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ABSTRACT 

Dimensioning~ integrated like systems, which 
uses time division multiplex technique at the 
transmission and partly or wholly at the 
switching area, needes considerations on the 
applicable methods of design. Methods, 
developed for space- division switching, can 
lead to very high rlpg~pp of congestion or to 
very inefficient use of the devices in case 
of time division techniques, particularly when 
average traffic is low in an incoming group. 
Traffic capacity of the 12- and 30-channel 
PCM systems are calculated . To get an 
economic optimum we take the number of systems 
and the number of channels per system as 
integer ones. For each value of traffic fin 
Erlangs/ we got some pairs of numbers 
representing the number of available time
slots per system and the number of available 
systems respectively . The number of such pairs 
are a few and in every ca~e the evaluation 
is very . easy. The number of pairs represent 
technically feasible solutions, so the 
differences are solely economical, and a very 
short calculation indicate the variant of 
minimal cost. 
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1. INT~OnUCTION 

PCM equipment continuously penetrate into the 
network year by year. In the mean time the 
spread of the electronic, quasi electronic, and 
electronically controlled exchanges becomes more 
and more extensive. These equipments make it 
possible to operate certain parts of the telecom
munication network on partly or fully time divi 
sion basis. The designers and managers of these 
networks would like to use this possibility 
because the economic advantages of the modern 
equipments may only be exhausted when there is 
no need to use converters at the, ends of every 
transmission section and at every switching 
point. It is already worth while to use a traffic 
and economic calculation method for the small 
time division networks which fits the operatio
nal princiule of the network. In such cases when 
the calculation methods elaborated for the space 
division networks result in relative small 
numbers of channels , relatively high traffic 
congestions may occur and the users regard this 
as a disadvantage of the new system. As a result 
of this the public opinion may turn against the 
new technique, and may delay the introduction of 
it. 

On the basis of the above considerations we 
would like to compose a calculation and design 
method which fits to the time division networks. 
As a first step we survey the operational cha
racteristics of the network . Then by checking 
the known calculation methods we try to select 
the most favourable one. By comparing the results 
to economic considerations a possible calculation 
method is formed. 

2 . TRAFFIC AND OPERATIONAL PRINCIPLES 

Let us examine the arrangement given on Figure 1. 
The number of incoming routes is q, and that of 
the outgoing routes is r. In the individual 
routes the number of the highways is Ni and 
there are t l channels in every highway. In our 
paper we use the term highway as the carrier 
systems are multichannel equipments by their 
nature, and they handle the channels as composed 
channel banks. As regards the first /establish
ment/ costs, the individual highways form a unit 
/generally including a fixed number of channels/ 
and it is not always meaningful to calculate on 
a per channel basis. 

In time division systems including PCM trans
mission systems, the switch S is not always 
able to store the code words at the interface 
points of the highways. If there is no storage 
at the interface point the call arriving in the 
i-th time slot may only be switched to the 
simultaneous or quasi simultaneous time slot j 
/see Figure 2 . /. Inthis case the highways are 
distributed into I . individual bundles and 
there are possible connections only between the 
homochronous channels /operating at the same 
time/. In the other extremity every incoming 
'code can wait a complete cycle time /125(Usec/, 
that means there is a full availability 
between the inputs and the outputs of the 
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switch. Then the network may be calculated as 
an ideal one. 

The first case gives a poor utilization of the 
network. The number of the transmission equip
ments will increase without reason and this 
brings an increase of the costs. The second 
extreme case increases the complications of the 
exchanges. The practical problems involved in 
the latter depend on the organization of the 
exchange. 

The same could be possible for the channels 
of a highw~y o~cupy~ng the same frequency band 
Ion the sWltchlng fleld S of a theoretical 
frequency division exchange/. 

The number of the high ways 
ming routes is: 

in the q inco-

If every hi.gh ways includes A.. channels 
It· = "l, if i = 1,2, ... q, I then the total 
number of the incoming channels from the q 
incoming routes is: 

The number of the outgoing high ways is 
similarly N , and the total number of the 
outgoing ch~nnels is: 

Ili = e, if i= 1, 2, ... rl 

The exchange system will become more expensive 
if we increase the memory caoacity, as more 
memories are to be ' used and the read out 
mechanism of the stored words will be more 
complicated. This depending on the system, 
influences the economy of the network through 
the incrEased costs of the switching machines. 

