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Summary 

This paper describes the extension of metropolitan 
dynamic routing (SZ79, CA80) to intercity telephone 
networks. The path selection rules of metropolitan 
dynamic routing lend themselves easily to the 
intercity network environment of two-way trunk 
groups; and almost all traffic in intercity 
networks can benefit from two-link dynamic routing. 
A simple test in the switching machines prevents 
the possibility of calls looping 
("ring-around-the-rosy" routing). Fixed 
hierarchical routing is retained as the back-up to 
two-link dynamic routing, and as the sole routing 
method in cases where a two-link connection from 
the origin to destination switch is not possible. 
Evaluation of the dynamic routing method in 
projected views of the Canadian intercity network 
indicates trunk cost savings in the range of 4-9%, 
in addition to a dramatic improvement in network 
survivability. 

Introduction 

The dynamic routing method developed in 
Bell-Northern Research for metropolitan telephone 
networks (SZ79, CA81) has been generalized to apply 
in other networks with lower connectivity; in 
particular, intercity toll telephone networks. The 
defining feature of dynamic routing is the absence 
of dedicated tandem switching machines and fixed 
hierarchical overflow patterns. Instead, calls 
overflowing from direct links are routed via other, 
intelligent switching machines within the dynamic 
routing network, the overflow paths being 
determined by a central processor on the basis of 
the actual states of the trunk groups in the 
network. 

This traffic routing strategy allows more efficient 
use of trunk capacity than can be achieved with 
fixed alternate routing, adapts quickly to 
unexpected shifts in the distribution of offered 
traffic, and increases network survivability in the 
event of transmission or switching equipment 
failure. In 1979 Bell-Northern Research and Bell 
Canada sucessfully implemented a test version of 
dynamic routing on a section of the Toronto 
telephone network (CA80). 

The urban networks for which this dynamic routing 
was originally developed are almost fully connected 
in the sense that a direct trunk group exists 
between almost every pair of switching machines. 
Under these conditions, the optimal traffic routing 
has been shown to consist of carrying overflow 
calls over no more than three trunks (and 
preferably only two trunks) in series. Such a 
restriction cannot be applied in intercity (toll) 
networks, which are characterized by their lower 
connectivity. In order for dynamic routing to 
benefit these networks, it must be applied in all 
cases where it is feasible; i.e. wherever a 
two-link tandem connection to the destination is 
possible; but standard hierarchical routing should 
be retained as a back-up to the dynamic routing 
(and also as the only option in cases where 
two-link dynamic routing is not feasible). 

Dynamic Routing Path Selection Algorithm 

The example depicted in Figure 1 illustrates the 
principle of dynamic routing. For the sake of 
simplicity, one-way trunk groups are assumed in 
this example, but the methods and calculations 
apply equally to two-way trunk groups. 

Each intelligent (software-controlled) switch 
(A,B,C,D,E) is connected by a data link to a 
central minicomputer - the routing processor shown 
in the figure. Every few seconds, each intelligent 
switch sends the routing processor information 
about the current state of its outgoing trunk 
groups. From this information, the routing 
processor decides which intelligent switch should 
be used as tandem for calls to each destination 
from each intelligent origin. The routing 
processor sends its decisions back to the 
respective switches, which then update their 
routing tables. The figure shows how a tandem 
might be selected for one origin-destination pair 
of switches. 

Consider calls originating at A, with destination 
Z, and overflowing from the direct trunk group A-Z. 
Software-controlled switches B,C,D and E are 
possible tandems for A-Z calls, by virtue of 
possessing trunk groups from A and to Z. Suppose 
that, from reports from the intelligent switches, 
the following data are available at the routing 
processor: 
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Selection of an alternative route for A-Z 
calls overflowing the direct trunk group. 
Switches B,C,D and E are possible tandems. 
Probability that a given switch will be 
selected as tandem depends on the current 
number of usable complete idle A-Z paths 
via it. Notation: dynamic routing tandems 
are designated with "T"; non-tandems are 
designated with "X". 

