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ABSTRACT 

This paper describes a set of algorithms - i.e. 
tools - for long term planning and analysis of 
switched telecommunication networks. They 
constitute a part of the results obtained sofar 
in the European research project COST-201. The 
main features taken into account are: minimization 
of total network cost, end-to-end Grade of Service 
constraints, modular engineering, non
hierarchical routing rules and permanently 
switched circuits. 

1. INTRODUCTION 

COST-201 is a European research project in which 
the PTT administrations of ten countries 
participate. Its objective is to develop a 
procedure for the long term planning - design and 
analysis - of large telecommunication networks. 
This procedure is a comprehensive structured set 
of network optimisation algorithms which are easy 
to implement on a computer. Some background 
information concerning COST-201 can be found in a 
couple of earlier papers [1][2]. Important 
features of the project are: 
- tackling of both the switched network and the 

transmission network optimisation problems in 
one procedure, 

- quality of service (reliability) constraints are 
taken into a~count, 

- capability to handle large networks (of up to 
600 switching nodes). 

The COST-201 procedure consists of two main parts: 
Switched Network Optimisation (SNOP) and 
Transmission Network Optimisation (TNOP) , between 
which iterative loops can be performed in order to 
obtain a consistent solution. This paper treats a 
prototype of the SNOP procedure, TNOP is treated 
in a companion paper [3]. 
The objective of SNOP is to determine the optimal 
trunk group sizes and routing in a switched 
network, taking into account: 
- end-to-end (or if desired final-choice) Grade of 

Service (GOS) constraints, 
- modular engineering, 
- non-hierarchical routing rules, 
- permanently switched circuits. 
The resulting switch-to-switch circuit demands are 
to be handed over to TNOP. 
In section 3 the possible routings are discussed 
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because of their non-conventional characteristics. 
Section 4 presents a mathematical formulation of 
the problem, together with the in- and outputs. To 
solve the problem it is written as an optimisation 
of the high usage part of the network, treating 
the final-choice part optimisation as a sub
problem. Between both resulting optimisation 
problems iterations can be carried out. 
SNOP consists of a set of subprograms (algorithms) 
which perform required functions. A detailed 
review of them will be presented in section 5. A 
part or all of these programs can be activated in 
several different logical orders and run in 
iterative loops controlled by a supervisor
program. This yields a great flexibility and 
requires a well-defined data flow system as 
explained in section 6. Next, the results of test 
runs on a 47-node network, constructed by means of 
realistic data, are presented in section 7 and 
finally some concluding remarks are given in 
section 8. 

2. NOTATION 

2.1 

i 
r 
t 

2.2 

At 
Vt 
at 
Yt 
b t 
Ct 
Nt 

Identification numbers: 

- switch 
- (traffic) relation 
- trunk group 

Variables w.r.t trunk group t: 

- mean traffic offered 
- variance traffic offered 
- overflow traffic 
- carried traffic 
- blocking 
- costs per circuit 
- size (i.e. number of circuits) 

. mt 
Ct 
nt 
Ht 
Yt 

- size of a module in circuits 
costs per module; ct = mt ct 

- size in modules (i.e. number of modules) 
- marginal occupancy 
- marginal overflow 

2.3 Variables w.r.t switch i: 

Ai - transit traffic 
ci - costs per transit erlang 

2.4 Variables w.r.t traffic relation r: 

Ar - origin-destination traffic offered 
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2.5 

S 
s 

2.6 

T(s) 
HU(s) 
FC(s) 
FCr 

- end-to-end blocking 

- maximum end-to-end blocking allowed 
- end-to-end blocking coefficient of final 

trunk group t for relation r 

Routings: 

- input routing (maximum graph) 
- actual routing 

Subsets of trunk groups and relations: 

- set of all trunk groups given s 
- set of all high usage trunk groups given s 
- set of all final trunk groups given s 
- set of all final trunk groups used by 

