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The paper presents the concept of an expert syaipporting knowledge man-
agement. The rule-based expert system (RES) uggsabr proprietary solutions: a
self-organizing Horn clauses table, which simpiifiediting and recording of
knowledge bases as well as conversion and deduexipert spreadsheets - combin-
ing the possibilities of a spreadsheet (algebraidets) with forward deduction ex-
pert system, (logical models). The proposed systembe applied in early warning
systems and risk management.
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1. Introduction

A considerable number of industrial enterprisemechanical engineering pro-
duction environment is called in the literature dimeering to order” (ETO). This
environment is characterized by unitary or smaithagroduction realized at indi-
vidual customer request. This type of productifens to the products for which the
customer requires a specific engineering desiguigraficant modification or a pur-
chase of new materials. Design and technology swelly developed individually
for specific customer orders. They are usually u@igrojects characterized by spe-
cific requirements as far as technical planningdpction management, and plan-
ning and accounting for the expenses are concefifeineed to create offers for



products ordered in small-batches is a common iBste Such projects are carried
out on the basis of initially incomplete data, frtme preparation of an offer and its
valuation, through developing a budget and a tibtettor implementation, to super-

vision of the execution and settlement of a cottiRepeatability of such contracts is
small or even none. Performance of a contract @h sun environment requires spe-
cial support as far as knowledge management isecoed.

As part of a research and development projectleiititManagement support
computer system for knowledge management in maatonstruction industry en-
terprises” No.: NRO3 - 0112 - 10/2010 dated 090102 an information system is
being built in which the authors implement suchusohs as Web-based Knowledge
System and Rule-based Expert System. These saui@nplanned to be used to
support activities such as supplier selection,gatajisk management, early warning
system, accumulation of good and bad practices.

In advanced early warning systems it is reasoneblemploy knowledge-
intensive systems. Two types of tasks can be disshed for these systems:

— processing power with large variety and complexity,

— integration of different methods and concepts diyemarning.

Since creation, processing and use of knowledgeomstly human domain, applica-
tion of operating computer systems which utilizewtedge encounters many diffi-
culties. There are two main directions of developinaoé such systems [10], i.e.:

— Tools for supporting knowledge management systémsaledge systems).
The aim of these tools is primarily to support kiedge users, i.e. the peo-
ple involved in knowledge acquisition, creationcareing, structuring, or-
ganizing and processing.

- Atrtificial intelligence (Al) tools [1]. Al tools eable algorithmic acquisition
of knowledge (e.g. inductive algorithms, learningtems using artificial
neural networks or genetic algorithms) and autamatowledge processing
(for example, deduction systems, universal solvarsg most widely used
are expert systems (SE). The value of an expetersyis determined by the
knowledge obtained from experts by means of knagdezhgineering meth-
ods which is then transformed into a formal repreg®n [7].

The paper presents the concept of rule-based esymtem, which could be used in
risk management and early warning systems. Inquéati, the authors described the
simulation of a complex logical structure procas&xamine the risk of a delayed
contract execution (see 2.3) and the prognosisomipanies' bankruptcy (see 3).
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2. The concept of rule-based expert system (RES) in early warning
system (EWS)

2.1. Rule-based expert system (RES)

Rule-based expert system (RES) was developed irvéngions: SQL Server
for large knowledge bases [3] and MS Excel for vitiial users with little
knowledge bases.

RES rule-based expert system is designed to worth wiodules of
knowledge (e.g., corresponding to a single caseadfy warning), which can be
integrated to create a larger knowledge base. Keuge in the RES is kept in
standard Horn clauses. Those are rules (experidatigihs) with one conclusion
and with their conditional parts being conjunctisiatements. The conclusion is
always a non-negative statement. For example, plication:

If (aldb)d(cd) then e,

is presented by two Horn clauses:

If (adb) then e,

If (c Od) then e.

Conditions and conclusions in those rules are &gsentences (not predicates),
therefore they have no variables. That approaciplgies the architecture of an

expert system and facilitates stability of its ftioking. The conclusion process
does not suffer from combinatorial explosions amaplng, provided its rules are

not externally contradictory.

Knowledge Base can be a multi-level structure (Fédl). The system recog-
nizes the level and type of statements, i.e.:

— askable conditions, that is level zero stateméahtse statements are not

conclusions of any rule;

- final conclusions, or statements that do not apjpetire conditional part of

any rule;

— indirect conclusions, or statements that are sanelbusly conclusions of

certain rules and conditions of other ones.

