
TELETRAFFIC AND DATA TRAFFIC 
in a Period of Change. ITC-13 
A. Jensen and V.B. Iversen (Editors) 
Elsevier Science Publishers B.V. (North-Holland) 
© lAC. 1991 

639 

Performance Comparison of Resource Sharing Strategies 
between Lost-Call-Cleared and Reservation Traffic 

Hans Kroner, Paul J. Kiihn, Gert Willmann, 
Wolfgang Fischer, Manfred N. Huber * 

University of Stuttgart 
Institute of Communications Switching and Data Technics 
Seidenstrafie 36, D -7000 Stuttgart 1, Federal Republic of Germany 

New telecommunication services like videoconferencing may require the reservation of.transmission capacity 
in advance. This paper focuses on a communication system that is shared by reservation traffic and ordinary 
lost-call-cleared traffic. In particular, the influences of the trunk group sharing strategy, varying from traffic 
separation to complete trunk group sharing, and of various parameters of the reservation subsystem on the 
quality of service parameters are investigated. The performance evaluation is based on a detai~ed traffic 
model of the proposed resource sharing system with a partly movable boundary between reservatlOn traffic 
and lost-call-cleared traffic. It is mainly done by discrete event simulation, but an approximate analytical 
approach is also developed and validated by simulation. The results indicate that the system is able to 
provide good performance characteristics for both types of traffic. . 

1 Introduction 

The future Broadband ISDN will support new telecom
munication services such as videoconferencing that re
quire guaranteed connections for a fixed duration, begin
ning at a scheduled time. To fulfill these requirements, a 
service has to be introduced that permits users to reserve 
transmission capacity in advance. Such an option is al
ready indicated in CCITT Recommendation 1.121 [1], 
where the connection establishment can be done on de
mand, by reservation, or permanently. Another possible 
application may be the periodic reservation of transmis
sion capacity that offers an alternative to the leased line 
service. This would help to save costs as well as trans
mission capacity, because the resources could be allo
cated, for example, only during business hours. 

Transmission capacity reservation, however, is by no 
means restricted to circuit-switched services. It can 
also be applied to services based on the Asynchronous 
Transfer Mode (ATM) which has been agreed upon by 
the CCITT as the principle target solution for Broad
band ISDN (see Recommendation 1.121 [1]). In such 
a network, the allocation of transmission capacity on a 
network link is handled by a connection admission con
trol function, and a complete or partial resource sharing 
of all services is envisaged. At the connection level -
where connection acceptance takes place - the system 
behaves similarly to a circuit-switched network, i.e., the 
connection admission control function deals with a ded
icated transmission capacity pool and assigns a certain 
amount of capacity to each connection [5, 6]. 

* Wolfgang Fischer and Manned N. Huber are now with the 
Siemens AG, Munich. 

In the literature, systems with plain reservation traf
fic have been considered by Liao and Roberts [9, 12], 
von der Straten [15], Diaz Quiiiones [2], Liang, Liao, 
Roberts, and Simonian [8], Scavo and Tonietti [13], and 
by Emstad and Feng [3], while systems with heteroge
neous traffic and traffic separation within a trunk group 
have been addressed by Roberts [11], and by Iisaku and 
Urano [7]. In this paper, a system with a partly mov
able boundary between the reservation traffic and the 
lost-call-cleared traffic is investigated. This means that 
the trunk group is subdivided into three parts: one part 
for reservation traffic only, one for lost-call-cleared traf
fic, and one for a mixture of both types of traffic. 

The main objectives of this study are to investigate 
the basic influences of the lost-call-cleared traffic on the 
reservation traffic, and vice versa, for different trunk 
group sharing strategies. Although the underlying traf
fic model, which is depicted in Figure 1, appears to 
be rather simple, it contains all the complex operation 
mechanisms for handling the reservation traffic. Per
formance evaluation is primarily done by discrete event 
simulation, but under certain simplifying assumptions, 
an analytical approach is also developed, and validated 
by simulation. 