An optimum solution may be expected between 
the two extreme cases, which will meet the 
traffic requirements of the network with mini
mum expenditure by using the given switching 
principles and known equipment types. 

In the optimum case the switch S is designed 
so that the i-th channel of a highway may have 
access to the j-th, Ij+l/-st, Ij+2/-nd, ... , 
Ij+s-l/-th channels of the simultaneous outgoing 
highway. ° 

Note : These figures designate relative positions 
only, and they may mean different time po
sitions in the frame organization of the 
highway. So the delay may be selected in 
the range l~s~i. In spite of this the real 
position of a channel Ij+sl may go behind 
the value . e. Following the cyclic nature 
of the frame structure we may subs tract 
the value e, as time slot It+il is 
identical with t~me slot i. 

If s=l we reached the above'case of i indi
vidual bundles, and if s = f we arrived the 
full availability . The availability factor 5 

has a certain value between the two extremities 
for which the complications of the switch Sand 
its expenses are favourable, but a significant 
traffic advantage may be realized as compared 
to the case s = i. The correct modelling of the 
traffic situation is very essential together 
with the selection of the most satisfactory 
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calculation method. 

3. DESCRIPTION OF THE TRAFFIC 

Let us examine first the traffic of time slots e . If the average traffic of the individual 
input channels is "a", the total traffic of a 
~ighway is l.a. The traffic arriving from the 
l-th route equals N •• e .a. The butgoing traffic 
to the j -th route i§ N •• e . a'. In this ' case the 
traffic is switched toJswitch S as if we had 
independent parallel systems which receives 
Ni,a traffic from the i-th route, and transmits 
Nj .a' traffic to the j-th route. 

There is only a limited number of circuits in a 
group as compared to the total system therefore 
we start our calculations by supposing a limited 
number of sources. According to this the proba
bility of k occupied and INb-kl free channels 
from the number of channels Nb is: 

k = 1 ... Nb 

Switch S may limit the number of simultaneous 
connections to the value n (similarly for every 
simultaneous system), then: 

e~b) k INb -kl (Nb) f- i 
Pk = I.-:...L..·-

t
a ""7")._1 l_:_a/ __ N --h-~ r 0 t~ \l:aJ 

;E b .a ./l-al b 

h=o h 
k 1, n. 

i (Nb) • {.a
o

_ ~ 
h=O h \. 1 a) 

The above distributions lead to the so called 
Bernoulli distribution for n = ~b' and to the 
so called Engset distribution 'for n(Nb . These 
may .be found in traffic engineering handbooks in 
tabulated forms . 

In the following parts we try to find an optimum 
between the two extremities mentioned in the 
above point, that is, when the call arriving 
in the i-th time slot is able to make connection 
not only with the j-th time slot, but with s 
sequential time slots too, where the value of s 
may be choosen between 1 and t . This problem 
may be approximated in several ways: -

a.1 It can be supposed that it is a delay system 
and every call is able to wait for a time of 
125 s/f ,usec and after this time it is lost. 
The outgoing time slots are loaded by the 
sum of the loads coming from the simultane
ously arriving incoming time slots and from 
the calls waiting in the store. The model 
may be discussed with the method of the 
systems with limited waiting times, but 
there is a difficulty in the fact that this 
method is ' not weil developed for a limited 
number of incoming circuits Isources/, and 
further, the traffic arriving from the 
stores should be regarded as a residual 
traffic and the distribution of this is 
different from that of the distribution of 
the incoming traffic. 

b.1 It may be regarded as a dela¥ system but 
the register capacity is lim~ted instead 
of the number of time slots Is/. In many 
cases it is nearer to the technical reali
zation and may be discussed by the method of 
"limited number of waiting positions" type 
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systems. During the mathematical discussion 
similar problems arise as in the former cases. 

c.1 Let us regard the total system as a ~roup 
with limited availability. The incomlng 
circuits are divided into l groups accor
ding to the e time slots, and the mixing 
shown in Figure 3. is supposed IMischung 
mit Verschr~nkenl [lJ 

