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The increase of the processing capacity in switching nodes has made possible to implement 
advanced call routing strategies in the Telecommunication Networks that make them more reliable in 
relation to traffic variations and equipment failures. 

The paper presents a simulation tool, developed to evaluate several dynamic routing algorithms, and 
the results obtained in a preliminary study, carried out as part of the process to determine the routing 
scheme that will be used in the Transit Network of the future Spanish ISDN-NB. 

1. ~ODUCTION 

The facilities that the new switching equipments offer 
to make traffic measurements in real time and to 
automatically update its routing tables, have made 
posible to develop new network structures based on 
flexible routing criteria that allow a more profitable use 
of the network capacities. 

At present, several projects which aim to determine 
the routing scheme that will be used in the Transit 
Network of the future Spanish ISDN-NB are under 
development in Spain. 

A simulation tool named SIMRED has been developed 
to carry out a comparative study of the impact in the 
network performance of several dynamic routing 
algorithms, either packet switched traffic routing 
algorithms or circuit switched traffic routing 
algorithms, in different working conditions: general 
overload, partial overload, massive call, equipment 
failures, etc. 

The comparative study presented in this paper only 
considers the routing algorithms for circuit switched 
networks. 

The paper is divided into three parts. The network 
topology and the basic routing scheme that will be 
implemented in the future Spanish Transit Network are 
described in the first part. In the second one, there is 
a general description of the routing facilities for 
circuit-switched networks implemented in SIMRED. 
Some of the results obtained in a comparative 
study of different dynamic routing algorithms are 
presented in the last part. 

2. TOPOLOGY OF THE REFERENCE NETWORK 
AND BASIC ROUTING SCHEME. 

The future Spanish circuit-switched ISDN will be 
composed of several Nodal Areas, each one with two 
transit nodes. 

Every transit node from the same Nodal Area is 
connected to both transit nodes of each other Nodal 
Area; and every local node from a Nodal Area is 
connected to the two transit nodes of its Nodal Area, 
as it is shown in figure 1. 

Nodal Area B 

Nodal Area D 

Figure 1: Network topology 

Let us define a "Macroroute" as the set of four routes 
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that connect the two transit nodes of a Nodal Area 
with the two transit nodes of another Nodal Area. 
These four routes are identically dimensioned. 

Two Nodal Areas, e.g. "A" and "C", can also be 
connected through a third one,e.g. "B" .The set of two 
consecutive macroroutes, "A-B" and "B-C", which are 
involved in such "two-link-path" from "A" to "C" is 
called "Overflow-Groupe". 

A set of preselected Overfolw-Groups is defined from 
every transit node to each remote Nodal Area. The 
preselection can be fixed or dynamic. 

The basic routing scheme in this network will be the 
following: 

Calls originated in a local node are routed in turn to 
each of the two transit nodes of its Nodal Area. 

Once a call has reached a transit node, it is offered in 
first choice to a direct macroroute. In this macroroute, 
the call is offered in turn to the two routes that might 
be reached from this transit node. If none of the two 
routes has idle trunks, the call will be offered to the 
set of preselected Overflow-Groups following some 
selection procedures. 

In this paper we evaluate different algorithms for the 
selection phase as well as for the adaptive 
preselection phase. 

3. SIMRED TOOL 

3.1. GENERAL FEATURES 

SIMRED is a discrete event simulation tool developed 
in SIMSCRIPT that allows to study networks in the 
ISDN-NB environment and the routing algorithm that 
can be implemented in them. 

SIMRED has been developed to work on a general 
network topology, which permits to simulate a great 
variety of networks. At the same time it has been 
provided with a modular structure that allows to easily 
add new routing algorithms to these already 
implemented by adding their proper modules. 

Another important characteristic of SIMRED which 
gives it enough power to simulate networks in the 
ISDN environments is the possibility of considering the 
existence of calls, corresponding to different services, 
carried out in the network at the same time. For each 
service the following items can be defined : 

- Specific traffic parameters. In case of 
circuit-switched calls the most important parameters 
are: holding time, number of channels to carry out 
a call, volume of traffic between each pair of nodes. 

- Specific routing schemes. 

- Specific channel reservation levels in each route of 
the network. 

Using SIMRED it is possible to carry out two kind of 
studies: 

a) Static studies: analizing system performance once 
it has reached its stationary phase. 

b) Dynamic studies: analyzing the evolution of system 
performance when there is a perturbation that 
makes it leave its stationary status until it reaches a 
new stationary status. 

At the moment the perturbations that have been 
implemented are: 

- Route failures and switching node failures . 

- Sudden variation of the traffic demand: massive 
calls, general overload, partial overload, etc. 

