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The development of Queueing Theory started with the 
publication of Erlang's paper in 1909 (cf. [1]) on the 
M/D/1 queueing system. For this system, which has con
stant service times (= a) and a Poissonian arrival 
process (mean interarrival time = a), Erlang elucidated 
the concept of statistical equilibrium. Here Erlang 
showed his genius and understanding of stochast~c 
processes; undoubtedly his ideas have been inspired by 
his knowledge of the kinetic theory of gases. We en
counter here for t~e first time an example of the 
influence of physics on Queueing Theory. Erlang derived 
the stationary waiting time distribution (starting from 
an integral equation) and derived the expression for 
the mean waiting time 

a = a/a < 1 . 

Comparison of the M/D/1 system with the D/D/1 system 
(constant service time, constant interarrival time), 
for which the actual waiting time is always zero if 
a ~ a and if initially the system was empty, shows that 
the introduction of a stochastic component in the system 
leads to waiting times for the arriving customers. 
Waiting times which can be kept within limits only by 
reducing the load of the server, i.e. by taking a < 1. 

The 1909 paper of Erlang touched immediately the 
essential points of Queueing Theory, and for a long time 
research in Queueing Theory concentrated on questions 
for the first time discussed in theoretical context by 
Erlang. 

It is of some interest to consider the relations: 
for a < 1 

(2) E{!!) =~ for M/M/1, 1-a 

aa a2 M/G/1, = 2( 1-a) a2 
2 2 

aa a2-e +a2-a 
GI/G/1, < 2(1-a) 2 

132 2 
ae 132-13 +a2-a 

" at1, for GI/G/1. 
'V 2(1-a) 

a
2 

Of these relations the first one has been deduced by 
Erlang in 1917 (cf. [1]), the second one is the famous 
Pollaczek-Khinchine formula (~f. [~] an~ [3?), ~2 being 
the second moment of the serVlce tlme dlstrlbutl0n. The 
third and fourth relation are due to Kingman (cf. [4], 
[5]), a2 being the second moment of the interarrival 
time distribution. The notation used here for the charac
terization of the queueing system is that of Kendall 
(cf. [6]), at present accepted by every queueing analyst. 

The first two relations of (2) when compared with (1) 
show clearly the influence on the mean waiting time of 
the introduction of a second stochastic component 
(stochastic service times). For the general model GI/G/1 
no simple expression for E{~} exists, however, Kingman's 
results of which the second one is an asymptotic relation 
stemming from heavy traffic theory more or less complete 
the picture for the general case (under the usual 
assumptions about independence of interarrival times 
and servlce times). 

Formula (1) dates from 1909, the first one of (2) from 
1917, Pollaczek's-Khinchine formula from 1930-'32 and 
Kingman's formulas from 1961-'62. It is of some interest 
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to see why it took about 50 years of research before 
the problem with which Erlang has been confronted has 
been solved. There are a number of reasons for this 
development. 

Until the end of the 19th century physics had hardly_ 
any interest in probability theory, or better the prob
lems of interest to physics at that time did hardly 
need probability theory, and if they did as in kinetic 
gastheory the setting of the problem was such that not 
much probability theory was needed. A definite turn came 
around 1907 by Einstein's explanation of Brownian mo
tion (cf. [7J), since then problems from physics in
fluenced strongly the development of probability theory, 
particularly the theory of stochastic processes, see 
e.g. the bibliographical notes in Chandrasekhar's paper: 
Stochastic problems in physics and astronomy, reprinted 
in [8J. From the late twenties on the probabilistic 
research of Brownian motion created the foundation of 
the modern theory of stochastic processes, particularly 
by the investigations of Levy and Wiener. 

In 1908 appeared Markov's first pUblication on "chained 
quantities" repririted in [9J, it started the subject at 
present known as Markov chains or processes. Also here 
it took about thirty years before the development of 
the theory reached a certain maturity. The publication 
of the books by Feller [10J, Doob [11J, Levy [12J, [13J, 
Frechet [14J and Blanc-Lapierre and Fortet [15J made 
available the results of mathematical research on 
probability and stochastic processes obtained in the 
first half of the 20th century to a large public, 
particularly to people somewhat outside the field of 
pure mathematics. 

