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ABSTRACT 

The aim of this paper is to examine some methods 
for checking the grade of service of a trunk group. These 
methods must point out when the system performance is 
unacceptable, because of an offered traffic increase. The 
paper consj.sts of three parts. The first one is devoted to 
the investigation of the best alarm criterion from the point 
of view 01 quickness and accuracy. The second part ' ex
amines a model, taking into account repeated call attemps. 
In the third part we propose a sequential criterion instead 
of a single sample procedure, to :i:mprove the decision 
time. As a conclusion, the best solution is to check the 
offered call rate or, in an equivalent way, the inter-ar
rival times. 

1. INTRODUCTION 

In order to efficiently manage a telecommunications 
system, it is important to check continuously the grade of 
service offered to users. In fact, because of offered traf
fic increases, circuits may become sometimes insufficient 
to keep the grade of service to the level established at the 
dimensioning stage. By knowing traffic variations, it is 
possible to achieve service protection and reduction of 
the unfavourable congestion effects, besides verifying the 
system design. 

The aim of this paper is to examine some methods 
(alarm criteria) for checking the grade of service of a 
trunk group and signaling when the system performance 
is unacceptable, because of an offered traffic increase. 

For sake of simplicity, we consider a single trunk 
group isolated from both the upstream and downstream 
equipment and the other groups of the network. This group 
presents full availability and Poisson offered traffic. Fur
thermore, in case of congestion, the call waiting is not 
foreseen. 

The traffic is as sumed to be stationary, i. e. in ev
ery situation the mean value of the offered traffic does not 
change in time. According to this hypothesis, the problem 
consist 's in making a choice on the basis of the observa
tion, among some stationary situations, each one charac
terized by a particular value of offered traffic. Then we 
do not take into account that in the reality the traffic in
tensity varies from instant to instant and that it is just 
this variation we should check. This is a simple approach, 
but it represents a first step for tackling the problem. 

In a previous paper [1] alarm criteria with three 
hypotheses (excellent, normal or bad grade of service) 
were studied. To simplify the comparison among different 
criteria, in this paper we check duly two hypotheses: nor
mal .or bad grade of service. An indifference interval is intro
duced to take into account real situations, assuming that 
it is not important which decision is taken within this in
terval. In the first part of the paper (choice of the best 
criterion) we assume that calls meeting congestion are 
lost; thus loss probability E characterizes the grade of 

service. Afterwards, repeated call attempts are consid
ered and the mean number u of attempts per call complet
ed is assumed as system performance. 

As a conclusion, the pr.oblem consists in deciding, 
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on the basis of the observation, results, when to accept the 
following hypotheses (fig. 1): 
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Fig. 1 
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- hypothesis Ho: E ~ E2 (u .;;;; u 2) - normal situation; 
- hypothesis HI: E ;;;. El (u > u l ) - alarm (overload) situ~ 

tion; 

where El' E2 (up u 2·) are the critical values defining the 
indifference interval. 

2. CHOICE OF THE ALARM CRITERION 

We assume that in the trunk group the lost calls are 
cleared, i. e. call waiting and repeated attempts are not 
allowed. The loss probability E of the group is assumed to 
characterize the grade of service. Furthermore, to si~ 
plify the comparison among the four alarm criteria, we 
consider that the observation time is fixed in advance 
(simple sampling). 1'1-.; s;; time r is called decision time. 

2. 1 Statistics considered 

The decision (acceptance of one of the two hypothe
ses on the grade of service) depends on the observations 
(measures) carried out on the trunk group. The measure
ment results are processed through observation func
tions, called statistics. In this paper we consider the fol
lowing four statistics: 

- Statistic A : carried traffic 
Through a continuous observation (erlang-meter) we 
measure the total busy time of the circuits, in an in
terval whose duration is the decision time .r. Said X{t) 
the number of busy circuits at instant t, statistic A is 
given by: 

1 r 
SA = - J X(t) dt 

r 0 

- Statistic B: offered call rate 

(I) 

The number of calls No{r) offered in an interval of dura
tion r is observed. Statistic B is given by: 

No(r) 
(2) 

- Statistic C; call congestion 
In the decision time r, the number No{r) of offered calls 
and the number NL (r) of lost calls are observed. Sta
tistic C is given by: 

(3) 

- Statistic D : time congestion 
The duration of the congestioned (all circuits busy) 

time intervals is measured. Let Zc (r) the sum of the 
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duration of all congestion intervals during the period r, 
Statistic D is given by: 

(4) 

The correspondence between the values of each sta
tistic and the acceptance of one of the two hypotheses, is 
given by the following decision criterion: 

- acceptance of hypothesis Ho' if Sk < x k ; 
- acceptance of hypothesis HI' if Sk > x k . 

