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BUSINESS PROCESSES MONITORING BASED
ON FUZZY COGNITIVE MAPS

The subject matter of the article is a toolkit and monitoring processes of weakly structured business processes
using fuzzy cognitive maps (FCMs). The goal is to create a model for monitoring and forecasting the course of
business processes based on the FCMs, which provide flexibility and the ability to adapt to the conditions of
changing circumstances in the process to be monitored, as well as insurance of the possibility of applying un-
stable FCM.s The task is to develop a formal monitoring system model; develop a computational FCM model;
develop a method of using unstable FCMs: to develop a method for creating and using an FCM model. The
methods used are graph modeling methods and computational experiment methods. The following results were
obtained. A formal model of the system of monitoring and coordination of decisions regarding the course of
business processes has been developed. A model of a weighted semantic graph was developed, which includes
three types of vertices, namely, input vertices that will receive subjective evaluations of users regarding the
course of the process, intermediate vertices that correspond to factors important from the perspective of the de-
cision-maker, and final vertices that reflect integral evaluations of the quality of business process execution. A
computational FCM model has been developed, which can adapt to the specifics of business logic due to the
flexible adjustment of memory parameters and connections between FCM nodes. A method of using unstable
FCMs has been developed. A methodology for creating and using FCMs designed for monitoring weakly struc-
tured business processes has been developed. Conclusions. The scientific novelty of the work is as follows: the
model for monitoring and forecasting the course of business processes due to the use of a fuzzy cognitive map,
in which the parameters of the importance and node memory and connections provide additional flexibility and
the possibility of coordination and adaptation in the conditions of changing circumstances in the process to be
monitored has been improved; a method of using unstable FCMs by setting limits on the values of the nodes ex-
citation and using as a measure of excitation not only stable excitation values of FCM nodes but also the rate of
growth of excitation values as an indicator of trends, which allows monitoring and forecasting the course of
business processes has been proposed.

Keywords: business processes monitoring; fuzzy cognitive maps; graph model; computational model; unstable

cognitive maps; knowledge base.

Introduction

It is impossible to ensure the reliable operation of
any organizational and technical system without moni-
toring the implementation of business operations and
business processes (BP). In recent years, monitoring
compliance of business processes with certain norms,
restrictions, and rules has become one of the main prob-
lems. Monitoring involves not only constant observation
of the process for control purposes but also includes the
ability to predict future violations of compliance and
provides profound feedback for management decisions.

One of the most important tasks for us is predict-
ing critical situations in the BP implementation, due to
the fact that any critical situation reduces the BP quality,
slowing down its progress and increasing the risks of
increasing the cost of delays. Analyzing the features of
various business processes, it is possible to identify an
array of potentially critical situations: delays in function
execution time, cancellation of previously performed

actions, errors in the execution of operations, risks relat-
ed to the terms of execution, and increasing costs.

Works [1, 2] highlight one of the approaches in the
field of organizational management, in which manage-
ment is regarded as a process of making agreed deci-
sions between responsible persons (actors) based on a
general understanding of the situation. According to the
author [1], this point of view becomes the basis of a new
intersubjective theory of situational management, in
which not only and not so many management object
models should be considered, but also activity models
of groups implementing object management. But in this
work, there is no formalized description and algorithms
for calculating the influence of some actors' opinions on
the other actors’ opinions.

The work [2] presents a method of supporting par-
ticipation in decision-making processes and modeling
situations without the need for face-to-face interaction.
It is emphasized that there is an increased need for
structured methods to implement collective decision-
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making processes in order to obtain knowledge from
stakeholders and present this knowledge in an appropri-
ate model. The proposed technique involves the use of
fuzzy cognitive maps (FSMs). Such a model might be-
come the basis for the development of BP monitoring
systems.

In [3], a decision support model is proposed that
integrates fuzzy multi-criteria decision-making with
fuzzy cognitive maps to prioritize strategies for improv-
ing the productivity of construction works. By means of
FCM, cause and effect relationships between operating
factors and project characteristics are clarified.

The work [4] describes an automatic model that is
intended for BP monitoring. The model takes into ac-
count workplace conditions and the status of applica-
tions for business operations. The model tracks the
course of business processes that progress across multi-
ple workplaces. Due to the regular fixation of states in
time, it is possible to form a section of the state of the
organizational and technical system (OTS) at any point
in time and to optimize the distribution of loads among
workplaces. The disadvantage of this model is the im-
possibility of taking into account the information event
relationship occurring in OTS. Meanwhile, this relation-
ship affects the course of business processes and deci-
sion-making regarding their correction.

