Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, M 1, s. 102-109 2023, vol. 15, no. 1, pp. 102-109
Mammadov F.H., Hasanov M.H., Qarayev N.C. Mammadov F.H., Hasanov M.H., Garayev N.Ch.

Assessment of the Memory Buffer Size in NGN Networks When
Transferring Different Traffic Types

F.H. Mammadov, M.H. Hasanov, N.Ch. Garayev
Azerbaijan Technical University (H. Javid ave. 25, Baku, AZ1073, Azerbaijan)

For correspondence:
Hasanov Mehman / e-mail: mhasanovnew@gmail.com

Abstract

The problem of calculating the size of memory buffer in the NGN networks during the speech
transmission, based on the Poisson distribution, as well as self-similar traffic transmitted by IP packets, is
considered. To find the size of memory buffer in these networks, approaches are proposed based on the
classical single-channel queuing systems of the M/M/1 and M/D/1 types with the corresponding
exponential and deterministic distributions of the service times.
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yaddas buferinin hacminin giymatlondirilmasi
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Xiilasa

IP paketlori ilo 6tiirtilon Puasson paylanmasina asaslanan nitg vo eloco do 6ziino bonzor trafiklorin
otiiriilmosi zamani NGN sobokolorinds yaddas buferinin hacminin giymotlondirilmasi masalosine baxil-
migdir. Bu sobokolords yaddas buferinin hacminin giymatlondirilmoesi ii¢iin Puasson paylanmasina
osasla-nan nitq, eloco do ozlino bonzor trafiklorin xidmot vaxtlarinin eksponensial vo deterministik
paylanma ganunlarini 6ziinds oks etdiran uygun bir kanalli M/M/1 vo M/D/1 név klassik kiitlovi xidmot
sistemlori asasinda yanagmalar toklif edilmisdir.

Acar sozlar: NGN sabokalari, nitq trafiki, 6ziino banzar trafik, yaddas buferi, yaddas buferinin hacmi,
bir kanall1 klassik kiitlovi xidmaot sistemlori.
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AHHOTAIUSA

Paccmotpen Bompoc oneHkn o6bema Oydepa mamatu B cetsx NGN mpu mepenade pedn, OCHO-
BaHHas Ha pacrpeneneHus [lyaccoHa, a Takke caMmonogoOHOro TpadukoB, nepenaBaemole |P-makeramu.
Hnst onenkn obbvema Oydepa maMsaTH B 3THX CETIX, NPEAJIOKEHBI MOAXOIbl HA OCHOBE KJIACCHUECKUX
OJTHOKaHAIILHBIX CHUCTEMaxX MaccoBoro obOciyxuBanus tuna M/M/1 m M/D/lc cooTBEeTCTBYIOIIMMU
AKCTIOHEHIIMATLHBIMH U JIETEPMHUHAPOBAHHBIMU 3aKOHAMH PacIipe/ielieHHs] BpeMeH 00CITyKUBaHHS.

Kiouesbie cioBa: ~ Cetu NGN, peueBoii Tpaduk, camonogoOHsiii Tpaduk,0ydep namsry,
00beM Oydepa namsITH, OJHOKaHAIbHBIE KITACCHYECKHE CUCTEMbI
MacCOBOTO OOCITy>KHBaHUSI.
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Introduction

New generation networks are universal
multiservice networks that transfer infinitely
many information (voice, data, video and
multimedia, etc.) based on NGN packet
commutation. This information creates the
information flows in the networks. These
information flows circulating on NGN
networks are characterized by non-
homogeneity and non-stationarity [1]. All the
information flows exchange falling to the
share of the network entry are implemented in
the form of IP packets. The traffic transferred
by IP packets is characterized by rate of fall
(packet/ sec.), average length of the packet
(bit, byte), interpacket time gap, traffic
intensity (bit/ sec.), lost packets percentage
and accidentally accepted packets percentage.
We can conveniently classify the traffics
transferred on NGN networks with the packet
commutation into two groups [2]:

e Poisson distribution- based voice traffic
created using 10T device.

e combined traffic with self-
feature.

