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ABSTRACT 

This paper presents an economic method for improving the 
serviceability· {reliability) of telephone networks subject 
·to various constraints such as grade of service, capacity, 
reliability etc. The method makes use of two search tech
niques: an incremental search technique for improving the 
reliability of telephone networks in the most economic way 
in a step-by-step fashion and then a refinement search 
technique in the last step to reduce the cost by de
creasing the reliability margin. The algorithm presented 
in the paper can be used for designing new telephone net·· 
works as well as improving the reliability of existing 
networks at the lowest possible cost. Furthermore, the 
proposed method can also be used to solve the dual prob
lem of maximizing the reliability of the network subject 
to cost constraint with a modification by simply using 
the inverse of the cost incremental factor . . With the in
troduced cost incremental factor the algorithm appears to 
be an efficient computational method for upgrading the 
serviceability of existing networks and for designing new 
networks. 

INI'RODUCT ION 

In the last _two decades the telecommunications industry 
has witnessed · a rapid- evolution in the improvement of 
telecommunications 'system effectivene?s and services. The 
tremendous achievement in electronics technology and 
development has greatly facilitated the telecommunications 
system in many aspects such as the transmission, switching 
and data processing. In particu1ar,the telephone exchange 
has been evolved from theearlymanual ·type ·to electro- . 
mechanical, electronic and then computerized exchange 
[1] - [3]. Although the basic functions performed by 
these exchanges remain the same, there are significant 
differences in their features, .size, capacity, flexibility 
and services offered. 

' When the complexity of the structure and operation of a 
system is increasing, its reliability will be decreasing. 
And the need for high degree of reliability of the system 
becomes more severe. A typical example is the No. 1 ESS 
electonic stored~program-controlled exchange of the Bell 
system of which a design objective of the computer for con
trolling and processing call information was that the sum 
of the periods of overall system failure should not exceed 
2 hours over its 40 years life [4]. 

Considerable effortand progress have been reported in max
imal reliability design of complex systems in general [5], 
[6] and telephone systems in particular [7] - [10]. The 
importance of reliability in telecommunications networks 
can be justified by the fact that insufficient reliability 

.may engender great loss in their servicing 'and degradation 
in the quality and effectiveness of their service offered. 
In order to increase the reliability of a telecommunica
tions network, two quite different approaches are possible. 
The first consists in increasing the quality and .relia
bility of the individual components of which the network 
is composed. The second consists in developing special 
techniques of constructing reliable complex networks from 
unreliable components and also in developing methods of 
servicing such systems during their use. 

This paper is concerned with the second approach for im
proving the reliability of telephone networks with redun
dant components. The goal of the network optimization is 
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to provide a network design which meets all design con
straints and has the lowest possible cost [11]. One of 
the most important design constraints for telecommunica
tions networks is its reliability. A natural character
ization of network reliability is the ability of the net
work to provide communication between all operable pairs 
of nodes. Thus, a detailed analysis of reliability should 
incorporate component failures, routing strategies, accept
able grade of service and other pertinent network charact
eristics. A variety of approaches to the determination of 
the network reliability are possible [11]. This paper is 
essentially concerned with improving the telephone network 
reliability (constraint) at the lowest possible cost. It 
is assumed that the reliability criterion of the network 
has been selected so that the network reliability can be 
calculated by means of the reliability graph model [12], 
[13]. Then the remaining problem is to 'identify link loca
tions so that a specified reliability constraint as well 
as the grade of service are satisfied. It is important 
for telecommunications network that the definition of re
liability should quantitatively reflect the traffic-carry
ing capacity of the network in the presence of failure. 

PROBLfM FORMJLATION 

Consider a telepho~e network with N geographically located 
nodes. These nodes represent the network offices -- local 
central offices and toll offices. Subscribers are con
nected on local loops to their nearby telephone exchange, 
called a local central office or end office. The switch
ing offices used to interconnect the end offices by trun
ks are called toll offices. The tnmk groups between any 
two nodes 'is called a branch. And a branch can have more 
than one tnmk. 

