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ABSTRACT 

This article gives a method for calculating the 
probability of internal blocking for s e t t ing up the 
go- and return-connections from a calling incoming 
route to the desired outgoing route in a PDX trunk 
exchange. This internal blocking probability is 
defined as the conditional probability that no con
nection can be set up if at least one channel of 
the outgoing route is free. 

The calculation is made with the aid of the space 
division analogue of the time division network. 
The states of different link stages are assumed 
to be stochastically independent. The finite num
bers of sources and destinations and the interac
tion between the go- and the return traffic streams 
are ' taken into account. 
For the sake of completeness it may be observed 
here that PDX is the abbreviation of "processor 
controlled digital exchange." 
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1. SHORT DESCRIPTION OF THE SYSTEM 

In the switching network of the PDX time division 
system for trunk exchanges two speech paths are 
set up for every call, viz. one from the calling 
circuit to a circuit of the desired route (go path) 
and the other from the latter circuit to the callmg 
circuit (return path). In the diagram of Fi~. 1 
the go and return paths are re~resented by ,.---) 
between two one-way circuits, ,---) between two 
both-way circuih and (-----) between a calling 
both-way circuit and a one-way circuit. 
In fig. 2 the trunking diagram of a PDX trunk 
exchange is shown. In terns of telephone traffic, 
thiste.rms division network has the link network 
(shown in fig. 3) as a space division analogue • 
The relationship between the details of the two 
networks is shown in table 1. 
In the PDX system the speech information from a 
given incoming channel can be transferred to a 
given outgoing channel via the sub time intervals 
of three main time intervals, viz. during the main 
time interval corresponding to that of the out
going ohannel and during two preceding intervals. 
From the point of view of telephone traffic, this 
amounts to a grading in ~he D-stage in such a 
manner that a D-outlet can be connected to the 
inlets of its own switch and to the inlets of the 
D-swi tches whose nre-. e:re .lowe~ ~ 1 ·or .2Shis i~ nQt 
shown in Fig. 3 for the sake of clarity. In section 
2.1. the subject will be discussed in greater 
detail. 

A few supplementary notes are given below regarding 
the numerical data used in Fig. 2. 

1) The numbers stated in the Fig. include the num
bers of inlets, links, etc. which are used tor 
purposes other than the transter of speech 
information (e.g. signalling and synchronisa
tion). Of the 32 ohannel. of a oode group one 
ohannel' is used tor signalling and one tor syn
ohronisation. So an A-switch has only 30 M 
inlets, which offer traffic to the switching 
network. Furthermore, one sub time interTal ot 
half of the internal main time intervals is 
used for signalling so that for each main time 
interval an average of 14.5 sub time intervals 
is available for the transfer of speech infor
mation. 

Fig. 1. Traffic flow through switching 
network • 
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Fig. 2. Trunking diagram for large exchanges. 

Table 1, Correspondence between time division network and spaoe division analogue. • Space division analogue 

"A-stage. 

B-(and, if any, C-) stage. 

D-stage. 

Number of D-switch within a collecting group. 

Set of all equal numbered D-outlets of the 
D-switches within a collecting group. 

Links. 

2) When an incoming or outgoing route has more than 
one channel, these channels are devided into 
groups of 4 + a residual group, if any. 
The ohannels of a group are connected to one 
oollecting group. 
Different groups are connected to different col
lecting groups which, if possible, should belong 
to one main group. The channels of a route are 
assigned to one oode group as far as this is 
possible and hence have different time intervals. 

3) Depending on the number of collecting groups 
these groups are combined into one or more main 
groups. When there is one main group the net
work will have 3 switching stages, in all other 
cases there are 4 switching stages. 

2. CALCULATION OF THE PROBABILITY OF INTERNAL 
BLOCKING. 

When a oall comes in, the probability that the 
connection with the desired outgoing route cannot 
be set up is composed of the probability of 
blocking of this route itself and the so-called 
internal blocking of the exchange. 
The probability of internal blocking may be defined 
as the conditional probability that no connection 
can be set up with the desired outgoing route if 
at least one channel of this route is free. 

