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v ¢ l graph‘ xgraph
edge N\ Nsimple-graph

#gl . vertex

/ & ' connected-graph
#y-set]  fe-setl s
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BLUVEBEHRKR - TEXTHB T ERT R, FROBAL, T2 571 LD
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p-l. £AS OERBRTRTCER > b OnHE3,

p-2. HAS oavr—ThHBT 25,

p-3. T OBFOERuIZEEL, ulo 1 ¥ESvI2HEEL T2, KK, UEfE->T
Db S 1 ODIBUIET R, EDH &, 2xHFELL LTT 235,

prd. FTRTHOT OEREMWA-HITp-3 2R YEXT,

IR eI Ta- FMedad ko & Sen 3,

(¥S,T/*edge) (WU1,U2 edge)(vV0,V1/vertex) -
{ (cycle S) <« (all-differentS) & (copy ST &
(set-e U1 T1) & (get-c VO UL 1) &
(traverse VO VO UL VI T) }. === (1)

traversedhzEl, KO LS WHRERBWEZTX A,
(VS/*edge) (VU/S) (WV0,V1,V2/vertex)

{ (traverse VO V1 UV2S) <« (cardinal S1) & (find VIUV2) } & |
(eq V2 V0) }. - -——---(2)

(vS/*edse) (VU1,U2/S) (¢ V0,V1,V2,V3/verter) (YN/integer)

{ (traverse VO VI Ul V2 S) « (cardinal SN) & (st N 1) &
(find V1 U1 V2) & (eliminate UL S) &
(traverse VO V2 U2 V3S)}. --——--(3)
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(diff X S M) & (pair-diff S M) }. -========(8)

(vS/*edge) (vX/edge) (diff X S 0). ' ————===(7)
(vS/*edge) WM,N/integer) VX,¥/edge)
{ iff XSN) <« (gt NO) & (get-e YSN) & (ne XY) &
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gt & SRITRAER SN S,
YIAT, BHI KBWVT. S 27776 0ollnEal wihnld EE8 BRA45— %
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(VS/*edge) GNN/*integer) (YN/NN) (v#U/S) (v4y//U))
{ (eulerian-cycle S) <+ (reverse-cardinal V N) & (mod 1 N2) & ‘
((cardinal NN 0) v (cardinal NN 2)) }. —--(10)
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SEF—IRBIT 25T, BEU ﬁﬁ% [@nEs
(@) 1A DSERCE BT \\\ \ \\
HNbhbd. COO>bT. IFHD { #x,, #52,.., ¥z } { #s/, #s,,..,
siEE. BT VEREOBRE CER / \ &~ fe_dg_e
SRR TV 2. X 2| ESES X DS

R\ BB &, St // \ ’ w/ \
12 OSEEETR S EETUE {81, #1), .., #xk ) { %e,, %el,.., ¥e} }
BT S 7B IUERY S 70— /N 7&

BeHBT rERIIELLTWE  EEEE o #g, %z,
(FHEY 5 7 RT_RTHHEEE L
TEBRTRETREN T REEL K4 . SEEOBERRE,

THEL. BT Z 7OV THIE

Behd) . L TEXSEEhOLOESIE. EANCITEOESE L2, 2L
T, EOERBRIZT 5 THRBENRY 4 I ERL TV D SDIIRE T L%E < felene
ntary-cycle R$. KM*s: (. 7o xidss, FESESK., BIU ToEARERKE-
TEHEIN, XX OBNEATH BT LEK ¢ XTRT. DOEAER e, 1. MEL

LTz, HEU, 2FOT L #HBEERBERTRbT. bR, REEELBEER
FEAEHAL T HaoBEERL LTRETA3,

R, EFVHE oL S5EEEIN2 L LT FRICREDE SR L TETVEREE
LTO L DThD S, AN EFNDERE N ST EBBOIE, KRN LSBT
ERBRADS, 2T ABRVRENSHETZ L ThIE, SREEERL. KKEDREE
BOHENES (S0 2HEEDERLTIHRATINEALRARING) #4EHT2. Th
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VB HDE—RIKED. £DS5bO—2%E, 2hiIE- LG 3SR R
TEREST, —DOSEBEERTHEVNDI I EBEXBND, £LT. ERINSH
GO—HBOEEEEXTETNVEEH TS « « (X5 58 ,

