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Abstract

We developed a prototype of a deductive database system. In this prototype, we implemented several query processing
methods for deductive databases. We applied this prototype to retrieving complex configuration from actual engineering
data and evaluated the expressive power and efficiency of the prototype. The result shows that a deductive database
system can be put to practical use. In this paper, we describe the overview and evaluation of the prototype to discuss

the practicability of deductive database systems.
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2. HEWORMALBFE

2.1 AHRRMLEFE

HREMABEEDENICTAS i, BEET,
TEXEAFEIBRINATV3, TORENHL D
DELT, v Py 7y BRI BaRS 5oz 544
5, v ¥y 2y bERA—AERETRS T ELICKS
<. BHABEOHEILEPEFETH 3, +r— 1+ i
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7e. Naughton it one-sided recursionl™** 87] % separable
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772 RCDTHRDIFEEREL TV 5,

BifE. DEE R EICH T 2 THRMAFAMMAIED 5 b,
Zo0r—rERFE TEDB, v Yy sy M
NRSU, = v 7 * X bEEEMA T 5. X DLOFHE
B U FToBRbcIVHEERALCVAVY, (1) 77 2
2Y) v VERNRSUER B LAbDEEL LR, #
JNG@EAA NRSUZEL Y b[Eve LrL, £ 0Lk
s, NRSUBE*@EHT 5 LB TE 5,
(2)one-sided recursion % separable recursion L 3t 3 3 F
Bk, =¥y 7wy PHEEEHAES RV,

TSy oty bk

RLHENY 2 HEARDAGR joint 2> b RIHEN) & 4EREBAGR connect

¥ROB -l r12EEX B,

2.1.1

r1: connect(X, Y) —joint(X, Y).
r2: connect(X, Y) —joint(X, Z), connect(Z, Y).
joint(a, b). joint(b, c). joint(c, d).
joint(d, e). joint(e, f). joint(f, g).

53— connect(d, V). o & ¥, MHICHK + &7 v 7T
TRl X->THRENRDZ 7T 7 v id



connect(a, b). connect(b, c). connect(c, d).
connect(d, e). connect(e, f). connect(f, g).
connect(a, c). connect(b, d). connect(c, e).
connect(d, f). connect(e, g). connect(a, d).
connect(b, e). connect(c, f). connect(d, g).
connect(a, e). connect(d, f). connect(c, g).

connect(a, f). connect(b, g). connect(a, f).

TH 5. T DH D bHEM —connect(d, Y). 2 WRET 3
IS5 hMEBELET. thidt, $RToERRAREX
HTrLMERLTV30C, KMt RAROX VM E
CTHHLTLE S AAH, T TH connect(a, b)
connect(a, c) 5 BEMICHE > 2 BIRD A2 FxH
HEhTw 3,

<Yy 7y FER FrATy TREORIKC, EH
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REBT 35— A2 ERT I, Lor—r L HM
CHLT, ¥y 7y PEXBEALARRELTIOR
¥

m_connect(d).

m_connect(Z) —m_connect(X), joint(X, Z).

connect(X, Y) —m_connect(X), joint(X, Y).

connect(X, Y) —m_connect(X), joint(X, Z),
connect(Z, Y).

TorE BREhs7r v iE

connect(d, e). connect(e, f). connect(f, g).
connect(d, f). connect(e, g). connect(d, g).

EXRD, av b cEBITIMCLEBXS5%k77 7 PiRE
EREhkv,
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m_connect(d).

m_connect(Z) —m_connect(X), joint(X, Z).
answers(Y) :—m_connect(X), joint(X, Y).
connect(d, Y) —answers(Y).

Zor—rTCERENIHE 77 7 POk, On)
AY), =Yy 2y VEIDVHRBIIMECE S, K
MCRT OFHE%E NRSU B LK,
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Bt DB R OB I 3 v T HR 2
—t(X), connect(X, Y).
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mc_connect(C, C)—t(C).

mc_connect(C, Z) —mc_connect(C, X), joint(X, Z).

connect(C, Y)—mc_connect(C, X), joint(X, Y).
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¥ic, SHEOABRCRA—AERICET IHELER
LTk, Zhit. U TFTOoHBKX ), r—rEHic
HY 3B, #raT7y FTABICHR—HICERL T
bIVnEEILLhEILLTH B,

o A A ERBA—ABICH LB T AL 5.

o YOUBEHELERIRT 520 2RET 5FEML, r—n
e LIRBRRTIT 2 X 50

o T — 2 R—2CH. ~RICT77 7 FRICH~
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BT, wiohoficovnTlEHRE8ET 5,
AER. FRESIAvwA—2r0oH, BRLAE, 5
BB, ThERKDWTHT Ao ke TOBR —WOHKM
1€ \» T it Prolog(SICStus Prolog Version 0.7)[Cer %] %
AeTABLT A, MEORN. AEHRICO
T, DEECRALT3ZWFHELHBL k.

