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MANAGEMENT IN MULTI-SERVICE TELECOMMUNICATIONS NETWORKS 
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ABSTRACT 
The paper presents an adaptive and 

revenue driven traffic routing and 
network management system for multi
service networks, where the customers are 
served based on differentiated tariffs 
andlor differentiated grade-of-service, 
as is the case in the inter-city and in 
the integrated services networks. 

The system has a global view of the 
network and based on this view it routes 
traffic depending on the actual network 
status and such, that maximum possible 
revenues are achieved. This is realized 
by routing traffic in relation to 
distance and service sensitive tariffs. 

Two routing algorithms are studied. 
One is based on tariffs and applied to 
toll networks. The other one is based on 
differentiated grade-of-service and 
applicable to integrated services 
networks. 

Performance of networks using the 
system is demonstrated by utilizing the 
adaptive routing operating system as a 
simulator (emulator). 

1. INTRODUCTION. 

The telephone networks of today are 
as a rule dimensioned for a constant 
tra.ffic figure, which in a certain way 
r.epresents the busy season, busy hour 
traffic in the network. For a given grade
of-service a fixed amount of network 
equipment is installed. Further, the 
networks are designed for the fixed
hierarchical routing, allowing traffic 
between switch nodes to be routed in a 
predetermined manner. In reality, however 
the traffic is subject to variations. It 
may exceed the average level in some part 
of the network, at the same time as in 
another part,the traffic may be below the 
average level. The present network design 
leads to a situation, where a static 
network is expected to handle a rather 
dynamic traffic process. In normal traffic 
situations the network can provide an 
acceptable grade-of-service. During 
overload, however, the network if 
uncontrolled, can no longer provide 
adequate service to the customers, 
resulting in irritations, reduced traffic 
handled and reduced revenues. The same 
applies to situations where network 
equipment is out-of-service. 

In order to avoid these problems, 
telephone administrations perform network 
management, which however, is based on 
more or less manual interventions. The 
disadvantage is that the procedure is 
tedious and so it may be a matter of 
hours to execute changes. Meantime the 
situation may have changed again and the 
performed servicing may have no effect. 
In fact, a late intervention may even 
have a disturbing effect. 

The Stored Program Control used in 
telephone systems today, makes it 
possible to introduce a more intelligent 
traffic routing and network management 
system into the networks. Such a system 
has been proposed by the author in 
Ref./II for metropolitan networks. There 
are, however assential differences 
~etween metropolitan and multi-service 
networks, e.g. the inter-city and 
integrated services networks. In the 
metropolitan networks, where flat rate is 
used, the main objective of the adaptive 
routing was to maximize the traffic 
throughput. It would not be quite correct 
to use the same routing criteria in 
multi-service networks, where the service 
is provided based on differentiated 
tariffs or based on differentiated grade
of-service. 

This paper is an extension of work 
presented by the author in Ref./II at the 
ICC81, Denver, Col., 1981. The Denver 
paper was dealing with metropolitan 
applications. This paper presents an 
adaptive routing and automatic network 
management system for multi-service 
networks. Traffic studies performed on 
networks using the system demonstrate 
superior performance as compared to the 
presently used fixed-hierarchical 
networks. 

2. GENERAL. 

The studies presented in this paper 
cover the two network alternatives: 

1) inter-city networks, 
2) integrated services networks. 

In the first case, the network handles 
traffic applying different tariffs. In 
the second case, the traffic is handled 
based on differentiated tariffs and using 
different priorities for the different 
services, which results in differentiated 
grade-of-service. It is assumed that the 

4_1B-3-1 



ITC 11 Kyoto September 1985 

different parameters are properly related. 
such that high priority _calls should have 
better grade-of-service and are subject 
to higher tariffs than other priorities. 

The system presented here performs 
the following functions: 

1) ~daptive, revenue driven traffic 
routing, 

2) automatic network management, 
3) on-demand network management. 

The objective of the system is to route 
traffic such, that the total revenues are 
as high as possible, subject to grade-of
service constraints. The traffic routing 
is performed based on: 

a) traffic indicators, obtained from 
network observations, 

b) data base information, such as 
tariffs, priority assignments and 
grade-of-service assignments. 

