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Purpose. Creation of an analytical model of the application layer with a centralized control principle to estimate
the quality of control over providing new services, taking into account the self-similarity of the flow of applications for
new services in the Next Generation Network (NGN) of mining enterprises.

Methodology. Methods of scientific generalization, statistical analysis, and mathematical modelling are used.

Findings. An analytical application-layer model with a centralized control principle over the control of the provi-
sion of new services has been developed, which makes it possible to determine the value of sub-criteria for the quality
of control of new services - the total service time for requests for new services by the application layer, the probability
of blocking the request, the number of requests waiting for service (average queue length) taking into account self-
similarity of the flow of requests for new services, and also considers the cost of the control system. The architecture
of the application layer with centralized control principle (ALCCP) in NGN of mining enterprises is considered. The
sub-criteria for the quality of control of the provision of new services have been proposed. A complex quality criterion
has been formed. An analytical model of the layer of applications with a centralized control principle as a queuing
system is proposed. The ways of calculation of quality control indicators for the provision of new services are given,
taking into account the self-similarity of the flow of applications for new services.

Originality. An analytical model of the application layer with a centralized principle of controlling the provision of
new services, taking into account the self-similarity of the flow of applications for new services has been proposed for
the first time.

Practical value. The proposed analytical model will allow the designers of NGN mining enterprises, even at the
early stages of the project, to determine more accurately the necessary network resources to ensure the required qual-
ity of control of the provision of new services.

Keywords: NGN, ALCCP, new services, quality control, quality sub-criteria, analytical model, self-similarity of the

flow of applications

Introduction. In modern conditions, due to the rapid
development of information and communication technol-
ogies at mining enterprises, special attention is paid to en-
suring the provision of new services with a specified layer of
quality, which are managed at the layer of applications in
the NGN of mining enterprises. New services for this field
of activity include transmission of test data, telemetry in-
formation, information on the state of equipment, includ-
ing three-dimensional images, providing the possibility of
network interaction and environmental control for imme-
diate decision-making, that is, the provision of multimedia
services as special requirements. It is thanks to the high
quality of the new services, as the specialists of the Cana-
dian company Dundee Precious Metals underline, that the
annual capacity of the mine in Bulgaria has quadrupled,
from 500,000 to 2 million tons. At the same time, overall
savings due to the increased productivity and improved in-
focommunications amounted to $ 2.5 million, which indi-
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cates the importance of improving the quality of new tele-
communication services [1].

To date, in NGN mining enterprises, in addition to
basic services, a certain set of the so-called new services
(NSs) is offered, which is able to provide the next-gen-
eration network application layer — NGN. The variety
of NSs is growing day by day and, accordingly, the de-
mand for them is growing as well. In today's networks,
application layer with centralized control principle
(ALCCP) is used to control the provision of the NSs, as
well as at NGN mining enterprises. Proceeding from the
need to ensure the required quality of the NSs, the task
of determining the quality of control of the supply of
NSs in conditions of growing demand for them and, ac-
cordingly, the load on the layer of applications is cer-
tainly topical. The paper suggests an analytical model of
the layer of applications in the NGN of mining enter-
prises, which allows determining the quality of control
of the provision of NSs, taking into account the self-
similarity of the flow of applications for new services.
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Analysis of recent research and unsolved aspects of the
problem. The allocation of key sub-criteria for the qual-
ity of control of the provision of the NSs, formation of a
comprehensive quality criterion and development of an
analytical model for the layer of NGN applications is a
fairly important direction for the development of NGN
mining enterprises.

Similar questions have been dealt with by a number
of scientists. The issue of controlling networks, services
and estimating the effectiveness of the functioning of
control systems is discussed in the works of V. K. Stek-
lov, I. Yu. Kviatkovska [2], L. N. Berkman, B. Ya. Kostik,
etc. The calculation of network indicators, taking into
account the self-similarity of traffic, is considered in the
works of A. 1. Shelukhin, A.V. Lemeshko, T. V. Vavenko,
D. V. Ageiev [3], M. N. Petrov [4], and others.

However, the issue of the quality of the control of the
provision of NSs, taking into account the self-similarity
of the traffic in these works has not been practically con-
sidered.

