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KODELING OF COMPOUND TRAFFIC STREAKS 
IN COMPUTER COMMUNICATION NETWORKS 

ABSTRACT 

H.-Dieter SUEDHOFEN 

Tech. Univ. Aachen 
Aachen, FRG 

Computer communication network models usually 
include a submodel representing several simul
taneous user traffic streams. This paper ana
lyzes improvements of accuracy by realistic mod
els of user traffic streams. Based on measured 
user interactions, influences of empirical and 
usual theoretical input traffic models on system 
performance measures are compared, including 
models of compound traffic streams and small 
user populations. The analysis comprises 

• deviations of queueing measures from usual 
"ideal" models, 

• impact of modeling depth in different appli-
cations. 

The factors on which the deviations depend are 
identified, as well as certain areas where 
simple models cannot be accepted. 

1 INTRODUCTION 

In computer communication networks a certain 
number · of users concurrently demand transmis
sion, processing, and storage facilities. Per
formanc e evaluation of computer communication 
networks is generally based on modeling of user 
traffic, the communication network itself, and 
the end systems (computer and terminal facili
ties), in terms of queueing theory. By "user 
traffic" we mean any stochastic process of user 
requests (and responses) at a shared resource. 

Realistic modeling of user traffic is a key 
factor for successful performance evaluation of 
communication networks or network components. 
The interactive user is an important but uncer
tain factor in a network. Unfortunately, mode1-
ing of user behavior seems to be less developed 
than modeling the operation of transmission or 
processing facilities. This is due mainly to the 
lack of measurements. Uncertainty about realis
tic modeling leads to generou s, fr equently un
reasonable safety margins ("over-dimensioning") 
at best; but misestimation of user traffic can 
also lead to network project fa i lures at worst 
because queueing systems usually are very sensi
ti ve to type and parameter variations of the 
queueing process. 

The modeling depth depends on the mode ling 
objective: the usual practice in design and 
development of real networks or network compo-
nents is to introduce several mode ling simplifi-
cations in order to reduce the complexity of 

Peter F. PAWLITA 

Siemens AG 
Munich, FRG 

mathematical analysis or simulation. The errors 
caused by such modeling simplifications are only 
partly known. Thus, there is a strong demand for 
empirically based and practically applicable 
user models [15]. Network developers and design
ers need practical decision aids to choose 
models and mode1ing depth for a given problem, 
if given error limits are not to be exceeded. 

In this paper we investigate the influence of 
simplifications of input traffic on estimated 
system behavior. It .will be shown how perform
ance predictions depend on the modeling depth of 
input traffic of a - preferably small - group of 
customers. In chapter 2 we introduce a model for 
single user and user population input traffic. 
The interarrival times of both input processes 
will be mode1ed by hyperexponential distribu
tions, whose parameters are fitted to the given 
first three ordinary moments. The statistical 
data for the empirical models originate from a 
measurement project of which selected results 
were presented in [14],[16],[18]. The project 
comprised measurements in the following typical 
TP systems: 

System measured Abbreviaton 

• Time-sharing system, predominantly TST 
with technical/ scientific 'tasks 

• Time-sharing system, commercial TSC 
• Banking transaction system BNK 
• On-line data collection system DCL 
• Inquiry-response data base system, INQ 

2 different user populations 
• Tourist reservation system TOU 

In chapter 3 the impact of simplifications of 
some input processes will be derived directly 
from queueing theory. In chapter 4 we will 
analyze the influence on models based on meas
urements. For this we will introduce models of 
me~sured user interactions as appropriate traf
fic sources in computer communication networks. 
In chapter 5 applications of the investigation 
results will be discussed. 

2 KODELING OF INPUT TRAFFIC 

The common assumption regarding the aggregate 
arrivals of user demands to a communication 
system is that they form a Poisson process. This 
is allowed only for a great number of subscri
bers like in telephone systems. But very fre
quently the population size associated to a node 
in a computer communication network is compara-

3.2A·3·1 
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tively small. Albin [1] showed that for the 
superposition of up to 1024 i.i.d. renewal pro
cesses as input to an exponential server the 
expected number in the system can be signifi
cantly greater than for Poisson input of the 
same rate. Beyond this Bux [3] showed that for a 
reliable performance prediction of open single 
server queueing systems one must consider mo
ments and the form of the distribution function 
for service and interarrival times as well. 