relation r 
- subset of relations 
- part of R using trunk group t 

3. ROUTING RULES 

In order to be able to treat non-hierarchical 
situations in hierarchical networks (e.g. 
transiting via nodes of the same level) less rigid 
routing rules had to be defined. This resulted in 
routing rules which are more flexible than those 
in conventional hierarchical networks with 
alternative routing facilities. Their 
characteristics may be described as follows. 
Given the destination, from a particular exchange 
a maximum of 6 outgoing trunk groups can be 
aSSigned to reach that destination. At the 
endpoints of these trunk groups - except if it is 
the destination - another maximum of 6 outgoing 
trunk groups can be assigned to reach it, etc. The 
6 outgoing trunk groups constitute a multiple
overflow system with a clearly defined final trunk 
group. One important restriction should be stated; 
the resulting network must be cycle-free. Further, 
to enable the splitting of the network into a high 
usage part and a final-choice part in section 4, 
which is necessary to simplify the optimisation 
problem, a trunk group may have only one function, 
either high usage or final-choice, for all traffic 
relations using it. 
Figure 1 shows an example of the routing for a 
given relation i to j. From this it may be 

m n 

Fig. 1 - A possible routing for relation i-j. 
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concluded that the final trunk groups no longer 
constitute a chain for a relation; it is rather a 
tree of final trunk groups (e.g. node m has three 
incoming finals while node k has none). 
Of course the more rigid hierarchical networks 
with alternative routing facilities can still be 
treated when adopting these non-hierarchical 
routing rules as it simply means using a part of 
all possibilities. 

4. DESCRIPTION OF THE SWITCHED NETWORK 
OPTIMISATION PROBLEM 

The main features considered in the SNOP 
procedure may be summarized as follows: 
- A minimisation of the total network cost, i.e. 

costs of trunk groups and sWitching equipments. 
Constraints with regards the end-to-end GOS. 
However, if desired also the final-choice GOS 
can be handled. 

- Modular engineering, i.e. each trunk group may 
be dimensioned as a multiple of a predescribed 
module size depending on the technologies of 
the switches at both ends and the transmission 
media on which it is routed. It should be 
noticed that trunk groups connecting two 
switches may be combined into common modules 
(pseudo-bidirectionality). 

- Non-hierarchical routings, as described in 
section 3, can be handled. 

Observing the aspects mentioned above the problem 
may be expressed mathematically as: 

minimize 
ntEN 
sCS 

[ L ~t n t + L c i Ai] 
tET(s) i 

subject to: Vr 

The required input data are as follows: 
- A traffic matrix, containing all origin

destination offered traffic flows. 

(1) 

- The input routing S, i.e. the maximum graph, 
which must be constructed by the user. 

- Module sizes mt for all trunk groups. 
- Cost data for all trunk groups and sWitching 

nodes; for each trunk group the linear cost 
coefficient (costs per module) and for each 
node the transit costs per erlang. 

- Permanently switched circuits which have to be 
taken into account for all trunk groups. 

The most important output data SNOP produces are: 
- A trunk group information file containing for 

each trunk group among other things its size, 
blocking, offered traffic. 

- The actual routing s, which is a subset of all 
possible routes. 

- The end-to-end blocking values for all traffic 
relations. 

The non-modular and hierarchical version of 
problem (1) has already been tackled by Blaauw 
[4]. He presents a solution strategy, in 
particular for the final-choice part of the 
network knowing the high usage part. As Blaauw's 
approach appeared promising for large networks 
several of his ideas are used in the construction 
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of SNOP. 
First the network is decomposed into two parts; 
the high usage part and the final-choice part. 
Next, problem (1) is expressed in high usage trunk 
group sizes, where the optimisation of the final 
trunk groups is treated as a subproblem. This 
yields two optimisation problems, one for either 
part: 
a. The final-choice optimisation problem, where 

the high usage part of the network and the 
routing are fixed: 

minimize L et nt(ntEHU(S») 
tEFC(s) 

ntEFC(s) 

subject to: Br (ntET(S») <; B~ax Vr 

b. The high usage and routing optimisation 
problem: 

(2) 

minimize[ L <\ n t + L ci Ai + C;C (ntEHU,s)l 
tEHU(s) i ~ 

ntEHU(s) (3) 
sCS 

* where CFc is the optimum value of the objective 

function of (2). 

A consistent solution can be obtained by iterating 
between both problems. In spite of treating the 
final-choice problem as a subproblem, solution 
remains difficult, mainly because integer 
optimisation is required. 

5. SUBPROGRAMS OF THE SNOP PROCEDURE 

In this section the SNOP procedure - consisting of 
several subprograms - which has been constructed 
to find a reasonable solution to problem (1), is 
decribed in detail. The flow chart of SNOP, shown 
in figure 2, containing all main subprograms is 
meant as a guide for the reader of this section. 

r----- --------
i high usage 
I 
I 
I 
I 
I 
I 
I I L ______ ____________ ~ 

Fig. 2 - Global flow chart of SNOP. 

