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ABSTRACT 

The paper concerns methodological and analytical 
problems that have to be considered if call set
up delay is adopted for circuit-switched networks 
grade of service measure. The internodal as well 
as the subscribers' part of the network are consi
dered. 

1 . I NTRODUCT ION 

It became clear that the two main switching phi 10-
sophies namely circuit-switching and packet swit
ching wi 11 coexist in future integrated pub1 ic 
communication networks. It is also clear that none 
of these philosophies should be considered prefer
able a priori. The author bel ieves that the analy
sis of the suitable ranges for their app1 ication 
so far presented are not objective enough - usu
ally "sophisticated" packet-switched networks are 
compared with "primitive" circuit-switched net
works. This concerns especially comparisons from 
the point of view of traffic carrying abilities. 
From this point of view the problem is especially 
difficult for two main reasons: 
- the usual approaches to circuit-switched net

works and packet-switched networks analysis seem 
to "speak different 1anguages", 

- the app1 ication of SPC exchanges in circuit
switched networks introduces the possibi 1 ity 
and need of considering new( if compared with 
the classical telephone network) call set-up 
concepts which in turn provoke new network-ana
lysis problems. 

Clearly a "common 1anguage" has to be created so 
a common network's qual ity measure has to be cho
sen. The author believes that the total time it 
takes to serve a transaction (call) should be cho
sen for the common qual ity measure. 
In the case of circuit-switched networks and the 
point of view of network's traffic carrying quali
ty the most significant part of this time is the 
total time it takes to set up a call between two 
subscribers. This time is refered to as " ca 11 de
lay" (CD) in the following. 
The word Itota1" is important in this description 
since it is used to emphasize that all possible 
factors of the call set-up time delay are consi
dered (repetition time of blocked calls. queuing 
time .... ). 
This impl ies a very important point: the interno
dal (communication) as well as the subscribers' 
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part of the network should be considered in the 
analysis. In usual approaches (comparisons) only 
the internodal part is considered. 

The main goal of the paper is to discuss basica1 
problems that have to be considered if the CD is 
adopted for the circuit-switched network's qual i
ty measure. 
Section 2 shows that the interpretation of CD is 
not straightforward and depends significantly on 
the type of network it concerns. 
In section 3 the average CD is determined as a 
function of some general variables for several 
possible call set-up phi 10sophies. The discussion 
is basically restricted to networks with SPC ex
changes. 
Sections 4.5 present in short some problems con
cerning the evaluation of the variables which de
termine the average CD. 

2. CD - THE NETWORK'S QUALITY MEASURE 

The problem of choosing the proper network's qua
l ity measure was already frequently considered. 
This is in fact the crucial point of any te1etraf
fic analysis . Nevertheless we seem to be very far 
from having a clear view on this problem - still 
several common misunderstandings and contradictory 
opinions appear in technical literature. This pa
per is devoted to problems of network analysis 
with the call set-up time delay (CD) adopted for 
the network's qual ity measure. The CD is not a 
commonly used measure for circuit-switched net
works so its interpretation and relation to other 
quality measures must be carefully analysed. It 
appears that the interpretation and utilization 
of the CD measure depends to a great extent on the 
type of network it concerns. To clarify this pro
blem we are forced to go into several general pro
blems concerning network's qual ity measures. 

Let us consider the telephone network for the 
beginning. We have to take the repeated call 
attempts phenomenon into account otherwise no sig 
nificant insight into the problems would be obtai
ned. 
Consider the two convenient graphs depicted in 
Fig. 1. The graphs present, in a symbol ic way, the 
flow of calls in the network. Both graphs concern 
the network treated globally. In graph 1 B repre
sents the total call congestion probability suf
fered by calls due to all congestion sources 
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Fig.1. Flow of calls graphs 

