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In digital communications networks, signalling can take 
place on separate transmission channels that are available 
'alongside with the voice/data channels. Since only a small 
.number of signalling channels are used for simultaneously 
'controlling a large number of voice/data channels, the 
term "Common Channel Signalling" is broadly employed. , 

Signalling capabilities will need to be largely extended 
to permit the introduction of the future ISDN, with its 
range of service features. This need is reflected on the 
radically new procedures used for signalling between the 
user's equipment ' and the exchange, as well as for inter-
'exchange signalling. 

The system designed ,for inter-exchange signalling in the 
ISDN is the "CornrnonChannel Signalling System No 7" 
standardized by the CCITT for exchange of signalling , 
information in message form. It's use has led to signifi
cant alterations in the dimensioning and optimization of 
telecommunication networks mainly because of the indepen
dence of both signalling ways and speech ways (generally 
dimensioned according to loss models). The emergent 
network, . with such peculiar characteristits, requires 
dimensioning by new procedures and models. 

This paper presents a methodology used in dimensioning and 
optimization studies of regional networks in Brazil. 

1. INTRODUCTION 

At present Brazil has around 11· million telephone terminals aiming 
at reaching 25 million terminals till the year 2000, of which only 
8.5 million will remain as analog ones. 

Heavy investments (around US$ 2.3 billion a 'year) will be necessary 
to reach this number of subscribers up to the end of this century. 

Based on this picture TELEBRAs - the organ responsible for the 
Brazilian Telecommunications - established rules for the digitali
zation of its network, e.g. after 1992 all new equipments will 
have ,to be digital. 

The big Brazilian telecommunication networks . are: telephony (16 
million telephones); telex (111 thousand lines}; packet (3.5 
doors); besides Videotex and Transdata. 

TELEBRAs has fixed another objective that is an ISDN pilot expe-
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rience lri - ~r~silia (TROPICO technology), Belo Horizonte (EWSD), Rio 
de Janeiro (NEAX) and Sao Paulo (AXE) having scheduled to start 
commercial operations in 1992. 

CCITT standardization will be adopted. No 7 CCITT Signalling System 
will be applied to inter-exchange signalling. 

A common channel signalling network consists of a transit network, 
composed of signalling transfer points (STP) of origin and desti
nation nodes, signalling pois (SP) which are connected to STP's. 

Signalling networks are structured in a Message Transfer Part (MTP) 
which allows for greater layer functions of network, and User Parts 
(UP) which are defined for each application (Fig. 1). 

USER PART 
UP 

COMMON SIGNALlNG 

CHANNEL 

USER PART 
UP 

... ---.... ---4-------------.. --......... - .... - .. 
MESSAGE TRANSFER PART 

.... ------~-------- ------.~------..... 

Fig. 1 - Signalling Network Structure 

Signalling Connection Control Part (SCCT) ensuies that logical 
connections are set up and will allow messag~s to be exchanged 
among similar UP's via the common signalling channels without a 
circuit connection. 

Message routing is performed by MTP according to the routing label 
included in each message, e.g. origin and destination nodes. 

E~g. 2 shows an example of message traffic in the ISDN. Separate 
messages had to be defined to permit interoperation with other 
signalling systems, such as pulse signalling. 

Signalling traffic h~s to be calculated and planned for the future, 
in order to permit dimensioning of that specific network. 

As ISDN must evolve economically from the conventional voice, data 
and text networks, it would be desirable to use an available system 
of Traffic Engineering, so as to obtain initial designs of the 
Minas Gerais network (one of the selected states to the ISDN pilot 
experience). 
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Fig. 2 - Message traffic for connection setup, change of service and 
connection cleardown in the ISDN. 

2. METHODOLOGY 

The methodology uses basicaly a software based 'on an automaton that 
implements the routing plan over the network topology. Each and 
every call is software-routed on a graph, and its effect is 
registered, in terms of circuit6ccupation in time, for every arc 
between origin and destination. Using this software it is possible 
to value . the performance of both the voice and the signalling 
networks. 

The information gathered from the company billing file allows us to 
determine the beginning of the event and its duration for both 
traffics. Through those data we can characterize the necessity of 
communication among arbitrary sets of nodes over an arbitrary ob
servation time interv~l. The data considered as input are routed in 
the topology and the routing plan, the origin and destination cen
tral offices, the capacities of the arcs and their instantaneous 
occupations, yielding a potenti~lly exact reproduction of the 
traffic. The fundamental characteristic of our approach is the use 
of a deterministic automaton, used in successive interactions. 

The . basic approach of this methodology is on setting up a 
collection of nodes and arcs as candidates to make par of the 
actual network taking into account economical criteria and availa
ble facilities on that network. Using such a software system to 
appreciate the quality and efficiency of the analized network the 
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planner can ~~line which among the candidate arcs and nodes are the 
ones whose performance would be the best. 

3. SOFTWARE SYSTEM 

Consider the traffic due to calls among subscribers not affiliated 
to the same local switching office. A telephone network is hierar
chically otganized in terms of toll centers, tandem offices and 
local offices (either manual and automatic). 

This network can be viewed as a graph in which the nodes are either 
local, tandem, or toll switching centers, and the arcs represent 
the capacity-weighted links between pairs of nodes. 

The routing plan is a table which specifies, for each toll center, 
the routing alternatives as a function of the final destination of 
the call : and the occupation of the candidate arc. The routing plan 
is exhaustive, in the sense that all possible situations are coded, 
including, for instance, the intercepting or wrong dialling. As an 
example, the routing plan currently in operation in Minas Gerais 
fills a total of 104 compactly coded pages. 