AE, vy 7ty FEOLBELHE I SIP(sideways
information passing strategy)V18) (#7403 59 1
OFEMEF) 20554 3hICE>TED> T
30 SEIOFMMCTH. T _XTDIF I, 2B —

O EORFGEHF OIS KSIPRELTHEREMEL
Tco
51 FEREFILVEAMONE
B : ANFIcRo>A— A
BYoORR, BRAGER2 VB, AhTFick-Tw3
r—rATH3, COMER. BROERMELL v+
B—ANAT 2y b EFTRTRET IHEECH S, =
Y Fa—aArnT covalve DEARIRE T — &4 ~— 2 ickk
MEhcTtws,
r—n
cvunit(Cv, Node, Type, Name) —
cvunitsub(Cv, Node),
node(Node, Code),
code(Code, Type),
keyz(Node, Name).
keyz(X, Y) ~key(X, Y).
keyz(X, X) :—node(X, Y).

cvunitsub(CvNode, Node) :—neztcv(CvNode, Node).

cvunitsub(CvNode, Node) :—nezticv(CuNode, Node).
cvunitsub(CvNode, Node) —nezt2cy(CuvNode, Node).
cvunitsub(CvNode, Node) -—next3cv(CuNode, Node).
cvunitsub(CvNode, Node) —nextfcv(CuNode, Node).
cvunitsub(CvNode, Node) —next5cv(CuNode, Node).
cvunitsub(CvNode, Node) :—nezt6cv(CvNode, Node).

neztcy(Cv, N) —cvvalve(Cy),
jointz(Cv, N), pipe(N).
nexticv(Cv, N) —neztcv(Cv, N1),
jointz(N1, N), reducer(N).
nezt2cv(Cv, N) :—nexticv(Cv, N1),
jointz(N1, N), pipe(N).
nextIcv(Cv, N) :—next2cv(Cv, N1),
jointz(N1, N), valve(N).
neztfcv(Cv, N) :—nezt3cv(Cv, N1),
jointz(N1, N), pipe(N),
jointz(N, N2), kubunten(N2).
nezt5cv(Cv, N) :—neztfco(Cv, N1),
jointz(N1, N2), kubunten(N2),
jointz(N2, N), pipe(N),
jointz(N, N3), valve(N3).
nezt6cy(Cv, N) —nextScv(Cv, N1),
jointz(N1, N), valve(N).



pipe(X) —node(X, c3000).

valve(X) :—node(X, ¢1000).

reducer(X) —node(X, ¢1001).

kubunten(X) :—node(X, c9003).

cvvalve(X) —node(X, ¢1700).
(o]

—cvunit(C, Node, Type, Name).

COBRMBOMMGERLRILLTOLBYTH D, b, B
11 98 fA18 b Feo

y8:ke3 MBERERE | PR 7y 2 P
mER 11.60sec 2,017 @

<Yy 7%y FEE | 21.36sec 2,066 f@
Prolog 0.70sec

HB2: 1852 HDO7—%
Ty ST IV IF—ER—-ZC, B2 bOFT— %
RELET 5, I E. ULTor—resd3, 2208
FOERE L FE TR relate KENTH D, RAOQLEFR
DEE Th, 3.2ffiTtR~<7% X 5 ic. BBHEBRLHE-> T,
M bOF— 22 RBRT S L HBHMPETH 5,
A—n
dconn(Nodel, Namel, Node2, Name2) :—
key(Nodel, Namel),
joint(Nodel, Node2),
key(Node2, Name2).
joint(X, Y) :—relate(conn(X, X1), conn(Y, Y1)).

t.Brp7r 7 Ve T4 —va viICETBE
HOFEREL R DTH D, TDFcH, relate ¥ 1E
B L AKRD X 5 & flatrelate TV, =Yy 7y }
ECUET e, 18 BCRBEET T 3. Hititdo
Fo 2 EHRIFSFEORARAISBROBETD 5,
r—n
conn(Nodel, Namel, Node2, Name2) —
key(Nodel, Namel),
joint(Nodel, Node2),
key(Node2, Name2).
joint(X, Y) —flatrelate(X, X1, Y, Y1).

5.2 BREMRE

BIRES - HEBRBA—A (1)
r—r
ctovalve(X, Y) —jointz(X, Y), notvalve(X, Xz).
ctovalve(X, Y) —jointz(X, X1),
notvalve(X, Xz), ctovalve(X1, Y).
B
—ctovalve(n100001, X).

ToR, fkgg RSV S mimy oc, NRSUBE®
B rEBCMIT 3, Thi, DIERIL, “r7%
NEFEEFELTCV 3T RTOBRERDIEETD
3,

CDOEMONBREERUTOLEBY CH 5, HR55
B8 b h i,

KM

~—dconn(Nodel, Namel, Node2, Name2).

