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Abstract

This paper illustrates a methodology for constructing a garbage collector on parallel computers. Many garbage collectors are
written in sequential languages, therefore they are influenced by the difference between distributed memory and shared
memory machine. We implemented a garbage collector for concurrent object-oriented language Schematic by using
Schematic. We show that, by describing a garbage collector on the top of machine-independent language like Schematic, a
garbage collector can be more portable and simple. We implemented a garbage collector on a parallel machine AP1000, and
measured its performance.

1 @FC»IZ Vo KIBICHE D % 55 B8 3 B8535
WFEHLEAOIUT S5 (FRER, 7 =7 HEE, B A, WHIF T ¥ = 7 MEASTER & OJUREFISTEE, 3
B 7 2) RREET B 1CH Fe o T DR S D—D ., H—<— BRI | SREAIET 3 G AT A O L, B

Yarsva v (GO) 0FEETH B, WHEHTEKICET 5 GC(glob- DRV vy 7 ARREFRECT 5 C 2 2 REREHNO—D
al GC, DIFHI GC LFER)[5] #EEL L 5 & T 2B oRIE S KLTw3, CORMRICET2AAAREE LT, GCEEnk
LT, PFobonZEfbhd, S AREFETIBRT 2 L VS BENTE S, Thld, B D
BERINEDEX B A VEMEIC B WT, GC 2000 AT LTRBE L <AL ENT T s GC %, Sk
B D DB ORMEX 23T b3, ChETKE DDOBERED FICHESET 5 ¢ & 2 BHKT 2 (1) GO %3 HE
COFRBREENT B2, BEERTWEboRpn  CHERFLRCHRESHETIRT ST e d-T,
o o HHICHAMER GC 2303 A £ ) SHAM LicHisEc e 3
SYBERSO GO KB Tl £7 Y =7 MEROBIET Y o V—xa— FORESN %R BATHECILETE 3
T NRBMEADO A, DI Ly e VR o B GO poOHTLT, HEGH DD ORI frx I
THREIKET 20 ERDH 5, BT vy FHEAy -3 M2 Cn< © & BABICCE S
DY LV EFTARS DR, ETOERPKE 2 I vy
PHIB DERECHERL . @%&Hﬁﬁ%%%é}\l/f‘/’ % REDOF|EBET L, HBEOHEE H%K%g&}l E ) g‘l‘ﬁ:%i@
K. B OBEINREC K 5T B, GCTRINgECH 2

. AR, WA 7Y = 7 MEHEFE Schematic [6] © GC %
BIEORS chICHETO 2EESA Hh 2. Schematic HH TRl LFEHEET 3 ¢ ik -T, GC op¥sxh=
AREEOBEE HHAEY . ATV OEREE B 2 pF st # BT 5, Schematic EEMEHSICHKTE Lk
BHRABEA L FEE O DIC, ZRENLICT w77 v r7EFARED, BMiANFIA T Y2 7 YRAISET
ATY XLGHREENTE 7o b, future FECic X 5 [FH / JEFHEH remote procedure call
SBOFEEREOBEN F—o3HH8RE, SE02wn GC  (RPC) <, 20BROMERNA T vty FEEAERZHRHEL TV 3,

TH->Th, SROEEDEL <A REDOLEHICLE RPC o### iz, FEFRHA v £ — PG TEREL OBEMEIK



applcation applcation
GC
language —_ ]
System language
"""""" system
G ( |

M 1: GC # ZFFoEFo L

A2FHAE) ETo GC RHRICES C AR LTw 5,
Schematic KR HFEL DWFIF 7V = 7 VEHEEER D XS
AERER T R— N LTE D, Bx DU TFoFRE HiloS3EHI
M4 SRETHANE, FDXS ASETHIHTEEEIDOTH
b5

AARSOBRELLToE Y TH 5. H23chc 28 GC DR
SRETH 5 LEC, FMEEETH H B Schematic IKDWTEEH
T3, 3% C GC OBMMLERT 2 2D, SHHEEOMET
REBZLMEEEEE L, 20 LTEAxD GCTATY X4
KCoWTHET 5, 4T CHR A2~ D GC TAT Y X LD Schematic
X 23R %R L . 5 SEECok A = U WHIGHEEE AP1000 1
TOERDOHEME IR, 6T, +OFEBRBRICD »THL
U, BB TECEBam% Tk o e th. &5 83CERMINIZE. &5 97 Chlan
BLXUAHOBER R 3,