The automatic network management is based 
on: 

c) out-of-service indicators for 
switches and trunk groups, 

d) load indicators for switches 
and signalling devices. 

In addition, some of the interventions 
are performed on demand. This is done by 
means of a special System Management and 
Intervention Language (SMIL), which 
allows scheduling of actions on-line and 
at any point of time. 

In the case of inter-city networks, 
the system routes traffic maximizing the 
revenues and providing more or less 
uniform grade-of-service. 

In the case of integrated services 
networks, the routing control is performed 
such, that 

* the assigned grade-of-service for the 
different priorities is satisfied at 
the engineering traffic level; 

* during overload, the first priority 
traffic is protected by successively 
canceling the low priority traffic; 

* at underload, the low priority 
traffic is successively allowed 
higher network access. 

Provided that priorities, grade-of-service 
and tariffs are properly assigned, highest 
possible revenues will be automatically 
achieved. 

In both cases,the following network 
management functions can be performed: 

* blocking of calls at origin if no 
free path to destination exists; 

* automatic by-pass of out-of-service 
and overloaded network equipment; 

* on-demand blocking of calls to 
restricted destinations; 

* on-demand reservation of path to a 
destination for a given point of 
time; 

* on-demand management of two-way 
trunks; 

* on-demand modification of network 
data, such as network definition, 
tariffs, priority assignments, grade 
of-service assignments, etc. 

The on-demand interventions are performed 
by means of SMIL, which is modular and 
ca easily be extended. Similarily, the 
data bases can be extended to accomodate 
other functions, such as subscriber 
supervision data, central number data, 
etc. The system facilities can also be 
used for a more general network control, 
e.g. transfer of signalling information 
between the nodes. 

3. DESCRIPTION OF THE ADAPTIVE ROUTING 
AND NETWORK MANAGEMENT SYSTEM. 

3.1 Basic Principles. 
The system is described assuming all 

switches to be of SPC type. The system 
can also be used in mixed, marker and 
SPC node networks. In that case, however, 
calls originating in a marker node must 
connect first to one of the SPC nodes in 
order to benefit from the adaptive 
routing system. 

The general configuration of the 
system is similar to that presented in 
Ref./l/, see also Fig. 1. New principles 
are presented in this paper as regards its 
function, specifically applicable to the 
multi-service networks. 

The system consists of a central 
computer and data links providing the 
physical connections between the computer 
and the switch nodes of the network. The 
computer has a global network view and 
based on this information it provides the 
switch nodes with routing instructions. 

Adaptive 
Routing & 
Network COMPUTER 
Management 

Data 
Switch 

DATA 
LINKS 

\~"-~~ 
\~'\. " 
\\"- " \ '\. "-\ '\. 

SPC NODE \ --~+---+-----'
NETWORK \ 

'\ 

Fig.l. Adaptive Routing and Network 
Management. System Configuration. 

The global view is obtained by means of 
network scanning and is updated with 
certain frequency. During the scanning, 
information is collected on the actual 
traffic and out-of-service status in the 
trunk groups and the switch nodes. The 
observed traffic indicators are: 
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* no. of busy trunks in each group, 
* traffic status in the receiver and 

sender groups of the switch nodes. 
* status of CPU load in each node, 
* call intensities for different 

traffic streams, 
* holding time statistics. 
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The out-of-service indicators cover: 

* individual trunks out-of-service, 
* trunk groups out-of-service, 
* switch nodes out-of-service. 

The scanning interval depends on the 
actual application. However, the system 
must pick up the quick processes related 
to load variations in the CPU and in the 
signalling devices. Therefore, in general 
a scanning interval of 5-10 seconds can be 
envisaged. 

Apart from the on-line observed 
indicators, the system is using a data 
base information, which covers the -
following parameters: 

* tariffs, 
* priority assignments, 
* grade-of-service assignments, 
* destination restrictions, 
* network definition, 
* trunk type definition. 

The system defines the routing scheme for 
each pair of nodes, taking into account 
the current values of traffic and out-of
service indicators, as well as the current 
information in data bases. Instructions 
for routing are then properly distributed 
to the different switch nodes. The process 
is repeated every scanning interval. The 
central computer can be provided with a 
data switch, which apart from the routing 
information can also transfer signalling 
information between the nodes, Ref./2/. 