2 System Modelling 

As described before, the system must be able to han
dle two different types of traffic: reservation traffic and 
lost-call-cleared traffic. In order to achieve an acceptable 
quality of service (QOS) for the lost-call-cleared traffic 
even in case of high reservation traffic loading, a primary 
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trunk group is assigned to each traffic type. The over
flow traffic is then carried by a common secondary trunk 
group as shown in Figure 1. The three trunk group sizes 
are nI, n2, and n12' 
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Figure 1: Basic traffic model for both services 

For performance reasons, a logical trunk grouping is 
assumed throughout this paper, i.e., only if the primary 
trunk group is completely occupied by calls of the cor
responding traffic type, calls of this traffic type may be 
present in the secondary trunk group. Congestion in this 
common trunk group occurs if, at a certain instant in 
time, no trunk - or no capacity in an ATM system - is 
available. Furthermore, all calls are assumed to require 
the same transmission capacity. This simplification per
mits a detailed study of the basic characteristics of the 
proposed system. 

Reservation requests are assumed to arrive accord
ing to a general independent stochastic process GIAR 
with random interarrival times TAR, and calls are only 
admitted for service at discrete time instants a·!l.T, 
a = 0,1,2, ... , or a little bit later if the requested start of 
service is delayed due to congestion in the overflow trunk 
group. After the duration THR = b·!l.T, with b = 1,2, ... 
being a discrete random variable, the call is released. 
This call duration is defined with respect to the re
quested start of service. With the mean call duration of 
hR = E[THR] = E[b] ·~T, this results in an offered load 
of AR = hR/E[TARJ, where E[TARJ and E[bJ are the first 
moments, i.e., the mean values, of the random variables 
TAR and b, respectively. In addition, the reservation 

traffic is characterized by the so-called notice time TN 
which is the time interval between a reservation request 
and the corresponding service request [12]. Reservation 
requests that cannot be granted are denied; the cor
responding loss probability is BR' It is important to 
note that the carried load YR ~ AR·(l-BR) is not com
pletely determined by AR and BR since, as described 
in [8], the loss probability of an individual reservation 
request is correlated with its requested service time. 

Similarly, the arrival process of the lost-call-cleared 
traffic GIAL is also modelled by a general independent 
stochastic process with random interarrival times TAL; 
the mean interarrival time is E[TAL]. The random ser
vice times THL are generally distributed (GIHL ) with 
mean hL = E[THL]' Hence, the offered load in this case 
is AL = hL/E[TAL]. In contrast to the reservation traffic, 
the carried load is YL = AL·(l-BL), where BL denotes 
the loss probability of lost-call-cleared calls. 
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Figure 2: Traffic processes of the resource sharing system: 

a) Arrival process of the reservation traffic 
b) Notice process of the reservation traffic 
c) Advance reservation process oC the reserva

tion traffic 
d) State process XR(t) of the reservation traffic 
e) State process X(t) = XR(t)+XL(t) oC the 

superposition of both traffic types 
f) State process XL(t) of the lost-call-cleared 

traffic 
g) Arrival process of the lost-call-cleared traffic 

Figure 2 gives an overview of these tra.ffic processes 
and shows the resulting waiting process of a reservation 



request for the simple case n1 = n2 = 0 and n12 = 1. In 
order to obtain a good QOS for the reservation traf
fic, trunk hunting for a reservation call, i.e., its transfer 
into the service queue, should start at a specified time 
before the scheduled start of service in order to reduce 
the probability of exceeding this deadline. The corre
sponding time interval is denoted as reservation time 
TR • Despite this advance trunk hunting, it may occur 
that the actual start of service exceeds the scheduled 
start of service by the deadline exceeding time TDE. 

The reservation handler, which is part of the call con
trol, contains two scheduling entities: the reservation 
scheduler and the service scheduler. Reservation re
quests are only accepted by the reservation scheduler if 
trunks can be made available throughout their requested 
service periods; all other reservation requests are denied. 
Therefore, a loss system can be assumed for the arriving 
reservation traffic. 

