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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 Wg/M/1/= 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 Wa/M/1/ queuing systems (QS). We obtained graphs of the dependence
average waiting time W = W(A,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 Wg/M/1/e0 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.

AHoTauin. CyyacHi TenekoMyHikauil po3BMBaIOTLCA Y HAaNPAMKY A0 MEPEX HACTYMHOro MOKOMiHHA
NGN (Next Generation Network), yHKUiOHyBaHHSI Akux 6asyeTbCA Ha TEXHOMOriAX NaKeTHOI KomyTaLil.
MakeTHUi Tpagik, Akun obcnyrosyeTbes B Mepexi NGN, € pisHopigHuM, agxe (opMyeETbCS 3@ A0NOMOroK
6e3anivi pi3HUX QKepen nocnyr i MEpeXHUX A0AaTKIB Ans 3abesneyeHHs HaaaHHA nocnyr nepeaadi MOBM,
haHux Ta Bigeosobpaxenb TPS (Triple Play Service). BiH mae ocobnusy CTPyKTypy, fika BU3HA4YaeTbCs
NaYeYHICTIO | HAnABHICTIO 3HAYHOI KINbKOCTI Nynbcalii. Lie 4acTto npu3soauTb A0 MOXIUBUX NEpeBaHTaXeHb
MepexeBux By3niB i ix OydepHux npucTpoiB i, BIiANOBIAHO, A0 3aTPUMOK i BTpaT nakertis. Tomy npu
obcnyroByBaHHi MakeTHoro Tpadika ocobnuBa yBara NpUAINAETbCS MIATPUMUI XapaKTEPUCTMK SKOCTI
obcnyroeysaHHs QoS (Quality of Service). PosrnsHyTo 3agavy 3HaXOMKEHHS XapaKTepucTuk sikocTi QoS
camonofibHoro Tpadika Ans cucTemu Macosoro obcnyroByBaHHs Bugy Wg/M/1/c °3 BUKOPUCTAHHAM
posnoginy Beitbynna. [ins po3e’asaHHs Uiel 3a4a4i BUKOPUCTOBYETLCS nepeTsopeHHs Jlannaca-Ctuntbeca.
OTpuMaHi 3Ha4YeHH\ XapaKTepucTUK SKOCTi obcnyroByBaHHsi camonofibHoro Tpadika Ans CcucTemu

Strelkovskaya I, Siemens E., Solovskaya L, Fedotova I 2%

Estimation of QoS characterictics af ealf-cimilar traffic far tha W_/M/1/mn cnanina cvnbnome




Hayxoei npaui OHA3 im. O.C. [lonosa, 2018, Ne 1

macoBoro obcnyrosysaHHa (CMO) Wg/M/1/x, a caMme: cepeaHii 4ac 3aTpUMKKU NakeTiB, CepenHs KinbKicTb
Bumor y CMO Ta goBxuHa nakeTHoi Yepri. OTpumaHi rpadikv 3arnexHOCTel cepefHbOoro Yacy O4ikyBaHHS
W = W(A,H) Bia iIHTEHCUBHOCTI HaAXOMKEHHA BUMOr Ha obcnyroByBaHHA Ta napameTpa Xepcra i cepeaHboi
[LOBXWRW nakeTHoi Yepru Q = Q(p,H) Bia koedilieHTa 3aBaHTaXeHOCTI Ta napameTpa Xepcra. Lle nossonse
Hagatu npakTuyHi pekoMeHaauii WOoAO0 MaKCUManbHOro 3HaYeHHs CepeaHboro 4acy ouvikyBaHHs W ans
3anuTiB, siki Hagxoaste Ao CMO Wg/M/1/w. Toai npu nporHo3yBaHHi posmipis Oydepie anapaTHo-
nporpamMmHux 3acobiB Mepexi MOXNWBO nepeabaqvuTu Takuii po3Mip Bydepa npucTpois, SKUA A03BONUB
obcnyrosyearHs 3anuTis y CMO 3 3agaHoto skicTio obcnyrosyeaHHs QoS. OTpuMaHi pesynsTaTit A03BONSATL
Ha eTani NpceKTyBaHHsA Ta moAanbluoi ekcnnyaTauii anapaTHo-nporpamHux 3acobis mepexi NGN
BpaxoByBaTu ocobnusocTi NobyaoBu Ta CTPYKTYpy By3niB MEpexi B yMOBax peanbHUX MPOLECIB IXHbOro
yHKLIOHYBaHHS.

Knioyosi cnosa: camonopibHuin Tpadik, cuctema MacoBoro o6CNyroByBaHHSA, XapaKTepUCTUKK
sikoCTi oBcnyroByBaHHs, po3noain Beibynna, nepetsoperHs Jlannaca-Ctuntbeca.