In this paper we investigate input processes of 
interactive users to computer communication sys
tems. Thus an appropriate description of the 
interarrival time distribution is important for 
exact user traffic modeling. Any distribution 
function with rational Laplace transform can be 
modeled arbitrarily close by a phase type dis
tribution with equal mean introduced by Bux and 
Herzog [2]. This distribution is a simplifica
tion of the general phase type distribution 
presented by Cox [8] and a special form of a 
general mixture of Erlang distributions (cf.fig 
1). It has less parameters and therefore the 
complexity of the state space is reduced in 
analytical calculations. On the other hand with 
a mixture of Erlang distributions one can reach 
a better mapping of real system variables onto 
model parameters. It is therefore easy to model 
the system behavior over a broad range by 
adapting the appropriate model parameter while 
for adjusting the phase type distribution of Bux 
and Herzog one has to establish a completely new 
solution. A second major reason in favor of the 
Erlang mixture is that it includes the important 
hyperexponential distributions. 

Pi weighting probabilities (i=I,2, ••• ,n) 
ki number of exponential phases in branch i 
~i transition rate in single phase in branch i 

Fig. 1: Mixture of Erlang distributions 

Measurements in several computer communication 
systems (see above) have shown that the distri
bution of interarrival times between successive 
demands generated by a single user have a 
squared coefficient of variation CA2 signifi
cantly greater than 1 (cf. tab. 1). The simplest 
distribution function to model CA2 > 1 is the 
hyperexponential distribution with parameters p, 
AI, A2. Often the parameters are fitted to mean, 
variance and the so-called "balanced means" 
condition, i.e. P/Al=(1-p)/A2 [1],[12]. This 
fixes the normalized third moment to 
m3=E(tA3 )/6E(tA)3=CA2(CA2+I)/2. 
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-
CA2 ~I ~2 system a m3 p 

DCL 36.0 1.66 2.86 0.958 0.0316 0.00740 

INQ 28.6 5.11 28.50 0.982 0.0434 0.00302 
user 1 47.6 2.82 10.30 0.983 0.0240 0.00252 
user 2 25.0 5.86 39.50 0.986 0.0492 0.00285 

TOU 67.9 '5.52 15.90 0.883 0.0324 0.00287 

Tab. 1: Selected measurement results and parame
ters of the hyperexponential model 

As we will see in chapter 3, the influence of 
the third moment on system performance is not 
negligible. Moreover the measurement results 
indicate that the contributions of the branches 
are rather "unbalanced". We therefore determine 
the parameters of the interarrival pdf aI{t) of 
a single user by its mean a, its squared 
coefficient of variation CA2, and its normalized 
third moment m3 (cf. tab.I). 

~I 2 [x - Jx2_4Y ] (1) 

~2 2 [x + Jx2 -4y , ] (2) 

p = (~2/~ - 1)/(~2/~1 - 1) (3) 

with 

A = 1 / a (4) 

(5) 

(6) 

Given the complementary interarrival time dis
tribution Al(t) of a single user, the pdf aN(t) 
of the aggregate input process of N users is [9] 

- d ( {I =f }N-l ) ~(t) =-aN dt A1(t) =- AI{u)du 
a1 t 

(7) 

with mean aN aI/N. This yields for hyperexpo
nentially distributed interarrival times 

(8) 

with a j-th ordinary moment of 

(9) 

(10) 

(11) 

'In our following investigations we will model 
this aggregate point process again with a hyper
exponential distribution whose parameters fit 
the first three ordinary moments of the interar-
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rival times. This is in better agreement with 
the measurement results [18] than the approxima
tion formula for the squared coefficient of 
variation given by Sevcik [17] 

(12) 

which in addition neglects the impact of the 
third moment. 

3 INFLUENCE OF INPUT TRAFFIC 

3.1 Basic considerations 

In computer communication networks the behavior 
of interactive users has considerable impact 
especially on systems near to the user inter
face, like communication processors. To model 
the input traffic of such a single server system 
one has two basic choices 
a) a closed queueing system with finite popula

tion, 
b) an open queueing system with "infinite" popu

lation. 

