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Abstract. This article deals with the problems of information processing, searching and finding the solutions in
the related fields of scientific knowledge. One of the solutions to this kind of problem is the software like expert sys-
tems. The aim of the article is to test the existing software tools for constructing expert systems, to make the assess-
ment of the existing feature set, to determine the set of criteria that influences on the selection of software, to analyze
the possible ways of using it regarding to structuring, storing, searching and changing of the accumulating knowledge
bases. The article provides a comprehensive analysis of existing expert system shells. As a result of the analysis, the
lifecycle phase of the expert system are considered, the basic criteria are selected for each phase. Focusing on the
most popular criteria, the best software for constructing the expert system is selected. A prototype of the expert sys-
tem was developed in the selected shells. The complexity of the prototype development is estimated. The shortcom-
ings of the software are identified. The analysis parameters are summarized in a comparative table. The best shell for
the construction of expert systems is selected considering the selected criteria.
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1 Introduction

The total amount of information that an average em-
ployee uses in work has significantly increased lately.
The problem of processing a large array of data comes to
the fore in many areas of activity

According to Sviridov S. S., a developer or researcher
spends about half of working time searching for neces-
sary information [1]. For example, in the field of custom-
er support for software use, a consultant is guided by
about 10 technical standard documents and about 40 in-
structions of various types (the total volume of documen-
tation is several hundred pages). Information in the above
mentioned documents is periodically updated and sup-
plemented. And if the consultant supports several soft-
ware products or several groups of users solving various
tasks, then the situation becomes much more complicated

To reduce the time for finding a solution, searching for
answer from several knowledge areas and choosing sev-
eral alternative solutions, it is recommended to use expert
systems (ES). According to Doctor of Technical Science,
Professor Gavrilova TA, the expert systems shall be used
“... where the main difficulty relates to the use of weakly-
structured knowledge of practitioners and where the logi-
cal (semantic) processing of information prevails over the
computational” [2]. In other words, the expert system

must take up the “bottlenecks” of standard search: to
provide a substantive adaptation of the problem, the abil-
ity to consider the consultant skill and qualification level.
In the case of a significant discrepancy in the levels of
knowledge between the system and the consultant, an
explanation module is mandatory. In addition, the ES
should be able to learn enriching a knowledge base,
check the available knowledge for correctness, consisten-
cy and completeness.

It should be noted that the task of selecting the expert
system for search does not have a unique solution at pre-
sent. This makes it urgent to study a variety of evaluation
criteria, methods of construction and methods of using
various expert systems.

The purpose of this paper is to select the best software
for constructing the ES relative to CAD tasks.

2 Research Methodology

2.1

In the process of studying the problem of selecting the
best software, we will:

Procedure

— determine the set of criteria that influence on the selec-
tion of software for the implementation of the ES;
— select the software that meet the selected criteria;

E10

MECHANICAL ENGINEERING: Computational Mechanics


http://jes.sumdu.edu.ua/
https://doi.org/10.21272/jes.2018.5(2).e3
mailto:sapr@vniiaen.sumy.ua

— prepare a “basic prototype” for testing the functionali-
ty of the selected software;

— develop the "basic prototype" in the selected software;

— identify potential difficulties in the development of the
ES;

— evaluate the complexity of the ES development.

Let us dwell upon the stage of defining a set of criteria
for selecting software for constructing the ES.

Factors for selecting the best ES can be conditionally
attributed to three different stages of the life cycle of the
ES: construction, usage and updating.

When selecting the ES, it is important to consider con-
struction methods that influence on the speed and ease of
system construction. According to P. Jackson [3], “... if
the success of the project depends on the development
term, then you should select a shell with embedded leg-
end tools and advanced user interface. Interface devel-
opment is one of the most time-consuming stages of sys-
tem design, and the more of this work can be shifted to
the shell, the faster the project will be completed”.

To construct the ES, it is necessary to pay attention to
the following parameters:

— work with a convenient method of knowledge repre-
sentation (logical, problem frame, rule-based etc.);

— ability to work with the knowledge base;

— general approach to all domains;

— presentation of peculiarities of the design model, the
design methodologys;

— consideration of the qualification of the ES user;

— modularization of the knowledge base;

— level of description details of the domain;

— task execution in the conditions of data lacking;

— availability of an inference machine;

— availability of the event log (record of system malfunc-
tion);

— ability to process the exceptional conditions;

— availability of a search mechanism of disambiguation;

— configuration of the necessary auxiliary software and
equipment for the operation of the ES;

— adaptive properties (ability to customize for a specific
domain);

— knowledge representation method.