2 Schematic

Schematic [FZIKZEE Scheme #HLIE L ¥ A 7 = 7 Mg
HEEETH B, AZE T Schematic KD WT, Al DFErmicE]
HOD By FHHT 50

FrxI Frerrd, FueAEREEETARS CERTE
ZBEEMATH B, Thid, BBRo future Bk ECVR X 1y
UTokscfifians,

(touch ) F xR chbfEZROIHT, ciKELMHER
EbohThdhid, ERs ECEERT 5,

(reply x ¢) FrRrACKEXx %%,

Tt ZFF v RAACH L touch/reply #7425 T &Kk T,
FHEER TR S C 28 TE b, Fv AL EEBOBEERENT
50T, BEHTHOTHIHEMICE 7 ) —TESLLEREDL LV,
—Ji. Tuey PHECHEEINB A TELDT, Bich3
X 51 global GC XL E A %,

FFATT o b WHFFT V=2 Vi, T uty FECF—
ZEWET2DDOEETH L, WA T V=27 +~DT 7 &R
Es AY vy FEBIC X > TR S5,
GC%TRS5BAPDLRE & FrxaARlHF 7Y =2 Vi,
EROFuty AN, 20BTI LAY SB, ZDXS

HRTIFF ey HN GC R TRERT 3 C &2 TEF, global
GC DR e R %,

BAE / AV FRUHL B Ay v FIPCHIL I, future
RECiIC & » TIERBAICEFTC R 30 2 DERICHEERD 5 BICF + &
AFVED I, future DIEBEDF v A1 kb, —JF, FEUH
SN AV v Pl HOOERYVEEZHEROS bczoF +
AN EDL . FERH LN future OB F v A 4% touch 3 3%
e E>TEDRVERE S, (touch (future (f x))) %
(f x) LWEELT % C 45T &, Scheme OBIFIFUH L & [FkEIC
e T & %, (now (f x)) B (touch (future (f x))) DHELID
THb,

¥ 7%, (future (f x)) ®(now (f X)) K:onF 7 v aviKck-
T ety $5iFEETE S, (nov (f x) :on p) [FH remote
procedure call IKfHY4T 5,

Schematic {& Scheme 56f L CEMiAIGEZ TA > 228 TH

b, £ DEFE% Schematic D X 5 IKHERT 5 ¢ & FAEETH %,

Bx@dcosSiEr GCox—7y LT, LUK GC oftik
SREE L THwB, LTtk <3 GC HRIZFREFESS Schematic
THECLRBIUMKFELTWE DU TEAL, GC ORtRSES

LT, FIZAEE (FiHE X CIERHD RPC) #0358 CH
i, DITo#GmsEAT 5 25T 5,

3 EFIETLATIUXRLOBE

AE T, I X 2@FHR0EE BN T 2 Rk T ©
Fls FOLCHEADGC FATY XARHFHT B,

3.1 mZAERE

nBoTeky ¥ BT, FuwZAAEVEL, FE / FEFRBO RPC
BABETH B LT3, czCr/ue R, GCrursnnsn
R EHT .

2—FTuy T AREEFA L TREF T V2 Y EA— b
TV N EEE, Tuy P EENEFRA—NET V=S T 2
E—7 %L, K —TRATKE ZOPEMIC 25T T2,
ETOF Tz Y wTFhpo T ety Foe—FiCEL, {F
BOT ey FOF TV 27 V~OBBERFOC LTE S, GO
BRI BRCoF 7 V=27 VEE DL ARHOREMIcBLT
BhH, GC oA, 250 %% 7 vt vy ¥ fromspace &FEIE,
35— % tospace EWELR, b —7 DGR, 2R T o

i, GCTueR@AT V=2 MCHL T, LT X5 2k
ExRFTARS C el TE S, CNLEMEEBRE T I 7478 L
TRET %,
fromspace FOA 7 V=7 + o 25,
forwarding pointer T EEE IR T (FIHT test-
and-copy ¥ @EHENALE) TS KEZET, EhT
wWhithii,

- o DEHEE, AU 7 vk v 4D tospace ICVERLT %o

—o &, HLnA TV =7 VEEFTRA v & (forward-
ing pointer FEEN2) T LEEEXT 5,

o (test-and-copy o)



