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We develop a method for studying relations between interior and exterior characteristics

of an information-analytical system. As interior characteristics, we use the balance estimates

accounting for con�ict interactions among the elements. We solve the problem on assuming

that the interior and exterior characteristics of the system are related. We justify the

expediency of using the least squares method to �nd an explicit functional dependence

among the characteristics. We develop a method for calculating the functional dependence

in the case of a matrix representation of the values of characteristics basing on pseudoinverse

matrices. A numerical example illustrates how the proposed method works in the structure

parametric modeling of an information-analytical system in an internal a�airs department.
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Introduction

The operation and development of every organization require data collection,
processing, and analysis. Modern information technology enables us to integrate this
processes into one information-analytical system [1]. The design of this system, as well as its
study and constant improvement, are possible with the use of mathematical modelling [2].
Assessing an information-analytical system (IAS) from the viewpoint of its inclusion into
the organization itself, we must invariably conclude that it is necessary to consider both the
variants of construction of the system and interior processes aiming at their optimization
and the e�ectiveness of its application to management decisions.

Modelling the work of IAS and analyzing the variants of construction, which includes
estimating the con�ictness of the system, enable us to gather some empirical material and
statistics [3]. The introduction, calculation, and study of exterior characteristics of the
IAS (for instance, responsiveness, validity, accuracy, cost, and so on), whose collection
depends primarily on the organization's tasks, makes it possible to establish relations
between interior and exterior characteristics.

IAS is a complicated system, important for the organization. This raises the problem
of developing a balanced system possessing the desired exterior characteristics.

1. Formalization of the Prediction Problem

The approaches to estimating the interior states of the IAS as a system with elements
in various relations (con�ict, cooperation, and indi�erence) [4, 5] enables us to give
comprehensive estimates based on the theory of con�icts. As estimates for the interior
states of the IAS, [3] proposed to use the following seven characteristics of its elements:
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M+ estimates how balanced the element is;
Dk is the length of the shortest cycle containing the element;
Sk is the length of the longest cycle containing the element;
Vmin is the minimal weight of the cycles containing the element;
Vmax is the maximal weight of the cycles containing the element;
Bk is the minimal duration of the cycles containing the element;
Mk is the maximal duration of the cycles containing the element.
Since for each element of the system we mean to calculate all seven characteristics,

while the number n of elements of the system is determined only by the study goals,
matrices provide a convenient representation. Denote by the matrix B(i) of size 7 × n
the collection of values of the interior characteristics of the ith variant of the system, for
i = 1, 2, . . . , r.

In general, for exterior estimates we can use k characteristics. Denote by the matrix
V (i) of size 1×k the collection of exterior characteristics of the ith variant of the system. We
should note that the calculation of exterior characteristics for each variant of the system
can be a very laborious procedure requiring the involvement of a community of experts, as
well as long processing and analysis of the results. For this reason, the number of variants
under consideration is limited.

Thus, we can obtain two collections of characteristics (interior and exterior)
corresponding to each inspected variant of the system:

⟨B(1),V(1)⟩,
⟨B(2),V(2)⟩,

. . .
⟨B(i),V(i)⟩.

(1)

On assuming that it is possible to determine and formalize the correspondence between
interior and exterior characteristics, we can state the following problems:

Problem 1.Given the desired exterior characteristics V des, de�ne the values of interior
characteristics and make conclusions on the possibility of constructing the corresponding
variant (r + 1) of the system.

Find V (r+1) : ∃⟨B(r+1), V (r+1)⟩ ∧ ⟨V (r+1) = V des⟩.

Problem 2. Given balanced values of interior characteristics Bdes, determine whether
the variant under consideration satis�es the requirements of the exterior characteristics

�nd B(r+1) : ∃⟨B(r+1), V (r+1)⟩ ∧ ⟨B(r+1) = Bdes⟩.

