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We consider reservation traffic as a generalised queueing 
process taking explicit account of the interval between request 
time and call start time. We notably study the influence of the 
distribution of this interval on the performance of reservation 
systems with blocked calls lost and blocked calls delayed 
operation. 

1 INTRODUCTION 

The use of reserved set up for new services such as videoconferencing brings 
some new and difficult te1etraffic problems. In [1] we suggested a number of 
modelling approaches and identified as a major source of difficulty the need to 
account for two time variables corresponding to the request arrival epoch and 
the requested call start time. In this paper we present the results of applying 
one of these approaches: we consider the reservation system as a generalised 
queue where request arrivals constitute a homogeneous stochastic process. 

This approach contrasts with that employed in [2] where the traffic for a fixed 
busy hour is considered as a variable intensity birth process. Luss [3,4] also 
considers the traffic offered for a fixed period although this is nominally of 
one day and is divided into a number of time slots. The particularity of these 
methods is that the second time variable mentioned above is assimilated to a 
dimension of the system resources. It is then possible to c~ri.ider the arrival 
of reservations as a birth process and to derive system perform~e measures as 
functions of traffic intensity. This analysis is independent of the 
distribution of the notice interval between request and call start time and 
does not take account of the effect of system congestion at times adjacent to 
the considered fixed period. 

In the present short paper our objective is to investigate the effect of the 
notice interval distribution and to gain further insight into how a reservation 
based system differs from the corresponding queue with traditional demand set 
up. We therefore consider the evolution of the occupancy state of a group of 
servers as an ergodic process, maintaining the double dependence mentioned 
above. In view of the difficulty of an exact analysis our investigation is 
mainly based on simulation. We first define the studied reservation process 
before presenting some results obtained for loss and delay systems. 

2. THE RESERVATION PROCESS 

We consider the traffic offered to a group of N channels which are 
progressively reserved for future occupation by a succession of call requests. 

2.1 Reservation call requests 
A call request at time t demands service between ~uture times Tl and T

2
: t is 

the request time, T1 is the requested start time, T1-t is the notice interval 
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and T
2

-T
1 

is the call duration or service time. We assume that requests can 
occur at any instant but that start time and duration are always multiples of a 
certain time unit 6.. The time axis is thus divided into "slots" of width A; 
slot k occurs between times kA and {k+l}6. for k=O,l, •.• {see figure 1}. 

t 

I t ~otiC~ 
f 

request time 

T1 T2 
interval--~~~I·r------service time----~j~ 

t 
start time 

Figure 1. A reservation call 

We assume request arrivals constitute a homogeneous Poisson process of 
intensity A per slot. The notice interval is composed of an integral number of 
slots L plus the uniformly distributed fraction of one slot corresponding to 
the distance from the request time to the next slot boundary. The random 
variable L has the probability distribution H: H{£} = Pr{L = £} for £ = 0,1, .. 
Call duration D = T2 -T1 has the distribution F: F{d} = Pr{D = d} for d = 1,2, .. 

2.2 Server occupation 
Let K{t,n} be the number of channels reserved at time t in slot [t/6.]+n {where 
[xl is the integer part of x} for n=O,l, ... A call request at t for service in 
slots [t/6.]+n1 to [t/A]+n2 will be blocked if K(t,n) = N for some n such that 
n

1 
~ n ~ n2 • In case of blocking, a caller would normally re-negociate a new 

start time, before or after that initially requested. However, for the sake of 
simplicity, we consider only two eventualities: blocked requests are cleared or 
blocked requests are delayed until the next available period. These operational 
modes generalise the traditional demand discrete time loss and delay systems, 
respectively, which occur here with the particular distribution H{O)=l. 

We shall assume the process K{t,n) is stationary in the parameter t and, to 
simplify the discussion, we consider the system as seen by hypothetical 
requests arriving at slot boundaries, i.e. at times t=kA for k=1,2, •.• Let K(n) 
be the random variable corresponding to K(kA,n} in the stationary limit. The 
parameter n numbers the slots with respect to the request time of a test call 
which we thus take as the time origin. 

