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ABSTRACT 

The operations which are carried out during 
the control tasks of a telephone exchange are 
subjected to faults. The system can control 
these situations by means of time-outs of some 
critical devices which will produce, removing 
the call from the system the release of the 
devices involved in the fault situation. The 
problem which presents itself is that of de
termining the optimum value for the time-out. 

The article employing time outs as the basis 
for eliminating congestion of devices involved 
in fault conditions presents an analitical 
method for determining delay and loss probabi
lities in a full availability group of n de
vices. The method is valid for stationary type 
of arrival law and constant service time for 
successful calls; on the other hand, is general 
for any time - out value when n=l while if n> 1 
provides results only for the case in which 
the time-out is lower than two times the ser
vice time of devices; for higher time-outs re
sults have been obtained by means of simula
tion. 

Finally, the article sets down some conclu
sions in order to establish the influence of 

,time-out on the delay and loss probabilities 
tfor the considered model as well as possible 
inferences for a more complete model. 
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1. INTRODUCTION 

In traffic engineering it is of interest to know 
the reaction of control units to overload con
ditions, that is, the influence that traffic 
variations have on the statistical parameters 
which define the evolution of the system. The 
knowledge of this reaction allows to set up 
control mechanisms permitting the achievement of 
the optimum capacity of those control units. 

The above mentioned overload may arise as a re
sult of many different causes such as greater 
offered traffic, congestion in the network, an 
inadequate philosophy for the treatment of de
vices when a fault situation is created, etc. In 
this article we will limite ourselves to study 
the effects that faults can produce in the sys
tem's performance. In principle we may consider 
that faults might contribute to a traffic in
crease being a function of the subscriber's 
patience in front of the devices involved in the 
fault situation. 

In order to minimize the effect that a fault 
situation can produce on the system's perfor
mance the time-out technique may be employed. 
This technique establishes that a call needing 
a certain device or devices for its treatment 
should not spend more than a certain time To 
(called time-out) in carrying out the necess~ry 
operations from the instant in which the device 
or devices are required. Otherwise the call is 
considered lost, removed from the system and the 
devices involved in the connection are released • 

The problem behind this is to determine the 
adequate value of this time-out. 

If To is chosen slightly longer than the service 
time of the associated devices it would minimize 
the blocking time of those devices involved in 
fault situation, but some waiting calls would be 
lost and removed from the system. 

Conversely, if To is chosen significantly longer 
than the service time it wo~ld diminish the 
number of lost calls but the mean waiting time 
would increase. 

Thus, the choice of an adequate time-out seems 
to imply a compromise between the above mention
ed situations. The study of the influence of 
time-outs in the system evolution vis-a-vis the 
traffic offered and the percentage of faults 
constitute the objective of this paper. 

2. HYPOTHESIS OF THE ANALYTICAL MODEL 

The model considers a system made up of n de
vices to which calls can be offered with a gen
eral stationary type of arrival law. The follow
ing assumptions have been made: 

- Full availability to the n devices. 
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Constant service time K for successful calls. 

- Queueing discipline first in-first out 
(FIFO) • 

- Once the call enters the queue, a time To is 
assigned to this call; after this time the 
call is taken out for the system. In this 
sense the system allows for a limited waiting 
duration. 

A call that seizes one device can find the 
device in a fault situation. In that case the 
call would maintain the device engaged for an 
infinite time if there were no time-outs. 

- A call is lost either when it fails or when 
it waits for more than To-K. 

- A lost call is not reattempted. 

- Faults occur according to a Bernouilli law of 
rate f irrespectively of the calls and the 
devices engaged. 

3. METHOD TO OBTAIN THE WAITING TIME DISTRIBU
TION FUNCTION. 

The analytical method which will be introduced 
in what follows has at the present time certain 
limitations due to the fact that the cases 
which have been solved are the following: 

a) n devices with K~To~2K 

b) 1 device with any time-out. 

These cases are of little practical interest in 
themselves; however, the results obtained can 
be used to derive conclusions for more complex 
ones. 

Let us define the following terminology: 

P (w) Probability that a call will wait less 
than or as long as time w. 

Q~(t): Probability that in the considered sys-
1 tern with n devices, at least the first 

i calls which arrive in a time interval 
of length t, begin their service in this 
interval. 

Call arrival law, which is to say, the 
probability that in a time interval of 
length t, j calls will appear. 

The determination of the distribution function 
for the waiting time will be performed in two 
steps: 

1) Determination of p(w) in terms of probabi
lities Q~(t). 

2) Determination of Q:(t). 

3.1. CASE a: n DEVICES WITH K ~ T 0 ~ 2K 

To solve this case we shall use diagrams of 
fig. 1. 

