long kHighBit = \
208 (unsigned long)1l << 31; \
209 const uintptr_t ptrBase = HB_INDEX_TO_OFFSET(i) + hb_->base; \
212 while (bits_ != 0) {\
213 const int rshift = CLZ(bits_); \
214 bits_ &= ~(kHighBit >> rshift); \
215 *pb++ = (void *) (ptrBase + rshift * 8); \
216 N\
220 FLUSH_POINTERBUF (ptrBase + 32 * 8); \
222 if (update_index_) { \
224 index = HB_OFFSET_TO_INDEX(hb_->max - hb_->base); \
225 N\
227 A
228 } while (false)

XANEER—F SIS, Al —F—FHMFmaEHRAEARET .

AR I — R AR B A XA WS HOE . 1556 no_ K, bits_ A EINIITER (%
0010010 XKL H ) FRATIE true 1£i% 45 update_index_.

55207 17 255 208 17 F TR E T 32 A7 9 FF k47 (1000. .00) A IE 0 (f7 HY) 572 45
kHighBito

FESS 209 FTHEXT N bits_ FF k7 X R4 5T L AE 45 ptrBases

TE5E 212 17— HAGH AT while 1BM), HH bits_ T 0 Mk,

B2 FRZI while IEHIMIINZE T o FRATEESS 213 4710%: cLzO) il ARM V418 5 1
CLZ %o CLZ 2N R Y TP LT B 0 22 T 20k, IR MR E RN A 45 R . X pE—ok Tk
ATEsR T EhRIC R IR A R RS AL, ARG HAEA rshift.
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55 214 17 T IEBRTESS 213 17 & R mbnicfi.

TE 45 215 475K X AR IO AL Y X R A8 B, B HAE AWK, X IR — 17 2
bits_ PAFRIC AR BR (WEEZE R o) Rk,

FE55 220 4718 7 FLUSH_POINTERBUF (), U °F —DERAIRICIR R I8 HL 15 45 240

TESS 224 ATHE BT indexo XD A M1 BREC AT BEE hb_->max BN XHFHEMAYHS,
A 251 FH 2% DECODE_BITS () -

R T KA — T % FLUSH_POINTERBUF () o

dalvik/vm/alloc/HeapBitmap.c: dvmHeapBitmapXorWalk(): FLUSH_POINTERBUF()

193
194
195
196
197
198
199
200
201
202
203

#define FLUSH_POINTERBUF (finger_) \
do { \
if (!callback(pb - pointerBuf, (void **)pointerBuf, \
(void *) (finger_), callbackArg)) \
\
LOGW("dvmHeapBitmapXorWalk: callback failed\n"); \
return false; \
A
pb = pointerBuf; \
} while (false)

XA A D R TR LA A 22 o D B0 G A8 B D B 22 i XA
B2 Il e pR AR, IAMEE T — D AR X RABE (finger_ ) H—AE A2 45 Bl pR &L, XA
scanObject () BRAUMA A EE T, WRFFHER,

X P AMER N AR T, R T

Sz,

11.6.12 scanBitmapCallback()

(8] 3/8] bR &SR S scanBitmapCallback () PRER, FATIEKEE —F XKLL

dalvik/vm/alloc/MarkSweep.c

730
731
732
733

740
741
745
746
747
748
749

scanBitmapCallback(size_t numPtrs, void **ptrs, const void *finger, void *arg)
{
GcMarkContext *ctx = (GcMarkContext *)arg;

size_t 1i;
ctx->finger = finger;

for (i = 0; i < numPtrs; i++) {

scanObject (chunk2ptr (xptrs++), ctx);

return true;

315
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H Y6 H dvmHeapBitmapXorWalk () PREUIR & T FricXf 2 4584t, A5 H scanObject ) PREL
FER ZAR T ML LEARICXT R AG A9 2 o X i — DU K o scanBitmapCallback () PR 1t
TeE XA scanObject () PRI

%% chunk2ptr () Tt MR bl , Huhb R st 2 T debug A9k (header) B o

TEIXA R R K B VR TE R SE 5 740 17, S 8K finger BAFA T ctx->fingers KFK
BOZIRICAHIE , finger & T — P EARICK & X R A6 5] .

finger

291

BRI

i
ok
+

B 11.25 finger BI{EH

WEEUL, finger M TTF/RIAESMICE] TR, DI Z G Zbmic iR

11.6.13 scanObject()
scanObject () PRAICH T X5 8 FH A X6 52 3 ) B A A T 1 o
XA BREOLTCA SR, 7Ex BLH R —F . KE HZHIE XA~ R 5TARIC obj
TR g T,

dalvik/vm/alloc/MarkSweep.c

510 | static void scanObject(const Object *obj, GcMarkContext *ctx)
511 | {
512 ClassObject *clazz;
513
525 clazz = obj->clazz;
/% FRic obj IS */
556 markObjectNonNull((Object *)clazz, ctx);
560 if (IS_CLASS_FLAG_SET(clazz, CLASS_ISARRAY)) {
563 if (IS_CLASS_FLAG_SET(clazz, CLASS_ISOBJECTARRAY)) {
/% BBRICHEAE +/




566
567

569

572

700
701
702
703

708

11.6  Fric BBt

scanObjectArray ((ArrayObject *)obj, ctx);

} else {

/% ST BARICERAE +/

scanInstanceFields ((DataObject *)obj, clazz, ctx);

/% KRR SFRICERIE +/

if (clazz == gDvm.classJavalangClass) {
scanClassObject ((ClassObject *)obj, ctx);

}

}

FAAESR 2 A4 T scan BRI (FE R pRED), B0 DT MR R HE P 5935 S0 R (AR
XI5, MXTRE]FX S ). scanObject () PRETIE J& X A8 2 R %k

7

BAFATZ A ELAR T X RIBITT ] T scanObject () BEELWE? 2 572 47 E &8 1

scanInstanceFields() FRI%L, iLIRNT—ERBBHBEHNE, Hiik—TE,

dalvik/vm/alloc/MarkSweep.c

430
431
432
434
435
436
437
441
442
450

451
452
456
457
458

static void scanInstanceFields(const DataObject *obj, ClassObject *clazz,
GcMarkContext *ctx)
{
while (clazz != NULL) {
InstField *f;

int i;

f = clazz->ifields;
for (i = 0; i < clazz->ifieldRefCount; i++) {
markObject (dvmGetFieldObject ((Object*)obj, f->byteOffset),
ctx);
f++;
}

clazz = clazz->super;

}

AW RKZEFT W, scanInstanceFields() PRAUHIJETESS 441 FTHEXT G N IS4 - B L
K, ALY T markObject ) FRELIME o markObject () PRAL H 71 37 B B M S K e 21 (1) %
ZIFRICAL . T scanObject () PRELHYHE 5 /& TCIR AT LR AR 1Y) .

B, S DalvikVM B3R IO R S8 VA 1TARIE 19

AR T, XFE— AR AR IC IR S AR IE AR (BRigistis) Tg?

317
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WREHE—TF P Ao BIExg A R AL B, W4 C ML B K
T4, AR 11.26, A WWEMEXS XI5 A JH scanObject O PREL, X4 C WA HARIC,

PRCHIFE <PeepRic !

Lofoft]ofofofofrfofofo] -

TG
A B

scanObject (X542 A)

B 11.26 K CiEBFHIRD

A, X% CAHAmHEA SR ICIE?

XEAERZENL—T dvmHeapBitmapXorWalk () PREL . FRA X pRECTE WL T AL,
SRIG AP AT IX A scanObject () BRACHIE . WIA 7 HH LRI X R B E & 8ibric 17, Witk
KN 1% 2503 dvmHeapBitmapXorWalk () PREIKI XS B A scanObject () PREL, HLmi/EuL,
g CHEESMPIRC. REE—TE 11.27 U ARSI X4 B ] scanObject ()
o

Fricf
dvmHeapBitmapXorWalk()

Lofofrfofofofo| [ofofo]--- [o]ofo]ofo]ofo]o]

® o &
A B C

scanObject (X152 A)

dvmHeapBitmapXorWalk()

Lofo[tfofofofoftfofofo] --- [ofo]t[ofo]o]o]o]
A B C

scanObject (¥4 B)
11.27 %3t dvmHeapBitmapXorWalk() xi2
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XA T REC Sk T, S5 Ll i) dvmHeapBitmapXorWalk () FRic AT Al fE
P B bR A A A O o

AR 1128, MR AMFXL, WL B MM EZEL A SR, W2, 4
dvmHeapBitmapXorWalk () FRiCXf i B fUAZET, dRichiid s . Bk, Al ILBsA XX 4 B
P scanObject (), X4 C WHLEHFIC

Fric iz
dvmHeapBitmapXorWalk()

Lifofofofofifofofofofo] --- [oJofoofo]ofo]o]

pOE
C

scanObject (X4 A)

U

dvmHeapBitmapXorWalk() FRiCnD 2

e e oo e orela] - (oo} ¢[% o o o]0]

scanObject BATHE A !

B 11.28 It&K CiktR & HMARICID

TEIX iz A 5 scanBitmapCallback () o I Y finger NFeBT T, WA finger i
HARCE TUREL, T LUY ARSI R L finger TR ) 1Y bk A B TR A I, 80T X
IR 40T T dvmHeapBitmapXorWalk () AR ICHRIAr .

PRI LGB LB A% G 48 1 HE 31 254 K GeMarkContext [ stack (Fricfk) B

dalvik/vm/alloc/MarkSweep.h
40 | typedef struct {

41 HeapBitmap bitmaps[HEAP_SOURCE_MAX_HEAP_COUNTI] ;
42 size_t numBitmaps;
43 GcMarkStack stack;
44 const void *finger;

45| } GcMarkContext;
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44 JEUSL, AR R GeMarkStack P4 AR 451 . 7F dvmHeapBitmapXorWalk () MU AR ICK:
EEWE, PHER stack X RIEEH P E BT 2L 4 scanObject () PRER.

11.6.14 processMarkStack()

TR 2 b — 15 v HE BB bR 0 AR i X R A WP B BE AT AR i e A FATSR ML FE — T
dvmHeapScanMarkedObjects () PREL A,

dalvik/vm/alloc/MarkSweep.c:dvmHeapScanMarkedObjects(): JE3&R4>

755
756

767

768

773

776

void dvmHeapScanMarkedObjects()

{
/% ZHi—HAEPHIPREL «/
dvmHeapBitmapWalkList (ctx->bitmaps, ctx->numBitmaps,
scanBitmapCallback, ctx);
/% JEBERRICHE */
processMarkStack(ctx);
¥

TEUCIH ] processMarkStack () PREL, Ll B RARICARICER N AR,

dalvik/vm/alloc/MarkSweep.c

710
711
712
713

719
720
721
722
723

static void

processMarkStack(GcMarkContext *ctx)

{
const Object **const base = ctx->stack.base;
ctx->finger = (void *)ULONG_MAX;
while (ctx->stack.top != base) {
scanObject (*ctx->stack.top++, ctx);
¥
¥

%5 719 475 T4 ULONG_MAX BUESS fingero X T HE X T unsigned long BYAYEKIFEL,

S 720 172155 722 17 A ER 43 T ST AR HERRTEAR IC AR FL X R A THRIC . scanObject () PRI
B IH B AR IE X R . (H R finger BEE unsigned long R B R IEEL, B LA
BHIXRAG T 2 AWgGE I Bbricak b . R EARIB N B 45 2 Fif— B scanObject O,
FATHA WAL — MZFRC X R



1.6 Frichirkt
H finger T8 [ (1) bk (o7 A 1) r A ik finger
Mt
X4 B
FricAk
X4
C
Frid
scanObject (42 A)

U

finger

Y

EXS
Frictk

Fric
scanObject (X4 B)

E11.29 XtHEFRBIFRCKRENTRIFITIRE

X RGEN T N AA B IAbRiC e ”

XPRZ IR TRILEHE , BA TR 3 AR I R A AN T g i 7

SRR T A R

TERRI ] C 5 Y R, Wi O BB A b . A WR X R AR Z I
WIEEEH , IR A s BRI, A I A T B R A

FAIFARETCIR AL W FHAR FLME AT, — o BRR, st kB AR 1, TR RTR.

7E DalvikVM v, S 1 3G 1 Bk e A 1R R, EARic B v Al s e, i s
ALY ik

Besh, BETFAEANEIIFRMCH 7S — RN, HESFE 43375,
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1.7 B

PR B e TR R B W BRI B SR BT FT_EARIC YRS SRR

11.7.1 1EERZ8

TESE PR B B R B BEA AU Z A, iRk —RBER— T, iz LLZ i 23 A
N FERR ATV BR W7

B, XRAENICHE T BCE] VM Heap NIURTR

38N, ARICHLEIC R TR BRI R

TR e R BRI R, WG SR . L EAF R, aRAE R A0
FIRIRIC AL S I 225y, ROZARA S SRE R BAR G shX R T .

M ERE bRichz B RO B AL
0011---01diff0001---01|:>0010---00
ififr] --- [1o o[tfof1] --- [1]0 1]o]tfo] --- [o]0

B 11.30 BNMIEHZES

11.7.2  Fiai5ER

THBRBY BAARIC B Bt —HE, #BJELL dvmCollectGarbagelInternal () PREUIFURIY .

dalvik/vm/alloc/Heap.c

718 | void dvmCollectGarbageInternal (bool collectSoftReferences)
719 | {
720 GcHeap *gcHeap = gDvm.gcHeap;
721 Object *softReferences;
722 Object *weakReferences;
723 Object *phantomReferences;
/% BRICERAE: 2TME +/
/% TEERERAE +/
962 dvmHeapSweepUnmarkedObjects (&numFreed, &sizeFreed);
1042 |

dvmHeapSweepUnmarkedObjects () A& 35 FRIWA T I BRERAE Y PR
PR TR HT AR B o



117 J5ERBBL
dvmHeapSweepUnmarkedObjects() —— ZREUHLIA]
dvmHeapBitmapXorWalkLists() —— & dvmHeapBitmapXorWalk ()
dvmHeapBitmapXorWalk () — LR Z A 25 53
sweepBitmapCallback() o PRAL

dvmHeapSourceFree()  —— FEARIGshx 4

HERE B ] T Z A0 UL 1Y dvmHeapBitmapXorWalk () PR, HERZONETYEE T
PRick B, SEAMERR RIS BRI B T .

11.7.3 dvmHeapSweepUnmarkedObjects()
XA BRI DT AR EOGT Z A7 KRR e 7 ] o X R A B T 4 rh AR 9 AR 43 o

dalvik/vm/alloc/MarkSweep.c

1281 | void
1282 | dvmHeapSweepUnmarkedObjects(int *numFreed, size_t *sizeFreed)
1283 | {
1284 const HeapBitmap *markBitmaps;
1285 const GcMarkContext *markContext;
1286 HeapBitmap objectBitmaps [HEAP_SOURCE_MAX_HEAP_COUNT];
1289 size_t numBitmaps;
1290
1302 markContext = &gDvm.gcHeap->markContext;
/% ARBRICHIP 7
1303 markBitmaps = markContext->bitmaps;
/% RBOS AL/
1304 numBitmaps = dvmHeapSourceGetObjectBitmaps(objectBitmaps,
1305 HEAP_SOURCE_MAX_HEAP_COUNT) ;
1318 dvmHeapBitmapXorWalkLists (markBitmaps, objectBitmaps, numBitmaps,
1319 sweepBitmapCallback, NULL);
1332 | }

55 1303 17 T ST AR BUbR I A7 R BE 26, 55 1304 17 248 1305 47 17 37 4K BOG 4 07 R 4k 22
numBitmaps #7s (Y A2 fE 3 N ALK RAK (0% . [ &1 VM Heap #0A — 7 B84, Fir LA
XAMERZEAFH T Jy 28 3,

T R B M & I n9 A B R BE 3R 1% 38 45 dvmHeapBitmapXorWalkLists() PR £
fF dvmHeapBitmapXorWalkLists() PR £ " & 5 A9 H 2 4 {7 K R A& 55 R 0 25, &£ 46
dvmHeapBitmapXorWalk() PREL, T I sREH Ui TaxX B g 1

323



324 113 Dalvik VM (57 3% A1l

11.7.4 dvmHeapBitmapXorWalk()

XA BREAEARIC B BTt AR w1, AR BR O B e B AR R A A T

TE SR AN L R 2805 3 45 dvmHeapBitmapXorWalk () FREL. TEARICHTELH, P&
A A (LLEFAME) R, TIZX 53 s — 2 bR ic 8 i 1T e ek &, 55—,
TEE R T B X G P RBR AL R AR S50 i o X R B0 T 20 P2 BT 3R A% 11
2253 B I 9 e £

M T IRATE Zedbad T A BB R N2, BRI TR 0 e ey >R 22 43 e

dalvik/vm/alloc/HeapBitmap.c

181
182
183
184
185
186

256
257
258
259
261
262
263
264
265
267
268
270

bool
dvmHeapBitmapXorWalk(const HeapBitmap *hbl, const HeapBitmap *hb2,

bool (*callback) (size_t numPtrs, void **ptrs,
const void *finger, void *arg),
void *callbackArg)
{

/* B x/

unsigned long int *pl, *p2;

uintptr_t offset;

offset = ((hbl->max < hb2->max) ? hbl->max : hb2->max) - hbi->base;

index = HB_OFFSET_TO_INDEX(offset);

pl = hbl->bits;

p2 = hb2->bits;

for (i = 0; i <= index; i++) {
unsigned long int diff = *pl++ = *p2++;
DECODE_BITS(hbl, diff, false);

¥

/* BWE x/

X GA EAL i 45 S8 no1, FERRIC L 18 45 55 nb2.

Tﬂ—:% 261 ﬁ?*@f@%%ﬂ@ indexo

FESE 267 AT LA RN o R, RSB N — oK. X RE b2 E, 1)
DL ESTC R B B2 <~ (XOR) i855.4% .

XOR A MF¢tk, BRI “an s mi A2 RE R [ 0, iR RENER [ 17, ] L
IEAF A FRATX R H Y
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[oTo1]1] --- [0]1] objectBitmaps[0]

XOR

[oJoJoJ1] - -+ [0]1] markBitmaps[0]

[ofo]1]o] --- [o]o]
FRIC T ARE BT G L e

E11.31 @it XOR L&z &

EPRBY B 325

GO AR U 0 3 4% 128 45 %% DECODE_BITS (), ARTHSIXI RSB AL MIX N, K5

11.7.5 sweepBitmapCallback()

XA PREUE M dvmHeapBitmapXorWalk () PRECIEFH MY o % pREIE RS A L2 vh X X G2 48 1%
BASE BARMCH B AR Z A TE T, PG i xd A T2 ARG . tkoh, TETE
R BB e Al fingero

dalvik/vm/alloc/MarkSweep.c

1192
1193

1194
1196
1197
1198
1199
1200

1205
1206

1262
1263
1264
1265
1266

static bool

sweepBitmapCallback(size_t numPtrs, void **ptrs,
const void *finger, void *arg)

{

size_t 1i;
for (i = 0; i < numPtrs; i++) {
DvmHeapChunk *hc;

Object *obj;

hc = (DvmHeapChunk *)*ptrs++;
obj = (Object *)chunk2ptr (hc);

/% RN GENIESR IR */

dvmHeapSourceFree (hc) ;

return true;

}

TEIXSEFE AT 48 ) BTG N A I A DalvikVM BRAE GC X R ARG . X 8835
AN R —IFRE . BB LA T, BT AT A 242 1.
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SEBR_E M DalvikVM %) VM Heap PIREROMZAZEE 1262 171 dvmHeapSourceFree () PREL .

11.7.6

dvmHeapSourceFree()

T RMMAEF dvmHeapSourceFree () PFREL, AT “48 a1 JETH X 484" 22 451X 1~

dalvik/vm/alloc/HeapSource.c: dvmHeapSourceFree(): BI3&B4y

770
771
772
773
774
7T
778

779

787

void

dvmHeapSourceFree(void *ptr)

{

Heap *heap;

heap = ptr2heap(gHs, ptr);
if (heap != NULL) {
/% MXFZAL I 20718 +/

countFree(heap, ptr, true);

/% JalER oy «/

779 175 5T countFree () %L,

dalvik/vm/alloc/HeapSource.c

258
259
260
261
262
263

265
266
267
268
269
270
271
272
273
274
275
276

static inline void

countFree (Heap *heap, const void *ptr, bool is0bj)

{

size_t delta;

delta = mspace_usable_size(heap->msp, ptr) + HEAP_SOURCE_CHUNK_OVERHEAD;

if (delta < heap->bytesAllocated) {
heap->bytesAllocated -= delta;
} else {
heap->bytesAllocated = 0;
}
if (is0bj) {
dvmHeapBitmapClearObjectBit (¢heap->objectBitmap, ptr);
if (heap->objectsAllocated > 0) {
heap->objectsAllocated--;
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X A~ PR LAY 5 L countAllocation() BRI AKX IE AH Lo countAllocation() PR AL X VM
Heap PN 43 BL A% 52 10 715 BOR X 80 BT T 6351148, 1 countFree () PREINN X 15 41
AU G AT B 4

AR, 5 271 477 H T dvmHeapBitmapClearObjectBit () PRAL, X1~ pREL 7 3 MXT 4
PrENE Zhmic. PO BRI 4, T A BT Y98 T

dalvik/vm/alloc/HeapSource.c: dvmHeapSourceFree(): Jg3 &85

770 | void
771 | dvmHeapSourceFree(void *ptr)

/% HPRERRA */

783 if (heap == gHs->heaps) {

/* BENAE (dlmalloc) x/
784 mspace_free(heap->msp, ptr);
785 }
786 }

55 784 156 5 M DalvikVM Y VM Heap B4 .
XN IEBRBTBORA R T,

o VB SR Aok 2 2] —F Dalvik VM F{ 37 3% [R11

11.8.1 BEZRZHA
it GC, BRI RIE H RSN NTFRIL, AR TR S A58 pI R 5, WE
B HBE N T A AT R B N AR
PR AT TR SRR AT BN S, FFPUT R AL R & — AR HeapWorker
ZefE, —H DalvikVM Ji8l, b &4 g HeapVVorkerO

AR U T A BRIV, FrLUA TEOR T A 2RI n] LLA T vm/alloc/
HeapWorker.c,

11.8.2 HAHAEZEBHEAMUIE?
DalvikVM H¥ES T LR AN,

1. AF A5 B
2. ARl |
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SRINTA B WAL B2 g I — e 2, ZJ57E DalvikVM /9 VM Heap P
BT R AR AT T 157

REMEBERI B, XA B A RA AR T o & THMIENEL R, EBRE
XOR R Xt G (7 I RIARIC AT B B9 2248, 205 HBIE T 45 R “ABTG st 42” kvl AT .

AR WUR R T AR IS g, R “Em x4 I A% S T WIRELEN S
CABBL TGO TR AETE X 4, S8 R A VM Heap, XFE—3K, ZBAFHLIE T,
MR E AL ARAF]

11.8.3 WBBR{AIEIZEE?

Dalvik VM B33 IS PR AP T 46 . sk &V, VM Heap A7 &AM R LIS TE AT fiE .

ARt R B KPR B A AT AR T, GBI, DalvikVM B VM Heap 943 Fit
FBEERSE 2245 T dlmalloc f15¢, MiA &M Dalvik VM SEEHE ),

KA FF &35 B 446 dimalloc SCHE T8 75 0988 R4 X336, Br LAREFE VM Heap =5 8] (%
BN BARFEEE . X 0T LU GC F malloc P& R4S 6 145

11.8.4 HAHAEXRBAEFRC?

I BRI B R IC e ?

