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요약문

인공지능을 야용한 기폰 명가기술 개션의 일환으로 컴퓨터를 이용한

성공경로 탐색 시스햄 (Q;객nputerized Success-path 뀔Onitoring 학stem，

COSMOS)을 개발 중이마. COSMOS는현자력 발전소의 이상 상태시에 운

천원의 의사결청올지핸하여주기 위한시스햄이다. 여 샤스햄은 현쩨악

발천소 안천 기능 (다itic외 Safety Functions) 상태 및 어 상태하에서요구되

는척합한안천 시스팀훌 (Safety System)의 성공경로 (Success Path)를 제시하

여주는 것올목표로하고었다.이사스햄은 발전소의 어헌안전 기능억 위

협받고있는 지를초사하여，현재 위협받는발전소 안전 기능의 회복에 적합

한 안천 시스랩을션정하고，아울러 선정된 안전 시스햄의 성공 경로를제시

하여 준다. COSMOS에서는 효율적인 Man-Machine Interface를 위하여 다

양한 색상의 Graphics롤 사용하였다. 현재， COSMOS는 Prolog언에를사용

하여 Workstation어l 구축하였다.

본 보고셔는이와갈야개발된 COSMOS의 타당성 평가를위한 연구애 대

한 것이다. 현문가 시스댐의 명가는크책 현문가 시스햄의 타당성 확인

(Verification and Valida상on) 작업과사용자의수용성 여부 (User Acceptance) 명

가 작업으로 분리 된다. 본 보고샤에서는 COSMOS의 타당성 확인

(Verification and Validation)작업올위한방법른의개발과이에따른평가작업

의 수행결과롤기술하였다.



Summary 

For the support of emergency operation, an expert system named COSMOS 

(Computerized Success-path MOnitoring System) is being developed at Korea 

Atomic Energy Research Institute (KAERI). 

COSMOS identifies the critical safety functions' (CSF's) status, and suggests 

the overall response strategy with a set of success paths which restore the 

challenged CSFs. The status of CSF is identified by the rule-based reasoning. 

The overall response strategy is inferred according to the identified CSF's 

status. The success paths are generated by the given structure descriptions of 

systems and the general generation algorithm. For efficient man-machine 

interface, a color graphic display is utilized. COSMOS is being built on a 

workstation. 

The major tasks to build an expert system such as COSMOS are the 

construction of knowledge base and inference engine. In COSMOS, the 

knowledges arc derived from the Emergency Operating Procedures (EOPs), and 

the forward chaining is adopted as the inference strategy. While the knowledge 

base and inference engine are the most common and essential elements of an expert 

system, they are not the only ones. The evaluation of expert systems can not only 

lessen the risk of using faulty software, but also enhance the acceptability of the 

expert systems by both users and regulators. The evaluation of expert systems 

consists of the system verification, validation and user acceptance testing. Among 

them, in this report, we have focused our attention to verification and validation 

(V&V) of expert systems. We have accessed the general V&V procedures and tried 

to develop the specific V&V procedure for COSMOS. 



1. INTRODUCTION 1 

2. VERIFICATION AND VALIDATION OF EXPERT SYSTEMS 3 

3. CHARACTERISTICS OF COSMOS 7 

4. VERIFICATION AND VALIDATION OF COSMOS 8 

• 

5. CONCLUDING REMARKS 10 

REFERENCES 11 



1. INTRODUCTION 

During last two years (1990 - 1991), Korea Atomic Energy Research Institute 

(KAERI) has developed an expert system named COSMOS (Computerized Success-

path MOnitoring jSystem) in order to support the emergency operation of nuclear 

power plants (NPP). COSMOS enables the operator to find the appropriate 

response actions without time stress due to information overload under emergency 

situations [1,2]. 

The major tasks to build an expert system such as COSMOS are the 

construction of knowledge base and inference engine. In COSMOS, the 

knowledges aie derived from the Emergency Operating Procedures (EOPs) [3], and 

the forward chaining is adopted as the inference strategy. While the knowledge 

base and the inference engine are most common and essential elements of an expert 

system, they are not the only ones. In addition to above, an essential task is the 

evaluation of the developed expert systems. The evaluation of expert systems is a 

catch-all term which covers methods for system verification, validation and user 

acceptance testing [4j. The evaluation of expert systems can not only lessen the risk 

of using faulty software, but also enhance the acceptability of the expert systems by 

both users and regulators [5]. Among them, in this report, we have focused our 

attention to verification and validation (V&V) of expert systems. 