Queueing processes nor congestion problems occurred in 
physics neither was probability theory sufficiently 
mature at the start of this century. Since not much help 
was available from the side of physicists or probabilists 
the early investigators of telephone traffic engineering 
problems had more or less to develop their own theoreti
cal tools. They succeeded remarkable well. Fry's book of 
1928 (cf. [16J) and the chapter written by Arne Jensen 
on Erlang's work (cf. [ 1 J) give an impression of the 
probabilistic methods and tools developed and used in 
telephone engineering. The studies of Engset, Molina, 
Wilkinson, Pollaczek, Voulot, Crommelin, Kosten and Palm 
to mention the most important ones (for references see 
the bibliography in Syski's book [17J) continued, 
deepened and enlarged the field of investigation started 
by Erlang. Teletraffic Theory, and particularly Queueing 
Theory had created in 1940 a sufficient number of tech
niques and results to meet the needs of traffic 
engineering at that time. 

However, the problems studied and solutions obtained 
, were all mainly directed to situations encountered in 

telephone engineering, i.e. interarrival times mostly 
had a negative exponential distribution, service times 
were constant or negative exponentially distributed, 
the main interest was on the statistical equilibrium 
of the stochastic processes involved. The interests 
being thus concentrated on the needs of teletraffic of 
that time, the lack of interest in queueing and conges
tion problems in fields outside teletraffi~ engineering 
and the state of affairs in probability theory prevented 
before 1940 the complete development of Queueing Theory. 
An important number of results, however, were available, 
often obtained at the cost of much ingenuity and hard 
labour. The approach by the so called birth- and death
technique was well understood and a generally applied 
method, other techniques used were often of a rather 
ad hoc nature, although standard techniques used at 
present such as the method of regeneration points, so 
brilliantly exposed by Kendall [18J in 1953 is already 
used in Palm's thesis [19J. Also the method of included 
variable has been used in Kosten's thesis in 1942 "[20J. 
The aspects of this method have been investigated many 
years later by Cox [21], it is extensively exposed in 
the book by Gnedenko and Kovalenko [22 J. Palm" s ideas 
on regenerative processes with and without aftereffects 
inspired Khinchine [3] to a fundamental research of 
such processes; it led to a chapter in the theory of 
stochastic processes at present known as "point pro
cesses". In 1972 a conference has been devoted to this 
subject [23J. The mathematical techniques used by 
Pollaczek were rather diverging from the techniques used 
before 1940, however, they were powerful and made 
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investigation of transient phenomena possible. 
The development of Pollaczek's method culminated in a 
treatment of the GI/G/1 queueing system which at present 
seems to be the most successful analysis of this model; 
POllaczek" s monograph [24J gives a good account of his 
ideas. His approach has been applied with great success 
to the analysis of many other queueing models, see the 
books by Le Gall [25J, Cohen [26J. His method seems to 
be the only available technique for the still not com
pletely solved problem of the GI/G/n queue, on which 
Wolfowitz and Kiefer [27J wrote a fundamental paper. Some 
progress with this problem has been made recently by 
De Smit [28J. To terminate this sketchy review of the 
early developments of Queueing T~eory mention should be 
made of the studies by Palm [29J, published posthumously; 
they contain a.o. important ideas about the many server 
queue. 

In the early fifties a stormy development of Queueing 
Theory took place, professional mathematicians discovered 
Queueing Theory as an interesting field for applications 
of the results and methods obtained in Probability Theory. 
Operations Research turned out to be 'a new field of 
applied mathematics, and in this field a great need for 
Queueing Theory existed, not only for its specific queue
ing models but also for its theoretical structure, since 
it turned out soon that the basic mathematical models 
in Inventory Theory, in the Theory of Counters, in Dam 
Theory and in Reliability Theory are often identical with 
or slight modifications of those encountered in Queueing 
Theory. 

The new field of data handling, the new technological 
possibilities in telecommunication together with the 
tremendous developments of electronic computers created 
needs for more detailed information about the classical 
queueing process, thus giving a new and strong impetus 
to the research started by Erlang. 

Before considering the effects of the new stimuli from 
technology we shall first review some of the new 
theoretical developments. 

