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Background. At the planning and design stage of modern 3G/UMTS and 4G/LTE mobile networks, it is important to take
into account that the traffic they serve is packet-based and has the property of self-similarity, which greatly complicates the
determination of QoS characteristics.

Objective. The aim of the paper is to find the quality characteristics of the QoS of self-similar traffic described using the
Weibull distribution for the QS of the form Wg/M/1/00 using software release.

Methods. Methods of functional analysis, queuing theory, linear programming were used for the solution.

Results. The characteristics of the quality of service QoS self-similar traffic, namely the values of the average waiting time
for service requests, the average number of requests in the queue and the average length of the queue of applications in the QS
Ws/M/1/.

Conclusions. At the stage of frequency-territorial planning, design and further operation of 3G/UMTS and 4G/LTE
networks, the found characteristics of the quality of service QoS will take into account the real values of traffic served by the
base station NodeB (e-NodeB) for their optimal distribution of the service area.

Keywords: self-similar traffic; queuing system; QoS characteristics; Weibull distribution; Laplace-Stieltjes transformation;

average waiting time for a claim; average number of claims in a queue; the average length of the queue of applications.

Introduction

At the planning and design stage of modern mobile
communication networks 3G/UMTS (Universal Mobile
Telecommunications System) and 4G/LTE (Long Term
Evolution), it is quite important to take into account
that the existing design methods are based on the
assumption that mobile communication networks use
circuit switching technologies, and the traffic they serve
is described by the simplest (Poisson) call flow. The
technological development of mobile communication
networks today is based on packet switching. It is
known [1] that the traffic served in such packet
networks has a special structure and has the property of
self-similarity, the main feature of which is the
presence of a long-term dependence between the
moments of packet arrival, which is determined by the
correlation function at different times. As a quantitative
assessment of the degree of self-similarity of traffic, the
Hurst parameter is used, 0,5 <H < 1 [1-3].

The rapid growth in the volume of subscriber traffic
in the mobile network, a change in its nature and
structure, a significant increase in bandwidth can
contribute to possible overloads of network objects,
their buffer devices and, accordingly, lead to delays and
packet losses. Therefore, when servicing self-similar
traffic, attention is paid to maintaining the
characteristics of the quality of service QoS (Quality of
Service).

In the design and further optimization of the
3G/UMTS and 4G/LTE mobile networks, when a
variety of network structure and performance of
network nodes, it is important to use methods of
calculation which will take account of the traffic self-
similarity. A number of questions arise, among which is
the choice of distribution for describing self-similar
traffic, which significantly differs from Poisson, most
often these are Pareto, Weibull or lognormal
distributions [1-3]. The choice of the method for
calculating the QoS characteristics, since the use of the
"classical methods" of the teletraffic theory based on
the Poisson distribution does not allow obtaining
reliable results, and the final solution for finding the
QoS characteristics of self-similar traffic does not yet
exist.

A significant number of works by various authors
have been devoted to finding an estimate of the QoS
characteristics of self-similar traffic [3-4]. And only for
some cases of traffic description using various
distributions, approximate solutions were obtained for
some types of queuing systems (QS) using the
Pollachek-Khinchin formula (QS of the form M/G/1),
where the model of the flow of applications has an
exponential distribution (M), the service time has an
arbitrary distribution (G), the QS is single-line and
Norros's formulas (the QS of the form fBM/D/1/w)
where the model of the flow of claims is described by
fractal Brownian motion (fBM), the service time has a
deterministic distribution (D), the QS is single-line with
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an endless queue. In [5-9], the authors considered self-
similar traffic based on the Weibull distribution.
Another method for finding the QoS quality
characteristics of self-similar traffic based on the
Laplace-Stieltjes transform is proposed. In this case, an
integral equation was obtained, the solution of which
does not always allow obtaining an exact analytical
equation. Therefore, a software implementation of the
solution of this integral equation is proposed.

The purpose of this work is to find the quality
characteristics of the QoS of self-similar traffic
described using the Weibull distribution for the QS of
the form Wpg/M/1/0 using software implementation
using a software product.

