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VORWORT

Das Tabellenbuch dient zur wirtschaftlichen Dimensionierung
von Leitungsbindeln in Fernsprechwdhlnetzen mit alternativer
Leitweglenkung. Es ist das Ergebnis jahrelanger intensiver
Untersuchungen. Dabel wurde besonders grofer Wert auf die
Vereinfachung der Theorie zu einem in der Praxis leicht an-
wendbaren und trotzdem hinreichend genauen Verfahren gelegt.
Es entstand in engem Kontakt mit der Deutschen Bundespost und
der Fernmeldeindustrie der BRD. Dieses Verfahren wird fir die
Dimensionierung des Offentlichen Fernwidhlnetzes der BRD ange-
wandt.

Die theoretischen Begriindungen und Herleitungen,vor allem der
Verfahren zur Dimensionierung von Leitungsbiindeln mit ange-
botenem Zufallsverkehr bzw. Uberlaufverkehr sowie einer Me-
thode zur wirtschaftlichen Dimensionierung von Fernsprech-
netzen mit alternativer Leitweglenkung sind in vielen Arbeiten
verdffentlicht (siehe Literaturverzeichnis).

Das Tabellenbuch enthilt in seinem ersten Teil eine Anleitung
zum Gebrauch in englischer und deutscher Sprache. Diese ist
auf die Bediirfnisse des in der Planung t#tigen Fernmeldein-
genieurs ausgerichtet.

Der zweite Teil enth#lt die notwendigen Tabellen Nr. 1-6. Die
Tabellen sind auf verschiedenfarbigem Papier gedruckt, um so
den Zugriff zur Jjewells gewlinschten Tabelle zu erleichtern.

Die verkehrstheoretischen Arbeiten des Instituts, welche
diesem Tabellenbuch zugrunde liegen, sind seit 1962 von der
Deutschen Forschungsgemeinschaft (DFG) wesentlich unterstiitzt
worden. Die Verfassem danken der DFG fiir diese wertvolle Hilfe.

PREFACE

This table book allows the economic dimensioning of trunk
groups with alternate routing within telephone networks
and is based on the results of extensive investigations
lasting for years. Great importance has been attached to
simplify theoretical aspects leading to handy but never-
theless sufficiently exact calculation methods in practice.
The tables could be established in close contact with the
Deutsche Bundespost (Federal German Post Office) and the
telecommunications industries of the FRG. This method is
applied for the dimensioning of public direct distance
dialling networks in the FRG.

Various publications deal with the theoretical backgrounds
and derivations especially regarding the methods of di~
mensioning trunk groups with offered random traffic or
overflow traffic, respectively, as well as with regard

to a method of the economic dimensioning of dialling net-
works with alternate routing (see list of references).

In the first part of the table book instructions in English
and German are given meeting the requirements of planning
teletraffic engineers.

Part II is including the necessary Tables 1~6 printed in
different colours in order to facilitate the selection of

the desired table.
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I. GENERAL

I.1 Object of the Tables

The present volume of tables allows a simple treatment of the
following two dimensioning problems in the field of switching:

1) Dimensioning of groups without overflow possibility and
with offered random traffic (pure chance traffic of type 1
(PCT1), i.e. a Poisson input process). This is dealt with
in Chapter II whereby Table 1 is necessary. (Pure chance
traffic of type 2 (PCT2), i.e. finite number of traffic
sources, see /1 ,14/).

2) Economic dimensioning of groups with single or multiple
overflow in tandem exchanges of hierarchic or non-hierarchic
networks with alternate routing. This is dealt with in
Chapter III whereby Tables 2-6 are necessary.

In case of 1) all groups are dimensioned independently of each
other. Therefore, the structure of the network is assumed to be
of no significant influence.

In case of 2), however, the economic dimensioning of the individual
groups is dependent on each other because of the respective ad-
mitted overflow possibilities. Section I.3 gives an example of

a network structure. The characteristic values are explained for
the outgoing groups of a tandem exchange.

1.2 Definition of Terms

High Usage Groups: Trunk groups with a comparatively high carried
traffic per trunk (¥/nR 0.7 Erl) whereby the non-carried part

of the offered traffic is overflowing to subsequently hunted

high usage groups or directly to a final group. One has to dis-
tinguish between the following types of high usage groups:

High Usage Group of First Order:

A group to which only
random traffic ("direct traffic") is offered.

High Usage Group of Second Order: A group to which traffic
rests (overflowing traffic) are offered not being carried
by high usage groups of first order and, furthermore,
eventually random traffic.

High Usage Group of Third Order: A group to which traffic
rests are offered not being carried by preceding high

usage groups (first or second order) as well as eventually
random traffic.

High Usage Groups of Fourth, Fifth ... Order: are defined
analogously.

Final Groups: Trunk groups without additional overflow possibi-
lity. The traffic being offered to those groups (overflow and/
or random traffic) and not being carried is lost.

I.3 Graphical Representation of Networks with Alternate Routing

In Fig. 1.1 a part of a direct distance dialling network is drawn.
The different tandem exchanges are marked by their code numbers.

final exchange
2153

Fig. 1.1: Part of a direct distance dialling network

In order to obtain a better survey, especially in regard to the
above mentioned overflow possibilities, a second way of figuring
is usual (Fig. 1.2). Only the outgoing groups of a tandem ex-
change are considered whereby one can notice very clearly which

groups belong to high usage groups of first, second or third El
order or to final groups, respectively.
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Fig. 1.2: Outgoing groups of the tandem exchange No. 215 in
Fig. 1.1 and their overflow

215-3%15] : Group from tandem exchange No. 215

to tandem exchange No. 315.

Random traffic offered to the high
usage group of first order from
tandem exchange No. 215 to tandem
exchange No. 315,

Ro15-315°

Random traffic offered to the final
group from tandem exchange No. 215
to tandem exchange No. 21. This
traffic includes in our example all
the partial traffics to destination
exchanges which cannot be reached
via the high usage groups.