Feller's theory of regenerative events (cf. [10J) in
spired Kendall to his famous paper [18J of which the 
influence on Queueing Theory has been tremendous. 
Kendall's clear exposition created a new technique for 
analysing models which could not be handled by the 'birth
and death method, he showed how to apply the methods of 
Markov Chains with discrete state space and discrete 
time parameter. At the same moment his approach made the 
analysis of the transient behaviour of queueing systems 
much more accessible. Another new discovery was Spitzer's 
identity (cf. [30J) which led to what is at present 
called "Fluctuation Theory" (cf. [26J, [31]). This 
chapter of Probability Theory unfolds the secrets of the 
stochastic process~, n = 1,2, •.• , with ~ being a sum 
of n independent and identically distributed variables. 
It turned out soon that the essential process in 
Fluctuation Theory is identical with the stochastic 
process of the actual waiting times of successive arriv
ing customers of , a GI/G/1 system, and as such many of 
the main results of Fluctuation Theory were already 
available in Pollaczek's studies. Fluctuation Theory 
combined with Pollaczek's approach turned out to be a 
powerful method in the , analysis of many important 
questions in Queueing Theory (cf. [26J). 

As a third landmark in the postwar developments of 
Queueing Theory should be mentioned the approach by 
Takacs [32]. He stressed the importance of the virtual 
waiting time process, although he analysed at first ' 
this process for the M/G/1 queue, his ideas and partic
ularly his graphical representation of the realisations 
of the virtual waiting time process has been of great 
influence on further research in Queueing Theory. 

The present situation is that the GI/G/1 model is rather 
well understood, there are of course still a number of 
open problems. 

The latest developments in the theory of the single 
server queue concern the study of asymptotic relations. 
As in so many branches of applied mathematics the 
general results obtained have frequently a rather complex 
structure causing difficulties and needing much labour 
when numerical evaluation is needed. A way out is often 
the derivation of approximations, asymptotic relations 
are frequently very useful in this respect. At present 
the study of asymptotic relations concerns mainly the 
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single server model, but it may be expected that as soon 
as sufficient experience with this approach has been 
obtained, new possibilities for analysis become avail
able for more intricate models such as many server 
systems and two queues in series (cf. [33J). 

Asymptotic relations in Queueing Theory may be classified 
into six groups. 
i. Asymptotics with respect to the time parameter t for 
t ~ m; asymptotics of this type provide information 
about the relaxation time of the system, it measures the 
speed of apprqach to statistical equilibrium if this 
exi:;;ts. 
ii. Asymptotics related to the nearly saturated system; 
for the single server model this means the behaviour 
of the queueing quantities for the traffic . intensit~ 
atl, so called "heavy traffic theory", a type of asymp
totics for the first time studied by Kingman [4J. Heavy 
traffic theory is of great importance for applications 
since the present developments in processor controlled 
systems lead to loadings of the central processor unit 
(Cpu) .which come close to 100 percent. 
iii. Asymptotics for the analytic solutions of models 
with restricted accessibility, e.g. models with a finite 
number of waiting places K if K becomes large, or models 
of buffers with finite but large capacity. 
iv. Approximation of the actual stochastic processes 

• 

by diffusion processes, which are often more accessible 
for analytic treatment. In this respect the studies of 
Newell [34J are of great practical importance, also 
Gaver's results [35J make essential contributions. The 
approach by diffusion processes is also important for 
the analysis of complicated models occurring in data 
handling, particularly inside the computer. 

• 
v. Asymptotics with respect to the tails of the distri
butions of queueing quantities; this type of asymptotics 
is for the present more of theoretical interest. 

• 
• 

vi. Limit theorems and extreme value theorems. Limit 
theorems play an important role in theoretical as well 
as applied probability. The fundamental study of such 
theorems enriched probability theory with a great number 
of basic results and general techniques, e.g. character
istic functions (cf. [36J, [37J). Their practical value 
for approximative evaluation of probabilities is well
known. 

We shall give a few examples, for a review paper on 
asymptotic studies in Queueing Theory see [38J. For the 
GI/G/1 queueing system with ~ the actual waiting time 
of the nth arriving customer, ~(.) the normal distribu
tion with zero mean and unit variance, and 
0 2 = B

