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Abstract. The article describes the methods of designing the information
network of the timber industry complex. Algorithms for generating user
requests and converting them to a format that is understandable for
processing in the system are described. A model of the behaviour of a multi-
purpose information system is developed and mathematically justified, and
its reachability is checked. The resource allocation problem is also
formulated and the solution of the problem is mathematically justified. The
possibility of conflicts appearing in the system is studied and evaluated,
possible conflicts are identified and a mathematical apparatus for resolving
conflicts is developed, as well as subsets of desirable and undesirable
behaviour of subsystems are studied. In addition to the theoretical
substantiation of the design methodology, the article also contains
mathematical tools that can be useful for developing various information
networks.

1 Introduction

The design of the information network of the timber industry complex is based on the
following algorithm: first, a request is generated from the user, which is converted into a
format understandable for processing in the system, then the input object is converted into an
output object and, finally, the output documentation is generated. Based on the specified
algorithm, the modelling of the general information technology model is performed, which
is built as a set of the following models:

query sets S, are represented as a null graph G, xcomposed of query vertices N(X) =
(Nl (Xl)' NZ (XZ)' ey Nm(Xm))s

interactions of multiple requests Sy .

system for converting an input object to an output object Syy. It is represented as a
mathematical functionu F defined on the set of the input data of the object X and the product
by an element from the sets a C of the system states, the result will be a set of sets of the
output object Y;

a relationship system that defines for each element from the output Y co a corresponding
document from the sets of output documents Sy .
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The output document sets Sy are defined in the same way as the set S, in the form of a
null graph with the set of vertices N(Y) = (N, (Y1), No(Y3), ..., Ny (V).

To understand the algorithms for constructing models, it is necessary to conduct a detailed
analysis of each of them [4].

2 Materials and methods

To build models and Sy , you need to set a system for converting the input object into the
output object. To do this, we will set the graph G in the form of trees, which describes the
interaction of the subsystem I’y with other subsystems of the information network.

We determine the reachability of the subsystem I'; with graph G; from an information
resource from the subsystem I'y with graph G, if there are non-empty subsets of input and
output objects such that the subset of output objects Y is the reachability set of the subset of
input objects X. Let's introduce the reachability relation Vo — V;.

Let's consider the matrix of communication on the reachability of information resources
'y with the subsystem I’;. And also let's build the connection matrix Z Xo¥ > where j = 1,n.

To do this, for each Xy, C X, we construct the reachability sets Y; and find their union.

3 Results and discussion

Let's construct a model of the behaviour of I’y as a multi-purpose information system. To do
this, we define a set of goals N(X) = {N,;(X;), N,(X,),..., Ny (X))}, where X; is the set of
states of the specified format. To do this, describe constraints on the vectors X; and specify
the format N;, as well as construct vectors for evaluating P (N;) properties of the goal.

Let's take a closer look at how you can set the conditions for achieving the goals N; to do
this, you need to consider what different strategies E; exist in the system, for example:
neutral, cooperative, and competing. If the number of strategies is greater, we will
conditionally assume that their number is about m and to select the desired strategy, we will
set the distribution function ¢(e) which takes the values 1, 2,...,m and put N; its Dirichlet
domain in correspondence 3;:

al(E) = {ek € Ei: (p(ek) = l}!l =1m Q)]
The condition that all goals are achievable is
UZ:2:(E) =E @

If the Dirichlet domain for i # j does not intersect, then the problem of choosing
strategies does not exist. If ¢(e) is an ambiguous function, then by introducing the Cartesian
product 3(E) = 3,(E) X 3,(E) X ... X 3,,(E), we reduce the problem to the condition of
defining the set E, for which the choice of strategies e;; € 3;(E) is made one at a time.

The strategy selection algorithm can be represented as [2]:

e setE(e)suchthat Vi=1,muVvj=11[3,]

e there is a strategy e;; € 3;(E) such that 3)

o O®(E(e)) = min,

where ®(E) is the utility function.