3.2. MAIN ALGORITHMS FOR THE ADAPTIVE 
PRESELECTION AND SELECTION PHASE FOR 
CIRCUIT SWITCHED NETWORKS. 

a) Adaptive preselection algorithms: 

In SIMRED a set of Overflow-Groups is periodically 
preselected for each pair of Nodal Areas by a 
centralized control using information obtained by 
means of network supervision. The preselection 
algorithm implemented at present in the tool is based 
on the "Highest Residual Capacities" algorithm. 

The "residual capacity" of a route is defined as its 
number of trunks minus its route occupation, minus 
the number of trunks reserved for direct paths. 

The route occupation is estimated in each supervision 
period by means of one of these three ways: 

- The instantaneous total carried traffic. 

- The average total carried traffic. 

- The average direct offered traffic. 

The first and the second ones are measured directl y 
by each node. The last one is calculated as follows: 

No 
Ao = ----Ac 

Nc 



where: 

Ao = Average direct offered traffic. 

No = Number of direct calls offered to the route 
during the supervision period. 

Nc = Total number of calls carried by the route 
during the supervision period. 

Ac = Average total carried traffic. 

The "residual capacity" of an Overflow-Group is 
defined by the lowest residual capacity of its routes. 

The centralized control system provides a list of 
Overflow-Groups ordered by their residual capacities 

b) Selection algorithms 

The main selection algorithms implemented if' 
SIMRED are the following: 

- Sequential: The overflowed calls are offered to the 
preselected Overflow-Groups following a predefined 
order, always starting by the same Overflow-Group. 
The call is lost after it has unsuccesfully tried to be 
carried by all the preselected Overflow-Groups. 

- Alternate: The overflowed calls are offered in turn to 
each of the preselected Overflow-Groups. The call is 
lost after it has unsuccessfully tried to be carried by 
"k" (we call this parameter "window size") 
preselected Overflow-Groups. 

- DAR (Dynamic Alternative Routing).: All the 
overflowed calls are offered to a "currently pointed" 
Overflow-Group until a call is lost. In this moment 
the pointer is shifted to the next Overflow-Group of 
the preselected list. 

Apart from the preselection and selection algorithms 
described above, a set of facilities that may work with 
these algorithms and have an impact in the routing 
scheme have been implemented in SIMRED. The main 
facilities are: 

- Periodical modification of the number of trunks 
reserved for direct paths in each route. 

- Crankback: every time a call can not advance in its 
establishing phase, it goes back to the previous 
node and tries to be carried by another route that the 
call selects following the general selection algorithm 
that is being used. 

- Overflow-Group elimination: every time a call cannot 
be carried by an Overflow-Group (due to blocking of 
any of the two macroroutes), the Overflow-Group is 
deleted from the preselected list until the next 
preselection reviews its status. 
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4. COMPARATIVE STUDY OF DYNAMIC ROUTING 
SCHEMES 

Several dynamic routing schemes have been 
evaluated using SIMREDon a quasi-real scale Spanish 
Transit Network model . These algorithms have been 
compared under several working conditions: overload, 
massive calls, equipment failures etc. Some of the 
results obtained are now presented. 

4.1. REFERENCE NETWORK 

A quasi-real scale model of the future Spanish Transit 
Network for circuit-switched ISDN has been used as 
reference network in the study. 

The topology of this network has been described in 
the second paragraph of this paper. 

The network has been dimensioned considering the 
traffic forecast for 1995 and selecting a set of 16 
Nodal Areas which represent more than 66% of the 
total traffic. 

Owing to the fact that the aim of the study is to 
evaluate the dynamic routing algorithms for the transit 
network, the access network in each Nodal Area has 
been simplified by means of considering only one 
Local Node that is connected through over 
dimensioned routes to the two transit nodes of its 
Nodal Area. 

The route dimensioning has been made taking into 
account a modularity of 30 trunks. 

In all the routes, 5 percent of the trunks are reserved 
for direct traffic. 

4.2 ALGORITHMS 
COMPARED 

THAT HAVE BEEN 

In this study three different algorithms have been 
analyzed . The first one uses a "local control" and the 
other two use a "central control". 

Let us define the following parameters: 

- Table size: number of overflow-groups presented in 
the routing tables of each switching node, that can 
be used to access each destination node (this 
parameter is different from the "window size" 
previously defined for the "alternate selection 
algorithm" ,these two parameters must verify that the 
"window size" is minus or equal to the "table size"). 

- Supervision period: time spent between two 
consecutives updating of the tables made by the 
centralized control. 