(internodal 1 inks, exchanges, absence of the cal
led subscriber, ... ). R is the probability that a 
blocked call will be repeated. 
Graph 2 is a decomposition of graph 1 - the con
gestion sources due to the communication network 
(internodal 1 inks, exchanges) and the called subs
criber are treated separat1y. 
Here B{n) and B(s) represent the probabilities of 
call congestion due to the communication network 
and the called subscriber respectively. R{n) and 
R(s) are the probabi 1ities of repeating a call 
blocked due to the communication network and the 
called subscriber respectively. 
The remaining notation from graph 1 has the follo
wing meaning:l\x is the intensity of calls (i .e. 
the average number of calls per time unit) in the 
stream of calls denoted by X.Streams of calls are 
denoted by f,o,c,r, ... where the symbols stand 
for: f - fresh calls, r - repeated calls, c - car
ried calls, u - unserved calls, a - abandoned 
calls, 0 - offered calls. 
Clearly (cf.graph 1) 

B= ~ R= ~ 
1\0 Au 

1\0= Af + Ar Ao I\c + I\u I\u = 1\0 + Ar 
so 

P= Ac = ~ 
Af 1 -RB 

Ao 1 
N= I\,f = 1-RB 

where P is the probabi 1 ity that a .ca1 1 demand will 
succeed (eventually after some repetitions) and N 
is the averag~ number of call attempts performed 
per one fresh call. 
The meaning of the notation from graph 2 should be 
clear from the above said. Analogous simple analy
sis to that of graph 1 gives 

P _ [l-B(n)] 1-B(s) 
l-R(n B(n)-R(s B(s (2) 

N=-~~~~~l~~~~~ __ 
l-R(n) B(n) -R(s}B(s) Cl-Ben)] (3) 

It should be emphasized that the presented rela
tionships are quite general. Everything remains 
unchanged if we substitute the intensities by 
numbers of calls in some fixed time interval (of 
course the interpretation of the B,R, ... changes). 
We state this because frequently relationships of 
this kind are derived in a complicated way from 
strong assumptions. 
Other usefull relationships following from the 

graphs wi 11 be presented in the next sections. 

Telephone networks with the account of repeated 
calls were extensively researched by Le Gall [1,2, 
3,4]. The general conclusion is as fo1 lows: B 
should be adopted for the network quality measure 
(in usual approaches some approximation of B(n) 
are considered solely). It is shown that using 
experimental/analytical methods P and N may be 
determined from B. 
As to the authors knowledge the B,P and N are com
monly treated as characterisations of the grade of 
service given to the subscribers (this is Le Ga11's 
point of view also). According to the author's 
opinion this is not quite correct - at least an 
important commentary is necessary. This opinion is 
motivated by the following reasons. For fixed net
work resources (network treated globally as in 
graph 1) and Af some value of B settles. This value 
depend s on the va 1 ue R ( i nf 1 uenc i ng the amount of 
repetitions) which in turn depends on the value of 
B and the subscribers' reaction to the experienced 
congestions. In other words the value of Band R 
are both superpositions of the I qua 1ity" of the 
network experienced by a subscriber and the 
subscribers' reaction to this I qua 1it y". The 
subscribers' reaction depend on many factors most 
of which are not measurable with technical means 
(importnace of the call, personal motivations, ... ). 
As a consequence the impression of the network's 
qual ity may vary largely from subscriber to subs
criber and from call to call. In practice a subs
criber can achieve any probabi1 ity of success he 
wants as long as he agrees to pay a "price" high 
enough (number of repetitions). The values of P,N, 
that are observed in a network present an average 
compromise between profit (p) and price (N), the 
average taken over all subscribers and calls. It 
is thus senseless to say that a subscriber receives 
P for price N in the average since the subscriber 
takes any."amount" of success he needs depending 
on the pr Ice (number of repe~ it i on s) he dec i des to 
pay: Clearly the P,N and B values give practically 
no Information of the networks quality from the 
subscriber's point of view. 
It may be supposed that the information of the net
work's quality that would satisfy the subscriber 
should be of the following form (for example): if 
n attempts are performed and repetition are made 
every ~ ~econds then the call wi 11 be set-up wi th 
probability p. The network analysis with this kind • 
of qual ity measure is of course a very difficult 
problem. It should be emphasized that the values 
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of such a measure can by no means be determined 
from the B,P,N.R.v values. 

