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WM E 35 & EEHTH 5,
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Tabb, UOMEREX D, COLDEEFITONTIE, KO L SKEHET B,
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KAUSHEA - BRRBR BT 2HRAERE, 77 ckBEha, Ledd->T o
fRl. TN OBRMOERT. BREZ2REDEL L RD, T0EEIELS-BEFERER
. IREC RS - AR TR B L BASNA, BHET - 28— 2IH LT,
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LLEDEER, 55 7 ORbEANRERTHS. ChEOEHDHT, Hverter),
U (edge) 8 KUY 5 7 (graph) 12U SEEOIMEDN TV B, CHSDIEEZRIHE > T,
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Z LT i3 ERMRERD T, L] cHAISGERERESLZTH S,
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( vertez x vertex x integer ) *( vertex xvertex x integer )

¢
y ¢ @ *— xgraph
T I
#g1 . vertex edse Y\ “Nsimple-graph
/ X connected-graph.
#y-setl #e-setl cees
AN AN
[ #el, #92, ...} { %el, #e2, 1 .75 niskae)

7571k, FOESOEOREC -, BHYS 7, BES Sy, FES 57, BLU
S IREDEANDY 5 TINETED. LkdioT. EXBNNY T 78S 5 7
THIZEHVITIZ, ENEHEHYT S oNEADERYL L TRETIONEYcH B, Tk
777k HRESEZEVWKERR 2 OOHIEARKDEL. F—nEIESKETIES
Bl RSAMGERRNE TS 2855 7] 295, Lid->T. 287571 K20k
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RIEAMER RV EEHRINZOC. KEY 5 7 0SEERIIKEDESES Y 1 D0l
NEEL®RD. T 2O0HEEEREVKER T F—0ESEARETAES/’IK
BTAFEAEL BV EVSHBRIZ. RKEY 5 oofliset e LcHAWEL., 43— il
RATHL L ERNETH B,

7' 2\ AHEIREE. ToiEhicd bipartite-graph
RHEEX PND, CNEOBKSR. B 0 ’}//“ A\
DT Z 7 e TF—RDODATDEFEHDF = v vertex  vertex  edge
7 DI, BLPHEDSE RN TY >

T OEROT-HRFIAINS, #g1

P/ Quas

3 . V7 7RO — 21k #y-setl-g  #y-setl-y #e-setl
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TR B Lok KoV TiliAt, 75 SHRTE. TV 5 7 OEEES LTI o
ARERL T HIBEE0OHHRGERTENSOHASTESEERX, oot
EELTWR, 22T 77 7HRKEDNATRATOERS SRV TGARB Z &
RTERVOT, TRV I 7ERCERERNER SO IHE (1 70) KT 2ER
BLUEBENKR - TELTHE T ERT R, FROBAL, CTT>T5 71 WD
MENREX SNEELAmT 7 7 LIRET 3.

EH. 757600 KBTI ORHEAS DI~ TOBROBFF = (.,
e su) DIRDRBRBITEE, w6 DY A I N LR,

(1. Buo (KiK) OFSRAIZ. EORHROFIERY . B LU OSR[TH B,
). S OFECERN pchic2 ELLERbRAR,

@), p OHELRED—FSD,

T, THRI KBVT, # B3PERRY 1 ) (elementary cycle) Thd ki3,
THITRDU) EEETHEEEV D,
(4). FCESE2 BEUE@EBRY.

CZTEOEREBN T, p LOMEEDAMH > TTNTUDZ e TEDH L ER
¥4 7 VBRI (Circuit) HRAMER BT LR TED. Th S5 I0NERS S IDLE,
EDEROY 1 F N EFAR LFEAMRR B LR TE D, ,

BE, & D RIFYRMBREEAIC L B AR - RTHRAOKIR. CheRErl
ﬁ%ﬁﬁﬁ%ﬁ(ﬂ—Fk)?6Ckﬁ%§?@%yUTT%%9B&@mo&mmi%j
- FbxEX TRE S, . 4 -

7S o8mna— NMee, LELEREERZ0. 7570l oL 5FKRT
A0 THD. T, —HROEAOEROMICIE, Hill, EFRERINRNT LREELAR
TERBRY, Lo, TEI & S 0ERDIEFIZER. TOHIEZER T
ORHNUE LV, EEMHIIRDO L SKEHZETCE S,



p-l. HAS OEENTRTER S bOARS.

p-2. &S oar-vHaT 23,

p-3. T OBEMOERuIZERHL. vl LS 2HES L T2, KK, ui8E-T
Db S 1 ODIRHET S, EDH L, 2EHFELL LT 23,

p-4.

