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ACCEPTANCE CRITERIA OF BUR STY TRAFFICS 
IN A FRAME CONCENTRATOR 

G. FICHE Alcatel CIT FRANCE 

C. LE PALUD Alcatel CIT FRANCE 

This paper presents an analysis, based on simulation, of the behaviour of a frame 

concentrator handling bursty traffic flows. The simulation results lead us to 

create a model of the system using a GI/M/l queue . An emphasis is particularly put 

on the maximal load acceptable by the server in accordance with the number of sour

ces, their associated mean traffic values and their burstiness. Overload control 

_mechanisms are analysed, criteria for the acceptance of new connections are defined 

and engineering rules are set up. An extension of the results to a GI/G/l queue is 

finally presented in the case the Asynchronous Time Multiplexing (ATM) . 

I-INTRODUCTION 

The system on which this study is based is a 
frame concentrator. The function of the frame 
concentrator consists in concentrating the in
formation flows relative to the data communica
tions (data packets) generated by several ISDN 
accesses, on one or several semi -permanent 64 
kbit/s links connected to a data packet 
switching point. The traffic offered to this 
concentrator is not preCisely defined; we know 
that each source outputs a bursty traffi c and 
no mechanism has been provided to control the 
traffic at the user access level . In order to 
determine the dimensioning rules, we study by 
means of a simulation process the behaviour of 
the system for vari ous burst i ness features in 
the case of a superposition of N sources of type 
Hz/M/l. 

The simulation results lead us to formulate a 
theoretical model of the system behaviour and 
thus to define dimensioning rules, regulation 
mechanism and criteria. An extension of the 
results is made in the case of the ATM. 

Z-CONCENTRATOR DESCRIPTION 

The figure 1 presents the frame concentrator 
architecture . , . 

The frame concentrator functions · perform the 
frame swi tchi ng, i. e. the ori entat i on of the 
frames towards the corresponding 64 kbit/s link 
and the complete processing of the LAP-D . A 
service is activated by means of the 
establishment of a Logical Link (LL) between a 
user terminal and the ISDN. 

FRAME 

CONCEN
TRATOR 

PACKET 

SWITCHING 

POINT 

CPE = Customer Premises Equipment 
ET = Exchange Termination 

Figure 1 : Frame concentrator localization 

Once the Logical Link is established, the data 
are switched towards the opposite entity. 

Each Logical Link set up constitutes a traffic 
source. In this study, one source is described 
as a burst-silence source: an established LL 
alternates between bursts during which some 
frames are sent, and silence phases without 
frame transmission. 

Each 64 Kbit/s link is thus submitted to a 
superposition of N sources transmitting bursty 
traffic streams. 

3- ONE-ACCESS TRAFFIC MODELLING 

The assumed traffic is made up of a succession 
of bursts of NFR frames having a mean duration 
of (1-1 seconds and mean silence durat10ns of 
~-1 seconds, as shown in figure 2. 
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F1gure 2 : Burst - s1lence source model 

We cons1der that the durat10ns CI- l /NFR and 
B-1 are exponent1al, so that the 1nter-arr1val 
d1str1 but 1 on of frames 15 of hyperexponent 1a 1 
type. The probab1lity density function for the 
1nter-arr1val t1mes 1s thus given by: 

f(t) = Cll ~1 exp(-~lt) + Cl2 ~2 exp(-~2t) 

Cll represents the probabili ty for one frame 
arr1val w1th a rate ~1' 

Cll = (NFR-1)/NFR and 1/~1 = CI- l /NFR 
Cl2 represents the probab1li ty for one frame 

arr1val w1th a rate ~2' 
Cl2 = 1/NFR and 1/~2 = B-1 + CI- l /NFR 
B-1 1s greater than CI- l . It 1s this d1fference 

between Cl and B which character1zes the 
burst1ness of the source. 

Moreover, we suppose that the 1 ength of the 
frames follows the negative exponential law. 

4- M-ACCESS TRAFFIC MODELLING 

We simply superpose N hyperexponential arrival 
processes having the same character1stics as 
described earlier, but with arrival rates N 
times lower. 

1/~lN = N/~l and 1/~2N = N/~2 
1/~N = 1/N~ = 1/N (Cl l /X 1N + Cl2/~2N) 

However the resolution of the resulting system 
15 complex. Consequently we examine hereafter 
1ts behaviour by means of a s1mulation and we 
deduce from it an approximate analyt1c model. 

S-SYSTEM BEHAVIOUR SIMULATIOM AND MODELLING 

We simulate sources whose initial 
character1stics correspond to our application 
case described in annex: 

NFR = 1300, LFR = 28 bytes (frame length). 
For the study, we vary N, CI- l , B-1, so as to 

determine the impact of both the number of 
sources and the burstiness. 