DL S BRBEOT T, EHOEAHOEDEERD N ESTRDIL, % DiREEFIH

THLEVSLENEXIBND,

EHE&ES VERNRY 1 7 vnEd
YD) Fe 7))

BI5 . 3ITLETINER

6 . HbHYK

KAUSKZ £ 3475 7 DR RBLE 7' 5 7RO — 2L DVClif, £, 20—
DDA LT, SHEMAEK X2 3KRTEFTNVOERIIDOVT, EOEXHEhi. EDIF
DOEBOGHNRER bNEH, ARBOBHTRRVOTHE L. $h AL S
BB LS, F5 7« T T LOGHOHRED—RE L THEERRBDOTH 5.
225, KAUS-325CP/M860n SUNIXICBAERSHE 1, —Ea{baiie Shciilihch 5. &
T~ S5 7 OREETIUIKAUS-31C & » TRETEE TS 3205, —HOBIRATRK T
LR ETERVHORH B, KAUS-4Z, KAUS-3D#T EdEES KU EF VAR
(BR) P 3 2R REERS C 2K LT 3. |
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ZYama2? kaus
WELCOME ! [ KAUS-3 Unix VYersion 1983.10

+: Skbal

(sk_p %pred #*3vertex #edae #*araph).

(sk_e ¥2vertex edae).

(sk_e #3vertex +edae).

(sk_e *vertex v_setl v_set2).

(sk_e #*edae e_setl e _zet2).

(sk_e vertew Bl #v2 A3 #vh BV #B V7).
(sk_e edge #el #e2 #e3 #eld #e5 #eb #el).

(sk_e graph agl).

(sk_c gl v_setl e_setl).

(sk_e v_setl #vl #v2 #v3 #v4 #u5),
(sk_e e_setl #el #e2 #&3 #eld #e5 #eb #e7).
(sk_c #el #vl #v2).

(sk_c #e2 #v3 #v2).

(ek_c #e3 #v3 #v4).

(sk_c #ed #v4 #£#v2).

(sik_c #eb5 #v2 #v5).

(sk_c #eb #v1 #v5),.

(sk_c #e7 #YS #v1).

(sk_e *pred clear).
[AX/#e_setl1] (]l (clear) ~(del_e X e_setl)).

(sk_e *pred cycle traverse all_different pair_diff diff).

LﬂT/*edce][ﬂUl/edqe][ﬂVO/vortex][ﬁV1/vertex]
(1 (cycle ™
~(all_different T)
~(get_e U1 T 1) ~(get_c VO U1 1)
~(traverze VO V0 U1 V1 T)
).

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

cAS/*edoellAUl/e_set1]1lAU2/e_setl11[AVO/vertex]
[AV1/vertex1[AVZ7vertex1[AVZ/vertex 1[AN/num]l
(1 (traverse V0O V1 U1 V2 S)

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

~(find V1 U1 V2) ~(del _e U1 &)

~(traverse V0 VZ U2 V3 S)
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raS/#edae JLAN/numl
(1 (all_different S)

~(count_e N S) ~(pair_diff S N)

=
1
).

raS/+edgel(pair_diff S 1).
[aS/*edael[AN/num I [AM/numl[AX/edaellAY/edae]
(| (pair_diff S N)

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

~(aet_e X S N)

~(agiff X S M)

~{pair_diff S M)
).

[AS/*edgel[AX/edael(diff X S 0).
[ﬁS/*edge][ﬁY/edge][ﬁN/num][HY/edqe][RH/num]
(I (diff X S N)
~(gt N 0) ~(get_e Y S N) ~(ne X Y)
~(sub M N 1)
~(diff X S M)
).

