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SUBSCRIBER REPEAT ATTEMPTS , CONGESTION, AND QUALITY 
OF SERVICE: A STUDY BASED ON NETWORK SIMULATION 
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Results are presented from a simulation study of telephone 
network performance in the presence of repeat attempts. A 
range of models are used for subscribers' repeat attempt 
behaviour in response to congestion . The results are used to 
examine the implications of likely changes in repeat attempt 
behaviour. Restrictions are proposed on auto-repeat 
facilities in telephone instruments , with the aim of ensuring 
that such facilities should be useful to subscribers without 
threatening severe problems to the network. 

INTRODUCTION 

Subscriber repeat attempt behaviour has been quite widely 
studied. Two recent comprehensive studies are reported by 
Liu [I] and Roberts [2]. In addition , various models have 
been developed to estimate the effects of repeat attempts on 
circuit group loss probabilities (eg Gosztony [3 , 4] , Elldin [5] , 
Le Gall [6]) . Nevertheless, practical dimensioning standards 
and procedures still take little or no account of repeat 
attempts . There are several probable reasons for this state of 
affairs: 

- Computational complexity. 

- The parameters of subscriber behaviour may vary . 

- It is not clear what types of service criteria should be 
applied . 

New developments in switching, signalling, and telephone 
instruments are likely to lead to substantial increases in repeat 
attempt rates. This could adversely affect network 
performance, particularly with the widespread introduction of 
stored-program control (SPC) exchanges which are sensitive to 
call attempt rates. 

A simulation study has been undertaken to investigate the 
effects of repeat attempt behaviour on network performance. 
This study has so far been restricted to circuit group blocking 
as a cause of call failure (and hence of repeat attempts). Two 
networks with differing routing strategies have been modelled , 
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subjected to a range of repeat attempt models and traffic load 
configurations. This work has produced a large amount of 
data which will be of long-term value in the development of 
network analysis and dimensioning methods. In this paper we 
use some of the results of this study to examine the 
implications of changes in repeat attempt behaviour, to 
consider the problem of defining appropriate service criteria, 
and to propose some restrictions that should apply to 'auto
repeat' facilities in telephone instruments. 

2. MODELS FOR REPEAT ATTEMPT BEHAVIOUR 

The basic model for subscriber repeat attempt behaviour 
used in our simulation studies is derived from the results 
obtained by Roberts. He gives an analysis of measurements of 
outgoing calls from PBX subscribers on a Paris exchange. In 
these measurements , repeat attempts were identified as further 
attempts , at any time within the same working day, following 
an unsuccessful attempt from the same PBX with the same 
dialled digits. The main results that he presents are the 
distributions of inter-attempt intervals following the n'th 
unsuccessful attempt (n = 1, 2, 3,4). These are divided into 
local and trunk calls , and by the following causes of failure: 

- Busy (either called subscriber busy or equipment busy). 

- No reply. 

- Abandoned (after completion of dialling and before 
receipt of a tone). 

We have taken the trunk call data for repeat attempts 
following busy as the basis for our model. This model is simple, 
and is defined by three parameters. The persistence (ie the 
probability of a further attempt following an unsuccessful 
attempt) is assumed constant, ie it does not vary with the 
number of attempts in a sequence. The inter-attempt interval 
is represented by the sum of a constant and a negative 
exponentially distributed variable . 

Now the French study showed that a substantial 
proportion of inter-attempt intervals are rather long. We 
decided to omit this long distribution tail from the model , for 
two reasons : 

- A long mean inter-attempt interval would substantially 
increase the warm-up period required at the start of 
each simulation run. 

- Repeat attempts occurring after long intervals are of 
relatively little interest with respect to either quality of 
service or effect on network performance. 

