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A COMPARISON BETWEEN CLASSICAL, CALCULATED 
AND ARTIFICIALLY MEASURED DISTRIBUTIONS IN A PARTICULAR LINK SYSTEM 
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In modern telephone exchanges conditional selec
tion is commonly used to control the multistage 
switching networks. This technique consists of 
occupying idle interstage links if and only if 
a free path can be found towards the desired out
let(s). Because of the existence of internal 
blocking (which occurs when idle links in one 
stage give access to busy links in the next sta
ge) and of the complexity of practical systems 
exact loss computation cannot be achieved. Nume
rous approximate calculation methods have been 
proposed to help in estimating the loss. The 
discrepancy between estimated loss and actual 
loss arises from various error sources (approxi
mations). 

It is the purpose of this paper to describe the 
study of a particular link system whose loss has 
been calculated by various methods and whose 
functioning has been time-true simulated, allo
wing a comparison between classical, calculated 
and artificially measured distributions of pro
babilities of occupation. The study of the va
rious computation methods emphasizes the exis
tence of error sources of three types whose re
lative influence is discussed. 
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1. IN1RODUCTION 

In modern telephone exchanges conditional selec
tion is commonly used to control the multistage 
switching networks. This strategy consists of 
occupying idle interstage links if and only if 
a free path exists through all connecting stages 
towards the desired outlet(s). 

In this case loss computations become more diffi
cult because we have to consider the internal 
blocking which occurs when idle links in one 
stage correspond to busy links in another stage. 
The number of possible states in a link system 
is so great that a rigorous solution of the pro
blem cannot be obtained, even by means of power
ful computers. Occasionally, an exact result can 
be found for small systems with little practical 
interest, while simulation techniques can yield 
very useful information. Numerous approximate 
calculation methods have so far been proposed. 
They all develop in a certain way the original 
idees of C. JACOBAEUS (1) who was the first to 
attack this subject thoroughly in 1950. 

It is the purpose of this paper to describe the 
study of a particular link system whose loss 
has been calculated by various methods and whose 
functioning has been time-true simulated, allo
wing a comparison between class~cal, calculated 
and artificially measured distributions of pro
babilities of occupation. 

First, the model of the system is characterized 
as regards distribution of holding times, input 
process, treatment of unsuccessful calls and 
mode of selection. Then the well-known existing 
approximate methods are reviewed and classified 
in three main groups, namely "effective availa
bility" methods, "multiplication and summation 
of probabilities" methods and iterative methods. 
The methods are compared as regards their com
plexity. The review emphasizes the existence of 
error sources (approximations). A classification 
is proposed for these error sources which are 
recognized to resort to three main types namely: 
combinatorial errors, errors due to the inade
quacy of the assumptions about the distributions 
of probabilities of occupation and errors due to 
the interdependence of probabilities from stage 
to stage. The three main groups of methods are 
once more reviewed as regards their theoretrcal 
ability to eliminate or reduce certain type(s) 
of errors. Finally, the particular network under 
scope is extensively described and numerical re
sults are presented which allow to draw conclu
sions about the practical ability of the various 
methods to eliminate or reduce certain types of 
error in this case. 

2. HYPOTHESES 

The following hypotheses ~re considered through
out the study 

- the holding time has a negative exponential 
distribution 

f(tJ 
-).I t 

).I. e 

233/1 ITC 7 



- 1 with p the mean call lengt~ 

- the traffic offered by the subscriber obeys 
to a Poisson's law, i.e. the interarrival 
time is distributed according to a negative 
exponential law 

get) = Le-At 

with A- 1 the mean interarrival time 

- a lost call is immediately drawn out of the 
system 

- the selection occurs randomly, i.e. the links 
are uniformly loaded. 

3. REVIEW OF THE LOSS CALCULATION METHODS 

3.1. Classification of methods. 

Considering the wide range of existing loss 
calculation methods which all more or less 
derive from JACOBAEUS ideas, it is possible 
to classify these in three ~1;'r6-ups nams'ly : 

'effective availability' methods 

- 'multiplication and summation of probabili
ties' methods 

'iterative' methods 

This classification, which might not be ex
haustive, allows interesting comparisons to 
be made. Thus it is sufficient for our pur
pose to present one method (or possibly a 
smelting of several methods) in each group. 