No. of 
Idle 

Trunks 

Protec
tive 

Allowance 

Trunk 
Group 

No. of 
Idle 

Trunks 

Protec
tive 

Allowance 

12 
6 
7 
2 

0.6 
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B-Z 
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0.5 
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The routing processor estimates the number of 
available paths from A to Z via each possible 
tandem. It does this by calculating for each trunk 
group: 

Number of usable trunks = Number of idle trunks 
- Protective allowance 

Obviously this number cannot be less than zero. 
Then for each possible tandem: 

Number of available paths = Minimum (no. of usable 
trunks in groups from A to tandem, no. of 
usable trunks in group from tandem to Z) 

Any possible tandem whose CPU 
unit) is overloaded identifies 
routing processor and is 
consideration as a tandem. 

(call processing 
itself to the 

excluded from 

2 

Tandem CPU Number of available paths 
overloaded? 

B no min (12-0.6, 15-0.1) = 11.4 
C no min ( 6-1.4, 10-0.5) = 4.6 
D no min ( 7-0.8, 5-1.0) = 4.0 
E no min ( 2-3.3, 4-2.1) = 0.0 

Total 20.0 

Then the routing processor chooses a tandem for the 
A-Z overflow calls. Its chance of choosing B is 
11.4/20 = 57%, of choosing C is 4.6/20 = 23%, of 
choosing D is 4.0/20 = 20%, and of choosing E is 
nil. Note that if the total safely available 
capacity for tandem calls is zero, then no tandem 
is recommended, and calls that cannot be routed 
directly are kept off the trunk network. So one of 
(B,C,D) is sent back to switch A as the currently 
recommended tandem for A-Z overflow calls (most 
likely B, but not invariably). A few seconds 
later, the switching machines send updated data to 
the routing processor, and receive updated tandem 
recommendations in return. The only change from 
the switches' point of view is that their routing 
tables are updated every few seconds, instead of 
remaining fixed, as in hierarchical routing. 

In the example of Figure 1, the existence of a 
direct trunk group from origin A to destination Z 
has been supposed. If there is no direct trunk 
group from A to Z, then the A-Z traffic is said to 
be handicapped, and the choice of tandem would be 
made without protective allowance for the 
first-route traffic offered to the trunk groups 
A-B, B-Z, A-C, C-Z, etc. In this case: 

Tandem Number of available paths 

B min (12,15) = 12 
C min ( 6,10) = 6 
D min ( 7, 5) = 5 
E min ( 2, 4) = 2 

Total 25 

Hence the routing processor would have a chance of 
12/25 = 48% of choosing B as tandem, and an 8% 
chance (2/25) of choosing E. In this way, 
handicapped traffic can be given some advantage 
over (non-handicapped) traffic with possible direct 
routes. 

Thus the path selection algorithm applied by the 
routing processor observes the following 
principles: 

• Idle trunk capacity at any intelligent switch can 
be used for carrying tandem traffic; tandem traffic 
tends to be carried wherever there is most room for 
it. 

• Overloaded switching machines identify themselves 
to the routing processor and are not recommended as 
tandems. 
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• Rapid updates of tandem recommendations (which 
occur about every 10 seconds) ensure that changes 
in the busy-idle states of trunk groups are quickly 
taken into account. 

• Direct traffic on each trunk group is protected 
by reserving some idle capacity for it. The 
protective allowance for direct traffic is updated 
every few seconds by the routing processor in 
proportion to the mean amount of direct traffic 
currently overflowing the group (CA81). Such 
protection of direct traffic prevents the potential 
snowballing of overflow calls and consequent 
spreading of congestion. Under widespread 
overload, the network will tend toward direct 
routing only, because most trunk groups will not be 
allowed to carry any tandem calls. 

• Tandem selection is based on information about 
the complete path to the destination, not just the 
first link. 

• Tandem paths that involve more than two trunks in 
series are not considered because they are 
difficult to compute and tend to waste idle trunk 
capacity. 

• The randomness in the selection of tandem paths -
selection of the least-loaded path would be an 
alternative - helps spread the tandem traffic 
evenly over the network and protect against the 
possibility of systematic input data errors leading 
to systematic misrouting of tandem calls. 

Wired-logic switches are deemed incapable of 
communicating with the routing processor or 
implementing real-time routing changes. Since, in 
today's networks, most of such switches are no 
longer growing, it is judged most practical for 
them to live out the rest of their lives using the 
current fixed hierarchical routing. 

