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GRADE-OF-SERVICE AS BASIS FOR NETWORK PLANNING 

Chr. Asgersen 

Copenhagen Telephone Company, Copenhagen Denmark 

By the traditional procedure the overall grade-of-service comes 
out as a result of network planning and not reversely. 

In a competitive situation it seems logical t~ start the planning 
from the management's decisions about the service they want to 
offer to the customers. 

In the paper the problem will be analysed and discussed . Some ways 
of solving the problem are suggested . 

1. INTRODUCTION 

The blocking values used as grade-of
service standards for telephone networks 
have apparently no relationships to the 
blocking values used by dimensioning of 
the trunk groups and the devices in the 
exchanges . Logically however the relati
onships have to exist. 

This lack of accordance is a problem for 
the planning of a network. Basing the 
network planning on grade-of-service ob
jectives would be logical, but usually 
however the planning is done in the re
verse order. The planning usually starts 
with technological considerations with
out giving the grade-of-service much at
tention. The grade-of-service comes out 
as a matter of fact. As a consequence 
unacceptable differences between the 
blockings experienced by different sub
sets of subscribers are often observed . 

Another consequence usually unnoticed 
is that the possibility of optimizing 
the network is lost. 

This has been acceptable in the ages of 
monopolies as the necessity of being 
competitive was not urgent. Dramatic re
ductions in costs of equipment, especi
ally transmission equipment, contribu
ted to this state of things. 

Liberalization and deregulation with 
competition as a consequence now demand 
that the traffic planning procedure must 
fulfil given specifications of grade-of
service. 

It must be expected too that demands 
will arise on networks being competitive 
as to specific properties relatively to 
other networks . 

Let us assume that two suppliers of net
work services operate within the same 
area . 

One of them will bet on business custo
mers, demanding low congestion and a 
very high degree of reliability. 

Impossibility of obtaining a connection 
due to equipment out of order is not ac
ceptable. 

The price to be paid for reliability is 
less important than the loss of money 
the customers may have. Reduction of the 
risk of losing a message justifies al
most any expense safeguarding the servi
ce. 

Let us assume that another supplier of 
network services will bet on residential 
customers. Less security against inter
ruptions and overloads may be required . 
Low prices are very important. The ser
vice, however, must not decline below a 
certain level. The network is request
ed to be optimized carefully. 

These two suppliers put quite different 
demands on their networks. To fulfil 
the expectations in these different ca
ses is quite a challenge to the traffic 
engineers. It must be expected that de
mands of this kind from the management 
will become usual. 

2. GRADE-OF-SERVICE IN THE LIGHT OF THE 
DEVELOPMENT OF NETWORKS 

Considerable changes of the public tele
phone networks have occurred during the 
last 40 -50 years. The trunk networks in 
the cities were previously separate 
units. 
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The long-distance networks were also se
parate units. Now the units are merged. 
Direct trunk groups between the cities 
combine the city-networks with the long
distance network into large nation-wide 
units. 

In limited city-networks with simple 
patterns as they were in former times 
relationships between the blocking valu
es used by dimensioning and the grade
of-service standards could easily be 
found . The corresponding relationships 
in large modern networks are usually 
not possible to demonstrate. 

The extent and complexity of modern net
works cause large differences in the 
blockings between different subsets of 
subscribers . 

The individual units of the networks 
e.g. exchanges and trunk groups have 
increased and the efficiency has in
creased too. R.W.Horn has treated this 
subject comprehensively in a paper pre
sented at the ITC 9 , (1). 

A consequence of this increase in effi
ciency has been a reduction of overload 
resistibility. Even if the blockings as 
averages in the daily busy hours are in 
accordance with the grade-of-service 
standards, blockings far beyond what is 
acceptable may occur at higher load le
vels repeatedly occurring during the 
year. 

The bad effect of equipment failures is 
also more appreciable in modern networks. 
The reason for this is that replacements 
of computer programmes in digital exchan
ges in case of extension or in case of 
introduction of new facilities tend to 
interrupt the functioning of the exchan
ge totally . This is the case in spite of 
a high degree of reliability of digital 
equipment. 

The risk of digital exchanges being in
terrupted totally is the reason for 
structuring the network in such a way 
that important routes are duplicated. 

The service is also affected by the re
serves in the network. 
The use of modular equipment, especially 
modular transmission systems , may provi
de considerable reserves in the network 
reducing the blocking as averages . These 
reserves are problematic as they may 
temporarily disappear at specific routes 
by the modules being filled up. The re
sult is temporary increases of the block
ings at specific routes . 