Up to now, the V&V of expert systems which have similar objectives with 

COSMOS has been performed by comparing the output of the expert system with 

the desired and/or anticipated results for the given inputs of some sample cases. 

However, when we consider the fact that the use of invalid expert system for 

nuclear industry can cause the catastrophic results, it may be regarded that such 

ad-hoc V&V methods are insufficient. In this report, hence, we have tried to 

identify the important factors to be included in the V&V procedures and to 
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propose the V&V procedures for COSMOS. In Section 2, we have reviewed the 

general aspects of the expert system V&V, and in Section 3, we have reviewed the 

characteristics of COSMOS. The specific V&V procedures for COSMOS will be 

suggested in Section 4. Finally, the conclusions will be provided in Section 5. 
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2. VERIFICATION AND VALIDATION O F EXPERT SYSTEMS 

As mentioned previously, the evaluation of expert systems consists of the 

system verification, validation and user acceptance testing. The verification 

pertains to the internal correctness of the system and addresses the task of 

eliminating errors made by the builders in translating their original plan into 

detailed design and coding it. Validation, on the other hand, refers to external 

correctness which is manifested in correct or desired output when the system is 

operating in a realistic environment. In other words, the verification assures the 

system is working properly as designed, while the validation assures that the 

system actually helps the user as intended in the requirements and specifications 

[6]. The user acceptance (usability) is difficult notion to define, but tends to 

encapsulate ergonomic and organizational aspects of the system [4]. 

The results of V&V can be classified as given Table 1 [7]. Type I error results 

if system validity is rejected when it's sufficiently valid. Type II error results if 

system validity is accepted when it's invalid. Type I error increases expert system 

development costs which may not be negligible. Type II error, on the other hand, 

has more drastic consequences ; it can cause catastrophic results. Type II error, 

hence, is very important in the application of nuclear industry. The exact V&V of 

expert systems for nuclear industry, therefore, are crucial. 

At present, there are a number of available V&V methods. These methods can 

be classified into two categories according to the characteristics of the methods : 

logical and empirical methods [4]. In general, the empirical methods involve 

running a prototype system on selections of test cases, and assessing the results, 

and the most obvious results to study are the system outputs which can be checked 

for their accuracy. These methods can also be used to help assess the elusive notion 

of user acceptance. On the other hand, the logical methods can be used to 
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determine the internal self-consistency and completeness of rule bases, by syntatic 

inspection and manipulation of the rules as logical expressions. In expert system 

rule bases, a rule set is consistent if and only if there is no way the rule can assert a 

contradiction from valid input data, and a rule base is complete if and only if it can 

cope with all possible situations that can arise in its domain. In general, we might 

expect the empirical methods to be most effective for system validation and 

assessing user acceptance. Similarly, we might expect the logical methods to be of 

value in knowledge base verification, and of some help in validation but to be of 

little use in assessing user acceptance. The advantages and disadvantages of both 

methods are compared in Table 2 [4]. 

The empirical methods can also be divided into quantitative and qualitative 

mediods according to the V&V criteria [7]. There are a number of the qualitative 

methods such as face validation, predictive validation, turing tests, field tests, 

subsystem validation and sensitivity analysis methods. The simple descriptions of 

these methods are given below. 

• Face Validation; 

project team members, potential expert system users, and people knowledegable 

about the application domain - all using their knowledge and intuition -

subjectively compare system performance against human expert performance. 

• Predictive Validation ; 

it requires using historic test cases and either 1) known results or 2) measures of 

human expert performance on those cases. 

• Turing Tests; 

- it validates expert systems against human experts by evaluating human expert 

performance and system performance without knowing the subject performers 

identity, 

- such blind evaluation eliminates any pro or con computer bias . 
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• Field Tests; 

it places prototypical expert systems in the field, and then seeks to perceive 

performance errors as they occur. 