Let us consider the formulation of the problem of resource allocation R. Let R be a matrix
of resource assignments. We introduce a resource assignment matrix Ry (E,X) = {t{‘cﬁi},
where tF is the amount of resource 7, required to implement the goal N; when choosing k-th
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strategy ej, 0; = 1 if the resource is assigned and §; = 0 otherwise. Then the tasks are set
as follows:

find R, (E, X) such that ®(R;,) = min @)

Based on the considered arguments, we obtain a general optimization model that can be
defined in the form of a vector optimization problem [1]:

P(X) Pudt Opt,D:P(X) = P(P(E,X),P(K)) ®)

where Opt is an operator that implements one of the principles of vector optimization.
Let each of the subsystems I'; in the process of functioning strive for its local goal N;, and
for each of the subsystems we can define utility functions ¥;. We will set for the subsystem

of the center of ['y expected utility Y™ = P, (z,) where z, € {xé} and the real usefulness of
Y =1o(2y), where z, € {Yoj }, determined as a result of his cooperation for the
implementation of z, with j-th subsystem.

Let's define the derivative with respect to the system:

ll)p’(j) _ % = lim Po(z0+A20) =0 (20)
5 = = F0#07270/7 F0170)

6
ar‘j AZO—>0 AZO ©

where AZO =Zy— Zj, lpo(Zo + AZO) = lpg.
In the process of achieving their local goals, I'y and I';, three possible relationships arise:
conflict relation: the subsystem I'; conflicts with the center Iy if Yl < P& or Y (j) <

This occurs when the functioning of the subsystem I'; to search for the necessary
information leads to a decrease in the usefulness of the center I',.

co-operation relation: the subsystem I; contributes to the center I'y if 1/)(’)7 > Pg* or

§“() > 0.

This occurs when the functioning of the subsystem TI'; to search for the necessary
information leads to an increase in the usefulness of the center [

3. indifference relation: a subsystem T} is indifferent to the center Iy if Yl =Yg~ or
e (j) = 0.

This occurs when the subsystem I'; agrees with the expected utility of the center I'g.

To eliminate conflicts, we distinguish binary relations of conflict, assistance and
indifference between all pairs Iy and T}, j= 1,n, as well as subsets of desirable and
undesirable behaviour of subsystems.

Then we construct the utility function ®(Z) of the entire system, as well as a set of local
real utility functions {1/)? (Zj)}, j = 1,n, which form so-called partial conflict with the utility
function of the system [3]. This will allow you to create and solve an optimization problem

of the form
P(2) = (@@, Y] (1), -, ¥ (z) 2 Opt ™
It can be reduced to a sequence of lower-dimensional problems:
P -
(04702 2, 001 =T

Since 'y must approach the maximum benefit for itself and we can assume that ®(Z) =
1/)60 (2). In this case, the utility function of the system I'j establishes a strict linear order Zj =
Zj (>®) on the set Z;.
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Let us define qualitative orders for the center Iy no nonesnoctn ®(Z;) L; = L; (> @)
and subsystem [ in terms of utility 7 (z) [; = [;(> ¥§) = L@}).
When considering subsystem I; to the behaviour of 'y two options may arise:

1. Z; = {maxL]-} and L; = [;, so CD’(Zj) >0 and wjl-”(zj) = 0 Vz, i.e. the center [y
chooses the solution z; = max {Zj} 5§ 11)]1.’ = d(z).

2.Z;#0ulinl #Lj, so ®'(z) < 0Vz, ie. the solution from the set Z; is the best
compared to solutions that do not belong to this set.

Let us estimate the behaviour of the center I'y under the conditions of interaction with the
subsystems [, j= 1,n.

The guaranteed win function for Iy is:

X = erﬁro aj(nbé’ - ‘l’g) + er>1r0 ,Bj(lpf - 1/)8) ©

where a;, fB; are the weights of subsystems in the system that define the properties of
relationships between systems.

0<a;,pf; < 1,21“]91“0 aj = 1aZF]->IF0 Bi=1 (10)

Solutions, under the conditions of interaction I'y with I;, can be chosen from the sets a
Znep C© Z, for which the inequality is fulfilled:

?:1(‘1’5 - ‘l’g) =X an

Having solved the covering problem, we can find a solution from the set Z.p:
p(Xo,Yo) — min
ijYj

Y, = 8,Y°, Yy = Ul 83 (12)

T (Wl —wg) = x (13)
where p(X,, Yp) is the distance between X, and Y,

j _( 1,ifT'y forms an information array through I';

- . 14
0 {0, otherwise a9

The resulting problem does not have an efficient solution algorithm and can be solved on
the basis of random search with local optimization.

We study a method that allow set us to estimate the components of the weight vectors a
and B [5, 6].

