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The possibility of a study of systems based on the conflict theory is examined in this article. Interval
estimates of a system balance, which consider the conflicting properties of its elements, are suggested. The
integrated assessment approach is developed for a complex system in view of time and weight parameters.
A numerical example of its use is presented for analyzing of agraph model of an information-analytical

system.
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Introduction

It is now well-established from a variety of studies that system representation of modeled
objects usually involves their description as a final set of elements and mutual relations among
them. Among the indicators of efficiency, which show the effectiveness of such systems’ perfor-
mance, the significant place is reserved to their balance, i.e. an absence of internal conflicts and
compromises. Subject areas, within which a system balance is traditionally examined, include
psychology (persistence of small groups), biology (food pyramid), economics (transport networks
and urban economy), computer systems [1-3|. The presence of a wide variety of elements and
relations between them in these areas allows us to refer them to complex systems. Norkin et
al. presents kinds of uncertainty, arising in an analysis and evaluation of complex systems [4].
Stages of research systems are integral to the design of information systems and have a num-
ber of specific features. This raises problems, associated with resolution of conflicts between its
subsystems.

We can determine two ways of a complex studying for a conflict system:

1. A description of elements’ interaction in general, considering all relevant factors, detection
and investigation of conflicting parties, possible nature of their interaction, causes and mecha-
nisms of a conflict.

2. With the assumption that a cause and nature of a conflict are known to Parties, the
selection of the main, from the researcher’s point of view, factor (as maximum: of 2-3 factors)
and construction of a model for assessing of a significance of the priori factors and results of a
conflict.
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Some authors [5-7] examined such concepts as a degree and intensity of a conflict, as well
as ways of their measurement. Sysoev considered a structure-parametric interaction of subsys-
tems [8]. The area of conflict interactions and particularities of a choice of decisions is formalized
in them. Levin found that the relations of conflict, cooperation and neutrality between systems,
described by the algebra of logic, could be successfully explored using the same mathematical
apparatus [9]. This enables to use constructive approach to the study, efficiency of computing
algorithms and ease in interpreting results.

Now it is possible to talk about a compromise solution to a conflict, associated with selection
and development of different compromise schemes, and about optimization, related to search of
the introduced terms. At the same time, assessments of a system balance were provided in general
terms, i.e. they were not based on and, accordingly, did not take into account the conflicting
properties of individual elements. Taking into account of a conflict of individual elements will
give an opportunity to develop a more careful approach to a system balance analysis and will
provide effective measures to improve it. Determination of relations, prevailing over the other
ones in a system, allows to draw conclusions on effectiveness of its functioning and to make
recommendations on application of certain control actions.

1. Formulation of the problem.

To describe relationships between the elements, we use the terminology of the conflict the-
ory [7].

We will consider the two elements S7, Sy which form some system S with the general pur-
pose W. In achieving this purpose, subsystems interact in accordance with their local purposes
W1, Ws. We introduce the following set

S ={S* = (51, 52), S? = (S1,52), S* = (51, 52)},

where S; is an absence of the subsystem S, in the environment S.
We assume that there are real functions (for example, the utility function) ¢(S) such as if
51,9 C S and S; =" Sy (=" is better in the sense of W), then

q(51) > q(S2).

We assume that the system S5 conflicts with the system Sy in the sense of achieving W (Ss > I.51),
if
q(5) = q(S1, 92) < q(S1,52) = q(S5?). (1)

It means that presence of Sy in the S system’s environment reduces the overall system’s utility
in achieving the purpose W in accordance with the criterion gq.

Without examining issues, related to definition of q, we assume that there are no contradic-
tions in the methods of its calculation [10].

It is obvious to assume that there are other relationships in this case, providing fulfillment of
the conditions S* and S?:

q(S") = q(51, 92) > q(51,52) = q(5?), (2)

q(5") = q(S1,52) = q(S1,52) = q(S?). (3)
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In (2), a presence of Sy increases the expected utility in the sense of the purpose W, and it
is said that Sy cooperates with S;(S2 > I.S1). If a presence of Sy does not affect the overall
utility (3), Sz and Sy are independent(Ss > I;S7).

Biology is a good illustration of those relationships. For example, S7 means a grass, S; is
a sheep, and S3 is wolves. Therefore, we can write that:

e dense grass is favorable for sheep S; > I.S2 and does not influence (directly) on wolves
S > IiSP,;

e increase in quantity of sheep is good for wolves Sy > I.S3, but bad for a grass Se > I51;

e increase in quantity of wolves is bad for a sheep S3 > I.S5, but does not influence (directly)
to a grass S3 > ;5.

