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High capacity digital switches and fiber optics transmission systems 
are being incorporated into the network. Service protection in the 
event of failure of a high capacity component can be ensured by 
establishing service standards and translating these into survivable 
network designs. Based upon a subjective rating model, blocking of 
0.3 is considered acceptable performance in the infrequent event of a 
transmission link failure. An upper bound blocking model translates 
this into a network design objective of no more than 0.1 fractional 
capacity loss for each trunk group. Designers can meet this objective 
using a combination of diverse 'circuit routing and restoration, and 
thereby ensure network survivability. This allows the economic 
attractiveness and high performance of fiber optics technology to be 
realized along with service protection. . 

1.0 INTRODUCTION 

Traditionally, teletraffic theory has been used to design telecommunications networks 
to meet specific blocking objectives under normal operating conditions. Service 
levels under abnormal conditions, such as the failure of a major transmission or 
switching facility, were not considered in the formal processes of planning and 
provisioning networks. 

Nevertheless, the possibility of failures was not ignored by telecommunications 
engineers and planners. A two-part approach was relied upon to contain the problem. 
First, switching and transmission systems were engineered to rigorous reliability 
standards. It was understood, however, that despite the most stringent design 
requirements, network components would occasionally fail. In fact a typical cause of 
transmission cable failure, severing by heavy equipment operators, cannot realistically 
be prevented at the design stage. Second, some protection of service was provided 
during failures. This was achieved by diverse circuit routing and, at the time of 
transmission failure, restoration on spare facilities. It was also recognized, for 
example, that one of several ways of providing network survivability was to minimize 
the impact of switch failure by imposing size limits on switches. Further, under either 
type of failure, network management controls were used to prevent the spread of 
congestion. 
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These measures were employed primarily on the basis of intuition and experience, 
without a clear and generally accepted objective for the service level under failure. It 
was acknowledged that service would be degraded during failures. 

Network evolution is increasing the need to ensure adequate performance in the event 
. of failure [1]. The relatively new concept of survivability is introduced in this context. 

Network survivability is defined as the ability of the network to provide an acceptable, 
but possibly degraded, level of performance giv.en that a failure has occurred. This 
paper applies teletraffic theory to the planning and design of survivable networks. 
Specifically, an illustrative blocking standard is proposed in order to protect service in 
the event of a transmission link failure. An analytical model was developed to obtain 
an upper bound on the blocking resulting from a loss in trunking capacity due to 
failure. This model translates the blocking standard into a network design objective. 

2.0 THE NEED FOR SURVIVABILITY PLANNING 

Along with many other administrations, Bell Canada is rapidly deploying digital 
technology. The characteristics of digital switches and fiber optics transmission 
systems differ fundamentally from those of previous technologies. Their high 
capacities result in networks with fewer components. This reduces network 
connectivity and the inherent survivability due to structural diversity. In addition, these 
systems are subject to occasional failure such as a CPU outage in a digital switch or a 
cut in a fiber optics transmission system cable. 

Currently a high capacity fiber optics system is being placed from coast to coast in 
Canada, a distance of 6400 km. Shown schematically in Figure 1, this system will 
provide capacity for traffic growth and network modernization. As is true of any 
physical facility, radio or cable, transmission systems on fiber are subject to infrequent 
but long periods of outage caused by physical damage to the system. 
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FIGURE 1 Canadian Long-Distance Network Model 
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Extensive analysis of ~etY/ork performance during failures leads us to conclude that 
network survivability must be an explicit design criterion [2]. In order to design 
survivable networks, standards are required to ensure adequate service under failure 
conditions. This provides a new challenge for the teletraffic engineer in"" an area of 
increasing importance. This paper describes an approach to the development and 
application of a survivability standard for blocking under transmission link failures in a 
long-distance network. 