Both problems, introduced in the preceding 
section, will be treated successively after a 
brief discussion on a required initialisation of 
the high usage part of the network. 
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5.1 Initialisation (HUO-initialisation) 

In order to perform the final-choice 
optimisation , a feasible routing, the blockings of 
the high usage trunk groups and the traffic flows 
offered to the final trunk groups are needed. 
Therefore subprogram HUO - which is used for the 
optimisation of the high usage part, as discussed 
further on - has an option to initialize the 
routing and trunk group sizes. For the latter it 
applies the well known dimensioning techni~ue of 
Rapp using a final-choice GOS criterion [5J. 

5.2 The final-choice optimisation problem 

The modular problem (2) is solved in two steps: 
a non-rnodular optimisation and a post
modularization tackled by respectively the 
subprograms FCO and MOD-FC. 

5.2.1 Optimisation (FCO) 

First, by introducing an approximate formula for 
the end-to-end blocking of a traffic relation, the 
problem is expressed with final trunk group 
blockings as independent variables: 

minimize t~FC c t Nt (b t) 
NtEFC 

subject to: ) d b <; Bmax 
ttFC rt t r 

r 

(4) 

Vr 

(Note: here FC(s) is abbreviated to FC which will 
be used in the remainder of this paper). 

The size of a final trunk group is written as a 
function of its blocking, with the mean and 
variance of its offered traffic (At and Vt ) 
as parameters, which depend on the high usage 
trunk group sizes. Assuming low losses on final 
trunk groups, ~ and Vt are known constants. 
The choice of linear constraints is made to 
simplify the optimisation problem. A coefficient 
drt , i.e. the fraction of Ar offered to 
final trunk group t, is a function of the known 
blockings of the high usage trunk groups used by 
r. These coefficients can easily be determined by 
applying a recursive formula. The formula for 
hierarchical networks with single-overflow 
facilities given in [6] has been extended to allow 
for non-hierarchical networks with multiple
overflow facilities. After the final trunk groups 
used by a relation r are put in a feasible 
calculation order, the drt value for each of 
these trunk groups is calculated in a recursive 
way. The drt for the outgoing final from a 
particular node is equal to the product of two 
probabilities. Considering only trunk igroups used 
by r; first the probability to enter that node via 
incoming high usage and final trunk groups and 
secondly the blocking probability of the set of 
high usage trunk groups leaving the node. The 
calculation of the drt values is performed by 
a separate subprogram named DEV. 
To enable tackling large problems a relaxation 
technique is applied,which reduces the size of a 
problem. It implies that only a subset of all 
constraints is selected. Then the relaxed problem 
is solved and for the next iteration non-active 
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constraints inside the subset are interchanged 
with violated ones outside it. In order to limit 
the number of iterations required it is necessary 
to select a suitable initial subset. The main 
criterion for this is to select constraints with 
the highest L drt values, i.e. those which are 

tEFCr 
most probably active in the final solution. 
Furthermore each final trunk group should have at 
least one drt f 0 in the subset. 
At the same time a transformation of the problem 
into its dual is used to simplify the problem. In 
this way the following relaxed optimisation 
problem is obtained: 

maximize 
u r 

subject to: ur :> 0 VrER 

where ur is the dual variable corresponding to 
relation r 

b~ is that value of bt for which the 

following holds: 

dN t c t db.:'"t = -}' u r drt r~Rt 
which can be rewritten as: 

(5) 

(6) 

From this it may be concluded that in case of end
to-end GOS the marginal occupancy Ht, normally 
of interest for dimensioning high usage trunk 
groups, is also a parameter for dimensioning final 
trunk groups. 
Because of the simplicity of the constraints of 
the dual problem it is easy to transform this into 
an unconstrained problem by including the 
constraints into the objective function by 
substituting (u~)2 for all u r and subsequently 
taking u~ - instead of u r - as variables to be 

optimized. 
It is possible to reduce the required computation 
time considerably by selecting good initial values 
for the dual variables. In order to obtain such 
values the set of linear equations, resulting from 
(6). is solved: 

VtEFC (7) 

where Ht may be set to that value which 
corresponds .~o a final trunk group blocking of 1%. 
Another possibility is to set it to 0.15, which 
according to ·some analysis seems to be a good 
estimate value for the marginal occupancy on final 
trunk groups. 
For the optimisation the search method due to 
Fletcher and Reeves using conjugate gradients [7] 
is used. The gradient is given by: 

VrER (8) 
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Finally it should be stated that because of the 
importance of scaling in optimisation problems due 
care has been taken in this respect. 

