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Poszensoaromvcs npodnemu nepenpodiniosanis 6ip-
MYANOHUX BUPOOHUMUX NIONPUEMCME, 30KpeMa nep-
Cnexmueu po3eumky Gipmyanviozo npunacodyoierozo
nionpuemcmea (BIIII). Taxi nionpuemcmea ymuxuio-
HIOMb 3d PAXYHOK 3068HIUHIX MEPUMOPIAIbLHO po3nodie-
HUX Pecypcie ma Maiomv 3mozy Gymu eHYMKUMU Y GUPOG-
Huymei npooyKyii 6i0nN06ioHO 00 KOH IOHKMYPU PUHKY.
3anpononosano enemenmu ingopmayiiinoi mexmno-
nozii (IT) Ona niompumxu npuiinamms piuens wo0o
opeanizauii po6omu BIIII. Enemenmu IT exmouatomo 6
cebe modeni ma cmpyxmypu 04 NPUliHAMMA piues, 6
MoOMY “UCTL 07151 PAUIOHAIBHOZ0 BUKOPUCMAHHS Pecyp-
cie npu Qpynxuionyeanni BIIII. Ilpusnauennam 3anpo-
nonoeanoi IT € supimenns zadaui niompumxu npuiinsam-
ms piwens w000 nepenpodimosanis eupodHuymea na
sipmyanvnux npunadodyoienux nionpuemcmeax, 6io-
noe6iono 0o xou'ronkmypu punxy. Heobxionicmo y nepe-
npoimosanni eupoGHUUMEA GUKIUKAHA CKIAOHUMU
YMoBaAMU PUHKOBOT eKOHOMIKU ONISL HEGEUKUX NPUA-
0006ydisnux nionpuemcme ma nionpuemcme cepeonvoi
nanxu. Bupoonuua npoepama opmyemoca euxodsuu
3 ICHY1041020 HA OAHULL MOMEHM nonumy Ha pi3Hi Kame-
20pii 6upobis, WO 6x00AMb Y HOMEHKIAMYPY MOoBaApie
nionpuemcmea ado eionosidaromv HaANPAMKY QYHKUIO-
nyeannsa BIIII. Enemenmamu IT € mooeni oasn ingop-
Mauiiino-ananimuunozo nopmany (IAI), a maxosnc
CmpyKmypna cxema po3zopmanns ma niompumku €ou-
HO020 NPOCMOPY 3HAHL NPU 2HYUKOMY Nepenpodintosan-
HA 6UpoOHUUMEa 610N06I0HO 00 KOHIOHKMYpU PUHKY.
Mo cxnady IAII eéxodsmv maxodc excnepmui cucme-
mu (EC). Pospoonena IT ona niompumxu npuiinsmms
piwens xepienuxa BIIII dozeonums uzomogasmu moii
npodyxm, axuil 6yde mamu nonum na punky ma 0yoe
penmatdenvrnum y euzomognenti. IT 3a6esnenums eusna-
wenHA Kivkocmi ma 6u0die HeodXiOnux pecypcis 3a sada-
HUMU Kpumepisamu, ix po3nodineHocmi, 6paxoeyrouu
HaNPAMOK nepenpodinosanis eupodruymea

Kniouogi cnosa: pecypcu, sipmyanvie npuaadooy-
diene nionpuemcmeo, moodeni npulinamms piuenv,
KOHIOHKMYpa punry, nepenpointoéanns, mamuma-
muuni modeni
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1. Introduction

— absence of fixed assets;

A virtual instrument-making enterprise is an enterprise
consisting of the community of geographically distributed
subcontractors that interact during the production process

and operate through telecommunication means [1].

From a marketing point of view, the goal of creating a VIE
is to generate profit due to the maximum satisfaction of con-
sumers by goods and services, by combining the resources of
different partners into a single system. At the same time, the
efficiency of distributing resources among production links
could be greatly improved by providing them with traditional
marketing functions [1, 2]. Thus, VIE activities are aimed not at
satisfying the needs of an “average” buyer or a market segment,
but at meeting individual demands by specific consumers.

Characteristic features of VIE are:
— flexible change of products range;
— warehouse-free operation;

— minimum number of employees;

— priority to horizontal connections;

— relative autonomy and narrow specialization of enter-
prise’s participants;

— high status of informational and human resources for
integration;

— implementation of the principle of systemic use of re-
sources;

— flexible and adaptive organizational structure;

— minimal starting capital;

— operation under conditions of uncertainty in demand.

