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DEVELOPMENT OF DYNAMIC MODEL

OF FORMING INVESTMENT VALUE OF
RESOURCES IN INFORMATION SYSTEMS
OF INTEGRATED SERVICE NETWORKS

O6’ckmom docnidcenns € ineecmuyiting 6apmicms Uino60i NOIIMUKU, MAKCUMIZAUTT THEECMULIH020 NPpUOYMKY
y poseumy ingopmayiiinoi cucmemu. OOnum i3 HaubLILUL NPOOIEMIUUX MICUb € BUSHAUCHHA BAPTMOCTIE KOPE2Y AN
6X10H020 THBECTNUUILII020 PECYPCY 3 BPAXYBANHAM OUHAMIUHOZ0 KOPUZYIOUOZ0 eleMenmy, CKAA0060i 3MilH020 yacy
ma 6asuctozo ineecmuyininozo pecypcy. Ipu xapaxmepucmuuyi HesMinnocmi KoIueanus 6i3nec yukiie Kinouo60i0
npooIEMOI0 € OOMeNCeNHA HAOAHHSL MA CRONCUBANHS BUXIOHOT 8APMOCME IHBECMUUITIHUX PecyPCié Ma CKAAOHOCMI
Oughepenyianviiozo Kopuzysanis Gaxmopis supobuuymea. A maxoic 3acmocyeanis memooy Niniinozo 6azamo-
NOMOK0B020 MOOCIIOBANII THBECTNUUILI020 NPOUECY BAPMOCTMI IHYOPMAUTII020 Pecypcy, wo 0036019€ udeper-
UIaIbHO Pezyio8amu 3MinY Uinu iLghopmanitinozo pecypcy, Kk 6UXIOHOT 6apmocmi CROJNCUBAHIL, MAK | KOPe2YBans
IHBECMUYITIHOT 6APMOCMI AKMUBIE.

B x00i docridacenns suxopucmosyeascs nioxio Ainiinozo Mooemosanis 6eJuduni Haoxooxicenns ma Haoau-
ns ingopmayitinux pecypcie 6 Mooeni OUNAMIUN020 THEECMULILI020 NPOUECY, W0 00360LAE YCYHYMU KOIUCAHHI
8apmocmi iHBeCMUYIUH020 NPOYECY Y 8apmocmi ma OKYNnHoCcmi.

Ompumarno mpvoxcmyninuamy npoyedypry Mooeib PO3PAXYHKY 6apmocmi iHpopmauitinozo pecypcy 6 ouna-
MIUHOMY THEECTNUUTHHOMY NPOUECE 3 MOJCAUBOCTIIO Nepe2soy yini ma peyaosanis 00 €My 6apmocmi Ha0ans
ma cnoxicueanmsi.

Pospobreno exonomiunuil 3micm yino80i NOAIMUKU OLs CUMYAUil, 6 KOMPUX MEPeNcesa MONCIUGICID ULIbHO
obmedcena yinoio CRoOACUBANH, 06 eEMOM ma sapmicmio. A Maxoic, SKUO MePeNcesUti ONepamop OuiHoe NOCIY2u
He 0320l MOMCAUB020 0OMENEHHSL MA Y BUNAOKY 2APAHMYEAHHS NOCIY2U THPOPMAYIUHOT cucmeMu, Koau
ingopmauitina cucmema ne modce ionogidamu sumozam suxonanis. II[o0o yvozo sunadky ompumana cmpamezis
NOKA3YE, Wo Y iHGOpMayiinoi cucmemu NiONPUEMCMEA NOBUHNHA MICMUMUCH MONCIUBICND OUHAMIUHOZ0 Dezy-
m08anns 00°eMy CRONCUBANIS, HAOAHIS THOOPMAUIINUX PecypCie ma OUHAMIUNE Pe2yI08aHHA THECCMUitinOT

Chapran S.

CK1ad060T 8apmocmi akxmueis.