3.2. Notations. 

the loss '" 

the probability of occupation of j arbi
trary links in the considered group of 
traffic in stage i 

the probabili~y of occupation of j well
defined links in stage iJ the parenthe
ses underline the fact that (Pt) is not 
equal to pj excepted in the case of a 
Bernoullia~ distribution 

3.3. Bernoullian, Erlangian and non-classical 
distributions. 

If a Bernoullian distribution is assumed in 
stage i, the probability of occupation of j 
well-defined links is given by 

with Pi the load of the links in stage i. 

The probability of occupation of j arbitrary 
links is given by 
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with N the number of links in the considered 
group. 
The carried traffic is given by 

T 
c 

N 
E j W(1) 

j=o j 
p.N 

If an Erlangian distribution is assumed in stage 
i, the probability of occupation o~ j arbitrary 
links is given by 

with A the traffic offered to the group of links 
N the number of links in the group 

The probability of occupation of j well-defined 
links is given by the well-known PALM~s formula 

with 

The carried traffic is given by 

T 
c 

N 
E j.w

j
(1) 

j=o 

If a non-classical distribution is assumed in 
stage i, be WJi), the probability of occupation 
of k well - defined links can be obtained 
through the general combinatorial formulae 

N C
j - k 

k W( 1) N - k 
(Pi) E j • 

c j j=k 
N 

or 
(p k) = 1 

N 
W (1) ck 

7 E j • i j=k j 
N 

The carried traffic must be computed through 

T 
c 

N 
E j.w

(
1) 

j = 0 j 

3.4. Effective availability methods. 

The methods consist of reducing the problem to 
the calculation of the loss in a single stage 
network. In the network whose loss is to be 
calculated a 'particular stage' must be given 

• 
• 

• 
• 



• 
• 

• 
• 

special emphasis. Let B denote the unknown ac
tual loss in the system. Then the effective 
availability k must satisfy the follow~ng equa
tion : 

B = 

k 
(Pi) being calculated according to the distri-
bution of probabilities of occupation which is 
assumed to exist in the stage under special 
emphasis. 

The determination of the effective availability 
of course is the key of the method. For the pur
pose of this study it is sufficient to consider 
the method of the 'average availability' (2) 
which uses the simplest way to get an estimated 
value for k. The average availability km is de
fined as the number of links which can be hun
ted free or busy on the average from the in
let(s) and the outlet(s) through the other sta
ges. Most often an Erlangian distribution is 
assumed in the stage under special emphasis, so 
th at 

B 
E

N
-

k 
(A) 

m 

where A is given such a value that the traffic 
carried by the Erlangian distribution is equal 
to Tc' the traffic actually carried by the net
work : 

The value of A must be determined iteratively 
from the above equation. 
The offered traffic is finally given by 

T 
T 

o 
c 

1 - B 

The value of T is not known beforehand so that 
the loss calcu~ation must start from value of 
T c' For this reason a common value of T c will 
be assumed in all subsequent comparisons bet
ween the various methods. 

3.5. Multiplication and summation of probabi
lities. 

This method (MSP) uses the same reasoning as 
the one under 3.4., i.e. the probability of 
free linksin one stage giving access to busy 
links in other stages must be calculated. The 
m~in difference lies in the fact that the 
MSP method considers all possible patterns of 
occupation in the network instead of limiting 
itself to the average situation~ Thus it is 
no longer necessary to define a 'particular 
stage'. Assumptions about the distributions 
of probability o~ occupation must now be done 
for each stage. The problem is then reduced 
to a combinatorial analysis of the congestion 
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cases: the probability that there exists no 
free path between the line or group(s) of 
lines to be connected must be determined, to 
make the computation feasible it is neces
sary to admit that probabilities of occupation 
in different stages are independent of each 
other. 

In the following two systematical procedures 
are described for the combinatorial analysis. 
As it is a purely mathematical problem with 
no further hypothesis, both method lead to the 
same results. The first one, du~ to LE GALL(3) 
bases the computation on the (pi)' the second 
one~ due to BININDA-DAISENBERGER(4) uses the 
wjiJ and is called the "recurrence method". 