Attracting significant resources is required for the tradi-
tional enterprise to develop and release new goods. In con-
trast to a conventional enterprise, in this case the process of
functioning involves the search for new partners, possessing
appropriate market-driven needs, resources, knowledge and
capabilities, for joint organization and implementation of



activities. At the same time, the enterprise’s partners (or-
ganizations, individual collectives, people) that possess the
key resources for achieving a competitive advantage in the
market are elected. Thus, VIE has a competitive advantage,
because traditional instrument-making enterprises, espe-
cially at the medium level, under such circumstances, have
difficulties gaining the market taking into consideration a
large tax “burden”. Therefore, such a condition affects the
search for new ways to organize production. And one of the
new approaches is setting up a virtual production. On the
other hand, there are no detailed theoretical studies into
this field while there are not enough existing industries to
analyze the experience. Thus, it is a relevant task to develop
new technologies for the organization of virtual production.

2. Literature review and problem statement

Paper [3] reports results from studying actual problems
of small and medium-sized industrial enterprises. It was
shown that medium-sized industrial enterprises have cer-
tain difficulties in competing with industrial giants. One of
the possible reasons is that large industrial enterprises have
established a turnover of resources and finished products.
The popularity is also affected by a registered trademark. In
addition, large enterprises can make their products cheaper
at the expense of large production volumes. An option for
small and medium-sized enterprises to overcome related dif-
ficulties is to establish a clear strategy for the organization
of production. This very approach was considered in work
[3]. The authors proposed a toolset for decision making in
the organization of workers for a production process accord-
ing to their competences. The cited article also suggested
a methodology, based on the advantage index method, for
decision-making at the stage of design of the life cycle of
an industrial system. The methodology helps in choosing a
suitable alternative from a large number of available options
for solving industrial problems based on decision support
systems. However, the advantage index method underlying
the methodology ignores any relative importance among the
attributes. The advantage index method is based on statisti-
cal calculations, which requires the development of software
that could reduce the time of computations.

There are also other ways to organize human resources
for innovative industrial projects, which are presented in
work [4].

Instrument-making enterprises have certain difficulties
in determining and efficient distribution of both human
resources and production resources necessary for the en-
terprise. Resources could include industrial equipment and
raw materials. At present, development of communication
technologies allows the virtual and temporary cooperation
in the chains that supply resources to gain mutual benefits.
The advantages of such cooperation are efficiency when
exchanging resources and information. The model of such a
cooperation is described in paper [5]. A variant to solve tasks
related to the supply and distribution of industrial resources
is to define a strategy for creating virtual enterprises. Activ-
ities of virtual instrument-making enterprises are aimed at
improving their competitiveness and optimizing processes
on the utilization of resources.

Article [6] analyzed production enterprises in general,
and considered the logistic processes at an enterprise, as
well as supply chains of resources. The analysis results re-

vealed the need to search for scientific solutions on forming
a production strategy within the framework of Industry 4.0
that could enable control over a network of resource supply.
A production strategy should include flexibility in the orga-
nization of an industrial enterprise.

The results from studying adaptive distributed produc-
tion systems are reported in paper [7]. It was shown that the
organization and implementation of virtual enterprises in-
creases the level of flexibility and adaptability of production
to dynamic market conditions. A virtual enterprise provides
new possibilities when an industrial system is not known
in advance. A production system must be structured and
optimized for manufacturing the types of products that are
demanded at a given moment. However, the unresolved issue
is the automation of information flows at virtual enterprises.

Research in the field of information technology to
manage virtual enterprises is reported in papers [8, 9]. The
articles give results from a study mainly on the distribution
of human resources of an organization. However, there are
unresolved issues on decision-making on determining an ex-
pediency of making a particular type of product and defining
maximum permissible production volumes.

Methods and decision-making models have previously
been used in production.

The growing dynamics of uncertainty in the exter-
nal environment requires the search for new management
techniques and decision-making methods, which would
ensure the very existence of an enterprise (organization).
Unforeseen changes are a prerequisite of modern business,
which should be taken into consideration in the management
process.

It is possible to improve stability of an organizations by
converting dynamic changes to the planned ones based on
the use of effective forecasting methods and decision-making
support along with studying a life cycle theory. A methodol-
ogy of strategic planning in the context of uncertainty in the
external environment, proposed in [10], could be applied at
industrial enterprises.

Research in [11] aims to develop a decision support
framework on the life-cycle stability in order to rank ways
to produce a clean energy carrier (hydrogen) by combin-
ing the assessment method for life-cycle stability and the
method of interval multi-criterial decisions. Owing to the
decision-making support method, the authors performed a
sensitivity analysis to investigate the impact of performance
weights on stability estimation. The proposed multi-criteria
method for decision-making can take into account uncer-
tainties.