Therefore, the FCM application in the tasks of in-
formation structuring and decision-making is a relevant
area of business process modelling and monitoring.

1. Analysis of works related and objectives

The start of modeling with FCM is the work by B.
Kosko [5], where he proposed a computational model
that uses a graphical representation of the connections
between concepts of the subject area and a cyclic recal-
culation of the nodes-concepts excitation level. It was
he who called the model a fuzzy cognitive map, i.e.
FCM. Therefore, FCM is a graph model that presents
cause and effect relationships between nodes, which
makes it possible to describe its behaviour in a simple
and symbolic way. In FCM graphs, nodes represent
concepts and arcs represent the assumed relationships
between these concepts. As noted in works [6, 7, 8],
experts can apply their knowledge in a certain area to
develop FCMs, firstly, by defining the main concepts
involved and, secondly, by indicating cause and effect
relationships between these concepts. The last step is to
determine the power of cause and effect relationships
using either clear numerical values in the range [-1,1] or
linguistic variables and values, which are defuzzified
into numerical values in the second step [7]. The results
of the FCM successful application may be the follow-
ing: the confidence of a decision-makers (DM) group
which is sufficient enough to make a decision; a deeper

understanding of the problem situation by the DM
group; coordination of positions in a group of stake-
holders, as well as the forecast of future events [9, 10].
In particular, work [10] presents the calculation of FCM
system parameters, such as the degree of influence of a
certain concept on another concept, the influence of a
concept on a system, and the influence of a system on a
certain concept.

One of the FCM problems is that the number of
experts and the difference in their opinions regarding
the causal power of connections also affect the final
result, which is one of the important disadvantages of
this approach, as it is indicated in [10]. Adjusting the
power of relationships in the process of coordinating
experts' opinions is a non-trivial task. It is not allowed
to change the values of the relationships freely because
they reflect some business logic. This primarily con-
cerns the monitoring of semi-structured BP. Therefore,
it is necessary to have a flexible mechanism for the con-
nection weights adjusting, which works smoothly and
takes into account previous values in the process of cal-
culating new values.

The second problem of FCM use is instability.
When the strength of the connections is agreed upon, it
may turn out that the FCM is unstable to external stimu-
li, which are evaluations of factors affecting the course
and quality of BP execution. This property again de-
pends on the set of values of weighting coefficients of
the connection matrices between nodes. The authors of
works [11 — 13] believe that this problem should be
eliminated by artificially controlling the FCM operation
mode. At the same time, changes in the values of FCM
connection coefficients are carried out according to a
certain algorithm. But, again, those values and their
signs are set by experts in the problem area. Therefore,
the business logic of the problem area may be violated
when the connection values are changed being con-
trolled by a certain algorithm.

The above-mentioned problems remain unsolved.
Therefore, the goal of our work is to create such a mod-
el of monitoring and forecasting the course of business
processes based on FCMs, which provides flexibility
and the possibility of adaptation in the conditions of
changing circumstances in the process to be monitored,
as well as ensuring the possibility of unstable FCM ap-

plying.

2. Formal model of the subsystem
of monitoring and coordination of decisions

When solving the problem of supporting decision-
making in the management of complex organizational
and technological systems, the fact that the number of
possible states of the system usually significantly ex-
ceeds the number of feasible solutions should be taken
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into account. In this case, it is necessary to classify
states based on a set of relevant features. But each state
of the controlled system is characterized by the states of
its elements and aggregation of relationships performed
on a set of elements, which makes it practically impos-
sible to describe them in the form of a simple aggrega-
tion of relationships, as it is done in most pattern recog-
nition models existing [2]. For this purpose, the appa-
ratus of semantic networks and cognitive maps, which
are weighted graphs and have wide possibilities for pre-
senting various information about the control object are
often used in the systems of the considered class. So, the
task of forming classes of controlled system states can
be posed as a task of classification on a set of weighted
structures-graphs that serve to present data and
knowledge about the object.