• Subsystem Validation; 

- it has three significant advantages ; 1) validation, incorporated within the 

development life cycle, is carried out along with development; 2) we can validate 

subsystem more easily since they are less complex and more manageable; and 3) 

error detection is more easier since errors are localized, 

- disadvantages of it are 1) it may not be possible to observe the input-output 

behavior of a subsystem, and 2) successfully validating each subsystem does not 

imply overall system validity since accumulated error tolerance can be significant 

in overall system performance. 

• Sensitivity Analysis; 

- it is performed by systematically changing expert system input variable values and 

parameters over some range of interest and observing the effect upon system 

performance, 

- it is especially useful where few or no test cases are available. 

In quantitative methods, either we construct a confidence interval for one or 

more measures and subjectively compare it with an acceptable performance range, 

or we use a formal hypothesis test to compare measurements with a predetermined 

acceptable performance range. The used hypotheses are defined as given below : 

H0 : the expert system is valid for the acceptable performance range under the 

prescribed input domain, 

Hx : the expert system is invalid for the acceptable performance range under the 

prescribed input domain. 

The typical quantitative methods are described below. 
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• Paired-t-Tests; 

- we can measure the difference between expert system performance and human 

expert performance or known results by D; where D ; = X ; -Yi; X{ are system 

results, and Y£ are either known results or results from human expert performance, 

- for the difference D ;, the following confidence interval can be produced 

;a+Vi.a/2Sd/Vn 

where 3 is the mean difference, Sd the standard deviation, and tn.i,a/2
tne value 

from the t distribution with n degree of freedom, 

- if zero lies in the confidence interval, than we can accept H 0 

• Hotelling's One-sample T2 Test; 

- it is applied for the case that have a number of results, 

- assuming that we have k responses as the expected output, we determine the 

differences between corresponding k paired response, repeating this for different 

input values, we construct k vectors of differences, one for each response, then the 

one-sampled T2 test is used to determine if the means of the difference vectors are 

significantly different from zero simultaneously. 

• Simultaneous Confidence Interval; 

- to validate multivariate-response expert system, we can construct simultaneous 

confidence intervals or joint confidence regions for differences of paired responses. 

• Consistency Measures ; 

- it is used to compare an expert system with multiple-experts. 

It is difficult to suggest a specific method as a best one, since the V&V methods 

are to be selected according to the characteristics of developed expert systems. The 

detailed contents of V&V methods which are used in the V&V of COSMOS will be 

explained in Section 4. 
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3. CHARACTERISTICS OF COSMOS 

COSMOS adopts the function-based approach and it consists of four modules: 

the first one is to identify the critical safety functions (CSFs) status, and to 

determine the overall response strategy, the second one is to generate a set of 

success paths which restore the challenged CSFs. The reliability data base is used 

to rank the generated success paths. Finally, the event tree data base is used to 

predict the future status of NPP [1,2]. The overall structure of COSMOS is show 

in Fig.l . 

The status of CSF is identified by the rule-based reasoning. The overall 

response strategy is inferred according to the identified CSFs status. The used 

rules are derived from the EOPs, and have a hierarchy of three level. The success 

paths are generated by the given structure descriptions of systems and the 

general generation algorithm. Backtracking, an inherent feature of the Prolog 

language, is used for the search of next success path. The generated success 

paths are ranked according to either its respective reliability or the number of 

manual operator's actions required to complete each success path. The typical 

screen displays of COSMOS are shown in Fig.2 - 3. In COSMOS, the meta

knowledge for inference is separated completely from the domain knowledge. 

At present, COSMOS is being built on a workstation, HP9000/835, using a 

IF-Prolog language and X-window graphic tools. 
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4. VERIFICATION AND VALIDATION OF COSMOS 

Electric Power Research Institute (EPRI) suggested that conventional V&V 

techniques can be used as a starting point for an expert system V&V methodology 

because of die solid track records [8]. EPRI divided expert systems into six 

types as shown in Table 3, and suggested a typical V&V procedures for each type. 

The V&V methodology for expert systems suggested by EPRI can be summarized 

as given below : 1) to establish the system requirements, 2) to develop 

verification issues specific to expert systems and 3) to integrate V&V procedures 

into die expert system development process. Since expert systems are normally 

built with a prototyping (or rapid prototyping) process, the V&V effect should be 

started early in the development process, men, as the knowledge base expands, 

V&V must be repeated continually. 

