
• 
• 

• 

• 

• 

• 

Hypothesis of a Toll Network with Separate 
Routes for First-Choice and Overflow Traffic 
G. Diano and P. Pallotta 
SIP - Societa Italiana per l'Esercizio Telefonico, Roma, Italy 

G. Masetti 
SIP - Societa Italiana per l'Esercizio Telefonico, Bologna, Italy 

ABSTRACT 

The paper develops the subject, dealt with previously, 
of finding a hierarchical toll structure which would not 
only be the economic optimum but would also operate 
well in overload conditions. 
The structure envisaged, called book-network because 
of the configuration of its routing chart, has the 
characteristic of always keeping-choice and overflow 
traffic separate by splitting up the trunk groups and 
the transit exchan.ges. 
Having defined the calculation methodology and estab -
lished the design of this new network, it is compared 
with the traditional one from the point of view of costs 
and of efficiency, both in design and overload condi -
tions ; the latter are taken, for the sake of simplicity, 
as shortage of circuits on high-usage or final trunk 
groups. 
The comparison shows that the book-network is more 
capable of guaranteeing, in overload conditions, the 
handling of the traffic of the small relations but is 
more expensive than the traditional network; however, 
when it becomes necessary to split up transit exchanges 
in operation the difference in cost becomes negligible. 

1. INTRODUCTION 

The design criterion necessary for the achievement of 
smaller streams of traffic in the event of accidental or 
permanent overloading, already dealt with in a paper 
presented to the Stockholm Teletraffic Congress ( see 
Bib!. 1), are taken up and more thoroughly examined in 
this document. 
Whereas the first phase of the study dealt with the 
subject in a general way - examination of several 
hierarchical networks, comparison criteria, overloading 
assumptions - the present work concentrates on a specific 
examination of a particular hierarchical network 
structure, which we shall call "book"· type, w her e 
first-choice and overflow traffic are never mixed. 
Firstly, the design parameter of this network are found 
and a calculation is then made to compare its costs and 
efficiency with the traditional hierarchical network, 
taking a real complex system, such as the SIP direct -
dial network. This study is particularly relevant since 
in the Italian network (and presumably not only in it ) 
the transit exchanges have, over the years, expanded at 
the same rate as the increase in the network (an average 
annual rate of over 100/0), often causing saturation in 
the buildings where they originate. It soon becomes 

* As the traffic routes are completely separate except 
at the points of origin and destination, the diagram of 
the routings appears like the pages of an open book 
(see Fig. 2) the spine of which is represented by the 
DC departure-DC arrival relations: hence the name 
"book network" . 
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necessary, therefore, to split up the exchanges and this 
provides an opportunity to choose new network struc
tures, taking "protection" against overloading of all the 
traffic streams into account in the economic design 
criterion (hierarchical network with alternate routings). 

2. THE SIP DIRECT-DIAL NETWORK 

As an essential reference, Fig. 1 gives the diagram of 
traffic routings in the present SIP direct-dial network, 
of the hierarchical type with three levels and with high
usage direct connections. Local areas with univocal 
numbering, for which the interurban code must be used 
for outgoing communications, are not included in the 
diagram. 

NC 
National Center 

CC 
Compartiment Center 

DC 
District Center 

local area local area 

Fig. 1 - Diagram of the SIP inter-district 
Direct-Dial network 

A concise description of the network is given in Table 1, 
which shows the composition of the elementary traffic 
relations; in Table 2, regarding the composition of the 
traffic routing; and in Table 3 which gives the number 
and types of circuits composing the network in the 
year 1976-. 
The data given in the tables show that the larger streams 
of traffic represent a very limited number of relations, 
while most of the relations, on the other hand, have very 
little traffic. This network guarantees a progressively 
better service to the larger streams, as a higher num
ber of routing possibilities are provided for it. 

- The data cont.ained in the latter table do not correspond 
exactly to the real network (the plan of which includes 
appropriate redundancies and which is also affected by 
certain local plant constraints) but to its optimal design, 

subject to the same constraints as the book network 
which will be dealt with next; this is the only way in 
which an economic and behavioural comparison can be 

made between the present network, taken as a refer -
ence , and the book network under consideration . 
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<1 Er 1. h5 Erl. 5.10 Erl. ~0+20 Er 1. 20-50 Er 1 >50 Erl. 

