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ABSTRACT 
To achieve an efficient routing scheme in a B-ISDN connectionless overlay 
network, the existing hierarchical, distributed and link-state routing protocols need 
to be improved, in order to minimise the end-to-end delay and prevent congestion 
situations. This paper presents a new routing protocol, based on the existing 
hierarchical and link-state protocols, which uses dynamic metrics, but is improved 
with two additional mechanisms to avoid the frequent updates of the routing tables. 
The first mechanism consists in dividing the traffic into a fmite set of load classes, 
considering that a metric is associated with a load class. It is possible to reduce the 
bandwidth used by the routing protocol, as the metric changes only if a new load 
class is reached. The second mechanism consists in fmding an order of path 
selection, within the shortest path set, according to the traffic conditions. The 
advantage of this second mechanism lies in two facts: first, the time used to order 
the set of shortest paths is smaller than the time needed to calculate an entire new 
set, and second, the additional information introduced provides a load splitting 
within the shortest path set, which might reduce the frequency of class variation. 
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1 INTRODUCTION 

The Connectionless Broadband Data Bearer Service (CBDS) over A TM, as 
specified by ITU-T (1.364, 1994), presents a number of characteristics that have 
impact on the routing protocol to be used at the overlay network. 

As a public service, the CBDS is expected to operate in a wide area network and 
it will have users running different types of applications with distinct Quality of 
Service (QoS) requirements. The service should be reliable and give a fair 
treatment to all the users. To reduce node processing time and to overcome QoS 
degradation the CBDS, supported in an A TM network, should be carefully 
dimensioned. CBDS may also take advantage of the signalling capabilities of the 
A TM network, either by establishing semi-permanent or switched connections, or 
by changing the parameters of an established connection, when needed. 

For the traditional ConnectionLess (CL) services there are two widely used 
routing protocols: Open Shortest Path First (OSPF) (Moy, 1991) and Intermediate 
System to Intermediate System (IS-IS) (IS010589, 1992). They have more 
commonalities than differences between them, as both are hierarchical and link
state routing protocols. Although IS-IS was originally developed for the OSI 
environment, it is also capable of routing IP traffic. These routing protocols are not 
entirely adequate for the CBDS service, as they need to be improved to support the 
new traffic and service requirements. Several improvements to OSPF have already 
been done; based on them a new routing protocol, named Routing Management 
Protocol (RMP) (Bellcore, 1992), was developed for the Switched Multi-megabit 
Data Service (SMDS). Improvements proposed to IS-IS are described in 
(Velthausz, 1993) and (07, 1994). 

A set of improvements related to routing adaptation to the network traffic 
conditions, which up to now has not been covered by the above mentioned 
schemes, is described in this paper. The research focuses on the IS-IS routing 
protocol, being however applicable to other link-state routing protocols too. 

The paper will present a brief overview of the existing routing protocols, in order 
to justify the choice of the hierarchical, distributed and link-state routing scheme. 
It follows a description of the load classes, load sub-classes and associated metric 
and metric range. Afterwards, the proposed routing protocol is applied to an 
example. Finally; the simulation model used is presented, the simulation scenario 
is described, the set of simulation runs is identified and the results obtained on the 
protocol performance are shown. 
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2 OVERVIEW OF DIFFERENT TYPES OF ROUTING 

Different types of routing algorithms are available to a network designer: self 
routing versus table based routing, centralised versus distributed routing, 
hierarchical versus non-hierarchical routing and static versus dynamic routing. 

Table based routing is the mechanism used by most of the existent routing 
protocols. The use of self routing is performed by some protocols, like flooding 
and deflected routing. Although both of them are very fast and do not require too 
much memory and any control information, they are not adequate for CBDS: 
flooding routing wastes too much bandwidth and deflected routing does not 
forward the packets through the minimum delay path. 