3.2. System Management and Intervention 
Language, SMIL. 

SMIL has been designed to facilitate 
on-line network management interventions. 
It is a coding system, accommodating at 
present 25 codes, but is modular and ca~ 
easily be extended. SMIL allows schedullng 
of interventions as well as activation of 
interventions during the operations. It 
can be used, for instance, for scheduling 
of systematic interventions for the day, 
or for on-line activation of interventions 
for immediate reaction, such .as: 

* modification of network definition, 
* modification of scanning interval, 
* modification of restricted areas, 

etc. 

3.3. Path search Principles. 

The path search is performed by the 
central computer for each originating node 
to each destination. It is based on 
conditional selection using the following 
three choices: 

1. Direct trunk group; l:st choice. 
2. Two-link overflow; 2:nd choice. 
3. Three-link overflow; 3:rd choice. 

The three-link choice is used to assure an 
acceptable grade-of-service also to nodes, 
to which there is no two-link path, e.g.: 

* nodes, which due to low traffic and 
high trunk costs have acces to one, 
or only few other nodes; 

ok nodes, which due to out-of-service, 
ex~ensions,or the current traffic 

situation can be reached from one, 
or only few other nodes. 

The use of three-link alternative has a 
favorable effect on the node-to-node 
congestion. 

3.4. Number of Indicated Paths. 

If a free path to a destination does 
not exist the system indicates congestion. 
On the other hand an indicated free path 
can be snatched away during the scanning 
interval. The incident of snatching can 
be reduced by indicating several free 
paths to be used alternatively, should the 
principal path be snatched away. There is 
however a limit, at which an additional 
path indicated, will not result in a 
substantial decrease of congestion. Fig.2 
shows the general trend, which is valid 
for most practical cases. Consequently, 
the system operates based on two path 
indication, if existing, each of them 
using a maximum of 3 links, see Fig.3. 
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Fig.2 Optimal Number of Paths. 

ORIGINATING 
NODE 

TERMINATING 
NODE 

Fig.3 Number of Overflow Choices. 

3.5. Control of tariff Dependent Routing. 

Detailed description of this routing 
scheme is given in Ref./3/. 

An overflow call occupies two, or 
three links in series, hindering in this 
way the respective links to handle direct 
traffic. The principle of this routing 
scheme is to allow overflow traffic to 
enter the network only if the expected 
revenue from it is greater than the sum 
of revenues expected from handling direct 
traffic by the respective links. 

Set A~ =traffic offered to the l:st link, 
A2 =ditto, 2:nd link, 
N~ =no. of trunks in the l:st link, 
NZ =ditto, 2:nd link, 
s =average holding time, 

4.1B-3-3 



ITC 11 Kyoto September 1985 

Yij =first offered call intensity 
from node i to j, 

cij =tariff per time unit for calls 
from i to j, 

h =duration of overflow call, 
t =tandem node number, 

B(N4)=blocking for link 1, 
B(N2)=ditto, link 2. 

During the duration of overflow call the 
expected total revenue from the 2 links is 

h.Cij + h'YiCStCU' [1 - B (Ni -1 )] + 

+ h·Ytj"S ' Ctj.[l - B(Nz -1)] ; 
( 1 ) 

The expected total revenue from the 2 links 
in case the overflow call is rejected is: 

h-Yii,s'Cit'[l - B(N 1 )] + 

(2 ) 
+ h'Ytrs'Ctr[l - B ( Nz)] ; 

Consequently, the overflow call will be set 
up if: 

and 

for 

Cij >Ca· A1·[B( N1· - 1) - B( Ni )] + 

+ Ct/Az-[B( N 2 - 1) - B(Nz )] ; 
will be rejected otherwise. 

(3 ) 

The corresponding routing condition 
t hree link overflow is as follows: 

cij > ci-t' A 1.[B ( N ., - 1) - B ( N i )] + 

+ Ctr' A2'[B(N2 - 1) - B( Nz ) 1 + 

+ c,.· -A3, [ B ( N 3 - 1) - B ( N 3 )] ; J . 
(4) 

The described routing scheme provides an 
uniform grade-of-service. However, should 
t he network handle different services 
using different tariffs, the high tariff 
services will receive better grade-of
service. 