2. Justi�cation of a Method for Finding a Functional Dependence
between the Characteristics

The inspected variants of the system amount to a sample of observations in the
collection of all possible variants; consequently, in order to solve the above problems,
we can use one of the methods of applied statistics [6]. The main methods for constructing
statistical estimates are:

� the maximal likelihood method;
� the method of moments;
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� the least squares method;
� the method with weighted observations.
As applies to our problem, we can note that the maximal likelihood method has

good properties (consistency, unbiasedness, e�ciency) only for large samples, and so we
cannot use it because r is small. The method of moments, convenient in practice, is
applied only for the �rst approximation, and the resulting estimates are less e�ective
than the maximal likelihood estimates. In addition, both methods mentioned above
require certain assumptions on the distribution of the parameters being studied, which
is impossible to apply to interior characteristics. The method with weighted observations
relies on decreasing or increasing the volume of the sample, which can negatively a�ect the
information contained in it. The least squares method, under quite general assumptions
on the nature of random errors and the structure of the distribution function, enables us
to obtain consistent, asymptotically unbiased, asymptotically normal, and asymptotically
e�ective estimates. Thus, taking into account the speci�c features of the methods under
consideration, we prefer the least squares method.

3. The Method for Calculating the Functional Dependence

It is necessary to write down an equation whose left-hand side contains the available
values of interior characteristics (the matrix B) and the required matrix F , multiplying
by which we obtain the matrix in the right-hand side containing the values of exterior
characteristics (the matrix V ); that is,

BF = V. (2)

The sizes of known matrices are: B is a 7× n matrix; V is a 1× k matrix.
Consequently, F cannot be the required matrix, because its size cannot be chosen so

as to allow the matrix multiplication in the left-hand side. Thus, (2) must have a di�erent
form, for instance,

LBP = V T , (3)

where L is a k × 7 matrix, P is an n× 1 matrix, and V T is the transpose of V . Then

L = V TP−1B−1. (4)

Since in our case P and B are not square matrices, we can �nd the solution using
pseudoinverse matrices [7]. Recall that for a rectangular matrix A of size m × n the
pseudoinverse matrix A+, by analogy with the inverse matrix A−1, satis�es

AA+A = A. (5)

By (5), we rearrange (4) as
L = V TP+B+, (6)

where P+ and B+ are the pseudoinverses of P and B.
We can construct the pseudoinverses using the skeleton decomposition or the

recurrences of Greville's method [6]. Determining for each variant of the system (see (1))
the value of L, we obtain the tuple of matrices L(i), for i = 1, . . . , r.While seeking them, we
agree to use the same matrix P . Then to solve problems 1 and 2, we should approximate
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the tuple L(i). To this end, we use the least squares method. Seek a matrix L(r+1) for which
the sum of the squared deviations of the values of ls,t (s = 1, . . . , k; t = 1, . . . , 7) over the
whole tuple L(i) is minimal, that is,∑

i,(s,t)

(
l
(i)
s,t − l

(r+1)
s,t

)2

→ min . (7)

In order to solve (7), �nd the extremum of the function in the left-hand side. Requiring

that its derivative with respect to the unknown l
(r+1)
s,t vanish, we obtain( ∑

i,(s,t)

(
l
(i)
s,t − l

(r+1)
s,t

)2
)′

l
(r+1)
s,t

= 2
∑
i,(s,t)

(
l
(i)
s,t − l

(r+1)
s,t

)
(−1) = 0,

∑
i,(s,t)

(
l
(r+1)
s,t − l

(i)
s,t

)
= 0,

whence ∑
i,(s,t)

l
(r+1)
s,t =

∑
i,(s,t)

l
(i)
s,t,

r · l(r+1)
s,t =

∑
i,(s,t)

l
(i)
s,t.

Finally,

l
(r+1)
s,t =

1

r

∑
i,(s,t)

l
(i)
s,t. (8)

Thus, we may conclude that the entries of L(r+1) satisfying (7) amount to the mean
values of the corresponding entries of the tuple L(i).

Accordingly, the values of exterior characteristics for (r + 1) variants of the IAS are
determined in terms of the values of interior characteristics as

V r+1 =
(
L(r+1)B(r+1)P

)T

, (9)

while the required values of interior characteristics, in terms of the speci�ed values of
exterior characteristics as

Br+1 =
(
L(r+1)

)+

V TP+, (10)

Example 1. Consider an application of the proposed method for developing variants
of IAS on a concrete example. A mathematical model of the IAS of an interior a�airs
department is represented [2] by a marked and weighted digraph GW (see Figure).

Dotted lines show con�ict relations, and solid lines show cooperative relations. Mutual
relations in which Si in�uences Sj and Sj also in�uences Si are shown without arrows
(edges of the digraph), and nonmutual relations in which Si in�uences Sj are shown with
arrows indicating the action (arcs of the digraph).