TRTHT OERZ WA -HTp-3 2FYEX T,
b S Ta—- FEdad koL Swnms,

(¥S,T/*edsge) (WUL,U2 edge) (vV0,V1/vertex)
{ (cycle S) <« (all-different S) & (copy ST) &
(get-e U1 T 1) & (get-c VO Ul 1) &
(traverse VOVO UL VIT) }. = ———mmmmmmm——e (1)

traversedhzEld, LD L SKBROUKESETE A,
(VS/*edge) (VU/S) (WV0,V1,V2/vertex)

{ (traverse VO V1 UV2S) <« (cardinal S1) & (find VIUV2) } & |
(eq V2 VO0) }. - - (2)

(vS/%edge) (VU1,U2/S) ¥ VO,V1,V2,V3/verter) (YN/integer)

{ (traverse VO V1 Ul V2S) « (cardinal SN) & (st N 1) &
(find V1 U1 V2) & (elimimate Ul S) &
(traverse VO V2 U2 V39S }. - (3)

Zz, (find VI U V2)iiEEIE, VING-X bhTtdY. 00U oEHEEsSU/S) e &, S
DEED> BV EREL T HRNOEEEY L. U b >—FHOMasi2 2 + 554k
D7 b sTHd. L. (all-different S) IS DEAERERTATRER>TVEILE
BARZHEET. CNBKD L SKERTE S,
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(VS/*edge) W N/integer) { (all-different S) « (cardinal S N) &
(pair-diff SN) }. --——-—(4)
(vS/*edge) (pair-diff S 1). ---—-----(5)
(vS/*edge) (vX,Y/edge) (VN,M/integer)
{ (pair-diff SN) <« (gt N1) & (subM N 1) & (get-e XS N) &
(diff XS M) & (pair-diff S M) }. --——-—---(8)

(vS/*edge) (vX/edge) (diff X S 0). —=—=====(7)
(vS/*edge) (YM,N/integer) VX,Y/edge)
{ (diff XSN) « (gt NO) & (get-e YSN) & (ne XY) &

(subM N1 &@iffsSHw}.  meemee——e (8)

LLED() 2:58) oLy, 52 5hil( 3D 0EAS 294 7L EHRT B0
S PBEETED FERITKAUS-31 £ 2ERWIRTRS) o KIC. 7 BNEAS 2
BY 47 NEEEL TWA3NERAHOERINCH L TR, kD& Sika- FbeE s,

(VS/*edge) (V#U/S) (v#V//U)
{ (elementary-cycle S) <« (reverse-cardinal V 2) & (cycle S) } ——-==(9)

e, (veU/S)(vaV//U) 1R, S DEAERU oEEERV TRORBME TS L EEKL

T3, +4&bB, (reverse-cardinal V 2) AND RICRBH+ 2 = L & EkT 5, (reverse

-cardinal V NIk, V ZHEEER 2 T2550N 853 T L ARTFREHT b Thb.
IhEvoceycle HLWelementary-cycledhzBic - T, & |

A BNIAOESNH,. ENEN, T4 7B SCFERRY 1 ¢/*edse

IR L TR 0REHCERN, FXBRETOEED § —2— 3§ —— *25

HAEEDS BT, 4 IVAMRTEbDETATRDBYE § “//9//

WOERORMERS L cbFiIfiTcEd. $8bB. SHEXS / T

e &, BEROBREnA, @TTY/%25) (v1/T (cycle TV? & T

AEEEFHETA &Y. TTOTRTOERBT 1 70%
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gt & SRITRAER TN S,
YIAT, BHI KBWVT. S 27576 0flnEal il B BRAA45— %
4 #)/(Bulerian Cycle) DEZRE BB, 45— ¢ 14 70DV TIR, KOTEERH 3.