% relations 89,1 7,6 1,5 1,0 0,6 0,2 

% traffl c 13,9 18,3 11,9 H ,4 20,9 20 , 6 

Table 1 - Composition of DC-DC Traffic 

Group 

DC-DC 

DC-CC 
hI gh-usage 

DC-CC 
fInal 

CC-DC 
hI gh-usage 

CC-DC 
fl na 1 

CC-CC 

TOTAL 

CIrcuits Trunk-groups 
C/TG 

No. % No. % 

43.010 48,6 2.888 62,9 14,9 

4.152 4,7 474 10,3 8,8 

14.446 16,3 234 5,1 61,7 

3.502 4,0 422 9,2 8,3 

15.025 17,0 235 5,1 63,9 

8.316 9,4 342 7,4 24,3 

88.451 100,0 4.595 100,0 19,3 

Table 2 - Amount and composition of the 

SIP inter-district network 

\~i th dl red With 1 With 2 

trunk-group transit transl ts 

% relati ons 5,5 32,0 62,5 

% traffi c offered 76,6 17,0 6,4 

Table 3 - Traffic routing 

The smaller streams are routed via transit, where this 
first-choice traffic is routed along with the overflow 
from previous-choice groups, on which the traffic of 
the larger relations is routed. In the event of accidental 
phenomena (traffic overloads, breakdown, delay in ef -
fecting programmes etc. ) the larger traffic relations 

are therefore less vulnerable, whether the relation it
self is directly affected or whether it is a consequence 
of phenomena caused by other relations. Furthermore, 
as time passes, with the increase in volumes of traffic, 
direct trunk- groups also increase (in number and size) 
and anomalies which can affect the last-choice routings, 
where the remaining small traffic relations are routed, 
also increase in quantity and volume. 
This phenomenon, connected with the traditional network 
structure, considerably affects the quality of service 

given to the various traffic relations. 
In view of the fac.t that no network structure can provide 
- within reasonable cost limits - the same level of serv 

ice for smaller relations as it can for larger ones, ma!!. 
y corrections have already been made to the present 

network plan, on a purely economic basis, to obviate -
at least partly - the disadvantage mentioned (e. g. fixing 
a maximum overflow percentage, establishing, for many 

relations, direct trunk- groups not always economically 
justifiable etc.) . nevertheles s, there is still a mixing 
of first-choice and overflow traffic on the transit routes 
with the result that, in certain situations, many smaller 
relations may have a very unsatisfactory grade of ser~ 
ice. The solution therefore seems to be a different ne.!, 
work structure with first-choice and overflow traffic 
completely separate, as is the case with the book net

work. 
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In this network measurement of traffic is also simpler 
and it is therefore possible to have a more exact idea 
of the quality of service as well as of the basic elements 
needed for the traffic forecasts on which the network 

design is based. 

3. BOOK-NETWORK 

3. 1 STRUCTURE AND CHARACTERISTICS 

The basic characteristic of the book-network is that it 

provides for complete separation of first-choice from 
overflow traffic, both in the trunk-groups and in the CC 

trans it exchange s. 
There are two choices for all the streams of traffic out

going from each District Centre. 
First-choice traffic routing can be: 
a) - with direct DC-DC trunk-groups for larger relations 

(on an economic basis); 

b) - or with direct groups originating DC - destination 
CC linked there to the first-choice transit section 
(to which only groups for first-choice traffic are 

linked towards all the dependent DC's), this is also 
done on the basis of economic considerations; 

c) .- or with a group, originating DC - originating CC, 
towards the transit section reserved for first -
choice traffic and from there routed towards the 
destination DC by a high-usage group, if this is more 
economical, or else via destination CC. The trunk

groups linking the first-choice transit sections of 
the CC with each other and with the dependent DC 
always exist for the routing of all the traffic rela -
tions which have not got a) or b) groups. 

NC 

CC 

7 
'~~-.! - -----:Q~)" 

3' ~ ,../ \ 

1>1
/ 2'><:' \ 

,../ ~ \ ~/.# '-'-,- { 

,../ I '-

-----~-----

9 

DC 

Fig.2 - Diagram of the book-network 

Routing of second-choice traffic is done on a network 
which - when it is in its complete form - is similar to 
the traditional one, in which the criteria and order of 
the traffic routing remain unchanged. However, no fir st
choice traffic stream is routed on this network but only 

overflow traffic from the previous network; the entire 
layout could therefore be redundant. 
A simplified version of such a layout is shown in Fig. 2 

where, up to CC level, the second-choice network con 
sists of only hierarchical trunk-groups (DC-CC, CC-CC, 
CC-DC) : in practice this involves the abolition of inte!. 
mediate overflows with the result that only two routing 
choices exist for each rate of traffic. 
Such a layout does not achieve the maximum possible 
performance of the complete network, however, in view 
of the basic information sought and moreover because 

it simplifies the optimization calculation, this simpli
fied book network is adopted for comparison with the 
traditional one . 
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3.2 BOOK NETWORK CALCULATION 