Application to Intercity Networks 

The proposed traffic routing method for intercity 
networks is as follows. To all possible 
destinations, from each intelligent switch, offered 
calls may be allowed to overflow from the direct 
route (if it exists) to a two-link alternative 
route recommended by the routing processor (as just 
described), and thence to designated back-up route. 
In this way, most .of the offered traffic is 
eligible for (two-link) dynamic routing from origin 
to destination, and the remaining offered traffic 
(typically less than 2% of the total), for which 
there is no two-link path from origin to 
destination, will have designated first and back-up 
routes (as at present, with fixed hierarchical 
routing) and will be eligible for two-link dynamic 
routing at any point along these routes. 

More precisely, the proposed traffic routing can be 
expressed in terms of "building blocks" borrowed 
from metropolitan dynamic routing and conventional 
hierarchical routing. The building blocks are just 
different ways of choosing a route for offered 
calls. They are: 
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DIR routing over the direct trunk group to 
the destination. 

DR2 routing via a tandem selected by the 
two-link dynamic routing method. 

DR2' routing as in DR2, but without allowance 
for protection of first route traffic in 
calculations of tandem recommendations. 

FH1 routing via a specified alternate trunk 
group, i.e. conventional hierarchical 
routing. 

For each origin-destination pair, a handicap is 
defined as follows: 

handicap = 0 if a direct trunk group exists; 

handicap = if no direct trunk group exists, 
but a two-link connection is 
possible; 

handicap = 2 if no direct or two-link connection 
from origin to destination is 
possible. 

Handicap 

o 

2 

Table 1 

1980 

89.4% 

10.4% 

0.2% 

1990 

97.1% 

2.9% 

0.004% 

2000 

99.2% 

0.8% 

0.001% 

Breakdown of offered traffic by handicap 
in conceptual views of the Canadian 
intercity telephone network, for years 
1980, 1990 and 2000. 

Table 1 breaks down the traffic in the current and 
future Canadian intercity network according to 
handicap. In these terms, the scheme below 
describes the proposed traffic routing. For a 
given origin-destination pair of switches, the 
proposed routing consists of applying a sequence of 
the above "building blocks", the selection of 
building blocks depending on the handicap of the 
switch pair in question. 

Handicap 

o 

2 

first choice: DIR 
second choice: DR2 

first choice: FH1 
second choice: DR2' 

first choice: FH1 

The general principles tmplied in the table are: 

1) to let as much traffic as possible benefit from 
some form of dynamic routing; 

2) to achieve simple operation by using progressive 
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office control (i.e. transfer of call set-up 
control to successive switching points) and by 
treating all incoming calls identically at each 
switch, as if locally originating (except in 
cases where looping or "ring around the rosy" is 
possible) ; 

3) to block calls which fail to find a free 
outgoing trunk through the sequence of 
alternatives in the above cases. 

Intelligent switching machines not connected to the 
routing processor, thus not participating in 
dynamic routing, would continue to apply fixed 
hierarchical routing to their traffic. However, 
any call entering the dynamic routing network would 
be routed dynamically from the first participating 
switch it traverses. See Figure 2. 

CD : T node 

(8) : X node 

Figure 2 Application of dynamic routing in a 
network containing some switching machines 
still using fixed hierarchical routing. 
Using terms defined in the text, examples 
of routing sequences are: 

For A-F calls: 
For A-E calls: 
For B-E calls: 
For E-C calls: 

DIR, DR2 
DIR, DR2 
FH1, DR2' 
DIR, FH1 

The possibility of calls looping in the dynamic 
routing network ("ring-around-the-rosy") can be 
excluded by having the participating switches apply 
a test to incoming tandem calls. Each switch 
functioning as a dynamic routing tandem must apply 
the following test to all incoming tandem calls: 

IF the call is incoming from another 
dynamic routing tandem 

AND there is a direct trunk group from here 
to the destination toll switch 

AND there are no idle trunks in this direct 
trunk group ) 

THEN (block the call ) 
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In general, the problem of looping arises from the 
possibility, in dynamic routing, of misrouting on 
the completing link from the recommended tandem to 
the destination switch. In these cases, call 
set-up control has been transferred to the 
recommended tandem; and this tandem, being unable 
to complete the call directly, may unwittingly 
re-tandem it to a switch the call has already 
traversed. Potential misrouting on the completing 
link must therefore always result in blocking. The 
dynamic routing tandem switches must use local 
intelligence to catch all such calls and block 
them. The above test provides for this, and need 
only be applied to incoming tandem calls. Note 
that there is no danger of looping in case of calls 
misrouted (finding all trunks busy) on the link 
from originating switch to recommended tandem, 
since set-up control is not passed to another 
switch. 