TH . EET 7 I98F 15— ¢« ¥4 2B RTOETIH4R. REDEFH
CTHAEARRVD, HoTHoRETeHdT LThd,

cna- Pz L S5z 6hb,

(VS/*edge) GNN/*integer) (YN/NN) (v#U/S) (v#V//1))
{ (eulerian-cycle S) <+ (reverse-cardinal V N) & (mod 1 N2) &
((cardinal NN 0) v (cardinal N 2)) }. —--(10)

X5, BEI BIUW., 2T 5 76 nEHSESX OEZRNTRTS DmsEdss—
HTRL VWO EHRETAMOESIX. /NI b v e 44 7)1 (Hamiltonian Cycle) %
BTD. O Ve LTI DNTIE, IRKEEDH B

EHE 2 . (Ore(1981]) n{EOESAH L nBEUREF M Z 76 2K &
DOEHREE T 25T, G iE I by e 705D,
m = (1/72)(n-1)(n-2)+2 .

Zna- FMbEgko &S5z bbb,

(vG/simple-graph) vX//G) (vU//G) (¥N,¥,N1,N2 ,N3,N4 N5/ integer)
{ (hapiltonian-cycle G)
< (cardinal-c G 2) & (get-c X G1) & (get-c UG 2) &
(cardinal X N) &% (cardinal U M) &
(sub NI N 1) & (sub N2 N 2) & (mlt N3 N1 N2) &
(div N4 N3 2) & (add N5 N4 2) & (ge M N5) }. ——--(11)
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K & BRI L HY — 48R K L 2REHBOHE OREHARA~OTEMBEX b d.
@).Bfohw vt ”

TEEOKRE LY S T Db ERDBOKAE ® OOO®: &
bhd, chicid, M3 &>k, S nELE y \q& N\/
* &S OHEEROEE ThENR kD 2AEP %) )
™) 2. ERNBLTV3EAORERDD D
DONH B, HEOKBEFTET I IEENLY M3 . &L EROBR
EThHb.

Biflic B4 A (cardinal S N),(reverse-cardinal X N - ofiich 3.
(b) . ERDOEHI L

ERIIT - TV RIS N TV 3. BERRIZEE TV SEATR X s HEEERN
Hd. LIcoT, BROBHE LR, FOLIREEDERT - IVOfIEE»L, ok
> 744 FOERAIETHORERLETH b, |

Aiflcid, (set-e X S N), (se-c X S N) 2MEbN TV, FiERS OBERT-7Dn
BHOEREX KEHTPTA ©. #%EL FRKS oEERZ2l KEGHIPTA ©H 2,
(c) . ERAT N « Bk