Formally, the model of the subsystem of monitor-
ing and coordination of decisions will be represented in
the form of

MCD = <P, QPP, SS, RR, RE, KB, DB >, (1)

where P is the process to be monitored,;

QPP is a set of process indicators; SS is a set of
signs of the situation; RRcSSxQPP is mapping of a set
of signs of the situation to a set of indicators character-
izing the process state; RE is a model of evaluation
alignment; KB is a knowledge base on decision-making;
DB is a database.

It is necessary to develop a set of models that
transform the primary evaluations of the process indica-
tors into the signs of the situation and allow taking into
account the mutual influence of evaluations and align-
ing the evaluation results for the purpose of making
organizational decisions.

3. Computational FCM model

Let us consider such a problem [14]. There is a set
of controlled system states Z described by a weighted
semantic graph (SG). Further, let a certain K class of the
system states be included in Z: KcZ.

Let us denote by vk and wy the training samples of
examples and counterexamples of the K class:

vk cK; wknK=J.

It is necessary to build an algorithm for the Ak
classification, which allows determining the belonging
of an arbitrary object soeZ of the K class.

The Ak algorithm will be presented in the form of
a combination of two algorithms: the Al algorithm for
calculating the state of the object, which is presented in
the SG form, after external influence, and the A2 algo-
rithm for recognizing the current situation concerning

some Rk generalized representation of the K class, ob-
tained as a result of the Al algorithm operation. Such a
model is designed for implementation in decision-
making systems with different organizational structures
that meet the following fairly general requirements:

- the structures of the Tj, j=1, ..., n sets of the ob-
jects of the subject area given intersect only by inclu-
sion;

- each state of the controlled system must be com-
pletely specified by defining the set of relationships that
are performed at the moment on a set of its elements.

The w; types of the V; vertices of SG can acquire
the following values:

1. Type oi=(N;x;), where N; is a concept — object
that has an evaluation of xjeX from the set of X calcu-
lated criteria. This concept has only input arcs.

2. Type oi= Pj, where PjeP is an intermediate con-
cept, which has a numerical value calculated according
to some expression. Each intermediate concept has at
least one arc leading to another concept vertex.

3. Type 0i=<0j,r;>, where O;, j=1...k, is the name
of an aspect feature that the monitored object can pos-
sess, k is the total number of such features, and r; is the
value of the given feature. In this case, the V; vertex is
called characteristic and at least one arc going from this
vertex to some conceptual vertex is incident to it.

Let us apply the basic FCM principles [7] and con-
struct a network in which the values of node activity
parameters, node memory, and connections change
along the calculation cycle, adapting to new circum-
stances. The calculation takes place over several itera-
tions of the Al algorithm, during which the change in
the states of the network nodes is recorded. After that
comes the stage of analyzing the situation, which is the
A2 algorithm. The situation is represented by node ac-
tivity levels, which are interpreted by fuzzy statements.
Each situation has subsets of patterns: deterioration,
sustainable development, and improvement. If a node is
not needed for the current analysis session, the corre-
sponding knowledge base pattern must have a special
symbol.

Let us construct a computational model of the
FCM. The basis of the computational model is the
G=(C, W) graph, where there is the C set of nodes,
which includes vertices of the three types indicated
above and the W={w(ci, ¢;)} set of connections. Next, it
is necessary to distinguish the X={x1, Xz, ..., Xn} set of
input influences, the E={ey, €, ..., €y} set of intermedi-
ate concepts, and the Y={y1, v, ..., ym} Set of output
signals generated by vertices of the (N;, x;) type.

The FCM functioning in the direction from the in-
put to the output is determined by the Y=F(X, E, W)
dependence. Due to the presence of inevitable feedback,
the functional dependence takes a recurrent form
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E(k) = F1[X(k —1),E(k —1),W],
Y (k) = F2[X(K),E(K), W], @)

where Kk is a number of the calculation tact.

The network, which functions according to the out-
lined concepts, allows one to determine the current state
of the controlled object by varying the values of the X
components vector and the W connection matrix.

Let us determine the excitation and memory char-
acteristics for FCM nodes and connections. To describe
restrictions on the node activity level, it is advisable to
use the following sigmoidal function

a
G= +
l+exp(—a-S+b)

C, ®)

where the a, b, and ¢ parameters determine the limits of
the node's activity change, o — parameter of the steep-
ness of the sensitivity change, S is the sum of the node
input signals.

This function allows us to adjust the limits and the
desired steepness of the change in the degree of node
activity when the value of the input signal sum changes.

