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Abstract

KL1 is a committed-choice language, designed as the kernel language of the parallel inference
machines which are under development in the Japanese fifth generation project. In a committed-
choice language, execution of concurrent processes is controlled by shared variables, but it is
easy to cause perpetual suspension because of some mistakes in the programs. It is difficult to )
find out mistakes and correct them in the programs without detection and report mecha.nisﬁl in
the implementation. This paper. presents an algorithm to detect perpetually suspended goals at
garbage collection time. The algorithm detects maximal goals in perpetually suspended gbals by
searching their causality graph. The mechanism has already been implemented on the Multi-PSL.

(1)



1 FLsic

KL1 &, Flat GHC[12] it Z J { committed-choice
BWERCTH D, FlR = v v 2 HINFHBME
(ICOT) - BI%E f 0> 3 B S = + >~ Multi-PSI [6] & X
U PIM [6] oM ERE L LTHREN S i,

fi2o> committed-choice ZYE#E CP [10]. PARLOG [4]\
Strand [5] % & Fl#E. KL1 TlEETO AND =— 53
BUFlcEFTEnd. 2L T 7reXMoBRELH
W, zhboo—ABTHA TN EERICHTBR
HiL e BELRLEOBBIC Lo THEIND. Lk
¥, committed-choice BISEEIC IV} 3 —> D HAEIF &
FurF 3 vy AELATH D producer/consumer EF

ATk, producer & consumer ZAIAHAEH (2 +J —4) o

%% B, consumer DEFTRIHLEROEKIILER? C
2ICk Y 2 0EHERMKILT B producer DSEFFICIF
B, |

committed- chioceﬂ;:.nu ODEE. TN &ﬂ%’%
%#E%V'\/VC‘&T*— b éh”CV’Za e, TursI<
HRAMICERT 2 BEOD 5 o WIS I T HE
EHRECERY DDA v, & iﬁ‘ BAEICOT Tk
Multi-PSI_Eo> OS PIMOS [3] % KL1 CE LT\ %,
ZOBFRET. Bl B0 vy $CBRLTNY
PEOBRNCT, 2OBRERECETETAokB, XD
%A?%H%D»fmﬁwéotm&moznu\7u
77 LB EOREAFIH E A>TV 3, s

LAl KLl ksAh7F—%7 nwnnnffﬁ%& &
Nt o, Ter7ABoRDICk YETEPEHT
ZCEBHB, L nH L THB, ZDRERICKRT -

?- producer(X), consumer(X).
producer(X) :- true | X

consumer ([msg{X]) :- true | consumer(X).

1: Producer/Consumer 7' v 7* 7 A DF]

&+ KL1 ©E» i 7 88 & producer/consumer
TurZIFLTHBE, bl LT as T LT,
producer/1 BRD X 3 KE PN Tnwic e 3 %,

producer(X) :- true |

= [msgl|X2], producer(X2).

oG HEEBRXRREEKEERT. ToMR,
consumer/1{%, Ed b dEELLThAWEROER:
BoTnbT LA, KAKHBLTLES. T
Ioama—r kAT —LE v, ECDE5E
REE % Tk X SRHFIRTE & I8

= [msglX2], producer(X2).

b bAAN CTTRLAERIG. BfiAZ A7 IRk
2H0OTHI, COBEFR]L 7 u—XPENFRLDOE
BHBMEAHEREL T35 2R “ERF=v h—"D

X5 ABEAMIC K o CRRET 5 C LHTES, L

Ly DX 5 hEHABITCRERCEAVEELES
&L T ur T AETRICENICIERT 2 BESBE
[aa 28

b5 —DOERLATNE AL AVWOE, KAHFH = —
ABTF =4 v &lEd &S RETH 2o
‘ ’g‘iﬁ\ consumer @ = — At ffL> consumer T
% producer TH % (Fhbb, 74X THB) HEH
Bk, =20 AREKARERECE S & o
‘—»%%okbmi%*%mtécaﬁgm@f%

o BEDT 7Y r—va Tk, =—AEOEERR
ﬁ%f&%kb\ <@:—w#ﬁ%¢%&%mkor
LE5

2Dk, Try T ARPRLICREBTCR. S0k
AR — AR L DDy £ DHFTERE ICKAHFE
DERICA>TRET—AdbTFrLikr IR
MEREBCAZOTH B, :