The number of requests whose start time is in slot n is Poisson distributed 
with mean 

(1) 

n 

A{n) = A, for n ~ 0, and A{n) = A.{l - ~ H{£)}, for n > O. 
£=0 

Let the distribution of K(n) for n ~ 0 be: Pk(n} = Pr{K{n} = k}, k ~ O. For 
n ~ 0 , the K{n} have the same distribution: Pk(O). This is the distribution 
of traffic eventually carried by the group of channels. 

2.3 Call blocking probabilities 
A request for a call of duration one slot with notice £ slots (exactly £ slots 
since we consider requests at slot boundaries) will be blocked with probabi11ty 
PN(£). To determine the blocking probability of a test call of duration d slots 
it is necessary to take account of the transient behaviour of the 
non-homogeneous process K{n) ~or n=i, •.. ,i+d-l. The blocking probability may be 
expressed in terms of first passage time distributions. Let Tk(£,r) be the 
probability that, starting at state k in slot it the ~irst time K(n) enters 
state N does not occur before slot t+r. The test call blocking probability may 
then be written: 

(2) 

N-l 

B(t,d) = 1 - ~ Pk(t).Tk(t,d) 
k=O 
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Unfortunately, we are generally unable to calculate exactly either Pk(t} or 
Tk(t,d}. 

2.4 Effect of the notice interval distribution 
The distribution H for which H(O)=1, corresponding to demand operation, 
produces a particular stationary distribution denoted ~k' k ~ O. If, instead of 
zero, the notice interval of all requests is a fixed constant K > 0, it is 
clear that we still have the stationary distribution ~k for the traffic carried 
and that Pk(m} = ~k for m ~ K. If we now consider a general distribution H(t) 
defined for t ~ 0 ,it also seems clear that system performance with notice 
distribution: Ht(t} = H(t-K) for K > 0, t ~ K, is independent of K. In 
particular, we have the same stationary distribution Pk(O) and the same 
blocking probability; system evolution is simply translated by K slots into the 
future. In this sense, system performance is independent of the mean of the 
notice interval distribution. It does, however, depend on the higher moments 
and, in particular, on the variance. 

For non-zero variance of notice, we observe the particularity of reservation 
systems that a call can be blocked by calls commencing after its own requested 
start time. This phenomenon of "retro-blocking" will be the more significant 
the greater the notice interval dispersion. We can imagine a limit behaviour 
corresponding to a notice distribution of infinite variance and such that 
H(t) ~ 0 for all t. This limit case has been studied by Virtamo [5] who 
considers the system state K(t,n) as a process which is stationary in the 
parameter n: all slots receive requests at the same intensity; a call request 
is equally likely to be blocked by previously reserved calls in any slot 
contained in its requested service period. Virtamo has solved this model for a 
single server. Unfortunately, the analytical treatment of a multiple channel 
system remains intractable. 

2.5 Impact of slot size 
The choice of slot size is an important decision in the design of practical 
reservation systems. In the present model, slot size has an impact on system 
performance. Broadly speaking, the greater the slot size the more ordered is 
the traffic process leading to higher occupancy and smaller blocking 
probabilities. For given traffic intensity (AE(D», blocking probability is 
highest for a continuous time system (A ~ 0) and least when the duration of all 
calls is equal to one slot (A = E(D». The relative difference depends on the 
value of the traffic intensity and can be significant for low blocking levels, 
e.g. a continuous time demand system blocking probability of 1% corresponds to 
only 0.2% blocking when all calls require exactly one slot. 

The advantage of 
caused to users 
durations. 

a large slot size is, of course, offset by 'the inconvenience 
who are obliged to round up or down their required call 

3. RESERVATION LOSS SYSTEM 

We identify a number of performance parameters for a reservation system with 
lost calls cleared and examine system behaviour by means of simulation. 
Simulation results are compared with calculated blocking probabilities for an 
equivalent demand loss system. 