This decision criterton is obvious, because the low
er the offered traffic and the loss probability the lower 
the values of the statistics Sk (k = A, B, C, D). 

2. 2 Evaluation of the statistics 

The effectiveness of a decision criterion depends on 
the rightness of the decisions taken in different loss situ
ations. Furthermore, decisions should be taken quickly, 
so as interventions are not carried out when the traffic 
situation is completely changed. Thus, the effectiveness 
of an alarm criterion also depends on the quickness in d~ 
tecting the variations in service quality. The decision 
criteria are then evaluated from the two following points 
of view: 
- quickness in detecting the variations in grade of service 
- accuracy in taking the decisions in every traffic situa-
tion ~ 

We assume the decision time r, already defined, as a 
parameter to measure the quickness in taking decisions. 

To evaluate the statistic accuracy, we consider the 
probabili ty P{E} of taking a wrong decision, in correspon
dence of a certain loss value E. As regards Statistic Sk, 
we get obviously: 

{

Probability {Sk > xk}' if E < El 
P(E) '"' 0 if El < E < E2 

Probability {Sk .< xk }. if E > E2 

In practical cases (Fig. 2) the error probability 
function presents two maximum values in correspondence 
of the indifference interval bounds: (Xl = P{El), (X2 = P{E2); 
the probability of taking a wrong decision is always lower . 
than {or equal to} the higher of the two values. Then to 
evaluate the statistic accuracy in taking decisions, we 
consider the parameter (X given by: 

{5} 

call e d error risk. 
·For each statistic Sk' (X is a function of the critical 

threshold x k ' besides of the decision time r. The thre
shold value must minimize the error risk. For statistics 
A and D, whose values change continuously, an equivalent 
criterion for obtaining x k is 

(X = (Xl = (X2 (6) 
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Fig. 2 

2. 3 Comparison among the statistics 

To choose the best statistic, we consider the func
tional dependence between the error risk (X and the deci
sion time r, for each statistic. Figures 3,4 show the re
sults of the simulations carried out on a 20-circuit group, 
in the two following loss situations: 
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In both situations Statistic B is the best, as it supplies 
the least error risk for each value of the decision time. In 

case of low losses Statistic A is more accurate than 5ta

tistics C and D, while for the high losses considered the 
three statistics are almost equivalent. 

As a consequence, Statistic B (group offered call 
rate), has been adopted as alarm criterion. This statistic 
does not take into account the group characteristics and 
the circuit holding time. Therefore its accuracy depends 
only on the rate of the offered calls. 

BOSTICA / BUTTO / TONIETTI-2 



3. REPEATED ATTEMPT MODEL 

In section 2 we consider a particular model (lost 
calls cleared), but the user, who does not succeed in es
tablishing a communication for equipment congestion or 
called party unavailability generally repeats the call at
tempt. This phenomenon is very important in our case as 
our interest is to observe the offered call rate (Statistic 
B). Thus we should consider a more realistic model for 
call generation. 

3. 1 User habit model 

To obtain an analytic model not requiring complex 
calculations, we simplify user habits with respect to the 
statistic investigations presented in the technical litera
ture. Now we consider a full availability group without 

.waiting possibility, but with user repeated attempts as 
follows: 
- first attempts reach the group according to a Poisson 

distribution with mean rate AO; 
- circuit holding time is distributed according to the ex

ponential law whose mean is (1' + i7 , ), being l' the mean 
communication time and i7t the mean unchanged time 
necessary to establish the connection and to await the 
called party answer; 

- the called party is busy or does not answer with proba
bility p, constant for each attempt and independent from 
group state; 

- in case of unsuccessful call, because the called party is 
busy or does not answer, if the trunk group is not con
gestioned, a circuit is held during an exponential time 
with mean i7o; 

- if the calling party does not succeed in establishing the 
communication, he tries again according to a constant 
perseverance probability h; 

- the time interval between any attempt and the next one, 
concerning the same call, is assumed to be long enough 
so that ,the possible congestion at the first attempt does 
not affect the group state at the next attempt. 

The flow chart of Fig. 5 illustrates the above cha
racteristics and shows the probability of each branch. 

Fig, 5 

3.2 Analytic model 

Under the previous hypotheses, repeated attempts 
are considered as first attempts;then the group behaviour 
is the same of a group with lost calls cleared, still pre
senting a Poisson offered traffic A. Being A the global 
rate of calls offered to the group,(first and repeated at
tempts) the following expr e s sion [2 ] 

A = A [p i70 + (1 - p) • (1' + i71 )] 

evaluates the offered traffic. 

