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An Efficient Evaluation of Proof-theoretic Meaning for Normalized
Recursive Rules using Shared-Nothing Parallel Architecture

Woo-Hyun Cho' - Jong-Hee Lee'!

ABSTRACT

A deductive database consists of facts being the extensional database and rules being the intensional database.
Because of the difficulty of evaluating rules, many parallel evaluation algorithms for rules have been presented. But we
have not gotten an acceptable result. This paper proposes a new methodology to evaluate proof-theoretic meaning of the
linear recursion rule which contains transitive dependency by using a shared-nothing parallel architecture. At first, we
prove that there exists the equivalent expression for a linear recursion rule, design the algorithm for evaluating the
linear recursion rule based on the equivalent expression, and finally analyse performance of the proposed algorithm.

.4 B

Ay dojgulolaE A4 dHolHz Bie AM
(fact)B9 #¥ FRH FH(rwe)ES] #8 FPo=
FAETD AMEEY F8 FFE I2H (extensional)
dolgiwol2etn su, FHESL F¥ AFE HEH
(intensional) wolElsfo]x2tn @ri{1] A wiolelH

418
3
£3

DEAYGE AR GE ] T U ae
DA E HFEPRTRE A7
119999 44 24, A kbR 11999 109 12¢

1
A

' o ofi
ek

olx9] XA doleuel2g FHste FHES] Y
2444 (non-deterministic) 42& 7] W], 734
ES 99 ==2AAMo 9% von Neumann WAo2
A2 s Aol 283l =(overhead)7} oi$ A
o}, upgbA ol§ Fol7] HEY 4% HEATZE o
3o FHEL H¥=2 Agons T A
(evaluation) A|HE Eoj ATF7H olFolAd fou
U4 % 3¢ FWM wE2Y HAE 4R E3d
tH2-7). e AA ¥ (recursive rule)sl &3 A
42 A9 delgdolzdX Fad TAAtT E,



2082 StmFEXNEIER =2X MeH Mi1=(9811)

Aelshy] g Ege Hd¥3 AAREE 4 @
@ A8 AAFAE W == FF3Elr 48
PHEC] AFEATHE-11].

Ullman{11e ©¢ AgaidN wAATE =Ex
AATFEHY FH-olF guE Addse dadE g
AAlstdo, Wolfson §[12]1& ®|FH WHTZzAA
HH Y FH-ol2H 9ujg Adse ¢nES AL
B}, o] guFEL v FVE ol&dd 7
A Al sH(instantiation) & W8 $AF Fo] A o
olg#loj~el olv](meaning)E TFitE 7Hed g1
Zolt}h. Valduriez F[13]& ¥ 3% ¥dT2A G
o] A(relation)®] ©|#P4 ) FE(transitive closure)E H
gz Aty 9% dnaEL Agsta E46%

B mRoAE FnEH[149H AR g ®
Y wige] #F FHAHE BTk ® B
Zngd[14E 54 € 249 =&l WA,
rpolo] olfAH F&HAHE JMARE A7 @ A
AAFHE AFesta, 1 FHL& 28 49, 3 2
4 2 oy HE AN & AMEEY e EH
Aoz Wy £ &L FHsAY 1u 1 &9
Ao} AsY uFH HYTZE ol &dd AATH
9 F49-ol24 9uig WHdz A A8 M=
Ul ngkelgich viAiste g Agtd W #HE =
g zzady A2da dsda ¥ 228 s

£ =89 74L& Udd 2o 139 A o]o],
2go M Atstg 483 AATFIE U FEHL
2 Jeld $ gE FHEd, 3P e SrtEES
o ZA%H H FTH HATZE o4 A2 HF
A g Adstn WY v Z2adgy A2dh
v 2 nag o 8d, 434 dF A o
3 AE 2 323 A7 JAE AN

X &

2. yisE HYH AT 87t BHY

o FolME ol9H F&4E 7H ATsE MY
4 AATFAE A%, 1 FHA EHE ol
deHe YARES ol8sd I AATHS A
3 2%s 5A BEACR UEY 4 388 39
o,

