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We investigate some architectures and methods for bandwidth management in ATM networks. The 
two considered architectures are based on the concept of the bandwidth switching developed for STM 
(cross-connect) networks and on the concept used for multirate circuit-switched networks (call-by-call 
bandwidth allocation), respectively. The comparison indicates that the call-by-call bandwidth allocation 
has several advantages. To implement this approach tools for call admission control and call routing are 
required. We propose and investigate three schemes. These are extensions of algorithms developed for 
circuit switched networks: reward maximization approach, least-busy path approach, sequential routing. 
The reward maximization approach is found to provide most attractive features in ATM environment. 

1. INTRODUCTION 

The idea of bandwidth management in ATM networks based 
on a logical bandwidth allocation to virtual paths has been 
considered in recent works (e.g. [1,2,3]). This concept is 
a straight extension of the bandwidth switching concept al
ready introduced in STM networks based on cross-connects. 
In fact in the case of ATM it is much easier to implement 
bandwidth switching since the allocation of bandwidth 
is done logically. One could say that this feature provides 
additional flexibility in bandwidth management compared to 
STM networks. Although many see this feature as an advan
tage and suggest that this type of bandwidth management 
is well suited for ATM networks, it is our opinion that this 
issue requires a more thorough investigation and comparison 
with other options, before drawing any final conclusion. 

To illustrate the point let us consider the objectives of in
troducing bandwidth switching in STM and ATM networks 
(in the following we assume that the reader is familiar with 
the concepts of bandwidth switching and cross-connects in 
STM and ATM networks, otherwise see e.g.[3,4]). In case of 
STM, bandwidth switching was introduced to divide a large 
pool of transmission capacity among different subnetworks 
providing simplified switching control (compared to circuit 
switching) and physical separability among the subnetworks 
(so the control and operation of each sub network can be also 
separated). Note that in case of ATM networks these objec-

. tives are no longer valid. First since the bandwidth switching 
in ATM networks is implemented on the logical level it does 
not provide physical separability of the subnetworks so the 
control and operation cannot be totally separated. Secondly 
the objective of ATM is to integrate all types of traffic while 
bandwidth switching is doing quite the opposite. Concerning 
simplified switching control, in case of ATM this objective 
is achieved simply by using the virtual path identifier 
(VPI) for addressing only, without introducing bandwidth 
switching. In other words the bandwidth management and 
cross-connect functions in ATM networks can be considered 
independently. Thus, the only clear objective of introducing 
bandwidth switching in ATM networks is simplification 
of the call set-up procedure compared with bandwidth 
management on a call-by-call basis (analog to multirate 

circuit-switched networks). This simplification follows from 
the fact that once a certain bandwidth is allocated to the 
virtual path the access port can admit a call using only local 
information (bandwidth seized by the calls carried on the 
same virtual path) so communication with transient nodes 
is not needed. While this is an obvious advantage, one has 
to take into account that this gain comes at the expense of 
a significant decrease in bandwidth utilization. 

To get more insight into the issue, we compared more 
thoroughly the approach based on bandwidth allocation 
to virtual paths (henceforth called two layer bandwidth 
management) with the approach based on call-by call band
width allocation (one layer bandwidth management). To 
make the comparison comprehensive a wide range of factors 
influencing the choice of bandwidth management scheme was 
taken into account: network cost, control of grade of service 
(GOS) and throughput, adaptability to traffic variations and 
failures, multipoint connections and reliability. In the first 
part of the paper we present the main conclusions from this 
comparison (the full report from the study is presented in 
[5]). They indicate that in most cases there is no economic 
or operational advantage from applying bandwidth switching 
in ATM networks. An exception is the case where users of 
the sub-network or path require guaranteed call throughput 
and/ or independent management on the call layer (e.g. 
controlled by the user). 