2
-B2+a

2
-a2 we have 

for a > 1, 
~-n(B-a) 

limPr{ 1/2 
n~ an 

< x} ~(x), -m < X < m, 

max ~-n(B-a) 
l:5k:5n 

lim Pr{ 
1/2 

< x} 
n~ an 

~(x), _m < X < m, 

for a = 1, 

lim Pr { (w / an 1 / 2 ) < x} fi-
-n 1T 

n~ 

2 
e-y /2 dy , 

x 
f 

° 
x ~ 0, 

lim Pr{( max ~/no) < x} 
n~ l:5k:5n 

x ~ 0; 

for a < 1 with 
def [ntJ 

W (t) = L ~, 
-n k=O 

[ntJ being the largest integer less than or equal to nt 

~(t)-ntE{~/B} 

( 2 -1 ) 1/2 
0

1 
m n 

where ,,~" stands for weak convergence, E{~} is the 
average of the stationary actual waiting time, 0 1 is a 
constant, m-I = Pr{~ = O} and 1t stands for the 
standard Brownian motion process. 
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The results above for a > 1 and a = 1 have been obtained 
by several investigators (cf. e.g. [39J). The result for 
a < 1 is new and has been obtained by Iglehart [40J as a 
result of the application of the theory of weak conver
gence (cf.. [41]) of which some of the basic ideas are 
due to Fortet. In the relation above the implication of 
weak convergence is that the finite dimensional distribu
tions of the stochastic process on the left converge 
weakly for n ~ m to the finite dimensional distributions 
of the standard Brownian motion. 

Extreme value theor.ems for queueing systems appeared 
rathe~ recently in queueing literature (cf. e.g. [26J), 
we shall quote here as examples some of the latest 
results due to Iglehart and Cohen (cf. [38J). Extreme 
value theorems are important for design purposes when
ever very strict requirements are made about the 
performance of the system. 

Let B(.) denote the distribution function of the service 
time and suppose that a < 1. 

Whenever the service time is bounded by a fini te constant 
or whenever 

-t/c2 l-B(t) ~ c
1
e for t ~ m, c

1 
> 0, c

2 
> 0, 

then 
x+log(n( 1-a)b

2
) 

lim Pr{ max ~k/B < }= exp(_e-x ), 
n~ l:5k:5n -e:B 

_m < X < m, 

max ~/B log n + -1/e:B in probability, 
1:5k:5n 

here (for the M/G/l queue) 

with e: the zero of B(s)+as-1, Re s < 0, which is nearest 
to the imaginary axis (e: is uniquely determined in this 
way), and B(s) is the Laplace-Stieltjes transform of 
B(. ). 

Whenever (for the M/G/1 queue) 

1-B(t) ~ b( B/t)k for t + m , b > 0, k > 1, 

then 

lim pr{ (bn)-1 /k max ~h/B < x} exp(_x-k ) , x > 0. 
n~ 1:5h:5n 

Apart from the type of distributions of the service and 
of the interarrival times, the variation of whi ch led to 
a large variety of approaches to the GI/G/1 model, basic 
assumptions for this queueing model concern the indepen
dence of interarrival times, and of service times, as 
well as of both families of random variables. The number 
of studies in which from weaker assumptions is started, 
is still rather scarce in literature. We ment i on here 
the basic studies of Benes [42J and of Loynes [43J, see 
also [44J and particularly the paper by Gani which 
contains many references about developments in Dam 
Theory [45J. 

SO far for the review of the developments of the theory 
of the single server queue. 

The stimuli from technology led to the research of a 
great number of variants of the classical model as well 
as to the investigations of more complicated systems. 

By a variant of the single server queue is meant a single 
server queue whic~ differs from the classical model in 
so far that one or at most a few of the basic operational 
features of the model are generalized or replaced by 
other operational rules. For instance, bulk arrival of 
customers instead of single arrivals, service in batches 
instead of service of single customers, finite number 
of waiting places instead of an infinite waiting room, 
bounded waiting time or finite capacity instead of 
infinite capacity, e.g. in storage and dam theory (cf. 
[26J), restricted accessibility of new arrivals depen
ding on the state of the system (cf. [46J). 

