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ABSTRACT. 

The planning problems in a fast growing tele
phone system are difficult to solve when there 
are no methods to evaluate proyects that in
clude large number of interdependent variables. 
In order to alleviate this situation the admi
nistration has decided to mechanize the basic 
planning functions by means of a chain of pro
grams that will permit the study of well de
fined parts of the system. One of these parts 
is the interconnection network between excha
ges. The study of this problems is the ob
ject of this report which concerns only with 
the program for miriimizing the cost of net-
works with the alternative routing facility.
The program solves one of the fundamental pro
blems of networks, that is: find the number of 
trunks that give a minimum cost for a given -
traffic, grade of service, marginal costs and 
routing. The solution of this problem has -
been treated to a great extend in the litera
ture, therefore we will describe only the con~ 
siderations made , in our application. 

Mexico 

The program has the possibility of optimizing 
networks with full availability or gradings. 
The optimizing method is based on the deriva
tives of the congestion formulae and the opti
mum is approach iteratively.The congestion for
mula employed in the full availability case is 
the Erlang B formula.> For gradings we utilize 
the Erlang's Interconnection Formula because -
it gives approximate values in a great number 
of practical gradings as has been shown by -
Bretschneider and ' Elldin and because is easy to 
use in the computer. The optimization model 
takes ·into consideration only the mean value 
of the overflow traffic. The partial deriva
tives that are required in the process were -
obtained numerically by recursive algorithms. 
The program has been written in FORTRAN IV for 
the IBM 360-40 computer with the disc operat
ing facility. 
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1~ IHE METHOD ~ 

There are several methods for optimizing ne~
~orks with overflow facilities but among the 
most simple and known there are two: the one 
parameter 3) 4) method which considers the -
mean value of the overflow traffic into the -
optimum relations and the two parameter method 
which takes into account not only the mean but 
also the variance of the overflow traffic for 
the optimum relations. The two parameter me
thod 4) 5) is more accurate but the expressions 
are more complicated and time consuming when -
calculated numerically, therefore it is nece
ssary to find approximations when the method is 
going to be included in an iterative process. 
On the other side, the improvement in accuracy 
for the values found in applications is small 
compared with the one parameter method. For -
these reasons we have decided to develop the 
program for the one parameter method. In a few 
words this method consist basically in defining 
a cost function which includes all the routes 
and switching utilized for carrying the traffic 
between two points. The cost function gives -
by derivation the condition for the minimum. -
This condition is obtained in an implicit form, 
therefore the minimum has to be found with an 
iterative procedure, which starts from a given 
arbitrary value and ends until the optimum 
reached. In Fig.l it is shown an example of -
the simplest ease of optimization. The route 
between the exchanges A and B is high usage artd 
the routes AC and CB are final. The cost func
tion of the arrangement is 

(1) 

where C1 ,C2 ,C 3 are the marginal costs of the -

trunks in each route and Nl,N2'~3' their num
ber. 

The minimum is obtained with the derivative of 
equatiori (1) respect to N1 . 

(2) 

When equation (2) is satisfied we have obtained 
the minimum. The partial derivatives are rela
ted by the loss functions of the routes. 

When we applied this method to a network that 
has overflow routes common to several traffics, 
the optimum obtained in a point to point ' bases 
have to be recalculated because the original -
conditions in the overflow routes change for -
every new point to point calculation. For this 
reason we have to continue the process until -



the point to point calculations do not change 
any more the state of the overflm" system. Ex
pressed in other words we can say that the -
process has tl,/O iterative levels, one for the 
point to point routes and other for the whole 
overflow system. 

c 

Fig. , 

The overflow cases considered in the process 
are shown in Fig 2. This scheme permits the 
optimization of most of the routes of our sys
tem and gives also good approximations for -
more .complicated routing cases because the op
timum depends strongly on the first alternati
ve route and gradually less on the second third 
etc. In these cases we make a separate chech 
manually and usually we do not find any differ
ence. 

B 

Fig. 2 

The equation (2) is solved in the process in 
terms of the following derivatives. 

dE (A ,N) (3) 
CJN 

aA(E,N) (4) 
a~ 

~A 1 (5) 
(TA 

where: 

A The offered traffic to the route. 

E The congestion in the route. 

A'= The overflow traffic from the route 
N The number of tr un ks in thc routc. 

E(A,N) = The congestion as function of the tra
ffic and the numher of t run ks. 
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A(E,N) The offered traffic as a function of 
the congestion and the number of 
t runks. 

In the caseof gradings we have considered that 
the availability K is given in the input da~a. 