Let n. . be the number of trunks between node i and node j, 
J.] 

c . . be its associated cost, and r .. be its reliability. 
J.] J.] 

Thus the network reliability R and cost C can be written 
respectively as 

R = R(n
ij

, r
ij

) j r i, i = 1,2, ••. ,N (1) 

and C = C(n
ij

, c
ij

) (2) 

Suppose that the basic (original) network has satisfied 
all the design objectives such as grade of service, cap
acity, etc. except the desired network reliability. 
Then the problem is to improve the network reliability at 
the lowest possible cost by adding trunks to the branches 
between various nodes of the network. 

Mathematically the problem under consideration can be 
stated as follows: For a given reliability graph of the 
network, 

minimize c(n
ij

, c
ij

) (3) 

subject to R(nij , r ij ) ~ Ra (4) 
where Ra is the desired network reliability, and cij and 

r .. are known. The network optimization problem is to 
J.] 

find all the unknown integers n .. such that the cost 
J.] 

C(n . . , c .. ) is minimized and the reliability in (4) is 
J.] J.] 

satisfied. 

As a measure of network reliability, the degradation in 
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the node-pair loss or delay probabilities ·due to a failure 
in a single cOJllll.U1i.cation link may be used [12] - [14]. A 
typical two-level switched telephone network is shown in 
Fig. 1. 

Subscriber 

Fig. 1. A two-level switched telephone network. 

ALGORITI-M and SOLlITION PROCEDURE 

The procedure to obtain a numerical solution for the net- . 
work optimization problem is described as follows. 

Step 1. Represent the telephone network by a reliability 
graph model. 

Step 2. Determine the network reliability R and cost C. 

Step 3. Define the cost incremental factor for links in 
branch (i, j ) . 

!lC .. 
!lI .. = r' j r i, i = 1, 2, ... , N (5) 

~J ij 

where !lC.. = c .. for a link in branch ij, and 
~J ~J 

!lR .. is the corresponding incremental reliability. 
~J 

Then calculate the value of !lI . . for links in all 
~J 

branches, such that all other constraints 
are satisfied. Add the link with the smallest 
cost incremental factor to its corresponding 
branch. 

Step 4. If R < Ro ' return to step 3. 

If R = Ro ' a solution is obtained. 

If R > Ro ' go to step 5. 

Step 5. Employ the refinement search to determine a min
imum !lC . . by a straightforward comparison of the 

~J 

various c .. , such that R > Ro' The link found 
~J 

in this step will replace the last one obtained 
in step 3 and a solution is obtained. 

The detailed description of the computational procedure is 
given by the flow chart shown in Fig. 2. 

DI SOJSS IONS 

The algorithm presented for numerical solution is partic
ularly suited for computer manipulation by tabulating the 
data in a table form. It can be extended to the situation 
that the additional links in a branch may have different 
characteristics and failure probabilities. The algorithm 
can also be Used to solve the maximal reliability problem 
subject to cost constraint by simply interchanging C and 
R in the formulation and the flow chart. 

It should be pointed out that the method has been used for 
economic design of telephone exchanges subject to the fol
lowing criteria [15], 
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(a) The probability of dial-tone delay exceed 3 seconds 
should not be greater than 3%. . 

(b) The loss probability for a completing call should 
be at the most 4 or 5%. 

It is interesting to note that by changing the value of Ro' 
we can obtain a reliability versus cost curve which gives 
information on the effectiveness in improving the network 
reliability R by increasing the cost C. If the slope of 
this curve is small, it indicates that the reliability of 
the network cannot be improved effectively. 

CONCLUSIONS 

A method for improving the reliability of telephone net
works at the lowest possible cost is presented. This meth
od is simple and is particularly suited for upgrading the 
network reliability. A by-product as a reliability versus 
cost curve can be obtained from the method. Such a curve 
is of practical importance in decision making to whether 
the network reliability can be improved effectively and 
economically. In this paper emphasis has been on present
ing the underlying concept of the method so that details 
have been omitted for conciseness. 
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Fig. 2. Flow chart for the algorithm. 
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