COBEMOFMERBLUTOL I THE, X8 HE

L [5::4- 3 MBERRE (7T 7 M
mER 242.97sec 16,380 &
<Yy 2y k| 16.58sec 1,815 {8
NRSU Z# 0.98sec 55 18
Prolog 2.84sec

8/ oh ko
LEEZE MBERE | BRI7y 7 P
KER 2.30sec 838 @
<Yy 7y bEE| 15.00sec 592 f@
Prolog 1.16sec

CORRE BREF—F—xCEDLh IRALT
B LRIRBEE A< RIFRS) LFELT3,
thick2o0BHMAEDH 5, ¥F, BED DEETH,
F—aR—2HOMFERY 77 7 FCERT BRI, RE
DEIMPENTA v Ty 72 REVERT 5. £ED7H. LD
#l¢. relate(conn(X, X1), conn(Y, Y1) DEH X K &5
Abh3REroR, HRODIVT 7 eXXREETLE
BTCETwnhnhbTH5, 521K X5 L bR H N

CoP % ®D ¥ ¥ Prolog THLEET 2 & iERL— T iC
RwoTL¥5 hifl@Tsdcl, r—1rtE
FWABZDEREDD, TR RFOME Y X PR
BL.A—TFxy 2275 5CEEIRA T, HF
YPWE LA COX5AaGlEERAESILRT 50 H.
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GiE 4 - EBREL—L
AEIDOA—ARRDESKCERT I LEHBETES, T
DA— ik, EHTENRSUSS) o3 5 v, NRSU LT
bwYy sy FETHRIRLIIMECTE 3,



r—nr
ctovalve(X, Y) :—jointz(X, Y), notvalve(X, Xz).
ctovalve(X, Y) :—ctovalve(X, X1),
notvalve(X1, Xz), joint(X1, Y).
-]
—ctovalve(n100001, X).

COBEMONBEERRUTOLB Y TH S5, MHESS
BB Lh k.

LB MERE | PR Z7 2 P8
WER 165.80sec 16,380 &
Yy 2y bEE| 0.80sec 164 1@

BES : hBEAL—1L (2)
KROFk. connect B L L BRA— A HBE/RBICK
325, connect D 1 FIMICH T 3R EEHRTCHE
DTNRSUEHRELA X, Xz T, TOHMKCEa Y
FEXIMERHEATOIC KT 3, Thik, D58
(D-801") LER L TV 3RELNOBR T R TERDL 3
METH 5,
r—nr
conny(Name, Node, Code, Type) :—

key(N1, Name),

connect(N1, Node),

\+ pipe(Node),

node(Node, Code),

code(Code, Type).

connect(X, Y) —jointz(X, Y).

connect(X, Y) —jointz(X, X1), connect(X1, Y).
B'H

—conny(’D-801’, Node, Code, Type).

CORBEEYy 7ty FVECABLALZ A, 10
DE-THAERET Ldho ke, 2 vFF R L
Prolog t IC X 2 MLEBERRBETO LB I CH D, Ab.
W 561 {18 L hfeo

J18:1P: S MBERSE | 77 2
avF & XK | 23.78sec 3,798 &
Prolog 193.28sec

zzTb. HIE3 & FEHRIC Prolog TAET 585, r—
rEBERIAETAE R LAV,

5.3 BERMRUMARMLE

BEEOMIEIC X, 2.2 i TR~ % Kerisit b O FEM
BFEEH- 3. ¥, HEMOMBEIC K VIMS % H
W3 EeHTE 5,
gilEe : RERM
ROWEE. BROICEREE I BREE ( connecttocheck
VBEBERYFILELTCEAIATH S, Thit. bl
FAv(ZI—FES: 50)CF=zy 7 H(2— VYEE:
1) BT A WBLRY T2 FRTRET M
ETdhs. tofBR. vy ey FECIZERE
Kerisit DFFflii* v 3 Ll k> T, 045 BOLE
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badcfpump(X) — centrifugalpump(X),

\+ connecttocheck(X).
connecttocheck(X) —jointz(X, Y), check(Y).
connectlocheck(X) —joint(X, Y),

\+ valve(X), connecttocheck(Y).
centrifugalpump(X) :—node(X, c501).
centrifugalpump(X) :—node(X, c502).
centrifugalpump(X) :—node(X, c503).
check(X) —node(X, c1130).

B

—badcfpump(X).

BIET : FAKM
DLFor—rHck, BROCERE LR
(connecttosafety) BB & L<HA 3, Thit. ELH
BT BRETTRET SHAETD 5,
r—nr
instwithsafetyvalve(X) — instrument(X),
connecttosafely(X).
connecttosafety(X) —jointz(X, Y),
safetyvalve(Y).
connecttosafety(X) —jointz(X, Y),
\+ blockdevice(Y),
connecttosafety(Y).
blockdevice(X) —instrument(X).
safetyvalve(X) —valve(X),
jointz(X, Y), pipe(Y),
onlyjointto(X, Y).
onlyjointto(X, Y) :—\+ jointtoother(X, Y).
jointtoother(X, Y) —jointz(X, Y1),
\+ (Y = Y1)



H
—instwithsafetyvalve(X).
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6.3 Prolog & DLk
HREEEa MR, Prolog2Jlvctzot %
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Prolog LB R . KD X 5 AWML HF 0o
(p-1) BELABHOF =y 7% fTbAh v,
(p-2) —Mic, 2y ~4 S RRFOH—FiIMicd+ 354
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(p-3) SICStus Prolog Version 0.72 ¥ »* 4 J i,
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