Poisson distribution- based voice traffic
is characterized by ripple factor, high latency
sensitivity, as well low information loss
sensitivity. This traffic includes the signs of
stationarity, simplicity and post- impact signs

[2].

similar

A stationarity sign indicates that the
probability characteristics do not depend on
the time. It does not depend for these flows
on the probability on the falling of certain
incidents on the time gap with the length t, as
well selection of their benchmark.

A simplicity sign demonstrates the
probability of falling two or more incidents
on infinitely many short time gap.

Post- impact sign demonstrates that the
voice information, falling on the networks
entry, fall on this
entry not depending of each other.

These features show that the
distribution of interpacket gaps in the voice
traffic is subject to exponential law, and the
packets flow is subject to Poisson
distribution. Therefore, the nature of the
network traffic had been considered for a long
time to be consistent with the Poisson
process, and it was modelled in accordance
with the Poisson model.

However, as multiservice networks
with new packet commutation were created
based on modern technologies as time went
on, there was the need for the clarification of
the nature of the network traffic. This matter
was successfully solved by the scientists from
leading Universities and Research centres all
over the world. Main purpose of the
researches was to develop models that
characterize the characteristics of network
traffic.

The network traffic was widely studied
in Boston University, University of Berkeley,
University of North Carolina, as well in some
Western research and educational institutions.
The most interesting work in this field is the
research conducted by the of Boston
University staff - Mark Crovella and Azer
Bestavros [3]. These researches demonstrated
that the packets circulating on new networks
types fall on its nodes not separately, but as a
whole set and are of the leap nature. Thus,
based on the results obtained from the
measurement of the features of real network
resources, these studies proved that the
network traffic has self- similar feature. For
this purpose, taking into consideration self-
similar features of the traffic, it was necessary
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to review developed network models for
different networks using real data. The
reviews were implemented both in local and
in global networks. During this process, many
interesting questions arose related to the
formation of the traffic with self- similar
feature. The explanation for these questions
was given in more detail in the researches
conducted by Mark Crovella and Azer
Bestavros.

For the first time, high- precision study
of the network traffic was conducted by
Leland and Daniel Wilson in Ethernet local
networks based on hundreds of millions of the
packets [3]. These studies proved that the
traffic in Ethernet local networks has self-
similar feature. Main point was the
demonstration of the fact that it was not
always possible to model self- similar traffic
through Poisson process used in the teletraffic
theory.

The fact that the network traffic has
self- similar feature was determined also by a
number of the scientists studied Ethernet
traffic in Bellcore network, such as W.Leland,
M.Taqqu, W.Willinger, D.Wilson [3]. It is
also was revealed that computational methods
based on Markov models and Erlang
formulas, which were successfully used in the
designing of the telephone networks, lead to
unreasonable optimistic solutions for the
computer networks and incorrect assessment
of the load.

Another one research conducted in this
field is the study of Asterisk network traffic
by J.A. Taradayev and K.A. Bokhan [3].
Asterisk VolP telephony server traffic was
studied in this research. Main point of the
research was determining self- similar feature
of the traffic. In order to do it, statistical
processing of the data was implemented on

selected server using a number of the
methods. As a result of the research
conducted it was determined based on Hurst
exponent that Asterisk network traffic has
self- similar feature. Nowadays, the network
modelling is successfully implemented taking
into consideration self- similar feature of the
traffic.

Self- similar feature of the traffic is
associated with one of the types of fractal
processes, i.e., with the fact that when the
scale changes, the correlation structure of
self- similar process remains unchanged.
Fractality is a feature specific to self-similar
processes. Fractal is mathematical structure of
any part similar to the whole. Fractal concept
was first introduced by Franco-American
mathematician Benua Mandelbrot [4]. From
mathematical point of view, fractal has
fractional (incomplete) value. One of main
features of the fractal is its self-similarity, i.e.,
invariance, in other words, scale invariance.
In comparison with purely random process,
self- similar process seems less smooth, i.e.,
more unequal, in other words, has greater
dispersion [4]. In such a case, important
problems have emerged such as conducting
perfect analysis of self- similar processes and
developing the algorithms for the synthesis of
the network traffic reflecting main features of
these processes.