Both diagrams show by means of a vertical arrow 
the instant in which the call to be analyzed 
will be assumed to appear. For the sake of 
simplicity we will designate this call by C. 
Depending on the relationship between K and w, 
two cases can be contemplated: 

a1) O~w~K (figure la). 

a2) K~ w~ To (figure lb). 
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Fig.- 1 Diagrams for P (w) calculation 
a) w .. K , b) K .. w ~ To 

It has to be noted that in both diagrams we have 
only considered an interval of duration To, ow
ing to the fact that all the calls appearing in 
the system prior to the initiation of this in
terval die before the interval ends. The influ
ence of these calls on the waiting time ~f C 
will be reflected in the probabilities Qi<t). 

In order to define in an easy way all the events 
that influence whether the call C has to wait 
less than or as long as w, the time interval of 
length To should be adequately handled. For in
stance, in case al) we divide the interval To-w 
into two parts To-K and K-w, since the calls 
which arrive in each of them affect call C in a 
different way. Calls arriving in K-w will occupy 
devices that call C will not seize if it must 
wait less than or as long as w. Those arriving 
in To-K can occupy devices that call C might or 
might not seize if the waiting constraint should 
be fulfilled. Therefore, only those devices that 
were occupied by calls starting their service 
in To-K and not failing might be used for handl
ing call C. In what follows we will use the 
notation [ ] for those parameters to be used " for 
case b. 

Let us define: 

~l' ~2 : Number of calls that can appear in time 
intervals K-w, To-K [To-w] respectively so as to 
keep delay of the call C less than or as long as 
w. Consequently: 
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Case al 

OS,ul ~ n-l 

OS,u2 ~ 2n-l-,ul 

,u =,ul + ,u 2 

Case a2 

0= ,ul 

0~,u2~2n-l 

The variation of ~2 can be considered as divid
ed in two subintervals: 

Case al: 0~,u2 ~ n-l- ,ul; 

Case a2: 0 ~ fJ. 2 ~ n-l n~ fJ. 2 S 2n-l 

The conditional probability that a call C wa1ts 
less than or equal to w, given that ,u2 lies in 
the first subinterval, is unity. However, if ,u2 
lies in the second subinterval, the above proba
bility depends not only on the number of calls 
that find a fault situation in the correspond
ing devices, but also on the number of calls 
that because of appearing in To-K [To-w] must 
initiate their service in To-K (in both cases). 

,uJ : Minimum number of calls that by appearing 
in To-K [To-w] must initiate their service in 
To-K (for both cases) so as to keep the delay 
of call C less than or equal to w. 

• 
• 
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}l4. : Number of calls out of 1.1 3 that seize 
devices in a fault situation. 

The relation between 
the expressions: 

1.13 and }l 4. is given by 

Obviously, it is not necessary to consider 1.13 
and}l4. if: 

According to the above definitions the follow
ing expressions can be deduced for cases al and 
a2: 

Case al: 

Case a2: 

n -1 
pew) = L:: A ,u2( To - w ) .. 

,u2=O 

Finally, in order to determine the distribu
tion function for the waiting time~ it will 
suffice to obtain Qr(To-K). This step can be 
carried out in an easy manner by means of the 
following reasoning: 

Q~(To-K) can be considered as the probability 
ttat at least i calls arriving in a time in
ternal of length less than or equal to To-K, 
wait less than To-K, measuring this delay from 
the time instant in which the first call ap
peared. As a consequence, Q~(To-K) can be de
duced from the expression of pew) with the 
following conditions: 

w= To-K ; o ~ T -K:S K 
o 

Then the general formula ~or Q~(T -k) 
1 0 

2n-i.-p., 

+ .... >--:---..,-
J-l2= n -i -Pi'" 

will be: 

Due to the fact that 1 ~ i:S 11 it i s poss i b I E' to 
form a system of n equat ions from \\hi c h thE' 11 

unknowns Qr(To-K) can be deduced. 

3.2. CASE b: 1 DEVICE WITH ANY TIME-OUT 

To solve this case we shall follow fig. 2. 

S·K __ ~ 

~ __ L_S_+_l ::::::: ___ T_o-w __ .~._e_.~el _______ :L_i+_'J--+_c __ ee_e_- w K -

1r To-----

Fig . 2 : Diagram for P(w) calculation (1 device) . 

Let us consider the interval To-w composed of 
s-i+l subintervals of lengths Lj, (i+l:S j:S s+l 
where i and s represents the greatest integers 
less than or equal to w/K and To/k respectively). 
The lengths of these subintervals will be as 
follows: 
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( 
K V j;l i+l, s+l; i;ls 

(i+l)K-w j= i+l i;ls 
L. 

T -sK j= s+l i;ls J 
0 

T -w i=s 
0 

Let us also define ~ . as the number of calls 
that can appear in su~internal j so as to keep 
the delay of call C less than or equal to w. 

According to the previous definitions: 

j-l 
~ j-l- r==. }lr 

r=i+l 
for all j ;I i+l 

Following the same line of rational as that in 
case a) and taking into account that calls ap
pearing in To-w cannot fail if the waiting 
constraint should be fulfilled, the following 
formula can be derived as an expression of pew) : 

r::=. A (L) (l_r>,uS+l Qn(T _ mK) 
1.1s+1 1.1s+1 s+l 1 0 

where 

s+l 
m= L. 

j=i+l 

Since Qr(To-mK)=P(To-mK) and l~ m:!O s, it is pos
sible to form a system of s equations from which 
the s unknowns Qr(To-mK) can be deduced. 