Rules and statements may be accurate or approxiffiagesystem uses trivalent
logics with the logical values: true (1), unknow®d) false €1). In case of an
approximate logical reasoning (e.g. fuzzy), instefitbgical values the statements
are attributed Certainty Factors (CF) within thaga 1, 1]. CF factors are also
attributed to the rules. CF coefficients of theemulre usually positive, although
this is not an absolute requirement of the systethe statement is absolutely true
and certain it corresponds to CF factor = 1. Ifstegement is completely false and
certain, it responds to CF factor—. In other cases, the CF factor is an unspeci-
fied resultant of accuracy and certainty. In theecaf statements, where the
CFUO (%2, %2), it is generally accepted that it is impbkesto determine their accu-
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racy or certainty (in three-valued logic: unknowbgspite the many reservations
of theoretical nature, in expert systems deduamngpproximate logic the concept
of CF coefficients is widely used. [2, 4, 5, 6, Bhis solution is also applied in
the RES.

The RES expert system consists of four moduleds timosupport interactive
editing of knowledge bases, conversion and deduetipert spread sheet, tools for
graphical representation of knowledge and visutidineof reasoning paths, as well
as a module for simulation of complex logical fuons.

2.2. Tools for graphical representation of knowkedg
and visualization of reasoning paths

Presentation of knowledge in graphic form helpstonenderstand its internal
structure and the relationships occurring betwedsrand groups of rules.

Level Label Siglements CF R1 R2 R3 R4 RH R
ey 111 09 11
0 | & laskavie congitiona |1 | n >
0 I b |askab|econd\'ion b ‘1 I to» t >
0 [ ¢ TJaskabieconditione |41 | te
0 | @ |askabieconditiond |03 | t -
0 | e laskavic congitione |0g | n >
1 ” k |indirec'conc|usion k‘-‘.‘, H t»
wy| wy
2 ” 1 |indirec'conc|usion ] ‘-‘.‘, H n >
3 I m ||nd|rec:conclu5|on m‘*—ﬂ,ﬂ I t»
4 ” P |tina\conclusion P ‘-0,8 H
Rules: Statements:
R1: If (a 0-b) then k CFK) = Min(CF(@), ~-CF(b)) =-1
R2, R3: If (cOK) then| CF() = MaxCF(c), CFK)) = -1
R4: If (d O-1) thenm CRf1) = CF(R4)IMin(CF(d), -CF()) = 0,27
R5: If (o O-eOm)thenp CFp) = Min(CF(pb), —-CF(€), CF(n)) =-0,8
I nfer ence schemes:
0,5<CF<1 True

-0,5<CF<0,5 Unknown

-1<CF<-0,5 False

Figure 1. Graphic representation of knowledge and pathsadaning in RES
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RES system creates a graphical representationasfledge in the form of in-
teractive graphs. Knowledge base and the correspgiogaphs are in spreadsheet
<Diagram> (Fig. 1). The structure of the graph esponds to the structure of the
expert spreadsheet. The graph not only illustritesstructure of knowledge, but
also shows the paths of reasoning (inference sct)eima format compatible with
the values of logic. This solution provides a giaghjustification for the derived
conclusions.

The user can define the format of paths correspgntti the logical values.
Madification of rules (introduction or removal ofrabols "t" , "n", "w") will inter-
actively change the structure of the graph. Oneatsmexchange (read and record)
the knowledge accumulated in sheets <Diagram> diathle>.

2.3. Module for simulation of complex logical fuitois

Simulation procedure cooperates with three spresedsh<Table>, <Simula-
tions> and <Calculations>. The logical (staticusture of a simulated process is
described in the knowledge base SE contained isgteadsheet <Table>. Howev-
er, in most real processes, in addition to logittare are also other dependencies,
in particular:

— quantitative dependencies between numerical atéibvalues);

— dynamic dependencies taking into account time dedangd accumulation in
time. Integrators are elementary systems by mebwhich most dynamic
relationships can be modelled;

— feedback. In static logical dependencies feedbagies unacceptable
external contradictions. Feedback is only possibléhere is a battery
memory (recovery/previous state memory) of the ddpaet variables
(i.e., conclusions/deductions). Taking into accotim¢ previous states
causes the appearance of additional state variadlee simulation
procedure allows for modelling of feedback becatsperates iteratively,
so the logical values of deductive conditions ameell on the findings of
the previous iteration;

- external influences, or extortions - deterministicl stochastic.

