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Abstract 
We propose a traffic management mechanism for connectionless networks on top of ATM 
infrastructures. The mechanism combines flow control at the packet layer ( connectionless 
layer) and dynamic bandwidth allocation of the ATM connections interconnecting the 
connectionless servers of the connectionless network. Optimal mechanisms are obtained 
through Markov decision processes for a model of two tandem queues. The obtained 
bandwidth gain motivates the analysis of such mechanisms in a more realistic model. The 
simulation of a more detailed model of a connectionless network allows us to conclude on 
the favorable impact of dynamic resource allocation on the bandwidth gain and on the 
reduction of the sensitivity of the performances of the network with respect to the charac
teristics of the traffic. The traffic management mechanism implemented in the simulator 
are motivated by the optimal mechanism obtained using the analytical model. 
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1 INTRODUCTION 

One of the first expected applications of ATM networks is LAN interconnection. Since 
ATM is a connection-oriented transfer mode, the provision of connectionless services 
(LANs are connectionless) is a challenge for ATM networks. ITU recommendation 1211 
has proposed two approaches to offer a connectionless service in B-ISDN, namely the 
direct and indirect methods. This paper deals with the first one, which consists of in
troducing ConnectionLess Servers (CLSs) into B-ISDN. These CLSs are interconnected 
through ATM connections thus forming an "overlay network". The functions of the CLSs 
are mainly to route packets (datagrams) and to manage connectionless traffic (Vickers, 
1994). 

Congestion control in this network can be achieved as in classical datagram networks 
by means of mechanisms combining dynamic routing and flow control. When ATM con
nections are used instead of leased lines, a third traffic management approach can be 
introduced : the dynamic bandwidth allocation. By taking advantage of the flexibility of 
ATM connections, it may allow a gain in bandwidth utilization. 

Mechanisms using dynamic bandwidth allocation have been proposed in previous papers 
(Gallassi, 1992) (Heijenk, 1992)(Mongiovi, 1991)), but mainly for the indirect approach 
(no CLS). In (Gallassi, 1992), it is argued that the proposed mechanism works well in 
the direct case, but no study of performance is given. In (Yamamoto, 1993), a mechanism 
combining flow control and dynamic bandwidth allocation is proposed for both direct and 
indirect approaches; however, in the direct case, Yamamoto and a!. propose to use dynamic 
bandwidth allocation only on the access links. They argue that only a simple feedback 
type flow control mechanism is necessary between CLSs, because fluctuation of traffic on 
such links is small due to the high degree of multiplexing that is achieved. Unfortunately, 
as shown in (Van den Berg, 1995), the high unpredictability of connectionless traffic makes 
the effective dimensioning extremely difficult in case of fixed bandwidth links. 

The goal of this paper is, on one hand, to show that a non negligible gain in the uti
lization of bandwidth can be obtained by using mechanisms combining flow control and 
dynamic bandwidth allocation and, on the other hand, to determine the mechanisms al
lowing such a gain. The gain is studied with respect to the situations where no mechanism 
or only flow control is used. 

The structure of this paper is as follows. In Section 2, a simple model of two tandem 
queues is studied in order to gain insight into the type of mechanisms that optimize the 
bandwidth ga.in. A Markov decision process approach is used to model the system. In Sec
tion 3, a more realistic network is studied by simulation and it is shown that the proposed 
mechanism, motivated by the results in Section 2, allows a gain in bandwidth utilization 
while assuring some QoS constraints, and reduces the sensitivity of the performances of 
the network with respect to the traffic characteristics. We conclude in Section 4. 
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2 TANDEM QUEUES 

2.1 The queueing system 

The system we study consists of two tandem queues with finite buffers (see Figure 1). 
Queue 1 may represent an individual source or a ConnectionLess Server whereas queue 
2, which is the queue of interest, represents a CLS. Packets ( datagrams) enter the system 
following an Interrupted Poisson Process (IPP). The choice of an IPP was made in order 
to capture the bursty nature of connectionless traffic. A more realistic arrival process 
would be of little interest for this study, which aims to obtain qualitative results on the 
gain that can be achieved by using dynamic bandwidth allocation when traffic may be 
bursty. Service times are exponentially distributed. The service rates vary dynamically, 
representing , respectively the flow control for the first queue and the dynamic bandwidth 
allocation for the second. More precisely, a controller is placed at queue 2 and may decide 
either to control queue 1 from p 2 (normal rate) to p 1 (controlled rate, with p 1 < p2 ), 

to ask for an increase of service rate for queue 2 from v1 (normal rate) to VN (maximum 
rate), or to leave the service rates at their normal values (Jt 2 and 111 ). 

