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ABSTRACT 

The development of computer aided junction 
network planning systems have been directed to 
the establishement of a fast and accurate fore
casting dynamic methodology. 

The objective is to define the short, medium 
and long term networks, which is performed in two 
complementary phases. Firstly, the long term net
work and the optimal provisioning periods are es
tablished considering the present network as be
ing totally saturated. Secondly, an optimized ad
ministration of the existing network (annual) is 
done in agreement with the first phase, which gua 
rantees an evolution in the horizon network sens~ 

1. INTRODUCTION 

The SIRIUS methodology (figure 1) defines 
the evolution of the junction network, minimizing 
the switching costs and the transmission costs du 
ring the studied period, in agreement with an 
optimized administr?tion of the existing network, 
to satisfy the traffic demand under a prescribed 
quality of service and the technical plans: 
routing plan, transmission plan, and numbering 
plan. 

The junction network planning is performed 
in two complementary phases, with the consequent 
establ~shement of the short, medium and long term 
networks. 

The first phase of the SIRIUS methodology, 
defines the long term network (15 to 20 years) 
and all the evolution, considering the present 
network as being totally saturated. Economical o£ 
timization criterions are used. 

The second phase defines the short term net
works (annual) in agreement with an optimized ad
ministration of the existing network, in order to 
delay the switching and transmission equipment ac 
quisition, and an evolution in the horizon net- -
work sense. " 

The global optimization of the junction net
work is a complex process of difficult treatment. 
It's possible to divide the study of the junction 
network into two parts: The functional network in 
volving the logical organization from the view- -
-point of how the traffic is routed; and the phy
sical network that refers to the topological lay
out. The nexus between functional and physical 
networks, basically the transmission costs, is 
not enough to demand the global optimization. So, 
this problem is solved by treating these two as
pects in a separate way, but never loosing the 
global sense of the process. 

1 - PLANNER STRATEGY 

2 - DATA INPUT 

3 - DATA UPDATING 

Fig. 1 The SIRIUS methodology 

2. THE FIRST PHASE - LONG TERM PLANNING 

2.1 "Introduction 

The" long term network and it's evolution are 
established by optimization of the functional and 
physical networks separately, taking into account 
the transmission costs through an iteractive pro
cess (figure 2). 

The optimization procedure begins with the 
establishment of the basic topological layout, wi 
th a number of routes normally superior to the sI 
ze of the present network and the characterizing
parameters settled within initial bounds. 

The next module is the functional network 
optimization using ec"onomical optimization crite
rions to satisfy the traffic demand under a pres
cribed quality of service. 

In the first iteration of the functiona1/phy 
sical procedure, the shortest distance between -
each two centers is taken to define any link. The 
transmission marginal costs are estimated from 
this distance by an empirical procedure depending 
on the switching equipment technology. In the 
next iterations the optimal transmission marginal 
costs are defined by the transmission module. 

The switched marginal costs, the equipment 
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modularity, the traffic matrix and the imposed 
restrictions (to the absolete equipment or to for 
ce some routing schemes) are also data that supp= 
ly the functional module. The results are the se
lection of routing schemes, the number and loca
tion of the transit centers and their capacities, 
the size of the functional routes and the chara
cteristic parameters that define the selected 
links. This information per link is converted in 
information per physical route (arc) to supply 
the physical network optimization. 

FUNCTIONAL 

NETWORK 

OPTIMIZA TlON 

PHYSICAL NETWORK 

OPTIMIZATION 

OPTIMAL JUNCTION 
NETWORK 

YES 

PHYSICAL I FUNCTIONAL 

INTERFACE 

Fig. 2 The first phase: Long term planning. 

In the physical module, starting from the ba 
sic topological layout, the marginal costs assocI 
ated with each physical route (arc) and the cor~ 
pondent transmission equipment are calculated. -
The planner may impose the transmission equipment 
or compare some of them in a minimum cost base. 