- S

Processor n

oS

Processor 1 Processor 2

2 HRHMICH T 5 & — 7HEE (GC BAH)

- BYEE L TREERT, HldK EEFEEEIh T
Fzy 7 LThb, 2 ¥—%I forwarding pointer
* FEETLECoOENEE, fho Y v CE DA
EFhRTFTAhS,

¢ (get-new-place o) fromspace kC forwarding point-

er TR FEXINTWEF T V=227 oL, %D for-
warding pointer DIFT A7V =7 F KT,

o (pe-of 0) A7V z7 toBETE vty PEET,

ZD5 b (test-and-copy o) & (get-new-place o) ICBHL
TR, DAY OBECHo bR vy LT uexD
BB, —HIE AT Y ORECREEO T v ARFHTE S L
T5, CCTCHBEEOERSENTLES>TWER, ChicBiL
Tk 3.3 Tk B,

3.2 GC7LADURAL

T OB SRS 2 EF 2D 1T GC TA =) XL OHE
k%, GCoOHWE, »r—+F7Y=27 v HbBBIck->T
FEREAR A TV 27+ (EETwEF TV 27 }) BT tospace
KBEHEXE2CLTHE, b, AHOTATY XLCENTHE
oD, GCHE2—¥ T u 77 LB R5 KT 5,

12)—F—Fuex%HFg, ) —F—TuwzxFLecor
€y IO LR 7 v 2 &8 5,

T7uwy ¥ LCEEIINAER T ve2d, thfhor o
EyFDOA— F TV 27 M HLERNCBIEE 2 Y, ER
BCHOh okt 727 F ol LT T L5 2lex Tk
9o

1. ol test-and-copy ##H L. o WD THEEINLDA
LT OEWEE o OBERICH L TR 5,

2. o DER) BBBT E2LETDF TV 27} (AT =27 1)
COWTHRICBR* TR 5.

3. 2O T DL, o oBEH) KEENEBEE, HFILwT
AT 27 VEEFETESKETHRL S,

2. CYE— ' ABREY HoU0 B E KL, BlEot 7Y =2
VEET AT vy ¥ FCERRET A C KT B, TOBRET

BIEEH LA 2 0 T 2> THLAUE T %, 2Kk
WT, CDVE— AT V=27 VOLEECELZLETOFT Ve
7+ OEFEBET Le T e BMRESH T b ABEETH 2, ¢
O EFEH RPC #HlwCHEBHENE T L2 BEL T b,

X T ut REETORR T vt 258+ 7 V= 7+ OBR
2 50%FED, #D%, fromspace & tospace DEZRT% 5CHa
Ly GCEKTT %, 2—¥F 727 J Lk, HL v fromspace(
NETD tospace) kFICEHE* HHT %0

3.3 FL&®H

ARETEE L MERRoO T 7 ik, I X 2iEE o
ZRECPBARTI0THY (TIHicHERT2). coEFr b
TCCTAT Y XLDERETRS CICEoT DS AER
CHBEINTICHRT 5 C L BNAEETH 50 e T ORMAREH
Ge—7ol&EREEHRNIORLTEY, 2o LTGCTAS
VX LOERETARS T EHFABETH 5o 32 TR AEHRT
A=Y X LRI EHwCilRT 2 C 28 TE B,

COMBERE, v AT uey Fickid s ar—hFR o GC
DEFAFHIEL 72D DTH b, FE, e —TOERL T Y 374
TOBEMRE LR, a¥—HAEELLTVWEZ EIEFL TS,
Lol =7 & 24 TR EDMD I TH > ThH. ABFED
X5 ICEHHEBIURTE L R WETHRT 5 &\ 5 HEiR<T. test-
and-copy D X 5 ABESNREER X T 57V I 74 7k, BEXITH
2tELZbND,

o, Mg oERTIGRR 2, 7Y {74 7 test-and-
copy, get-new-place #EfFTCT% % 7 ¥ XDHRICOWTH
BT 5. PBAEVEHEHCENT, ety ¥ Lod 7V
7 MOH L2 =AY OEBENREVEY T 2 2DICE. RA LD
DEEHEBETCH 5, 7V 174 TONBTOBEEE T 54D
K, A7z oA vy ¥ LT e 2DEEIRLD
TVITATHREFTESL, LI HIREFRT 7co —F, HE A
TYHAEBICE T ARETHRELE S 2DicE,. T ofERIE
BELIBEDL EELZOND D, TORIRPN L. 27T 3.28i
TRARZELSEOT A=Y XLTE BTFRALF vy ¥ LTCh
LOTVITATEETLTVE D, ToE%mE REFRA W,

