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1. Objectives
(1) Research in the FGCS Project

Knowledge Representation Technologies
A Parallel Constraint Logic Programming
A Knowledge Representation Language
based on a DOOD theory
Application Systems
Genetic Information Processing
Legal Reasoning
Natural Language Understanding
Games
Expert Systems

(2) Results of the FGCS Project

Knowledge Processing Technologies
GDCC, Quixote
--> Powerful knowledge representation,
Deductive Obijct-Oriented Database,
Theoretically sound

Application Systems
Genetic Information Processing,
Legal Reasoning
--> Deep analysis of domain knowledge
Effectiveness of parallel inference
Parallel programming techniques

-36-



(3) Problems

Knowledge Representation
Large-scaled knowledge processing system
variety of knowledge
variety of inference
unifying problem solvers
Portability
Application Systems
Extending functions
Challenging new subjects
Portability

(4) Example of large scale information processing

[ Knowledge of Molecular Biology ]

/ \ \

sequence sequence structure
analysis analysis analysis
DNA sequence  Genome DB Protein Protein

sequence structure
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(5) Objectives in the FGCS Follow-on Project

- Infrastructure for large scale knowledge processing
- more practical application systems
- portable systems in KLIC

- showing effectivenessof parallel inference

2. KnoWledge Representation Technologies

A Knowledge Representation Lamguage
| Quixote |

A Heterogeneous Distributed Cooperative

- Problem Solving System
HELIOS
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2.1 Quixote
(1) What is Quixote

rKnowIedge Representation

Knowledge Base Language
Constraint Logic Programming
Database Programming System

Deductive Object - Oriented

(2) Logic Programming Language and Quixote

Logic +
Object-Orientation
Ordinary ' ] Qui
Logic Prngramm_ng uixote
Language complex objects

subsumption relation/ constraints
modularization

hypothetical reasoning

nested transaction

DBMS features

..........
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(3) Object Term and Subsumption Relation

Object Term
Bobj: apple, color, fruit, ....
Var: XY, Z,.....

Cobj: apple[color=red],
X@person[employ=X], ....

Subsumption Relation

apple =< fruit
apple[color=red] =< apple

(4) Rules and Modules

Rule
prosecutor::crime_of _homicide[agt=X]
<= prosecutor:kill[agt=X, obj=Y]
il {X =< person, Y =< person }.

Module

m1 >- m2



(5) Hypothetical Reasoning

Thought-Experiment Query + Hypotheses
Environment

[ Database

Assumption + Answer
+ Explanation

(6) Results in the Follow-on Project

- vesion 3.0
Qmacs, Xwindow
- version 4.0
negation as failure
KLIC version
- micro Quixote
C
- applications
Biological KB

Legal Reasoning
Natural Language Processing
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2.2 HELIOS

(1) What is HELIOS

A framework for building large - scaled knowledge
processing systems

A heterogeneous distributed cooperarive problem

solving system

(2) Background

N

r.-*34:4:)Iif3&:ﬂit:an Systems

Genetic Information
Processing
Legal Reasoning

=

(PIM + KL1 ]

-

.

Large Scale
Application Systems

Genetic Information
Processing
Legal Reasoning

7

| HELIOS |




(3) Examples of Heterogeneous Distributed
Cooperative Problem Solving

Genetic Information Processing
DBs: DNA sequence, Protein sequence,
Protein structure, moitif DB, .......
Programs: sequence anlysis,
structure prediction, folding simulation, ...
Legal Reasoning
KB/DB: statutes, judicial precedents,
- conceptual dictionary, ....
Programs: Rule base reasoner,
Case base reasoner,.....

(4) Approach

Prob!e
Solver

-43



(5) Basic model

.':L

environment
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.| problem |-
| solver

-| problem |-
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| simple agent complex agent

(6) Capsule and Environment

Capsule ---> CAPL

Transformation of messages

Definition of methods

Description of solver's function
Environment ---> ENVL

Common message protocol

Common type system

Agent directory and Function directory

Management of execution
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(7) Results in the FGCS Follow-on Project

version 1.0
Experiments of communication
between problem solvers
version 2.0
Implementation of CAPL and ENVL

application
Heterogeneous Natural Language Processing

3. Application Systems

Genetic Information Processing
Parallel Applications
Knowledge Information Processing

Legal Reasoning
new HELIC-II
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3.1 Genetic Information Processing

(1) Gene and Protein

MNucleic acid sequence

DNA

|
Giene ITranscription
1

Protein

(2) What is Genetic Information Processing

- sequence analysis
homology search
multiple sequence alignment
motif extraction

- structure analysis
folding simulation
prediction of secondary structure
prediction of tertiary structure
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(3) Multiple Sequence Alignment

' ;
Protein sequences
HTLV ¢ PVLQLSPAELHSFTHCGQTALTLOGATTTEASH |LRSCHACREGNPQHQWPRGH |

REY * OATFOAYPLAEAKDLHTALH | GPRALSKACH | SMOOAREVVOTCPHCHSAPALEABYE
WATY 3 TSDPIHEATQAHTLHHLNAHTLRLLYR | TREQARD | VACKOCYNATPVIHLEVH -
SMRY 1 ILTALESARESHALHHQNAAALRFUFH | TREQARE | VELCPNCPDWESAPOLEVN