The memory parameter indicates a gradual de-
crease in the degree of relevance of the model current
state. The value of the memory parameter will be de-
termined as the retention factor of the previous node
excitement value, in the same way, using the sigmoid
function (2), but this function argument will be the pa-
rameter of the importance of the corresponding node
concept. That is, for more important concepts, the
memory of previous values is preserved longer. Parame-
ters of the concepts and connections’ importance serve
as elements of the network’s initial settings. Their value
(in the range from 0.1 to 1.0) is entered by the decision-
maker (DM) seeking guidance from the analyst.

Taking into account the above mentioned, let us
write down the formula for calculating the node excita-
tions under the influence of the weighted sum of input
signals arriving at the i-th FCM node from all the j-th
nodes (i#):

N
R =G [Hipit + (=) Y wii™Pf ]
[

i=1N,j=1N, 4)

where wit

ui — is the memory coefficient of the i-th node.
To use FCM as a tool for aggregating the opinions
of a group of experts, it is necessary to determine ade-
quate values of the relationships between factors, which

is a connection coefficient;

is difficult if the map has a large number of vertices. To
automatically adjust the connection values, let us use a
learning algorithm, namely, the connection coefficients
are adjusted according to the well-known Hebb formula
[15], taking into account the connection memory pa-
rameter:

Witj+1 = 'Yij(l_cij )PitPjt +Cijwi‘j > 5)
where yjj is the proportionality factor;
cij is the connection memory coefficient.

The memory coefficient allows you to adjust the
dynamics of the communication parameter change,
avoiding large changes in those values that were set by
experts taking into account the business logic of the
processes modelled.

Therefore, an improved model for monitoring and
forecasting the course of business processes is proposed
through the use of a fuzzy cognitive map, in which the
parameters of the node importance and node memory
and connections that change over time provide addition-
al flexibility and the possibility of adaptation under
conditions of changing circumstances in the process,
which is subjected to be monitored.

Next, it is necessary to have a method of using un-
stable FCM.

4. Method of using unstable FCM

The proposed method involves the following stag-
es:

1. Fixing the initial values of FCM connections. At
this stage, it is necessary to obtain from the experts their
subjective evaluations of the connection values and to
calculate the average values of each connection.

2. Calculate the maximum eigenvalue of the con-
nection matrix and determine the properties of the FCM
in terms of resistance to excitations. This information is
taken into account during computational experiments
with FCMs.

3. Form a computational FCM maodel in an Excel
spreadsheet. Calculate transient processes in the FCM,
alternately giving increments of the input factors values
fixing the type of the transient process. During these
studies, it is found the following:

- the N1 number of necessary computational itera-
tions to achieve constant values of node activity if the
FCM is resistant to excitations;

- the N2 number of necessary computational itera-
tions to achieve certain limit values of node activity, if
the FCM is unstable to excitation;

- the range of maximum node activity values at the
maximum allowable increments of input factor values;
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- the rate of growth of the absolute values of the
node activity of the unstable FCM. This parameter must
be normalized for specific conditions specified by the
values of the FCM computational model parameters.
The normalized values of the growth rate of activity
values are taken into account in the rules for interpreting
the model state as a tendency to worsen or improve the
situation.

When performing these stages, the unstable FCM
can be used to analyze the state of the BP and predict its
course.

5. Development of the knowledge
base structure

In particular, let us pay attention to the creation of
the knowledge base (KB), that is, the interpretation
mechanism, which transforms the data received from
FCMs into verbal statements. The KB should be com-
prehensive, as it should be used to solve a number of
tasks, namely:

- analysis and assessment of the state and dynam-
ics of changes in the BP state;

- forecasting trends in the changes of the BP state;

- drawing up recommendations for DM to elimi-
nate risks and problems.

Therefore, a method of using unstable FCMs has
been formed, which allows monitoring and forecasting
the course of business processes, taking into account not
only the constant values of FCM nodes excitations but
also the rate of absolute excitations values growth as an
indicator of trends in changes in the BP state.

Let us consider the KB structure, which should in-
terpret the results of modelling the course of the BP.
Such a KB should consist of several blocks, have a hier-
archical structure and use different knowledge models.

We will successively consider the stages of form-
ing assessments and justify the required knowledge
models.

