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level of Quality of Service and ensures the supfmrtoice,
data and video service with high transfer rates.

Abstract: : The paper addresses the idea of utilization cdrigyl
formulas in asynchronous ATM and IP networks. Baeadthe
common properties of synchronous and asynchronetvgorks we
have proposed the utilization of Erlang formulast waoly for
synchronous networks, but also for asynchronousarés. It is
possible to describe traffic in asynchronous nekwdny calculation
of following parameters — loss, link utilizationdcabandwidth. We
present some simulation results from Matlab.

2.1. ATM Quality of Service

Each category of service has different QoS requérem[1,
5, 6]. In the Tab. 1 we can see the ATM servicemfthe
Quality of Service point of view.

Keywords. Erlang equation, Next Generation Networks,

Asynchronous Transfer Mode, IP. Tablel. Service categories and their QoS requirements.

Service Bandwidth Delay Impact of
category guarantee variation congestion
1. Introduction guarantee
CBR Yes Yes No
Today, much attention is focused on descriptiotraffic VBR Yes Yes No
in asynchronous packet networks. There are varimtbods ABR Yes No Yes
UBR No No No

for traffic description. Many of them are complektwhigh
computational requirements. The description by Mark .
chains is one of them. Therefore the Erlang forswalan be
very efficient and simple way how we can descritafit
parameters in asynchronous networks. « ABR - Available Bit Rate,

Erlang formulas use traffic parameters such as, loss
probability of delay, bandwidth and link utilizatio These * UBR - Unspecified Bit Rate.
parameters are especially important from the Quasit SOmMe of QoS parameters between network and end
Service (Qo0S) providing point of view. Hence theakg telecommunication equipment are following:
formulas seem to help us in the field of QualitySefrvice in .
Next Generation Networks (NGN).

Erlang theory is described in detail in [3], [4]13].
Recently the Erlang formulas have been used fortd€@bn .
centers traffic description. There is not much knawlated
work in the field of Erlang theory for asynchronmetworks,
therefore this article propose the idea of thissimkty. 3.

CBR - Constant Bit Rate,
VBR-rt - Variable Bit Rate-real time,

CDV - Cell delay variation,
* maxCTD - maximum cell transfer delay,

CLR - cell loss ratio.

| P Networks

2 ATM Networks Ne_tworks based on Internet Proto_col (IP_) provi_dtagm_m
service. IP transfer is non-connection oriented amdnain
Asynchronous Transfer Mode (ATM) was the emerginfeature is that it is best effort service. It metreg the packet
network technology in the beginning of 90-ties. &pdit is  will be transferred in the best way, without foradelay and
replacing by expansion of IP networks [7]. Despiiis fact, without unnecessary packet losses. The transferlPof
many companies still offer services based on ATMatagrams is done without guarantee of packet efgli{2,
technology [8]. The main reasons for ATM developmerb].

were: 3.1 IPand Quality of Service

and Services such as voice and real-time video are very
sensitive on particular traffic parameters. Themd these
parameters are delay, loss and error rate. We tmavete
that various types of services have also diffetsmtdwidth
Ivfequirements. Therefore there is need for guaraoftdéleese
parameters. This guarantee is called Quality ofi€er
QoS requirements are following:

e Increasing demand for telecommunication
information technologies and services.

« Convergence of data and voice communication.

ATM networks are connection oriented networks. AT
technology combines fast packet transfer with syorobus
transfer through virtual circuits and virtual pathsis cell

switching mode which offers low transfer latencythwhigh * end-to-end delay,
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e Jjitter, 4.2. The second Erlang Formula (Erlang C)

The second Erlang formula also assumes infinite bmrm
of traffic sources. These sources generate thictraffor N
* bandwidth, lines. The incoming request is inserted into waitijueue if
all links N are occupied. Waiting queue can store infinite
number of requests concurrently. This Erlang equati
calculates probability of creation of waiting quenehe case

» packet losses,

¢ link utilization.

4. Erlang formulas of traffic A, and if it is assumed that the blocked calls will
We have used the two Erlang formulas to descrilge tfemain in the system until they are served [3].
traffic in asynchronous networks. Particular catioins we A" N
have performed in Matlab environment. W N-A
C = . N where N>A 3)
N-1A N A N
4.1. Thefirst Erlang Formula (Erlang B) Zk:o? NI N-A
The Erlang B formula represents the ratio of ladisc where:
Therefore it is sometimes called “loss Erlang folatwit is A - total offered traffic [Erl],
defined as follows: N - number of channels (links),
AN C - probability of waiting for service.
BNTE N
= N A g 1 _ |
NCA N! A A A 4.3 Representation of the Erlang C formula through
— I+ A+—+—+. +—
~ K 21 3 NI Erlang B formula
where: The second Erlang formula (3) can be simplifiedbtigh
B - ratio of lost calls [%], following modifications:

A - total offered traffic [Erl],

N pk
N - number of channels (links). - .
The first Erlang formula can be written also in thkbowing *  Dividing numerator and denominator kizl_ and
form: =0
B = 1 _ @ _° consecutive use of Erlang B equation (1).
T oM /N)/N-1 N-Kk+1 By these modifications we can state the Erlangr@iia in
1+> (j [é j Dﬂ]ﬁ j the form [4]:
LA A A NI[B
= - - . (4)
The use of the equation (2) can significantly daseethe N-ALL-B)
computational requirgments gnd we can also catetitet 4.4.Common characters of asynchronous and
load of the S)_/stem wth the higher values [3, 4]. _ synchronous networks
The following conditions must be met for the fiEstang
formula: Erlang equations were primary intended for traffic