CNETRSTERFHEHE FHNIC, DA E Y OBAICENT
Ay e—YOMERD S, chid. BEMTvey 320%EDL
Ny ZEAZe ey P CELFBEATWENWA y -, EET
VBRECIEDLTELLOA— ATV LB IRA
WHBEHER D B E WS HIETH B, DX S AMRFTHF Ay -
BEREND C & FRALT B2 HTEAD 525, MEEK LT
5T S PRRTHOERETH 5. BIEOFTRTE 5.28i0 & 5 ioxt
LT3,

4 FIATYXLDER

3 1ETCHH U 72 MRk X, Schematic 2 502 < oMF|ZE
AT BAEE 7 4 LI B 7 A KB LT B A
BT, 328iCE T OB L TRES WA GC T AT
) X L%, Schematic #HWCiliRkd %,

From/tospace DFER, A7V =27 VOBETE 7 utvy HiZ



Schematic DE» 5k R.2 a3, Schematic I 3.1HFCEZE L
el 207 ) 174 TEEINTE, MR & Eilikes
ADdETGC FurIonkilhd b i TE S,

3.28i0 T A=Y XL Schematic & w20k 1% 3ok
51 d (HDEIYDHR L) TRICDWTEIEER<2 & 2L
ToksKkhd,

(traverse-object o) oRFEED T vty Y EDF TV =
7+ CHB, FHRPC K233 (now :on) 2w, o
BET 5 7 2k v ¥ T traverse-object-local ¥FEXH
ER)

(traverse-object-local o) o IC test-and-copy %#H
Ly o IO T2 - NichbiE,

o VU I7 47 get-new-place Ik V) o DEE%E 2,

o o DB new-0 BHELETDOKRA v EZRKDNT tra
verse-object-iter #FEUAHIT,

TE—EINTVELEHCEDLLT, o DERZIED(H
LTET .

Z T Tl new-o
BEL ide FHOFEAL v 2 ICOWTEERTTARS . COR
AvEPETAH 7Y 27 F child FF % fromspace EiC
HY, ¢Dchild KD>WT, traverse-object #WEIAH
To TN X > THHRMICEER SR &, BYEE LTto
space £ child DE#AE HN DL, new-o DRA v Z %,
COBEEET L5 CEEHZ B,

(traverse-object-iter new-o idx num)

ZDOHTC, get-child, correct-child!, get-number-of-chil
dren [I, # 7Y =27 VCEENE RS v 2 DFH | EE [ BE
DS % (vector-ref, vector-set!, vector-length ® X 5
)ik 9.

nEY—F—TueRF, future TRV vk v $iICH LEHK
T ZAFFREEE L, touch TEOET 2HD,

D X 5 Schematic % H MR T L 2 GC 7
AT Y XLETR L 7o

5 E&K
CNECHRLTERZ GC %, A= DB AP1000 Lic
FRA 3, FRT AT ) XL DN TEE 4ZEDIFE Y I Schematic
BT B0 AT, Schematic ® GC Fu 77 AxF|HT 5
HREMOBEOFH &, 2 DfhDHHICOWTIR S,

5.1 MREHOEE

3AETCHIIE U 2 i imo AP1000 FCcoFERE DO wTik~
b0 #CTERLEVWLSDHD T Y 37 4 7% Schematic ofFT
BREBHTE AW, Thbicowcid, CESEOEEEE LT
T 5o

RO DOFMFFHT 5 201, AP1000 2 XD AE) @
RECEWT, Schematicp ) E— A7 V=27 FEDLS KK
EHINWTWERERRS,

(define (traverse-object o)
(now (traverse-object-local o) :on (pe-of 0)))

(define (traverse-object-local o)
(if (eq? (test-and-copy) #f)
(let* ((new-o (get-new-place o))
(num (get-number-of-children new-o0)))
(traverse-object-iter new-o 0 num)
new-o)
(get-new-place 0)))

(define (traverse-object-iter new-o idx num)
(if (= idx num)
#t
(let* ((child (get-child new-o idx))
(new-child (traverse-object child)))
(correct-child! new-o idx new-child)
(traverse-object-iter new-o
(+ idx 1) num)))))