To study the structural characteristics of the conflict relationships of any system, a directed
graph, all arcs of which are assigned the "+" or "-" signs, can be used. Let indicate an orgraph
as

G = G(S,U), (4)

where S is a set of vertices of the orgraph, corresponding to the system elements, |\S] is cardinality;
U is a set of the or graph’s arcs, corresponding to binary relations between the system elements.
We attribute the "+" and "-" signs to each arc as follows:

n_n

e if S; conflicts with S, then the arc u;; is provided with the sign;

o if S; cooperates with S;, then the arc u;; is provided with the "+" sign;

o if S; and S are independent elements, the arc u;; is not depicted.

"-" sign is even. Accordingly, the

We call a cycle as balanced, if the number of arcs u; with the
graph is balanced, if all cycles of the graph are balanced.
The theoretical analysis of a balance at the level of structural analysis is carried out by means

of assessments, imposed by Harari [1]:
M~ =C/C = (C - /e, (5)

Mt =Ct/C=(C—-CT)/C, (6)

where C'is the number of all directed cycles (hereinafter — dicycles), CT is the number of balanced
dicycles, C'~ is the number of unbalanced dicycles.

However, the non sufficiency of a graph’s balance assessment (conflict of the system elements)
can be assumed only through the ratio of balanced and unbalanced cycles.

2. Decision

2.1. Definitions

To study the graphs’ balance, we introduce the following definitions:

Def. 1. The graphs’ node s is considered as cycle-balanced, if all cycles, to which it belongs,
are balanced.

Def. 2. The graphs’ node s; is considered as system-balanced,if it does not belong to any of
the cycles.
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Def. 3. The graphs’ node s} is considered as unbalanced, if at least one of the cycles, to which
it belongs, is unbalanced.
It should be noted that after determining the type of all graphs’ nodes, the following condition
should be met:
sl + 15[ + [s"[ = |S],

where |s¢| is cardinality of the set of cycle-balanced nodes; |s™| is cardinality of the set of
unbalanced nodes; |s*| is cardinality of the set of system-balanced nodes.

We introduce the definitions, by use of which we measure the dynamic properties of conflict
elements in a system.

Def. 4. The graphs’ node s”* is considered as k-th degree dynamic, if a length of the shortest
cycle, which includes this node, is equal to k.

Def. 5. The graphs’ node sfkis considered as k-th degree static, if a length of the longest
cycle, which includes this node, is equal to k.

The system elements interact with each other differently, i.e. this interaction can be strong
and tangible between some of them, and it can be weak among some others, so we can neglect
it as a result. In connection with this, the problem of development of a system model, based on
a "force" of interaction, arises. Introducing of a weight of the cycle, to which a node belongs,
allows analyzing of or graph’s cycles by importance and its influence on parameters of the system
elements. The analysis of the cycles’” weight allows to reveal cycles with minimum V,,;, and
maximum V., weight and to introduce the following definitions:

Def. 6. The graphs’ node sz‘-/’"“ is considered as Vj,q.-th degree strong, if the maximum
weight of a cycle, which the node belongs to, is equal to V4.

Def. 7. The graphs’ node sZV"”'" is considered as Vj,;,-th degree weak, if the minimum weight
of a cycle, which the node belongs to, is equal to V.

In the above-mentioned estimation methods of influenceof one element on another, the issue
of thetransfer between the system elements was not touched upon.

Supposing that at the initial time the value of the utility function S; is ¢?, S; affects another
element S;, the utility function value of which is q?. Assume that for some reason the parameter
value S; for the time interval ¢; is changed to a value ¢} that results in the transmission of this
change to the element S; during ¢5. There is a change in the parameter value of the element S;
to a value qjl- that takes the time interval t3. Therefore, the weight of the arc in the or graph’s
model, taking into account the time interval, is equal to the time interval t5, and the whole
process of changing of parameter values of the system elements will take time, equal to

T =1t +1ty+t3. (7)

Depending on nature of the tasks, the values ¢; of expression (7) can assume the value of zero.
To investigate the cyclic properties of the system, the expression (7) can easily be converted into

Teycte =11 + 1o +t3 + 4 + ts, (8)

where t4 is the time, which is necessary for transfer of changes from the element S; to the element
Si; ts is the time, which is necessary for change of a parameter value of the element S; from ¢}
to ¢?.

Applying increment At allows to convert the expressions (7) and (8) into the following form:

T = a1 At + asAt + azsAt =Y a;- At = N - At, (9)
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Toyete = a1 + ap At + azAt + agAt + asAt = Y a; - At = Noyere - At, (10)

Then, we can introduce the following definitions to analyze the elements of the system, repre-
sented by an or graph:

Def. 8. The graphs’ node sP* is considered as k-th degree fast, if the minimum Teyete of all
cycles, which include the node, is equal to k - At.

