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Since 1983 Italcable put in operation, for the telephone service, a 
dynamic routing strategy based on statistical sampling (10"). Such 
strategy allowed also to implement peculiar network management con
troIs, which do not fit completely with the CCITT defini tions but 
allowed to satisfy several Italcable operative needs. 

1. FOREWORD 

Since 1983 Italcable ("ITC"),the Italian Company responsible of the intercon
tinental telecommunications services in Italy, put in operation for the tele
phone service a dynamic routing strategy, based on statistical sampling. Such 
strategy was activated on a network based on different types of exchanges and 
was proved to be efficient. 

The strategy has been implemented through a centralized computer system which 
is connected to all the ITC telephone exchanges and optimizes the transit 
traffic among such switches on a 10 seconds basis; the overflow traffic from 
an ITC exchange, for a generic destination, is in fact routed to another ITC 
exchange only if the latter has available trunks to that destination, either 
on terminal or on transit routes. 

The' introduction of such strategy on the ITC network lead obviously to several 
changes in the network design and management area. In particular, by utilizing 
the technical facilities made available by the project, peculiar network mana
gement controls have been implemented during the last years, which allowed to 
satisfy several ITC operative objectives, in the respect of some technical 
and functional constraints. 

In the paper, after on overv~ew on the ITC network, the dynamic routing stra
tegy above mentioned is described; indications are then given on the effecti
veness of such strategy and on the relevant impacts on the network design pro
cess. A detailed description of the already implemented network management 
controls is then presented; at last the ITC future perspectives on the topic 
are given. 

2. ITALCABLE TELEPHONE NETWORK 

2.1. Structure 

The ITe telephone network is based on the three Intercontinental Centres of 
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Rome, Milan and Palermo, which have almost the same functional and operative 
characteristics. 

Seven switches (see fig.l), each connected to the national and'international 
network (for a total, at present, of about 3400 intercontinental and 5000 
national trunks respectively) have been acti vated in the above mentioned 
Centres, namely: one "ITT 1240" digital SPC exchange and two "Ital tel CIMA" 
analogue SPC exchanges (one of which acting as a concentrator for semi-automa
tic traffic) in Rome, one "ITT 1240" digi,tal SPC exchange and two "Ital tel 
CIMA" analogue SPC exchanges in Milan and one "Ital tel CIMA" analogue SPC 
exchange in Palermo. In the 1988-89 time frame two analogue SPC exchanges 
(one in Milan and one in Rome) will be deactivated, while during 1991 a 
digital exchange will be activated in Palermo. 

The actual network structure is basically not hierarchical and the exchanges 
are connected among them with a complete mesh network (for a total of about 
1000 trunks), which allows each exchange to send to any other ITC swi tch 
either calls destined to telephone areas not directly connected to it or the 
overflow traffic to other areas, according to the dynamic routing strategy 
described in par.2.2. 

ITC plants provide the intercontinental telephone service with 180 countries 
and have direct circuits wi th about 90 countries, while the ISD service is 
operative with about 50 countries; they are connected to the highest level of 
the SIP (responsible of the Italian domestic traffic) network, and to the ASST 
(responsible of the European traffic) international centres. 
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FIG, 1 STRUCTURE OF THE ITALCABLE INTERNAL TELEPHONE NETWORK IN 1988 
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2.2 Dynamic routing on statistical basis 

As other Administrations, ITe tried to approach dynamic routing taking into 

account the indications given in the international studies, but also proceed

ing on an experimental basis. In particular, an original project named "GTAI" 

(Italian acronym of "Management of the transit traffic among ITe exchanges") 

has been autonomously designed and built, which allowed to implement since 

1982 a dynamic routing strategy based on statistical sampling CD . 
A commercial type mul ticomputer system is connected directly to all the ITe 

switches through dedicated data links, on which a computer to computer proto

col is utilized. Such switches send to the system traffic data with two crite

ria: periodically (each 10 seconds), concerning information relating to the 

occupancy of all the outgoing trunkgroups and to the exchange load, and imme

diately, at the variation of trunkgroups equipment (as in case of activation 

or deactivation of trunks). 

On the basis of such data, received in an asynchronous way by the swi tches , 

the centralized system performs statistical analysis for each switch, in order 

to evaluate the traffic handling capability for each telephone area. Such ana-

-lysis includes hysteresis mechanisms to avoid quick fluctuations of the I 

resul ts and leads, when thresholds specific for each traffic relation are 

exceeded, to the spreading of traffic information on all the ITe exchanges. 