Quantitative dependencies, feedback and exterflaéirces can be included in the
definitions of events. Events are treated as deducbnditions. Occurrence of an
event causes that to the relevant deductive condéilogical value <True> is as-
signed. The spreadsheet <Simulations> containsitiefis of events.

In event simulation integrators play an importasiér Each integrator is relat-
ed to input, output and initial condition (IC). Thtial condition is set to the inte-
grator output at the beginning of each simulatiime time constant of the integra-
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tor is equal to the time unit. During each itemafithe input value divided by the
time constant, i.e. the number of iterations paetunit (simulation parameter), is
added to the integrator output. It is possibledfind three types of events:

random events. For random events the probalplitf of an event in a
time unit and the maximum and minimum event timgi(&nd Ty are
defined.

The actual time of the event is determined rangiqithle assumed default
is uniform probability distribution). After a randochoice of an event the
simulation procedure randomly determines the tifméhis event. In case
of generating static random events it must be asdutimat the number of
iterations per unit time is equal to one, angh F Tpax= 1;

deterministic events. For these events the duratime is defined
(beginning and end) using a time counter expressdiine units. At the
beginning of each simulation the value of the ceuig reset to zero. In
order to define an event dependent only on timeis ihecessary to
introduce a suitable definition of the formula e ttable of events;

events dependent on the course of the simulatezkgsothat is the state of
logical or numerical variables (values). The expi@ss defining such
events can use all the variables in the spreadst&ietulations>, i.e. the
askable conditions, conclusions, integrator outpatsthe timer. In case of
more complex dependencies it is also possible to the expressions,
constants and variables included in spreadshedtsi@aons>

Apart from definitions of events the <Simulationsheet contains also other in-
formation, such as:

records of the timing of all process variables gidal variables and
numeric variables (values);

collective results of simulated logical variables, the basis of which it is
possible to create a histogram of events;

simulation parameter settings. The parameters belmg time of the

simulated process, the number of iterations pee timit, and the number
of simulations when, due to the occurrence of raméwents simulation is
repeated many times.

If in a simulated process deterministic factorsdprainate, then it is appropriate to
present the process by means of time charts. Artlengrocess variables it is pos-
sible to distinguish the following:

boolean (logical) variables - askable conditiond eonclusions;
numerical variables corresponding to the outpuistefyrators;
additional variables. The user can define up ta@@itional variables of

any type.
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If the simulated process is dominated by randontofac(e.g. simulations
using the Monte Carlo method), the simulations geeerally repeated several
times. In such case, creating time charts wouldeqtstified, but it is advisable to
determine aggregate results for boolean variablesh as the relative time of the
event, the minimum and maximum time of the event #e data to a histogram
representing the distribution of events in différeme intervals. This information
is contained in the <Simulations> spreadsheet. Tpar@ds of the histogram can
be defined in the corresponding cells of the <Satiohs> spreadsheet. Detailed
information on how to carry out the simulation gieen in the sheet <Help> of
the RES.

An example of a knowledge base that reflects thye#d structure of the pro-
duction process and the contract shows Fig. 2. Basethe presented simulation
was performed according to the risk of delayed etien of the contract.

B Microsoft Excel - RSE-g3 Egl
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Figure 2. Sample knowledge base representing the logicattsiiei of the contract
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3. Example of RES application in early warning system (EWYS)

To examine the financial situation of entities ilwed in an engineering
industry enterprise, it is possible to use onéefgirocedures applied in bankruptcy
forecasting systems. It is important to assesditla@cial situation of other enter-
prises (contributors, customers, suppliers) duth& extensive cooperative rela-
tions mechanical engineering enterprises. Bankyuptcecasting systems are
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a special category of early warning systems. Bdlmre is an analysis carried out
in one of the companies. Information regarding fthancial situation result from
the designation (based on the enterprise busiressds) of the parameters in the
Frydman procedure. [8]. The logical structure o #iggregation procedure, the
path of reasoning/inference and conclusion are showigure 3.