KT XA, MBEVEEITESS 2 Hh B B AR 1,

Android [N HEEFFEBIE M Zyegote fork() MIHEFRE . TEJA 8)) Android B, Zygote ZX4EHHAT
o R T T b 05 73 B B AT Zygote () VM Heap H1s

BLRER AR T Zygote 1 VM Heap $AATEEHURAE . W2 UL, X IR HERR TN &
HITF Zygote [ VM Heap J& iU & 7E L5223 1] HLY)

ERAEBA I EAbRC kB, S T hRIC, MRS EHES A, Xtakd:
BN, IR A A T Y DN A () gl 2 i O o B AR A AL AT A [ HE

N TR EX— i, BATHMRT G 2 EARC L, B HTA KRB 20k R

Aid, QR AT ARG RS bR IE, s R B bR ICAE R AR LG
A bR IO — B, BV X G i kA A R X B

At Android Zuimf BT A PR . FATHIME T AndroidSDK ML Imbiill as#EAT 1T #iiA
& BLAE FACAD, a5 i FH A N A7 25 )2 64M 774y, AR 3%, A4 HOME B (P EUIRES)
WLZEARZA T 40M 755 o W2, AR Y BEE A A7 25 TA) R/ R 20M 719

BT LA B Android RURFIRTEOL, WY ANAERIA I &, TR E RSk aER ALK
FRicht, PO FE I, AT B T s [ RO

AR NTT DOCOMO & 8 (¥ HT-03 1 N A7 25 [B A 90M 715, PR I 78 AN S 166 ke
PIAE i B/ 2 A7 SRR I
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AERIARHE Rubinius XMIESLHIEEFARIREW . Rubinius BT AHARZ
A9 Ruby &M EBRFHRI—H,

(-f( (f'/\

D 2

AN '@
120 B

TEB BRI T Z 1, AR T A — T Rubinius. T Ruby AT & FIITE “Fif k"
HANA, AHEE Ruby B9 NG N X855,

W)

1211 {t+42Rubinius

Ruby RYAEFRAL 7 v fef 24 B AR AR 754 R ot JF & 19 CRuby (] C 185 5 19 Ruby ),
KETLUEXREREAR . D05 Ruby ACBRFEFE, $8A9HLZ CRuby,

%5 — T, Rubinius &=L Evan Phoenix .0 T & B Ruby MSEELZ —

“H Ruby SEER Ruby” /& Rubinius EI R

XA AR EWE? R A A% (VM TN E2R5E) F C++ KRG, FnifE S
HEZRFE /0] 4 ] Ruby K5 o 284M4]F, 7 Rubinius " String ZE4) 48 K& 43 7 140 42 FH Ruby
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IR T REZ N 25 Ruby K5, VM B s L3285 il Ruby B S s fL BB R 1
T o IEJER X — i, Rubinius A T #5208 B Ruby SLIMZ —. AN VM PR Ruby 5L
AR, Rtk VM 818 Ruby t 08 . W2 ul, VM A s A2 AT s . X — A8
Bk, M Evan XF VM & #LAEE A A, ARIT XNE%E,

AN, BR T Rubinius AZM, Ruby ZbBRFRERERFEIT & HABSZIE, 40 F Fs .

+ JRuby (& T Java-F & #) Ruby % #1.)
s IronRuby (& T## NET Framework -F & #J Ruby 5 #1.)
+ MacRuby (J& F Objective-C -F & #J Ruby 5% 3LL)

_

B4 EiH Rubinius BILIIR ELIR ?
S ERUEEEWE R CRuby Btz [EIK, BIFHANIEEEEFE R CRUby, MaIEET
Rubinius, ERERBUTHES

1. Rubinius B9L73% BIKSREN 71 CRuby RILI R BN EIHIRE
2. (Ruby BRtiB=2m@iE )Y —BPRELREXTF CRuby EIRT

XTHE N RER, RAEELRETEEDARNE. EFMATHIFEEZERNRE CRuby
RIS EM, RAZEIFLRS Rubinius AR [EWRCS<ER T, FRLABBE R BRMEIZ—T .

%2 SIENES RIEMBHIEE(Ruby FRBRLM®IE)F —8, BhAZIA 30 RHER
MEGIHET CRuby RINIREIW, RIEABHBE—HNABTMREENT . i, IFERE
RHG 7 Web FAFTIPHISN ®, 3 CRuby RSB BRAIEE T LI SRS 5 5.

12.1.2  FREUECHT

Rubinius %A &AM MA@, ot 28 2% At 0.7 BiA, AR HAFAZ MR T .

BRI . JEA Rubinius B0 #4 EF CHEZ B, (HRH B EE T HEA N
Y PEEEREE TN VM, FILTIEHAE Rubinius B8] C++ FA T, MC &MHH 0.7
JRAS 22 R L RRAEAA IR 2 T

TEMERS RS A I, Al SRR R T A28 % I — AR, )5 28 g LUK

O JEA5 44 M Ruby ¥V — 22— R 5¢4xfigae |, HEiieh e, —F&E

@ NIFRuL . http:/i.loveruby.net/ja/rhg/book/,

@ 20104F1 H 4 H Rubinius &1 T 1.0.0RC2 7

@ WFAR T XA RS, A LLF ML http://betterruby. wordpress.com/2008/04/11/shotgun-rewrite-underway/ .
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12.1  ARFEH]

ZERT CHP 2009 4F- 8 H 17 H) By URACHS A X G At i o 33X 2 A R % DA 457 35 R0 g ) 2 A 38

oy, BARIEA A RREE).
Rtz b, EHEHONCHFTH C++ WBETRERCARL R 7. Al g,

Rubinius 28 AHE] T CH+o
82482 T AARARIL Rubinius AIRACHSIE . Rubinius B IRACAS7E github® H,

https://github.com/rubinius/rubinius

HAALLLUT fir S f A B iy 3 n AT L (F 2L gin), it n] DAZRECGIRACHS .
$ git clone git://github.com/rubinius/rubinius.git
Z I AR A A EE P A AL

$ cd rubinius

$ git checkout 5af42280ab956

Rubinius B MMIEGF, X BICAE T A T Rubinius B915 BEEE

http://rubinius.com/

Contribute | Documentation | Download

Home | Roadmap | Benchmarks | Communit

Rubinius

{} Download with git

What is Rubinius?
Rubinius is an implementation of the Ruby programming language.

The Rubinius bytecode virtual machine is written in C++. The bytecode compiler is written in pure Ruby. The vast majority of the core library is also
written in Ruby, with some supporting primitives that interact with the VM directly.

Rubinius uses a precise, generational garbage collector. Rubinius provides a foreign function interface (FFl) and a compatible C-APIfor C/C++
extensions written for the standard Ruby interpreter (often referred to as MRI—Matz's Ruby Implementation).

Get Started exploring Rubinius by downloading the source and building it.

E12.1 Rubinius B Mg

@ github: git ORI HICE RS .
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12.1.3  RXEBLEN
Rubinius S IEH 25 62 17T B, KRN Fis .

*F121 BERBHNS R

RRABITH
Ruby 317 560 51%
C 166 499 27%
C+t 54 505 8%

JE A R E] T Ruby, BTEL Ruby RYURACHS BT 598 by 2 1R . 4 NI
RAMYIE, Cl s b L piAR e, R PO ANER Y C L BRI R A A — L 1
T —EREE H R,

x122 BZEEHM

B * w =
benchmark B SRR
bin rhx SEPAT SRR
doc 45 2% Rubinius A9 3CFY
kernel Object . Kernel 2855 N B IS 172 A FHIWARE Ruby )
lib PRIEVE
mspec JH Ruby H/E A UHESE rspec Y 5o B 52 1
rakelib Rake /%
runtime G 1715 IS (1) Ruby SCIF#E
spec RubySpec [ Ruby HLS il 12
stdlib BRI
test Rubinius Al i
tools THEAF
vm VM RALHD

AT BB AR REERAE vm HoR T o R THAL HRBATAR AN T, Ak,
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XN Rubinius i 6¢ &%

Rubinius 33 [BIBCR A BGR SR 7 2 rb i e i o AR [, AL [l Wi A 45 44 37
2% 12.3,

#12.3 SRR EAILEE

4 R
ey ele GC E #1207 ( Cheney 14 GC & #5512
AR GC GCHRIE - TR . ImmixGC ( GCARIT - FE45 1)

TEZARAR GC 5 R 2 GC bRl — WG BRI S 5 5 P il A9 ImmixGC (GC FRid -
FE4E55 ). KT GCARiE - JR4E A LA eI 58 10 e ahd T,

FEFT AR GC J5 R R M5 4 b PRk 9 6C Bl . TEARTE R RIS GC &
392 P S TR DA

A1, Rubinius i GC2HEM GC. TEA I, REEHE —RAMAUEHK GC YL,
DR I TR AT 2 20 5 A 3 4 I 2 o

_

GCHIESEEER
GC RAESHERFMENT AR, KZH GC BRI TRIIESHEREFMHAISE R,
BERANESVHERFEFA GC, SMERFNMAREREAILUFIA GC.
B — N E B B GC &, W {E The Boehm-Demers-Weiser conservative garbage
collector”® . REMMARFPHFATIXME, FAR/LPEERELNHITF.

e w3m @ —— X REHIR T e 22
. Irssi®— CUI BEW IRC Z/i%

RN GC E2 Boehm ESF AR, FRLAEFRA BoehmGC.,

(D BoehmGC: http://www.hboehm.info/gc/,

@ FEA Y Weiser 2 “WiE T2 A7 1% 4
@ w3m: http://w3m.sourceforge.net/index.ja.html,
@ Trssi: http://irssi.org/
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123 EILCE

FiHR A B B, TR A1 NBR G M TF A -
12.3.1 XRMEDE

TE Rubinius H', Ruby B K73 B 25 (Object . Numeric &%) HREAE R C++ MYZELIAY

REE BT PR .
/\
/\
| Module | | Numeric | | String | | Array | | NilClass | |TrueClass | s
| Class | | Float | | Integer | s

E122 ZEHE

ﬁ—,ﬁﬁ%j(%{f% TR ZEERAR AR T Object %, JHH Object KUK T ObjectHeadero
i1 Ub_] ectHeader K HL U AFE EFEM(E EWE?

vm/oop.hpp
133 class ObjectHeader {
134 union {
135 struct {
136 object_type obj_type_ : 8;
137 gc_zone zone : 2;
138 unsigned int age : 4;
139
140 unsigned int Forwarded : 1;
141 unsigned int Remember : 1;
142 unsigned int Marked : 2;
143 unsigned int RequiresCleanup : 1;
144
145 unsigned int RefsAreWeak : 1;
146
147 unsigned int InImmix : 1;
148 unsigned int Pinned : 1;
149 };
150 uintptr_t all_flags; // LUFREFIIR/INKIFE
151 };
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XA H A, FEX HUE U 136 171 obj_type_ M 8 i, 5 137 1119 zone N 2 fii.

8 obj_type_ rreeeeeesessssesneenes X2 1D
T — Frlg@zsial (eSS a2 Ap e a) )
Py AT — AR CABAEAR GC TS F RIS

1 Forwarded forwarding -+ BN forwarding 85t

" Remember B C I RTE remembered_set H1
2 Marked woeeseesseesssessseeseees HF GC itrid
1 RequiresCleanup -+ BT G HE TS cleanup()
— RefsAreWeak «stseeseeseesenes %ﬁﬁ?jﬁ%lﬁﬁﬁ‘%
" Tnlmmix ceeeeeeeeeeeesesssesneesnes Z%?—l:j‘j TmmixGC E"]X‘J%
" Pinned s AHEH ImmixGC #3)

N ~
[LITTT T T T I T IIITTm
all_flags

El12.3 ObjectHeader BI4RIE &

B2 X SepRic AR 4 BT IR B, RN 7E ObjectHeader 28 HUAE T AR BRAIRAR
PRiclE B R ek, BT LA BLgtid i A R DT R BRI

12.3.2  HF GC EHEZNAF=IE
Bk H 1 —F Rubinius A4 VM Heap A2 {ARZEFIIE

VM Heap

JHT GCARIC-T BRI 12 (4 A A7 25 18]

FHF ImmixGC [ P72 Al

T GC ZHFpk ) N f745 a]

From %% [i] To 5[]

12.4 Rubinius B9 VM Heap %544

X HUEAE N GCARIE - W BRF A A X G I AF 2 AR “ T GCARIE - W BRI A I
FEAS)”, [RREEA T ImmixGC RINAFZEE]” “HIT GC = HRIBEERI A FeATTHE “
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T GC EH LR NAFZE ] SEX 03 8T Wi, 2Bl FR g “From 23 [8)” Fl “To #3[H)” . BLIEIE
TEM PR A 25 ]2 From 25 (0], SURTESS 4 b b fIRRE , BRIREIAT GC ABELH From &5
[B]F1 To 23 [A] AT 540 o

f£ Rubinius |7, XMHF GC E il 505 1 PIAE2S M BEVE N Heap ZERSLH . Heap 251
1R Y SE AT TR

vm/gc/heap.hpp

6

10
11
12
13
14
15
16
17

i

typedef void *address;

class Heap {
/* Fields x/

public:
address start;
address current;
address last;

address scan;

ﬁﬂv’f%ﬂﬁﬂ address % voidx* E"J%'J% o start %Fﬁﬂ: GC gfﬂ%/f EI(J V‘]ﬁfﬂfﬁﬂ E'ﬂz}] ilﬁ

Hidik, last RLSRHINE. current ZITHINVIMAHINL, scan 8 MVR T — R A 725 [H]
b, 2T scan, HATEPAT GC HMHEA 2 F,

From %5 [i]

i s ]

Az (Frde)

start
scan ( $4T GC B ffi )

current

last

E12.5 ATGCEHEXHNANEFETEMLEN

CCERBEMNAS B4 std: :calloc() RS —
Heap ) i R RO

vm/gc/heap.cpp
6 /* Heap methods */
7 Heap::Heap(size_t bytes) {
8 size = bytes;
9
10 scan = start;
11
12 reset();

start = (address)std::calloc(l, size);

last = (voidx) ((uintptr_t)start + bytes - 1);

4

ECH . T —EREE
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13 }

14

19 void Heap::reset() {
20 current = start;
21 scan = start;

22 }

X FUE AL bytes fE NS EOMH std: :calloc ) PREL, FFXF Heap ZEAU K 2 AF S AT
tate.

12.3.3 YRS HECSS

TEAY BT it SRR BT BB R AN GO ROTEBL, I Z FTEE BOTIR 3 AN 725 1) o ik
W1 ASEF AN

& 12.6 SRR AR A o

B AREIT GChi-

KGR/ A I 7 TR (4 NS )
B REHLE T GC SrBCEIT Ge &
SRR A2 )7 true BN AR ]

lfalse

ZrBe BT ImmixGC AY
A7 [A]

E12.6 #“ESE

7E Rubinius B, X286 GC )75 ih -5 HOG I A9 A A B
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124 WYL T84 GC T Z e lbidE, fE RSB T o Be s

F12.4 GCHEWXINXFR

GC#%& E 1

GC & Hil3 % BakerGC

ImmixGC ImmixGC
GCARil — I BRIALE MarkSweepGC

RIGGE—X L GC Ryt ObjectMemory %, ObjectMemory KBRS GCRME I,
£ Rubinius FHUTA X GC IHEAER, ANREIMIH GC 2, MZMHHX objectMemory 2.

XA Be 23 1 objectMemory FEAKFHATIN

i A 12,7 AR BT, mutator BT M E R TR GC IR 2N T Rad ok E
ObjectMemory o —E 1 GC 2, WAL aR kAT 43 -

MarkSweepGC
43 BE AT
ObjectMemory BakerGC
(B@H)
( mutator A HITEE GC Y2251 )
ImmixGC
TEREIE— A~

E12.7 ARASESR

nf LA X A BT R B AR TR GC 28, DT RE A5 T 5 B R MR T GC Rk
F 92 F Tmmixee K2 TR A BN, TR IE GCRUSMMMAHN, HEMMES T
ObjectMemory FHLATLAT .

BRI TAE & ObjectMemory 21 1 PR allocate_object () AT PRELAT N
FUTR IR

vm/objectmemory.cpp

227 Object* ObjectMemory::allocate_object(size_t bytes) {

228 Object* obj;
229
230 if (unlikely(bytes > large_object_threshold)) {

231 obj = mark_sweep_.allocate(bytes, &collect_mature_now) ;
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240 } else {

241 obj = young.allocate(bytes, &collect_young_now);
242 if (unlikely(obj == NULL)) {

246 obj = immix_.allocate(bytes);

250 }

251 }

/% XGNPI */

259 obj->clear_fields(bytes);
260 return obj;
261 }

allocate_object () ¥ mutator IR/ (bytes) ENSEL.

%5 230 17 H T ¥ 9 {8 1arge_object_threshold Fl bytes ¥ 1T I %, ] { 1arge_object_
threshold MIBRIAMELZE 2700 (19 ), FRATAT LML S ZIHEI -Xge . 1arge_object KHTHGXMHE.

%’l bytes T large_object_threshold Hﬂ‘, LR A R D3 AR mark_sweep_ i) allocate ().
mark_sweep_ = MarkSweepGC FE S

B bytes ANt large_object_threshold fF, i R b 72 young 1 allocate() o young
J& BakerGC YA

i ' BakerGe 73 BC G WK, w75 ZEAE 5 246 17V Immixce ZEHIIEH, R immix_ A9
allocate()o

WIE 12,6 i, ATHERAEC 0004 T &4 GC 2RI TR as

LR, A B2 unlikely O XUETAHAHIAGWE?

vm/util/optimize.hpp
5| #ifdef __GNUC__

6

7 | #define likely(x) __builtin_expect((long int) (x),1)
8 | #define unlikely(x) __builtin_expect((long int) (x),0)
9

10 | #else

11

12 | #define likely(x) x

13 | #define unlikely(x) x
14
15| #endif

7TATENES 8 1T/ _builtin_expect () &N B BREL, © 71 574 di B HE /R 4 S T
_builtin_expect () AI C+ HIPRUERREL, TS gce P REIhEE. U unlikely() N, B EL
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SRR MBS SR AR R L2 7 Rk, AT Sk e i1k,
AR R g s o

A I AR R ZAE VA th B B T4 unlikely O HYHLJT, AT LA “XHULF-4H
B Radk 1ike1y O WL 2 H .

12.3.4 GCEHIHE XD ECE

ARFHEAA GC Z il Bk (BakerGe 28) WA AR . PR N HAL A B 48 A Ui GC AN &,
FR A A FEECAR T
i KRFH— F Bakercc ZEAUHTE KA.

vm/gc/baker.cpp
19 BakerGC: :BakerGC(ObjectMemory *om, size_t bytes) :
20 GarbageCollector (om),
21 heap_a(bytes),
22 heap_b(bytes),
23 total_objects(0),
24 promoted_(0)
25 {
26 current = &heap_a;
27 next = &heap_b;
28 }

XA E R IR 21 17 22 17 A 51 28 5 heap_a Fl heap_b MIHI AL, 7T UL
P15 PR S5k bytes B Tk,
XA AL B RUR Heap 28, ATTE N T GC EHIF LAY NAF2S 1]

vm/gc/baker.hpp
25 class BakerGC : public GarbageCollector {
26 public:
27
28 /* Fields */
29 Heap heap_a;
30 Heap heap_b;
31 Heap *current;
32 Heap *next;
33 size_t lifetime;
34 size_t total_objects;

e GC E Bk d, TEMADNAAE M, XA N2 B 82 heap_a Fl heap_bo X
AT /3 LB N A7 23 8] (From 25 [H]) O HbHE /3 A4S current, 7E GC ABMEIEAE X4 Hiras
] (8 N 723 1] (To 235 [8)) Ak 7 FC 45 next o
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BakerGC
Heap *current ————» heap_a ( From %5[H] )
Heap *next ——— heap b ( To %5 [A] )

4 current TS 1925 M52 8 From 25 [0], K next I8 1923 (0135 K To 25 1]
E12.8 BakerGC K Z#y

MK E T BakercC FEAYML I R4 allocate O IE. 1 JSi2 BERYRIFAY

vm/gc/baker.hpp:BakerGC.allocate(): Bi&B4

37 Object* allocate(size_t bytes, bool *collect_now) {
38 Object* obj;
45 if (!current->enough_space_p(bytes)) {
60 return NULL;
61 } else {
62 total_objects++; /* IETEZFECAIXT G AL */
63 obj = (Object*)current->allocate(bytes);
64 }
/x JaHGy %/
7 }

%5 45 171 enough_space_p () PRELT TTIH A Ir il K/ (bytes ) A EARNTEHTF GC &
R N AE 2 (] (Heap) B,
WRIEAH 2 NZS ], eSS 63 17V Heap 28 A 03 PRER allocate ), FAUATAMAC.

vm/gc/heap.hpp:Heap.allocate()

23 address allocate(size_t size) {

24 address addr;

25 addr = current;

26 current = (address) ((uintptr_t)current + size);
27

28 return addr;

29 }
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g it Heap R4S current WAE 2 addr, {2 current TR size K/ (S3ELHY K
N, ZJE HELRIA] addr AT T -

Heap ( From %5[1] )

fift Fzs ] AR 2 1]

!

addr/current

o 23 ] I3 size R/ A2 1)

T T

addr current

12.9 4%AtHeapk

A SEYEE S5
vm/gc/baker.hpp:BakerGC.allocate(): J53&B5
37 Object* allocate(size_t bytes, bool *collect_now) {
38 Object* obj;

/% PG */

70 obj->init_header(YoungObjectZone, InvalidType);
76 return obj;
7 ¥

TR R BN T M I Heap 2E3R 191 T T 73 T B9 A A7 25 [ B9 st ik, 398 900 R A i A X R A B9
ObjectHeader MR, & T XSRS 7017,

vm/oop.hpp:ObjectHeader.init_header()

193 void init_header(gc_zone loc, object_type type) {
194 all_flags = 0;

195 obj_type_ = type;

196 zone = loc;

197 ¥
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TEES 194 47 H 0 4 al1_flags #IUffb, ZJ5 K AE obj_type. (X L B2 D), XK H
AT EL, B ER E InvalidType (FLEXTY). SR )G 7R 5 196 174 zone (T & HHAR) 15 & K
YoungObjectZone (Hr A=A,

124 ELRECETIET:

Rubinius f GC 2HER GCo X— AT N REN FLA AT HER X GC P B i
%IWO

1261 R
Rubinius AR F DL P44 B o

1. AEE, ¥k K5

2. VM #53A A A

3. GC ELRP 63T %

4. AT CiEZ 4 B Ay 222 % (handler)

TEAS 1 3, Rubinius H14% Ruby B9 String Fl Array 55 PN B 25 DL SN BB S 404
XIZRITBCE T VM Heap, HILENTWAL T GC RIXL, LAUHBH AL,

55 2 Wig VM BRI xS g2 o RERTERMI &, B B AR UCOR 5 i s AR — 4
PP, 2507 AR E LS RN (return ) #RHIT — DR JHWL XA NAECLTES 10 5
PR T, TR R T

55 3 WUE GC IETERIIIRT o N TR GC IETER IR, BB g 1 AR —
il

PP RS 40, XA “HIT CIlt s ¥ R EES f8 2 4aWe? ARFrh o ixA
BEIR N T, TEZ 5 N A AT TR BT

12.4.2 CRuby2&FF= GC
CRuby ) GC 2AEFR GC, XTFHERH, MEHFMATIENCHHIE Y BXFEH,

exact 19 (#51809) GC \MBE LRRBREBF, ES—FHH, RIRX CC T RESERERS.
(FE%)
K73 CRuby EMIIRFRINE, S ERZESHEFRRTH GC.

(D Matz Hit': http://www.rubyist.net/~matz/20080623.html,
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LB RF X HALh B BB, CRuby SRR SF GC, HE R NAET “P R4
F P/ iR
ABAEAY REEAR I RAT AW i AT, AP GC P PR T 75 5 e

12.43 CRubyRICIESY EBE

PRI R UAE N “CIBFYRIE” . CRuby ML T “CHEFY RIE” XA .
WAL CHEFY R, MRS R C 15 CRuby A . fTHORBE, KREF LIS
CIEFYRIER “JH CiEF S Ruby &7,

5 CHEFY RENEZEHHT .

1. I E AL L B
2. AR AR C 385 MR o B AR

TFHALEFRATRE B IX A CRuby B9 C BT ¥ RIFER /RIS, $&— BRI, Xt
CIEFY RENIEARE —T 444 Hello World #21F .

REEiBEHE 12.1: hello_world.c

#include "ruby.h"

VALUE hello_world(VALUE self)

{
VALUE str;
str = rb_str_new2("Hello World\n");
rb_io_write(rb_stdout, str);
return Qnil;

¥

void Init_hello_world()
{

rb_define_method(rb_mKernel, "hello_world", hello_world, 0);
¥

hello_world() BREZNF "Hello World" TF-44F £F & it 2 by v fy H A R . FRATT R 87 P Ui
B — T 3 pRACH N AR IE o VALUE 3 B 3 FROR BE L2 95 1) X S Y8 BH L. rb_str_new20)
BRI BT T C 1 1A B AR B Ruby MR B0 G2 48 1) 2B I 448 R 0 R 48 B R A TE
str s RIGTRANTH ro_io_write () PRAU ) Ruby MIFAF X4,

1 56 H] ro_define_method ) FRAUE C 15 7 B R EUE UK Ruby HAYZE . X AE—RFLATHL
4 hello_world PREE X T Kernel 2% (rb_mKernel )o
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WA ro_ XAHTZE Y R ECHIZE 572 Ruby EZXAMNATT IR o AT ro_ A RREICHE (5072
) BUE AE ruby 0 Y, BATATLO CIlH Y R EN.
it X Bl ), Has A Bl R B o

require 'hello_world' # PRI R

hello_world()
#=> Hello World

BOE AT HAEY e 58 i 1 Hello World,

W RFEPTTE— TCEE R 121, BIRIRATTE hello_world O FRELN I rb_str_
new2(), ML T fZiE 4G Ruby B9 APLYFAFEf, (R RFEOFCAERED] T, g 1
BAAEMSCT GC iR (FIANHT EARic . WEERFRICSE ).

TES 6 T B, R5F28 GC &L CPU A48 Al C 1B & W VR AR AR 1Y . FRAT]
BRI BOE R, GC Wl A A fEdn AR Th X R BRI ST 4. B FRATTAT LIS
HEAHERE GC, B4y CIEFY RERT.