1 Program for the implementation of the
interconnection of the integral level in the
MATLAB

Consider the Weibull distribution, which is given by
a differential function [1]:

afx e x>0
flx)= / ; (1
0, x<0

where o — the parameter of the shape of the
distribution curve 0 < oo < 1; oo = 2 — 2H, H — Hurst

parameter, 0,5 <H< 1, g= { AF(HIH — distribution
a
parameter, B >0, A — packet traffic intensity, I’ (k) -
Euler's gamma function of the form I"(k)= jtk’le’ldt :
0

Find the features as self-similar traffic QoS for QS
type Wg/M/1/0 (QS services to stream applications that
are described Weibull distribution (Wg), service time is
exponential distribution (M), QS-tier with infinite
queue) by the following formulas [11]:

— the average waiting time W service requests in the
Qs

W=—", 2)
ul-o)

where u — intensity of service requests in the QS,

— the average number of requests Q in the queue QS

po

- s (3)
ul-o)

where p — is a load factor QS,

— the average queue length L of applications in the

QS

L=Fr% &)
l-o
Finding the root o of equation (5) for the Weibull
distribution is open until the next time.
Consider the solution using the Laplace-Stiltjes
transformation [5-9]

o=F(u-uo), 0<o<l1, (5)

where F — this is the Laplace-Stieltjes transform of
the density of the distribution of the interval between
the applications received in the QS Wg/M/1/o0, which
has the form

+00

F(s)= Ie_Stf(t)dt )

0

where s — complex variable, @ — intensity of
service requests in the QS.
According to [5-9] equation (5) is equivalent to
equation (6):
Uzaﬂj‘e’(”’”")‘t"’le’ma dt . (6)

0

Solve equation (6) graphically, i.e. by plotting
functions

+0
a
y=0,y=af je’(*"““)‘t“*‘e*/” de .
0

The point of intersection of both graphs of the
above functions and will determine the root o of
equation (6).

Solve the problem of finding the root ¢ using the
software implementation of the solution of the integral
equation in the MATLAB, for this we make a program
[10]:

%exp = the exponent

%t = time variable

s =0.067:0.001:0.999; %s =0,600=<0<1

h1 =0.6;

h2 =0.7;

h3 =0.9;

1=0.5:0.1:15;%05<A<15
n1=00.50.7511.251.522.25252.75 3 3.25];
%0.5<u<3.25

r1=[10.80.70.64 0.6 0.50.49 0.48 0.47 0.46
0.45]; % 045<p<1

f_intgr = @(t,n,s,b,a) exp((-n+n*s).*t).*t.*(a-
1).*exp(-b*t.*a);

for i = 1:length(s)
forj=1:11
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al=2-2"*h(j); % a=a

funB1 = 1+1./a1;

b1 = (11(j)*gamma(funB1)).*a1; %b = B,
gamma — Euler gamma function

a2=2-2*h2; % a=a

funB2 = 1+1./a2;

b2 = (11(j)*gamma(funB2)).*a2; %b = 3,
gamma — Euler gamma function

a3 =2-2"h3; % a=aqa

funB3 = 1+1./a3;

b3 = (11(j)*gamma(funB3)).7a3; %b = 3,
gamma — Euler gamma function

y1(i,j) = a1*b1*integral(@(t)
f_intgr(t,n1(j),s(i),b1,a1),0,100); % H=0.6

y2(i,j) = a2*b2*integral(@(t)
f_intgr(t,n1(j),s(i),b2,a2),0,100); % H=0.7

y3(i,j) = a3*b3*integral(@(t)
f_intgr(t,n1(j),s(i),b3,a3),0,100); % H=0.6

W('i,.j) = s(i){(n1(j)*(1-s§i))); %.W
Q(i.j) = (r1G)"s(i))/(n1()*(1-s(i))); %
L(i.j) = (r1G)*s(i))/(1-s(i)); % L
end
end

9]

The results of calculations mentioned root of equation (6) provided the set intensity values flow A (0.5<1<1.5)
and service applications p (0.5 < £ <3.25) to QS Wg/M/1/w, different settings of Weibull distribution and different
parameter values of Hurst H (H = 0.6, H = 0.7, H = 0.9), which determine the degree of self-similarity of traffic
(Table 1). In Fig. 1-3 is shown the solution of the equation (6) based on the parameters QS Wg/M/1/o0.