3: Schematic CRER LAF 7V = 7 MERAL—F v

Tty ¥ 1l EClELNAF T V=7 MCH LT 2Ry ¥ 2 5
LBERTELRICE, 20X TV =27 VT vy ¥ 1 O
REMPENZ T —TAICEEIND, HiHEd D e—TD X512
SHBINTWE, Futy ¥ 2 Yo TR AR 3EERA v
2l AEROTEECHE Tty 3FS (COBFT vy ¥
1) & 2 DOEHEOKE], WHFRICHT LT Y b b,

COERBEICBWT, 7Y 74 TOERHHT 5, test-and
-copy OEWEE B D IR TE B, DEY, AT V=7 baS
FRLEEXINT VWAL D, % tospace KEHRLIL, for-
warding pointer % FE X 35, FEBRICH L 7%z Schematic =2
RA KB TE, Cr_aCitk U 7Bsig o F AR A i SEF T
XhboT, Hfic CEEcid T E v, get-new-place
b, FFEE D I forwarding pointer %152 C BB % LR 5 50
pe-of iZ. EERA v 2 DFERZOHR B L T vy FHSEE
TERFET. FRINDOF TV 27 } OBEE pe-of 2R TH
ferary $RSEIET

T, HAEOTRICD VT, ERRA v 2 OB LA» bR T
%, traverse-object-local ®iR Y ffH & L T get-new-place
DR EHEE L7 vty FCEENE, OB, EFLALT
vy FREET Ry TH o RS HillE~DBERIH
Kfihnbh, Bl vy $icidc o L& (Fie kil
HEZ ) 28h) @RA1 v 2858 h b,

WHWRRA v 2 0RBUICHL T, 2 TRROT B HED
fliic, 5 A= Y FEE ETHENA XS 1K, 2Toe—TEH
BT FLATBBT 8B H 5, coBEREEOFERCEN
T traverse-object-local MRV, T74b b get-new-place
OERVEBZEOEEEH T vy FICEINE, COXS KA
DRERFETEHERRA v # DEBHDE WD get-new-place D
PR— MCX VR E T3,



5.2 REOEZOHE

HiEoT7T A=) Xoaclhld GC ol —F 7 v 7 7 L% EIL
XETnd, ZDEE, 2—FD7 kX GCoOF v %X
NI 20ERBD 50K, BEXUTOLS &, Efv AT LK
EHELAEERE > Tnd,

o —¥Fuxvxt GC Fuvxd, KALTAZ P a—17

VIR R T,

o —¥TurIARFEHL, GCoOMELALL—7 (3.1
Tai) & GC Y ux XHHBENET 2700 —T %,
el Twnd,

#BHECEN, GC e v AHEREERTEA 7V =27 g GC
DR E RO ADOT, WRINICTZ ) —3N 5 2 & BBRETH 5,
% 7+ BHE®D Schematic R, @EOBROF v A 7A L,
FTC =27 VAHBNCERENTLESBERDY, thE 7
U —35%2— FEHDIARLE,

33HICIRARZTRFTH A v v — Y ORIEIC D T IFFEFRTH
53, BERMUTOLSIGHILL T, LA ki@(ifigo 4 7
TV DBRLEAT, Ay t—VICHL ACK Ay v — Y %iET
X5 Lo 7 vy, 7wty YKL A Yy -
FETCTF—TACHELITEEY, FRICHIET B3 ACK Ay 2—
BE->CELBETT—TABLEBRT 5, GC 35T - &S
TF—TARDE Ay E—VE, A— ATV =7+ & —fhcR
KOWEE END, TETH A v v — JICHs 5 c ostRid & 78k
MEnTEsbT., RN TERADOIKTRETH S,

6 HREAIE

AT, 54,55 C AP1000 _FicSE3E L % global GC o
EHIEZ T oo TRy I RIT 1 EELFTI6HEEL, -7
DREEX 1 DD semispace BENEN IMBF D¢ Lk, 7'u
v ¥k 25MHz @ Sparc 7wt v 3T 5, ¥ RFFEHEOER
&Lk, SEoEBRTFIH L &2 Schematic =2 v A4 J &, &tk
ErRfFhoTwhnwRBAN—Va v Thd,