IPP (Q, .\) 

---co-CD-
X y 

Figure 1 Tandem controlled queues. 

The notations are the following: 

• Q = ( -; _; ) is the infinitesimal generator of the phase of the IPP. 

This means that q (respectively r·) is the rate of passage from silent period to active 
period ( respectively from active period to silent period) of the arrival process. 

e A is the intensity of the arrival process when active (i.e. the peak rate of the arrival 
process). 
From the preceding definitions, we observe that the mean rate of the IPP is equal to 

1 
_L___x- _q_.\ 
f+~ - q+r·. 

• b is the activity parameter of the arrival process, which we define as the ratio mean 
rate/ peak rate; it is given by b = _q __ 

q+r 
• f!i, i E {1, 2} are the possible service rates of queue 1. 
e N is the number of allocation levels for the server of queue 2 (i.e N is the number of 

possible service rates of queue 2). 
• Vj, j E {1, .. , N} are the possible service rates of queue 2. 
• I<1 (respectively 1\2 ) is the capacity of queue 1 (respectively queue 2). 
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We denote by (x,y,z) a state where xis the number of packets in queue 1, y is the 
number of packets in queue 2 and z the phase of the IPP (O if it is silent, 1 if it is active). 

Our goal is to find an efficient and simple mechanism combining flow control and band
width allocation. We therefore use the theory of Constrained Markov Decision Processes 
(Puterman, 1994) in order to determine an optimal mechanism satisfying some QoS con
strajnts. The optimality is defined with respect to a cost function, which is an increasing 
function of the service rate of queue 2. 

In the following subsection, the studied controlled process is described. 

2.2 The Markov decisiou process 

Considered is a continuous time Markov decision process with the following characteristics: 

• the state space is S=[O,K1]x[O,K2]x{0,1}. 
• the action space is A= {(pi, Vj), i E {1, 2},j E {1, .. , N}}. 
• the tmnsition mtes are the same as for a model with fixed rates, with p and 11 depending 

on the chosen action. More precisely, the evolution of the process is determined by a 
family of infinitesimal generators indexed by the action space. 

e the instantaneous cost function, denoted by c[(x, y, z); p, v], which is given below. 

The evolution of the process is as follows. At each transition time t of the process, a 
decision is taken, that is a pair of service rates is chosen in A, say (Jtt, v1). The process 
then evolves from current state (X1, Y;, Zt) in S to its next state (X1•, Yl•, Zt') with rates 
given by the infinitesimal generator Q(Jtt. v1). Between t and t', a cost is incurred at rate 
c(Xt. }j, Z1; jt1, v1). Once the transition into the next state has occurred, a new decision is 
taken. 

The objective is to find a policy (i.e. a sequence of actions) 1r minimizing the average 
cost , i.e. the following function (Puterman, 1994): 

V,.(x,y,z) =lim sup tE~x,y,z) {f1~0 c(Xt, Yt,Zt;Pt.Vt)dt}, 
T-oo 

under the constraint: 

Here 1x is the indicator function of the random variable X and E~x,y,z) means the ex
pectation with respect to the probability induced by policy 1r and initial state (x, y, z) (see 
(Puterman, 1994), chapter 2, for a rigorous presentation of the probabilistic framework 
for Markov decision processes). The considered constraint imposes that the probability of 
saturation (i.e the probability that one of the buffers is full) does not exceed a. Under ir
reducibility assumptions one knows (Puterman, 1994) that the optimal average cost does 
not depend on the initial conditions; furthermore, there exist several algorithms allowing 
to compute the optimal cost and policies. 

The computation of an optimal policy requires first to transform the initial problem 
into a discrete-time one; to that purpose We use the uniformization technique (Serfozo, 
1979) to transform the initial problem into a discrete-time one. This approach, which is 
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very common in Markov decision process theory, allows to obtain a discrete time Markov 
decision process which is equivalent to the initial one in the sense that every optimal 
policy for one problem is optimal for the other. 

