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APPLICATION OF UNCONDITIONAL OPTIMIZATION METHODS
IN THE DEVELOPMENT OF INTEGRATED BUSINESS - MODELS
OF PRODUCTION AND CONSUMPTION OF INFOCOMMUNICATIONS

Abstract. The subject matter of the article is information processing in the production and consumption of info-
communication services in multiservice networks. The goal of the study is to investigate the process of information processing
in multiservice networks and to identify the quality class management tasks of infocommunication services production and
consumption could be connected by methods of the several variable functions unconditional optimization. The tasks to be
solved are: to analyze the processes of production and use of infocommunication technologies, taking into account the possibil-
ity of their optimization according to the QoS procedure; to propose a formulation of the QoS procedure optimization problem
in a form suitable for solving by unconstrained optimization methods; to investigate the unconditional optimization applica-
tion possibility of the methods according to the QoS procedure in the production and consumption of infocommunication ser-
vices. General scientific and special methods of scientific knowledge are used. The following results were obtained: On the basis
of the analysis of production processes and use of information communication services in different segments of the service market
the possibilities of infocommunication services optimizing for QoS procedures were identified. The problem of optimization in
multiservice networks providing QoS to be formulated as a problem of unconditional optimization of the two variables function.
The possibility of applied use of methods of crazy optimization of QoS procedure is shown on the application of integral business
model of convergent production and implementation of information communication services. Conclusions. The production and
use of infocommunication services today is convergent. The definition of a single variable for the coordination of processes in the
entire chain of production and consumption of infocommunication services on a unified criterion will support QoS convergent
production and implementation of infocommunication services. Really, the analytical method is practically not implemented in
multiservice networks, as it is difficult to approximate the second derivative. If a simple approximation of the first derivative is
possible, use gradient methods. The simplest to implement method is considered to be the method of fragmentation of the step.
The definition of optimization paths by the QoS procedure will provide in the multi-service networks in the field of state regu-
lation the necessary reliability, security and efficiency, in particular by optimizing the time of packets.

Keywords: Quality of Service, multiservice networks, numerical optimization methods, infocommunication services.

Formulation of the problem
and research tasks

The different types of economic activities of info-
communication functioning varies in their organization-
al structures, business processes, development patterns
and causes the need to implement different ways to im-
prove the properties of the production and consumption
of infocommunication services. (ICS). The emergence
of new players in this services market segment, the allo-
cation of the service sphere of infocommunication and
increasing role dictate the need to develop new science-
based approaches to create business models based on
costs and results of all market participants.

With the replacement of traditional communication
services by new multiservice and stiff competition on the
part of mobile ICS, a contradiction arises between the
increasing needs for information transfer and the dimin-
ishing capabilities of communication operators. The simul-
taneous provision of access to different services (standard
telephony, IP telephony, WEB services, organization of
virtual private networks) requires the development of
methods for ensuring end-to-end guaranteed quality of
communication services (Quality of Service, QoS) for the
transmission of different types of traffic through the inter-
acting networks of different operators. Given the abun-
dance of QoS routing methods and QoS architectures, it
becomes necessary to harmonize (harmonize) the latter.

In this regard, the development of business pro-
cesses, methods, technological procedures and algo-

rithms, optimal by one or more criteria for the compati-
bility of existing and prospective means of providing
QoS of multiservice networks seems relevant.

Analysis of recent research and publications.
indicate the relevance of the research. The eTOM (elec-
tronic Telecom Operation Map) architecture harmonizes
the processes and functions in different systems of oper-
ational support for telecommunications operators
through the same schemes [1].

This approach does not fully meet the goals of en-
suring end-to-end QoS, since the presence of the same
functions does not guarantee the compatibility of the
mechanisms for implementing these functions, for ex-
ample, at the compatibility level of the QoS feature lists.

The analysis in the source [2] allows us to con-
clude that there is currently no universal routing algo-
rithm with QoS. Taking into account the technical and
structural complexity of existing communication net-
works, the development of a universal algorithm is a
difficult task to formalize.

The concept of quality metrics presented in [2]
gives a certain formalization of traffic transmission
quality assessment by several parameters (delay, delay
jitter, cost of missing the load), but the mechanisms of
its optimization are not fully disclosed.

The goal of the study is to investigate the process
of information processing in multiservice networks and
to identify the quality class management tasks of infor-
mation and communication services production and
consumption could be connected by methods of the sev-

© Zolotaryov V., Kramchaninov A., Piskun S., Bakanov K., Zaverukha V., Chalapko V., 2022 15
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eral variable functions unconditional optimization. This
goal defined the following research tasks:

—to analyze the processes of production and use of
infocommunication technologies, taking into account
the possibility of their optimization according to the
QoS procedure;

— to propose a formulation of the QoS procedure
optimization problem in a form suitable for solving by
unconstrained optimization methods;

— to investigate the unconditional optimization ap-
plication possibility of the methods according to the
QoS procedure in the production and consumption of
infocommunication services.