EX BNt Z 72 LY. b4 TI 57 78ERLEY T L FRLEE

9



23

i BPTA THD. BRI BBRoMRIITES &0( 3D MH 3.
BN HEAEREKRTZESHVE. EOESERELTITBERTALENS B,
Dok LOHMETSLE, TOTHBAERTHIESLABRT 5. LKL, HEE
2HBIEBR LRV & 5123,
EAnfin EEEENERE L TRIMMTIED VL. BEDU ECES 2N 31E
POREL BB, HEDEBV . FHAEA~OIIE & 61, TONEE N> L85
B0, TOUELDELIBEBRL. ENC &Y FraER SN 202 00Es i
BT EBUECHD, DA TOEBY, L - 2EMEREHEET 5 UEXD
2. | | |
DO TOAMIE 3205 — ZBEX A, —olt, Bl L—DnmIY S5 7 &
LT BB, & >—oi. Mt B T0—iE A e DESK—RE TR SIE
. 3BER. AHAZKEOEAR—RICTHESEHTHE, REXE F57
G W AT 2L E UNESK! 2ERELTHRCERE L., 2000 TAASERHER
ORBEFIATERS e BAETCH B, '
(d). b AHER LZBEROUAEX
/ C OHABMER, TR, Y —F 1 VI ORETH B, 75 TERKBOTR,
EEOKRBOREINLIELERE L 23, Liz-T. HEESOEREEFDKREIC L -
TY -t ehThE, EHORBERIMALCEBLNI LB B, T TnELE
roEFEMR LTy - LY TR0 EHTHD. TOEAEMER. Thiido kT
D374 T B Ko TRETE LM HEROMEE > bIRA TERE & L TERICER
LTtHBTiEERTHA D,
(). 7 - Z ERBADER
QEDYFIOMERADL AT, BANRT 57 « T - 2BRT - F =207 7
fve LTERELEY, £5-BRS SCBEERIAR LURE LAY TE BT L AR
o CO&SREET - MR 0TS, pxYAS 2ET. TP« F— X0
F o P LUBHRT — 2\ — ZOBHREMEOBA A TTHE L T3 O HEETH 3.

T, EEEAMOBRIEPTY) 0FEz OV T TE <. PTA XENCAHET A FE
SOFERELT > TR L IR, 2OFHIEZET LEREESHERET. T TC

/O



247

DPTA {ITrue/False DFRIEEZHED. FFHARIZV < DDPTA 2WND/OREA TN T3,
INHDPTA OFHIERFXEFIHRIN TRV T, EPTA D5 IBRORERZFRT. =h
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BRERI L > TETURESRS —€ xplanar-grarh
Nnbe w/
SRERENIC & DAIEEERIICIE *vertex | BIEME *h|  *elementary-cycle
W) 75 —meBTasEm @ Y\ 27 \ a
SEE—IRET 2. B |EHEES X [@nzs i
(@) B DSTEEBT B BRI \ \\ \ \\
BRBHD. THObT. 3FBD  { #x, ¥x1,.., #xa ) { ¥, ¥s,,..,
sEE. ETVEHEOBRE CER /ﬁ//\wi\ //ﬁgg
XhaHEEH-> T3, X 2 |HEES X WS E
Ric oI5 2. S // ¢\ /w/\
7 OSALETARE BT E {20, %5), .., szk ) { %e,, el,.., Be} )
WY S 7 BLUFEY 5 7 D— / K / X
Behd reMidRbLTWE  EEEEE 2, ¥z,
CEEY 5 7983+ TSk e L
TERTHETRRVI L REEL X4 . ZHEOHERE
THEL BT S 7oVt HFE
BThd) . Bl TEXSEMhOTOEST. BARCEEOESE rd, 2L

T, EOEFREIIY S THRBAISEHRY A IV ERL TV S HDIIRA T & %E < xelene
ntary-cycle RT. KEMs: id. 72 AiEss, FTESEAX. BLU AR K-
TEHIN, XX OBNEATH BT LR e KTRT. DOESERe, 3. TREL

LTz, B&U, IFOT L ABEERBHRscRb T, ¥H, FHIEELHEER
FHEABHAL T HIOBEERE LTEKHRT5.

Tz, ETAZRL & SEELING 2 LT ERICEB DL IR L TETVERREE
LT DTHS St HCRTEFNDER LS T 2B, KEKRDE > RT
BB 3, T B RVRENSHETZ L THIE. SEERERL, KcenREE
ROHENES (B2 EDERLTIEATLUNEALRRIND) #EHKTE. Th
2l L. AL oREEESEER. ZTOHTESD S b TERIMIFNERY 1 7 VDdHhd
BIRBZMIESS #EFKT . TORNEAS 0FERIZ. —oomE GALRE) 2L T
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VWEBDE—FIRET. EDSHD—2%EY, ETheaE - L TSI ERAEHTRER
TEREST, —DOSHEBEERTHEVDILENEXBND, £LT. ERINSH
GO—ROBEEEX TETNEEKTH « « (X5 58D .