CPython Fll CRuby —F ML % | CIE H ¥ B E X M1, Al iz 17 ok %X 4 & 5§,
CPython [ GC AR FI 2 51 18, Bt DARR S HATHH A I 3 DB o SR IR AT ]
CPython ifﬂﬂﬁﬁ&%ﬁﬂﬁﬁ%—#%ﬂl% s ﬁjﬁ%fﬁ hello_world() @é&ﬁ@%}éﬁ str AL
& 10 0 A TR A T Il 43

B T X P RE AR A LER e, A RE A LLE T 22 Bl X GC /B A5k
BCY R, XGRS GC AIRATH R T o

1244 CiESTEBE(EHIXGCRE)

SR B ET— P AR Y C S YR A R RS L BEFE Rubinius HIE R E/E. X
A Rubinius SZF5H T CRuby 19 C ¥ EJE .

FERX A — A, Rubinius 19 GC Z2HER CCo 4 GC RN GC I, i anfarsc 3
CIBFY RIEWE?

P mp e, e B A el Zb BEEE 7] Ruby AbERRR 74538 X 2 48 &1 . 28011, 7E4RHS
BHH 1211, rb_str_new2() PRELZA H T M FAF R XT R AUFEEr, IBAZEE 2B X845
g 7

ZE5FIN GC KL, N Ruby AbFEAR P AY GC 2ARSFX GO, B LRI 5 ) % 82 1938 41
M CIBFY RIEMTA () M, e S IEs I R iEsh x4,

&H
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PRS2 GC Y45 BTG
o B CIEFY R
Ruby b HfE7 e8]
(5P GC ) < ié?;{iui
pOp-Eial

PUATEREEIN, BTRARE & BLAE T

E 1210 CES¥RESRHXMNEIET (RFXGCHERLT)

SR SHERA 20 GC AR IXHE T o R GC A REIE R C 1R 5 BYTH IR %5 77 4%
FrI R ANT C R 5478 e L AR S48 [l 0 SRR

T RTEEGERT, B 12,00 R 1 R R R, A AR TR [BIE, M Ruby b
R C 5 IR B s B A2 I SR (57 I X R AR BE) A TRV RE A (RIS

HEBE GC 0/ 2030 .
— ﬂ}ﬁﬁ’? ﬂﬁ]}:ﬁ%’}ﬁ[ CIH s *}L%E
uby !
Ot GC) TR e
i KGR s R

A
E12.11 CIEEH RERMIIRIEH (BN GCHIERT)
I, 7EMERR GCHREETT, S 79l C IR H Y RIE, il Rubinius E 3 C B H Y
JR P Hh i Y X AR LSS RO
12.4.5 Rubinius R E

Rubinius {848 M6 45 C 15 RER A X L85 F AL TS, X HtE 12.4.1 5
Frte “HIT Cil s I AL BEER”

FEE 12,12 SXFEMIIEBL T, BEAE FHERR X GC R BIR (L3845 C 1B 4 R FE MR 421
FREE T o EXRESRBEHIW LB 4y C il I R R X SR T Sh M S RARTR S 4 1
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HER 20 GC ARG

Ruby ZbHFEf7
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VSEEZIES

—

IO Siztan

T

THif T ok

RMAESEREI, FFLART LA
FHUERC GC AL

E12.12 AFEHELIERS

Hello Hello World

CItFHY ek

N TAERZEAN T Rubinius /2 /8 A HALBRASAY, X BIRATHER 1B 10 610 .

RFL;EE 12.2: hello_hello_world.c

#include "ruby.h"

VALUE hello_world(VALUE self, VALUE str)

{

VALUE str2;

str2 = rb_str_new2("Hello World\n");
rb_io_write(rb_stdout, str);
rb_io_write(rb_stdout, str2);

return Qnil;

VALUE hello_hello_world(VALUE self)

{

VALUE str;

str = rb_str_new2("Hello ");

/% KA st NS EN FH hello_world () AL */

rb_funcall(rb_mKernel, rb_intern("hello_world"), 1, str);

return Qnil;
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void Init_hello_hello_world()

{
/* %5 Ruby 7€ L CIE 5 PRER */
rb_define_method(rb_mKernel, "hello_world", hello_world, 1);
rb_define_method(rb_mKernel, "hello_hello_world", hello_hello_world, 0);
¥

ACRD 3 5 12.2 FACAD 3 5 12,1 AR ZAb e T, ARUHSE H 12.2 77 hello_world () PREX
BT S8, VINGHIBIT hello_hello_world() PREL. & TAUIEHAY rb_funcall () R%L, M
PR LT LA B 05T ST eRBC (7 18 B9 o 33 ol 15 00l 2 R A 23 s 1N 24K
P HJE T Kernel 2510 hello_world() J7 k. WA, B3 N8 “1” "R AL 45 H o
funcall () P A5 ik i S 8080 .

2K PATHERIL.

require 'hello_hello_world'

hello_hello_world()
#=> Hello Hello World

feJnfit T Hello Hello World. H:HPEHTTAIAY Hello /&M hello_hello_world() BR%U/E:

JHY o

12.4.7 Rubinius B4 IEZEE1E

Rubinius HEAZEBLG 0L OTE AORE BRAL BRAS A9 450 . IR R A SIS B 12.2
B AL PR LR B A% Rubinius AYALFRERE B, FURSTE L 12.2 A9 N AR AR R AR 40T s o

. 74 hello_hello_world()

AR Ci#EZ ¥ &4 hello_hello_world() F#k
CERTFAE B AT R

. A A hello_world() F#k

CERFA B AR

. % & hello_world() 4k

. % R hello_hello_world() Fk

~N N L bW NN =

THEAERNTRAKIKE —T o B Ruby JZIEH T hello_hello_world() /ik.
12.13 Fi7n A hello_hello_world() PRELAS Rubinius AL BRERATIRA, — 1R T
fiT5E°A Rubinius WA T 2R BRER 5138, XAFIRTAAA T8 AL R ES i Fe 5o
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l hello_hello_world()

Rubinius

A R B GRS

12.13 (1) hello_hello_world()

122 2K Rubinius B8 H CIES P Y hello_hello_world() HAL, X —HEAEwA
12.14 Fis.

J, hello_hello_world()

hello_hello world()

CIHHY TP

Rubinius

Mt A B2 A
NativeMethodFrame

A2 JRAL PRES A3

E12.14 (2)HCIEE# EBER hello_hello_world() Fi#{

18 hello_hello_world() Igli%(Zﬁﬁ, gﬁﬁﬁ% NativeMethodFrame szl—(i{ﬁ ) (C++ HY9)
PR, H N ERA WL A A B A% (BRI, Al A 2RA% B ORA A6 98 1) X G 1 A 2
RS, XUEIREHRTE TR C 359 R P s BN Y .

TF hello_hello_world() PRI FH Rubinius ¥ rb_str_new2() PREL, = WUF4F X
S0 BATHHFRNAR Ao OB BA AR RGE H TRR A ALBEAS, B LU 2R i — S8 Y
AbBRAS, BEIS AR INIEL 1215 B

PN ORAEA iR AL PR O R BT B N B ik BRER RAS A2 SR AL PR AR 5 R L, LS m) ab 2
TR AR R A WASLHIAS 5 capi_handle 7.

TEALBRGR A TR, EFRR AR XX R AL L 5P NativeMethodFrame P Y Mii4h
FRERRMESI T 200 (FEE 1215 ol “J T A R9AL SR o 590N 18 ).
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l hello_hello_world()
hello_hello_world()

Rubinius CHFY RE
rd_str_new?2()

MT AR

/ LEPREE (1) \?f%%

A ...
( AL P A

NativeMethodFrame

AL I T ]

2 JR b B RS FR

E12.15 Q)EHRFHFEXNS

Bk, M CIES YR Rubinius AY rb_funcall () BRER, XFE— K mi4s M Rubinius 4
A CIBEFY RZEM hello_world() BREL, FAEZM Rubinius FHH T CIET Y EEN KL,
LI 238 FIAR FEYEFN NativeMethodFrameo JGASFEPIRZSANIAL 12.16 fiR.

l hello_hello_world()
hello_hello_world N
Rubinius - = 0 CHTY AR
rb_funcall()

g;@;g% ZJ) hello_world()
NativeMethodFrame
(Al [ |-
A JRAb IR

12.16 (4) ¥ F hello_world()

PP — A ERFE R, IR ZHERX R A L1545 nello_world() PR,
g A B T AR ERES (18 12.15), HHEXFERIX RS CIEF Y RIER, Hasxbit
SN ATHEER TS R, IR OB IR AL BEARSRAE o U I BT A2 B A AL B4R



l hello_hello_world()

12.4 GEmMUERAGCZHE 351

. hello_hello_world()
Rubinius
rb_funcall()
HT AW
IR ) hello_world()
HTBM
ABFREE (1) rb_str new2()
TG
Al B]|--
NS
NativeMethodFrame
[afe] | |-
ENELOBLIETIES
B1217 (5)ERFHEITR

CHlHY JRIE

E hello_world () BREUN WAL T FAFH XS R, TATHHFR X 4 B, X BB BA XS

% B AR HE AR

K FR AT Rubinius Az AN FE &S

g HL, BERFRRRAINE 12.17 Fias

J/ hello_hello_world()

Rubinius

T AN
JbES (1)

HF B
AbHLER (0)

N

hello_hello_world()

K 3B N E &> 4 Jay b B A5 51 T

NativeMethodFrame

(als] [ |-
AL &
1218

e (RpE P L AT
TR AT Il e A

(6) £53R hello_world() BG %1

CIHHY TR
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HAT5E hello_world() PREUS , XX~ PREL) NativeMethodFrame 23 f BEAT—ER N AT,
It NativeMethodFrame PN A9 MTAL 3 25 FRA% 25— BB B

X MU AL T RRE O PR A A AL BEAS (721X HLAE Y2 T B AL BEAR) A THECAR AT 8
HEAE, X BTSSR 8 AE S NativeMethodFrame X [ C 3 5 47 09 R B Py ff H
HIALPEES . PO BB E S PAT5E 5, FIr LA eR B8R 5 | T Y0 5 0 b B g 1 5 | ] it
AT IR A

4 12,18 7R, hello_world() BREHATAEHE , &AL BIEHAR B AT T IUERAE

4 hello_hello_world() PRELINAT 45 5, NativeMethodFrame i [F) A 23 9 B L N A7
XA RE AR R A FER 51 48 2R B 1 T A7 A PR 1T B (E AR T o (181 12.19).

l hello_hello_world()
Rubinius CIHiH Y E

HF AR
AEFREE (0)
AT BHY
AL (0)

TR AL BRAR Y
A ... TR T I A
NativeMethodFrame A
[als] [ |-
P OSLIEYTIES

E12.19 (7) 45 hello_hello_world() &%

12.4.8 S5 GCHIXR

MAEC LB RS T, (AR TR GCR2EARKER L7

FERITETRY 12.4.1 THHELMKEMBEL T, “HT CEFSY RENLIE & TARK—
Wore FLLXA T CIESFY REMAIRE" 2NN 4 ) b Hi g 51 2%

GC 14 ]y Ab B E8 5 FAE AR I — 3B R P TIE & . IR GC R SR AL B 28 NI TR 1
KFEF LWL BT E" B4, oMY R IERA 5T o AL FERS,
T AT 250k B gl o (8] 12.20),
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Rubinius

HFAM
PR (2)

HF B
AEREE (0)

LRI L
[afB] [ |-
S R

% 0 94 FREE

E12.20 EHEFBAEEIR

GC &5 G, WRERAIRESFE, BHUTEEME N o MALFELE (] 12.20 11X B),
Gox ke, S TSR 2B AL B g, BIETE CIES Y RN
PRECHAT IR 3 GO, WREVISERAR RSx4 .

12.4.9 Rubinius#f1CiESH EBERIZZ IR

Rubinius

builtin/array.cpp
builtin/array.hpp
Hofth VM HHE Y struct/value 7E L
HABHY header

Ruby C-API CIEFY R
capi/capi.hpp

capi/capi.cpp

capi/array.cpp

E12.21 RubiniusfACIESH BEHNXH

A K 12.21, Rubinius Al C 15 F YRR 2 # H KN 9 Ruby C-APL &AL HE . Z Hi P

YA AL BRES B D Bt 2 & 13X~ Ruby C-API SZ8AY .
B4, Rubinius 24 C-API /& L5 CRuby 2L C-API -2 E A HIFR Y, Xl

& CRuby 19 CIEF Y REFER] DL EEAE Rubinius iE1E,
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_

{H4 C++ I CIESHIE

ARAER T Rubinius 28 C++ 59,

Rubinius #1 CRuby EBHNES (C++ 1 C1ES) BFFiAE, WRMEWH RBERE. B4
ZEABANX L ZETEIR?

Rubinius B9 Ruby C-API £ C++ F&FEBEXRAT, = CRuby £ p—IR#FERXIRAY
ER, SR EBENRBENEE . BMIF, BEBEXNR Float RREWE 12.22 Pk,

Rubinius

Ruby C-API
rb_float new() . )
CRuby #2544 CIlimy R

Rubinius (C++) fy2% CBrAm)
class Float RFloat
double value /—_.» double value
KA

12.22  Float ¥t 5 fy2r i

XEAE-—RBEAZFER, PBIHELMTERE Rubinius ERINSRABERIESEH CRuby
ARERRPRIEERNER . BHER, NRE CESY REXBTETEWETRIE, TERY
BRI NE Rubinius FAIRTSRA

12.4.10 F{iI8EsEfRIZ Rubinius B9 Ruby C-API 13

FAIHEPRIZ A Rubinius # Ruby C-APT W2 MZEE B, BARE. KHIEHET “F
RZ i RSB 47 o

F 4R Rubinius 1 H bR & #2468 5 Ruby (CRuby ) 58 23 251 C-API, {HJ2& Bl Btk A 1R
ST, NREULE] T 8 AR (EEF S EAR TR, Bt O S KA A
Bz HAT).

ALt EE A, AE bigdecimal . digest, readline X = FRBRERRAZE DA CRuby WAL
#'7 Rubinius. EAVLT-#GE BHia/E. H G HZ4k%: )\ CRuby [7] Rubinius #5645, C-API
Zx Hr i, M B e e s AL T,
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& T AR — AN, ARHEJE Rubinius . CRuby [ C B S RIEE 987,

4 Rubinius R EWER GC, FrLITHRELABE . 5 —JriH, XN CRuby ZR5F
x 6C, UMM 2HANE (ZE TSI GCEE CIESY RERAG LAY, HULRKED
SAEH TR T,

1M H AT 34D Rubinius 1 CRuby MY 2E8E F T —F/ D)k, X S8 T RAR 2 B4 Ak
U, FTLLEE CRuby, Rubinius [EAUCABTER L [ H A% XF—K, CIBEFY REMN
S BRI AT T, BFOAASRR B TR E N HIWAE CIEs RER,
JF LB SR PAT RS IR A LT .

F B EX L] 8, Rubinius H FFI L T —#049 EE, XT FFL, ATPEET —h

IM&io

12.6.11 FFI

FFI (Foreign Function Interface) H —/A) 36 Uil & “ 5 HAWIE F @& R AT 38 e #2117
BT FFIL 4k, @ A2 Common Lisp F1 Scheme %5,
FEX ELFRATHE FFI 2 SN “ M\ Rubinius {8 2318 F C 2 09 pRECHOAE 3 o

Rubinius CIEY sz

- LN ESE

12.23 FFIRZELL

{11 Rubinius () FFUSERENEH i IR ] C R PR 280011, 8] C il S 1Y printf O
PR AT IS B 12.3 TR o

REB;EE 12.3: ruby_printf.rb

module Kernel
attach_function 'printf', :ruby_printf, [:string, :int], :int

end

ruby_printf ("Hello World")
#=> Hello World

FEH fig FIE
XRRFWIFEM: XA RAMWAES CHFY RE 15?7 (B2 FFLERN R 5
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ARGy, kI, Fh Ruby b CHEF MR/, TUMRES S H T, gk
KABAREENL

B4k, Rubinius A9 /5 £ & “ Ruby 323 Ruby”, # & 21X — 5, 4518 1% Rubinius
WP RN AR 2 F FFL SR, tbakh, AATd220 T 8 CRuby MARIEM A C IEF VR EH
FFI # 48 %] Rubinius, I socket B4 FFIE T

M2 A AFKATTEWERS T Ruby C-APLWE? 33X 15 28 /& A AR 9% Ruby 3G ) 55 5 IE
Ruby (CRuby) DA FEH CHHFYRE T, EHUN, JFEF ST AR X L5t
AT C-APLIE,

JE—$2, K2R FFILJETE Rubinius B VM P65 s fERY, B4 s #7EfERR =X GC
FE I Z M,

% 12.5 Rubinius By C-API#0 FFI #1251

C-API FFI
ik fdiFl CRuby FYBEIR ( CHFH 1) A, 5 T Rubinius A9
(W RE B0 CRuby I CIEH 1 1% WCHEFEERES, BHERME
e ISANHER CRuby 58 23 % T34 “ H Ruby 8238 Ruby” W5 £

b

FFIf1Ruby/DLBH4F@E?

CRuby B—M{E Ruby/DL BItREMI 42, EH2 “M Ruby B C ENEIE". BBATE
R Rubinius 9 FFI B+ AFREE?

Lhr ERBEAR, BIINBERTE—H. BARTAELRE FFIR?

BEEEN, FERENTHS.

1. Ruby/DL B9 API REZ* (1RYEER)
2. Bt Ruby/DL A& B iZER

IEFEJ90LE, Rubinius A EIRLMHANAT FFI, mAE Ruby/DL IE.

12.4.12 PHERXTRFEETRIX B
X — T H BRI 2 BRSMOR R A B, SRS P R RS A I X )7
B P4 48 IR R 2 1d VM Heap BUXT SN, THHEAF 1015 B B A
CEAR BN L, B C++ [0 int. double. float &5 “TIIABIE” EARFMIZAT,




12.4 SERBETE GC 2

Rubinius [ PR A G005 LT JLFP

1. Fixnum (#14)
2. Symbol (%%5)

3. true. false. nil. undef

TE%UE* #Y Fixnum j‘i’ﬁ'ﬁ’éﬁﬁﬁﬂe o
Fixnum NZ70AC VM Heap FIXT 4, TR R Bk ATE AR 5 .

String FYFEEF
0x03152...00 I

VM Heap

$8 M VM Heap
P BE AR 5

Fixnum fY$8 %L
0x00...0f001

Bl HHAFA

E12.24 HR#XFS ( Fixnum )

M ABX AP WE? X el TS BE AL . IO Fixnum CBU(H) 222 ﬁ%ﬁ@ﬁﬁﬂ’]ﬁ%
B LA b*/\ Aﬂﬂﬁj‘@ﬂ@] VM Heap KR 2% I RIFIGEIRE 1o PRI A 380 108 5 B B A8
oSl g . AT AN SRR A 32 A AYTE, Fixnum HEEACHEA S 31 QE‘J;&{EO R
o731, WELE A TEIRARE R, XK Fixnum BESHEXT S Y A Bignum S ECE] VM
Heap,

Wﬁﬁﬁiﬁﬂ‘]iﬁl‘ﬂ%ﬁﬁtﬂ%T- “BLE AT GC e

XL ZERFE T — BB AR B, RO RATA R T GC BRI 5ok S R 4

MR, T ARG 200 i — 207 R DOl IR R AR S, SR ICHE AR R (R

DAY 7 R R R RO R E AR AL . T X — s, FATPRE — TR,

vm/oop.hpp
26 | #define TAG_FIXNUM 0x1
27 | #define TAG_FIXNUM_SHIFT 1
28 | #define TAG_FIXNUM_MASK 1

36 | #define APPLY_FIXNUM_TAG(v) ((Object*) (((intptr_t)(v) << TAG_FIXNUM_SHIFT)\
| TAG_FIXNUM))

357
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565 36 AT RIS AE R4S C++ 19 int WEAREN, HFEHHN Fixnumo 763X HL W 22 W
T 1, W17 —F OR.

100010101 C++ [ int
1000101011 Fixnum

IR, WERXBLE T HR S BV EUE (Fixnum) SRATHINEIZSE, A2z IMHER PR 45 RN R 925
%o NIAESEAT Iz A BV, e EIRUE (Fixnum) PAIHR AL AT TR

vm/oop.hpp
37| #define STRIP_FIXNUM_TAG(v) (((intptr_t)v) >> TAG_FIXNUM_SHIFT)

vm/builtin/fixnum.hpp

20 static Fixnum* from(native_int num) {

21 return (Fixnum#)APPLY_FIXNUM_TAG (num) ;
22 ¥

23

24 native_int to_native() comnst {

25 return STRIP_FIXNUM_TAG(this);

26 }

35 // Ruby.primitive! :fixnum_add

36 Integer* add(STATE, Fixnum* other) {

37 native_int r = to_native() + other->to_native();
41 return Fixnum::from(r);

43 ¥

TG PR add O BT HY R Fixmun ZERIINE B EAL T, I RFEE, X B RIS 37 17
W37 to_native () FREUTHZ? STRIP_FIXNUM_TAG() 1§ IRARE)T, A UHTHIINEBZE
HoAth PR AT R AR ZEUNER 12.6 AR,

#12.6 MR FINFRICHIRT R

NESSES i
Fixnum (K{#) 1
true, false, nil, undef 010
Symbol (£§45) 110

AT A RE A B E AR IR IR 107 302 PO R 73 O S Y N A7 I 122 101 By b2 4% 4
TRTERY, SRR 2 A R 0o REF K 12,6 kM, M2z h—EA 1.
W, ZAABR R AR AR S, HEUG AR 2 (LNA B 1wt LT .
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S125 XTI

X—TRATRE B WAL Rubinius FHT A GC——GC B HIBIEE . XABILME 4
AR Cheney 1Y GC 2 i B A [A]

12.5.1 E{KRIE

TEVEAIERTHT, SoRRe— AT BB R “WR". 7 6C ZEHBE LT, MRt
BRFEA X R NFBES GC RIL T v LB H| To BRI T XL, XATFXH LRSS FgE
B To 25 f6] o WAL, “MRR” WP T “EH7. 8 TUMREREAY), RITMEARE
R R A X RNE T XSGR To 25 YRR,

M2HKF—T GC EHIF LR BRI,

GC S il 4% MR LU U AT HR A

1.3 R MITFIEF R0 2T %
2. BRIAR S| A 6y 2 %
3.H R AR RS

4. BT R G AL

T IR L B B — R

iRk

B ] A ]

From %5[i]

To #5[H]

E12.25 (1)#EENIERES|I ANESE

B RMCRETHAXIR, BT X REHF To 2510, ZHl5E— TR,
SN 4 Dy Ml il 00 2 B R 5 R s ) )
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Rubinius B GC 2 AUSI I, IR SR 5 i i 10 ¢ 4R 2% T BORIC BT A0 GC I
ZHR GC ZEPI5I . LTI ELEL 7 mrh A TR U .

AR A ] HAEAREEs ]
.\ From %3[i]
0 ZEEAOE
Sl
To %5 [A]
E

E12.26 (2)EFIMIR5| AT

TR MAR DI ER 51 B 0 52 & i 3 To 25 0], JEAR N B 48 41 5 2 H bras /], FA4t
forwarding F5 £ 1% 45 IR dR =5[] o

TR
ARSI \%ﬁ B

.\ From %% [f]
-
n P

k|
To #=[H]
—¢
SLLT.
N

12.27 Q) EHFIR

TEMRGIH BT A X R R RE] To 2505, &AM EAL R To 25N BN G, JHEH
TR F] To ZE[H]



12.5 GCHEfIE

LR R From =3 [ S il ] To ZS [A]F, ZEAG AL R R IGAF S o U0 AAF I8 1 12 iR & 4F
FRIAIE, XXM PFTE, FFPHC R BT TR . X F THEE R 0 5T SRR L 17
GC IR ETHIXIRIIRE . Ji5h, ICRAEETHRER BLIRT G T X R B P HF To 2518

BARARES ] AR ]
III\\\\ From %5 [H]
- 000000
JEabFE

To %5[H]

CLLT
N

12.28 (4) 54

AR T A T B RO RAEE RS T, fUZA 5% B AE From 25 (8] LAY 53000 RI0FT ) Ak
BT, RAEBR AN A STEZ R 12.5.10 1P RE AL .