In seetion 2.1. the formulas are derived for a 
3-stage network, in section 2.2. those for a 
4-stage network. 
It should be noted that in section 2.1. several 
general points regarding the c~lculation method 
are discussed, whioh are also applicable to the 
4-stage network.-
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Time division network 

Incoming channels with incoming buffer stores. 

Highway switching matrioes with routing oontrol 
stores. 

Outgoing ohannels and a partial funotion of the 
routing oontrol stores. 

Number of a (main) time interval. 

Coding group. 

Subtime intervals, i.e. divisions of the main time 
intervals of the olook of the exchange (- internal 
time intervals). 

2.1. Three-stage network 

The oalculations are discussed with the aid of 
the point-to-point dia~ of the possible paths 
from a given inlet to a given outlet. The dia
gram is shown in Fig. 4. 
The designations A, Band D in the diagram repre
sent the switches (or switching stages,) where-
as the links (or link stages) are denoted by AB • 
and BD(t). The terminals to the left of a switch 
are defined as the inlets, those to the right as 
the outlets of the switch. The diagram also gives 
the dimensions of the switches (i.e. number of 
inlets X number of outlets). 

Because the speech information for an outgoing 
speech channel can be transferred during sub 
time intervals of three internal main time inter
vals, there are 3K possible paths from a given 
A-inlet to a given D-outlet. 

The situation at a D-switch is shown rather 
sketchily in the point-to-point diagram because 
the D-stage, when viewed from tight to left, 
functions as a grading. The structure of this 
grading is represented in Fig. 5. 

(t) This form of designation skips C because 
the last stage of the 3-stage network is 
identical to the last stage of the 4-stage 
network. For the sake o£ uni£ormity it is 
better to designate the last stages of 
the two networks with "D". 

• 
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Fig. 3: Space division analogue of the time division network. 

The calculation employs the following notation 
with regard to the switching network. 

C = number of speech channels per code group 
connected to the switching network. So t he 
number does not include the signalling 
channel and the synchronisation channel. 
As a result of the routing facilities in the 
D-stages there are (C+2) internal main time 
intervals available for the transfer of 
speech information. 

M ... number of coding groups per collecting group. 

S = number of collecting groups. 

N = MC = number of speech channels per collec-
ting group. . 

K - number of sub time intervals per int erna l 
main time interval, which is available for 
transfer of spee ch information (i.e. t he to
tal number of sub time intervals per main 
time interval, less the number of sub-inter
vals us ed for signalling purposes ) . 

The notation used with regard to the traffic 
is as followss 

~ = occupancy of the speech channels. 

fi(X i ) = probability that Xi links of the (i)th 
link stage (of the group of links included 
in the point-to-point diagram) are engaged 
at a moment of call origination. 
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If i=1, this corresponds to the AB-stage, 
i=3 to the BD-stage. 

W11 = probability that it is not possible to set 
up a connection from a given free A-inlet 
to a given free D-outlet. 

W21 = probability that it is not possible to Bet 
up a connection from at least 1 out of 2 
given free A-inlets of different collecting 
groups to a given free D-outlet. 

No = number of speech channels of the desired 
outgoing route. 

W(No ) = internal blocking probability for an out
going route having No channels, i.e. the 
conditional probability that at a moment 
of call origination it is not possible to 
establish both a go-path and the correspon
ding return path with the desired route, 
if at least one channel of this route is 
free. 

In addition, the following notation is used for 
terms of the binomial distributioni 

( / ) tit (C) . c-x 
B x c,a = x aXe 1-a) • 

The calculation is roughly as follows. 
The stochastic dependence between the stages is 
left out of consideration. For this reason it is 
necessary to make a .choice, which is justified as 
to traffic conditions, for the probability dis
tribution of the number of engaged links in each 
stage. 
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Fig. 5. Grading in the D-stage. 

The CD-switches of a oollecting group are 
wired into a grading. The inlets of a split 
correspond to the outlets of aD-switch. 
The outlets of the grading correspond 
to the BD-links of a collecting group. 