Q9 doiEol e WEH dolguolsE 74
st FHe

P < q,qy G

9 ool 4714 pe A HREold, ¢ES
=d# FHe FHe BAFECD p% ¥ 7%
ATESY Y2EE EHdte €olgold oW 739
HeF-& p7t 2 A EAFEC YEd o 73E
A¥H AAFHelgn @t e HPEAH AATH
< BAE F Ao, of wEAME AHEAH AATH
the DT o AATE T2aEE uiATA
FETASG JPY AARHe2T FAED od 7
o B AAY TFL 1 FHY #YRE €ol p
7t EAREA dEide ol A9 FHel 19
T A¥H ATl 3, AT 7] 1
Hoy & #E& Hd¥ER HAFH g Fo{11]

ol golo] XHHE ATEY Mg 1 &0l F
i g2 ofE AFY AARFAAM AR &
o9 a7t 203, €9 HMTE Abold oldH
BAZE EAY, 2 THE o8y FHY4E e
2 & FanHd oYy FH£4e e HYH A
AMHE HEH o2 ANy H8) e 2d WHe
1H@

F ol diE A ANE

QN Q = {gh)l 3c ((ac) e QA (cb) € @)}

o o] Aofsia

E, Q't deold @d W olAxez e
geoldol2tn Hostn, QF FaolH Qo A 2
& ddoldeletn HoEA &,

Q=0
o]_]jl_
="' xQ
olt}. a¥¥, @'«
=0quv&Fudu-
=\Ye
s} Zo.

(B 1] gl Yol A, A, BilA u datell o
¥ dte] By A YU &,

AXBUVA XB =(AuA)NXB

olet,



HIES HETZ& 0/8% E7sE MWARA S 5012 o0jol Z8X AlA 2983

[#4]
A2l (ab)el disto

@b)e (AX Blu(A' X B

={ab) e (A X B)} v {{gb) e (A’ X B)}

= 3c {llgc) € A A ((gh) e B)} v 3¢ {((gc)
e A) A ((c'b) € B)}

= 3¢ {((a,0) € A A ((cb) € B)} v Ic {Uge)
e A’) A ((¢h) € B)}

= I [{{ac) € A A (gh) € B} v {(lgo) &
A"} A ((eb) € B}

= 3 [{{@c) € A) v (ac) € AV A ((gh)
B

= 3¢ [{{a,0) € (A u A} A ((gh) € B)]

=@be(AuA)XB

< dgdrt
882 AKX B U@ X B =AuAd)NX
By A¥@

(54 #]
o3 2 AAFHE zysak
plxy) < qlx,2), p(z,y).

9714 pe WE&e 7lZoln, gk AQdeo] 7]Eo]
th &, pd A5 20thold, o] FHE AAFFO
lolmz g3 AAFH L ¥ 4 Yo 2z
v REe] WEEoN ALY T WS(o} y) Fo
A, & W57t BAREY AAE A Solo) #l
AR, E OE W57 BARES Jd2old)
a9 AgslE, BRAREY SojEo| Wi YE
golo)q A4EA e WEER ARHW, ogH
F&40] EAGTGD ¥} Qe e ddL
g9 =aF HH ¢'(x), -, (22 FAE
4 9lnh,

(48 2] gg9 OF 22 oy F4£A48 711 A
g3 AAFHY AN dae FHA E2FHO e
azold d&HE Aol g A4y @
o A dael Ak o7 WEEO pe o)A
P} g€t
© AATE
plxy) — gelx,y).

pixy) < g(x,2), plzy).
@ A4
P=Q.u(Q ™M Q)
[Z4]
3 @9 HERo pE A AbSE oed 2o

(p(xy) < qlx,y) v

(pxy) < qx,2), gelzy) v

(pley) < glx,2), q(2,2"), glz'y) v

oy < qlx,2), g(z,2"), q(2',2"), glz''y) v

HelA 49l BAFE [ox2), ¢ Eyle dde
o] g% ¢’ =EFol dgHE gL olH Q%
Q9 ZA%E v ngzz WIxge pE T
AHdlghE A 19 Eeid st Helof ofsiw

P=QQu@NXEQu@XQENXQ)u@NXQ
M QM Q)u -
= QuQ@u@@XQuRENXENMXEEuU: )
X Q. '
=Qu@ugu@u-—)IXaQ
=Qu (@ X Q)