Concerning the use of centralised versus distributed routing, a centralised routing 
protocol, although performing optimal non-real time routing should not be used. 
Its dependence on one routing centre may cause unreliability and inconsistent 
routing tables. As to distributed routing, distance-vector or link-state routing 
protocols are widely used. The distance-vector scheme requires less memory, 
processing time and bandwidth than the link-state. However, due to the existence 
of several problems, such as loops and counting to-infmity, the distance vector 
scheme should not be used, even considering the inter-nodal synchronisation 
(Merlin, 1979) or the node freezing (Dijkstra, 1980) (Jaffe, 1982) (Garcia, 1989) 
solutions that have been proposed for the loop problem; both solutions introduce a 
significant amount of undesirable complexity. Moreover no solution has been 
found yet for the counting-to-infmity problem. 

The use of hierarchical routing is advisable for a wide-area network, as it reduces 
the size of the routing tables, thus leading to a shorter time for the route selection 
and updating procedures. In (Kleinrock, 1977) a strategy is developed to find the 
optimal number of hierarchical levels and entities in each level. It is applied to 
study a real situation in (010, 1994). Two strategies have been identified for the 
route optimisation in a hierarchical routing scheme: the frrst one, used by IS-IS, 
optimises routes only in the lower hierarchical level, whereas the second one, used 
by OSPF and RMP, optimises routes in all the hierarchy. The first strategy seems 
more adequate (0302, 1995), as it optimises resources and assures a total 
independence among hierarchical levels. Furthermore several solutions have been 
proposed to improve inter-area routing in an IS-IS based routing protocol 
(Velthausz, 1993) (07, 1994). 

Concerning the choice between static or dynamic routing, the use of static 
routing should not be considered because a reliable routing algorithm should be at 
least, dependent on the network topology. Although it is not possible to have a true 
QoS based routing, like the one existent for a Connection-Oriented (CO) service 
and proposed by A TM Forum (PNNI, 1995), some knowledge of the traffic 
conditions should exist to choose the best option at the time the routing decision is 
required. Two different types of dynamic routing can be found: the first type uses 
the local state information and the second one uses global state information. As 
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stated in (Maxemchuck, 1990) and (010, 1994), the use of local information, such 
as available bandwidth or buffer occupancy, results in an efficient routing 
algorithm for a high speed network, as it does not require too much processing 
time, memory and bandwidth. Of course, the information gathered has a local 
scope, which means that remote congestion or QoS degradation is not detected, 
unless they affect the node itself. Concerning the use of global information carried 
through dynamic metrics, some authors (Wang, 1990) consider that this type of 
routing is not adequate for a high speed network, due to the existence of 
oscillations, caused by the network size and the bursty nature of the CL traffic. 
However, other studies (07, 1994) (Khanna, 1989) show that these oscillations do 
not appear if the variation of the metric value is smoothed. The use of global state 
information results in a more efficient algorithm as far as the network state is 
represented by the dynamic metrics. However, if the traffic conditions change 
often, a frequent flooding of the routing information is required and the node 
processing time at every node increases significantly. Considering that CBDS is 
supported by a B-ISON with a high transmission speed, it is expectable that the 
bottleneck will be the node processing time. However, a time saving will be 
achieved if only parts of the routing table have to be updated. Therefore, it seems 
advisable to have a routing scheme with global state information including 
additional mechanisms to avoid frequent updates of the routing tables. 

3 THE ROUTING ALGORITHM 

3.1 General overview 

The routing algorithm presented in this paper belongs to the category of 
distributed, hierarchical, link-state routing protocols, which use the global state 
information to fmd the set of shortest paths and to select the best path from that set. 
It will operate in the CL overlay network, as represented in Figure I. From the 
routing point of view, the overlay network has two entities: the CL Servers (CLS), 
which are the nodes, and the A TM connections, which are the links. The CL 
service customers may be isolated A TM End-Systems (ES) or Local Area 
Networks (LAN), attached to the ATM network through InterWorking Units 
{IWUs). 