These distributions are used for calculating pro
babilities W11 and W21' Finally, from W11 (and if 
necessary, W21) the probability of internal 
blocking is 4etermined. 
As observed before, the channels of a route are 
distributed in groups of 4 (+ a possible smaller 
residual group) over the collecting groups. In 
the present report formulae for the internal 
blocking probability are derived for No ~ 4 and 
No - 8 only. 

It is assumed that the network is designed for 
low blocking probabilities, e.g. of the order 
of 10-2 or lower. For this reason no distinotion 
is made in the calculation between offered traf
fic and handled traffic. 

2~1.1. Distribution of the number of engaged AB-links 
in the point-to-point diagram. 

Half of the traffic through the network oorres
ponds to "go" connections, the other half to 
"return" connections. For the sake of con
venience this is represented as if the "go" 
traffic consists of calls originating at the 
A-inlets and the. "return" traffic of calls 
originating at the D-outlets. 
The two traffic flows in the point-to-point 
diagram are interdependent, firstly because 
the two flows partly involve the same sources 
and/or destinations and, secondly, on account 
of congestion in the network. The latter cause 
of dependence is negligible owing to the low 
blooking probabilities. The former cause 
should be oonsidered for every link stage 
•• parately. I£ th~s oause should be negl~g~ble 
as well, the two traffio flows might be taken 
to be independent of one another. 
For 'the AB-stage ·the mentioned neglections can 
be oonsidered as permissible. 
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The probability d~stribution of the number 
of engaged links, f1(X1), then is the trunca~ 
convolution of the distributions oaused by • 
each of ·the two traffio flows separately if 
they existed isolated from each other. In 
other words, when the separate distributions 
are denoted by p(x) and q(y), the resulting 
distribution would be. 

3K 
f 1(x1) - C.) p(x). q(x1-x), 

Y-o 
where C is a normalizing constant, such that 

~ f,(X1) - 1. 
x1-0 

The oalls originating at a given A-switch have 
acces to K(C+2) links. As an approEimation it 
is assumed that for each call there is a free 
choice between all these links. So the whole 
set of K(C+2 ) links forms one outlet group. 
Generally the oalls have less choice, because 
there are outgoing routes which have less 
channels then there are D-switches in a collec
ting group. 
The 3K AB-links inoluded in the point-to-point 
diagram form a subgroup of the entire outlet
group. Because this subgroup is relatively 
small in comparison with the total group, the 
interdependence between the links of the sub- • 
group is slight, so that the distribution of 
the number of engaged links in this group 
approximates a binomial distribution. So the 
probability of x engaged AB-links as · a result 
of oalls f~om the A-switch only is. 

B(x/3K, i 'f1), 

where 11 - occupancy of the AB-links, viz. 

~1 - (C!2)K ~ , 
where '7 is the occupancy of the speech chan
nels, connected to the A-inlets. 
The calls originating at the D-switches and 
routed to the inlets of a given A-switch have 
N destinations (A-inlets ) . Because calls are 
routed to free inlets only, these calls give 
rise to an Engset distribution of the nuaber 
of engaged links in the AB-link group ooncer
ned. Hence, the probability of y engaged 
AB-links owing to calls from the D-switches 
is at a calling instant. 

constant. B(y/N-1, i~1)' y-o,--, 3K, 

where ~1 represents the traffic per A-inlet 
which is going via the relevant 3K AB-links 
to the A-switch in question. Beoause an A-8Wi~ • 
is connected to a total of (C+2)K AB-links, 
we have 

From the above derived distributions follows 
for the resultant distribution f 1(x1 ). 

x1 
f 1(x 1)- C1 L B(x/3K,i 'l1 ). B(x1-x/N-1,i«1~ 

x-o 

where x 1 "0, 1,-----3K,'l1-(C!2)K~,olrch_ ~ 
and C1 is a normalizing constant such that 

3K 
~ f 1(x 1) - 1. 
x 1-0 

2.1.2. Distribution of the number of enga,ed BD-link. 
in the point-to-point diagram. 

\ 

The po~nt-to-po~nt d~agram ~nolud •• the ent~re 
group of BD-links whioh iB oonneoted to • 
given D-Bwitoh (this is oontrary to the group 
of AB-links in the diagram, whioh has been 
shown to be a subgroup of a larger group) • • 
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Any traffic routed for a given D-switch and 
any traffic originating from this switch will 
+'herefore run via this group of links. 

lrthermore, an engaged D-outlet cannot initi
~t e a call nor can it be called. The traffic 
flows going towards BD and towards DB are 
therefore not . independent of one another but, 
on the contrary, their effect is the same as 
if all calls originated at the D-switch. 