Ro15-21

The outgoing groups of a tandem exchange can have either full
accessibility (k=n) or limited accessibility (k<n).

Section III.2 demonstrates some important basic considerations
and therefrom resulting outlines how to chose the accessibili-

ties kh of high usage groups and kf of the final group.

I.4 Some Basic Features of the Tabulated Dimensioning Method

I.4.1 Groups without Overflow According to Section I.1

a) Full accessible groups (k=n) with offered random traffic
are dimensioned according to "Erlang’s Loss Formula" /3/.

b) Limited accessible groups (k<n) with offered random traffic
are dimensioned according to the "Modified Palm-Jacobaeus
Formula" (MPJ) /8-10,13,17/ being adapted to the grading
type in use.

This method of adapting the MPJ Formula is analogously valid

for all grading types and easily to realize /8,13/.

Aad:AMPJ_ AA holds for the admissiple offered traffic, where
k-2 1-B

- w8 - 4 2. 1B
AA'F<1( 1) 50+0k = T+kB2 -
Thereby, only once a suitable fitting parameter F (found by
artificial traffic trials) has to be determined for the respec-

tive grading type, e.g.:

Simplified Standard Gradings F=o0.3
of the Deutsche Bundespost: *

0’Dell Gradings: F
AT&T Gradings: F = 2.4 .

The tables of this book hold for the "Simplified Standard
Gradings" of the Deutsche Bundespost (Federal German Post
Office)/4,8/.

I.4.2 Groups in Networks with Alternate Routing

According to Section I.1

a) Full accessible high usage groups of first order (k=n) are
dimensioned according to "Erlang’s Loss Formula'.

b) Limited accessible high usage groups of first order (k<n)
are dimensioned according to the adapted "Modified Palm-
Jacobaeus Formula" (MPJ), see Section I.4.1.b).

c) The trunk costs of the first and the subsequently hunted
high usage groups as well as of the final group are taken
into consideration for the economic dimensioning of high
usage groups of first order /14,16,18-23,26/.

d) The traffic is also economically divided into the subsequent
high usage groups and the final group /14,16,23/.

e) Dimensioning of high usage groups of second, third ... order
as well as final groups, the variance of the offered traffic
(overflow traffic) is taken into account /2,5-7,11-16,18-30/,

see Section I.5.



I.5 Considerations of Statistical Properties of Overflow Traffic

As shown in Fig. 1.2, "overflow traffic" not being carried by
the previously hunted groups, 1s offered to the high usage
groups of second, third ... order as well as to the final group
of a tandem exchange and furthermore random traffic (direct

traffic) is offered eventually.

This offered overflow traffic has, as a rule, very different
statistical features than the "pure random traffic" which

is directly offered to first hunted groups. In case of

such a peaked traffic the momentary number of simultaneously
requested connections varies substantially stronger upwards
from the mean than in case of random traffic. Therefore,

more trunks are necessary for the same prescribed probability

of loss B /11,28 than for offered random traffic with the
same mean.,

A proper standard to simply characterize this "peakedness"

of overflow traffic is its variance V /2&. In case of pure
chance (random) traffic the variance V is equal to the mean A
(V=A) and in case of overflow traffic V>A. The exact value of V
depends on individual situations. It could be determined in-
dividually for the overflow traffic of each group by means of
comprehensive tables. In /27/ it is suggested for first hunted
groups with full accessibility that =~-- sufficiently accurate

in practice -- their overflowing traffic can be characterized
by the mean R and a tabulated maximal value Zmax:(V/R)max'

Now, extensive investigations by the Central Telecommunications
Department (FTZ) of the Deutsche Bundespost within the public
direct distance dialling (DDD) network have shown that, in

case of full or limited accessible groups, a sufficiently accurate
consideration of the peakedness of offered overflow traffic is
guaranteed if a suitable, constant (not maximal) variance-to-mean
ratio Z is applied. Only this simplification ensures a very clear
and simple dimensioning procedure by means of a handy table book.
Within the public network of the Deutsche Bundespost a preliminary
value Z = 1.6 is used, later on Z = 2.0 is provided (increasing
accessibilities and therewith increasing Z). Therefore, this

table book bases on Z = 2.0.

Should measurements in other countries lead to different
results for the constant value Z, corresponding tables could
be calculated easily by means of existing programs.

The calculation of the (tabulated) number of trunks per group
with offered overflow traffic has been performed according to
the ERT Method for full access /2,28/ and the corresponding
RDA Method for limited access /5-7, 11~1622, 23, 29, 30/.

1.6 The Tables

Table 1: Determination of the number of trunks n per group as a
function of the offered traffic A dependent on the pre-
scribed probability of loss B and the accessibility k.
Only random traffic is presumed to be offered.

Determination of the offered traffic A as a
function of the carried traffic Y dependent on
the accessibility k and the number of trunks n

Table 2:

per group. Only random traffic is presumed to
be offered.

Table 3: Determination of the number of trunks ny of a high
usage group of first order and its overflowing
traffic rest Rl‘ These values ny and Rl depend on
the offered random traffic Al’ the group’s own
accessibility kl’ the final group’s accessibility
kf and furthermore on a cost ratio P. This cost
ratio P is regarding the different costs per trunk
in the first hunted and the subsequently hunted
groups. It is defined in Section III.3.

Table 4: Determination of the traffic A offered to a high
usage group of second, third ... order, final
group as a function of the carried traffic Y,
dependent on its accessibility k and number of
trunks n.

Since overflow traffic or a mixture of overflow
and random traffic is offered to those groups,
this table regards already a constant value Z=2.0
for the total offered traffic.

£3
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Table 5: Determination of the number of trunks n for high

usage groups of second, third ... order dependent

on their offered traffic A and their accessibility k.
A value Z = 2.0 of the total offered traffic is al-
ready considered in this table (see Section I.5).
Furthermore, these tables are based on a probability
of overflow B = 20 %.

Table 6: Determination of the number of trunks ne of the final
group as a function of the offered traffic Af dependent
on the accessibility kf for a prescribed probability
of loss B (e.g. B=0.5 %, 1 % etc.). A value Z=2.0 for
the total offered traffic Ap is also considered in
this table.