DL S BBEOF T, EHOHAOEORERDI X RS TADIK, B OMREFIF

THENSLEREXIBND,

HIES DERRY 1 7 vnEd
Y1) Fe 27

K5 . 3RTCETIVERL

6 .8bHIK
KAUSK & 325 7 ORERE L ' 5 7RO — 2bK DV G, T, 20—
DO E LT, HHEER L5 3KRTEFNOERRKOVT, 20EXHedl. £0iF
POEBORGEREL SNBH, AHOEHTRROOTEHE Lk, $h. A, B
AL S, V57 o TNTV X LDEHDOHED—RE L THEEERBDTH .
25, KAUS-3230P/M86:0° SUNIXICBAERSHE S, — LRt Shcidichch 5. AR
T~ S5 7 OREEFRIIKAUS-31C & » TRETEE TS 225, — OSBRI T
BREXOFI ETERN DR H B, KAUS-4iZ. KAUS-3D#E EED KU =TV
(B0 B 3 2T RREE RS C L LTV 3. |
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“Yama2? kaus

WELCOME U [ KAUS-3 Unix VYerszion 1983.10
¢ Skbal
sk_p *pred #*3vertex #edge #*araph).

m

¥2vertex edge).

t+3vertex #*edae).

*vertex v_setl v_set2).

tedae e_scetl e_set2).

verte% Bvl #v2 #v3 #vhd #vE #vB #vT) .
edge #el #e2 #e3 #el #e5 #eb #el).

e R e N R e e Tk
wwaenmnnnow
LY
L
®© @™ O M D

(sk_e araph al).

— b=

(sk_c gl v_setl e_setl).
(sk_e v_setl #vl #v2 #v3 #v4 #uS),

(sk_e e_setl #el #e2 #e3 #el4 #e5 #eb #e7).
(sk_c #el #vil #v2).

(sk_c #e2 #v3 #v2).

c #e3 #v3 #v4).

(sk_c #ed #v4 £v2).

(sik_c #eb #v2 #v5).

(sk_c #eb #v1 #v5).

(sk_c #e7 #v5 #v1).

(sk_e *pred clear).
[AX/#e_set1](]l (clear) ~(del_e X e_setl)).

(sk_e *pred cycle traverse all_different pair_diff diff).

LﬂT/*edce][QU1/edge][HVO/vprteyl[RV1/vertex]
(1 (cycle ™
~(all_different T)
~(get_e U1 T 1) ~(get_c VO U1 1)
~(traverse VO V0O U1 VI T)
).

[{AS/#*edaellAU/e_setl]
[AV0/vertex]1[AV1/vertex1{AV2/vertex]
(1 (traverse V0O V1 U V2 S)
~(count_e 1 S) ~(find V1 U V2)
~(eq V2 VO)
).

AS/%edgellAUl/e_sett1lAU2/e_setl11[AVO/vertex]
[AV1/vertex1[AVZ/vertex1[AVS/vertex 1 [AN/num]
(1 (traverse VO V1 U1 VY2 S)

~(count_e N S) ~(gt N 1)

~(find V1 U1 V2) ~(del_e U1 S)

~(traverse V0 VZ U2 V3 S)

15
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I[AN/numl
different S)
~(count_e N S) ~(pair_diff S N)

[AS/*edge
1 (all_

).

raS/*edael(pair_diff S 1),
[aS/*edael[AN/num I [AM/numllAX/edae 1l Y /edae]
(] (pair_diff S N)

~(gt N 1) ~(sub M N 1)

~(get_e X S N)

~(diff X S M)

~{pair_diff S M)
).

[aS/*edgel[AX/edael(diff X S 0).
[ﬁS/*edae][ﬁY/edge][ﬂN/num][HY/edqe][QM/num]
(I (diff X S N)

~{gt N 0) ~(get_e Y S

~(zub M N 1)

~(diff X S M)

N) ~(ne X Y)

).

