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We discuss models of mult{service circuit switched 
communications systems where, in particular, the 
amount of transmission capacity (e.g. bit rate) 
·depends on the call type. Two modes of call set up 
are considered: "on demand" with blocked calls 
cleared and "reservation" where capacity is prev
iously reserved for planned calls. The latter mode 
is described generally and, for particular cases, 
we suggest interpretati~ns leading to birth process 
and multiservice queue models. The models have been 
studied for evaluating the performance of the 
Telecom 1 business communication network but deriv
ed exact and approximate results should be useful 
in other applications 

. INTRODUCTION 

Telecom 1 is the French telecommunications satel
lite due to be launched in 1983 and commence public 
service in 1984. One of the satellite's functions 
is to provide a digital transmission network cover
ing France and parts of neighbouring countries al
lowing the rapid introduction of new professional 
telematics services for business subscribers. 

The satellite offers basic transmission services on 
a circuit switched basis. Communication links can 
be set up on demand with blocked calls cleared as 
in the present telephone network or alternatively, 
users may previously reserve capacity for planned 
calls. The reservation procedure can also be used 
to allocate transmission capacity on a periodic 
basis thus providing a sort of part-time leased 
line service. 

This paper discusses teletraffic models for eval
uating the performance of multiservice systems like 
Telecom l, operating with lost calls cleared or 
with the prior reservation of capacity for indivi
dual calls. By multiservice system we mean here a 
finite resource shared between streams of traffic 
which differ in their arrival process, their 
service time distribution or the location and 
quantity of required resource capacity. 

The applications of such systems extend beyond our 
initial motivation of studying a particular inte
grated services network to include any service sys
tem with heterogeneous user population. We have 
therefore tried to present the teletraffic models 
as generally as possible, insisting on methods 
rather than numerical results. 

The presented models are by no means a complete 
answer to the traffic problems posed by Telecom 1, 
to say nothing of the future terrestrial integrated 
services network. However, we feel that certain 
relatively simple analytical and approximate 
results could form the basis of dimensioning 
methods for the ISDN. A particular interesting 
problem which might be tackled using a model 
developed for reservation systems is the optimal 
design of a terrestrial visioconference network 
subject to grade of service constraints. 

Before presenting the teletraffic models, we give a 
brief description of the Telecom 1 system which is 
at their origin. The system is described in more 
detail in [1] where first results of applying the 
models are also presented • 

TELECOM 1 

The space segment of the Telecom 1 business commun
ications network consists of five . 2S Mbit/s trans
ponders. Users access the satellite via an earth 
station equipped with a small dish antenna, 
situated close to their premises. The system can 
support some 300 earth stations and, in general, 
each one handles the traffic of a number of user 
terminals. 

An earth station can transmit to only one transpon
der but receives the signals relayed by all five. 
Users thus have limited accessibility to the satel
lite transmission capacity but any group of users 
can communicate together, if the current occupancy 
state permits. 

Transmission capacity is dynamically shared between 
users using Time Division Multiple Access. Dynamic 
resource allocation is undertaken by a System 
Management Centre (SMC) with which users dialogue 
over dedicated satellite channels. 

To set up an on demand call, the caller indicates 
the addresses of participating terminals and the 
capacities of required channels. If sufficient 
capacity is available, the SMC sets up the 
requested links and supervises the communi cat ion 
until it is terminated by the users. In case of 
blocking, the call request is rejected and the user 
must try again later. 

Session 1.1 ITC-IO Paper #2 



To make a reservation, in addition to the above 
information, the caller must also indicate the 
requested starting time and call duration. The SMC 
keeps a record of previously accepted reservations 
and checks each new request against available capa
city. If this capacity in insufficient, an alter
native starting time may be proposed. The reserved 
communications are set up at their requested 
starting time by the SMC which also clears connec
tions when the reserved duration expires. 

The reservation service will be used notably to set 
up visioconferences between two or more studios and 
for certain data communications applications. 
Reservation is necessary, in particular, for 
communications between terminals without X21 
capability where on demand calling is impossible. 

