PROCEEDINGS OF THE INTERMATIONAL CONFERENCE
ON FIFTH GENERATION COMPUTER SYSTEMS 1938,
edited by 1COT, © ICOT, 1988

A NEXT-GENERATION KNOWLEDGE-BASE

FROM THE VIEWPODINT OF EXTENDING LOGIC FRAMEWORK

Mitsuru ISHIZUHA

Institute of Industrial Science, Univ. of Tokye
7-22-1, Roppongl, Minato-ku, Tokye, 108, Japan

Dr. D. Lenat has showed his belief and
his approach toward a next-generation
knowledge-based system [Lenat 87)]. His
view is certainly bascd on his ex-
perience on AM and EURISKO [Lenat 82a,
B2b, B3a, 83b]l, which are prominent sys-
tems indiecating a direction of future AI
systems. Heuristic knowledge plavys an
important role in AM and EURISKO to
guide the inference process and to
achieve excellent performance, i.e.,
discovery in these systems.

For breaking through the current level
of Al systems, Lenat emphasizes three
points [Lenat 8T7)]; i.e., (1) the
knowledge principle (knowledge is the
main power fTor excellent intelligent
behavior), (2) the breadth hypothesis
(analogical and commonsense abllities
are necessary for intelligent behavior
particuraly Iin unexpected situations),
and (3) AI as empirical inguiry. Based
on his belief, he Is carrying out CYC
project at MCC. I was very Impressed by
hearing his invited talk at IJCAI-&7,
Milano.

While I mostly agree with his wview, I
would like to describe some comments
from somewhat different viewpoint
[Ishizuka B8].

As Lenat states, one major limitation of
the current knowledge-base 158 1ts
brittleness; that is. 1t rapidly looses
the competence beyvond the scope of
registered knowledge. This 1s due to
the property of deductive Inference.
The positive side of this inference is
its safety; that is, the result of
deduction is always correet as long as
the knowledge in the knowladge-base is
correct. In other words, the result is

a transformation of the knowledge
originally lmplied in the knowledge-
base. No new Knowledge 1s generated.

In order to broaden the power of current
knowledge-hase, we are required to add
advanced Al functions, such as, recogni-
tion, analogy, induction, abduction,
ete. OFf cource, researches on these in-
dividual fTunctions are Important.
However, we think that there is an un-
derl¥ing common fuction, whieh is par-
tieulary important from the viewpolint of
bullding next-generation knowledge-base
systems. The fuction we are considering
15 the handling of incomplete knowledge.

Generally speaking, the incomplete
knowledge is the knowledge which is not
always correct. It means here more
specifically hypothotical knowledge,
knowledge with exceptions, partially
misgsing knowledge, knowledge with incon-
sisteney, generalized knowledge, eteo.
We consider that the next-generation
knowledge-base system includes the in-
complete Knowledge Iin addition to com-
plete knowledge and manipulates them to
achieve the advanced AI functlons.

As A starting stage toward such
knowledge-base systems, we have chosen a
logical hypothesis-based reasoning sys-
tem, which has been exemplified im [Pool
87]. The key fTeature of this reasoning
system 1s the funection of constructing a
set of consistent knowledge which can
deductively prove glven ohservations or
constraints. Even if the knowledge-bhase
inecludes inconsistent Knowledge, its
consistent part of the knowledpge is used
selectively.

Several frameworks under the name of



non-monotonle reasoning are being ex-
Plored to deal with incomplete
knowledge. Recently, the relation among
different frameworks is alse being
clarified. The reason why we choose the
logleal hypothesis-based reasoning sys-
tem is its practieal usefulness; that
is, 1t is applicable for wide range of
practical problems, such as recognition
including diagnosis, design, etc.
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Starting from the hypothesls-based
reasoning system, we have set our ap-
proach as shown Iin Filg.l., to develop
several stages of the future knowledge-
based sy¥stem. -So far, we have done some
work on the mechanisme of inductive
learning, knowledge assimilation &
management, and inference speed inprove-
ment for the knowledge-base including
Incomplete knowledge [Matsuda 88a,hb].
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Similar to the Lenat's view, we intend
to realize the commonsense function
based on analogleal reasoning.

Our elaim reparding this approach is
that the advanced AI functions mentioned
above are not 1lsolated but has rather
continucus spectrum on the_function af
handling incomplete knowledge.

The most cruciasl problem at present 1s
the inference speed of the h¥pothesis-
hased reasoning system. While the ad-
vanced AI functions provide us bracder
intelligence abllity, they generally
require more amount of inference. We
have to solve this problem; otherwise,
it ecannot be practical. One effective
way 1s to inecorporate heurlstice
knowledge; however, 1t results In
knowledge acquisition problem, since the
heuristic knowledge is tend to be domain
specific.

Of course, we should have the knowledge
structure allowing the utilization of
heuristic knowledge whenever it is
available. On the other hand, we need
some mechanisms which can effectively
work even 1f the heurlstic knowledge is
not fully available. These mechanisms
should be less dependent of domain
knowledge. In some cases, we have to
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I Meta Knowledge

‘indicated In [Hooker B8],

find some restricted knowledge repre-
sentations which enable reasonable In-
ference time. The use of welght as-
signed to knowledge 1s a relatively easy
and practical way to control the
priority of search process. The weight
here is heuristic knewledge in a sense.
{We have already implemented this method
in our system.)