S.l-CASE OF A SINGLE SOURCE 

If only one source is used to load the link, 
then the mean number of customers in the queue 
is given by the following formula (1): 

a 
L = -- . p (1) 

1-0 
with p=~/~, 1/~ = mean transmission duratio~ 

for a frame and: 

1 Cl2 
= + -

In our case, a 1s g1ven by the formula (2) as 
follows: 

0=----- + (2) 
~2+~(1-a) 

Resolv1ng th1s equat10n of the 2nd degree, we 
eas1ly obta1n a. 

Though the problem can be so 1 ved by ca 1 cu
lat10ns, the simulat10n of the system using one 
traff1c source enables us to validate on one 
hand the simulations wh1ch will be performed 
later, within the context of the superposition 
of N sources, and on the other hand to draw from 
it some information concern1ng the system 
behavi our. As a matter of fact, instead of 
taking into account directly the wa1ting time 
or the mean number L of frames within the 
system, we are rather interested in a which is 
in fact the significant parameter in the 
preced1ng formula (1). The evolution of 0 1n 
accordance with the load offered p appears in 
figure 3. 
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o . 0+---------.-...,..--.---------, 
0.0 0.5 1.0 

OFFERED LOAD 

Figure 3 : 1 source - 0 as a funct10n of p 

The shape of the curves obta1ned leads us to 
interpret the result as follows: when NFR is 
suff1ciently large, Cll is close to 1, whilst ClZ 

1s very small. From formula (2) we deduce a: 

o ~ (K+l) p (3) 

with K+l = V~l and K = Cl/B which is called 
burstiness factor in the remaining part of the 
document. This result 15 intuitively obvious: 
in effect, from a frame point of view, the ef
fective load on the server is that which appears 
during the period of a burst (that is with an 
apparent rate ~1/~ = (K+l)~/~). 
S.2-CASE OF M SOURCES 

Let us now examine the behaviour of the system 
submitted to the traffic resulting from the su
perposition of N identical bursty sources. A 
similar problem has been tackled several times 
in the l1tterature [see Bibliography]. 



In our case, as in that presented in [1], it 
happens that the coefficient of variation 
approaches quickly 1, as soon as the number of 
sources increases (N)5). However the system 
doesn't behave like a system submitted to Pois
son arrival rates, a phenomenon already observed 
in [1]. 

Associated to the preceding result, this leads 
us to concentrate now on the apparent congestion 
of the server a, and to assimilate the system 
to a GI/M/l system, for which the number of 
frames in queue is still given by formula (1). 

The simulations performed enable us to study 
the behaviour of the system submitted to N 
sources. The following curves, 4a, 4b, 4c show 
the evolution of a, a being obtained from the 
mean number L of frames in queue, according to: 

L 
a = ---- ( 4) 

L + p 

The results obtained by simulation provide a 
method to find a close approximation to a by 
means of the following formula (5): 

Nil K.p 
a ~ I i. p - • + p (5) 

i=l N 

0.5 

4a] 1-' 

a . 0+-.....-.....--.--.--,....--.--....--..---.---, 
0.0 0.5 1.0 
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Figure 4a : a=f(p) for K=l 
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Figure 4b : a=f(p) for K=6 
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Figure 4c : a=f(p) for K=ll 

which becomes for high values of N (N)4): 

1 K.p 
a ~----

O-p)2 
. --+ p 

N 
(6) 

The dotted curves show a reasonably good 
concordance between approximation and simu
lation. This concordance is notably sufficient 
to determine the maximum load for the system, a 
parameter which is essential for the engineering 
rules. 

6-FIRST CONCLUSIONS- regulation criteria 

The preceding results show clearly the impor
tant impact of the burstiness factor K on the 
respon se time of the system, even in the ca se 
of an important number of sources. 

Thus, if no control is possible on the 
incoming flow rate, it is necessary, for 
ensuring a sufficient quality of service to the 
accepted calls, to introduce an acceptance 
mechanism. As this mechanism cannot be based 
on the mean load (because p is not a significant 
characteristic of the waiting time, due to the 
burstiness), we study an acceptance method based 
on the mean number of frames in the system. 

7-THE REGULATION MECHANISMS 

The aim is to keep the load of the system to 
an acceptable value by means of a control of the 
average number of frames stored in the waiting 
queue. From the preceding results, this is 
equivalent to maintaining a at an acceptable 
value ensuring a limited response time for each 
frame. 

Two regulation mechanisms have been 
considered: one is based on flat rejection and 
the other one is based on adaptative rejection. 

