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ABSTRACT 

New technologies will give the chance to inte
grate a variety of servicesihto one system. 
This will lead to traffic flows with different 
bandwidth, different busy hours, and different 
local traffic distributions. As it will become 
more difficult to forecast traffic parameters 
reliably the flexibility of networks to traffic 
variations will become more and more important. 

The paper introduces a performance index D de
scribing the degradation of grade of service 
in case of overload caused by a changing traffic 
matrix. Some simple examples show in which way 
D can be applied to describe the performance 
of a network. 

1. INTRODUCTION 

The grade of service GS is the most commonly 
used performance index describing the availa
bility of a service offered by a telecommunica
tion system. In a loss system the GS is given 
by the point to point loss B resulting from 
network dimensioning and traffic distr~bution 
for all calls between all subscribers. If s 
services are integrated in a system there are 
of course s losses B . But for estimating the 
performance of a ser~ice-integrated system an 
index describing the overall grade of service 
is necessary. If s services are integrated and 
each service has a bandwidth or - in a digital 
system - a bitrate bi , r = 1 ... s, there are 
three possibilities tb define the overall loss 
B
tot

' The first one is to calculate the mean 

value of all losses: 

-- -, s 
B
tot 

= s r~1 Br ' which results in an overrating 

of the influence of the rarely used services. 
The second possibility is to take the traffic 
values Ar into account: 

s 
LAB 

r=1 r r 
s 
L 

r=1 
A 

r 

which results in an overrating of narrowband 
services as in order to have a good overall GS 
it would be sufficient to give a small loss to 
the frequently used narrowband services and a 
high loss to the rarely used broadband services. 

Thus the most reasonable way to define the over
all loss of a service-integrated system is to 
take the traffic values and the bitrates into 
C\ccount: 

s 

L bi A B 
r r r 

Btot 
r=1 

s 
L bi A 

r=1 
r r 
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The integration of new services will probably 
lead to a less reliable forecast of the traffic 
parameters. Different busy hours and different 
local traffic distributions can occur. That is 
why, besides the GS, the performance of a net
work in case of an overall and local overload 
becomes more and more important. 

Overload can occur due to failures in the net
work or due to a changing traffic matrix. The 
failure case is treated in /1/. In this paper 
the case of traffic variations is treated and 
a measure D describing the degradation of the 
GS is introduced. In Section 2.1 D is calculated 
for a network with two services, one narrowband 
and one broadband, and an example considering 
a full availability group shows in which way D 
depends on the increase of traffic values for 
the two services. 

In Section 2.2 the degradation of the GS due to 
local traffic variations is treated. Three 
simple network models of different topology and 
two fundamentally differing traffic distribu
tions are chosen for which the degradation is 
calculated. 

2. DEGRADATION OF GRADE OF SERVICE IN OVERLOAD 
CONDITIONS 

Future telecommunication networks with broadband 
transmission media can carry several se~vices 
with different bitrates. In such systems each 
subscriber group has access to a common broad
band channel (for instance a glass fibre channel) 
with a high utilization provided that the elec
tronic equipment. in the coupling nodes allows a 
sufficiently high bitrate. The common channel 
has to be dimensioned for the expected traffic 
values, i.e. for the normal load. 

For describing the degradation of the grade of 
service in case of overload, a quantity has to 
be defined and to be referred to the normal 
load for which the network has been dimensioned. 
In addition to a quantity characterizing the 
degradation for each of the services a quantity 
is needed describing the overall performance 
of the network. 

If a(i,j) is an element of the traffic distri
bution matrix A of dimension N describing the 
traffic flows between a source i and a destina
tion j, the point-to-point losses B(i,j) form 
the loss matrix B. From A and B a difference 
dy between overload and normal-load can be cal
culated from the residual traffic flows R(i,j). 

N 
dy ~ [ (. . ) R (. . ) ] S (. . ) =.~ . R ~,J overload - ~,J normal ~,J 

~,J (1) 

with R(i,j) = a(i,j) B(i,j) 

and S(i,j~ 

a(i,i) o 

~{1+sign[B(i,j)overload -

- B (i, j) normal]} 
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In this relation ~(~Jj) guarantees that negative 
differences .1 y do not contribute to the 
sum. In Section 2.2 reasons are given for tne 
introduction of S(i,j). 