R1: If (=sl10~s2)thens5
R2: If (sl O-<4)then s5
R3: If (=slOs2[0-s3)then s6
R4: If (-sl0s20s3) then s7
R5: If (sl Os4) thens7
X1=0,3625 X,=0,12 X3=0,0059 X,=0,4154

 Etykieta Stwierdzene =~ CF Rt R2 R3 R4 R5
B [ = S T T N

| st [x1>01309 [ 1 | n> te n> n> tm»
[ s2 [x2>01453 E | n > tol t»

[ s3 [x3>0025 [+ ] n>| t»

| s4 [x4<=06975 [ 1 | n > t »

w v 4
|| s5 IPrognozowana upadto$¢ [-1, ||
W VY

|[ s6 IPrognozowanetrudnoéci finansowe |-1, "

I s7 IZdoInoSé obstugi zobowigzan |+1, I

Figure 3. Evaluation of the researched enterprise accordirtge Frydman
procedure — graphic interpretation

In order to verify the information about the abseé risk, for the indicators
which determine the absence of risk safety margemge been determined. The
conclusion about the lack of risk is usually an iRk conclusion for which the
askable conditions are sl and s4 statements igpliatithe indicator; (maximal)
andX,; (minimal) values (equation 1).

5%, =1006 LKW sy —100% 5@ (1)
4

Xlw
X; — the value of the-th indicator,
Xiw — the reference value of tlth reference comparator.
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For these indicators the safety margins are:
0X;=176,95%, 0X4=167,92%.

Given the above safety margin values, the accusadihe information about the
absence of a direct risk due to unfavourable fir@rsituation can be almost cer-

tainly confirmed.

4, Conclusions

In the recording and structuring of qualitativeodimhation the SSW network
system of knowledge is quite helpful. In particulais useful to apply Knowledge
Objects combining a uniform formal structure wittpassibility to use different
language representations to describe the factdarmmation. RES, rule-based
expert system is practicable in the processingelattively well-structured qualita-
tive information and the information described logital-and-algebraic models.
In the presented concepts original, proprietarytsmhs were applied:

— a self-organizing Horn clauses chart, simplifyirditieg and recording of
knowledge bases;

— conversion and deduction expert spreadsheets -inomglihe possibilities
of a spreadsheet (algebraic models) with forwadludion expert system,
(logical models);

- tools for visualization of knowledge structure amderence/reasoning
paths;

— trivalent logic (True, Unknown, False), that proeédmonotonic reasoning
in developed knowledge bases.

The presented tools will be used in a system stipgoknowledge management in
engineering industry enterprises which is beinglthuBoth the concept

of network-based knowledge and rule-based expstesywill be used in the im-
plementation of the following systems: early wagjicontract risk management,
gathering and sharing knowledge about good andobactices, supplier selection
support.

The publication is financed from public science funds in the years 2010-2013 as
the research project No. 03-0112-10 /2010 dated 09.12.2010.

261



REFERENCES

[1] Apte C.V., Hong S.J., Natarajan R., Pednault E.Fipu F.A., Weiss S.M., (2003),

(2]
[3]

[4]
[5]
[6]
[7]
(8]

9]

[10]

Data-intensive analytics for predictive modelingdM Journal Research and
Development Vol. 47, No. 1.

Buchanan_B. G., Shortliffe E. H. (1984) Rule Bagedgert Systems: The Mycin
Experiments of the Stanford Heuristic Programmingjétt. Addison-Weseley.

Dohn K., Gumhski A., Matusek M., Zolaski W., (2014), Model wspomagania
zaradzania w zakresie zajdzania wiedz w polskich przedsgbiorstwach budowy
maszyn, Difin, Warszawa.

Leondes C., (2002), Expert Systems the Technoléd¢nowledge Management and
Decision Making for the 21st Century. Academic BréSA.

Niederlinski A., (2000), Regutowe systemy ekspertowe. Wydeiwo Pracowni
Komputerowej Jacka Skalmierskiego, Gliwice.

Parsaye K., Chignell M., (1988), Expert Systems Egperts, John Wiley & Sons,
New York.

Sterman J. D., (1997), Expert Knowledge Elicitattonmprove Mental and Formal
Models, Working Paper no 4686, MIT, Cambridge.

Twardowski Z., (2000), Model inteligentnego systemvazesnego ostrzegania w
bankowej ocenie ryzyka kredytobiorcy, Wydawnictwdkaflemii Ekonomicznej,
Katowice.

Zielinski J., (2000), Inteligentne systemy w zglzaniu, Wydawnictwo Naukowe
PWN, Warszawa.

Zolenski W., (2007), Nar@z[a informatyczne wspomagag zarzdzanie wiedz,
Zeszyty Naukowe Politechnilsigskiej, s. Organizacja i Zagdzanie z. 41. Gliwice.

262