Transmission links for the various offered services 
differ in the number of participating terminals 
and the bit rate of requested channels. Telecom 1 
allows a large number of different channel bit 
rates corresponding to services ranging from low 
speed data communications to visioconference 
picture transmission. Allowed bit rates are: 2.4, 
4.8, 9.6, 48 Kbit/s; nx64 Kbit/s, 1 ~ n~30; 2 Mbit/s. 
It is convenient to think of the satellite as a 
resource providing a finite number of basic 
transmission units with channels of different bit 
rates occupying different numbers of such units. 

Different services do not all compete for the same 
satellite capacity. In particular, through limita
tions on the total bit rate allocated to each type, 
we can consider reserved and on demand calls inde
pendently, as if they used distinct transmission 
media. Furthermore, a dedicated capacity zone is 
set aside uniquely for reserved 2 Mbit/s channels, 
principally for the visioconference service. 

This effective partitioning of the satellite trans
mission resource, necessary to protect the quality 
of service of certain call types, allows us to 
consider separately, the multiservice loss system 
corresponding to on demand calls and different 
reservation systems appropriate for modelling 
visioconference and data communications services. 

LOST CALL SYSTEMS 

Under fairly general assumptions regarding call 
arrival processes, holding time distributions and 
the criteria for defining feasible occupancy 
states, the multiservices loss system can be 
modelled as a network of queues with population 
constraints having a product form solution for the 
steady state occupancy probabilities. 

THE OCCUPANCY DISTRIBUTION 
Traffic is defined by the following parameters: 

m : 
Kj(t) 

Aj(K) 

the number of call types 
the number of calls of type j present at 

time t 
the Poisson arrival intensity of type j 
calls when there are already K such calls 
present 
the mean service time of a type j call. 

By call ;'type" we imply such characteristics as the 
location and amount of required transmission 
capacity. 

The service time distribution is assumed to have a 
rational Laplace transform so that we can directly 
apply Lam's extension to the BCMP theorem [2], 
although the results should in fact be true for 
general distributions. We shall assume that the 
Kj(t) have a stationary distribution. 

Let the system state be defined by the vector 
K=(K1(t) ••• Km(t)). When no constraints are imposed 
on the Kj(t), the system can be considered trivial
ly as an open network of infinite server queues and 
the product form is obvious since the queues are 
independent. 

Lam's extension allows us to impose realistic popu
lation constraints corresponding, for example, to 
the finite size of the shared resource or to con
gestion control mechanisms, while retaining this 
product form. Let e· be the m-vector with 1 in pos
ition j and 0 elsewfiere. Sufficient conditions are, 
succinctly, that if a given state k cannot be 
reached by an arrival in state k-ej' then state 
k-ej cannot be reached by a departure in state 
k and vice-versa, for j=1, ••• ,m. 

In general, these constraints define a subspace of 
feasible states in which transitions occur between 
neighbouring states in both directions or not at 
all. They preserve the local balance properties of 
the system state probabilities which justify the 
product form. 

Let P(k) 
feasible 

(1 ) 

be the steady state probability of a 
state k. We have, 

P(k) = ~ ~ ~j(Aj(k-1)hj/k) 
G j=1 k=l 

where G is the normalising constant such that 
LP(k) 1, the sum being taken over the set of all 
feasible states. 

The applicability of the Lam extension to the pres
ent problem was noticed by Kaufman [3] (see also 
[4]). Previously, Aein [5] showed that the product 
form applies, in the case of exponential holding 
times, when the state space is "coordinate convex". 
In such a state space only arrivals are blocked so 
that, if k is feasible, then so also is k-ej' Most 
practical constraints, including those imposed in 
the Telecom 1 system, fall into this category and 
in what follows we do not consider the possibility 
of blocked departures. 