The difference of residual traffic flows in (1) 
is referred to the carried traffic under normal 
conditions in the network 

N 
Y = IL a ( i , j) { 1 - B ( i , j) } 1 

i,j norma 
(2) 

The quotient of the two quantities can be taken 
as a measure for the degradation of the GS for 

a one-service ~network. For a service-integrat
ed network the quotient can formally be extend
ed in the following form 

s 

D 
r~1 .1Yr

q
r 

(3) 
s 
L Yrqr 
r=1 

if s services are carried by the network and 
each of them has a bitrate ratio 

bi r q = 
r bi1 

(4) 

bi1 being the bitrate offered by the system to 
the service with the lowest bandwidth. 

2.1 DEGRADATION BY TRAFFIC INCREASE IN A SER
VICE-INTEGRATED SYSTEM WITH FULL AVAILABI
LITY 

In order to show in which way formula (3) can 
be used the quantity D is applied to a simple 
model of a telecommunication network with in
tegrated transmission of two services with dif
ferent bitrates. The time division multiplex 
(TDM) system has a time frame with a given 
number of time slots p. To this TDM frame two 
subscriber groups have access offering calls 
with different bitrates. The calls of the 
first subscriber group demanding the first ser
vice occupy one timeslot (narrowband service) , 
calls of the second group demanding the second 
service occupy q timeslots (wideband service). 
It is assumed that calls of the wideband ser
vice can be carried by the frame without resi
due (p/q integer). Furthermore it is assumed 
that calls from the two subscriber groups are 
statistically independent from one another and 
are directed to external subscribers (i.e. the 
internal traffic of the subscriber groups is 
neglected) . 

The TDM frame is divided in two subframes each 
of them being exclusively reserved to one of 
the services. The offered traffic of the first 
subscriber group is a 1 under normal conditions 
and a 1a

1 
under overload conditions, the cor

respond ng values for the second qroup are 
a 2 and ~ 2 a 2' a l' a 2 > 1. - -

The degradation D calculated with formula (3) 
is shown in Fig. 1 as a function of a J and 
different parameter valu"es a/. The raf:io of 
bitrates is q=10 and the numBer of timeslots 
in the TDM frame p=1000. It is assumed that 
under normal conditions offered calls of both 

" services are handled with 1 % loss, the traffic 
of the narrowband service occupying 460 time
slots (channels) and the traffic of the 
broadband service the remaining 540 timeslots 
(54 broadband channels). 

Fig. 1 shows the degradation D depending on 
the overload in both subframes: The range of 
values of the quantity D depending on the 
traffic load in one subframe strongly depends 
on the overload in the second subframe. 
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Fig. 1: Degradation D as a function of traffic 
increases a 1 , a 2 in a TDM system with 
two services 

2,1 

In order to obtain more general results the de
pendence of D from a ,a must be calculated 
with subframe of differe~t size and corresponding 
traffic values for the normal state with 1 % loss. 

2.2 VARIATION OF TRAFFIC DISTRIBUTION IN THE 
NETvlORK AREA 

Overload in parts of a network can arise from "a 
varying traffic distribution in the network area. 
Such a variation can occur gradually as a result 
of changing subscriber behaviour or of the intro
d~ction of new services or regularly by a rela
t10n between the calling rates of business and 
residential subscribers changing with the hour 
of d~y. It can also occur as a singular event, 
for 1nstance in case of a catastrophe. 

Gradual and regular variations can be considered 
in the planning process whereas in general it 
i~ rather difficult to take precautions against 
s1ngular events. In any case, a description of 
the overload capability should include the de
gradation of the grade of service in case of 
local traffic variations. 