According to ITU-T (1.364, 1994), inside each CLS there is a Routing Entity at 
the CL layer, responsible for the routing of the CL-PDUs. As in any other link
state routing protocol, this Routing Entity is responsible for keeping an update of 
the link-state information and ofthe set of shortest paths; it is also responsible for 
providing routing information. The main difference between this routing protocol 
and the others of the same type lies in the fact that it is adaptative to traffic 
changes, either by changing the order of path selection within the set of shortest 
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paths or by changing this set. The ordering mechanism within the shortest path set 
has the advantage of offering a dynamic management scheme of this set, giving 
updated information about its paths, without re-computing all the routing table. 

Overlay network -- Semi-permanent/Switched connections 

Figure l The CBDS operation scenario. 

3.2 Adaptation to traffic conditions 

The adaptation of the routing algorithm to the traffic conditions is achieved by 
periodically sampling the state of each CLS output A TM connection which carries 
CL traffic and by triggering an update cycle, if a significant change occurs. The 
state of a connection is evaluated by measuring the average occupancy of the 
associated output buffer. 

The evaluation of the connection states leads to their stratification into Load 
Classes and, in each load class, into Load Sub-classes. Each load class is 
associated with a Dynamic Metric and each load sub-class is associated with a 
new kind of information, thereafter called Metric Range. The above mentioned 
stratification avoids an excessive number of update cycles. 

When the traffic condition of a connection changes significantly its load class 
changes also. Therefore the associated dynamic metric must change, an update 
cycle must be triggered and a new set of shortest paths has to be found. When the 
traffic condition of a connection slightly changes, its load sub-class changes. 
Therefore the associated metric range must change, an update cycle must be 
triggered and the existent set of shortest paths has to be re-ordered. 

Inside the shortest path set, the paths are ordered according to the increasing 
load. The routing selection procedure has a priority mechanism associated with the 
order number of the paths, being the less loaded paths selected more often. 

The new routing algorithm is thereafter called Dynamic Metric and Metric Range 
(DM_MR) routing. 
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Definition of load classes and load sub-classes 
A finite set, C, of N load classes is defmed. As represented in Figure 2, a class, 
C(k) e C, is limited by two threshold values: a Lower Limit, LLC(k)• and an 
Upper Limit, ULC(k)• corresponding to a certain percentage of the average 
occupancy of the buffer. An hysteresis is associated to these two limits to avoid 
oscillations that may arise when the average occupancy of the buffer is near one of 
them. 

A fmite set, OM, of N dynamic metrics is defined. There is one dynamic metric 
value, DM(k), for each load class C(k). 

Load classes stratification 
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Figure 2 Load Class definition. 
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A finite set, SC, of M load sub-classes is also defmed. The set SC is sub-divided 
into N subsets, one for each load class C(k). The number of elements in each 
subset may differ according to the load class associated to it. Such situation is 
represented in Figure 3, in which the load class C(k) has a subset with two 
elements, SC(t-1) and SC(t), while the subset corresponding to C(k+ I) has only 
one element. 

Load subclass stratification 
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Figure 3 Load Sub-Class defmition. 
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A load sub-class, SC(t) e SC, is limited by a lower limit, LLsqt), and by an 

upper limit, ULsC(t), with hysteresis associated to them. The values ofULsC(t) and 

LLsqt) are related to the percentage of the average occupancy of the buffer, 

considering the limits imposed by the load class C(k) associated with the 
connection. 

A fmite set, R, of M metric ranges is defmed. There is one metric range value 
MR(t) for each load sub-class SC(t). 