12.5.2 collect()

BESR K5 B2 248 T AR, I 4 T S BB LR,

£33 HLF BakerGC M5 BREL collect O KHAT GC B I, BIMARED A 150 47,
R 52, FFRAIX B4R B 4 3043 K Uk

vm/gc/baker.cpp:collect()

85 void BakerGC::collect(GCData& data) {
92
93 Object* tmp;
94 ObjectArray *current_rs = object_memory->remember_set;
95
/% (O AHRMNIEFEGI NG +/
/% (2) SRS THIRIXT 4 */
/% )RR EHEIXTG *+/
/% (@) BRI E AR +/
220 /% Biffe To S A M From %5 6] +/
221 Heap *x = next;
222 next = current;

361
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223 current = x;
224 next->reset();
232 }

ET}M?% (1) @J (4) E"J%T%?EE 5 gﬂﬁ next (TO él'ﬂ ) %ﬂ current (From %l'ﬂ )o ﬁ%‘fﬁﬁ?ﬁ
TURAE B2 220 17205 224 17A9AURS . B 5E BR IS R reset (O, WIIAMLIE R TE I {E

12.5.3 (1)#EZEMNICRESIBIITR
B 2D TS N TS R T BT 42

vm/gc/baker.cpp:collect()

85 void BakerGC::collect(GCData& data) {
93 Object* tmp;
94 ObjectArray *current_rs = object_memory->remember_set;
95
96 object_memory->remember_set = new ObjectArray(0);
97 total_objects = 0;
104
105 for(ObjectArray::iterator oi = current_rs->begin();
106 oi != current_rs->end();
107 ++0i) {
108 tmp = *o0i;
111 if (tmp) {
116 tmp->clear_remember () ;
117 scan_object (tmp); /* &l FXH =/
118 }
119 }
120
121 delete current_rs;
/% (2) ZHIMRGITHIR G */
/% (3) RHISERIGX G «/
/% (&) BT R IEAEBE +/
232 ¥

PRk LR T Y B AR B A R e, BT RLR ] DL — R R B — I T R o
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/Eﬁ 94 ﬁﬁﬁ%fﬂﬂ;‘% Wﬂl?’fﬂ‘ﬁﬁ%%ﬁg*géfﬁf\%%ﬁ/}ﬁ current_rs H,
F2F RAES 96 173 ObjectArray J5 1 SE 615X 4 new, FEIX A SEBIAE 8 )10 SR FEAFE A
object_memory->remember_set GEe ObjectArray =LA Object HICEM vector 25 (BIAEAL) 15144 o

vm/ge/ge.hpp
19‘ typedef std::vector<Object*> ObjectArray;

A 105 17215 119 47 BIPE IR 2 e B 30 S 45 LI SR X 2 R, 7658 116 47
J DL PR clear_remember () B X% FRIE N ) Remember 1715 °H 0.

vm/oop.hpp
320 void clear_remember () {
321 Remember = 0;
322 }

[FREFTEPR N Y scan_object O PREIE RIS E XL, HEXTZR NI TXZEHIF] To 2511,
KT XA BRI TSEZ G0 12.5.9 T HEA U, BUE R E HEEEA R
TESHE 121 475 A SE MY current_rs FUT deletes

12.5.6 BSNFE

PRSIl 4, TRt — TS5 A BRI,
g 7w TR, 5AB R ARG ARSI HIE R L R E P Tk, T
AL LA A F Rubinius /8 A LG AFERERYIE .

vm/builtin/object.cpp
582 void Object::write_barrier (STATE, void* obj) {

583 state->om->write_barrier(this, reinterpret_cast<Object*>(obj));
584 }

XA MAE write_barrier () BB I PRELAL T Object M1, 2 582 1711 % STATE() &1
VM ZEE XN BHNE

vm/prelude.hpp
34‘ #define STATE rubinius::VMx* state

MK om HAFH ObjectMemory KR Lfl, Tk A B XA ObjectMemory B B
PR write_barrier() M.

vm/objectmemory.hpp
114 void write_barrier(Object* target, Object* val) {

115 if (target->remembered_p()) return;
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116 if (!REFERENCE_P(val)) return;

117 if (target->zone == YoungObjectZone) return;
118 if (val->zone != YoungObjectZone) return;
119

120 remember_object (target);

121 }

ZH) target %ﬁ:’ﬂ%lﬁﬁﬂ‘]x#% val &5 I ERX 4.
5115 735 118 4719 if BRI A9 5423 540 R i .

o« H1154T: B ANHERAGTCERRFLELEELT?
« % 11647: FIRBARMN L AT AIA GEE A NS L )?
o FH1174T: KB AT F AT A AR Z?

o % 11847 K3 MM AT A AR L

PLE S A — NSO, target A SHOC KB E . WAy, XL
if AR TR A AL, T3 IREE AR O S A B B R A4
TEE 120 17V A 53 PREL remember _object O, AFfEEHC R EIC SRR,

vm/objectmemory.cpp
197 void ObjectMemory: :remember_object(Object* target) {

200 if (target->remembered_p()) return;
201 target->set_remember () ;

202 remember_set->push_back(target) ;
203 }

55 201 1719 A 52 PR AN set_remember () 1 50K X £ 4510 N 11 Remember 1154 1. AJ ILiX
R clear_remember () IEUFAH o 5 H Remember 17 )5, 8% 2 8%iB I E] remember_set Hl.
XHEEFLECIE T Rubinius 15 A5,

THERATRBE AW RIEA TIXANE AR, EAE UGN R 5 28 i AR AR
R EE A BB

vm/builtin/object.hpp

22 | #define attr_writer(name, type) \
23 void name (STATE, type* obj) { \

24 name ## _ = obj; \

25 if (zone == MatureObjectZone) this->write_barrier(state, obj); \
26 ¥

34 | #define attr_reader(name, type) type* name() { return name ## _; } \

35 const type* name() const { return name ## _; }
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42 | #define attr_accessor(name, type) attr_reader(name, type) \

43 attr_writer(name, type)

£ Rubinius L E X T 7 attr_writer ). attr_reader() VAKX attr_accessor(). M i%A A~
Ruby /7 DL 2675008 . 92PR F Ruby M A X Se 5 W44 9752, ETRPEWAHR . 7E
X% attr_writer O K& XA A 5 [ setter, H7 attr_reader () R SN 51 7228 4t 1
getter, attr_accessor () B T RIS E X getter Fl setters

FEMA R E—r, IHRAES 25 17 HE 1 write_barrier O WELEUL, XL
B AR T setter UARAFA write_barrier()o

T LA Array ZENBIRE — T H attr_accessor O M+

vm/builtin/array.hpp

11 class Array : public Object {
15 private:

16 Fixnum* total_; // slot

17 Tuplex tuple_; // slot

18 Fixnum* start_; // slot

19 Object* shared_; // slot

20

21 public:

22 /* accessors */

23

24 attr_accessor(total, Fixnum);
25 attr_accessor(tuple, Tuple);
26 attr_accessor(start, Fixnum);
27 attr_accessor(shared, Object);

TEAEFREHAF A E LY total_ SFMLOVE I, WZUfd ] setter, Jf HZEPRIEHH SIS 1%
/l\ setter ﬁﬁ?gf\b:f‘gﬁo
BARIX U SZ L Array ZE 0], ANid HABZE W R FEE 1 attr_accessor ) & X T setters
WD, X THASE R AT, AT E 5 AR,

12.5.5 (2) EFMESIAITR

T T B R O A AR S RS R S 2
KFEMNIZAICIFIE, Rubinius MARA LT JLFP.

1. REX, #k FF
2. VM #5388 4%
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3. GC EEARP 3T %
4 AT CEZTRENAESE

PR gk 26 5 R R E R B L AR TR, BT LI it L Fes 1 b

vm/gc/baker.cpp:collect()

85 void BakerGC::collect(GCData& data) {

/% () HRMCFETITHINR +/

122 [+ NEZE B, £55 «/
123 for(Roots::Iterator i(data.roots()); i.more(); i.advance()) {
124 tmp = i->get();
125 if (tmp->reference_p() && tmp->young_object_p()) {
126 i->set(saw_object (tmp));
127 }
128 }
/% W */

/% (3) HROEHIEEBXIG *+/

/% (&) BT R IEAR +/

232 ¥

data.roots AXUMEER, JLRWNAFA IR IM N ERIIEE, PRt BUR X S5 £ 1220
124 TTHY 02 PR AR get O o

TESS 125 Tr ke A B 1948 51 o reference_p() M TR A TR AT B2 W AN L, young_
obJeCt p(),k/k$2%§* BT B RIS AT RS ]

XA R, L E IR R R R T o S G AR AR R PR AR saw_object O
&ﬁ%ommwpaoﬁ%ﬁﬂ%ﬁ%ﬁ%ﬁ@ﬁﬁ%@%ﬂmoW%N%E%ﬁEﬂT
B4 saw_object ) HLZ3IR Al forwarding F8%1 (451 Hbr=s [ T84 ). TEIIHSE saw_object O
Je, SO PR set O LR 0T HARAS A bR B0 E AR . Wl & Ud, 7EX AT TIRES
(8
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From %5 [A]

saw_
To 5[]

set()

S~

data.roots

E 1229 EEBiR

12.5.6 saw_object()

saw_object ) A TTHATHI RINE HI#RAE, T LR —EAFFILHEM,

vm/gc/baker.cpp

32 Object* BakerGC::saw_object(Object* obj) {

33 Object* copy;

34

39 if (lobj->reference_p()) return obj;

40

41 if (obj->zone != YoungObjectZone) return obj;

42

43 if (obj->forwarded_p()) return obj->forward();

44

48 if (next->contains_p(obj)) return obj;
/xR */

68 }

e 43 179 H obj B forwarded_p() o forwarded_p() i BTiR MR HRAE T forwarding $5 %1 -
WAL, forwarded_p() #E£3IR Al obj MY forwarding F 4T .

55 48 171Y next FRHYJE To 25 [H] o AR obj A To A [AINIRT 4, WEAIEAT R M, XFE—
K obj HLEHEJFEAEIR 7]

vm/gc/baker.cpp

32

Object* BakerGC::saw_object(Object* obj) {

367
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/* HPEE */

50 if (unlikely(obj->age++ >= lifetime)) {

51 copy = object_memory->promote_object(obj);

52

53 promoted_push(copy) ;

54 } else if(likely(next->enough_space_p(
obj->size_in_bytes(object_memory->state)))) {

55 copy = next->copy_object(object_memory->state, obj);

56 total_objects++;

57 } else {

58 copy = object_memory->promote_object(obj);

59 promoted_push(copy) ;

60 }

66 obj->set_forward(copy);

67 return copy;

68 }

%5 50 171 obj->age BT HE obj MUAENS, X HAYAEITRAYZ obj Hid 2K GC & il
B AR GO X4, 2 age AEIR) 2 1 B, BERIRX A Gead & H it —k GC & il
BN S . lifetime ;MBI A BV AERR R H, —H age M 1ifetime, XXFEHE
BT BERAAER, FROTLAS R 5 CGETH) BIAES T T,

55 51 1T BY B A BRER promote_object () TR XT L85 (B FH) B E A 0],

e 53 17w, AT THE BIX S promoted_push (), A IHAGEC AR THEER
Ho TR AHELE GC Z R ST T BT A XTSI SR B TR L.

TESS 54 7R 4 To 25 [ HLA A WA AT LA Hil 125 23 (8] . size_in_bytes () 1571 [A1Xf
ZSHINKIN, B PREL enough_space_p () W B¢ A b A 18 A 48 2 K/ 25 IR ZS ] o

QAR To 25 W] BLIA A 25 I ZS (0], R IP AT 2 il 250 55 55 4719 copy_object () BREK
P DT PATIX TR

AR To A B EABA WM T, IR EX T T o PATIXIHRERZ 5 58
e 59 A9

XA A FAE GC & HH 1 From 23 [A1 A1 To 25 [ K /NHIE, B LAN 128 26
BT LA To 2310 BLAY 23 RS A A X, RS 58 A7 HIEH 59 47 U RAFIE A W ZAF TR ? 28
FAE ML 1) TR Y, RIAE From 230045 T HOMHE, 5258 MEM GRS To 28
)i, HRMATRBAXAM T, FrLh4s 58 47 59 17 AU AEA AT .

BT 6617, obj HLE A MF To 23 M s B ARAUAS H] 1o A3 HURF H bp 25 18] (4 M bk A2

O ML % http:/groups.google.com/group/rubinius-dev/browse_thread/thread/da61f0efb9003bdb.,
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A forwarding F8 41, B 25 )25 (A AN 4
IeJa RELR 0] HArzs B A HbhE, saw_object O AL T .

12.5.7

(3) EREHZEMMR

T HEHE R F] To 25 A FEEAFACHINS &, R RT3 4.

vm/gc/baker.cpp:collect()

85

101

202
203

207
208

232

void BakerGC::collect(GCData& data) {

promoted_ = new ObjectArray(0); /* EETHMZMDhELA «/
/% (1) HRNCEEGI XTI R */
/% (2) SZHMARGI IR G */
promoted_current = promoted_insert = promoted_->begin();
while (promoted_->size() > 0 || !fully_scanned_p()) {
if (promoted_->size() > 0) {
for(;promoted_current != promoted_->end();
++promoted_current) {
tmp = *promoted_current;
scan_object (tmp) ;

promoted_->resize(promoted_insert - promoted_->begin());

promoted_current = promoted_insert = promoted_->begin();

copy_unscanned() ;

delete promoted_;
promoted_ = NULL;

/% (&) B RIEAEEE +/

TEZ 101 AT WU ALY promoted  (EFFHEERR ) RIC RO T SR 4L, eI (1)
H(2) BERAEIC R EFH TN £

369
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55 180 Ty A TwIhiL promoted_current il promoted_insert. EAE HERI T PR,

¢ promoted_current 4§ 4% KL H
* promoted_insert {8 =R A A48 & F —ANF I 2 R ah 5 4H69 3% Pr

DL BRI, —ERE— TN 182 17 IA Y while THIAIT

XA while TEFFIELLA R “A AR RITE TR 5L “To 25 [ A R RIS LR,
WHEYL, HEEREMACEERIXTS, XMEHRgEL T

55 184 A7 FIES 185 17HY for TE IR AT M 1RAE ZAE KA C 2\ From 25 [8] 5 THA X 42
%5 188 171 scan_object () & RIATIHRI,

XA - R A BRFEE, B2 TR RESTEE R R A b T, F958 Bl
I R THRAE AR AR

T KE — T A K%L promoted_push (), ‘B 7 TTE MR LEHS 7] & 3 promoted_ 1Y
XFRITRE

vm/gc/baker.hpp
84 void promoted_push(Object* obj) {
85 if (promoted_insert == promoted_current) {
86 size_t i = promoted_insert - promoted_->begin(),
87 j = promoted_current - promoted_->begin();
88 promoted_->push_back(obj) ;
89 promoted_current = promoted_->begin() + j;
90 promoted_insert = promoted_->begin() + ij;
91 } else {
92 *promoted_insert++ = obj;
93 }
94 ¥

SO E 2, R promoted_insert A promoted_current e By AL E 2 — R, B
i promoted_ M FTIE MM ICE; MR AJE, BTE promoted_insert 15 [n] I i # T 5 obj,
promoted_insert BRI — M iE. HA promoted_ WL R T RO A S
PR T, BTN B S R B A KRR .

WYL, EEREETHNRAERS, — BTN LETHELL, Bal %R
Kl 12.30 Fros PR . 78 (1) MTSOLT, FRP S 1ES 184 17 BI5E 192 1719 for i 3H A 1E
RXG; WAL Q) BRI, A RIEX K IEFR N RIS, MR F—IRE for fEHN
BRNZ,

TE 55 194 1738 7 promoted_insert MYV B 5 4T I 28 3l A £ AL K/, 7256 195 17°4%
promoted_insert 1 promoted_current R AL EE A, NN I A

UK, A AAL PR R IX A E AT R R IR N AF R HIRCR
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(1) B INEIAR B A ZE ]
EBEN)]

pomoted | Kk | k| kwk | kx| WEE |

|

promoted_current
promoted_insert

(2) P47 % promoted_insert I 703 P 1 2451

M REEINITR
promoted_insert promoted_current

E12.30 HEEREARHXNROEERSH

WARAEHE X R B P X 2 A T8 T, (8102 0T DAHEXT G 48 S8 I 21 2 845l
IR, Aidixre—k, AR TS TR RFEIEES, ] RESs i R KR 1Y 3h 8% .

PRt R T 50— ATk, 2SR A AR O 248 RS B T &R .

AP EAE ok, YR ACHE ARG, 2T kA 202 177 H copy_
unscanned () PREL, %R To &5 A LA RAUXF L,

TEAY R To S MR R R, ATREAX LS W T T o XMELLT while fEEA
SEERRY, BNk, B R, TSR RIS S X5 8 B To 25 R B AE R A ]
AN, B FEJH copy_unscanned () PREK Y B % promoted_insert Fl promoted_current 18
R —ArE, FrPC ST RS8R NS promoted_ MUK FE

12.5.8 copy_unscanned()

A 51 PREX copy_unscanned () 71 5748 % To 25 [H] HUIBLEARAG R4 .

vm/gc/baker.cpp:collect()

70 void BakerGC::copy_unscanned() {

71 Object* iobj = next->next_unscanned(object_memory->state);
72

73 while(iobj) {

75 if (!iobj->forwarded_p()) scan_object(iobj);

76 iobj = next->next_unscanned(object_memory->state);

7 }

78 }

KREFE—FREBINE, Wz 2L 7 E . PR%T next_unscanned() 177

371
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BRI — AR RS L 485 . AR A R RIS, A4 RECHR 2% [ NULL.

12.5.9 scan_object()

ZHIE &AL, scan_object () BRELT BT “H A8 EXT LB F XL, Fbr FHACH &
BRI WE?

vm/gc/ge.cpp
36 void GarbageCollector::scan_object(Object* obj) {
37 Object* slot;
38
43 if (obj->klass() && obj->klass()->reference_p()) {
44 slot = saw_object(obj->klass());
45 if (slot) object_memory->set_class(obj, slot);
46 ¥
47
48 if (obj->ivars() && obj->ivars()->reference_p()) {
49 slot = saw_object(obj->ivars());
50 if (slot) obj->ivars(object_memory->state, slot);
51 ¥
64 Typelnfo* ti = object_memory->type_infol[obj->type_id()];
67 ObjectMark mark(this);
68 ti->mark(obj, mark);
69 ¥

MBS 43 AT 205 51 47 RYBRAE R S I A Rh R A X G 3R W g X6 42

5 4417 1Y xlass O FIES 49 17 1Y dvars O 43 il J2& F I 01 PR AR k1ass_ Al dvars_ AH X N (Y
getter, IXLERL O PREUE ObjectHeader 5 S o DRI ST 2RR AR R T ObjectHeader %,
B LAEATTR A X G 3 R 5 AR e, I HLIX S 51 AR e LA R e R R £

e LR A X R 5T SO saw_object O o WIRBLHE E Ty S E X G2 A AR
X%, IR SR To 25 iH], AR IM HERZS MM HAE . IRX GRS, A T ],
BRI ZHUE

ORI R E A AT XS

S 64 TTHUH TypeInfo FEAYSEH, i A X RERA Yk 7K T TypeInfo MY XX: :Info I,
2, Array AL Array::Info 2, X R S

TEEE 67 174K ObjectMark FEMYSEHI, KREIFICHE—&: XBIWSHUE this (GC KW
S5

FE5 68 171 H mark () o
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vm/type_info.cpp

64 void TypeInfo::mark(Object* obj, ObjectMark& mark) {
65 auto_mark(obj, mark);
66 }

HAPFEHT auto_mark() o auto_mark() SETEAERAIEAS XX: : Info FSHPSTHLAY AL 51 PRER .
XS TR  H T U RAR  TERE
TEX B Array::Info FIRTF — FHERAER N Z

vm/gen/typechecks.gen.cpp

2711 | void Array::Info::auto_mark(Object* _t, ObjectMark& mark) {
2712 Array* target = as<Array>(_t);
2713
2714 {
2715 if (target->total()->reference_p()) {
2716 Object* res = mark.call(target->total());
2717 if (res) target->total(mark.gc->object_memory->state, (Fixnum*)res);
2718 }
2719 }
/e W x/
2741 | }

M auto_mark () XA~ PRELA AT HLX AN AL G2 pREOE A sh 248 BUHY . 38 /255 Rubinius fY C++
DRACHS, i RS X R R S R 51 AR o, AR T XA BB IR I —$2, XA~ A 3l
A AR 2 H Ruby 519,

A KFE BN 52716 17X T XL A 2P T mark.ca11(), 55 2717 17443
R IMEAAN T B AR

vm/gc/object_mark.cpp

9 ObjectMark: :0bjectMark(GarbageCollector* gc) : gc(ge) { }
10
11 Object* ObjectMark::call(Object* obj) {
12 if (lobj->reference_p()) return NULL;
/* G (debug AbFR) */
20 return gc->saw_object(obj);
21 }

bR B FOEP T ge I saw_object ) T o IHAKKIML—T, TEA I ObjectMark HY5E
Bl L2248 GC 2RI LR 25T, AR 20 171 gc BLAFAT Bakerac ZRASLHI,

373
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BN EARIESE N, Al XAE—R GC R B R ML R 1. GC K AIA Bakerce
%, A TmmixGC JE I MarkSweepGC J5, XL S H LI T saw_object (), TEH AT
TmmixGC ZE A PR IC AL B .

REBIFEM: SR R SN, BTS2 objectMark 28 T IE? Aidix
A PR ca11 (O BT LR AN GC RIL M A AL B . 3 U r IRARAS i A g 13X R O3 N2
Aid PR L debug AL BEE 2 IR E cal1 (O BREUN T o RLLTFRH WRTUL T4 J5 XA py 3t
I B2 H 4R3I, A A B rne .

12.5.10 (4) BIiRFGRASALIE
BIRTRATE — T W% 5% B 7E From 25 ] L (5 3 0] 2 34T 5 AL B

vm/gc/baker.cpp:collect()

85 void BakerGC::collect(GCData& data) {
92
93 Object* tmp;
94 ObjectArray *current_rs = object_memory->remember_set;
95
/% (1) FFEMILRETI X G */
/% (2) EHIMRGITHIAS G */
/% (3) WREHIGEELNIIG «/
215 find_lost_souls();
232 }

B3 P T X IR AE 1) pREE SR 215 471 £ind_lost_souls() PREN., PREZ MEEE “4k
BRI R, IRFFEHAINE

vm/gc/baker.cpp
268 void BakerGC::find_lost_souls() {
269 Object* obj = current->first_object();
270 while(obj < current->current) {
271 if (lobj->forwarded_p()) {
272 delete_object(obj);
277 ¥
278 obj = next_object(obj);
279 ¥
280 }
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find_lost_souls () PRELH I THATEIRAT GG AL EE, R4 )5 AL B S22 We?

HRAEXT Z R SEARTR], H XS LA GC XL Z AP N AF2s [|] o i okl ixsbss
(8] 5542 malloc () 5543 BLAY VM Heap I ZNAY NAESS 0], BRI SR ik BE P A7 23 8] 135 945 Fic
F| From 25 [6], Fr LA AR GEE i GC S M LR FHB R . 240 R0y T B, 2R
AR ARG, w2 A N A R

PAT R AE ) PR EE & £ind_lost_souls () PREL, WALV, fEX BN AT GC
X G S IR BERER A N A 25 TR “RVE IR . XS pRAL B DX “ R ”
MANFE R ok, LRI Rt

KB BV, 55 271 177 530 H obj MY forwarded_p(O) o I MIAT forwarding FR%f,
YLK XA B, B AT LR HA R b o 42

ZJEXF XA B LI ] delete_object () HLFA delete_object () HH Y2 B4 Xf
SR PREL cleanup (), HEZEL T XA BRI AL 1Y HAT Regexp 21 Bignum 2, BRI Z AR
MIXTR AL I RV R A

XHSCRE—T Regex Ky cleanup() M,

vm/builtin/regexp.cpp
29 void Regexp::Info::cleanup(Object* regexp) {

30 onig_free(as<Regexp>(regexp)->onig_data);
31 as<Regexp>(regexp)->onig_data = NULL;
32 }

Al UL free () ELHHPUT T -

G DWB B 2k & 2] — T Rubinius M7 3% B,

12.6.1 Z1EABBIHNZAN GCHIEZR ?

T GCERIBERM NS C W, RSN, FROTHIZE 3 GC ZHIFE T
TR — AT BB B2 8 AR GC Y GC B HilSE B #s . B 6C 1) GC
Prid - WERRAE LA ImmixGC AR, A8 MG 3h GC ZHil5HE

ImmixGC 1 GC il — EBRFE R R S HLZARE 8, BRI T GC ARid — TH BRI
WAF2S [ TR AT 1 —E R NI . BRAEZPIC IM F I NAraE, 24 GC iR gl

WA, JEEhETA GC RBHHLUN T FfR o

« Z£Ruby ¥R M T GC.start () B
+ Fmalloc() frrealloc() & 4B T — A2 69 T it
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12.6.2 A4 EKTT GC EFHEIEZRZEN{EBakerGC?

FEPEACHS H BT — AU 4E BakerGe 25,

XA BakerGe AMEHE (192 Baker 1 GC & 51 19, (HRMXFIE XN ARE, 1EH
Et GC A B S GC (Y, LS A B HR IR SE I N A

Pk, ZE# % Rubinius BT K% Evan #2417 F o8 ©,

B RHAIE Rubinius BIFFAEH GC IU4E BakerGC 2£7?
TS RITESSIEER GC 137

RIGIFRE G I TR A %

HEFRIZAERZNE SemispaceGC.