The second part of the paper concerns efficient and fair 
utilization of network resources. Following the conclusion 
from the first part of the paper we focus our attention on the 
one layer bandwidth management scheme. In this case the 
operation of the ATM network on the call level is similar to 
a multi-rate circuit switched network and the issue is to find 
suitable methods for call admission and routing. We present 
and compare three approaches which are modifications of 
strategies developed for circuit switched networks. These 
are sequential routing, least-busy path approach and reward 
maximization. The modifications are necessary to take 
into account the large number of call classes with different 
bandwidth requirement. The simulation study shows that 
from the performance point of view all three approaches are 
comparable in the case of a well dimensioned networks under 
stationary nominal conditions. But in view of unpredictable 
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traffic patterns, new services, overloads and failures the 
reward maximization approach is preferable in regard to 
efficiency and fairness. 

2. ONE LAYER VS. TWO LAYER SCHEME 

We begin by defining functional and physical architectures 
of the one and two layer bandwidth management schemes 
(henceforth denoted as BMl and BM2, respectively). The 
considered physical network architecture is illustrated in 
Fig.!. It consists of ATM cross-connects (CC), access ports 
(AP) and a central network management processor (CNMP). 
It should be stressed that subsequent considerations apply 
equally well to the architecture with ATM switches instead 
of ATM cross-connects since the bandwidth management is 
operating on the logical level only. We assume that in both 
BMl and BM2 schemes the call admission control (CAC) 
is based on a logical bandwidth allocation to a connection 
(BAC). The allocation of the bandwidth, Vj, can be based 
on the peak rate or one of the proposed effective bandwidth 
approaches (e.g. [6]). This mechanism also covers the 
concept of burst admission control since from the viewpoint 
of bandwidth allocation a burst can be treated in the same 
manner as a call. We also assume that in the network 
under consideration there are mechanisms (bandwidth en
forcement, shaping, congestion control,priorities ... ) which 
ensure that the logical bandwidth allocation to a connection 
guarantees the required GOS constraints on the packet level. 
Concerning connectionless services, we assume that each 
origin-destination data path is logically allocated a certain 
bandwidth. This allocation should be updated from time to 
time to take into account non stationary changes in the data 
traffic pattern. In this approach the bandwidth allocated 
to a data path can be seen as a semi-permanent connection 
with adaptive bandwidth allocation. Thus although our 
subsequent considerations are based on the call connection 
concept they also apply to a mixture of connection oriented 
and connectionless traffic. 

The functional architecture of the one layer bandwidth 
management scheme is similar to the one in multi-slot 
circuit switched networks and is illustrated in Fig.2. During 
the call set up procedure the access port processor (APP) 
first has to evaluate Vj (henceforth we refer to this function 
as bandwidth allocation to a connection - BAC). Then the 
access port processor should query the cross-connect proces
sors (CCP) on the recommended path to reserve the required 
bandwidth on all links constituting the path (henceforth we 
refer to this function as call admission control on the link 
level - CAC). The obvious condition to admit a call is 

(1) 
i 

where L6 , Vi, Xi denotes the s-th link capacity, the 
bandwidth allocated to the i-th type call and the number 
of i-th type calls carried on the link, respectively. The path 
recommendation is a result of additional functions which 
are henceforth called routing and call admission on the 
network level (RCAN). These functions can be implemented 
in the management processor and the access port processors 
(centralized version) or in the access port processors only 
(distributed version). The objective of routing and call 
admission on the network level is to provide fair and efficient 
utilization of the network resources treated as a common 
pool. In particular the objective of the call admission 
mechanism on the network level is to reject calls which could 
be admitted but would result in inefficiency from the network 
control objectives point of view. 

Fig.l Network architecture; 
AP(P) - Access Port (Processor), 
CC(P) - Cross-connect (Processor), 
CNMP - Central Network Management Processor. 

CM1P 

Fig.2 One layer architecture; 
BAC - Bandwidth Allocation to a Connection, 
CAC - Call Admission Control, 
RCAN - Routing and Call Admission control on 
the Network level. 

ONP 

6 
APP / f!!' CCP 

B~~ Vp 

Fig.3 Two layer architecture; 
BAC - Bandwidth Allocation to a Connection, 
CAC - Call Admission Control, 
BAVP - Bandwidth Allocation to the Virtual 
Paths. 