Table 1. Results of solving the root ¢ equation (6) for various parameters o, of Weibull distribution and Hurst

parameters it H=0.6, H=0.7, H=0.9

Parameter Value
A 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
u 0.5 0.75 1.0 1.25 1.5 2.0 2.25 2.5 2.75 3.0 3.25
H=0.6,0a=0.8
B 0.635 | 0.734 | 0.831 | 0.924 | 1.016 | 1.105 | 1.193 | 1.279 1.363 1.446 1.528
o(H=0.6) | 0.990 | 0.841 | 0.758 | 0.707 | 0.672 | 0.582 | 0.572 | 0.564 0.557 0.551 0.547
H=0.7,0a=0.6
B 0.843 | 0,940 | 1.032 | 1.118 | 1,199 | 1,278 | 1,353 | 1,425 1,496 1,564 1,63
o(H=0.7) | 0913 | 0.894 | 0.834 | 0.795 | 0.769 | 0.697 | 0.688 | 0.681 0.675 0.671 0.667
H=09,a=02
B 2.268 | 2352 | 2426 | 2.491 | 2.551 | 2.605 | 2.665 | 2.702 2.746 2.787 2.825
o(H=0.9) | 0.994 | 0993 | 0.992 | 0991 | 0.989 | 0.984 | 0.983 | 0.982 0.982 0.981 | 0.9801
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Fig. 1. Finding the root of 6 = ¢ (A,u,H) equation (6) for
the QS Wp/M/1/0, for input data of Hurst parameter H = 0.6,
0.5<A<1.5,05< <325

Fig. 2. Finding the root of 6 = ¢ (A,,,H) equation (6) for
the QS Wg/M/1/w0, for input data of Hurst parameter H= 0.7,
0.5<A<1.5,055u<3.25
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Fig. 3. Finding the root of 6 = & (A,u,H) equation (6) for
the QS Wg/M/1/w0, for input data of Hurst parameter H = 0.9,
0.5<A<1.5,055<L3.25

2 Calculation of QoS quality characteristics

To find quality characteristics for QoS queuing
system type Wg/M/1/0, using the formula (2-4) draw
up a program in MATLAB:

s1=1[0.99 0.841 0.758 0.707 0.672 0.582 0.572
0.564 0.557 0.551 0.547]; % o(H=0.6)

=1[0.913 0.894 0.834 0.795 0.769 0.697 0.688
0.681 0.675 0.671 0.667]; % o(H=0.7)

=10.994 0.993 0.992 0.991 0.989 0.9835
0.9827 0.982 0.9815 0.981 0.9805];%0(H=0.9)
1=0.5:0.1:1.5; % 0.5<A<1.5
n1=[050.7511.25152225252.75 3 3.25];
% 0.5<u<3.25
r1=[10.80.70.64 0.6 0.50.49 0.48 0.47 0.46
0.45]; % 045<sp <1
forj=1:11

WA1(j,1) = s1r(j)/(n1(j)*(1-s1r(j))); % W(H=0.6)

Q1(,1) = (r1()*s1r())/(n1()*(1-s1r(j))); %
Q(H=0.6)

L1(,1) = (r1()*s1r())/(1-s1r(j)); % L(H=0.6)

using software implementation in the MATLAB W1(j,2) = s2r())(n1(G)*(1-s2r(j))); % W(H=0.7)

After receiving the results of calculations roots ¢ Q1(,2) = (r1()*s2r(j))/(n1()*(1-s2r(j))); %
equation (6), we find the characteristics of service Q(H=Q-7) e
quality self-similar traffic QS type Wgs/M/1/o0: L1 (J'_Z) = (1 0) s2r(j))/(1-s2r(j)); % L(H=0.7)

— the average waiting time W service requests in the W1 (_J’S) = sSrQ)/(n1 (J) (1 S?’r(J)))' %_ (H=0.9)
Qs, Q1(j,3) = (r1(j)*s3r())/(n1()*(1-s3r(j))); %

— the average number of applications Q queue Q(H:Q,g) ko .
queuing system, L1Q,3) = (r1(j)*s3r(j))/(1-s3r(j)); % L(H=0.9)

— the average length L of the queue of applications fori = _1 :_11 ) ,
in QS. Q11 1) = (r1()*s1r())/(n1(1)*(1-s1r(j))); % Q(p,

H)
end
end

The calculation results of characteristics of service quality self-similar traffic of QS type Wg/M/1/00 summarized
in Table 2-4.