We may now consider the following characterisation 
of the CD 

W = (N-l)V ( 4) 

where V is the average time interval between 
subsequent call attempts connected with a fresh 
call (N-l is the average number of repetitions). 
W is the average time after which a call is 
set-up or abandoned. W posseses all the dis
advantages of N so it is of 1 imited usefulness 
from the subscriber point of view. 

We may now ask: what is the usefulness of all the 
above mentioned qual ity measures for the network's 
administrator? The answer appears to be ambiguous. 
Generally speaking the subscribers' reaction may 
change with the subscribers' impression of the 
network's quality changes (overloadings, break
downs). This impl ies the possible changes of Af 
(should not be confused with the intensity of in
tended calls which is a purely theoretical and 
unmeasurable quantity) and the subscribers' 
perseverance in repeating blocked calls with the 
changes of this impression. As a consequence the 
P and N may stay unchanged (or even P may incre
ase and N decrease) as the network's qual ity de
terioration takes place. This concerns also the 
value of B which is a function of P and N. Thus 
the network's performance estimation may be wrong 
if based on the P,N (B) values solely. 
Simpl ifying we may say that the administration is 
mainly interested in maximizing the total income 
for given network resources (this is a function 
of A f' p=Ac). The dete r i orat i on of the networks 
qual ity may cause some loss of the' potential in
come which can not be estimated from the values 
of the measures analysed above. The estimation of 
the loss of the potential income is a difficult 
problem beyond the scope of this paper. Never
theless it should be emphasized that this problem 
diminishes the value of the busy hour concept from 
the network analysis and maintenance point of 
view. 

Concluding we may say that the usefulness of the 
qual ity measures discussed should not be over
estimated and that network analysis methods and 
results should always be carefully interpreted. 
Unfortunately this point is frequently neglected 
in papers devoted to network analysis. 

The main difficulties that are met when networks 
of the telephone network type are analysed all 
come from a common source - the human factor. As 
a consequence of the developments in technology 
the subscribers were given a great degree of 
freedom in their interaction with the network. 
Lately it becomes quite obvious that further deve
lopments in technologie will cause the necessity 
of taking away much of this freedom from the subs
cribers (sad paradox). This flows from the fact 
that the introducing of fast circuit-switching 
and sophisticated subscriber terminals wi 11 cause 
great convenience and ease in making call repeti
tions in case of network's resources blocking ( the 
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cases of called subscriber being busy or absent 
included). This in turn may cause frequent cata
strophic network stats. Simple examples of the 
possible great increase of B(s) in the case of 
R(s)~l are shown in [21. 
As a consequence we may assume that future circuit
switched networks wi 11 have to take over the task 
of repeating blocked calls or at least bound to 
a great extend the subscriber's freedom in repea
ting calls. It is thus clear that queueing ins
tead of repeating of blocked cal Is may become an 
attractive alternate solution in circuit-switched 
networks (combinations are also possible). To make 
reasonable comparisons of these two possible solu
tions a common network qual ity measure is needed. 
It seems natural to adopt the CD for this measure. 

In the following we consider the average CD (\-/). 
The analysis is basically devoted to circuit
switched networks in which the aforementioned 
subscriber's freedom is bounded to such extent that 
the "human factor" in the analysis is negligible 
or at least very small (repetitions performed by 
subscriber cannot be el iminated completely). 
It should be clear that in this case the difficul
ties in the interpretation of W defined by 4 va
nish (this concerns also N,P,B) and that only for 
this case it makes sense to compare the W with the 
average delay suffered by cal Is (transactions) in 
i nformat ion (packet) sw itch i ng networks. It appea rs 
to be senseless to compare the CD for networks that 
give much freedom to its subscribers ( I ike in to
days telephony) with networks that do not possess 
this feature. All this lengthy discussion from 
this section was undertaken to clarify these few 
statements and assumptions ... 