BIRIX GC ERET Baker #9 “Semispace copy &i%x”, MIXNEERBTAIIZE
= GC.

()

ETERHRITEBIEXES, ATHEBULAS, ABSERIXPESZ,

FEHFET Evan 7528 Rubinius FYHTAEMC GC B, LU —I8 SO BRaliff) GC & il OF
e GO ENSE N, Hik, 424 BakerGe X4 F -

SR, BH NI 2 FAEE BA Kk, B —4$2 %) Baker 9 GC ZHil 51k, A
— AR A RN S GO, BRARTF R H WA T M2, R4 A Bakerce X >4 F L PR
Rubinius AYPEACIE HIH I TIE,

12.6.3 4= ERT GC?
Tk A — T sr et GC AVERIZS GC W A DL 1 Rl

*127 &RFXGCFEMBKXGC

ft = A
s GC mutator A FH7E R GC REf A GC A R
R GC GC B B4 BRI mutator 7 2 2N E GC

P57 GC E mutator N (JLF) ATEE GC IUAELE, FrLLAREAR & Fops Al il Ak PR 1 o
XFE—2KAE CRuby St BERI AR CIBETY BIET .

O ML % http:/groups.google.com/group/rubinius-dev/browse_thread/thread/bec4cc945¢9a01dd.,
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HEY I, R GCHEELZ RS, FIanRaeL M PAiny GC ZHIFES. Hitt
AT AU SF L GC AL T — MRMES R GC A B YIRS

MHER X GC WTEELAE mutator % JEE] GC. HFMHER X GC 1E GC L A BRI,
BT LAFRATT AT LA A R Bl K GG, tan] AR B S B GC B 3k .

Rubinius Z fF LR HIXMEGI X GO, wie 3B #Emi =0 GC i 5 Rk EA ST,

A, Rubinius A AN, 2 “H Ruby Hl/E Ruby 2 BRRRF", J5AMEA — Ak
& B JLE T A AR AR AE Rubinius FUACEERRFF Nz fE, BEFMERS GC A —ut

12.6.4 AEREFE— TSI ImmixGCIB ?
B — IR AT EAEA B P B AT 2P ImmixGC /Y, (RN IREMRFE T .

o ImmixGC AR & FIE, 2B TRAARKOESD
o BA K FEIA T
o Fm@ P IR

Eiics

A BAREAT W S ImmixGC, A A 4R A3 0] DRE B —3, —E S RA =
B PO AT W ke 7 GC R, FrlRFEIE—HE TN E, Az
R REBERE Y

ImmixGC RIS AFEFE /vm/ge/immix.cpp 1o

12.6.5 HAHABIEZFLWREFRTICEERIR?

TG RFZMUZ—TF Rubinius 5 ABRR, 24 A (8] Y B9 G2 5 | FH B A=A 28 18] Y 0 %)
G0t FRIAE RIS Z R E A TiE T

<

fabe S
Fe s vt HARRES [H]
From %5[H]
- —& =N
To 25 [H] .

E12.31 Rubinius IS NREE
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REBAEGEATALEAPEIE? XA, FATILBGE 5 B B AR RN B4~ 1 51
AR TG I T o BaDREAIE, JEHAA O RAFMEEIC R B Al — 2t
Ak A E I B Y

(1) e B et
iooR4E JOsR4E
B \%Eﬁé’l‘ﬂ PR A \%Eﬁél‘ﬂ
From %% [H] From %5 [H]
O = T [> /. T
| SlE &
Tos]i Tos] RS
(2) Ml B
oA o
B as A L] EAEAC AR At Es m] EAARE ]
From %3 [H] From 25 [H]
m- H— e | H—= "
GG
[ o
ToZs 1] Tozsi | | AREES

E12.32 EH12 To=E

Rubinius BHTAAC GC J2& GC 5k, il LRI R T AR RN T, Bl
A PHEHT A RS GAZ 0 2 To Z3 ), (HK ARSI LA F bR S (6] 3 Hudik A2 Ik 25 AR R T
P AT RE ST F AR 2 A 45 TR o

IARAE AR HUC SR AR ARAU G, i T LU H Am 25 18] A ik > 5555 n B3 8 4 B LAY
B P il S O AEE AR O R A L

A, HCsRERIER T EFATRE, BT GC I AL AR R — R xR, N
XFGH T X R P BEB A B AR R, B LA 20 AT AR L A TR F0KS g0 2158 AR AR
GC BFIEA R GC B Fk XA SR R R IE Ry, TEIE M il R A R Y
HHRIE, FAYCE,



V8 RYL % [E]UR

AEREAKRKiA#E JavaScript FUIESLIERF —V8 AIIREII

BEEN F=ais

TEFHIR VR V8 ZHiT, SN RENA—T VB IER T FIE, AHSAIEHHIE Google Chrome
XA Web 3B 45087

13.1.1 f+4 = Google Chrome

Google Chrome™ J& 1 Google 23 FIFF K (1 —2k Web JIM . EAEK{FT 2008 4F 12 H %A, Wl
4-(2000 4F 10 1) B2 R STTIAIGT 3% 1, TR R © mp e imi& 2R H .

HIR Google Chrome W] LA FRN GC, AN KA S BREIRENMGGFR T, Lz a5t
K HAFTFR A Chrome .,

(D Chrome: fHFEM R “Hi 7,
@ W3counter: http://www.w3counter.com/globalstats.php.
@ WIS HKML : Web WIVERF AT G384 2R . BRAEIR S5 B BE 8 R (sl 2 A 45— 0.
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Chrome IEVCELH OS WA HAT Windows, Aid7E 2009 4F 6 H'E F A T Linux
MacOS 19 T % jAS .

Chrome [1 5 AT, RidH—AME Chromium™ TP H, /& Chrome LR,
FERAFFIRTTH , X )& Chrome F— K325,

13.1.2 f+4A=2VS8

Chrome Hc KHFF SULEFERL T Google 23 RIS ST I & 1 = JavaScript 51 % (375 4L FIFE
J¥)o XA JavaScript I HURA TR E IR V8.

V8 B IE A FRIE “V8 JavaScript Engine (5125)”, AR {EHRN V8,

V8 f& Google INF] R Chrome B & 1% FF IR JavaSecript ESAHRERR (VM), W HA 20 (il
L, MTTILTARSE Google 22 FIAY TRRIM . V8 T H ) T 2T &4 /& Lars Bak (Google /A ]
LG, vy 25t SelfVM®? Strongtalk®\ HotspotVM (JVM) BYH % -

V8 FUFRFIE AN N IR o

o XA IIT (Bpat£mid) 695 X
o 4% A T A Strongtalk F= Self VM # 3% 89 3 K

1&gt 0 g ey 2o T A B i RE JavaScript {01, 75 VM Hiff4740 8] . JavaSeript 5150
AEARSE LU A B S EAY o 1T JTT (Just-Tn-Time ) 194 1575 20 & 7 FRAT VR C R PR HL AR
e LAY, DT A TAR S, PR JIT 46307 RE S BT & i bl Aas
JIT LARE S B e AL B

AN, V8 M Strongtalk Fl Self VM X245 Lars 7 ¢ YA BRAR I rP I I T AR Z K AL .

b

V8 M TRRYK B

V8 XAMEFRIBEFTIRER “V E 8 HI AN (V8 Ruhil). VB 8L AN T EREEE
EEERN, RAESH+EM AAM. BHRIRFAEESFERN], V8 R “BHESEN
JavaScript 3|£”,

—RIEEZE, AREBMBSBICEEENERLHSEURERIINRE, BE—FHFEX
RBELHBEE “‘ZH . XFIX—=R, Google AAIFER V8 IR EIKE “SHAILIREIK” . £
PC &L, V85I ERE.

(D Chromium: http://code.google.com/chromium/,
@ Self: LAJFI g MES AT [ 6 52155, B 45 TavaScript FUBLTHIFR T 5200 .
@ Strongtalk: Smalltalk ZbBEFRFE, K5 SelfVM A4 AR4E I AR e PEREIE H L M & 4 .



13.1.3 FREUECHT

AR T EEARBE (2009 4 10 A 1 H) BB RAS 1.3.13.5,
V8 MR ISFEAFTE GoogleCode™ I,
http://code.google.com/p/v8/

'?f v8
V8 JavaScript Engine [:

Project Home Downloads Wiki Issues Source
Summary | Updates | People

V8 JavaScript Engine

V8 is Google's open source JavaScript engine.
V8 is written in C++ and is used in Google Chrome, the open source browser from Google.

V8 implements ECMAScript as specified in ECMA-262, 3rd edition, and runs on Windows
XP and Vista, Mac OS X 10.5 (Leopard), and Linux systems that use IA-32 or ARM
processors.

V8 can run 1e, or can be em into any C++ application.
You can find more information here:

* The V8 documentation front page.
* Performance documentation covering the performance goals of V8, and
instructions on how to run the V8 benchmark suite.

e User mailing list: hitp://groups.qoogle.com/aroup/vB-users
* The V8 contributor wiki page.

E13.1 V8 H ( GoogleCode )

RGEAT LA T ) il & SR A I IR A e

$ svn checkout http://v8.googlecode.com/svn/tags/1.3.13.5/

13.1.4 BN

V8 1 H RE5 U iR o

*®13.1 BZEEH

Bx# #E =
benchmarks JavaSecript B9 3 I SR RE

include SE ANBINTF eRE ) Sk SO

samples TR BIRASHE R V8 A B HTTP AR 55 Fl shell 55 )

srC V8 ALY

test V8 N
tools THH#

D GoogleCode: Hi Google iz & M2 10 H AT RS o
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138 VS B nll

AT EMR UL B A HA R “sre” B3,
V8 2y 14 FHATEACIE K, PN JavaSeript ANTELEFRAERE , T LAAH B 22 B b K 22 0 B
M AL FRAR S S Ud, V8 MIATEU S /b,

*13.2 BEKBLH

BB ITHL
C++ 116 883 84%
JavaScript 12 630 9%
C 9 893 7%

MR 13.2 s, V8 IR JLFARE M C++ HHY.

13.2 IS

V8 S T HERHK GC, GC SEIT R T T MR [mI o 7 ARRLIR MRS U R R PR
#13.3 SRUREKHIZEH

Eo A AW elo GCE I ( Cheney [ GC & B 1)
EZHEMRGC GOARIC - BRI . GCRRIC - R4k

B3 13.3 AT 200, X HLAg AR S ) I o R 12 2 e A 28 B 3 I S5 R AR AL . AR 5 (4
11 Z3AE 12 55) P E @ikt GC ZHIFEM GCArid - BRI T, HIL AT %
AL GC B H—T ——GC il - JR4E A AT

Google 23 TS V8 B MICRR A i 2 i g2 3 el i, HLJRL P V8 AS(E S B T o ff =X
GC, T HSE T /A mli, SRAEF I, KR T V8 Z b, HAt JavaScript 51 8 H A 5
BUR R BLI P ISGXRE S 241 GC

133 BB

R MNBIR A T IR A

13.3.1 FEFRED GRS
V8 HALL BRI, 015 B & AR 1 43 i 28
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. Malloced}"’é
* Object &
TE V8, LT A BZERR AR T FiR e i —A~

13.3.2 Malloced 3
Jii 44 S8 S, Malloced 25 malloc () AERLSEMH o S ask St 48 B S st A free O) o

src/allocation.cc

36 | void* Malloced::New(size_t size) {

38 void* result = malloc(size);

39 if (result == NULL) V8::FatalProcessOutOfMemory("Malloced operator new");
40 return result;

41| }

42
43
44 | void Malloced::Delete(void* p) {
45 free(p);

46 | }

A S A9 s 3 FH A B PR New O, B 5% S 9 s FH AR B3 PR Delete ()0 RE WG, 45
MNRBNE LT T malloc() Fl free ().

13.3.3 Object
Object 2/ Javascript F X} G () EAR R B, Javascript (X R MR E L E{1)E DIgk &
Object FRMFXI R BIE AT H KM .
Object FERULE R R UNIE 13.2 Frzs

Object

Y
{ { \

HeapObject Smi Failure

~
[ [ [ |

JSObject Array String Struct

A
{ { \

JSFunction JSValue JSRegExp

El13.2 Object L& X &
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Object YT XYL 5 4540 AN

# 13.2 H1119 Smi (Small integer) 25 Ml Failure FSIE55 12 AL “PHRATE" . Wik
JEUl, ENREA PR VM Heap #Y FLEEUE .

AR SE ) B 2 4 18] 13.2 [ HeapObject 25 AN VM Heap 43 FC Hh o 4o 5k J2& Ui,
HeapObject KGR GC ARG, PRI, FRATT B0 2 T b 5 B 52471 HeapObject e
TAM GC X4, Wt ZIHIny, LA Dhieas B o K

HeapObject LM (XI5 ) WhiB A7 A 16 1) Map LA (map XI5 ) 48ET . AT HAR K
“map HiHE" o XA Map KA TTE BIX R AYRE R, 01008 B S B9 RN BB 2R 55 . Map
XA FRIET SelfVM,

src/objects.h
1142 | class HeapObject: public Object {
1143 | public:
1144 | // FlMap BiRIEY
1146 inline Map* map();

1147 inline void set_map(Map* value);
1300 | };

2689 | class Map: public HeapObject {
2690 | public:

2691 | /7 B (X)) BN

2692 inline int instance_size();

2693 inline void set_instance_size(int value);

2703 | // S (%) 2

2704 inline InstanceType instance_type();
2705 inline void set_instance_type(InstanceType value);
2913 | };

UEAh, WHIESE 4 FATE 8 T (BT CPU) XIFFHY, PRI X R AR EHE 4 BORTEL,

TE 4k 7K T HeapObject() Z5 WY 2K ., i ¥ A HE i H new Ml delete 5§ iz 5 4%,
Heap: :Allocate () BRAUH TAEMSLH], R TXAREIRNMSAEZFUN] . Wgieul, 7ExXE
AT C++ RS pREL, TR A B 592 FCas R A= s o1

N AEAEBTIR? IR N Crt BRI PRECHEA RS2 A HIHEMICNAFRY o P T2
M VM Heap Z}CAVEN GCRRAGXSE, A2 H] VM Heap 1973 &
BRIBOR AR S 1]

Heap: :Allocate()
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13.3.4 Eth4FTkaY3E
AllStatic ZBE—PFRAMZE, BER “HIFAHSEEMIET, EHK T a11static KM
K LT AR i R IR g . A (static) 5T PRBCES Y AEHE 4 5 70 e A PR A 45 3]
— A A, FE4EK a11Static 25, AL, 487K T Allstatic ZEAUZRANHEA: LM,

13.3.5 VM Heap

TRV —TF V8 i VM Heap MIZ5HAIE . E 5B ZHT7E 13.3.3 51l 1Y HeapObject
2 (WT28) BYSL 7 iE 4y VM Heap o
VM Heap PN Y PIAFZS [8] B LT P43 2H 1

o FARE R

< EFREN

HHh, B EE T T GC E I BE R PIER N AE S 18], B “From 23] Al
“To Z5[8]” o BEAFBCENXAS “From %5 [H]” BAYXT G 22 GC S HIHERIXT 4 .

AR ENEIRE e, XRERAEH AL T, 15k 13.4 s,

#1834 ZERAPANE=E

NEZE 4y B2 21 =S (8] B B9 3T R A9 Rk
LARAAR ET A ] Al eS| AR A A T ) 5
B 2 1] ANEBIRE T R SRR X 4
BLAH RS 25 1] FHITT A B HLA RS
Map %5 [d] PO RIS
Cell 73 [H] B, JriL5E (JavaScript P Y Array 255%)
KNS G55 1) KFET SKF IR (M 0S HAEA )

& 134 PO AN RIERA & A AR RAT, BRI PR

src/globals.h

256 | enum AllocationSpace {

257 | NEW_SPACE, /7 AT Ge SISk R N A72S TB) G A= AR s 1a])
258 | OLD_POINTER_SPACE, /7 BERIGE S )
259 | OLD_DATA_SPACE, /7 BAEREAEZS )
260 | CODE_SPACE, /7 BLEARASZS ]
261| MAP_SPACE, // Map 25[f]

262| CELL_SPACE, // CellZsi]

263 | LO_SPACE, /7 KA G250
264

265| FIRST_SPACE = NEW_SPACE,

266 | LAST_SPACE = LO_SPACE

267 | };
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VM Heap HZ5FHNIE 13.3 Fizs .

BeAh, AN

VM Heap
B EAES ) BN )
T GC Z AR AAr = 1] T
From %5 [i]
To 25 ] BRI 2 ]
BRI AT

Cell 75 [H]

Map %5 []
REIR 423 1]

E13.3 V8K VM Heap &4

src/heap.cc

55
56
57
58
59
60
61

NewSpace 25 fll 01dSpace 25 1t 57 45 HiL [ s U AC A PN 1 PN A7 25 1],

NewSpace Heap::new_space_; //
0ldSpace* Heap::old_pointer_space_ = NULL; //
0ldSpace* Heap::o0ld_data_space_ = NULL; //
OldSpace* Heap::code_space_ = NULL; //
MapSpace* Heap::map_space_ = NULL; //
CellSpacex Heap::cell_space_ = NULL; //
LargeObjectSpace* Heap::lo_space_ = NULL; //

13.4 T~ o
13.4 i B SN ZE B BEZE an T T o

Space WEE, ABRNAGEREGRE
PagedSpace WAHASKFVF W EAT &
NewSpace

LargeObjectSpace

FixedSpace R BB 2 KAt F
OldSpace P TN

MapSpace JA T Map = 9]

CellSpace B T Cell = )

(BB S8 E XA T Heap 2

AR

T e S MSTE M N Ara
BAERIRERZS )
AR = )
HLAS A 2S (1]
Map %5 [H]

%% 1]

RIUX 523 1]

<[] Chr A= Az 1))

AT 4R S FR AN &

FAH K AR 6 7 A~ 1 A= 18 ( From & 8] #= To = 4] )
% mutator & PiEE, AEMOSERN A
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Malloced

T

Space

yaY
[ [ |

PagedSpace NewSpace LargeObjectSpace

Ay
[ |

FixedSpace OldSpace

yaY
[ |

MapSpace CellSpace

E13.4 BNHNEZTEEPHEAXR
AT iR H o 2 R FE £ 25 8] (01dSpace 28) #EATUEH .

13.3.6 ZBZBFIEHZTEANEE
AR G425 1) (01dSpace) FLAEA L 8K 45 55 19 24 BT (Page 2RI SLM)) 45 H 17
2], X P AR i) B 22 I 43 P B T e 5% 4 (U622 ). 01dSpace M4 T 48 61 5%
PRI T AN . s R, DU AR AR5 25 Il Ay S2 k.

src/spaces.h
750 | class PagedSpace : public Space {

868 | protected:

/% KU */
876 Pagex first_page_;

/* LERR UL */
880 Page* last_page_;

0ldSpace BN PagedSpace Frpo g T R AR i first_page_ R AR BT 1ast
page_o DA first_page_ AT DT R R DU HhE , A A o last_page_ A
T B A5 FE T A Mk

EAEAAR BT (B A T A SC R AR 13.5 Fizs .
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Page

OldSpace |
| sk

first page —
last page

PAAE2E ] SR

%
4
=
1

E13.5 EERIBHEENTEmER

PR D N 2 22 SRS I TR A ST A R AT TE AR Y header, BT RAAT FHAY 5T
TR /NE/IN T 8K 1Y

LA, SR AR MRS G B ik e B A7 AT S AN X R A UL, B T B DA 8K T X 5F
B AN 26 F o TR R IRIRATE LAF 10.6.20 T RGN T, PR B AN 7

Sz
13.3.7  XMIROIBCH
Heap S SZIL T X L 1 0 BL AR o Heap /B4R 7K T AllStatic ZEMUIE. WAL ZEL, ANRE
A Heap S
src/heap.h
227 | class Heap : public AllStatic {

281
282
283
284
285
286
287

906
907
908
909
910

/* B|VM Heap N4 A3 I VIR & +/

static
static
static
static
static
static

static

NewSpace* new_space() { return &new_space_; }

0ldSpace* old_pointer_space() { return old_pointer_space_; }
0ldSpace* old_data_space() { return old_data_space_; }
0ldSpace* code_space() { return code_space_; }

MapSpace* map_space() { return map_space_; }

CellSpace* cell_space() { return cell_space_; }

LargeObjectSpace* lo_space() { return lo_space_; }

/* UM Heap NI NPIAFEZS ] +/

static
static
static
static

static

NewSpace new_space_;
OldSpace* old_pointer_space_;
OldSpace* old_data_space_;
0OldSpace* code_space_;

MapSpace* map_space_;
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911 static CellSpace* cell_space_;
912 static LargeObjectSpace* lo_space_;

1111 | };

Heap X5 ML VM Heap IO NAEZS (], 43 BC A5 000K X 52 43 Tic 21 3 26 P A7-25 (8] T 1)
-1
I3 XS G B RN T I o

src/heap.cc

1975 | Object* Heap::Allocate(Map* map, AllocationSpace space) {

1978 Object* result = AllocateRaw(map->instance_size(),

1979 space,

1980 TargetSpaceld(map->instance_type()));
1981 if (result->IsFailure()) return result;

1982 HeapObject::cast(result)->set_map (map) ;
1983 return result;
1984 | }

B 1A map ARUE B o EX BN M AR R L I 45 2 28 space, LN
1 enum & X Y NEW_SPACE X FEHIME (B % 13.3.5 1), Allocate() M 1L space 15 E WM 1T
23 [A] AP RT 42 o

55 1978 4794 I 02 PRAR Al1locateRaw () JE 73 BC I SEAA . PRIER A N IW Raw A “A N
T, A" WEE. AlllocateRaw () HAETE E M) space W41 Space XM AT HLAy, M4
AN AFAS [B) 430 i ARG T i A7 8] RN TR A7 25 1] ),

ME R BEXT R A% G v eS| B A AR RS, 25 1980 1711 Ak b1 PR %X TargetSpaceId()
23R [7] OLD_POINTER_SPACE, 75 JIJ%fi& [F] OLD_DATA_SPACE. i iz iX ™3k [FI{E A K 73X A4~ [1]
S BRI 2 AT A 25 [

%5 1981 171 T3 7E AlllocateRaw() KT iR [l resulto S Fm Y 45 15 Ab B2 B Al B pRER
Alllocate () MY mutator 75T HY

55 1982 15 T 5T 48 43 LA X 4 1 ﬁ%ﬁﬂﬁiLﬁo

e Ja — AR E AR X 4R B 45 mutator .

NE iE gt oc 285 ( ve i)

EE Rubinius —#¢, V8 W MHEM N GC N T —F K. N HA—TILNEARERMERN
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» HandleScope
o ITARE
o BRI R PR

13.4.1 HandleScope

V8 AREEE T BB A B (AR SR BT GC, BT E 5 T IER MR (FILAE T 48 Xt
SRR BT GCo FEAE BGX N IEBRUARAY, HandleScope #EIR KA T .

HandleScope 1 57 4 BEHR LE 48 [a] A< Hb (C++ 1) 8 AR H X 2 1946 £ . HandleScope A
Handler V55, H AR 8 M RTEE .

4 V8 L [0 X IR BT AE A AR I, —E 2 X e 45 B AF A HandleScope P
handler 1., DU, 45 ] 98 IR o 606 09 e A5 98 4181 23 R AE 7E HandleScope B, GC ¥ tt
HandleScope P H8EHAE AR — 53 -

KT, REEHEFR T RE AR B 28, T2 92Pr i/l 1 HandleScope
1 VM IR

src/objects.cc
196 | Object* Object::GetPropertyWithDefinedGetter(Object* receiver,
197 JSFunction* getter) {
198 HandleScope scope;
199 Handle<JSFunction> fun(JSFunction::cast(getter));
200 Handle<Object> self (receiver);

207 bool has_pending_exception;
208 Handle<Object> result =

209 Execution::Call(fun, self, 0, NULL, &has_pending_exception);
211 if (has_pending_exception) return Failure::Exception();

212 return *result;

213 | }

A 5% PR AN GetPropertyWithDefinedGetter () M BT MEE 1 NS EUMXT R LR JE M., A
IR B AR R B EAR B B NEE, T2 HandleScope BT

TE5 198 17 3 X HandleScope 25 19 JR) il 28 & (scope )o 2R G 7E5S 199 17 FIEE 200 472 XL
Handle ZE1 R 72 it (fun 1 self ). fRIXHFE, TEMEHHE MIXSRAYFEETIS, Sy TAIEX Rkl
Wedst, T2 LA B 9 2404 0 Hand1e 280 TT HLZEAR BUIX A Handle ZEAYMEE, F5ZHE4E 1]
X5 B85 47 1E HandleScope P4 .