For GW we calculated the values of interior characteristics (see Tab. 1). Tab. 2 shows
the values of exterior characteristics.
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The digraph GW : S1 is the server part, S2 is the block for processing the data of exterior

sources, S3 is data storage, S4 is the block of inquiries, S5 is the base of models, S6 is the block

controlling model experiments, S7 is the analysis block, S8 is the block of reference information,

S9 is the plotting device, S10 is the decision maker, S11 is the block controlling the processes

Table 1

The values of interior characteristics

The
vertices

s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 s11

M+ 0,57 0,4 0,14 0,63 1 0,83 0,75 0,6 0,68 0,67 0,71
Dk 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 9 2 9 9 6 9 9 9
Vmin 0,077 0,077 0,077 0,022 0,3 0,072 0,022 0,022 0,022 0,022 0,022
Vmax 1 1 0,32 0,8 0,3 1 1 0,3 0,8 1 1
Bk 3 3 12 2 5 3 2 7 3 2 2
Mk 23 23 23 23 5 23 23 22 23 23 23

Table 2

The values of exterior characteristics

Responsiveness,
hours

Crime detection rate, % Crime level, %

V(1) 1 15 60
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De�ne the matrix P as

P :=



0, 5 0, 6 0, 7
−0, 1 0, 2 −0, 3
1 −2 3
5 5 5
−3 2 1
0, 1 0, 2 0, 3
0, 8 0, 5 0, 2


.

Then in accordance with (6) we obtain

L(1) = (0, 73, 0, 29, −0, 25, 1, 21, 0, 02, 1, 12, −1, 05, −0, 02, 0, 38, −1, 26, −1, 15)

Suppose that in the model Gw we introduce an additional arc from s11 to s5 de�ning
a cooperative relation. Tab. 3 presents the results of calculating interior characteristics
and Tab. 4 shows the new values of exterior characteristics.

Table 3

The values of interior characteristics

The
vertices

s1 s2 s3 s4 s5 s6 s7 s8 s9 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
Dk 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 7 9 9 9 6 9 9 9
Vmin 0,077 0,077 0,077 0,022 0,072 0,072 0,022 0,022 0,022 0,022 0,022
Vmax 1 1 0,32 0,8 1 1 1 0,3 0,8 1 1
Bk 3 3 12 2 5 3 2 7 3 2 2
Mk 23 23 23 23 21 23 23 22 23 23 23

Table 4

The values of exterior characteristics

Responsiveness,
hours

Crime detection rate, % Crime level, %

V (2) 0,9 16 60

Then in accordance with (6) we obtain

L(2) = (0, 86, 1, 50, −0, 11, −0, 47, −0, 89, 0, 42, −0, 87, 0, 07, 0, 75, −0, 57, −0, 76)

Consider another variant of a structure-parametric change of the system. Suppose
that, upon analyzing the results of the work of IAS, we managed, by restructuring it, to
remove the con�ict action S8 and S9, which corresponds to deleting the arc between s8
and s9. Tab. 5 shows the new values of interior characteristics.
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Table 5

The values of interior characteristics

vertices s1 s2 s3 s4 s5 s6 s7 s8 s9 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
Dk 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 7 9 9 9 6 9 9 9
Vmin 0,077 0,077 0,077 0,022 0,072 0,072 0,022 0,022 0,022 0,022 0,022
Vmax 1 1 0,32 0,8 1 1 1 0,3 0,8 1 1
Bk 3 3 12 2 5 3 2 7 3 2 2
Mk 23 23 23 23 21 23 23 22 23 23 23

Table 6

The values of exterior characteristics

Responsiveness,
hours

Crime detection rate, % Crime level, %

V (3) 0,7 17 55

Then in accordance with (6) we obtain

L(3) = (1, 05, −0, 07, −0, 35, 0, 76, −0, 24, 2, 36, −1, 24, 0, 13, 0, 46, −1, 63, −1, 37)

Basing on the resulting values of L(1), L(2), L(3), we �nd the matrix L necessary for
solving problems 1 and 2 as

L = (0, 88, 0, 57, −0, 24, 0, 5, −0, 37, 1, 3, −1, 05, 0, 06, 0, 67, −1, 15, −1, 09).

Then in the case of changing the model GW we can predict the values of exterior
characteristics of the IAS. For instance, remove the in�uence of the block of inquiries s4
on the analysis block s7; then the values of interior characteristics (see Tab. 7) enable us
to �nd the exterior characteristics (see Tab. 8).