The elimination of each arc is studied consi 
dering all the others fixed. 

The results are the transmission equipment 
per arc with the respective year of acquisition , 
during the studied period, the eliminated arcs . 
the arcs of integration, the links and the corres 
pondent circuits associated with the final arcs,
and the transmission costs of each arc. 

Some of these results are integrated in the 
next module which converts the information per 
physical route (arc) into information per link, 
and gives more information about transmission 
costs to supply the functional network optimiza
tion in the next large iteration. 

The ju~ction network opt~m~zation is conclu
ded when the transmission costs are almost the sa 
me in two consecutive large iterations and the 
optimal network is reached. 

2.2 Functional network 

2.2.1 Data organization 

The information corresponding to input and 
output data is organized in a logical and systema 
tic sequence. In this way the input data is divi= 
ded into six groups: 

The general data - A general description of 
the network to be studied is given and the quali
ty service criterions are defined. The running mo 
des are specified, providing the computer program 
with information about the data flux in the gene
ral algorithm. The precision of the optimization 
algorithms are also specified. 

The functional routing data - The informatkm 
is arranged by functional route with dimension 
equal to the square of the number of local exchan 
ges. The traffic matrix of the horizon year is es 
timated by the traffic engineering department and 
automatic1y transfered to this group of informa
tion. The planner defines the functional routing 
schemes, the patterns and the reference of the 
transit centers allowed or forbidden. 

The link data - In this group, every possi
ble link is described and the information is 
arranged by local exchange to local exchange, lo
cal exchange to tandem, tandem to tandem and tan
dem to local exchange. The minimum and the maxinum 
number of circuits, the initial traffic of the 
transit links (mean and variance) and availabili
ty are specified. The transmission equipment and 
the marginal transmission costs are estimated by 
the physical network optimization and automatic1y 
transfered to this group of information. They are 
not available in the first iteration of the 
switching/transmission procedure. 

The central data - The topological localiza
tion, the switching equipment, the minimum and 
the maximum transit capacity are specified. 

The topological layout data - A description 
of arcs and nodes is given, referring to the dis
tance. 

The costs data - The switching costs are gi
ven per incoming and outgoing circuit at each lo
cal exchange and tandem, in the network. At each 
tandem the switching costs are also given per er
lang of traffic that passes through. The transmi
ssion costs are given per circuit and per 
circuit x km. They are used to initiate the 
switching/transmission optimization or to make an 
economic evaluation on new links in other itera
tions. The equipment modularity is also referred. 

In the same way, the output data is divided 
into three complementary groups: 

The functional routing results - The optimi
zed routing plan is obtained from the allowed con 
figurations. The transmission attenuation point 
to point is also estimated. 

The link results - A complete description of 
the high and low usage links, such as trans
mission equipment, number of circuits, traffic, 
congestion, transmission attenuation, costs, etc., 
is obtained. 

2.3A-3-2 



ITC 11 Kyoto September 1985 

The statistical data - Finally, statistics 
on functional patterns, links, transmission atte-
nuation and costs are presented. 

The information about the number of circuits 
calculated in every link is automaticly trans
ferred to the functional/physical interface. 

2.2.2 Algorithm 

The general algorithm of the functional net
work optimization is heuristic, with a modular or 
ganization, involving fast and accurate optimiza~ 
tion routines (figure 3). A general description 
of the principal modules is presented: 

Data read - This program selects the group 
of data required by the functional network optimi 
zation from the common acess file and makes a corn 
plete validity test. 

Link marginal costs - The estimation of the 
link marginal transmission costs is a result of 
the physical network optimization and is not avai 
lable in the first iteration of the functional/ 
physical procedure, or when treating new links. 
The problem of transmission equipment initializa
tion is solved in two elementary operations. First 
ly, the shortes t way through a minimum number of
nodes is calculated to the links. Secondly, with 
this distance and the switching equipment techno
logy, the optimal transmission equipment is defi
ned by an empirical criterion and the respective 
marginal transmission costs are estimated. 