The inter-attempt distribution observed in the French 
study was therefore truncated at 3 minutes , and the two 
components of the modelled inter-attempt interval (the 
constant, and the mean of the negative exponential component) 
were estimated by fitting the mean and the median of the 
truncated distribution . The persistence was fixed at 0.59 to 
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match the observed probability of a repeat attempt within 
3 minutes . This resulted in a mean inter-attempt interval of 
66 seconds in our model , comprising a constant interval of 
13 seconds plus a negative exponentially distributed interval 
with mean 53 seconds. The observed inter-attempt distrib
ution and the fitted model are shown in Figure 1. 
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FIGURE 1 INTER-ATTEMPT DISTRIBUTION MODEL 

This basic model was subjected to several variations in 
order to investigate the sensitivity of the results with respect 
to persistence, inter-attempt distribution , and mean inter
attempt interval. The combinations used are listed in Table 1. 

Inter-Attempt Interval (Seconds) 

Persistence Constant Mean of Neg Exp 
Component Component 

0 - -
0.59 13 53 
0.80 13 53 
0.59 66 0 
0.59 0 66 
0.59 5 10 
0.80 5 10 

TABLE 1 REPEAT ATTEMPT MODELS USED 

3. PROPERTIES OF REPEAT ATTEMPT MODELS 

The mathematical analysis of network performance, using 
a repeat attempt model for offered traffic, is exceptionally 
difficult, even when the 'network'consists of a single circuit 
group and the repeat attempt model is as simple as that used in 
our simulations. No attempt at mathematical analysis is given 
here, but if network performance is assumed known (eg from 
simulation studies) then it is still of interest to examine the 
relationships between a number of parameters. 
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The intention to set up a call, indicated by one or more 
call attempts , is referred to as a call intent. We assume 
statistical eqUilibrium, and assume that the persistence H is 
constant for all attempts. If we consider a single traffic stream 
offered to the network (referring to a particular source
destination pair), then the stationary aspect of network 
blocking (as opposed to time-dependent behaviour) is defined 
by the numbers 

P k = loss probability for the k'th attempt in a series 
relating to a single call intent 

The following results are derived in the Appendix to this 
paper: 

Mean loss probability 
for all call attempts P 

x 
H (1 + X) 

00 k 
where X L Hk IT Pi 

k=i i = i 
Call intent loss probability 
(= probability that a call 
intent does not culminate 
in a successful attempt) 

Mean number of attempts 
per intent 

1T 
P (1 - H) 

I-HP 

1 
={3 =--

1 - HP 

It is of interest to note that 1T and {3 depend only on the 
average loss probability P, irrespective of how the loss 
probabilities Pk vary with the number of attempts in a sequence. 
This result only holds when the persistence H is constant. 

Some numerical examples from these formulae are given in 
Table 2, with the simplifying assumption that after the first 
attempt all repeat attempts meet the same loss probability . 
Care should be taken in interpreting these numbers. The loss 
probabilities for first attempts and repeat attempts are merely 
given as examples , whereas in practice they would be strongly 
influenced by the persistence H. Hence Table 2 does not show 
the effect of varying persistence for a given arrival rate of first 
attempts. 

Pi 

0.1 

0.3 

1T 

{3 

PR H P 1T 

0.3 0.102 0.073 

0.15 0.6 0.103 0.044 

0.9 0.105 0.012 

0.3 0.309 0.239 

0.4 0.6 0 .319 0.158 

0.9 0.330 0.047 

Loss probability for first attempts 
Loss probability for repeat attempts 
Persistence 
Mean loss probability for all attempts 
Call intent loss probability 
Mean number of attempts per intent 

{3 

1.031 

1.066 

1.104 

1.102 

1.237 

1.422 

TABLE 2 EXAMPLES OF RELATIONSHIPS BETWEEN 
REP EA T ATTEMPT PARAMETERS 

An interesting point to observe in this Table is that , except 
in cases of extreme congestion and very high persistence, the 
mean loss probability for all attempts is very close to the loss 
probability for first attempts. 
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4. MODEL NETWORKS 

4.1 Simulation Program 

A general-purpose time-true network simulation 
program has been developed by the British Telecom Teletraffic 
Division. This is used for studies of routing strategies , end-to
end grade-of-service, and dimensioning of alternative routing 
networks . The facility to generate repeat attempts is 
incorporated in the program, enabling its use for the study 
reported here. 

