ICOT Technical Report: TR-663

TH-663

An ATMS-based Knowledge Verification

System for Diagnostic Applications

by
T. Tanaka & K. Ishikawa (Toshiba)

July, 1991

1], 1o

Mita Kokusai Bldg. ZIF (0313456-3191 35

| G DT 4-28 Mita 1-Chome Telex ICOT 132964

Minato-ku Tokyvo 108 Japan

Institute for New Generation Computer Technology




TITLE
An ATMS-based Knowledge Verificatlon System

for Diagnostic Applications

Tatsuji Tanaka and Keiko Ishikawa

Heavy Apparatus Engineering Laboratory
Toshiba Corpoaration

1.Toshiba-cho, Fuchu-shi., Tokyo 183, JAPAN

Masateoshl Yamaco

Computer Application Systems Department
Toshiba Corporation Fuchu Works

1.Toshiba-cho, Fuchu-shi, Tokyo 183, JAPAN

ABSTRACT

Knowledge acquisition and verification is a critical bottleneck
of expert systems. In particular, it is difficult to confirm
and maintain the consistency of & large-scale knowledge base.

A Enowledge Verification System (KNOV) has been developed for
diagnostic applications which helps the process that makes
problem solving knowledge complete and consistent. KNOV is a
meta-systen that regards the diagnostic knowledge as assumption
and werifies it by assumption-based reasoning  using
Assumptlon-based Truth Maintenance System  (ATMS}. An
architecture with the following features s proposed for
knowledge verification:

1)assumption-based reasoning with dynamic testing
2)imeta-knowledge definition for verification
3)knowledge consistency using ATMS

KNOV  has been implemented by Extended Sell-contained Prolog on
Personal Sequential Inference machine (PSI-II) developed by
Institute for New Generation Computer Technology, Japan (ICOT).

The paper shows a verification cxample using KNOV  for the
Electric Power System's diagnosis knowledge base. The validity
and effectiveness of the ldeas for knowledpe verification are
copfirmed by applying KNOV to the dizgnosis system of Electric
Power Systems and a Computer-Center Fault Recovery System which
are used in Lthe field.



1. Introduction

In building an expert system, methods and tools are needed for
extracting knowledge from experts, structuring the knowledge,
verifying its consistency, and validating it based on the needs
of the wuser. This continuous process is called knowledge
acquisition and knowledge verification. It 1is the bottle-neck

of bullding expert systemst* ®1,

1.1 Knowledge verification

The purposc of knowledge wverification ls to solve the problem
correctly by refining Incomplete or conflicting knowledge into
complete and consistent Kknowledge'*®-**'. The verification
process is shown in Fig.l; it comprises the Tollowing steps:

1) Error detection and localization, 2) Madification of the
confliet knowledge, 3) Verification of the modified knowledge.
In each of these steps, experts use the heuristics and
strategies for verification which correctly and efficiently

detect and repair the knowledge base error.

The knowledge used in the verification process is as follows:
1.Tesl case and conflict detection knowledge are used to
detect inconsistencies in the Knowledge base.

2. Information for knowledge generation 1s used to
generate alternative Knowledee and dissolve the
inconsistency in the knowledge base.

This reflects deep Knowledge in the application’s domain, such
as the functional model and behavioral model and design
knowledge of the system. This knowledge is wusually ambiguous

and not explicitly represented by the expert.

There are two methods of verifying the knowledge base: static
testing and dynamic testing®*®?, Static testing analyzes the
relationship between the knowledge description element (such as

the antecedent condition and the consequent proposition of the
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rule and related facts), and detects the logical conflict
between  themfr=20, Although syntactie errors and logical
coaflliets of knowledge descriptlon can be detected using statie
testing, semantic errors cannot. In this case, dvnamic testing
is needed, which actually infers the Knowledge base and detects
conflicts within it by checking the Inferring process and the

result.

1.2 Diagnosis sysiem

It is important to restrict the problem domaln when acquiring
and verifying the knowledge. Diagnosis of Industrial plant and
process control applications is chosen as the problemn domain.
The knowledge structure in this domain is the same as state
abstraction in a generic task'®'. The knowledge in this task
represents the relationship between the functional element and

the system function, and reflects the structure of the system.