AT @KMmumxm%ﬁénngmA
i — AREORHOTAZT Y XACDODWTHRR S,
coTAY Xhid, —FEGCEFHALLD DT KA
DI E ORI 7 = — X &, KAFETORREERIC

| BOBEATARRAT 57 = - XCHY DR K

ZLETRAS X 510, TR b DA T — A ERAFE

C DEORREEL NS RD, TNy SIIEEIFILD

%ﬁ%’@&& PRVCY S

2 KA R O — L DOFHE
2.1 KL1 TOHISLiEisE

KA OFLE LRI L BB, 2—FOF~Ny 7%
B 2720 20BEZHLE ZBERED b TORA
FE R —BORNER L 5 A L. fhofINESE (T X2
v a VR, MAARREREANS) & FREICHD R
5H&tE Lo KLlIKE. ThbOfINELRERS 2D
CHE 3] & vwd A& T ry Ty VERERERAEN
T, M2k c oFEKBEORENLEELTRT. &
TOT - A REROTCEFEh., BEEH OEFTE =
viv—aAR ) -s@ELTHBEN S, EREREO
EFORER, VA2 M) —aFBELTHESND
ciichd, HEEAHMET S eex (a2 bA—LT
OEZREES)E, vHE— PR M) —LREHEL, R
CIHELCav br—AX b ) —LbELAE Ay -
o CHEOETERHMET 5, flx . EEAOET

(2)




PHB LT RE 2y b r—A R }J —AK stop RHLE
BFwnanl, BEROEFHAKTTHE,  terminated 251
H— PR+ —LCHR B,

ay br—2n
A FY—4
control =

2y br—
ek

<= report
LAHE—F
APy —4

oF

B4 2: FEE

=—J.

2.2 mﬁ#ﬁ:—noﬁihf

mﬂ¢ﬁz—»#%ﬁéﬂ%&ﬁ%§%aLfv+—
PR — LCL T &S A CcHEE LS,

except ion(Info, Goal , "NewGoal)

ZHEROT L. KDY
Info: FUpHIELEDFE

Goal: FINEFEX e —AOEH — Code«@ﬁ'/f
VR LB ATEEND

*“NewGoal: Goal Dftb b K%ﬁ'ﬁ; Za—AERET
3L — Code ~DHEA v X LB~ I 2R EXD

PINE»Z G tokav tr—2A T rEX{Z, New-
Goal % Bik{kT 3z ick b, FMcHT 2EFOH
HEHA5.

CC@\*A¢ﬁn—W®ﬁ*KOhf\%ﬁ?~%
ik

o FTRTDAAHB T —AEHETETRE, Kk
A¢Mo§@ﬁma&oku—»@g%ﬁ&¢«g
<HBo

L5 T2 THB DD JEREKAFTE ORK
LR TBRKT—MOLEHET B, BRT—1HES
KA = — A B ORRBIROHFTRD “H” Ofrfic
BB T—ARDT, KAPE T —ABEOH 2 bEA T —
ADHEHM  WET BT Lk, RO RT Ny SRS
DEFE 5 HTHBCERAE L WA bo HICKA

L REECHH

(3)

FWOBERTDH 5 T—AR, oA A ICHN
TLEN, BELEBCRB LS CERECRERDT
$5,
CCTERLAGhE A DA OR, WEINER
o A DS DKARN T — AL, PN E 2T o et
Tl b S KATBEREBICEZVE WS C ETH B, i
B bIE, BAT-AOFBBBEENT RS 2D, =
v b r—nT RERICEEDBBOFO FaE Bk
T3z ik b, FEROIFEAT -1 OEFTEHRT
BCERTBERDBLTH B, TOLT L KATH =
A OHCHAT— A DB R EET<ETH B L\ 5 FHe
OEHO—DK A>T, )

3 KL1 Ok ERARS 57

KL1 OOkl

KLl WERORECE TR EffEgELTs L
WiC, =— A DHMEF busy-wait 1L X b W HETH
BoTwbe Thbb, $5 - A OETAREMKIET
NTRR LD b IC BT 5BA, X0 — 103
e o— FOHL v R EOBEERHIML e — 1L
a— PRI OEE & & o e RERERH L AL v T
BXED (ERA~ADT—ADT v I EnS)e ZTOB, B
BB IR ABIC, BHICT vy 7 ShiT— sk
FABEAREE A, Ry Va—ATRBOEFEOTL
(S

3.1

?7- a(X,Y,Z), b(Y), <(2).
a([msg1{X1,Y,Z) :- true |

Y = [msg2lY1], Z=[msg3iZ1],
b([msg21Y]) :- true | b(Y).
c(Insg312]) :- true | c(2).

a(X,Y1,z1).