The subject of research is the process of planning invest-
ment projects for the development of organizations. The pur-
pose of article [12] is to construct an algorithm and develop
software for a decision support system to choose the method
of attracting funds into an investment project. The article
studied a model of integrated planning and implemented an
investment project. Among the resolved tasks of the cited
article was to develop a method for choosing the optimal
variant of investment project realization and to design
elements for a decision support system in order to choose
an investment technique. The research results showed that
the effectiveness of an investment process is related to the
assessment and selection of the most attractive investment
projects from a series of alternatives that would ensure
maximum profit in future. The authors also defined strate-
gic tasks for investing in the development of organizations



and enterprises and considered basic finances that could
be involved in the implementation of an investment project.
Application of the proposed method and a decision support
system at the stage of an investment project planning would
make it possible to take justified decisions on the choice of
an investment method depending on the main factors of the
project and the investment object.

Virtual enterprises face complex problems in the orga-
nization of production. In particular, there are problems
related to the re-structuring of production, given the
competitive conditions of market economy and consum-
ers’ needs. Based on the analyzed literary sources, we can
conclude that there are no theoretical studies and practical
implementation of virtual production. Therefore, there is a
need to create information technologies to organize activi-
ties of virtual instrument-making enterprises with flexible
structure and the capability to adapt to market conditions,
determining and distributing the resources required for
production.

3. The aim and objectives of the study

The aim of this study is to create information technology
elements to support decision-making process on re-structur-
ing VIE production, taking into consideration market condi-
tions. The information technology should take into account
the rational use of resources in the operation of VIE, which
would enable the automation of decision-making procedures
aimed at re-structuring of VIE and the rational distribution
of its resources.

To accomplish the aim, the following tasks have been set:

—to investigate patterns in the decision making on
re-structuring production and planning a program for re-
leasing each type of products from a product range of VIE;

— to substantiate the allocation of re-

2. Convince prospective consumers to give preference to
the proposed goods and services.

3. Motivate prospective consumers to ensure that they
act without postponing the order for the future.

Modern tools to promote goods include the Internet en-
vironment. Its main purpose is to gain the maximum effect
from the potential audience at internet resources. At the
same time, trends in the development of modern informa-
tion technologies (IT) result in a constant growth in their
complexity.

One of the components of the designed 1T is an informa-
tional-analytical portal (IAP) of a VIE, which collects and
processes information about market conditions. A model of
the TAP processes is constructed using the graphics lan-
guage IDESFO0 and is shown in Fig. 1.

The model makes it possible for a customer to place
orders that are consequently transmitted for production.
When the required conditions for the feasibility (profitabili-
ty) of producing the i-th type of a product are met, the order
is added to the portfolio of a product range.

The informational model of IAP is the data that repre-
sent significant parameters and variables, as well as con-
nections among them, inputs and outputs. Such a notation
makes it possible to simulate a model’s possible states by
sending the information on changes in the input quantities
to the model [13, 14].

The input data for ITAP includes:

— information on market conditions;

— statistics on visiting the sites of informational sputniks
and the main VIE site;

— the number of concluded contracts for product supply;

— volumes and terms of supply for each type of a manu-
factured product;

— places and ways to deliver products, linked to a partic-
ular type of a product (Fig. 2).
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Information on market
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Statistics on visiting the
sites

Fig. 2. IAP informational model

Based on the informational model, we formed a structur-
al scheme for the construction, deployment, and support of
a unified knowledge space at the flexible re-structuring of
production, in accordance with market conditions (Fig. 3).

In Fig. 3, the following designations are used:

X, = xf,xi} — aset of potential clients (Web-customers);

{x}(i)ﬂ...xl(i) + n} — a set of potential orders; 7 is a natu-
ral number, i — a type of product;

Nimin — the minimally permissible number of orders for
the i-th type of product sufficient to place the order for
production;

EC — expert system;

UPP — unit for placing orders for production.

The essence of the developed IT is to determine the mini-
mum batch of each type of a product, which could ensure the
profitability of production and is justified for a VIE.

Information sputniks are also called the reflexive agents.
Reflexive agents represent the single-page sites that find
search engines based on the qualitative characteristics of
products proposed for production. IT takes into consider-
ation the number of queries to such sites, which is the basis
for determining the significance and priority of a product’s
characteristics when creating an order portfolio.

IT implies successive implementation of three main stag-
es — cumulative, analytical, and directive.

