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ANALYTIC MODEL OF THE REAL TIME TRAFFIC TRANSMISSION REQUESTS
SERVICE IN A TELECOMMUNICATION NETWORK

Most of the information streams are transmitted through the modern telecommunication networks with
packet switching form multimedia traffic. User’s requests arrive irregularly and cause ineffective channel

utilization.

The requests buffering for the real time flows is also proposed, i.e. rejected requests can be

served later, when the requested bandwidth is available. This paper deals with a new analytic model of the
real time traffic transmission requests service. This model shows how maximum requests queue size influ-
ences on the value of the channel utilization coefficient. The results of analytic modeling are verified with

imitation modeling experiments.
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Introduction

Most part of the information streams are transmit-
ted through the modern telecommunication networks
with packet switching form multimedia traffic. The
information transmission intensity, initiated by the work
of appropriate software in real time, is high enough and
close to constant value. Therefore such kind of traffic is
frequently called streaming traffic or real time traffic.

User’s requests arrival for the real time flows
transmission varies randomly. The multimedia transmis-
sion requests irregularity leads to short-term overloads,
on the other hand, it is the reason of the underloaded
time periods appearance. The mentioned consequences
cause ineffective channel utilization [5]. For the quanti-
tative estimation of the telecommunication network
channel utilization, channel utilization coefficient is
used. There are several approaches to its computation
which are given below.

I. Analysis of the existing approaches
to the telecommunication network
channel efficiency computation

As it has been mentioned above, channel effi-
ciency is one of the main network performance charac-
teristics which shows its’ loading. In most cases utiliza-
tion coefficient means the current to the maximum
bandwidth ratio [4]. Channel utilization coefficient is
usually measured in relative units. Foreign sources dis-
tinguish two notions: channel utilization and channel
efficiency having different meaning.

The channel efficiency, also known as bandwidth
utilization efficiency, in percentage is the achieved

throughput related to the net bitrate in bit/s of a digital
communication channel. For example, if the throughput
is 70 Mbit/s in a 100 Mbit/s Ethernet connection, the
channel efficiency is 70%. In this example, effective
70Mbits of data are transmitted every second.

Channel utilization is instead a term related to the
use of the channel disregarding the throughput. It counts
not only with the data bits but also with the overhead
that makes use of the channel. The transmission over-
head consists of preamble sequences, frame headers and
acknowledge packets. The definitions assume a noise-
less channel. Otherwise, the throughput would not be
only associated to the nature (efficiency) of the protocol
but also to retransmissions resultant from quality of the
channel. In a simplistic approach, channel efficiency
can be equal to channel utilization assuming that ac-
knowledge packets are zero-length and that the commu-
nications provider will not see any bandwidth relative to
retransmissions or headers. Therefore, certain texts
mark a difference between channel utilization and pro-
tocol efficiency.

In a point-to-point or point-to-multipoint commu-
nication link, where only one terminal is transmitting,
the maximum throughput is often equivalent to or very
near the physical data rate (the channel capacity), since
the channel utilization can be almost 100% in such a
network, except for a small inter-frame gap.

For example, in Ethernet the maximum frame size
1526 bytes (maximum 1500 byte payload + 8 byte pre-
amble + 14 byte header + 4 Byte trailer). An additional
minimum interframe gap corresponding to 12 byte is
inserted after each frame. This corresponds to a maxi-
mum channel utilization of 1526/(1526+12)100% =
99.22%, or a maximum channel use of 99.22 Mbit/s
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inclusive of Ethernet datalink layer protocol overhead in
a 100 Mbit/s Ethernet connection.

The maximum throughput or channel efficiency is
then 1500/(1526+12) = 97.5 Mbit/s exclusive of
Ethernet protocol overhead [4].

Utilization coefficient is an important parameter
for the shared medium technologies. If the type of ac-
cess method is random, so the high value of the utiliza-
tion coefficient means the low payload throughput, i.e.
the low users’ data speed. For the network nodes it takes
a lot of time for the getting access procedure and re-
transmissions of the frames after collisions.

If there are no collisions and no waiting for access,
network utilization coefficient depends on the size of
the frame data field. If the network is loaded up to 50%,
Ethernet technology manages the traffic, generated by
end nodes, works well on the shared segment. But when
the intensity of the generated traffic grows rapidly, the
network begins to work ineffectively, retransmitting the
frames, which caused collision. As the intensity of the
generated traffic grows so that utilization coefficient
tends to 1, the collision probability is so high that al-
most every frame, transmitted by any station, clashes
another frame, causing collision. So the network doesn’t
transmit useful data and works on collision handling.