The expression employed for calculating the nu
merical values of the derivatives are: 

Full Avajlahility 

(6) 

where: 

( 7) 

E,(A,N) 

the numerical values of the equation (7) are 
obtaincJ recursively with 

. _ A. E,(A, N) 
El(A,N) - N+A.E

1
(A,N-1) 

(8) 

and the starting value is 

El (A, 1) = , ~ A (9) 

The numerical values of the 1p~+1 function are 
obtained by means of the recurssion 

with the starting value 

J 
.. A-t 

'\JJ 1 _e __ d t 
T = t 

A 

dA(E , N ) 
6~ 

(10) 

1 ) (11) 

1) (12) 

1) formula given by Akimaru in reference ') 

(13) 

(l+~)El (A . ~ )+A. E l (A, N). { El ( A, i';)-l} 

Limited Ava i lability ; In th i s case wc have ob
tained the derivatives by numerical approxi ma 
tjons and wc have useu the follow i ng exp res - 
!,;j ons : 

• 
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(14) 

"-;-- { E2 (A,N+l,Kl -E2 (A ,N ,-1, Kl} 

where: 
Z AK T + •• ·+Z AN 
K~· K N·--·TN E2(A,N,K)· __ ~K~'! __ ~ __ ~~~N~!~ ____ ___ 
K Ai N r 2: 1; +L --$-Tr 

(15) 

and: i=o r=r+1 

the equation (15 is solved recursively when -
A,N,K are given. 

(16) 

~A{d': ,K) ;:~ { A(E,N+l, Kl - A(E,N-l,Kl} 

where A is obtained iteratively from the equa
tion (15). 

(17) 

dA 1 ,.. 1 
~·-2- (A+AA) ;E(A+ ~A,N,K)-(A-AA)E(A-~,N,K) 
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2. THE PROGRAM 

The program has been design in ~ form that -
permits to introduce new mathematical formulae 
for the calculation of the partial derivatives 
and new traffic cases. The traffics are giyen 
in a point to point form. The first part of -
the program collects the point traffic which -
have no direct route and forms a new matrix of 
fresh traffics. Then it is calculated the ini
tial number of circuits. In order to save com
puter time we have ~onsidered that in the high 
usage routes the initial improvement factor -
(the aditional carried traffic per trunk) is -
in average 0.3. With this factor we start the 
process of point to point optimization of the 
high usage routes. When we come to the last -
high usage route we compare one by one the num
ber of trunks with the initial value, if there 
are differences we start the point to point -
process again and we continue until the number 
of conductors is equal in the last two cycles. 
At this moment we stop the process and we make 
a print of the results. 

2.1 THE INPUT DATA. 

Because the size of the networks with alterna
tive routing is large, we have placed the in
put information for the program in a disc file, 
this makes the whole process slower but is the 
only way to store the information in a commer
cial computer. 

The disc files can contain the information of 
33,000 routes, each route requires the follow
ing data: 

Number of the route • 
Name of originating exchange. 
Name of the terminating exchange. 
Type of switching . (full availability or -

grading) 
Availability of the route. 
Loss value if the route is final. 
Marginal cost per trunk (This cost might -
include the associated switching equipment) 
Overflow facilities for the first alterna
tive route. 
Overflow facilities for the second alterna
tive route. 
Overflow facilities· for the third al terna
tive route. 

2.2 THE OUTPUT DATA. 

·When the process stops and we order the ~rint
out, we obtain the following information per 
route . 



BottoJTI traffic cri rs t choice traffic) 

Congestion 
Number of trunks 

Cost of the route 

In this print we also include all the input 
data of the route and the great totals of cost, 
the number of trunks, the traffic, the number 
of routes and the last values of the deriva-
tives obtained in the process. 

REFERE:-;,cES. 

1) Akimarll 11. The Derivatives of the Erlang's 
B Formula nev. Electr. Commun. Labor., -
Vol 11, ~o. 9-10, 1963. 

2) Jensen, A. 'loe's Princi·ple, Copenhagen 1950. 

3) Pratt W. The concept of ~larginal Overflow -
i~ Alternate Routing. Fifth International -
Telegraffic Congress. ~ew York 1967. 

4) Rapp, Y. Planning of Junction Network in a 
MUlti-exchange Area I. General Principles. 
Ericsson Tech. 20 (1964), 1 ,pp. 77 -130. 

5) Rapp, Y. Planning of Junction Netwcirk in a 
~lulti-exchangc Area 11. Extensions of the 
Principles and Applications. Ericsson Tech. 
21(1965), 2,pp 187-240. 

6) Wallstr~m, B. Congestion Studies in Telc
phnne Systems with Overflow Facilities. -
Ericsson Tech. (1966), 3.pp. 191-351. 

7) Walls tram. B. lethods for Optimi z ing ,\1ter
native Routing Networ.ks, Ericsson Tech. -
(1969), 1, pp. 6 - 28. 

148/4 

• 

• 

• 

• 