Each CLS output ATM connection, oc, having a buffer ofB_MAX cells and an 
average occupancy of B cells belongs to class C(k) if it matches one of the 
following condition: 

Bmin S B < B~in 
oc e C(k) <=> { B~in S B < B~ax 

B~ S B < BMax 

C 1st~ C(k) 

C 181s C(k) 

(A.l) 

where: B =average occupancy of the buffer at the present sampling time 
C 1st = class of the connection at the last sampling time 

Bmin = B _MAX* LLqk) 

BMax = B _MAX* ULC(k> 

B~in = B_MAX*ULC(k-1) 

B~ = B_MAX*LLC(k+l) 

Having identified the load class, C(k), of an CLS output A TM connection, its 
load sub-class is identified using the following formula: 

bmin S B < b~in 
OC E SC{t) <:::> { b~in S B < b~ 

b~ S B<bMax 

SC1s1 ~ SC(t) 

SC 1.,1 s SC(t) 

where: SCtst =sub-class of the connection at the last sampling time 

bmin = Bmin +(BMax -Bmin)*LLsc(t) 

bMax = Bmin +(BMax -Bmin)*ULsC(t) 

b~in = Bmin +(BMax -Bmin)*ULsC(t-1) 

b~ = Bmin + (BMax - Bmin) * LLsC(t+l) 

(A.2) 
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3.3 Example 

The example shown in Figure 4 presents a CL overlay network with the buffer of 
the CLSs output A TM connections at three different load conditions. The aim of 
this example is to show how the traffic of a new user session, between a user of 
CLS 0 and another of CLS 5, flows under different network load conditions using 
the DM _ MR routing algorithm. 

At time TO (Figure 4.a) the network has a low load in every connection. All the 
connections belong to load class C(O) and to load sub-class SC(O). Therefore, the 
referred session may select any path ofthe shortest path set (0-1-2-5, 0-1-4-5 or 0-
3-4-5). 

Tr.~trac 1nform.1hOn at Tunc TO 

Figure 4.a Network situation at time TO. 
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At time Tl, (Figure 4.b) the network situation changed from a low load condition 
in every connection to a slightly higher load condition in the connection between 
CLS 4 and CLS-5 (connection 4-5). The extra traffic in this connection is not 
enough to justify the removal of the paths that use it (0-1-4-5 or 0-3-4-5) from the 
shortest path set. Therefore, all the connections remain in the load class C(O), but 
connection 4-5 reaches a higher load sub-class, SC(1). At this time, the referred 
session will select the path 0-1-2-5 with a higher probability than the remaining 
paths ofthe shortest path set (0-1-4-5 and 0-3-4-5). 
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Figure 4.b Network situation at time TI. 
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Finally, at time T2 (Figure 4.c) the network situation changed to a heavy load 
condition in the connections 1-2 and 4-5, which reach a higher load class. Under 
this circumstance a new set of shortest paths has to be found. At this time the 
referred session may choose between the paths of the new shortest path set (0-1-4-
2-5 or 0-3-4-2-5), both of them having more hops, but being less loaded. 

Figure 4.c Network situation at time T2. 
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4. SIMULATION STUDIES 

The proposed routing algorithm is being tested by simulation, using a generic 
event-driven simulation tool, called Simple Simulation Kernel (SSK). The 
simulation model is written in the C language· and runs on a Spare Station I 0. The 
simulation results have been gathered using the replication method, with truncation 
of the initial conditions and having a confidence level of 90%. 

4.1 Model overview 

The simulation model describes a simplified version of the CBDS operation 
scenario, represented in Figure I, with no hierarchical routing levels and having 
only semi-permanent connections and A TM ES as users. The CLSs work in 
streaming mode with a fixed delay FIFO and a link-state routing protocol. 

Being prepared for future enhancements, the simulation model is designed to 
support two hierarchical levels, switched connections at the user access or at the 
interconnection of CLSs. 

Simulation Unit 
The simulation unit should not work at the cell level in this type of simulation 
because it is too costly, even with a CLS working in streaming mode operation. On 
the other hand, if a CL-PDU is used as the smallest unit, then important 
information is lost as it is not possible to model the arrival and departure of the 
individual cells of the CL-PDUs that characterise the streaming mode operation. 
These are important aspects of the simulation model, as they influence the end-to
end delay and buffers occupancy. 

To reduce the simulation time, without losing significant information, a new 
entity is defined: the Mini-packet. The mini-packet is an entity between a cell and 
a CL-PDU, whose size is a simulation parameter that can be defmed depending on 
the required accuracy of the results. 