The analysis and assessment of the current BP
state are carried out according to the following aspects:
formation of risk signs; quantitative and qualitative risks
assessment; assessing the BP state by interpreting a set
of risk assessments.

The task of forming risk signs and their quantita-
tive assessment is presented as a set of mathematical
expressions, i.e. in procedural form. To solve the prob-
lem of assessing the BP state, let us initially define as-
sessment criteria. The main criteria for assessing the
quality of the BP stage execution will be established as
follows; CD as the degree of deviation from the fixed
cost of the stage;

WC as coordination, that is, the degree of devia-
tion from the established values of the time parameters
of the beginning and end of stages and work items.

These values are presented in numerical form. To
use them in the evaluation rules, a fuzzy interpretation is
required, which is based on the fuzzification procedure
followed by the selection of the term with the maximum
degree of truth. Then, it is clear that the corresponding
KB block should be represented as a fuzzy logic deriva-
tion matrix.

2. The analysis of the current state and dynamics
of changes in BP is carried out on the basis of the calcu-
lation of the excitations of the active semantic network
(ASM) nodes, which are interpreted as signs of project
states. Then, the excitation values must be transformed
into a verbal form with the help of a fuzzy interpreter
and can be applied in the left parts of the production
rules of prediction. Therefore, this KB block will be
represented as a fuzzy derivation matrix.

3. Evaluation of trends is carried out using the
mechanism of trend formation as a certain regularity in
the sequence of evaluations of the project state. The
formed link of verbal assessments is compared with the
trend patterns in the matrix of logic inference and a con-
clusion is made regarding the risk of future situations.

4. Development of recommendations for DM re-
garding the elimination of risks and problems should be
carried out on the basis of an integrated assessment of
the project’s current state, predictive assessments of
future states, and the significance of the named risks,
that is, on the basis of preliminary conclusions, which
are the results of the performance of the above-defined
analysis and forecasting tasks. It is advisable to imple-
ment this KB block as a set of classic rules of the
"IF ... THEN" type. This reasoning is due to the fact that
a set of such rules should be open and as accessible as
possible for addition and amendments without the in-
volvement of a programmer.

Taking into account all the mentioned above, let us
formally present the knowledge base in the following
form:

F = f(D5(D3(D1,D2)~D4(D1,D2))"D6),  (6)

where D1 is a fuzzy estimation of risk concerning costs;
D2 is a fuzzy estimation of risk concerning terms;
D3 is a fuzzy estimation of the current BP state;
D4 is a fuzzy estimation of the BP state tendency to
change;
D5 is an integral estimation of the BP state;
D6 is a certain additional feature that can be indicat-
ed by the DM.
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6. Method of FCM construction
and setting

An FCM instantiation is created for each BP. The
instantiation may differ from the prototype in terms of
the concepts’ number and their names, the signs of con-
nections, and the values of the importance of concepts
and connections. The FCM setting is carried out in order
to obtain adequate values of the excitation of conceptual
nodes in certain situations for this BP. During the set-
ting, the importance coefficients of FCM connections
are adjusted. The method of the FCM construction and
setting is described below.

Stage 1. Set the values of the main BP parameters.
The main parameters include a list of stages with their
names; work packages for each stage; start and end
terms of all the stages and corresponding work packag-
es; estimates of financial costs for each stage; a list of
direct participants at each stage; a matrix of project re-
sponsibilities with an indication of organizations and
units for each stage.

Stage 2. Set the names of the concepts according to
the BP aspects (BP glossary) and the concept im-
portance matrix for each BP stage by the method of
pairwise comparisons.

Stage 3. Set the matrix of the significance of con-
cept connections at each BP stage.

Stage 4. Select precedents from the library of test
situations and prepare assessments on aspects together
with the DM.

Stage 5. Perform a trial calculation on the FCM
with the participation of the DM in the test situation.

Stage 6. Make several iterations of connection cal-
culation on several test situations and average the ob-
tained values. Record the deviation of the evaluated
values obtained in the FCM from the desired values
obtained from the DM.

Step 7. If the deviations from the desired values
are too large, adjust the values of the relationship im-
portance parameters and return to step 5.

End.

To carry out a general analysis of situations, it is
necessary to have a methodology for determining the
mutual influence of factors. The methodology has the
following stages:

Alternately give unit increments to input and in-
termediate nodes and fix constant values of relative in-
crements of intermediate and final nodes. If the map
shows signs of instability, the excitation increment
should be calculated for the last n steps of calculations
from N2 steps. It was set n=10 in the experiments.