Previous studies on the quality of control of NSs
provision were carried out taking into account the fact
that the time of receipt of requests for NSs is distributed
according to an exponential law. This approach leads to
inaccuracies in the construction of the analytical model
of the ALCCP and the calculation of the sub-criteria of
the quality of control. Recent research proves that when
constructing analytical models of NGN and its subsys-
tems, it is necessary to take into account the self-simi-
larity of the flow of requests that is received for provision
(Hurst coefficient H > 0.5). Table 1 [5] shows the values
of the Hurst coefficient in a multiservice network, which,
undoubtedly, NGN mining enterprises are, according
to each day of the week.

Table 2 [5] shows the values of the Hurst coefficient
in a multiservice network per day.

Based on the analysis of these tables, it can be stated
that traffic in a multiservice network is a self-similar
process. The self-similarity effect manifests itself in a
wide range of time — from several hours to several months.

Objectives of the article. The conducted research stud-
ies testify to the fact that the very urgent task is studying
the principles of constructing ALCCP in the NGN of
mining enterprises, to determine the sub-criteria of the
quality of control of the provision of the NSs, the for-
mation of a comprehensive quality criterion, the con-
struction of an analytical model of the ALCCP, taking
into account the self-similarity of the flow of request for
to the NSs.

The principle of ALCCP construction. In modern NGN
mining enterprises, ALCCP is used. Let us consider a
fragment of a network with such architecture (Fig. 1).

At the application layer that is responsible for control-
ling the provision of the NSs, there is a part of the Softs-
witch, which performs the SSF (Service Switching Func-
tion) service switching function, and an application server
that primarily performs the function of servicing the SCF
(Service Control Function) service. It is assumed that
there are several geographically dispersed areas. The con-
trol of the fragment of the network of each district is per-
formed by Softswitch. It simultaneously manages the
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Table 1

The Hurst coefficient for traffic per week
in a multiservice network

Day of the week Hurst coefficient
Monday 0.82
Tuesday 0.78
Wednesday 0.75
Thursday 0.84
Friday 0.79
Saturday 0.85
Sunday 0.76
Total traffic for the week 0.79

Table 2

The Hurst coefficient for traffic per day
in a multiservice network

Interval hour Hurst coefficient

02.00—08.00

Low Intensity 0.71
08.00—14.00

Medium Intensity 0.73
14.00—20.00

High Intensity 0.76
20.00—02.00 0.81
Maximum intensity ’

Daily traffic 0.75

transport part of the network and is the switching point of
the NSs. Each district has its own data network and sig-
naling network. In Fig. 1 more attention is paid to the
signaling network. A certain area network must be con-
nected to a separate Softswitch. In Fig. 1, for convenience,
this connection is shown only for one Softswitch.

The NS is provided as follows. The request for the
NSs comes from the user. If the user is on the IP net-
work, the packets are sent directly to the corresponding
Softswitch. If the user is not in the IP network, then the
packets arrive only after the transformations in the me-
dia gateway (MGQG) and in the signaling gateway (SG).
Softswitch accesses the server for service (a request is
sent to the NSs via the signaling network). The server
can only serve one request at a time. If the server is free,
then it starts to service the request. Otherwise, it is
checked if there is free space in the queue buffer. If there
are no available seats, then the request is lost. If there are
no free places, then the request is queued and waiting.

The choice of sub-criteria and the formation of a com-
plex criterion. The quality of the control of the provision
of the NSs to the ALCCP is determined on the basis of a
complex criterion, the sub-criteria of which must be
formed and the method for their calculation must be de-
termined.
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Fig. 1. Architecture NGN with ALCCP

Based on the ITU recommendations [6], as well as
the materials in [7], the following sub-criteria for the
quality of control of the NSs service are proposed:

1. Total time of request service of the NSs by the

layer of applications — 7.

2. The probability of blocking a request (the proba-
bility of losing a request for NSs when the queue is
full) — Ps.

3. The number of applications waiting to be serviced
at the application layer (average queue length) is L.

4. Cost of the control system (C). An important in-
dicator that depends on the chosen architecture, the
number of installed control devices and their types.

Similar sub-criteria are used for control systems in
modern infocommunication networks. However, in this
case they have a sense corresponding to the object of ap-
plication, and corresponding to the calculation method.
Note that the first three sub-criteria are technical, the
latter is economic. In this paper, a method for calculat-
ing technical sub-criteria is shown.