In traditional hierarchical networks mixing of first- choice 
traffic with overflow on final routings makes it necessary 
for such groups to be designed with a low loss, so as to 
ensure that the first-choice traffic along them will not 
have more than the maximum permissible degree of loss. 
This also ensures that the rest of the traffic on the toll 
network will be within the same limits. 
However, in the book-network under consideration, since 
each rate of traffic always has two alternative routings 
available and the last-choice routing only carry overflow 
traffic, a low loss design is no longer necessary for the 
latter, to ensure the global grade of service required 
from the network. This does not mean that this criterion 
cannot be maintained but to do SO another condition must 
be introduced: setting of the overflow degree of the first
choice groups parallel to the last-choice ones {DC-CC, 
CC-CC, CC-DC} which would not be defined in a pure 
and simple economic calculation {since the ratio of cost 
between direct and alternative routes is very close to I}. 
Instead of designing the last-choice routes in the "book
network" with a low loss, the more general criterion of 
ensuring that the global degree of loss of each traffic 
relation does not exceed a predetermined value, whatever 
the type of routing, can be adopted {this value can, if ne£ 
essary, vary according to the type of routing} * . 
Not only the loss degree of last-choice routes but also 
the maximum values for the overflow from fir st-choice 
groups can be determined with this criterion: these val -
ues are related to each other by a series of equations 
which express the conditions fixed for the different types 

of traffic routing. 
These conditions and the conseguent equations are given 
in detail in Appendix 1 . 
In the optimization calculation for the book-network a 
choice must fir st be made between the pos sible routings, 
since they exclude each other, before the various traffic 
streams are assigned to the trunk-groups. A calculation 
on an economic basis {see Bibliography 2} as for the 
traditional network, can only be made subsequently when 
the groups so determined are being designed {any high
usage groups found to be uneconomical by the iteration 
of the calculation are eliminated}. The preliminary 
choice of the route is made by determining, for an incr!. 
mental traffic LiA offered to each relation, the lowest 
cost for the various alternative routing. This cost is 
obtained as a weighted average of the cost of the first
choice and final routes taking as weights the percentages 
of the streams of traffic handled by, the various routes. 
More details on this subject are given in Appendix 2 . 

3.3 CALCULATION BY COMPUTER 

In the same way as for the traditional network - for which 
SIP has had for some time a program which makes an 
optimal design by an iterative method based on Pratt's 
formulae (see Bibliography 3) - a procedure has been 
established for the optimal design of the book network. 
The procedure develops an iterative process which, tak-

ing as a starting point a predetermined marginal capaci
ty arrangement of the final groups (H or EE), calculates 
the marginal occupancy values for high-usage groups, 

* When this criterion is adopted, special attention must 

be paid to international traffic which enters the natio~ 
al network at the CC level, where it is routed either 
to or from the dependent DC's. The routing plan of 

the book-network allows connections for international 
traffic to be linked to the transit exchanges in such a 
way that groups of both first and last choice are al -
ways available to them between the CC and the DC . 
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according to the formulae given in Appendix 2. On this 
basis, the procedure assigns the most economical first
choice routing to each DC-DC traffic relation, comparing 
the K 1 to K4 cost indicated therein. At this point the trai 
fic offered to each group can be determin~d and the nu~ 
ber of circuits can then be calculated. The marginal ca
pacity is consequently determined for the last-choice 
groups and the entire calculation repeated with these new 
values. The process works out in practice after 4 or 5 
iterations when the cost variation between any iteration 
and the one before it becomes negligible. 
The procedure was developed for an IBM 370/158 type 
computer on which it occupies 800 Kbytes of central 
memory, reducing processing times to the minimum; 
for an optimization calculation obtained with 5 iterations 
they are in the order of 10 minutes of CPU. 

4. COMPARISON OF TRADITIONAL NETWORK WITH 
BOOK NETWORK 

4.1 ELEMENTARY NETWORK CELLS 

To facilitate the study of the behaviour of the network, 
without using a small-scale model, it was decided to 
subdivide the system into a limited number of elementa
ry networks {called cells} each of which is the standard 
of a known number of relations. The standard consists 
of the routing which mainly and directly contribute to 
the determination of the overall grade of service. The 
elementary cells thus obtained are very few and are 
shown in Fig. 3 . 