3.5.1. LE GALL's method. 

The method takes advantage of the following 
statement due to LE GALL : "The loss of a 
link system can be obtained by first conside
ring Bernoullian distributions, expanding the 
expression of the loss in the pr's, then re-
placing terms like pr by the value (pT) ac-
cording to the assumed distribution". 

This theorem reduces the problem to the cal
culation of the loss function assuming all 
stages carry a Bernoullian traffic. Let 
FB(P1 ,P2"" ,Pn) denote this function, it now 
suffices to develop FB and to replace each 
term 

by 

where (P~) as usual represents the probability 
of a well-defined junctors to be busy with the 
distribution assumed on stage i. The blocking 
function FB can be obtained by consideration 
of the graph of the network (representing all 
geographically possible paths) and application 
of LEE's strategy (5). 

3.5.2. Recurrence method. 

(1) 
The loss calculation is based on the Wj 'so 
The p r i n c i pIe i sex pIa i nei::l her e wit h the e x a m
pIe used in the original paper (fig.1). 

2 n-1 n 

Fig.1. An illustrative graph. 
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A path is said "free in stage i" if the part 
of this path which belongs to stage i is idle; 
the path is said "free up to stage i" if its 
parts which belong to stage 1 to i are idle. 
As the name implies the method uses a recurren
ce formula , which computes the distribution of 
paths free up to stage i from the distribution 
of paths free up to stage i-1 and the distri
bution of paths free in stage i. Since the 
latter is assumed to be known for all i. the 
distribution of paths free up to stage n can 
be computed in a recurrent way. 

For this example the combinatorial problem 
states : "Find the probability of the paths be
ing free up to stage i when m paths are free 
up to stage i-1 and j paths are free in stage 
i" • 
Clearly the answer is 

ck • c j - k 
m z-m 

The loss is the probability of no path free up 
to stage n. 

3.6. Iterative methods. 

This method. due to BININDA-DAISENBERGER(4). is 
an extension of the MSP methods tending to eli
minate the necessity of making an iterative 
choice of distributions of probability of occu 
pation. Here the distributions are calculated 
from the process which generates them. i.e. 
taking into account the way a given traffic is 
offered to a system of given structure. The 
calculation of the distributions occurs itera
tively starting from a priori initial data 
which are adapted until stable values are 
obtained. 

The principle is the following : 

a. Choose initial arbitrary distributions of 
probability of occupation 

b. Compute the probabilities of availability 
~~i) for all k and all i. from the proba
bilities of occupation in the other stages 
(combinatorial calculation by a MSP method) 

c. From ~~i) compute the conditional probabi
lity of blocking when j links are occupied 
in this stage; let cr(iJ(Btj) denote this 

' probability 

d. Find the 10s~ by 

Ni 
B I: w~1).C1(i)(Blj) 

j =o 

The same result obviously comes out for all 
i. 

e. Get new distributions for each stage from 
the state equations 
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(j+1)W C1) 
j+1 

with Ai the offered traffic. 

f. Go back to point b. 

When no more significant changes occur the it.R
ration is stopped in d. where the loss and the 
ca 1 c u 1 ate d d is t rib uti o'n s are a v ail ab 1 e • 
The traffic carried by the calculated distribu
tions is given by 

As B is unknown at the beginning. it is not pos
sible to haae the calculation on the value of 
Tc' as can be done in methods under 3.4 and 3.5) 
the calculation must start from the value of the 
offered traffic. 

3.7. Grade of complexity of the methods. 

The methods have been described above in in 
creasing order of complexity from the "effec
tive availability" methods via the "multipli
cation and summation of probabilities" methods 
to the iterative methods. 