In terms of the ES use, it is necessary to analyze fol-
lowing evaluation criteria:

— functionality (finding the answer, inquiry qualification,
explanation, training, etc.);

— speed of operation (speed of answer search);

— cost of acquisition, implementation, owning;

— ease of use of the ES (ease of editing tools, accessibil-
ity of the help system, user-friendly interface of the
shell, ease of learning, etc.);

— availability of the Russian version;

— possibility to study the scheme of obtaining (finding)
the answer;

— availability of a thesaurus (dealing with synonyms);

— possibility of searching a “negative” answer;
— logging of use cases (history of hits and search re-
sults).

When using the ES, there may be a need to improve
the existing functionality or introduce new capabilities.
Therefore, it is also important to consider the following
parameters:

— compatibility with other computer-aided design soft-
ware (integration);

— possibility of self-improvement of the ES (open
source, availability of an applied programming inter-
face);

— completeness and ease of use of technical documenta-
tion for the ES;

— reliability and perspectivity of the software company,
as well as the availability of qualified technical sup-
port;

— access security, delineation of rights.

To develop the most important criteria for us to select
software for constructing the ES, we will carry out a prac-
tical study using “Basic prototype”.

On a provisional basis, the “basic prototype” model
contains 3 basic elements: the question, the answer, the
recommendation. The ES for the “basic prototype” will
solve the problem of finding recommendations for some
malfunctions during user's work with the software.

At the beginning of the program, the user will be asked
what the error is related to - the file, the system start or
application software. Depending on the choice, a recom-
mendation will be offered or questions will be asked to
clarify the problem. The user can be offered solutions -
for example, contact customer support professionals
(ACS sector), send e-mail to the developer or find a de-
fective element.

To solve such problems, an important criterion is the
method of knowledge representation based on rules be-
cause they:

— allow us to create a knowledge base in “If-Then” form
which is familiar to user;

— possess modularization — each unit of information can
be deleted, changed or added independently of the rest;

— have self-explanatory function - it is possible easily
trace the set of rules used for output.

So our intermediate conclusion is that in order to solve
our task regarding the best software for constructing the
ES with respect to our conditions, the following criteria
are of practical interest:

— availability of the graphical interface of the program;

— ease of creating the ES;

— convenient tool for debugging the created system;

— possibility of self-improvement (open source, availa-
bility of an applied programming interface);

— necessity for installation of additional software to run
the program;

— cost.
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Based on the above criteria for developing the "Basic
prototype", the following software products were selected
to implement the required functionality of the ES.

2.2 CLIPS

The software environment for the development of ex-
pert systems is a rule-based system, the Rete algorithm is
used as inference engine. The main competitive ad-
vantages of CLIPS are:

— acceptable performance;

— explicit syntax;

— availability of calling external functions written in
other programming languages;

— modules written in CLIPS can be called by programs
written in other languages.

| D\Muhoidy_ExpertSystemiclips\sapr.clp - Notepad++ [Administrator]
ain Mpaeka Mouck Bun Koavposkw Cowtakcuc Onuvm  Makpocst 3amyck  Mnarmbsi Okka 2 X
P, sl 8| I Ig|las | BE|m1EEEAE 2 S
\jsaurc\nul
H 16 [ (deffunction ask-guestion (?question $?allowed-values)
7| (printout t 2question)
| (bind 2answer (read))
= (if {lexemep Zanswer)
I then (bind (lowcase ?answer)) )
= (while (not (me: ?answer ?allowed-values)} do
| (printout T tion)
| (bind ?answer (read))
B (if (lexemep 2answer)
I then (bind ?answer (lowcase ?anawer))))
L ?Panswer)
H (deffunction yes-or-no-p (*question)
| (bind ?response (ask-question 2question Ha HeT X H))
B (if (or (eq ?response ma) (eq 2response o))
| then ma
L else mer))
i 1 »
length :6 757 lines: 207 Ln:1 Col:1 Sel:0]0 Windows (CRLF)  UTF-8 INS

Figure 1 — Sample code written in CLIPS
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Figure 2 — Graphical interface of CLIPS

2.3 Java Expert System Shell

Java Expert System Shell (JESS) is a shell for devel-
oping expert systems; the system was developed by San-
dia National Laboratory.