Bubiprxosicmv danozo nioxody 6 xomniexcuin unamiyl ineecmuyiinoi eapmocmi ingopmauitinoi cucmemu
micmums Henosuy ouinky 0anozo eudy npodyxmy. Tomy mae icnyeamu cxema nocmiinozo nepeziady i eapmocmi,
wo Micmumo OuHAMIIY CKAA008Y THEECMUUILNOT sapmocmi THpOpMauitinoi cucmemu.

Kmouosi cnosa: ingopmayitina cucmema, ounamiuie pezyrioeanis, Ounamivie iHGecmysanis, Ynpasiinis

UIHOBOM0 NOJIMUKOIO.

1. Introduction

In the context of the variability of economic processes,
the speed of development and the scale of complexity
acquire the planning of business processes by the nature
of their fluid, containing many components of informa-
tion and investment resources, influencing the forma-
tion of both assets and investment sources. In turn, the
dependence of the investment process on the develop-
ment of information systems of their integration makes
it possible to identify the dynamic component of the
formation of value, the adjustment of the value of as-
sets, ensuring a cyclic calculation and consumption with
the regulating price factor itself, as some dynamic linear
magnitude.

Actual in the study there is the need to develop such
system for formation of the investment value of the re-
sources of the information system for provision of service
that ensures the regulation of the cost of the business
process and investment payback.

2. The ohject of research
and its technological audit

The object of research is the investment pricing policy
for formation of the cost of resources of information systems
of integrated service networks for various types of services.

At present, with the rapid development of informa-
tion and telecommunication systems, it is important to
develop effective schemes for the formation of the cost
of resources for various types of services.

The economic component of the formation of the cost
of information resources contains an integral investment
component of the information system. At present, in most
cases, there is a practice of transferring all types of costs
for the formation of both a given service and the entire
list of services to the cost of the service itself in the
manner of normal distribution, depending on the weight
of the elements and the total cost.

The selectivity of this approach in the complex dynamics
of the investment value of the information system contains
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an incomplete estimate of this type of product. Therefore,
there should be a scheme for a constant review of its value,
to contain a dynamic component of the investment value
of an information system with the following properties:

— taking into account the weight, importance of the

service;

— accounting frequency of the service request;

— accounting for the impact of this service on the

quality of services already provided;

— «reserve of value» for this service — that is, the

level of its paying, the implementation of prepayment.

This means that it is necessary to pay for network

resources already, and the funds for their use will be

received in the next period.

That is, they should note that consumers will be ready
to pay the full cost, and service providers provide them
only when the maximum number of services (in the case
under study, data cells) will be entered in the buffer (pur-
chased) and transferred if the services are guaranteed to
be paid (prepaid) (Fig. 1).

no

Full prepayment for
products, willingness to
pay

Retail final unit price

Unit of production

accepted yes

no

Buffer production
volume

Unit of production
accepted

Capacity of
consumption
volume

Unit of production
accepted

Fig. 1. Dynamic model of formation of investment cost of resources of the information system

for obtaining the greatest number of services

The data is located in the buffer space (the amount
of stock). If it is not enough, some of the cells will be
omitted (ignored).

3. The aim and ohjectives of research

The aim of research is obtaining a model for formation
of the cost of an information system of integrated service
networks with the possibility of reverse adjustment of the
price of services to the volume of consumption and the
structure of assets.

To achieve this aim, it is necessary to perform a num-
ber of tasks:

1. To make the system of formation of the cost of ser-
vices such that the volume of consumption corresponds
to the volume of their guaranteed provision.

Units of production ignored and rejected

Units of production ignored and rejected

2. To ensure the existence of continuity with the dy-
namic component of the investment process, the length
of the business cycle.

4. Research of existing solutions
of the prohlem

Among the studies devoted to solving the problem of
the characteristics of information systems of integrated
service networks identified in the resources of the world
scientific periodicals, work [1] devoted to the formation of
investment value can be singled out and also works [2, 3],
which deal with the formation of investment value in con-
ditions of dynamic regulation of investments. The pricing
policy of the information system is shown in [4].