B0 3: AARB = — B

iz ids M3 R LA w7 7 AfTCHR. =— 21
a/3y b/t o/t KAWL, 4D X 5 aiEEEH
VE3, T T, af3 RERRERIK BT BBRKT—1TDH
%6 .
B 4nb. HW AL 2~ F &2 OT [ HEAKISPE
OREBFRD 77 7 2 FH L. ERERICE »TTHIC
PET—A~FERCHET—ADFErDFEA 2"
HESTV CLBARETH I L HBHLRTH S, C
DX 5 AEBRE. BETETIHE LI,



X (oo
a/3
REF
I REF
E
Y (o0K) fioor) Z
b/1 c/1
=/ -
B 4: = —ADARAE
3.2 #@K3—i

czTy BAT— AR EHT 3 eBICT—AEOBIR
R ‘

e A-BdLLEB<A

*BAL. Th% 7—2 Bid=—n A OFIE»0F
ETRETHB) ¢HL. ¥ T, I A LF—L B O
i

o (A= B)A(A£B)

25 BIRE D 3 BE, ERERICECT—1 B i
T—r A ORRBRO THICH 5o Ees

‘¢« (A= B)A(A< B)

L 5 BRSRILL Tl 5 B8 FEBIRIC 321 7 —
A Ara—n BUREETHB L\wi b, CORRERE
AT3sciick hkAHMT—1 G, i

o (¥ EFFRRET— 2 G.),G, A G,

DESBT—ANTHELEETE D,

D EoBREEERT 5 &\ KAHB = —AFBOBK
T (BE) &k AAPE - A BEERERCENT
FETH 3 -1 DEES G; KHEL 28, Ehbof
<

o (VGi),G; A G;

LS EHEEFATRERE G 0t THB L i D,

(4)

4 EBRXI—AEBR7ALITIUXL

T TR BIEICEE L ek AN = — v ROk
T ARRTATY) ZACDOWCHHT 2, TA=I X
A

L. RAHNREEORHE
2. KAHMT =~ (B) DRE
3. K= — s

D3IDDT7=2—XCHPNB, AR, ATA=TI X4
X 2€—4 7 GC %L T3 Multi-PSI LT
EHEBEEL TS,

4.1  FKAHERIEORE

KLIEFCH. BERTPICKARH T -1 24
TRHET 2 2 dFEFEECH 3% LiL. Non
Busy-waiting FRTT— A DEFTHE 2T A>T 3
7o KA == VB E OETARET — A DT [H 5
b REETRFEETH D L 5 HERD B, CDEE%
FALT, 2¥—-4 v 7HKic X 3FHE GO RICKAH
BrREEORMEITAS C LKL 2 ¥4 v 7 HR
DGC LIk, AEVEFMEZOCHEHEL, ThE2KEIK
HERL. —Ho A ) EEEHEES & TOFDOT
IT4THRT—RBEDOHIED 5 —FH ATV EHMIC=
E—F 3HRTH 3, BB GC CUEFAREAL— 1D
BEX—F VI P T DD, KAFH -1k
RAASTEETDH Y, i GO R =— 1 & GCHIC=
Y Lo — e BT 5 T & CRAFE OREZR
HTE30CHB, ' ’ '
BRI R T OMBER TR 5o £ T BRETH L
P GCBc = — %8 4% 5 71V v # goal_counter &
copied_goal_counter W} 3, BEEFHICHET—1 4
R - EFRTHEK goalcounter 7Y ¥ + ¥+ 3, GC
Bricit, I—a%k a2 ¥€—3 3%V copied_goal_counter
BhHT YV }73‘5_0 e Ua iﬁﬁ%ﬁ‘ﬂiﬂ) goal_counter IC
BL Tl SHEORTE2RINT 5 2D ICBICBAFHR T
P57, BEETROMBICEES A -~y Fikh
2bEv, FBP GCHTRICLDIDODH Y v X % ik
L <~ copied_goal_counter A% goal_counter X h /N
ThiE, AAPBRECH->Tw3 c a3 hkT
tichdo ’

2R b NABE DS MRB % v CRINRTARETS 3,



4.2 KAHEIT—IL (B) ORE

BEiGCCw—% v 7 r— + hbEEARE A F— &
F7 V=7 FRIFEES bHEE A~ ¥ - Lt KA
T — A B s C—XhTFRIEFERCES C LItk 5,
KD 7 =—XClk COHFRE XL — 7 L TRAPH
T A EREFTBERED L, DX AR — Tk HBEKC
TE3%kdHIK, T—rrva—FreLrBhihwni 5 2585
XY GUOAL #BAL, T—AlLa—FefipF—% &
DFEEFNCFIFAT 2.