This effect is well-known in practice and it is re-
searched with the help of imitation modeling. That’s
why it is recommended to load Ethernet segments so
that utilization coefficient is less than 30%. That’s ex-
actly why in many controlling systems threshold limit
for the Ethernet network load coefficient is set 30% on
default [4]. As we can see such technique of utilization
coefficient estimation lets us to value the channel effi-
ciency taking into account only the generated traffic
intensity. Obviously, the network loading on 30% gives
evidence of inefficient channel resources utilization.

In some foreign sources [6] you can find a notion
of the protocol efficiency. We define the efficiency of a
protocol to be the ratio of communicated information to
the channel bandwidth (percentage channel utilization).
Protocols are maximally efficient when the node buffer
size is less than the bandwidth-delay product (Equation
1.1). The formula is linear in the number of buffers, but
inverse in the round trip time, so increases in latency
may have severe effects on channel efficiency. There is
a point at which the linear lookahead fails (i.e., cannot
further anticipate the data stream required by the re-
ceiver), and utilization diminishes.

B
—, where R > B;
Kyt =

1, where R < B,

(1.1)

where B— number of buffers in sliding window proto-
col; R — buffers used in one round trip [6].

However, such method is only suitable for the slid-
ing window protocol efficiency estimation. It is impos-
sible to evaluate channel utilization altogether, espe-
cially it is impractical to estimate real time traffic
transmission efficiency.

There is an approach to the estimation of the effi-
cient channel utilization, by which we mean the time of:

t -
load;

t, — the same and paid by user;

the channel is assigned to user regardless

t3 — activity, i.e. the messages are transmitted;
t4 — useful data is transmitted, excluding address
and service and t, <t <t, <t; <ty, where t.— cor-

rect channel work.

In this case the utilization coefficient
is equal to the ratio:
n= 4 or m= b ,
T

n

(1.2)

where T — the full channel exploitation time [7].

Such an approach to channel utilization estimation
doesn’t show the value of the real channel load. It only
shows the general extent of the channel load. Using this
method it is impossible to estimate how efficiently one
or another kind of traffic is transmitted.

The analysis that has been carried out, shows that
using existing methods of channel utilization coefficient
estimation, it is impossible to calculate exactly how effi-
ciently the channel bandwidth is used. On one hand, we
can define how the network is loaded or to calculate the
time of the channel utilization. It is recommended to load
Ethernet channels no more than 30% for the correct data
transmission, while the maximum channel utilization
coefficient is 97,5%. Also, these techniques cannot define
how efficiently the real time traffic is transmitted.

I1. The purpose of the article
and statement of a problem

This article deals with a new analytic model for the
quantitative estimation of the network channel utiliza-
tion. Besides, rejected requests can be served later,
when the requested bandwidth is available, i.e. requests
buffering for the real time flows is applied. Implementa-
tion of this idea can smooth the requests flow and use
the bandwidth more efficiently [5].

The purpose of the article is to receive quantitative
information about channel utilization dependence from
buffering parameters for the real time traffic flows.

The article presents the scientific problem solution,
consisting of developing a new analytic model for the
quantitative estimation of the enhancing network chan-
nel utilization, received from buffering the requests for
the real time flow transmission.
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Statement of a problem

We have set:

1) requests stream for the real time (RT) flow
transmission through the network channel, which is
simple with the parameter A — requests arrival intensity;

2) random RT flow duration value through the
network channel is distributed exponentially with ex-
pectancy T — average RT flow duration;

3) variable r— average RT flow transmission
speed;

4) variable C

transmitting RT flows;

5) variable m — number, limiting the requests for
the RT flow transmission quantity, standing in the
channel queue.

1t is necessary:

To estimate quantitatively the channel utilization
during real time flows transmission.

bandwidth of the channel,

max

C {1}, 4
Mbit/'s

10

I11. Developing an analytic model
of the real time traffic transmission
requests service

For the quantitative estimation of the channel utili-
zation let us introduce a new variable U — the rate of
channel utilization, which is numerically equal to the
ratio of I — amount of information transmitted through
the channel during the time interval At, to the variable
I
able to transmit during the same period of time.

U=1/T . - 3.1)

Fig. 3.1. presents the realization of the random

function C(t) — current channel bandwidth value, used

max — Maximum amount of information that channel is

for the RT flow transmission. The channel bandwidth
Cnax =10 Mbit/s.

which can be transmitted through the channel within
At=10sisequalto I .. =C. ., At =100 Mbits.

Maximum amount of information

max max

H H

: H
H ;

[= 7 S S—
:

8 e 3 : DD P
i i
£ : ¥
H i ?

vvvvvvvvvvvvvvvvvvvv

....................

6 1+ 2 3 a4 5

10 ts

Fig. 3.1. Random function C(t) realization

Actually on the interval 0<t<2 (s) — 16 Mbits,
on the interval 2 <t <4(s) — 12 Mbits, on the interval
4<t<8 (s) — 16 Mbits and on the interval 8<t<10
(s) — also 16 Mbits. Totally 60 Mbits of the information
have been transmitted for 10s. In this case channel utili-
zation coefficient is equal to U = 0,6, i.e. on the set in-
terval during RT flow transmission 60% of channel
bandwidth was used.