We then use the classical formulation of Markov decision processes using Linear Pro
gramming (Derman, 1970). This formulation, which allows us to easily take into con
sideration the constraint on the probability of saturation, leads to the following linear 
programming problem: 

2 N 
minimize L L L c[(x,y, z};tt;,vj] ~[(x,y, z); {t;, vi]· 

i=l j=l(x,y,z)ES 

subject to the following constraints: 

~[(x,y,z);p;,vi]::::o, V(x,y,z)ES, Vi=1,2 Vj=l, .. ,N, 

2 N 

LL L ~[(x,y,z);p;,vj]=l, 
i=l j=l(x,y,z)ES 

2 N 2 N 
L L ~[(x,y,z);p;,llj] = L L ~[(x,y,z');p;,vj] L P[(x,y,z')l(x,y,z;p;,vj)], 
i=l j=I i::::::l j::::::l (x',y',::')ES 

2 N 
L L L [1{x=l\l} + l{y=K2 }] ~[(x, y, z); {li, llj]:::; a, 
i=l j=l(x,y,z)ES 

where P is the probability matrix obtained after uniformizing the process. 
In the following subsection, the obtained results are presented. 

2.3 Results 

The objective of this study is to examine the impact of dynamically allocating bandwidth. 
To that purpose, a first system (system FC- Flow Control), where only one service rate 
is available for queue 2 (i.e. N=l) is compared with a second one (system FCDA- Flow 
Control and Dynamic Allocation), where the service rate of queue 2 may take several 
values (N >1). 

For system FC, we look for the minimum service rate v for which the constraint can be 
satisfied (this means, for which there exists a policy such that the constraint is satisfied). 
Linear programming informs indeed about the feasibility of the constraint. 

For system FCDA, the service rate of queue 2 is allowed to vary in a wide range (see 
next paragraph) so that feasibility is always achieved. 

Choice of parameters: 
Here are the values chosen for the parameters of the model. Although they do not reflect 
realistic figures, mainly because of the size of the state space when considering large 
buffers, reasonable proportions were kept between the different values. The qualitative 
results that we obtained in all the experiments we carried out were quite similar. 

• The capacities of queue 1 and 2 are /\1 = 1.5 and J\2 = 25. 
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• The following values are considered for the possible service rates of queue 1 and queue 
2: 
J-11 = 5, J-12 = 200. 
N = 5 and v1 = 5,v2 = 50,v3 = lOO,v4 = 150,v5 = 200. 

e The characteristics of the arrival process vary throughout our study as follows: arrival 
processes with different activity parameter (from 0.025 to 0.5) and mean burst duration 
(5 and 10 packets) values are considered. 
The whole set of parameters of the IPP is set by imposing a constant mean rate equal 
to 5 . 

• the target saturation probability a is equal to w-3 • 

• The considered instantaneous cost function is c[(x, y, z ); p, v] = v2 • The choice of a 
function of v increasing faster than linearly is made in order to reflect the following fact. 
When dealing with dynamically allocated bandwidth for bursty traffic, a request for a 
large amount of bandwidth costs more to the network operator than several requests for 
smaller amounts. This is because the multiplexing gain that can be achieved strongly 
decreases with the peak rate of the considered bursty traffic (Roberts, 1991). 
The square root of the average cost, which is denoted by "normalized cost", is taken 
as the measure of the required bandwidth. 

Influence of the traffic characteristics on optimal cost 
Figure 2 shows the normalized cost obtained for the two mechanisms as a function of the 
activity parameter of the arrival process. The left-hand figure is obtained for bursts with 
mean length 5 packets and the right-hand one for bursts with mean length 10 packets. 

burst size 5 

30.0 ,---------~-~~~--~---·~ 

~ 20.0 
CJ 

~ 
~ - FC 

g 10.0 r=:::::::::::::::::::::=====----_j -----i=coA ___________________________ ::::: 

0.0 L....-~~~~.__,__--~---,___J 
0.025 0.1 0.5 

activity parameter 

burst size 1 0 

30.0 ,----------~~~.--,----------.-------, 

~ 20.0 
CJ 

~ 
~ 

FC 

g 10.0 -------------- ---~---------... -

FCDA 

0.0 L....---~~~------.__j 
0.025 0.1 0.5 

activity parameter 

Figure 2 Comparison of FC and FCDA mechanisms. 