B 

According to this the i-th channel may 
reach the Is-ll time slots following it. 
Here the calculation for limited 
availability groups may be employed where 
s.n is the availability, and n is the 
number of outgoing systems towards one 
direction. The loss according to the 
modified palm-J)cobaeus formula is: 
f.n -e .. n-sn L Px (;~~n 
x=sn \. x 

We could reach a traffic engineering for
mula by substituting the value p~ accor
ding to the Engset distribution. 

d.1 Regarding the different time sl~ts as 
individual bundles, let us examlne the 
residual traffic overflowing to the next 
time slot. In the knowledge of the average, 
and the standard deviation of the incoming 
traffic we may calculate the average, an~ 
standard deviation of the residual trafflc 
with the lA, R, DI method of Lotze. By 
adding it to the original paramet~rs of 
the next time slot, the lost resldual 
traffic R may be calculated. 

By supposing a Bernoulli distribution: 

aqN aqN Il-al 

The liter~ture introduces 

D = 6"2 - R, 

for the characterization of the peakedness 
of the traffic where R is the average va
lue of the residual traffic, which in the 
present case is: 

R 

ta.l 
~ LY 
y = 0 
~ 
x = 0 

from the Bernoulli distribution, where 
P is the probability that x circuits are 
efi~aged from the directly available n, 
and y circuits are engaged from the 
further e.n channels. 

By the above summary we tried to give all 
the possible methods for the description of 
the traffic. 

From these possible calculation methods, the 
modified Palm-Jacobaeus method giv~n in point 
c.1 looks like to be the most appllcab}~~nd 
Unfortunately, the ~PJ form~la may be I for 
in tabulated formsh~n thba£iir~t~~r~ o~e~e 
such cases where t e pro x 

substituted on the basis of the appropriat e Fr
lang-B formula. For a limited num~er o f sources 
we need to use the Engset formula. To get this 
possibility one should use the method work e d out 
at. the Stuttgart 1Jniversity [6J . I\ccording to 
thlS m~tho~ the M~J.formula employed for systems 
SUPPoslng ldeal mlxlng may be used for limited 
numbers of sources with certain additions. 

Let the accessible traffic calculated with the 
Erlang formula be A , for the loss IB/, availabi
lity Isnl, and maxi~um number of connections 
I i .nl given in the MPJ formula. As opposed to 
this, the traffic originated by the limited 
number of sources, I t '~bl according to the 

Engset formula can be AB' Designating the dif

ference of the two by d we get: 

d AB - Ap 

for which we could define a value depending on 
the above values: 

d d(l.Nb , sn, tn, B) 

For the mixing used by the Administration of the 
German Federal Republic IDBPI which is very near 
to the ideal one, the empirical value of d was 
determined, which is valld for sn ~ 3, n ~ 6, and 
Ap!! 2,5 erl.: 

and A and B include in d the dependence on s 
accorBing to the MPJ formula where the designa· 
tions are the following: 

A the traffic of the system with limited 
p availability 

B the loss of the complete system Iswitch SI 
n.l- the total number o f the connections which 

can be established 
n.s- the available connections from one incoming 

channel 
Nb.t- the total number of incoming channels . 
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Obviously, when ~h goes towards the infinite, d 
goes towards zero, which is in accordance with 
the traffic originated by an infinite number of 
sources according to the Erlang formula, that is, 
in accordance with our expectation to use the 
original MPJ formula without having a traffic gain 
d at the switch S. 
Finally d may be transformed to the following 
form: 

d = O,3.Ap ' [ eA~n - O,77.(1-Sj. n:Nb .... (1) 

therefore this means the gain reached by the 
Engset formula as compared to the tables 
calculated by the Erlang formulae. 

Let us examine the possible limiting values of 
the traffic gain. 

Let to be: 

D = 1 + d 
and Ap ID-11 d 
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AB = d + A = D.A P P 
Rearranging equation III we get 

d Nb ·+ n .+ 0,.3.n. (k - 0,75) 
D = + 1 ~ .-:::.-----------

Ap n + Nb 

where the approximation is good in the range 
of ° ~ B S 5%. 