Create a matrix of mutual influence of factors for
further analysis.

For each intermediate and final node, rank the in-
put and intermediate nodes according to the decreasing
degree of influence on the indicated node.

7. Experiments

Computational experiments with FCM were car-
ried out in two stages. At the first stage, the limits of
values of excitations and coefficients of connections
were selected, and corresponding matrices were formed,
which contain signs of connections, coefficients of con-
cepts, and connections’ importance. Cyclic calculations
of excitations and connections were carried out in the
Microsoft Excel software. This made it possible to clari-
fy the limits of the model parameter values, at which the
calculation process can be aperiodic, and have damping
or diverging oscillations. During the cyclic recalculation
of the FCM node excitations, a transient process is re-
produced in which a change in the values of the excita-
tions can be observed. This process is influenced by the
content of the relationship matrix. If this matrix has ei-
genvalues whose modulus is less than unity, the FCM is
stable and the transition process reaches a steady state.
Fig. 1 shows transients in a stable map.

If there is at least one eigenvalue whose modulus
is more than unity, the FCM is unstable and the transi-
ent process is divergent (Fig. 2). On the other hand,
there is the so-called structural instability. It is deter-
mined by the number of positive and negative feedback
cycles. It is believed that in the presence of structural
instability, it is necessary to change the FCM structure.
But we disagree with that provision on the grounds that
the experts who create FCMs reach an agreement
among themselves on the structure of FCMs and the
values of the connections. That's why we think it's nec-
essary to have a method of using unstable maps.

If the FCM turns out to be stable (Fig. 1), use it, it
is enough to set the range of maximum excitement val-
ues and tie a scale of verbal evaluations to it. If the
FCM is unstable (Fig. 2), it is necessary to calculate the
increase in excitation over the last n calculation steps.

Fig. 3 shows a certain increase in excitation values
for FCM nodes at the stage of determining the mutual
influence of nodes.

Fig. 3 demonstrates that a single increase in the
excitation of node 4 led to a certain increase in the exci-
tation of all nodes, including node 4 itself, after a cyclic
calculation. It proves that the map has positive feed-
back.

8. Example of implementation

At the second stage, a prototype of the program
was developed, the functionality of which allows you to
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conduct a business game with several participants and
observe the process of FCM setting up and the process
of agreeing to the participants’ opinions regarding the
assessment of the virtual control object state. The plot of
the business game was the promotion of the Buzzing
City multimedia project. As concepts, risks related to
the terms of stage completion, risks related to the in-
crease in the scope of work, costs, etc., were applied.
During the game, the participants had to enter their risk
assessments, general assessments of the quality of work
execution, and general assessments of the project state.
The purpose of the experiment was to determine the
participants’ training time, the time of inputting the val-
ues of the network parameters, the time of agreeing to
the estimates between the participants, and the time of
FCM setting up by adjusting the values of the im-
portance coefficients of concepts and connections. In
the business game, integer scores from 1 to 9 were used.
These scores were changed arbitrarily during the calcu-
lation process, but in further interpretation, a transition
to an integer score scale is made.

The program allows you to enter the initial project
data, calculate the state of the map, and interpret the
received excitation values in verbal evaluations. In the
process of testing, users had the opportunity to adjust
the values of the coefficients of the importance of con-
cepts and connections. This made it possible to deter-
mine the time required for setting up the FCM.

Three theoretical and practical sessions were held
to train users. At the first session, the principle of the
program operation and its possibilities, as well as the
plot of the business game, were demonstrated to the
participants. In the second session, the participants
chose the DM who had to enter the values of the net-
work parameters and the initial parameters values under
the tutor’s supervision. Then, the business game started,
which continued during the third session. In total, 4
hours were spent on training procedures. One hour was
spent on entering parameter values, taking into account
the fact that the DM constantly consulted with the tutor.
Depending on the situation, it took from 5 to 15 minutes
to reconcile the estimates, taking into account the ad-
justment of the values of importance.