The functional architecture of the two layer bandwidth man
agement scheme is presented in Fig.3. In this case both basic 



functions, the bandwidth allocation to a connection and the 
call admission control, are performed similarly to the ones 
in BMl with the difference that the call admission function 
can be performed locally in the access port processor since a 
chosen virtual path is already allocated a certain bandwidth, 
Vp. The condition to accept a call is given by 

Vi ~ Vp - I:xiVi 
i 

(2) 

The bandwidth allocation to the virtual path (BAVP) is 
performed in the management processor and the objective 
of this function is to provide fair and efficient allocation of 
bandwidth to each virtual path. Concerning the allocation 
updating interval in general it should take into account long 
time scale traffic variations and failures. 

Note that since the bandwidth allocation is done only logi
cally, an alternative one layer architecture is possible where 
the call admission control is performed in the management 
processor. In this case, during the call set-up procedure, the 
access port processor would ask the management processor 
to select a virtual path and to reserve the required bandwidth 
on all links. But this solution is in fact a limiting case of BM2 
where updating of bandwidth allocation to virtual paths is 
done at the instants of new arrivals so we do not consider it 
as a separate case . 

The thick arrows in Fig.2, 3 indicate the communication be
tween the processors performing the bandwidth management 
functions. We assume that these processors can communi
cate via transport network using signaling protocols. 

Based on the proposed definitions, we made a preliminary 
assessment of both bandwidth management schemes from 
several points of view. The full description of this compar
ison is given in [5]. In the following we present the main 
conclusions. 

Network cost 
To facilitate the cost comparison we divide the network cost 
into a cost of network control and a cost of network trans
port. The cost of control is defined as a cost of performing 
call set-up functions and network management functions on 
the call level. The rest of the network cost is allocated to 
the network transport level and can be decomposed into the 
cost of transmission lines with interfaces and the cost of a 
part of switching systems supporting established connections 
including all control functions on the cell level. 

The estimated increase of the cost of control in case of BMl, 
compared to BM2, is a few percent « 10%). The difference 
is caused mainly by an increase of internodal signalling 
and data processing, both connected with the call admission 
control. The increase in the cost of network transport level in 
BM2, compared to BM!, was estimated to be a few hundred 
percent (> 100%). This is caused by very small bandwidth 
utilization in BM2 (e.g. see [2]). 

Finally making an optimistic assumption that in case of BM 1 
the cost of the network transport level will be decreased by 
new technologies to the level comparable with the cost of 
network control we conclude that the implementation of the 
two layer architecture will be signiJicantly more expensive 
(> 50%). 

Control of GOS and throughput 
In general the two layer bandwidth management provides 
that the call throughput of a virtual path is guaranteed and 
the GOS on the call level depends only on the bandwidth 
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allocated to this virtual path. This can be seen as an 
advantage in case a user requires guaranteed call throughput 
(not GOS) or its own call admission management (e.g. 
preemptive priority for some calls). Nevertheless one has to 
remember that in ATM systems the two layer bandwidth 
management does not provide separability on the cell level 
and the instant packet overflow on one path may influence 
all other paths having common links. Thus leasing a virtual 
path or network does not allow transferring of the control of 
the GOS on the packet level to the user. 

Adaptability to traffic variations and failures 
In BM2 the adaptation to changes in traffic conditions or 
to failures must be provided by rearrangement of the band
width allocation to virtual paths. Note that reallocation of 
bandwidth in BM2 under overload conditions is a complex 
non-linear problem. Additional difficulty is caused by the 
fact that in overload conditions reallocation must be made 
in two steps (first the free bandwidth for the increased 
allocations must be arranged) and this procedure can cause 
additional call blocking. 

In BM1 the adaptation can be done by changing the 
routing tables and call admission procedure on the network 
level. Observe that in the case of ATM systems the imple
mentation of a state-dependent scheme with a few seconds 
updating period is not a difficult task due to the integration 
of signaling system with basic cell transmission system. The 
advantage of state-dependent schemes is that they react very 
fast to failures or sharp traffic variations. 

