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A Study on the Concurrent Logic Programming System

Jae Jin Koh
Department of Computer Science,University of Ulsan

(Abstract)

In this paper we describe the general components for constructing the
parallel logic programming system by a stream AND parallelism and a
committed choice non-determinism. We propose two new methods: one is the
method that selects the guard who has the narrowest ranges of conditions by
considering the subsumption relations among the guards when searching the
guards concurrently, the other is the method that can declare the free
arguments in addition to the input and output arguments when declare the
relation type. We propose the AND/OR process tree model as an abstract
computation model on which this system can be implemented.
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parallelism)
TE HEE e T HXE HE
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Relational Language(2)& 71Z2 )M
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merge([A|X]). Y. (A|Z}){-true merge
(X7.Y.72).
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merge(X, [ ], X){(-true true.
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o] read-only ¥&Eo|th. ©] merge ¥
dol e e zele EXE merge(X?,
Y?.Z2)2E 7t #A. z2#la Concurrent
Prologt th5 87 (multiple environment)
mechanism& A&z Urt. 2z Biy
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B =g) zaadgy A2l #¢ A7 5
7- sort((3,2,11,Y), writeins(Y). R& "ol o] Boli Al..... Apne @
dolde] dggolnt, dHolde 7 AF

el AR A2 FHE vEhd el
19l shet.
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E
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writeins({11Y1))

1 &9
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12 %9
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1 2 3 29
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merge(X. [ ], X).
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Zv O BAE F9 o= sl "Hrl
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oh& 3 22 A4
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7- class(tom,sportsman).
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t},

3.7 £H B4l

(back communication)

oWl Exel AL thE E;o o)y
AeulFE 5 de WFEE L =
A wMesE AT ¢ Aok 2y =813
HEE AAste EX9 2 =e3 deE
ol gt e WEE A4 W Ie
HEETh, =83 WAf
M sty TZHM2(process)E Atz
Z2A A8t =2 HEE dold gt
od e HFE dF WFe Z2AAE
aula TEAse & o, 2¥A ZEAX
Al =ed Wechd de WeE g
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At LuRR RE QA m £ 2
Aol dol drh, o]zle WEHoRm AHels
= Fe FxAtolo] e FH WAFE
F3 A e B4 (two-way communi-
cation)e] A== Aot}

& EH,
writelist((reply(Prompt, Reply)
[List)) ( -write(Prompt).read
(Reply), writelist(List).
writelist((Messagel|List)) (- write
{(Message),nl. writelist(List).
writelist(( 1).

AX writelist =el@e] reply(Prompt,

Reply) gt A A (message) & WAl =™

PromptE& £33 1, readol 9oala

@ (item)eo]l dHH I Replydl “uls

Ha o] AL T Bale) oElM e &
A

gk e e wMxE

3.8 34 A

AF7nAE AND HE Ags g3
(committed) OR ¥ ¥ A& &3}
olZHoRE ojRor F¥sh} 4E329
ol f W&ol %o A Hele wod &
Aol HE Helrt degAtgez AFHT)
thgell W Y Ao B3 AAAE

71€ s A
D E3Ee] HE AND AH@l ikt
=ede WE wy dada
& E®e| A¥ AND A2 Ak
welde Hd gy

& 9,

type dbase(i),dbasel(i,i) trans(i,
i,0),initialize(o).

dbase(Cmds) <~ initialize(Initdb)

K

Azl

& dbasel(Cmds, Initdb)..

dbasel ([Cmd|lCmds] Db) <~ trans
(Cmd,Db.Newdb),dbasel(Cmds,
Newdb),

dbasel(( ).Db).

o714 749 dbasel =zjde AR 4
dxoz g48m, dbase weldia 74
9] dbasel =olde HEHoz FAFH}
dbase =289 FHl sz FHe 2x
= Adxog HE)Hil, dbasel m=aEe
A6 e T HxXE wEAom A

elEr},

3.9 ¥4 (negation)

truesl "ok, o]