Changes in traffic growth rate also af
fect the reserves in the network. Steps 
in extensions cause spare capacity de
pendent on the provision policy. These 
reserves change in case of changes in 
the provision policy. Alterations of 
blockings are the result. 

Regular faults affecting parts of the 
equipment also contribute to blockings 
and have to be taken into consideration. 

Controls in the network as "trunk reser
vation " and "crankback" may increase the 
efficiency of network sub-systems, but 
make calculations of the blockings in 
the network as a total more difficult. 

3. DESIGN OF NETWORKS BASED ON 
GRADE - OF-SERVICE OBJECTIVES . 

As far as I know, design of networks ba
sed on grade-of-service objectives is 
not common practice. The reason for this 
is perhaps that networks usaually deve
lop gradually. New equipment and new fa
cilities are introduced without restruc
turing the network. We hardly realize 
that this may reduce the possibilities 
of optimizing the network. 

It is commonly accepted that by planning 
we take the structure of the network for 
granted . The usual procedure is to crea
te a model of the network as it is, and 
then to put all the details known into 
the model. Such models tend to be big 
and very complicated . 

In my experience it is a better idea to 
create a very simple model with the pro
perties demanded for the network, and 
then after having performed optimizati
ons to design the network in accordance 
with the learnings from the use of the 
model . This method I used in connection 
with the restructuring of the Danish 
analogue network in the sixties, (2), 
with the result that the blockings were 
reduced and that the variance of the 
blockings between the individual subsets 
of subscribers was kept very low. 

4. DISTRIBUTION OF THE BLOCKINGS 
THROUGHOUT THE NETWORK 

In my paper at the ITC 11 in Kyoto, (3) 
I presented some formulas which can be 
used for deducing the blocking values 
for the trunk groups in a hierarchical 
network from given end-to-end grade-of
service values. 

I will show how it is possible to use 
these formulas and similar ones for de
signing networks with given grade-of
service proporties. 



I will illustrate this by an example: 
As a background it is necessary to ha
ve knowledge of the formulas presented 
in (3). 

In fig. 1 is shown the hierarchical net
work presented in Kyoto. For this net
work the following formulas are valid. 
Denotations refer to fig. 1. 

B1 is the grade-of-service standard to 
be kept for traffic inside a local area. 

Bq is the grade-of-service standard to 
be kept for traffic between the most 
distantly situated subscribers in the 
network. 

Bd is the dimensioning value to be used 
for direct trunk groups between two ex
changes within the lc~al area. 

The following formulas indicate the di
mensioning values to be used for the 
trunk groups in question: 

Service-protections: 

Finals: Bs = 

Simple groups: 

Transit groups: 

1 
Bp = -------

2 
- 1 

Bd 
1 1 

B1 (--- - ---) 
Bd 2 

B1 
Be = 

2 

Bq - B1 
Bt = --------

q - 1 

x-1 
B1 + ---(Bq-B1) 

q-1 Direct long
distance groups: Bdx = ----------------

B1 x-1 
-- + ---(Bq-B1) 
Bd q-1 

Grade-of-service standard, local area: 

B1 = Bd Bs + Bd Be = Bp Bs + Be 

Grade-of-service standard, long-distance 
(x = q is inserted in Bdx): 

Bq = Bdq (Bs + (q-1)Bt + Be) 
= Bp Bs +(q-1)Bt +Be 

The blocking between two exchanges in 
this network will be the same no matter 
if direct trunk groups are used or the 
connection is obtained by transit rou
tes. 
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By using the network pattern shown in 
fig. 1 it is assumed that the blockings 
of local traffic B1 are smaller than or 
equal to the blocking of long-distance 
traffic Bq. Blockings of long-distance 
traffic smaller than the blocking of 
local traffic cannot be realized by the 
network pattern shown in fig. 1. 

-B,-
~ ---------------+ 

c: local exchanges T: trunk exchanges 

Figure 1 

If the blocking of long-distance traffic 
is wanted smaller than the blocking of 
local traffic then it is possible to 
achieve this by changing the network 
pattern in accordance with the knowledge 
obtained by use of the formulas. 

By making formulas fulfilling the aim of 
blockings it is easy to see how to de
sign the network in such a way that the 
aim is reached. In this case Bq < B1. A 
network pattern fulfilling the aim of 
Bq < B1 is shown in fig. 2. 