We form the resulting vector criterion from certain
sub-criteria K,,.

Kp =(T,, Py, L, C).

Working with a vector criterion is rather inconve-
nient. First of all, inconvenience manifests itself when
comparing systems with different organizations. Based
on the selected sub-criteria, we aim to achieve the mini-
mum value of K. In this case, the control system §" is

better or not worse than the system S” (the systems .S’

and S"” may differ in the chosen architecture, the num-
ber of installed control devices and their type) only if

T, <T, ;
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If at least one of the conditions in (1) is not satisfied,
then it is impossible to say that one system is certainly
worse or better than the other.

To get the quantitative value of the criterion K, it is
suggested to move on to the complex scalar criterion £,
for the creation of which we use the additive utility func-
tion, which is a weighted sum of sub-criteria, taking into
account the weight coefficients of sub-criteria

n
F =YK,
i=1

where i — is the sub-criterion number; i=1,n, n is the

number of sub-criteria; K;is the value of the /" sub-cri-

terion; of course, the value of all sub-criteria is provided

in a unified system of assessments, for example, in the

scoring system; v; is the weighting coefficient of the i

sub-criterion, v, >0 . All weights v; must match the nor-
3

malization condition ZVI. =1.
i=1

To determine the weight coefficients v; and sub-cri-
teria, it is advisable to use expert estimates of the prior-
ity of sub-criteria and determine the priority matrix on
the basis of which the system of equations is formed [6].
Solving the system of equations, we find the values of
the weight coefficients v;.

Construction of an analytical model of the ALCCP. For
constructing an analytical model of the ALCCP and cal-
culating sub-criteria, it is expedient to use the approaches
of the queuing theory. However, the emergence of NGN
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has led to the fact that the use of classical approaches to
the theory of queuing for the calculation of network indi-
cators is problematic enough. First of all, this is due to the
identification of the self-similarity of traffic. Using the
properties of the simplest flow while constructing analyti-
cal models and calculating sub-criteria leads to too “opti-
mistic” results. That is, when forming an analytical mod-
el of the ALCCP, it is necessary to take into account the
self-similarity of the flow of requests for N'Ss.

We represent the ALCCP as a queuing system (QS)
in the form M/M/1/N.

We shall first assume that a uniform flow of requests
arrives at the ALCCP. Then the application layer can be
described as the following QS:

1. The system (Fig. 2) contains one serving device
(D) and is a single-channel.

2. The flow of requests entering the system is homo-
geneous. Although there are several classes of requests,
but for now we will assume that the A and p are identical
for them (M is the intensity of the requests received, p is
intensity of applications service).

3. The length of service of requests in the device is
random.

4. The device has places r for requests, pending on
service and creating the queue, i.e. within the system
there is a storage device with limited capacity » = N.

Assumption:

1. The duration of service of requests in the device is
exponentially distributed with intensity u = 1/b, where b
is average service durability of applications at the device.

2. Buffering discipline is with losses: a request which
come in the system and find storage device filled is lost.

The discipline of service occurs in order of receipt by
the rule “first in — first out” (FIFO).

A QS of the form M/M/1/N is classical and quite
investigated. However, the results of calculations in the
case of determining the quality of control of the provi-
sion of new application-layer services without taking
into account the self-similarity traffic in the NGN net-
works of mining enterprises will have a significant error.
To account for the self-similarity traffic, we introduce
the function f{H), which depends on the self-similarity
coefficient H (the Hurst coefficient) and is defined as
f(UH) =2H [8]. For H =0.5, the self-similarity property
is absent. When H increases from 0.5 to 1, the influence
of self-similarity traffic increases.

We calculate the sub-criteria of the ALCCP:

Loading system p is

ok

“ b
where a is the share of the serviced traffic.

7\’!

o=—
A

9
A r < oo

——{IT—+{ ©

Fig. 2. QS with a storage device of limited capacity
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The intensity of the flow of served requests
W =(1-P,)-%.
Average queue length L

P rm)
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N+2><
1—[pf(H)}
T

N
1-(N +1)[Zf(H)} + N[Zf(H)}
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N+1

X
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T

where 7 is the probability of no re-request for a new ser-
vice.