2
as failure) ], drtd oz
pel g Swel dsirt =odxez pr)
falsezts o] FWeo] A & glAvt 3
T ZEafd Iad AAdAMe falsed
o E@glth. =eld falsed 9 A

o3l falsew= FE AA 713 (closed
world assumption)el2tE 714 dhol A vt
dA gk, ZRoaodo]l YyolMEe] g
gAg Heojg ztam drim s stE Ao
g E MA b ojrt,

qF BW,

sibling(X YY) (- parent(Z.X).

parent(Z, Y),diff (X, Y).
diff(X,Y) - dif I{(X,Y).
diff(X,Y) <~ dif1(Y. X).
parent(alice, caspar).
parent(caspar,eric).
parent(alice,brian).
parent(alice,dexter).
dif1(brian, caspar).
difl(brian,dexter).
difl{caspar,dexter).
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HYy =g TE ey A

A k&9 implication& Fr}std,
(vX,Y)(parent(X,Y) —
(X=alice A Y=caspar] V
(X=caspar A Y=eric) V
(X=alice A Y=brian) Vv
(X=alice A Y=dexter))

parent d#olAde] dlg sl 237 <7
o Fold Helold Felo oM Fai
th o3& ¢4 BA (completion law)el
2} v}, delel parent dHlolA el

del 27 WAL AR e e

‘if and only if’ Y& 4& 4+ Ut}

(vX.Y)(parent(X.Y) «
(X=alice A Y=caspar] V
[X=caspar N Y=eric) V
(X=alice A Y=brian) Vv
(X=alice A Y=dexter))

Aol Heold 213 parent ol =

W Asle =93 false® A 5+ Arl
&3 Ze& KCURPROY =gAeo] &
o),

r(X1..... Xk) {~gi : by

r(X1,..., Xk) (- g2 : ba.

r{X1,.... Xk) (- gn ! bn.

o714 git HIEPol: bit BAelt}
7 melde RsFS FAA X1,.... Xk

Xk)(r(X1,.... Xk) &
(aY1,1...., Y1, ml)(gl bl)
(3Y2,1,.... Y2, m2)(g2 b2)

(3¥n,1.....Yn.mn){gn bn)]

2ol FE AP 11

i 33 P9 (committed choice)

“o“ﬂ W Foll thS3 #E FrMEQ By
=5 & (sufficient guard law)e] I8

L ofj

3t

o]

For all i and j such that 1 < 1i,j

< n

(vYi, 1,..., Yimi,Yj1l, ..., Yj.mj)

(gi A gj— [bie bj}]

olZE BHIY 2RAL Fr] AAsA
A RAoewMd B3R gzt dFstn &
A bizt A 2 oj| =gl W
ZTEe FA7l 43 & fivde As we

. KCURPROAA Ashe] 9% #3ge
welde] 21d Yoz 38 4 o}

type not i.
not p <~ call(p) ' fail..
not p.

94714, not pe HNAA =2lde HIZ
Hol 2le B3 pE AIaA 2R 4F
¥ not pe A (commit)H A failol
dot, wef goal prt A9ER not pe A
23k not pd AddMeE oE WL
43 (bind) A @

o] deiAl= AND/OR 242~ Eg] 29
(process tree model)dl ©1%¥ KCURPRO®?
Tl B =@, AND/OR ZEA 2
Eg 2de KCURPRO Z2agie] o] F
ZE APz AP ¢ U e A

23 (abstract computation model)e]t},

4.1 AND/OR Z2A A Eg 14
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AND/OR =242 Egls o' Al A
KCURPRO Z2113)9] A8 4 g 7
= 22 A A Eglor}, Eg g
ERMAZAM O 5 YgnE
A2 (leaf node process)ys A3F
(runnable) ¥ oW W9 A
gy H 3 (suspended)’delel vl
old (non-leaf) x5 Z2AliE oWl
A2 B (AND & OR)ES Zta 9L,
ZRA 5] A {é&]s Z1vkela e
ol 2t Z Za2aixie Y '~§ A
©J Déi‘j(instruction)%% 43 &’)
s8E 23 gl
‘%‘_%(glantllalltyf)a H‘zé?’;“?]. 2]
2 ¥ Eo H]“’é’”g(nonﬂnstructlon)
L AAE W, 2 588 Aesly] 9]
Al A EZ (fork)EHelr 1 &2
2837 9 24

ol
-

(node)=

)
o=
ltl He I
© N ool ku o

)