3.6. Control of Priorities. 

In the case of integrated services 
networks the different services might be 
handled based on priorities. It is fair to 
assume that non-preemptive priorities must 
be used. In the system presented here, the 
priorities are controlled by providing 
h i gh network access to high priority calls 
and reduced network access to lower 
priority calls. For two priorities, the 
following recursive formulas have been 
obtained by means of equations of states, 
f or the calculation of congestion, see 
also Ref./4/ and /5/: 

A·lk-fJ ..,-, £ = -......,-:--=--=--
kJv k+A·Ek_f,y-t 

( 5) 

k·Etf,Y-f 
tic' )1= L A + £k/II j 

I ,,+ '£/(_1,)/-f 
(6 ) 

[n,o=£~,o=[n(A+Af}j k,v =n+f, f; - -- -N/N-n ; 

where N =tot. no. of trunks in the group 
=network access for priority 1. 

n =max. no. of trunks in the group 
to be used for priority 2 calls. 

A =offered priority 1 traffic. 

A.=offered priority 2 traffic. 
E =blocking for priority 1 calls. 
E'=blocking for priority 2 calls. 

The formulas assume full availability 
group and pure chance traffic. For given 
traffics and blockings E and E', the 
number of trunks N and network access n 
can be calculated. During the network 
operations the parameter n can be kept 
constant or adaptively modified. 

3.7. Path Search Algorithms. 

3.7.1 Genera1. 

The path search is performed for each 
node to each destination and provides the 
following routing indications: 

* two 2-link paths over two different 
tandems; 

* if no 2-link path exists, a 3-link 
path is searched and if free, 
indicated; 

* if no free path to a destination 
exists, network congestion is 
indicated. 

As a rule, different services will have 
different routing instructions. Only in 
some cases the same instruction may be 
used for two or more services. The path 
search is based on conditional selection; 
a free path indication is issued only if 
a complete path between two nodes exists. 
The out-of-service and overloaded nodes 
and trunk groups are excluded from the 
path search. 

Definitions: 

NU =tot.no.trunks in group 1J; 
can be used for priority 1 calls; 

nij =no.of trunks in group ij that can 
be used for priority 2 calls; 

Vij =no.of busy trunks in group ij; 
Aij =l:st offered traffic from i to j; 

B(Nij) =blocking in trunk group ij; 
cij =tariff per time unit for calls 

from i to j; 
q~ =availability indicator for node/<; 
qzl' =load indicator for CPU in node/,,; 
q1t=load indicator for receivers in 

node ~ ; 
q~=load indicator for senders in 

node ~ ; 
q~ =load indicator for the connecting 

network in node~; 
t =tandem node number; 
Gij =characteristic value for trunk 

group between node i and j. 

The value of the indicator q'tf< = 1 if the 
device is ?vailable for serV1ce and qVA= 0 
if the device is out-of-service. / 
The path search is performed only if the 
availability indicators for destination 
node j satisfy the condition: 

s 
Q· = 1(q ·= l (7) 

J 5:1 sJ 

Simi1arily. node t can be used as tandem 
only if it satisfies the condition: 

5 

Qt = rr qsf= 1 
s=f 

( 8) 
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3.7.2 Inter-City Networks. 
Tariff Dependent Routing. 

The selection of a 2-link overflow 
path for connections from i to j is based 
on the actual values GU and Gtj. These 
are obtained from the following formulas: 

Lt , . L if Qt=l (9) 
Go = NOt - )lOt} 
Gtj = Ntj - Vij 

G~ = G~ = 0 if Qt=O; t=1,2--- (10) 
Not all tandems t provide a profitable 
overflow path. Only those t can be used, 
which satisfy the conditions: 

Vt = m in C G it ; G tj ); ( 11 ) 

Cij>CitoAit°[B(Nit -1) - BCNit)j+ 

+ CtjoAtj"[B(Nt/ -1) - B(Ntj)}; (12) 
Two tandems are selected at random from 
the group of candidates, t=1,2,---. If no 
2-link path exists, a 3-link path is 
select~d in a similar way. In that case, 
the tandem candidates rand t must 
satisfy the conditions 

t 1= j and r 1= i ( 13) 

In general, this routing scheme provides an 
uniform grade-of-service. However~ should 
the network handle different type of 
services using different tariffs, the high 
tariff services will receive a better 
grade-of-service. 