Comment

Tables 1-6 are valid for the Simplified Standard Gradings as
introduced by the Deutsche Bundespost /4/. For reasons of
simplicity, « minimum value for the grading ratio M=2 is taken
as a basis for these tables.

Should, in reality, the grading ratio M of a given grading be
substantially higher than 2, then, the probability of loss can
be slightly smaller than calculated. This ensures a certain
safety reserve in case of unbalanced load or overload.

IT. DIMENSIONING OF GROUPS WITHOUT OVERFLOW AND
FOR OFFERED RANDOM TRAFFIC

II.1 Procedure

2) One starts with the measured carried traffic Y of the busy
hour /15/. As long as the grade of service is not extremely
poor the carried traffic will correspond to the traffic which
is actually requested by the telephone subscribers.

Under this condition it is reasonable to interpret this
measured value Y as the offered traffic Aold’ or one

can obtain where B is the prescribed

Aoldzl—gp?escr_ prescr.
value of the probability of loss. If desired, Aold can be

increased by a growth factor GF for a certain planning

ri d. = .
perio Then, Anew Aold GF.

Finally, the number of trunks n =f(A

new ) can
be read from Table 1.

k
new? ’Bprescr.

b) In contrast to a) one could assume that unsuccessful calls
do not cause repeated attempts. This would correspond to a
model whereby telephone subscribers abandon immediately the
originally requested connection in case of "busy". Then,
the offered traffic Aoldzf(k’nold’Y) would have to be de-
termined by means of Table 2. However, this assumption is
unrealistic in general and yields, in case of traffic
measurements of overloaded groups to excessive values A
from Table 2.

II.2 Example

Be given: accessibility k=10
number of trunks nold=50
carried traffic Y=42.4 Erl
(measured value)
prescribed probability of loss Bprescr.:1 %
growth factor GF = 1.18
Case a): By
Aold=Y=U2.“ Erl
(or
- Y _ b2.4 Erl _
Ro1a" T = TognpT o < 428 Erl)
prescr.

with GF = 1.18 one obtains

A =42.4+1.18 Erl=50 Erl (42.8-1.18=50.5 Erl).
new

Thus, the number of trunks nnew=85(86) can be

read from Table 1.

Case b): By means of Table 2 one obtains with Y=42.4 Erl,
k=10 and No1g
(which would only be true if a share

=50 an offered traffic value Aold=6o Erl

fo1a7Y | 60-h2.b | 4 5
A b 60 -
old

i.e. 30 per cent of all calls were lost without being

repeated).

By the growth factor GF=1.18 there would be
Anew=60-1.18 Erl=70.8 Erl. Thus, the number of trunks

would get Nhew=120 (instead of 85 or 86).



III.

DIMENSIONING OF GROUPS IN NETWORKS WITH ALTERNATE ROUTING

III.1 Definition

By

the definitions given in Section I.2 for high usage groups

and final group one can derive a further definition:

Follow Group: Group following the considered high usage group

I11.2 Selection of Suitable Accessibilities k

in hunting direction. Therefore, follow groups

are high usage groups of a higher order (example
see Section III.5.2 b)).

It is distinguished between

- follow group o ,
this group is directly hunted subsequently
to the considered high usage group;

- follow group {
if, after a follow group « , a further high
usage group is hunted this group is a "follow
group B " (example see Section III.5.3 b)).

12K

a)

b)

The accessibility of high usage groups of first, second ...
order and the final group is set up before dimensioning the
number of trunks and selectors (to be possibly changed
again if the sum of available outlets of the respective
switching stage is too small.

In this regard one has to notice that the subsequently hunted
high usage groups of first order, furthermore possible high

usage groups of second, third ... order and the final group
as_a whole have the characteristic features of one grading

(see Fig. 3.1).

Therefore, the smallest necessary total number of outgoing
trunks for a given overall grade of service is obtained
(similar to an ordinary grading which is sequentially hunted
from fixed home position) if the number of inter-connected
outlets increases from the first to the last hunting position.

o re- etc., kfﬂ_

d)

e)

Therefore, EEMléMZEMBEMfég has to be realized for the
grading ratios of the individual groups (whereby g is the

number of grading (partial access) groups).

In case of full accessibility of all groups (high usage
groups and final group) M equals g for all individual
groups. The crosspoint requirement of this switching stage
increases to a maximum. The total trunk requirement de-
creases to a minimum.

However, in case of limited accessibility the trunk re-

quirement for high usage groups increases only slightly.

Example: For a high usage group of second order with
offered nonrandom traffic A=z15.5 Erl, the
variance-to-mean ratio Z=2.0 of the offered
traffic and a prescribed probability of over-
flow B=20% one obtains by Table 5:

K, | 17{ 10| 6
Ny { 17‘ 19]21

Considering the overload sensitivity of an alternate routing
network high usage groups with®limited access lead to a
comparatively smaller increase of overflow to follow groups
than groups with full access.

Therefore, full access has to be aimed at in the following
sequential order according to the sum of all outlets of the
switching stages:

1. Final group;

2. Eventually high usage groups of fourth order, then
third, then second orders

3. Only if these groups can get full access the high

usage group of first order can alsoc obtain full access.

E5
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III.3 Cost Ratios

An economical optimum dimensioning of groups with overflow
requires data about trunk costs of the final group (f),

in relation to the trunk costs in the respective high usage
group (h). Therefore, the cost ratio Pf/h has to be de-
termined for each high usage group:

P - costs per trunk in the final group .

f/h costs per trunk 1n the high usage group

The "costs per trunk" include also the costs of selectors etc.

which are permanently connected with this trunk.