Jm © o E or & b

o o
b ot
b "

i

sadag 449

o D
as!
10
=

2
>
~

gokAl doh. HEEe] W¥E Auie =od
S W gae A8 Zadas dER
Agd oo A EZrA~ES A4

ol LM xo e (state)’t p & b

olu p7} BxA T2 EfE g
o] W),
p &b = AND: p & b
b
a¥ 2) 9 2d Aolo] dhF Lo~ Eg

Az

{

l

ui}ﬂi & be AND ZzAM~g 9
bell ]i* A& (continuation)e] 3

kil

‘:1

I%D}A azsn pE daAskr] Ygk A =
B2~z AdEY AEAHE el AND
EZA 2z Yol WEel aoisith prh

A2 sz el olal A
Folof b7b 4aE 5 Ak,

YgAes Fad

49 Ade 44 zedss)
He Held s e Ao

FTdsirh o E B9 (pl.p2) & b ZTEA
2% Aysts 73% LA Erle g
3} o] W&t

(pl.p2) & b = ANDI(pl p2) & b
i |
I
Lo

|

pl p2
(27 3) 2xE9 WY Aojd g TaAx e

A7 Frle] 24

5 o} 33 Bojok b

h {- gl bl.
h (- g2 : b2
h<{ b

™ v dgse g2
), ZEAAE g gy Zo] Wl



g =g Z2aw Aasld #d A7

sttt

gl:bl. g2:b2..b = OR:! gl:bl..g2:b2..b

1[

gl:bl
(:LE' 4) =eldEe 24 g4 dig
Za A Ed

4.1.4 =2jd g9 948 &4

ey Z2e HEdE ddd =g HE9
AE o,

h (- gl bl

h (- g2 b2.

h<{Db

Hag ddE =5d agdere 7
=elde RIRS Wiz sy 4%

A4 mRAssl A7 A4Ec A%
e WY %Y wedEe) REYsl BE
A W AAEE b EAHCY, Z2
Az B Bhgwt 2ol WaE

(g1:bl.g2:b2)..b = OR:(gl:bl.g2:b2)..b

gl:bl g2:b2

: ghalol tigt meas 2l

(28 5) weldEel ¥Y

3%
(]

4.1.5 AND &A¢] 43 A2

-
gl

=

AND #AE A7)
2Alz2g 2 AND BA-

2 Ay Foo

#1ahM

Q) =
M

_51_
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FFAez Fadd, ¥R ZZAxAE
AND Z2A 2~ 88 zZer, AF3 74
ZZA 27 o] %S 2] ZE e 2 2R
Aze AAG ¥3 Z2A2e A3
AR HA AgdEel, thd oA 3
4 Azl ALE Jepid

AND: p &b = p &b

|
(2% 6) ﬂ%ﬂ AND @A 9] AF Aalol] uigh
Zzg2x Eg

AZ3 A Z2AlA ol g sk
e 2 AN ZEAss AASD O o
ZRANAEY AT RE /g, oL
Ol HE Hdale 395 ety

AND:(pl,p2) & b= AND:(pl.p2) & b

|
!

pl p2 p2
(03 7) ¥ AND #A9) 4% K)o g
Zz242~ ER)

4.1.6 OR #AY #3 (commitment)

=alde RERE a3 %'HH A
ZRAHAE OR =22
gzt e HEE) 4
glalo] A Eo] A LridA,
of &% (commit) Bt #FEH Z2AAE

e

i

[‘

2y ZeAas qAds 438 =g
BAE Adsd Bt 498 zasad
olgo] gdukl aABe AHE AAHCL. o
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&9 aYelN 2R FHsw Uk,