Multipoint connections 
In case of the two layer bandwidth management one could 
consider two different approaches. The first is based on a 
full set of two point connections via virtual paths. In this 
approach traffic carried on the links would be significantly 
increased compared to the optimal tree connections. The 
second approach is based on the allocation of bandwidth to 
each possible optimal multipoint path (tree). This approach 
would increase the number of virtual paths by several orders 
of magnitude thus making the link utilization very small. 

In BM1 scheme once the optimal multipoint path (tree) is 
chosen for a call (by the routing algorithm) the call set up 
procedure is exactly the same as for two point connections. 
This provides efficient utilization of network resources. 

Reliability 
Here we consider a failure of the only central element 
in bandwidth management operation which is the central 
network management processor. In this case the flexibility 
of BM2 is lost so when the traffic pattern is changed, a 
large portion of free network bandwidth may be unavailable 
to the overloaded paths. In case of BM! the routing can 
be switched to a distributed option thus the entire pool of 
bandwidth is still available to any overloaded route. 

From the discussion presented in this section one can find 
that in case of ATM systems there is not any clear advantage 
from applying the two layer bandwidth management except 
for the cases where the user of a sub-network or path requires 
guaranteed call throughput (not GOS) and/or different call 
layer management (eg. controlled by the user). Thus the 
most likely solution is BM! with the option of allocating 
fixed bandwidth to some of the virtual paths (only when 
it is required by the user). These paths can be treated as 
semi-permanent connections similar to the scheme proposed 
for connectionless traffic. 
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It should be mentioned that, as indicated in some papers, 
it is possible to increase bandwidth utilization in the BM2 
scheme by decreasing the bandwidth allocation updating 
period. In fact for a very short updating period the 
efficiency and cost of networks with BM1 and BM2 schemes 
are comparable. Nevertheless even in this case the BM1 
scheme has the advantage of improved reliability as a more 
decentralized system. 

3. EFFICIENT AND FAIR UTILIZATION OF NETWORK 
RESOURCES 

In case of the two layer bandwidth management the efficient 
and fair utilization of network resources should be provided 
by a proper allocation of bandwidth to virtual paths. Under 
traffic overload or failure conditions this is a complex 
nonlinear optimization problem with several constraints. In 
case of the one layer bandwidth management the operation 
of an ATM network on the call level is similar to a multi-rate 
circuit switched network and the issue is to find appropriate 
call admission and routing strategies. Following the conclu
sions from the previous section, in the sequel we focus on 
the efficient and fair utilization of network resources in the 
one layer scheme. In particular we propose and evaluate 
three strategies which are extensions of strategies developed 
for circuit switched networks. These are sequential rout
ing (SEQ), least-busy path approach (LBP) and reward 
maximization (RM). We start our considerations with the 
state-dependent routing based on reward maximization. 

3.1 Reward maximization approach 

Before developing a model for ATM networks, we recall 
some basic concepts of the reward maximization approach 
for multirate circuit switched networks proposed in [8]. In 
this approach a call of type j is characterized by the origin
d.estination pair, bandwidth requirement, Vj, mean holding 
tIme, J1.j, and the reward parameter, Tj. The objective of 
the control is to maximize the reward from carried calls. 
In general the optimal control strategy can be evaluated 
by applying the Markov decision process theory. To recall 
the main results presented in [8] let us define path net-gain, 
9j(P, z), as a predicted increase in the network reward caused 
by aocepting the j-th type call on the path P in the network 
state z = {zj} (zj denotes the number of the j-th type calls 
carried on the k-th path). Then the optimal decision is to 
accept the call on the path providing maximum positive gain 
and to reject the call if the gain is negative. Calculation 
of the path net-gains can be carried out by solving a set of 
linear equations. Unfortunately for any reasonable network 
example the number of equations (equal to the number of 
network states) is prohibitive. To simplify the problem a 
decomposition technique was proposed in [8]. It is based on 
a link ihdependence assumption and results in the following 
relation 

giCP, z) = Tj - ~ pj(x) 

where pj(x) denotes a shadow price interpreted as a pre
dicted decrease in the reward from the link s caused by ac
cepting the j-th type call in state x = {Xi} (Xi denotes the 
number of the i-th type calls) neglecting the reward from the 
call under consideration. In other words the path net-gain is 
evaluated as a difference between reward from the call and 
the predicted price for seizing certain bandwidth on the links 
constituting the path. 