TRADITIONAL NETWORK BOOK NETWORK 

J'"Tr RCC"'IPARTJ"'E:"T RELAT!O:-:S 

.R£L-\ rIO:\S \\ iTHI!\ CO~.1PART I ~ !E:XTS 

AA 
R£LA T IC :" S WITHI:,\ CC~IP."RT I~l E (\TS 

An 9 '0 

-- -----

Fig. 3 - Elementary cells of the traditional and 
book-network 

There are 10 cells in the traditional network as against 6 
in the book network: this indicates in the latter a greater 
uniformity of routing and therefore in the handling of all 
the traffic relat_ions. In accordance with Appendix 1, the 

elementary cells consider only the network between DC 
and CC levels, ignoring the higher (NC) level since, as 
already mentioned, it merely has an auxiliary function 
for the lower level network . 
Subdivision in elementary cells is an indispensable con
dition for a study of the network by simulations. 
In addition it permits a better interpretation of the net

work's behaviour as it correlates the loss degrees of 
the traffic relations with their own routing. In order for 
the study of such a limited number of elementary net-
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works to be representative, they should be determined 
statistically, classifying all the traffic relations of the 
national network on the basis of the elementary routings. 
In this way, the appropriate traffic and circuit values 
can be assigned to the trunk-groups comprising each 
"cell" and the weight of each cell in the national network 

can be ascertained. 

4.2 OVERLOAD CONDITIONS 

The need for a comparison in overload conditions arises 
because in design conditions the behaviour of the various 
structures, even though not identical, is always satis -
factory as it corresponds to the design criteria. 
The phenomenon of overload on the network can be caus
ed either by an actual overload of traffic with respect to 
the values forecast, or by shortage of circuits(because of 
breakdowns or of delays in plant implementation sched -
ule and can affect quite large portions of the network in 

various ways . 
In view of the difficulty of fully representing this phe -
nomenon it was decided that, for the purposes of this 
study, it was significant enough to take shortage of cir
cuits as the overload condition. 
This condition is easily expressed and moreover corre
sponds to one of the most common difficulties actually 
encountered. Shortage was considered separately for 
high-usage and for final trunk-groups, as the behaviour 
of the two networks can be influenced differently by it. 
Maintaining the volume of traffic offered to the network 
unaltered, a s i multaneous reduction equal to 15% of the 
project value on all the trunk-groups of the same type 
was chosen, which is approximately equivalent to a nor

mal implementation. 
For a uniform comparison with a traditional network in 
overload condition, the shortages of circuits on, first -
choice groups of the hierarchical routings in the book 
network were considered together with those of last -
choice instead of with high-usage groups. 

4. 3 METHODS OF COMPARISON 

To compare the two types of network it was necessary, 
first of all, to make the optimal calculation on the basis 

of constraints common to both: 
- same traffic offered; 
- same total traffic loss n design conditions(= 0.7%); 
- existence of direct DC-DC groups for every traffic 

relation ~ 3 Erlang 
_ mesh network between the CC's with a degree of loss 

of 1 % (to allow for the higher level network). 
On the basis of the traffic data summarized in Table 1, 
designs were made as shown in Tables 2 and 3 on page 2 
for the traditional network and in Tables 4 and 5 for the 

book network. 
Networks thus designed can be compared from the point 
of view of cost and behaviour, the latter being found 
from the loss degree in design and overload conditions. 
For the evaluation of the behaviour in overload condition 

a new calculation was made for both networks, on the 
basis of the same design traffic but with the circuits 
reduced as indicated in paragraph 4. 2 ; the new charac-

teristic values for the elementary cells were consequen.,! 
1y obtained. 
The loss degrees are calculated according to the classic 
congestion formulae, even though in reality the be
haviour of subscribers in overload conditions differs 
from that in the Erlang hypothesis. 
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Cl reul ts Trunk - groups 
Group No. :t No. :t 

