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This paper describes an incremental garbage collection(GC) scheme for the parallel logic programming language KL1.

This scheme uses one bit information attatched to pointers to data objects rather than themselves. The one bit
information is called ‘multiple reference bit(MRB)’, and means basically whether a pointed object is single referenced
or not. This scheme, called MRB-GC, is considered as a kind of reference counting GC whose information is conveyed
in pointers, therefore, it will be easily implemented on multiprocessors because reference updating can be done without
reading data objects.

The software simulation by a single processor implementation of this scheme, compared to the non MRB-GC imple-
mentation, shows that about half the size of heap area is sufficient to run most KL1 programs, and that the lifetime of
garbage collected cells are quite short, so cache hit ratio will be increased, and that the number of stop-and-collect GC is

decreased and the more this scheme is advantageous the bigger the ratio of active cells is.
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prime 5,876 | XEEAR prime 10,848 1,503 0.14
queen 38878 | A b7 —v queen 817,070 | 459,919 0.56
qlay 19419 [ v A ¥—FEE[8] Ik 3 qlay 582,146 | 679,557 | 1.17
A V24—V bup 66,655 | 20,076 | 0.30
bup 34857 | R b &7y 7 — kllcmp 34,969 [ 17,873 0.51
kllemp 14,919 | KL1 CAGR L % kllcmp* 231,797 | 216,312 0.93
KLl 2243 espascal 471,760 | 50,284 | 0.11
espascal 335,115 | "X HALD=FILL B etsmall 3,174,541 | 671,354 | o0.21
BB (E.Tick[10] kK X 3) tri 1,209,532 | 1,209,529 | 1.00
etsmall 918,520 | EEWRAR A (FE) semi 493383 | 101,265 | 0.21
tri 666,235 | <X/ (FL.L) pax 24,298 12,784 | 0.53
semi 292,309 | ¥BoBEROHK (B L)
pax 17,530 | WFIHASHE~~—¥
#XbY, MRB-GC %75 & MRB-GC %fTbAWBAaIC
BT, Blo7ursachhne—7ROETCESLL
LBEDHL. chi, KLl K335 —202RBRBEL R
£ 4 B, ZAHSEOH ‘1’ ChbC L yEEL, MRB-GC oY T s 0TdH
P | SRR 3. kL, ‘day’ DEBAICH, MRB-GC %ffoikit5
BOGSBUL | 1.05 0.028 AV ERSHRT 3. chid, BEKROER w1 FRGK
ST S iEut | 1.07 0.041 ONiIcRB T & (KB 5) OWAYICHLET 3. coFarda
THAZX FOEVY X FRELRS B, 2 X FOBRES D
RKROCEEL2HOVMTEC L icX 3 e — S OFFAME
6 EERREEHE BEECEDNBELEL5. ¥/, Klcmp® ¢ H30H,

R, 5 HiCR~<7% PDSS MLEBR X HVTfio k. =¥
Fe—270 o0t TR, BICRT eI n%fio
. R3ICR, Brorardnn) X7 a v EBRE:
11:1:: ey o

6.1 SHHa—FOEMH

£4KK,F3DI0@DT 17 F AICDOT MRB-GC %
fIoBeLITbrviifoa vy fra—YolBB IV
ETaSE oK (‘MRB-GC 17584 /MRB-GC %f7b
R RE’) 0y L FlEEERT. ol MRB-GC
¥r5 ek 2GS BoMmERT. £X Y, MRB-GC
275 C ic X 2GS E, RTGSBoMmE, &~ 5
%, 7% THY, 2E~OBBRAE AETE1 5.

6.2 FHE—SE

RSIC, FADTuy I nkETTE0ICBEE Lict—
7R (EBE IVCRBEEDO D OHR) 2EEHCRT. v —
71k, ‘MRB-GC Y’ CR7IV -V X IcX VSR,
‘MRB-GC % L’ CiLBERRER-OE->TITL. ¥,
MRB-GC % LCi, &k oRERER ¥ BEko AN
ICRZ BB AEVDT, F 50 WAM HR0 k5 cifi>Tw
5.