3. THE DEPENDANCE OF CD ON CALL SET-UP PROCEDURES 

In the previous section we have tried to clarify 
the general problems of adopting the CD for the 
network grade of service measure. In the following 
we analyse the general dependance of the average 
CD (W) on the cal I set-up procedures adopted in 
the network. 

3.2. Repeating networks (RN) 

By 11 repeat i ng networks ll we mean networks wh i ch 
repeat cal Is blocked in its nodes (exchanges) and 
internodal links) the case of blocking caused by 
the cal led party is treated separately. We assume 
that the call setting-up is performed according to 
the 1 ink-by-l ink principle (I inks are held as the 
call advances). 
This assumption impl ies that all call repetItIons 
should be performed by the call ing subscriber's 
term i na 1 node {f i rst node of the ca 11 ' s path}. If 
the task of repeating was transferred to subse
quent nodes as the call advances the non charged 
traffic would increase significantly. Clearly in 
this case the RN would become non competitive with 
queueing of blocked calls (Sec.3.2). 
We now have to decide what is done in case of 
blocking at the called party end. 
It is reasonable to assume that if the called 
subscriber is absent the call ing subscriber is 
informed about it and the network abandons the 
cal I setting-up process. The call ing subscriber 
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may retry to make the call after some time . In the 
following the retry will be treated as a fresh 
call. This is reasonable since the retry is ( in 
the average) performed after a time long enough to 
neglect the correlation it introduces (ef. experi
mental data for telephone networks [5]) . 

We now consider the called subscriber being busy 
case. The situation differs depending on whether 
the call ing subscriber is informed about it or not. 
In several telephone systems the subscriber does 
not receive straightforward information about this 
(one busy tone for all blocking causes). This may 
cause several unnecessary repetitions (near in 
time) since the subscriber may have resigned repe
ating · if he knew. He may of course retry after some 
time but 1 ike1y after some longer period. So in 
case of telephone type networks giving this infor
mation should be prefered since it gives the chance 
to avoid some of the over10adings (the correlation 
and amount of calls may decrease). 
In the network-controlled call setting-up case the 
situation is more complicated. If the subscriber 
receives the information he may resign to wait 
since the call setting-up process must last for 
a time equal at least to busy-state residual life 
time. If he resigns and makes a retry after some 
time everything starts all over (the called subs
criber may be busy again) - this causes some addi
tional network's loading. If the subscriber is not 
given the information he may become tired of wai
ting or conclude that something has gone wrong in 
the network - in both cases he wi 11 abandon the 
call and eventually retry which causes wasting of 
the network's work and additional loading. We thus 
see that we step into a difficult problem when 
comparing the two possibilities since the "human 
factor" is involved. 
Nevertheless we feel that the first possibility is 
preferable since apart from the traffic aspect the 
subscriber's convenience should be taken into consi
deration - if possible the subscriber's stresses 
should be minimized. We thus assume in the fol
lowing that the calling subscriber is informed of 
the called subscriber being busy state. We assume 
also that a retry of a call in case of the called 
subscriber being busy state is treated as a fresh 
call. This is reasonable since if the subscriber 
has resigned to wait in the previous attempt then 
the retry is 1 ike1y to come after a time exceeding 
the busy state residual 1 ife time - as a conse
quence the subsequent attempts may be assumed 
uncorre1ated. 