Bpl Bs 

-B,-
Bq ----------------+ 

C: local exchanges T: trunk exchanges 

Figure 2 

The network is characterized by having 
separate service-protection groups for 
local traffic and for long-distance 
traffic. Correspondingly the simple 
groups from the trunk exchanges to the 
local exchanges are separate. 

The blocking of the trunk groups between 
the trunk exchanges must be O. E.g. the 
blocking has to be "very low". This is 
not very costly to obtain in practice as 
adding a few circuits at small blocking 
rates lowers the blocking considerably. 
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The formulas are given below: 

Service-protections, 
local area: 

1 
Bpl = -------

2 

Bd 
- 1 

Service-protections, 1 
long-distance: Bpf = ------------

B1 2 
(--- - 1) 

Bq Bd 

1 1 
Finals: Bs = B1 (--- - ---) 

Bd 2 

Simple groups, B1 
local area: Bel = 

2 

Simple groups, Bq 
long-distance: Bef = 

2 

Direct long- 1 
distance groups: Bdq = ---------------

B1 1 1 1 
(-- - - ) + -

Bq Bd 2 2 

Grade-of-service standard, local area: 

Bl = Bd Bs + Bd Bel = Bpl Bs + Bel 

Grade-of-service standard, long-distance: 

Bq = Bdq Bs + Bdq Bef = Bpf Bs + Bef 

Networks fulfilling the purpose can be 
structured in more ways. 

As an example service-protection groups 
downwards in the hierarchy may be used. 
The concept of service protection for 
traffic downwards in the hierarchy is 
treated in (4). Using service protection 
downwards in the hierarchy makes the en
gineering formulas turn out to be extre
mely simple. The network pattern is 
shown in fig. 3: 

-61-

~ ----------------. 
c: local exchanges T: trunk exchanges 

Figure 3 

The formulas turn out as follows: 

Service-protections, 
local area: 

Service-protections, 
long-distance: 

Direct groups, 
long-distance: 

Finals: 

Bpl 

Bpf = 

Bdq 

Bs 

2 

3 

= 

2 
= Bd 

3 

Bq 
Bd 

B1 

Bq 
Bd 

B1 

Bl 
= 

2 Bd 

Grade-of-service standard, local area: 

Bl = 2 Bd Bs = 3 Bpl Bs 

Grade-of-service standard, long-distance: 

Bq = 2 Bdq Bs = 3 Bpf Bs 

It is easy to verify that the goals are 
reached by inserting relevant blocking 
values into the formulas. 

The example shows that a process imply
ing structuring of the network by calcu
lating the blockings caused by the indi
vidual elements using simple formulas 
makes it possible to assign blocking 
conditions wanted for networks. 

Concerning the deduction of the formulas 
please refer to (5) and (3). Concerning 
the validity of the formulas it should 
be understood that the purpose of the 
formulas solely is to create a survey of 
the distribution of the blockings 
throughout the network. The formulas are 
not intended for exact calculations re
lated to short time intervals. An evalu
ation of the formulas is given in (6). 

5. OVERLOAD RESISTIBILITY 

Another important matter to be observed 
for the understanding of the grade-of
service problem is the effect of traffic 
variations. 

It is well-known that the traffic loads 
vary during the day, during the week and 
during the season. 

The traffic values used for engineering 
purposes are usually related to the 
average busy season busy hour. 

Hours with traffic loads considerably 
higher than the average busy season busy 
hour load occur repeatedly during the 
year. 



These very busy hours are decisive for 
the experiences of the users of the 
networks. Blocking values at the size 
indicated by the dimensioning rules re
lated to the normal busy hour cannot be 
sensed by the users. At the normal traf
fic level a user of the network cannot 
distinguish between 0.2 % blocking, 1 % 
blocking and 3 % blocking. 

The importance of the average busy sea
son busy hour traffic load level is that 
it is possible by measurements to estab
lish statistically significant figures 
for use in planning and administration. 

Traffic measurements at hours with very 
heavy traffic loads, when the top per
formance of the network is needed, are 
difficult to obtain and are subject to 
considerable uncertainty. They are the
refore less used for planning and admi
nistration. 

The blocking values referring to the 
average busy season busy hour used for 
engineering purposes do not express 
anything else than that the performance 
of the network is empirically okay if 
these values are kept. 