It can be observed that, in both cases, there is a gain in cost (that is in utilization 
of bandwidth) when dynamic bandwidth allocation is used. This gain is an increasing 
function of the activity parameter (for bursts of size 5, this gain ranges from 14.5% for 
activity parameter 0.5 to 17.8% for activity parameter 0.02-5; for bursts of size 10, it 
ranges from 7% for activity parameter 0.5 to 60% for activity parameter 0.025). The gain 
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in bandwidth utilization appears to be considerable if the activity parameter is low (i.e. 
peak rate is much larger than mean rate) on the considered links. This allows to hope for 
a substantial gain in the utilization of bandwidth in CLS network where it is not possible 
to assert that activity parameters will be high. 

It can also be concluded that the obtained mechanism highly reduces the sensitivity of 
the performances of the network with respect to the traffic characteristics. This simplifies 
the dimensioning of the resources of the network. 

Structure of optimal policies 
From the preceding paragraph, it can be concluded that dynamic bandwidth allocation 
seems to lead to a substantial gain in bandwidth utilization. In this paragraph, we aim 
to gain insight about the design of efficient mechanisms . To that purpose, the structure 
of the optimal policies obtained using linear programming is studied. Figures 3 and 4 
represent the optimal actions as a function of the occupancies of buffer 1 and 2, when 
the arrival process is active (z=1). The burst size is equal to 8 packets and the activity 
parameter varies from 0.1 to 0.02.5. 

C\1 20.0 

~ 
::; 
D 

0 ,., 
(J 

g 10.0 
a. 
:> 

8 
0 

Flow Control + Rate Allocation 

0·0o'=".o-----=s.":'o----,:-:o'::.o---~,5.o 
occupancy of buffer 1 

(\J 20.0 
~ g 
:> 
.D 
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(J 

~ 10.0 
a. 
:> 
!:l 
0 

Flow Control + Rate Allocation 

0·0oL.o-----cs.'""o----~,o'"".o---------:',5.o 
occupancy of buffer 1 

Figure 3 Optimal FCDA mechanism (left.: activity parameter 0.1, right: activity param
eter 0.05). 

It has to be noticed that, the larger the peak rate of arrival process compared to the 
mean rate, the more the obtained optima.] mechanism relies on rate allocation and the 
less on flow control. 

The considerable gain that can be achieved using the optimal policy incites to the 
ana.lysis of a more realistic model of a CLS network using flow control and dynamic 
bandwidth allocation. \Ve focus on the case of low activity parameter and so we analyze 
a traffic management mechanism mot ivated by the right component of Figure 4. The 
optimal mechanism represented in this figure is approximated by a. simpler one of the 
type represented in F igure 5. 

The proposed traffic management mechanism is described in detail in the following 
section . 
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Figure 4 Optimal FCDA mechanism (left: activity parameter 0.033, right: activity pa
rameter 0.025). 

N 20.0 

~ 
=> .c 
0 
>. .., 
~ 10.0 
a. 
§ 
0 

Flow Control + Rate Allocation 

0·0o'::_o ____ -='5.7o----...,,c:o7.o--------;-;,5.o 
occupancy of buffer 1 

Figure 5 Approximated FCDA mechanism. 

3 SIMULATION STUDY 

3.1 The simulation model 

The considered model consists of a network of CLSs fed by bursty sources (see Figure 
6). Packets of constant size (equal to 1..5 Kbyte) arrive, following a.n Interrupted Poisson 
Process, to the buffer of a. source before being transmitted to the network. A very simple 
topology is considered for the CLS network : two CLSs ( CLSs B and C) transmit packets 
to a third one (CLS A). There is a non negligible propagation time between sources and 
CLSs and between CLSs. This propagation time also affects information corresponding to 
the flow control and bandwidth allocation procedures. The capacity of all CLSs buffers 
is equa.l to 1000 packets {1..5 Mbytes). These buffers are supposed to be dedicated to a.n 
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output link of the corresponding CLS. Different cases will be analyzed for the sources 
buffer size, as described later. 

SOURCES 

, 
~ ~Q<" ""~ow control 

Figure 6 The simulation model. 