Table 2. Characteristics of service quality self-similar traffic type QS Wg/M/1/0 at a given value of Hurst
parameter H = 0.6

A 0.5 0.6 0.7 0,8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

u 0.5 0.75 1.0 1.25 1.5 2.0 2.25 2.5 2.75 3.0 3.25

c (0990 0.841 | 0.758 | 0.707 | 0.672 | 0.582 | 0.572 | 0.564 | 0.557 | 0.551 | 0.547

W | 198 | 7.052 | 3.132 | 1.930 | 1.365 | 0.696 | 0.594 | 0.517 | 0.457 | 0409 | 0.371

QO | 198 | 5.642 | 2.192 | 1.235 | 0.819 | 0.348 | 0.291 | 0.248 | 0.214 | 0.188 | 0.167

L 99 4231 | 2192 | 1.544 | 1.229 | 0.696 | 0.655 | 0.621 | 0.590 | 0.564 | 0.543

Table 3. Characteristics of service quality self-similar traffic type QS Wg/M/1/0 at a given value of Hurst

parameter H=0.7

A 0.5 0.6 0.7 0,8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

U 0.5 0.75 1.0 1.25 1.5 2.0 2.25 2.5 2.75 3.0 3.25
p 1 0.8 0.7 0.64 0,6 0.5 0.49 0.48 0.47 0.46 0.45
c | 0913 | 0.894 | 0.834 | 0.795 | 0.769 | 0.697 | 0.688 | 0.681 | 0.675 | 0.671 | 0.667
W 2098 | 11.245 | 5.024 | 3.102 | 2.219 | 1.150 | 0980 | 0.853 | 0.755 | 0.679 | 0.616
Q] 2098 | 899 | 3.517 | 1.985 | 1.331 | 0.575 0.48 0.409 | 0.355 | 03127 | 0.277
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| L] 1049 | 6.747 | 3517 | 2.482 | 1.997 |

1.15 | 1.08 | 1.024 [ 0976 [ 0.938 [ 0.901 |

Table 4. Characteristics of service quality self-similar traffic type QS Wg/M/1/0 at a given value of Hurst

parameter H=0.9

A 0.5 0.6 0.7 0,8 0.9 1.0 1.1 1.2 1.3 14 1.5
W 0.5 0.75 1.0 1.25 1.5 2.0 2.25 2.5 2.75 3.0 3.25
p 1 0.8 0.7 0.64 0,6 0.5 0.49 0.48 0.47 0.46 0.45
c | 0994 | 0993 | 0992 | 0991 | 0989 | 0983 | 0982 | 0982 | 0.982 | 0981 | 0.980
W 33133 | 15131 | 86.8 | 56.377 | 35.964 | 14901 | 12.37 | 10475 | 9.067 | 7.917 | 6.962
Q [331.33 | 189.14 124 88.089 | 59.939 | 29.803 | 25.246 | 21.822 | 19.292 | 17.21 | 15471
L [ 165.67 | 113.49 | 86.8 | 70.471 | 53.945 | 29.803 | 27.834 | 26.187 | 24.935 | 23.75 | 22.627

According to the results of calculations, which are summarized in Table 2-4, construct graphs of average
waiting time W=W{(o) service requests in the QS type Wg/M/1/c0, the number of applications Q in the queue QS
type Ws/M/1/0 queue length and type of applications QS Wg/M/1/0 for the value of Hurst parameter H = 0.6.

W=W(c)

100

Fig. 4. Dependence of average waiting time W = W(o)
for QS type Wg/M/1/0 at input data of Hurst parameter
H=06, 0.5<1<1.5,05<4<3.25

Q=Q(o)

100

Fig. 5. Dependence of average number of applications
Q = Q(o) for QS type Ws/M/l/o at input data of Hurst
parameter H=0.6, 0.5<A1<1.5, 0.5< 4 <3.25

L=L(o)

50
45 - |,
4a0r
Br

30

o 0.1 02 03 04 05 06 07

Fig. 6. Dependence requests queue length L=L(c) for QS
type Wg/M/1/c0 at input data of Hurst parameter H = 0.6,
0.5<A<1.5,05< <325

Conclusions

1. The queuing system of the type Wg/M/1/o0 is
considered, which models the service of self-similar
traffic on the basis of Weibull distribution.