It is sufficiently exact in practice to distinguish the

following values:

Pf/h=1.1, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.5, 3.0, 3.5, 4.0,

high usage group e . :
of first order {215-315] [215-316] 1215-35 ] §215-36 ] 215-6 } (215-5 }

high usage groy
of second order

high usage group

of third order

final - group

1IT.4 Example

The dimensioning of groups in networks with alternate routing
is explained in detail in the following chapters by means of
the example in Fig. 3.1.

offered random traffic

N\
Azsas Azsas [Aas-a Azsas [Azsas Pos-3 Aas [Auss Bosan

P ’l 35— 31 ]

!

B 215 -3 1

L| 215 - 21 _J

‘\GDGMQOUSW to one grading

Fig. 3.1: Part of a network with alternate routing

In any tandem exchange the high usage groups of first order
are dimensioned first, then the ones of second order etc.
and at least the final group, respectively.



III.5 Dimensioning of High Usage Groups of First Order b) Example

s 3 L, T - 7
1I11.5.1 Single Overflow: High Usage Group of First Be considered first Fig. 3.2 as part of the network
. . . o i N
Order Final Group in Fig. 3.1. The high usage groups of first order 215-4

and 215-5 outgoing from the tandem exchange 215 are to
a) Procedure be dimensioned,

is
1
directly overflowing from the considered high usage group

of first order to the final group. The cost ratio is:

The traffic rest R1 of the offered random traffic A

Axs-i |Axs-5 |Azs-2

P=p - costs per trunk in the final group
hf/1 costs per trunk 1n the high usage group of first order

[25-2]

high usage group
of first order

The following data have to be known:

final - group |l 215-21 |

P=Pf/1 e.g. from cost calculations of the
telecommunications administration

Fig. 3.2: Part of the network in Fig. 3.1 (simple overflow)
kl accessibility of this high usage

group of first order The data of the groups be:

kf accessibility of the final group
Y
rou P k in old remarks

nlold number of trunks € b f/h old o
Ylold (measured) carried traffic 215-4 1.2] 8 20 16.7 high usage group of first order

. . 215- 3.0l 6 10 7. high usage group of first order
GF growth factor of the traffic during the 5-5 7 & ge & P

planning period. 215-21] —~ |=n 36 26.5 final group

The dimensioning includes the following steps: The growth factor for the planning period be GF = 1.15.
~ The offered traffic A

1old=f(k1’nlold’yold) is read Now, by means of Tables 2 and 3 the above high usage groups
from Table 2.

can be dimensioned newly. One obtains:

- The traffic rest overflowing to the next hunted group is

R, «.=h, ,.~Y o |*101a| Fioia  |Pinew | _ Rinew
lold "lold "1o0ld’ group Erl Erl Erl inew Erl
- The new offered traffic to be considered for the 215-411.2 25 8.3 29 22 10.4
i i i =A «GF.
planning period is Atnew P1014 215-513.0] 11.1 3.4 1% 18 1.58
- The new nuTber of trunks n}newzf(P’%l’kf’Alnew) and the Fidﬁ=11-7Erl ?Enewzlz‘OErl
corresponding new overflowing traffic rest Rlnew can be

read from Table 3. E7



III.5.2 Double Overflow: High Usage Group of First Order —s b) Example
Follow Group « —= Final Group

Be considered the part (Fig. 3.3) of the network shown
a) Procedure in Fig.3.1. The high usage groups of first order 215-35
and 215-36 are to be dimensioned.
The difference between single (Section III.5.1) and double

overflow lies only in the fact that another cost ratio P

has to be determined resulting of the trunk costs of the A215—35 A215-36 A215-3 AZE-N

high usage group of first order, the follow group «
and the final group. Therefore, P=f(Pf/1,Pf/m) is to high usage
be read from the Table III.1 below (calculation of P see group of first
annex): order
follow - group o | 215-3 1
.1 1.2 1.4]1.6 1.8 2.0[2.2 2.5 3.0(3.5 4.0 ‘ |
Po| 101 1.2 1.4)1.6 1.8 2.0/2.2 2.5 3.0(3.5 final - group [ STE5T 1
Pesa
1.1

1.2 1.1 Fig. 3.3 Part of the network in Fig. 3.1 (double overflow)
1.4 1.2 1.2 1.1
1.6 1414 1.211. The data of the groups be:
1.8 1.6 1.6 1.411.2 1.2 1.1
2.0 1.8 1.8 1.6/1.4 1.2 1.2]1.1
Y
2.2 2.0 2.0 1.8/1.6 1.4 1.4]1.2 1.1 group |Pr/n| k| Poia| $2| remarks
2.5 2.2 2.2 2.0/1.8 1.6 1.6/1.4 1.4 1.2]|1.
3.0 3.0 2.5 2.2|2.0 2.0 1.8|1.6 1.6 1.4/1.2 1.2 215-35{ 1.8} 10 18 | 14.3{ high usage group of first order
3.5 3.0 3.0 2.5|2.5 2.2 2.0]2.0 1.8 1.6]1.6 1.4 536l 20l 5 | 12 | 53| nish wsene sron or rivcionim:
4,0 3.5 3.5 3,.0/3.0 2.5 2.5{2.2 2,0 1.8/1.8 1.6

215-3 1.6} 10 22 17.5 follow group « (high usage
group of third order)cf.Fig.3.1

215-21 - =n 36 26.5 final group

Table III.1: cost ratio P in case of double overflow . .
The growth factor for the plannlng period be GF = 1.15.
The further dimensioning of high usage groups of first

. . . The cost ratic P can be determined by means of Table III.1.
order proceeds now as described in Section III.5.1 a).