M-MulV @ LHILTHLEFERMEALLERSHEP Y YMLNRDRTLEN I TETOKACAQVHASKEAVROGTR
gopia ! HEKLLHPEIQWTTELFEETYYFPHSOLLIGH] INECS | CHLAKTEHRNTOMPTETT

L. -

by - p g
Sequence Alignment
HTLY @ -PVLR---LSPA-ELHS-FTHCG- --QTAL--TLG----GATTTEA--SHILR fHAD - = -RGGHP OHOMP RGH | - - -
RSV  QATEQAYPLREAKDLHT-ALH G- --PRAL--BKA---CHISMOQA--REVWOTEPHE - - --- - HEARALEAG-YH--
MMTV = == |E0~~P IHEATOAHT ~LHALN -~ -AHTL--RLL---YE |1 TREQA--RD 1 VK -=-NVATPVYPHL--G-VH--
SMRY o --ILT--ALESAQESRA-LHAON-~-AAAL = -AFQ---FH | TREQA--REIVK == -POWGSAFQL-=G=VH==
M-dulV @ seeeoccsmanaas Q-Li LSFEKMH&LLEHSHEFTYHLHHHHTL-KHITEI == AQVHASKSAVHGG-TAR--
Cogia B memmmmmememee- EKLLHPG | QKT TKLF-GET---YYFPHNSOLL | QN1 I MEGE SOHLAK TERRKTOM--P-TKTT

L

(4) Example of Motif

Zinc Finger

CxxCrxo000000000HXxxxH
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(5) Parallel Multiple Sequence Aligner

Burger
- Manson — Ei:ﬂag{florithm
algorithm \ g
Parallel Parallel GA
Hill-climbing algorithm
E""g f‘;
4 £

nitial
sequences’

[Constraint-based Aligner ]

(6) Parallel Multiple Sequence Aligner

Alignment

Update (

NEGIQGFLST

i ERAL--QGST
F!_nal S
alignment DRWVYKIHST

ERWLFRIQST

Selected ra_hsu]t

DEWVYKIR==5T
ERHLFEIQ——ST
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(7) Biological KB in Quixote

Knowledge Base Cluery
— - GUI supported
| Signal Cascade Ward 1 - KB supported
| Gene Expression World i Answer — Secondary (uery
- - Executable =— View Command
- |Nlustrated e Simulation
Gene Exprassion Cascade
promote @
P02 . ¢ Po3 -

cooperate

P04 Po2

asamam . i = e ——— s
- L

v

(8) Stochastic Learning in Hidden Malkov Model

ne
Parallel Sphttmg &ﬁl g &

uential Splitting
{11, p2} \ {plM}  {p2M}

Sequential
Splitting \“

—

{pl.M}

{n2,M} {H2Mp {nLM}
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(9) Results in the FGCS Follow-on Project

- Multiple sequence aligner
parallel inference, knowledge processsing
- Biological KB
Quixote
- Analysis of higher order structure of proteins
Hidden Markov Model
- Analysis of patterns of DNA sequences

3.2 Legal Reasoning

(1) What is Legal Reasoning

Legal Reasoning = thinking process of lawyers

- generating arguments
Interpretation of rules
application of rules

- selecting arguments
value judgment

- 50 -



(2) Interpretation and Old Cases

(self_defense?) [ self_defense]

.............................................. =| explanation
J (interpretation)

a new case IIIIIIIIIIIIIIIIIIIIIIrIIIIHIII} an Dld Case
similarity

(3) HELIC-II system

( legal rulesJ

e e
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(4) Reasoning of Lawyers

_ . {arguments).

Value

Argumentation :
J judgement

a
Qﬂﬂ[\ . /ewpnint,
arguments

Debate Strategy

(5) Legal Reasoning Model

argumentation

Making

Selecting
Arguments

Arguments

)
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(6) Defeasible Reasoning

ctime_of _homicide i
2 ylewpomi

mtent ¥ neghgence

argument counter argumeht

(7) Debate Strategy

Debate by two agents

- making (counter) arguments
- comparing arguments

- finding issues

- modifying a viewpoint
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(8) Result in the FGCS Follow-on Project

new HELIC-II system
a legal reasoning model
argumentation + value judgment
+ debate
an experimental tool for legal reasoning

KB of criminal law

4. Towards large-scaled knowledge processing

(1) From viewpoint of KR

Genetic Information Processing
Legal Reasoning

good examples of multi-agent system.
incomplete domain knowledge

various types of knowledge
public databases
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(2) From viewpoint of Genetic Information Processing

Quixote --> a powerful KR language
a biological KB
metabolic reaction
a motif DB
constraint-based
multiple sequence alignment
HELIOS --> a paradigm for unifying problem solvers
and databases
total systems

(3) From viewpoint of Legal Reasoning

Quixote --> a powerful KR language
legal rules, precedents, theories,...
+a  --> higher order inference mechanism
selecting arguments

HELIOS --> a paradigm for unifying problem solvers

and databases
a total sysem
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5. Conclusion

Knowledge processing technologies

- Knowledge Representation
Quixote: new functions + KLIC
HELIOS: a new paradigm for
large - scaled KB systems
- Application Systems
GIP: analysis tools + KB approach
+ Hidden Markov Model
Legal Reasoning:
legal reasoning model + KR language
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