Consider an isomorphic transformation I' = <{Fj}N'G =G (T, E)) S 0= ({Qj}N, G =

G(Q, E)) in which the graph G(T,E) = G(£, E) is given by the set of vertices {Fj} = {Qj}
and the set of arcs E = {e;} defines partial order > I, We will strive to ensure, that the
information system in the process of functioning will strive to achieve its goal, and the utility
is equal Y7 .

We define from the set Q subsets of elements Q> and Q> for which the binary relations
>1 and >1. Let us define binary relations > 1,>1, > I, with adjacency matrices
nén = {aij}, nAan = {afj}, ré('; = {al?'j}, n,m < N, whose elements are 1 if the relation holds,
and 0 in otherwise.
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Let us consider the following values: &,,,,(€;) is the half-degree of the vertex exit €;
which determines the number of arcs leaving the vertex (1;, and &,,(€);) is the half-degree of
the vertex entry ();, which determines the number of arcs entering the vertex (;:

ngIX(Qi) = ?:1 Wij, EBX(Q ) =1 Wjj (15)
where {w;;} = (AVA;V AH)

If €5, (Q;) = 0, then the action of Q; does not affect the formation of the relation > I,
and the &,,,,(Q;) > 0 determines the number of subsystems that Q; affects when forming the
relation > 1.

If £,,(Q;) = 0, then the element Q; affects the relation > I, and &,,(Q;) > 0 determines
the number of subsystems that affect Q; when forming the relation > I..

If £5,x(Q;) = £,4(Q;) = 0, then the vertex is isolated, which indicates errors in the
formation of the structure of the information network Q.

We get

Eapix () +E5x(24)

e(Qy) = T ey (16)

evaluates the weight of the subsystem €; under conditions of relations > I between
subsystems of the set (.

Consider the properties of the conflict > I and consent > I relations with matrices A and
A, accordingly. Let us assign to each arc e;; of the graph G weight s; from the set of weights
S = {si ;= |¢]' (QL)|} Then Q; is put in the correspondence

e(Q) = M a7
i,j=1°1)

where SBhIX(Qi'S) = Z?:l Sij Aijs EBX(Qi' S) = Z?:l Sij Aij-

Formula (16) sets an estimate of the rank of subsystems in the system, taking into account
the weights S, and formula (17) — without taking into account the weights.

We have the following weight estimates:

a; = (%), j = T,N for the entire information system as a whole;

a; = S(Qj),j = 1, m over the kernel of agreement ! (18)

B; = €(Q;), j = I,n along the core of the conflict ",

Or

;= E(( Q’)) over the entire system € together with Q™7 19

£1(9)) B i
B; = o along the agreement kernel 0~ together with S,
where e(Q) = anen S(Qj) + anen§ £>I(Qf)'
Or
_ E(O‘j) h : [9) h ith Q>I
a; = @ over the entire system () together wit (20)
I

B; = ((Q)’ ) along the kernel and Q> together with S,
where e(Q) = anen S(Qj) + anesﬁ £>I(Qf)'
Or
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_ S>I(Qj)

% =70 by the agreement kernel Q! together with >l @n

>I( ])

B = along the conflict kernel Q> together with 0>/,

where e(ﬂ) = Zﬂjen>1 £ (Qj) + anenﬁ ey (Qj)-

The decision maker performs the final construction of estimates according to formulas
(18) - (21).

The algorithm for the implementation of information technology for the search and
formation of necessary information consists of the stages of formation:
requests for information search.

a multi-purpose user request.

the input object of the X system.

Systems for converting input object X to output object Y:
reachability graph;

information space of system interaction;

winning functions based on the conflict interaction of subsystems;
search for the necessary information vectors.

lots of output documents.

the user's document.

Prev1ously, we Obu1a built a model of information technology search, consisting of a set
of five models [3]. Let's consider the model of communication between a set of queries and
the input Syx. It establishes a relation between the set of queries N(X) of the model S, and
the set of the input object X of the system I'y. And the condition must be met

X =U;X; ©2)

The query model is defined as a set of the set of initial data structures N,,.,(X), the set of
derived data structures Ny, (X), and the set of organizational and technological constraints
and data properties M(N): N;(X;) = {N, (X)), Ny, (X)), M(N)}. The result of query is
represented by an array of information X; of the specified format N;.

The problem arises of constructing conditional unions (taxa) of data, under which
condition (22) is met. Let us denote the set of taxa T = {Ty, Ty, ..., T} }.