FEBICZ 7 4 RS vy FRERDBE w77 k%M, 518
DRESAREREZTERNFE T Lo TOT 77 L0, il
BERH L DR ICfhd 7 v X ok 7 ut y Hiesf L RPC #1745,
Co7uZ I AEHRNCEH T 27 Y RERT DO THEA
2 FRECHLOBRIELDN S F v i s u—y (BEFE
BEEET 27 —7A) R ERT IR B,

5., SoFRFEOFWTH L2, GC HED A Y
EE#EAS, GORBR G TRTELLTWAWT L ¥HEEL 7o
i, GC7uZ 7 apfiT 5 A2 ) GRTHUEI T3
TEFRLTWE,

Ric, —EDGC cHEEE % (BHEnk) Ax)Ee, GC
K5 d> o Te BB DBIR Z 3~ o £ ORERFBIACRT, Tty
IR 1AOHFE AT oEEKHEBEERFAILTWSE Enk 5,
16 HOBEOHEE, EEB-2 ATV BRIEH > T utky
HF1EDATVETHE, COlZEALEDE, BEOTALZY
XL CRET vty YOBRIKEETHEILD, wDIEL A=
VERERT 2 vy VICEMRMSIKET 2 tZxbh b2
THb, TORRICONWT, T2HTHT %0

(s)

1.6

[ ]

® 16 processors
1.4

[ ]

O 1 processor
1.2

1.0

0.8

0.6

0.4 *

o?®
0.2 ﬂ%;&ﬁ
1.0

20 3.0 4.0 5.0

v

(KByte)

B 4: GC R U7z A€ Y & LSl
T

STHEAERIOBEMEIZDOWT

GCoTA=x) Xaild. Sl & dBEERICEIER I BAEC,
AERCE TH 727 v 2/ —F, A7 V=7 VEoBEEI
ETD, FITDEEK| ThE, BxDOTATYXLE, ATV =
IYD=—Fv TR, ATV VieHT 5 RPC & LCERT
57 &T, HEEOYEET 7 v 2 HRLEFHIUHR OBF5EE
DHAAREIREL AW CC TA ) XLtk EE w3,

A D EEBICE T, traverse-object-local {IA4
T2 MEEDHBTHONTwE e =T R DT u kv ¥ BTH
TFENALTEADLDAWED, Zh% :onfgedFHwTEHLT
wdo, CHEFRED TS, BEMFTHLE—F v 7 Ay 2 —
COREBBIUKTHR Ay v—Y toF#i%., ERCEHRL &
CrAo>TwE, —J, H A% D EIHEM LoFER-ICEWT I,
SR DFEEED & 5 1otk A€ V) EHE & FRRIC, confBEEE
Tfhorvty bK< —F v 72ERLTHENWL, traverse-
object-local ZBED T vt v FHAEEETLTH RV, HBE
OBE, BRO T ey 30 QCHERIUA T V=7 + % B EFEIR
WAL e Ric T 2 e REL . BAHCERTESE S 174
7 (test-and-copy) ¥ RAlSy & § 5 C & THEL TS,

7.1

7.2 HEEICOWVT

GC % Schematic THIR L 7z35a. HREE C tEWBHE X
DIBRAZCLETDELLNE, BADE o HRBEV AT
LEROWBEICKMN AZEL 52 55 50, BEREcEAR
HTH 5, SHoFE{BRCINE, AILEDEETHWETF—4
KL TGO IKETERIIE. 1 ey H0iSe 16 Futky



FOBE ECRBE 2ERELIEDbA V. Thild, PR
b ZOEBICEWTE, < —F v 7 OFBEREE, n ety ¥
BWTTEWET 3 2 2 CRRE R CE Y., 2L LoFIE TG
PEVPRIEA N EEEBRL TS, £ L0 hEESATH,
O—HAREFTOF—~N—~y FICRIEERED D Lz b, 5
DEBRTHE, HETWETF— 2 2354KB oific, GC %K T¥
50 25MHz @ Sparc ET#J500ms 25> Tk b, ThiEEH
FIZEECld v, L2 LEHIREICH 7z Schematic ® = v <4
TREREDOT, HED2 v A4 F BlikZzh EHEELT, 10
B EEEIEE R TwE, LadosTThboBIEESHEX
nTtwidntEBbhd.