X = {xl',...x,',}

Potential
web-customers

1
1 X +1
20)

i \ TAP

1 1 \
{xlxy 2N, |

D
— U
[ ] —
N \ | IS |
ES . ES
static type dynamic type

Fig. 3. Block diagram of deployment and support of a unified
knowledge space at the flexible re-structuring of production
according to market conditions

Stage 1 (cumulative). It requires that each TAP user
should perform the following:

— Select User mode.

— Choose VIE product category.

— Select a particular type of product (products).

— Preliminary user registration.

— User profile form.

I:;‘;rt‘:’aecrt:f,;r"“rcolgi‘z? ; — Choice of place, method, and term of delivery of
supplyp Output products to the consumer.
Volumes of supply for machine — Enter consumer’s payment details.
cach type of a — Check the profitability of manufacturing.
manufactured product Fact base — Place an order.

Stage 2 (analytical). At this stage, an analysis is
carried out in the environment of ES over a certain pe-
riod (month, quarter) based on the information about
the concluded contracts for the supply of each type of
product, supply volumes, place, method and timing of
delivery to a customer.

Stage 3 (directive). Based on the analysis of market
conditions from the preceding stage, one forms decisions
in the environment of ES about production re-structuring;
a program of product output is determined for each type of
a product from the range of VIE products. The information
obtained at this stage enables the head of VIE to create rea-

sonable order for production.
Condition {xf(i) +1.x) +nt2 N,.. — the number of
ility of producing the i-th

n(i)
orders needed to achieve profita
product; in this case:

N,-min—ﬁnin

{xf(i)+1...x,1,(i)+n}—>max4 €))
The modeling subsystem for calculating the required

permissible production volume of the i-th type of product:
NiIIlin:xn1i.n7 (2)

where x,!i is the number of orders for the i-th type of prod-
uct; n is the quantity of the i-th product.

The corresponding finite-differential equation for the
permissible volume of production of the i-th type of product
takes the form:

Nimintn=%,'-n (initial value n=1). 3)

The born IT provides flexibility in the organization of
production at VIE by accounting for the dynamics of change
in market conditions.

Thus, it is possible to achieve the stable flow of orders
and the informativeness of the market object by applying
primitive reflexive agents.

4. 2. Mathematical model of allocating resources for
manufacture of products at a virtual instrument-making
enterprise

There is a resource in the amount R. Raw materials,
equipment, time, etc. can be used as a resource. There are N
users of the resource, each of which is assigned with function
W(r)), the effect achieved by j consumers when the amount of
the utilized resource is one. It is necessary to split the cash
resource among consumers so as to maximize the total effect,
that is, one needs to find

maxi\yj (r]) (4)

under condition



irj <R(r,20,j=12..,N).

J=1

Numerous meaningful interpretations of this task are well
known. There are other statements of a resource allocation
task, among which only two are taken into consideration here.

It is required to find min max ‘¥; (rj) under condition

ierR(erO,jzi,Q...,N). ()

=

The specified statement of the problem arises, for exam-
ple, in the distribution of equipment over a certain period in
a multichannel control system with time division of channels
or in a pulse control system over N objects through a single
communication channel.

For the case of control over a system with the time divi-
sion of channels, R is the period of switching channels; rj is
the time during which a communication channel operates in
the j-th control circuit. The allocation of time to control ob-
jects over a period should ensure that the error in the worst
channel is minimized.

In the following variant, it is required to find

max[Tw, (7). (6)

under condition

irj <R(r,20,j=12...,N).

j=t

One of IT’s tasks is to allocate resources to different
components of VIE production, which provides for the max-
imum probability of finding a correct solution to the task set
to an enterprise. For example, if R is the total time to execute
atask by an enterprise, and 7;is the time allocated to execute
the j-th subtask.

If the graph of function W(r;) is convex, that is if

P¥(r))/dr*<0 (j=1,2,.., N),

the solution to problem (3) is then unique, and it follows
from the conditions for a saddle point in a Lagrange func-
tion that the desired resource allocation is the solution to a
system of equations

d*¥(r))/dr*<0 (j=1, 2,.., N), )

N

er—R;O.
j=1

There may be two cases here:

1) a solution to system (7) does exist and then, due to the
concave function, it is unique;

2) a solution to system (7) does not exist. The latter
means the existence of dominant and recessive objects.

An object is called dominant (recessive) if a derivative
from the benefit function of this object over the entire range
of the change is greater (less) than the derivatives from the
benefit functions of other objects. In the case of dominant
objects, the entire resource is distributed among them.
Recessive objects do not receive a resource at all. Below we

shall consider a case of solution within the area of permis-
sible values of the distributed resource. You will see that
the proposed techniques for organizing collective behavior
ensure the attainment of optimal distribution even for the
case when a solution is boundary.