BLOCKING PROBABILITIES 
So far we have said nothing of the capacity 
requirements of calls of a given type. These 
requirements do not occur explicitly in expression 
(1) but are taken into account in determining the 
extent of the feasible state space. Consider first 
the simplest system in which a single resource 
consisting of Ne units (e.g. circuits, octets of 
memory) is shared between the m call types with 
calls of type j requiring d j units thoughout 
their service time. 
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Resource size imposes a physical constraint: 

( 2) 

For reasons of congestion control 
optimisation, we might also impose 
constraints such as 

( 3) 

(4 ) 

k j < Kj, j 

L kidi < Lj, j 
H:j 

1 ••• m, 

1 ••• m. 

or economic 
additional 

or 

By (3), the maximum number of type j calls is 
limited; by (4), in contrast, we always reserve 
sufficient space to carry at least Lj calls of this 
type. 

Let the time congestion of type j calls be Ej, 
i.e. 

E· = I: P(k) 
J kEFj 

where Fj is the set of feasible states k such that 
k+ej is not feasible. 

Call congestion depends on the nature of the 
dependence of the arrival rate on the number of 
calls present. Following Delbrouck [6], we consider 
three possibilities: 

Bernoulli : Aj(k) = {(Srk)Y j' k~Sj' 
0, k>Sj' 

Poisson: A j(k) A j' k~O, 

Pascal: Aj(k) C1j+Sjk, C1J~O, 0<Sj<hj-1. 

The former corresponds to finite source random 
traffic while the latter is a convenient approxima
tion for overflow traffic. In all three cases, call 
congestion can be equated to the time congestion of 
related systems: 

Bernoulli: Bj(Sj,Yj) Ej(Sr1 ,Yj), 

Poisson: Bj(Aj) Ej(Aj), 

Pascal: Bj( C1 j ,Sj) = Ej(C1j+Sj,Sj)' 

The arguments indicate how system parameters 
change. The same population constraints apply in 
both systems. 

OVERALL OCCUPANCY DISTRIBUTION 
If the only constraint is (2) we speak of complete 
sharing. Define the overall occupancy distribution 

Q(n) = Pr(Lkjdj=n) 
so that, 

Ej = L Q(n). 
n >NC-d j 

Now, for Poisson arrivals for all j, Kaufman [3] 
and the author [4] independently derived the 
following simple recurrence relation for Q(n): 

( 5) n ~ NC. 

3 

This can easily be verified by replacing the factor 
n on the left hand side by Lkjdj and substituting 
~hjP(k-ej) for kjP(k) in the development of Q(n). 

Delbrouck [7] has recently derived a more general 
recurrence which is also applicable to Bernoulli, 
Pascal or mixed arrivals. Writing Aj(k)=C1j+Sjk for 
all arrival processes (Sj=O for Poisson; (-C1j/Sj) 
a positive integer for Bernoulli), we have the 
general relation 

(6 ) 
[n/dj] 

nQ(n) = L C1 j h.d j L (S .h j )i-1Q(n-idj) 
j J i=l J 

where [x] is the integer part of x. 

In the case of restricted sharing with constraints 
such as (3) or (4), these simple recurrence rela
tions no longer apply and the most efficient way of 
calculating blocking probabilities seems to be to 
use the convolution approach borrowed from queueing 
network theory, as indicated in [3] and [9]. 

AN APPROXIMATION FOR Q(n) 
We have noticed empirically that, for complete 
sharing, the distribution Q(n) is approximately 
invariant for different offered traffics with given 
mean and variance, these being identified with the 
mean and variance of the total number of occupied 
resource units in an infinite system. 
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FIGURE 1. Time congestion of multiservice traffic 
as a function of peakedness (V/M). 
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Let mj and Vj be respectively the mean and variance 
of the number of type j calls carried in the 
infinite system. ~-1riting Aj(k)=a j+Sjk, we have, 

a jhj ajhj 
mj l- Sjhj Vj = (1-Sjhj)2 

The mean and variance of the total offered traffic 
are 

and 

We observe then, that Q(n) calculated by (6) can be 
approximated by a function of M and V. Since we 
generally have V>M, we have tried fitting a Pascal 
distribution by extension of the approximation for 
overflow traffic. 