The program is intended primarily to study blocking on 
circuit groups within a network. Call set-up times within 
exchanges are incorporated, but only with a simple model that 
does not relate to the traffic load on the exchange. Blocking 
within exchanges is not represented at present. 

4.2 Network Structure 

Two networks have been simulated , both having the 
same 20-node structure but with different routing strategies 
and circuit group sizes. The structure is a 2-tier hierarchy, 
with 4 fully interconnected tier I (top-level) nodes. The tier 1 
nodes do not function as sources or destinations of traffic 
streams. Each tier 2 node is parented on a unique tier 1 node, 
with no circuit group to any other tier 1 node . There are 
direct circuit groups between some tier 2 nodes . The 
hierarchical structure of the network is given in Table 3. 

Tier 2 Nodes Parent Tier 1 Node 
5-11 1 
12-17 2 

18 3 
19-20 4 

TABLE 3 NETWORK HIERARCHICAL STRUCTURE 

Node 5 represents the 'focus' of the model network in 
terms of traffic relationships and number of direct circuit 
groups. Table 4 lists the sizes and normal-load offered traffic 
levels of all circuit groups terminating at node 5. (Note: All 
circuit groups are bothway .) 

Destination First-Offered Circui t Grou p Size 
Node Bothway 

Traffic (E) Fixed Routing AAR 

6 52 65 60 
7 44 60 60 
8 34 45 30 
9 26 40 30 
10 22 35 30 
12 34 45 30 
13 62 75 60 
14 40 55 60 
IS 32 45 30 
16 48 60 60 
I (tandem) 126 155 200 

TABLE 4 CIRCUIT GROUPS TERMINATING AT NODE 5 

4.3 Routing Strategies 

A fixed routing strategy and an automatic alternative 
routing (AAR) strategy were both modelled , the same offered 
traffic matrix being used for each. (Note : Offered traffic is 
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defined as the traffic that would be carried if no call attempts 
were lost , therefore it includes no allowance for repeat 
attempts.) The AAR model is a simple hierarchical scheme, 
with traffic being offered first to the direct high-usage route 
and then overflowing to the hierarchical route. In addition the 
AAR model incorporates a state-protective service protection 
strategy (ie trunk reservation [7] ). 

4.4 Traffic Models 

First attempts are generated according to a stationary 
Poisson process , with defined arrival rates for each source
destination pair of nodes. Call attempts that are blocked in 
the network may give rise to repeat attempts for the same 
source-destination pair, according to one of the models 
defined in Table I . Call attempts that reach their destination 
node are given a negative-exponentially distributed holding 
time with a mean of 180 seconds. Conditions such as called 
subscriber busy and no reply are not modelled , and therefore 
do not give rise to repeat attempts . 

Definition of normal-load traffic levels was recognised as a 
slight problem, since in their normal state most networks have 
a fair amount of spare capacity. In the event, no attempt was 
made to dimension either network at all precisely . Traffic 
levels and circuit group sizes were chosen so that loss 
probabilities on some circuit groups would be up to about 1 %, 
while other circuit groups would have spare capacity. (For the 
AAR network, these loss probabilities applied to' the traffic 
streams within a network cluster.) 

In addition to this normal load, two overload situations 
were modelled - a general overload and a focussed overload. 
For general overload, all first attempt arrival rates were 
increased by 30%. For focussed overload, first attempt arrival 
rates for all traffic streams originating or terminating at node 5 
were increased by 40%. 

4.5 Failure Conditions 

Two instances of circuit group failure were modelled, 
both for the AAR network at normal traffic load. In the first , 
the direct high-usage group between nodes 5 and 13 was 
considered to have failed. In the second, the hierarchical group 
between nodes 5 and I was failed . 