Since this traffic routing method assumes 
progressive office control, it does not require 
common channel signalling capability in the 
switching machines. However, it can obviously 
benefit from enhanced signalling (CCITT #7); for 
example, in the avoidance of routing over paths 
with substandard transmission quality (double 
satellite hops). Such constraints on the selection 
of alternative routes can be programmed in the 
dynamic routing processor, but would be natural 
applications of an enhanced signalling system. 

Evaluation of the Dynamic Routing Method 

Figure 3 schematizes the method by which dynamic 
routing was evaluated for the Canadian intercity 
network. The reference point was defined to be 
continuation of the current fixed hierarchical 
routing· and the comparison criteria were chosen to 
be: net~rk trunking cost, grade of service under 
normal traffic conditions, and survivability, i.e. 
grade of service under typical transmission and 
switching equipment failures. 

COMPARE 
GRADES OF SERVICE 

Figure 3 Scheme of the evaluation of dynamic 
routing in the Canadian network. From the 
traffic forecast, hierarchical and dynamic 
routing trunk networks are sized and their 
characteristics compared. Then their 
behaviour under realistic traffic and/or 
failure conditions is investigated. 
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The canparison was made for three study years: 
1980, 1990 and 2000. For each of these years, the 
intercity trunk network was dimensioned for fixed 
hierarchical routing and dynamic routing, using as 
design traffic a set of four traffic matrices 
representing the forecast offered traffic in a 
conceptual view of the Canadian network for the 
four busiest hours of the future busy seasons. 
Then the grade of service furnished by the 
respective networks was determined analytically, 
using as offered traffic a set of twelve matrices 
representing typical realisations of the forecast 
busy hour traffics (i.e. with typical deviations 
from the forecast values). Grade-of-service 
comparisons were made for intact networks, and 
networks in which various failures of switching and 
transmission equipment were simulated. Figure 4 
diagrams the different network and traffic 
conditions that were analysed. 

Trunk 
Networks 

Figure 4 

Traffic 
perturbations 

Transmission or 
switching system failures 

Schematic representation of the scenarios 
for which network grade of service was 
determined. Points p1, p2 and p3 ind icate 
perturbations of the forecast traffic 
matrices modelling typical realisations of 
the load incident on the network, 
incorporating regional overloads and other 
typical deviations from forecast. 
Failures f1, f2 and f3 are modelled by 
simulating the effects of loss of 
transmission facilities or partial loss of 
switching machines on the trunk network. 

Trunk Group Dimensioning Methods 

In broad terms, the problem of dimensioning a trunk 
network is the following: 

Given 
· a list of switching machines and their classes 

or functions (classes 1-4 for hierarchical 
networks, tandem or non-tandem for dynamic 
routing; 

• a switch-to-switch matrix of offered traffic; 
· a switch-to-switch matrix of unit trunk costs; 
· specifications of trunk group modularities and 

threshold sizes; 
• the switch-to-switch quality of service to be 

provided; 
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Compute 
. the switch-to-switch matrix of required trunk 

group sizes 
Such that 

. the cost of the trunks required is minimum. 

The fixed hierarchical trunk networks were 
dimensioned using the standard ECCS rule, which 
keeps traffic on the direct route as long as its 
cost per erlang carried is lower than that using 
the alternate route (TR54). The trunk requirements 
of the four different hours of offered traffic were 
determined by the "servicing-up" procedure, in 
which the network is first sized for the single 
busiest hour, then trunks are added as necessary to 
handle the unmet demand of the second hour of 
traffic, then the third hour of traffic is 
considered, and so on. This method has been found 
by experience to provide networks which 
satisfactorily handle typical realisations of the 
projected design traffic (BE83). 