Def. 9. The graphs’ node sM* is considered as k-th degree slow, if the maximum Ty, of all
cycles, which include the node, is equal to k - At.
2.2. Estimation of a balance

The definitions 1-9 make possible an assessment of a conflict system through its elements.
Since a node can enter into balanced and unbalanced cyclessimultaneously, the following
assessments of the vertices’ balance can be introduced:

1. Estimation of a node’s balance by cycles:
M = C*(5,)/C(s1). (11)

where C(s;) = CT(s;)+C(s;) is the total number of cycles, to which the node s; belongs.
If M;L = 1, the node s; is considered as balanced.

2. Estimation of a node’s imbalance by cycles:
Mi_ =C~ (Sl)/C(Sl)
If M =1, the node s; is considered as unbalanced.

3. Estimation of a graph’s balance, based on its nodes:

M, = |5°|/]5]. (12)

4. Estimation of a graph’s balance by system:
M, = [5°|/]5]- (13)

5. Estimation of a graph’s imbalances:

My = |s"[/]S]. (14)

6. Estimation of the average balance and imbalance of a graph:

15| 15|
1 1
M;:EZM;F, M,;:EZM[. (15)

i=1 i=1
7. Estimation of a graph’s dynamics:

Mg, = |s7%|/1S]. (16)
8. Estimation of a graph’s statics:

Mg = [s°%|/]S]. (17)
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2.3. Interval estimation

The proposed estimation indicators have the point values, which makes the analysis difficult.
In this regard, it may be suggested to use interval estimates, which consist in choosing of some
limit values M Epin ievel; Vimaz tevel €6C., where sets of slow, heavy elements are formed, instead of
point values. In other words, these sets will include only those elements, whose parameter values
exceed the boundary in the case of calculating the maximum estimates or do not exceed it in
the case of calculating the minimum estimates. In general, the subject area and nature of the
research should determine the choice of limit values. Then, respectively, for interval evaluations,
the expressions(16) and (17) take the following form:

1. Interval K-degree system dynamics
My, = |sP* 1] /18], (18)

Dk lev.

where s is the set of graphs’ nodes, for which Dy < Dy je.-

2. Interval K-degree system statics
Msk _ |85’k lev.|/|S|7 (19)

Sk lev.

where s is the set of graphs’ nodes, for which Si > Sk jeo.-

3. Interval estimation of strong elements of the system:

My,,,, = |s"m=t=|/|S], (20)

max

V,

where s"ma= tev. ig the set of system elements, for which the Va2 = Vinas tev.-

4. Interval estimation of weak elements of the system:

My, = |5V |/18], (21)

Vmintev. is the set of system elements, for which Viin < Vinin tev.-

where s
5. Interval estimation of fast elements of the system:

Mp = |8Bkma.mlev.

/181, (22)
where sPrmazicv. is the set of system elements, for which Brmaz = Brmazico.-
6. Interval estimation of slow elements of the system:

My = ‘sMk‘,'m.inle'u.

/151, (23)

where sMkminiev. ig the set of system elements, for which Mymin < Miminieo.-

3. A numerical example

In [12], the balance estimates for aninformation-analytical system’s model, represented as an
or graph Gy, are provided (Tab. 1). A calculation of the orgraph Gy ‘s balance estimates
for two changes of the structural-parametric model (Tabs. 2 and 3), is also given in this work.
Let’s carry out a calculation of interval balance estimates and analyze the advantages of their
use (Tab. 4).

Despite the fact that the values did not change for three interval estimates (Mg, My, .,
Mpg) during the structural transformation of the graph Gy, the following conclusions can be
drawn, which are applicable to the studied system:
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e for 91% of all elements, the shortest cycle, in which it is located, is a cycle with length,
equal to 2, i.e., in fact, most of the elements have the pairwise interaction;

e most elements (82%) are in long cycles, indicating the high connectivity of the system.
Adding of an arc in this example increases the connectivity of the system up to 91%,
thereby changing one element affects the majority of other elements of the system;

e 73% of the elements belong to strong cycles, so small changes of an element’s utility may
lead to volatility in the other elements’ usefulness;

e 64% of the elements are in weak interactions, where changes of one element do not greatly
affect other elements. It can be suggested that removal of strong cycles will not lead to
the system stability, but it is necessary for account of weak effects when analyzing the
system. Adding of a cooperative relationship leads to an increase in the percentage (73%)
of weak interactions. In this sense, it becomes interesting to find the strength factor, which
determines the ratio of strong and weak cycles in the system:

KV = MVmax/Mmea at Vmaz lev. = Vminlev.;

e 82% of the system elements are in fast cycles, allowing to draw a conclusion about the
possibility of a high speed modifications’ transfer within the system;

e 91% of the system elements are in slow cycles, so the aftereffect of one system element’s
change is still long enough to pass through the system before return to the source. Intro-
ducingof an additional arc increases the percentage up to 100% and removal of an arc leads
to the decrease to 82%.