Figure 1 shows the time congestion of hypothetical 
calls requiring respectively, 1, 4 and 8 units, as 
functions of the peakedness V fM, for a variety of 
multiservice traffics. Each point represents one 
set of traffic components (i.e. fixed dj and peak
edness vjfmj)' indicated by the symbol used. For 
each set, we vary the individual mj to produce a 
range of Vs while keeping M constant. 

The approximation is very good for Poisson and 
Pascal traffics but seems to underestimate in case 
of Bernoulli arrivals. Notice also that the time 
congestion varies slowly with increasing variance. 

APPLICATION TO TELECOM 1 
Satellite resources are "segmented" by the distri
bution of user terminals over the five transponders 
and by the Telecom 1 network management system [1]. 
A call type here is identified by the capacity 
required in each segment. 

Let the number of segments be n and assume calls of 
type j require dj(i) units in segment i, i=l ••• n. 
Let the total number of units occupied in segment i 
be Ri=LKjdj(i) and define the distribution 

Calls are blocked depending uniquely on the value 
of (r1 ••• rn) at the moment of arrival. The 
feasible state space is coordinate convex and 
individual state probabilities are given by (1). 

Assume Poisson arrivals for all call types. Q then 
satisfies the relations 

~ Ajhjdj(i)Q(r1-dj(1) ••• rn-dj(n), i=l ••• n, 
J 

which can be verified on substituting Lkjdj(i) for 
ri on the left hand side and making the appropriate 
substitutions, as for (5). 

OPTIMISING RESOURCE UTILISATION 
Consider again the simple resource sharing system 
of NC units. The application of constraints such as 
(3) and (4) enables us to act on the grades of ser
vice offered to calls of different types. We might 
wish, for example, to minimise the maximum blocking 
probability of any call type or to maximize revenue 
when different types have different call charging 
rates [8,9]. 

In [9], it is proved that in the particular case of 
two call types with identical resource require
ments, the optimal coordinate convex policy 
consists in restricting the maximum number of calls 
of just one type (constraints (3) with say, K1<NC 
and K2=NC). 

In fact, there is a policy which is generally 
better but which does not give rise to the product 
form (1). This is the policy of "trunk reservation" 
whereby calls of type j are refused when less than 
tr(j) units remain available. It can readily be 
verified that Lam's conditions are not satisfied 
for this policy. 

Blocking probabilities can be calculated easily 
when all call types have the same exponential ser
vice time distribution (hj=h), the same resource 
requirements (d j=d) and arrivals are Poisson. The 
overall occupancy distribution then satisfies the 
state equations 

(8) nQ(n) = L AjhDj(n-d)Q(n-d) 
j 

where Dj(n) ={d, n ~ NC-tr(j) 
0, n > NC-tr(j). 

Blocking probabilities are 

Bj = L Q(n), j=lo •• m. 
n>NC-tr(j) 

Comparing this system with the optimal coordinate 
convex policies described in [9], we have found 
significantly better results for both objective 
function value (e.g. total revenue) and parameter 
stability (optimal choice of Kj and tr(j». 

In general, for inhomogeneous multiservice traffic 
with trunk reservation, we have no simple analyti
cal solution for steady state probabilities. 
However, the similarity of (5) and (8) suggests an 
obvious approximation in the case of Poisson arri
vals. We approximate the distribution Q( n) by the 
function Q'(n) satisfying 

and L Q' (n) = 1. 

n~ 
n> 

NC-tr(j) 
NC-tr(j) 

We have verified this approximation against the 
true distibution estimated by simulation. The 
results are extremely good as typified by those 
shown in Table 1. We compare simulated and 
calculated blocking probabilities when a resource 
of 30 units is shared by call types requiring 
respectively, 1, 2, 4 and 8 units. The first column 
(tr(i)=di, i~l) corresponds, in effect, to the 
absence of congestion control and (9) is exact. 
Note that the problem of minimising maximum 
blocking probability considered in [8] is solved 
immediately on setting tr(i)=max(dj)' i=1. •• m 
(cf. last column of Table 1). 