GetPropertyWithDefinedGetter () PIAYIEAMIF HandleScope AR ANIE] 13.6 R .
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& 13.6 AT, 7F bool X FE B AETE £ FIdR £ RIAE I FHmwirh, HA 85 RER T
HandleScope N[ HandlerList 1. SEHR GC ZHIX S HandleScope 4 IEAA AR IAH FHIY o

I

L Handle result

bool has pending_exception

- Handle self

- Handle fun
HandleScope scope VM Heap
= NS
= NS
= NS
HanEList

E13.6 i MAmiFA HandleScope

X B A HEKREEENIE, HandleScope S & AR WA 1. WAL UL, 25T R L
B S8R FH MRS, HandleScope 43 — 945 8o PR MR 5300 75 A0 BRR )7 () SE 8 AN S L 2
HandleScope 123 H 88 55 5% .

13.4.2 HandleScope B XBCEE

IR 45 XY HandleScope e 1 Z KL HIAY handler Wg?
T, C++ A A RECH B sRECX PR, R A pRERETR T B pREL

(1) 145 A pREGE X HandleScope (2) % A PREICFN B PREHERE L HandleScope
- HandleScope - HandleScope
T ABRHUA ) handler T HandleScope
[t | [~k |

13.7 HandleScope BJ3EEl

R R A BREUE LT HandleScope, 1M A 45 B PREE X HandleScope B3, FATE B
RN CL 28 handle FARLESE 0] X R TEE LB A A BN HY HandleScope (18] 13.7(1)),

391
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XFERITEOLAE V8 rPARE WL 2 B eR AR XS Gl 8 /b i), 2% JE 2 /E i HandleScope
JIrE BHHAE, SAG B REE X HandleScope T o

TR, BBTE 24 A BRECH B s & %E 3L T HandleScope, BLIS B eRELAE RO FE £
PRAFAE B BRELAN B HandleScope B (& 13.7(2) )s

5k 2 U, HandleScope B A 24y [l 2 “M & XX 4 HandleScope Ja #l e R —1

HandleScope ZHI7, AT IV MY — HandleScope )5 24 B X HandleScope ZHi”,

XA R T R E T AEI scope FFHKS 17,

TERATREH— TR, BOZFRATZ A BREGE LT HandleScope, %A 45 B BREUE
X HandleScope, TEXFMENLT, WIER B RECNA KX ZPAEN, IBARME B eREL 1R
259, A PREUN Y HandleScope BARSR 23R B EAEFHAGFEEF. T2 B BREUAE X SL7E A
PRSI Z AT WO NG BT R o e, ARG S Gl B S iAe i i 42 (K1 13.8),

HandleScope HandleScope

B p

BERHCA (1) handler Bf | | O B RN 1) handler
FHH ABECANY handlerBE| | T > A BREUM handler B

E13.8 BER#HMAYhandler 5% B HIRHI

KA AT e & AR X A ), I AR K T EE B AT L HandleScope MIARGERIA) .
13.4.3 HandleScope B91J]i%

handler & FH 1) HandleScope MR IE R 2%, Pk sLhnE— 1 HandleScope M,

src/handles.h

108 | class HandleScope {

143 static v8::ImplementationUtilities::HandleScopeData current_;
144 const v8::ImplementationUtilities::HandleScopeData previous_;
177 | };

TEF 13T EXLT HandleScope 1 current_ Z57E i, v8: :ImplementationUtilities::
HandleScopeData & H /7 HandlerList Bf5 B W K KIF R, current_ =XKL, Wile
Ui, AN M HandleScope FEHIME LI &, current_ ABFEEMFIMIME . ILAPKFWIHEE,
current_ FHA MU ZAREE, M SLHIAL
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SRJGH current 2875 #4576 1) HandlerList {5 8 8 B & X handler, 55— 51, %6
144 1778 LI AL 5L 2 £ previous_ HFA Hii—1> HandleScope [ HandlerList {5 B -

—HIER BN E LT HandleScope KR, HandleScope Kyt B2 A gl
W BAER current_ RN EAEA (S 2) S5 N 1Y L 512 B previous_ Y, JFEHIIR1L

current_o

src/handles.h

110 HandleScope() : previous_(current_) {
111 current_.extensions = 0;
112 ¥

ALULES 110 AR AR £ previous_ PAFAEdE. 535b, 2 111 AT STHILR L current o
W 5 HandleScope FEHY Jm AR B T E LR Z S, JR B HandleScope FEH BT AL BRI %R
(destructor)o TENTHIBRECN, BAEA previous_ B9 Z BT RY HandleScope [ HandlerList 15 B[]

EgEUcurrent_o

src/handles.h

114 “HandleScope() {

115 Leave (&previous_) ;

116 }

155 static void Leave(

156 const v8::ImplementationUtilities::HandleScopeData* previous) {
160 current_ = *previous;

164 }

TESE 1S AT BT A R A T Leave O, TES 160 1THAE NS5 previous N IE IS
#| current_o
AR AR R T H9 3 R BRI G RIS, RV 5 A 3R e 1) S B A 2248 D 4
HandleScope HY[RJ#ET, R R Hb 475530
13.4.4  FTHRE

T ORE IR 2515 5T FTHR 46

V8 MFRZAT I JLFH
#135 HRE—%
e # Lo %
Smi 0l 147)
Failure 11K 210%)

HeapObject 01 (fik217)
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135 A — SRR ATE R, OS2 smi (PR S) PR%4E R oo W2 ud, 1 11(Z
HHIECT) XA C++ LAY int BVEHR AL smi I35, WAL T 110 (3T ),

HATA smi PIFRZE o We? FEL b, MOXFIRZ A E 7k BT LIE ) V8 s AL .

B, PR o BEUIIEBUEZA RS 1 AL RE S A smi o AR UL, AT LA v b S R £
HAS N smi MUHRAE

AN, smi Z 8]0V iz 5 09 Bt 4E H Pt. Rubinius A Fixnum X~ R AT S, DU
Fixnum A, PFCAARZSE 1, FrDATFRE AR LBRIRZE TS, TR RMSEE. »—Jm,
PR V8 (1) smi MIARZE R 0, FIFAFESRAT smi 22 1] B D832 30 i 3l V3 00 B4 T8 DS BRAR 28 . 31X
FE— SR AESC L smi =22 ] 1 s A

SRIMFHARET 4135, KREFEE 13.5 W HeapObject MRS, FRZIE 01, WHtIEIN,
V8 STEFE XTI R & LT LR,

PN V8 B GC J&5& T IEBA AR M HRAT Y, Ir DAJSUA 2 T b BEAEFS [0 X G B F8 5 4T 5
SE . AHJER R smi AURRZE (K 1 62) A 0, FTLL smi FOMIE 2 1743 B 228 1 000 216, i1
FHLA O] REKG L ER AR X R IR, A B R M X R R AT AT EARZ .

EFR M RFRET AT EARZ, XA TE U R G N B S A R B AR A . K ERAR
S ERAE AT B R B AR H R, (H AR SE TR RS, V8 BT smi Z AT

BEAE, IR AN FTRRZE 7 B U T Self (19 VM. A 248K Y3243 2 % M 5618 3 12 Fi
WAV,

13.4.5 IE=HIXTRAALE,

PP RZUEWIAR P G AR, Ry T SEBE V8 AHERG GC MR R YR
X H PR REEHJE “UE/K T HeapObject ZEIZERY S

TE V8 W, T SE AR G N BB AT RO OL B, FRATEE A ARG G N B A A e
BRI WEUREDL, I Crr AR E SCBIATE, THRPLE A Sh#F A 1% 1%, {HAE V8
P A CRGIE 1o KT —51, BATEPORB BRI, AR /F B R B —2t,

src/objects-inl.h
1084‘ ACCESSORS (JSObject, properties, FixedArray, kPropertiesOffset)
XHRST45 JS0bject FEAE XL T properties BRAYVIIN S .
SR SN B o

D Self B M. http://www.selflanguage.org.
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Sy ) 5 e

AR EA

) BB E R ) B AL A

4. kXPropertiesOffset —— 3| X % N 93X ASMA (AL E )

1. JSObject

2. properties

3. FixedArray

TR AR — T % AcCESSORS () ME .

src/objects-inl.h

75 | #define ACCESSORS(holder, name, type, offset) \
76 type* holder::name() { return type::cast(READ_FIELD(this, offset)); } \
77 void holder: :set_##name(type* value, WriteBarrierMode mode) { \
78 WRITE_FIELD(this, offset, value); \
79 CONDITIONAL_WRITE_BARRIER(this, offset, mode); \
80 }

674 | #define FIELD_ADDR(p, offset) \

675 (reinterpret_cast<bytex>(p) + offset - kHeapObjectTag)
676
677 | #define READ_FIELD(p, offset) \

678 (*reinterpret_cast<Object**>(FIELD_ADDR(p, offset)))
679
680 | #define WRITE_FIELD(p, offset, value) \

681 (¥reinterpret_cast<Object**>(FIELD_ADDR(p, offset)) = value)

4% ACCESSORS () F—3 o JTT, 13840 F AL,

JSObject: :properties() {
return FixedArray::cast(
*reinterpret_cast<Object*x>(FIELD_ADDR(this, kPropertiesOffset))
);

JSObject::set_properties(FixedArray* value, WriteBarrierMode mode) {
*reinterpret_cast<Object**>(FIELD_ADDR(this, kPropertiesOffset)) = value;
CONDITIONAL_WRITE_BARRIER(this, kPropertiesOffset, mode);

#define FIELD_ADDR(p, offset) \
(reinterpret_cast<byte*>(p) + offset - kHeapObjectTag)

TR % FIELD_ADDR()
“% p(this) fnE offset (kPropertiesOffset ), TS kHeapObjectTago
FEIRA VI 2% (properties () Hll set_properties()) W#I# FZ: FIELD_ADDR() A7 AFIHL
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M. Rk, XFR NI AL E SR T2 ACCESSORS () IS HIIRE MM FS L &

/I\%EF'%B%S(TT% kPropertiesOffset ﬁ#ﬂ’]ﬁﬁﬂ%o

src/objects.h

1307

1673
1674
1675

class JSObject: public HeapObject {

static const int kPropertiesOffset = HeapObject::kHeaderSize;

static const int kElementsOffset = kPropertiesOffset + kPointerSize;

static const int kHeaderSize = kElementsOffset + kPointerSize;

% 1673 17 [ HeapObject : :kHeaderSize s& /I HeapObject /& S Y f8 1Y & K /),

A JSObject gh T HeapObject, A I = T S I, & o) ) S E
(kPropertiesOffset ) SRAE HeapObject KNI E L2 )5 (Heap[]bject: :
JiAk, XTEYRIR Jsobject RIS &, [FIAEZEHLES 1675 17/ JSObject : :kHeaderSize W E

B IT IR IR E

 13.9 24 JSObject ZE PN AR

JSObject

HeapObject::kHeaderSize

kPropertiesOffset
properties

kElementsOffset

elements

JSObject::kHeaderSize

B 13.9 JSObject Z R E L B

13.4.6 SEBEXRAYIGIEEE

kHeaderSize)o

[% ACCESSORS () ZAb, A Hfhie IV i % . REAREE R RIAATR, X

Al 4 R LA R
e INT_ACCESSORS() —— A T int &
e SMI_ACCESSORS() — J T sSmi £

VI 1% 5 %% AcCESSORS O I— RAIEIZE T, i 720 LI setter WA 5 ABERE

src/objects-inl.h

70
71
72

75
76

#define INT_ACCESSORS(holder, name, offset)

\

int holder::name() { return READ_INT_FIELD(this, offset); } \
void holder::set_##name(int value) { WRITE_INT_FIELD(this, offset, value); }

#define ACCESSORS(holder, name, type, offset)

\

type*x holder::name() { return type::cast(READ_FIELD(this, offset)); } \

i

U
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77 void holder: :set_##name(type* value, WriteBarrierMode mode) { \

78 WRITE_FIELD(this, offset, value); \
79 CONDITIONAL_WRITE_BARRIER(this, offset, mode); \
80|}

FE%% ACCESSORS () W, %f 79 171 CONDITIONAL_WRITE_BARRIER() J&5 A Bt R )43 o

J3—J7TH, M INT_ACCESSORS() MY CEE, TR AST AFRR . X2&H HIEM int
RUFI T G AR ) “HEFR A B RA T EE AR

M KR sMI_ACCESSORS () A& H T smi 28 (IR XT 4 WD Ial 4%, T Al A 1 B R 28 Fl 25 B
PRSI ERAE

src/objects-inl.h

84 | #define SMI_ACCESSORS(holder, name, offset) \
85 int holder::name() { \
86 Object* value = READ_FIELD(this, offset); \
87 return Smi::cast(value)->value(); \
88 } \
89 void holder: :set_##name(int value) { \
90 WRITE_FIELD(this, offset, Smi::FromInt(value)); \
91 }

5 87 171 value () J&BRARE IR P IEHIAE A R O3 RAL . SOad K5 90 1719 FromInt () J&
REFT L AR Y A B PR

13.4.7 R EFERT GC

M2, TR RN IO E ATV AHRAT 252 0e? F L, WX HFIR, 1
PATARICHRAE I SEAT DL R X R N5 T .

12 V8 R A A7 B, FEHE M RN T R ST S IC B A R — T . mART
AT AR XA GG, (SRR L RS R AR N A T 2R IC B AR BT

MR EPREF TR R AR LR

src/objects.cc

1230 | void JSObject::JSObjectIterateBody(int object_size, ObjectVisitor* v) {
1231 | // SEXRANIFREN L 4 visitor

1232 IteratePointers(v, kPropertiesOffset, object_size);
1233 |

src/objects-inl.h

1022‘ void HeapObject::IteratePointers(ObjectVisitor* v, int start, int end) {
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1023 v->VisitPointers(reinterpret_cast<Object**>(FIELD_ADDR(this, start)),
1024 reinterpret_cast<Object**>(FIELD_ADDR(this, end)));
1025 | }

JSObjectIterateBody () e 440 JSObject 2 ST N R B RE R T Sk A R B AS 4R
visitor (ObjectVisitor ZEMSLMHI) HE LAY AL D1 PR VisitPointers() o

PATPRICEAER R, T EtgloR 1 ObJectV151tor R “HFPRIC T EAY visitor K7
1) S B A 328 25 JSObjectIterateBody () B vo XAZEHY A5 PR VisitPointers () L T3 b5
ICHT AL 18 B4R SRR [0 RO X 2R

S PR )0 G i BHTE N A PR 2e S Y, B LAREIGE R TR R

(1) S5 A RO 2 Q) $EEHHIR SRS
bOE3 PIED
i jﬂa il ;Iﬁ?ﬁ
int FRic set "
e <
long D ric int
Eitan long
bool BT bool FERELF T

E13.10 I5EtRIE AL EFfRIC

BEEN octric - EREEE

V8 HAZEL T R JLRP GC Bk,

« GC A H H %
o GC it —Frh ik
« GCE% H %

AERBATR XS “ LR PR GC ARC - IRgRRE AT UM# .

1351 GCHix

V8 1) GC bricd - 4T R A RESE 5 T IR R Lisp2 50k, KFRIEM NG A W
5.1 79,
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13.5.2 BEh GCHIATHL

SEA EYE, RN R4S BB GC TR B PIAEZS TR, WS AN S I T RS, Bk
283 GC.,

AR GC(GC B HI) HBHHLAN T iR,

o #7ARS ] 4 From & 8] XA 43 6 BF A%
AR GC (GC bRl - WL I GC FRid — IR4a5E) BR shB LI R Frs o

o AR E R I AT A A o e a B E
o« ZHERTR PO T — 2B LGE (BHFHAERGCEKRS)
o ZER RN IR A AR T ) K8 53 9 BHE CR AR AR ESAT 3T A K GC B 89-591)

TEZAER GC R Bt FErh, 3 3h GCARIC - R4 BRI HLIN T TR
o ZFR DR H IR BE — KT AAE

IR XS B AR AS (R PAT 70 BE SRR A E I T3 e A 4
13.5.3 GCHE

THEE—T GChRic — F4i 55 1 sR A ARSI o

src/heap.cc

505 | void Heap::MarkCompact (GCTracer* tracer) {
506 gc_state_ = MARK_COMPACT;

507 mc_count_++;
508 tracer->set_full_gc_count(mc_count_);
510

/% GCTIALH */

511 MarkCompactCollector: :Prepare(tracer);
512
513 bool is_compacting = MarkCompactCollector::IsCompacting();
514
515 MarkCompactPrologue (is_compacting);
516
/% GCHIR */

517 MarkCompactCollector: :CollectGarbage();
518
/% GCJTAbHE */

519 MarkCompactEpilogue (is_compacting);
520
523 gc_state_ = NOT_IN_GC;
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524
525 Shrink() ;
529 |

55511 AT 25 51547 /9 GC A A BE R E AT RO R A R E SRAT GC Frid - 47 3k
I GCFRic - i BRI ik, B A2 WA IR AL U T GC 45 59 513 47 HY B B3 pR 2K
IsCompacting ) TEffIH GC FRic - ISkt N H
% T >k 1 MarkCompactCollector ZEMY M U1 PR CollectGarbage () SLFRHiAT GC.
15 GC B A Fh FEAT A4 . B GG ﬁ‘ﬁ”’“ﬁv*ﬁﬁ%@ﬁﬁﬁ%
BEA, BRI BRECT A B, A3t GC T VM Heap R4EHTE /Y, ZANUWOE 8

_
GC #xic — imbRHEIZEH GC iFic - E4R R iZRYSCH 2
£ V8 RIRUIBE R FFE MarkSweep EXFIHRFAAI . GC #7iC - iSFREILARE MarkCompact
REIMAY,
GC txic - iBREIEH GC fRic - EEEELMBRESBMUIED, PTLIEEREEIERXKX
FEBR—NERBEEMNAIOE, EREALZZRTR, XMEREABRILATOMIS .
sk, IRAABAIN D BIIEEL A E . 07 object.h XA XHHESHMIET object KAIF
MRAIEN . [ERIXEE, RABIEZSBARR, BITEERRAEER T EL8SER AR,
WEERN, V8 HIFNIZEFEN— TS ENEMESNXMEER LATRE.
ENELFERZIFE ‘K7 &EH Google BRI EHIKIR . RIEXMith T 2
EREFAS (R NREZ —. IRBNRCEFIRIEXRE, BARTSIREIXMERB.

L 13.6 RIS

V8 bR IC B BeAr 5 HAd Ab PR e BAT B BRI, EIX — 15 R 3R ATDR 2 H A 41X L8
T NE

13.6.1 R ERAVERE
SEFRPAT GC SR LL T B 51 PR

src/mark-compact.cc

65 | void MarkCompactCollector::CollectGarbage() {

72 if (IsCompacting()) tracer_->set_is_compacting();
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73
74 MarkLiveObjects();
75
/* BN JRAEHT B */
100 | }

PRICERAESRAESS 74 1709 B 01 PRER MarkLiveObjects () PHFITHY.
T MarkLiveObjects ) AT IHRAEAT LR WIS,

o & RRATITAR
o AR

X AP AR I B SE AT A e ?

13.6.2 SREARICH:

V8 KL Sk PATARIC . B, FEFRICX 20, Hoetric X A4, %R
JERRICERSR—TXER, BARICE SR INT A,

FE SRR BEAR SE bR IC BB RS, 3 U8 R BORAR I 1Y . SR, 7E88 I P TR iC A
A — AN, SR PR R B BN P AR B G 2 R R IR I, A B 25 i
A R

P, V8 s AAT AU FARIC AR (Brickk), A MR Z A ThRicieE

Fric Rl &R A AR A (R From 25 [8] . ZERATEARAR GC(GC ARid - R4 5% ) Z 01,

FEEPATHAE GC(GC Bl Z ). XFE—d, HATHMEE 6C ZHIBIEMIET From %8
[R5 Wi, KIE From ZSRIERZS 25 T, BE T M3 & FVERR ICARIE

Az AR IEAR AR L R TR

src/mark-compact.cc
734 | void MarkCompactCollector::MarkLiveObjects() {

741 marking_stack.Initialize(Heap: :new_space()->FromSpaceLow(),

742 Heap: :new_space () ->FromSpaceHigh()) ;

51 PRES FromSpaceLow() 1 3T 0] From 75 [A] A FF Sk itk , Al 51 PREK FromSpaceHigh O W5
ZAAS, TR ELEE R k.

src/heap.h
1335 | class MarkingStack {
1336 | public:
1337 void Initialize(Address low, Address high) {

401
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1338 top_ = low_ = reinterpret_cast<HeapObject**>(low) ;
1339 high_ = reinterpret_cast<HeapObject**>(high) ;

1341 }

1370

1371 | private:

1372 HeapObject** low_;
1373 HeapObject** top_;
1374 HeapObject** high_j;

FEIX HLH ] MarkingStack 2SO PREL Initialize O SEWIIH IR ICHR
Ak, MarkingStack ZEHLIAE T HRHATARERVE R AL 51 PREL Push O Al Pop O o KT PR
BN R A R B 25 T

src/heap.h
1354 void Push(HeapObject* object) {
1360 *(top_++) = object;
1362 ¥
1364 HeapObject* Pop() {
1366 HeapObject* object = *(--top_);
1368 return object;
1369 ¥

Kl 13.11 2B 51 PRER Push () il Pop () MYIEE/R AL

object
FRiCA% (From 23] ) Push() *
Lty = e L
low_ top_ high_ top_
object

low_ top_ high top_

E13.11  #Rig#H Push() 1 Pop()
KTHRCRI L, BATSTEZIGM 13.6.6 15 N RFE U] .
13.6.3 #FRICIR
BAERKMEAN G —T V8 PR
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« JavaScript P9 N B £ (Map ). Fdk. 5

» HandleScope

V8F W AREE

ATUE Y, X IR Z AT 5 5 A R BA— 3
T HRF — T AR R

src/mark-compact.cc

734 | void MarkCompactCollector::MarkLiveObjects() {
/% EIRARICER +/

746 RootMarkingVisitor root_visitor;

747 MarkRoots (&root_visitor);

783 | }
TSl R PR MarkLiveObjects O P TARICHEE. 5 746 1741 RootMarkingVisitor Z5 1)
SEBEFFARICHRY visitor, 25 747 17HYA 01 PREL MarkRoots () AEHATHR AR ICERAERYSEIA
KT XA RE G5, RATHAEZIEM 13.6.7 W5 R .

src/mark-compact.cc

595 | void MarkCompactCollector::MarkRoots(RootMarkingVisitor* visitor) {
598 Heap::IterateStrongRoots(visitor);
599

601 MarkSymbolTable () ;

/% AW BRICHR T H TR +/

608 |

FEE 598 17 BB U3 PREX Heap: : TterateStrongRoots () P FHRICHRHY visitor,

src/heap.cc

3080 | void Heap::IterateStrongRoots(ObjectVisitor* v) {

/* FRic JavasScript WM E S (Map ). BREL. FF55 */
3081 v->VisitPointers(&roots_[0], &roots_[kStrongRootListLengthl);

/% HABFRCHRIHRAE +/

3117 | }

403
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PRI THEXTER 3081 ATRUSRICAR MBI TIE . roots_ PATANEZEIE R (C++ Y
Map K. RIS SE, A, kStrongRootListLength IR roots_ RKEMET,

13.6.4 FRICIR
FTARICARAY visitor ZEZRE TN AOTE SIS , bSPTIR BEE e bR 4

src/mark-compact.cc

333 | class RootMarkingVisitor : public ObjectVisitor {

339 void VisitPointers(Object** start, Object** end) {
340 for (Object** p = start; p < end; p++) MarkObjectByPointer(p);
341 ¥

367 | };

e F R HU ZAE S 339 47 /2 LAY B 51 PR BK visitPointers ) PN X AR A A9 45 £ R
MarkObjectByPointer () BT,

src/mark-compact.cc

346 MarkingVisitor stack_visitor_;

348 void MarkObjectByPointer(Object** p) {
/% KA IR X R AR EE +/

349 if (!(xp)->IsHeapObject()) return;
350
/* ¥ F] HeapObject JEMFEEN */

352 HeapObject* object = ShortCircuitConsString(p);

/% KA RS A ARPRICIX G +/
353 if (object->IsMarked()) return;

/% FRIEX4 */
355 Map* map = object->map();
357 MarkCompactCollector: :SetMark(object) ;

/% FRIETRXER *+/

359 MarkCompactCollector: :MarkObject (map) ;
360 object->IterateBody(map->instance_type(), object->SizeFromMap (map),
361 &stack_visitor_);

/% AW ST ARCERIIRIE AL ehRiT +/

366 ¥
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X MarkObjectByPointer () sEbRICHERAEIIIZ LA ST o

S p AP RERFRICKT GIE R Z AR X 4, B smi, BT RATESS 349 f1Hidr p &N
IR RTEEN, R4 353 FTi AR 2 M RARCIRES

St —F/RAIT, FE5 357 AT PUATXT L AR ICHERAE

SRIG 15 360 179 D PR A TterateBody O ARICXTZ NI T X4 .