9. Results

So, the testing of the FCM model and the program
demonstrated that the models and methods are function-
al. During the execution of the business process, the
program receives data on risks and evaluations accord-
ing to certain criteria. Simultaneously, a recalculation of
the excitation levels in the nodes occurs as well as a
recalculation of the connections, if it is necessary. The
levels of threat concepts, stages of readiness, and evalu-
ation in points, which are assigned by specialists

through their interfaces, are changing. The recalculation
of the node excitation occurs after the intervention of
any employee who has access rights to certain inputs.
Other employees receive the recalculated evaluations of
the concepts and have the opportunity to make their
amendments, which will also be taken into account in
the next recalculation of the FCM node excitation. In
this way, a coordinated collective vision of the con-
trolled process state is derived.

The application of individual memory parameters
of nodes and connections that change over time pro-
vides additional flexibility to the model and the possibil-
ity of its adaptation in the conditions of changing cir-
cumstances in the process to be monitored. The ability
to experiment by changing the values of the inputs pro-
vides the ability to predict the states of the control ob-
ject. Since each responsible employee can enter their
own assessments of the object state, which will affect all
concepts and relationships, there is an opportunity to
develop and make coordinated decisions to trouble-
shoot.

Conclusions

An improved model for monitoring and forecasting
the course of business processes is proposed due to the
use of a fuzzy cognitive map, in which the parameters
of the node importance and node memory and connec-
tions that vary over time provide additional flexibility
and the possibility of coordination and adaptation in the
conditions of changing circumstances in the process,
which is a subject to be monitored.

A method of using unstable FCM is proposed by
setting limits on node excitation values and using as a
measure of excitation not only stable excitation values
of FCM nodes but also the rate of excitation values in-
crease as a trend indicator, which makes it possible to
monitor and forecast the course of business processes.

The method of the FCM constructing and adjust-
ing, as well as the simplified method of determining the
mutual influence of factors, which makes it possible to
analyze the circumstances and course of the BP quickly
and conveniently, are outlined.

A knowledge base structure has been developed
that is to interpret the results of modeling the course of
BP. The knowledge base consists of several blocks, has
a hierarchical structure, and uses various knowledge
models, which allow the evaluation of the state of the
business process based on verbal assessments, identify
trends in the course of the process, and generate rec-
ommendations for eliminating distress situations.

The ability to use unstable FCM for decision-
making support is a step in the direction of simplifying
approaches to using FCM in many applications, due to
the fact that analyzing the stability of cognitive maps
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takes a lot of time and effort. A simplified method for
determining the mutual influence of factors without
complex analysis of many interconnected feedback
loops on the map graph is also proposed.

The testing of the FCM model and the program
that implements it demonstrated that the models and
methods are functional and allow obtaining and harmo-
nizing a collective vision of the state and forecast of the
course of the controlled process.

In the future, it is planned to develop, on the basis
of the proposed approach, information technology for
monitoring and forecasting the course of a set of busi-
ness processes (programs, projects) implemented in the
municipal sphere.

Authors’ contribution: a computational FCM
model which is able to adapt to the peculiarities of busi-
ness logic due to flexible regulation of memory parame-
ters and connections between FCM nodes was devel-
oped, by Denys Vasyliev; a method of using unstable
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analysis of references devoted to the problem of weakly
structured business processes and unstable FCM as well
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Ihor Shevchenko; the concept of using unstable FCM
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MOHITOPHUHI BIBHEC-ITPOLIECIB HA OCHOBI HEUITKUX KOTHITUBHUX KAPT
1. B. llleguenxo, /1. O. Bacunwves, C. E. IIpumuun, A. M. Camoiinos