Similar to analyzing the allocation, if functions ¥;(r;) are
descending, the solution to problem (5) is unique and the de-
sired allocation of the resource is determined from a solution
to the system of equations

v (r)-A=0(j=12..,N)
N ) 8
er—Rzo ( )
j=1

Remarks on dominant and recessive objects hold for this
case as well.
When comparing (7) and (8), it follows that

T
N '

maxz'f\pj(x)dx; ©)

J=0 0

ensures

min max y,(7;), 10)
thus, techniques to solve task (4) clearly apply to the solu-
tion to problem (5). Therefore, we shall hereafter consider
only the solution to problem (4).

Solving a task on resource allocation has two aspects:
computational and managerial. In the case when functions
Wj(rj) are known, there is a computational problem of non-
linear programming, a series of ways to solve which are well
known. On the other hand, if functions Wj(r;) are a priori
unknown, and we know only their current values, and func-
tions themselves, as it often happens in practice, change over
time, then there is a problem on the operative redistribution
of resource during the functioning of the system, that is, a
control task.

Given the fact that the equations from system (7) are
partial derivatives from a Lagrange function, we can behave
in the decentralized fashion when setting a resource alloca-
tion task, which is based on the gradient method for solving
this task:

Such an approach is equivalent to the approach when
every consumer of a resource maximizes his local utility
function in the form:

x. <R

X at ;

M=

<
N

: an

x].>-R

&
&
Nl

N
2 Jj=1 X 7

where x;is the request from the j-th consumer of the resource.

Now, why not consider the local rules of conduct that
maximize the total effect. As follows from the above, the
required resource allocation is determined from the solution
to system (7), and the solution of system (7) corresponds to
a maximum of local benefit functions (10), provided that the
demand is equal to the proposal. Then it is only natural to
change the magnitude of request at every step according to
the following rules:



Ay, (1;(1))
Ar,(2)

X+ =x,(0)+ bt Y

X(t+1)=k(t)+k2|:ixj—R], (12)

=

where the price of a resource is formed by IAP based on the
difference between supply and demand.

It follows directly from (12) that the point of equilibrium
within a system corresponds to the optimal resource alloca-
tion. This raises the question of stability and attainability
of the equilibrium point. Difficulties associated with the
analysis of stability of such a system are in that the point of
equilibrium rests on hyperplane

>, 7 -R=0,

at whose opposite sides the resource is distributed by differ-
ent rules (11), which leads to a rupture in derivatives on the
hyperplane of constraints.

We can solve this complexity by changing the rules of
resource allocation among consumers. If the query amount
does not exceed the existing resource, then all requests
would still be met in full. If the query amount exceeds the
amount of the resource, then not the entire resource is dis-
tributed, and our share of the resource equal to ¢ remains
unallocated, that is

N
x; at z;ijR
=
"=V (R—g)x. ¥ . 13)
R-e), at y x;>R

N
. =1
z 1% 7

In this case, the optimal allocation would be not found
not for constraint

N

er—R=0,
=1

but for constraint

N
Y r-R=-=
=

In this case, the equilibrium point lies under the hyper-
plane

N
21 —R=0,
=1

inside the region where we seduce consumers. The amount
of the resource coincides with a demand for it, and the
behavior of system of equations (12) coincides with the
behavior of a difference scheme that implements the gra-
dient method. Then, the stability within small system (12)
holds for all the results in a small gradient method in
this task on nonlinear programming. System stability in
general requires, in addition to the stability of a pure gra-
dient method, the following characteristic for the system
trajectories in the parameter space x;. A different trajec-
tory after the finite number of hyperplane resettlements
would remain in the parameter domain that includes the
equilibrium point.

Consider the stability of a system of differential equa-
tions equivalent to the systems of difference equations (12).
In this case, we denote through ¢;(x;j) the function %
The ¢ parameter can be considered to be the accuracy of allo-
cation, or as a certain reserve, which should be kept at the
optimum allocation (in this case, when attaining the op-
timal distribution one can use the entire resource, includ-
ing the reserve &. We would also assume that price A can
accept values from interval [Lq, ko], where A, < XI,AZ <A,
while A; and A, can be derived from a priori estimates of
function ¢i (r;). Thus, consider the system

{xi =k (2 Xy X,) ((=1.200m)

Xy =k, $,., (2,2, .., X,,),

[ N
0, if x,, =2, > x;,-1+€20,

=

N
0, if x,,, =4, Y x,—~1+€<0,

=t

S (X, X500 x,) =

N
z x;—1+ein other cases,
L /=1

where g A,,A,,k,k, —some constants (e e(O,l);kpk2 >0)