A huge number of variants is due to the great variabi lity 
in disciplines concerning the manner by which service to 
waiting customers is provided. 
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First in, first out is here the classical treatment. 
Last in, first out and random order of service were 
already considered by the first investigators of 
Queueing Theory, see e.g. the relevant discussions 
in [17], [25] and [26]. An extremely important variant 
of service discipline is priority service, which seems 
to be treated in literature for the first time in 1954, 
1955. The need for priority service stems from the 
desire to keep the waiting time within bounds. Above 
it has already been pointed out that due to the 
stochastic character of the main components of the 
queueing process waiting times are introduced, they 
are inherent to the process and cannot be avoided. 
Being it impossible to avoid waiting times, it is not 
impossible by taking certain measures to reduce the 
waiting time of some of the customers, particularly 
of those who may be considered important or want to 
pay more if their waiting time is reduced. It is even 
possible to reduce the average waiting time by using 
a priority discipline based on the length of the 
service time of the customers (cf. [47]), a priority 
discipline which has recently been extensively in
vestigated on its practical consequences by Cole [48]. 
New interests in priority disciplines arose from 
queueing procedures in computing machinery. Recently 
a monograph on priority disciplines has been written 
by Jaiswal [49]. He introduces the concepts of 
exogenous and endogenous priority. A priority disci
pline being exogenous if the decision of selecting 
the next unit for service depends only on the priority 
class to which it belongs, whereas it is called en
dogenous if the decision depends on the state of the 
queueing system, e .g. the unit last served or the 
waiting times of the units present. 

Another important variant is the single server queue 
with a finite number of sources. These models occur 
in message switching, in queueing models of program 
transport in computers, in reliability theory as 
repairman problems. A comprehensIve study of models 
with a finite number of sources is still not avail
able in literature, Jaiswal's book contains a chapter 
on it, see further Saaty [50]. 

In Teletraffic a distinction is made between conges
tion theory and delay theory, the difference being 
determined by the behaviour of the customer upon his 
arrival when he meets the service facility busy; if 
he waits or can wait for service a delay situation is 
present, if he disappears (has to disappear) the 
description and analysis of the traffic situation 
belongs to the field of Congestion Theory. Congestion 
Theory has been developed for the analysis of busy 
tone systems; outside the field of telephone engineer
ing it obtained hardly any attention. Recently some 
models in Inventory and in Reliability Theory were 
studied which are also encountered in Congestion Theory, 
see [36] and [51]. From a theoretical point, of view 
Congestion Theory is still an underdeveloped part of 
Teletraffic Theory. A number of variants of the single 
server queue lie at the border between Queueing and 
Congestion Theory, e.g. models with customers only 
joining the queue if the queue is sufficiently short 
or if the waiting is not long. Another example is the 
model of repeated calls (cf. [52] and Froc. 's Intern. 
Teletraffic Congresses). 

The number of variants of the basic queueing model is 
unlimited, its literature is immense; of the 332 papers 
published in the first seven volumes of the Journal of 
Applied Probability 78 papers belong to Queueing and 
Storage Theory. 

Among mathematicians one often hears the complaint that 
Queueing Theory is an overpublished field, that it 
consists of perversations of some simple ,basic models. 
From a mathematical point of view such complaints are 
not completely unjustified, the analysis of variants 
usually does not contribute much to mathematics. How
ever, Queueing Theory is an applied science, and the 
analysis of these variants is often of basic importance 
for the operational performance of the system in which 
they occur. 

Beautiful examples in this respect are systems with 
timesharing and cyclic queues. The introduction of 
computers in data handling systems immediately increases 
the possibilities of a much more refined control of 
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traffic, particularly such controls may be used to in
fluence the waiting times, as for instance is done in 
~imesharing systems. 

"Time sharing is a means for providing service to a large 
and diversified population of customers, using remote
access devices, with a view to ensuring shorter response 
'times to short service demands at the expense of the 
long ones and improving customer-server :nteraction" as 
Adiri and Avi-Itzhak formulate it in their review pap~r 
[53]. The basic idea of a timesharing discipline is as 
follows. Whenever a customer (terminal) delivers his 
program to the system (service facility), it is placed 
at the end of the queue. If this program, which needs t 
time units processing time, say, reaches the head of the 
queue, it i§ processed for q time units, the quantum size. 
If t < q the processing is finished in time interval q 
and it leaves the system, otherwise, i.e. if t > q, the 
program recycles ,to the end of the queue, and the pro
cedure starts again, i.e. if nq < t < (n+1)q, then the 
program recycles exactly n times. It is evident that 
this type of processing introduces a priority discipline 
based on the length of the service time, customers with 
the shorter service time are served faster. The comple
tion time T of a customer, or his turn around time, i.e. 
the time between the origination of his message and the 
moment that his message is completely served, hence 
depends on the length of the processing time of his 
program, on tpe number of other programs in the system 
and on the duration of the swapping time, i.e. the time ' 
needed to recycle a program. Traffic studies on time
sharing therefore concentrate on the investigation of 
the (average) turn around time. For this basic model of 
timesharing a great number of modifications are possible. 
Such modifications concern the priority assignment of a 
program once it obtained one quantum of service without 
being completely processed, e.g. the queue of waiting 
programs is divided into several queues, such that a 
specific queue contains only waiting programs which all 
have been recycled the same number of times and these 
queues are served according to some priority scheme. 
An interesting review of the various possibilities is 
given by Hsu [54]. 