¢ 2,

A%, P = Q u (@ X Q)8 #E357] "Ed, o
A A 29 Q% . 2¥=g, He 28 AY
Li=s
(9 ¥#]

W x, y, 22lold o PF F&Hgo] TAE U
AL AFH AATHE dF doAe} 2o

d D o4& 28 I8 4384 AAFEE 2
& 8tat.

piey) < qelxy).
p(x;y) « (11,1()C, xu), ey ql,m(xl,m, 2), oy Qn,l(X, Xn,l),
=, GomOnm, 2), p(2,y).

d DY AAFHAM WEES] BAE LA o3
540 EPY. A7 gold WEHE dHolA
€ A € 7159 AEAE ®7IHA 229 oY
A F54E g H¥AY AAFAS FaAHL U
8 Haoldegd didez BHE + ok o 1)



2084 shnFEMHD =EX M3 M112(99.11)

o FHo) BesE GAIHES AuAL
P=Qu{(hn& n Qn)‘ X Q)
oltt. d714 @&

Q= (@ ™M Qiz MM Qi)
ojt},

3. 871 EHNol ZAHY st B HAHFAY
S&F HEAY

of AAAE At @ AATHE Tt BEH
cAR E&H HEALE AW wFTH 7=
R AAFFA K JHE HEAN CEAFE AA
3a, dndFe 4% BA 12 AT st n
Lia=g

31 B3R HETE

AukHQl v Ff HATPRE o8 N9 =5 A
Agoz dZ9 geolt} o)y Z x2& T4
A, A9 F vEe(RAM), Aq dHolei#o] 2~ A
HE y2agxNg gt g3 Fxg 7R
%2 xEEo UE ko QEFo| AR A ALLEA
W AAIAQ ol diolHE Helsly] 8 AHEE
4 Atk v FHY 9uje xTE Aol F HRg
Ytz e FHEA GEE g =%
Atolo] fddtA FRHE RAe dAAE zZH37] §
& AAY Holrt

doleuo]ayE o7 mio Eibse] HAs o g
v ol A(go)EE TAEY. Heodg 342
2 BEsd 48 xzd 4 AN 4 o B4
HAHE =29 AFE "ol v, HE IF
53 #@de] gl dojgulolx dike HFE Iy
A7l A8 dHolAEE A7 Y =2 BA A
Agte $de gol ok 7Y e wEe o
xZo &€ FEE=2W(round-robin) WHOE
Agh= Aoty A AdF FIH PP g &
Ao FY&y] Y8 HHE 7o e gug
Fol AHgHY gtk B HA9 Fa 5L o
Aol 7t RE g HE He sHeAdeldh

s+ 7ig gneEFY 7|8 de AYE Zze] g
Hol AR St FAHE thf A& UHIEE HE

ety ARER,. B B Sp.,S02 28EE Aot

Rus= Y mms)
BEE AT $44 H&3e ATl 2D
Zkzke] ZFAN RNSE RSt Sell e 4 FEd
datel 29E 0 Aol S Adan. o Yz

- e OFxE 8R4 FAREE 4A 3E &

Ak BFRE A E 4 AY RXSES A o
E x=o o8 HEz +Ydc $AHEHAD A4
T 4 o] 43t ARAMT fAY Wygoz ¥
5 Aok

diole Mol dAEe] HWE F3¥& M x
E Alojol dolelE Aol & Havt o e
Holele] d4e s F 7iNg /2R A =3
oEleg nyddd send(WMAR, FHA x==(E)E
HAAE EHA w22 dAxE A4ste Zvg
Holt}, zt =29 AQL uAAE HAlsld #HF F
Aol A AR 5 vtz AL R = receiver
=& WA gg wolel & =lo] Roll AF
e Zugro|r),

32 HEAN wy

olgH F&4e e H¥AY AAFNY A
g A% PP FuAE 13 o) ¥l BAE o
o7},

ARAF L oJ¥H FEE 2 H¥H AATHY
B E A
49 AARAR g¢oE
&9 AARHY F-ol&H or
A
D AATHE A F&9 20)8o @ ¢ did n
e AME olgdte oYY WEE ALY ol
& T
2) o9 AMErt AE doldg AYE £Y day
F& AHEte] o xEe] $¥ A48
3) 7 x=o 2% A" dyolHo2RE oA HE
dHoldg WER A
9 AA @AM ALE ol T FHoldA Ad &
ol gol thate A% A FAF duE ol g &
E ddold & At
[FxeF 19 #]