\*# A zample araph al is shouwn #eb,#e’
to the right figure. al: #vl=====4y§
G1 is defined by \ /

, #el\  /#eb

al = ( v_szetl, e_cetl), \ /

#v2

With the followina test sequernce, / \
it can be checked vhether a subset #e2/ \#e4

of e_setl constructs a cycle. / \

AyZ-———- #vi

#el

TEST SEQUENCE:
(cycle e_set1)?

(clear)? (sk_e e_setl #el #e2 #e3 #eld #eb #eb). (cycle
(clear)? (sk _e e_setl #e3 #ed %2 %el1). (cycle
(clear)? (sk_e e_setl #eb #e7). (cycle
(clear)? (sk_e e_setl #el #e4 #eb). (cycle
(glear)? (s k_e e_setl #el #e5 #eB). (cycle
¥\

---Df kbal

I

e_set!)?
e_setl)?
e _setl)?
e_setl)?
e_setl)?



't (print e_setl!)?

i-a_cetl
(-el vl v2 )
(-e2 v3d w2 )
(-&3 v3 w4 )
(-ed v w2 )
(-5 ¢ v v )
(-eC vli vt )
(-7 vE vl )

- W
™M
(€3]

: (cycle e_zet!)?

IQO'

(clear)?
YES.

(sk_e e_setl #el #e2 #eld #ed #eh #eb),
P (print e_set1)?

‘{-e_setl :
(=21 @ vl v2 )
(-2 v3 v2 )
(-3 v3 v4 )
(-e4 vd v2 )
(-e5 ¢ ve vb )
(-eb : vl vE )

>

YES.

vt (eycle e_set1)?
YES

v (fclear)?

“ Error ! a skelton-word or a variable expected.

vt (clear)?

YES.

v (sk_e e_setl #el #ed #e2 #el).

i (print e_setl1)?

~=_set]

(-e3 v3a w4 )
(-e4 v w2 )
(-e? v3 . w2 )
(-e1 vl w2 )

>

YES.

1t (cycle e_setl)?
NO .

17



Appendix A-1l Ooutline 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
? OF PTA OF LITERAL

f {

A2. PRETEST

-

4
C2. BACKTRACK A3. SET OF
CONTROL ASSOCIATED
KNOWLEDGE

N
A4, TEST OF
IMPLICATIVE
CONDITION

A\ N

C3. OUTPUT AS5. UNIFICATION
J CONTROL AND REPLACEMENT

out

Fig.Al- Inference diagram
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Appendix A-1l 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. 1If 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 1last 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 literal 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



Appendix A-1 . outline of KAUS-3

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 Qq COND. Qv Dy

v 14 Dp 2 Dy v D¢

v 3 D An Dy =@ 3 Dp n Dg
v — Cg & Dp - —_

-—_ = Cp € Dz’ -— —_

bl —_ Cp = Cy — —_

P: [QpXp/DplF(Xy) assertion

Q: [QqXq/Dg] F(XY) query

R: [Q0vX+/Dy]F(X¥) 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.
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(1) .

outline of KAUS-3

[ Xp / Dpl Dp 2 Dq if there exists path a or b
t or if ET( Dy ) 2 ES( Dg ).
L
"—-*(m—})s *mS *(m+1)S —--
S
- —*(n-1)S *ns *(n+l)s —-- Dp m
] ‘ E°( *nSp )
! I
| Xp #s,
T e 7" E ( *mSg )
o -
unification layer | #Sq
. . . - %S, —--
_— x Tk 2 . l / “ t
—E ( #s )— --—E ( #S; ) H ’
’ /#SZ' Dq,
. . |
--—ef(ast Yy — - —E (s} )
Xg
m = n = 1 cf. E (. ) : set of constituents of
*gs : base set structures
*kS : power set (k=21)
$S : individual

Fig.A2- Check diagram for Dp 2 D¢
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