The methods of the first group are easier to 
apply as the mean availability can generally 
be estimated rather quickly. reducing the fur
ther calculations to a reading in the appropri 
ate tables. The MSP methods on the contrary 
ask for the consideration of all possible ca
aes 6f blocking. i.e. they bring with them 
such a lot of combinatorial problems that a 
computer is necessary to perform the great 
number of mathematical operations involved. In 
LE GALL's method the computer must take care 
of the determination of the coefficients 
AO,.ll •••. • 00) a~d the evaluation of the terms 
AD.).! .... ,00) (P1) (p~)." (p~). while in the re
currence method the probabilities of a certain 
number of paths being free up to stage i must 
be evaluated successively for i=2.3 •.••• n. The 
volume of the involved operations of course 
increases more than linearly with the size of 
the network and the computer program might be
come unexecutab1e by lack of 'memory or by time 
overflow. Moreover MSP methods are not always 
applicable to irregular networks (with gra
clings for instance) because the blocking func
tion might be hard to derive or e xpand in LE 
GALL's method; in this case the recurrence 
method would generally be ' as hard to apply be
cause of the difficulties in getting the coef 
ficients gk.m.j' 

The iterative method is still more difficult 
to apply because it requires the determination 
of the probabilities of availability for each 
stage at point b of the procedure while MSP 
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methods require this for one stage only (actual
ly the stage which allowed the easiest determi
nation was preferred). This means that not only 
the probabilities of availability must be deri
ved n times instead of 1 but, due to the struc
ture of the network, the derivation might be 
much harder for some stages than for the others. 
The iterative method thus might require more 
than n times more work than a MSP method. 

4. ERRORS IN THE VARIOUS METHODS. 

4.1. Error sources. 

T~e discrepancy between the estimated loss and 
the actual loss is due to the approximations 
which are introduced to make the computation 
feasible. Each approximation constitutes in so
me way a source of error. These error sources 
are recognized to be of three types 

aO. combinatorial error : this type of error oc
curs if the detait~d structure of the link sys
tem is not taken into account. 

b. error due to the inadequacy of the assump
tions about the distributions : actual distribu
tions in the link system are non-Bernoullian be
cause the probabilities of occupation in a group 
of links are interdependent and non-Erlangian 
because the availability is restricted due to 
links being busy in the other stages; the true 
distributions are thus non-classical. 

c. error due to the interdependence of probabi
lities from stage to stage : even if the actual 
distributions on each group of links are known. 
an error occurs from the fact that a part of the 
carried traffic is common to the groups of links 
of two or more stages. 

4.2. Errors in the "effective availability" 
methods. 

The"effective availability" methods are subject 
to errors of the three types. The fine structure 
of the network is not taken into account in or
der to keep the calculation simple; thus some 
structural data are missed in the loss ca1cula~ 

tion and type (a) error exists. The existence 
of type (a) error makes it impossible to discuss 
the relative influence of type (b) and type (c) 
errors since all are present and their influence 
is mixed in the calculated loss figure. 

4.3. Errors in the MSP methods. 

When MSP methods can be applied. i.e. when the 
network has a regular structure. it is possi
ble to get rid of type (a) error. Therefore it 
suffices to perform the complete combinatorial 
analysis. how intricated it may be. The main 
advantage of MSP methods then comes to the fo
reground : the ability to specify the distribu
tions of probabilftOies of occupation on each 
stage allows great flexibility. For instance an 
ENGSET distribution on the subscriber stage 
could be introducedfor comparisons to be made. 
Non-classical distributions. such as measured in 
the field or in fictitious traffic. can also be 
used. Attempts to reduce type (b) error can 
thus be made t1Tr.oLn~ oh the search for distributions 
closer to the actual ones. Type (c) error is 
still present but its importance will now be 
measurable if type Cb) error can be reduced to 
zero by a correct choice of distributions. 

4.4. Iterative methods. 

While MSP methods allow to introduce non clas
sical distributions in the calculation they 
make no concrete proposals to find distributions 
closer to the actual ones than the classical. 
The iteration method does, since the distribu
tions are calculated during the iterative proce
dure and are found to be independent of the ini
tial distributions from which the iteration was 
started. The user however must still specify 
the size of the group of links which will be ta
ken into account in each stage; he must also de-

233/5 

cide if the influence of the finite number of 
call sources should be considered and eventually 
modify the state equations accordingly. 

With these restrictions the iterative method 
makes the user free of the intuitive choice of 
distributions and reduces the influence of type 
(b) error. 

4.5. Simulation. 

Simulation is a well-known technique for loss 
estimation (6). The aim of simulation is to re
produce as exactly as possible the flow of calls 
in the network. If the generated traffic obeys 
to the theorical assumptions (about arrivals of 
calls, holding times. strategy of building •••• ) 
then it can be said that no error exist with this 
method. Actually an infinite simulation run is 
required in order the error to vanish. Practical 
runs of course will not be infinite but they 
can be made long enough to get a very good esti
mate of the loss figure. 