We now have to decide what is done if the call ing 
subscriber does not resign (decides to wait after 
receiving the information that the called subscri
ber is busy} Several possibilities may be conside
red. The following cases are examples. 
CASE 1. The network performs repetitions, all ge
nerated by the calling subscriber's terminal node. 
It is clear that the reasonable average repetition 
time V(s) may differ from the average repetition 
time V(n) util ized in the case of blocking in 
nodes and in ternoda 1 links. 
The average of these 

V = V(n)Pn + V(s)Ps, Pn+Ps =1 (5) 

where Pn Ps is the probabi I ity that a call is 
repeated due to blocking in nodes or I inks (cal led 
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subscriber being busy). 
Using graph 2 from section 2 it can be shown that 

Pn = R(n) B(n) N~l (6) 

where N is given by (3). 
We have thus determined the average CD defined by 
(4) for the considered case. Let us recall: the W 
is the average time after which the call is set-up 
or abandoned. If R(n)=R(s)=l, i.e. the repetition 
process is never abandoned before the call is set
up, then the probabi 1ity of success P given by (2) 
equals 1, and W equa1~ the average time it takes 
to set-up a call. The Wand P values may be con
trolled through the R(n), R(s) values by means of 
bounding the maximal number of repetitions and/or 
time-outs. 
CASE 2. The call is queued in the called subscri
be r 's te rm i n a 1 node. 
To shorten the analysis we assume B(~=O)i .e. 
there is no blocking in tne queueing process. 
With this assumption we receive 

W=(N-l) V{n} +W(s} P(s) 

where W(s)is the average queueing time, pes) is 
the probabi lity that the called subscriber being 
busy state is met. The probabi 1ity of success is 
given by (2). 
CASE 3. As case 2 with the difference that during 
the queueing time the connection between the ori
gin and destination nodes is destroyed; the ca1 ling 
subscriber is held (does not kno.v about the net
work's operation). As the queueing terminates the 
connection is set-up again in the opposite direc
tion (destination node becomes the origin nOde) 
according to the same process. We now receive 
(B(s) =0 assumed) 

W=(N-1)V(n>[1+Pls)) +W(s)P(s) (8) 

The probabi 1ity of success equals 

. P [ 1 - P ( s)] + P 2 P ( s) 

whe re Pis given by (2). 

The comparison of the network's performance for 
the presented cases is a very difficult problem 
since the values of B(n),P(s),W(S), ... which de
termine them are dependent. For the present only 
some general trends can be observed. To faci litate 
this let us assume that the time needed to connect 
subsequent nodes is negl igible. This is reasonable 
since we consider SPC nodes (fast circuit swit
ching possible). 
The idea of case 2 is to decrea se W ,N ,1- P as com
pared with case 1. The price for this is the in
crease of the traffic carried in the internodal 
I inks whi ch (for fi xed network resources) causes 
an increase of Bln) which in turn, causes the in
crease of Wand N. We thus arrive at a mini-max 
problem. 
The idea of cases 3 is to decrease the traffic 
carried in internodal links as compared with case 
2 to decrease B(n). The price for this is the in
crease of pes) which in turn increases W,N,l-P. 
Mini-max problem again. 
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3.2. Queueing networks (QN) 

By Ilqueuei ng networks" we mean networks whi ch queue 
blocked calls in its nodes and internodal links 
(separate queues for all links assumed). If the 
1 ink-by-l ink principle of setting up calls is 
adopted the problem of the network's reaction in 
case of the called subscriber's being busy state 
is basically the same as for the RN, thus cases 2, 
3 from section 3.1 may be considered (clearly 
case 1 should be excluded). To receive formulae 
for the average CD the "(N-l) V(n) 11 terms in the 
formulae presented for RN should be replaced by 
W (n). The Wen) is the ave rage time it takes to se t
up a call between the origin and destination nodes . 
The problem of evaluating Wen) is discussed in 
section 5. 

For reasons discussed in section 5 it appears 
important to consider also other than the 
link-by-link principle of setting up calls. 

4. EVALUATION OF THE RN MODEL VARIABLES 

According to the previous section, to determine 
Wand P, the following variables have to be evalu
ated: B(n) ,Bts) ,Rtn) ,R(s) ,P(s) ,W(s) ,V(n) ,V(s). 
In this short paper we are only able to discuss in 
brief some basic problems. 