5 SOME RESULTS FROM THE SIMULATION STUDY 

5.1 Persistence and Load Variations - Overall Results 

Fixed Routing 
Load H PI PR Level rr rr 

0 0.0047 0 .0047 0 .0025 
Normal 0.59 0 .0026 0.0059 0.115 0.0012 

0.80 0 .0014 0.0063 0.122 0.0008 

Focussed 
0 0.0513 0.0513 0.0576 

Overload 0.59 0 .0433 0 .0859 0.311 0.0527 
0.80 0.0393 0.127 0 .438 0.0492 

0 0.0847 0.0847 0.105 
General 0.59 0 .0695 0.144 0.251 0.0920 

Overload 0 .80 0.0579 0 .208 0.344 0 .0816 

Key 

H Persistence 
rr Call intent loss probability 
PI Loss probability for first attempts 
PR Loss probability for repeat attempts 

AAR 

PI PR 

0 .0025 
0 .0029 0 .0643 
0 .0041 0.0910 

0 .0576 
0.101 0.362 
0.145 0.509 

0.105 
0.185 0 .291 
0.272 0.412 

Mean inter-repeat attempt interval = 66 s (constant 13 s + 
neg exp mean 53 s). 

TABLE 5 PARTIAL SUMMARY OF OVERALL RESULTS 
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Table 5 gives the observed loss probabilities for call intents, 
first attempts, and repeat attempts, for the 3 load levels and 3 
persistence levels considered. These figures are overall results 
for all traffic in each network. Results for other inter-repeat 
distributions and for failure situations are not given in this 
table. About 1 million call intents were generated in each run, 
and the 95% confidence intervals for these loss probabilities 
are generally about ±10% (relative to the mean). Common 
random number seeds were used for each run, so that 
comparison between different runs should be relatively reliable. 

The results indicate that, at normal load , the effect of 
increasing persistence is to reduce the call intent loss 
probability (which is already small) with relatively little 
increase in first attempt loss probability. 

In overload situations where there is little spare capacity 
to carry extra traffic, increasing persistence causes a small 
decrease in call intent loss probability but large increases in the 
loss probabilities for first attempts and repeat attempts . 

5.2 Analysis ofIndividual Traffic Streams 

Figure 2 is a scatter diagram showing loss 
probabilities for first attempts and repeat attempts for a 
number of source-destination traffic streams. These results 
are for the fixed routing network with focussed overload, 
with persistence equal to 0.59 and 0 .80. In each case the 
overall average result for all traffic in the network is also 
plotted. 

FIRST ATTBfJT LOSS PIU! 
0.6 

0.4 

0.2 

0.0 
0.0 0.2 

I I 

I'" 

0.4 0.6 

REA TIEJfJT LOSS PROS 

STREAM Ha. 59 MEAN Ha.59 

* X 

STREAM Ha.BO MEAN Ha.BO 

+ 0 

FIGURE 2 FIRST ATTEMPT /REPEA T ATTEMPT LOSS 
PROBABILITIES 

It is interesting to note that for individual traffic streams 
the loss probabilities for first attempts and repeat attempts 
tend to be much more nearly equal than the overall average 
results might seem to indicate. This is due to a simple 
weighting effect - most repeat attempts are generated when loss 
probabilities are high. This effect has implications for 
observations. Analytical studies of individual circuit groups in 
statistical equilibrium might indicate that loss probabilities for 
repeat attempts are not very much greater than for first 
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attempts (at least when inter-repeat intervals are relatively 
large) . However, observations averaged over a network (or 
averaged over times of differing congestion levels) would be 
expected to show a much greater disparity between these loss 
probabilities. The subscriber would also tend to notice this 
greater disparity. 

Table 6 presents some results for a single traffic stream in 
the fixed routing network. This is traffic from node 5 to 
node 17, which is routed via a 3 link hierarchical path. 

Load H PI PR 
Circuit Group 

Level 1T Loss Probabilities 
0 0.004 0.004 0 .001 0 0 .002 

Normal 0.59 0.003 0.008 0.088 0.002 0 O.OOS 

0 .80 0.001 O.OOS 0.069 0.002 0 0.003 

0 0.1S4 0.1S4 0.146 0 0.004 
Focussed 
Overload 0.S9 0.138 0.281 0.303 0.279 0 0.006 

0.80 0.130 0.422 0.4S0 0.426 0 O.OOS 

0 0.117 0.117 0.067 0 O.OSO 
General 

0.59 0.104 0 .21S 0.276 0.128 0 0.112 Overload 
0 .8 0 0.089 0.294 0.387 0.198 0 0.142 

TABLE 6 RESULTS FOR A SINGLE TRAFFIC STREAM, 
FIXED ROUTING (cfTABLE 5 FOR KEY) 

Confidence intervals for the figures in Table 6 are much 
wider than for Table 5, particularly for the normal load results 
(up to ±60%). 