5. THE PARTICULAR LINK SYSTEM UNDER SCOPE. 

The particular link system under scope is a re
gular three-stage series-parallel conc~ntrating 
network w~th 1000 inlets (subscribers) and 144 
outlets (originating and terminating junctors). 
The arrangement of the links is shown in fig.2. 
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Fig.2. Arrangement of the links in the par
ticular network under scope. 

A call appearing on an A-switch has acc€ss to 
the 36 C-Switches, i.e. t ~ the 72 originating 
junctors. Each C-switch can be reached through 
one pair of A-B and B-C links. Congestion will 
occur if the free junctors cannot be reached 
from the A~switch because of the occupations of 
the A-B and B-C links. 
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6. NUMERICAL RESULTS. 

6.1. Simulation. 

A time-true simulation was carried out. The 
following figures were obtained for th~ car
ried traffic: 
- on the originating junctors 
- on the terminating junctors 
- total 

61.22 erlangs 
53.38 erlangs 

:114.60 erlangs 

The load on the B-C links in then found to be 

P2 = 114.60/360 

= 0.319 

The load on the A-B links is 

P1 = 114.60/600 

= 0.191 

The loss was computed for the originating 
calls only; it was defined as the ratio bet
ween blocked and generated calls; it was found 
to be 

B = 4.43 % 

6.2. Effective availability methods. 

The third stage (junctors) is given special 
emphasis. An Erlangian distribution is assu
med to exist in the group of 72 originating 
junctors. To make the comparison between the 
loss figures possible it is necessary that 
this Erlangian distribution carries the same 
traffic as the actual one (obtained by the si
mulation). Let Aa be the traffic offered to 
the Erlangian distribution. Then 

61.22 = Ao[1 - E
72

(Ao)] 

An iterative computation gives 

Aa = 62.69 erlangs 

For the case of full availability the loss 
would be 

2.77 % 

Since the availability is limited the true 
blocking will be higher. The mean availability 
is readily found as 

k 
m 

Then 

C1-p1)*C1-p2)*72 

39.7 

B = (p3; .7) 

E
72

(62.69) 

E
72

_
39

•
7

(62.69) 

5.54 % 

The inlet blocking is disregarded as it ~s 
an order of magnitude lower. 

ITe 7 233/6 

6.3. MSP methods. 

With LE GALL's method it is necessary to find 
the blocking function of the network. As the 
structure of the particular network under scope 
is regu l ar, a simple consideration of the graph 
(fig.3) leads to 

6 6 
2 FB ={p1 +(1-p1)[p2 +(1-p2lP3] } 

C 

A 

Fig.3. Graph of the particular 
network. 

This function FB must be expanded in powers of 
the PiS; then terms like pi must be replaced 
by their actual value (p~) according to the as
sumed distributions. The function can be writ
ten under the following form 

which is a polyno~ial of degree 6 in p1, 36 
in p2 and 36 in P3' A computer is necessary to 
compute the coefficients, then the loss is gi
ven by a sum of the kind 

6 
B= E 

a=o 

38 36 
E E ACa, S,y) (P~) (P~) cP~y) 

8=0 y=o 

The recurrence method may as well be used. Ho-
wever the coefficients gk should be some-
what generalized; it is ,m,n easy to show that 
the probability of finding k paths free up to 
stage 2, when m paths are free up to stage 1 
and n links are free in stage 2, is given by 

C k Cn - k 
g = 6m 6(6-m) 

k,m,n en 
36 

and similarly for stage 3. Solving the problem 
on the computer is then straightforward; the 
distribution cf the number of paths free up to 
stage 2 is computed according to the assumed 
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distributions on the two first stages; the dis
tribution of the number of paths free up to sta
ge 3 is obtained ans the loss is the probability 
of this number being zero. 