4.1. Evaluation of B(s),V(s),R(s),P(s),W(s) 

All these are connected with the called subscriber 
being busy state. We begin with the P(s) ,W(s). 
If the arriving calls are assumed to form a 
Poissonian stream and B(s)=O the situation may be 
analysed with the M/G/l model. It is clear that 
the Pls) and W(s) are dependent since they equal 
the traffic offered (carried) and average queueing 
time respectively. The dependence fol lows also 
from the fact that in the considered cases the 
average service time is the sum of the average 
call duration and the average time the networks 
keeps the subscriber waiting during the call set
up process. The second of these depends on the 
queueing time and on the time it takes to set up 
the call between the origin-destination nodes. 
The one-server model may be used only in case the 
called subscribers are connected to the network 
through individual lines. In case of PBX subscri
be rs the M/G/m mode 1 shou 1 d be used. If B (s) =0 
models with finite number of waiting places have 
to be considered. It is important to realize that 
all these models may only give some approximations 
of the pes) and W(s) since they do not take into 
account the interference between incoming and 
outgoing calls. As to the author's knowledge no 
practical models taking this interference into 
account were so far presented. 

The influence of the interference between incoming 
and outgoing calls was investigated by the author 
(61 for models with repeated attempts (case 1). 
Only single subscriber lines were considered. The 
investigation was performed using computer simu
lation methods. The same experiment was used to 
investigate other problems concerning the evalu
ation of B(s) ,V(s) ,R(s). Here we are able to re
port final conclusions only: 
1. The interference between incoming and outgoing 

cal Is is negligible if the total traffic car-
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ried on the called subscriber's line does not 
exceed approx.0.25. 

2. For this range of carried traffic the renewal 
approach presented in (7) may be adopted to 
evaluate the B(s) ,V(s) ,R(s) values, if the fol
lowing modification is performed. Firstly 

B f : = 1 - e. Br: = 1 -Q V (s) : =W 
where the right~hand notation is the notation 
used in [7]. If Poissonian fresh calls' arri
vals are assumed the Bf is the call congestion 
probabi 1 ity for these, Br is the call conges
tion probabi li ty for repeated attempts. 
Using graph 1 it can be shown that generally 

(9) 
so B(s) is determined through Bf,B r . 
The approach from [7J concerns only cases for 
which R(s)=l and the carried traffic Ac is gi
ven. If the starting point of the analysis is 
the traffic offered Ao and R(s)/l then Ac=AoP 
where Pis given by (1). P depends on B(s) so 
a matching procedure is involved. 

3. The dependence of the average number of repeti
tions needed to set up a call on the repetition 
time distribution agrees with the dependence 
following from the renewal approach i.e. cons
tant time intervals between subsequent repeti
tions (one point distribution) are best-give 
minimal B(s) for fixed V(s) . This appears to 
be the case also for other than negative-expo
nential holding time distributions (these are 
not considered in the renewal approach). 

4. The dependence of B(n) on the holding time dis
tribution type is significant for V(s) less 
than the average holding time h. I t decreases 
as V~s)/h increases. For other than negative
exponential distributions the renewal model is 
recommended to be used for V(s)/h>l~ otherwise 
modifications of the model have to be conside
red. 

5. If the repetition time and holding time distri
butions may be assumed negative-exponentially 
distributed then approximations of the Wilkin
son-Radnik model (cf.section 4.2) are appli
cable. 

Generally, as V(s) decreases the average time 
needed to set up a call decreases and the average 
number of repetitions needed increases. Thus the 
last two averages cannot be minimized simultaneo
usly . 
If groups of single lines are considered the re
sults from [8], should be taken into account. 