An alternative solution to the problem of price policy
management, set forth in [5, 6], does not provide for re-
verse regulation of the cost of integrated services. Taking
into account the opinion of the authors that the cost of
integrated service network services depends on the volume
of investments [5, 6], feedback is
shown in [7, 8].

The possibility of dynamic regu-
lation with differential dependence
of the initial value to the volume
of provision of services and the in-
vestment value of resources is also
considered [9, 10].

Thus, the results of the analy-
sis lead to the conclusion that it
is possible to calculate the value of
the investment value of assets aimed
at ensuring the development of an
information system of integrated
service networks with an internal
adjustment of the cost of services.

5. Methods of research

Let’s describe the characteristics
of the model and the dependence.
In this model, users upload data
to the previous payment. Let’s as-
sume that all cells are loaded into
the buffer (By).

Willingness to pay for each cell
sent to the network, which was given
the advantage.

Each time in a time (z), the network sets the cut-off
price py(t), which is a function of both variables, both
the present size and the possibility of prepayment of the
future receiving of data cells. All cells will be accepted
if and only if the willingness to pay for a cell is greater
than py(¢) and for py(¢) will also be paid for downloads
for each cell. Accepted (recognized) cells will be addressed
to the buffer and should correspond to the length and
size of the buffer. When the cells are already addressed
to the buffer, they will be subsequently transferred to the
end user, depending on the specific order of the algorithm:
first receiving, payment priority [1].

Assuming that at the present time (z), the cell recei-
ving process is a Poisson distribution of two variables with
the expected value A,(0,¢) and the acceptance is also
a Poisson distribution of the expected value A,[p,(¢), t].
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Let’s define Sy(¢) as an instantaneous indicator of the
transfer of cells for a certain time, then:

Sy(O<Cr = s[q1(0),q2(0)....qn(0) ], (D
where s[g1(£),q2(0),....qn(¢)] — the indicator of the instan-
taneous transmission size of all guaranteed cells, which is
a function of the number of executed cells.

Formula (1) illustrates the instantaneous transmission
of the entire number of cells, which is not capable of
exceeding the bandwidth.

When accepting the proposed data, then:

1) the accepted cells will constitute a Poisson process;

2) the value of instantaneous transmission will depend
both on the capacity of service providers and on each
casual recipient;

3) the size of the volume of the receiving side of the
information system is limited. There is a possibility that
even accepted service network services with items in data
cells (cells for which it is possible to pay more for be-
fore, and not as a price for failure) can be lost due to
the temporary fullness of the volume of the transmitting
side of the service network.

Let’s specify v(¢, At) how the number of cells actually
admitted to the buffer during the interval [¢, ¢+At], when
the instantaneous value can be determined as:

Db(t) At)

@y (¢) =lim ——, 2

where ®,(¢) — random variable and take the expected value:

o, (1) < A p(0),0)], 3)

where g(¢t) is defined as the number of cells in the buffer
for a time interval ¢

b _ t t 4
—g = O O=5(0), (4)
sp(t)=qp(t)<Bs. 6

On this structure, let’s build the assumptions of the
Model of the optimal price policy.

Let’s suppose that network operators want to maximize
gross profit during a period formed by multiple identical
business cycles (for example, the other day).

The length of the cycle is T for its optimal use, it
is possible to have a schedule for the cost of each type
of guaranteed service p;(¢) and the maximum number of
services that can be performed when they are purchased
at their own expense py(¢) and the amount of bandwidth
to maximize the following objectives.

1. Variables in the definition of «guaranteed services»:

— N — different number of services;

— pi(t) — the cost of the service unit i, as a function

of the start time of the call ¢

— Ai(pi,t) — the time of service receiving i for a time ¢

at a price p;

— 7; — the number of cell calls i

— qi(t) — the number of cell calls i in time ¢

— qi(t) — the expected value g;(¢);

— s[q1(t),q2(2),...qn(t)] — the total indicator of all gua-

ranteed services in time ¢

— 5[qi(t),q,(),...,qy(t)] — the average of all the guaran-

teed services for the time

— B;(t) — the probability of the desired blocking of

the service i for the time ¢.