CC-OC 41.764 43,8 2.573 50,2 

DC-CC 
3.151 3,3 389 7,6 

hi oh-usaae 
CC-DC 

3.535 3,7 521 10,1 
hi gh-usage 

DC-CC Hlerarehl-
9.645 10,1 234 4,6 

ca I hi gh-usage 

DC-CC 
6.863 7,2 234 4,6 

final 
CC-CC HI erarehl-

4.658 4,9 339 6,6 
ca I hi gh-usage 
CC-CC 

7.169 7,5 342 6,7 
final 
CC-DC Hi erarchl-

7.91+7 8,3 235 4,6 
cal hi gh-usage 
CC-DC 

8.624 9,1 235 4,6 
final 

Connect I ons 1.998 2,1 19 0,4 

TOTAL 95.354 100,0 5.121 100,0 
i 

Table 4 - Amount and composition of the 
book-network 

With direct With 1 With 2 
trunk-group transi t transi ts 

% re lat! ons 4,9 30,6 64,5 

% traffl c offered 74,8 16,6 8,6 

Table 5 - Traffic routing 

C/TG 

16,2 

8,1 

6,8 

41 ,2 

29,3 

13,7 

21,0 

33,8 

36,7 

105,2 

18,6 

Indications of the quality of service in overload condi -
tions more close to reality were sought by simulations, 
possible because of the subdivision of the network into 
elementary cells. The results thus obtained, which are 
not included here, confirmed the validity of the data ob
tained by calculation. 
Starting with the value of the los s degree as sociated with 
each type of relation, a comparison was made between 
the overall efficiency of the two networks, obtaining the 
average loss degree of the whole network (B) and the 
average of all the relations' losses (Bm) regardless of 
their volume of traffic. In fac't, B expresses the traffic 
loss quantitatively while Bm gives an indication of quali
ty as regards the disparity in treatment between the 
various relations. 

5. RESULTS OF THE COMPARISON 

5. 1 ECONOMIC ASPECTS 

The book-network, designed in the way described in 
Chapter 3 and with the constraints mentioned in para -

graph 4. 3, costs about 7% more than the traditional ne.,! 
work with the s.ame constraints. An explanation for this 
higher cost can be found by comparing the data given in 

Tables 2 and 4 from which it can be seen that the book
network differs from the traditional one in the following 
way: 
- a greater total number of circuits (+ 7.80/0) and a grea,! 

er overall number of trunk-groups, mainly because of 
the splitting up of hierarchical routings; 

- less direct routing of traffic from the DC's (-120/0 for 
groups, -3. 5% for circuits), due both to the different 
incidence of the efficiency and of the cost ratio of the 
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alternative routings on the two networks and,Jar DC-CC 
groups, to the fact that they handle only first-choice 
traffic; 

- consequently, a higher numb~t of circuits (+ 18.80/0) on 
hierarchical routings, even though subdivided in two 
parallel groups . 

These differences are mainly related to the different lay 
out of the book network which tends to reduce high-usage 
groups because of the elimination of the mixing of first
choice and overflow traffic; these differences can, how
ever, be reduced in quantity by implementing the second
choice network in its fullest configuration (i. e, also with 
high-usage DC-CC's and CC-DC's for overflow traffic). 
Another aspect to be taken into consideration regarding 
costs is the necessity, in the medium term, to split up 
the automatic transit exchanges of most of the CC's for 
plant and space reasons. 
This will involve a configuration with many split up 
group·s for the traditional network also. A study was 
made on this point and it was found that the costs for 
the traditional network dealt with in this paper would be 
increased from a minimum of 3.50/0 to a maximum of 60/0, 
depending on the way the two networks linked to the two 
automatic transit exchanges of each CC are interconnec.! 
ed. In this case the difference in cost compared to the 
book-network become very small and a comparison be
tween the two networks based on their respective efficie~ 
cy thus becomes acceptable. 

5.2 EFFICIENCY 

The comparison between the behaviour of the two net
works is illustrated in Tables 6 and 7 and in the histo
grams of Figures 4, 5 and 6 . 

CELLS 

N t:t ' vor k cumrO.il ,Oh B " Average I"d. per relation 
r----r---- I---- .---r-- --- -

% I .,. Design r--~v~~ load condition. 

r e lations I traffic condit IOn. H igh - u.alle Final 

rI 1 (,2,5 (',5 2,'J7 7,87 9,70 
_ . --- - - - - - -- - - r-- - -- --f--- -. -- -- +---'-'-- -.-1 

c::=J 2 0,3 1,4 0,53 9,37 1,90 

r 
I 

: , 
I 

- ~ 3 13 ~ 7 - --6~~ - · r---;· .. ·S3 - - .- 8,-~;- --5'o~- 1 
- - .- - - - . - f- - 1------ - +---------1 
~ 4 1,0 7,5 O,:!4 .,71 097 
~---- --- -- - - f- -- · -- -·--+---·---~ I 

r:::::::J 6 12, 3 5,4 I, 52 8, 65 6, 86 , 
- --- - --- - - r-- - ----+-----i , 

~-! ---~~- - e-- . ~'?:..!- _1---'!.,_~4 -r -~~ ___ 1_,_0_6 __ i 
_~_? __ .. ~ ,~_~: 8 