One obtains:

Alold R1old A1new R1new

n
group P Erl Erl Erl inew Erl

215=-35(1.2| 18.3 4,0 21 17 6.59

215-3611.4} 12.3 3.0 14 12 4.25

RlOBF7QOEﬂ R

=10.8Erl]

lnew



I1I.5.3 Triple Overflow: High Usage Group of First Order —e
Follow Group &« — Follow Group$# —Final Group

a) Procedure

Additionally, trunk costs of the follow group P are con-

sidered. In this case, the cost ratio P yields to P = C'Pf/i

Thereby C=f(Pfkg’Pf/g) can be read from Table ITII.2 below
(calculation of C see annex):

Pep| 141 1.2 1.4 (1.6 1.8 2,0|2.2 2.5 3.0 3.5 4.0
P

1.1 0.91

1.2 0.85 0.84

1.4 0.76 0.75 0.73

1.6 0.69 0.67 0.65/0.64

1.8 0.63 0,62 0.60/0.58 0.57

2.0 0.59 0.57 0.55/0.54 0.53 0.52

2.2 0.55 0,54 0.52|/0.50 0.49 0.48| 0,48

2.5 0.51 0.49 0.47|0.46 0.45 0,44/ 0,43 0,42

3.0 0.45 0,44 0.42|0.41 0.40 0.39) 0.38 0.37 0.36

3.5 0.41 0.40 0.38/0.37 0.36 0.35 0.34 0.33 0.320.31

4.0 0.39 0.37 0.35/0.34 0.33 0.32/0.31 0.30 0.29]0.29 0.28

Table III.2: Factor for the determination of the cost
ratio P in case of triple overflow

The further dimensioning of the high usage groups of first
order proceeds now as described in Section III.S5.1a).

b) Example

Be considered the part (Fig. 3.4) of the network shown in
Fig. 3.1. The high usage groups of first order 215-315 and
215-316 are to be dimensioned.

high usage group

EE-75) 75 36 i

%msam A3 Aos-31 Aasa Asa
I
|

of first order

follow - group & [ : 2‘1‘31 i

follow - group [ % 215 -3 B
o final - group L % 215 - 21

Fig. 3.4: Part of the network in Fig.3.1 (triple overflow)

The data of the groups be:

Y
. o0ld
old 57

215-315¢ 2.5 6 8 6.4

215-316} 3.5 |10 16 12.8

group f/h] k remarks

high usage group of first order

high usage group of first order

215-31 2.0 {10 34 26.3 follow group « (high usage group

of second order)

follow group B (high usage group
of third order)

final group

215-3 1.6 |10 22 17.5

215-21 - =n 36 26.5

The growth factor for the planning period be GF = 1,15,

The Factor C and the cost ratio P:C'Pf/1 can be determined
by means of Table III.2. One obtains:

A R A R
1
group P 1gld gld lgew Y hew 1?ew
215-31511.4 10.0 3.6 12 9 4.66
215-31611.8 16.7 3.9 19 21 3.04
Rlokf7'5Erl tnew 7.7 ETl

ITI.5.4 Multiple Overflow: High Usage Group of First Order —e

Follow Group « —e Follow Group B-=:-—Final Group

In case of more than three sequential overflows the same cost
ratio P=C-Pf/1 is used as for triple overflow. I.e. dimensioning
of high usage groups of first order occurs according to

Section III.5.3 leading to the same numbers of trunks n, as in
case of triple overflow.

The reason for this simplification is:

The rest RB of the traffic A1 which is still overflowing from
a follow group p to further high usage groups and at least to
the final group, is - in relation to A1 ~ very small. This
rest can be neglected with respect to the calculation of the
cost ratio P.

£9



III.6 Dimensioning of High Usage Groups of Second Order

- The new number of trunks n =f(k2,A ) is read

2new 2new
from Table 5.

a) Procedure

The following data of the group are known: - Table 5 is calculated for a uniform overflow probability

of 20 per cent. Therefore,

k2 accessibility
n number of trunks o - .

201d Ronew * 0.2 A2new .
Yzold (measured) carried traffic

b) Example
The dimensioning implies the following steps:
The high usage group of second order 215-31 (Fig. 3.1) is

to be dimensioned. The data of this group are

~ The offered traffic A2old:f(k2’n2old’Y201d) is read
from Table 4.
k2 = 10
- The traffic rest overflowing to the next hunted group is 014 ° 34
Ra01a7%201a Y 201a" Y,.,q4 = 26.3 Erl (see Section IIT.5.3 b), page E9).
- The directly offered traffic A2dir,old (random traffic The growth factor be GF = 1.15.

which is first hunting this group and thus "directly"

offered) is In Fig. 3.1 it is shown that the overflowing traffic rests

of the first high usage groups 215-315 and 215-316 are
offered to the considered group. The sum of these traffic
Thereby, ﬁlold is the sum of traffic rests overflowing rests is determined in Section III.5.3 b), page E9.

from all high usage groups of first order to this one

= A

Aodir,o1d © P201a F1014"

of second order. Hlold = 7.5 Erl
§1new = 7.7 Erl
~ The new directly offered random traffic which has to be
considered for the planning period is One obtains:
A . = A . *GF
2dir,new 2dir,old _
A201d = 37.7 Erl (Table 4)
whereby GF is the growth factor of the planning period. Rso1a (37.7-26.3) Erl = 11.4 Erl
Ao ss _ _ 1 -
- The new total offered traffic Asnew is 2dir,old = (37.7-7.5) Erl = 30.2 Erl

Aogir new = 30-2:1.15 Erl = 34,7 Erl

A = A, +R
2new 2dir,new ~lnew _
Asnew (34.7+7.7) Erl = 42.4 Erl
where Rlnew is the new sum of traffic rests overflowing Nonew = AT (Table 5)
from all high usage groups of first order to this one Ronew 0.2 « 42.4 Erl = 8.5 Erl

of second order. This sum is already known from the pre-
E10 ceding steps, dimensioning the high usage groups of

first order (cf. Section ITI.5.3 b), page E9).