For further consideration it is convenient to define basic func-

tions which are performed by means of shadow prices. 

Call admission control on the network level: A call is re
jected when the sum of shadow prices over the multilink 
path is larger than the reward from the call even if there is 
sufficient capacity to accept it. The aim is to provide prior
ity for calls consuming less resources. 

Call admission control on the link level: A call with band
width requirement smaller than the maximum one can be 
rejected even when there is available bandwidth (the link 
shadow price is higher than the reward from the call). The 
aim is to provide, in some cases, priority for calls with larger 
bandwidth to increase bandwidth utilization. In this context 
the call admission control on the link level can be also inter
preted as means of providing fair allocation of link resources 
to call classes with higher bandwidth requirements. 

Path selection (routing): A path with the minimum sum of 
shadow prices is chosen. The aim is to optimize the load 
distribution and thus increase bandwidth utilization. 

Fairness and priorities: By increasing the reward parameter 
for a given call class the value of path net-gain is increased 
and thus the blocking probability is reduced (and vice versa). 
The aim is to provide an efficient technique for independent 
control of call class GOS which can be used for fair alloca
tion of network resources to different call classes (e.g. GOS 
equalization) and/or for providing priorities for certain call 
classes. 

Since all these functions are important in the ATM environ
ment, they will constitute the basis for design and assessment 
of the proposed control mechanisms. 

While the general idea presented in [8] is applicable also 
for bandwidth management in ATM networks one can en
counter some problems during evaluation of state-dependent 
link shadow prices. In general these values can be found by 
solving a set of linear equation where the number of equation 
is equal to the number of link states. The number of equa
tions can be reduced by an aggregation of all call classes with 
the same bandwidth requirements into one class. Although 
the evaluation of the shadow prices can be performed over 
relatively large time intervals (several minutes) since they 
depend only on estimations of traffic offered to the link, it 
migh t still be time consuming in case of many call classes 
with different bandwidth requirements. 

To cope with the problem we propose a simple decomposi
tion technique. The main idea ofthis technique is to evaluate 
link shadow prices for each call class separately as a function 
of free link bandwidth, pj(y) where y = La - Li xiVi. This 
is done by an approximate aggregation of all traffic streams 
offered to the link into one class with the bandwidth re
quirement and mean holding time the same as the call class 
under consideration. To preserve the total offered traffic, 
the arrival rate, >'j, of the link input in the modified system, 
assumed to be Poissonian, is given by 

(3) 

where Ai denotes the arrival rate of the i-th class call. Anal
ogously, to preserve the reward offered to the link, the link 
call reward parameter is given by 

T'. = Ei AiT
[ (4) 

J >.j 
where link call reward parameter r[ is equal to the call re
ward parameter Tj in case of one link path and is propor-



tional to the call average value of the shadow price, pi, in 
case of multilink path (for details see [8]): 

(5) 

After this aggregation a very efficient recurrence solution 
([8]) for evaluation of link shadow prices in case of one call 
class can be applied. Namely after solving two recurrences 

u(x) 

w(x) = 

l+x·Jlj.u(x-l) 
)..'. 

) 

jX = 1, .,N -1(6) 

x . Jl . . w( x-I) - x • r'· . J.L . 
) , )) j x = 1,., N - 1(7) 

)..j 

with initial values u(O) = 1/)"(0,11") and w(O) = 0, we have 

j x = 0, ., N - 1 (8) 

where the link average reward, R~ , is given by 

N· rj. J.Lj - N· J.Lj . weN - 1) 

1 + N . J.Lj . u(N - 1) 
(9) 

and N denotes the maximum number of the j-th type calls 
that can be carried on the link under consideration. Finally 
we assume that pi (y) = Pi' ( x) for y = L ~ - (N - x) Vj j x = 
0, ., N -1. Since in general in ATM networks pi(y) should be 
a continuous function of y we use the linear approximation 
between points evaluated from the recurrence. 