The traffic in the D-stage is distributed 
uniformly over the links by means of a fixed 
routing system. To facilitate the calculations 
this distribution is assumed to be achieved 
by random routing. 
From Fig. 5 it can be seen that the 3K links 
which are accessible from split i (i.e. out
lets of D-switch no. i) also receive traffic 
offered by splits (i-2), (i-1), (i+1) and (i+2~ 
Traffic from splits (i-1) and (1+1) is admit
ted, however, to 2K of the 3K links, and traf
fic from splits (i-2) and (i+2) to K of these 
links. Therefore 2/3 of the traffic from 
splits (i-1) and (i+1) is handled by the 
links acoessi ble from split i and 1/3 is 
handled by other links which are not included 
in the point-to-point diagram. For splits 
(i-2) and (i+2) these .fractions are 1/3 and 
2/3, respectively. 
As an approximation it is assumed that each 
of the 4 ~djaoent splits has access to all 
3K links of the diagram and that they offer 
equal amounts of traffic to these links. Each 
split then should present half of its traffic 
in order that the total amount of traffic 
offered from the adjacent splits to the link 
group be correct. 
The links, therefore, are used by 5M souroes. 
M of these sources (namely, M of split i which 
is under discussion here) present a volume of 
traffic 1[ per source and 4M soUrces (of the 
adjacent splits) present t y per source. 
Because in the POX-system the number of links~ 
3K, is greater than the number of sources (5M) 
distribution f3(x3) of the number of engaged 
BD-links at a calling instant is a.s follows. 

f3 (x3)" ~ B(x/M-1, ~ ). B(x3-x/4M, t?) 
for %3.-0,---, 5M-1, 

f 3 (x3)- 0 for x3=5M,---, 3K. 

2.1.3. Caloulation of probabilities W11 and W21 from 
the distributions in the stages. 

W11 was defined as the probability that it is 
not possible to set up a conneotion from a 
given free A-inlet to a given free D-outlet. 
W11 oan be found with the aid of the follo
wing formula 

5M';'1 

"11 - ~ 
x3'"'0 

The coeffioient of f1(%1) f 3 (%3) in the formu
la is the oonditional probability that there 
is no free path from a free A-inlet to a free 
D-outlet if %1 AB-links and x3 BD-links are 
engaged (i.e. the probability that the free 
links of one stage oorrespond to nothing but 
engaged links of the other). 
Probability W21 , expressing that .it is not 
possible to set up a oonneotion from at least 
one out of two given free A-inlets of diffe
rent colleoting groups to a given free D-out
let, can be oalculated from the same formula 
as used for W11. In distribution f1(x1)' 
however, other parameter values will have to 
be substituted than those indioated in seotion 
2.1.1. 
For "11 and ()(.1 the following values should be 
used. 

2 

1[1 = 1 (C!2)K .~) and 0{1 .. 3f ~1' 
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These approximated values oan be derived as 
follows. 
The given free A-inlets involved here are 
situated in different colleoting groups and, 
hence, are of different A-switches. The proba
bility that a given B-switch is not accessible 
from either A-switch is equal to the square of 
the occupancy of the AB-links. On the other 
hand, at the moment the given B-switch is not 
accessible 2 A-inlets (viz. one inlet of 
either A-switch) must simultaneously be conneo
ted to this B-switch and hence oan make ' no 
oalls. The two A-switches, therefore, oan be 
taken approximately to be one switoh having 
N,· inlets and one outlet to eaoh B-swi tch. This 
switch w~11d then have an ocoupancy of 

1 (C!2)K ~J for the outlets and a oorresponding 

occupanoy for the inlets. 