The information sent by the· GTAI, unlike that sent by the exchange, is extre

mely concise and makes reference to a numbering plan of the telephone areas 

unique for the entire network: it basically consists of an "accessibili ty ma

trix" ("AM") which gives, for each of such areas, the traffic handling capabi

li ty on direct and transit circuits relevant to all the switches, expressed 

wi th two bits for each combination area-swi tch (see fig. 2,3). The "AM" spread 

by the GTAI system gives therefore to each switch information which can be 

utilized directly, that is without additional analysis, in the routing pro

grams, like the other already handled (relevant for example to the availabili

ty of their own outgoing trunks). 

Taking advantage of the information received from the centralized system, the 

generic ITe exchange can therefore select the overflow path which h~ a high 

probabili ty of success (i. e. according to the "AM") either on terminal or on 

transi t routes; by means of the "AM", computed with statistical sampling, a 

routing logic is therefore operated which approximates to the conditioned se

lection strategy. 

Furthemore, each ITe switch is always capable of routing the overflow traffic 

in a "blind" way, that is without any conditioning, as for example in case of 
failure in the above-mentioned dialogue: the data received by the GTAI system 

consti tute in fact only a support for the routing function and do not alter 
the content of the tables on which the routing itself is based. In case of fa

ilure of the GTAI system the ITe network therefore does not suffer an heavy 

degradation, with respect to the operating configuration without it, in full 

. harmony with the basic 'reliability guideline of the network management. 
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2.3 Network design 

The increasing complexity of the ITC telephone network, in terms of nodes, 
trunkgroups and types of services, required to undertake a network planning 
process, based on advanced methods and algorithms supported by automatic 
procedures. 

Different network configurations have been therefore considered, with the aim 
of comparing the economic-technical performances of the network in presence 
of a dynamic routing control system. 

For eacrl 01' them, the following input data have been used: 

I) Network structure in terms of nodes, trunks and potential routing 
schemes. 

11) Offered traffic matrices, defined in different peak hours and rei'ative to 
the working and Sunday ,average days of the peak period of the year. 

Ill) Targets of "point to point" quality, defined as a percentage of the loss 
of the "point to point" offered traffic. 

IV) Transmission costs per circuit, for each trunkgroup of the network, defi
ned as the ratio of the depreciation allowance per year of the transmis
sion facilities and the number of the active circuits. 

V) Switching cost per circuit, for each node of the network. 

VI) Technical and economical constraints, relative to the pecularities of the 
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ITC network. 

The adoption of such methodology [2] allowed to change the targets for traffic 
volumes and quality of service from the tradi tional destination basis (for 
example ITC node to intercontinental gateway) to the more accurate and complex 
point to point one (i.e. SIP node to international gateway). 

This new approach derived from the necessity of planning the telephone network 
more adherently to the users needs and of controlling more strictly the tele
phone service. Such method is however more complex than the traditional one, 
mainly due to the need to determine offered traffic matrices no more at 
trunkgroup level but at the point-to-point relation one. 

In particular, two types of network have been considered with the same number 
of nodes (about 128) and trunkgroups (about 600), but with different routing 
selection techniques. The first one utilizes the conditioned selection model 
(approximated by the GTAI system, as indicated above), on the basis of which 
each call can always find on overflow route available in the network. The se
cond network utilizes the traditional step-by-step routing selection. Each of
fered traffic matrix contains, for both networks, about 3200 elements (traffic 
relations) and it refers to a particular peak hour (in our model we have 
considered six matrices). 

Based on 1988 traffic and network data, the study has shown (see table 1) that 
the average loss of network 1 (defined as weighted sum of the single losses 

for each traffic relation, divided by the total offered traffic) is about 15% 
lower than that of network 2, having both networks the same point to point 
quality targets (for all traffic relations egual to 5%). 