5.2.2 Modularisation (MOD-FC) 

The subprogram MOD-FC transforms all final trunk 
group sizes into modular sizes, while maintaining 
the end-to-end GOS. This is realized by a 
heuristic iterative approach consisting of three 
main steps: 
~Round-down each final trunk group size to its 

adjacent lower modular value. 
~Check if the constraints of (1) are met for 

all traffic relations. Generally due to step~ 
the end-to-end blockings of many relations 
exceed their maiimum value allowed. Each r for 
which this holds and the final trunk groups 
used by r together with their blockings are 
written in a list. If there are no such 
relations the procedure stops. 

~Search the most important bottlenecks in the 
network, i.e. the final trunk groups with the 
highest number of occurrences in the list 
created under~, in such a way that at most 
one trunk group per relation is involved. If 
there are two or more trunk groups with equal 
numbers of occurrences the one with the highest 
blocking is selected. Next, increase the 
bottleneck trunk groups by one module and go to 
~. 

Producing only slightly different results, the 
procedure can be speeded up by an additional 
action under ~. This implies an increase of all 
final trunk groups having a blocking higher than a 
specified maximum value by one or more modules 
until their blockings are lower than that maximum 
value. This is in order to obtain a better 
starting solution for step ~. 

5.3 High usage optimisation problem 

Now, knowing the final-choice part of the 
network produced by FCO and/or MOD-FC, the high 
usage part may be optimized. This optimization 
considers the effect on the optimal solution for 
the final-choice part of the network, maintaining 
the end-to-end GOS. The mathematical formulation 
of this problem already given by (3) can easily be 
rewritten (disregarding a constant term, see [8]) 
as: 
minimize [ L et n t + L Ci(t) Yt 
ntEHU(s) tEHU(s) tET(s) 

sCS + C;c(ntEHU(S»)] (9) 

where i(t) indicates the node at the end of trunk 
group t. 

* The relationship between CFC and the high usage 

trunk group sizes is very complex. As changes of 
high usage trunk group sizes have an effect on the 
final-choice part of the network through changes 
in the drt values and offered traffic to the 
final trunk groups, it may be written: 

C;C (~EHU(S») = C;c (drt • ~; V tEFC A vr) (10) 
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From (9) it follows that the necessary conditions 

'* for the optimum sizes nto of the high usage trunk 

groups to are given by: 

CtO~ntO + L Ci(t)~Yt + ~C;C) 0 VtOEHU(s) (11) 
tET(s) 

both for ~nto = + 1 and ~ntO = - 1 if '* nto 

and for ~ntO + 1 '* if nto 

> 0 

o 
where ~Yt is the change in carried 

trunk group t due to ~ntO 
traffic on 

~C;C = C;C (n~ ° + ~nt 0) - C;C (n~o) 
'* holding all other ntOEHU(s) constant. 

It should be noticed that the routing is assumed 

'* to remain unchanged when nto is changed by ~nto. 

'* Using (10) ~CFC may roughly be approximated by: 

AC;C ~ L L [(!~;c) Adrt +(!~ct M t] 
r using to tEFC r t At rt 

(12) 
which can be rewritten (see [9] as: 

~C;C ~ L L crt ~Art (13) 
r using to t€FC r 

where ~Art is the change, caused by ~ntO, in the 

traffic parcel due to relation rand 
offered to final trunk group t, 

The crt values are obtained from FCO or MOD-FC. 

Note: A '* denotes the optimum value of the 
---- variable in question. 
Now it only remains to find a reasonable 
approximation for ~Art. This may be 
approximated by a function of the marginal 
overflows of the high usage trunk groups 
involved: 

~Art ~ frt{-tt o; tOEHU(s»)~ato (14) 

where ~ato is the change in overflow traffic from 
to due to ~nto. 

Using (13) and (14) and because ~At is equal to 

L ~Art inequalities (11) become: 
r using t 

L Ci(t) L f rt 
t€T(s) r using t 

+ L L c rt f rt 
r using to tEFC r 

In this gtO represents the costs to carry one 
erlang of overflow traffic from to to its 
destinations • 
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To simplify the problem the high usage 
optimisation problem is also split into two 
parts: 
- a determination of the optimum routing s and the 

optimization of the high usage trunk group sizes 
without observing modularities. This is 
performed by subprogram HUO. 
a post-modularisation, using inequalities (15) 
and the results of HUO, carried out by 
subprogram MOD-HU. 