I1I.7 Dimensioning of High Usage Groups of Third Order

with Section III.5.2 b), pageE8 and Section III.6 b),
page E10 as

a) Procedure

The following data of the group are known:

Rlold = 7.0 Erl REold = REOld = 11.4 Erl
k3 accessibility
R = 10.8 Erl R = R = 8.5 Erl.
n number of trunks inew 2new 2new
30ld
Y}old (measured) carried traffic Thus one gets:
The dimensioning implies the same steps as described for ABold = 28.0 Erl (Table 4)
high usa roups of nd order (Secti I11.6 .
ig ge group seco er (Section a)) R}old = (28.0-17.5) Erl = 10.5 Erl
The determination of the directly offered traffic Asgip old A3qir,o1a °© (28.0-7.0-11.4) Erl = 9.6 Erl
2
and the new t ot a 1 offered traffic ABnew’ respectively, A}dir,new = §,6°1.15 Erl = 11.0 Erl
has to take into account a 1 1 offered overfl traffics.
overilow traliic A3pew = (11.0 + 10.8 + 8.5) Erl = 30.3 Erl
Therefore, one gets:
N3 ew = 34 (Table 5)
A34ir,01a * A301a ~ Ro01a Mi014a Renew = 0.2-30.3Erl = 6.1 Erl .
ABnew = ASdir,new * R-Qnevﬁp‘lnew .

II1.8 Dimensioning of High Usage Groups of Fourth Order

This means that the traffic rests Riold cﬁlnew)’ as far as
they are directly overflowing to this high usage group of
third order, have to be considered in addition to the traffic

rests RZold (REnew) overflowing to that high usage group of
third order.

The dimensioning of high usage groups of fourth or higher
order occurs analogously to Sections III.6 and III.7.

The above traffic rests Ryo142 Rlold and Ry oo Flnew

are already known from the previous dimensioning steps.

b) Example
High usage group of third order 215-3 (Fig. 3.1) is to be
dimensioned. The necessary data of this group are k3=10,
n301d=22, Y}old:17'5 Erl (see Section III.5.2 b),page EB8).
The growth factor be GF = 1.15.

In Fig. 3.1 it is shown that the traffic rests of the first
high usage groups 215-35 and 215-36 as well as of the second
high usage group 215-31 are overflowing to the considered

group. The sum of these traffic rests can be determined

£1l
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III.9 Dimensioning of the Final Group

III.9.1 Remark

Each final group can only be dimensioned newly if all
preceding hunted groups are newly dimensioned which
influence the traffic offered to this considered final
group.

I1I1.9.2 Procedure

Regarding the final group in a network with alternate
routing one has to distinguish between three different
types a), b) and ¢), i.e.

a) Final groups where the offered traffic consists of

- traffic overflowing from high usage groups
in the considered exchange plus

- directly offered random traffic.

They can be dimensioned analogously to the procedure

in Section III.6. The number of trunks n for a

fnew
prescribed loss Bf has to be read from Table 6.
(Example: Final group 215-21 in Fig. 3.1, calculation

see Section III1.9.3),

b) Final groups where the offered traffic comes from in-
coming high usage groups and/or final groups which do
not have an overflow possibility in the considered
exchange. (Example: .Final group 3-31 in Fig. 3.1).

They can be dimensioned as follows:

- First, the respective incoming groups offering the
traffic have to be dimensioned newly.

- These new group sizes have to be realized.

c

)

~ Now, the traffic Yf of the considered final group
has to be measured.

Y
- The offered traffic is A= T§§———————- .
{,prescr.

- Regarding a growth factor GF one obtains A =A.*GF.

fnew °°f

~ With Afnew’kf’Bf,prescr. one obtains from Table 6 the

new number n of necessary trunks.
fnew

Groups to or from final exchanges which carry the total
traffic between the considered network and this final
exchange are dimensioned according to Chapter II.
(Example: Group 2153-215 in Fig. 3.1).

III.9.3 Example

The final group 215-21 (Fig. 3.1) has to be dimensioned for

a prescribed probability of loss B

f,prescr.=1%' The data of

this group be:

kf = Ny

g o1a = 30

Y = 26.5 Erl (see e.g. Section III.5.1 b), page ET7).
f,o0ld

The traffic offered to this final group is given by the sum
of the overflowing traffic rests (Fig. 3.1):

Rlold=11.7 Erl or Rlnew=12.0 Erl, respectively,

(Section III.5.1 b), page ET7);

R =10.5 Erl or R =6.1 Erl, respectively,

30l1d
(Section III.7 b), page E11);

3new

and furthermore the directly offered traffic Afdir,old or

Afdir,new

, respectively.

The growth factor be GF = 1.15.



With these data one
Ap o1d =
Afdir,old
Afdir,new
A =

fnew

Denew

obtains:

28.3 Erl (Table 4)
(28.3-11.7-10.5) Erl = 6.1 Erl
6.1 - 1,15 Erl = 7.0 Erl
(7.0+412.0+46.1) Erl = 25.1 Erl

41 (Table 6, Bf=1%).
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Annex

THE COST RATIO P IN CASE OF MULTIPLE OVERFLOW

by W. L8rcher and R. Schehrer

The traffic partition between high usage groups and a
final group with regard to a minimum of total network
costs has been investigated in many papers,e.g. in
/16,18-23,26/.

The derivation in /22/ is repeated concisely in Section 1.
It will be applied in a similary way to systems with

multiple overflow in Section 2.

1, Systems with Single Overflow

The total costs Ceot of a network consisting of m high usage
groups and one final group are given by

m
Ctot=Cr Pp * Zchi'nhi (1)
i=1

where

Cr> %ni cost per trunk ) of the final group or the

high usage group No. i,

Ney Npy number of trunks ) respectively.

The total costs c, . shall become a minimum where the
probability of loss Bf of the final group is prescribed.
The random traffics Ahi offered to the high usage group
No. i and Afdir offered to the final group, respectively,
be constant. The necessary number of trunks Ne for the
final group depends on the number 04 of the high usage
groups. The optimum group sizes of the high usage groups
are obtained by partial differentiation. In order to get
the optimum number of trunks nhi,opt
group No. i (i=1,..,m), the condition

of the high usage

oc onf
a—nﬂﬁ:c . +c¢,. =0 (2)
My f Uﬁ;; hi

has to be fulfilled.

The total traffic Ap offered to the final group is given
by (cf. Section III.9,2, type a))

m
Re = Apgip * > Ry )
is1

On the other hand, it holds

Y
A, = £

'Bf,prescr.

where Yf carried traffic of the final group

and the traffic rest Rhi overflowing from the high
usage group No. i is given by

Rni = Api 7 Yni (5)
where Yhi carried traffic of high usage group No.i.