In closed queueing systems a user cannot gener
ate a new demand, as long as his last one is not 
yet finishep by the server. According to this 
feedback the system is always stable and the 
influence of the input process on system per
formance is only small and mainly based on the 
total number of users and their individual, 
average "think" time, termed "user time" in the 
following. Analytical analysis of closed queuing 
systems compared to open ones, is rather compli
cated, especially for the FCFS scheduling disci
pline (First Come First Served) with arbitrary 
service time distributions. 

The popularity of open queueing systems is based 
on a wide-spread availability of models. They 
are useful as known submodels in series or 
networks of queues, and for studies of maximum 
throughput. Their performance is very sensitive 
to changes of 
a) model parameters (e.g. mean values of ser

vice or interarrival time) 
b) model processes (e.g. distribution types), 

and 
c) combinations of both. 

This implies two consequences. First, inaccurate 
estimation of process type or parameters can 
cause considerable misestimation of ·performance 
measures. This is espec ially true for the fre
quent (I) case of queueing processes with dis
tributions of interarrival or service times with 
a squared coefficient of variation c2>l. An ex
ample of sensitivity was given in [16]. Second
ly, simplifications of models lead to uninten
tional changes of process type and resul t in a 
different system behavior. It is this second 
point on which we focus. Due to mathematical 
tractability any queueing analyst wil,l use sim
ple Markov type models if at all possible. In 
this chapter we directly derive some influences 
of simplification from queueing theory. To quan
tify the deviations, we define a sensitivity 
factor 

(B) 

with X : quantity under consideration (e.g mean 
waiting time) 

and A,B: types of models (e.g. A=M/M/1,B=G/M/1). 

This sensitivity factor, here refering to input 
process variation, depends on several other 
quantities, e.g. the utilization p. It expresses 
the deviation of a quantity X, e.g. mean waiting 
time, in a model of type B compared to a refer
ence model A. We mainly investigate changes of 
the input process in its type or its modeling 
depth. Of course, similar considerations apply 
to queueing sensitivity with respect to changes 
of service time distributions or to variations 
of both processes. 

3.2 Open queueing systems 

We choose the classical M/M/1 queueing system 
for our reference model because it implies the 
strongest simplifications in assuming exponen
tial distributions for both interarrival and 
service times. The impact of the service time 
distribution has been studied successfully with 
the M/G/1 queueing system. Compared to M/M/1 the 
mean waiting time is increased by a factor of 
(cS2+1)/2, dependent on the squared coefficient 
of variation of the service time. To study the 
influence of the input process the dual system 
G/M/I seems appropriate. The formulas for the 
mean values of variables describing the system 
performance, e.g. waiting time, delay, number in 
system, are similar to M/M/I, but with a quanti
ty a in "most" places of the utilization p. The 
mean waiting time e.g. is W = a/(1-a)/lJ. Given 
the Laplace transform A*(s) of the interarrival 
time distribution, a is determined by: 

(14) 

For the H2/M/I queueing system with parameters 
p, AI, A2 of the input process and parameter lJ 
of the output process, the solution of equ.(14) 
for a is 

I 2 ' 
a = [lJ+AI+A2 - v(lJ+AI-A2) -4lJP(AI -A2)]/2lJ. (15) 

In the following we will discuss the deviation 
of mean waiting time of a H2/M/I compared to a 
M/M/I queueing system with the same arrival rate 
A=l/a,and an identical exponential service pro
cess (cf .fig 2). We derive this deviation in 
terms of the mean interarrival time a, the 
squared coefficient of variation CA2 , the nor
malized third moment m3, and the utilization p. 
First of all this deviation depends on the 
absolute value of CA2 , and in the limit for p-l 
it is fixed to . (CA2-1)/2. But· its course over p 
strongly varies with the value of the normalized 
third moment m3 (cf. fig.2). The range of values 
for m3 is bounded below by m3min and separated 
into two regions by its value for the "balanced 
means'~ condition m3b: 

2 
2 cA+1 

m3b = CA -2-· (16) 

Smaller values of m3 lead to a distinct maximum 
of deviation 

3.2A-3-3 
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Deviation of mean waiting time W of 
"2/M/l vs. M/M/l for constant mean a=l, 
constant squared coefficient of varia
tion CA2=4, and with the normalized 
third moment m3 as parameter 

With greater values of m3 the deviation between 
"2/M/l and M/M/l decreases. This is due to the 
fact that for increasing values of m3 the branch 
probabilities tend to land 0 resp., so that 
there is one dominating exponential branch. 