2.1.4. Probability of internal blooking for an out
gOing route having no more than 4 speeoh 
channels. 

When an outgoing route has 4 or fewer speech 
channels, these channels are all in one oolleo
ting group and, consequently, are oonnected to 
one A-switch in the space division analogue. 
Because, however, different speech channels 
correspond to different main time intervals, 
the channels in the spaoe division analogue 
are connected to different D-switches of the 
relevant oollecting group. 

The point-to-point diagram of possible paths 
in setting up the "go" connection from the 
calling channel to a channel of an outgoing 
route having No channels is shown in Fig. 6. 
The DF-link stage in this diagram is a fioti
tious stage which has a link oocupancy of zero, 
so it does not oontribute to the probabilityof 
blocking. The stage has been inserted to indi
cate the connection possibilities of the gra
ding in the D-stage. The FU-stage represents 
the outgoing channels. 
The diagram shows the most unfavourable situa
tion where the outgoing channels correspond to 
a series of successive main time intervals. 
In this oase, the No outlets, whioh eaoh have 
aocessto 3K links, together have access to 
(No+2)K links. 

The following additional notation is used. 

p(x) - probability that % ohannels of the out-
going route are free at an arbitrary 
instant; x=O, 1,----, No. 

W1x • the oonditional probability that the 
"go" conneotion oannot be established 
if exa'otly x ohannela of the outgoing 
route ~re free. 

A 

• the conditional probability that the 
"go" oonneotion oannot be established 
if at least one ohannel of the outgoing 
route is free. 

B D F u 

Fig.6. Diagram for "go"-oonnection to 
outgoing route of No ~4 channels. 



Becaus e all out going channe ls ar e connected to 
one A-switch , the probabi lity of blocking in 
se tting up t he "return" connection is equal to 

a r esult, the internal probability of 
blocking W(No ) equa l s : 

W(No ) = v,r 11 + (1-W11 )V.,V' f or No ~4, 

1 No 
where ioJ = ~ ..,,- \'''1 

v 1-p\oj L-- x 
p (x) • 

x=1 

As an approximation W1x is assumed to be equal 
to: 

(x+2)/3 
W1x = (w 11 ) • 

This r a t he r rough a pproxi mation i s bas ed on t he 
following a ss ump tions : 

1) The free channels are every time connected 
to succ essive D- switche s so that t hey joint
ly have acce s to (x+2 ) possible pa ths. This 
assumption is over-pessimistic for No=3 or 
4. 

2) The (x+2)K possible paths can be split up 
into (x+2) stochastically independ ent 
groups of K paths where the probability 
that a given ~9up of paths is blocked is 
equal to (W11)1/3. (For x=1 the formula for 
W1x changes to an indentity). 

In accordance with general practice in desig
ning telephone networks an Erlang distribution 
is chosen for p( x). For a given occupancy ~ of 
the outgoing route,parameter A, which repre
sents the traffic offered in this distribution, 
is calculated from. 

A { 1- .ENo (A) J .. No ~ • 

2.1.5. Probability of blocking for an outgoing route 
having e speech channels. 

vlhen an outgoing route has e channels, the 
channels are equally distributed over 2 colleo
ting groups. The 4 channels of one of these 
~roups have time intervals in the range 
\1,---,15) and the 4 channels of the other 
have time intervals in the range (11,----,31). 
When a oall oomes in for this route, a oonju
gate seleotion is used for setting up the "go" 
oonneotion and the corresponding "return" oon
neotion. The point-to-point diagram for this 
seleotion is given in Fig. 7. 
The letter symbols for the switohing stages in 
A1 B1 1'1 F 1 A2 B2 D2 

Fig. 7: Diagram for "go"- and "return" oonnection 
for outgoin g route of 8 chann e ls. 
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t his di a.gram have subscript 1 for the "go" 
conne ction and subscript 2 for the "return" 
connection. The D1 F1-link stage is a fictitirus 
stage r epr esenting the grad ing. The occupancy • 
of the D1F1-links is zero. The F1A2-links 
r epresent the channels of t he outgoing route. 
In addition to the previo us l y defined notation, 
t h e following notation will be used : 

V(y/x) = conditional probability that a oalling 
channel has acces to free outgoing 
channe ls of t he desired route in y 
colleoting groups if exactly x out
going ohannels are free; y ~ 0, 1, 2. 