The service scheduler, on the other hand, transfers ac
cepted reservation requests at their scheduled time mi
nus the reservation time from the reservation queue into 
the service queue. If trunks are available, they are im
mediately seized at this time, otherwise all or some of 
the requests must wait for trunks to become idle; the 
waiting times in these cases are Tw. In sophisticated 
implementations, the call control can adapt the reser
vation time dynamically to the actual reservation call 
attempt loading. 

The QOS will be influenced by the probability of loss 
for both types of traffic and, for the reservation traffic, 
by the probability of exceeding the requested start of ser
vice. Besides these probabilities, the deadline exceeding 
time of reservation calls is of particular interest. 

3 Performance Analysis 

Although the reservation system has been investigated 
mainly using discrete event simulation, an approximate 
analytical approach which is valid under some simplify
ing assumptions is outlined in this section. 

For this approximate analysis, both arrival processes 
are assumed to be Poisson processes, i.e., MAR and MAL 

with rates AR = l/E[TAR] and AL = l/E[TAL], respec
tively. In addition, the reservation time TR is assumed 
to be zero, which implies TDE == Tw. As explained in 
the preceding section, the notice time separates the ar
rival time from the scheduled start of service. This can 
be modelled exactly with an infinite server. 

Due to the well-known fact that the output process 
of such an M/GI/oo queueing system is again Pois
sonian [10], the arrival process ofthe discrete-time reser
vation seizures can be shown to be a clocked Poisson 
process provided that no requests of the original Pois
son arrival process are lost. This result has been proved 
in [3] for the given discrete-time system. If such requests 
can be lost, the analysis is only feasible if the reserva
tion calls have constant service time of one time unit b..T 
and/ or if the notice time is of constant length. Among 
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these cases, only the first one (D HR) is of some practical 
importance. 

Under these conditions, the state probabilities of the 
reservation traffic are identical with those of an equiv
alent system with zero notice time and clocked service. 
That is, the reservation traffic can be analysed like ordi
nary lost-call-cleared traffic. Finally, the last step of our 
approximate analysis requires that the service time of 
the lost-call-cleared traffic be exponentially distributed 
(MHL ). The corresponding simplified traffic model is 
depicted in Figure 3. 

@ 
Figure 3: Simplified traffic model for the analysis 

In this ~model, the capacity of the reservation queue 
is identical with the total number of trunks that are 
available for the reservation traffic, i.e., Sl1 = n1 +n12' 
The service queue, on the other hand, must be suffi
ciently large to hold all accepted reservation calls that 
may be waiting for overflow trunks to become idle, i.e., 
S12 ~ n12. The service scheduler is represented by a pe
riodically activated gate (switch). 

In most practical cases, the mean service time of reser
vation calls can be expected to be considerably larger 
than that of lost-call-cleared calls. Therefore, it is possi
ble to decompose both types of traffic. Since reservation 
calls can wait for a trunk to become idle, the state prob
abilities PR( i) of the reservation traffic having a fixed 
service time of one time unit l1T can be approximated 
by a modified Poisson distribution. This yields: 

[AR' l1T]i -).R . .1T -=---.-:-, ---''- . e 
1.. 

nl +nn -1 [A . l1Tji 
1 "" R -).R·.1T - ~ .,·e 

;=0 J. 'f' + 1 1. = nl n12 

o otherwise 
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If i reservation calls are present, the lost-call-cleared 
traffic can seize only k ~ (n1 + n2 + n12 - i) or, if i < n1, 
k ~ (n2 +n12) trunks; in closed-form, this can be written 
as k ~ min(n2+nu, n1 +n2+n12-i). With the Poisson 
arrival process of the lost-call-cleared traffic, the condi
tional state probabilities PL(k I i) are obtained as in [4] 
for the given state i of the reservation traffic as 

where i E [0, n1 +n12] , 
k E [0, min(n2+n12' n1 +n2+n12- i )] . 