IIpeameTom BUBUYEHHS B CTaTTi € IHCTPYMEHTApiil Ta MPOLIECH MOHITOPUHTY CIa0KOCTPYKTYpOBaHMX Oi3HecC-
TIPOLIECIB 3a JOIMOMOIOK0 HEUiTKMX KOrHITHBHUX KapT (FCM). MeTo1o € CTBOpeHHS MOJielli MOHITOPHHTY Ta Mpo-
THO3YBaHHS Iepediry Oi3Hec-mporieciB Ha 0a3i FCM, B kol 3a0e31eUyeThCsl THYYKICTh Ta MOXKITHBICTD aJlanTallii B
YMOBaX 3MiHH OOCTAaBHH Y MPOIIECi, IO MiJIATae MOHITOPHUHTY, a TAKOX 3a0€3MEUCHHS MOKIIUBOCTI 3aCTOCYBaHHS
Hectiikux FCM. 3aBaannsi: po3pobutn GopmanbHy MOJENTh CHCTEMH MOHITOPUHTY; PO3POOHTH OOYHMCIIOBAIBHY
Mozens FCM; po3pobutn MeTon BUKopucTanHs HecTikux FCM; po3poOuTH METOMKY CTBOPEHHS Ta BUKOPHCTaH-
Hs Mozeni FCM. BuxkopuctoByBaHUME MeTOAAMH €: METOIU TpadoBOro MOJETIOBAHHS, METOI OOYHCIIIOBAIBHOTIO
excriepuMenTy. OTpumani Taki pesyiabratu. Po3pobieHo (opmanbHy Mopaens CHCTEMH MOHITOPHHTY Ta Y3TO-
JOKEHHsI pIlIeHb IMoa0 Iepebiry Oi3Hec-mporeciB. Po3po0iieHO MOIens 3BaKEHOTO CEMaHTHYHOro rpady, ska
BKJIIOYAE TPU THUIM BEPIIMH, a caMe — BXiJHI BEpIIMHHM, IO OTPUMAIOTh CyO’€KTHBHI OLIHKH KOPUCTYBadYiB OO
nepeOiry mnporiecy, NpOMiXKHI BEPILMHY, 1110 BiJIIOBIIAIOTH (haKTOpaM, Ba)KJIMBUM 3 TOYKH 30py OCOOM LI MpUHMae
pillleHHs, Ta KiHIeBI BEPLIMHH, sIKi Bi/I0Opa)KaroTh iHTErpajbHi OI[IHKM SKOCTI BUKOHAaHHS Oi3Hec-mporecy. Po3po6-
JIeHo oOumciroBaibHy Mozaenb FCM, sika 31aTHa aganTyBaTucs 10 0COOJIMBOCTEH Oi3HEC-JIOTIKHM 33 paXyHOK THy4-
KOTO PEryJTIOBaHHS IMapaMeTpiB MaM’sTi Ta 3B’s13KiB Mik By3inamu FCM. Po3po0sieHO MeTol BUKOPUCTaHHS HECTiH-
kux FCM. Po3pobneno meronuky crBopeHHsi Ta Bukopuctands FCM, mo nmpusHaueHa ajisi MOHITOPUHTY ClIaOKo-
CTPYKTYpOBaHUX Oi3Hec-miporieciB. Po3pobneHo 6a3y 3HaHb [uist iHTeprperanii Buxonis FCM. BucnoBku. HaykoBa
HOBHM3HA pOOOTH IMOJISIra€ Yy HACTYITHOMY: MH BJIOCKOHAITMIT MOJIENb MOHITOPUHTY Ta MPOTHO3yBaHHS XOAy Oi3Hec-
NPOIIECIB 32 PAXYHOK 3aCTOCYBaHHS HEYITKOI KOTHITUBHOI KapTH, B SIKOI MapaMeTpy Ba)KIIMBOCTI Ta MaM’sITi BY3IliB
Ta 3B’SI3KiB 320€31eYyI0Th JOAATKOBY THYYKICTh Ta MOXJIMBICTh Y3TO/DKSHHS 1 ajanraliii B yMoBax 3MiHM 00CTaBUH
y TPOIIECi, IO MiJUIArae MOHITOPUHTY; 3alPOINOHYBaJIX METO/I BUKOpUCTaHHs HecTiiikux FCM 3a paxyHOK BCTaHOB-
JIeHHSI OOMEXeHb 3HaueHb 30y/PKEHOCTI BY3JIiB 1 BAKOPUCTaHHS B SIKOCTI MipH 30Yy/DKEHOCTI HE TINBKU CTaJHUX 3Ha-
4yeHb 30ymkeHocred By3niB FCM, ane 1 MIBUAKOCTI 3pOCTaHHs 3HaUeHb 30y/KEHOCTEH K [TOKa3HUK TeHACHIIIH, 110
JI03BOJISIE BIJICTEXKYBATH Ta IPOrHO3YBATH Iepedir Oi3Hec-mporeciB.

KoarouoBi ciioBa: MOHITOpUHT Gi3HEC-TIPOLIECIB; HEYITKI KOTHITUBHI KapTH; rpadoBa MOJENb; 00UHCIIIOBAIbHA
MOJIEJIb; HECTIHKI KOTHITUBHI KapTH; 0a3a 3HaHb.
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