In the Telecom 1 system, trunk reservation is pro
vided for, though we have not yet sought to opti
mise parameter values. 
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tr(i)=di, i ~ 1 tr( i)={ di, i ~ 2 tr(i)={d i , i ~ 3 tr(i)=d4, i ~ 1 
d2, i 1 d3, i < 3 

j d j h j Aj Exact values Simul. Approx. Simul. Approx. Simul. Approx. 

1 1 1 10.25 .021 .039 + .004 .038 .069 + .005 .070 .151 + .005 .144 

2 2 1 2.56 .046 .039 + .004 .038 .069 + .005 .070 .151 + .005 .144 

3 4 1 0.77 .109 .105 + .006 .101 .069 + .005 .070 .151 + .005 .144 

4 8 1 0.26 .290 .284 + .009 .284 .263 + .009 .259 .151 + .005 .144 

NC = 30 Djhjd j 20.5 

TABLE 1- Trunk reservation - blocking probabilities obtained by 
simulation (95% confidence intervals) and by approximation (9). 

RESERVATION SYSTEMS 

The type of system we have in mind is characterised 
by the following exchange: 

user request: I wish to set up communication C, 
(at time t) for duration D, starting at T; 

system (i) capacity available at T' , or 
response (ii) capacity unavailable; 

user accepts, abandons or modifies C, 
reaction D or T and repeats request. 

(C stands for the location and capacity of reques
ted links) 

This covers a wide range of possibilities includ
ing, for example, classical queueing systems (same 
C for all requests, T=t) with first come, first 
served queue discipline. D and T may take any 
positive values or, as is the case in Telecom 1, be 
restricted to multiples of say, M minutes. In the 
latter case we shall speak of "discrete time" 
reservation systems. 

SYSTEM INTEGRATION 
.An essential characteristic of reservation traffic 
is the distribution of the interval separating 
request and requested starting time. Since service 
is necessarily in order of request arrival, it is 
clearly dangerous to integrate services having 
different distributions of this notice interval. In 
particular, if a reservation service shares a 
transmission facility with ordinary lost call 
services, the quality of service of the latter may 
vary widely as a function of random fluctuations of 
carried reservation traffic. This is why, in 
Telecom 1, distinct portions of satellite resources 
are set aside uniquely for reservation traffic, 
[1] • 

RESERVATION TRAFFIC PROCESS 
The evolution of a reservation system might be 
modelled by the vector stochastic process K(t,u) 
where the element Kj (t, u) is the number of calls 
of type j already reserved at time t for an 
interval including u. By call type we imply C and 
the distributions of service time and notice 
,interval. Knowledge of this process would provide 
all the necessary information to determine the 

"grade of service" expressed, for example, in terms 
of the probability that a request would be refused 
as a function of C,D and the interval T-t. 

The problem is to identify what assumptions will 
lead to tractable models enabling this process to 
be studied. We consider below two examples in which 
the assumptions essentially reduce the time depend
ence to a single variable. 

DISCRETE TIME SYSTEMS 
This model applies to a reservation system like the 
Telecom 1 visioconference service. Reservations are 
made, a relatively long time before the requested 
starting time, for a duration of nM minutes 
(e.g. M=30, n ~ 8), starting at one of a restricted 
set of starting times separated by M minutes (e.g. 
8.00, 8.30, 9.00, ••• ). We consider the evolution of 
the state of occupation of all the intervals of 
length M in a fixed period P (e.g. one day) as 
reservations progressively arrive. Let the start of 
P be at time Tp. 

The time intervals are assimilated to a dimension 
of the service system resources and we expand the 
set of call types to include one member for each 
triplet (C,D, T). Let Kj( t) be the number of type 
j calls already reserved at t. We shall, for 
simplicity, assume blocked calls are cleared so 
that K(t) represents the system state at t. 