AHHoOTaumn. PaccmaTpuBaeTcs 3agada HaxoXAeHWs xapaktepucTuk kadectsa Quality of Service
QoS camonopobHoro Tpaduka Ans cuctemsl MaccoBoro obcnyxusanus suaa We/M/1/0 ¢ uCnonb3oBaHnem
pacnpegenenus Beibynna. [na pelueHws 3Toi 3agaumM ucnonb3yetcss npeobpasosaHue Jlannaca-
CrunTbeca. lNonyyeHbl 3Ha4YEHUA XapakTepuCTUK KayectBa obCnyXuBaHWa camonofobHoro Tpadwuka Ans
cuctembl maccosoro obcnyxusanus (CMO) Wp/M/1/0, Takue Kkak: cpefHee Bpemsi 3aAepXKu NakeTos,
cpeaHee konuyectso Tpeboanuit B CMO u anvHa naketHow ovepenu. MonyyeHbl rpadhuku 3aBUCUMOCTH
cpepHero Bpemenn oxuaanus W= W(A,H) sassku B8 CMO u cpegHew AnuHbl nakeTHon ovepeau Q = Q(p,H),
KOTOPbIE NO3BOMNSAT AaTh NMPAKTUYECKUE PEKOMEHAALIMA N0 MaKCUMAanbHOMY 3HAYEHWIO CPEAHErO BpEMEHU
oxuaanus W ans sanpocos, kotopsie noctynatot 8 CMO Wg/M/1/c0. Toraa npu nporH03MpoBaHumn pasmepos
OychepoB annapaTHO-NPOrpaMMHbIX CPEACTB CETU MOXHO npefycMOTpeTb Takow pasmep Oydepa
YCTPOWCTB, KOTOpbIV Obl no3sonun obcnyxusaxnue 3assok B CMO ¢ 3agaHHbIM Ka4ecTBOM 0BCnyXuBaHus
QoS. [Mony4yeHHble pe3ynbTaThl MNO3BOMAT HA 3Tane MPOEKTUPOBaHWUS W AanbHEeWLeid akcnnyataunu
annapartHo-nporpaMmmMHbix cpeacts cetT NGN yuutbiBaTb 0COBEHHOCTU NOCTPOEHUS U CTPYKTYPY Y3NOB CeTU
B YCNOBUSX peanbHbiX MPOLECCOB WX (DYHKLMOHUPOBAHMS.

KnioueBble cnoBa: camonofobHblil Tpaduk, cuctema MaccoBoro 06CnyXuBaHus, xapakrepucTuku
kauecTBa obcnyxusanus, pacnpegenenve Benbynna, npeobpasosanue 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), te R is self-similar with exponent # >0 if for all a> 0, finite-dimensional distributions for
{X(at),t < R} are identical to finite-dimensional distributions {a” X (1), € R}, i.e. if for any k>1,
t,,ly5.s1, € R, and any a>0

| (X(at,), X (at,)..... X (at,)) = (a” X (t,),a" X(t,).....a" X (¢, ), (1)
or :
{X(ar).r e R}=(a" X(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, e.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/1/00 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/ 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 Wg/M/1/w 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 a 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]:

oapsie ™, x>0
/) {0, s )

where O — distribution curve shape parameter, 0<a<l1; a=2-2H, H — Hurst parameter,

0,5<H<1; B:[M‘(Hljjl — distribution parameter, p>0; A - intensity of arrivals to QS;
o

I'(k)- Euler gamma function of the form of I'(k)= It""e"dt .
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/c0 type. It is known from [13] that for
the Wp/M/1/c0 QS, the probability that a newly arrived request will find » requests in the QS is
defined as:

r,=(-0)s", 0<0<l1, 3)
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where o — the root of equation
o=F(u-po), 0<o <1, 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

F(s)= je'“f( )t (5)

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 ¥ of a request in the system can be determined by the expression

Wt (6)

u(l-o)

— average queue length Q can be defined as follows:

Q—— (7)

l-o

where p — coefficient of utilization of a QS.
Considering (5), the expression (4) will take the form of:

o =af je4"-“°)'t“-‘e-°'“ dr . (8)
0

n

Using the expansion of the ¢* function to the Maclaurin series [14] e* = Zx—', where
-0 M.

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

ft)= Za———:-B pele 9)

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 £(:), f2(t), ... , fy(r) are originals, then for all the constants c,, i =1,N , the function

N =
f()=> ¢, £,(¢) is also an original and the following equation is fair [15-16] we get
k=1 3

-5y )

na

where na > 0 is in some ring with the center at the origin of coordinate systems.
Then, we obtain an image of F(p):

F(p)= i gnl);'a Fé’f),nwo. . (11)
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Then, according to (11), equation (4) takes the form of [11]:

oS aC )

o PP
= (=) (u—po)”

Solving equation (12), we find the root of the ¢ equation. This will allow to determine the
necessary quality. characteristics for a QS of the Wg/M/1/c0 type [13]. Using the expression (6) in
order we find the average waiting time /¥ 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(\, H), we can draw the
following conclusions:

— the maximum value of the average waiting time W for a request within the Wg/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/c0 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 Q = O(p.H) (Fig. 2).

o>0. (12)

/4

A

Figure 1 — The graph of the dependence W = W(A, H) of the average waiting time W on a load
coefficient of the Wy/M/1/00 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 W/M/1/0 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 Wp/M/1/c0 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 = O(p, H) of the average queue length Q 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 W/M/1/c0 type with the Weibull distribution. The results include:

— values of quality of service characteristics have been obtained for the Wg/M/1/00 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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