- description in synchronous networks. Our idea isde these
D The flow of r.equt_estg (c_alls) o.rlglnat.es randor‘nlkformulas also for asynchronous networks, so we taved
with exponential distribution of incoming requests ommon parameters for synchronous and asynchronous

which means the higher distance between reques Sitworks
the lower number of these cases. '

2) Service time has similar distribution, i.e. Table2. Common parameters of synchronous and
exponential decreasing of requests with higher asynchronous networks.
service time. Synchronous networ k Asynchronous networ k

3) The flow of requests is steady, as if it comes from OB Lost calls OB Loss rate
infinite number of request sources. [é’] Pré‘;‘gﬁimy [é’] Probebiy

4) There is full availability of requests to all sedve gr"gzirt\i/?ge of delay
links. A Total A Link

5) Rejected requests do not return to incoming flow, (Er] ‘t’I;efFiecd [%] utilization
therefore there are not repeated requests. N Number of N Bandwidih

6) No two requests will originate together [3]. Cgi"’r‘]’;rs')e's [Mbit/s]

IP traffilc. bring.s radicallchanges into telephonémoeks. Probability of delay C for asynchronous networks
The condition 2 is not fulfilled. And because theffic from  onresents the latency which occurs during trarsamisin
one source is considerable increasing, also thelitom 5 e case of the heaviest traffic. This delay ocdardP
can not be met. networks due to waiting queues in buffers in nekwoodes.

Unfortunately, there is no similar parameter fdteji in
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synchronous networks, hence through Erlang formitilean
not be estimated.

5. Resultsfor Erlang B formula

In this part we present results obtained by calmra
through Erlang B formula. Input parameters wereegias
follows:

One of parameters was constant.

Other parameter was increased in given step sequenc
It is known that we can calculate the I&sshrough Erlang
B formula if we have given link utilizatioA and bandwidth
N. But it is also possible to calculate the linKim&tion A by
method of bisection, if we know the bandwidirand lossB

[4].

5.1. Bandwidth and loss in the case of constant link
utilization

The task is to obtain the lo&in the case of constant link
utilization and increasing bandwidth. The results shown
in the Fig. 1.

LOSS B [%]

'
60
BANDWIDTH N [Mbit/s]

Fig. 1. Dependency between loss and bandwidth in the cas

of constant link utilization.

We can see the following tendencies:

and link utilization is constant.

The lossB is increasing if the link utilizatiom is
increasing.

5.2. The loss and link utilization in the case of constant
bandwidth

In this part we have observed the loss B in thee azfs
increasing link utilization together with constarandwidth
through Erlang B formula. The obtained resultssirawn in
the Fig. 2.

We can see following tendencies:

By increasing link utilizationAthe lossB is also
increasing if the bandwidtN is constant.

The lossB is decreasing if the bandwidth is increasing
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By increasing bandwidtiN the lossB is decreasing if
the link utilizationA is constant.
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Fig. 2. Dependency between loss and link utilization & th
cases of constant bandwidth.

6. Resultsfor Erlang C formula

This part presents the results obtained by usbeoEtlang
C formula (4). By this equation we can calculate th
possibility of delayC and lossB if we know the two
parameters — the link utilizatioly and bandwidthiN. Also in
this case the input parameters were given as fsllow

One of parameters was constant.

Other parameter was increased in given step segquenc

6.1. Link utilization and probability of delay in the case
of constant bandwidth
In this task we have obtained the dependency dfgiitity
of delay if the bandwidth is constant and link imétion is
iggreasing. The obtained results are shown in ihe3
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. Probability of delay in the case of constant badtiw
and increasing link utilization.

Fig.

We can see following tendencies:
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In the case of constant probability of del@yand
increasing bandwidtiN the link utilization A can be
higher.

In the case of constant link utilizatighand increasing
bandwidthN the probability of delaf is decreasing.

In the case of increasing link utilizatignand constant
bandwidthN the probability of delaf is increasing.

6.2. Link utilization and bandwidth in the case of
constant probability of delay

By use of the Erlang B formula (4) and the methdd o
bisection we have obtained the dependency of thk i
utilization Aif the probability of delayC is constant and
bandwidthN is increasing. The results are depicted in the
Fig. 4.

LINK UTILIZATION A [%]

BANDWIDTH N [Mbit/s]

Fig. 4. Link utilization in the case of constant probalitbf
delay and increasing bandwidth.

We can see following tendencies:

In the case of constant link utilizatighand increasing
bandwidthN the probability of delay is decreasing.

In the case of constant bandwidth and increasing
probability of delay C the link utilization A is
increasing.

In the case of increasing bandwidth and constant
probability of delay C the link utilization Ais
increasing.

6.3. Probability of delay and loss if the link utilization
and bandwidth are changing

By use of the Erlang C formula (4) we have obtained
dependencies of probability of delay C and lossf Bhé
bandwidth N and link utilization A were changinghé
obtained results are shown in the Fig. 5 and 6.

We can see following tendencies:

In the case of increasing link utilizatigntogether with
decreasing bandwidtN the lossB and probability of
delayC are increasing.

PROBABILITY OF DELAY C [%]
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In the case of constant bandwidbh together with
increasing link utilizationA the lossB and probability
of delayC are increasing.

In the case of constant link utilizatiok together with
increasing bandwidthN the loss and probability of
delayC are decreasing.
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Fig. 5. Dependency between probability of delay, bandwidth

and link utilization.
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Fig. 6. Dependency between loss, bandwidth and link
utilization.
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Fig. 7. Dependency between link utilization, probabilify o

delay and bandwidth.
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