General scientific and special methods of scien-
tific knowledge are used.

1.Analysis of IC processes and the possibility
of their optimization by QoS procedure

The production and use of infocommunication ser-
vices today is convergent. The modern user of ICS con-
sumes both communication services and information
service in the form of content and applications, manu-
facturers and providers of services can be completely
different in terms of both types of communication and
services offered. In this case, the business related to
terminals, content and applications, as well as direct
customer service (contract, payment, service), can be an
independent link in the chain of production and con-
sumption of ICS. Different manifestations of conver-
gence suggest that the convergence of different commu-
nication networks is functional in order to provide the
client with the full range of services in one place from
different terminals and access points.

The implementation of such goals is possible with-
in the framework of the integrated business model, as it
would reduce those ICS processes and optimize them
for the purpose of the QoS procedure. When transfer-
ring tribute from multiservice fenders, call the service
provider to assess the following key parameters:

— Bandwidth — the transmittance, characterizes the
width of the channel,

— Delay — level of delay in sending the package;

— Jitter — number of receptions when sending
packets;

— Packet Loss — the number of packets, character-
izing the number of packets appear in the lower trans-
mission.

The quality of the number control of the parame-
ters is surrounded by the possibilities of the hedgehog
possession. QoS detection is a whole mechanism that
allows information to be given a smog throughput, low-
ering the level of jitter and catching up, gaining im-
portant packets from being lost [3].

In the process of data processing and transmission
in the nodes of multiservice networks, in the general
case, a fairly large set of optimization problems is con-
sidered. This set of tasks is formed, as a rule, network,
transport and session levels of the reference model of
open systems interaction (OSI), for example, in routing,
traffic management, data processing, etc.

Note that the solution of the optimization problem
involves the presence of an analytical function and the

search for its minimum or maximum, ie the definition of
a variable that would correspond to the quantitative val-
ue of the parameter of service quality. In the simplest
case, this may be the time or number of packets or the
time of a particular operation, such as the passage of a
packet along a certain route.

This formalization will allow optimizing the quali-
ty of service in multiservice networks using a mathe-
matical apparatus for studying functions within the dif-
ferential calculus.

That is, the definition of a single variable for the
coordination of processes in the entire chain of produc-
tion and consumption of ICS on a unified criterion will
support QoS convergent production and implementation
of infocommunication services. This is very possible, as
most ICSs are fairly deeply standardized and inter-
changeable. For example, communication or transmis-
sion channels of IP traffic are organized in different
transmission systems and therefore can be interchange-
able.

Thus, such a class of tasks can include the estima-
tion of the time of a single packet passing through the
return route in a multi-service network of an integrated
model of the information communication business.

However, not all optimization tasks that arise in
the process of information processing in MSS are re-
duced to finding extremes of single-valued functions.

In practice, the investigated system characteristics
often depend on two or more parameters, i.e. the opti-
mization problem is reduced to finding the extremum of
a function with several variables.

A problem of this class in any case has considera-
ble computational complexity and therefore the main
emphasis when selecting methods of its solution is suit-
able to do exactly on the time of finding the solution,
sometimes even at the expense of accuracy of the ob-
tained result. Nevertheless, the mathematical apparatus
of the analysis of functions, especially the crazy optimi-
zation of the function of several variables on the basis
of differential calculus, can be used for solving prob-
lems of this class [4].

Thus, when considering real routing tasks, to ana-
lyze the packet transit time, one parameter is not enough,
often several parameters of different sizes are analyzed,
between which the valued coefficients are not set.

2. Ways to solve the optimization problem when
providing QoS for multiservice networks

2.1. Analytical optimization problem solution.
Let us consider the simplest case: dependence of the
packet transit time on two parameters x; and Xa.

Analysis of the packet transit time in the multi-
service network showed that it depends on two pa-
rameters (x; and xz) which form a vector of parame-
ters and can be reduced to the following analytical
expression:

T=f(x). 1)

Therefore, the optimization task of providing QoS
for multiservice networks can be formulated as follows:

to find f*, which provides an estimate of the mini-
mum packet time
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T =f(x,,X,)—> min )
and the corresponding parameter values
X =(x,%;). 3)

If the optimized function can be given in analytical
form, and there are its second derivatives on all argu-
ments, the optimal solution can be found using standard
methods of mathematical analysis of the function of
several variables.