3.1 Performance parameters 
The blocking probability of a call request of notice t and duration d, B(t,d), 
is a decreasing function in t and an increasing function in d. Since this 
blocking probability depends on d, we generally have different values for the 
proportion of lost calls .Bc and the proportion of lost traffic BT. The 

' probability that all channels are eventually reserved in any slot is the 

4.4B.1.3 



ITe 12 Torino, June 1988 

saturation probability Bs. Note that, in a traditional demand loss system in 
continuous time, Bc' BT and Bs are all equal and are given by Er1ang t s formula. 

3.2 Loss system simulation 
We have investigated system behaviour by means of an event by event simulation. 
Various configurations have been simulated but, to save space, we concentrate 
here on the results obtained for only one system, namely, a group of 10 
channels offered 7.6 er1angs with a slot size chosen so that mean call duration 
is of 4 slots. These results are typical and serve to illustrate qualitative 
system behaviour. 

We consider two service time distributions: deterministic and geometric. Since 
blocking probabilities depend essentially on the dispersion of the notice 
interval distribution, we have chosen for simplicity to simulate a notice 
interval distributed uniformly over [l,S] where S is a parameter of the 
simulation run varying from 1 (constant notice) to 320 slots. 

Probability 
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Fig. 2. Loss system blocking probabilities against notice interval dispersion. 
- uniform notice distribution on [l,S] for 1 ~ S ~ 320 
- servers 10; - traffic offered 7.6; - mean service 4 slots. 

S 

In figure 2, we show how the three probabilities Bc' BT and Bs vary with the 
parameter S; 95% confidence intervals are shown only for the proportion of 
blocked calls; service time distribution is geometric in figure 2a, 
deterministic in figure 2b (Bc and BT are then equal). At the left hand side of 
these figures, blocking probabilities are those of an equivalent demand system; 
as S increases we tend to the stationary process described in § 2.4. We note 
that Bc is relatively invariant with respect to the notice interval dispersion, 
BT increases with S in view of the higher blocking probability of longer calls 
while Bs decreases reflecting a more inefficient channel occupation due to the 
effect of "retro-blocking". 

In figure 3, we plot the request blocking probability as a function of 
requested duration for three notice interval distributions: deterministic, 
uniform over [1,10], uniform over [1,320]. Service distribution is geometric 
and the blocking probability for constant notice can be calculated exactly (see 
§ 3.3 below). The points in figure 3 give the proportion of blocked simulated 
calls of given duration for all notice intervals. These resultsshow clearly 
that the effect of "retro-blocking" is much more pronounced for long calls with 
a highly dispersed notice interval distribution. 
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Fig. 3. Blocking against call duration. 
- servers 10; traffic 7.6 
- service geometric, mean 4 
- notice: a) deterministic 

b) uniform on [1,10] 
c) uniform on [1,320] 

3.3 Demand loss system 
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Fig.4. Blocking for given notice and 
duration. 

servers 10; - traffic 7.6 
- service geometric, mean 4 
- notice uniform on [1,10] 

Consider a demand system with non-homogeneous arrivals of intensity given by 
(l).Assume additionally that the service time distribution is geometric, that 
is: F(d) = P.(l_p)d-l for d ~ 1. The number of calls K(n) in service in slot n 
is then a Markov chain with transition probabilities defined by: 

q(n) = Pr(K(n+l)=jIK(n)=i) = 
i • j 

(3) 

i 
~ A(n+l)j-i+k 
L." (i)pk (l_p)i-k .e- X(n+l )--.;.._~ __ 
k=O k (j-i+k)! 

