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Traffic in modern data networks and information systems are most adequately described by different classes of
fractal models. This kind of models takes into account the following key characteristics of traffic as high variability
events grouping and explicit correlation structure on different time scales. Fractal shot process FSNDP, referring to
the fractal point process is sufficiently accurate approximation of the network load at individual workstations or small
workgroups, is defined with five numerical parameters, with known estimating algorithms on available samples (based
on actual traffic dumps). Studies based on queueing system simulation with input FSNDP stream managed to establish
a stable relationship between the change in each of the input parameters and the average queue length in the system.
Confirmed direct correlation queue length of the parameter characterizing the amplitude of the individual load bursts,
found an inverse relationship of the index related to the Hurst parameter and master degree of fractal properties. Based
on the identified dependencies, obtained empirical relations between parameters of FSNDP process and the average
queue length in single-channel queueing system with unlimited queue and deterministic service discipline FSNDP/D/1.
These relationships allow to estimate the average volume of buffer used and the average delay introduced by the
network equipment in the load conditions expressed fractal properties from measurements of real traffic. The presence
of the formulae increases the importance of traffic models based on FSNPD, since it makes possible to perform a full
cycle analysis of queueing systems and queueing networks without involving the simulation methods.
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Tpagux 6 coepemennvix cemsx nepedauu OaHHLIX U UHPOPMAYUOHHBIX CUCIEMAX HAUDOIee A0eK8amHO ONUCLIEA-
emces pasnuYHLIMU KIACCamy QpakmanbHbix mooenei. Imom kiacc mMooeiell yuumeleaem maxue Kioyesvie ceolicmed
mpaguxa, KaK 8bICOKAs 8aPUATMUBHOCHIb, SDYRNUPOSKA COOLIMULL U 8bIPANCEHHAS KOPPETAYUOHHAS CIMPYKMYPA HA Pa3-
JUYHBIX 8peMenHbIX Macumabax. @pakmanvhusiti Opobosoi npoyecc FSNDP, omuocsawutics K hpakmanbHbim moyeu-
HbIM BpOYeccam, A6Aemcst 00CMAamoyHo Mo4YHOU AnnPOKCUMayuell cemegoll Haspy3Ku Ha YPOGHe OMOEbHbIX padouux
CMAHYULl UnY MAbIX paboyux epynn, ONUCHIBAEMCs NAMbIO YUCTOBLIMU NAPAMEMPAMU, O KOMOPBIX U36ECMHbL A0~
PUMMbL OYEHKU NO UMEIOUWUMCA 8bI0OPKAM (HA OCHOBE PeanbHbIX damnos mpaguxa). B xooe uccredosanuti Ha ocHoge
UMUMAYUOHHO20 MOOCTUPOBAHUS CUCTEMbL MACCOB8020 0OCTYHCUBAHUS, HA 8X00 Komopoli nocmynaem nomox FSNDP,
Y0anoch yCmaHosumy yCmouyugvle 3a8UCUMOCIU MeXCOYy USMEHeHUeM Kaxc0020 U3 Napamempos 6xo0H020 NOMOKA
U cpeonell OnuHoOU ouepedu 6 cucmeme. Iloomeepoicoena npsamas 3a6ucUMOCms OJIUHLL OHepedu Om napamempd, Xd-
pakmepuzyoujeco amniumyody omoenbHblx 6CHAECKO8 HAZPY3KU, 0OHapyicena oOpamuasn 3a8ucUmMocims om noxasame-
NI, C8A3AHHO20 ¢ hapamempom Xepcma u 3a0anuje2o cmenetb 8blpajdceHHOCmu paxkmanvuulx ceoticms. Ha ocnosa-
HUU BbIAGIEHHBIX 3A6UCUMOCHIEN NOTYYEeHbl IMRUPUYECKUe COOMHOWeEHUs, cea3blearouue napamempel nomoxa FSNDP
U CpeOHIo OUHY 0YepeoUu 8 OOHOKAHAILHOU CUCTeMe MACCOB020 OOCIYHCUBAHUSL C HEOZPAHUYEHHOU 04epedblo U Oe-
mepMuHUpo8anHou oucyunaunol oocayxcusanus FSNDP/D/1. Ilonyuentsie coomHuouieHus no3801510Mm OYeHUms cpeo-
HULL UCnoab3yemblil 06vem Oygepa u CpeoHIo BHOCUMYIO 3A0ePHCKY HA cemesom 000py008aHUU 8 YCI0BUAX HASPY3KU
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C BHIPAICCHHBIMU (PPAKMATLHBIMU CEBOUCMBAMU NO OAHHbIM U3MepeHUll peanbHozo mpaduxa. Haruuue coomunowenuil
nosviutaem yeHHocmos mooeneti mpagura Ha ochoge FSNPD, max kax daem 603MONICHOCMb NPOBEOEHUs: NOTHO20 YUK-
JIa AHATIU3A CUCTNEM U cemell MACCO8020 0OCIYICUBaHUsL 6e3 NPusiieueHls annapama UMUmMayuoOHHO20 MOOEIUPOBAHUSL.