Workload model 
The CL traffic generated by an A TM ES, is bursty by nature, being usually 
modelled by a Markov Modulated Poisson Process (MMPP) or by an Interrupted 
Poisson process (IPP) (Frost, 1994). However, some field trials (Caceres, 1991) 
have shown that the above traffic models are not enough to characterise the CL 
traffic: 
• They do not provide information about the amount of traffic carried in each 

direction; either interactive or bulk transfer applications are bi-directional 
communications, and the first type of modelling sends approximately the 
same amount of information in both directions, while the second one is 
strongly directive. 
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• The size of the packets is not exponentially distributed but follows an N
modal distribution, usually with small packets. 

• The above models do not provide information about the source locality; for 
each source node there is a set of preferred destinations and the probability of 
selection of a certain destination depends on the previous destination that has 
been chosen. 

The packet train model fits well into this scenario, but is not fully defmed yet. 
The IPP approaches the packet train model and will be used to model the A TM ES, 
with additional features to provide the information defined above. Therefore, the 
workload model is characterised as follows: 
• The packet length distribution is 3-modal, with an average packet size of B 

cells. 
• During the on periods each traffic source generates packets at a rate !,; during 

the off periods no packets are generated. The off periods are exponentially 
distributed with mean T off; the on periods are calculated according to the 
generated packet length with mean Ton, given by: 

• The mean arrival rate, A,, of each source is given by: 

T. 
Am- on A (A.4) 

- (Ton +TofT) p 

• For each CLS, a traffic matrix describes the set of preferred neighbours by 
defming the probability of selecting each destination CLS. The destination 
CLS is selected according to the two-state diagram represented in Figure 5. In 
the first state the destination will be selected by using the probability matrix; 
after the selection the system will go to the second state; this state will send 
with probability 1/3 the next CL-PDU to the same destination and with 
probability 2/3 it will return to the first state. 

213 
Figure 5 Selection of destination. 

ATM connection model 
The model of an A TM connection represents a connection between two CLSs or 
between a CLS and an A TM ES, which is characterised by the allocated 
bandwidth. It includes the A TM switching, multiplexing and transmission 
functions. As a detailed and accurate model for the A TM network is outside the 
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scope of the present work, a simple model is used, which will cost less simulation 
and development time. 

The connection is modelled as a bi-directional link, as represented in Figure 6. 

de~y ~ 

r~ 
c:;Nodet~/ 
ES ~ 

1 

~-~lay 

Figure 6 A TM connection model. 

Node2 CLS 

The queue has a finite capacity B Max and the service time, 111-1, is 
deterministically given by: 

1-1 = B * cell time 

where: B =length of the mini-packet (in cells) currently being serviced 
cell time = time needed to transmit a single cell. 

The delay represents the delay experienced by the mini-packet since its first cell 
leaves the CL layer of the ingress node until it reaches the CL layer of the egress 
node. It comprises the delay introduced by the A TM network involved in the 
connection (A TM switches, cross-connects and physical links). 

CLS model 
The CLS model comprises all the functions of the CL layer relevant for the 
analysis of the proposed routing algorithm: reception and forwarding of CL-PDUs, 
link-state routing protocol and traffic monitoring functions, as represented in 
Figure 7. 

The model assumes that the processing of the routing CL-PDUs is independent 
from the data CL-PDUs: the routing CL-PDUs use different A TM connections and 
are received, processed and forwarded by different entities. As a matter of fact, the 
routing protocol must be fast and reliable, independently of the load conditions; 
moreover it needs to be faster when the data traffic load is higher and congestion is 
near. If the same connections are used for routing and data CL-PDUs, the routing 
CL-PDUs have to wait for their service time unless a priority selection scheme is 
defined; no priority field is defined in the CL-PDU. 
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Figure 7 CLS model. 