With this, and substituting two factors in the 
equations, namely k = n. l lAp the average 

usage of the lines, and 

V Nb/n the relative number 

of incoming highways, so 

Nb+n + 0,3.n .k - 0,225.n 1+1J+0,3.k-0,225 
D = 

1 + ).l 

Finally we get 

D = 0,3k + » + 0,775 k + 3,3 . J) + 2,55 

3,3 + 3,3 .:V 
121 

1 + » 

The course of this is shown in Fig.4. and 
corrections can be made according to this in 
the economic calculations. 

4 . ECONOMIC OPTIMALIZATION OF NETWORKS 

The former model of switch S operating in the 
telecommunication network should be complemen
ted by the examinations of the cost relations. 
The costs of a network are composed by two main 
factors. The first factor is the exchange, and 
the second one is the transmission path . Let we 
designate the values of them expressed in pre
sent values by Csw and Ctr , res~ectively. So . 
the present value of the establ1shed network 1S: 

Both factors are dependent on the parameters 
assumed for the calculation of the network . 
These are the permitted loss B, the number of 
simultaneously possible connections n. t , and 
the value of n.s for the limited availability, 
As the given network should be calculated for 
a given traffic lA: call offeredl, a~d.for.a 
given service IB=Loss/, the cost opt1m1zatlon 
may be carried out as the function of nand s. 
These values may only be integers, therefore 
the limiting values Iminimumsl are determined 
by using difference calculus instead of diffe
rential calculus. Let we take the value of I 
also constant besides the values of A and B, 
as in the most cases we wish to use fixed 
Ireadyl transmission systems where the number 
of the channels per highway may be changed very 
seldom . In this respect with given values A, B, 
and e the expenses are also influenced by the 
distance to be covered bu t this is also regard~~ 
as a fixed value Ithis is ' a geog~~phical ' basis/, 
that is, the design of the neLwork is not 
extended here to the examination of the network 
structure. On the above basis we take into 
consideration the following costs in our 
examination: 
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C Csw In, sI + Ctr In, si 

Here n : 1, 2, ... , and s = 1, 2, ... , may 
only be integers. With this condition satis
f~ctory In, si pairs may be allocated to given 
A and B values. Let us designate the technically 
feasible, paired numbers by In., s.l. It is 
obvious that with the increase10f ~, n will 
decrease, or with other words it is sure, that 
with the increase of s, n will not increase. In 
this respect the pairs of numbers may be arranged 
into sequences according to s .. Let s be the 
less perimissible value of s tgeneralty this is 
the unit, but in several cases it is bigger/. 
So we may designate our cost C/ni' sil by Ci : 

According to this idea our task is the selection 
of that C. which satisfies the condition given in 
the follo~ing form: 

C/no+ A n , so-6 s1 >Co/no ' so/~C/no-~n~so+Lls'l 
-- _(3 ~ 

We assume that the expenses depend linearly on 
the number of the employed systems and the incre
ase in the availability factor, That is~ 

By using this in inequality ~)we get: 

~ C + C Is +.:l s' I + CT I n - ~ n ' I o ~W 0 . 0 

By disregarding the members which may be found 
in all the three expressions of the inequality, 
we get: 

Dividing by Csw the result is: 

CTR > l/C SW . -. -CS-fa ) -6s + Ll n 

Csw 

A S' -
CTR 

6 n' ?- l/C SW _. __ (5"/b) 
CSv1 

These inequalities determine the optimum value of 
s . For the calculation of this we tabulate the 
n~, si pairs belonging to different traffics A 
f~r losses of B = 0,1; 0,2; 0,5; 1, and 2 per 
cents. The tables are given for the values l = 

' : 30 and t : 12. If we wish to take into account 
the gains coming from the limited number of 
sources too, the value A is to be corrected 
according to the curves given in Figure 4. 

The pairs In, sI collected in the tables, which 
g{ve the possible combinations for different . _ 
values of A, Band l , are suitable for practi-· 
cal calculations. To illustrate this we shall 
give a few examples. On the basis of these we 
will be able to draw more general conclusions too. 
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5. EXAMPLES 

5.1 We would like to connect the terminal 
exchanges of a rural network to the sector 
exchan~e by using 30 channel PCM systems. Let 
the permissible congestion of the trunk network 
be B = 0,1 per cent. Examine the two traffic 
cases where Al = 20 erl. and A2=60 erl. Let us 
assume the distance as 25 km-s, and the cost 
of the transmission facilities for this distance 
is CTR = 5000 Z/channel. The increase of the 
avairability is simple in little exchanges, so 
we can calculate with the value CSW = 500 Z/ava
ilability. 