Total service time of request for a new service by ap-
plication layer is

1

Tl wm

MH) w T, e
1{f(H)}
7T
N N+1
1-(N + 1){p f(H)} +N{p f(H)}
T T 1
x +—.
1-2 r(h) H
T

The probability of losing a request for a new service
when the queue is full Py

_ 1-Pra
Pp=— B
1{pﬂHﬂ
T

We will complicate the task and consider the ALCCP,
which receives K classes of requests for new services.
Then the layer of applications can be described in the
form of the following QS (Fig. 3):

1. The system is single-channel.

2. The input flow of requests is not homogeneous:
the system receives a limited number of requests of
classes K.

3. Storage for requests is with limited capacity » = N.

4. Discipline of buffering is without crowding of re-
quests: if a request in any class is received when the stor-
age is full, the request will be lost.

N+1
Fﬂm}.
T

HiyereosbLK

7L,‘,....,7LK ]"=N

——{I— n

Fig. 3. QS with a storage device of limited capacity and K
classes of requests
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5. The discipline of service is on the rule “first in —
first out” (FIFO) basis.

Assumption:

1. Requests of classes K arriving to the system pro-
duce self-similar flows with intensities A,,...,Ag accord-
ingly.

2. The duration of service for each class of requests
is exponentially distributed with intensities w, = 1/b,,...,
ux = 1/bg, where b,,...,by are the average duration ser-
vice requests with the relevant class.

There is always a stationary mode in QS, because
there cannot be infinite queues.

The analytical model presented by the ALCCP has
the following form:

Loading system p

X oA

K
P:ZIT )

i=1

where 2, is the intensity of requests of i-class (i =1...K);
o, is the part of the served request of the /" class;

5
Oti =z,

1

where 1] is the intensity of the flow of the serviced re-
quests of the i" class; x; is the part of the i class in the
general flow of requests

K
whereis A = Zki the total intensity of all request classes.

= _
Then thelaverage length of the queue L is

_ P )
[=— T

N+2
l{pf(H)}
T

N N+l
{1—(N+1){if(H)} +N{f{f(H)} }

1-2 r(H)
T

X

- e,
T

where 7 is the probability of no re-request for a new ser-
vice for all request classes.

Total service time of a request for a new service by
application layer T

TPy L
o LS iy )
4 K M N+2
JUH)- Y X, l—Lptf(H)}
i=1

N N+1
{1—(N+1){if(H)} +N{f{f(H)} }

X +=,

_Bf(H) u
T
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where p is the average value of the intensity of service
requests for a new service

- Kop
A
“—Z K >
i=1

where o;is the part of the served requests of the it" class

g
(e} i = R
A
The probability of losing the request for a new ser-

vice when the queue is full P_B

_ =P
R

N N+1
—  wa | )} :
1—{"/”(11)}
T

Conclusions and recommendations for further re-
search. In work the principle of construction of ALCCP,
at modern NGN enterprises of the mining industry is
considered. Based on the existing ITU standards, sub-
criteria for the quality of control of providing new ser-
vices were proposed, as well as a comprehensive quality
criterion. The analytical model of ALCCP for calculat-
ing the sub-criteria for the quality of control of provid-
ing new services, taking into account the self-similarity
of the flow of requests, is proposed. Analytical models
will allow mining company NGN designers to deter-
mine more accurately the necessary network resources
at the early stages of the project to ensure the required
quality of control. Further development can be the study
of the applications layer of NGN with a decentralized
control principle and the construction of its analytical
model, taking into account the self-similarity of the flow
of requests for new services.
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Meta. CTBOpeHHS aHAJITUYHOI MOJEJ PiBHS IO-
JAaTKiB i3 LIEHTPali30BaHUM MPUHLIMIIOM YHIpPaBIiHHS
JIJISI OLIHKY SIKOCTi yIpaBJIiHHSI HAZaHHSIM HOBUX Cep-
BIiCiB 3 ypaxyBaHHSIM CaMOIIOJiOHOCTi MOTOKY 3asiBOK
Ha HOBIi CepBiCM B Mepexkax HACTYITHOI'O TMOKOJiHHS
(NGN — Next Generatin Network) minnpueMcTB rip-
HUYOI MPOMUCIOBOCTI.