Curves of blockings versus traffic are 
steeply rising. (Fig. 4). 

Blocking 
Number of circuits 

Pet. 
10 20 30 40 50 60 

20 

15 

10 

5 

0 
0 10 20 30 40 50 60 70 Erlangs 

Figure 4 

This means that besides the increase of 
the average blocking, the differences of 
blockings between different subsets of 
subscribers are amplified tremendously. 

This problem I have treated in a paper 
presented at the ITC 7 (7). I proposed 
the dimensioning to be carried out at 
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a defined high traffic level correspond
ing to the high load hours repeatedly 
occurring during the year. 

It is well-known that the overload capa
city of small trunk groups is much bet
ter than the overload capacity of larger 
ones. This is the reason why adequate 
engineering curves related to the avera
ge busy season busy hour traffic level 
form non-linear curve shapes. Enginee
ring based on constant blocking values 
causes either too many circuits at low 
traffic loads or too few circuits at 
high traffic loads. 

It is remarkable, however, that the use 
of a blocking value of 7 % related to a 
high load level of 25 % above the avera
ge busy season busy hour level gives 
adequate numbers of circuits independent 
of the size of the traffic load. In his 
paper at the ITC 11 (8) Arne Jensen 
shows that the differences between the 
various engineering rules used in prac
tice are rather small. Among the rules 
listed was the one mentioned above. 

This rule has the quality that fixed 
blocking percentages can be used by the 
dimensioning, which simplifies the cal
culations tremendously. It is especially 
important in this context as it makes it 
possible to carry out the calculations 
of blockings at fixed percentage values 
as presumed for the use of the formulas. 

By designing a network aiming at speci
fic properties concerning grade-of-ser
vice it is important to make clear at 
which load level the grade-of-service 
shall be fixed. 

Dimensioning at a high load level is a 
simple way of securing the overload re
sistibility of the network. 

6. REDUNDANCY 

By redundancy in this context I mean the 
ability of the network to withstand con
sequences of interruptions. 

To establish redundancy at least two in
dependent routes have to exist between 
the source and the destination. 

This can be achieved by using the 
so-called "dual-parented" network 
structure. (Fig.5). 
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According to R.G.Ackerley (9) the struc
ture shown in fig. 5 is used in the 
British Telecom digital network and it 
is also used in the digital overlay net
work applied by the Copenhagen Telephone 
Company. 

U: local exchanges H: trunk exchanges 

NETWORK WITH DOUBLED TRANSIT ROUTES 
FigureS 

The structure is characterized by con
nection of any local exchange to two 
trunk exchanges and connection of any 
trunk exchange to at least two other 
trunk exchanges providing at least two 
independent routes between any of the 
local exchanges. 

The dual-parented network may be elabo
rated in different ways. The way in 
which the traffic is divided between the 
branches may differ. 

If a dual-parented structure is not com
pletely symmetric the dimensioning is 
very difficult to carry out. 

It is very difficult too to calculate 
the blockings that the individual 
groups of subscribers will experience. 
This is the case as well by normal con
ditions as in case of one partner trunk 
exchange being out of service. 

UDo• UD,. UD2• UD3 

HD,. HD2 
Np• Np,' Np2 
NI' N.,. Nil 

local exchanges 
transit exchanges 
service-protection groups 
finals 

PART OF A NETWORK WITH REDUNDANCY 
Figure 6 

To ensure that the formulas used for the 
end-to-end dimensioning method described 
in section 4 could be adapted to the du
al-parented structure I propose an ela
boration as shown in fig.S. 

The alternate routing pattern is exactly 
identical with the pattern used in net
works without dual-parented structure. 
Trunk groups carrying transit traffic 
from an originating exchange is simply 
split up into two branches each leading " 
to one of two partner trunk exchanges. 

The splitting up is done for service
protection groups as well as for finals . 

UDo• UD,. UD2• UD3 

HD,. HD2 
Np• Nph Np2 
N •• N.,. NS2 

local exchanges 
transit exchanges 
service-protection groups 
finals 

THE NETWORK SHOWN ON FIG. 6, 
WITH 1 TRANSIT EXCHANGE OUT OF ORDER 
Figure 7 

In fig. 7 the dual-parented network is 
shown in a situation where one of the 
partners is out of order. Looking at the 
pattern in this situation it is easy to 
recognize that it is exactly like the 
pattern without dual-parented structure. 

