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Abstract. The work considers the problem of Quality of Service (QoS) characteristics estimation for
self-similar traffic serviced by a queuing system of the Ws/M/1/x type using the Weibull distribution. To solve
this problem, a transformation of Laplace-Stieltjes is applied. The values of service quality characteristics,
such as the average time of packets delay and the length of packets queue, have been obtained for self-
similar traffic serviced by the Wgs/M/1/w queuing systems (QS). We obtained graphs of the dependence
average waiting time W = W(\,H) of a request in the system and average queue length Q = Q (p,H) which
allow us to provide practical guidance on the maximum value of the average waiting time W for queries that
arrive at the Ws/M/1/0 QS. It can be stated when planning the sizes of the buffers for hardware and software
facilities, it is necessary to plan them in the way that would guarantee the required QoS. The obtained results
will allow the consideration of design features and structure of the network nodes at the stage of planning
and during further operation of the NGN hardware and software facilities.

Key words: self-similar traffic, queuing system, quality-of-service characteristics QoS, Weibull
distribution, Laplace-Stieltjes transform.

AHoTauis. Cy4yacHi TenekomyHikaLii po3BMBalOTbCA Y HANPSMKYy 4O MepPeX HacTyMHOro MOKOMiHHSA
NGN (Next Generation Network), dyHkuUioHyBaHHA sikux 6a3yeTbCA Ha TEXHOMOrifX MakeTHOI KoMyTauii.
MakeTHUN Tpadik, sk obecnyroByeTbes B Mepexi NGN, € pisHopigHUM, agxe hOpMyeTbCst 3a LOMOMOrOH
Gesnidi pisHUX mKepen nocnyr i MepexHux goaatkiB Ans 3abe3nedeHHs HadaHHs nocnyr nepegadvi MoBM,
AaHux Ta Bigeo3obpaxeHb TPS (Triple Play Service). BiH Mae ocobnuBy CTPyKTypy, Sika BU3Ha4aeTbCs
NayvyeyHiCTIO | HAsIBHICTIO 3HAYHOI KiNbKOCTI NyrnbcaLii. Lle yacto npu3sBoanTe A0 MOXIUBUX NepeBaHTaXeHb
MepexXeBnx By3niB i ix OydepHMx NpucTpoiB i, BiOMOBIGHO, 4O 3aTPMMOK i BTpaT nakeTiB. Tomy npu
obcnyroByBaHHI nNakeTHOro Ttpadpika ocobnuBa yBara nNpUAINAeTbCsl NIOTPUMLI XapaKTEPUCTUK SKOCTI
obcnyroByBaHHA QoS (Quality of Service). Po3rnsiHyTo 3agady 3HaxXOMKEHHsI XapakTepucTuK sikocTi QoS
camonopgibHoro Tpadika Ana cuctemum MacoBoro obcnyrosyBaHHSA Bugy Ws/M/1/o 3 BUKOPUCTaHHAM
po3noginy Benbynna. [ns po3s’s3aHHs Uiei 3agadi BUKOPUCTOBYETLCSA NepeTBOpeHHs Jlannaca-CtunTtbeca.
OTpuMaHi 3Ha4YeHHs XapaKTepUCTUK SKOCTi 0OCnyroByBaHHA camonofibHoro Tpadpika Ang cuctemu
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macoBoro obcnyrosyBaHHst (CMO) We/M/1/w0, a came: cepefHilin Yac 3aTpUMKM NakeTiB, cepeHs KinbKiCcTb
Bumor y CMO Ta goexunHa naketHoi Yeprn. OTprMMaHi rpadoiku 3anexHoCcTeln cepefHboro Yyacy O4ikyBaHHS
W = W(\,H) Big iHTEHCUBHOCTI HaaAXO4KEHHS BUMOT Ha 06CnyroByBaHHs Ta NnapameTpa XepcTta i cepeHbol
OOBXMHM nakeTHoi Yeprn Q = Q(p,H) Big koedbiuieHTa 3aBaHTaXXeHOCTi Ta NapameTpa XepcTa. Lle no3eonsie
HaJaTu MpPaKTUYHI pekoMeHAauii LWogo MaKCMMarnbHOro 3Ha4YeHHs CepedHboro 4vacy odikyBaHHa W gns
3anuTiB, ski Hagxoaatb o CMO Ws/M/1/w. Togi npu nporHodyBaHHi po3mipiB OydepiB anapaTtHo-
nporpamHMx 3acobiB Mepexi MOXIMBO nependaynT Takuim po3Mip Gydepa NpUCTPOiB, SKMIA 403BONMB
obcnyroByBaHHs 3annTiB y CMO 3 3agaHoto skicTio obcnyrosyBaHHA QoS. OTprMaHi pe3ynbtaT 403BONSATbL
Ha eTani MpPOeKTyBaHHA Ta noAarnbloi eKchnyaTauii anapaTHo-nporpamHux 3acobiB Mepexi NGN
BpaxoByBaTW OCOONMBOCTI NoOyAOBU Ta CTPYKTYpy BY3niB Mepexi B yMOBax pearibHUX NMPOLIECIB IXHbOro
PYHKUIOHYBaHHS.