Equation (2) can also be formulated

(:CtOt:Cf'%%g';f—‘”ch':O (6
Dp4 £ Dhi 1

With equations (3), (4) and (5) one gets from equation (6)

m
ong D(Afdir t 2 Rni)

i=1 _
et 7 Y : 3 topg 70
) £ > Tni
i -B
\ f,prescr.
or on oY, .
£ hi -
°r' 3 f - Bf,prescr.) ( anhi> *epg =0
and
Mpi _ Chi | 1 oY (7)
in, .  Ca = E]
Mhi Cr f,prescr, Ne

For single overflow (see Section III.5.1) the cost ratio P holds

c
P - S

= P RN e S (8)
f/hi Chi

E15
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The number of trunks has to be integer. Therefore, one can
replace 9Y/dn by 4Y/An. Then, one gets from equations
(7) and (8) with 4n=1

AY
TR 6 - ey )

- f,prescr.

where

AYhi marginal occupancy, i.e. the increase of the traffic
carried by a high usage group if the number of
trunks is increased from n, s to nhi+1 (Ahi=const,
khi=const)

AYf marginal capacity, i.e. the increase of the traffic

carried by the final group if the number of trunks

is increased from ne to ne =const,

1 (Bf,prescr.
kn=const).

In practice the prescribed probability of loss of the final

group Bf,prescr. is «1 (e.g. Bf,prescr.
as a dimensioning rule from equation (9)

£1%). Thus, one gets

AYf
8y = (10)

In /22/ it is demonstrated how this dimensioning rule can
implicitely be regarded in a table for the dimensioning of
high usage groups of first order (see Table 3 of this book).

2. Systems with Multiple Overflow

For the optimization of systems with multiple overflow one
regards all groups which are subsequently hunted behind one
certain high usage group of first order. A resulting cost
ratio P is determined which takes into account the costs

of these subsequently hunted groups. By means of this cost
ratio P the high usage group of first order can be dimen-
sioned with the same table (Table 3) similar to that case
of single overflow.

The derivation be explained for systems with triple overflow.

Double overflow is then obtained as "special case",

2.1 Triple Overflow

For systems with triple overflow (ecf. Section III.5.3) the
subsequently hunted groups are a follow group o , furthermore,
a follow group B and the final group (Fig. A.1).

A Pagair  [Ppkair  [Prair
{
high usage group T nys 5 Y44
of first order ‘“r;"‘ : =
1 y
——— e — |
follow group o _}i Doy 3 Yuj !
T R |
= SN
follow group p ———™
L e Yk ]
T% LR
tRp Bk
final group E noe Yo 1

Fig. A.1: Structure of the groups to be regarded in case of
triple overflow.

A offered traffic to

$ )
11
Yli carried traffic of g the considered high
. . usage group of first
R1i overflowing traffic ofg order No. i
n, number of trunks of §

RZ sum of overflowing traffic rests from other
high usage groups of first order (#i) offered
to the considered follow group « No.j

The traffics and numbers of trunks of the other
considered groups (follow group« No.j, follow
group @ No.k and final group) are defined analogously.

The costs of the subsequently hunted follow groups and the
final group are

Cauy * Mey * Cpy Mgy * ¢ * N (11)
Analogously to single overflow (equation (2)) one obtains
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f
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and therewith analogously to equation (6)
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The traffics offered to the follow groups and to the
final group are (according to equations (3), (4) and (5)):

Yac‘ %
- - - - 3
hoj = ToB T Buj air * Ryg * By = Byy qip * Agy¥qtRy (LH2)
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Yf x *
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£ f,prescr. f,dir TRk 2 fhdir "pk "Bk TR

Thus, one gets the partial derivatives with respect to n
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With equations (1b4) and (15) one obtains from equation (13)

aYli 1-Euj v ij(l-Bﬁk) + e Bujsﬂk(l'Bf,prescr.)
1y o Bk £
LV ) Y A,
anuj anﬁk anf
(16)

Now, the partial derivatives dY/on can be replaced by the
difference quotients AY/an. It be normalized to An=1.

Furthermore the cost ratios are defined (according to Section
III.5) as

[e]
(2]

£ (17)
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Thus, one gets from equations (16) and (17)
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In practice, the prescribed probability of loss Bf,prescr.

is << 1, e.g. Be = 1 %. Thus, one obtains from
,prescr.

equations (18) and (10) the resulting cost ratio P

between the considered high usage group of first order

No. i and the subsequently hunted groups as

1 -8B, B, .(1 - B,.)
PzP,.. o B 4 B, By
£/11 aY, . AY i°m (19)
p., . —u p
e85 Ty, £/pe Gy,

In order to avoid an iterative determination of the exact
optimal probabilities of overflow ij and B(Sk but to ensure,
nevertheless a high and economic occupancy of the follow
groups one prescribes a constant probability of overflow

Buj = Bﬁk = 20%. Thus one obtains from equation (19)

0.8 0.16 Y
- 0.0
P = Prig * * (20)
AY . oY "
Perwy o Fripk —
ol
AYf AYf
AY . 8Y
Because ——i x Bl ~ 1 is a tolerable approximation
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one obtains finally

0.8 0.16
+

P~ P _
Prraj  Tr/px

£/1i + 0,04 = Pf/li'c (21)

Equation (21) is used in Section III.5.33 the values for
c=f(PfA‘, Pf/ﬁ) can be read from Table III.2.

2.2 Double Overflow

This case is already implied in the general case of triple
overflow, if one introduces nﬂk=0 and therefore Bﬁkzl' Thus ,
only high usage groups of first order, follow groups o« and

the final group are existing. By equation (19) one obtains
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Under the same presuppositions as for triple overflow one
obtains from equation (22) the cost ratio P for double
overflow

0.8

P=P . + 0.2} (23)
£/11i Ff/mj

The values of P=f(Pf/1,Pf/x) can be read from Table III.1
in Seection III.5.2.