2.2.1 MODEL AREA 

In order to demonstrate in which way the over
load capability in case of a local traffic vari
ation can be described by the degradation of 
grade of service D, a simple model of a network 
area is applied~ For the provision of this area 
with telephone service three types of networks 
are chosen as examples: a fully meshed network, 
a two level star-type network and a two level 
loop system with distributed switching. The mo
del area is to be seen in Fig. 2. There are 

SLA 1 SLA 2 

SLA, SLAS 

SLA, SLAa 

SLA 3 

SLAs 

SLAg 

Fig. 2: Model area 

SLA subscriber loop 
area 
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two classes of subscriber loop areas (SLA's) 
with different offered traffics per subscriber, 
one representing business areas and the other 
one representing residential areas. Furthermore 
there are two states with different offered 
traffics per subscriber, one state representing 
the morning busy hour, the 'other one represen
ting for ins~ance the evening hours or a holi
day with low business traffic and high residen
tial traffic. 

number of SLA' s: M 
business SLA: SLAS 
residential SLA: SLA. ' FS 
number of subscribers in the SLA: N 1,1 

State r=1 (morning busy hour) 

offered traffic per subscriber 

in SLA
i 

a 1i 

state r=2 (evening hours or holiday)' 

offered traffic per subscriber 

in SLA. 
1 

total offered traffic of an area A . =a . N 
r1 r1 

In order to be able to compare the network 
performance in states with different local traf
fic distributions the total offered traffic i n 
the area must be the same in all states. 

M M 
L A1 · = L A2i 
i=1 1 i=1 

The offered traffic of each subscri ber is as
sumed to be homogeneously distributed among 
all other subscribers of the area. 

traffic offered by subscribers: a i 
offered traffic from subscriber m r 

to subscriber n 
. a . 

r1 
a(m,n) = NM-1 

The networks serving as examples are dimensio
ped for a planned loss B in state 1. The ex
changes are assumed to bg full availability 
groups and the offered traffic to be Poisson. 
The number of channels is n, and the loss re
sulting from state 2 is B2 . 

Values chosen for numerical evaluation 

.1 Erl 

.01 Erl 

.01 Er"! 

.02125 Erl 

a 2i ,iFS results from the condition 

N = 6000 
M = 9 
B = 1 % 

P 

LA1 · = LA2 · . 1 . 1 
1 1 

2.2.2 FIRST EXAMPLE: FULLY MESHED NETWORK 

Fig . 3 shows the considered network. I n order 
to simplify the calculations it is assumed that 
there is no external traffic. Furthermore, the 
number of channels needed for B = 1 % in state 
1 and the loss in state 2, B , Pare not calcu
lated from the equations of ~tate, but succee
ding nod~ of a connection are assumed to be 
independent from one another. 

In the following the traffic flows between the 
exchanges are calculated. Assuming that the 
traffic Yij from exchange i to exchange j is 
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Fig. 3: Fully meshed 
network in the 
model area 

subscribers 

o exchange 

independent of thoie going from exchange i to 
other directions and of those from other exchan
ges to exchange i, 

Ai 
Y .. = -M (1-B . . ) 

1) 1) 

In state 1 
_ A1i 

Y1 ,ij - "M .99 

from which relation n . . , the number of channels 
from exchange i to exe~ange j is calculated. 

iFS 

jFS 

iFS, jFS, iFj 

With offered traffic and number of channels 
given, the losses and the traffics on the 
trunks are calculated. 

The numerical values are shown in Table 1 

Y1 "/i ,IJ Erl nij A2 .. / ,IJ Erl 82 ";' ,IJ 0/0 Y2 " /1 ,IJ Erl 
itS 6 .6 13 14.17 23,3 10.9 j =5 

i =5 
66 81 j *5 6.67 0 6.67 

i *2 . 5 6.6 
Ji : i 

13 14.17 23.3 10.9 

Table 1: Traffic values and losses in a fully 
meshed network 

2.2.3 SECOND EXAMPLE: TWO LEVEL STAR-TYPE 
NETWORK 

Fig. 4 shows the considered network. All connec
tions between subscribers of different SLA's 
are switched via a trunk exchange TX which is 
located at the same place as the local exchange 
of SLAs ' LXS ' There are two different traffic 
flows Eo be calculated. 