0, if x,=0 and «x,,—u,<0
fi(x,x,,..,x,)=10, if x,=0 and x,,,—p,20

X, —W,;(x,,%,,...,x, )in other cases

n-
in this case

0, (x),

N
if ij,
=1

I’Li(xpxzv---yxn):
¢i[x1

N N
Zx]], if ij >1.
=

J=1

(14)

As regards numbers A,A, and function @, we shall
assume:

1) A, <hy,9,(0)=9,(0)=...=¢,(0), there is #>0 so that
forany i=12,...,m;

M =0,(0) <Ak, =0,(0)=af?;
2) there are @’ >0, a?>0(1<i<n) so that for any
A, =0,(0)<=A1,0,(0)—a® > h;

3) thereare a” >0, a" > 0(1< i< n)sothat forany & €(0,1),

ne(&1-¢)

0, (§+ﬂ)_¢i(§)

()
a,’ < N

<a®.

Note 1. Condition 3 is met, specifically, if function ¢, is
differentiated along (0,1).
Note 2. 1f conditions 2 and 3 are met, for any ne [0,1]

>"1 _q)i (n) < _hvxz _¢i (n) > h’

A =max{[A|[A,]}, ¢ =min(-0,(0)-a),



n
—mi (O] 2)
a=ming?, 43a",

D, =Y 0, (1),A=RA,
i=1

Next, we shall assume that system (14) has a single equi-
librium state x" = (x;,%,,..,%,,,) such that x* is the inner
point within region

G, = {x|x1 € [0,1],...,95” 6[0,1];

N
X e[k1,k2];2xj <1}, (15)
=
that is
N
Y ox,=1-e<1,

j=1
X, =0,(x)) € (A, 1), €(0,1).

The form of system (9) indicates that any trajectory of
the system, starting in region

X, ={x|x1 €[0,1],...x, €[0,1];x,., e[k1,k2]}

does not leave the set X with an increase in time, and point
x* is the only state of equilibrium in region

G=G,NX.
Let £", y be some constants, such that

“8(8_8)2) (16)
(nh +®,)

e e(0,8),ye (0

Then, while fulfilling the proposal, the following theo-
rem holds.

Theorem 1.1f €', y are selected from (16) and the fol-
lowing inequality is satisfied for &4 and k.

=0 :
—£>max A1| 1 *¢|, Alnk*, ) an
k, e-e fae(e—e)’

A+ @, i

the solution to system x=x" (14) is then asymptomatically
stable with the gravity domain X. The proof rests on the
following lemmas (whose proof is omitted).

2
Lemma 1. Let §>0 be a random number and &, > n;:&
€
Then no trajectory x(t) of system (9), such that
x(t*)eH={x 2x,=1}nX, (18)
=1

can lie in region X /G atall ¢ e[t*,t* +8].
Lemma 2. Let £">0 be some number from interval (0, &),

A .
ﬁ > 1‘}"‘7‘11‘ , (19)
k  e-¢

functions ¢, have derivatives along (0,1); ratio (15) is
satisfied. Then any trajectory x(t) of system (14), passing
at time ¢, at

teA":[t*,t’# (20)

&
k, (nk* + <D1)j|7
would be in layer

GE, = {x

ixje[1—8*,1:|‘}ﬂG

and, therefore, does not leave region G.
Lemma 3. A time derivative from function

*

v(x)= ;(x] —x;)+%(xn+1 o 1)

given the power of system (14), is integral, and in this case
the set

w={s

does not contain the entire trajectories of system (14).

Lemma 4. Under the accepted assumptions for & and
k,, any trajectory x(¢) of system (14) cannot cross the hy-
perplane

i (22)

do(x) _ 0}

Y x;=1-¢ more than N‘”:|:U(x(0))+1:|+1 times
' Y

J=1

in this case, |a| denotes an integer part of number o.

In conclusion, we note that if functions ¢, are such that
aV <a® <0, then, at k <0, k,<0 there is a statement sim-
ilar to the statement of the theorem.

Let there be ten consumers within a system with local
functions
(w,(r)=2,125In(1+7,),

v, (r,)=2125In(1+1,),

‘Vs(rs):\/z’
\|I4(7’4)=\/£7

\vs(rs)=ﬁsin£rs,
T 3

Yo (75) =2sinr,

W, (1) =1(2,125-1,),
1

Ws(rs):§73(4y25_rg)y

V(1) =2,25(1-¢ "),
»Wlo(rm) =2,25(1-¢).