With these state probabilities, the loss probabilities 
BR and BL for both types of traffic can then be calcu
lated as follows: 

nl+nn 
BL = L: p(min(n2+n12' n1 +n2+n12- j), j) 

j=O 

nl+nn 
= L: PR(j)· PL(min(n2+n12' n1 +n2+n12- j) I j) 

j=O 

Inp(·,·) andpL(·I·), the first subscript generally refers 
to lost-call-cleared traffic and the second to reservation 
traffic. If the reservation time is equal to zero, the 
probability that an incoming reservation call encoun
ters a blocking state and has to wait is equal to the 
probability that the scheduled start of service will be 
delayed. Provided that k lost-call-cleared seizures ex
ist at the end of an arbitrary time interval, and taking 
into account that all i existing reservation seizures are 
released (because of their constant service time ~T), 
then max( 0, j + k - n1 - n2 - n12) of the j incoming reser
vation calls are blocked. The overall deadline exceed
ing probability PDE = P{TDE > O} can then be approxi
mated by 

1 

min(n2 +n12, nl +n2 +n12 -i) 

L: 
1e=nl +n2+nn-j+1 

With the sum of the mean deadline exceeding times 
of all reservation calls, which is given by 

I [1 ] L: . hL 
m=l k-m+ 1 

where i E [0, n1 +n12] , 
j E [max(n1' i), nl +nu] , 
k E [n1 +n2+n12-j+1, 

min(n2+n12' nl +n2+n12-i)] , 

the mean deadline exceeding time E[TDE] of an arbitrary 
reservation call is obtained as 

nl+nn min( n2 +nn, nl +n2 +n12 -i) 

L: L: 
j=max(nl,i) 1e=nl +n2+n12 -j+1 

t [PR(i) . PR(j) . PL(k I i) 
m=nl+n2+nu-j+1 

m + j - n1 - n2 - nu ] . . hL . 
m 

This time can be used by the call control as a criterion 
for specifying the reservation time so that the deadline 
exceeding requirements are satisfied. 

4 Results 

In Figures 4 through 7, some results are shown which 
are obtained by the described approximation and vali
dated by simulation. In this example, no primary trunk 
groups exist and the offered load for both types of traffic 
is (AL+AR) = n12 Erlang with AL = AR in the first case 
and AL = 4·AR in the second case, respectively. The 
service time of the lost-call-cleared traffic is exponen
tially distributed with mean hL = ~T /10. As required 
by our approximate analysis, reservation calls have a 
fixed call duration of hR = ~T. Within the simulation, 
the notice time TN is drawn from an exponential dis
tribution with mean E[TN] = 100·~T, and the closest 
discrete time instant a· ~T that is less than the gener
ated random sample is taken as the requested start of 
service. 

The results confirm that the lost-call-cleared traffic 
requires a primary trunk group to achieve an acceptable 
QOS if the reservation traffic consumes a significant pro
portion of the resources. As expected, increasing the 
trunk group size generally results in better system per
formance. Finally, the comparison of the approximate 
analytical results with the simulation results reveals a 
high degree of accuracy. 

Simulation results of more general cases are shown 
in Figures 8 through 11. In these cases, the call dura
tions of the reservation traffic and of the lost-call-cleared 
traffic are assumed to have a shifted geometrical and 
an exponential distribution, respectively, with the mean 
service times being hR = 10·~T and hL = ~T. The no
tice time interval is the same as in the first example. 
Furthermore, the simulation is based on the parameters 
AL = AR = 50 Erlang and (n1 +n2+n12) = 100. 

When varying the trunk group sharing strategy from 
traffic separation to complete trunk group sharing, re-
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Figure 5: Loss probability BL vs. number of overflow 
trunks nu (example 1) 

taining nl = n2, the loss probability BR of the reserva
tion traffic monotonically decreases from 0.081 to nearly 
zero, as shown in Figure 8. There are two reasons for 
this behaviour: (1) the loss probability of the reservation 
traffic is not affected by lost-call-cleared traffic, and (2) 
increasing the total number of trunks that are available 
for the reservation traffic, i.e., nl +n12, always decreases 
the loss probability for this type of traffic. 