2. Variables describing the maximum number of ser-
vices that can be provided on condition that they are
purchased at their own expense:

— pp(t) — the price for one admitted cell in the buffer

in time ¢

— qp(t) — the required length of the maximum number

of services in time ¢

— sp(t) — the transfer rate of cells in time

— sp(t) — the indicator of the admitted cells, that is, the

receiving frequency of cells for which they are ready to

pay more than py(¢); ®,(¢) — an indicator of available
cells in time ¢ ®,(¢) — expected value ®,[p,(¢),¢].

3. Other variables:

— T — length of the business cycle;

— CqT - total throughput;

— KC7 — depreciation, write-off of the value of invest-

ments during one business cycle;

— B, — buffer size.

T s
j{ (1 2 () ]p1<t>+mb(t>pb}dt K(Cr),  (6)

at requirements:

%=(1—Bi)xi<p,-,t>—nm >0,i=1N, Q)

AlGO), s Bi) B Cr, ®)

%= O (6)=53(0), ©)
where

a(0)=By @,()<3,(0), (10)

0<0b(t)< B, (11)

HOSCr = s[q10ax(D),-an (D], (12)
where

(D=0, (1) 5,(0), (13)

qi(0)=qio, i=1,N. (14)

In formula (6), (1-B,)A;(p;,t) — expected value of
the service call i, which will be allowed during the period
[¢, t+d¢], multiplying these digits by the unit cost pi(t)
and the expected call time 1/ yields the expected re-
venue from all service calls, which are allowed in this
interval.

During the time #, the network also creates a price
for each cell of the largest number of services that are
put into the buffer, and w,(¢)d¢ — the expected number
of cells nested in the buffer during the time .

The total profitability is calculated by summing up
the expected income of all services provided during [0, 7]
minus the write-off of the cost.
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6. Research resulis

The three-stage procedural model is constructed by
research results for optimization of practical applica-
tion (Fig. 2).

Stage 1. Optimal amount of
investment

l Optimum quantity capacity,
preferably capacity

Stage 2. Optimal price for
a guaranteed number

of services
Download from the service
l provider of guaranteed
services

Stage 3. The final price in the
case of immediate payment for
the greatest number of
guaranteed services

Non-factual price for the
use of bandwidth channels

Fig. 2. By research results for optimization of practical application

Decision. Degree 1. The optimal amount of investment
in this block is decided:

— Cr — the total amount of transmission frequencies;

— Bi(t), i=1,N — desirable opportunity to block for

each guaranteed service at any time;

— [0,7] in the time interval M of each length W,

(m=1,M), the average frequency of receiving during

the entire time of this interval;

— Xin — the average frequency of receiving is defined

as the price pin:

Jl . Jki(r)dr
N = ——— 15
m wm ( )
Let’s assume that the cells are received during the
interval [m—2, m—1], at which, let’s have an impact on
traffic loading during the interval [m—1, m]. B,, — the
possibility of blocking during the interval [m—1, m], which
is a function of network loading during the interval.
Network controls for the pjm, pym, Cr operator to maxi-
mize total profit:

N (1_Bim )}"ﬂn(pzm )pm

M
max S| Z T n T|-K@). (16)
! + pbmkbm(pbm)
provided that:
1_ im }\‘im im
B o
T
Bgle(aim)i:LNyCT)v (18)
where
32 = (Blmy-"’BNm)v
SIA=Bi)Gimsi=L,N]+ Ay, <T, m=1,M. (19)

By giving the value of the sum of frequencies C;
and the probability of optimal blocking (B;(¢), i=1,N),

calculated in the first stage, it is possible to simplify the
model of the optimal price given in formulas (6)—(14):

max
pi(0),py (1)

JT{Z[l—th)]xi(pi,t)—nq,(t)]},z'=1,N, (20)

0

when
CZ = (=B (Pt - 1g.(O)], i=1LN, 1)
AG ()G i1 (), By (D] Cr, 22)
Ao (Do, ) +S[q1(6), ., Gn ()] < Cr, 23)
qi(0)=gx, i=1, N. 28)

Let’s assume that the optimal solution exists for this
price model. The optimal solution in (20)—(24) must obey
the following, which gives an optimal pricing policy.