2.2 Algorithm for solving the problem for two
variables in a general form. If two differentiated by all
arguments, then f* can be found using the following
algorithm:

A. We find stationary points of the function by
equating its gradient to zero,

of of )
[a—ﬂ" @

which is a necessary condition for the existence of a
local extremum.

B. To determine the type of stationary point (a suf-
ficient condition for the existence of a local extremum)
it is necessary to construct its Hess (matrix of all partial
derivatives of the function):

o f o f
- OX,0X,  OX,0X,
ofx)- o't df | ©)
OX,0%,  OX,0X,

C. To calculate the eigenvalues of Hessian as fol-
lows

det(G(x)-%1)=0 (X =(1,.%,)). (6)

If all Hessian eigenvalues are positive (A> 0), then
the stationary point is the local minimum of the studied
function.

If all Hessian eigenvalues are negative (A <0), then
the stationary point is the local maximum of the studied
function. If the eigenvalues of the Hessian have differ-

ent signs (or there are zero values), then the stationary
point is the saddle point (for two variables, it is the sad-
dle point of the surface that characterizes the studied
function).

2.3. Gradient method with step crushing. Real-
ly, the analytical method is practically not implemented
in multiservice networks, as it is difficult to approxi-
mate the second derivative.

However, if a simple approximation of the first de-
rivative is possible, use gradient methods (more accu-
rate than scanning, but also more expensive), for exam-
ple:

- step splitting method;

- method of the fastest descent;

- Newton's method, etc.

According to the authors, the simplest to imple-
ment method is considered to be the method of frag-
mentation of the step [4].

3. Investigation of the unconditional
optimization application possibility of the
methods according to the QoS procedure

in the production and consumption

of infocommunication services

If necessary, at the junctions between communica-
tion networks that support different QoS algorithms, the
tasks of generating and planning traffic flow can be
solved, which partially allows to adapt the existing rout-
ing algorithm ¢ QoS to the routing algorithms of the
corresponding party. These include, for example, meth-
ods of reducing the effects of congestion, aggregation of
homogeneous traffic flows on the best routes, re-routing
of traffic in case of failure of communication equip-
ment, and so on (Fig. 1).

Exceptions are services that are in the field of state
regulation. Note that the expansion of the proposed op-
timization methods in the production and consumption
of infocommunication services can be effective, as the
integrated model of convergent production and imple-
mentation of ICS is inherent in the field of state regula-
tion with precision to tariff policy [6].

Terminal Production Applications, Customer
ermina workflow content service
Telephone Phong >  Phone < | Fixedline
connection connection
Mobile Mobile com- Unified
phone munication agreement
Internet 1 > Internet S
PC,
laptop Internet
TV set v > v ™

Fig. 1. Integrated model of convergent production and implementation
of infocommunication services
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Moreover, the definition of optimization paths by
the QoS procedure will provide in the multi-service
networks in the field of state regulation the necessary
reliability, security and efficiency, in particular by op-

2. Really, the analytical method is practically not
implemented in multiservice networks, as it is difficult
to approximate the second derivative. If a simple ap-
proximation of the first derivative is possible, use gradi-

ent methods.

The simplest to implement method is considered to
be the method of fragmentation of the step.

3. The definition of optimization paths by the QoS
procedure will provide in the multi-service networks in
the field of state regulation the necessary reliability,
security and efficiency, in particular by optimizing the
time of packets.

timizing the time of packets [7-9].
Conclusions

1. The production and use of infocommunication
services today is convergent. The definition of a single
variable for the coordination of processes in the entire
chain of production and consumption of ICS on a uni-
fied criterion will support QoS convergent production
and implementation of infocommunication services.
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3acTocyBaHHS MeTOAiB 0e3yMOBHOI onTHMi3awii mpu po3podui inTerpanabHoi
Oi3Hec - Moj1eJ1i BUPOOHMUTBA i cokUBaHHsA iHokoMyHiKaUiHHUX mocayr