The loss probability EL of the 10st-cal1-cleared traf
fic, which is depicted in Figure 9, first decreases from 
0.105 to about 0.091, and then increases to 0.123; the 
minimum is located around n12 = 6, i.e., nl = n2 = 47. 
The reasons for this surprising behaviour are as follows: 
when no over:flow trunk group exists, i.e., n12 = 0, both 
traffic types are completely separated and BL is identi-
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Figure 7: Mean deadline exceeding time E[TDE] vs. num- · 
ber of overflow trunks n12 (example 1) 

cal with the loss probability of a simple M/GI/50 loss 
system that provides exactly 50 trunks for the lost-call
cleared traffic. The carried load for both types of traf
fic is YR = 44.60 Erlang - which is clearly less than 
AR ·(1-BR ) = 45.95 Erlang - and YL = 44.75 Erlang, 
respectively. The introduction of a small common over
:flow trunk group that can be accessed by calls of either 
type does not alter the carried load significantly, so more 
than 50 % of its trunks are available for the lost-call
cleared traffic on average. This leads to the slight de
crease of the corresponding loss probability. Hence, for 
n12 = 6, both loss probabilities are lower than for com
plete traffic separation. Further increasing this trunk 
group size, however, rapidly decreases BR and the car
ried load becomes YR ~ 50 Erlang. Now 50 trunks are 
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again available for the lost-call-cleared traffic, but this 
time only on average, which causes the larger loss prob
ability compared with traffic separation. 

These effects can be used by the call control to choose 
an appropriate trunk group sharing strategy in order to 
fulfill the specific QOS requirements of both services. 

When setting nl = n2 = 0 and n12 = 100, i.e., com
plete trunk group sharing, and varying the reservation 
time TR within the range [0, .6.T/4], the probability of 
exceeding the scheduled start of service and the mean 
deadline exceeding time depicted in Figures 10 and 11 
are achieved. Here, the three curves correspond to dif
ferent mean call durations of the lost-call-cleared traf
fic, namely hL = .6.T /2, hL = .6.T, and hL = 2·.6.T. It 
can be seen that both the deadline exceeding probabil-
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Figure 10: Deadline exceeding probability PDE vs. reserva
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Figure 11: Mean deadline exceeding time E[TDEJ vs. reser
vation time TR (example 2) 

ity and the mean deadline exceeding time decrease expo
nentially with increasing reservation time. Furthermore, 
this exponential decrease becomes steeper as the service 
time of the lost-call-cleared traffic becomes shorter or 
the time interval D.T becomes longer. For given QOS 
parameters, this effect allows an adaptation of the reser
vation time such that the amount of transmission capac-
ity wasted by advance trunk seizures is minimized. 

The results presented in this section clearly demon
strate the efficiency and flexibility of the proposed reser
vation scheme. 

Throughout this section, simulation results were cal
culated with a confidence level of 95 %, and very small 
confidence intervals were not displayed. All simulations 
were performed with 10 replications simulating 20000, 



or in extreme cases up to 50000, reservation calls each 
and with a warm-up period of the same length as one 
replication, respectively. 

5 Conclusions 

New telecommunication services like videoconferencing 
may require the reservation of transmission capacity in 
advance. In most cases, such a reservation service can 
simply be added to the existing services. The dimen
sioning of a heterogeneous system that carries reserva
tion traffic as well as lost-call-cleared traffic, however, 
needs careful performance evaluation. This was done 
by traffic modelling and analysis. From this analysis, 
the blocking probabilities for both traffic types and the 
probability of exceeding the scheduled start of service 
for reservation calls have been obtained. The results for 
a single link indicate that the proposed resource sharing 
strategy between lost-call-cleared and reservation traffic 
is able to provide good performance characteristics for 
both types of traffic. 

The performance studies presented in this paper have 
to be extended in two directions: on the one hand, 
resource sharing systems carrying multi-rate or multi
channel calls as well as systems using more sophisticated 
connection admission control functions have to be con
sidered. These problems have been addressed in [7, 11] 
and [5, 6, 14], respectively, but many aspects are still 
unsolved. On the other hand, the investigation of re
source sharing strategies for complete end-to-end con
nections - taking several links in series into account -
remains for further study. First results for such video
conference reservation networks without lost-call-cleared 
traffic have been reported, for example, in [9, 13] and 
in [15]. 
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