(7) 

The call congestion pr.obability E is given by the 
first Erlang formula: 

E = EN(A) (8) 
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The probability of an unsuccessful first or repeated 
attempt depends on both the group loss E and the proba
bility p that the called party is busy or does not answer: 

B = P + (1 - p) • E (9) 

Under the previous hypotheses each attempt pre
sents the same probability : Bh to be repeated, then 'the 
global call rate is given by [3]: 

AO 
A=l-Bh (10) 

Relations (7) to (10) allow the calculation of the sys
tem performance, when parameters characterizing user 
habits are known. 

The mean number of attempts per call completed is 
given by: 

(11 ) 

We assume this parameter as grade of service of 
the group in the presence of repeated attempts (instead of 
loss probability of section 2). 

4. SEQUENTIAL PROCEDURE 

Generally sequential tests allow a reduction in the 
number of observations with respect to single sampling 
[5], then we study a sequential procedure for testing the 
hypotheses of Fig. 1. Asswning as still true the results 
of section 2, we observe anyway the calls offered to the 
group. The sequential procedure allows an easier obser
vation of call inter-arrival times than of arrivals in a 
given interval. Anyhow these two quantities are complete
ly equivalent. 

4. 1 Test considered 

The model of repeated attempts, described by rela
tions (7), (8), (9), (11) in section 2, defines a correspon
dence between the mean number. of attempts per call 
completed u and the offered call rate A. Then the test can 
be expressed in terms of A: 
- hypothesis Ho: A ~ A2 
- hypothesis HI: A ~ Al 

The hypothesis choice depends on the observation 
of the inter-arrival time T between first or repeated at
tempts. Under the assumptions of section 3. 1, time T is 
distributed according to an exponential law of parameter 

A: 

(12) 

Using the sequential probability-ratio test [5], the 
decision function at n-th observation (arrival of an at

tempt) is: 

n fT(tj i A2) 
k In---
j=l fT(tjiAl) 

A2 
= n . In - (A2 - AI) k tj 

Al j =1 

being tj the inter-arrival time between the (i - 1)-th and 
i-th attempt. At the arrival of the n-th attempt, we de

cide whether: 
- to accept hypothesis Ho' if Zn .;;; b 
- to accept hypothesis HI' if Zn ~ a 
- to continue with observations, if b < Zn < a 

Constants a and b are functions of error risks (Xl 

and (X2 defined in section 2.2. As an exact calculation of 
these constants is very complex, we use Wald ' s approxi

mation [5]. 
In ,this sequential procedure, both the number M of 

attempts neces sary to reach a decision and the decision 

time R, given by: 
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(13) 

are random variables. The mean value r of this variable 
is chosen for characterizing the test quickness: 

1 
r - E{R}- E{Mj X}· i (14) 

being E{M; X} the mean number of observations necessary 
to reach a decision. All relations used are quoted in [6]. 

4. Z Numerical results 

Fig. 6 shows the mean decision time r as a function 
of the mean number of attempts per call completed u, for 
the error risks a1 = a2 = 0.01 and 0.05, if the sequential 
procedure is used. The horizontal lines show the decision 
time r necessary to obtain the same error risks, using 
the single sampling. The sequential test is always quicker 
than the single one, except in an interval included in the 
indifference interval [8]. The maximum value of the mean 
decision time is reached when the call rate is: 
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Fig. 7 shows the mean decision time r as a function 
of the mean number of attempts per call completed U, for 
three indifference intervals, whose bounds are denoted by 
• on the curves. An increase in the indifference interval 
width corresponds to an increase in the test quickness, 
the error risk being the same. . Furthermo re the decision 

time decreases when the indifference interval bounds ul' 
u 2 decrease, with an unchanged interval width (u 2 - u 1)' 
This is due to the non-linearity of the relation between 

the group loss E and the mean number of attempts u: the 
relative width of the indifference interval, expres sed in 
terms of E, is as greater as lower are the losses. 
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5. CONCLUSIONS 

Let us draw the following considerations: 
- The best solution for checking the grade of service of a 

trunk group versus offered traffic increases, is to ob
serve the offered call rate or the inter-arrival times. It 
is not convenient to measure the carried traffic or the 
call loss 'Or the time congestion . 
It is necessary to take into account the phenomenon of 
repeated call attempts. To this end rather simple ana
lytic models, as the above described, can be used. 

- Sequential tests reduce the mean time necessary to 
reach a decision, with respect to single sampling. 

- The decision times strongly depend on the indifference 
interval bounds and the error risks adopted (test selec
tivity). Repeated call attempts help in reducing the de
cision times, as they contribute to broaden the indiffer
ence interval. For instance, critical bounds u1 = 1.05, 
u 2 = l. 18 in a lost call environment correspond to u1 = 
Z, u 2 = 3 in the presence of repeated attempts. 
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