For the U estimation we can use the channel
bandwidth expectancy — C,, — bandwidth mean value,
which is defined by

C,, =AlL. (3.2)

The variable A can be interpreted as the average
number of requests, which can be served by the network
channel per unit time. If all the received requests can be

served by the channel, then the mentioned variable is
equal to A, =A. Otherwise, the following equality is
true:

A=\1-p), (3.3)
where p — probability of the request rejection for the
RT flow transmission.

The average amount of information, containing in
one RT flow, can be defined as a product of the average

RT flow duration and the average speed of its transmis-
sion:

[ =1r. (3.4)
Therefore we get:
I CepAt AT
U= _ et AL Atr ( ) —p)
Imax Cmax At Cmax Cmax
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In the teletraffic theory the At product is called
the value of incoming load and defined by p . Then the

channel utilization parameter while transmitting RT
flows can be found as:

U=

P (1-p). (3.5)

Cmax

If there’s no requests buffering for the RT flows
transmission in the system, the probability of the in-
coming request can be calculated with Erlang for-

mula:

pn n pk
p_n! gk!’ (3.6)
where n — maximum number of the RT flows that can
be transmitted at the same time through the network
channel.

The number n shows how many times the channel
bandwidth exceeds the average RT flow transmission
speed:

Smax
—

If requests buffering for the RT flows is available
in the network, the rejection probability for the incom-
ing request can be defined by the formula (3.8). This
formula is used in the teletraffic theory for the systems
with queue restrictions.

n=

(3.7)

It is easy to see that as m =0 formula (3.8) trans-
forms into formula (3.6), which is true for the system
without requests buffering. Consequently, if there’s no
request buffering for the RT flow transmission in the
network, the value of the channel utilization can be cal-
culated by the formula:

P
pr n!
U= 1-—nt (3.9)
Cmax 2 i
= k!

If the buffering of such requests is provided the
following formula must be applied for the channel utili-
zation calculation:

p”(p)m
|
u=-P |- n'\n (3.10)
Cmax |3 pkw“i(pjs
k=0k! n!S=l n

For the adequacy substantiation of the analytic
model the imitation models are developed in the soft-
ware environment MATLAB + Simulink. These models
allow receiving the quantitative data, reflecting the de-
pendence of the channel utilization from the buffering
requests parameters for the RT flows transmission. The
block diagram of the requests service imitation model
with requests buffering is given in Fig. 3.2.

The elements of the model imitate:

P= T o s (3-8) e Exp Delay — provides the calculation of the
Z &'+&| (pj time intervals between the starting points of RT flows
ko k! nl{gin transmission (they are exponentially distributed);

g
M|
— ™
RT Flow 1 ——J] Int —
RT Flow 2 ———m InZ Soope
RT Flow 3 —— In3 Initensity el i1 ket Lhiliz P f
RT Flow & ——f Ind
RT Flow & —— | In Koef Utiliz Display
| Feg RT Flow & |—— | Inf
RT Flow ¥ —— In7
RT Flow & ——— In2 Busy
RT Flow 9 ——7 In¥
RT Flow 10 ——e{ In10

RT Flows Transmizsion

RTF Intenzity Calculation

Exp Delay
| Busy Out Reg
Queue Length
Delay  Req Flow I In Fizgq Delete Feq

Req Farming Req ueue

Fig. 3.2. Block diagram of the requests service imitation model with requests buffering
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e Req Forming — imitates forming requests for
the real time flows transmission;

e RTF Flow Transmission — processes incoming
requests and estimates whether transmission is possible
at a certain time period;

e RTF Intensity Calculation — is used for the RT
flows transmission intensity calculation at a current time
period;

e Koef Utiliz — calculates the channel utilization
coefficient;

e Scope —virtual registrator for displaying incom-
ing and rejected requests for the real time flows trans-
mission and current intensity values;

u
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0.9

0.8

07

0.6

0.5

0.4

0,3

e Req Queue — imitates the requests queue for
the RT flows transmission.

The series of imitation experiments has been pro-
vided, using the developed models. During these ex-
periments the utilization coefficient has been calculated
with the different buffer size m=0,2,4,6 . Eventually
we obtained the diagrams showing the value U re-
ceived using analytic (2) and imitation (1) modeling
(Fig. 3).

The results we have obtained differ by less than
1,5%, therefore we can suppose that analytic and imita-
tion models are adequate.

&2
0.1

Fig. 3.3. Dependence U from m diagram

The models adequacy is proven by:

1) the calculation results control while running
imitation process;

2) the correct models work verification in the
situations typical for the investigated process;

3) the comparison of the results obtained while
analytic and imitation modeling.