It can be seen in the tables that there are 
only four realizable cases. Therefore it is not 
required to calculate on the basis of the dif
ferences of inequalities 5.a and 5.b but 
expression 4. may be used directly. By 
rearranging, and normalizing to CSW= we get: 

C-C o 

C 
,SW 

s + 
CTR 

n 
C 

SW :' 

.... (6.) 

where the minimum value of the right hand side 
of the equality may be simply calculated for a 
little number of pairs In., s.l, and so we get 
the optimum pair In, si. l l 

In the present case CTR 
10, and by calculating 

Csw ' 
the right hand side of ~quation(6~ we get: 

s. 
l 

1 
2 
4 

n. 
l 

6 
4 
2 

60 
40 
20 

61 
42 
24 

so, the economical optimum is given by the 
selection n = 2 and s = 4. One can get the same 
result by using inequalities 5.a and 5.b. 

Similarly calculated the right hand side of 
equation(6~for the case of A2 , = 60 erl. we get: 

s. n. CTR/CSWn CX 
l l 

1 8 80 81 
2 5 50 52 
3 4 40 44 

10 3 30 40 

So we get the economical optimum by selecting 
n = 3 and s = 10. It may well be seen form the 
above that for small exchanges the provision 
of high availabilities is an economically 
preferable solution. 

5.2 Let us substitute PCM equipments into the 
place of the junction lines of a metropolitan 
network. Be the traffic between two exchanges 
A = 100 erl., and the permissible congestion 
B = 2 per cent. The channel number of the PCM 
equipments is e= 30. The average distance is 
10 km-s, for which C~R = 2000 Z/channel. At 
the same time, as the increase of ·the availa
bility is expensive for high capacity exchan
ges, let we take CSW = 10000 Z/availability. 
With this we get C 

TR = 0,2. Searching again 
CSW 

for the minimum value of equation ~~ we get: 
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Si n· 
l CTR/CSWn CX 

1 8 1,6 2,6 
2 6 1,2 3,2 
3 5 1,0 4 

10 4 0,8 10,8 

The optimum pair is s = 1 and n = 8. One can get 
the same result by using inequalities 5.a and 
5.b but with a longer process. 

It may be seen from the results, that in case of 
high capacity exchanges and cheap junction lines 
it is more economical to increase the number of 
the highways instead of the increase of the 
availability. 

6. SUMMARY 

From the calculations shown here, and from others 
carried out, the following may be concluded: 

the increase of the permissible loss Iconges
tionl decreases the advantages coming from 
the increase of the availability 

the channel number of the systems I! I does 
not influence the optimum value of availabi
lity significantly 

with the increase of the traffic the sharpness 
of the optimum increases 

in case of high availability and little number 
of systems the solution will be More sensitive 
to the precision of the traffic specification, 
and to its change with time 

with the increase of the value CTR _, even 

C 
more higher availability value'wt¥l provide 
the economical o~timum 

The theoretical considerations coordinated with 
the practical possibilities show the formation 
of a few typical time division network configu
rations to be economical. The consideration of 
these points of views in the design of the time 
division equipments may turn the whole network 
to be economical. Although we did not take every 
points of view into consideration in our 
calculations, and did not forced to have higher 
precision than two valuable digits, the results 
make possible the formation of a new aspect 
required to the design of time division networks. 
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Channel/highway 