S—MEE MRB 28D 2 7814 +, F— 244  hHBIX
s,

"PDSS MLEIR T, EBHCH = ¥ —X—#E GC ORBEAHIcT 3
7edic, MRB-GC % LT b ik o R B i % MEkonfliciR->

<75

44 HiCR~< 7, B—28 (MRB #8) o~27 2 2 BFFAL
VD kllemp’ Ol —7E°H3. KLl 2 ~4 5
TR, VIR 2BV DR, avfard@orer s
KHA I EROEHRB R EET D0 TF—TAr% <2
ATRBILTWS., COF—Trig, vOREARREKCHED
27w ICfESBH BFIhd. HoT, COF—F
rOBEFARALELT, BENAEF SR LIcT B L,
EHfRic< 7 2Kk a € —F 3 REHREL L. coBsT
i, TR D —T R BBLT B bhh, 74K
EOBFIFHOHRERE N L b2 5.

6.3 EREINDF—5DLETFRIRE

MRB-GC It X > TR X 1 37— X DEFFHIBI 2T~ 3
edic, 7u 79 A0ETHR» KT ECKES> T, 25,
YR M EEDeHIC e —FEEAE) AT ohTh b, BIR
ENBECOMB(FA7240) %) X7y a vECRA
7. BT ICiEERERT. BC, B Y ¥ 7 > a Y EC, Bt
BBV X2 v avEF— 2% e MRB-GC KXk »T
B X hic b — 7o, BERRICKT30ETH B,
b, MRB-GC X >TCRIRENBTFT— 2 DEL U, 20
EFMBAHRICEL, Bx 109 ¥ 7 v 3 vEEDAKK
BEOT— A REPREINTVBC L5303, ERCHAW
fe7uZ3 801 VX2 avdie ) CEFIIGESH
DY 20 H4RBETH 30T, THiL, 200 HSCEYT
3. MRB-GC #fTbAVWBEKi, 8, VX Alike—

Tw3. COBS, R50L0D7a I LCMRB-GCHYBERIE %3,




B R OW &
08

T
L]

o7

-~ queen
06 -o- bup
as

04

.= kllcmp
-o- espascal

et
Q3 | - etsmall

02 4
o1

-4 Ppax

. : & ] X 2
10 2 ki 2 0 4] n
Y¥yrvar

7: AL X h 3 57— 2 LR

derefer-

ence
a collect_

value

[ cotlect_
vector

ll collect_

8: Ay Bl BB

TEEFACHBLTEIRTOREDT, Frvy¥adIR
by FOMAREL ETHEENSE. —H, MRB-GC 175
L, T2 OEHEREH I ARLTH, F—2nERE R
79— = FcBENAE, TCCEDhAE Ry V2D
by FROFENSED 28 Xbic, ZOFRT—2hb,—
BEIYHY b e — 7R, 200 HABREETHICH
BEh, KoY ¥ 7 v a3 veEREDRS. foT, Thbd
Ov—FHERRE, ERCH )Y, BAEARL o TS L E
Abh, Fry Lo BE@YHEO Ry ¥ TR, Yy FRE
LeEET b0 L HFCES.

6.4 SHBIOEREhR

e —7OEIRRE, 532 HICRLABSBIVTI 7TV
vARKfTbh S, 8 €, GSRoEREOARYE
FF. rrTh, ‘Reuse’ &4 (532 #) KX 3HFHMAG
—HER Xl BUEVAYIbhAabo: LTH-.
Prime’ Ch, U X FifioZeX + Y —LiHEEfTo>TVD
7, ‘collectdist’ 1 X 3 [EIHB\». ‘Queen’ TH, ‘col-
lect_value’ IC X 3[EMAZ . Thidt, TERROKRI v —
XD~y FBIROS L #BHEA FERTRI T3z LICK
2bDLELONE. i, ‘day ® tii’ TR, FBEHT
V)7L v REOENRTHS. chi, & 6.2 YR Y 4
€, A CD=DD7 Y sEERBAKIEL 2L, #
PICEABRERAERAT ) 77 vy AL Bb DKL T
LERLTWVES. b, ¥D7ulF4ThTY77VvY

84 DBS AWK EDT— 2RI TR I 2D,

#6: 7YY X T 7 XM

Vi T E Reuse % -4

EL(A) [ ®Y (B) | (B/A)
prime 21497 | 11,751] 0.55
bup 95,257 75,971 0.80
semi 1,056,655 | 675,045 0.64

2EEOEROREREBHRE V. 7Y 7 7L v 2RO
REFRICBINICTT b 3 A, FBEO< L Y TOEHAD
RN AEBODICE N~ FYITICE S F— F2E
%Hed 3 (9]