Kniouesvie cnosa: ¢hpaxmansvueiii mpagux, gpaxmanvusiti opobosoii npoyecc, FSNDP, CMO, umumayuontoe

Mooenuposanie.

Introduction. In recent years the traffic of data com-
munication networks, also as a part of distributed infor-
mation systems, characterized by high variability and
explicit correlation properties, is described by various
fractal models [1-4].

Unlike geometrical fractals, determination of which
is based on geometrical similarity of a part of an object
to the whole, with fractal random processes — the part of a
path is similar to the whole statistically: when averaging
by time at various scales, the process substantially keeps
values of the first and second order statistics, i. €. doesn’t
smooth out, doesn’t lose variability and correlation struc-
ture.

Fractal or self-similar properties of the network traffic,
revealed originally on the Ethernet networks and broad-
band access (BBA) in the 1990s [5; 6] explains feeble
suitability of classical Markov methods and models of the
queueing theory for simulation of the modern high-loaded
systems and data communication networks. First of all it
is about the explicit correlation structure — the phenome-
non of an after-effect which by definition neglects
Markov models. However, despite adequacy of traffic
streams description using fractal models, receiving of
expressions suitable for practical calculations for the
queueing system models is connected with considerable
difficulties. Several options of formulas for queueing sys-
tem models with the elementary fractal sequence on the
basis of fractional Brownian motion [7; 8] are known,
though this flow can be considered adequate for the de-
scription of backbone segments traffic, not for distributed
information systems at the level of individual worksta-
tions and small workgroups. Also there are solutions
based not on specific sequence models, but on their uni-
versal statistical characteristics [9].

On the basis of simulation modeling the authors man-
aged to receive the ratios suitable for calculation of queue
volume in queueing systems with an input flow using the
fractal shot process and therefore, for capacity of the
appropriate fragments of packet-switching networks
estimation.

Fractal shot process (FSNDP) model. According to
the result of the research of the Ethernet-traffic real traces,
as the authors have shown [10-12] earlier, the adequate
model of packet flow in distributed system of data proc-
essing with the remote workstations, one of fractal point
processes, namely the fractal shot process which is also
called FSNDP (Fractal Shot Noise Driven Poisson), be-
longing to the category of double stochastic Poisson point
processes, can be used. For the first time the model of the
network traffic based on this process was suggested by S.
Lowen and B. Ryu [13, 14]. For the process there are ap-
proaches to statistical parameterization on the received
dumps of the real traffic, it also can be generated using
the correct and moderately labor-consuming calculations
within the set parameters.
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Time varying rate of FSNDP process is set by the con-
tinuous accidental process — fractal shot noise which is
received by filtering classical Poisson process.

FSNDP process is completely defined by five numeri-
cal parameters (W, B, K, 4, B), having the following value.

Primary Poisson stream {zi} with constant rate pu be-
comes the input to a linear filter with impulse response
function

-B
h(t):{m te(4,B), W

0,2 ¢(4,B),

where B is defined by the level of the process self-
similarity; 4, B — non-negative cut-off parameters; K — the
positive constant, determining the amplitude of total proc-
ess. The filter produces the fractal shot noise

1(1)= ) h(t—1,),, @)
considered as time varying rate for the second Poisson
point process, which output is the FSNDP.

FSNDP process acquires steadily self-similar properties
under a condition that 4 << B and A4, close enough
to zero. With practical modeling it is usually accepted that
A=0o0rd4=10".

Parameter [ is connected with Hurst parameter H, i. e.
defines degree of expressiveness of fractal properties of
the resultant process:

H=3/2-. 3)

Hurst parameter of H is the most general characteristic
of any fractal process and can accept values from an in-
terval [0.5; 1). Value 0.5 means total absence of fractal
properties, growth of A towards 1 — strengthening of ex-
pressiveness of self-similar character.

General comments on the approach to simulation
modeling. Earlier, on the basis of the analysis of really
operating distributed information systems network traffic
dumps the fractal shot process of FSNDP was considered
to be an adequate model of such traffic. Also numerous
estimates of parameters of the FSNDP model on real
dumps have been carried out; for generating the artificial
sequences in this research the values which are close to
the values characterizing some typical dumps of the real
traffic [12$ 15], but rounded for simplicity were used.
Values pn=0.1, K=10,4 =0, B=100, B = 0.9 have been
accepted as a basic set of parameters.

Earlier it has also been confirmed that the stream with
constant (deterministic — D) service rate corresponds the
most to the real network load for client-server data proc-
essing system, i. e. the FSNDP/D/1 system is the most
suitable for modeling. In terms and units of information
transfer the volume of a packet is accepted as 100 bytes
that is also close to real estimates.
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The general approach to the research of influence of
model parameters on the behavior of the queue is based
on generating of pseudorandom sequences of FSNDP
stream events with the variation of one or several parame-
ters of rather basic set and use of these sequences as an
input stream of simulation model of a single-channel
server queueing system with simulated continuous time.

All generated sequences have the symbolic duration of
7200 sec. (2 hours) and volume, depending on the varied
parameters, from 25 thousand prior to 450 thousand events.