OR:(gl:bl.g2:b2)..b = gl:bl

gl:bl g2:b2
(23 8) OR @Al9] &3l gt =2~ Eg

4.1.7 49} A¢

ZTZA2A Yol ORY W zp2) =2
g m=ejde Rayst e’ﬂﬂém o]
BER ZaAxyl glthd H‘} B3
Z2Aae AALG. ohE
4 JeRdcl,

5]
T
2

e o

=

s -z Mo

OR:(gl:bl,g2:b2)..b=> OR:(gl:bl.g2:b2). b
|
|

FATL:gl:bl g2:b2 g2:h2
(71 9) OR #ol daf Hafe] g ZaAx 29

(29 10) AND 3ol daf xelel] gt
ZZ2A2 EY

4.1.8 fX (suspension)

7 zaAae dde WHEE U@
Goeld WEE Fo) mdxed fw

(suspension)® A3 (reactivation)el
#ag dag oz datast bind Welo] 9}

o}, data(V) B#e ¥4 V7 ey e
A=AE Agart, wrer Vb g3 g
o A &gohd data(V) ¥W#H & Fydt=
ZaAAE ¥ Vb g Z2A 2 9

AN dguigE wizba fFREGD WV
7b gl g sle W bind(V, ) g
ey VE ¥ t2 oA ete H938S
Tk thE mEA A0 iAot o
W OAEE AEle 4uRl ZRAAE 9
2 ML F A7l HES) &Y bind ¥
ZA2E Q4L
BE Fdsle ol Aol
T E71A el . dtve Addy)
(busy-waiting) WHdd W\ Vel iz
A fEEe e ZEMaE AS¥on
A VoL A A EderE A gect
geb W Vb deniE 3
ZzAzE APEolr ofge
A dvk. g shve i
busy-waiting)dyold vt
27} data(V) B#EE FPsA HolrM #
HEvhd o Z2gxe vadsisiEln W
Vel #ag gl aEd Fojzik whek Vol
Al Ente o ZRAse d3stdct
W Vol #3 {1 2]l ~E(suspens-ion
list)ye W Vol el frhg 7} ZaA
29l AYA(identifier) & za Uk, 3
Mel zlxEolw of /e Zagxrt 9
£ 5 dvk, a9y A ZRAAE oA T
el ArE U Eo4H 5k, vkt
7} TR AE 4 W
A"l AlHelA Y M wlFd fFEFH

3L
e, =aAx
]



] W Folc}, A& &
22 AHYPHe Fe
“ﬂ.

Yo B

to ru%é ?3

data(U),data(V)

7} data®Be M2 T2 Zai 2
A15HTa A @ ZEAxE d4
o oslMd FRE 71 dn
Bg Vel 9sfiA fEE 7 Aot
gkef bind(V, t)Ehe HH o] Py
Vel 93ia FRE g x2Ed de J.lé
ZA 27} AdYetA ot

A=

=T

m

73

=
2o Alzge] FEE 9
TH 83 diaiA MEdct.
ND #ZEAs g3 A v2d3y
J (committed choice non-determinism)
sl dAEA Zledct Rafeo o
Aelol| #3 ool | FAA TR
—fir 719& A AR
71gel Adrdazs AND/OR Z&2
Eg 2dg AAg.
c2o AFAARAE
Adoje] At on 9
Aqrt dasta, HE =8 oy
"ol FEE AT MEFR AEAA W
o] el Hasirl 53] Ad FH(ter-
mination) ¢t R AAE (deadlock)el 314
7197 B3 B (guard)e A4 EAE &)
A357] 98 B&AA dugFe MNdol
dasit, agjm 7lbe] HAAdRd-E A
o] A7) FERE WEEr] A s VLSI
Z o] &3 Ay A 7] g A7t
g a3}, HE =g Zaofy Alad
9 74 g B xAay) Alxdle] i

o g A7t FHH o A,

:L:ruﬂé ox, i (o

217 rol

A

2
a

kUl

i

=

o

S

=R
=
a

SECERELE
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