AAFE L=z - X2 05 EESR b &0l c#H
EENDED. TNoDTF— X BZBEEDOT— X LFEEE
GCresHaHfFEBrcaY—Liabhdabhv,. ZO
ey AL — T CRAFE - EBR L BT
*DoT—Ak<—F v A— & UTIBEED LA
~ADIE—%TARIBERD L, COB. LTl~3
X 5 IR A B = — A OEFERIR O — S HIH T 5 %
DL, TOTAT) XAFFEECHBHASOICAR-T
w3,

4.3 BRI —/LiH

BB, BAT—AHEOHOTAT Y XLKD N
T3, TDTATY XLk sweep-and-copy 7 = —
% & mark-and-sift 7 = —XICHBNTH B, BITICE
NEND 7 ==X EG ZMBEICONTHHT %,

4.3.1 Sweep-and-copy 7 =z —X

D7 = —XCRBIETCHHE LA X 5 K. [HEERD %
A—7 & a€—2FAh5C,CLb, ETOXRAHRE
FT-AEHFRERRCE—F 5, LB, B50BYHCTH
%,

BAT—ABHT— T A EBEOA YT Y Ay

FCRIBEBROT—ALa—FDY X FELTE

HEhTwnd, HEZ» bHER~T— S22 ¢—
LT3 8RR, T—r1 - FEa€—F 3%HIKC
copied_goal counter 4 ¥ 7 J A ¥ FLTWw<,

ZD7 = — AR TRRTOFHFVRORIEREI 60 X
5KE>Tn3, _

CORPT G X AEY » R4 —FCREINEER
FE=L—rTHY), CP-G, X G, 5=—F v 71—}
LLieaE—REsTHERICBENT—4F T V=
7 rOBRETH B, Eies 1< THIE G; 1k G; DR
KERXhTwbC A,

T TTCHRER=—» G; ORI

o G G ifi<j

Gy
Normal GC
Gy N
S ¢cP-G
S - !
v G
fS CP -G,
e
r
Gy
Gx
CP -G,
IBfERE grems

6: Sweep‘aﬁd—Copy 7 2 —XPHT Lo A€
Y

A3BHREDZORHALATHS S5, COTLRYUTD
L35I LIRS 2 e R TE B,

BL. G 2 G IEEL, Dy i< &b
BEa—rva—¥ G &G E<x—Fv7r—
FELea€—CRAIRLTREThEAD
B, L2l i<jTH2hb, G; k2D
aE—TEAEIRTAV, Hic G; DEFTIZ
G; KiEFE L REVwDTH B,

ic, MO6RDT—A G, BED 7 =— TR CHE
RI—ATHB T LHRRIETNTRE, G, ORFTR
Gl, ~-~7Gn—1 KK#L&V‘Z&*&"('% 50

4.3.2° Mark-and-sift 7 = —X

LT 2 — R THETT x— X TREDD b HRER
LA E D

¢ G;<Gj,i<]

&655{2-’?2):66#75#%@#&550

HoBAT—ik To—21 G; @ﬂﬁ#b? FE b
L—X L, BREAREAR = — Gi(i < j) 38FT) &)
FHET BRIT-AF—-TARBCHATECLLI>T
FRTE S, AILF—22BEHRE v —2F 5 & %8
J3cHic, GCEMRENTYv 3 marking bit v
T —E MV —XRENF—Fcd~—r%203ct
CLko TATY XLBRHETOBEYTH 3,



procedure Sweep-and-copy

begin
while (goal_counter > copied_goal counter) do
begin _
[HEEE R[4 — 73 3;
if =Z—ata—F G %FE L% then
begin !
G 2FRERIC=¥—F 3;
G ZRRT—AM BT — T ICERT 5,
copled_goal.counter AV IV AT B . :
G% ~—%vZr—tiCL T, BETMREAT — 5+ 7 V=2 b %grﬁﬁﬁiﬁmn ¥—3%
(cofjlca—ava— FEaE—F i,  copied-goal-counter 4 ¥ 2 J A ¥ +33);
end :
end