6.3.1. Classical distributions. 

With 8ernoullian distributions in the two first 
stages and an Erlangian distribution in stage 
3. we use for LE GALL's method: 

a 
(p 1 ) (D.8D9)a 

(p13 ) 
2 

(0.681)13 

and ( 2Y) 
E72 (Ao) 

P3 
E 72 - 2y (Ao) 

where Ao is given by 

61.22 Ao[1 - E
72

(Ao)] 

i. e. AO = 62.69 erlangs 

for the recurrence method we use under the sa
me assumptions 

W (1) 
j C

j 
6 

(D.191)j (D.8D9)6-j 

W(2) j j (0 " 681) 36-J 
j 

C
36

(D.319) 

W(3) 
A

j 
I j ! 0 

j 72 Ai 
I: 0 

i=o i! 

80th methods of course lead to the same result: 

B = 6.27 % 

It may seem surprising to note that MSP methods 
lead to a higher loss figure than the mean avai
lability method. while both assume the existen
ce of an Erlangian distribution on the origina
ting junctors. Thus the discrepancy must come 
f~om the assumptions about the distributions on 
the first stages of links. As MSP methOds as
sume the existence of 8ernoullian distributions 
(which are known to lead to optimistic results) 
it must be concluded that the mean availability 
method assumes the existence of still more op
timistic distribution (namely a zero variance 
distribution wholly concentrated in its mean 
value). It can be demonstrated that the mean 
availability method always will lead to a lo
wer loss figure than a MSP method if the dis
tribution on the third stage is Erlangian. The 
theorem states :"Let i k be the distribution of 
probability of the availability at a stage. 
with mean ko • and (pk) ~e the Erlangian distri
bution of probability of well-defined junctors 
being busy; the loss: 
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8 

reaches its minimum value when i k is conce~tra

ted in k o ; any other distribution of the iks 
will give a higher value for the loss." 

6.3.2. Non-classical distributions. 

One of the main advantages of MSP methods -lies 
in th~ ability to take any distribution into ac
count. It is possible for instance to introduce 
in the computational schemes the distributions 
of probabilities of occupation which were mea
sured Lduring the time-true simulation. The fol
lowing cases were studied by LE GALL's method: 

8 - 8 
S - S 
8 - 8 
S - S 

-
-
-
-

E 
E 
S 
S 

(1) 
(2 ) 

(3 ) 

(4 ) 

where each letter represents the distribution 
in a stage with 8 for 8ernoulli. E for Erlang 
and S for an artificially measurec distribu
tions. The loss figures obtained in cases 1 
(resp.3) and 2(resp.4) were found equal. which 
allowed to decide that the main attention should 
be denoted to the third stage only. Thus case 3 
is the most interesting. the loss being equal 
to 

8 = 4.73 % 

6.4. Iterative methods. 

The graph of the network under scope (fig.3) 
differs from the simple graph which served to 
introduce the method (fig.1). Thus the method 
must be somewhat generalized. i.e. the problem 
of determinating the distributions of probabili
ty of availability at each stage must be solved 
involving a lot of combinatorial analysis. When 
this is done. the loss can be calculated for 
different values of the offered traffic until 
the carried traffic reaches the artificially 
measured value (61.22 erlangs). The loss is 
found to be 

8 = 4.55 % 

with the offered traffic 

T 61.22 * (1 - 8)-1 
o 

64.10 

6.5. Discussion. 

The loss figures obtained by the various methods 
are summed up for convenience : 

A. Simulation 4.43 % 
8. Mean av.ai labi 11 ty 5.54 % 
C. MSP : 8-B-E 6.27 % 
D. MSP : B-B-S 4.73 % 
E. Iterative 4.55 % 

It is remembered that all computations started 
from the artificially measured value of the car-
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ried traffic, i.e. all distr.ibutions, whose 
existence has been assumed on ' the third stage 
during the calculations, carry the same traffic. 
It is observed that the methods using non-clas
sical distributions (D-E) in the third stage 
lead to e loss figure much closer to the actu
alone than the methods assuming the existence 
of an ' Erlangian distribution (B-C). Althougn 
this conclusion is only valid for the particu
lar network under particular traffic conditions 
it is a quite i mportant one because it empha~i
zes the great importance of type b error in 
this case. Moreover the close concordance bet
ween the loss figures obtained by 0 and E seems 

to indicate that the iterative method could 
provide for an efficient way of getting good 
estimates of the actual distributions. This 
point will be investigated further. 