The set of curves is qualitatively equal for all 
values of CA2. But the interval (0,1) of values 
p covers different sections of their course. The 
upper value p=1 is fixed and the lower value p=O 
varies with CA2. This results for CA2<3 into a 
third region, where the maximum deviation occurs 
for p=O, while the absolute maximum occurs for a 
theoretical {<O. This is true for all curves 
with m3>(3cA -1)/2. 

To give a numerical example of the described 
coherence we consider two different values of 

m3, keeping the mean 8=1 and the squared coeffi
cient of variation CA2=4 constant. For m3=IS the 
parameters of the "2-input process are p=0.9663, 
Al =1.2963, and A2=0.1322; for m3=6.875 we get 
p=0.6752, Al=6.638, and A2=0.3615. For p=0.4 the 
deviation in the mean waiting time of "2/M/l 
and MIMll is only 12'7. for m3=15, but 345'7. for 
m3=6.875. This shows the strong impact of the 
third moment of "2-input processes on system 
performance. 

3.3 Compound traffic streams 

The input traffic generated by a single user is 
rather bursty. Therefore a Poisson process very 
often is not an accurate model of the aggregate 
arrival stream of a homogeneous population wfth 
a small number of users with identical behavior. 
This especially applies to heterogeneous popula
tions of users with different interarrival and 
service time distributions. In chapter 4 we will 
investigate a model with a compound input traf
fic stream generated by a heterogeneous user 
population. 

3.4 Main influence factors 

The sensitivity of system performance regarding 
the input process depends on the following 
important factors: 

mean interarrival time, 
higher (2nd, 3rd) ordinary moments, 
composition and size of population. 

Because the service time distribution has a main 
influence on system performance itself, we com
pare in the following only models with equal 
service parameters. 

4 INFLUENCE ON MODELS BASED ON MEASUREMENTS 

We now turn to concrete influences of input 
traffics by applying results of the measurements 
cited in the introduction. First we investigate 
a model for a multiple step transaction system. 

> Then we analyse a compound arrival stream in a 
system with a heterogeneous user population. At 
last we consider a model for a> buffer with lim
ited capacity and a non-Poisson input process. 

4.1 Model of a multiple step transaction system 

frons action j 

cycle 1 

1----------Tta ---------' 

~ sfarf of inpuf- 1 end of oUfpuf-fransmission 

T,a: fransacfion inferarriva/ time 

T.sa : sysfem answer fime 

Tu: user fime 

1",;0: inferarrival time of cycles during fhe acfive period 

Tel : inferarrival time befween lasf cycle of fhe currenf 

fransaction and firsf cycle of the following transaction 

Fig. 3: Definition of mUltiple step transactions 

3.2A-3-4 
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The dialog of an interactive user with a comput
er system is cyclical. A multiple step transac
tion consists of several dialog cycles, which 
logically belong to the same task (cf.fig.3). 
The interarrival time Tta between succeeding 
transac tions of the same user consists of two 
sections. An "active" period of comparatively 
small cycle interarrival times Tca while the 
user continuo~sly interacts with the system, and 
one longer dialog cycle Tci at the end of a 
transaction, when the user changes his task. For 
a small group of N users in a multiple step 
transaction syst~m we introduce the following 
model (cf.fig.4). 

Aa:: l/~a 

Ai':: 1/~( 

p :: (ne -l)/ne 

(et. fig. 3) 

Fig. 4: Model of input traffic for a multiple 
step transaction system 

We val idate 
measurement 
(cf.tab.2). 

the model parameters with typical 
results of two different systems 

INQ P Aa Ai TaU p Aa Ai 
---------------------- ----------------------

0.747 0.063 0.021 0.645 0.043 0.006 

-
CA2 -

CA2 N a m3 a m3 
------ ---------------- ----------------------

1 23.78 1.645 2.175 73.18 2.690 4.008 
3 7.93 1.203 1.358 24.39 1.921 2.753 
5 4.76 1.113 1.189 14.64 1.586 2.115 
7 3.40 1.071 1.125 10.45 1.414 1.772 

10 2.38 1.053 1.083 7.32 1.281 1.503 
15 1. 59 1.034 1.053 4.88 1.179 1.305 
20 1.19 1.025 1.039 3.66 1.130 1.216 

Tab. 2: Model parameters based on measurements 

Tab.2 further shows the development of t he 
characteristics of the aggregate point process 
as the number of users increases. Especially for 
the TaU-system we observe that even for a number 
of users greater than 20 the s quared coefficient 
of variation differ s significantly from 1. 