Influence of process parameters on the average
length of the queue. Parameter K characterizes amplitude
of the resultant process’s rate bursts; therefore it is obvious
that correlation between K and average queueing load p
will be direct (fig. 1).

Simulation modeling allows to assume direct
proportionality of the average queue length estimation
from K.

Direct influence on the height of the curve queueing
system load for B exponent; respectively, the reverse
influence of Hurst parameter H connected with this
indicator is determined. This result, which is steadily
shown during the runs of simulation model for various
values of the FSNDP parameters, in general differs from
the popular conception that for the general case of the
fractal traffic a higher degree of self-similarity results in
larger queue fill (buffer). The cause of alternative effect
for a special FSNDP case needs a future research (fig. 2).

Influence of primary (auxiliary) Poisson sequence u
on characteristics of the queue length has appeared to be
significantly lower than of the two above described pa-
rameters, and is demonstrated mainly in the field of high
load — at p > 0.8. According to the earlier research, such
loading at a fractal input in practice means the mode close
to non-stationary, and doesn’t allow traffic and buffer
parameters more or less precise estimation. Curve buffer
fill for values p, differing by factor 16 are given in fig. 3.

The only parameter of FSNDP process which
influence on the queue under realistic values of the other
parameters has not been revealed is B. Abcense of the
explicit influence corresponds to physical sense of this
value: duration of the decreasing intensity intervals, after
which the cut-off is done, obviously shouldn’t have
dramatic impact on queueing system behavior,
comparable with the influence of other parameters.

Empirical ratios for the queue length estimation.
By comparison of calculated values with the values
received as a result of simulation modeling of queueing
system behavior with a fractal shot input of FSNDP it is
confirmed that under real wvalues of the FSNDP
parameters the estimation of the average queue length can
be expressed by the ratio

K p
9P =C o, )
where C — positive constat, H — Hurst parameter
connected with the process f parameter value by ratio (3).
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Fig. 1. The average length of the queue under parameter K variation
Puc. 1. Cpennsas anuHa odepey Ipy BapbUpOBaHUU MapaMerpa K
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Fig. 2. The average length of the queue under parameter 3 variation

Puc. 2. Cpennsist anMHa odepey Py BapbUPOBAaHHUU ITOKa3aTens 3
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In the expression there are no parameters B and L,
significant effect of which on the queue under real condi-
tions isn’t revealed in the simulation modeling. However,
since p under p > 0.8 can after all impact the queue
length, it must be kept in mind that the queue estimation
accuracy using this ratio in the queueing modes close to
non-stationary mode, will decrease.

Value of the constant which equals

in the given simulation experiments has shown rather
accurate coincidence of experimental and calculated
curves for various parameters of the FSNDP modeled
fractal shot process.

In fig. 4. examples of curves of the buffer fill g(p)
for parameter values p = 0.1, K=10,4 =0, B = 100 and
B = 0.8, p =09 are given, under the constant value
according to the assumption (5).

It should be noticed that in the modes of minor load

C= y (5) calculated values are slightly higher than those received
2 by simulation modeling, i. e. the received estimation can
be considered as the upper bound (fig. 4).
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Fig. 3. The average length of the queue for significantly different parameter p
Puc. 3. Cpenusis ivHa ouepeu pH JUIst CyIECTBEHHO OTIMYAIOIINXCS 3HAUSHHH L
600
550 — (.9
0.9 (calculation)
B N B IS 0.8
450 Mo ] mmmmmmm—————————aae 0.8 (calculation)
400
350
Ngp)
300
250
200
150
100
50
0

p

Fig. 4. Simulation and calculation curves of queue lengths under various 3

Puc. 4. Umutanvonnsie u pacyeTHbIE KPUBBIE JUTHHBI OUEPEIH TIPU PA3IUYHBIX [3
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Having combined (3), (4) and (5), it is possible to ex-
press the ratio for the average queue length estimation in
single-server queueing system with fractal shot FSNDP
process and determined maintenance time (FSNDP/D/1)
input as:

K p
9P =35 (6)

| —

or

P K p
= . 7
2(%5-B)1-p 3-2B1-p @

Conclusion. The offered expressions for the queue
length estimation are very low resource-consuming in
computation. It allows to use them both in calculation and
optimization algorithms to determine throughput of data
communication network elements with fractal traffic
flows as well as time delays caused by these elements.

Receiving explicit ratios increases the value of the
FSNDP traffic model. For this process there are ways of
computer parameterization, based on available process
path fragments (network traffic dumps); algorithms of the
artificial sequences generating with the known parame-
ters. Now there is also an opportunity to calculate the
queue and delays in an explicit form, i. e. to carry out a
full cycle of model analysis without simulation, or with
the minimum use of it.

Also, there are grounds for further research, such as
receiving of estimates for the queue statistical characteris-
tics of the second order; and also development of defini-
tion methods of queueing networks with fractal flows, in
particular on the basis of tensor approaches [15], based on
earlier established property of keeping a flow after servic-
ing in the system with queue.

q(p) =
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