KniouyoBi cnoBa: camonogibHuin Tpadik, cuctTemMa MacoBOro OOCIYyroByBaHHs, XapaKTepuUCTUKM
SIKOCTi 06cnyroByBaHHs, po3nogin Benbynna, nepetBopeHHs JNlannaca-Ctunteeca.

AHHOTauusA. PaccmaTpuBaeTcsl 3a4aya HaxOXOEeHUSA XapakTepucTuk kadectBa Quality of Service
QoS camonogobHoro Tpaduka aAns cuctembl MaccoBoro oocnyxusanns suga We/M/1/c0 ¢ ncnonb3oBaHUeEM
pacnpenenenvss Beibynna. [Ona peweHus 3Tol 3agadM uUcnonb3yetca npeobpasoBaHue Jlannaca-
CtunTtbeca. lNony4veHbl 3HAYEHUS XapaKTEPUCTUK KadecTBa obcnyxuBaHus camonogobHoro Tpadmka ans
cucteMbl MaccoBoro obcnyxueaHua (CMO) We/M/1/wo, Takme Kak: cpedHee BpeMs 3adepXKn MaKkeTos,
cpenHee konu4yectBo TpeboBaHun B CMO 1 gnvHa naketHol ovepean. NomnyyeHbl rpacdukM 3aBUCMMOCTH
cpenHero BpemeHun oxuaanua W = W(\,H) 3assku B CMO u cpegHen anvHbl nakeTHon ovepeaun Q = Q(p,H),
KOTOpble MO3BONAT AaTb NPaKTUYECKUE peKoMeHAaumMmM No MakCMManbHOMY 3HAYEHUKO CPedHEro BpeMEHU
oxuganna W ansi 3anpocos, kotopble noctynatotT B8 CMO We/M/1/c. Toraa npy NporHo3vpoBaHMn pasmepos
OycdepoB annapaTHO-MPOrpaMMHBLIX CPEACTB CETM MOXHO MNpedycMOTPeTb Takol pasmvep Oydepa
YCTPOWCTB, KOTOpLIN Gbl No3Bonun obcnyxuBanne 3asiBok B CMO ¢ 3agaHHbIM Ka4ecTBOM 0BCnyXnMBaHUs
Qo0S. TlMony4eHHble pe3ynbTaTbl MO3BOMAT Ha 3Tane MPOEKTUPOBAHUA W OanbHEWLWen 3SKcnyaTaumu
annapaTtHo-nporpaMmMHbIx cpeactB ceT NGN yunTeiBaTe 0COGEHHOCTU NMOCTPOEHUS U CTPYKTYPY Y3rOB CETU
B YCITOBMSAX pearibHbIX NPOLLECCOB NX (PYHKLMOHNPOBaHKSI.

KnroueBble cnoBa: camonofgoOHbIi Tpadmk, cMcTteMa MaccoBOro OOCMY>XNBaHWS, XapakTePUCTUKA
KayecTBa oOcnyxuBaHus, pacnpegenenne Benbynna, npeobpasoBanue Jlannaca-Ctuntbeca

Introduction. The development of modern telecommunications is connected with the active
implementation of Next Generation Networks (NGN), which are multi-service, multiprotocol and
invariant to switching technologies. By its nature, the traffic serviced in NGN is heterogeneous
because it is formed by a variety of characteristics of different sources. such as services and
network applications, involved in providing a range of Triple Play Service - voice, data, and video
services. Self-similar traffic has a special structure which is characterized by burstness and the
presence of a significant number of pulsations. This often leads to possible overloads of network
nodes and their buffer devices and, respectively, to packet delays and losses. Therefore, special
attention must be paid to maintain Quality of Service (QoS) characteristics when servicing packet
traffic in NGN [1-2].