The optimal pricing policy is the solution. Let’s assume
that p; (), p,(t) — the optimal solution in the price model
is defined in (20)—(24), then:

oo &L
1) Pi(t)—m‘hi(f) and
N 8;,(p;,t) .
Pb(l)—m'lz(l)v (25)
if L()>0, h(t)>0, i=1, N;
i :)t *
D) HO=T5D o) and O=p0O, 26)
if L(t)=0, h(t)>0, i=1, N:
3) pi()=pl(t) and p;(t)=p)(), (27)

if 1(t)=0,i=1N,

where p; () — maximization of p; (£)A.2(p;,t); p?(t) — maxi-
mization of p,(t)A,(p,t);

. oA pi P oA, p;t.
Si(Piyl)—a*pi'Tiy Sl(pi’t)_ﬂim.fb’ (28)

r| 0A ds ) .
hi(t):L 511 T+8?]- re 0O |dt |, i=1,N;

hi(t) — the Lagrangian multiplied by the restriction (28);
[i(t) — the Lagrangian multiplied by the restriction (29).

The economic content of the price policy, shown in (25),
develops for the situation in which the network opportunity
is tightly limited by the price of consumption, volume
and cost. If the network operator evaluates the services
without considering a possible limitation, in the case of
guaranteeing the information system service, when the
network can’t meet the performance requirements, some
services will be blocked by value.

If the greatest number of services, the number of al-
lowed cells exceed the number of transferred, then the
queue will grow infinitely.

(29)
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In this scenario, the obtained strategy shows that the
information system of the network operator of an enterprise
should contain the possibility of connecting the cost for
each service (hi(t) for the guaranteed number of services,
and [5(¢) for the largest number of services). And also the
prices of network services, as some material product. The
cost of marginal costs of production should be replaced
by costs in the likelihood of their occurrence.

7. SWOT analysis of research resulis

Strengths. The positive strengths of research include:

— increase in the load of the information service net-

work of the enterprise;

— increase in the productivity of information processing;

— reduce in the level of system losses through more

efficient use;

— reduction and adjustment of the internal price of

services;

— adequate amount of investment assets of the service

network is ensured with the possibility of its dynamic

regulation.

Weaknesses. The weaknesses of the research results include
the complication of the interaction between the optimality
of loading and the efficiency of consumption of informa-
tion service network services, which leads to a constant
increase in investment in the components of the system.

Opportunities. The prospect of further research can be
the solution of the problem of multi-threaded investment
projects in development of an information system with
the coordination of the cost of services at the time and
the future cost of services.

Threats. Threats to the negative nature of the research
object are factors of the future value of the attracted invest-
ment resources, which significantly unbalance the length
of the business cycles of business processes, reducing the
expected amount of payback complicating the calculation
of the cost of information network services.

1. The system of cost formation is developed, in which
the volume will be assigned to connect the cost for each
service hi(t), for the guaranteed number of services, and
Iy(t) for the largest number of services.

2. As a result of the conducted research, the model of
cost formation of the information system of the integrated
service network is obtained, which allows dynamically to

take into account the cost of each service at a time and
also to regulate the volume of consumption, depending
on the final price of a unit of consumption, followed by
a cycle of adjusting the size of investment assets. The
dynamic consistency of the model with respect to the
business cycle is made, taking into account the system’s
capacity and the investment payback of the process.
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