3.0 DEVELOPMENT OF SURVIVABILITY STANDARDS 

It is well understood that blocking occurs if a normally loaded network undergoes a 
significant loss in trunking capacity, for example, due to a cable cut or the failure of a 
ground station, satellite or a radio transmission tower. It is also clear that trunk 
diversity and transmission facility restoration can mitigate the blocking experienced. 
The exact relationship between service-oriented performance objectives (such as 
blocking) and network-oriented design objectives (such as levels of diversity and 
restoration) is not so clear. A new analytical model developed using teletraffic 
analysis establishes a linkage between the two. This enables a three-stage process to 
be followed in designing survivable networks, as shown in Figure 2 and discussed in 
the following three subsections. 

SET BLOCKING STANDARD TRANSLATE BLOCKING ENSURE SURVIVABLE NElWORK 

TO PROTECT SERVICE LEVEL --+ INTO ALLOWABLE r+ DESIGN BY MEETING LOSS LIMIT 

IN EVENT OF A FAILURE NET CAPACITY LOSS WITH RESTORATION & DIVERSITY 

FIGURE 2 Translating a Blocking Standard into Survivable Network Designs 

3.1 Setting a Blocking Standard 

The first stage is to establish a blocking standard based on customer perception of 
quality of service. It is assumed that a subjective rating model developed by Kort [3] 
can be applied to the conditions of high blocking, repeated attempts and possible 
abandonments characteristic of a transmission link failure. Based on parameter 
values selected somewhat conservatively over the range of possible long-distance 
calls (dial tone delay of 0.77 s, post dialing delay of 6.9 s, 11 digits dialed, and a 0.75 
probability of reattempt for blocked calls, assumed throughout this paper) and the 
assumption that subscribers would rate abandoned attempts at 0, the curve shown in 
Figure 3 was obtained. The curve indicates that at blocking of 0.3, customer 
satisfaction will be in the upper fair to good range. It is assumed in the remainder of 
this paper that a blocking standard set at 0.3 (including reattempts) is appropriate for 
transmission link failures in the long-distance network. 
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FIGURE 3 Subjective Rating vs. Blocking 

3.2 Upper Bound Blocking Model 
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FIGURE 4 Blocking Upper Bound 
Validated at Network Level 

The second stage of the process shown in Figure 2 is to translate the blocking 
standard into a network-oriented objective using an analytical model developed for 
this purpose. The model yields an upper bound on the blocking in a network or subset 
(e.g. a trunk group, or a switching node) which has lost capacity in a failure. 

Estimating the impact of failures on service is a difficult problem because of the 
complex interrelations among logical trunks, physical transmission facilities, traffic 
routing algorithms and the behavior of subscribers faced with deteriorated service. 

Previous work, called the equivalent trunk group approach [4], modelled failures as 
"small" perturbations to the normal state of the network. Our approach differs because 
an upper bound on the blocking is sought, rather than a direct estimate. The aim is 
also to provide a result which is valid without restriction on the size of the failure and 
which incorporates the effect of reattempts. 

The blocking upper bound is given by the following simple formula: 

B = f / (1 - r + rf) 

where 

B is the blocking upper bound 

f is the fractional loss in trunking capacity 

r is the reattempt probability for blocked calls. 
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Figure 4 shows the upper bound curve for r = 0.75. The figure shows that a fractional 
loss of 0.06 of the trunks results in blocking up to about 0.20. 

The mathematical derivation of the formula is given in [5]. It yields an exact value for 
the blocking in a completely efficient full-grouped network. Since real networks are 
less than completely efficient and allow overflows, their blocking performance is better, 
resulting in the formula being an upper bound for real networks. 