Traffic from TX to LX. : YiTX= (1-B
Txi

) 
1 

M 
1 L Aj (1-B

jTX
) 'M 

In state 1 j=1 
jFi 

Y1,iTX 
M-1 

A1 ,i .99 t1 
M 

.l 
Y1,TXi .99 L A1 ,j .99 

j =1 M 

jFi 
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In state 

Y2,5TX 

Y2 ,iTX 

2 

M-1 A25 (1-B2 ,5TX) r;r-

M-1 
A2i (1-B2 ,iTX) r;r-

M 

(1-B2 ,TXS) 1: 
j=1 
j,S 

Fig~4: Two level 
star-type 
network in 
the model 
area 

• subscribers 
o local exchanges LX 

o trunk exchange TX 

• 

iFS 

The numerical values are shown in Table 2 

Y1/Erl n AqErl 82/% Y2/ Erl 

5"TX 5 28 555 53.33 0 53.33 

i .TX 
52.8 67 i ~ 5 113 .33 41 .8 65.96 

TX·5 52 .3 66 65.96 9.2 59.89 

TX .. j 
111.1 130 64.39 0 64.39 

j I 5 

'Table 2: Traffic values and losses between ex
changes in a two level star-type 
network 

2.2.4 THIRD EXAMPLE: TWO LEVEL LOOP NETWORK 
WITH DISTRIBUTED SWITCHING 

Fig. 5 shows the considered network. All sub
scribers of a SLA are connected to the' subscri
ber loop SL which carries a high speed time di
vision multiplex (TDM) system. Each subscriber 
has access to all free channels of the TDM sys
tem via a digital switch ss. The SL'sare con
nected to the trunk loop TL via a local switch 
LS. The TL can carry a TDM system of higher 
speed or parallel trunks. An essential diffe
rence between this network and those of examples 
1 and 2 is that a loop carries the total traffic 
generated by the sources connected to it and 
the incoming traffie from sources outside the 
loop. 

Traffic offered to SL 
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A . + 
~ 

M 1 
(1-BTL).1: M A . (1-B

J
,) 

J = 1 J 
jFi 

Traffic offered to TL 

M 

Atot,TL 1: 
i=1 

Fig. 5: Two level loop 
network with 
distributed 
switching 

. subscriber 

o subscriber switch SS 

,~====~~=-__ ~~~====~ D local switch LC 

In state 1 

subscriber loop SL 

trunk loop TL 

r.i-1 
A15 + .99 .99 ~ A1i ,if5 

{M1 M 2 } Atot1 ,i = A1i + .99 .99 A15 + ~ A1i , iFS 

Atot1 ,TL 
M-1 { } r;r- .99 A15 + (M-1) A1i ,iF5 

In state 2 

Atot2 ,5 

For this example, the evaluation is a bit more 
complicated. From Table 3 an upper limit of 
Atot2 ,5 can be derived: 

A < A + M-1 A 
tot2,5 25 r;r- 2i ' 

A < 173.35 Erl 
tot2 ,5 

680 results B2 ,S ~ 0 

With this simplification and a simplified nota
tion an iterative method is applied 

Atot2~i 

A2 ,i = 

1 A
25 M 

a 
s 

A 
s 

b 
s 

c s 

B s 

Atot2 ,TL AT Atot2 ,5 AS 

M-1 A2S r;r- aT A2 ,5 as 

M-1 (M-1) 
M A2i b T 

B2 ,TL 
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As As! 

AT An 

As = Qs +(s(1 - Bs) 

The numerical results are shown in Table 3. 

Y1/Erl n A2/Erl B2/% Y2/Erl 

SL5 652.3 680 212.2 0 212.2 

SLj 171.1 192 218.9 14.6 186.9 
i~5 

TL 950.4 977 827.6 0 827.6 

Table 3: Traffic values and losses in a two 
level loop network with distributed 
switching 

2.2.5 DEGRADATION OF GRADE OF SERVICE 

As defined at the beginning of Section 2 the 
degradation of grade of service D is in case of 
one service 

D 

with 

R1 ,i_j 

R2 ,i_j 

L L R1 .. S(i,j) 
i j ,1.-) 

lost traffic of traffiC\in state1 
flow from subscribers (normal state) 
of SLA. to subscribers in state 2 . 
of SLA: (overload state) 

) 

Y1,i-j carried traffic from 
i to j 

in state ·1 

ITC-9 

S ( i , j) = -2
1 

{1 + sign (B 2 . . - B 1 . . ) } 
,1. ) ,1. ) 

B1 ,i-j ' ~total loss of traffic ~in state 
B flow from i to j in state 2 
2,i-j 

S .. has been introduced as a result of the fol-
1.) 

lowing considerations: The network has been 
planned and dimensioned for a certain loss that 
is assumed to be accepted by the subscribers. 
A variation of traffic in the area will lead to 
overload and higher loss for some traffic flows 
and to a loss lower than the planned loss for 
other traffic flows. While the increase of loss 
leads to 'a degradation of grade of service, the 
decrease below the planned values will not lead 
to a better situation for the subscribers. 