3.7.3 Metropolitan Applications. 

The routing scheme described in 
Section 3.7.2 can also be used for networks 
applying flat rate. In that case it is 
necessary to set: 

. ci.j = cil = Ctj = 1 ; 
A 2-link overflow path can be used if: 

1 > Aii o [B(Nii -1) - B(Nit )}+ 
+ AtF [BCNtj -1) - B(Ntj)}; C 14) 

In this case an overflow call is allowed 
to enter the network if it is expected to 
contribute to the increase of the handled 
traffic. Else, it is more profitable to 
use the respective links for handling 
direct traffic. 

3.7.4 Integrated Services Networks. 
Priority Differentiated Routing. 

In this paper two different service 
types using different priorities are 
assumed to be handled by the network. Each 
of the priorities needs a separate path 
search. The following procedure is applied: 

* path search is performed only if the 
destination node satisfies the 
condition: s 

Q j =}J q sj = 1 (15 ) 
else, the calls are rejected at the 
origin, 

* for priority 1 calls the parameters 
and Gi.j are calculated from: 

G it = Nit -va - Pit} 
if Qt = 1 

Gtj = Ntj - Vtj - Ptj 
06 ) 

Ga = Gti = 0 if Q t = 0 (17) 
A 2-link path is selected using those 
tandems t, for which 

Qt · = frqs-t = 1 (18) 
5=1 

Vt =min(Git ; Gtj) >0 (19) 

If several tandems satisfy the 
condition, two are selected at random. 
If no free, 2-link path exists, a 
3-link path is selected. In that case 
only those tandems rand t can be 
used, which satisfy the condition: 

t 1= j and r 1= i C 20 ) 

* for priority 2 calls, the parameters 
Git and Gti are calculated from: 

G£t = n,Ot - '-'Lt - PcOt} if Qt = 1 (21) 
Gti = ne;" - Vt;" - Pti 
Git = Gtj = 0 if Q t = 0 C 22) 

The 2-link and 3-link path search is 
then carried out in the same way as 
for priority 1 calls. 

The parameter Ps~ is used to protect the 
network from ov~rload. For calculation of 
the state protection parameter, see 
Ref./S/. The network access parameter n, 
for priority 2 calls can be calculated 
from formulas (5) and (6). 

4. OPERATING SYSTEM. 

Operating software for the described 
system has been developed and tested, 
including the three routing algorithms 
described in Section 3.7.2, 3.7.3 and 
3.7.4. For the development of programs, 
VS FORTRAN has been used. A test performed 
on IBM 3081 indicated that for a network 
of 100 nodes the system required in 
averageJapproximately 0.4 seconds to carry 
out the scheduled tasks during a scanning 
interval of 10 seconds. 

5. STUDIES PERFORMED. 

5.1 General. 
The basic objective of the study is 

to demonstrate the performance of a 
network operating under the control of the 
adaptive routing and network management 
system. The study covered the following 
items: 

* comparison of the fixed-hierarchical 
routing and the 2-link version of 
adaptive routing; 

* performance testing of an inter
city network operating under the 
control of the tariff dependent 
routing; 

* performance testing of the same 
inter-city network, which was 
using the priority differentiated 
routing; 

* performance comparison of the fixed
hierarchical routing and the 
priority differentiated routing in 
the case of switch out-of-service; 

* network performance when the 
adaptive routing system was out-of 
service. 
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5.2 Study Tool. Using the Adaptive Routing 
Operating System as a Simulator, 

A computer aided simulator has been 
developed for . the study. It is based on 
the adaptive routing operating system, 
\vhere some additional modules have been 
included in order to have it operational 
in batch environment and to obtain the 
required statistics. The software is 
modular so that by exchanging modules 
different routing and network management 
strategies can be tested. At present the 
following routing modules exist: 

* direct routing, 
,,> fixed routing, 
~ 2-link adaptive routing, 
* 3-link tariff dependent routing, 
* 3-link priority control routing, 
* 3-link adaptive routing for flat 

rate applications. 

The simulator can also be used for testing 
of the required adaptive routing switch 
modifications. The general simulator 
configuration is shown in Fig. 4. 