The proposed Flow Control mechanism is the following. vVhen the occupancy of the 
buffer of a CLS reaches the level Tctrh this CLS asks for a reduction of the transmission 
rates on its input links. Each CLS measures the arrival rate in its buffer and reduces 
its input rate so as to obtain a fixed ratio controlled input rate/output rate ( which is 
denoted by p ). This control is exercised until the occupancy of the buffer of the congested 
CLS passes below the level1~·lse (Tr!se < Tctrl)· 

The proposed Dynamic Allocation mechanism is the following. When the occupancy 
of the buffer of a CLS reaches the level Sauoc < Tctrh this CLS asks for an increase of the 
rate on its output link. Depending on the situation of ATM links, this requests can be 
accepted or not. Each time it is accepted, the rate of the output link is increased by a 
fix amount P Mbit/s. The congested CLS waits some time F (for filter) before requesting 
again for more bandwidth if still congestt>d. Congestion is considered to be over as soon 
as the occupancy of the CLSs buffer passes below the level Srlse (Srlse < S'anocl· In this 
case, the rate of the output link takes its initial value (which corresponds to the minimum 
of the possibles values of this rate). The probability of refusals (Prefusal) is an increasing 
function of the already allocated bandwidth. More precisely, it is supposed to be of the 
following form: P.·efusal = min( ( (z;,.- 11; )/ P)PJ, 1 ), where 11; is the initial rate and l'r is the 
requested rate. 

If an increase is refused, the CLS wa.its some time VI/ before requesting again for band
width if still congested. 
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Choice of parameters 
Here is the list of the chosen parameters for the simulation study. Since some parameters, 
especially concerning the arrival processes into the sources, are going to change during 
our experiments, the given values are valid unless otherwise stated. 

• number of sources : 80 
• mean rate of sources : 1 Mbit/s 
• peak rate of sources : 100 Mbit/s 
• mean burst duration : 200 ms 
• P1 = 0.1, P = 30 Mbit/s, W = 70 ms, F = 20 ms, p = 0.8. 
• Salloc = 600 packets, Srlse = 500 packets 
• Tctrl = 900 packets, T.·!se= 850 packets 

A few remarks have to be made about the choice of these thresholds. The dimensioning of 
Tctrl is mainly linked to the distance between sources and CLSs or between CLSs, i.e. to 
the time between congestion notification and effective decreasing of the rate. In principle, 
one could choose this threshold so that, even if all input links of the congested CLS are 
"active", i.e. emitting packets, all packets emitted before the reaction of the sources are 
absorbed and so there are no lost packets. This would require too large capacities for the 
buffers of the CLSs or a poor utilization of these buffers most of the time. The choice of 
900 corresponds to a relatively reasonable compromise between utilization of the buffer 
and efficiency of the control mechanism. 

There is an alternative in the choice of Tr~ •• : if it is too close from Tctrh this will lead 
to numerous oscillations between control and release of the control* ; if it is too far, this 
will impose very long periods of control to the controlled sources or CLSs. 

The choice of Sanoc and Srlse conditions the frequency of allocation requests, so that the 
alternative is between efficiency and frequency of allocations. S,.1s. is not to be chosen too 
low for another reason, which is the utilization of the allocated bandwidth: if Srlse is too 
low, there is a risk that the buffer will empty between the instant when the decision of 
decreasing the output rate is taken and the instant when this rate is actually decreased. In 
this case, the utilization of the supplementary a.llocated bandwidth will not be maximized. 

3.2 Simulation results 

In this section it is shown, by means of numerical results, that the global traffic manage
ment mechanism we propose allows a gain in the utilization of bandwidth. 

The simulations were realized wit.h Simscript II.5. 

Influence of the characteri.stic.s of input traffic 
We first compare the system without any control (curves denoted NM, for No Mechanism), 
with traffic control (curves denoted FC, for Flow Control) and with traffic control and 
dynamic bandwidth a.llocation (curves denoted FCDA, for Flow Control and Dynamic 
Allocation). The systems without any control, with control and with control and dynamic 

*This generates a non-negligible traffic of control messages. 
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bandwidth allocation will also be denoted, respectively, by NM, FC and FCDA . In the 
first experiments, the buffers of the sources are supposed to have an infinite capacity. 