To assess the elimination of incompleteness HemmoHOTEI Or unreliability of information,
it is necessary to simulate the searcha for information based on user requests, which will lead
to the formation of tasks and the selection of the optimal taxon T, that ensures the fulfilment
of condition (22).

Let's explore possible solutions to these problems. When studying a user query a N(X) ,
you need to evaluate what properties it has M (N). In order to evaluate the properties of each
query for Iy you need to find the efficiency vector:

Ef(M,X) ={Efy,Efy, .., Ef;} 23)

Since the initial information about the query parameters N (X) is incompletery and
uncertain, we pay additional attention to its formalization. There are several main types of
information granules used for generating initial information.

The description of N; available to I'y can be represented as a vector of information
granules, with which the 'y expert can form a description of each element of the set of
queries:

..:lkb)l\)»—i

Ne e

Mj = {:ull Uz, '"'Mv} (24)
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The Ty system selects one of the merge options based on the available information about
the properties and parameters of the query N;(X;). That is, if, for example, all requests have
approximately the same deadlines, then the time criteria are not considered, and the
combination is performed according to other properties (cost, functional purpose, etc.).

To define the set of conditional combinations of user requests, you can use, for example,
the method of selecting alternatives based on a generalized criterion (if the criteria
equivalent) or a lexicographic method (if the criteria are ordered by importance).

We will use the first method, improving it somewhat by using interval estimates of A for
the formation of taxa.

Let each of the criteria E f; correspond to a set of values D;, that satisfy the selection
conditions. Thus, each query N;(X;) corresponds to the value D;q, for each of the criteria Ef,.
Then conditional joins are searched for using the following algorithm:

A score is defined for each criterion E f,

DQmax = man in (25)

We determine the normalized scores of each query N;(X;) based on the criteria

~ in

D qi (26)

D dmax
For each user request, we calculate the minimum criterion score D; 1 = min Dg;.
q

We define the degrees of similarity of queries A in the form of the interval A = [A;,4,] ©
[0,1], where 4; < 4. The taxon T, is formed from N;, for which the condition 4; < Dj s <
A, is satisfied for the given degree of similarity.

Changing the values of the left A; and right 1, boundaries of the degree of similarity, we
get a set of conditional unions.

Since the weight of criteria can vary in practical tasks, it is advisable to build a set of
conditional associations according to the hierarchical principle. We will use the lexicographic
search method. First, we select the set of information queries with the highest score for the
most important criterion, and then select those queries that have the best score for the next
criterion from the ordered ones.

Let's order the criteria E f; by importance: Efi, E f5,.....

Then the decision maker selects the level y € [0,1], for which the set of best queries is
determined.

To do this, we define the lower and upper bounds of subsets for evaluating the query N;
by the criteria under consideration:

Dy = jnf . Dyt = sup ¢
where t is the value of the i-th request D; of the y -level.

For two requests of information N; and N;, 4, given in a random way, indicators of mutual
excess of criterion ratings are calculated:

Dgi—Dgi
__ YqiTYqi+1

A(Dgi > Dyiyq) = i 28
qi— Eqi
Dgiy1—Dai
_ Pqgi+1— Lqi

A(Dgi < Dgia) = 270 @)

qi— Eqi

The indicator of whether the i-th query belongs to the best set is calculated:

Vgi = Sup {0, max A(in > inﬂ) -, max A(in < in+1)} (30)

in'in+1 qi'in+1
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If v4; = y for several alternatives, then the level y is selected again and the process is
repeated from the beginning.

By changing of the value ¥, we can obtain a set of taxa T.

Previously, we constructed a model of the optimal behaviour I'y under conditions of
interaction with the external environment [2]. The proposed algorithm allows us to find the
values of the utility function ®; for each request N;(X;). The task arises to determine the
taxon whose elements will have the maximum level of utility.

Then
— UiNi(Xp). W
Y ®;(2) @D
The utility function
O, = U; @;(2),VN; €T, (32)
2i®i(2)
O = 33
Ty |Ty| (33)
where |Ty| is the power of the taxon.
if the union, provides the maximum utility function, then it will be optimal
max® Ty (34)
the optimal taxon is calculated using the formula
N
Tonr = maxor, (39)

4 Conclusion

An algorithm for constructing an optimal query pooling:

defining criteria (23).

utility functions are defined for each query.

a set of conditional taxa is constructed according to condition (22).

the value of the utility function is calculated for all T, of the set N (31).

the optimal taxon (34) is determined from the condition of the maximum of the
utility function (33).

kv
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