Packet traffic of NGN has a self-similar (fractal) nature. According to [3-4], the real process
X(?), t e R is self-similar with exponent # >0 if for all a >0, finite-dimensional distributions for
{X(at),t e R} are identical to finite-dimensional distributions {¢” x(¢),ze R}, i.e. if for any k>1,

f,,ty,..1, € R,and any a >0
(X(at,), X(at,),.... X (at,)) = a" X (t,).a" X(t,).....a” X (1,)). (1)

or
{X(at),t € R}E (aHX(t),t € R).

Proceeding from the expression (1), we can conclude that the process is repeated with the
observance of statistical properties due to the fact that the statistical characteristics do not change
when scaling. This paper considers traffic whose distribution tails can be described by Pareto
distributions, Gamma distribution or Weibull distribution.

At the design stage of network hardware and software, when the network structure and
performance of the network nodes are selected and during further NGN operation, it is necessary to
use the calculation methods for QoS characteristics estimations to consider the self-similarity of
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packet traffic. We employ the Weibull distribution, which is used for high bit rate data and voice
traffic.

A significant number of works by various authors have been devoted to the QoS
characteristics estimations for self-similar traffic [5-10]. Most of the works are based on
experimental data or simulation results. However, analytical solutions have not yet been found for
QoS characteristics of self-similar traffic in the case of various distributions. Only approximate
solutions for some types of queuing systems (QS) were obtained for some cases of traffic described
by the different distributions, ¢.g., by the gamma distribution [5]. The Pollachek-Khinchin formula
applied to the M/G/1 QS, as well as the Norros's formula to the fBM/D/1/0 QS. were used to
estimate QoS characteristics in the works [3,5,7-8,10]. All the above allow us to conclude that there
is an interest in the problem of finding quality characteristics of self-similar traffic described by
distributions of different types. This is required at the stage of choosing the hardware and software
resources for NGN, including the structure and size of the buffer devices of network nodes.

In the work [11], the method of finding image F(p) is shown, as well as the root of the
equation o, when the solution is approximately obtained, discarding an infinite number of members.
Additionally, the error of the obtained results is calculated. However, in addition to that work, it is
important to obtain accurate root values of the equation o, without approximations, which allow the
discovery of the necessary quality characteristics of QoS exactly.

The purpose of this work is to find the QoS characteristics of self-similar traffic described by
the Weibull distribution for a QS of the Wg/M/1/o type. The characteristics include the average
packet delay in the system and packets queue length.

Calculation of the QoS characteristics of self-similar traffic

Consider a QS of the Ws/M/1/00 type that services the incoming flow of requests with arrival
moments having the Weibull distribution W, the service time has an exponential distribution M,
while the QS has one server [3].

Taking into account that the examined QS is characterized by a Weibull distribution of
arrivals, the problem of QoS characteristics calculation is considerably complicated. So far, this
problem has been analytically solved for self-similar traffic with the gamma distribution [5]. With
the help of simulations, approximate solutions with a certain error were obtained for self-similar
traffic with the Weibull and Pareto distributions [10,12].

Consider a2 Weibull distribution, which is typical for high bit rate data and voice traffic. We
use a different approach, namely, we find the Laplace-Stieltjes transform for the Weibull
distribution in order to obtain QoS characteristics of self-similar traffic.

Consider a Weibull distribution described by the differential distribution function [3]:

,Bxa

afx®e P, x>0
= 2
/(x) {0’ ‘<0 )

where O — distribution curve shape parameter, 0 <a <1; a=2-2H, H — Hurst parameter,

0,5<H«1; B={M“ (1+lﬂ — distribution parameter, >0; A — intensity of arrivals to QS;
o

I'(k)- Euler gamma function of the form of I'(k)= J'tk’le‘tdt :
0

We use the Laplace-Stieltjes transform to find the QoS characteristics of self-similar traffic
described by the Weibull distribution for a QS of the Wg/M/1/w type. It is known from [13] that for
the Wp/M/1/00 QS, the probability that a newly arrived request will find n requests in the QS is
defined as:

r,=(l1-0)s", 0<o<l, 3)
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where o — the root of equation
6=F(u-po), 0<o<l, 4)

where p — the requests service rate in the QS.
In this case, F' is the Laplace-Stieltjes transform (LST) of the distribution function of the
intervals between arrivals to QS, and has the form of

+o0

Fls)= [e™ f(e)at, (5)
0
where f (t) — probability density of a random variable t (t — duration of the interval between

adjacent arrivals).