The flow of the user data is modelled at the receive and forward blocks. 
Basically, a mini-packet is received from an ATM connection and is sent to the 
appropriate fixed delay FIFO. If the mini-packet contains the Beginning Of 
Message (BOM) field, a routing request is sent to the routing block. When the 
fixed delay is reached the mini-packet is forwarded to the appropriate output A TM 
connection, or is discarded. It is discarded in case no routing information is 
available or if the output buffer associated with that connection is full. 

Besides the forwarding of the user data, the simulation model must give 
information about the delay and the packet loss under different routing selection 
strategies. The delay introduced by the CLS is given by the processing time 
required to perform the above functions and by the time spent in the output buffer 
before the mini-packet is sent. Due to the architecture of the CLS, the processing 
time is rounded to the fixed delay of the FIFO. Losses caused by congestion are 
important to be simulated, as they give an idea of the performance of the proposed 
routing selection scheme, when compared to other known schemes. As stated in 
(D3, 1992), the modelling of the lost packets due to routing is difficult to simulate 
and negligible, and so it will not be considered here. 

The link-state routing protocol is modelled at the routing block. It is assumed 
that the routing CL-PDUs are reassembled before their processing is initiated. 

The routing processing time is important for the performance of the routing 
algorithm. The processing time of the update of the link-state information 
comprises the time needed to reassemble the link-state CL-PDUs, the time needed 
to update the link-state database and the time needed to flood a new link-state CL
PDU. The processing time of the routing tables update depends on the type of 
update being performed: if it is an update of the shortest path set all CLSs are 
involved; if it is a re-ordering then the only CLSs in use are those of the shortest 
path set. The processing time of the selection procedure depends on the size of the 
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routing table to be managed, but from the point of view of the routing algorithm 
behaviour it is not significant. All these times are difficult to evaluate, because 
they depend on the capacity of the processor and on the load conditions, which are 
not known. Therefore, the results achieved by simulation should be used as 
comparison values. 

Finally, the resource management block models the periodical evaluation of the 
traffic conditions at the CLS output A TM connections, needed to perform their 
stratification into load classes and sub-classes and to trigger a routing table update 
procedure, if a change occurs. Its processing time depends on the number of output 
A TM connections to be monitored, being shorter than the sampling period. 

4.2 Simulations 

Simulation scenario 
It is an aim of this work to evaluate the delay improvement imposed by the CL 
overlay network into a user session (or set of user sessions) by the choice of the 
DM _ MR routing algorithm. 

The scenario described in Figure 8, represents a realistic approach for a CL 
overlay network, as it is foreseen at a European country scale, with semi
permanent connections to interconnect CLSs and semi-permanent or switched 
connections at the user access. The relatively small size of the overlay network 
allowed us to develop a more complex simulation model. Therefore the simulation 
model presented in this paper has the adequate detail to assure that it models a 
network with sufficient accuracy. 

The access CLSs are: CLS 0, CLS 1, CLS 3, CLS 5, CLS 7 and CLS 8; the 
others are transit CLSs. A fixed delay of 2 msec is imposed at each CLS (03, 
1992). 

Figure 8 Network topology. 

~ AccessCLS 

() Transit CLS 

- Test sessions 
.._.. Network load conditions 

The traffic conditions represent the situation of an unbalanced network load, 
which is expected to occur in a real environment. The traffic model used allow us 
to consider the existence of user sessions consistent with the real use of the service. 
Several user sessions, between different pair of access CLSs, having the same 
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mean and peak bit rates are considered. The packet length distribution is 3-modal 
with the following values for the packet length and packet length probability: 
• Length [cells]= {10, 100, 200}; 
• Packet Length Probability= {.05, .89, .06} 

The load classes represent four different load conditions: low load, intermediate 
load, high load and very high load. To define the limits of the load classes and sub
classes, a first set of simulations has been made, consisting of applying different 
traffic conditions between a pair of adjacent CLSs and measuring the average 
occupancy of the buffer at the output A TM connection of the source CLS. The 
results are represented in Figure 9. 