There is a number of such the
algorithms nowadays. Thanks to the use of
these algorithms, the transmission capacity of
main channels of the networks is used
relatively economically. When submitting the
information flows from different sources on
one main channel the frequency band of this
channel is allocated to each of the sources by
statical or statistical submission method. In
such a case, unlike static multiplexing on the
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frequency band of main channels of the
networks, the benefit is obtained equal to
certain band during statistical multiplexing. In
most cases when analysing self-similar
feature of the network traffic statistical
multiplexing algorithm is widely used [4].

Experimental studies [5-9] show that
the self- similarity of the traffic is formed due
to the distribution of the size of transferred
document on the network, caching effect, the
setting of the users on the file submission,
human factor, superposition of variety of the
communications in the network, as well
combination of many isolated information
sources. In addition, self- similar traffic is
able to be formed in the network due to the
user behaviour, network scaling and
reconfiguration, as well autocorrelation in
non-Poisson traffic within different time
scales. These reasons lead to serious leaps in
the traffic intensity in NGN networks. It
should be noted that self- similar stochastic
processes theory is not as advanced as
Poisson processes theory. However, in
comparison with Poisson model, self-similar
processes model more accurately
characterizes the features of the network
traffic.

Setting a problem

NGN networks designing is multi- stage
process based on Poisson distribution- based
speech, as well complex transfer of the traffic
with self- similar features. The features of
these traffics and the processes occurring
when they are transferred separately have
significant impact on the memory buffer size
of the networks under consideration. In this
regard, when designing the networks under
consideration, it is necessary to assess the
impact of the traffic features on their memory

buffer size and to conduct their comparative
analysis. Therefore, this research sets the task
to assess the memory buffer size of the
networks under consideration when transfer-
ring Poisson distribution-based voice, as well
self-similar inbound traffic and analysing the
results obtained. Such the problems are
usually solved using mathematical devices
such as one-channel classic mass service
systems [10-12]. Therefore, in order to assess
the memory buffer size in the networks under
consideration in this research, Poisson
distribution-  based  voice, as  well
corresponding one- channel classic mass
service systems of M/M/1 and M/D/1 types
reflecting the distribution laws of the service
time of self-similar traffics were used.

Research objective Assessing the
memory buffer size in MGN networks based
on Poisson distribution-based voice, as well
corresponding one-channel classic mass
service systems of M/M/1 and M/D/1 types
reflecting exponential (M type) and
deterministic (D type) distribution laws of the
service time of self- similar traffics, as well
conducting comparative analysis of the results
obtained.

Solution of the problem

The memory buffer size g, was
assessed based on the method demonstrated
in [11]. Based on this method, the memory
buffer size of NGN networks is determined as
follows, taking into consideration the Hurst
exponent characterizing the degree of self-
similarity of the traffic:

Qpuy = p*/2A~H|(1-p)H/C-H), 1)

whereat H is Hurst exponent, p — shows the
network load.
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If we solve this formula taking into
consideration Hurst exponent H=0,5, we
shall get the following formula for one-
channel classic mass service system of
M/M/1 type reflecting
Poisson distribution- based voice traffic and
the distribution of the distribution of the
service time based on exponential law:

Apus = P(1-p).

the feature of

)

Required buffer size in one- channel
classic mass service systems of M/D/1 type
reflecting self- similar feature of the
network traffic and deterministic service
time shall be able to determined as follows:

Qour= (pO/CA—H(1-p)H/A=HD)

The (3) formula is simplified for the

system under consideration at Hurst

exponent H=0,5 and gets the following

form:

Qour = pI(1-p) — p*12(1-p). (4)
In order to determine required

memory buffer size in NGN networks p = 0;
0,1, 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8 and
H=0,5; 0,6; 0,7; 0,8 inputs were used based
on the (1) — (4) Formulas and computing
experiments were conducted Based on the
results of conducted computing
experiments, the graph of dependency p of
required memory buffer size on qpyy
network load was built (Fig. 1) and
comparative analysis of obtained results
was conducted based on this graph.