3. Remarks to the Marginal Capacity AYa

The calculation of Table 3 (high usage groups of first order)
is based on these marginal capacities AYf which are valid
for a probability of loss By = 1% of the final group.

Prescribing another probability of loss Bp (e.g. Bo=0.5 %) one
obtains different values 4Yp. For these values an extra table
could be calculated., This table would yield group sizes ny
slightly greater. Accordingly, the number of trunks of the
follow groups and of the final group would become slightly

smaller,

However, extensive numerical investigations have shown that
the total costs of the trunk groups to be dimensioned are
practically not influenced by such variations of Bf. The in-
fluence of Bf is obviously smaller than the unavoidable
inaccuracy of the cost ratios Pf/h’

Therefore, Table 3 is also applicable for Bp*1 %,



I. UBERSICHT

I.1 Zweck dieses Tabellenbuches

Das vorliegende Tabellenbuch gestattet die einfache Behandlung
folgender zweil Dimensionierungsaufgaben der Nachrichtenver-
mittlungstechnik:

1) Die Dimensionierung von Biindeln ohne Uberlaufmglichkeit
mit angebotenem Zufallsverkehr (Zufallsverkehr 1. Art,
d.h. Poisson-Anrufprozef). Dies wird in Kapitel II be-
handelt; hierzu wird die Tabelle 1 bendtigt. (Zufallsver-
kehr 2. Art, d.h. endliche Zahl von Verkehrsquellen, siehe
/1,147).

2) Die wirtschaftliche Bemessung von Biindeln bei ein- oder
mehrfachem Uberlauf in hierarchischen oder nicht-hierarchi-
schen Fernwdhlvermittlungsnetzen mit alternativer Leitweg-
lenkung. Dies wird in Kapitel III behandelt; hierzu sind
die Tabellen 2 bis 6 notwendig.

Bel 1) werden alle Bindel unabhingig voneinander dimensioniert.
Die Struktur des Netzes ist dabei ohne Bedeutung.

Bei 2) dagegen hingt die wirtschaftliche Dimensionierung der
einzelnen Blindel voneinander ab, bedingt durch die jewells zu-
gelassenen Uberlaufmbglichkeiten., In Abschnitt I.3 wird das
Beispiel einer Netzstruktur gezeigt. An den abgehenden Bilndeln
einer Fernwdhlvermittlungsstelle (Fern-VSt) werden deren kenn-
zeichnende GrdRen erliutert.

I.2 Begriffe

Querleitungsblindel (High Usage Groups) sind Leitungsbiindel mit
einer relativ hohen Belastung je Leitung (Y/n%20,7 Erl), bei

denen der nicht aufgenommene Teil des angebotenen Verkehrs auf

weitere Ql-Blindel oder direkt auf ein Letztweg-Blindel liberliuft.

Man unterscheidet dabei zwischen

1. Ql-Blndel: Bilndel, dem nur Zufallsverkehr (Direkt-
verkehr) angeboten wird.

2. Ql-Bindel: Bilindel, dem die von 1. Ql-Bindeln nicht
aufgenommenen Verkehrsreste (iiberlaufen-
der Verkehr) sowie eventuell zus#tzlich
noch Zufallsverkehr angeboten werden.

5. Ql-Bindel: Bilindel, dem die von vorgeschalteten Ql-
Blindeln (1. oder 2. Ql-Biindel) nicht auf-
genommenen Verkehrsreste sowie eventuell
zusétzlich noch Zufallsverkehr angeboten
werden.

sind entsprechend definiert.

4., 5. ...
Ql-Blndel:

Letztwegblndel (Final Groups) sind Leitungsbiindel ohne weitere
Uberlaufmdglichkeit. Der diesen Biindeln angebotene Verkehr

(Uberlauf und/oder Zufallsverkehr) der nicht aufgenommen werden
kann, geht verloren.

I.3 Graphische Darstellung eines Fernwdhlvermittlungsnetzes

mit alternativer Leitweglenkung

Bild 1.1 zeigt einen Ausschnitt aus einem Fernwihlnetz. Die
einzelnen Vermittlungsstellen sind durch Kennzahlen bezeichnet.

Bild 1.1: Ausschnitt aus einem Fernwihlnetz

D1



Zur besseren Ubersicht, vor allem bezliglich der in diesem Fall I.4 Wesentliche Eigenschaften des tabellierten Bemessungsverfahrens

gegebenen Uberlaufméglichkeiten, ist eine zweite Darstellungsart
lblich (Bild 1.2). Es werden nur die abgehenden Biindel einer I.4.1 Biindel ohne Uberlaufmdglichkeit nach Abschnitt I.1
Fern-V3t betrachtet. Bel dieser Darstellung erkennt man be-
sonders deutlich, welche Biindel 1. Ql-Blindel, 2. Ql-Blindel,
3. Ql-Blindel oder Letztweg-Blindel sind.

a) Vollkommen erreichbare Bindel (k=n) werden bei angebotenem
Zufallsverkehr nach der "Erlang’schen Verlustformel" /3/

dimensioniert.
A A A . . .
215- 315 215-316 215- 31 215-35 215-3 215-21 b) Unvollkommen erreichbare Biindel (k<n) werden bei angebotenem
Zufallsverkehr mit der "Modifizierten Palm-Jacobaeus~-Formel" (MPJ)
/8-10,13,17/ dimensioniert. Dabei ist die MPJ-Formel an den
1. G - Biindel | 215-315 | | 215-316 | 215-35 j
entsprechenden Mischungstyp anzupassen.
2.Ql - Bundel L 215- 31 . .
; Diese Methode der Anpassung der MPJ-Formel ist analog flir alle
il € i d thrba 8,13/. Fi
3Gl - Bindel E pyr ] Mischungstypen anwendba% und leicht durchfiihrbar /8,13 r
é das zuldssige Angebot gilt Azul = AMPJ - AA , wobei
Letztweg - Bundel 215- 21 ] . m/n_ . \2 k-2 . 1-B