7.1-FLAT REJECTION 

In the case of a categori ca 1 rejection, the 
new connection is accepted if the mean number 
of frames L in the waiting queue is less than 
or equal to the value of a threshold Lt, 
otherwise it is rejected. L is estimated using 
i sliding window, a~ shown in figure 5. 
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s = size of the window 
Li = number of frames in the queue 

at the scanning period 
L = average value estimate 

Figure 5 : Estimate for L 

time 

The sampling period is Tm = 100 ms, the width 
of the window is s=10. 

7.2-ADAPTATIVE REJECTION 

In th~ case of the adaptative rejection, the 
ratio of rejected calls is R (R calls out of 10 
in our study). R is i ncremented by 1 if L is 
greater than Lt and decremented by 1 in the 
opposite case. This operation is made each time 
L is re-estimated (every Tm ms). 

7.3-CHOICE OF THE REJECTION METHOD 

The simulations which have been carried out 
process two cases: 

1) the number of connections is fixed (100) and 
the load is increased by increasing the 
number of frames in each connection. 

2) the number of connections is increased, each 
connection keeping a fixed number of frames 
(1300) . 

A comparison between the 2 rejection modes for 
the 2 types of traffic rise is given in figure 
6, whi ch represents the evo 1 ut i on of the mean 
number of frames in the queue in accordance with 
the traffic offered. 
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Figure 6 : Comparison between flat rejection 
and adaptatfve rejection methods 

We deduce from it that the 2 regulation 
methods are reasonably effect1ve for process1ng 
the 2 traffic increasing modes. The method using 
adaptative rejection appears to be a bit better 

than the one using flat reject10n. For both 
methods, the effectiveness is less good in the 
case 1 (fixed number of connexions). This can 
be mainly explained by the fact that this case 
corresponds to a traffic which is more bursty. 

From now, we retain the adaptative rejection 
method which, though it is more complex to 
implement, seems to show a better behaviour when 
submi tted to a heavy load. Note however that 
simulations have shown that the flat rejection 
method was as well effective when the 
measurement periods were shorter than 100 ms. 

7.4-EFFECTIVENESS ON THE SYSTEM 

. The sensible parameter being the burstiness 
of the offered traffic, we study now more 
preci sely t.he effectiveness of the adaptative 
rejection for various burstiness factors and 
numbers of sources. 

Figure 7 describes the behaviour of the system 
for 20 sources when they are highly variable 
(K=ll) and lightly variable (K=l), with and 
without regulation, the threshold retained Lt 
being voluntarily low, that is 5 frames in the 
queue. 
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Figure 7 Regulation effectiveness, 
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This shows that the regulation mechanism is 
effective, however up to a certain point, and 
it varies as a function of the burstiness. 
Considering that, we must replace the offered 
load in relation to a, which is the apparent 
load di rect i ng the system behavi our. Fi gure 8 
retranscribes, in the case of 20 sources with 
K=ll, the preceding results in accordance with 
the real overload deduced from p by using for
mula 5, for amax = 1. 

The effectiveness of the regulation appears 
then very cl early, as long as the system is 
correctly dimensioned. 

8-DIMENSIONING RULES 

From the preceding results, we conclude that 
it is not only necessary to regulate in 
accordance with the mean number of frames in the 
queue, but that it is also important to get a 
certa 1 n cont ro 1 on the t ra ff1 c offered by the 
user, by means of engineering rules taking the 
burst1ness into account. From formula 5, we 
deduce that p max corresponds to a = 1. An 
engineering rule would then consist in limiting 
the maximum number of the possibly connected 
sources to N max, such that Nmax < pmax 1 P1, 
where P1 is the mean traffic value for one 
source, and pmax is obtained from formula 5 with 
a = 1. For high values of N, pmax can be deduced 
from (6): 

N pmax 
= (7) 

K (1-pmax)3 

9-ACCEPTANCE CRITERIA 

In the same way', in addition to the regulation 
mechanism studied, based on the actual state of 
the system, acceptance rules based on call 
counting operations could be defined, providing 
thus a better anticipation in the protection of 
the system. We can deduce for a threshold L, the 
maximum value admitted for the number of accep
tab 1 e ca 11s . 

The acceptance criteria could then be as 
follows: for each new call, increment N for a 
given K; calculate the estimated p and compare 
it to pmax. If the estimated p is less than 
pmax, then accept the call, otherwise reject it. 
This naturally requires that we know at the call 
offering time the mean X and the peak X (which 
permits in fact for our model to calculate the 
ratio K). 