6.5 Reuse &5 NTIR

MRB itk 3 GCCit, A=V HEBB 7Y -V X bICX U]
BEINTWS. #oC, FEICA>Tct—7OER, Hik
hAe—70EYATEY 7Y — Y R MEHCk T 35S, B
¥ OMENEHT 5 L FRENE. 2T, ALY a—X
HTORLAZ XOfAEIMRB-GClk X hEREN DL
LaTHER, ¥R WeoHIRTRRC B LHD
»oMEICHE, 7Y -V X bc—BiEFz 28T, 20E
FHoTLESCLAELDNE. CORR, 7V-J R}
~RTEEL, Hie kB M EER AR BT LICR )Y,
EEEERDE LD, AV T 7 e ROBWEE XY B LTH
BCHREHTHS. CDIHICHEA XN D ‘Reuse’ iy
aChY, a2 v RerB X7 ZAKICOWT Reuse’ fy
HptREh T3 (5.3.2 fi). # 6 I, ‘prime’, ‘bup’ ,
‘semi’ D=OD T v ¥ I AIKDWT, ‘Reuse’ GHEERL
EWEA L, 728807 Y —) X b~OT 7 e AEHER
F. to=on7ur4aTR, 2ED7) YR FOT 7
€ ADEx, 45 %, 20 %, 36 % REICE k. EOfOT B
73 LD WT I, BiEHKk% ‘Reuse’ HISES T & 1FALIS,
MRERESITH . COREILR, TryIIvIREA
AMCIKAE L, ‘Reuse’ KB BE / WA WBER T ey 7
At oThR-EY LTwaAIKDE. LAL, 2v-4
5 0B OBELCEEARET, ‘Reuse’ WA WEEDOET
Bit—rS~y FR/DX P, ‘Reuse’ B HEORRIAE
v, 5T, L OBRELOEA EOMERAEWLELS.

6.6 —3iEE GC Rk

MRB-GC B4 v 7Y AvirGCo—fECH5%, —H
HQ ol 7 — & BERTE ke HFHIR—FER GC A
Hicks. # 7, MRB-GC #f75 BB LTbARVEGD
—$EE GC oEBETT. ®C, AV R &, FHRCHE
BAED Y 3 2nofiRke T—rLa— FiEHET—
2% BLEROGE T, K¥&R, Tur I LRETCEDS
B/NRIGEWEICEE L. MRB-GC 2f7- 2B & icik—
FE8 GC RHEBX W 2 EAESRP L TR 005, T
i, —E8 GC oEf* T X 30 RLT L E 5 MO
WEERT230TH 5.

9Reuse’ L& 5 &7 sk T #4 ¥ 40 MRB ol / BEH
REEGTHS.

(8>



#FE 7. —ER GC ol

Zury7h| 2xY#&| MRB-GC
(Kwords) [ AL | &b

prime 50 52 0
queen 20 58 27
qlay 400 3 2
bup 20 8 1
kllcmp 10 5 2
kllcmp* 10 29 2
espascal 20 34 2
etsmall 50 72 30
tri 100 10 10
semi 100 19 2
pax 30 1 0

6.7 TZF4 FEAEETHEOMBER

MRB-GC 55 ¢, A > 27 ) Avir A Y [ERDE
DICETREOBEEIA ML, ¥ 72, MRB-GC 2ftbAhwni, —
FERI GC oEBHHEZ 27, —EGCHOF—2na¥—
DicHOREEIHBEL 5. 2 ¥ —X—#ER GC B, GC
ERROT 274 Ser BICHBIT S, 2ee, —ERIGC
DR S B BB o LEkoEFTRE Ol (‘(MRB-GC b
DB OETHER’ / ‘MRB-GC % LoBaoRAFRE)
%, AV ORBICHNTET 2774 Ter0BESERLX &
THELEY. #RE2R 9 IORT. 0, BRT 774 7
A OFE, HESEEETH 3. MRB-GC 275845 Tt
AEVRZI -V R FCIDEHERINTWED, F—4D
By, EEEO7 Y- 2 MEEOBEI b EA T3S,
‘Prime’, ‘tri’ # ‘espascal’ CRHT 7574 FerDBEEZK
ELF 27D BAEVBEBRICNHELTELE, BAE)
BET 075 sAEARC—RCRBLToRAAEIRE
D/NECARY, BTARTCE R RAZ T LHRE DI,
TI2747¥rDBEEGHRRKDOL EDT—EBENT AN
CDXSBT V747 erDBEH10 % LT L#RICHE
wra ¥ 3 A0BEICH, —EE GC ot #is¢ MRB-
GC 2f75 C tic X 3RO HHEEICA 5. ‘Bup’, ‘qlay’
2 ‘semi’ TR, BLrAEATHRIDTIF7LhoTnBT e
o, TI2T47erDEEGHEREL RS ( TuZFADK
EX'ICHLTARY H4 X3P E LA B) BE, MRB-GC
¥frOC L X BRIBRBKREL RoTWwB LELS. T7
F AT eADEEH 40 ~ 50 % E#R4 3 & MRB-GC %77
512 5 ASEFTREEISHE L & B EHMICH 3. ARLCOFEC
i, C SH/CEINRHIAB LD I = v—4 (PDSS
NBE) (3 HoTw3. T 3Ial—%Tik, MRB 0&HY
BftlTzIarv—rihioe kME#RTHE. —
7, —HERGC I, C SECHEIRIhTWE. -1,
9 T, MRB BHOREH—EE GC oBficxt LT
RKESHTWS., T, —HFBEGCHKE+ry vy aDIR
by F2EL & BH, MRB-GC T, 6.3 fiiTt/,R L2 X 5 ic,
¥ryvanby FROALEXED L. b, EBEo<r