- Updating delay: it refers to the existing delay 
between the moment in which the traffic 
measurements are made and the moment in which 
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OAR WITH PRESELECTION OAR WITHOUT PRESELECTION 

Increment of the 
global traffic. 0\ 10\ 15\ 20\ 25\ 0\ 10\ 15\ 20\ 25 

Average 
Loss prob. 0 3.4SE-3 3.0SE-2 S.77E-2 1. 49E-1 6.52E-5 2.95E-3 2.75E-2 S.02E-2 1.40E-1 

Maximun 
point to point 0 2.09E-2 9.76E-2 1.99E-1 2.S9E-1 1. 36E-3 1. 47E-2 S.07E-2 1. 51E-1 2.47E-1 

Loss Prob. 

Table 1: OAR with and without "preselection" 

the new routing tables are updated in each switching 
node. 

Taking into account these parameters, the three 
dynamic routing algorithms analized are: 

a) Algorithm with local control: 

* OAR without preselection phase. 

- Table size = 15. 

This algorithm was previously compared to the 
"OAR with preselection phase" algorithm which 
uses a "table size" of 5 and the "average direct 
offered traffic" to estimate the "residual capacity". 

In all the scenarios evaluated to carry out the 
comparison, network performance using the "OAR 
without preselection phase" algorithm was similar 
or better than the network performance using the 
"OAR with preselection phase" algorithm (see 
table 1 for the case of general overload). 

Oue to this result and to the higher complexity of 
the preselection phase, the study below shall only 
consider the "OAR without preselection phase" 
algorithm. 

b) Algorithms with central control. 

* Alternate with preselection phase: 

- Table size = 5. 

- Window size = 5. 

- Supervision period = 180 seconds. 

- Updating delay = 90 seconds. 

- "Residual capacity" estimated using the "average 
direct offered traffic". 

This kind of preselection phase was also used with 
a "sequential algorithm" in the selection phase. The 
network performances obtained in the two cases 
were very similar. 

* Modified OCR: 

- Table size = 1. 

- Supervision period = 10 seconds. 

- Updating delay = 9 seconds. 

- Residual capacity" estimated using the 
instantaneous total carried traffic". 

- It must be indicated that this routing algorithm is 
not exactly the OCR algorithm because trunk 
reservation levels are never modified and 
because the overflow-paths are preselected 
taking into account the residual capacities of the 
overflow-groups instead of considering only the 
residual capacities of the routes directly involved 
in the overflow-paths. 

4.3. ANALYZED 
RESULTS. 

SITUATIONS AND MAIN 

a) Static studies: Two kind of scenarios have been 
analyzed: 

1) General overload: Figures 2 and 3 show the 
average loss probability and the maximun point to 
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point loss probability for different general overload 
levels in the network. 

2) Partial overload: Increases of 15 % and 25 % in the 
nominal traffic in a specific Nodal Area have been 
simulated. The results obtained are shown in table 
2. 

b) Dynamic studies: The network performance 
evolution has been evaluated for two types of 
perturbations. 

15% 

OAR ALT.+ 
PRESE. 

Average 
Loss prob. 2.80E-3 4.60E-3 

Maximun 
point to point 3.46E-2 8.91E-2 

Loss Prob. 
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1) Massive calls. -The traffic received in a Local Node 
was increased by 30% during 5 minutes. The 
figures 4 and 5 show the evolution of the 
averageloss probability and the maximun point to 
point loss probability in the network. 

2) Route failure. - The perturbation produced by a 
route failure in the network performance is very 
small due to the large size of the network. 

3) Node failure.- A node failure causes a great 

25% 

OCR OAR ALT.+ OCR 
PRESE. 

2.79E-3 2.1SE-2 2.S9E-2 2.37E-2 

4.12E-2 2.13E-1 2.70E-1 2.29E-1 

Table 2: Partial Overload 
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number of routes to fall down. The average loss 
probability increases significantly. Its evolution for 
each algorithm is showed in figure 6. 

We can appreciate from the figures that the 
performance of the reference network (a quasi-real 
scale model of the future Spanish transit network ) is 
very similar using any of the three algorithms 
evaluated. Even if we can detect a slightly better 
network performance using the "DAR without 
preselection phase" algorithm, the observed 
differences are very close to the experimental error 
margin. 

5. CONCLUSION 

Several dynamic routing algorithms have been 
compared using the simulation tool, SIMRED. The 
topology and dimension of the reference network have 
been chosen to represent real condition. 

The results show a very similar performance in the 
different algorithms evaluated. The criteria to select the 
most appropiate routing algorithm for a particular 
network must consider technological constraints and 
economical aspects. In this sense, the use of routing 
algorithms with "adaptive preselection" could allow to 
use some of the present network management 
systems to perform the control functions. In other 
cases, "DAR without preselection phase" would be 
the simplest and most effective procedure. 
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