The marginal switching costs are also estim~ 
ted. 

The present value of annual charges crite
rion is used to quantitatively measure the econo
mics involved in each alternative, because it's 
necessary to consider equipment having different 
characteristics of life, purchasing costs, opera
tion and maintenance expenses. 

Initial solution - This module calculates 
the high or low usage direct routes and the conse 
quent traffic in transit links to initiate the 
optimization procedure. The Rapp's solution is 
used for alternate routing. The single routing 
initialization takes the optimal routing from the 
allowed configurations, admitting a maximum effi
ciency in the involved transit links. 

Alternative routing optimization - The rou
ting is optimized, taking into account the allow
ed or defined patterns, by an iterative calcula
tion procedure propose by 'B. Wallstrom' \6\. 

Single routing optimization - A heuristic 
procedure is used, which calculates the optimal 
routing in each iteration from the allowed confi
gurations and from the network established in the 
previous iteration \12\. 

The general algorithm has proved that the -to 
tal cost of the network optimized with mixed rou= 
ting criterions, practicly doesn't change after 
one or two iterations. 

2.3 Physical network 

2.3.1 Data organization 

The information is organized in four groups 
corresponding to different sources: 

The existing network data - The present phy
sical structures are described, referring to the 
distance, the transmission equipment, the corres
ponding links and the existing number of circuits. 

Fig. 3 Functional network optimization 

The topological layout data - A description 
of arcs and nodes is given, referring to the dis
tance and to the number of free ducts in con
duits. 

The functional network data - Some functio
nal network optimization results are automaticly 
transferred to this group of information, from 
the f~nctional/physical interface. They are the 
physical routes description in the horizon year 
and the corresponding links referring to the num-
ber of circuits. -

The physical network data - The planner may 
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define the security schemes required and restri
ctions of the physical network optimization, such 
as to forbid or to fix some arcs and the trans
mission equipment, or to impose some physical rou 
ting schemes. 

The forecasting results are given per arc, 
referring to the transmission equipment, the 
corresponding investment period, the new links 
and the number of circuits, the arcs of integra
tion, the increase of circuits, the transmission 
attenuation and the transmission costs. Finally, 
statistics on links, arcs, transmission equipment 
and costs are presented. 

The information regarding transmission equip 
ment, new routing schemes for links, and marginal 
transmission costs are automaticly transferred to 
the physical/functional interface. 

2.3.2 Algorithm 

The general procedure for physical network 
optimization is heuristic with a modular organi
zation and involves fast optimization routines 
(figure 4). A description of the principal modu
les is presented: 

Optimal transmission equipment and provi
sioning periods - Economic criterions are used to 
obtain the optimal transmission equipment, the in 
vestment amount, and the optimal provisioning pe~ 
riods from the present till the horizon year sa
t{sfying the requested circuits. The demand for 
circuits in a route is assumed to increase linear 
ly, to determine the economic period of provisio~ 
which corresponds to the minimum value of the 
present worth of all extensions during an unlimi
ted period of time. 

Initial solution - An evaluation of the in
vestment costs during the studied periods is done, 
taking into account the initial topological lay
out. 

Temporary supression - The suppression of 
one arc involves the change of the corresponding 
lir ks to other arcs. This integration is done in 
ten , s of the minimum cost, which is calculated by 
the 'Moore - Dij kstra' algorithm 171. 

Starting always from the initial solution, 
each arc is supress ed and the consequent optimal 
configuration is economically evaluated. 

Definitive suppression - After running every 
arc the new solution is taken, corresponding to 
the suppressed arc whose configuration produces 
the minimum investment costs. Just one arc per 
iteration is eliminated. In this case the n~twork 
description and the costs are updated. 

The procedure stops when the elimination of 
any arc produces a higher cost configuration. 