Given two disjoint arbitrary sets of nodes in the network, there 
will be a set of arcs through which each and every call between 
elements of the tWQ. sets will be forwarded. This ~et of arcs is 
called the route between the two sets of nodes. Now consider an arc 
with n circuits in the route, an , observation time interval (Ti, Tf) 
a~d a time window (ti, tf) contained wi thin . (Ti, Tf). · 

The objective of the system described here is to calculate the 
values of the nine computable entities defined below for every arc 
oil any route, minute by minute, in (Ti, Tf). ' 

The computable entities are defined as follows: 

1 - Instantaneous Occupation 
o . 
t,k = number of busy circuits in the arc r at instant t 

2 - Usage Rate 

tf n 
L L 0t k 

t=ti k=1 ' URA = 

Ctf-ti) x n 

:3 Instantaneous Number of Connections 

Mt = number of calls that started at .instat t. 

4 - Average Number of Connections 

tf 
L 

t=ti 
ANC - . --------------

tf - ti 

5 - Average Occupation Time 
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tf il 
L L 

t=ti k=l 
AOT = 

n 

6 - Congestion in Time 

CIT = 

tf 
L 

t=ti 
C 

't 

tf-ti 

o ,. t, }" 

Where Ct = 1 if all n circuits are busy at instant t; otherwise 
Ct = o. 
7 - Average Conversation Time 

ACT = 

Where s = 

8 - Traffia 

TRAF = 

s 
L dk 

k=l 

s 

number of 

tf n 
L L 

calls 

t=ti k=l 
°t ' k , 

tf - ti 

9 - Erlang Traffia 

in (ti, tf); 

TRAFERL = TRAF when [tf-ti]=60 minutes 

dk = duration of each call. 

At the end of the observation interval (Ti, Tf) o~e needs the 
following five additional measurements for every arc under obser
vation: 

- First and second busiest time inte~vals (the time interval of 
amplitude 1 < = a < = 60 ' in which traffic w~s maximtim). 

- First and second busiest hours (same as above when a=60 minutes). 

- Conversation time profile: is a vector CTP [0 .. 60] where CTP [K] 
contains the number of calls wi th duration = k in (Ti, Tf). 

4. APPROACH 

Jhe toll ticketed calls are recorded on magnetic tape in each 
ticketer. The file contains records from all ticketers and is 
sorted according to the moment of start of the ,calls. Each record 
of this file contains the following information. 

- date 
- moment of start 
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~ duration of the call 
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Besides this information, it is also possible to extract, from each 
record, information about the nature of the call, such as manual 
or not answering, etc. 

On the ' other hand, pulse metered calls do not have comparable 
richness of individualized information: only a file containing, for 
each central office, the total number of pulses originated in the 
month. The approach adopted in this case was the construction, 
through an ' estimation model, of the form of distribution of these 
pulses in time and in the topological space of network. A new file 
with "virtual calls" is produced after the original data, in an 
attempt to statistically reconstruct the origin, the destination, 
the moment of start and the duration of each pulse metered call. As 
the space of possibilities is, in practice, ' unmanageable, these 
"vi rtual ' calls" are generated speci fically for the intervals of 
observation and topology selected by the user in each request for 
report. 

The month pulse-metering data are such that the pulses originated 
by long distance calls and those jeferring to local calls come 
grouped in a single total . . The pulse-metered subsystem initially 
separates the long distance from local pulses. A second step is to 
divide the total of long · distance pulses, originated in one 
settlement, among the destination settlements of the same pulse
metering area. 

The next step generates the "virtual calls." wi t ,h the help of the 
tariff bracket matrix and the conversation time p~ofile. The 
traffic profile between 'central .offices i and j can be seen as a 
density function of a random variable. 

Once the profile is abtained, th~ starting time of the call can be 
generated according to this distribution. The distribution of 
duration of calls supplies the other necessary information. Of 
course, the file containing the pu.lse-metered '.'virtual calls" is 
generated before the beginning of the routing ' of calls by the 
automaton. 

In su.mmary, the system treats the existing network asa graph and 
the routing plan as a deterministic automaton which is fed with 
the billing file as input. Each and ev~ry call in the billing file 
is then routed through the network, thus reproducing 'wi th unma tched 
accuracy the network traffic profile. The pulse metered traffic is 
created by a statistical model that "reconstructs" a file similar 
to the toll-ticketed one, containing "virtual calls", based on 
monthly measurements and a vaii~ty of socio-economic parameters. 

With the traffic data obtained from aplication of the software 
system previously described, it is possible to calculate signalling 
traffic once its average times are known. , 

Although the average time spent to receive, process, and send 
messages, is not clearly described in the CCITT recommendations, 
the CCITT Q.514 suggests design objective values around 250 msec -
400 msec as the average time for dial , tone sending delay, exchange 
call rele~se delay, etc. 
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Considering all sorts of change of informations, the average time 
spent for a message in the system is estimated at about 100 msec -
200 msec. 

Taking into account this value and feeding the previously 
described software system with such figures, the planner would be 
able to obtain a first evaluation of total signalling traffic. 

After successive interactions with different network designs, it is 
possible to define which among those configuratiohs would be the 
best. This signalling traffic could be estimated and consequently, 
the most appropriate signalling network could· be found. 

5. CONCLUSIONS 

This paper has tried to describe a first · approximation for dimen
sioning ' common channel signalling in a Brazilian area network by 
using a fairly powerf~ll measurement device. It shows as well that 
the system is a research tool, as it provides facilities for 
indepth observation . and prospective studies. 

It is expected that by the time of the XII Teletraffic Congress 
good results through the application of this system and methodology 
in planning studies of digital networks in Brazil can be shown . 
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