In this paper Electric Power Systems diagnosis s chosen for an
examplet*™1. The Electric Power Systems transmit electric power
from the generator to consumers and econcist of transmission
lines, transformers, and buses, each of which is connected with
a connective switch comprising eircuit breakers and line
switches. The connective switeh is equipped with protective
relays to detect accldents in the Electric Power Systems.
Relays open the connective switch to cut off the faulty area
from the normal supply area to prevent it from extending. When
an accident occurs, the diagnosis system for the Electric Power
Systems detects the faulty area and the kind of fault from data
of the activated relays and the state of the Electric Power

Systens.

Fig.2(a) shows an example of Flectrle Power Systems
configuration and the situation when the faulty aeeident
happened. The diagnosis system determines the faulty facility
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and the kind of fault based on the function of each protective
relay, why they act, when they act., and what factors cause
their actlons. Accident case-1 in Fig.2(a) Iindicates the
accident with ‘788’ relay activated 1in both ‘sw2' and “swd'.
This accident situation is caused by a fault in b bus. Flg.2(b)

shows a diagnosis rule concerning with the relay "T8s'.

2. Knowledge verification architecture
The Knowledge verificatlon architecture for diagnostic
applications Is developed. The architecture has the following
main features:
1)assumption-based reasoning with dynamiec testing
Z)meta-knowledge definition for verification

d)knowledge base consistency maintenance using ATMS

The knowledge verification architecture iz shown in Fig.3. This
system regards the diagnostic knowledge to be wverified as
assumptions. It werifies the assumptions and refines the
unreliable knowledge base into a consistent one by using meta-
knowledge  for  verification. Verification meta-knowledge
consists of a test-case set, conflict detection knowledge and

assumption generation knowledge.

The system Is a meta-system which contains an inference engine
for diagnosis, which is controlled by the wverification meta-
knowledge. It consists of a problem solver which performs
assumplion-based reasoning for verification., and a knowledge
manager which maintains knowledge base consistency  using
ATMS 121

The problem solver consists of an assumption test part and an
assumption generation part. The assumption test part checks and
detects the inconsistency in the knowledge base by treating it

as a set of assumptions using the test-case set and the
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vonflict detection knowledge. If any inconsistency ls detected,
the assumptlon generation part creates alternative knowledge to
replace the inconsistency by using assumption generation

knowledge, so that the modified knowledge base is consistent.

The knowledge manager receives inference data and inconsistency
information from the problem solver, and stores them in terms
of the inference network, and maintains their consistency using
ATMS. In  the assumption generation phase, this information,
stored In the Inference network, is used to avoid generating
the rules that have already been checked and reglstered as

inconsistent.,

3. Mcta-Knowledge for verification

The test case set, conflict detection knowledge, and assumption
generatlon Knowledge are used to control the verification
process. The contents of the verification knowledge is
investigated and its representation is defined. However, this
knowledge 1s pgiven and its correciness and validity are
determined by an expert in the problem domain. By representing
Lthis knowledge expliecitly, an expert can estimate the
completeness of the knowledge base and accumulate  the
heuristics and silralegies needed to refine the conflicting

knowledge base as a rule.

3.1 Meta-knowledge for assumption test
Fhen verifying the assumptions (knowledge), an expert prepares
the criteria which shows the correct result of inference. One
of these criteria 1s the test case. The followlng items must be
defined as a test case:

1)equipment and device organization and their status in

the target plant control system
2)}phenomena and situations concerning faults or accidents

3)the cause of faults or accldents, such as breakdown of



devices and parts

To determine the conflict contained In the knowledge base, the
more abstract criteria than the test case 1is needed. This
criteria 1s formallzed as conflict detection knowledge.  The
knowledge defines the Inconsistency of the inference process
with the status of the target system to be diagnosed.
Tneonsistency detection of diagnostle knowledge 1s  performed
efficiently by using & test-case sel together with conflict
detection knowledge.