In all the cases the "required bandwidth" is defined as the minimum bandwidth neces
sary to guarantee a quality of service defined by a loss probability of 10-4 and a maximum 
delay less than :30ms for 9.5% of the packets (here the delay is the time a packet spends 
in the system from the instant it enters a. source to the instant it leaves CLS A). 
Figure 7 shows the bandwidth required for the output links of CLSs B and Cas a function 
of the mean burst duration (the mean silence duration is varied in the same proportion as 
the mean burst duration in order to maintain the mean arrival rate). For system FCDA, 
this bandwidth is by definition the weighted average of the different rates which are used, 
with weights being given by the proportion of time each rate is used. The main conclusions 
are the following: 

• the FCDA mechanism allows a saving which, for mean burst duration of 400ms, is of 
39% compared with system NM and of 9% compared with system FC. 

• the gain of the FCDA mechanism with respect to FC mechanism is an increasing 
function of the mean burst duration. Since the maximum burst duration considered 
corresponds to a burst length of 4.8 !Vlbytes, some greater values of this parameter, 
which are not unrealistic in the context of LAN interconnection, could lead to a more 
substantial gain. 

• The slope of the curve corresponding to the FCDA mechanism is lower than for the 
other two mechanisms, which reflects a lower sensitivity of this mechanism to burst 
length, which is a difficult parameter to predict. 
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Iii" :;:: 
_o 300.0 
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.s:: 
i5 
"§ 

250.0 "0 
c 

"' _o 
"0 
~ ·:; 200.0 
CT 
~ 

150.0 
50.0 150.0 250.0 350.0 

burst mean duration (ms) 

Figure 7 Influence of mean burst duration. 

Figure 8 shows the influence of the activity parameter of the arriva.l process on the required 
bandwidth. \"/hen varying the activity parameter, we also vary the number of sources so 
that the total mean rate of arrivals keeps constant. The goal here is to find out if the 
network operator may be able, once the allocated bandwidth, to use it efficiently whatever 
the profile of the connectionless traffic. Here the mean burst duration is constant and 
equals 200 ms and we vary the silence intervals duration. 
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The main conclusion which can be drawn from this figure is that the FC and FCDA 
mechanisms seem to be almost insensitive to the activity parameter of the sources. This is a 
very interesting feature since, if the activity parameter of typical sources for connectionless 
services is expected to be very low, it is also expected to vary a lot from one type of source 
to another. 

NM 

FC 

FCDA 

150·~oL.o-~...,30~_,..o ~--=soL.o-~...,7~0.,-o ---=soL.o--' 
1/activity parameter 

Figure 8 Influence of the activity parameter. 

Even if, from the two preceding experiments, some interesting features of the FCDA 
mechanism have been highlighted, its gain with respect to FC mechanism has not revealed 
considerable with respect to the FC mechanism. 

However, until now, these mechanisms were only mmpared in a context where, because 
of the choice of the rate of the output link of CLS A, not many control requests were 
imposed to CLS B and C. These conditions are now changed by adding a background 
source which feeds CLS A. The characteristics of this source are a peak rate of 120 
Mbit/s and an activity parameter of 0.1. This of course increases the load of CLS A. 

Figure 9 shows the obtained results. Only FC and FCDA mechanisms are compared, 
but two cases are considered for FCDA mechanism, depending on the assumed probability 
of refusals of allocation requests. FCDA 1 corresponds to the same case as before, i.e. 
Pf = 0.1. FCDA 2 corresponds to Pf = 0.0.5. 

The required bandwidth is of course greater than in the previous situation, where no 
external traffic was imposed to CLS A. It can also be observed that the gain obtained 
for the FCDA mechanism with respect to the FC mechanism becomes significant in these 
conditions. It is of 15 % for the same conditions of refusals as before and even of 25 % in 
the case of lower probability of refusals. This probability is difficult to characterize, since 
it corresponds to the capability of ATM network, in view of its load, to allocate more 
bandwidth to the CLSs output links. This is mainly related to the CAC function used by 
the network. However the cases investigated here do not seem to us exceedingly optimistic 
; this allows to hope that in a real case the proposed mechanism will induce even better 
performances. 
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Figure 9 Influence of load on CLS A. 