_ _ r--~' -~=- - __ . .?-, _4_8 ._+-_4_,_5_2_~ 
~ 8 0,5 5,0 0.18 3.74 3.Z0 

- - ---- -- . - - -- . -- r--- - -- -.- .- - -i----- --

A 0 4. 5 3. 9 Z, 00 6, 94 7, 85 
...... - - - - -i-- · - - -r--- . ~--+-----+-- - - --+-----1 

6 10 2,6 52,4 0,Z4 2.91 {.05 

Averag e 10 •• Qf th" traHic (S) 0.70 4,50 2 . 01 

Averag e 10 •• of th " relatiun (Bm) 2.37 7,82 8.10 

Table 6 - Synthesis of traditional networ;k 

The tables give the loss values, in design and overload 
conditions, for each type of elementary cell, separately 
for the two networks, together with the relative percen.! 
age incidence in terms of relations and of traffic • 
The B and Bm values for the whole network are also 
given. , 

ITCS 

N .. t work composit ion B = Averag e 10sN p e r relation 
t---------- - ---+---.--- ---

CELLS Of, De s ign ~~rload condition. 

relat ions traff ic conditions High-us age 

11 ·1 64,5 8,6 0,85 
- - - 1------- - -- . -- - -- .- -

__ 2 Z,4 22,9 0,78 
------~-- - - --- -- - . - -

........-13 11,0 5, 6 1.17 
- --- - -- - -- ---- -- r-- .-- -

f'-...... 4 - ---- 6 ,7 - - ---+-._-
15,2 

A 5 4,4 4, 1 
,------~--- - - --

6 2,5 51 , 9 

-

1.00 
1---. -

0 ,6 1 

0,57 
1 
i 

2,27 
. . _- _. - - I-. 

B,46 

6.61 

1, 56 

I. 80 

5, 37 

Final 

5,70 _.-

2.98 
---- - -
4,65 ------
5, 7 0 

4 . 74 - ---
l . 34 

0 . 70 
, 

; Ave ra ge 108 8 of th" t r aflic (B) 

--------~------I-------~--------I 
~, 60 3, 23 

i AVt~ ri1R~ 10 ::1 6 o llll e r Ediltion ( H I " ) 0 , 89 3, 15 5,40 

Table 7 - Synthesis of book-network 

TRADtTlOtW. NETWORK BOOK NETWORK 

'If> ~ .. t .. 1fIo 

I 8 .......... 8 

7 7 

-e 6 

5 5 

4 4 

3 3 
,..... -

2 2 

0 -,....." In I 
0 

15 1 • 2 2: 3 35 (I, ti 2 2$ 3 
a.. 8'16 

Fig.4 - Design conditions 

TRADITICIIW. NETWORK BOOK NETWORK 

96 ... t ..... 
0 .......... 8 ,..... 

7 7 

8 e 

5 5 

4 4 

3 3 

2 2 

r n 
1 2 , 4 

Fig. 5 - Overload on final routes 
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96 
8 

TRADITIONAL NETWORK 

t§ill .HrMfic 

0"-

BOOK NETWORK 

8 

Fig. 6 - Overload on high-usage routes 

The histograms show the variability range of the loss 
degree values as related to the volumes and the number 

of traffic relations. 
Even in design conditions, although both behaviours are 
considered acceptable, the difference in layout between 
the two networks is self-evident since the book network 
has less variability of loss values and the treatment of 
the "traffic parameter" largely coincides with that of 
the "relations parameter", unlike the traditional net
work where the treatment of the two parameters is 
antithetic. This can also be seen from the total los s 
values, as B = 0.7% in both networks and Bm = o. 89% 
in the book-network but 2. 3 % in the traditional one. 
In the event of overloading in the final routings, the 
behaviour already seen in design conditions is accentu
ated since the book-network provides a markedly better 
treatment for the many small relations at the cost of a 
slight deterioration in the losses for the larger traffic 

streams. 
The overall loss values are: B = 3.23% in the book -
network and 2.01 % in the traditional one, while Bm 
values are, respectively, 5.4% and 8. 1% . 
In the event of overloading on high-usage routings, the 
behaviour of the book-network considered is less satis
factory as the variability of loss degree is almost the 
same as for the traditional network. Moreover, the 
treatment of the larger streams of traffic deteriorates, 
giving rise to an unjustified improvent for the small ones, 
until the treatment of the large and small streams be