Central to the dimensioning method for dynamic 
routing networks is the concept of the trunk group 
bundle (LA79). A trunk group bundle is defined as 
the ensemble of trunk groups connecting any 
switching machine to the set of dynamic routing 
tandem switches. All tandem traffic must therefore 
be carried on trunk group bundles. In consequence, 
each trunk group bundle must be large enough to 
carry its own first-offered traffic, plus the 
traffic overflowed to it fran other trunk groups. 
The definition of trunk group bundles leads to a 
natural decomposition of the dynamic routing 
network into three subnetworks (see Figure 5): 

x - X 
X - T 

T - T 

non-tandem to non-tandem trunk groups 
non-tandem to tandem trunk groups 

(in bundles) 
tandem to tandem trunk groups 

(in bundles) 

--- X to T bundle 

"'-X to X trunk group 

Figure 5 Dynamic routing network structure. All 
trunk groups are assumed to be two-way. 
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These subnetworks can be treated in a logical 
order, as they are linked just by the traffic they 
overflow to one another. The dimensioning 
procedure is then as follows: 

• Make an initial assumption of alternative route 
effic iency; 

• For the X-X subnetwork 
- using this assumed alternative route 

efficiency, size X-X trunk groups economically 
and calculate the overflow traffic; 

- allocate this overflow traffic to the trunk 
groups in the X-T subnetwork; 

• For the X-T subnetwork 
- size X-T trunk group bundles to carry their 

own traffic plus the X-X overflow offered 
to them; 

- allocate trunks economically inside these 
bundles and calculate the overflow traffic 
from each X-T trunk group; 

- allocate this overflow traffic to T-T trunk 
group bundles; 

• For the T-T subnetwork 
- size T-T trunk group bundles to carry their 

own traffic plus the X-T overflow offered 
to them; 

- allocate trunks to groups inside these 
bundles, compute the overflow traffic, and 
allocate it inside the T-T subnetwork; 

• With the knowledge of network flows, update 
the initial estimate of alternative route 
efficiency and iterate. 

For the calculation of overflow traffics, 
Wilkinson's two-moment equivalent random method 
(WI56) is used with Rapp's approximations (RA64). 
A variation of the usual ECCS (economic ccs/cost 
ratio) method is used to determine the most 
economical sizes of direct trunk groups; and the 
resulting overflow traffic is spread over the 
possible alternative routes in inverse proportion 
to their respective costs. Existing trunks in 
excess of requirements are taken into account in 
the calculation and allocation of overflow traffic: 
they are considered to cost nothing. 

The traffic data gathered during the dynamic 
routing concept trial and the simulation of other 
realistic networks have allowed verification of the 
implicit assumption of the dimensioning method: 
that an end-to-end grade of service under typical 
traffic conditions can be assured by constraining 
the congestion probability of the trunk group 
bundles (CABO, CA81). This assumption is basically 
the same as that commonly made in sizing 
hierarchical networks; namely, that an end-to-end 
grade of service under typical traffic conditions 
can be assured by constraining the congestion 

. probability of the final trunk groups. Some 
practical features have also been built into the 
dimensioning system. These features include: 

• Allowance for day-to-day variations in the 
offered traffic. Wilkinson's model of low 
ooy-to-day variability (WI70) is assumed to apply 
to the total originating traffic at each switch 
(CA81). 
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• Considering a range of offered traffic 
distributions, corresponding to different times of 
day, for example. This is done by sizing the 
network for a single, composite matrix of offered 
traffic, which is derived by applying Kruithof's 
procedure (BE76) to the design traffic matrix of 
the busiest hour of the network, such that the 
total traffic of each switch is adjusted to its own 
peak level, which may actually occur in a different 
hour. This unorthodox method of sizing a trunk 
network for many hours of traffic demand has proved 
to give highly satisfactory results in many cases, 
some of which are shown below. (In fact, this 
method can be loosely thought of as the dynamic 
routing equivalent of the "cluster busy hour" 
approach for sizing trunk groups in hierarchical 
networks.) 

• Restriction of tandem access to specified 
tandems, from specified origins. 

