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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 conflict 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 find 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 affairs 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 effectiveness of its application to management decisions.

Modelling the work of TAS and analyzing the variants of construction, which includes
estimating the conflictness of the system, enable us to gather some empirical material and
statistics [3]. The introduction, calculation, and study of exterior characteristics of the
[AS (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 (conflict, cooperation, and indifference) [4, 5] enables us to give
comprehensive estimates based on the theory of conflicts. As estimates for the interior
states of the TAS, [3]| proposed to use the following seven characteristics of its elements:
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M™ estimates how balanced the element is;

Dy, is the length of the shortest cycle containing the element;

Sk is the length of the longest cycle containing the element;

Vinin 1S the minimal weight of the cycles containing the element;

Vinax is the maximal weight of the cycles containing the element;

By, is the minimal duration of the cycles containing the element;

My, 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 BY of size 7 x n
the collection of values of the interior characteristics of the ¢th variant of the system, for
1=1,2,...,r.

In general, for exterior estimates we can use k characteristics. Denote by the matrix
V@ of size 1 x 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, VD),
(2) y(2)
<B ) V >7 (1)

(B(i), V(")>.
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 V4%, define the values of interior
characteristics and make conclusions on the possibility of constructing the corresponding
variant (r 4+ 1) of the system.

Find VU . 3(BOFY by o (7 r+D) — yydesy

Problem 2. Given balanced values of interior characteristics B4, determine whether
the variant under consideration satisfies the requirements of the exterior characteristics

find B(rJrl) . E|<B(r+1), V(r+1)> A <B(r+1) _ Bdes>.

2. Justification 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, efficiency) 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 first approximation, and the resulting estimates are less effective
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 affect 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
effective estimates. Thus, taking into account the specific 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 X n matrix; V is a 1 X 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 different
form, for instance,

LBP=VT", (3)

where L is a k x 7 matrix, P is an n x 1 matrix, and V7 is the transpose of V. Then
L=v'pP'B™". (4)

Since in our case P and B are not square matrices, we can find the solution using
pseudoinverse matrices [7]. Recall that for a rectangular matrix A of size m x n the
pseudoinverse matrix AT, by analogy with the inverse matrix A™!, satisfies

AAYA = A, (5)

By (5), we rearrange (4) as
L=V'PtB*, (6)
where PT 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, fori = 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. To this end, we use the least squares method. Seek a matrix LV for which
the sum of the squared deviations of the values of l5; (s =1,...,k; t =1,...,7) over the
whole tuple L is minimal, that is,

. 2
> (19 =15 min. (7)

1,(s,t)

In order to solve (7), find the extremum of the function in the left-hand side. Requiring
that its derivative with respect to the unknown lgfl) vanish, we obtain

2
l(z . l (r+1) -9 (l 7 7‘+1)> 1) =0
(z(St)< ) (v+1) Z & &t ( ) ’
> (17 -1) o

i,(s,t)
whence
Z lthJrl Z lst7
i,(s,t i,(s,t)
R AR
i,(s,t)
Finally,

r 1 7
) - Z lii (8)

1,(s,t)

Thus, we may conclude that the entries of L") satisfying (7) amount to the mean
values of the corresponding entries of the tuple L

Accordingly, the values of exterior characteristics for (r 4+ 1) variants of the TAS are
determined in terms of the values of interior characteristics as

T
VT’+1 _ <L(T+1)B(T+1)P) 7 (9)

while the required values of interior characteristics, in terms of the specified values of
exterior characteristics as

B! = (L<T+1>>+VTP+> (10)

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

Dotted lines show conflict relations, and solid lines show cooperative relations. Mutual
relations in which S; influences S; and S; also influences S; are shown without arrows
(edges of the digraph), and nonmutual relations in which S; influences S; are shown with
arrows indicating the action (arcs of the digraph).

For Gy we calculated the values of interior characteristics (see Tab. 1). Tab. 2 shows
the values of exterior characteristics.
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The digraph Gyy: S is the server part, So 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, Sg is the block
controlling model experiments, S7 is the analysis block, Sg is the block of reference information,

Sg is the plotting device, Sig is the decision maker, S1; is the block controlling the processes

Table 1
The values of interior characteristics
The S1 S S3 S4 Ss Sg S7 Sg Sg S10 S11
vertices
M+ 0,57 104 10,14 0,63 |1 0,83 10,75 10,6 |0,68 |0,67 0,71
Dy, 2 2 2 2 2 2 2 4 2 2 2
Sk 9 9 9 9 2 9 9 6 9 9 9
Vinin 0,077 0,077| 0,077 0,022| 0,3 | 0,072| 0,022] 0,022 0,022| 0,022 0,022
Vinax 1 1 0,32 10,8 10,3 |1 1 03 108 |1 1
By, 3 3 12 2 5 3 2 7 3 2 2
M, 23 23 23 23 5 23 23 22 23 23 23
Table 2
The values of exterior characteristics
Responsiveness, Crime detection rate, % | Crime level, %
hours
v |1 15 60
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Define the matrix P as