We conclude that this change of the system worsens the exterior characteristics, and
consequently, reject removing the in�uence of s4 on s7. Similarly we can predict exterior
estimates for other structure-parametric changes of the information-analytical system.

Conclusion

Relating the interior balance estimates for the system and its exterior characteristics,
(9) and (10) both guarantee the developer the prediction of the general state of con�ict of
the interaction among interior elements to meet the speci�ed e�ectiveness and determine
how applicable the IAS is for solving the intended o�cial tasks given the syntesized
structure-parametric connections. In addition, it is possible to design the structure and
determine the parameters of interaction among the elements of the IAS of an internal
a�airs department in the presence of external requirements concerning its e�ectiveness in
o�cial work.
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Table 7

The values of interior characteristics

The
vertices

s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 s11

M+ 0,8 0,67 0,33 0,75 1 1 1 0,75 0,75 0,8 0,84
Dk 2 2 2 2 2 2 2 4 2 2 2
Sk 7 7 7 7 2 6 6 6 7 7 7
Vmin -

0,096
-
0,096

-
0,096

0 0 0 0 -
0,048

-
0,096

-
0,096

-
0,096

Vmax 1 1 0,2 0,3 0,3 1 1 0,3 0,8 1 1
Bk 3 3 12 9 5 3 3 7 3 2 2
Mk 22 22 22 22 5 13 14 14 22 22 22

Table 8

The values of exterior characteristics

Responsiveness,
hours

Crime detection rate, % Crime level, %

V (3) 0,7 17 55
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ÑÒÐÓÊÒÓÐÍÎ-ÏÀÐÀÌÅÒÐÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ
ÈÍÔÎÐÌÀÖÈÎÍÍÎ-ÀÍÀËÈÒÈ×ÅÑÊÎÉ ÑÈÑÒÅÌÛ

Â.Â. Ìåíüøèõ, Î.Â. Ïüÿíêîâ

Ðàçðàáàòûâàåòñÿ ìåòîä èññëåäîâàíèÿ âçàèìîñâÿçè âíóòðåííèõ è âíåøíèõ ïîêàçà-

òåëåé èíôîðìàöèîííî-àíàëèòè÷åñêîé ñèñòåìû. Â êà÷åñòâå âíóòðåííèõ ïîêàçàòåëåé èñ-

ïîëüçóþòñÿ îöåíêè ñáàëàíñèðîâàííîñòè, ó÷èòûâàþùèå êîíôëèêòíûå âçàèìîäåéñòâèÿ

ìåæäó ýëåìåíòàìè ñèñòåìû. Çàäà÷à ðåøàåòñÿ â ïðåäïîëîæåíèè íàëè÷èÿ ñâÿçè ìåæäó

âíóòðåííèìè è âíåøíèìè ïîêàçàòåëÿìè ñèñòåìû. Îáîñíîâûâàåòñÿ öåëåñîîáðàçíîñòü

èñïîëüçîâàíèÿ ìåòîäà íàèìåíüøèõ êâàäðàòîâ äëÿ íàõîæäåíèÿ ÿâíîé ôóíêöèîíàëü-

íîé çàâèñèìîñòè ìåæäó ïîêàçàòåëÿìè. Ðàçðàáîòàí ìåòîä âû÷èñëåíèÿ ôóíêöèîíàëü-

íîé çàâèñèìîñòè äëÿ ñëó÷àÿ ìàòðè÷íîãî ïðåäñòàâëåíèÿ çíà÷åíèé ïîêàçàòåëåé íà îñ-

íîâå âû÷èñëåíèÿ ïñåâäîîáðàòíûõ ìàòðèö. Ïðèâåäåí ÷èñëîâîé ïðèìåð ðàáîòû ïðåä-

ëîæåííîãî ìåòîäà ïî ñòðóêòóðíî-ïàðàìåòðè÷åñêîìó ìîäåëèðîâàíèþ èíôîðìàöèîííî-

àíàëèòè÷åñêîé ñèñòåìû îðãàíîâ âíóòðåííèõ äåë.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííî-àíàëèòè÷åñêàÿ ñèñòåìà; âíåøíèå è âíóòðåí-

íèå ïîêàçàòåëè; îöåíêè ñáàëàíñèðîâàííîñòè; ìåòîä íàèìåíüøèõ êâàäðàòîâ.
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