• Capability of dimensioning networks in transition 
to dynamic routing, through consideration of 
external tandem traffic entering the dynamic 
routing network. This is straightforwardly done by 
restricting tandem access to just the hierarchical 
alternate routes for traffic parcels which are 
routed hierarchically. 

Grade-of-Service Analysis Methods 

The blocking probability between each pair of 
switches in the hierarchical networks was 
determined with the recursive formula found by 
Gaudreau (GA80). This formula has been found to 
have accuracy within 15% over a wide range of 
absolute blocking probability and over a wide 
variety of hierarchical networks (Galloy, 
unpublished simulation studies, BNR, 1982). 

For the dynamic routing networks, Regnier's model, 
described in the companion paper (RE83), was used. 
The accuracy of this model has also been found to 
be within about 15% over a wide range of networks 
and absolute blocking probability. 

Results of Evaluation 

Table 2 and Figure 6 summarize the results of the 
trunk network dimensioning exercise for fixed 
hierarchical routing (FHR) and dynamic routing (DR) 
on the Canadian intercity network (unofficial 
forecasts) • 

The Canadian intercity network is gradually 
changing in character from a set of regional 
communities of interest, to a highly connected 
transcontinental network, as a result of the rapid 
growth of long-haul traffic. COnsequently, the 
mean trunk length is increasing fram about 350 km 
in 1980 to about 470 km in the year 2000; and the 
mean trunk group size in the network which is 
about 40 in 1980, doubles approximat~ly every ten 
years. The network connectivity, initially about 
10% in 1980, also increases to 40% in 2000. Thus 
the percentage of trunks saved by dynamic routing 

Paper # 3 



e 

e 

Study year 1980 1990 2000 

Number of switches 178 126 102 

Average 4-hour 34.8k 97.8k 311. 6k 
traffic (erl.) 

Number of (FHR) 68.3k 152.3k 437.5k 
trunks (DR) 62.1k 143.1k 410.6k 

Normalized (FHR) 100.0 100.0 100.0 
trunking cost (DR) 96.3 95.7 91.5 

Table 2 Comparison of trunks and trunking cost in 
the Canadian intercity telephone network, 
between fixed hierarchical routing (FHR) 
and dynamic routing (DR). Traffic and 
trunks are given in thousands. Forecasts 
are unofficial. 

.u 
c: 

-2.0 

~ -8.0 
~ 
Qj 

~ 

-10.0 

1980 1990 
Study Year 

2000 

Figure 6 Evolution of the percentage difference 
between hierarchical (FHR) and dynamic 
routing (DR) network cost, number of 
trunks and trunk mileage, for forecast 
views of the Canadian intercity network. 

declines steadily from 1980 to 2000 (because 
average trunk group size and efficiency are 
increasing), but the relative cost savings increase 
(because of growth in the side-hour long-haul 
traffic which can be routed more cheaply with 
dynamic routing). 

For the comparison of traffic routing techniques, 
two versions of a network are said to provide 
equivalent grades of service if both block an 
average of less than 1% of the same (realistic) 
offered load, 1% being the customary target for 
blocking levels. Obviously, the fraction of 
offered traffic exposed to high levels of blocking 
(say 5% or 20% blocking probability) must also be 
equally low in both networks for the respective 
grades of service to be viewed as equivalent. 

Figure 7 shows how the mean blocking compares in 
the hierarchical and dynamic routing networks sized 
as above. Despite having 6-9% fewer trunks than 
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their hierarchical counterparts, the dynamic 
routing networks give an equally good grade of 
service at realistic offered traffic levels; and 
give significantly better service in the event of 
switching or transmission equipment failures. 
Figure 8 shows the dynamic routing networks' 
superior ability to limit the exposure of traffic 
to high blocking levels. In each case, the greater 
flexibility and adaptability of dynamic routing is 
responsible for the difference. In sunmary, the 
benefits of dynamic routing can be realised as 
trunk savings, or as improved network 
survivability, or as a combination (of smaller 
amounts) of both. 
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Figure 8 

realistic traffic 
and failure 
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1980 1990 
Study Year 

2000 

Evolution of mean blocking probability in 
hierarchical (FHR) and dynamic routing 
(DR) scenarios for projected views of the 
Canadian network under realistic traffic 
conditions, and realistic traffic 
conditions with switching or transmission 
equipment failures. 