Grade of 
Service 

Erlang 

° 
0,5 

1,-

1,5 

2,0 

2,5 

3.0 

3,5 

4,0 

4,5 

S,O 

5,S 

6,0 

7, S 

10,0 

12,S 

lS,O 

17,5 

20,0 

22,5 

25,0 

27,5 

30,0 

32,5 

35,0 

37,S 

40,0 

42,S 

45,0 

47,S 

50,0 

52,5 

S5,0 

57,5 

60,0 

62,5 

65,0 

67,S 

70,0 

72,5 

7S,0 

77,5 

80,0 

s=l 

1/2 

1/3 

1/4 

l/S 

1/6 

1/7 

1/8 

1/9 

1/10 

l =30 

B=O,l% 

2 3 4 

2/1 -
~ 

3/1 

~ 4/1 

2/2 

S/l 

f.- 6/1 

3/2 7/1 

2/3 

~ 

-
4/2 

5/2 --
3/3 6/2 

7/2 

2/4 

f--- . .. ' _ .... 
30/2 

4/3 

~ 

5/3 

6/3 

2/5 3/4 7/3 

8/3 

9/3 
~ 

30/3 

~ 
4/4 

S/4 

2/6 3/5 6/4 

sin 

0,2% 0,5% 2% 

1 2 3 4 1 2 3 4 1 2 3 4 

2/1 2/1 ~ ~ 1/2 

3/1 1/2 ~ 2/1 ~ 

3/1 

4/1 
~ 

1/2 3/1 - f--- I 

4/1 

1/3 
f---

~ 
f.-

5/1 ~ 
~ 'ji~ I 61 I ----1/3 2/2 S/l 4/1 

~ ~ 
- 7/1 S/l 

1/4 3/2 1- 3/2 2/2 ~/' 
... ~ - . ... .- 1/3 : 7/1 to-- l ., . 

1/4 3/2 ~ ~ --
~Q/l . ~ 

I---
2/3 30/1 

I--1/5 4/2 2/3 4/2 30/1 --- 1/4 

-------- ..2ll. 1/5 10--- 4/2 

3/3 6/2 5/2 2/3 - 7/2 - 3/3 6/~ -
~ 1/6 

_ .... 
11/1 -:.9 ?~ 

I 10/2 . 8/2 S/2 
~ 2/4 1/6 115 hI? ~: 3/3 
1/7 30/2 2/4 f-

---.-
I-- 30/2 1--. _ _ .-

4/3 ~ 4/3 30/2 -
~ 

3/4 r-ill- ~ - ~ 1/7- 5/3 2/4 4/3 

~ 
~ 6/3 

~ 3/4 7/3 1/6 

1/8 2/5 813 5/3 
~ 

i~ 6/3 1-- . 
I--

30/3 7/3 
~ ~ 

~ 4/4 1/8 2/5 f--- BOI3 
-

1/9 ~ 39/3 

2/6 3/5 5/4 3/5 1/7 2/5 3/4 4/4 
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Channel/highway sin 

Grade of B=O,l% 0,2 ~ 0,5% 1% 2% Service 

Erlan 

° 5=1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 4 

0,5 1/2 211 

1,.- 3/1 

1,5 1/3 

2,- 1/2 2/1 3/1 4/1 
2,5 

3,- 1/4 

3,5 

4,-

4,5 3/2 • 5,-

5,5 

6,- 3/2 . , 

6,5 4/2 1/4 12/1 
7,- 1/5 2/3 • 7,5 

8,0 1/4 
8,5 

9,- 4/2 
9,5 

10,0 

10,5 

11, 

11,5 

12,0 /6 7,/ 

12,5 2/4 

13 ,-

13,5 1/7 5/2 

14,- 4/3 4/3 6/2 
14,5 1/6 214 1/5 1/5 2/3 3/3 7 2 
15,- 3/4 2/4 8/2 • 

• 

IIC 7 634/8 



t 12 

Channel/highway sin 

Grade of B=O,l% 
Service 0,2% 0,5% 1% 2% 

Erlang 8=1 2 3 4 1 2 3 4 1 2 3 4 1 I 2 3 4 1 ? .. 1 4 

0 3/1 X/I 3/1 4/1 3/1 4/1 3/1 4/1 

2,5 X/I 
5,0 

7,5 1/5 

10,0 

12.5 1/6 

15,-

17,5 1/7 

20,0 

• 22,5 l/S 

25,0 

27,5 1/9 

30,0 

32,5 

• 35,0 1/10 

37,5 

40,0 1/11 

42,5 

45,0 

47,5 1/12 

50,0 

52,5 1/13 

55,0 

57,5 

60,0 1/14 

62,5 

65,0 

67,5 1/15 

70,0 

72,5 

• ?S ,0 1/16 

77,5 

SO,O 2/11 

I 3/9 x/s 
- . ~ -.... 

• 
x 5, ..... , 12 

634/9 IIC 7 