4.2. Evaluation of B(n) ,V(n) ,Rln) 

In the following we assume there is no blocking 
in the network's nodes (usually admissible for 
SPC node s) . 
As to the authors knowledge two methods for the 
analysis of networks with repeated calls taken 
into account were so far presented [1,9]. 
Both are dedicated to telephone networks. Never
theless both seem to be applicable for other types 
of networks. In this short paper we are not able 
to justify this assertion. In the following we 
present some results concerning the analysis of 
an isolated link only. 
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An isolated link was analysed successfully by 
several authors [3,10). 
Generally speaking the presented methods formulate 
the analysis problem in the following way: for 
given link dimension m, fresh call's traffic Af 
offered and repeated call attempts model, find the 
congestion probabi 1ities. 
We propose a different approach based on the fol
lowing two approximate formulae (average holding 
time assumed equal 1) 

where 

2 a2 B r + a 1 B r + 1 

Em ( • ) i s the E r 1 an g 

a2=R(mV+l) -V·l\f 

= 0 

blocking formula) 

al=V,( Af-m) -R-l; 

(10) 

(11) 

the notation is the same as introduced in equation 
(9) (here it refers to a single link). 
The derivation and detai led numerical analysis of 
the app1icabi 1ity of the formulae for the Wi 1kin
son-Radnik model Cll] is presented in (121. 
Several other versions of (10,11) are also discus
sed. These simple formulae give surprisingly close 
approximations if properly used (it should be no
ted that Bf,B r are separated). Formula (10) should 
be used to evaluate m for given Af,R (the result 
may be a real number). It gives much worse appro
ximations if used to evaluate Bf for given m,Af 
(up to 50% error) so it is not recomended for this 
case. 
Next}formu1ae (11) should be used to evaluate Br. 
Finally (9) should be used to evaluate B. 

We have thus formulated the analysis problem in 
the following way: given Bf,V,R,Af find Br,B. This 
differs from the usa1 formulation - we are given 
Bf instead of m. This is a reasonable formulation 
if we agree that it is natural to assume that the 
traffic carried by subscribers is given. In this 
case the probabi 1ity of a fresh call being blocked 
value due to the called subscriber's being busy 
state is (approximately) determined. It is thus 
natural to require that the blocking probability 
of fresh calls in the internodal network should be 
in some prescribed proportion with this value. In 
this case the Bf value becomes a starting point in 
the 1 ink's a n a 1 y s is. 

It should be noted that (10,11) are very conve
nient for numerical analysis of dependencies among 
B,R,V. 

5. EVALUATION OF THE QN MODEL VARIABLES 

We start wi th the problem of evaluating the ave
rage time Wen) it takes to set up a call between 
the origin and destination nodes. Nodes are assu
med non-blocking, each link has its own queue. 
The problem was already considered by several 
authors in papers concerning the comparison of 
packet-switching with circuit-switching; [131 is 
a representative example. In [131 delays due to 
the signalling channel are also considered - this 
is in fact a separate problem, not considered in 
the following. Let us consider the example from 
[13] . 

A path between the origin-destination nodes con-
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sists of three links in series. The I ink-by-link 
principle of setting up calls is assumed. The W(n) 
is evaluated for calls set-up between the origin
destination nodes. Several background Poissonian 
traffics are considered. All calls are set-up in 
the same direction Cone direction links) - this 
assumption not explicitly stated in [131 is of 
special importance(wi11 be considered in the fol
lOWing). 
The usual evaluation method (13] decomposes the 
path into three independent M/M/m queues. The sum 
of the queueing times in these is taken for the 
W(n). This simple approach may cause erroneous 
results for it does not take into account two 
basical facts: 
1. the dependence between queue states, 
2. the fact that due to the 1ink-by-1ink principle 

the average link holding time (service time) de
pends on the link's position in the path - it 
equals the sum of the mean transaction time and 
the average time spent in all subsequent queues. 

Fact 1 causes overestimations of Wen). To see this 
consider an abstract example in which no back
ground traffics exist. In this case it can be 
easily shown (14) that from the point of view of 
the queueing the whole path can be equivalently 
substituted by a single link the dimension of 
which equals the minimal links' dimension J say d) 
of path's links. As a consequence Wen) equals the 
average queueing time in M/M/d. In the "indepen
dent queues" analysis this value would be enlarged 
by the average queueing times of all remaining 
queues (if all links were of equal dimension this 
would give 200% overestimation for a path consis
ting of three links). 
Fact 2 clearly causes underestimations of W(n). 
We are thus lucky since facts 1,2 cause errors 
that compensate each other. To evaluate the final 
effect the author has performed several computer -
simulation experiments(using (15])- results are 
presented in Dltl.The conclusions: 
The global error introduced by the "independent 
queues" analysis depends mainly on the proportion 
of the traffic for which W(n) is computed to the 
background traffics and the background traffic 
matrix. The global error may be positive or nega
tive. The maximal error observed was about +50% 