Table 1. The values of balance estimates for the graph Gy,

Nodes $1 So S3 S4 S5 Sg S7 S8 Sg $10 S11
M~ 0.57 0.4 0.14  0.63 1 0.83 0.75 0.6 0.68 0.67 0.71
D, 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 9 2 9 9 6 9 9 9
Vinaz 1 1 0.32 0.8 0.3 1 1 0.3 0.8 1 1
Vinin 0.077 0.077 0.077 0.022 0.3 0.072 0.022 0.022 0.022 0.022 0.022
By, 3 3 12 2 5 3 2 7 3 2 2
My, 23 23 23 23 5 23 23 22 23 23 23

Table 2. The values of balance estimates for the graph Gy, when adding a cooperative relation-
Ship S11 > 1.55

Nodes S1 S9 S3 S4 S5 S6 S S8 So S10 S11
M+ 0.57 0.4 0.14 0.57 0.2 0.62 0.65 0.6 0.59 0.57 0.62
Dy, 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 7 9 9 9 6 9 9 9
Vinaz 1 1 0.32 0.8 1 1 1 0.3 0.8 1 1
Vinin 0.077 0.077 0.077 0.022 0.72 0.072 0.022 0.022 0.022 0.022 0.022
By, 3 3 12 2 5 3 2 7 3 2 2
M, 23 23 23 23 21 23 23 22 23 23 23
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Table 3. The values of balance estimates for the graph Gy, when eliminating an impact of the
conflict Sg > ISy

Nodes S1 So S3 Sa S5 S6 S7 S8 Sg S10 S11
Mt 0.57 0.4 0.14 0.67 1 0.83 0.79 1 0.76 0.73 0.77
Dy, 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 9 2 9 9 6 9 9 9
Vinaz 1 1 0.32 0.8 0.3 1 1 0.3 0.8 1 1
Vinin 0.077 0.077 0.077 0.022 0.3 0.072 0.022 0.022 0.022 0.022 0.022
By, 3 3 12 2 5 3 2 7 3 2 2
M, 23 23 23 23 5 23 23 14 23 23 23

Table 4. The values of interval balance estimates for the considered states of the model Gy,

Interval estimation The initial state Gy Gw+(S11 > 1.55) Gw-(Ss > ISy)
Mdk, at Dk lev =2 0.91 0.91 0.91

Mgy, at Sy lev =17 0.82 0.91 0.82
My, at Vipas 1e0 = 0.8 0.73 0.73 0.73
My, . at Vinin ey = 0.072 0.64 0.73 0.64

Mp, at Brmaziev. = D 0.82 0.82 0.82

MM, at Mkminlev. 0.91 1 0.82
Conclusion

The study of complex systems in order to identify contradictions in them and to prepare
rational solutions for their reduction or elimination requires a thorough analysis of the important
and significant interactions between elements of the system. The approach for solving of this
problem based on the conflict theory and estimates, givenin the article,allowto obtain not only
qualitative, but also quantitative characteristics of a balance of the whole system and its elements.
The use of interval estimates provides more accurate balance analysis of complex systems and
their components. The detection of conflicting elements can be used for structural changes in
the system and it would be a value creating area for further work.
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I/IHTepBaJH)HI)Ie oneHKun C6a.TIaHCI/IpOBa.HHOCTI/I CCTEMbI
Ha OCHOBE TeopHum KOH(b.TII/IKTOB

Banepwmit B. Menbmmx
Ouner B. IlbsaakosB
Boponexckuit macturyt MBI Poccun
[Tarpuoros, 53, Boponex, 394065
Poccus

B cmamve usyuaemca 603M0HCHOCMb UCCACIOBAHUA CUCTIEM HA, OCHOBE Teopul Kongaurmos. IIpedraza-
T0MCA UHMEPBANDHBIE OUEHKU PABHOBECUA CUCTIEMDL, KOTROPBLE YHUUMBLEAIOM, KOHPAUKMYIowue c80Ucmea
ee anemenmos. Pazeusaemesa unmezpaivioii nodrod K ouenusanuI0 CA0HCHOT CUCTNEMDL C MOUKY 3PEHUA
BPEMEHHDIT U 8ECOBLIT napamempos. lIpedcmasasemesa YUCAEHHBLT NPUMED AHAAU3A 2Pado60T modeat
UHPBOPMAYUOHHO-AHANUMUNECKOT, CUCTILEMDL.

Karoueswie crosa: cbarancupo8aHHocmys, UHMEPBAAbHbLE OUEHKU KOHPAUKMA, UHPOPMAUUOHHO-AHAAU-
MuU1ecKuUe CUCmemot.
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