&aYE 1§ o83t o 19 7o AP FI-
o83 oulE Addte e B oAy sTE



HIER QETTE 0188 FRTE MAHAH0I HE ZH-0IEX 2oiol 8T Akt 2085

A dyold QF T8 A WA QNQizN-
XQnd AR Q=<isnE T Ui On@
~n@.9 AMeE Q& T EHolH QE HIH
P8 4dngEE ol 43d 48 mse REHAGG.
B =FdME 28 A4 gngdd M A58
A geth 4 =oES 2EHAE o)A o)y
A HIE ANE Fo, 2 d9E Q9 ol¥A HEE
AN g8 g =22 A$Hch Z msoAe
A drnelEe ¢nddE 2949 #o wxgoew,
A" QY olg4 JE Haod Q9 Q.28 QX

L E A o o] Ade Q.o FFE THoE
A ER dHoldg dert

ojAl A7INE d#old Qo oA HEE ANs}
7] 9% ¢aEEe nEHIh oy HEE ALY
dYoliE d/l =2 8 9 HAstAtn 7t
A #ze] wZg RERFAAY dHoldE R, R,
R&1 F&. 283, 7198 87198 48 2eletn
A, w3 H HETZRE ol83q dH ol Q9 oY
A AXE AMEE 74 xEdiMg HHAge g
& 204X 8 2ot

dnF 2. viFH HETFRAAH WE oYY dAE
A%

A4Y: 2 x=d JA| R
2Y: xt d A4 AMNE Ty

A
1) at each node i (i=12,..,d) do (x AA #H2 %)
2)  begin (xd=2%
3) Ti = Ri
4) Di = Ri;
5) repeat
6) D= Di;
7 D; = D; X R
8 Ti=TivDi
9) wntil (D; - D) = ¢
10) R =T,
11) if i mod 2 * 0 then send(T;, node(i+1)) ;
12)  end

13) forj = 1 to llogzd] do  (x 4 o]}e] H2E %)
14)  at each node i (i=1*2, 2+2 3x2,..d) do

15)  begin

16) Si ‘= receive ;

1 Flip := true ;

18) DI; := RiXS; ;

19) D2; = SiIMR;

20) Ti:=RuS uDLuD2;
21 repeat

22) DI’y == DI; 5

23) D2 = D2

24) if Flip then D1; := DIiXR; else DI; := DINS; ;

25) if Flip then D2; ;= DOMS; else DZ; == D2XR; ;
26) T::=T;uDl; v D%,

20 Flip := not Flip ;

28) until (D1; - DI') = ¢ and (D2; - D2%) = ¢
29) Ri:=T; ‘

30) if i mod 2 #+ 0 then send(T;, node(i+2));

31)  end:

[¢ndF 29 ¥)

duF 2v 7 H2EZ TP AA Hae
A 1o]A4 wA 127tA 0tk A HaoA 7 x=
E 2nEF 1& o83t AddA dgd oA
RS o1¥4 HAE TE ASd AA 2o FAH
dh =ZF FAM 22 212 @A 11eA AxE
Fo19] o184 X ddlo]d T & HIZE o)% =&
A == 2ne g BRItHA7IA 1<nsd?2 9. €4 o]
49 HA28L @A 13404 @A 37A e wEog
olFojZck EA H2oM d27Y F4 =ZEQ 4
w d)E Ae] THE ol HE HHolH R A
g o)A wE dHold SF AL R v Sol di¥
ol H¥x ddo)d T, AR %4z} ojyHoz
23 v F ddoldd I R v Sol g o3
A HEE FEe 22 9 1604 @A 2971X) o]
th RuSel i@ o34 HE GHAR T &, (R v
S)U(R uSF u(R USSP u.. & T87 A3 98
TZ2E o] &3] 41 9 =B AMES AL
9 R'$ S8 thA AXY Aot o] AL wz
4] 2o A oju] RS}t Syt 4t ooz @y
e gHoldoz AN ER FE Aot o
FEAMNE FEy] A8 dA 17-19904 REde
Flipst DI, D2& Aste @# 24-25¢9 o] AW
2% A8 44 o] Y Y ¢ME RXR £
& SKSS 2E FE ANE TEEA 97 g
gz F 2E o F5 AE A g