NETWORK NETWORK NETWORK DELTA % DELTA 

1 2 (N.2-N.1) 
(N.2-N.1) 

PARAMETER N.2 

NETWORK AVERAGE LOSS (%) 2.2 2.6 0.4 15.4 

INTERCONTINENTAL CIRCUITS 3587 3711 124 3.3 

INTERNAL CIRCUITS 944 649 - 295 -45.5 

DOMESTIC CIRCUITS 4818 5009 191 3.8 

TOT. CIRCUITS 9349 9369 20 0.2 

DISTRIBUTION OF INTERCONTI-
NENTAL CIRCUITS (%) 

ROME 55 66 11 16.7 

MILAN 36 29 - 7 - 24.1 

PALERMO 9 5 - 4 - 80 

TABLE 1 NETWORK ALTERNATIVES COMPARISON 
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In addition, the number of intercontinental and national circuits of network 1 
resulted lower than that of network 2, while the opposite occurred for the in
ternal ITC network, being the last one dimensioned with a very low grade of 
loss (to minimize the internal congestion losses connected with the present 
routing implementation). Finally, network 1 allows a more uniform utilization 
of the plants of the ITC network. 

3. NETWORK MANAGEMENT CONTROLS 

The border between dynamic routing and network management is considered to be 
not very straight; in fact in the new CCITT E.170 Recommendation it is stated 
that dynamic routing "inherently incorporates fundamental principles of net
work management". 

In the ITC application, besides the dynamic routing function described pre
viously, the building of the GTAI project allowed to implement a number of 
network management controls. Such controls do not find a precise corresponden
ce in the CCITT Recommendations [3J but, in consideration of their effective-
ness, 
low. 

they are considered of some interest and are described separately be-

A first · cathegory of network management controls made available by the GTAI 
system is associated to the possibility of controlling manually the traffic 
among the ITC switches. Network management operators can in fact modify the 
above mentioned "AM" through the terminals of the system, overriding in this 
way the automatic dynamic routing mechanism, selectively for each traffic re
lation or globally. This type of controls is normally used for traffic "pro
tecti ve" purposes. As an example, by declaring as unaccessible a destination 
on a particular ITC switch (which means to put to zero the relevant bit in the 
"AM"), ITC switches will stop automatically to send traffic directed to that 
destination toward that switch (independently of the circui ts availability 
status in that switch). As a further example, by declaring as unaccessible all 
the destinations on a particular ITC switch (which simply means to put to zero 
all the values of the column of the "AM"), all the ITC switches will stop to 
send all kinds of traffic towards that switch. 

A 'second cathegory relates to the possibility of controlling the routing of 
calls to special recorded announcement machines, in case of congestion towards 
a specific destination. \Ni th the availability of this control, recorded an
nouncements invi ting to defer calls can be addressed to the subscribers for 
the only destinations for which an heavy congestion has been experienced. Du
ring the occasional "all trunks busy" situation it was considered in fact to 
be not worthwile to send indiscriminately such type of messages to the sub
scribers, due to the consequent service demand decrease. The routin'g towards 
recorded announcements is therefore selectively controlled by the network ma
nagement personnel, on the basis of real time occupancy data monitored on the 
GTAI terminals and other statistical data relating to the quality of service; 
the last data are sent by the switches, through appropriate front ends, to an 
overall traffic supervision system complementary to the GTAI, where several 
traffic reports and alarm analysis are executed, for the time beeing on an 
hourly basis [4J. 
A third cathegory relates to the control of a load sharing procedure imp~emen
ted to distribute the traffic towards different Correspondents of the same co-
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untry in a deregulated environment. Such a procedure consists of a real time 
distribution of the outgoing traffic among several routes, according to prede
termined 10" window patterns; traffic towards the above mentioned Correspon
dents can be simultaneously monitored and controlled from the terminals of the 
GTAI system, which allows also the on line modification of all the parameters 
of the load sharing mechanism. 

In fig.4 and 5 the VDU masks of the GTAI system which are utilized for the 
real time . monitoring of the controls above described are shown. 

MONITOR INFORHAZIONI OBIETTIVO 002-UNYE 
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FIG. 4 ACCESSIBILITY MATRIX MONITORING 

Monitor Accessibi!ita' MCII 

Obiett.\Cent. D7 12tll D9 Di4 D8 D15 -12R" 

CONS 75 - 47 137 126 108 348 
UNYE DISP 29 - 7 116 59 77 274 

ACC .. - 1 1 1 1 1 

CONS 75 - 63 221 201 132 444 
UVP DISP 29 - 10 170 85 81 320 

ACC III - 1 1 1 I 1 

CONS - - 48 59 - - -
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" Ace. UNYE - - 0 0 - - -
C Ace. UWP - - 0 0 - - -
I Ace. Rich. - - 11110 11110 - - -
I Ace.Perc. - - 4 I 451 - - -

Interv. - - 00:00 00:00 - - -
attivita' - - 23:59 23:59 - - -
Cen.Trab. - - CENS eENS - - -

Carri~r (1-9) ? 0 HCII 18:53:28 
'---------------.. _ - _._---_ ..• - ... .. _ .. . -----.. .... . -.. - ._------

FIG. 5 LOAD SHARING MONITORING 
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As it can be noted, the nature of all types of controls above described (which 
are operated, when necessary, by the ITC network management personnel) is very 
similar and basically corresponds to a sort of "skip route" control, selective 
by destination (and not global, as indicated in the CCITT Recommendations). 