\*# A szample araph al is shouwn #eb,#el
to the right figure. al: #vl=====4y§
G1 is defined by \ /
#e 1\ /#eb
al = ( v_zetl, e_csetl). \ /
#v2
With the followina test sequernce, / \
it can be checked wvhether a subset #e2/ \#el
of e_setl constructs a cycle. / \
AyJ-———~ #vl
#e3
TEST SEQUENCE:
(cycle e_set1)?
(clear)? (sk_e e_setl #el #e2 #e3 #ed #eb5 #eb). (cycle e_setl)?
(clear)? (sk_e e_setl #e3 #eld $e2 Sel). (cycle e_set1)?
(clear)? (sk_e e_setl #eb #e7). (cycle e_setl)?
(clear)? (sk_e e_setl #el #ed4 #eB), (cycle e_setl)?
(slear)? (zk_e e_setl #el #eb #eb). (cycle e_setl)?
¥
-—-Of kbal

/6



2 '_‘.3

{-e_cetl
(-el vl v2 )
(-e2 vl w2 )
(-3 v3 w4 )
(-e4 v v2 )
(-5 ¢ v2 v6 )
(-eb vl v )
(-7 vE vl )

—=<
m
(5]

i (cycle e_set1)?

(clear)?

YES.

(sk_e e_setl #el #e2 #e3d #ed #eb #eb).
i (print e_set1)? :

i-e_=zetl ¢
(-1 ¢ vl v2 )
(-e2 v3 w2 )
(-e3 : v3 v4 )
(-e4 vd v2 )
(-e5 @ vZ2 vb )
(-eb : vl vE )

>

YES

1t (eycle e_set1)?

YES.

tt ({clear)?

~

Error ¢ a skelton-word or a variable expected.
i (clear)?

YES.
vt (sk_e e_setl #e3 #ed #e2 #el).
tt (print e_set!)?
-a_setl
(-e3 v3 w4 )
(-e4 : v w2 )
(-2 1 v3 v2 )
(-el 3 vl w2 )
>
YES

1t (cycle e_set!)?
NO.

17



Appendix A-1l Outline of KAUS-3

A-1. Outline-of KAUS

The knowledge based system KAUS has been being revised and
enlarged for availability of the structure model building and
evaluation during this few years. The fundamentals of KAUS are
the set~theoretic formalisms = of representing knowledge and
inference mechanism based on multi-layered logic. This system is
now partly running under the CP/M-86 machine environment with 512
KB memories.

KAUS wuses similar ways to resolution principle to infer
problems. However, algorithms differ in details from resolution
principle, by taking into account of the following way of.
representing knowledge by KAUS:

1) . Knowledge base of KAUS comprises concepts structure of
vocabulary, the part-whole data structure, and multi-
layered predicate formulas and interrelationships among
them.

2). The internal representations of formulas are not
conjunctive normal forms but AND/OR trees.

3). Predicates (functions) called procedural atoms(PTAs) are
used for representing knowledge, each of which is evaluated
by the special procedure attached to it.

We give now some explanations about inference, retrieval and
control systems illustrated in the figure.

in Cl. EXECUTION CONTROL Al. SELECTION
7 OF PTA OF LITERAL

f 4

LAz. PRETEST

N4

C2. BACKTRACK ’ A3. SET OF
CONTROL - ASSQCIATED
KNOWLEDGE

N

A4. TEST OF
IMPLICATIVE
CONDITION

C3. OUTPUT ¢ AS5. UNIFICATION
J CONTROL AND REPLACEMENT

out>

Fig.Al- Inference diagram
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Appendix A-1 Outline of KAUS-3

Cl) . Execution control against procedural atoms

There are two kinds of procedural atoms: built-in functions and
user defined functions. When they reside as the terminal nodes
in the query tree, the procedure attached to them are evoked from
the program base. If all the arguments of functions necessary to
execute have been instantiated, ,they are ready to execute and are
actually executed.

C2) . Backtrack control

When the proof has been failed, instantiated variables and
replaced literals are recovered. Data for recovering have been
put into stacks. The stacks are used for remembering
instantiated variables, literals to be recovered, proved literals
and knowledge units to be used to prove the literal selected from
the query tree.