7.3 ITLmEMIZDOWT

HEOE« oMFEEBo 7 12 GC T ) XL RIFFICR
fhiz b o, WF, SEEEIC BT GC ¥ ARBERICERECT 2
W OLOREER T T3, fIziE, GC ea—FrSursan
(mutator) OIFTETR, ET L T WillfE (o8RRI s
AMETH Ay — V%, F A ) EEBK BT B store buffer
o store fsy) DHIKEEN BB R E S ~— 7 T4 0RO/
BB 5, CRODOEEENAET AT Y X 4% bR aseAR. X
DRI R % B TR A R E A Db TR AV, Flz
GC &a—FT v 77 LPWITERITTE L HA([2, 4] 2 ) #F
WTs2dcE, V—FNITRIAYANITHREDA v ET7 =2 —
AEEETIHERD 5, BRHRATHWL 5T, ZhboT
TY XL FFERT LEETH. WIETEEMcE > TE 35T
FERF LA TEDL LS ICEBETRETH D, ZREE~ 5450
R HETHBEC 5 THAH S, w5 ETHBE, 2Fh, #
WIEAEES EECRBTA v 3 72— 2% EHEL, 2O L~y v

JHKFRENEET GC 2idRd 5 ¢ &©, BALiEEHNT=—

FEILETE £ 2, FRICHi A ) EIER EC, BEificsEgT 2
CEHRTEDLENH T ETHB,

8 PRAEmIZE

SEEREI 1) % global GC & LTl [1, 3] R ¥EHURE
ENTnD, FRINAEDDLLTRE[T AERED B, [T] DFK
&7 — 2 BRI HIGH AR BicEREh, GC ea—FrurJLn
AT U CHLE T A S C 23T 3, N ThAED—F
TG AT A — =~y FIVNE N, &SRR D,

9 &bhV(=

ABITEC . Botitksse < o Rk global GC DRSS *#
KL FEEICHFIZFE Schematic D& H D global GC % 43H{ A
= VAFIEERE AP1000 _LICHESE L o

BRI X 23R, B IROZER TR L 2 MRS %
BHL, FOLTGCTAT Y XA%EL L LIck b, ek
KIEFEFIC GC TAT ) LD WTHIRT 5 0 & 3T X Ko
C MG, Schematic 72 &£ OWFIFFE L FEAET
AFFEb, CCCHERENEZTATY) XLRED L 5 ANFISEE
CTHRICERT 22 253 CTE %, ¥/ RPCAFOEL <AL

WEEEPTIHT2 2 cE->C. BB GC TAT Y Xa%i
T2 EBTER,

SBOFEL LTiE, FRctho~ Y v ~OBEETA W, &
PIRORBEE OB I L A v, X bic, X Y HBEDEW GC
FEEL ., HRERHE R T v e, BRNICE, GC o7 e e X
ba—FFue 2k WTCENEX ¢35, BREETERE T 2 AL
DYEBE L bND, . MITH Ay £ -V A EOMEICKT
LRETET T OV, SNEEMARIBEERT A2 ) X ok
FEEL 7225, global GC o TI IO TH L WwT A=Y
ZLBCNHLIBREIND T EATHEENDS, AWFROHEC
HoE, EROLOT AT Y XL ORNRN I, BDIFEAAIBEC A
5 ERMfEE LS,

B3R

[1] Lex Augusteijn. Garbage collection in a distributed en-
vironment. LNCS 259, pages 75-93, 1987.

[2] Henry G. Baker, Jr. List processing in real time on a
serial computer. Communications of the ACM,21(4),
pages 280-294, 1978.

[3] John Hughes. A distributed garbage collection algo-
rithm. LNCS 201, pages 256-272, 1985.

[4] James O’Toole and Scott Nettles. Concurrent replicat-
ing garbage collection. 1994 ACM CONFERENCE ON
LISP AND FUNCTIONAL PROGRAMMING, pages 34—
42, 1994.

[5] David Plainfossé and Marc Shapiro. A survey of dis-
tributed garbage collection techniques. LNCS 986, pages
211-249, 1995.

[6] Kenjiro Taura and Akinori Yonezawa. Schematic: A
concurrent object-oriented extension to scheme. Techni-
cal report, Department of Information Science, Faculty

of Science, University of Tokyo, dec 1995.

[7] A B 57— 2 BREEFIEHEE LoWF+ 7 v = 7 T
H—_Pavrvay., #7927 VEMEHEY—27vay
7 WOOC96, March 1996.

[8] Ril R=EBA, FHIH K, K A
PR— LT BEFED 2 v A AR
1996.

B AR ALy FIERE
SWoPP’96, August