The equations used for dimensioning of 
the trunk groups are the same as when no 
dual-parented structure is used. 

The engineering of the dual~parented 
structure can be done in the following 
steps: 

- The grade-of-service standard applied 
for the case that one partner trunk 
exchange is out of order must be deci
ded. This value is to be inserted as 
Bl in the equations. 

- The blocking value intended for dimen
sioning of the direct trunk groups Bd 
must be decided. 

- The blocking values for dimensioning 
of the service-protection groups and 
the finals are calculated by the equa
tions. 



- The number of trunks is to be calcula
ted by using the blockings calculated. 
For the finals the Equivalent Random 
Method (10) has to be used. 

The same procedure is used for each 
trunk exchange assuming its partner 
being out of service. 

- The number of trunks in the trunk
groups split up is determined by ad
ding up the number of trunks in the 
branches. 

Ao, erl. -111111-
N02 

Ao2 erl.-IIIIII-
OVER

~ FLOW 

I 
I 

~ erl.-: 
I 
I 
I 
I 
I 

-
_serl. 

blocked. 

ENGINEERING DIAGRAM CORRESPONDING TO FIG. 7 

FigureS 

In fig. 8 is shown the use of the Equi
valent Random Method in case of one 
partner trunk exchange being out of 
service. 

By this elaboration of the dual-paren
ted structure it is possible to calcula
te the blockings throughout the network 
in case of trunk exchanges being out of 
service. 

Reversely it is possible to design the 
network on the basis of decided end-to
end blockings in cases where one or more 
trunk exchanges are out of service. 

7. EFFECT OF FAULTS AND RESERVES 

By construction of a network on the ba
sis of grade-of-service specifications 
it is necessary to take into account the 
effect of faults and reserves on the 
blockings of the network. A simple way 
to do this is to adjust the number of 
circuits by calculations of blockings 
as shown below: 
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If we suppose that the conditions for 
applying Erlang's Formula are fulfilled 
the number of circuits, N, necessary for 
obtaining a given blocking, B, by the 
traffic offered, A, is given by: 

B = E(A,N) (11) 

Let us assume that Nf circuits are out 
of service and reserves corresponding to 
Nr circuits exist then the necessary 
number of circuits Ne to be provided 
if the blocking B has to be kept is: 

Ne = N + Nf - Nr 

If the annual growth rate changes, then 
Nr will change as well. 

Let us assume that a network had a traf
fic growth rate of a certain amount. 
Then it is decided to establish a digi
tal overlay network supposed to absorb 
the growth. Extension of the analogue 
part of the network is stopped. The ana
logue network will stagnate and the re
serves will be used up. Nr previously 
positive is now going to be O. If the 
blocking level has to be kept Ne must be 
increased. 

Actuel numbers of 
circuits provide1 

"""""""",,,,,,,*,"" 

19xO 19x1 19x2 

Figure 9 

Number of circuits 
needed according to 
traffic growth 

19x3 19x4 Years 

This is illustrated in fig. 9. The hat
ching representing the reserves which 
disappear in the case of the growth rate 
being O. 

Ne must be adjusted if Nand B accor
dingly have to be kept. 

Faults and reserves in the network may 
have a major impact on the blockings of 
the network which should be considered. 

Reversely it is necessary to consider 
the effect of faults and reserves by 
construction of networks aiming at con
sciously decided grade-of-service speci
fications. 
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8. CONCLUSIONS 

It is important of course to choose the 
right situation concerning traffic load 
and network condition as basis for the 
engineering of the network: 

Shall the engineering be done on basis 
of: 

- normal load level and intact network? 

- normal load level and defective network? 

- high load level and intact network? 

- high load level and defective network? 

Considerations of space prevent me to go 
into details concerning choice of load 
situation and network condition for the 
planning base. 

The choice should be based on strategic 
considerations observing the target 
group/groups of customers to be bet on 
and the grade-of-service intended to be 
offered. 

My objective was primarily to emphasize 
that possibilities exist for different 
strategic choices of grade-of-service 
and that it is possible to influence it 
by arranging the planning procedure con
sciously aiming at grade-of-service ob
jectives decided beforehand. 

Secondly my objective was to demonstrate 
that it is possible by simple means to 
design the network from given grade-of
service measures. 

In my opinion besides blocking values 
given as averages the grade-of-service 
objectives should comprise measures of 
overload resistibility, redundancy and 
the effects of faults and reserves in 
the network. 
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