4.. GRADE OF SERVICE PARAMETERS 

In order to obtain the values corresponding to 
the optimum time-outs that fulfilled the loss
delay requirements of a particular system, it is 
necessary to establish certain criteria. These 
criteria depend fundamentally on the system and 
as consequence do not permit the establishment 
of a general rule. Nevertheless, both loss and 
delay aspects should be taken into account for 
its definition. Consequently, it seems advisable 
to derive the formulae that will permit us to 
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verify if these criteria are or are not satis
fied. 

Since the waiting time distribution has already 
been obtained the following parameters will be 
derived: 

- Total loss probab~lity. 

- Average occupation time. 

- Mean waiting time for all calls. 

4.1. LOSS PROBABILITY 

In accordance with the general hypotheses al
ready set down we will consider that a call is 
not lost when it does not find itself in a 
fault situation and if its delay is less than 
or equal to To-K. 

The expression for the loss probability is 
thus: 

B ~ 1 - ( 1 - f) P ( To - K ) 

or according to the definition of Q~(To-K) the 
loss probability can be expressed as: 

B 1 - ( 1 - f) an (To - K ) 
1 

4.2. AVERAGE OCCUPATION TIME 

Depending of the waiting time of the call as 
well as the situation find by the call on the 
device (fault or not) the following occupation 
times can be considered: 

{ 

Succesfull 
Undelayed call 

Lost 

K 

T 
o 

Delayed call 
{ 

0 ~ w ~ To-K {

Succesfull 

Lost 

K 

T -w o 

To-K~w~To 9 Lost T-w 
o 

Consequently, the expression for the average 
occupation time will be the following: 

4.3. MEAN WAITING TIME FOR ALL CALLS 

Its value is given by thJe r:o llowing 

tq :dP(X) 

expression: 

Remark: In all the preceeding integration pro
cesses it is necessary to employ different 
expressions of p(x) a c c ording to the integra
tion intervals in [O ,ToJ. 

~. NUMERICAL RESULTS AND FINAL CONSIDERATIONS 

There is ~ real difficulty which has to be 
f~ce d ~hen s etting up absolutely valid conclu
sions ~ i th respect to the optimum dimensioni ng 
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of time-outs and even when trying to determine 
their effects on both loss and delay probabili
ties in real switching systems composed by de
vices subjected to faults. This fact becomes 
evident when those conclusions have to be infer
ed from a model that at the present time is 
limited to the cases already mentioned in sec
tion J. Due to this reason it has been consider 
ed advisable to extend the range of results pro
vided by the analytical model by means of using 
simulation techniques. A description of the 
simulation model, in which a Poissonnian arrival· 
law with offered traffic! has been assumed, is 
given in fig. J. I 

MAIN PROCRAM AUXIUARV raOGJl.UI 

Numerical results have been grouped in catego
ries: 

- Curves showing the total loss probability as 
a function of the ratio To/K, taking as para
meters the failure rate f and the offered 
traffic!. (Figs. 4 , 5 and 6). 

- Curves showing the mean waiting for all calls 
as a function of the ratio To/K, taking as 
parameters the failure rate f and the offered 
traffic f. (Fig. 7). 
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Figures 4, 5 and 6 indicate how the total loss 
probability tends to stabilize itself as time
out values increases; furthermore, the bigger 
the fault percentage is the sooner the stabili
ty level is reached. However, it is of interest 
to note that the model previously described in 
this paper assumes infinite patience on the 
part of the subscriber. In a real situation 
there will be time-out values which will not 
contr ~ l the system, since the subscriber's im
patience itself will be an element of control 
by limiting the range of choice of time-out 
values eliminating those excessively large with 
respect to the service time. 

As it might be logically expected the mean 
waiting time for all calls should increase when 
the time-out increases. This is confirmed by 
the curves of figure 7. As a consequence, it 
can be stated that to set up a criterium for 
specifying a loss probability in order to de
termine a time-out does not make any sense with-

out specifying the limits allowed to the fluc
tuationsof the waiting probability. 

B 

'" f....--r----
;- :t B., Ih 

---+---------x~r--~J--------
I - To /K 

Fig. 8: Influence of the time out on the total loss probability. 

In other words, let us assume that for a given 
traffic conditions, the variation of the total 
loss probability (in terms of the ratio time
out/service time) is given by curve in figure .8. 
Assume that B2 is the grade of service specifi
ed, it will be necessary to choose a time-out 
equal to x2 times the service time; however, if 
we choose as value for the time-outxl·K, the 
total loss probability B2+ e will be practically 
equal to B2 , while a significant improvement 
(depending on the traffic parameters) can be ob
tained on the average waiting time. Furthermore, 
to choose x2·K instead xl·K as the optimum time
out might originate an elevate number of repeat
ed attempts due to the subscriber's impatience. 
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