Influence of the distance 

69 

Until now, we have only studied the case where the buffers of the sources were supposed to 
have an infinite capacity. In this paragraph we remove this restriction and, in particular, 
we analyze the influence of the network size on the required buffer sources. Indeed, it is 
desirable that these buffer requirements are less sensitive with respect to the network size. 

Figure 10 shows the influence between sources and CLS and between CLSs in the 
case where the bandwidth in the FC case and the initial bandwidth in the FCDA case 
correspond to the minimum values required to guarantee the required QoS. The sources 
have 100 ms mean burst sizes and the global load remains as in the previous sections. 

"$ 300.0 .-----~--~-------------------------~-~---~--
~ 2~.0 

~ FC 

::- 200.0 
·~ 

~ 150.0 

~ 
:::> 100.0 .0 
"0 e 
·:; ~.0 
c-e 

0.0 L-~---=':-::-~-,-,-L,--~-,-L-:~ 
0.0 200.0 400.0 600.0 800.0 1000.0 

distance (km) 

Figure 10 Influence of distance on sources buffers. 

We conclude that the proposed mechanism allows the use of smaller buffers for the 
sources and reduced the sensitivity of these buffer sizes with respect to the size of the 
network. 
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Transient behaviour 
In order to better understand the impact of the mechanism, we show in the next figures a 
typical transient behaviour of the FC and FCDA mechanisms in a situation of congestion. 
Figure 11 shows the evolution of the occupancy of the buffer of CLS B during a typical 
period of congestion. At the beginning of the represented period, the CLS has made a 
request for bandwidth allocation which has been accepted. The output link rate becomes 

2.55 Mbit/s t instead of the former 225 Mbitjs. As we see on this figure, this allocation 
does not prevent the buffer occupancy from reaching the threshold Tctrl (900 packets). 
However, this allocation allows a. shorter period of control of the sources. Moreover, we 
observe that, when using the FC mechanism, the period of control is followed by another 
one. This is because of the release of controlled sources, which have accumulated a lot of 
packets while being controlled. This second period of control leads to the saturation of 
two sources buffers and to losses in one of these buffers (See Figure 1:3). 
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Figure 11 Buffer occupancy of CLS B. 

This phenomenon is avoided in the FCDA for one main reason. This is that, when 
sources are released, the CLS disposes of a. larger output rate, thus avoiding a second 
period of "high congestion". Other reasons are, first, that, as we underlined it, the period 
of control is slightly shorter with this mechanism, so that sources are less stressed than 
with the FC mechanism; second, observe on Figure 12 that, even when using flow control, 
the FCDA mechanism reduces less the rate of sources than the FC mechanism. This is 
because the coefficient of reduction of the rate of sources is function of the output rate 
of the congested CLS (since the objective of the flow control mechanisms we study is to 
reach a target load p). Note the slight delay (corresponding to the propagation delay) 
between the time of the control decision {t1 ) and the time of the effective reduction of the 
rate of the sources ( t 2 ) (See Figures 11 and 12). 

The direct effects of the flow control on packet losses in sources is made clear in Figure 
13. On this figure, the occupancy of the buffers of three of the sources is represented, 

twe suppose ATM interfaces at 622 Mbit/s. Let us recall here that only 155 1\fbit/s and 622 Mbit/s 

interfaces have been defined by the ITU. 
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during the same period as on the above figures. There is no loss in the FCDA mechanism 
whereas the two periods of control cause a progressive saturation of two of the sources 
(one of which remains saturated even after the observed period) and cause losses in one. 
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Figure 13 Source buffers (FC and FCDA). 

4 CONCLUSIONS 

We propose a traffic management mechanism combining flow control and dynamic band
width allocation in connectionless networks using an ATM network infrastructure. The 
mechanism allows a gain in the utilization of the capacity of the ATM network and re
duces the sensitivity of the performances of the connectionless network with respect to 
the traffic characteristics. The next steps of our study are as follows. First, we are taking 
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into account the usage parameter control that has been standardized by the ETSI for the 
CBDS (Connectionless Broadband Data Service) service. In such a case, the backpressure 
flow control to the sources used in the present study should not constrain the input traffic 
under the negotiated traffic contract. Second, we are analyzing the performances of a 
connectionless network on top of an ATM network offering the ABR transfer capability in 
order to compare the results with the performances of the system analyzed in the present 
paper. 
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