5.3.1 Optimisation (HUO) 

HUO performs a non-modular optimisation. 
Therefore conditions (15) reduce to the well kwown 
Pratt equations [10]: 

Hto - -(;;::)'\: - ::: VtOEHU(s) (16) 

where Hto is the marginal occupancy of trunk group 
to. For each high usage trunk group gtO is first 
computed. Next, Hto which follows from (16), is 

used to dimension the trunk group. For this a very 
fast procedure has been developed. It should be 
noted that permanently switched circuits are taken 
into account when deciding about the creation of a 
trunk group. 
In order to be able to tackle the non-hierarchical 
routings it is necessary first to order the trunk 
groups. This ordering is in such a way that 
traffic (overflow and carried) from a particular 
trunk group only flows to subsequent trunk groups. 
For the computation of gt O a new concept has 
been introduced; the costs per offered erlang for 
a high usage trunk group: 

(17) 

where cdest 
t is equal to the costs to carry one 

erlang from the end of t to its 
destinations. 

Because cdest is t calculated by using at values 

subsequent trunk groups, the computation of 
"gt O is performed in a recursive way. 

of 

The marginal capacity is computed by means of the 
derivative of a formula due to Farmer and Kaufman 
[11], giving the size of a trunk group as a 
function of its blocking. 

5.3.2 Modularisation (MOD-HU) 

The purpose of subprogram MOD-HU is to transform 
the high usage trunk group sizes (or if desired 
all trunk group sizes) produced by HUO into 
modular values. 
The trunk groups are treated one by one in the 
order already described in 5.3.1. For a particular 
trunk group to a decision is made between a round
up and a round-down of its size to an adjacent 
modular value. For this inequalities (15) are used 
with ~ntO = -1 and making the assumption: 

CtO 
~ = Hto 

This results in the following function: 
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-1 + ~:: [bto (nto-l)mto) - bto(ntomto)] 

(18) 

First, the non-modular trunk group size is rounded 
up. Say this results in a size n. Then using (18) 
a choice can be made between the modular values n 
and n-~. The decision, i.e. the better modular 
size nto, is as follows: 

'le 
nto = n if F(n) ) 0 

'le 
nto = n-1 otherwise 

Another option is a simple rounding procedure 
using thresholds. 

5.4 Pseudo-bidirectionality 

The modularisation process in MOD-HU and MOD-FC 
can be performed in such a way that all trunk 
groups connecting two switches are combined into 
common modules (pseudo-bidirectionality). In that 
case this set of trunk groups is treated as one 
trunk group. After the determination of its 
modular size the total amount of circuits has to 
be distributed among the separate trunk groups. 
This is done using the results of the non-modular 
optimisations. For high usage trunk groups the 
distribution is proportional to the marginal 
occupancy values, for final trunk groups to the 
blockings. 

6. FLEXIBILITY OF THE SNOP PROCEDURE AND DATA-FLOW 
SYSTEM 

The set of subprograms described in the preceding 
section can be activated in several orders and run 
in iterative loops controlled by a supervisor
program. A few examples are given in figure 3. 
Alternative a represents the use of all 
possibilities, i.e. a modular optimisation subject 
to end-to-end GOS constraints. Alternative b 
performs the non-modular optimisation subject to 
these constraints and alternative c is an 
optimisation handling a final - choice GOS 
criterion, followed by a post -modularisation of 

a 

b 

~ 
S 

c 

Fig. 3 - Examples of possible procedure runs. 
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all trunk groups. 
The flexible structure of the SNOP procedure 
requires a well-defined data flow system. This is 
realized through a system consisting of several 
files, 1.e.: 
- input files, 
- internal files, 
- output files. 
Some files combine the functions of internal and 
output file. The crucial part of the data flow 
system is a trunk group information file, 
containing data for each trunk group. It 
constitutes the heart of the procedure which both 
provides data to each subprogram and receives 
updated information from each subprogram. 
Figure 4 shows a picture of the main data flows. A 
file is represented by a cylinder, a subprogram by 
a block and data flows by arrows. It should be 

Fig. 4 - Data flow system. 

noticed that the system is constructed such that 
it may be left wherever the user wishes; the most 
recent data are always stored. 