Conclusions

1. Analysis of the existing channel utilization coef-
ficient calculation methods shows that they cannot esti-
mate the real time traffic transmission efficiency.

2. An analytic model has been developed, which
enables the channel utilization estimation while trans-
mitting the real time flows.

3. Imitation models of the real time flow transmis-
sion requests service have been elaborated.

4. Results of the experiments show that analytic
and imitation modeling differ by less than 1,5%, there-
fore they can be considered adequate.
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AHAJIITUYHA MO/JIEJIb OBCJIYT'OBYBAHHS 3AIIMTIB HA ITEPEJIAUY IIOTOKIB
PEAJIbHOT'O YACY Y TEJEKOMYHIKAIIVHIN MEPEXI

K.O. Ilonvwuros, O.M. Ooapywenxo, K.M. /lio6uenxo

Binburicte iHGOpMAaLIiHUX TMOTOKIB IMEPENAIOTHCS CyYaCHUMH TEIEKOMYHIKAlIHHUMH MepexaMu 31 3MiHOIO
makera Bifl MyJabTuMeniiiHoro tpagiky. KopucryBajibHUIBKI 3alUTH € NPUYHUHOI HEee()EeKTHBHOTO BUKOPHUCTAHHS
kaHaiy. [IponoHyeTbes Oydepusallis 3alMTIB IS MOTOKIB PEabHOrO Yacy, TOOTO BIIXHJICHI 3alMTH OyAyTh 00-
CITy)KEHI Mi3Hille, Koy Oy/e JOCTYIHA MIPOITyCKHA 3/IaTHICTh KaHainy. CTaTTs po3risijiac HOBY aHAJITHYHY MOJIENb
00CITyroByBaHHs 3alIMTIB Ha Mepeaady IMOTOKIB peasbHOro vacy. [IpencraBiena Moaenb Moxke OyTH BHKOpUCTaHA
JUTSL JIOCTIJDKEHHSI BIUIMBY MaKCHMaJbHOI JOBXKWHM YEepry 3alMTIB Ha Koe(illieHT yTwiizanii kanamy. PesymbraTtu
aHAJITHYHOT'O MOJISITIOBaHHS BepH(IKYIOThCSl €KCIIEpUMEHTAMH IMITalliifHOTO MOJIETIOBaHHS.

Karou4oBi ciioBa: BUKOpUCTAaHHS KaHAy, Koe]ilieHT yTwmizalii kaHamy, Oydepusalis 3anuTiB, aHATITHYHA
MOZEIIb.

AHAJIMTUYECKAS MOJEJIb OBCJTYKUBAHUS 3AITPOCOB HA ITEPEJIAYY IIOTOKOB
PEAJIBHOI'O BPEMEHHU B TEJIEKOMMYHUKALIMOHHOU CETHU

K.A. INonvwukos, O.H. Ooapywenxo, E.H. /lio6uenko

BonbmimHCTBO MH(pOPMAIIOHHBIX TOTOKOB HEPENA0TCsl COBPEMEHHBIMU TEJIEKOMM YHHKAIMOHHBIMUA CETSIMU
CO CMEHOH IaKeTa OT MyJIbTHMeIUHOTO Tpaduka. [Tlonp30BaTenbCKue 3aNPOCHI SBISIOTCS MPUYNHON HEIPPEKTUB-
HOT'O UCIIOJIb30BaHMs KaHaiua. [Ipemaraercst Oydepusanms 3anpocoB It TIOTOKOB PEAIbHOI'O BPEMEHH, T.€. OTKJIO-
HEHHbIE 3aIPOCHI OYIyT 00CITY)KEHBI M03Ke, KOTr/ia OY/ET I0CTYITHA MPOITyCKHasl CIIOCOOHOCTh KaHana. CTaThs pac-
CMaTpHUBaeT HOBYIO aHAJIUTUYECKYIO MOJIENb OOCITY)KUBAHHUS 3alIpOCOB Ha Tepeaaydy MOTOKOB PealbHOrO BPEMEHHU.
[pencraBneHHast MO/IENb MOXET OBITH UCIIONB30BaHA ISl MICCIIEOBAHUS BIMSHUS MaKCUMAaJIbHOU JUIMHBI O4epenn
3arpocoB Ha KO3((UIMEHT yTHUIIU3AlMU KaHaua. Pe3yiabTaThl aHATUTHYECKOTO MOJIEIMPOBAHUS BepUULIUPYIOTCS
SKCIIEPUMEHTAMH UIMUTAIMOHHOTO MOJIEINPOBAHUSL.

KnaroueBbie ciioBa: uCIonb3yeMOCTh KaHalla, KO3((GUIMEHT yTWIM3alMU KaHana, Oydepusainus 3ampocos,
aHAJTUTUYECKAsT MOJIEIb.
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