(23)

In the considered example, R=1.

Note that the resource consumers do not know the
form of their function y,(7;) and are guided only by its
current values. Resource allocation quickly converges to
the optimum.

The above-considered mathematical model has draw-
backs caused by several reasons.

First, if this can be solved by a gradient method and there
is a possibility for a local determination of partial derivatives
from the function maximized (minimized), the organization
of collective behavior is not very difficult. Studying such
models, except overcoming a series of task-specific diffi-



culties, does not provide any substantial material for the
advancement in the study of collective behavior.

Second, the use of Lagrange’s multipliers is natural, as
it allows for a convenient meaningful interpretation, for ex-
ample, price, but determining the values for Lagrange multi-
pliers requires that this task should be solved by ITAP. When
studying models of collective behavior, there is a natural
desire to maximally simplify the IAP functions, by passing
all the difficulties in solving a task to the common behavior
of the members of a collective.

In complex systems, they often distinguish informational,
energy, and material flows. It should be remembered in this
case that the energy and material flows carry information
about the location of at least the amount of transferred energy
or materials. This principle underlies a humoral regulation in
a heavenly body. To control such a complex organism as an
anthill, the information contained in the fluxes of common
food digestion is perhaps more important than sharing signals
by individual ants. These considerations kickstarted us to try,
in the organization of a collective behavior for a resource allo-
cation task, to use the information contained in the amount of
the resources coming from each consumer.

To assess the effectiveness of behavior of each consumer,
one needs to know the amount of income, that is, the differ-
ence between the “production” w,(r;) and the cost of the
spent resource Ar;=C

It follows from the gradient method for solving a re-
source allocation task that a consumer must know a resource
price, that is

(24)

The latter suggests using, as a parameter of interaction,
not a request to smoke the required amount, but a certain
amount of money C; for which the j-th consumer asks to al-
locate a resource. Once again, we warn that all the economic
terms used in the description of the organization of behavior
are purely conditional. All applications for a resource in
monetary terms are sent to the center where the resource is
allocated proportionally to the money received, that is

RC;
(25)
VTyle
Then the price for a resource unit equals
21?[—161'
A="———, (26)

R

and is easily restored by the consumer based on the amount

C.
of the resulting resource A =—Z. Hence, the obvious organi-
7.
. . J
zation of behavior.

We find it easy to see that a solution to system

¥, ¢ _,

27

coincides with the solution to system (7), and C;=r,.
Therefore, the method of “naove gradient”, based on (27),
must have an equilibrium point, it coincides with the opti-
mum distribution of the resource.

To organize collective behavior that ensures optimal
crack allocation, we would demand that every consumer
should at each step submit a request to IAP for the desired
amount of resource C;. The TAP allocates the resource in pro-
portion to applications, received in accordance with (26). In
this case, the magnitude of the request at each step is formed
by consumers as follows:

AY;(r) €
Ar, ro|

J

(28)

Cj(t+1)=Cj(t)+k[

Consider the problem on allocating resource R among
N

N consumers, ensuring max » y;(r;) under constraint
=

+)<0. (29)

(r1,7’2,
If functions y; ( ) are convex

{dzwj(rp

<0 d ®(r,7,,...,7,)<0
dr]z ) an (7’1 7’2 TN)

is an ascending function

p | QPO ) | S oqa N,
Y or

J

the optimal allocation is unique and is determined from solv-
ing a system of equations

d‘l’j(rz) BCD(Wz ..... rN):0]_12 N
dr, dr, o (30)
(D(’lrz,...er) =0

When a series of conditions are satisfied, this system can
be solved by a gradient method:

(31

Similarly to the previous case, every consumer of the
resource sends to IAP, at each cycle of system operation, a
certain “amount of money” C, and receives a certain piece
of resource rj. The consumer must form his/her request so as
to maximize the local benefit function

8,=dv (r,)-Gi. (32)

S; achieves a maximum at a point that meets the con-
dition

a8, dy(r) oC,

= -—L=0. 33
dr, dr; or (33)

j

At fixed A, it can be assumed that C; =4 7;,, where A,

J'i’
the price of resource of the j-th consumer. Note that



ds. 0s, oOr

J_ Vi J
Bcj Brj ac].

and the conditions for an extremum of Sj for r; and Cjcoin-
cide. Local price

can be restored to the consumer. Thus, in order for the sys-

tem to reach a conditional extremum, it is necessary that the

resource at IAP should be distributed such that
i,y 0%(nr )

7, dr.