Timesharing disciplines lead to interesting queueing 
problems, which are, however, rather difficult to analyse, 
so that usually negative exponentially distributed 
service and interarrival times are considered. It is 
gratifying to see how the researches and developments in 
Queueing Theory can be and have been so successfully 
applied in the investigation of complicated timesharing 
models, of which the first study dates from 1964 
(cf. [55]). 

A brilliant idea due to Kleinrock, who did much funda
mental thinking on timesharing models, is the analysis 
of timesharing models with the quantum size q + 0, thus 
simplifying the mathematical analysis to quite some ( 
extent. The analytic results so obtained, although being 
approximations, describe extremely well the essential 
queueing characteristics of the timesharing model. 
Timesharing processing with q + 0 has been called by 
Kleinrock processor sharing, since a number of programs 
are processed at the same moment in this model. 

Timesharing disciplines are certainly a part of Queueing 
Theory where still much interesting research is possible 
(cf. [56], [57]), particularly general systems theorems, 
such as Kleinrock's conservation law and those of the 
type discussed in [58] on phase and time averages of 
queue lengths deserve attention. 

Cyclic queueing is another rather new type of queueing 
system originating from computer technology. It concerns 
the single server queue with the possibility of recycling 
of a customer who after his initial service has been 
completed returns with probability p to the queue or 
leaves with probability 1-p the system. An important study 
of this model has been published by Takacs [59], see also 
[60], [61]. Of particular interest for the study of net
works of queueing systems with feedback are Gordon and 
Newell's papers [62], [63]. The models discussed are 
important for models of datatransport inside a computer 
system. In this respect we also mention a recent review 
study by Adiri [64J on the queueing models for cyclic 
migration of programs between I/O units, core units, 
disks and C.P.U. 
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A new chapter has been added to Queueing Theory by the 
introduction of an objective function to be minimized 
or maximized by the right choice of a discipline out of 
a class of possible operational disciplines for the 
queueing system. Cramer [65] in his thesis considers 
the problem of maximizing the long-run average return 
of a facility with M servers, a queue of capacity N 
and Poisson arrivals by selecting the customers upon 
arrival or upon entry to the service according to 
the customers offer of a payment; these amounts that 
customers propose to pay for service are independent, 
identically distributed stochastic variables. Service 
times of customers are independent, negative exponen
tially distribut~d variables. For various disciplines 
Cramer determines the optimal decision procedure; ' his 
paper contains a review of related studies, it is also 
of interest from a point of view of techniques used. 

Ano~her paper, worthwile to be mentioned as an example 
of optimal decision policies in Queueing Theory is 
that by Adiri [66]. A single server queue with Poisson 
arrivals and independent, identically, negative expo
nentially distributed service times has a service 
discipline consisting of M priority levels (pr-eemptive 
resume or non-preemptive). The higher the priority 
level the higher the tollfee for an arriving customer 
to join this ' priority class; the customer loses an 
amount of c money units, each unit of time he spends 
waiting; ~ustomers ~enefit by being served; financially 
speaking: they receive a reward after being served. 
A newly arrived customer makes an irrevocable decision 
as to which priority class to join or to leave and 
never return . . This decision is made such that he 
minimizes his expected costs~ A customer who does not 
join the system damages the reputation of the service 
station. Service is provided by a profitmaking 
organisation and collects money through the tollfees. 
Its objective is to determine. the toll fees for joining 
the various priority levels such that its average 
income per unit of time is maximized. This optimization 
problem as well as the ·optimal decision policies for 
newly-arrived customers are discussed by Adiri. 

Optimal decision procedures will undoubtedly play an 
important role in future developments of Queueing Theory 
(cf. [67]), for general t~chniq~es in this field see 
[68]. 
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