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ancestor(X, Y):- parent(X, Y).
ancestor(X'Y):~ parent(X, Z), ancestor(Z, Y).

parent(f1, 2).

parent(f2, £3).
parent(f3, 4).

1 @BR—-2DH
Fig. 1 An example of knowledge base.

solve{ true):- {.
solve((P,@)):- solve(P), solve(q).
solve( P):~ clause(P, @), solve(Q).

B2 #RaBof
Fig 2 An exampie of inference processing.
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M1 om~— 23 RERERTF—2ThHh, 1
TEBXU217HR, £HOBLZEBTIN-LT
5. & E I H “ancestor (X,Y)” i3, B A
“X? QMM Y THLHC LEKT. REIAED
1 A%BRTBE “parent (X, Y)” kXSO THBATIK
ERINDH, HRERTRER, H2A “X” OF
HO1AMY' THEZ %7,

H2or427075 3 v DERINHERL
B7u/ 54613, BOMYEY Prolog 1 ¥4 Y 2T
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“Q” b, BE® Prolog v s3I v/ TRIHAIN
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?-clause.stream (ancestor ($10, $11),
OutStream).
AR EFFT 2 &, OutStream i, YITORED
HWAMNYRAPELTEZINAS.
(({ancestor ($12, $13):-
parent ($12,$13)), Binfl},
((ancestor ($14, $15):-
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b5,
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ancestor($1, $2):~ parent($1, $2).
ancestor($1, $2):- parent($1, $3), ancestor($3, $2).

parent(f1, 12).
parent(12, 13).
parent(f3, f4).
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Fig. 3 An example of knowledge base.
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(1) unify (Terml, Term2, NewTerm, Output-
Binf).

“Terml” () & “Term2” (/) M —4t L, #
DR % “NewTerm” 2589 “OutputBinf” iz,
H—tORB o N $ ERD/ M V54 v /iR
ZEY. i, B—(tEMKkD > TH, “Terml”
& “Term2” @ $ BT, FHE#b B &ML,
BWZiE, =& LT “unify (pla, $1), p($2 b),
Result, OutputBinf)” 532 51 3 &, “Result=
pla, b)” I X “OutputBinf=[b($1, b), b($2, a)]* »3
Hhzhs.

(2) substitute (InputBinf, Term, Result, Output-
Binf).

“InputBinf” [L/REAN B $ EBONA vF 4 v
HRicE X, “Term” (F) 2H 83 3. 31,
ZO#R%E “Result” iTRL, CORBICLhBESH
72 $ BEBD NN v F 4 v I HERE, “OutputBinf”
iR, WA, =& UT, “substitute ([b($1,
b), b($2, a)], p($1, $3), Result, Binf)” 5% 5h 3
&, “Result=p(b, $3)” B X ¥ “OutputBinf=[b($1,
b))’ A& h 5.
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LRRERD B 720 O HFHRNEIR, FbO $§ &
BEAURICHT 2B —LAEPRALREEFAL,
ARTOS I v IDEZFEEBICTAIEICED
EBTEE®. TR, »47us53I v r0EL
FEENEDOL SN S0 s 5 3 vy OEZFEM
WEDXSREFIFar5 3 v 72T hIc 20 THE
B39 3.
R2TCRUILHROER, ~v 7159 27iCEDE
BE—DTORDINEBTHBH, KR F LDWF
HRLEIL, HBOBELNTICRDINBETHED
T, 20797 +5 v 7 OhOm#~— 2 RERKE
Z—2FOETHE “clause (P, Q)" 2ILRL, @Mk
R-ZRBICLIORFEEINEF— VHBREEX Y —
LEUTEZUMA LS R LIEINIZIE SR, Fifio
“clause-stream” XV Z I - o & — v HIZIRRS
LT K BEFIHRAEIR, RDOX D LTS
0J 5 LiCIRB,

bagof_solve ([ ], VL, Binf, His, Result):-

true]
[Binf T His ONAEEZHFEMZ /- b D% Hisl &
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YA
Result=[{ VL, Binf, His1]].

bagof-solve ([true], VL, Binf, His, Result):-
true|

[Binf T His DRA-HEMI /- dD% Hisl &

ER-¥

Result=[[ VL, Binf, His1]].

bagof_solve ([P|Q], VL, Binf, His, Result):-

Q#L[1|

bagof_solve ([P1,VL, Binf, His, Resultl),

and_solve (Q, Binf, Resultl, Result).

bagof_solve ([P}, VL, Binf, His, Result):-
otherwise|

clause-stream (P, ClauseStream),

or_solve (ClauseStream, VL, Binf, His, Result).

“bagof_solve” D 1 5IHuciE, B &I -1 7|
MANEThBE, TR, T—1F% Y X TREL
TWa., 2%, Bhhicd—rFlomIER
NYIRPARIH 3, B33IKciT, #HRPIC 3 &
Bicxq v FEhIHEENY X P AN B. B45)
Hicid, #RBIERIN K- v EMEbh I
Y2 rHAENS. FE3IMIIE, HREREELTE
ONIBBOREMNA L) —LELTEINS.