The test specificatlon must be determined from the viewpoint of
the functions required for the system. The test-case set and
error detection knowledge are determined by the purpose of the
diagnostic E¥slem. They mUst have the following

characteristiecs: 1)eorrectness, 2)completeness (covering all

faults or accidents), 3)consistency (no mutual conflicts).

3.2 Meta-knowledge for assumption generation

Assumption generation is assumed te be a diagnostic rule
creation process so that the created rules satisfy all the test
cases. This process comprises the rule reconstroction by
selecting alternative primitives so that the modified knowledge
infers the correct result defined by the test case. Primitives
are the basic elements of the rule and the conceptual knowledge

of the problem domain.

For assumption generation, the problem solver creates
alternative rules to the confliet rule wusing the following
assumption generation knowledge, which represents the expert’s
idea for rule refinement:
ljconecreteness: explore the rule in detail which
serves the specific situation
Z)abstraction: generallize the specified rule or abstract

the concrete rule which has common or similar



characteristics
J)selection of alternatives: select alternative

primitives on behalf of conflict primitlves

Assumption generation knowledge also Includes the dlagnostic
knowledge structure as the constraints for rule generation.
This meta-knowledge reflects the deep knowledge on which the
problem domain depends. Fig.4 shows an  example of the
assumption generation knowledge and process for Electric Power
Systems diagnosis. In thls example assumption peneration
knowledge 1Is represented by the hierarchical structure of
conceptual Knowledge of the domain of electric power systems.
Using this knowledge, the system replaces the primitive “at the
side of the line" in the initial rule with "at the supply side
of the line” and "at the receilving side of the line” and two
specific rules are generated. First the system searches the
concept "line" in assumption generation knowledge, which is
broken down into more concrete concept "supply side” and

"receive side”. New rules are then created.

4. Knowledge consistency maintenance based on ATMS

The diagnostic rules are defined by any combination of
primitives that represents an antecedent condition or
consequent proposition element of the rule. The set of rules
included in the knowledge module is modeled by an AND/OR
ecircuit consisting of primitives. The detection of a conflict
or Incomplete element in the knowledge is considered to be a
multiple-fault diagnosis of an electric circuit‘*4), Thus the
ATMS can be used for the deteclion and maintenance of conflict
rule in the knowledge base. In case of knowledge verification,
an assumption is an element of diagnostic knowledge (rule or
primitive}, a model 1is a judgement by an expert, and behavior

prediction is a test case.
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In using the ATMS to maintain knowledge conslistency, we define
the ATMS node as described below, and define justification,
environment, context and label to be the same as ATMSF*=},
<ATHMS node>
a. premises: test case, conflict detection knowledge
b. assumptlions: diagnostic rule or primitive

¢, derivations [rom assumptions or others

The basic idea of knowledge consistency maintenance using ATMS
is shown in Fig.5. In this case primitives Al and I are
assumptions. Al is an antecedent condition and Z 1is the
econsequent proposition of the diagnostic rule. Test cases al,
a2, a3 (phenomena), d1, d2 (cause of fault}), and conflict

detection knowledge are given as premises [facts).

In accordance with the Inference progress, the derived node is
created and added to the inference network. At this time an
inferred assumption set is stored as an environment in the
derived node. In Fig.5, twa derived nodes which have
environments  {Al,Z} are created according Lo Lthe two

inferences, which refer to facts al and d1, or a2 and d2.

The problem solver tests the assumption and If it detects any
conflicts, It reglsters the conflict assumption set (rule) into
the ATMS no-good database. In Fig.5, conflict is detected by
inferring rule C with input data d2. Consequently, the node(e)
is made to be contradictory, and relaled assumptions are made
to be false from the super- and sub-relationship of the
inference network. In this case, the environment {A1,2} of the
conflicting node(#) 1is registered to the no-good database of
the ATMS. This means that the diagnostic rule consisting of the
primitives Al and Z 1is Iin conflict. The process of inference
is stored using ATMS and the problem solver can control

assumption generation, therefore, which means the failed rule



generated previously will not be gpenerated again.