Metoauka. BuKoprcTOBYBaI METOIM HAyKOBOTO
y3arajjbHeHHsI, CTATUCTUYHOTO aHai3y, MaTeMaTHYHO-
TO MOJICTIOBAaHHSI.

Pe3syabraTtu. Po3po6ieHa aHaliTUdHa MOAEb PiBHS
JIOJATKIB i3 LIEHTpaai30BaHMUM TIPUHLIMIIOM YIIPaBJIiH-
HsI HaJIaHHSIM HOBUX CEPBICIB, 1110 Ja€ MOXKJIUBICTb BU-
3HAYUTU 3HAUYEHHS IMiAKPUTEPIiB SIKOCTI yIpaBJiHHSI
HOBHMMU CEpBicaMu — 3arajJibHOTro yacy oOCIyroByBaH-
Hs 3asIBKM Ha HOBIi CepBicU piBHEM J0AaTKiB, MMOBip-
HOCTI OJIOKYBaHHSI 3as1BKU, KiJIbKOCTI 3asIBOK, 1110 OYi-
KYIOTb Ha 00CIyrOBYBaHHSI (CEPEAHIO TOBXKUHY YEPIH)
3 ypaxyBaHHSIM CaMOITOAiOHOCTi MOTOKY 3asiIBOK Ha HOBi
CepBiCH, a TAaKOX YPaxOBYE BapTICThb CUCTEMU YIIPaB-
JIiHHS. Po3misiHyTa apxiTekTypa piBHS JOJATKIB i3 LIeH-
TpaiizoBaHUM TpuHUMNOM ynpasiiHHsa (PALITY) y
NGN mignprueMcTB TipHUYOI ITIPOMUCIIOBOCTI. 3arpo-
TMOHOBAHI TiAKPUTEPil SIKOCTI yIpaBliHHS HaZaHHSIM
HoBuUX cepBiciB. ChopMOBaHO KOMIUIEKCHUIT KpUTEPiit
SIKOCTi. 3amponoHOBaHa aHAJIITUYHA MOJEIb PiBHS J0-
JIATKiB 13 LIEHTPaJli30BaHMUM MPUHLIUIIOM YITPABIiHHS SIK
cUCTeMa MacoBOTO o0cyiyroByBaHHs. HaBeaeHi crioco-
O po3paxyHKY IMOKa3HUKIB IKOCTi yIIpaBJIiHHS HaJaH-
HSIM HOBUX CEPBICIiB 3 ypaxyBaHHSIM CaMOITOAiOHOCTI
MOTOKY 3asiBOK Ha HOBi CepBiCH.

HaykoBa HoBM3HA. YTiepilie 3anporOHOBaHa aHAJTi-
TUYHA MOJEJb DPiBHS MOMATKIB i3 LEHTpaldi30BaHUM
MPUHIIMIIOM YIpPaBiHHS HalaHHSIM HOBUX CEPBiCiB 3
ypaxyBaHHSM CaMOTMOAiOHOCTI MOTOKY 3asBOK Ha HOBI
cepBicu.

IIpakTHuHa 3HAYMMICTD. 3aIIPOIIOHOBAHA AHATITHY-
Ha MOJEIb T03BOJIUTE TpoekTyBaabHUKaM NGN 1min-
TMPUEMCTB TFipHUYOI IPOMUCTOBOCTI 1lIe HAa paHHIX eTa-
nax TMpOeKTy OiJIbIll TOYHO BM3HAYaTH TOTPIOHI Me-
PeXHi pecypcH Iisl 3a0e3neyeHHsT HeoOXiTIHOro 3Ha-
YEHHSI SIKOCTi YIpaBIiHHS HaJaHHSIM HOBUX CEPBiCiB.
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Kmouosi ciosa: NGN, PAIIIY, nogi cepsicu, sikicmb
YNpaeninHs, niokpumepii sxocmi, anasrimuuna modens,
camonoodibnicms NOMOKY 3A5160K

ems. Co3paHue aHATUTUYECKONW MOJEIU YPOBHS
MPUJIOKEHUH ¢ LIEHTPaTM30BaHHBIM MPUHIIMIIOM YIIpaB-
JIEHUSI JUISl OLIEHKM KayecTBa YIpaBJIeHUs MpPeaocTaB-
JICHEM HOBBIX CEPBHMCOB C YU4ETOM CaMOIMOI00MS TT0-
TOKa 3asBOK Ha HOBBIC CEPBUCHI B CETSAX CJICAYIOIIETO
nokoyieHus1 (NGN — Next Generatin Network) nipen-
TIPUATUIA TOPHOU MPOMBILILIEHHOCTH.