For the three examples D can be calculated as 
follows: 

1. Fully meshed network. Assuming that in an 
exchange j the outgoing traffic flows to diffe
rent directions and the incoming traffic are 
independent of one another, then 

M 1 
A1 ,)' )' + L M A1 . (1-B 1 .. ) 

i=1 1. ,1.) A1j ,inc 

iFj 

with A1 ., 
,)) 

1 = M A1j , from which results the 

number o~ outlets nj,inc for the incoming traf

fic in exchange j for B1j ,inc = 1 % 

M 1 
A2j ,inc A2 ,jj + L M A1i (1-B2 ,ij) 

i=1 
iFj 

_ 1 
with A2 ,jj - M A2j , from which results B2j ,inc· 

tVith t 1,2 for states 1,2 and 

Ml At1.· {1 - (1-Bt .. ) (1-Bt · · )}, j Fi ,1.) ) ,1.nc 

1 
Rt . . I-M At ' ,1.-) 1. 

~ Ati {1 - (1-Btitinc)} 

D can be calculated 

2. Two level star-type network: Using the same 
assumptions as above, we get 

M 

A2j ,inc = A2 ,jj + i~1 ~ A2i (1-B2 ,iTX) (1-B2 ,TXi) 

iFM 

from which results B2j ,inc. Furthermore. 

Rt,i_j ~ Ati{1 - (1-Bt ,iTX) (1-BtTXj ) (1-Btj ,inc)} 

jFi 
1 

Rt,i_j/M Ati 

~ Ati{1 - (1-Bti ,inc)} 

1 
Rt,i-+i/M Ati 

from with D is calculated. 
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3. Two level loop network: Provided that there 
is no inner blocking of the digital switches the 
following equations can be applied 

Rt,i--+j ~ Ati{1 -(1-Bt ,i) (1-Bt ,TL) (1-Bt ,i)} 

The results for the three examples are shown in 
Table 4. 

Traffic number of R1,i .. j . S i .. j R2,i-r Si_j 
i-j tro.tfic flows 0 ,--j E rl Erl 

1. Fully meshed network 

i_S,jll S 
56 .133 3. 297 illj 

i,S,j=S 8 .133 3.297 

i=S,j, S B 0 0 

i=US 8 0 0 

i =j = S 1 0 0 .19 

2. Two level star - ty"~e networ k 

iJ!S,jt:S 
56 . 2 5.922 illj 

it:S,j=S 8 .2 6.681 

i=S,jt:S 8 0 0 

I =j t: S 8 0 0 

1= j =5 1 0 0 .35 

3.Two level loo~ networ k 

i #S.j15 56 . 198 3.835 
i ~ j 

hIS,j-S 8 .198 2.069 

i=S,jt:S 8 1.983 .974 

i =jJ! S 8 .07 2.069 

i =j = 5 1 0 0 .22 

Table 4: Degradation of grade of service D for 
three model networks and a traffic 
variation as defined in Sect. 2 

The values in Fig. 4 allow a comparison of three 
networks with different topology. The values of 
D are of course valid only for the traffic varia
tion assumed. 

3. FINAL REMARKS 

The proposed measure D can support the compari
son of networks concerning their ability to hand
le an overall overload and, moreover, a partial 

overload resulting from traffic variations. 
Some simple networks have been treated. Of 
course, D could be applied to systems with more 
than two services, with several modes of access 
to the frame or to subframes, with full and li
mited availability. For investigations of the 
influence of partial overload D could be cal
culated for a variety of traffic variations al
though of course without certain assumptions of 
symmetry the calculation of D becomes rather 
difficult. An extent ion of the measure D can be 
reached by the introduction of the variance 
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VAR(D) with which the distribution of the degra
dation over the traffic flows in the network 
can be estimated. 
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