7. TEST AND ANALYSIS RESULTS 

Two test networks have been created; a small one 
and a medium-sized one, comprising respectively 6 
and 47 nodes. The 6-node network - created for 
demonstration purposes - is also used for 
correctness testing of the programs, i.e. checks 
by means of hand-calculation that the programs do 
what they should do. The 47-node network, 
constructed using realistic data, is meant to 
judge the behaviour of the procedure on larger 
networks. It should be stated that both networks 
have a hierarchical structure. The intermediate 
and final results of a run of the complete SNOP 
procedure - without iterations - are presented in 
table 1. 
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HUO MOD-HU FCO MOD-FC 

Numbers of 
trunk groups 

high usage 155 62 62 62 
final 103 131 131 131 
total 258 193 193 193 

Numbers of 
circuits 

high usage 4152 3070 3070 3070 
final 15876 18161 17550 19489 
total 20028 21231 20620 22559 

Total costs 
(x 106) 

circuits 166.3 173.6 168.1 182.2 
transit 7.9 9.0 9.0 9.0 
total 174.2 182.6 177 .1 191.2 

Total transit 
traffic 4794 e 5442 e 5442 e 5442 e 

Table 1: Results for the 47-node test network. 

A first study carried out using the SNOP procedure 
as a tool is a comparison between two non-modular 
networks; one resulting from an optimisation 
handling final-choice GOS, the other from an 
optimisation handling end-to-end GOS. The main 
conclusions from this comparison, carried out on 
the 47-node network, is that the adoption of an 
end-to-end GOS criterion instead of the final
choice one, resulted in: 
a. a 1.6% decrease of the total number of 

circuits, 
b. a 2.3% saving of total network cost. 

To extrapolate the behaviour of the procedure for 
very large networks a complexity analysis has been 
carried out. From this it is concluded that the 
complexity lies between n2 and nl.~, where n is 
the number of nodes in the network. 

8. CONCLUDING REMARKS 

The procedure SNOP, aimed to tackle large switched 
network optimisation problems subject to end-to
end GOS constraints, approaches its completion. 
Activities in progress or foreseen may be 
summarized as follows: 
- studies of the effects of loops, 
- a study with regard to the possible advantages 

of the ability to handle non-hierarchical 
routings, 

- network studies, such as sensitivity analyses, 
- comparisons with other methods, 
- finalizing the indispensable documentation of 

the procedure, 
- testing of the procedure on a large network 

comprising 600 nodes. 
The latter requires a good data organisation and 
implies a difficult balancing between opposing 
activities, such as storing (c.q. accessing) data 
and repeated computations. 
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Q.l (D.G. Haenschke) 

You are describing methods for optimizing networks which 
deploy non-hierarchical routing rules. What plans 
exist for introducing such rules in the European tele
communications networks and what is the time frame for 
their' introduction? 

A.l (J. DressIer, J.A.C. Gomes, R.J, Mantel, J.M. Mepuis, 
E.J. Sara) 

COST 201 is a European research project. As we can foresee 
the need to take non-liierarchic&l routing rules ~nto account, 
we have implemented them in our procedure, however, also 
hierarchical networks can be optimized by this procedure . 

Up to now, most of the administrations participating in the 
COST 201 project are studying non-hierarchical networks. 

As to practice, it is up to each administration to decide 
when to introduce non-hierarchical routing rules by using 
modern switching equipment . 
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Q.l (R. Pandya) 

Your paper presents a formalized network planning procedure. 
One of the potential drawbacks to formal procedures is excessive 
computation time. What is you~ experience with the Fletcher
Reeves algorithm? How many iterations are required? What 
computat~on times have you experie~ced? 

A.l (Joachim DressIer) 

The switched network optimization 'SNOP' is decomposea because 
it is a solution method for large networks of up to 600 
switching nodes. 

There is a high-usage trunk grqup and a final-choice trunk 
group optimization. As to computation times, 'of course the 
speed depends very much on the type of computer. That is why it 
is better to stress the fact that the final-choice optimization .
taking account of end-to-end grade of service - takes less 
CPU time than the standard optimization for the high. usage part 
of the network, and within this final-choice optimization the 
Fletcher-Reeves algorithm works perfectly. 

For running the procedure there is a supervisor program to start 
the program modules, so the procedure is very flexible, and it is 
up to the user to increase accuracy by adding some more iterations. 

Summarizing the answer, it should .be stated that a large network 
of 600 switching nodes is not easy to be optimized, however, 
the COST20l projec~ has succeded . 