Metomuka. Mcrionb3oBaHbl METOIbI HAYYHOTO 0000~
IICHUSI, CTATUCTUICCKOTO aHaIM3a, MaTeMaTHUECKOTO
MOICINPOBAHMSI.

Pesyabratbl. PazpaboTaHa aHanuTuyeckasi MOJAEb
YPOBHS TIPUJIOXKEHU € LICHTPATIM30BAaHHBIM ITPUHII -
TIOM YIIpaBJeHUS MPEeIOCTaBIeHUEM HOBBIX CEPBHUCOB,
KOTOpasi NaeT BO3MOXKHOCTb OIIPEAC]UTh 3HAUYEeHUE
MOAKPUTEPUEB KauecTBa YIIpaBAeHUsI HOBBIMU CEPBU-
caMu — OOILEro BpeMeHU OOCITYy>KMBAaHUS 3asiBKM Ha
HOBBIE CEPBUCHI YPOBHEM TIPUIIOXKEHU, BEPOSITHOCTH
OJIOKMPOBKM 3asBKU, KOJIMYECTBA 3asgBOK, OXMIAIO-
LIMX OOCTY>KMBaHMSI (CPEAHIO0 JUIMHY OYEPEN) C yue-
TOM CaMOTIOIO0MS MMOTOKA 3asIBOK Ha HOBEIC CEPBUCHI,
a TaKKEe YIMUTHIBACT CTOMMOCTh CUCTEMBI YIIPABICHMSI.
Paccmotpena apxuTeKTypa ypOBHS IPYUTOXKEHU C IICH-
Tpaau30BaHHBIM IpuHIIUIOM yrpasieHus (YIILIITY)
B NGN mpeanpusiTuii TOpHO TPOMBIIIJIEHHOCTH.
[IpennoxeHbl MOAKPUTEPUU KayecTBa YIIPaBACHUS Ipe-
JlocTaBJeHUuEeM HOBBIX cepBUCOB. ChopMUpoBaH KOM-
TUIEKCHBIN KpuTepuii KauecTna. [IpennoxeHa aHaIu-
THYECKast MOIEJTh YPOBHS MPWIOKEHUI C LIEHTPAJIN30-
BaHHBIM IIPUHIIMIIOM YIPaBICHUS KaK CHCTeMa Mac-
coBoro oociyxuBaHus. [TpuBeneHbl cIOCOOBI pacueTa
TTOKa3aTeJIeil KauyecTBa YIIpaBIeHUS IIPeIOCTaBIeCHUEM
HOBBIX CEPBUCOB C YUETOM CaMOIIOA00MS ITOTOKA 3asi-
BOK Ha HOBBIC CEPBHUCHI.

Hayunas HoBu3HA. BriepBbie npenioxeHa aHATUTH -
YyecKasi MOJIEIb YPOBHSI TIPUJIOXKEHUI C LIEHTPAIN30-
BaHHBIM MPUHIIUIIOM YIIPaBICHUS MPeIoCTaBIeHUEM
HOBBIX CEPBHMCOB C YUETOM CaMOITOA00MS MOTOKA 3asi-
BOK Ha HOBbIE CEPBUCHI.

IIpakTuyeckas 3HauynmocTh. [IpemioxeHHas aHa-
JINTUYECKast MOAEJb TO3BOIUT MpoeKTupoBirkKam NGN
MIPEAITPUSTUIA TOPHOU ITPOMBITIUIEHHOCTH €Ille Ha paH-
HUX 3Tanax npoekTa 60jee TOYHO ONpeaeTUTh He00XO0-
IUMBIE CETEeBBIE PECYPCHI WIS 00ecTieueHUs TpebyeMo-
TO 3HaUCHUS KauyecTBa yIIpaBJIeHUS IIPeIOCTaBIcCHUEM
HOBBIX CEPBHCOB.
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