comes inverted. 
This anomalous behaviour can, however, be corrected 
to a great extent by a second-choice network in its en
tire structure; as this provides intermediate routings 
for traffic overflowing from first-choice groups, it 
reduces the range of loss values as expected from the 
new network. In particular, the anomalous value related 
to rates of intercomparmental traffic served by DC-DC 
groups (cell 2 with 8.46% los s) would be brought down 

to about 5%, as can be deduced from the different degree 
of loss in the traditional network for cell 2 (9.37% loss) 
as compared with celles 4 (4.7l%), 6 (5. 82%) and 8 
(3.74%). In these conditions the book-network behaviour 
- even in the event of overload on high-usage routings -
can be considered satisfactory. 

6. CONCLUSIONS 

From the behavioural point of view, the book-network 
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handles traffic in a decidedly more satisfactory way than 
the traditional network. 
In fact, the small traffic streams are no longer sacri
ficed to the economy of the system, but are sure of 
acceptable treatment, even in overload conditions, with 
only a slight deterioration in the grade of service of the 
larger streams. This is even more importan than may 
appear from this paper, since the Erlang hypotheses 
lose their validity in the presence of high congestion 
and the phenomenon of repeated calls is accentuated. 
Another advantage of the book-network is that it limits 
overload effects to the relations directly concerned and 
therefore reduces phenomena caused on others. 
From the cost point of view in the case of a traditional 
network with one automatic transit exchange per CC the 
alternative of a book-network would be too expensive as 
the high investment involved makes the higher cost, esti
mated at about 7%, very burdensome. However, when -
as is the case in the Italian network - it is in any case 
necessary to split up the automatic transit exchanges of 
many CC's, the book-network is an acceptable alterna
tive for achieving a better network structure, both from 
the points of view of ·traffic handling and of reliability of 
service and from the economic viewpoint. 
In fact, the book-network provides a structure in which 
both transit exchanges of each CC "see" the whole na
tional network and can therefore come to each other's 
assistance in case of breakdown. 
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APPENDIX 1 

DETERMINATION OF THE MAXIMUM LOSS DEGREE 
AND OVERFLOW VALUES OF TRUNK-GROUPS IN THE 
BOOK-NETWORK 

Four equations can be formulated for national traffic 
expressing the condition where the loss degree must be 
lower than a predetermined overall value for first -
choice traffic routed: 
1) on group DC-DC 
2) on group DC-CC of destination (in the transit ex

change for first-choice traffic) 
3) on group originating CC (for first-choice) - destination 

DC 
4) through both the first-choice traffic transit exchanges, 

of originating and destination CC's. 
For international traffic the two equations (5 and 6) can 
be formulated expressing the conditions in which - to 
comply with CCITT recommendations - the combination 
of the overflows of the hierarchical first-choice and 
final groups determines an overall loss degree B :$ 1% 
for outgoing and incoming traffic. 
With regard to Figure 2, indicating as B 1 to B 11 the 
maximum overflow or loss degree for the different 
types of group envisaged on the bokk-network (excluding 
groups linked to National Centres) and the maximum 
losses fixed for the different types of routing of the 
national traffic as PI to P4, the equations are: 

1) Bl[B7 +(I-B 7) B8 + (I-B
7
)(I-B

8
) B

9
] PI 

2) B2 [B7 +(I-B
7

) B8 + (I-B
7
)(I-B

8
) B

9
] + 

+ (I-B 2 ) B6 [Bll + (I-B
ll

) B 9 ] = P 2 

3) B3 [B7 + (I-B
7

) B8 + (I-B
7
)(l-B8 ) B

9
] + 

+ (I- B 3) B 4 [ B 10 + (I- B 10) B 8 + (I- B 10)( 1- B 8) B 9] = 

P
3 

4) B3 [B7 +(I-B
7

) B8 + (I-B
7
)(I-B

8
) B

9
] + 

+ (I-B
3

) B5 [BlO + (I-B
lO

) B8 + (I-B lO)(I-B8 ) B9]+ 

+ (I- B 3)( 1- B 5) B 6 [B 11 + ( 1- B 11) B 9] P 4 

5) B
3

[B
7

+(I-B
3
)B

lO
] 0,01 

6) B 6 [ Bll + (I-B
ll

) B 9 ] 0,01 

It can be seen from Fig. 2 that, in practice, the 11 
variables indicated are reduced to 8, because: 

in the book-network, as in the traditional one, the 
higher level between CC and NC is only designed to 
constitute a safety valve in case of breakdown on , 
lower level groups; it therefore guarantees, in de
sign conditions, a degree of loss among the CC's of 
less than 1%; this means that it can beassumed 
that B8 =. O. 01 . 
the connections between the two transit exchanges 
situated in the same CC can be considered as inter
nal exchange connections and designed at a negligi
ble loss for this operation; it can therefore be 
assumed that B lO = Bll = 0 . 