end

[ 5: Sweep-and-copy 7A=Y X &

procedure Mark-and-sift
begin :
for j := n downto 1 do
begin
if G;inBAKS—rAEFHT—T A then
begin Z . ‘
while G; DEEAb FL—2%Fh\n, F—EF 7 V=2 Mew—2 %D B;
‘ begin
if (BAT-rOEMTHE G AL xFPVCE;D#of:) AG# ]) then
begin
G; %ﬁkﬂ‘—ﬂfﬁﬁi*—7‘ﬂ/z}>bﬂ?‘;
end '
end
end
end
A% Y €A mark-bit % off ICF 5;

end

B 7: Mark-and-sift 7A=Y XA

(6)




F—EDFL—R{E, —2DT—DL5 I E~—F
YIA— 1+ L LTERMICFTA S CO7=—X%fih
5B CRIFEEAHBICHEATE 5725, [BfEE X
2y 27t LTHWAEZEHAL o

COMERET LRECTBART— A ERT—71ric
REOBAT—ALOIFEBBINTVEC EBREETH
3. COMERLEHT

o (Gi<GiNi<]y)

oﬁﬁméaﬁ~»w?u@ﬁr 7»#6%%%%5
HOTH5,

Bic, ¢ CTRRE IR —A D BBSKARE
T2 LCZORT R ICHETN S,

5 SHE
5.1 XAHKT—ALBRHEOLEHDF—/5~y
¢

CCC, BIECRLATATY XARERT BT L IC
X3t —r~y FRBELTEET 5,

o EERTRC I, Ml AZEEZEMLC RO
Ty =~y Fﬂ&‘/’

o KAHBREARELTAWES, GCHIE
copied_goal_counter 4 ¥ v 3 DICESDF—
Ny ¥ O(n) (n G —1D8) BOHD 5,

o KAHKRBAEREL T2 HE, HERO A E
Y 24— 7 %fTh 5 7 ¥ sweep-and-copy 1€ O(m)
+ mark-and-sift i€ b O(m)(m B AEY H4X) D
A=~y Fidd B,

HBED XS5 I, XKAFKT—ABFELEWREER. B
B GCRIEHDF —~~y PSR BET T, BEE
BE ARV, KAFN T —ARKEET 2EER. B
CCRCH ZBEDF— N~y FHELIEHR, COLD
ABSE—RNC T w7 FLADNTIC L Y R BAREE
TH D, KAFH T -2 BET FNEERT 2 &M
Brhasaz bCelhnkELbhb,

5.2 FEHXOER
A7r=z) XakcEid 3RFAICOWTR<S,

1. RHRHRICTE R v, 2DADH. BRICKARNIC
fao ZREE L 2R B T & R TE T, HAERER
R FETLTLE>% producer 7 mr€X%
WETBCEHBTER V. ZDH, KAFHOE
OFER%EBoHT T & g TH 5,

coﬁ%ﬁmomrﬁ\MRanﬂ%ﬁmkmﬁ
RHEFTES C LX) BOBEMRTE S,

2. REER 7 7 7oh0EOBRT— A BFEEh
BNCLRED B, ER~OBEEFRHIH LA RO
#%%ﬁ#»zto#@&%%ﬁ&iﬁxﬁoﬁk

T-ABRETE D,

3. BifE. Multi-PSI IciiAdk GC R E XEE IR T
EwnidH, T uty FEICHESKABEIRE TR
HTE g Ll —RETICHKA N = — 1 255

B ERET BORT Ny 7 DEORBE TS Y-

| ZORBTR, WEIROT vy FCEFTEL
B, KTATY XLTHHHICEAEREDS LEL
bbb,

6 bVUlz

KL1 X 5 % committed-choice D HFER VT 7
w7 T ARVERT 2B BOBRETE LI TAD
—DBAARW L — A ORETH 5o EDLD, KA
WA 2WETECLE, TulTADFSy JUER
OREE TRBHCED I TREERED 5, T X 5 hEE
BHR— P ERTwARTIE KAPERECHE->TL
iakﬁﬂ%%ﬁ?%ﬁﬁ#ﬁmkﬁt%ﬁﬁﬁﬁfé
by Y7 2V = TRROGTICE S,