VRKMICH, BAE ) REEILE ¢, —BHGC BcaE—&hi
F—sBET /547 er B LTHRLE.

qlay

prime kilcmp

0 ol 02 03 04 05 06 o7 08 09
TIF4TENONE
B9: 72747 er b EAREOBER

Fruty VEECR, 7774 7 er0BEHHL 3 EA
KBHBCeAMETRTNS [I5]. ChbOAEERICAR
X, MRB-GC * MRB BED 7D — FY T %KD
PR LSBT 3k b, CoEFREoMAR/PX
SARY, BRLLT, 77747 er0HEHERBEKRE
(AL TH MRB-GC O RARICAS T LATREINS.
#-7T, MRB-GC *EBoWFIFHE@ FicEBRT3c it
ToERERED B LWL S,

7 BbUlZ

AT, T—FXEEKCRAL, T—F~OR[f VR
BEES DV 2 B rERTEY V2R, COEy M R
BET T LICXY, BEHEEL ko B A CRIBMNIC T —
ZRERT B4 v 2 ) 2 £ GC A (MRB-GC) 482K
L, i Hli%fTo7c. TR, LUTOC 5ot

1. MRB-GC &, th % fTbAViBaKH~RT, =— FED
HmbE» T, B OBE, e —TRI¥HBRECT 0
FLEEFTTE S (6.1 £, 6.2 ).

2. ELE 1B 7 — % DEAHRHBICE + vy v =
HMEHOTuey 3 TR, €y FROMESHEDS (63
).

3. &SI X 3EIRF — 4 Bodlacr, V77 v
v REED b DBRBHISZ . FY 77 v BRI
BIcfTbh 57, BHRAEZEHODICHE, »—F
YITIC kDY H— FAHRITH S (6.4 ).

4. 7u—XNC, AR, BVAFTREBCERILKRE X OB
HBHREBAAT 2L ICEST, 7V —Y R b ~DT >
w RAMEBRD T T L HTE S (6.5 Hi).

5. —3E% GC oESCE AEICH b4, EFEEcoOwT b
LEDAEYRICHLCTT 2 7 4 T A DOBBSHEKE W
12, MRB-GC #HFITH 5 ¢ & #5535 o7 (6.6 ff,
6.7 ).

EEbix, BEMRB-GC #X#+5— Fy T8
BI04 7 TR~ © > PIM/pl9] ORTZEDTEHY,



PIM/p <= vT—*%77F+ICBo7cftfty FOHEB
A¥%fToTw3. MRB-GC %775 C L 0B A—
~v F, MRB-GC #5F|2 237754 7 er0Hf, %k
Yicowth, PIM/p Lok cllEs 2 08583, ch
bik, SEORIFETH 5.

M

BEMEHEFL ICOT H4HRE, AHER—ZEICESH
L¥F. %7, PDSS MERZH->TEBREFT->T N,
B14# SSL o FHESK, BEA =AY F2HWICOT
BAPTRSE, HHEER TR CH LT3 ICOT RUBh#HA —
ADFK %, PIM/MPSI v—%v 7 7r—7 PIM/MPSI B
RZA—7, WHHBRHED A v O~ BB L ET.
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