ID-STUDY EXTENSION 

The frame traffic that we have studied is in 
fact very similar, as far as its variability is 
concerned, to the one to be processed by the ATM 
networks, particularly in the case of video 
coding at variable bit rate. However in the case 
where various traffic sources are mixed, it is 
appropriate to consider various burstiness 
features, general distribution frame lengths and 
the possibility of a policing function. 
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10. I-MIXING SOURCES WITH DIFFERENT BURSTINESSES 

The results previously obtained lead us, in 
the case of N sources f having different 
burstinesses, to replace K in the formulas by 
its mean value, that is: 

Km = 

N 
I KiNi 
1 

Figure 9 shows the good concordance existing 
between the simulation results, for N1 = 10, K1 
= 11 and N2 = 10, K2 = 1, and the curves obtained 
with K = 6 and N = 20. The same concordance is 
noticed for N = 50 and K = 6. 

I. O'-r------------
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Figure 9 : Mixing of burstinesses 

10.2-GENERAL FRAME LENGTH 

To take into account lengths of frames 
distributed according to general laws, some si
mulations have been performed, namely in the 
case of constant frame lengths. They point out 
that the mean number of frames L in the waiting 
queue is near perfectly twice lower in the case 
of constant service law than it is in the case 
of exponential service law. That means that our 
system may be approximated to a GI/G/1 system. 

Thus, in order to obtain the va 1 ue of the 
waiting queue length L in the case of general 
service law, it is sufficient to apply the 
Po 11 aczek- Khi ntchi ne factor (l+C..s 2 )/2, where 
CS2 is the variation coefficient Tor the frame 
lengths. And the general formulas become: 

where a is defined in (5) and (6). 

IO.3-POLICING FUNCTION 

Its aim is to ensure that the traffics really 
offered by the users meet prec1se1y the 
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projected characteristics (assumed as 
negotiated at the call set-up). Our results 
suggest to control the values given to both the 
mean ~ and the peak ~. A policing function could 
consist in estimating the mean arrival rate of 
cells on a long period and the maximum arrival 
rate on a short peri od (however suffi ci ent to 
obtain a correct estimatio.n). The cell s could 
be transmitted only if both criteria are 
respected. 

Il-THE QUALITY OF SERVICE PROBLEM 

This study has shown the considerable impact 
of the burstiness over the maximal load 
permissible for the system, to ensure limited 
waiting times and limited queue lengths. This 
phenomenon, related to the fact that the system 
alternates between quasi-saturation periods 
(burst arrival) and limited-load periods, raises 
the issue concerning the quality of service to 
be met: Should we not admit, in principle, 
waiting times very long for packet-arrival mes
sages, or should we largely provide over
dimensioned resources? 

12-CONCLUSIONS 

Withi n this study, we have poi nted out the 
following important aspects: 

- When a system is submitted to traffic flows 
with high burstiness features, its maximal 
permissible load is considerably reduced, even 
in the case of the superposition of a large 
number of independent sources; 

- It is possible to determine engineering rules 
based on a GI/G/1 model, under the condition 
that the characteristics of the traffic sour
ces are known in terms of mean traffic and 
peak traffic values; 

- It is always possible to protect the system 
by a regu1 at i on mechanism not based on the 
load but instead on the quality of service 
offered, by means of measurements of the queue 
length; 

- Simple policing functions, estimating the mean 
traffic and peak traffic values seem 
sufficient, if engineering rules, acceptance 
criteria and regulation mechanisms are also 
applied; 

- In principle, the bursty traffic flows raise 
the I qua1ity-of-service" issue in connection 
with the maximum performance of the systems. 

13-APPENDIX- Traffc demand model 

A subcr1ber using the frame service is 
characterized from a traffic point of view by 
the following parameters: 

- The number of Logi ca 1 Links (LL), that is 
maximum number acceptable on the ISDN access, 
and mean number of active LL on the access; 

- The number of LL activations per hour; 
- The duration of the LL activation; 
- The number of frames per second whi ch are 

generated during the LL activation duration; 
- The length of a type I frame. 

Based on traffic observations carried out on 
the French packet switched Network, the values 
of parameters describing the mean user are given 
in Figure 10. 

- Number of LL per access 
* maximum 
* simultaneously active 

- Number of LL activations 
per hour 

- Duration of activation 
- Number of frames I generated 
- Length of I frames 

Figure 10 : Traffic model 
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If we take into account the traffic relative 
to the acknowledgement frames (8 bytes length), 
the mean number of frames generated by one LLP 
during its activation period is given by: 

1.1 x 2 x la x 60 = 1300 frames 
We consider that one 64 Kbit/s link can handle 

200 LL traffic. As the utilization rate of one 
LL is 0.5 Er1ang, 100 LL are active 
simultaneously on an average. The 64 kbit/s link 
load is then given by: 

p = 100 x 1.1 x 2 x 28 x 8 / 64000 = 77% 
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