To investigate the sensitivity of system per 
formance due to changes in the arrival proces s , 
we compare simulation result s for the mean 
waiting time W of a LH2/H2/1 (cf.fig.4) to a 
M/H2/1 system and a LH2/M/l to a M/M / l system 
(cf.tab.3). We cons i der both cases bec ause the 
squared coeficient of variation CS 2 of the serv
ice time has in most cases a stronger influence 
on system behavior than any parameters of the 
input process except the mean arrival r a te. Bo th 
service pr cc es ses have equal mean service rate 
~=NA/p de pe nd ing on the number of users a nd the 

utilization under consideration. For the hyper
exponential service time distribution we assume 
a squared coefficient of variation cS2=2. 

INQ LH2/H2/1 LH2/M/1 TaU LH2/H2/1 LH2/M/l 
- - - -

P N M/H2/1 M/M/1 N M/H2/1 M/M/1 
---------------------- ----------------------
0.5 3 0.027 0.079 3 - -

5 0.005 0.048 5 0.125 0.200 
7 -0.004 0.034 7 0.081 0.147 

10 - - 10 0.043 0.106 

0.7 3 0.051 0.084 3 - -
5 0.019 0.050 5 0.154 0.213 
7 0.007 0.036 7 0.114 0.158 

10 0.002 0.025 10 0.075 0.113 
15 - - 15 0.040 0.077 
20 - - 20 0.025 0.058 

Tab • . 3: Sensitivity factor SW(LH2/·/1,M/·/D in 
a multiple step transaction system 

As expected the difference in system performance 
for the original input stream and Poisson arriv
als decreases with an increasing number of users 
an rises with greater values of the utilization 
p. The rate of convergence however is very 
different in both systems. While in the INQ-sys
tern the deviation of the mean waiting time is 
already less than 1% for small user numbers, it 
remains significantly greater in the TaU-system 
even for user numbers greater than 20. This is 
in part certainly due to the influence of the 
higher order moments. On the one hand the 
squared coefficient of variation CA2 is essen
tially greater in the TaU-system. On the other 
hand the value of the normalized third moment m3 
lies in the unfavourable region of great devia
tions to M/M/1, while in the INQ-system m3::::m3b 
as for the "balanced means" case (cf.fig.2). 

4.2 Compound traffic model 

We consider a computer system with two user 
groups, distinct in size and service demands 
(cf.tah.4). One group of interactive users with 
a fixed size of 16 has only small service 
demands and an "empirical" behavior based on 
measurement results. The N2 users of the second 
group rarely request long intervals of service, 
like in file transfer or cadl cam applications. 
The interarrival times of demands of a single 
user will be modeled by H2-distributions for 
each group. Regarding the service time we have 
three models: 

3.2A-3-5 

H2-distribution different for each group 
( 2H2/ 2H2/1) , 
exponential distribution different for each 
group ' ( 2H2/2M/1), 
H2-distribution equal for each group 
( lH2/ 1H2/1). 

Arrival 
Group 1 
Group 2 

Service (2H2) 
Group 1 
Group 2 

P Al A2 
0.9697 0.0444 0.0037 
0.8700 0.0185 0.0005 

P ~1 ~2 
0.1127 3.381 26.6190 
0.9976 0.1101 0.0013 

(2M) ~ 

15.0 
0.1 

Tab. 4: Parameters of the compound traffic model 
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In the third case the service time distribution 
is the statistical mixture of the service time 
distributions of the first case, weighted with 
their frequency of occurence. The arriving user 
demands will not be distinguished regarding 
their service, so that we can neglect this dis
tinction for the arrivals as well and model only 
the superposition of both input streams. 

p 

0.14 

0.17 

0.21 

0.24 

3 T 
Tl 
T2 

4 T 
Tl 
T2 

5 T 
T1 
T2 

6 T 
T1 
T2 

6.913 
6.648 

17.140 

9.177 
8.809 

23.420 

10.820 
10.400 
23.840 

13 .580 
13.070 
27.020 

1. 733 
1.512 

13.330 

2.272 
1.980 

13 .560 

3.092 
2.718 

14.780 

3.791 
3.344 

15.510 

1.438 
1.436 
1.577 

1.964 
1.957 
2.217 

2.490 
2.485 
2.643 

3.051 
3.048 
3.133 

Tab. 5: Mean delay T in compound traffic models 

In tab. 5 the mean delay for a single user 
demand is entered for the different service 
models. The results evidently indicate that only 
a clear distinction of the users in service 
yields correct estimation of system behavior for 
each group. This implies the necessity of sepa
rate mode ling of each arrival stream too. The 
results for the exponential service model differ 
only quantitatively and reflect at least quali
tatively the correct system behavior for the 
single user groups. 