The last 3 columns give the observed loss probabilities on 
the 3 circuit groups used by the traffic stream. These loss 
probabilities apply to all call attempts offered to the circuit 
groups , including many other source-destination streams. The 
mean loss probability for all call attempts on the traffic stream 
is given by 

PI 
P = (see Appendix) 

1 - H (PR - PI) 

This is estimated rather closely by combining the circuit 
group loss probabilities under the assumption of statistical 
independence, ie 

P = 1 - IT ( 1 - B.) 
• 1 
1 

This assumption is reasonable in this example because the 
two circuit groups contributing to the congestion have a 
relatively small proportion of traffic in common. 

5.3 Inter-Repeat Attempt Distribution 

The simulation runs discussed above in 5.1 and 5.2 all 
used the basic inter-repeat distribution model illustrated in 
Figure 1. In order to investigate the sensitivity of the results 
to the assumed distribution, two further runs were made using 
respectively, a constant and a negative exponentially distributed 
inter-repeat interval. Both runs were for the AAR network 
under general overload with persistence = 0.59 . Overall 
results are given in Table 7. 

Inter-Repeat Interval (Seconds) 
Constant Mean of Neg Exp 1T PI PR 

Component Component 
13 53 0.0920 0.185 0.291 
66 0 0 .0920 0.181 0.319 

0 66 0.0923 0.183 0.313 

TABLE 7 SENSITIVITY TO INTER-REPEAT 
DISTRIBUTION 
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It is clear that the form of the distribution has virtually 
negligible effect, and this is also observed for individual traffic 
streams. It is possible of course that the form of the 
distribution might have more effect on the performance of 
processor-controlled exchanges. 

5.4 Mean Inter-Repeat Attempt Interval 

A number of current developments are likely to lead 
to inter-repeat intervals becoming much shorter. These 
developments include faster signalling from telephone 
instruments, faster handling by the network, and the 
increasing penetration of telephone instruments with repeat
last-number or auto-repeat facilities. Several runs were 
therefore made with a much shorter inter-repeat interval 
comprising a constant component of 5 seconds and a neg exp 
component with mean 10 seconds. Overall results are given in 
Table 8, and apply to the fixed routing network. 

Load H Inter-Repeat P l PR Level Interval (Sec) 'TT 

66 0.0026 0.0059 0.115 
Normal 0.59 

15 0.0031 0.0064 0.281 

66 0.0695 0.144 0.251 
0.59 

General 15 0.0743 0.141 0.369 
Overload 66 0.0579 0.208 0.344 

0.80 
15 0.0658 0.204 0.470 

TABLE 8 SENSITIVITY TO MEAN INTER-REPEAT 
INTERVAL 

Reducing the mean inter-repeat interval has little effect on 
first attempt loss probability , but substantially increases the 
loss probability for repeat attempts, resulting in a small 
increase in the proportion of unsuccessful call intents. 

5.5 Circuit Group Failures and Exchange Loads 

Table 9 gives the effects of circuit group failures on 
the call attempt loads of 4 exchanges. Exchanges 5 and 13 are 
tier 2 nodes , and exchanges 1 and 2 are their parent nodes. All 
results are for the AAR network at normal traffic load. 
Exchanges 5 and 13 are normally connected by a high-usage 
group which overflows to the 3-link hierarchical route via 
1 and 2. 

Failed H 
Exchange 

Circuit Group 
1 2 5 13 

High-Usage 0 4.9 5.6 -2.3 -2.1 
5Hl3 

(60 Circuits) 0.59 5.6 6.3 0.9 4.1 

Final 0 -17.0 -4.3 -7 .7 -0.7 
5 ~I 

(200 Circuits) 0.59 -9.3 -2.9 23.7 0.0 

Figures refer to % change in exchange call attempt load 
relative to non-failure situation . 