Even though, EPRI have tried to propose generalized V&V procedures, 

however, it is difficult to determine the specific V&V procedures for each expert 

system, since there are a number of variety in the expert system features. 

Hence, we propose a specific V&V procedures adequate for COSMOS based on 

EPRI's suggestion. COSMOS can be regarded as Type I system (simple, based on 

codified knowledge, without uncertainty handling) according to the EPRI's 

categorization. In the V&V aspect, the characteristics of COSMOS presented in 

Section 3 can be summarized as follows : 

1) COSMOS consists of four modules, i.e., COSMOS adopts modular concept, 

2) die rules of COSMOS have a three level of hierarchy and 

3) the domain and meta-knowledge are separated completely. 

Based on the above facts, the following V&V procedures for COSMOS are 

suggested as given below : 

(1) define the system requirements, 
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(2) prepare V&V plan, 

(3) verify the meta-rules by using step-by-step objective review, 

(4) verify the consistency and completeness of domain knowledge base 

by using "logical methods", 

(5) validate the system performance by using subsystem validity, face 

validity, 

(6) perform field test and test user's acceptance by using simulator, 

(7) modify COSMOS and/or V&V plan ; go to step (3), 

(8) the entire evaluation process has to be documented. 

The empirical V&V methods used in the above procedures are face validation, 

field test and subsystem validation methods. The logical V&V is performed by the 

simple logic test tool developed by KAERI. 

The life cycle V&V of COSMOS is show in Fig.4. The present stage of 

COSMOS is presented as shadow box in Fig.4, i.e., the prototype V&V step. At 

present, the constructed knowledge base and inference engine are being verified 

and validated through the above procedures. The user acceptance will be evaluated 

at late by using the simulator. The features of COSMOS such as the screen displays 

of Fig. 2-3 should be modified according to the results of user acceptance test. 
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5. CONCLUDING REMARKS 

An expert system, COSMOS, has been developed during last two years, and 

V&V of COSMOS are being performed this year. The V&V results for 

COSMOS in the present stage can be summarized as follows. For verification, in 

COSMOS, it is not necessary to verify the general reasoning process since 

COSMOS has been built using Prolog language (backtracking, the inherent feature 

of prolog language is used as the general reasoning technique). The meta-rules 

which are used to handle domain knowledge are verified easily since they are 

separated with the domain knowledge base. Since knowledge of COSMOS consists 

of the separated module, verification of knowledge base is not difficult, also 

"logical method" is applied using test tools which are constructed by ourselves ; 

use of logical methods ensures the consistency and completeness of knowledge 

base. For validation, since COSMOS is based on the codified knowledge, domain 

validation is not necessary, and the empirical method is useful in validation ; 

subsystem and face validation are used for the validation of COSMOS. Finally, for 

user acceptance, the field test is necessary for user acceptance test. This will be 

performed late by using the simulator with the experienced operators. 

In general, it can be concluded that 1) the user's risk is critical in nuclear 

application, 2) acceptable performance range should be determined by regulatory 

body, 3) field test is essential, 4) consideration for over-reliance and general de-

skilling is to be given, 5) maintenance aspects should be considered during the 

development of COSMOS (it is very important in user acceptance aspect and 

daily use). 
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Table 1. Builder's/User's Risk 

Action 

Accept as valid 

Declare invalid 

State of the expert system 

system is valid 

Correct decision 

System builder's risk 

(Type I error) 

System is invalid 

System user's risk 

(Type II error) 

Correct decision 

Table 2. Case Study in Expert System V& V 

Verification effectiveness 

Validation effectiveness 

User acceptance assessment 

Efficiency of the method 

Cost of the method 

Coverage of the method 

Method can be applied 

Logical 

High 

Low 

Low 

High 

Low 

High 

Early 

Empirical 

Low 

High 

High 

Low 

High 

Low 

Late 
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Table 3. The Types of Expert Systems 

Type Number 

1 

2 

3 

4 

5 

6 

Description 

Simple, based on codified knowledge 

Simple as (1), but with uncertainty handling 

Simple, based on elicited knowledge 

Simple, as (3), but with uncertainty handling 

Complex (generally for research) 

Complex, as (5), but with uncertainty handling 
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