Having found the roots of equation (4), it is possible to determine the following
characteristics of the Wg/M/1/00 QS [13]:

— average waiting time W of a request in the system can be determined by the expression

o

W=——-—-, (6)
u(l-o)
— average queue length Q can be defined as follows:
__Po
o l1-c’ 7
where p — coefficient of utilization of a QS.
Considering (5), the expression (4) will take the form of:
c=0af J.e’(“’”“)tt“’le’ﬁta dt . (8)

0

n

. . , . . . P e X
Using the expansion of the ¢* function to the Maclaurin series [14] e =Z—', where
n=0 n.

xe (— oo,+oo), it is easy to see that the probability density of the distribution of arrivals intervals
durations will be:

n—1

f)= ia%ﬁ”t"‘“ : ©)

n=0

For the original f (t), defined by the expression (9), it is necessary to find the F image. It is
known that the Laplace transform possesses the property of linearity for a finite number of terms,
that is, if f£(), f,(t), ... , fyv(z) are originals, then for all the constants c¢,, i =1, N, the function

N
f(6)= Zc .. (t) is also an original and the following equation is fair [15-16] we get
k=1

L[f ()= ;0‘ E; 1);)1! B” F('Zf ), (10)

p

where no >0 is in some ring with the center at the origin of coordinate systems.
Then, we obtain an image of F(p):

= (-0, D(na)
Flp)=) a , no>0. (11
(») Z, (1=1) L T )
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Then, according to (11), equation (4) takes the form of [11]:

ozia(_l)n_l B I'(no) . na.>0. (12)

n=1 (n - 1) ! (M - “G)w

Solving equation (12), we find the root of the ¢ equation. This will allow to determine the
necessary quality characteristics for a QS of the Wp/M/1/c0 type [13]. Using the expression (6) in
order we find the average waiting time W for an intensity of arrivals in the QS and complete the
graph of the dependence W = W(A,H) (Fig. 1).

According to Fig. 1, showing the graph of the dependence W = W(A,H), we can draw the
following conclusions:

— the maximum value of the average waiting time W for a request within the Wp/M/1/c0 QS
corresponds to the H<€[0,85;0,90] range of the Hurst parameter and the range of intensity of arrivals
A€[0,75;0,9] for the QS;

— the maximum value of average waiting time W for a request within the Wg/M/1/00 QS is
22,16 conventional time units (c.t.u.) for the given value H = 0,9 of the Hurst coefficient.

It can be stated that when planning sizes of the buffers for hardware and software facilities it
is necessary to plan them in the way that would guarantee the required QoS.

Using the expression (7) we find the average queue length Q of the QS and plot the graph of
the dependence O = Q(p,H) (Fig. 2).

Figure 1 — The graph of the dependence W = W(A H) of the average waiting time W on a load
coefficient of the Wg/M/1/c0 QS and the Hurst parameter value

According to Fig. 2, showing the graph of the dependence Q = Q(p,H), we can make the
following conclusions:

— the average queue length L of the Wg/M/1/00 QS depends on the load factor p and increases
with the growth of the Hurst parameter values H;

— the maximum value of the average queue length Q is 7,16 of the Ws/M/1/o0 QS is reached
in the range of He[0,85;0,9] of the Hurst parameter corresponding to the range of the coefficient of
utilization values belonging to the interval of p<[0,8;0,9].
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Figure 2 — The graph of the dependence Q = Q(p,H) of the average queue length O of the

Wg/M/1/0 QS on the load coefficient and the Hurst parameter

Conclusion. The QoS characteristics of self-similar traffic have been found for the

examined queuing system of the Ws/M/1/00 type with the Weibull distribution. The results include:

— values of quality of service characteristics have been obtained for the Wg/M/1/c0 QS that

services self-similar traffic. The characteristics include: average packet delay and an average queue

length;
— the obtained results will allow to consider the design features and structure of the network

nodes at the stage of planning and during further operation of the NGN hardware and software
facilities.
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