C3). Control to output answer

The output type is determined according ‘to the query type. The
query types are classified into YES-NO, WHAT, WHY and HOW. types;
among them, the last two query types are not supported in the
system level, but could be requested to the system and processed
in the knowledge representation level. For the query of YES-No
type, the answer 'NO' could be rigidly distinguished from the
answer 'I DON'T KNOW' by setting up the query mode.

Al) . Selection of literal to be proved
The strategies to select a literal to be proved £from the

terminals of the query tree are as follows:

a). to search a literal to be proved in the depth first order,

b). to select a non-procedural atom,

c). to have a preference for a negative literal, and

d). to select a 1literal which has at least one constant or

existentially quantified variable as the argument.

Though the selection strategies adopted will affect the
efficiency of inference and the amount of memories necessary,
‘only simple ones are used in KAUS.

A2) . Pretest

The literal selected by Al is examined whether it is provable
by the 1literal in the query tree instead of using knowledge in
the knowledge base. (this module is not yet currently implemented).

A3). Set of associated knowledge

The set of associated knowledge (formulas) is selected from the
knowledge base to prove the literal selected by Al. The multi-
layered predicate formulas can be accessed through their constant
or existentially quantified arguments as the indices. The
selected set «consists of pieces of multi-layered predicate
formulas which are the elements of the set of intersection of
formulas associated with each of the upper concept nodes
(vocabularies) to the indexing nodes and have the opposite sign
to the literal to be proved.

A-1 - 2
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A4). Test for implicative condition

Whether the selected knowledge (formula) implies the literal to
be proved 1is examined according to the implicative condition
shown in Tab.Al.
More precisely, it is examined whether each of the combination of
the quantifiers of the «corresponding variables and the set
relation between the domains of the corresponding variables will
satisfy the condition given in Tab.Al. The domains of variables
are classified into three types, 1i.e., sets, individuals, and
neutrals. Among them, sets(concept nodes) and individuals(
instance nodes) have been predefined in the knowledge base, and
set relation between given two nodes can be determined by the
check diagram shown in Fig.A2. If the neutral variables are used
in the formula, the formula expansion reflecting the multi-
layered structure of the variables is ‘usually necessary. We
will detail this problem later in the sequel.

Qp Qg COND. Oy D,

v v Dp © Dy v Dy

v 3 Dp A Dy =g 3 Dp n Dg
3J = Dp ¢ Dg v Dy

V -— Cq' =} DP — —

— = C, € Dy — —_

- —_ Cp = Cy — —_

P:  [QsXp/DplF(Xy) assertion

Q:  [Q¢Xy/Dg]F(X%) query

R: [QvX+/Dy]F(Xr) replacement

Tab.Al- Implicative condition for P ——=> Q

A5). Unification and replacement

The deduction tree (that becomes new query tree) is generated
through instantiating variables and replacing the proved 1literal
by the formula that has proved it. The instantiated variables
and the replaced literal are kept in the stack for backtracking
control. :

In regard to memory management, areas of knowledge base and
works for generating the deduction tree altogether wuse memory
cells of fixed length (32 bytes) and automatic garbage collection
is performed during the. inference process.

A-1 - 3
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Appendix A-1

(LY. [ Xp / Dpl Dp 2 Djg
! or
--— *(m-]l.) S *mS *(m+1)S —--
/ N
'oa.es “ b,fA (2).
|
s-—%*(n-1)S *ns *(n+l)s —--
|
l Xp
[ Xq 7/ Dy ] '

{ i<,

unification layer |

.4 f...‘ 2 ¢ |
“-—E ( #S )— --—E ( #5; ) l
| /#,Sz
--—ef(#sh——-—E' (45} )
Xq
m = n = 1 cf. E ( . ) :
*3gS : base set
*kS : power set (k21)
#S : individual

¢

outline of KAUS-3

if there exists path a or b
if E"( Dy ) 2 E*( Dg ).

= *ng;—--

o
el

#s;

‘e Ea( *mS% )
w57 |l
- %S, —- -
. " !

D%

set of constituents of
structures

Fig.A2- Check diagram for Dp 2 .D%
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