SIMULATOR 

OPERATING SYSTEM 

REAL 
TRAFFIC 

Fig .4 Simulator Configuration. 

5.3 Given Conditions. 

The study network is a small inter
city network, which has been modified by 
excluding node relations with negligible 
traffic interest and so that certain 
network problems can be studied. The 
network has the fixed routing design . as 
shown in Fig . 5. Tables 1 and 2 show the 
traffic and the number of trunks matrices, 
respectively. The same traffics and the 
sa~e networ k configuration has been used 
a lso in the case of adaptive routing. 
:: o '..Jever, since the fixed routing sizing 
i s not optimal for adaptive routing, sone 
trunk groups,in this case, have been 
redimensioned. The total number of trunks 
was 2671 in the case of adaptive routing 
and 2675 in the case of fixed routing. 
Two service types were used with the same 
probability of occurrence. Priority 1 was 
used for service 1 and priority .2 for 
service 2. The tariff ratio (service 1)/ 
(service 2) was as 2/1. 

Tandems 

N~~Class:~ 

7 8 I 9 10 11 12 I 13 14 
15 16 

Fig.5 Homing Arrangement and Hierarchy 
for the Fixed Routing Network. 

TABLE 1. Node-To-Node Traffic Offered, erl. 

~ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
From 

1 - - 3 2 - - 2 2 3 1 - - - - - -
2 - - - - 3 2 - - - - 2 2 3 1 - -
3 3 - - 15 10 15 12 14 12 3 12 14 12 1 8 8 

4 2 - 15 - 15 22 17 21 17 7 17 21 17 2 13 13 

5 - 3 10 15 - 15 12 14 12 1 12 14 12 3 8 8 

6 - 2 15 22 15 - 17 21 17 2 17 21 17 7 13 13 

7 2 - 12 17 12 17 - 16 13 1 13 16 13 2 10 10 

8 2 - 14 21 14 21 16 - 16 2 16 20 16 2 12 12 

9 3 - 12 17 12 17 13 16 - 1 13 16 13 2 10 10 

10 1 - 3 7 1 2 1 2 1 - 2 2 2 - 2 2 

11 - 2 12 17 12 17 13 16 13 2 - 16 13 1 10 10 

12 - 2 14 21 14 21 16 20 16 2 16 - 16 2 12 12 

13 - 3 12 17 12 17 13 16 13 2 13 16 - 1 10 10 

14 - 1 1 2 3 7 2 2 2 - 1 2 1 - 2 2 

Total traff~c offered = 1744 erl. 

TABLE 2. Fixed Routing Network. Number of Trunks. 

r 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 - - 47 39 29 17 - - - - - - - -123 -
2 - - 29 17 47 39 - - - - - - - - - 123 

3 47 29 - 46 21 43 79 93 36 - 35 40 23 - - -
4 39 17 46 - 43 50 45 55 92 80 46 54 46 - - -

5 29 47 21 43 - 46 35 40 23 - 79 93 36 - - -
6 17 39 43 50 46 - 46 54 46 - 45 55 92 80 - -
7 - - 79 45 35 46 - 36 26 - 27 33 27 - - -
8 - - 93 55 40 54 36 - 32 - 33 40 33 - - -
9 - - 36 92 23 46 26 32 - - 27 33 27 - - -

10 - - - 80 - - - - - - - - - - - -

11 - - 35 46 79 45 27 33 27 - - 36 26 - - -

12 - - 40 54 93 55 33 40 33 - 36 - 32 - - -

13 - - 23 46 36 92 27 33 27 - 26 32 - - - -
14 - - - - - 80 - - - - - - - - - -

Two-way trunks; tot. no. o·f trunks = 2675 

6. STUDY RESULTS AND CONCLUSIONS. 

The results are shown in Tables 3-7. 
Table 3 gives the comparison between the 
fixed-hierarchical and the 2-link adaptive 
routing. It is evident that there are no 
physical 2-link connections between nodes 
7 through 14 and node~ 15 & 16. Hence, in 
the case of 2-link adaptive routing the 
corresponding calls experience 100% node
to-node congestion. For all other cases, 
the adaptive routing provides a better 
node-to-node grade-of-service than the 
fixed-hierarchical routing. 
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TABLE 3. Node-To-Node Congestion. 