Figure 4 also shows the simulation points used to validate the model when it is used to 
estimate average network blocking. Transmission link and switching node failures 
were simulated in both the network model shown in Figure 1 and in a metropolitan 
network model which had greater physical connectivity. Figure 5 demonstrates that 
the model also estimates the average blocking at a switching node' due to a 
transmission link failure. 
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FIGURE 5 Blocking Upper Bound 
Validated at Node Level 
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FIGURE 6 Meeting Loss Limit through 
Restoration and Diversity 

The simulation studies revealed that average network blocking is very 
unrepresentative of the performance experienced by individual traffic loads. Typically, 
most of the traffic is largely unaffected by the failure of a transmission link or a 
switching node, but some loads experience very high or even total blocking. To 
ensure that no subscribers are exposed to blocking above 0.3, the blocking standard 
must be applied at the trunk group level. Assuming for a moment that "NODE" in 
Figure 5 is replaced by "TRUNK GROUP", blocking of 0.3 is associated with trunk 
group fractional capacity loss of approximately 0.1. In this way the blocking standard 
translates into a network-oriented design objective. (We note that 0.1 is a rather 
conservative loss limit if the trunk group is not large and that modular provisioning 
must be taken into account in applying the standard. Less conservative limits for 
smaller groups can also be established [5]. For illustration the loss limit of 0.1 is used 
in the remainder of this paper.) 
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3.3 Network Design Objective 

Referring again to Figure 2. the process of designing survivable networks can be 
completed by achieving the fractional capacity loss limit for each trunk group. The 
techniques of restoration and diversity are employed for this purpose. Diversity can be 
defined as the spreading of trunk circuits over structurally distinct paths. Such 
spreading diffuses the effect of a failure of anyone of these paths. Restoration is the 
ability to reconfigure trunk circuits using strategically deployed spare capacity on 
physically diverse facilities. These are complementary capabilities which the network 
planner can trade off to meet the 0.1 fractional capacity loss criterion. For example I 
less restoration is required if more diversity is provided initially. Figure 6 illustrates this 
tradeoff. 

In this way. designing the network for survivability becomes analogous to the familiar 
provisioning process. which begins with a grade of service and computes resource 
requirements. The approach enables transmission planners to assess the impact of 
their planning decisions on survivability. The long-range planner can ensure that 
adequate capacity is provided on diverse faciliti~s at the aggregate level. The short
range planner can assign circuits to facilities so that in a failure no trunk group 
capacity loss exceeds the allowable limit. after the combined benefits of diversity and 
restoration. 

4.0 BENEFITS OF THE STANDARD 

The development of this blocking standard has had several important implications and 
benefits. a few of which are noted below. 

First. independent of its size and topology. the network can now be designed to meet a 
uniform. acceptable level of service under transmission link failure. the most frequent 
type of failure. This is preferable to setting arbitrary diversity and restoration objectives 
without a clear knowledge of the resulting performance. 

Capital expenditures can be directly related to an expected level of performance. The 
potential for substantial capital savings exists since total restoration of all transmission 
systems is not required. 

Designing a network to survivability standards provides additional value to subscribers 
and allows telephone administrations to market their services with a specific grade of 
service under failure, or perhaps a range of grades of service based on price. 
Tailoring service needs to customer requiremepts provides greater flexibility to carriers 
and end users alike. 

5.0 SUMMARY AND CONCLUSIONS 

Telecommunications networks are evolving towards widespread deployment of high 

capacity digital systems. Designing the network to provide predictable performance 
under failure conditions is increasingly important, given the large number of customers 
potentially affected. This paper describes a method of predicting performance during 
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the network design process. 

For illustration, a blocking standard of 0.3 under transmission link failure has been 
assumed, based on an adapted subjective rating model which reflects current service 
expectations. The blocking upper bound model translates this into a permissible 
fractional capacity loss of 0.1 , to be applied at the trunk group level. This becomes an 
objective for network designers, who can achieve it using a combination of restoration 
and diversity. 

In conclusion, teletraffic -methods can be used to develop and apply standards for 
survivable telecommunications networks. The results obtained here show that the 
economic and performance advantages of fiber optics transmission technology can be 
realized along with service protection. 
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