Intelligent system Jess allows you to create a Java ap-
plication providing the ability to process data based on
knowledge represented as rules.

e Wt S T — S~ W W—" ...

At the moment, Jess is one of the easiest and fastest
shells for expert systems. Like CLIPS, the Jess kernel
uses the Rete algorithm to match the facts to the rules,
which is very efficient and fast in solving multiple com-
parison problems. It remembers the result of the last test-
ing of knowledge and re-tests only newly appeared facts.
Jess has a closed source code, unlike CLIPS.

saprji.clp™)

Figure 3 — Graphical interface of JESS

2.4 Prolog

Prolog is a declarative language or predicate calculus
language. A predicate is a logical formula from one or
more arguments. Prolog involves a set of facts and rules
that ensure the finding of solutions based on these facts.
Inference mechanism of Prolog is based on a comparison
of facts and is the backward chaining inference. It ex-
tracts the stored (known) information by choosing an-
swers to requests.

Uerno 1i, i >n

Uerno 1i, <yes/nos/?»: > n
Uerno 1i,

Uerno 1i, chto

m) »

Faclucheniye: Sou

Figure 5 — Window with output of results
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2.5 Expert Developer Pro programming, fuzzy logic, neural networks and has a

The program is designed to build a user polled system SQL interface.

and find a solution to a particular problem. When custom-

¥ Bxoys CORVID: C\Users\Ade\ConadProjects\ SAPRISAPR.CVD.

izer the system, one can specify only two options for e

answering the question — “Yes” or “No”, and then indi- T —
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Figure 10 — Dialog window of application development

Figure 7 — Dialog window of application development
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Figure 8 — Window with output of results
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2.6 Exsys Corvid s P 5
Exsys Corvid is an intelligent system that can be used LA D L N L etor——

to develop a knowledge base in any domain. The system
includes tools for program debugging and testing. Rules
can exist with some probability which is expressed by the
coefficient of confidence, the value is set by the expert
when developing the knowledge base. The system sup-
ports the backward chaining from facts to the goal, linear

Figure 11 — Window with output of results
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3 Results

Let’s analyze the functionality of the selected software
in relation to the declared set of criteria. The source code
for CLIPS can be written in any text editor. To start the
program, the shell is used. Dialogue occurs only in text
mode by entering values from the keyboard. When writ-
ing a program, it is necessary to compile a list of facts
and rules. At the same time when the program is working,
it is possible to change the fact base which is a process of
self-learning of program. It is possible to implement a
graphical user interface by means of other software (for
example, C ++ supports CLIPS commands).

In the Visual Prolog program shell, when writing a
program, it is necessary first to describe a list of condi-
tions (facts) during execution of which specific recom-
mendations will be displayed. At the same time, this set is
permanent; there is no change in the facts when the pro-
gram is working. Dialogue with the user occurs in the
console desk in text mode. Also, it was not possible to
implement the work of the program on the answer “NO”
and it is not possible to combine the conditions for “OR”.

JESS uses the CLIPS syntax, but it runs on the Java
platform, so you need to install additional software of
Sun. Unlike CLIPS, the source code is closed. The use of

the program is free for non-commercial use. The program
runs in the console text mode.

Expert Developer Pro is a program with a graphical in-
terface. To develop the program, it is necessary to indi-
cate a sequence of questions, while arranging a scheme
for finding the answer. The built-in system accepts only 2
variants of answer — “Yes” or “No” thus it is impossible
to combine conditions automatically. The source code is
closed, so no further development is possible. The ad-
vantages include the fact that you do not need to know
programming languages to construct the ES, the system is
constructed in the user-friendly graphic mode.

Exsys Corvid is commercial software. To work, you
need a Java platform, as well install Apache server. It is
necessary to build a complete tree for searching the an-
swer, creating variables necessary for the program opera-
tion by setting up the logical and command blocks. Self-
learning of program is not provided. The user interface is
very diverse - you can select the answer option with the
help of radio buttons, drop-down list, and active graphic
zones. The advantages include the lack of the necessity to
learn the programming language, but on the other hand
the process of developing and configuring the ES is quite
complex and time-consuming.