Although the number of assumption penerations and the number of
inferences for testing assumptions Increase exponentlally with
the complexity of the diagnostic knowledge, the test can be
managed efficiently using the ATMS mechanism.

5. Implémentation

KNOV has been developed based on the knowledge wverification
architecture. KNOV has the restriction that the conflict part
of the knowledge is to exist only in the rule part, not in the
primitive or data (facts) part. KNOV has been implemented by
ESP on the workstation PSI-II developed by ICOT!2S.181

Fig.6 shows the man-machine interface of KNOV. Window (a) is
the control window where a user starts up the verification
process and checks verification information. Window (b) shows
the result of a diagnostic inference. Window (d) shows the
conflict detection knowledge used to detect the conflicting
rule shown in window {c). In this example, KNOV penerates

conslstent rules shown in window (e).

6. Evaluation of KNOV

The validity and effectiveness of the system was evaluated as
described below and applled to the diagnosis system of Electric
Power Systems and Computer-Center Fault Recovery Systems used
in the fieldt27.21831

An evaluation of HKNOV s shown In Table 1. The diagnostic
knowledge and verification meta-knowledge are shown in
Table 1{a). This knowledge is for the Electric Power Systems
diagnosis described in this paper. The evaluation results are
shown in Table 1(b). We confirmed that all the conflict rules
In the knowledge base were detected and modified correctly.
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In Table 1(k), each fleld of assumptions means the following:
a) generated rules by assumption generation knowledge, b)
conflict rules detected by ATMS, c¢) conflict rules detected by
inference, d) consistent rules wverified by ATMS and inference.
The processing tlme for verification is less than 60 seconds in
any evaluation case shown In Table 1(b}. Thus KNOV can be used

in real-sized problems with reasonable performance.

T. Conclusion

An ATMS-based  knowledge verification architecture for
diagnostic applications was proposed and the KNOV on which it
is based was developed. The system which supports a knowledge
verification process did not exist and the KNOV 1is an entirely
new system that supports the process. Our research is a step
toward building an Integrated knowledge base developing

environment .

By wusing the KNOV, the complicated knowledge verification
process, which depends on the experience and perception of
experts, can be systematized and performed automatically. Thus,
the system is wery useful for building and wmaintalning
knowledge-based systems. In this system, the wverification
heuristics and strategles are represented in terms of
verification meta-knowledge. Thus the KNOV iIs so flexible that
an expert can define the verification meta-knowledge which
depends  on an  application domaln independent from the
verification procedure. To generate alternative rules to repair
the conflicting knowledge base, verifying their correctness and
confirming that they have not caused side effects is the most
time-consuming process for experts. The system manages these
complicated processes and Information for verification

systematically by using ATMS.

Even with the beneflits, acquiring wverification meta-knowledgc
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is the problem which 15 left for future considerations 1in
practical use of the HKNOV. Verificatlon meta-knowledge Is a
higher abstraction of diagnostic knowledge and methods of its
use. Thus, It is difficult to show explicitly how to acqulire,
formalize and represent the meta-knowledge for each

application.
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Table 1 Evaluation of Enowledge Verification.

{a) Diagnostic and Verification Knowledge

Knowiledge elass

Rule and data

Arount of rules or data

Liagnostic rule module 2 modules
Knowledge rule 40 rules
primitive T3 primitives
data definition (fact) 114 data {facts)
Yerification test-case set { set
Meta-Enowledge conflict detection 9 rules
knowledge
assumption generatlion 4 knowledge
- knowledge (generation: 50, constraint:14)

(b) Verification Res

il

(&)

(d)

{c)

Evaluation Case Number of Assumptions Processing Time
L a) b) r ¢} o+ d) [seconds)
Bule specizlization (1) B4 B3 0 8 . 3 41
Rule specialization (2) 50 % o2 2 51
Fulc abstraction 49 L g ¢ 2 28
Seleetion of alternative concept 101 LY E i1 E 1 11
a)= b) + e) +d)

a) . generated assumptions (rules) by assumption generation knowledge

B) / ¢} .. conflict assumptions (rules) detected by ATMS / inference

d) consistent assumptions (rules) verified by ATME and inference