The availability of such controls in a centralized environment allowed to 
have an unique man-machine dialogue towards exchanges of different techniques 
and to obtain good time performances: as opposed to the traditional technique 
of operating separately on each exchange the necessary controls (which implies 
some effort in terms of coordination and syncronization), the mechanism acts 
in fact simultaneously on each switch of the ITC network. 

4. PERSPECTIVES OF NEW ITC DEVELOPMENTS IN THE NETWORK MANAGEMENT AREA 

Several developments have been planned by ITC in the network management area. 
In particular, for what concerns the network management controls the following 
projects have been scheduled in the 1988-89 time frame: 

- implementation of some "classic" network management features on the ITC 
switches; 

- implementation of dynamic routing controls for the operator traffic; 

- extension of the dynamic routing controls beyond the ITC network. 

The first project relates to the implementation on the ITC switches of some of 
the basic controls recommended by CClTT (like "Code blocking", "Skip route", 
"Cancel to and from"): such controls will be activated through a centralized 
system (possibly the GTAI system), by means of commands given on its terminals 
and relating to a limited number of traffic configurations. 

All this controls will be selective for type of service {lSD, operator, tran
sit traffic, etc.}: the advantages of such selectivity have been recently un
derlined in CCITT (Study Group 11) and in the next edition of the E.412 Recom
mendation ("Network management controls") such feature will be explicitly re
commended. A first implementation of such project is foreseen for the begin
ning of 1989. 

The second project relates to the optimal automatic distribution, through the 
GTAI system, of the operator booking traffic, based on traffic and exchange 
data (length of queues, answer delays, etc.). It will allow to send the book
ing traffic to the ITC switch on which the operator smallest response time is 
registered and will be implemented during 1988. 

The third project relates to the possibility of implementing a form of dynamic 
routing towards the international and national networks, by utilizing traffic 
data received on a real time basis by other international network management 
centres. Already at present the GTAI system is in fact connected to the ASST 
and AT&T Communications network operation systems: such connections allow the 
real time and mutual transfer of the traffic data stored on the GTAI system 
and on the remote supervision centre, and represent a natural evolution of the 
"telemetry systems" already operative in the international network. At 
present, data received are reciprocally utilized by the two network management 
centres, only to supervise the terminal and transit traffic handled by the two 
Correspondents. 
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.ITC .l:s .also· avaluating the possibility to implement a '·form of dynamic routing 
method based on the combination of the present logic and that based on the use 
of the CCITT n07 common channel signalling system •. It is considered in fact 
that with the integration of the statistical sampling based routing and a de
terministic rerouting logic based on "crankbackll signals (or similar) a very ef
ficient real time choice of the optimal routing can be achieved. A deep 
evaluation of such hypothesis has been already carried in the past by Bell 

Labs [5J. 

For what concerns the network supervision, taking advantage of the traffic ana
lysis on call record basis, which will be available (on a network level) 
during 1989, traffic supervision will be moved from the observation of 
trunkgro\..Jps performances to ·the more · powerful and compLex analysis of the 
single traffic relations. 

The same raw data, automatically sent by the exchanges to centralized computer 
systems should therefore be utilized for both the supervision and design acti
vities; besides, the adoption of such centralized approach will allow to move 
the complexi t~ of statistical procedures and data basis handling out of the 
exchanges and therefore to guarantee remarkable flexibility and advanced ope
rative characteristics (due also to the use of commercial software in the cen-
tralized systems.). . \ 

On a longer term (early 1990' s) a new supervision system should be bui 1 t, 
which will represent a second generation of the present systems, with the aim 

. of obtainm,gthe full control of the productive process relevant to the various 
telecommunications services (telephony, telex, data transmission, operator 
services, etc.) • Such system will allow an integrated management of the 
various switching and transmission aspects, with a complete integration of 
data basis relevant to the different applications and possibly standard 
man-machine interfaces. 
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