7. COMPARISON BETWEEN CLASSICAL, CALCULATED 
AND ARTIFICIALLY MEASURED DISTRIBUTIONS ON 
THE THIRD STAGE. 

The distribution of probability of occupation 
of a certain number of arbitrary junctors can
not be compared efficiently because the arti
ficially measured distribution is not smooth 
enough due to the finite length o f the simula
tion run. However it is very instructive to 
compare the distributions of, probability of 
occupation of a certain number of well-defined 
junctors (see table 1 where the 37 pair values 
are gi ven) • 

ERLANG SIMULATION ITERATION 

0 1.0000 1.0000 1.0000 
2 0.7283 0.7288 0.7284 
4 0.5485 0.5474 0.5457 
6 0.4256 0.4226 0.4194 
8 0.3392 0.3344 0.3297 

10 0.2768 0.2704 0.2644 
12 0.2306 0.2227 0.2158 
14 0.1956 0.1865 0.1789 
16 0.1685 O. 1584 0.1504 
18 0.1472 0.1361 0.1280 
20 O. 1301 0.1181 0.1100 
22 0.1161 0.1035 0.0955 
24 0.1047 0.0914 0.0836 
26 0.0951 0.0812 0.0738 
28 0.0869 0.0726 0.0655 
30 0.0800 0.0653 0.0585 
32 0.0740 0.0589 0.0526 
34 0.0688 0.0535 0.0475 
36 0.0643 0.0487 0.0430 
38 0.0603 0.0445 0.0392 
40 0.0567 0.0408 0.0358 
42 0.0535 0.0375 0.0329 
44 0.0506 0.0346 0.0302 
46 0.0481 0.0320 0.0279 
48 0.0457 0.0297 0.0258 
50 0.0436 0.0276 0.0239 
52 0.0417 0.0258 0.0222 
54 0.0399 0.0241 0.0207 
56 0.0382 0.0226 0.0194 
58 0.0367 0.0212 0.0181 
60 0.0353 0.0199 0.0170 
62 0.0340 0.0188 0.0159 
64 0.0328 0.0178 0.0150 
66 0.0317 0.0169 0.0141 
68 0.0306 0.0160 0.0133 
70 0.0296 0.0152 0.0126 
72 0.0287 0.0145 0.0119 

TABLE 1. DISTRIBUTIONS OF PROBABILITY OF OCCU
PATION OF A CERTAIN NUMBER OF WELL -
DEFINED JUNCTORS : CL~SSICAL, ARTIFI
C~ALLY MEASURED, CALCULATED. 

The iteratively calculated distribution is 
found to be much closer , to the artificially 
measured distribution than the Erlangian dis
tribution is. 

The calculated distribution leads to too low 
probabilities od occupation of a certain number 
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of well-defined junctors. This explains why the 
result E is lower than the result O. The relative 
error however is much less important than it is 
for the Erlangian distribution. Thus the itera
tive method may be said to give a good estimate 
of the actual distribution. 

8. CONCLUSIONS. 

The relative influence of errors has been studied 
on a particular link system, that is a line 
group whose loss has been computed between one 
well-defined inlet (subscriber)and a group of 
72 outlets (originating junctors). 

The loss has been obtained in various ways 

- time-true simulation 
- mean availability method 
- combinatorial methods assuming 

- classical distributions (Bernoulli-
Erlang) 

- calculated distributions (iterative 
method) 

- artificially measured distributions 

The conclusions drawn from the numerical re
sults sound like this 

- type b error is the most important 
- the iterative method gives close concordance 

with reality (simulation). 

They are of course limited to the reference net
work under particular traffic conditions. This 
however indicates that an attempt to improve 
the accuracy of analytical loss estimation should 
begin with an attempt to find distributions clo
ser to the actual ones than the classical dis
tributions are. 

Direct comparison of the classical, calculated 
and artificially measured distributions in the 
example under scope shows that the calculated 
distributions are very close to the artificial
ly measured ones. Thus the higher mentioned 
close concordance between loss values is not 
due to some chance effect but to a correct ap
proach of the actual physicdl phenomenon occur
ring in the network. 

This conclusion is an important step towards 
better comprehension of the characteristics of 
the flow of calls and towards more accura~e com
putation of the loss in link systems. 
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