J1EA sjzoA ¢ xEge] 44E o837
22 29 gle ddolde vz 28F0E Y
xEZ B, j8A AadM 24 xEEL A4
o] & oAz g Holdg Xn @A
16-298 H &3] 2L oY #HE deojhdE A
A 25 RS o9 HE FHoME AN
oF & xEVF HuUgt Fow, o] xEJ} vpg g
E 7Y% Fo ¢ndFE 2= F599 ¢31dE 21
dll ==o HEE Hfo AN H2E TS AA
a9 = 1+ogedol th



2086 S=FEXNCI=E =BX HM6A M113(99.11)

33 45 B4 ¥ 28

AeAcklol A A BA 2R golgd U@
A% b} TYY AVE o8] o9y AzE
A edolBg Fab) A rasE ARe o,
o4 AT ANE elolig YT Y Yay
F€ Agsll ofg wEol $¥ % 4Ashed 28

£ AE 4, 2 =m0 2YAAY YAloHoRy
B ool94 NE Yol WYE A¥s] 9 &
25 AXE b ANE o1BY AX Yeol4H
A golgol date] AY AU YYY AWE ol
sl BX YAolME ANsEH Fale NDE 3
2 PR AT G FYNLL 45,4 b+ 0]
%otE o WA $RAZ FHHImE 7Nt
DIAF 20 SN 6T A BHBT 48 =
EBY B4 A% F w=dd H2g FESE A
Mo A golth ogy AxE FaeE Lo
Mg Rolgkn FA BeAdE A 24 B2 4w
mo AT FE 71 dAstn s o
714 |RIE Weold RS §8ES 492, IR'I-IR|
& 4nF 20 dated AYSE FEY Folnl, g
gneE 2 FAdIE =S59 Folth ®, 2d-12
% o] FoIste w289 o Yolok 289 24
29 7 =Edd 445 FEed fr LR
otk @elleld Rol #5aA ¢use Boyg 5z
§o] 7 wEo] yEnt YA 2 Haoy 2
=57 A FE A5E B2l =104 o
A, 228 w2204 nll, H239 w=Z49A4 R
Solet 79, ny, g, v & G 2ok

. IR, IRTI-IR
A By,
- o R, IRY-IR IRY ~ IR
e B R A 7 s

- oo IR, IRT=IR,, IR*—IR |, IR*|~|R
I 7 e RRRAR 7 S wad > |

7t xZE FEES YEE A$snz ¢9 Az
o 4 v A4 FE FYd S nEm o+
ne + .. Jfojth

_ {d—1 2d—logyd—2 4.
ne = {d=1) g 2 0B gy

2 Azdn 2 wen BI=Royg 55e ge
2 ANEER A4 9239 $RAD 9L A
£ A4 FE 49 ¥ ne et 20

+
e = (1+ g LR L=1RL

A71A l+loged= HA W29 Foitt & Mo &
Eg od =ZdA U k=2 27EY saFE
BE NS 1,081 81, 2 2 & AY B
E& AAsed 285 BT AL gy Y,
gneE 29 $HAZ tE ST g},

te = e * bup + Ne * bnew

2d—log.d—2 ., .
S S (IR | = |R)tap

(=D
(1+1og2a0-J32—}:—|1ﬂtw
o] oA FAAZHE FAIEE g A5 g}
fe > (1+logza')J%+—dL3&tw

A A9 oule frt w2 Fo wlHEE oulgin

o183 ZdoA =7 ZZ1YL FLHoZ W
qatn Azt WHd #eld o ARE 43
o|Fo| gt &7 Z2IYPE wd 7l g A
gt WYe =g Z2aYe uEAA, A= F
AN & & HlEZ gt gety, H(clause) &
& EY AR FA4HE =g Zazayy Ao
EEEo e LS L] 98 WY =9 =
2aHd Axdd @M Be 47U} o|Rojg oy,
HE 2 28 380N ¢E2Y 498 47 239
tho=2 2o dod) Walsls HEAdlE OR
e, F3(goal) Holl AGE W= F53 AND o
24, EHdd Aok ¢4 ¥E £YH AND HEA
o e}