TABLE 9 CHANGE (%) IN EXCHANGE CALL ATTEMPT 
LOADS DUE TO CIRCUIT GROUP FAILURES 

The most substantial effect concerns exchange 5 when the 
hierarchical group to exchange 1 fails . With no repeat attempts 
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(H = 0) the loss of incoming traffic leads to a moderate 
reduction in call attempt load (-7.7%). When repeat attempts 
are generated, the loss of some incoming attempts is out
weighed by the large number of ineffective attempts generated 
within exchange 5, leading to a large increase in load (23.7%). 

6. SOME IMPLICATIONS OF THE SIMULATION RESULTS 

6.1 Exchange Performance 

The capacity of the processor control unit of an SPC 
exchange is determined primarily by the call attempt rate 
offered to the exchange. As a result of subscriber repeat 
attempts, this rate increases by considerably more than the 
offered traffic in overload situations. In our simulation studies 
a general overload of 30% in the first attempt rate led to 
increases of up to 60% in the call attempt rate at some 
exchanges (with persistence = 0.8). For reasons mentioned 
above in 5.4, this problem is likely to become more serious in 
the future. There are a number of possible approaches to 
dealing with this problem: 

- Dimension SPC units on the basis of a large call attempt 
overload level. 

- Incorporate load control facilities, eg rejection of call 
attempts and cessation of other activities in overload 
conditions. 

- Provide new facilities, such as ring-back-when-free, to 
remove the need for some repeat attempts. 

- Place restrictions on telephone instruments to prevent or 
discourage rapid attempt rates. 

The first 3 options are generally being adopted. The fourth 
option is discussed below in 6.3. 

Processor performance is also likely to be influenced by 
the arrival distribution of call attempts. If inter-repeat 
intervals become shorter, the call arrival process will become 
more 'peaky' . This sort of data was not collected in the 
simulation study, but it can be illustrated by a simple model. 
If we assume (as an approximation) that inter-repeat intervals, 
system busy periods, and non-busy periods are all exponentially 
distributed, then we can estimate the expected call attempt 
rates at the beginning and end of an average system busy 
period. This gives some idea of the range of variation of the 
attempt rate. Table 10 gives results for two different inter
repeat intervals, assuming mean call holding time = 180 sec
onds, mean system busy period = 3 seconds, time congestion 
(= loss probability for first attempts) = 0.1 . 

Mean inter-repeat interval 60 6 (seconds) 

Mean attempt rate at start of 106.8 100.4 average busy period 

Mean attempt rate at end of 110.6 138.4 average busy period 

TABLE 10 RANGE OF VARIATION OF ATTEMPT RATE 
(FIRST ATTEMPT ARRIVAL RATE = 100) 

6.2 Quality of Service 

When repeat attempt behaviour is taken into 
consideration , it is clear that the usual grade-of-service criteria 
(in terms of cal1 attempt loss probabilities) do not fully 
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represent the quality of service seen by the subscriber. In 
general the subscriber is interested in two aspects of network 
performance : 

- What is the probability that the first attempt fails? 

- For how long does the congestion persist after a first 
attempt has failed? 

In this context it is of interest to examine the 'recovery 
function' Pc (t) = probability that a congestion state exists at 
time t given that a congestion state existed at time O. 

If we assume (as a reasonable approximation) that this 
function has exponential form , then it is defined by two 
parameters (rate and asymptote) . Using a relatively simple 
calculation, these two parameters can be estimated from the 
loss probabilities for first attempts and repeat attempts for any 
particular source-destination traffic stream observed in the 
simulation study. Table 11 gives two examples of the 
estimated recovery function , the first for a normal situation 
with low blocking, and the second for an overload situation. 

t Pc (t) 

(Seconds) Normal Load Overload 

5 0.59 0.75 

15 0.21 0.58 

30 0.058 0.29 

45 0.027 0.23 

Asymptote 0.019 0.21 

TABLE 11 ESTI~ATED RECOVERY FUNCTIONS 

The asymptotic value of the recovery function represents 
the first attempt loss probability. For small values of t the 
function represents the distribution of the residual duration of 
the existing congestion state. For an intermediate value of t 
the function reflects both components , and this suggests the 
possibility of using a single parameter to represent a 
combination of both aspects of network performance 
mentioned above. For example, if we take t = 30 seconds and 
consider the estimates of Pc (30) for various traffic streams from 
the simulation study , we fmd that these are generally less than 
10% in normal load (low blocking) situations, and greater than 
20% in overload situations. 