Aﬁiﬂkﬁﬂ¢ﬁﬁ—»ﬂﬁmﬁiﬁaﬁﬁ¥ﬁﬁ

KRR RS B 0 L ACEBIL T B ORKE

B L EoTHY, =~y TH GCRICENIHH
BETTCH 5, .
L L SERARZHETHS T TIRKAPBCIRE
KhoTLEshkT—ALLERTEAV: bL. P
B - ARKRARECREIC Ao BB ERITEC 2
BTERR, REERERELEETCETTLEL X
producer Y ue R RREFT LT L HBTE, TNy IHE
CHdIck B, % 2 CHAE, MRB [2][13] ic X 34RHI%
KEEREDTH D, 25 FTHEIATH = — 1 O
HAEECE 3, LiL, MRBOEEDZD, £2To
AKARH - A 2REBTCEI DT ClAEV. £CT &
EiR =% @E GC Ic X 2 RH#HE & FIRFICER Th i,
ENENOFHCIEUREATE, ZOBR. BEH
B7urIIvIETRLDCEBHRFTE S,

7T B

BHICEKTAZY XADELEZREI N EILBER
CEHLET. MEFROBBICEFRE AL VAT
FHITR, AR—BRICEHL 3. ICOT ofi—FEET

(7)



B, WER—$ 4 FRESZEIC C OPEOEE 54T
T ER2BEHLEST. XEIXERARRBER
e\ e 2 Do ICOT 4 IEEDOHEE OH ~ KK
BLET. o : : '

SEXM

[1] H. G. Baker. List processing in real time on a serial
. computer. Commun. ACM, 21(4):280-249, 1978.

[2] T. Chikayama and Y. Kimura. Multiple Reference
Manageméﬁt in Flat GHC. In Proceedinys of the
Fourth International Conference on Logic Program-
ming, Vol. 2, pp.276-293, 1987.

[3] T. Chikayama, H. Sato and T. Miyazaki. Overview

of the Parallel Inference Machine Operating Sys- -

tem (PIMOS). In Proceedings of the International
Conference on Fifth Generation Computer Systems,
pp.230-251, ICOT, Tokyo, 1988.

[4] K. Clark and S. Gregory. PARLOG: Parallel Pro-
gramming in Logic. ACM Trans. on Programming
Languages and Systems 8(1) pp.1-49, 1986.

[5] L. T. Foster and S. Taylor. Strand: New C’éncepts in
Parallel Programming. Prentice-Hall, Englewood
Cliffs, N. J. 1989.

[6] A. Goto, M. Sato, K. Nakajima, K. Taki and A. Mat-
sumoto. Overview of the Parallel Inference Machine
Architecture (PIM). In Proceedings of the Inter-
national Conference on Fifth Generation Computer
Systems, pp.208-229, ICOT, Tokyo, 1988.

[7] N. Ichiyoshi, T. Miyazaki, and K. Taki. A dis-
tributed implementa.tion of Flat GHC on the Multi-
PSI. In Proceedings of the Fourth International

Conference on Logic Programming, pp 257-275, 1987.

[8] Y. Kimura and T. Chikayama. An Abstract KL1
Machine and Its Instruction Set. In Proceedings of
1987 Symposium on Logic Programming, pp 468—
477, 1987.

[9] K. Nakajima, Y. Inamura, N. Ichiyoshi, K. Roku-
sawa, T. Chikayama. Distributed Irnplement';ation
of KL1 on the Multi-PSI/V2. In Proceedings of the
Sizth International Conference on Logic Program-
ming, pp.436—451, 1989.

[10] E. Shapiro. A Subset of Concurrent Prolég. Icor
Technical Report TR-003, 1983.

[11] K. Ueda. Guarded Horn Clauses: A Parallel Logic-
Programming Language with the Concept of a Guard.
Technical Report TR-208, ICOT, 1986.

[12] K. Ueda, and T. Chikayama. Efficient stream/ array
processing in logic programming language. In' Pro-
ceedings of the. International Conference on Fifth
Generation Computer Systems, pp.317-326, ICOT,
Tokyo, 1984.

(18] Aty Fil: BFIBRBRSEKL 0SBSEESHE
CEXBHR=Varriay, BHLEZESRT
8,Vol.31, No. 2, pp.316-327 (1990).

[14] Y. Inamura; and S. Onishi. A Detection Algorithm
of Perpetual Suspension in KL1. In Proceedings
of the Seventh International Conference on Logic

Programming, (To appear), 1990.

(8)