B [cells] 600 I j_ 
400 1-+-B [cells) I 
200 

0~··············· 0 0.52 0.65 0.79 0.92 Load 

Figure 9 Average occupancy of the output buffer. 

The following set of limits for the classes and sub-classes have been chosen, 
having B _Max= I 000 cells: 

Table I: classes and sub-classes 

C(%) 0 2 3 

LL(%) 0 20 45 70 

UL(%) 30 55 80 100 

SC(%) 0 2 3 4 5 6 7 8 9 

LL(%) 0 20 45 70 0 45 70 0 45 0 

UL(%) 30 55 80 IOO 55 80 100 55 100 IOO 

Performance of the proposed routing algorithm 
The performance of the proposed routing algorithm is evaluated by measuring the 
delay imposed by the CL overlay network into a set of user sessions, under 
different network load conditions. This set is composed by two user sessions 
running between the same pair of access CLSs. To study the influence of the 

2 

2 
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remote load distribution on the routing algorithm, the access CLSs of these user 
sessions are not adjacent. The sessions have always a low traffic load to assure 
that they do not interfere significantly with the network load distribution. 

The traffic stream under evaluation consists of two sessions, both of them 
originated at a user of CLS 0 to a user of CLS 8. The network load conditions are 
represented by the following set of user sessions: two sessions from users of CLS I 
to users of CLS 5, one session from a user of CLS I to a user of CLS 3 and one 
session from a user of CLS 3 to a user of CLS 8. 

Two link-state routing protocols based on IS-IS are compared with the proposed 
routing algorithm (DM_MR). The first one, follows the variant of the IS-IS 
standard that uses the output queue length to select the path and it is named IS-IS 
Join the Shortest Queue (IS-IS_JSQ), while the second one, which we named Join 
the Shortest Queue using Dynamic Metrics (JSQ_DM), is an improvement of the 
standard that uses the queue length information together with the dynamic metrics 
associated to the load class stratification to perform the selection. 

The results are summarised in Figure I 0. 
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Figure 10 Delay introduced by the CL overlay network. 

Below 55 Mps all the three algorithms have a similar performance, as all the 
connections are at low load condition. At 55 Mps the stratification into load classes 
and sub-classes take place and both algorithms based on dynamic metrics 
(JSQ_DM and DM_MR) present a good performance; the effect of the increasing 
load conditions of connection I-5 is taken into account by both routing selection 
procedures. At this point, the performance of IS-IS_JSQ starts deteriorating, as the 
smallest output queue (0-1) corresponds frequently to the most loaded path (0-I-5-
8). The DM_MR routing scheme presents the best performance of the above 
mentioned schemes, although the results achieved by DM_JSQ are similar. By 
having the load sub-classes it is possible to forward traffic to a less loaded path (0-
3-7-8), before the occupancy of connection 1-5 reaches a new load class upper 
limit. 
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5 CONCLUSIONS 

A new type of link-state dynamic routing protocol, designed for the CBDS service 
over A TM has been presented. The aim of the proposal is to reduce the number of 
routing table updates while improving the load distribution of the network. To 
accomplish these goals the average traffic of each output A TM connection is 
stratified into load classes and, in each load class, into load sub-classes. When a 
connection changes its load class, this means that its traffic conditions changed 
significantly; therefore, the associated dynamic metric must change, an update 
cycle must be triggered and a new set of shortest paths has to be found. When a 
connection only changes its load sub-class, this means that its traffic conditions 
slightly changed; therefore, the associated metric range must change, an update 
cycle must be triggered and the existent set of shortest paths has to be re-ordered. 

The results achieved until now show that the use of dynamic metrics, improved 
with metric range information, increases the network performance by reducing the 
delay experienced by the CL-PDUs at the CL overlay network. The exact 
quantification of the predictable time saving achieved with the above mentioned 
improvements will be performed in the continuation of the research. Scenarios of 
different topologies having the same number and location of nodes and keeping the 
traffic conditions constant will be studied. The reverse situation in which the 
topology is kept constant and the traffic conditions vary will be also studied. 
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