2. To determine the quality characteristics of QoS
queuing system type Wg/M/1/c0 used integral equation
is not always possible to get an accurate analytical
solution. Therefore, a software implementation in the
MATLAB environment for solving this equation is
proposed in the paper.

3. Compiled program through which graphically
solved integral equation, allowing determining the
characteristics of service quality self-similar traffic QS

Wg/M/1/0, namely, the average waiting time in the QS
application, the average number of applications in the
QS and the average queue length of applications.

4. The obtained solutions allow providing practical
recommendations for designing a mobile network,
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which can provide the required amount of buffer
devices of network objects, thus enabling the provision
of high-speed services, services and applications in the
mobile operator's network with specified QoS quality
parameters.
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Cmpenkoecovka I.B., Conoscvka .M., banux A./]., Maxozantok A.O.
JocairkeHHsl SIKICHUX XapaKTepUCTHK camMomoaioHoro tpadiky mepe:xi MoOiIbHOIO 3B'A3KYy Ha OCHOBI penizamii

NpPOrpamMHoOro 3ade3nevyeHHs

ITpo6aemaTuka. Ha eTtami mmaHyBaHHS 1 NMPOEKTYBaHHS Cy4acHHX Mepex MoOimpHoro 3B'smky 3G/UMTS i1 4G/LTE
BaKJIMBO BPAaXOBYBaTH, 10 Tpadik, IKUil B HUX 00CITyroBY€ThCS, € MAKETHUM 1 Ma€ BIIACTUBICTH CaMOIOAIOHOCTI, 110 3HAYHO
YCKJIaTHIOE BU3HAYEHHS XapaKTePHUCTHUK AKOCTi 00cIyroByBaHH Qo0S.

Meta pocaimkenb. Merolo naHoi poOOTH € 3HAXOJDKEHHS XapakTepucTHK skocti QoS camomoniOHoro Ttpadiky,
OMHMCYBAHOTO 32 IOTOMOTr0I0 posnoity Beitdymna st CMO Buny We/M/1/c0 3a nornomororo mporpamHoi pemizarii.

Metoauka peadnizauii.
00cITyToByBaHHS, JHIITHOTO TIPOTpaMyBaHHS.

Jins  BupilIeHHS BHKOPHCTaHI

MeToJM (yHKI[IOHAJIFHOrO aHali3y, Teopii MacoBOro

PesyabTaTi nocaimkenb. OTpUMaHO XapakTEPHCTHKU SKOCTI 0OCIyroByBaHHs camornoziOHoro Tpadika QoS, a came:
3HAYEHHS CEPeTHBOTO Yacy OUiKyBaHHS OOCIYTOBYBAaHHS 3asSBKH, CEPETHBOI KUTBKOCTI 3aBOK B Uep3i Ta CepeHbOI TOBKHHH

yepru 3asB0k B CMO Wg/M/1/c0.

BucnoBku. Ha erami 4acTOTHO-TEPUTOPIaNIbHOTO IUIAHYBAaHHS, ITIPOCKTYBAaHHS 1 IMOJANBINOI eKCIUTyaTamii Mepex
3G/UMTS i 4G/LTE 3HaiineHi XapakTepHCTHKU SKOCTI 00ciayroByBaHHs QOS 103BOJATH BPaXOBYBaTH peajlbHi 3HAYCHHS
Tpadiky, mo obcmyroByeThes 6asoBoro cranmiero NodeB (e-NodeB), mis ix onTuMmansHOrO PO3MOILTY Ha TEPUTOPIi, IO

00CITyrOBY€ETBCSI.