13.6.5

RS FIIR

0

DU R IZEATE], RS ST RO E AR, I LA I 5 254 X0 SR A4 S AH L B 5% bR
$ TterateBody ) SKHMATF XL HUARICHERAE

src/mark-compact.cc

1098
1099

1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129

1130

1156
1167

void HeapObject::IterateBody(InstanceType type, int object_size,

ObjectVisitorx v) {

switch (type) {

case

FIXED_ARRAY_TYPE:

reinterpret_cast<FixedArray*>(this)->FixedArrayIterateBody(v);
break;

case

case

case

case

case

case

case

case

case

JS_OBJECT_TYPE:
JS_CONTEXT_EXTENSION_OBJECT_TYPE:
JS_VALUE_TYPE:

JS_ARRAY_TYPE:

JS_REGEXP_TYPE:

JS_FUNCTION_TYPE:
JS_GLOBAL_PROXY_TYPE:
JS_GLOBAL_OBJECT_TYPE:
JS_BUILTINS_OBJECT_TYPE:

reinterpret_cast<JSObject*>(this)->JSO0bjectIterateBody (

object_size, v);

break;

/% % Bltype fi KM case M) */

}

55 1129 1711 JsObjectIterateBody () PRALTE 13.4.7 7Py B, 1R THHEHE M ARl
XIZNFXE I E‘ﬁ“ﬁfﬁn visitoro W, VEASEES I v (visitor) f& MarkingVisitor ESIER/

MarkingVisitor 2% fix 2 ¥ Fr 415 2| M9 48 1 + X 2 09 45 & 1 8 = %, ok W A
MarkCompactCollector ﬁE’JﬁEJ\ 4 MarkUnmarkedObject () o

MXFS A FYJE 7S_0BIECT_TYPE Ff,  pRECIE FH IR WA 2 13.1 B .

405
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RIBFELA31: FRIEFHRNERE

HeapObject::IterateBody () — MR TSR
JSObjectIterateBody::IterateBody () — PP BFR LA visitor
MarkingVisitor::VisitPointers() — PR REL AR I PR AL
MarkCompactCollector::

TR F A TR IC T X 2 A MarkUnmarkedObject O M. PRER N B 2845 FH T Map AO#R
CHEE, At SRATEMUL A TCE, I LA,

src/mark-compact.cc
425 | void MarkCompactCollector::MarkUnmarkedObject (HeapObject* object) {
428 if (object->IsMap()) {

/x BN T Map BIFRICHEANE +/

441 } else {
/% BRI TG */
442 SetMark(object) ;

/% AERRICARBLMERL X4 +/
443 marking_stack.Push(object);
444 ¥

445 | }

XA — AT ERGOE R, AR 443 17 AEARICAR BLHERRS ) 5 X B8 5RO
WHRUL, PRI RETA T RIRC S, B EIbRC .

13.6.6 ERHATHRCEBLREM RO

AR P — N ZHI#F RootMarkingVisitor JEAY K I PR %K MarkObjectByPointer () 144
WA . A s R AR WA E 2 13.6.4 WU T, Fr LU FBGA T .

src/mark-compact.cc

333 | class RootMarkingVisitor : public ObjectVisitor {
346 MarkingVisitor stack_visitor_;
348 void MarkObjectByPointer(Object** p) {

/x AW BRICX G */
/x AW FRCTXR */




365
366

/% R TARCHRIRBELEARIC +/
MarkCompactCollector: :EmptyMarkingStack(&stack_visitor_);
}

367 | };

13.6  Fric BBt

Jii 44 FE S EmptyMarkingStack() e HPA TR ICERAE, ERIAR IO S 1R

src/mark-compact.cc

649

650

651

656
659
660
661
662

663
664
665
666

void MarkCompactCollector::EmptyMarkingStack(MarkingVisitor* visitor) {
/* TERRICAR A ZE 2T — HARHE */
while (!marking_stack.is_empty()) {

/% MARICE R HUT RS */

HeapObject* object = marking_stack.Pop();

/x BUH Map */

MapWord map_word = object->map_word();
map_word.ClearMark();

Map* map = map_word.ToMap();
MarkObject (map) ;

/% FRICFRTER */
object->IterateBody(map->instance_type(), object->SizeFromMap (map),

visitor);

}

b iC AR HAE AT A8 R I 52 R R A 47 DL X ROR BlAR IC B X R R AR B
EmptyMarkingStack() 71 T Lk L4585 MARICAR T — DGR, IRFRIC X R . Xk,
A X E W T X E R B ARic . W21, EmptyMarkingStack() & & HTREAL
Fei 77 AR LR N X R IAT T AR

& 13.12 JE/R T #F EmptyMarkingStack () P2 WAl {d AR ICAR Y
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object
pRE A Por)
| |
L
low top_ high

@ object -> IterateBody()

object [ F X4

Push()
ll ..

t

top_

J

object

A Pop0
e

top_

@ object -> IterateBody()
e S

E13.12 R THrCERBR ERERRD

13.6.7 #trictERYiEEH

HARICXTRIYZ UCAE R AR R TR, FRic Bty il BE%E i) o
P FATTE 1 BEX R iC R AT

src/heap.h
1335 | class MarkingStack {

1343 bool is_full() { return top_ >= high_; }
1347 bool overflowed() { return overflowed_; }
1348

1349 void clear_overflowed() { overflowed_ = false; }

1354 void Push(HeapObject* object) {
1356 if (is_full(Q) {
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/% Ui TR «/

1357 object->SetOverflow();
1358 overflowed_ = true;
1359 } else {

1360 *(top_++) = object;
1361 }

1362 }

1375 bool overflowed_;
1376 | };

F 52 13X HJETE MarkingStack 1Y Push () AR A AR ICHR S A 110, AR FRiCHR & 24
it i, AL Push O X RAYFEEHIBINBISRICH, THRARE 1357 AT fURSARRE 2 X 53T 1 Yk
HbRIC” . WAtEUE, JORIRLEE )5 W% Push O BIPRICARBUIEET. SRS TEZE 1358 1745
overflowed_ WM true, L EFRICHRH BWEA T X —FE.

RMEpRiC e A A ad i i, WIFAERE AR RAMHE. HE popO — T, RickM
WA T =S, BLREFFIR PushO T o

2B RIS B T, X BB fEIRSE AR ik I Push O T BYRXS R SEBRB N EIARICH
MR T B WEEY, BAELET “FXGRBIRC” FPIRES . AR HE 4k St T
BAERYIE, BB PRICEE X R, SEEERBIUSTE SR B AZE AR Atk
Bk “hRICiRTR Y7

ZRIERGAT R “Hi i bic” fEX iR I 1 V8 LA XN PR iC R AR “AR
IO R

src/mark-compact.cc

595 | void MarkCompactCollector: :MarkRoots(RootMarkingVisitor* visitor) {
/x AW FRICHR */

604 while (marking_stack.overflowed()) {

605 RefillMarkingStack();

606 EmptyMarkingStack(visitor->stack_visitor());
607 }

608 | }

FATAE X HLE B T A% 5t PREL MarkRoots () PN & AR i 1 BF A8 I X 773, 33X A A B pRUEICTE
13.6.3 Wt B, 26 604 17 IR G BRET overflowed () RAEFRICAR & A HETIR [F] true.
T HRF — NTESS 605 171H Y RefillMarkingStack () ME.

src/mark-compact.cc
674 | void MarkCompactCollector::RefillMarkingStack() {
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677 SemiSpacelterator new_it(Heap::new_space(), &0OverflowObjectSize);
678 ScanOverflowedObjects (&new_it);

679 if (marking_stack.is_full()) return;
/* WS P VM Heap WIYITA INATZE A Y ERAE */
/% BEARICHR Y overfloved % N false */

706 marking_stack.clear_overflowed();

707 | }

TE45 678 171 ] ScanOverflowedObjects () FREL, —— AN HUIBUT AR R S8 N A7 %S
NS4, A X DR REEGIT BT "G ibsic”. BERXRE 2T BT hbnid, s
H Push O FIFRiCHR.

TE2 679 17 I A bR ic A2 B T Wi M PRiCAmE 1 R, witak nl 23 7, 4k qe
MarkRoots () WIHI4S 606 171 EmptyMarkingStack() o

H2 PR RefillMarkingStack () X VM Heap N4 ARINAFAS AT T3 HHX GG ArfidE
W2, X BT RYHRAEZHE VM Heap WIS G — NIk, SRbRIC AR L PR Ay dai Y 1
FEEXNREAFRIRCAXN G o Gl X IR E U T bRicistle T A,

XAE—ok, —HARICHR A A, St B R Ga U — R 2 1T R VM
Heap, XIWRAEIEFE, At HEATEHZUOBIIRIN R, bRicke A2 % Bk Y,
REFEA WA XTI

13.6.8 XTRAVIREAL

RKEWHALE, HeapObject M LHIH k5 A G A Map F | Hitik (map HuhE) A3k, bR
AL XA map HihE B — 53 o

Map RIYSEHIEXS G, PR 2 (74T TAR%E, FTLA map HihEH 5E /2 o1, FRATHLAI X —
FORREPRIC .

src/object.h
1097 static const int kMarkingBit = 0; // VA
1098 static const int kMarkingMask = (1 << kMarkingBit);
1099 static const int kOverflowBit = 1; // Uith{v
1100 static const int kOverflowMask = (1 << kOverflowBit);

T map Hhk UM 1 A ARG, JEAR 2 A2AE Rk s AniC (60 SR . & F
% AR TR TE 278 13.6.7 Wbl 7. 45 1097 478158 1100 17655 & XH TARic s
FRic RS
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$8161 Map 356
Lifofofi]---[oft]
it
i

13.13  #REALAL i L

SR )5 H HeapObject JE K I BREL SetMark () FATSEBRAUARICHERAE

src/objects-inl.h
897 | void MapWord::SetMark() {
898 value_ &= “kMarkingMask;
899 | }

1038 | void HeapObject::SetMark() {

1040 MapWord first_word = map_word();
1041 first_word.SetMark() ;

1042 set_map_word(first_word);

1043 | }

2 V8 i, WIR map HIHEAUAR 1 702 1, BU2 “ARAric”; W2RZE o, Wi “Chrid”.
Jyix BAYAR ALY HE AL A B, Fr AR R Z Z I .

45 7255 1040 47 H map_word O Uit map Huhik, 7655 1041 1798 F MapWord 25 Y i 51 bR
M SetMark () o TF SetMark() W, 7% 898 17 #. map Hi ik (value_) UMK 1 £ 1% K 0o i i iX
TR, map HEHEEEBEARICSE S 1o ZIGHEHIZE 1042 17 1Y B 5L BRAL set _map_word () £ ¥4
BOE CARICHY map ikl

F—Jr T, B PREL clearMark O WIBEH T 2 BRbric .

src/objects-inl.h
902 | void MapWord::ClearMark() {
903 value_ |= kMarkingMask;
904 |

1046 | void HeapObject::ClearMark() {
1048 MapWord first_word = map_word();
1049 first_word.ClearMark();

1050 set_map_word(first_word) ;

1051 |

HeapObject ZX[1 ClearMark () il SetMark () Wi HA S 1049 F1 &AM M.
5 TE MapWord ZEAY AL It PR ClearMark () MU 903 1TRHIK 1 715 1, THEARIC,
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AT PR TR B BN R E T, 0 G 1 A5 ] 44 B TR 2 R o ALk
X B E 2 B A T — S B B HR A

FATHIBL DA PR %K CollectGarbage ) RAMAT GC, eREUWNZEAT Fis. Ji4h, REUNIR
I BRREC S Z B A T, XA AR T . 4, GCARIC - THERFEIERTE R
BRI T,

src/mark-compact.cc
65 | void MarkCompactCollector::CollectGarbage() {

72 if (IsCompacting()) tracer_->set_is_compacting();
73
/% B PRICHT B (BAE E—1r g i) +/

78 SweepLargeObjectSpace();

80 if (IsCompacting()) {
/% (1) WE forvarding f8EF */

81 EncodeForwardingAddresses();
82
/% (2) WHHRE +/
83 UpdatePointers() ;
84
/% (3) BRI +/
85 RelocateObjects();
86

/% (4) HHHLRE *«/
87 RebuildRSets();

89 } else {
/% AW FRICH BRITE BRI B */

91 }

/x B JEALH «/

100 | }

13X B AR A () () K IR0 G 23 0] (3R 13.4) JRAT 2 3 BRI i A2 TR 45 4. o
RIIXTZBA ST BCE] VM Heap, THEHTTECE] T H OS BEHESFRCHIZS [H], T LUEASREXTH A
TR . %5 78 1719 SweepLargeObjectSpace () PREL TTHIA TR AIXT 5225 (Ml TS BRGAE o

55 81 AT RN 85 AT A R4 B BB 5.1 i B = AP IR E MR . 7RISR 81 41 F)
55 85 AT P YR OL BRI, IERK— NS HH 5 NI T 5L,

5% 87 1THJ RebuildRSets O T ST ARIEIRLL R AR MRS B T B0 LA FEIC R IE . BREL
4 B 1% RSet 4 Remembered set (i0 542 ) 465

413
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13.7.2 (1)ig&E forwarding fg§t

TE56 5 FPA AR Lisp2 BIEAHTRE, WX RNE LR THIT forwarding FEEHIEL
SR AN SRAEIR £E AR e 4 i i FH 1Y forwarding $8 5T AU TN A XS RN, AR NAE Y
fHFRCR, Wik, V8 %A B IMER AT forwarding F8EFAYIE, 1M forwarding F8 41 77 7E %%
XTI 1 map 3k (RPN A4 map HidEAGER) B,

A AR A H AR S (8] A M A7 AE map SRHL, I Y map HulEAOFR B ST R4 T o
Rl V8 R H bras (8] 1 bk Al map b P B9 (5 B & gid i, 8“5 1L forwarding
FEH” FEA map B,

IERI, FFREATBE forwarding $551 1 pR%L% %€ N EncodeForwardingAddresses ) PRI
B4 Y Encode A1 4uAS AL I B L

HiS ALY forwarding T8 FFAYZEHE AN 13.16 Fiis .

32 2221 1
IR map HBAE (5 £

B 13.16 4Lk AY forwarding 15 $THI 444

32 (M gt Ak i) forwarding $8 T N FAF A W FIE B .
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« map HohE4Z &

AN AR — T X A E S
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Ik forwarding ¥R 4t P H Fras (e k5 S RS & 13.17 iR,

32 2221 1
| forwarding {5 | map HihE(F B |
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X%

E13.18 forwarding iR £

B AR X R BN R C, EEA XL C R I A (T 0) Ik B9 X Rix N B,
forwarding RFS IR A EXTS C B9 HARZS )Mk Y FIXF4: B 1) Hbras Bkl X 2 (8] i 0w % & .

IR IE 45 28 A A2 8] PN R R R 25 [ LA RS 48 P A7 25 18] 23 IE L 8K 4 Oy B Y DT I
X S GUTH A PR 5 (S 13.3.6 15). 734, BUHHY header B mc_first_forwarded iX
M e e R E NN 11 PSS N BIRR 7 Tab0 - SN =R e el Beich 18

SR, forwarding RS EEF IR AN T H R .

(RE AT K6 CAFIEAT 09 B AR 8 3 bt — B ARZ B Ho bk ) >> 2

BE w2 M, MREKRINGE SIS 4 AR (2L IR 4 B RE08 55 10), i
FEIAR 2 20N 0o PRI, 7R3 FLA SN BR HIAS & HOAIC 2 12,

X AE—2k, forwarding A% St HAREE T 11 1, WL E UL, XAEPRIE [k 115 45
(forwarding A% ) 76 11 A LA, FHk—EIRXEMIN—T, F forwarding M5 2 1) e KIE
T REPRIETE 11 A2 LA .

M forwarding % it (TSR R A, TR AAKE DU P A X G 1) H AR (8] 3 ik 9 2 1)
— BUTH N A TT SR X i H AR s [l ik . Qa2 30d, forwarding f B 1 AN 1T RE R A4 DT R/
U AR/ e 8K F5 . A TR C K Hm A mE T 2 7, LA forwarding fi#% & 19 e K
fHJ2 2K 050 2K FATIELFAE 1 a2 N I R 2R forwarding A5 AR B 11 f7 gk
pd E1F-1

13.7.4 mapittit{EE

map HiAE{F S Z R R TR 1 map HbHEZR DALY 728 . KEEICIFIE, map k45 1
SR AR X 2 B B B 1 map X BIFEE .
It LY forwarding 841 N AY map HohkA5 B AN 13.19 fiR .
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32 2221 109 1
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13.19 forwarding 5%t M # map Hhit{s 2
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R 7LEE 13.2; EncodeForwardingAddresses() 841 A &

EncodeForwardingAddresses ()

EncodeForwardingAddressesInPagedSpace () —— WU A ] % DU
EncodeForwardingAddressesInRange () — WU TUE N R4
MCAllocateFromOldPointerSpace () — Y HpRzs bk
EncodeForwardingAddressInPagedSpace() —— & forwarding 541
EncodeAddress () — HENGRISIEIY forwarding TR ET

TR — A — T i 51 PR EncodeForwardingAddresses () HJ PR . AT 48 H Ay
AT SE LAEMRIR 2 A forwarding 851, b HABNAF A R UL, 5 BIAT A48
%Z'KJ:LZE—ﬁEl(Jo

src/mark-compact.cc

1251 | void MarkCompactCollector: :EncodeForwardingAddresses() {

/* BUEBAFAAR 2 M forwarding 55T */

1259 EncodeForwardingAddressesInPagedSpace<MCAllocateFromOldPointerSpace,
1260 IgnoreNonLiveObject>(

1261 Heap::o0ld_pointer_space());

/% BN BAEARES BIN HANATZS (B Y forwarding FREM B EBRAE +/

1295 | }

FEIX A ZARA R £ 25 ] (UldSpace FHY L) A3 EncodeForwardlngAddressesInPag
edSpace() o

TESE 1259 1748 A% b1 PREX MCAllocateFrom0ldPointerSpace () 6 A MRS 4, HoE X
THIR,

src/mark-compact.cc

963 | inline Object* MCAllocateFromOldPointerSpace(HeapObject* ignore,
964 int object_size) {

965 return Heap::old_pointer_space()->MCAllocateRaw(object_size);

966 |

TE4S 965 1T T 01dSpace FEAUHL IR PREX MCAllocateRaw (), ‘B M BTHESEHH5E B R/
INAEZSTRIRTT Sk (ORI ) THRSEIE AN [R] Wit 3 e o 3t T-80€ forwarding F8 A9 7>
[T 8

KR TEZ JG A 4111 EncodeForwardingAddressesInRange () Hid 2 HEI Bk phi%k, PrLIK
o A B — N H S DAt 7 o
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src/mark-compact.cc

1109
1110
1111
1112
1113
1114
1115

1118
1119
1120
1121
1122
1123
1124
1125
1126

template<MarkCompactCollector::AllocationFunction Alloc,
MarkCompactCollector: :ProcessNonLiveFunction ProcessNonLive>
void MarkCompactCollector::EncodeForwardingAddressesInPagedSpace (
PagedSpace* space) {
Pagelterator it(space, PageIlterator::PAGES_IN_USE);
while (it.has_next()) {
Page* p = it.next();

int offset = 0;
EncodeForwardingAddressesInRange<Alloc,
EncodeForwardingAddressInPagedSpace,
ProcessNonLive>(
p->0bjectAreaStart(),
p->AllocationTop(),
&offset);

1% J5 H EncodeForwardingAddressesInPagedSpace () 1% i 45 2 %L 1) space (N 725 [H])
NI T — SN ECE R, B B TSk g bl , DL offset MYFEEH1L I8 45 EncodeForwa
rdingAddressesInRange ). KZIHICH, LAY offset M 0o

13.7.6 EncodeForwardingAddressesinRange()

EncodeForwardingAddressesInRange () T 57 fL45 J i [l N 19 XF 52 — AN ok, e
forwarding $8% . TEULEIF—&B 73 pREL A AR I KZEAN 4

src/mark-compact.cc

1044
1045
1046
10562
1063
10567
1068
10569
1060
1061
1062
1063
1065
1066

inline void EncodeForwardingAddressesInRange(Address start,
Address end,
int* offset) {
Address free_start = NULL;

bool is_prev_alive = true;

int object_size;
for (Address current = start; current < end; current += object_size) {
HeapObject* object = HeapObject::FromAddress(current);
if (object->IsMarked()) {
object->ClearMark () ;

object_size = object->Size();

Object* forwarded = MCAllocateFromOldPointerSpace(object, object_size);



1082
1083
1089
1090

1094
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EncodeForwardingAddressInPagedSpace(object, object_size,

forwarded, offset);

} else {

object_size = object->Size();

YRR ICIE I, 7R 1063 171H L ARic.
IR IE MCAllocateFromOldPointerSpace(), IRHL forwarded (WG H A3 A 4k ).
FL35 7E L 1 PR AR EncodeForwardingAddressesInPagedSpace () P RIS 1L 1 forwarding

e,

FeRFHAEA object £ map B,

13.7.7 EncodeForwardingAddressinPagedSpace()

ﬁiﬁiﬁﬁ%ﬁEmcodeForwardingAddressInPagedSpace()H@é%%&ﬁﬂjiﬁﬁﬁ%o

X 58 R 18] 3 ik

* F K
x4 B AR 18] H bk

¥5 ) forwarding 1 4% & 49 35 4t

old_object

object_size

new_object

offset

TEIXA™ 7% PR 55— U IR EncodeForwardingAddressInPagedSpace () i, xoffset 4 0o

src/mark-compact.cc

1005
1006
1007
1008
1010
1011
1012
1013
1014
1015
1016
1017
1018

1020

inline void EncodeForwardingAddressInPagedSpace (HeapObject* old_object,
int object_size,
Object* new_object,
int* offset) {
if (xoffset == 0) {
Page: :FromAddress (old_object->address())->mc_first_forwarded =

HeapObject::cast(new_object)->address();

MapWord encoding =
MapWord: :EncodeAddress (old_object->map()->address(), *offset);
old_object->set_map_word(encoding) ;

*offset += object_size;

419
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xoffset N 0, WHLZEVL old_object JE DU NI LI EARIC 2 ay bl . FIAESS 1011 47
L UTTA header B me_first_forwarded & A HFRZS A1 Mkt A5 PR%L FromAddress () 1 57 A XS
Gk AR BB LA X 2 0 UL it stk o 7ESE 1012 A7 1R A 01 PR AL address (O, BT MTE
5TBR 2% HeapObject MUPRZE, 1R [ IEAf 1y bk

55 1016 17 11 57 ¥4 FH A 51 PR X EncodeAddress (), A W g 5 1L 1 forwarding 85, 2T
EncodeAddress () MIFAINARNTSTEF A4

SR 5 HZL 4 MapWord: : EncodeAddress () A2 i 1 it AL 1) forwarding 48 £ £ A map 3k,
forwarding 8 I E S T,

I 5 TE 55 1018 17K woftset il B X R K/, TEBE [A] — GO NI T — DX R 1Y
forwarding F8EF I}, B CARFENT *offseto

B2 —it ok F— T H T A S forwarding 48 41 1Y EncodeAddress () ME. 7E I
TR AR RN TR0

src/mark-compact.cc

922 | MapWord MapWord: :EncodeAddress(Address map_address, int offset) {
int compact_offset = offset >> 2;

Page* map_page = Page::FromAddress(map_address);

int map_page_offset = map_page->0ffset(map_address) >> 2;

uintptr_t encoding =
(compact_offset << 21) |
(map_page_offset << 10) |
(map_page->mc_page_index << 0);

941 return MapWord(encoding);

942 | }

EncodeAddress () 1 map Hifik (map_address) Fll forwarding fi#% i (of fset ) YEHSEL,

B offset £ 2 M, FAFRNAUMEAF A compact_offseto

SR )5 1 map_address 115 map_page (f7f map_address (UL ), ZJ51HH map_page )
MR ARG 0ffset O, KISk B, 25 RAFA nap_page_offseto

e gLy forwarding F851 77 A encoding, FFHASH Y MapWord 25, R EIIH T .

13.7.8 (2) BRIt

X HLAY “HEHHRE” BUZIE VM Heap NIRRT R BTFEA BUAR [0 T X A4 5E, LARAR
[ AR B BRI 20 4% A 10 H A s 1] ik o
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PAT B T AE A2 UpdatePointers (), JLIHFIEI AT 13.3 Fis.