HE =gz adgn) A2adeds OR HEAS 88
3t ANL-WAM Al26, £33 AND HEAS #8
e &-Prolog A9, 43 AND ¥E4& g4&3
= JAM #3 71A %eo] sitH16-18) &, 593 AND
$E47 OR WEAY =¢2 ¥88= ROLOG A=
¥, £43 AND W47 OR WAAY 2¢L g4
3l Andora 24 5o] givh18-19].



HiS% daTx§ 0I8S SAHE MWAAX0 it SH-01EN 9ajel ZBH AHlA 2087

OR Wd43 593 AND H84 & §83= A=

&< OR 347 5¥Y3 AND #d4de ¥xgs
v = RO dEMe 4838 £55 AA
Hqou, e 2049 AAFAY g F453 AND
HEgel I Zazadd difMe Hee gl
@ AYrleX Aeshe AdH g2 dFg 2o
FAS. E, $43 AND HEA4E g4 AxHE
€ A4 = AML oE F UAUT, I A
AR BT, 15-191

gy, & =8oA FBE A 24 2AsA A
G WHE =8 TP HEAYe LY,
Z5% AND ¥dAo] ZFE o9 F54¢% 7
AEH AAFH e FH-o12H dul AN &
EE AYr)e o g #A¥ 5 2ok

43 B

€ =EdAE A9 delguolzdM HFFsE
3 F, o9y F&AHe e A¥F AAFHE ¥
2 Ads) A% A2 Hedde A7 o
A A8H AATHAAA olFH FHYE A3z,
oY F&HHE e HEA AATHE dgHE ¥
Holde] dig 2 A I d4g o &3 7t
o #8422 Yehd £ U&E FHsL, 433 A
Aol @ F7te] RFA A HYH A
TH did HEANY At e ALt vF
f+ HETZEE ol &3ta] Yol oYy HXE 3
R ASHoRA oY FHHL e H¥A AA
THE E2 AN A $PE BRAh £ =8
oM AE e @ HFAH AARHY WA
PHe 2749 F23 3W E2E 38 WYEd
A #8d 5 o 28U AAFHY F3,
THANE AT 2&H P2 72, 2&H A Wy
T GF AT Aot E o8 FRERI0, 21004
&ske BEstd dF BHANES el B =8
A AL WAAN due)FE FAH o P

g EH
[1]1 ). D. Ullman, Principle of Database and Know-

ledge-Base Systems, Voll, Computer Science
Press, Maryland, 1988.

[21J. S. Conery and D. F. Kibler, "Parallel Inter-
pretation of Logic Programs,” Proceeding of Con-
ference on Functional Programming Language
on Computer Architecture, pp.163-170, 1981.

[81J. H Chang and D. DeGroot, "And-Parallelism
of Logic Programs Based on A Static Data
Depen- dency Analysis,” Digest of Papers of
COMCON Spring85, pp.218-225, 1985.

(41 S. Ganguly, A. Silberschatz, and S. Tsur, "A
Framework for the Parallel Processing of Da-
talog Queries,” Proceedings of the ACM SIGMOD
International Conference on Management of
Data, pp.143-152, 1990.

[5] B. Ramkumar and L. V. Kale, "Machine Inde-
pendent AND and OR Parallel Execution of
Logic Programs : Part I - The Binding Environ-
ment,” IEEE Transaction on Parallel and Dis-
tributed Systems, Vol5, No.2, pp.170-180, Feb.
19%4.

(6] B. Ramkumar and L. V. Kale, "Machine Inde-
pendent AND and OR Parallel Execution of
Logic Programs : Part I -~ Compiled Execution,”
IEEE Transaction on Parallel and Distributed
Systems, Vol.5, No.2, pp.181-192, Feb. 1994,

[7] ]J. Chassin and P. Codognet, "Parallel Logic Pro-
gramming Systems,” ACM Computing Survey,
Vol.26, No.3, pp.295-336, Sept. 1994.