, j ~ N-l, 

N-l 

1 - L qi(n) , j = N. 
• k 

k=O 
In the case of a homogeneous arrival process: A(n) = A, the K(n) have a 
stationary distribution denoted in §2.4 by wk and satisfying: 

N 

Wj = L qi~} .wi ' 0 ~ j ~ N. 
i=O 

Assuming this system to be in equilibrium in slot 0, we can calculate the 
probabilities Tk(t,d) and Pk(t) in (2) as follows: 

N-l N-l 

L L 
i.t+l=O i.t+d_l=O 

N 

L 

This allows us to approximate the blocking probability B(t,d). Figure 4 
compares this approximation with the results of simulation for a particular 
system configuration. Agreement is satisfactory, espeCially for longer service 
durations. 
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4. RESERVATION DELAY SYSTEM 

Blocked requests are here delayed 
server is available throughout the 
section, we investigate the impact 
distribution. 

until the nearest future period where a 
requested duration. As in the previous 
on performance of the notice interval 

4.1 A special case 
First consider the reservation delay system where all request durations are of 
exactly one slot. In this special case the mean request delay is independent of 
the notice interval distribution. This is essentially due to the fact that the 
previously identified phenomenon of retro-blocking is absent and the 
reservation system can be viewed as a discrete time queue with a particular 
work-conserving service discipline: waiting requests are served in an order 
determined by the epoch of their request time. 

While the mean delay is invariant, the probability of delay does depend on the 
notice interval distribution (as in a discrete time demand queue the delay 
probability depends on the service order). Intuitively, delay probability is 
greatest for a demand system with FIFa service. It decreases as the dispersion 
of the notice interval increases thus disturbing this natural service order and 
allowing more "late comers" to be served without waiting. The decrease in delay 
probability is, of course, obtained at the cost of a longer tail to the waiting 
time distribution and to a greater expected delay for those requests which are 
delayed at all. 

4.2 Delay system simulation 
To investigate the performance of more general delay reservation systems we 
have used simulation. We give here the results obtained for the same system 
configuration considered in §3.2 above and we consider notice intervals 
uniformly distributed on [l,SJ, where S is a parameter. 

Figure 5 plots mean delay and probability of delay against S for 1 ~ S ~ 320. 
The values on the left (S = 1) are for demand working while, on the right, we 
approach the limit corresponding to infinite notice interval dispersion (cf. 
§2.4). 

Mean delay 
.8- (slots) .4 
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.2 
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Figure 5. Mean delay and delay probability against notice dispersion. 
- servers 10; - traffic offered 7.6 
- service geometric, mean 4 
- notice uniform on [l.SJ for 1 ~ S ~ 320 
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It' is clear that the conservation of mean delay noted in §3.1 above does not 
extend even approximately to the . case of more general holding time 
distributions: mean value almost doubles as S varies from 1 to 320. Delay 
probability is also quite variable, unlike the call blocking probability of the 
corresponding loss system. Most variable of all is the mean delay of delayed 
calls, equal to the mean delay divided by the probability of delay, which 
increases from 2 to 8 slots. 

4.3 Demand system with waiting 
In the same way as for loss systems (cf §3.3) we can approximate the delay 
probability of a test call of given notice t and given duration d by the 
corresponding results for a discrete time demand delay system. Such queues are 
considered, for example, in [6]. Unfortunately, the standard method of deriving 
the stationary queue length distribution, has proved to be numerically unstable 
and we have been unable to derive approximate results for the system 
configuration considered above. 

5 CONCLUSION 

We have defined a theoretical model of a reservation process taking account, 
notably, of the notice interval between request time and call start time. 
Simulation has been used to investigate how the performance of loss and delay 
systems depends on the dispersion of this notice interval. 

The proportion of blocked calls in the considered reservation loss system is 
seen to be fairly independent of the notice distribution. It can thus b~ fairly 
well estimated by the corresponding result for a demand loss system. It is also 
possible to approximate the conditional blocking probability of a request of 
given notice and duration by the equivalent result for a demand system with 
non-homogeneous arrivals. Performance of delay systems is rather more dependent 
on the notice interval dispersion. In the considered example, the mean delay 
tends to a limit approximately twice the value for the demand system as 
dispersion increases; at the same time the probability of delay is 
approximately halved. 

The objective of this study has been to gain insight into the behaviour -of 
reservation based telecommunications traffic. It remains to establish the 
consequences on network design and dimensioning practices. 
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