A more essential way is to explore a
knowledge compllation technology for the
knowledpge-base including incomplete
knowledge. Possible approaches toward
this direction are suggested in [Reiter
87] and [Hooker B8], where the scope of
knowledge representation is restricted
to propositional logle at present. As
it seems that
the combination with integer and linear
programming methods becomes important
increasingly in order to attain the
polynominal erder of search time.

If speaking simply, the knowledge or-
ganization for problem solving in a com-
puter and in a human brain has three
levels as shown in Fig.2; 1.e., skill,
{heuristie) rule and basic knowledge
levals., Lenat's view emphasizes the
rule level, whereas our approach starts
from the basic¢ knowledge level., If the

P
Prohlam:

Skill Level.

Rule Level

Basic Knowledge Level

1
i
1
1
1
|
!
!
1
I
1
1
1
I
!
1
1
1
|

1
|
R PRI

N |

Fig.2 The levels of human/computer problem solving.



heuristic knowledge 1s available In each
problem domain, the rule level can ex-
hibit excellent performance. The
knowledge gsequisition problem, however,
exists for the rule level. We are ex-
pecting that this problem will be lessen
by the result of MCC's CYC research
project.

I have pointed ocut here that tech-
nologies in the basic Knowledge level
are alse required for the next-
generation knowledge-base providing ad-
vanced ATl funetlons. An automatic
learning of the higher level knowledge
by ocbserving the behavior of its lower
level is desirable. Some efforts toward
this direction are belng explored as
seen in SO0OAR; however, their promise in
practical sense 1s invisible. Thus it
is necessary to develop efficent and
tough technologies for each level. A
meta-level structure which controls the
hierachical or parallel behavior of the
knowledge levels 1is also necessary.

REFERENCES

[Hooker 88] J.N. Hooker, "A Quantitative
Approach to Logical Inference," Deci-
glon Support Systems, Vol.d4, pp.45-889
(1988). )

[Ishizuka 88] M. Ishizuka, "An Approach
Toward Next-Generation Knowledge-Base
System by Handling Inccmplete Knowledge
(in Japanese),” Jour. of Japanese
Society Tor Arti. Intelli., Veol.3, No.5,
pp.552-562 (1988).

[Lenat 82a] D. Lenat, "AM: Discovery in
Mathematiecs as Heurlistic Search," 1in
Enowledge-based Systems in Artifiecial
Intelligence (R. Davlis and D. Lenat)
MeGraw-HiL1l (1982).

“The Nature of
Vol.19,

{Lenat 82b] D. Lenat,
Heuristies,” Arti. Intelll.,
Mo.2, pp.188-249 (19B2).

[Lenat 83a] D. Lenat, “"The Role of
Heuristlies in Learning by Discovery:
Three case Studies," in Machine Learning
{R. 5. Michalski, J. G. Carbonell, T. M.
Michell eds.) Springer-Verlag (1983).

1249

[Lenat 83b] D. Lenat, "Theory Formation
by Heuristic Search: The Nature of
Heuristies II: Background and Examples,”
Arti. Intelll., Vol.21, No.1,2, pp.31-58
(1983).

[Lenat 86] D. Lenat, M. Shephrerd and M.
Prakash, "CYC: Using Common Sense
Knowledge to Overcome Brittleness and
Knowledge Acquisition Bottlenecks,™ AI
Magazine, Vol.6, No.4, pp.B85-85 (Winter
1988). :

[Lenat 87) D. Lepat and E. Felgenbaum,
"On the Thresholds of Knowledge," 10th
IJCAI, Milano, Italy (1987), alsoc Int'l
Workshop on AI for Industrial Applica-
tiona, Hitachi, Japan (1888}.

[Matsuda 88a] T. Matsuda and M,
Ishlzuka, "An Enhanced Knnwledie Repre-
sentation and Concept Learning Mechanism
in Hypothesis-based Reasoning System,”
Jour. of Japanese Society for Arti. In-
telli., Vol.3, No.l, pp.54-102 (1988).

[Matsuda 88b] T. Matsuda and M.
Ishizuka, "Knowledge Acquisition and
Management Mechanlsm fTor Frame
Knowledge-base including Hypothesls
Knowledge (in Japanese),” Trans. IEICE,
Vol.J71-D, No.5, pp.902-908 (1988).

[Fool 87] D.L. Pool, A. Aleliunas and R.
Gobel, "Theorist: A logical Reasoning
System for Default and Diagnosis,” 1n
Knowledge Frontier -- Essays in the Rep-
resentation of Knowledge (N.J. Cercone,
@, MeCalls eds.), Springer-Verlag, N.Y.
(1987)

[Reiter 87] R. Reiter and J. deKleer,
"Foundation of Assumption-based Truth
Maintenance System: A Preliminary
Report,” AAAT-8T, pp.183-188 (1987).