Furthermore we see that only with an appropriate 
modeling depth we perceive the drastical deteri
oration of system performance for the interac
tive users due to the increasing size of the 
second user group. 

4.3 Buffer Model 

Next, we analyze the following buffer model 
important in data communication (cf. fig. 5). 

le/et ype writ ers 

aggregate 
input process 

gated 
service 

synchroneous 
Iransmission 

Fig. 5: Buffer model 

Given a buffer of limited length L, a character 
arrival stream and synchronous output transmis~ 

3.2A-3-6 

slon, which means that characters can only be 
removed from the buffer and be transmitted at 
equal , periods Ts. Such a system is frequently 
illustrated as a model with a "gate" between 
queue and server. For Poisson input overflow 
probabilities and queueing delay were studied in 
[10] and [6]. Under heavy load conditions com
bined with large buffer size the system behaves 
similar to a M/D/1/L system. 

10-1>=~ ______ .-________ .-________ .-______ ~ 

~ 
~ .... .~~ .... 0 

:.:. ., 
u ,~ ~ c: 
~ 10-3 .~ "'. ~ tr ,,~ C : 7 <11 , 
.t: " . ~ 

)\ 

~ ~. ·~A=. 7.5 
;g 

"~ . ... .~ 
~ 70-4 "\:. CA : 2 ":,,-
0 ~. CA: 7.5 " ~:7 

CA: 1 ~ _ .- 9 0.7 

" --- 9 0.8 

" 0.9 
10-5 

, 
70 75 20 25 30 

• 
buffer size in characters. L 

Fi~. 6: Simulation results of overflow frequency 

Clearly, in case of a small group of terminals 
as traffic input sources, the Poissonian suppo
sition is too ' optimistic. Here we refer to the 
traffic measurement results of aggregate tele
typewriter traffic given in [14]. The coeffi
cient of variation cA of intercharacter times 
considering 9 resp. 4 terminals amounts to about 
1.5 resp. 2.0. By approximating the measured in
terarrival times with a H2-distribution the sim
ulation results of overflow frequencies shown in 
fig. 6 were achieved. As a basis of comparison 
the values for Poisson input calculated by Chu 
[6] are also entered. 

Increasing cA from 1.0 to 1.5 and 2.0, the 
curves in fig.6 show a tremendous increase of 
overflow frequency fof. Usually, network design
ers would be interested in systems with overflow 
probabilities in the range . of 10-4 and lower. As 
an example, for a given buffer size L = 20 and 
p= 0.7, the overflow frequency rises by about 3 
orders of magnitudes, if cA increases from 1.0 
to 2.0 • In this case the sensitivity factor Sof 
would be greater than 103 according to equ. (13) 
with Poisson input in the reference system A. 
Varying cA from 1.0 to 2.0 the sensitivity 
factors of the me'an waiting time for large 
b~ffer sizes lie between about 2 (p=0.6) and 3 
(p=0.8) (cf. fig. 7). In addition, we studied 
the buffer model given in [7] with two heteroge
neous user traffics, one being Poisson and one 
being compound Poisson.' Preliminary results of 
this investigation aga,in show the follow.1ng: 
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9~----,,----~----~~----.-~---.----~ 

0 
0 5 70 75 20 25 30 .. 

buffer size in charac fers. L 

Fig. 7 : Mean waiting time of the buffer model 

by changing the dominating compound Poisson 
process to a process with H2-distribution with a 
coefficient of variation cA=1.5 the overflow 
frequency is increased by 2 orders of magnitude. 
Thus, we can draw the following conclusion: 
queueing systems with limited waiting capacity 
are extremely sensitive to input process type 
variations, especially with respect to overflow 
probabilities. Moreover, in case of a small user 
population and thus possibly a high coefficient 
of variation the usual Poisson-oriented models 
should not be used! 