R 7G5 # 13.3: UpdatePointers() 891 F &

UpdatePointers ()
IterateLiveObjects() — WU ER 4
UpdatePointersIn0ldObject ()
IterateBody () — WUBXT RN
UpdatePointer () — FHRET
GetForwardingAddressInOldSpace () —— 3R HARES (B ML

TR A E A PR AL UpdatePointers () M,

src/mark-compact.cc

1445 | void MarkCompactCollector: :UpdatePointers() {
/x B B ATR T RO </

1456 int live_pointer_olds = IterateLiveObjects(Heap::o0ld_pointer_space(),
1457 &UpdatePointersIn0ldObject);

/% AW SO HAL A2 [ OO R AVTRETIOERAE «/

1483 | }

5 1456 1T LI PREK TterateLiveObjects () X PNAFAS [H] N I8 BT 1% It G FIAE S 2400
RO PR X BV A2 B 53 PR%K UpdatePointersIn0ldObject ()0 HARA T H HA 4 “ BN
FREr S IR TR, AR AR N AFAS [T 5, AT I B A R AR R Y

M Ah, Z i AE 13.6.3 15 1 PF i HandleScope 45 N 2%, B 5T AR 19 4 51, 0 w02 B 87
HandleScope 5 1 Y ARLEHR £ 5 51 B9 T B 7 i AT AS 55 R A 1) 2 AR AR T8 £ 2 [B) A 4 5
R T AN, DR BN R3S IA

src/mark-compact.cc

1515 | int MarkCompactCollector: :UpdatePointersIn0ldObject (HeapObject* obj) {
/% W map HiHERY S HTHRAE +/

1540 UpdatingVisitor updating_visitor;

1541 obj->IterateBody(type, obj_size, &updating_visitor);
1542 return obj_size;

1543 |

421
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H13E Ve Rk i

FEIX L A L R UpdatePointersIn0ldObject () BB LR AL 38 25 S H X IR £
55 1541 1717 TterateBody () A& 7E 13.6 17 i B U H BT AL B bR, KFDOZIAA BRI, XA
JI B PR SRS T RERS 4 visitor, visitor {8 FH T 588 ) UpdatingVisitor J5.
13.7.9 UpdatingVisitor

VEFEET B RAARLEXS G N RYHE EHRERYTT S IS R hE 2418 25 UpdatingVisitor 2K

E"J VisitorPointerso

src/mark-compact.cc

1367 | class UpdatingVisitor: public ObjectVisitor {
1368 | public:

1373 void VisitPointers(Object** start, Object** end) {
1375 for (Object** p = start; p < end; p++) UpdatePointer(p);
1376 ¥

1386 | private:
1387 void UpdatePointer(Object** p) {

1388 if (!(*p)->IsHeapObject()) return;

1389

1390 HeapObject* obj = HeapObject::cast(*p);

1427 new_addr = MarkCompactCollector::GetForwardingAddressInOldSpace(obj);
1432

1433 *p = HeapObject::FromAddress(new_addr);

1441 }

1442 | };

A LR R N 2 AR B I 15 35 25 1A PR L UpdatePointers () o 1X AR PRAIGEHE
BEECHT A AR O o

¥ 7 PRET GetForwardingAddressInOldSpace () 1 DT R I% 4L 1Y forwarding $5 51 %, If
R H bRas ()l . FATEAEH TR 13.7.10 19 8 REfMREX A R

TE 55 1433 17, 3 B 51 PR 2N FromAddress() 45 H 1 %5 [0] Hb 4ik new_address 1 I
HeapObject MIFR%E, Ff HIR MUEAEA «p, LAMSREB XS Za946 5T . BATHR B 00 SR8 1)
IEEE—1T,

13.7.10 GetForwardingAddressIinOldSpace()

GetForwardingAddressInOldSpace () J& L4 i fk 1Y forwarding 48 51 % %5, & 8] H 45 %5 7]
Motk B 15T PR
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src/mark-compact.cc

1546

1548

1551

1552
1555

1556

1559

1560

1563
1564

1568
1570
1571
1572

1574
1576
1577
1578
1579
1583
1584

Address
MarkCompactCollector: :GetForwardingAddressInOldSpace (HeapObject* obj) {

MapWord encoding = obj->map_word();
/* REL forwarding s =/
int offset = encoding.DecodeOffset();
Address obj_addr = obj->address();
Page* p = Page::FromAddress(obj_addr);
/% BT A 8] TURUT Sk B9 EARIC N R H FR2s [l «/
Address first_forwarded = p->mc_first_forwarded;
/% BWOTS G0 H bR2s 8] 5T +/
Page* forwarded_page = Page::FromAddress(first_forwarded);
/% IFSRRXT R B bpas Bkl 4 5O Sk T 4R i A% B +/
int forwarded_offset = forwarded_page->0ffset(first_forwarded);
/% TP R 2 [ DT PN 85 B T8 A2 i ik +/
Address mc_top = forwarded_page->mc_relocation_top;
int mc_top_offset = forwarded_page->0ffset(mc_top);
/x JETRAETHTERENT  */
if (forwarded_offset + offset < mc_top_offset) {
vreturn first_forwarded + offset;
}
/x BT *+/
Page* next_page = forwarded_page->next_page();
offset -= (mc_top_offset - forwarded_offset);
offset += Page::k0ObjectStartOffset;
return next_page->0ffsetToAddress(offset);

}

% 1551 /7Y DecodeOffset () & M A TES AL Y forwarding 75 &1 B forwarding fi # 1 1 1

ec

=
Al

~

%5 1563 171 mc_relocation _top SR TIE A forwarded _page AR I BAnas fbhk .
FAEUL, W2R obj B9 HAnZS AIMHEEIT T me_relocation_top, NP4 forwarded_page [T —> 1t

ke

EHPRZSE UM obj A HFRZS [ Mk & T —> U B A 5 & BT A& 13.21 Fos

423
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WAzl CEAEAUE )
mc_relocation_top

m
sao | A | T [ [ [ [ ]

ﬂ%hF#Aﬁ%—r‘—m
ﬁﬁ] ol I~ U

1

\ b5z i)
sz ([ PP T [ ] ]
Jﬁw\ﬁ%&ﬂ/ obj

EARiC SE BN
piE

E13.21 BirFERIEE FT—1 T ERER

W AR HARZS [l RS T I me_relocation _top AR HAE, BE4G first_forwarded (FF3k
X BhRzs [l bhl) i b offset, FFIREIXAME (5 1570 17 ).

F—J7 1, A HRAS [ HLHEA T L me_relocation_top 5 i A HEAE, HRUEFH forwarded_
page I T — Ul TH B A Hinzs mludk, I me_top_offset I8 & forwarded_offset, JlI
I page: 'kObjectStarthfset(ﬁ Ifil 1 header K /IN), 2K AR — > 5L Sk 2 H 5 25 ] 4
HE 09 1 7 5 (offset ). SR 5 7E 55 1583 17 418 of fset 1% 2 23 0ffsetToAddress (). 47 1583 17 Y
OffsetToAddress () IEANHAL, & — U M BT T Sk T4 1) O 3% e e 45 J by - ) i 53 R 50

13.7.11 (3)B3IR

XL R B XS R IR VM Heap N 19 451X S 8515 2 19 forwarding 8 £ (H b5 2s
() Motk ) Sk SEPRAS B4
PATRE SR AN B 2 B D1 PREL RelocateObjects () o

src/mark-compact.cc
1590 | void MarkCompactCollector::RelocateObjects() {

1598 int live_pointer_olds = IterateLiveObjects(Heap::old_pointer_space(),
1599 &Relocate0ldPointerObject);

[ BN HALNAFZS RIS LR ShiAE */

1634 | }
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PRIES 1Y N 45 Fl UpdatePointers () B4 —3, HUZL 45 TterateLiveObjects () 1Y PR%KL
FREAFIE .
X ML 01 PR RelocateDldPointerObject () 3845 T IterateLiveObjects(), I IAI—

ERFFHHARM
src/mark-compact.cc

1718 | int MarkCompactCollector::RelocateOldPointerObject (HeapObject* obj) {

1719 return Relocate0ldNonCodeObject(obj, Heap::old_pointer_space());

1720 | }

1693 | int MarkCompactCollector::RelocateOldNonCodeObject (HeapObject* obj,

1694 PagedSpace* space) {

1696 MapWord encoding = obj->map_word() ;

1697 Address map_addr = encoding.DecodeMapAddress(Heap: :map_space());

1699 | /* ARELHBRZ ML */

1701 Address new_addr = GetForwardingAddressInOldSpace(obj);

1702 | /* WEmap il RIS KN */

1704 int obj_size = RestoreMap(obj, space, new_addr, map_addr);

1705

1706 Address old_addr = obj->address();

1707

1708 if (new_addr != old_addr) {

1709 memmove (new_addr, old_addr, obj_size); // MaliXtH%

1710 }

1713

1714 return obj_size;

1715 | }

RelocateOldPointerObject () 7EN I H RelocateDldNonCodeObject () o

J 7% PRI %X RelocateOldNonCodeObject () N IR AMF A XfE. 5% 1704 1T RestoreMap ()
PR B 11 5T 45 map B AE map_addr, FIR M1 X2 K/, ZJA M old_addr (Ji 55 [A] i 41 ) 488
obj_size (X R K/N) (i memmove () | new_addr ( H 5% [ Hihik)

13.7.12 (4) EBFMcHRE

V8 BRI IR B EDI, PR V8 AT B 5T 0 sk B AR S ) BB AR AR s ) 5
MIC e o AR — 1 F AT PRE S RS U I el BB i M R 2R

BN RF UM B A AH 2 HC R

HIRTTHNC RN RN Z — e Gl TR A R 3l , 0N IR T THAY(E R
(RIEEZh AR AL e AGEBR TIXAS, A HARPIA N

i

HEABERE, BRI B AR S TS gal sk BHe k4. H2 V8B A

425
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B EAR SAEIC R AL, (EASHERIC R o JE8 B A AU [ A0 R TR S A7 B2 AR
2SN RYFEEHER, IRl S A SRR AT R BNERAE)S , BRI MR A AR AT (E,

ICSRIERIE AR B ER . WYL, RS IH R C AR N RYIE R ATE , D5k
&S RS LN

P, FRATIE GC 2 B e s A i 25—k, BETE AR 108 A= AU (8] B9 8 B0 R 3
DR,

13.7.13 ieFEMNEH
TOSEAE BV o (0 PR e b B BAE T 4 TUT Y header 3543 (F 13.22),

Ve

=

T (8K 1)
~lo
~lo
~lo

00060-~|T

I 1
PIED| 2
3

4

b=

X0 X4
1 A3 1

(=3 Rl N
olo|o
(=3 Rl N

olo|o

LR
(frPRA%)

yaN WO SV

1A
E13.22 i0R&E (LEER®E)NEN
X HEL A7 B A B9 FVR AN ES 11 F R A A7 BRI L —FE o 10 8 N B 45 AT BT

T A (2R CPU S 32 LAY, DUXSIE 4 A7) AR R . — B Ie sk BRI AL,  BRALXS
ISR N SEAEAT 8 T AR A S (| i (181 13.23),

BEAh, e AR PR w] DASK 7 A% Y R/ o

8K 5% (T dm k1 )/4 53 (384T K1) =2048 (L @44 | K B3 2)
2048/8 (1 53 Fagiask) =256 F %
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U (8K )
ofofolo]o]|-—|1|&rkrdi
olofofolo]-]o
ololololol-lo HrAEACas ]
oJoJoJoJo]-+[o]

AR

X4 1 12 e
1 3
I 4

E13.23 EiEmM#IER=EASI AIERINERER

ASRAC SR AR R/INIE 256 715, B2 AT AR 2 B N BT A R £E KT (78 32 i CPU
AR BLT Do

13.7.14 RebuildRSets()
T HERE— T A5 EHC 5 A A 51 PR T RebuildRSets () M

src/mark-compact.cc

1801 | void MarkCompactCollector::RebuildRSets() {
1806 Heap: :RebuildRSets();
1807 | }

TENFL I Heap 22 MY AY 51 PRL RebuildRSets () o

src/heap.cc

857 | void Heap::RebuildRSets() {

860 map_space_->ClearRSet () ;
861 RebuildRSets (map_space_);
862

863 old_pointer_space_->ClearRSet();

864 RebuildRSets(old_pointer_space_);

427
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865

866 Heap::lo_space_->ClearRSet();
867 RebuildRSets(lo_space_);

868 | }

HAARLE BAT 8 )37 AR A 6] 5 B N AE 25 R A A IS s B o

* Map % I ( map_space_ )
o 5K I54T= 18 (o0ld_pointer_space_ )
o KA AT % =M (1lo_space_)

AL, SRR RS AR 2 IR A B2 . 5 AR 425 ] (o1d
pointer_space_) APl RRFYF— F U B Hc 74

55 863 1719 ML 5% PR AL ClearRSet O B TIAHY I AR I MIT SR, B D SR A 92 12
PP M, BT RS HEE, SRAE Ao R . ORI S Y

55 864 17 RebuildrSets O (FEEL ©) 2 e T 1 0 AL IC 45 B IR 5L PR

src/heap.cc

871 | void Heap::RebuildRSets(PagedSpace* space) {

872 HeapObjectIterator it(space);

873 while (it.has_next()) Heap::UpdateRSet(it.next());
874 | }

TEE 873 A% NAFZS (] P9 B9 X 42 8 AR 2 R 4R UpdateRSet ()o

src/heap.cc
831 | int Heap::UpdateRSet (HeapObject* obj) {

850 UpdateRSetVisitor v;
851 obj->Iterate(&v);

853 return obj->Size();
854 | }

KT 55 831 AT ML D1 PR AL UpdateRset O, FATHEZ RAGHR /A MR 1 S5t BH PR
YEMZE HEH UpdateRSetVisitor ZEMY visitor fFIE845 T obj Y Tterate() M. Iterate() iX
AN BB BRESR R X 6T G 9 B T A Fe SR T visitor [ VisitPointers() BX VisitPointer()o

O FHk: ZdEE RS FRARRLER EE . S80S ISR [ 1 R AL
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13.7.15 UpdateRSetVisitor

UpdateRSetVisitor JSM N A AR A 5.

src/heap.cc

804 | class UpdateRSetVisitor: public ObjectVisitor {
805 | public:

806

807 void VisitPointer(Object** p) {

808 UpdateRSet (p) ;

809 }

810

811 void VisitPointers(Object** start, Object*x end) {
815 for (Object** p = start; p < end; p++) UpdateRSet(p);
816 }

817 | private:

818

819 void UpdateRSet(Object** p) {

824 if (Heap::InNewSpace(*p)) {

825 Page::SetRSet(reinterpret_cast<Address>(p), 0);
826 }

827 }

828 | };

%5 807 1711 VisitPointer ) HSTHANIZ NIWFREH a5 811 171 VisitPointers() W
T DTHSON AR R T Sk Mk A R HbhE . XA B 53 pRACER HURAE NI UpdateRSet ) o

JH UpdateRSet () A5 5 3 HHL I = AN 2T AR AR S (RIS ik o G SRR 7 A A 2 TR) Y s
SR AL SR BC R AR T PRI IRATAESS 825 17 1] setRSet O o

13.7.16 SetRSet()

JH 51 BREL SetRset () T DTTEIC AL FIC AR 0 BT AE S B9 5IH o FATHRAAUAD P A —3
SFRREURIT, IR R .

src/spaces-inl.h
148 | void Page::SetRSet(Address address, int offset) {
149 uint32_t bitmask = 0;
150 Address rset_address = ComputeRSetBitPosition(address, offset, &bitmask);
*(reinterpret_cast<uint32_t*>(rset_address)) |= bitmask;
154 | }

%5 150 1719 ComputeRSetBitPosition() iR [H1 5 address XTI {7 K1 748 51 (Y kibtik, 7E2
£ bitmask BAFANEFRIC, 7 ERICEHRIEE S address XN ALY,

429
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TR A AL A PR %L ComputeRSetBitPosition() UXE Lo A TETFUH], FRATEIF
I Vinis &

src/spaces-inl.h

112 | Address Page::ComputeRSetBitPosition(Address address,
113 uint32_t* bitmask) {

116 Page* page = Page::FromAddress(address);
uint32_t bit_offset = page->0ffset(address) >> 2;
*bitmask = 1 << (bit_offset % 32);

Address rset_address = page->address() + (bit_offset / 32) * 4;
144 return rset_address;

145 | }

BOANBUHIIF 2k 2] address BIWALHE, PRI RS 1 bR LU BHRO RN, SRS X BB LA
FIZA% 9 1 SN BOR IR AR R, Tl 1 e, R RE S T RE

% T rset_address (X address MY [E A& 1950 Atttk ), 7T LA bit_offset B LAV
FIZA% 1 SR/ NI, R LLALIEIZRAS 1 BRI 5 8, AR AT RIS 2R -5 o Ta Tk
HuAE AR AT DR R T

ZJ5 HE1HH rset_address ] bitmask I (OR), JFHRERAEATE rset_address P11
AEBIEIA] (] 13.24),

U (8K F17)

0{0]0]0]0{-[0 bitmask ofoToTolol---[o
rset_address ={0[0[0]|0]|0]---[0] |= @ rset_address =|0[1[0]0]0]---[O

0]0]0f{0]0f--]0 ojlojofolol-]0

oJoJoJoJo]-[0] oJoJoToJo]--[0]

—>

E13.24 ZE(IERBHIF]FRIT bitmask FLITIZEEIRIE

DR AT A ) A S T B S HE S BE R T,



13.8 Q&A 431

13.8.1 iR V8 EfE Android & Eizi7hY, EiXHIE?

V8 j& Chrome (Web W 55 &%) 1Y) JavaScript 5%, BLTE Android B IRFE#E HABAE Chrome
() Web %%, A ibKs ok n] RE 226 H A Chrome (K24 V8 1 Android #B4& Google 2 ] Y
I s

I, V8 & MK R AEAE Android -5 BB . EH B EAR B BAEE A HE
Ut V8 DA SE 2 RETE Android V-5 FiBfE T, A REAEHEAES N AT LUE B —LL ] T Android
IR

TF Android ¥ 5 [iaf7 V8, mEHE— L ULAE Android “F 5 21T Chrome fHR— K i%
AL T,

13.8.2 BRERIMHA?

18 V8 BT A% /Y JavaScript A9 BELA% (ECMASecript 3rd Edition) H, ¥ 4 2% H A 454800,
W EUL, TEIE S RS 7 TR B A L5851 . R V8 I ACAD N B (A OC T X R 445 4 1
AR,

XAHAE A GC FTIAE KRR o BRI, [)8— B R &g ds il 28134k
T

AN B F A A Bk, O AL e B0 SRR




XEEEBNARIT—LERAR, 81F “SURE" PRFBIIESHERIRAE.

ERIESAiT: Pythonfs

Python Hi Guido van Rossum JF %, J&—FA 46 shZ8 8B 1 T 17 6 R IR A TE 5
A SE

BB R A2 Python H—TF IR WA AR 1 ORI, 1 P R 74 3 81 3 45— i
2 fiE

FER A RFEAN I BACGERE N BRI, R dE i, JPaa, we
#EE

Python H A3 3878 | V% 5570 LA K B2 BTG = FpAS [m] FR) B (2 Y
TE Python " ENT/ 51T FiR o

=3
=
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1 # 4L
0.1 # V% o5 8
1j # R

1t Python H1 A Java I int Fl long KAL) “EEALIRARAL” , WHEUL, 1 Fl 2 XFF
A AR AR 2 B O GOk Ab

E2ZES

FER B A PR ST R YR . FRATE L LA HA IR PP R K UL, 73501
FAH . SIRAITH.
FFER

FATHEI A R IR A H . “ab” IXANFAFHUR A “a” 1 " XA IEZRILR (7E1X
HURAT) MR o WatRde, 7T HWE TP,

7E Python HUZIXAEARFR FATHIH) o

=
=
[—]
F

n %‘{ﬁ% "

LAk, e SR A7 3 B — R AN R 1 S 1

WHEVE, BT XA E R E RN, 2 A A [ A AT R 4R
VR

" ?ﬁgﬁ "
ELEX

LIES
XPFAFEN S, ELERITR T EXFIRM T, A gl L Hot R
PRI E SCATH Bz

list = ['1', 'i', 's', 't']
AT MR N X HEAE S R R .
list = ['1', 'a', 's', 't']

list[1] = 'i!
print(list) # => ['1', 'i', 's', 't']

R TR => A R ATE R
FEAES R B AR TR s, AT LAdH] append 1 pop, 41°F 7R .
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list = ['l', iv, 's', 1]

list.append('list') # B0
print(list) # => ['1', 'i', 's', 't', 'list']
list.pop() # HIBR
print(list) # => ['1l', 'i', 's', 't']
ToéH

TCLM IR —HE, W LUK T X G R
TCL B E AR B o

tuple = (ltl, u', ‘PI: 1, e')

JCH IR BRI, AL Ted A MHE, e —BAER T oed, AR LEEE.

tuple = ('t', 'u', 'p', 'l', 'e')
tuple[0] = 'g'

# TypeError: 'tuple' object does not support item assignment

BRETEY

FEWSS R ] DTG B AR R —— BERVE R AXT GO R . BB R A —Fh

B LT

FHLAYE SCATR B

dict = {"cat" : "Zﬁ", "dog" . na'/‘u]u}

HA,

“cat” YRR, HRAAUETCEERING . WHEUL, ARSI T S SR

FRATRT DUEHEAE N R 5 DRI AR 2 5 L X 52

dict = {"cat" : "ZE?", "dog" : nzﬁju}

dict["cat"] # => Jffi

FEIX TR RS 48— T o] fa] Bt AR i A4
MY 5E AR BT

# JFUAE Sk

class Cat:

# M PR AL
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def __init__(self, name):
self.name = name # W LR

# 2k

def hello(self):

print(self.name + ": Nyan!")
NEAZAE RS PRI T

tama = Cat("Tama") # % cat AL
tama.hello() # => "Tama : Nyan!"

VAR BIEBIEE AN JavaiE
Java B James Gosling % NFF &, J&—Fh T 0] X 2 A s S 28 AE =
HARLIEERN5 | B3R

Java AR BUIAA Ll 73 Wil B CSEAKE ST F 5] IR,

BEARBAR R IEAT /KA boolean, FAFA! char, BAY byte. short. int. long LR
i float. doubles

EIESIOEr iRl

e

KR T AR 20 TR — e RBHR X R o B R NMERIIR LR R E 2 80E 4 T, Z
JRREICIE AT

int intArray[] = new int[10];
String stringArray[] = new String[101; // “FAFHIMELL

e

B E LA TR

FifE LK
class Cat {
/7 TR

String name;
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// 3 PR AL
Cat(String name) {
this.name = name;

}

/1 FEXT5ik
public void hello() {
System.out.println(this.name + ": Nyan!");

}
+

HET RSB, IR Tk
public static void main(String args[]) {

Cat tama = new Cat("Tama"); // 4hl Cat ZSNYSLM)
tama.hello(); // => "Tama : Nyan!"

EL SeiEs= Al Ruby B
Ruby HIAAARATELTF &, S — R0 X R IAATE 5
SEEITR

RO 75 Hh G 2402 Ruby 3%, 26400F, (BIREEON 4 B EL 20 T — A%
IR 2 XHE I T abs O o

1 # BB

-l.abs() # => 1

b3

Y AN 7R

# JFiRE L3k
class Cat
# FHHE PREL
def initialize(name)
@name = name # I% & LA

end



Fs#D  fRiHiES Al JavaScript% 437

# BTk
def hello

puts @name + ": Nyan!"
end

end
e kAL, IR

tama = Cat.new("Tama") # =/ Cat 211 5LH)

tama.hello # => "Tama : Nyan!"

7E Ruby . AR IO B84 185 S0, 50T LA O .

EERIBESAI]: JavaScriptfE

JavaSeript J&—Fh L T IR A 1] [0 %P R AYIATE 5 o OA LT A 19 Web D0 58 254045 4
A JavaScript 5158, FrLARZE N XA LLEAEE T,

EARYUIEXRIS| RXE

JavaScript PGSR Java —FF, WAL “FEAKHE AL Fl “ 5 2R,
FEABHE RV R B . AR L B R USRI nuLL
5 A HE X G R ek %L

IR

TE JavaScript B A RX S, RE T LIAE JavaScript 40— HA LB XT 1
S XA BTk,
FRATH BT T AR R A O 42

var tama = {}; /7 RS

tama.name = "tama"; // BWEBIE

/7 SEXTTE

tama.hello = function(){ alert(this.name + ": Nyan!") }
/7 VAT

tama.hello();
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USRS A 3 PR (PRI 52), AL RE BTN ] S A X R

function Cat(name) {

this.name = name;

this.hello = function(){ alert(this.name + ": Nyan!"); };
}

var tama = new Cat("tama"); // fli[f] cat #1k pREUE: T4

tama.hello(); // => "Tama : Nyan!"
iKEEACSHGCIE

HAIE “LUR” FNERY GC MRFRKR . THAEER GC RER, ABEEERIFREEX.
HAHERZASE: “NE—SZORZRERIE GC E?”

AEMBAEEYE, PANFEIENHENE, LR LEEQE GC 2REZM.

EERBER T M ERENERT GC FE, BFENKERSHMT 450 17. EEKRABH
&8 minige, E&EET github £,

http://github.com/authorNari/minigc

ARBIHXEBRSKEIE GC IB! XEFEANMEBHFINRER, KERAWASENESHBEN GC
BZAMNFE
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