BIEHL2EBHO v 5413, N2o®1&E
DFaY 7 LCHIETERETHS. LROE I EH
LABEHDF 05 41, B4, M2ofE2EH L3
BEO o565 d 3. chdnFas s
i3, EEREEITICERTIRETH 30T, s
R=Z2PoRFINIEHO+— v iER2 LNEL
T Far3 I v7iKii-TW3. Kic, 3ER
DFas 5 a2, AND I —uRE L SIHEICENT
W Fus5LTH5b. DK, AND =—[%
HET S $ERICONTD, BICBIhIcT -1
$ ERUEZ MO T —vicZBI R0, H3IEH
D7vs 5 LT, B “Resultl” % “bagof-solve”
»5 “and-solve” KL T 3. ELEIZHDOFu s
7 LD “and-solve” |, DX 5 BW¥FF s 5 4
K- TERINS.

and-solve (Q, Binf, [[VL, BinfHis, His]|R],

Result):- true]

F3.1 i “substitute” i & », =" — %] “Q”
ICEM/ N1 v Vi8] “BinfHis” 2RAL, C
DK DEFINIT—AF%E “Q1” & LTI
KY 51,
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bagof-solve (Q1, VL, BinfHis, His, Resultl),
and_solve (Q, Binf, R, Result2),
merge (Rgsultl, Result2, Result).

and_solve (@, Binf, [ ], Result):-
true|Result=[ 1.

“and_solve” D% 1BI¥ciE, L ~N& T — TN
AS1Xh 3. FE2EBuci}, HRIC $ KB
v sh-BEsANIh A, B33, T
5 “Q” oEANCME S/ AND = — DR
BASEN B, FBIBuTE, T—1F Q7 OHER
WHEL LTBONEROBRENA Y — 2L LTR
Xh3.

wm1EHO 70 r 5 LlE, A% “Q DHEBAIC
pBEhiz AND 7 —1ORBRERH—DULOR
wEEOMIC, RBNh5. HET 5 SERKHME
DEBETS fpic, HRiICQEIAT AND I —v
DORBREREE—DTD QKRB S, ENODT—
AFERLS . FhOoDBROIEREZ—Y L, =3
L 4EB% “Result” K745, H2HFHOS 0/
5413, T—F QP OERIICAE SN AND
S ADRERERN Db, THbL, [1 DL
xE@xh3. AND I —AFOHO T = HE—2T
& [1 D&%, AND I—nFDEZ M, —2b%
SHEVDOT, “Result” i [ NSNS,

“ua 55 k& “or-solve” ITDWVTII, “clause_stream”
LE-THRES N EROT -2 EBRINCIHT
SET BT 0S5 HELTROKIICERTHETD
5.

orsolve ([[(Head:- Body), Inf]|ClauseList],

VL, Binf, His, Result):- true|

F3.1 fi® “substitute” kD, BREZREON
o $ BMO/SA v ViR Inf TE¥Y A+ VL
A& Xz NewVL ZLERRD,

append (Inf, Binf, NewBinf),

append (His, [(Head:- Body)], NewHis),
bagof_solve (Body, NewVL, NewBinf,
NewHis, Resultl),

or_solve (ClauseList, VL, Binf, His, Result2),

merge (Resultl, Result2, Resut).

or.solve ([ 1, VL, Binf, His, Result):-

true|Result=[ 1.

F1EBOS v/ 5 L1013, “clause-stream” {TX »
TREINZERO T — 2 2BFRNIC L A3 O0ET
27045 56THB. “clause-stream” {ZXK S>THX
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wmz ohiz § BRI, $ EHONA Y FigH Inf i
BEENTHZ 0T, COMBEEHY XL VL KK
BexE5. Fl, BRERINWKLT—Z OBEEIB D
12, ¥—4 “(Head:- Body)” % MEEHHH “His” iz
BNt 3. F— £ O&HEE “Body” i3, “bagof-solve”
KIS DED b5 COMRE “Resultl” &
“ClauseList” D4 HT#EHR “Result2” %, =—Y L,
ZO¥RE% “Result” KN 5. H2BEROT0S
5003, BERBEF—EMU—DbFELL D - 10F
b, REIhIBEROF—4 DEBIIISEIHKET L
foBSiC, EfFENh 3. ZoRE, “Result” T [ 4
Hhxh s,

3.3 hv byrRIOMBE

R LIc7 s 5 v SR ANES IR UED
2L, By by VENVDAS BN —RTHT BN
SR OB OGRS BBICARICE S,

TR, My by vER, BEROLD—-DOD
h— B ORIAI NS bOLREL, &b
5 “P, Q" %, YT X 515 “ifthen (P, Q)" <%
T 5.

children (81, $2):-

children ($1,[ ], $2).
children (81, $2, $3):-
ifthen (parent ($1, $4),
children ($1, [$4%$2], $3)).

children ($1, $2, $2).

z Dl <— X DOFITIE, “children ($1,$2)” iTxd
+ ZHERMET, TWEO 1A “$17 T 3 FHET
~THEDY, 20R%EY X P T “$27 ITBYTLE
AMELTNA. COMTRENS K S 1S “ifthen
(P,QY #MEBT 20U 5 L1, :): 0]
® “bagof-solve” DEIBHEF4EBL OMIC,
PUFOES3EFas 5 s%kBMT BT EIE>THER
Iha.

bagof.solve ([ifthen (P,Q)], VL, Binf, His,

Result):~ true}
bagof-solve (P, VL, Binf, His, Resultl),
then_part (Q, Binf, Resultl, Result).