Table 1 — Comparison of parameters of ES shells

Program Convenient Possible
Software operating Ease for devel(?pment debugging improve- Add Free
of ES (ranking) of charge
mode tool ment
CLIPS Text mode* 2 + + — +
JESS Text mode 3 — - + +
Visual Prolog Text mode 4 + - — —
Expert Developer Pro Graphic mode 1 Not required - — +
Exsys Corvid Graphic mode 5 + - + —

4 Conclusions

As a result of the research, the following software
products used for constructing the ES were tested:
CLIPS, JESS, Prolog, Expert Developer Pro and Exsys
Corvid. In terms of development ease, Expert Developer
Pro and CLIPS proved to be the best. Expert Developer
Pro and Exsys Corvid are characterized by graphic mode,
and CLIPS can be also integrated with a graphical inter-
face written in other software. Debugging tools are not
required for Expert Developer Pro, and only JESS has no
convenient debugging tool.

Only CLIPS of the entire tested software has open
source code and can be implemented. The disadvantages
include the need to install additional software to run the

program, which is typical for JESS and Exsys Corvid.

Considering the ease of development, convenient de-
bugging, ability to be improved, self-learning, as well as
the absence of the need to install additional software and
free distribution, the best choice for constructing the ES
can be CLIPS.
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HaykoBo-mocmigauii i pOEKTHO-KOHCTPYKTOPCHKUIM IHCTUTYT aTOMHOTO Ta €HEPTeTUYHOTO HACOCOOYIyBaHHS
AT «BHAIAEH», Byn. 2-ra 3anizauysa, 2, 40003, M. Cymu, Ykpaina

Auoranisi. CtarTs npucBsyeHa npobiaemi o6podku iHopMallii, MOMIyKy i 3HAXOMKEHHIO PIlIeHb y CYMDKHHX
obacTsX HayKOBHX 3HaHb. OIHHUM i3 pillIeHb TAKOTO POJY 3aBIaHb € KJAac IPOrpaMHOro 3a0e3NeyeHHs — eKCIepTHI
cUcTeMH. Y CTaTTi IIOCTaBJICHO 3aBHaHHSA pO3IMIITHYTH IPEICTABICHUH Ha CBITOBOMY pPHHKY IpOTpaMHHI
IHCTpYMEHTapiil JUIs1 HOOYJOBY €KCIIEPTHHUX CHCTEM; OLIIHUTH HasBHUH (YHKIIOHAN, BU3HAYUTH HaOIp KPUTEPiiB, sKi
BIUIMBAIOTHh Ha BUOIp MPOrpaMHOro 3a0e3NeueHHs; IPOBECTH aHaNi3 IMOBIPHHUX 3aC00iB BUKOPHUCTAHHS CTOCOBHO JI0
obnacTell CTPYKTypyBaHHA, 30epiraHss, MOIIyKy, 3MiHH 0a3 3HaHb, IO HAKONUYYIOTHCSA. Y CTATTI NMPOBEACHO
BceOIYHMI aHami3 OOOJOHOK Ul EKCIePTHUX CHCTEM, L0 ICHYIOTh. Y pe3yidbTaTi aHaji3y pO3IISHYTI eTamu
JKUTTEBOTO LUKIY €KCIEePTHOI CUCTeM; I KOXKHOTO eTary oOpaHo OCHOBHI KpuTepii. OpieHTylounch Ha KpuTepii,
0 KOPHCTYIOTBCS HaWOUIBIIMM MOIHMTOM, BHKOHAHO IAOIp ONTUMAIBHOTO IPOrpaMHOrO 3a0e3IedeHHs Ui
NoOyIOBU eKCIIepTHOI cHcTeMH. B oOpaHMX 000JI0HKax po3poOJeHO MPOTOTUN eKcliepTHoi cucteMu. [IpoBeneHo
OIIIHKY TPYAOMICTKOCTI Ta CKJIaIHOCTI BHKOHAHHS HPOTOTUIY. BUSBICHO HENONIKH PO3MIISHYTHX NPOTPaMHHX
npoxaykriB. [lapamerpu, 3a SKHUMH TPOBOAWBCS aHANI3, 3BEICHI M0 MOPiBHANBbHOI Tabmmii. OOpaHa onmTHManbHa
000J10HKa T TOOYIOBH €KCIIEPTHUX CHCTEM 3 YPaxXyBaHHAM HAaBEICHUX KPUTEPIiB.

Ki11040Bi cl10Ba: excrepTHa cUCTeMa, IPOAYKIiHHA CHCTeMa, OOOIOHKH IS KCIIEPTHHUX CHCTEM, aHai3.

BI/Iﬁip ONITUMAJILHOI'0 IIPOrPaMHOIo 3a0e3meYeHHs AJIs1 I[OﬁyI[OBI/I CKCIIEPTHUX CUCTEM
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