3. THE SECOND PHASE - SHORT TERM PLANNING 

3.1 Introduction 

In this phase the existing network is taken 
into account in order to delay the switching and 
the transmission equipment acquisition, in agree
ment with an optimized administration of the ins
talled equipment. 

When the rerouting problem is not solvable, 
the equipment acquisition is done in accordance 
with the first phase although shifted in the time; 
so, the tendency to the horizon network is 
obtained. 

Fig. 4 Physical network optimization 

The developed process for short term 
planning (annual) permits the simultaneous treat
ment of several networks with hierarchic dependen 
ce for several years. Yearly, from the zero year
to the horizon year (figure 1). 

Data is organized in six files: the routing 
plan, the links of 'n - l' year, the functional 
network, the physical network and the topological 
layout. 

The forecasting results are divided into 
eight groups: the initial and final results of 
functional routing, such as routing schemes and 
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transmission attenuation, the initial and final 
results of link and sub-link, such as distance, 
track, traffic, total number of circuits, increa
se of circuits and category, the results of physi 
ca1 route (arc), such as total and increase num-
ber of telephonic and non telephonic circuits, 
and the results of equipment. acquisition. 

3.2 Algorithm 

The second phase program may run each block 
in sequence from the 'network l/year l' till the 
'Last Network/Horizon Year', although the short 
and medium term blocks are the most important (fi 
gure 1). -

The running procedure is similar in each 
block, involving the optimized administration of 
the existing equipment, the tendency to the hori
zon network, the planner strategy and the data up 
dating. -

A description of the principal modules is 
presented to the 'Network l/year l' block (figure 
5) : 

Routing plan - The hierarquica1 dependence 
among sub-networks to be studied is defined, as 
well the single or alternative routing, the 
patterns allowed or forbidden and the overflows. 
The planner may fix some routes but a valid rou
tine confirms if the basic plan is fulfilled. 

Initial traffic - It's necessary to take in
to consideration traffic that overflows from rou
tes in the sub-networks not under study to routes 
in the current block. 

Functional network optimization - The rou
tines are similar to the equivalent program in 
the first phase. 

Physical network optimization - The data in 
the physical network file is quite similar to the 
equivalent data described in the first phase, al
though a reference to the unoccupied number of 
circuits is done in the present network. 

The required circuits in each existing link, 
coming from the annual demand growth, are integra 
ted in the original routing if the respective -
capacities are sufficient. On the contrary, it's 
not possible to make the same routing and so, a 
rerouting is performed in terms of minimum cost, 
making use of the unoccupied circuits 181. The sa 
me routing method is used to integrate new 1inks~ 

If it is possible to find a suitable routing 
scheme for every circuit cornrning from the annual 
demand growth in the current block (sub-network), 

. the problem is solvable and the investment is not 
necessary. 

On the other hand, the problem is not solva
ble and the program may stop or not, making the 
investments in accordance to the first phase or 
to the planner strate~. In this case the planner 
may force some routing schemes, create or elimi
nate arcs, force some investments, treat several 
investment hypotheses and compare some of them in 
a minimum cost base, or let the program calculate 
the economical solution. 

If an investment proposed by the planner is 
not necessary, it's automatic1y eliminated by the 
program. 
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Fig. 5 The second phase: Short term planning 
(Annual). "Network l/Year 1" Block. 

4. CONCLUSIONS 

I 
I 
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I 
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The SIRIUS methodology has been sucessfu11y 
applied to the Lisbon network in the short, medium 
and long term planning. The complete package of 
programs, previously described, have about 20000 
lines of instructions written in Fortran 77 • 
Input and output data is stored in a work disk, 
occupying about 100 Mbytes. 

The complexity encountered when attempting 
to carry out long term and short term planning, 
has been sucessfully reduced by separating the 
switching and transmission problems, although 
never 100sing the global sense of the process, 
and by treating several networks with hierarchic 
dependence for &everal years (annual). 

The SIRIUS methodology has proved to be a 
fast, manageable and practical method for optimi
zing junction networks in the long and short term 
planning. 
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