By applying the proposed approach, the evaluation of 
shadow prices, even for many call classes, can be performed 
in real time. Nevertheless by aggregating traffic we are los
ing the structure of bandwidth allocation and consequently 
the call admission control on the link level is not taken into 
account. A similar problem was encountered in another sim
plified model presented in [8] (restricted to two type of band
width allocation) where it was shown that this function can 
be performed by the so called Dynamic Bandwidth Alloca
tion (DBA). The idea is to reserve a part of the link band
width, H(x), for the wide-band call classes which in state 
x have priority. The j-th type call class has priority if the 
number of the j-th type calls in progress, xj, is smaller or 
equal to a reservation threshold, Tj. The reserved bandwidth 
is defined by 

H(x) = max l/j 
i:T,$x, 

(10) 

The analytical approach for Tj evaluation, presented in [9], 
is limited to two call classes. Therefore we resort to a heuris
tic approach where the threshold is given by the following 
formulae 

(11) 

where 

(12) 

The main idea in this approach is to "allocate" link band
wid th to each call class proportionally to the call class of
fered traffic, Aj, (the first factor in (11)). The second factor 
in (11) increases the threshold for call classes with higher 
traffic variability caused by larger bandwidth requirement. 
Observe that this form of call admission on the link level 
gives higher priority to the function of fair allocation of link 
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resources to different call classes than to the function of in
creasing link utilization. 

Compared to the control scheme proposed in [8] we also mod
ified the path selection algorithm. It was already indicated 
in [8,10,11] that while the control schemes based on state
dependent link implied costs provide good performance, they 
can still be slightly improved by some correction in flow dis
tribution. This effect is caused mainly by neglecting the 
correlation between links. To compensate for this error we 
apply the solution already presented in [12] for telephone 
networks. In this approach the path net-gain is modified 
(for path selection purpose only) as follows 

gj(P) = rj - E[(1- a)pj(y) + apj] (13) 
sEP 

where pj denotes the average shadow price and a is a 
weighting factor. The idea behind this approach is that 
the average shadow price is not directly influenced by 
the link independence assumption and thus provides good 
additional indication which path is most efficient. In [12] it 
was indicated that optimal operating point is achieved for 
a = [0.5,0.7]. Note that for a = 1 the path selection can be 
seen as adaptive sequential routing. The detailed discussion 
of routing based on similar concept is given in [13]. 

3.2 Least-busy path approach 

The routing schemes based on the least-busy path approach 
were thoroughly studied in the context of telephone networks 
(e.g.[14]). Also the extensiorl to two call classes with different 
bandwidth requirements was described in [8]. In the follow
ing we propose an extension to ATM networks. 

Call admission control on the network level: This function 
is performed by means of a link bandwidth reservation 
mechanism for direct calls. In our extension of this scheme, 
one threshold for each bandwidth requirement, Gj, is pro
posed. Then the multilink calls are rejected if the residual 
free lirlk capacity is smaller than the threshold for the call 
class. The threshold is equal to the traffic overflowing from 
direct link with the constraint Gj ~ Vj. 

Call admission control on the link level: Here we applied 
the same mechanism (D:13A) as for RM approach 

Path selection: The basic idea of the least-busy path 
approach is first to offer a call to a direct link and if it is 
blocked a multilink path with maximum available capacity 
is chosen. In case of our model the capacity of path p for the 
j-th type call is defined as follows 

CiP) = min[L" - E Xj . Vj - Gj - h(xj)H(x)] (14) 
BEP . 

J 

where h(xj) = ° if Xj ~ Tj and h(xj) = 1 otherwise. 

Fairness and priorities: In general LBP approathes do not 
provide any tool for this function although in our imple
mentation the fair access to network resources, from services 
with different bandwidth allocation point of view, is partly 
provided by DBA. 