5 CONCLUSIONS 

Empirically-based information on the sensitivity 
of queueing network models regarding the input 
traffic process is important to improve the 
quality of performance evaluation. The achieved 
results are valuable for a better mode1ing of: 

small user popu1ations, e.g. clusters, exog
enous traffic in a backbone network, LAN 
access, 
interactive 

,pattern as 
systems, 

users with a 
in transaction 

bursty arrival 
or data base 

shared line configurations like buffers, 
multip1exors, or concentrators 
heterogeneous popu1ations, e.g. for the user 
profile at the periphral interface of ISDN. 

As it is shown in [11] modeling of the ISDN 
requires the consideration of various. distinct 
traffic types. Models with mixed traffic on the 
ISDN basic access lines are a typical case of 
small and heterogeneous population, because ,only 
one mul tifunctional terminal or a small number 
of terminals can be connected. 

Knowing the sensitivity of models under consid
eration allows a specific selection and provides 
a better understanding of the obtained results. 

Acknowledgement 

The measurement project was supported by the 
Deutsche Forschungsgemeinschaft, Bonn, the Bun
desministerium fur Forschung und Technologie, 
Bonn, and the Siemens AG, Munich. 

REFERENCES 

[1] Albin, S.L., On approximations for superpo
sition arrival processes in queues, Manage
ment Sci. 28(1982), 126-137 

[2] Bux, W., Herzog, U., The phase concept: 
approximation of measured data and perform
ance analysis, in: [5],23-38 

[3] Bux, W., Single server queues with general 
interarriva1 and phase-type service-time 
distributions - computational algorithms, 
Proc. 9.ITC, Torremo1inos, 1979 

[4] Buzen, J.P., Goldberg, P.S;, Guidelines for 
the use of infinite source queueing models 
in the analysis of computer system perform
ance, Proc. AFIPS Conf. 43 (1974 NCC), 
371-374 

[5] Chandy, K.M., Reiser, M., Proc. Int. Symp. 
on Computer Performance, Measurements and 
Evaluation, Amsterdam 1977 

[6] Chu, W.W., Buffer behavior for · Poisson 
arrivals and multiple synchronous constant 
outputs, IEEE Trans. Computers, C-19(1970), 
530- 534 

[7] Chu, W. W., Buffer behavior for mixed input 
traffic and single constant output rate, 
IEEE Trans. Comm., COM-19(1972), 230- 235 

[8] Cox, D.R., A use of complex probabilities 
in the theory of stochastic processes, 
Proc. Camb. Phi1. Soc., 51(1957), 313-19 

[9] Cox, D.R., Renewal Theory, Methuen & Co. 
Ltd London 1967 

[10] Dor, N .M., Guide to the length of buffer 
storage required for random (Poisson) input 
and constant output rates, IEEE Trans. 
Electronic Computers, 16(1967),683-684 

3.2A-3-7 

[11] Hof stetter, H., Weber, D., Traffic models 
for large ISDN-PABX's, Proc. 11.ITC, Kyoto 
1985 

[12] Kuehn, P., Tables on Delay Systems, Univer
sity of Stuttgart, 1976 

[13] Kuehn, P., Approximate analysis of general 
queueing networks by decomposistion, IEEE 
Trans.Comm.27(1979),113-126 

[14] Pawlita, P.F., Suedhofen, H.-D., User be
havior in teleprocessing networks: analyti
cal models based on empirical data, Proc. 
10.ITC, Montreal 1983, Session 3.3 

[15] Pawlita, P.F., Suedhofen, H.-D., Role of 
traffic measurements in information net
works, Computer Performance 5(1984),135-143 

[16] Paw1ita, P.F., Interactive users in network 
performance mode1ing, Proc. ECOMA-12, Mu
nich 1984, 56-67 

[17] Sevcik, K.C., et al., Improving approxima
tions of aggregate queueing network subsys
tems, in:[5],1-22 

[18] Suedhofen,H.-D., Benutzerverhalten in Fern
verarbeitungssystemen : MeBergebnisse zur 
Tageszeitabhangigkeit charakteristischer 
Grossen von Einzelbenutzern und Benutzer
bundeln, Interner Bericht, RWTH Aachen, De
zember 1984 (in German) 