B. A. 3onoraprop, A. 1O. Kpamuaninos, C. B. ITickyH, K. JI. bakanos, I'. B. 3aBepyxa, B. B. Hananko

Anortaunis. [IpetMeToM BUBYEHHS B CTATTi € mporec 0OpoOku iHpopmarii mpu BUpOOHHIITBI i CHIOKHBaHHI 1HQOKOMY-
HIKaI[IIfHUX TOCITYT B MYJIBTUCEPBICHUX Mepekax. MeTor0 cTaTTi € JocIiKeHHS potiecy 00poOKH iH(popMallii B MyJIbTHCEPBI-
CHHMX Mepexax Ta BHAIUICHHS KiIacy 3a1ad yIpaBiHHS SKIiCTIO BUPOOHUITBA 1 CIOKUBAHHS iHPOKOMYHIKAI[IHHUX MOCIYT, SIKi
Moriu 6 OyTH po3B'si3aHi MeTogaMu O0e3yMOBHOT ONTHUMI3alil GyHKIIT eKUTbKOX 3MIHHUX. 3aBAaHHA JOCTIIKEeHHsI: TpoaHaJIi-
3yBaTH MPOLECH BUPOOHHUIITBA Ta CHOKMBAHHS iHPOKOMYHIKAI[IMHUX MOCIYT 3 OIJISAY HAa MOXJIMBOCTI X onTHMi3awii 3a mpole-
nyporo QOS; 3anpornonyBaTr (HOpMYITIOBaHHS 3a/a4i ONTUMI3aLil 3a mpouexyporo QOS y BUIIISsIII, MPUAATHOMY sl PO3B'sI3aHHS
MeToaMH 0e3yMOBHOI ONTHMi3allii; MpoaHaTi3yBaTH MOKIUBICTh MPHUKIAJIHOTO 3aCTOCYBAaHHS METOIB O€3yMOBHOI ONTHMi3a-
il 3a mpoueayporo QOS mpu BUPOOHMIITBI i CIOXKKUBaHHI iHYOKOMYHIKAIHHUX MOCIYT. METOOIOTI4HOI0 OCHOBOIO JOCIIIKEH-
HS CTJIX 3arajJbHOHAYKOBI Ta CHelialbHI MeTOAM HayKoBoro misHaHHA. OTpumani HacTynHi pe3yiabraTu: Ha oHOBI anamisy
MPOIIECiB BUPOOHUIITBO 1 BUKOPHCTaHHS 1H()OKOMYHIKAIIIHHUX MOCIYT Y Pi3HUX CETMEHTaX PUHKY MTOCITYT BH3HAYEHI Ta MOX-
JMBOCTI onTuMi3alii iHpokoMyHiKaniifHNX HmocyT 3a mpouexyporo Q0S. 3agava onTumizanii npu 3ade3nedenHi Q0S mybTHCe-
pBicHEX Mepex OyTH copMmyiboBaHa K 3a1ada Oe3yMOBHOI onTuMizanii GyHKIii ABOX 3MIHHUX. MOXIIMBICTH MPUKIIATHOTO
3acTOCyBaHHsI METO/IiB Oe3yMOBHOI onTHMi3ailii 3a nmpoueayporo QOS mokaszana Ha NPHUKJIaAl iIHTErpanbHOI Gi3HEeC-Moeii KOHBe-
pPreHTHOro BHPOOHHLTBA 1 peaiizawil iHpOKOMyHiKaliifHiX mocnyr. BucHoBkH. BupoOHUITBO 1 criokuBaHHS iH(pOKOMYHIiKa-
LiHUX TOCIYT CHOTOJHI HOCHTh KOHBEPTEHTHIN XapakTep. BusHaueHHs eAWHOI 3MIHHOI U1 y3TO/DKEHHS IPOLECIB B YCHOMY
JIAHII031 BUPOOHMIITBA 1 CIIOKUBAHHS 1H()OKOMYHIKAIIHUX MOCIYT 32 €IMHUM KPUTEPIEM JO3BOJIHUTH 3IIHCHIOBATH MiATPUMKY
QO0S KoHBepreHTHOTr0 BUPOOHMIITBA i CIIOXKMBAHHS iH(HOKOMYHIKanifHUX MOCIyT. Bu3HaueHHs IUIAXiB onTHMIi3amnil 3a Mpoueny-
poro QOS HamacTs 3Mory 3abe3meunTy B MYJIBTHCEPBICHUX Mepexkax cdepi AepKaBHOTO PEeTyIIOBAHHS HEOOXiTHY HaIiHHICTS,
3aXHMIIEHICTh Ta ONEePAaTHBHICTh, 30KpeMa IIUIIXOM ONTHMI3awii 4acy IpoXopKeHHs nakeTiB. OCKIIBKY 3aCTOCYBaHHs aHAJIiTHY-
HOTO MeTONy INependayae anpoKCHMANilo APYroi HOXiAHOI, 0, CBOEIO YePro0, BUKIUKAE PsiJ IPAKTUUHHUX TPYJHOLIIB, y MYJIb-
THCEPBICHUX Mepexkax HOro 3acToCyBaHHA € e()CKTHBHHUM.

KawuyoBi caoBa: sxicts o6ciayroByBanss, QO0S, MyIbTHCEPBICHI Mepexi, YMCIICHI METOAN ONTUMI3alii, iHhoKoMyHi-
KaIliiiHi OCITyTH.
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