While it would clearly be very difficult to dimension a 
network against this type of parameter, it is nevertheless a 
meaningful measure of service quality and is closely related to 
repeat attempt rate. It would be of interest to make further 
studies of how this parameter is related to network structure 
and normal grade-of-service criteria. Elldin [8] has discussed 
the use of some similar parameters . 

6.3 Instruments with Auto-Repeat Facilities 

The introduction of fast multi-frequency signalling 
and the use of repeat-last-number facilities in telephone 
instruments make shorter inter-attempt intervals possible and 
probably lead to greater persistence . However the subscriber's 
patience is still a limiting factor. A greater potential danger 
arises from the introduction of instruments with automatic 
repeat attempt facilities . We shall discuss possible limitations 
that might be applied to such facilities in ordinary telephone 
instruments , while recognising that PBX and other types of 
equipment could present more complications. 
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Two factors can be controlled: the intervals between 
repeat attempts, and the total number of repeats made. In 
theory these parameters should depend on the cause of call 
failure, of which at least 4 cases are important: network 
congestion, called-subscriber-busy, no-reply , no-tone (or 
unidentified tone). We shall consider only the first two, but 
suggest that no-reply should be handled similarly to called
sub-busy and no-tone similarly to network congestion . We 
also consider the possibility that these distinctions cannot be 
made in practice. 

The recovery functions illustrated in Table 11 indicate that 
following network congestion it is advantageous to the 
subscriber to make one or two repeat attempts fairly quickly 
since these would have a reasonably good chance of success. 
However it is undesirable to allow many repeat attempts to be 
generated quickly because of the severe problems this could 
cause to processor control systems in exchange overload 
conditions. We should also recognise that if the auto-repeat 
facility did not generate at least one rapid repeat , the subscriber 
would probably generate one manually . Taking these factors 
into account, the following restrictions are suggested as 
appropriate following network congestion: 

- Minimum interval of 5 seconds before the first repeat. 

- Minimum interval of 60 seconds between subsequent 
repeats. 

- Maximum of 5 repeats in any 15-minute interval. 

Somewhat different considerations apply when the first 
attempt meets called-sub-busy. Table 12 shows a residual 
holding-time distribution (assumed to be negative exponential 
with mean holding time = 180 seconds). This is analogous to 
the recovery functions for congestion in Table lion the 
assumption that the ·called subscriber has low calling rate (ie the 
asymptote is near zero). 

t Prob Still Busy at t (Seconds) 

5 0.97 

30 0.85 

60 0.72 

120 0.51 

180 0.37 

TABLE 12 RESIDUAL CALL HOLDING-TIME 
DISTRIBUTION 

In this situation there is clearly little point in making rapid 
repeats. From the network viewpoint we need to consider the 
increased number of ineffective attempts that might need to be 
handled . In order to control this it is desirable to restrict the 
maximum number of repeats generated following called-sub
hllSY. A total of 4 repeats would seem reasonable - this 
corresponds to a persistence of 0.8 (average result assuming all 
attempts fail). Hence the following restrictions are suggested 
as appropriate following calIed-subscriber-busy : 

- Minimum interval of 2 minutes between attempts. 

- Maximum of 4 repeat attempts in total. 

It may frequently be the case that the calling equipment 
cannot distinguish between different causes of call failure , and 
in particular between network busy tone and called-sub-busy 
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tone. The following restrictions are proposed as an overall 
com promise : 

- Minimum interval of 5 seconds before the first repeat. 

Minimum interval of 60 seconds between first and 
second repeats. 

- Minimum interval of 2 minutes between subsequent 
repeats. 

- Maximum of 4 repeats in total . 