KuarouoBi cioBa: camononioHuii Tpadik; cucTeMa MacoBOTO OOCIYTOBYBAaHHS; XapaKTEPUCTUKH SKOCTI 0OCITyrOBYBaHHS
QoS; posnoxin Beiidyita; neperBopenns Jlamnaca-CrinTbeca; cepe/iHili yac 04iKyBaHHS 3asIBKH; CEPEIHE KUTHKOCTI 3asBOK B

qep3i; CEepeaHA NOBXHUHA YEPTHU 3asIBOK.



I. STRELKOVSKAYA, I. SOLOVSKAYA, A. MAKOGANIUK, A. RESEARCH OF THE QUALITY CHARACTERISTICS OF SELF-
SIMILAR TRAFFIC OF A MOBILE COMMUNICATION NETWORK ON THE BASIS OF SOFTWARE RELEASE

Cmpenkoeckas U.B., Conosckaa HU.H., banvik A./]., Makozaniok A.O.
HUccrenoBanne KkavyecTBEHHBIX XAPAKTEPUCTHK CaMONOAO0OHOro Tpaduka ceTH MOOWJIBHOH CBS3M HAa OCHOBe
peJu3aluy NPorpaMMHOro odecriedeHust

IIpodsemaTnka. Ha srtame mmaHupoBaHWS W TPOEKTHPOBAHMS COBPEMEHHBIX ceTel MoOmmbHOH cBs3u 3G/UMTS n
4G/LTE BaXHO yuMTBIBaTb, 4TO TpauK, KOTOPbIl B HUX OOCITYKMBAaeTCs, ABISETCA NAKETHbIM U 00JIafaeT CBOHCTBOM
CaMONOI00H, YTO 3HAUNUTEIBHO YCIOXKHACT ONpe/IeNIeHHe XapaKTepHCTHK kKadecTBa oOcmyxuBanus QoS.

Heas uccaenoBanmii. Llenpio maHHON pabOTHl SBISETCS HAXOXKICHUE XapaKTEPHCTHK KadecTBa QoS caMomomoOHOTOo
Tpaduka, OMMCHIBAEMOrO C MOMOIIbI0 pacrpeneieHust BeiiOymia mist CMO Buma We/M/1/c0 ¢ MOMOIIBIO TPOTpaMMHO#M
penu3aIuy.

Mertoauka peanu3anuu. /sl penieHUs MCIONB30BaHbI METO/Bl (DYHKIMOHAIBHOTO aHajin3a, TEOpHs MacCOBOTO
00CITy)KBaHNS, THHEHHOE MPOrPaMMUPOBAHHE.

PesyabTaThl uccienoBanuid. [lomydeHbl XapakTepHCTHKN KauyecTBa OOCTyKHMBaHHS camononobHoro tpaduka QoS, a
MMEHHO: 3HAUCHHUS CPEAHEr0 BPEMEHH OXKMAAHHSA 00CIYKMBAHHUA 3asBKHU, CPEIHETO KOIMYECTBA 3asBOK B OUEPEH U CPEAHEH
JUTHHBI ouepeu 3assBok B CMO Wg/M/1/o0,

BeiBoasbl. Ha srame yacToTHO-TEppUTOPHATIBHOTO MIIAHUPOBAHUS, IPOCKTUPOBAHUS U JalbHEHIIel sKcIuyaTalu ceTei
3G/UMTS u 4G/LTE naiinennble XapakTepuCTHKU KadecTBa 0OCTykuBaHHS QOS ITO3BONAT YUUTHIBATH PEabHbIC 3HAUCHHS
tpaduka, odciyxuBaemoro 6a3oBoit craniuerd NodeB (e-NodeB), mist nux ontumanbHOro pacnpeseleHus Ha 00CIyKHBaeMOoi
TEPPUTOPHUHL.

KuroueBbie cioBa: caMonoqoOHBIN Tpaduk; CHUCTEMa MacCoBOTO OOCITYXKHBAaHHUS; XapaKTEPHCTHUKMA —KauecTBa
obcnyxuBanus QoS; pacnpenenenue BeiiOyma; npeodpasosanue Jlamnaca-CTuntbeca; cpejiHee BpeMsl OKHIAHUS 3asBKH;
cpeHee KOJIMYECTBA 3asiBOK B OUEPE/IH; CPEIHSIS AIMHA O4epe/IN 3asBOK.
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