“then_part” i3, “P” OMTREREE > T, “jfthen
(P,Q ® “Q AR THSaS7LTH b, RD
E3uYHFes 5 L LTEREINS.

then-part (Q, BindInf, [Resultl|Result2],

Result):- truel
and_solve (Q, Binf, [Resultl], Result2),
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FResult2 435 [] 725 Result i [fail] % &
U [12ADEAIR Result i Result2 i
&7
then_part (Q, BindInf, [ ], Result):-
true|Result=[ 1.

E5IC, HIHID “or_solve” S u s 5 aic, YIF
DSBS 0T 5 L2BMT BT Eick > TEEEN
3.

or-solve ([[(Head:- [ifthen (Cond, Body)]),

Inf]|ClauseList], VL, Binf. His,

Result):- true|

[3.1 M D “substitute” Iz & b, BEREEBSN

7o BEHDA Y PR Inf TEKY R b VL

TEHEHWA, NewVL %2fERY 34,

append (Inf, Binf, NewBinf),

append (His, [(Head:- [ifthen (Cond, Body)
11, NewHis),

bagof_solve ([ifthen (Cond, Body)],
NewVL, NewBinf, NewHis, Resultl),

next_solve (ClauseList, VL, Binf, His,
Resultl, Result).

DT T 5 LRD “bagof-solve” ic kb “ifthen
(Cond, Body)” M &5 &, “next-solve” Ti3,
“Resultl” 73 [] 0B, #d “ClauseList” %, “or-
solve” THTL, #hllS D8, “ClauseList” i
T, XD EFTS.

4. KBRS AWMA - 28R

INETORATRE, M~ —BRFBIME “clause-
stream” Z & AN WTHERNE “bagof.solve” %3
NTAEFEFE GHC THRHEL T, ¢OT Fa—
FTIR, $ EROHE—(LLE “unify” &

KT RAME “substitute” @ $ ZEHin
BiIcBb 2 BEXFITH 21 bED
ST E) —DHBBBAEIC LG E
DOREND 2. Hic, KRBT @B~—
ARE T, ERICKEIIRIEL 2.
¥/, GHC K&k 37 7/n—+7Tit, %k
AT O R%EME> TRBBIS@#~— 2
DF— 2 ZBANCTEE - FIFHTZ0h
LU, i

“substitute” FE, BREFEOCEHICLOEBRLT
3. GHC 55 CEETIER LIci—(LERHRA
REZFOHT LR, BETHEH, AH~—20
F—2%HEHD GHC 7o+ CBELET IS
SN, LIcdinT, ZDF~2~DT 7 k2 AEE
T 5 M ~— 2 m#EUE RBU (Retrieval By Uni-
fication)!” XU W FI S GHC ORIT, 1 ¥ £
7 =2—R%LBHENSD. PIFTIR, GHC &4~
B 72— RS DM — 2R FRMEL BT ek~ —
AR ETEY, T DEBFHICDUTHIRLIC Hi8A
T3,

B 4 icE I~ — 2 RRUEZD 2 7 2R E
ARY. BALKCHFI< ~ B8, Sequent kB ILA A
TY-RerFwruroy 4 THETEDS, &
DY RF sid, UNIX ~—2x D ¥F OS (DYNIX)
LETHESN TV, @#~—207—213, Ak
BF =2 SB/ABEICT BB, Ny vkl
ETHELL, B ®) —LEEOLNTE. &5
AEY - FiCEbNcF-213, HED RBU 753
T 7 €2r&h3. & RBU |2, £%, UNIX 0
17 o+2ic8 >3 oh3. COXFT 27 €xickt
T2 HHEEI, FRREFINEF—-20EACE
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Fig. 4 System structure.
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Fig. 5 Enclosed 2-dimensional region.
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52 ME#HR
I OE#~— 21t LT, WD LI BEHEbE
75,
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member( $1, [$2183] ):~ member( $1, $3).

laplace( [ $1, $27 ).
laplace( [ $1, $2, $3 | $4] ):-
laplace-vec( $1, $2, $3), laplace( [ $2,$31$4] ).

laplace-vec( [ $1, $21, [$3 $4], [$5 $61 )

laplace-vec( [ $1,82,83 |$4), [ 8596, 87 |$8], & $9, 810,811 1§12 ):-

$10 + $2 + 835 + $7 - 4 x$6 =

0,
laplace-vec( [ $2,83184]1, [ 86871881, [ 810,811 18127 ).

6 BRAOMBELML LDOAMBN—R

Fig. 6 A knowledge base to analyze electrostatic field.
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Fig. 8 Performance ratio for number of processors.
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