Assume arrivals of type j calls occur in a Poisson 
process at instantaneous rate 

where f j i.s the density of the notice interval 
distribution and Aj a state dependent call intens
ity. In particular we define Aj(k)=O if k is a 
blocking state for type j calls. 

The process K(t) is then a multi-dimensional, non
homogeneous birth process. Let Pt(k) be the distri
bution of K(t). Pt satisfies the equations 

(10) dPt(k) 
dt 

L Aj(k-ej)f(Tp-t)Pt(k-ej) -
j 

- ~ A j(k) f(Tp-t) Pt(k) 
J 

where ej is the vector with 1 in position j and 0 
elsewhere. 
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The model simplif ies if the no tice interval distri
bution is the same for all call types, i.e. fj=f, 
i=1. •• m. The assumption that notice is long with 
respect to the length of P is necessary here. 
Applying the change of variable 

t 

u =_! f(Tp-s)ds, 

the process K(u) is time homogeneous with equations 

When notice distributions are identical, we can 
also study the imbedded process K(n) where Kj(n) 
is the number of type j calls reserved after the 
arrival of the nth request of any type. The state 
equations take the form, 

(12) L 
j 

Note that the latter process is independent of f 
and is in fact trivial in the simplest systems 
(e.g. after n arrivals, n calls are present). 

APPLICATIONS 
In evaluating the capacity of the Telecom 1 visio
conference service, we have studied the imbedded 
process (12) by roulette simulation, [1]. 
Evaluation of the probabilities Pn(k) allows us 
to determine the probability that a call of given 
type will be refused as a function of system 
occupancy. In this system the amount of resources 
is fixed and the problem is to determine what 
occupancy level can be attained while offering an 
acceptable quality of service. In the terrestrial 
network, however, we have the usual problem of 
dimensioning links to meet a specified grade of 
service for a known traffic. 

Assuming high studio utilisation, let us suppose 
that the grade of service constraint is that the 
probability that no transmission path is available 
between any two free studios should be very small. 
We might even require that the network be non
blocking, but this could be unnecessarily expen
sive. 

Consider two communities containing Ni and N2 stu
dios, respectively. We wish to dimension a trans
mission link separating these communities. 

Visioconferences are reserved, for a given period, 
between pairs of studios located in the same or in 
different communities. Define 3 conference types 
depending on the location of the participating 
studios: type 1, both studios in community 1; type 
2, both in community 2; type 3, one in each commun
ity. Assume that the intensity of request arrivals 
is proportional to the number of free pairs of 
s tudios in the respective categories, 

i.e. arrival rates are, 

Al (k) = Y 11 (Nl-2kl-k3)( Nl-2kl-k3-l ) 

A2(k) = Y22 (N2-2k2-k3) (N2-2k2-k3- l ) 

A3(k) = Y12 (Nl-2kl-k3) (N2-2k2-k3) 

Assume first that no request is blocked. Equations 
(12) can be used to evaluate Pn(k) recursively 
starting with Po(O,O,O)=l. 

Pz(k), where z=[(Nl+N2)/2], gives the system state 
'probabilities when all, or all but one, studios are 
occupied. To meet the grade of service constraint,f 
we dimension the link to carry a maximum of L 
conferences where 

L pz(k) < E. 

k3>L 

The link is non blocking with L=min(Nl,N2). 

MULTISERVICE QUEUES 
A second possibility for simplifying the general 
reservation system is to assume that no notice is 
given (i.e, T=t) and blocked requests are scheduled 
for the earliest possible subsequent starting time 
T'. This model might be a reasonable approximation 
for certain data communication applications using 
Telecom 1 (e.g. "on demand" calls between terminals 
without X2l capability), ignoring the discrete 
nature of call starting times and durations. 

If all calls are of the same type, this reservation 
system is equivalent to a classical first come, 
first served queue: the delay T'-t is the same as _ 
the waiting time in the queue with identical ~ 
arrival process and service time distribution; 
queue length at t, including calls being served, is 
the number of calls programmed for service at or 
before t and not yet completed. Prior knowledge of 
call duration in no way changes system evolution. 