V1(y) = conditional probability that a calling 
channel has acces to fre e outgoing 
channels> in y oollecting .groups if 
at least one outgoing chan~el is free. 

For an outgoing route of S channels V1(y) can 
be found from the formula. 

1 e 
V1 (y) = 1-p(0) '{; V(x/y). p(x), 

where, as previously defined, p(x) is the 
probability of x free channels. \vith the aid 
of the diagram it oan readily be s een that 
probability of internal blocki ng W(S) for an 
outgoing S-channel route is equal to: 

Wee) = V1(0) + V1(1). W11 + V1( 2 ). w21 • 

"V" in this formula refers to the accessibili- • 
ty of the A2-stage from a given A1-switch 
(go-path) and W11 and W21 refer to the probabi-
lity that all paths from the A2-stage to a 
given D2-switoh (return-path) are blooked. 

It is clear ' that V1(O) + V1(1) + V1(2) • 1. 

Regarding V(y/x), therefore, only the calcula-
tion of V(o/x) and V(2/x) will be sufficient. 
~he fOrmulae to be used for oalculating them 
are derived below. 
When x outgoing channels. are free, the proba
bility that z of them are in one particular 
collecting group and hence (x-z) in the other 

group i. (!)(x~.lIf=) . Th. probability that 
none of the z free channels of the former group 
is aooessible for the calling chann'l is 
assumed to be approximately equal to 

W11 (z+2)/3, in aocordanoe with the approxima-

tion introduoed in section 2.1.4. This leads 
to the formulae mentioned below for V(o/x) 
and V(2/x), where .the following notation is 
used. 

J., 1/3 
r = (W 11 ) • 

v(0/1) _ r 3, • 

(I) 14!6 V02 -lr +~r, 
V(O/3) - 7 r 5 + _ r 7, 

/ 
1 6 1j! e 

v(o 4) ID 35 r + 35 r , 

V(O/x) = rx+4 for x-5,---,8. 

V(2/1) = 0, 

V(2/2) = t (1_r3)2, 

V(2/3) = ~ (1_r3) (1_r4), 

V(2/4) = ;~ (1_r3)(1~r5) + ;~ (1_r4 )2, 

V(2/5) t (1_r3)(1_r
6)+ t (1_r4)(1_r5), 

V(2/6) = ~ (1_r4)(1_r6) + t (1_r5 )2, 

V(2/7) (1_r5 )(1_r6), 

v( 2/a) ~ (1_r6 )2. 

• 



2. 2. 4-stage network 
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• 
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The point-to-point diagram of paths po s sible ~m 
a gi ven A-inlet to a given D-outlet in the 
4-btage network is shown in Fig. 8. The switching 
stages are here A, B, C and D and t he distribu
tions of the numbers of en~aged AB BC and CD
links are denoted by f1(x1)' f2(X2~ and f3(x3)' 
respectively. The dimension of the B-switches 
is SxS, where S represents the number of collec
ting groups per main group. The dimension of the 
C-switches is HxH, where H is the number of main 
groups. 
It can be easily seen that distribution f 1 (X1) 
of the number of engaged AB-links is equal to 
the corresponding distribution in the 3-stage 
network. Similarly the f3(x~) distribution of 
the number of engaged CD-lifiks is equal to the 
f~(x~) distribution of the number of engaged 
BD-links in t he 3-stage network. 
Distribution f2(X 2) of the number of engaged 
BC-links can be derived as follows. 
The traffic coming from the A-s \.i tches and 
arriving at t he group of BC-links included in the 
point-to-point diagram originates from NS sources. 
The traffic from t hese sources fans out over 
SK(C+2) BC-links. As in section 2.1.1., it is 
assumed that every call has free choice from all 
t hese links which therefore from one outlet grou~ 
The 3K links in the point-to-point diagram are 
a small sub-group of this outlet group. 
For this reason it is assumed as an approximation 
that said calls give rise to a binomial distri
bution of t he number of engaged BC'-links. So the 
probability of x BC-links being engaged by these 
calls is B(x/3K, t ~2) where t~2 represents the 
occupancy resulting from these calls in the link~ 
From the dimensions of the A-switches and B-swit
ches it follows that. 