From Adaptive Routing Fixed Routing 

Nodes To Nodes To Nodes 
1-14 15,16 1-14 15,16 

1- 6 0.029 0.300 
0.018 0.038 

7-14 1.000 0.278 

Table 4 shows comparison between the 
two adaptive routing schemes, the priority 
differentiated and the tariff dependent 
routing. They show comparable quality. The 
tariff dependent results in a lower 
probability of sriatching , which indicates 
that the routing algorithm provides an 
efficient control of overflow traffic. The 
priority differentiated routing uses state 
protection to control overflow traffic. 

TABLE 4. Comparison of Adaptive Routing Schemes. 

3-LINK NETWORK PROBABILITY 
ROUTING OF REVENUES 

TYPE CONGESTION SNATCHING K$ 

PRIORITY 0.0114 !0.0034 0.0103 183.1 
CONTROL 

TARIFF 0.0108 1'0.0033 0.0040 183.2 
RELATED 

Table 5 shows comparison between the 
fixed-hierarchical and the priority 
differentiated, adaptive routing. For the 
same tr affic offered, the adaptive routing 
(Alt.l) provides much better grade-of
service than the fixed routing . For 
increased traffic (Alt.2), the adaptive 
routing gives approx. 7% higher revenues 
and still results in lower congestion for . 
priority 1 calls than the fixed routing. 
Comparing the two alternatives (1 and 2), 
it is evident that the priority driven 
routing provides a rather good control of 
priorities. For increased traffic the 
scheme has increased the revenues of 
priority 1 services by 6% and reduced at 
the same time the priority 2 revenues by 
2.5%. Service 1 calls have obviously 
received the highest priority. 

TABLE 5. Comparison of the Fixed-Hierarchical 
and Adaptive Routing Schemes. 

FIXED 3-LINK ADAPTIVE 
ITEM SERVICE ROUTING ROUTING 

WITH PRIORITIES 

ALT. 1 ALT. 2 

1 0.057 0.006 0.021 
CONGESTION 2 0.057 0.017 0.146 

ALL 0,057 0.011 0.083 
------------ -------- ------ --- -------- ---------

CONFIDENCE ALL :to.006 ± 0.004 ± 0.018 INTERVAL * 

1 119.6 123.9 l31.7 
REVENUES 2 58.1 59.2 57.7 

K$ 
ALL 177 . 7 183.1 189.4 

ALT.1: 1744 er1. ALT.2: 1924 er1. 

* 90% 

Tables 6 and 7 show results related 
to out-of-service situations. Table 7 
indicates. that during the period of 9 
minutes when the adaptive routing system 
was out-of-function the network was still 
providing a better grade-of-service than 
the fixed routing. During the absence of 
adaptive routing the network is routing 
traffic according to the last issued 
instructions, constituting in this case 
a dispersed J double sector tandem 
routing. This is an efficient and simple 
way of backing up the adaptive routing 
during te~porary break down situations. 

TABLE 6. Comparison of Performance when 
Node 5 is Out-of-Service. 

FIXED 3-LINK ADAPTIVE 
ITEM SERVICE ROUTING ROUTING 

WITH PRIORITIES 

1 0.098 0.011 
CONGESTION 2 0.093 0.041 

ALL 0.095 0.026 

1 98.5 105.1 
REVENUES 2 48.1 49.3 

K$ ALL 146.7 154.3 

TABLE 7. Network Congestion when Adaptive 
Routing Is Out-of-Service. 

NETWORK 3-LINK ADAPTIVE ROUTING FIXED TIME WITH PRIORITIES ROUTING 
Minutes Out-of-service In service 

0-24 - 0.007 0.047 

24-33 * 0.023 0.012 0.057 

33-51 0.0l3 0.012 0.062 

* Adaptive Routing was out-of-service 9 minutes 
between the 24:th and the 33:rd minute. 

7. BENEFITS. 

The following benefits can be listed: 
* efficient control of priorities, 
* increased revenues through revenue 

dependent routing, 

8. 

/1/ 

/2/ 

/3/ 

/4/ 

/5/ 

* automatic by-pass of overloaded and 
out-of-service equipment, 

* automatic and on-line network 
management interventions. 
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