When user requirements are non-homogeneous (e.g. 
different bit rate, different origin and destina
tion in a network), the system is much more comp
licated. We shall restrict our attention to the 
study of a single fully available resource of NC 
units shared between calls requiring a variable 
number of units. 

The system may be viewed as a multiservice queue 
with a particular service discipline: each call is 
served as soon as possible but some later arrivals 
may be served beforehand if their (smaller) 
requirement can be accommodated. This discipline 
is more efficient than service in strict order of 
arrival where delays are necessarily at least as 
long but requires prior knowledge of call 
durations. 

The study of multiservice queues with any service 
discipline other than blocked calls cleared is 
very difficult. Markovian models can be construct-
ed but resolution of the state equations is imprac-
tical in all but the simplest cases. L Green has 
derived an exact solution to a related problem and 
compares different service disciplines [10,11]. We • 
propose below an approximation derived from the 
results of the previous chapter on loss systems. 
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APPROXIMATION 
Our starting point is the recurrence (5) giving the 
equilibrium probability distribution of the number 
of occupied units in a loss system. We have already 
adapted these relations in (9) to approximate the 
occupancy distribution when trunk reservation is 
employed. Now consider the distribution defined by, 

nQ(n) = l: A jhjdj Q(n-dj), n < NC 

(13) NCQ(n) =l: AjhjdjQ(n-dj), n > NC 

l: Q( n) = 1-
n~o 

The approximation consists in supposing that Q(n) 
so defined is the distribution of the total 
resource requirement of calls in service or waiting 
at an arbitrary instant when arrival processes are 
Poisson (Aj,hj,dj as defined for (5». In the 
reservation system, this corresponds to the total 
resource requirement of all calls programmed but 
not completed at the arbitrary instant. 

The approximation is inspired by the resemblance of 
(5) and (13) to the state equations of equivalent 
classical queues. In Figure 2, we compare it with 
the results of simulations of a reservation system 
of 30 resource units offered the indicated multi
services traffic: 50% carried traffic of type 1, 
25% of type 2, 15% of type 3, 10% of type 4. Three 
curves give respectively, the probability that 
total resource requirement is greater than 29, 
26, and 22 units, as approximated by (13) • 
Simulation results are shown as 95% confidence 
intervals of estimations of these probabilities at 
four traffic values. 
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FIGURE 2. Multiservice queue with reservation: 
probability "queue length", N, is 
greater than 29, 26 and 22 units • 
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Agre e,nent is good and fairly typical of results for 
other studied configurations: different resource 
size, different traffic (Aj,hj or dj)' constant 
or exponential service times, reservation or FCFS 
service discipline. Note that with FCFS discipline 
the plotted probabilities correspond, in effect, to 
blocking probabilities of calls requiring respect
ively 1, 4 and 8 units. However, in the reservation 
system, the latter can be considerably less depend
ing on the requested number of units and duration 
and the overall traffic mix. 
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Q.l J. Augustus 

A.I 

. / 
In your paper you indicated that the model presently in this 
paper can be used to solve additional unsolved important 
problems. Could you briefly describe these unsolved 
problems. 

J. Roberts 

I didn't intend to imply that the methods could be used to 
solve additional unsolved problems but rather that they 

. might find other applications in fields other ·than those 
considered in the paper. These include the calculation 
of end to end blocking in fixed routing circuit switched 
networks (by applying relation (7) with call type implying 
origin, destination and route and "segment" equated with 
trunk group), generalization of (7) to Bernoulli & Pascal 
arrivals, extension to blocking calculation in variable 
band width switching networks -- • 

Finally, I think that (7) can also be used to evaluate 
blocking in the rearrangable multi-cellular network 
considered in the paper by Evesilt & MacFadyen (this 
session) where "segment" =- "clique" and d. (i) -. J 
(1 if cell j is in clique i 
(0 otherwise 