3.3 Approach based on sequential routing 

Observe that in the LBP approach the only function which 
requires information about the state of the whole network is 
path selection. To check whether this information is essential 
we investigate an approach in which the path selection is not 
state-dependent. The chosen algorithm is equivalent to the 
sequential routing where priority is given to direct link. To 
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make the path sequences close to optimal, all multilink paths 
available for a given OD pair are ordered according to the 
value of the average path net-gain evaluated from RM model. 
All other functions are performed in the same manner as in 
the LBP approach. 

3.4 Numerical study 

In the following a preliminary study of developed models is 
presented. The chosen network examples are described in 
Table 1. Each of the networks is offered four types of traffic 
with different bandwidth requirements and mean holding 
times (it is assumed that bandwidth requirements are the 
same on each link). The offered traffic is defined as average 
bandwidth allocated to the calls in case all calls are accepted. 
The first network example is fully symmetrical. The second 
network example is asymmetrical but still well dimensioned 
and almost fully connected. The last example is not fully 
connected and the link dimensions are not well suited for 
the traffic matrix under consideration which can be treated 
as a traffic matrix from particular hour in a multihour case 
or as an unpredicted case. The structure of this example is 
illustrated in Fig.4. The length of alternative paths is limited 
to two links in all examples. 

The results for nominal and overload conditions are pre
sented in Tables 2 and 3, respectively. Besides the total 
average traffic losses, B, the losses for each type of traffic, 
Bj, are included. In the tables the results for reward max
imization scheme are given for two different sets of reward 
parameters. In the first version (RM) all normalized (by time 
and bandwidth) reward parameters are equal each other. In 
the second (RM') the reward parameters are adjusted with 
the objective to equalize traffic losses for each call class. This 
was done empirically by running a few simulations for each 
network example. 

Observe that in case of Ex.1 and Ex.2 all three schemes, RM, 
LBP and SEQ have comparable performance. This confirms 
the opinion already stated in several papers that the trunk 
reservation scheme, used as call admission control on the 
network level in LBP and SEQ, is very efficient for overload 
protection. On the other hand it might be surprising that 
LBP and SEQ have almost identical performance which 
suggests that non state dependent schemes with good call 
admission control can perform quite well. Nevertheless one 
has to remember that the sequence of alternate paths in case 
of SEQ is optimized (off line) by evaluation of the average 
path net-gains and that the results are evaluated for fixed 
input traffic matrix. It is clear that in case of non stationary 
conditions, LBP approach will adapt automatically to new 
traffic conditions while in SEQ a new path sequence has 
to be evaluated. Moreover in overload conditions the call 
set-up proced"re with SEQ has to test, on average, many 
alternative paths thus increasing the control load at the time 
it should be avoided. 

A separate discussion is needed to assess the results for Ex.3. 
Observe that in this case there is a huge difference between 
performance of RM and two other schemes. From the traffic 
and network structures presented in FigA it is clear that 
the main reason is that in both LBP and SEQ schemes the 
direct link has priority. Thus the path selection function 
is very important in such cases. It should be stressed that 
low connectivity and uncertainty in traffic distribution are 
expected features of future ATM networks. This indicates 
that to apply LBP or SEQ schemes in ATM networks an 
additional mechanism for choosing the most efficient path is 
needed. 

I example Ex.1 Ex.2 Ex.3 
symmetrical yes no no 
V; 1,5, 13, 22 1, 5, 13, 22 1,5, 13, 22 
J.tj"l 1,3,8, 10 1,3,8, 10 1,3,8, 10 
offered traffic 3508 2708 1014 
traffic share [%] 25,25,25,25 9,15,44,32 25,25,25,25 
overload l % J 16 20 19 
range of La 240 50 - 500 240 

Table 1. Description of network examples. 

L = 240 

..-. = 149 Erl. 

~ 15 Erl. 

Figo4 Network and traffic structure (Ex.3). 