(IIreal istic" traffic matrices and negatice-expon
tia1 1y di stributed holding time were examined 
only). In [14] methods for improving the "inde
pendent queues" analysis are considered. 

We have assumed the 1 ink-by-1 ink principle of 
setting up calls and one-direction 1 inks (paths) 
so far. If two-direction paths are to be conside
red it may appear reasonable to give up the 
I ink-by-l ink principle. To see this consider the 
following simple example. 
A path consists of two links in series each of 
dimension 1. Consider a state in which the path 
is occupied by a ca 11 (both 1 inks by the same 
call) and there is a call waiting for the release 
of link 1 and also a call waiting for the release 
of link 2. Both waiting cal Is want to occupy the 
whole path (it is thus clear that they are desti
ned to opposite directions). Now, when the path 
is released the waiting calls wil I occupy the 
links they were waiting for and pass to subsequ-
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ent queues. They wi 11 be waiting there ad infini
tum - dead-lock. 
Generally, this type of dead-lock will appear for 
any path structure, traffic matrix and links' di
mensions if the 1 ink-by-link principle and two
direction paths are assumed in the same time. In 
future networks two-direction rather than one-di
rection paths will be uti lized due to thei r 
traffic carrying advantages so to avoid the dead
locks in this case sophisticated signall ing proce- · 
dures have to be used or the 1 ink-by-l ink princip
le should be given up. In any case a considerable 
increase of signalling procedure complexity and 
signalling channels capacity may be expected. 
The author beleives that it is preferable to 
change the call setting up principle than to 
sophisticate the link-by-link principle since (0-

gether with the avoiding of dead-locks additional 
benefits may be achieved in this case. 
Consider for example a call set-up procedure in 
which the call is queued simultaneously in all 
queues of the call's path. Clearly the dead-locks 
wi 11 not appear in this case. The problem of 
evaluating W(n) changes significantly as compared 
with 1 ink-by-l ink principle case. Now 

W(n) = average[maxtX1"",XI(l)] l12) 

where Xi is a random variable determining the 
queueing time in the i-th 1 ink's queue of the 
considered path. The form of (12) suggests that 
the W(n) may decrease significantly as compared 
with the 1 ink-by-l ink case. Clearly, this call 
setting up concept may be also used for one-di
rect i on paths. 
If 11 independent queues" analysis is used then 
the evaluation of W(n) according to (12) becomes 
a treatable problem (141 nevertheless the accuracy 
of this approach has not been examined yet. 
The author will report the results of the 
examination in near future. 

If this concept of setting up calls is adopted 
then the network's reaction to the called subscri
ber being busy state problem may be solved in 
more sophisticated ways than the described in 
section 3. 
If the 1 ink-by-link principle is used then 
cases 2,3 from section 3 are still val id. The 
problem of P(s) and W(s) evaluation is then 
basically the same as described in section 4.1. 

6. CONCLUSIONS 

If we agree that the CD is a useful and needed 
qual ity measure for certain types of circuit
switched networks then we also have to agree 
that we are beginners in the networks analysis 
problem. As can be seen from this paper the 
analysis problem is very broad and difficult so 
considerable progress in solving it may be ex
pected if serious efforts are undertaken. The 
main difficulty follows from the fact that the 
network has to be analysed globally - its inter
nodal part has to be considered together with 
the subscribers' 1 ines - and that several new 
analysis questions arise. 
The author beleives that the traffic carrying abi-
1 ities of circuit-switched networks flowing from 
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technological progress were not yet explored 
sufficiently. 
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