[B1D. J. Troy, C. T. Yu, and W. Zhang, "Linea-
rization of Nonlinear Recursive Rules,” IEEE
Transaction on Software Engineering, Vol.15,
No.7, pp.1109-1119, Sept. 1989.

[91 D. Troy and C. T. Yu, "Necessary and Suffi-
cient Conditions to Linearize Doubly Recursive
Programs in Logic Databases,” ACM Transaction
on Database Systems, Vol1l5, No.3, pp.459-482,
Sept. 1990.

[10] A. Al-Sukari and L. J. Henschen, "Query Inde-
pendent Compilation of Linear Recursions,” Pro-
ceeding of International Conference Software En-
gineering and Knowledge Engineering, pp.177-182,
1990.

[11] J. Han, K. Zeng, and T. Lu, "Normalization of



2088 SH=FEXM2IBP =FEX HEA M 1139911

Linear Recursions in Deductive Databases,”
Proceedings of Sth International Conference on
Data Engineering, pp.559-567, 1993.

[12] O. Wolfson and A. Ozeri, "Parallel and Distri-
buted Processing of Rules by Data-Reduction,”
IEEE Transaction on Knowledge and Data
Engineering, Vol.5, No.3, pp.523-530, Jun. 1993.

[13] P. Valduriez and S. Khoshafian, "Parallel Eva-
luation of the Transitive Closure of a Database
Relation,” International Journal of Parallel Pro-
gramming, Vol.17, No.l, pp.19-42, Sept. 1988.

[14] W. H. Cho and H. J. Kim, "Paralle]l Evaluation
of Linearly Recursive Rules using a Shared-
Nothing Parallel Architecture,” Transactions of
Korea Information Processing Society, Vol4,
No.12, pp.3096-3077, Dec. 1997.

{15} R. Butler, E. L. Lusk, R. Olson; and R. A. Over-
beek, "ANLWAM : A parallel implementation of
the Warren Abstract Machine,” Techical Report,
U. S. Department of Energy’s Argonne National
Laboratories, 1986.

[16] M. V. Hermenegildo and K. J. Greene, “&-Prolog
and its Performance : Exploiting independent
And-parallelism,” Proceedings of the 7th Inter-
national Conference on Logic Programming, pp.
253-268, 1990.

[17] J. Crammond, “Implementation of commited choice
logic languages on shared memory multiproce-
ssors,” Ph.D. Thesis, Herroit-Watt University,
Edinburgh, UK, 1988.

[18] L. V. Kale and B. Ramkumar, The Reduce-OR
process model for parallel logic programming on
non-shared memory machines, John Wiley and
sons, New York, 1992,

[19]1 R. Yang, T. Beaumont, I. Dutra, V. S. Costa,
and D. Warren, "Performance of the compiler-
based Andora-I system,” Proceedings of the
10th International Conference on Logic Pro-

gramming, pp.150-166, 1993.

{20] M. Mehta and D. J. DeWitt, "Managing Intra-
operator Parallelism in Parallel Database Systems,”
Proceedings of the 21th International Conference
on Very Large Data Bases, pp.382-394, 1995.

[21] E. Omiecinski and E. Lin, “The Adaptive-Hash
Join Algorithm for Hypercube Multicomputer,”
IEEE Transactions on Parallel and Distributed
Systems, Vol.3, No.3, pp.334-349, 1992.

19854

1988

1998y ZAEosa v
(FgatAh)

19884 ~ 1980 RFAAFAATL A7

e-mail :

B
whcho@pine pknu.ac kr
AENGE AxFen A
AFERAT EFQEFEAD
AEASGL oy Az
383 AJXTGAF(FY
AAh)

A ANFHAF

1989 ~dA FZchstn HFe| e o] Fey B

Al

AR AgdojEyolx, WHA, HEuT o

oleHjo]x F

e~mail
1978

198443

19909 ARUGE vhete
(ZEAD)

of & 3

. jhlee@silla.ackr

A%y A3 A
AFRAT EA(FEHAD
ARdea dgd HA
T ANFHRAF(TE
A

ARzt AN3EAE

19799 ~1987d B3A Y& zas
1988 ~#A Aetisty HFHARITHY Fas
BAEF: dHUEE, HANGE, AFEHIE F