Ex. RM RM' LBP SEQ 
1 B 0.47 ±.45 0.12 ±.70 0.37±.64 0.30 ±.35 

Bl 0.02 0.18 0.14 0.11 
B2 0.00 0.06 0.0 0.0 
B3 0.25 0.12 0.1 0.09 
B4 1.57 0.14 1.11 0.97 

2 B 0.39±.48 0.38±.59 0.77±.29 0.77 ±.35 
BI 0.35 0.43 0.30 0.37 
B2 0.04 0.34 0.0 0.0 
B3 0.17 0.40 0.26 0.30 
B4 0.87 0.37 1.97 1.90 

3 B 0.52 ±.51 0.30±o42 1404±.06 13.3 ±.12 
BI 0.17 0.25 1404 13.5 
B2 0.09 0.32 3.17 3.09 
B3 0.43 0.30 11.6 10.6 
B4 1.37 0.32 28.1 25.8 

Table 2. Losses under nominal conditions [%]. 

Ex. RM RM' LBP SEQ 
1 B 3.69±.11 4.43 ±.12 4.02±.13 4.07 ±.14 

BI 0.85 4.27 3.94 4.33 
B2 1.05 4.59 0.0 0.0 
B3 3.57 4.12 1.22 1.43 
B4 9.38 4.73 10.8 10.0 

2 B 4.90±.23 5.02±.17 5.11±.23 6.28±.1O 
BI 3.07 5.04 3.31 4.87 
B2 1.49 4.47 0.05 0.05 
B3 3.31 5.08 2.42 3.45 
B4 9.34 5.19 11.8 13.6 

3 B 4.77±.28 3.93±.27 18.6±.03 17.9±.04 
BI 7.05 3.39 22.2 21.7 
B2 1.04 4.07 7.01 6.83 
B3 3.13 3.97 15.5 15.9 
B4 7.73 4.28 29.8 27.5 

Table 3. Losses under overload conditions [%]. 



Up to now we discussed results for reward maximization 
with normalized reward parameters equal each other. This 
is in fad the traffic maximization case. It is obvious that 
by controlling the reward parameters one can control the 
distribution of GOS among different types of services or dif
ferent origin-destination pairs. Thus this tool can be used 
for several different objectives such as equalization of GOS, 
providing priorities for certain services, maximizing revenue 
etc. A sample of results illustrating these capabilities is pre
sented in Tables 3,4 (RM'). In this case the objective was 
to achieve equalization of traffic losses for each type of ser
vice with different bandwidth allocations. This issue seems 
to be important since in the case of traffic maximization all 
three schemes give a large dispersion of the losses. Note that 
by adjusting the reward parameters the maximum losses are 
reduced significantly while the average losses are kept on 
the same level. Fig.5 depicts this effect in the case of Ex.1 
in overload conditions. Here the losses for call class with 
V4 = 22 and average losses are presented as a function of 
this call class reward parameter. 

Fig.5 Losses vs. normalized reward parameter T4 (Ex.1 -
overload conditions). 

The results show that by changing the reward parameter 
one can control the GOS of particular service throughout a 
very wide range. This feature can be of interest especially 
in ATM networks due to the unpredictable demand for new 
services. 

4. CONCLUSIONS 

In the paper a framework for bandwidth management in 
ATM networks was presented. First it was indicated that 
the bandwidth allocation on the call-by-call basis has several 
advantages compared to the scheme based on allocation 
of bandwidth to virtual paths. To provide efficient and 
fair bandwidth allocation on the network level three call 
admission and routing schemes were proposed. They are 
extensions of schemes developed for circuit switched net
works (reward maximization, least-busy path and sequential 
routing). The preliminary study indicated that in well 
connected networks the performance of all three approaches 
is comparable. But in view of unpredictable traffic patterns, 
new services and low connectivity in ATM networks the re
ward maximization approach is preferable due to automatic 
optimization of the traffic flow distribution and capability of 
independent control of individual streams GOS. 
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Further works are needed to investigate all features of the 
proposed schemes. In particular optimality of the proposed 
dynamic bandwidth allocation mechanism should be tested. 
Concerning the reward maximization approach the issue of 
adjusting reward parameters should be explored. First a 
sensitivity analysis is desirable to take full advantage of this 
tool. Then the objective for reward parameter adjustment 
should be investigated since it can be shown that in some 
cases the equalization of losses may be inefficient. 
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