J J

(34)

Hence, it follows that parts of the resource that are allo-
cated to consumers are determined at IAP by implementing
the system of equations

61
T acb(’ﬁ’ﬁ ..... rN)
dr (35)

and the local behavior rule, according to (31), takes the form

AC.(I)=k[AWj(rj)—Cj(t)].
! Ar(t) 1 (0)

We find it easy to reveal that the situations of equilibri-
um (31) and (36), considering (35), coincide.

There is a question about the conditions under which
a difference equation system (36) is stable. This issue, due
to significant analytical difficulties, was not investigated.
However, at a reasonable choice of coefficient &, a solution to
system (36) converges with a satisfactory speed. Once again
note that the results indicate only that system (36) is robust.

(36)

5. Discussion of results of studying the re-structuring of
virtual instrument-making enterprises

We have designed an informational-analytical portal,
which ensures the accumulation and processing of informa-
tion about market conditions. In addition, the process model
of the informational-analytical portal has been developed,
which makes it possible for a client to place the orders,
which are then transferred to production. When the nec-
essary conditions of feasibility (profitability) of production
of a specific type of product are met, the order is added to
the product range in production. The information model of
IAP has been proposed. Based on the information model,
a structural scheme has been devised for the construction,
deployment, and support of a unified knowledge space at the
flexible re-structuring of production, according to market
conditions.

We have constructed a mathematical model for the jus-
tification of resource allocation for VIE production. Deter-
mining the profitability of output is calculated according to
a formula that includes a set of potential orders. The number
of orders is determined using ITAP. The finite-difference
equation for the maximally permissible volume of production

of a particular type of products has been proposed. The ob-
tained calculation results make it possible to solve the task
on re-structuring production.

Our study has established that the development of infor-
mation technologies in order to manage virtual enterprises
makes it possible to allocate human resources in the orga-
nization. However, there are unresolved issues related to
decision-making on determining the expediency of making
a particular type of products and the maximally permissible
production volumes, as well as the allocation of production
resources. Through the creation of I'T elements, we managed
to adapt a virtual production to market conditions, thereby
defining and allocating the required resources. To ensure
regular operation of IAP, it is necessary to give us a modern
server with wide possibilities of processing a significant
number of information flows.

The disadvantage of the proposed models relates to that
the analysis and decision support are formed solely based on
statistical data acquired by a portal, a site, or other Internet
resources. And it was not taken into consideration that there
are generations and categories of people who for some reason
cannot use Internet. Thus, the data transmitted to the sys-
tem to calculate the maximally permissible amount of man-
ufacture of the product are not accurate, and have a rather
large error. Therefore, this issue is still open and requires
deeper research, implying taking into consideration more
information channels for collecting static data on specific
properties of products that influence an enterprise’s decision
on further functioning.

The current study could be advanced by the develop-
ment of additional IT elements, which could be based on
methods or models to form a product’s structure with new
qualitative properties, required by market conditions. Fur-
ther development of this study must deal with approaches
for creating additional information channels to collect stat-
ic data on the need in new properties of products. Probable
approaches could include questionnaires and polling of
potential customers.

Planning the further development of the current re-
search may be aimed at improving IT for decision making
on the re-structuring of VIE production. In particular, IT
can be developed in the direction of forecasting the probable
terms of each stage of making a product.

6. Conclusions

1. Using the proposed IT solves the task on the expedi-
ence of re-structuring production and on planning a pro-
gram to release each type of product according to market
conditions. Making a decision on re-structuring VIE pro-
duction is based on:

— creation of a structural scheme for deploying and
maintaining a unified knowledge space at [AP at the flexible
re-structuring of production according to market conditions;

— determining the profitability of industrial output ac-
cording to the number of requests from potential buyers
about the properties of a product or the functions that the
consumer wants to see in the new product;

— calculating, in the form of a formula, the minimally
permissible volume of certain type of a product, determined
based on its profitability;

— determining the expediency of producing possible
types of VIE products.



2. We have substantiated the rational allocation of re-
sources to make VIE products by creating a mathematical
model, which is an element of IT. The aim of this model is to
gain competitive advantage in the market for the proposed
product and VIE in general.

The proposed elements of IT provide for the cal-
culation of a certain quantity of production resources,
their qualitative composition for the production of VIE
products, which is a significant for re-structuring, as it is

important not only to make what the market requires but
to make a product on time. In this case, the product must
be of high quality and certified. These moments lie on the
shoulders of production resources. A decision by a VIE
head on resource allocation is determined by the criteria:
quality, timing, price, etc. The choice of a subcontractor
is almost the most important and the most responsible
moment in the implementation of a VIE product output
program.
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