2 H/(1-H
—(p?12(1-p)H/CA=HD), (3)
 bu r
=4
MDM/1 modeli, H = 0.5
438
MDD /1 modeli, H = 0.8
42
M/NLL modeli,. H = 0.7
ML/I1 modeli. H = 0.7
30
24 MMI1 modeli, H = 0.6
18 M/ modeli., H = 0.0
2 MNM'1 modeli, H= 0.5
M/ID1 modeli, H = 0.5
o

0

=
tn

0.6
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Figure 1 — The dependency of the memory buffer size in NGN networks on the network load

Conclusion
When p network load and H Hurst
exponent value increases, the memory buffer

size of the network in M/M/1 and M/D/1
models decreases as a whole. When the
network load varies within p= 0+0,6 required
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memory buffer size values at Hurst exponent
H=0,5, 0,6, 0,7 in M/D/1, and H = 0,5, 0,6 in
M/M/1 get very close values. When the
network load varies within p=0 +0,1 and
p =0+0,4, the memory buffer size values in
the networks under consideration at corres-
ponding values of Hurst exponent H = 0,7 and
H=0,8 coincide with the values of the
memory buffer size in M/M/1 and M/D/1
models when the network load varies within p
= 0~+0,6.

Comparative analysis was conducted of
required memory buffer size of the networks
in M/M/1 and M/D/1 models at Hurst
exponent H=0, 5 when the network load
varied within p =0-+0,8 . In such a case, it
was registered that, the memory buffer size of
the network in M/M/1 model had been
increased in average by 22.4% in comparison
with M/D/1 model.

Comparative analysis was conducted of
required memory buffer size of the networks
in M/M/1 and M/D/1 models at Hurst
exponent H = 0, 6; 0,7 and 0,8 when the
network load varied within p =0-+0,8. In
such a case, it was registered that, in
comparison with M/D/1 model, required
memory buffer size of the network in M/M/1
model had been increased in average by
27.6%, 43.9% and 74.7% correspondingly at
Hurst exponent  H =0, 6; 0,7 and 0,8.

Comparative analysis was conducted of
the values obtained at H=0,6, 0,7 and 0,8 for
the memory buffer size of the networks at
M/M/1 model network load p=0+0,8 and
Hurst exponent H=0,5. As a result of the

analysis conducted, it was registered that, in
comparison with the values obtained at
H = 0,6; 0,7 and 0,8, the memory buffer size
in the network at Hurst exponent H = 0,5 had
been more by 73,4%, 48,9% and 25,8%
correspondingly at the latest Hurst exponent
values.

Comparative analysis was conducted of
the values obtained at H=0,6; 0,7 and 0,8 for
the memory buffer size of the networks at
M/D/1 model network load p=0+0,8 and
Hurst exponent H=0,5. As a result of the
analysis conducted, it was registered that, in
comparison with the values obtained at
H=0,6; 0,7 and 0,8, required memory buffer
size in the network at Hurst exponent H = 0,5
had been more by 64,4%, 47,3% and 14,7%
correspondingly at the latest Hurst exponent
values.

The dependency of the memory buffer
size of the network in M/M/1 and M/D/1
models on the network load was completely
analysed. As a result of the analysis
conducted, it was registered that while Hurst
exponent values increase in these models, the
buffer memory of the network rapidly
increases, which is justified by the grouping
of homogenous packets and increase degree
of the network load by the leap in the models
under consideration.
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