0,5 0,6 0,7
~0,1 0,2 —0,3
1 -2 3
P=| 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
LW = (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 G,, we introduce an additional arc from s;; to s; defining
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 S1 S9 S3 S4 Sx S6 St S8 So9 S10 S11
vertices
M 0,57 104 |0,14 | 057 (0,2 |0,62|0,65]06 |0,59|057]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
Vinin 0,077 0,077 0,077 0,022] 0,072| 0,072 0,022| 0,022| 0,022| 0,022| 0,022
Vinax 1 1 0,32 | 0,8 1 1 1 0,3 |08 1 1
B, 3 3 12 2 5) 3 2 7 3 2 2
M, 23 23 23 23 21 23 23 22 23 23 23
Table 4
The values of exterior characteristics
Responsiveness, Crime detection rate, % | Crime level, %
hours
v 109 16 60

Then in accordance with (6) we obtain
L® = (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 TAS, we managed, by restructuring it, to
remove the conflict action Sg and Sy, which corresponds to deleting the arc between sg
and sg. Tab. 5 shows the new values of interior characteristics.
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Table 5
The values of interior characteristics
vertices S1 S9 S3 S4 S5 Sg S7 S8 Sog S10 S11
M+ 0,57 10,4 |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
Vinin 0,077 0,077 0,077 0,022| 0,072| 0,072| 0,022 0,022 0,022| 0,022| 0,022
Vinax 1 1 0,32 | 0,8 1 1 1 0,3 |08 1 1
By, 3 3 12 2 5 3 2 7 3 2 2
M, 23 23 23 23 21 23 23 22 23 23 23
Table 6

The values of exterior characteristics

Responsiveness, Crime detection rate, % | Crime level, %
hours
Ve 0,7 17 55

Then in accordance with (6) we obtain

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

3)

Basing on the resulting values of L), L(®) LB we find 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 Gy we can predict the values of exterior
characteristics of the IAS. For instance, remove the influence of the block of inquiries sy4
on the analysis block s7; then the values of interior characteristics (see Tab. 7) enable us
to find the exterior characteristics (see Tab. 8).

We conclude that this change of the system worsens the exterior characteristics, and
consequently, reject removing the influence 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 conflict of
the interaction among interior elements to meet the specified effectiveness and determine
how applicable the TAS is for solving the intended official 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 TAS of an internal
affairs department in the presence of external requirements concerning its effectiveness in
official work.
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Table 7
The values of interior characteristics
The S1 S92 S3 S4 Sy Sg S7 S8 S9 510 S11
vertices
M+ 0,8 (0,67 0331|075 |1 1 1 0,75 1 0,75 [ 0,8 | 0,84
Dy, 2 2 2 2 2 2 2 4 2 2 2
S 7 7 7 7 2 6 6 6 7 7 7
Viin - - - 0 0 0 0 - - - -
0,096| 0,096/ 0,096 0,048 0,096/ 0,096| 0,096
Vinaz 1 1 0,2 103 103 1 1 0,3 |08 1 1
By, 3 3 12 9 5) 7 3 2 2
M, 22 22 22 22 5) 13 14 14 22 22 22
Table 8
The values of exterior characteristics
Responsiveness, Crime detection rate, % | Crime level, %
hours
Ve 1o,7 17 55
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CTPYKTYPHO-ITAPAMETPUYECKOE MOJIEJINPOBAHUE
NMHO®OPMAIITMOHHO-AHAJINTNYECKO CUCTEMEI

B.B. Menvwux, O.B. ITvanxos

PaspabarpiBaercs MeTom UCCAENOBAHNS B3AMMOCBA3N BHYTPEHHUX U BHEITHUX TTOKA3a-
Tesneit nHPOPMAIMOHHO-AHATIUTHIECKOM CUCTeMbI. B KadecTBe BHYTPEHHMX TIOKA3aTeNeH ue-
MOIB3YIOTCS OIEHKH COAJIAHCHPOBAHHOCTH, YIUTHIBAIONINE KOH(MDIMKTHBIE B3aUMOIEHCTBUS
MEKTY FJIEMEHTAMY CUCTEMBI. 331298 PEIAETCS B MPEITOJIOKEHUN HAJINYIUS CBA3U MEXK Y
BHYTPEHHUMHU U BHEITHUMHU TOKa3aTensaMu cucrembl. ODOCHOBBIBAETCS I1€J1€6CO000PA3HOCTD
WCIIOTBb30BAHUST METO/Ia, HAMMEHBITNX KBAJAPATOB IJIs HAXOXKJIEHWS SIBHON (DYHKITMOHAIH-
HOM 3aBHCHUMOCTH MEXJy IOKazaTeisMmu. Pa3zpaboran meron BbraucieHus QyHKITHOHATb-
HOH 3aBUCHMOCTH JIJId CAydYad MATPUYHOI'O IPEJCTABJACHUA 3HAYCHUN MMOKA3aTeJCH Ha OC-
HOBE BbIYUCJIEHUS 1CeBn0oOparubix marpul. llpusenen uwnciosoii npumep pabOThI HPE-
JIOXKEHHOTO METOA TI0 CTPYKTYPHO-TAPAMETPUYECKOMY MOIAETHPOBAHUIO WHMOPMAITHOHHO-
AHAJIUTUYECKON CUCTEeMBbI OPT'aHOB BHYTDEHHUX JIe.

Karouesvie c106a: unBoOpMAYUOHHO-GHAAUMUNECKAA CUCTIEMA; BHEULHUE U GHYMPEH-

HU€E nNoKa3amenu, OueHru C6aJLaHCUp06(lHH00mU; MEMOO HAUMEHDULUT nea&pamoe.
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