To sum up, therefore, it is possible to study the book
network considering only trunk-groups up to CC-CC 
level; their maximum degree of loss and overflow 
values are connected with a system of 6 equations in 8 
unknowns, which therefore allows twice as much liber
ty in seeking possible solutions. To arrive at a uni -
vocal solution, other conditions must therefore be 
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introduced which can express constraints of economic 
type, or related to traffic routing, or of other types. 
As far as the study of the network dealt with here is 
concerned, the following conditions were imposed: 

predetermine the maximum overflow level for the 
DC-DC groups (Bl = 20%); 
ensure that the last-choice hierarchical group out
going from DC's has a degree of loss higher than 
the incoming last-choice hierarchical one, according 
to a predetermined ratio (B7/B9) = 2). This means 
that traffic is preferably limited at departure, when 
it has not yet occupied the network, offering instead 
maximum probability of success when the network 
has already been occupied. 

In the book-network designed for comparison with the 
traditional network the following maximum losses were 
adopted :P l = P

2 
= P

3 
= P

4 
= 1,5% 

The maximum loss and overflow degrees of the trunk
groups are therefore : 

Bl B2=B4=20OJo;B3=B5=B6= 10%; B7=4%; 

B8 1% B9 = 2% . 
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APPENDIX Z 

BOOK-NETWORK OPTIMIZATION 

For the calculation of the routing costs of groups desig~ 
ed according to the Economic Erlangs, the following 
parameters are necessary: 

LiA 
- the marginal capacity at H = consL e = Li N IH= const. 

which expresses the increase in LiN circuits neces -
sary for an increase Li A, in traffic offered to the 
group so that the traffic offered to the last circuit of 
the group is equal to or less than the value H of the 
economic Erlangs ; 

- the overflow grade B = B(A, N)IH 
= const. 

It can be shown that these two parameters, functions of 
traffic A and of the Economic Erlangs H, do not vary 
much for sufficiently small Li A values (~3 Erlang) : 

the cost calculation is therefore made, determining the 
values of these parameters for the particular A and H 
values of the group under consideration and ingoring 
variations caused by the variation Li A of traffic offered 
to the group. 

With these assumptions, and defining the costs per 

circuit of the various groups as Cl to C 11 and the 
switching costs per Erlang of the automatic transit 

exchanges as Ml to M4 ' and the marginal capacities 
of the groups with constant overflow or loss as 

LiA P = --I the cost expressions for the 
Li N B = consL 

various alternative routes are as follows : 
a) cost of direct routing (DC-DC) 

Kl =LiA{~: +Bl ~~ +(1-B7)[M/~: (1-Pn)(M41~:)]} 
b) cost of routing via destination CC (DC-CC) 

{
CZ [C6 C 11 C9 ~ 

K
Z

= LiA e; +(1-B Z) M Z+7f6 +B6(pu +19+ M 4 )J +BZ · 

By a comparison of these four cost expressions-in which 

the parameters related to the various first-choice 
groups appear when necessary while those of the com

mon last-choice routes appear systematically - the 
most economical routing and therefore the first- choice 
trunk-group can be determined for each traffic rela
tion. 

The only relations not subjected to this preliminary 
comparison are the DC-DC relations with more than 
3 Erlangs: in order to fulfil the condition of comparing 
costs for sufficiently low LiA values it is neces sary that 
such traffic relations be served by direct DC-DC 
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groups - as is also done in traditional network. 

To evaluate the marginal occupancy of each group, the 
formulae and parameters defined in Pratt's article 
already referred to (see Bib!. Z) are used: this in par
ticularly easy for the book-network since, in each case, 

the costs of only two routes have to be compared. 
The marginal occupancy of the various types of group 

are given by the following expressions 
a) DC-DC group 

Cl C7 . CS C9 Hi = 7i7 + (1- B
7

) ( 7f8 + M
3

) +(1- B
S
)(/i9 + M 4 ) 

b) DC-CC group 

. CZ C6 Cll C9 
HZ + 7f6 + B6(/fll + M4 +7f9) + M Z = id 

c) CC-DC group 

C4 
H4 
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