~2 .. (C!2)K ~. 
The situation for t he calls originating at the 
D-switches is as follow s . The calls presented 
to the BC-links in the point-to-point diagram 
come from 5 MH sources (owing to the grading in 
the D-stage) and have NSwMCS destinations, viz. 
the A-inlets of one main group. Because oalls 
can only be made from free sources to free desti
nations, the number of calls that could be made 
at a ~iven instant will, at most, be equal to 
min. \5MH; MCS). As in the PDX-system 5H is 
smaller than CS, the said calls give rise a~xi
mately to the following Engset distribution in 
the BC-links. The probability that at a calling 
instant y links are engaged by calls at the 
D-switohes is. 
oonstant. B(Y/5MH - 1, to(2), for y.O,----, 3K, 
where *«2 ~ the average source occupancy. 

Consequent on the structure of the grading and 
the fact that the calls are distributed over H 
routes in the C-stage, 

o(2'~ (~~ + ! x t'l )/H = ~ ~/H. 
From the above considerations it will be seen 
that the resulting f2(X2) distribution of the 
number of engaged BC-links at a calling instant 
is. 

dimensions 
of 
switches. 

A 
Nx(C+2)K 

distributions 
of engaged 
links. 

B 
SxS 

C 
HxH 

Fig. 8. Point-to-point diagram for 4-stage 
network. 

D 
KxM 

442/7 

x2 

f 2(x 2)= C2• L. B(x/'K, t~2)·B(x2-x/5MH-1,tc(2» 
x=O 

where x2 = 0,----, 3K and C2 is a normalizing 
constant such that. 
3K 
~ f 2 (x2) = 1. 
x2=0 

The probability W11 that there is no free path 
from a given free A-inlet to a given free 
D-outlet is oalculated for a 4-stage network in 
two steps. First, probability g(y) that y 
B-switches are accessible from a given free 
D-outlet, is calculated. 

5MH-1 2K-Y 
g(y) .. ~ 

x3=0 x 2=3K-y-x3 

• f 2(x2) f 3 (x3 ), for y - 0,---, 3K. 

The coefficient of f2(X2) f3(x~) is the conditi
onal probability that y B-swit6hes are accessi
ble if x 2 BC-links and x3 CD-links are engaged. 

Next W11 is calculated from. 

3K 3K (~~:~1) 
W ~ ~ f 1(x1 ) g(y). 

11= L- L- ( x3K1) x1=0 y=O 

The coeffioient of f 1(X1) g(y) in this formula 
is the conditional probability that all paths 
from the given A-inlet to the given D-outlet 
are blocked if, on the one hand, x1 AB-links are 
engaged and, on the other, y B-switches are 
acoessible from the D-outlet. 
Probability W21 that no free path is available 
from at least one out of two given free A-inlets 
of different colleoting groups to a given free 
D-outlet can be calculated with the aid of the 
formulae used for determining W11. The following 
values however, should be substituted for para
meters ~1 and 0(,1' 

(~(2 ~ 
'>l1 • ~""(C+2JK J and 0{ 1 - N ~ 1 ' 

as was done for the 3-stage network. 

The probability of internal blooking for an 
outgoing route of No ohannels oan be oaloulated 
in the same way as used for the 3-stage network, 
viz. with the aid of the formulae given in seo
tions 2.1.4. (for No < 4) and 2.1.5. (tor No-e). 

3. NmfERICAL RESULTS 

Numerical results for the PDX-network are shown 
in table 2. 
The network parameters are C-30, K-14,5, M-a, 
s=16 and (for the 4-stage network) H-16. 

Table 2. 

number of W(No ) 
switching ~ stages No·1 No-4 No .. a 

0.85 0.000003 
3 0.90 0.000015 

0.85 0.0015 0.0012 0.0008 
4 0.90 0.0043 0.0039 0.0028 