7. CONCLUSIONS 

7.1 If subscriber persistence is assumed constant then the 
main repeat attempt performance parameters (call intent loss 
probability , and mean number of attempts per intent) depend 
only on the persistence and the mean loss probability for all 
attempts. 

7.2 For a specific stream of traffic in statistical 
equilibrium, the average loss probability for repeat attempts is 
not necessarily very much greater than for first attempts . 
When these loss probabilities are observed across a network (or 
over a period of varying traffic intensity) a much greater 
disparity may be observed, due to a simple weighting effect. 

7.3 The form of the distribution of inter-repeat attempt 
intervals has negligible effect on the loss performance of a 
network. 

7.4 A reduction in the mean inter-repeat interval has 
little effect on first-attempt loss probability , but substantially 
increases the loss probability for repeat attempts , resulting in 
a small increase in the proportion of unsuccessful call intents. 

7.5 Reducing the mean inter-repeat interval also causes 
much greater temporal variation in attempt rate , which is 
likely to have adverse effects on the performance of SPC 
exchange systems. 

7.6 The 'recovery function' - the probability that a 
congestion state exists at time t given that a congestion state 
existed at time 0 - is a good measure of service quality in the 
presence of repeat attempts. Evaluated at a suitable point 
(eg around 30 seconds) it reflects both the first-attempt loss 
probability and the residual duration of a previous congestion 
state. 

7.7 Various factors , most seriously the use of auto-repeat 
facilities in telephone instruments , are likely to lead to 
greater persistence and shorter inter-attempt intervals , with 
adverse effects on network performance. 

7 .8 The following restrictions are proposed for auto
repeat facilities: 

- Minimum interval of 5 seconds before the first repeat. 

- Minimum interval of 60 seconds between first and second 
repeats. 

- Minimum interval of 2 minutes between subsequent 
repeats. 

- Maximum of 4 repeats in total. 
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APPENDIX 

DERIVATION OF FORMULAE 

Let H persistence 

loss probability for the k'th attempt in a series 

Then the probability that a call intent gives rise to k repeat 
attempts is 

(

1 - HP 

Hk . ~ ~ . . (l 
i = 1 1 

(k 0) 

(k 1, 2, ... ) 

Hence the mean number of repeat attempts per call intent 
is 

00 k 

X = k k Hk. n P . . (1 - HP k + 1) 
k = 1 i=1 1 

00 k 
= k Hk. n P. 

k=1 i = 11 

The mean number of attempts per intent is (3 = 1 + X. 

Now the probability that a call intent gives rise to exactly 
k unsuccessful attempts (including the first) is 

k - l k 
H . i ~ 1 Pi . (l - HPk + 1) (k = 1,2, ... ) 

Hence the mean number of unsuccessful attempts per call 
intent is 

00 k X 
k kHk-l .n P . . (1 - HPk+

1
) = H-

k=1 1=1 1 

The mean loss probability for all call attempts is therefore 

P = mean number of unsuccessful attempts per intent 
mean number of attempts per intent 

X 
H (1 + X) 

The probability that a call intent is successful at the k'th 
attempt is 

{

I - PI 
k-1 

Hk - 1. n P . . (1 - Pk ) 
i = 1 1 

(k 

(k 

1) 

2,3 , ... ) 

Hence the call intent loss probability is 

00 k-1 
rr = 1 - (l - P 1) - k Hk - 1 . n Pi' (l - Pk) 

k=2 i=1 

_ (1 - H)X 
- H 

. No.w the mean number of unsuccessful repeat attempts per 
mtent IS 

00 k+ 1 X 
L k Hk . . IT P . . (1 - HPk + 2) = -H - PI 

k=1 1=1 1 
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Hence the mean loss probability for all repeat attempts is 

P =.L PI 
R H - X 

We can combine all of the above results to give the 
following relationships : 

P 
X PI 

= = 1 - H (PR - PI) HO + X) 

= P (l - H) = 
PI (1 - H) 

1T 1 - HP 1 - HPR 

1 1 - H (PR - Pd 
~ = = 1 - HP 1 - HPR 
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