DR 

~
O:-:-:_----~ ... _---z:::. FHR 

ty-" 

6 - - - ~~- - - - A 
....... --'--- ~ 

~ 5% blocking 
probability 

1980 1990 
Study Year 

~ 20% blocking 
probability 

2000 

Evolution of the fractions of offered 
traffic exposed to 5% and 20% blocking 
probability in hierarchical (FHR) and 
dynamic routing (DR) scenarios for 
projected views of the Canadian network. 
Realistic traffic conditions with and 
without switching or transmission 
equipment failures were analysed. 
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Consequences for Network Operations 

Most of the standard network management actions -
cancelling of overflow to or from a switch, to or 
from a trunk group - are performed automatically in 
real time by the central processor in dynamic 
routing networks. Overloaded switches are deemed 
to be unavailable for the tandem function' and 
tandem tra~fic is kept off overloaded tru~k groups, 
by the actlon of the protective allowances. 
Likewise, overflow traffic from any trunk group (or 
switch) is kept off the network if no two-link 
route is safely available. since in this case no 
alternative route is recommended for it. Thus 
dynamic routing simplifies the job of network 
managers. 

Because each dynamic routing trunk group may carry 
a variable mixture of first-route and tandem 
traffiC, the traditional usage, peg count and 
overflow measurements are poorly suited for the 
determination of switch-to-switch first-offered 
traffic and percent blocking. Instead, the 
software capabilities of the intelligent switches 
should be exploited to measure offered traffic and 
percent blocking to each destination switch as 
directly as possible. As an example, the call 
detail records used for billing may be analysed to 
provide this information. 

Acknowledgement 

The studies reported in this paper were funded by 
the TransCanada Telephone System as an exploratory 
project. The authors wish to express their 
appreciation of the support this work has received 
fram the fundamental planning group of the 
TransCanada Telephone System, in particular, from 
J.C. O'Neill and W.R. Srnale. 

References 

(BE76) D. Bear, "Principles of Telecommunication -
Traffic Engineering", Institution of 
Electrical Engineers, London, 1976. 

(BE83) M.E. Beshai, L.A. Pound, R.W. Horn, "Traffic 
Data Reduction for Multiple-Hour Network 
Dimensioning", Telecommunication Networks 
Planning Conference, Brighton, U.K., 1983. 

(CA80) W.H. Cameron, P. Galloy, W.J. Graham, 
"Report on the Toronto Advanced Routing 
Concept Trial", Telecommunication Networks 
Planning Conference, Paris, 1980. 

Session # 3.2 

8 

( CA81) W. H. Cameron, "Simulation of Dynamic 
Routing: Critical Path Selection Features e 
for Service and Economy", International 
Conference on Communications, Denver, 1981. 

(GA80) M. D. Gaudreau, "Recursive Formulas for the 
Calculation of Point-to-Point Congestion", 
IEEE Trans. on Commun., vol. Corn-28 , 1980, 
p.313-316. 

(LA79) M.E. Lavigne, J.R. Barry, "Administrative 
Concepts in an Advanced Routing Network", 
Ninth International Teletraffic Congress, 
Torremolinos, Spain, 1979. 

(RA64) Y. Rapp, "Planning of Junction Network in a 
Multi-Exchange Area - I. General 
Principles", Ericsson Technics, vol. 20, 
1964, p.77-130. 

(RE83) J. Regnier, P. Blondeau, W.H.Cameron, "Grade 
of Service in a Dynamic Call Routing 
System", Tenth International Teletraffic 
Congress, Montreal, 1983. 

(SZ79) E. Szybicki, M. E. Lavigne, "The Introduction 
of an Advanced Routing System into Local 
Digital Networks and its Impact on the 
Networks' Economy, Reliability and Grade of 
Service", International Switching Syrnposiun, 
Paris, 1979. 

(TR54) C.J. Truitt, "Traffic Engineering Techniques 
for Determining Trunk Requirements in 
Al ternate Routing Trunk Networks", Bell e 
System Technical Journal, vol. 33, 1954, ' 
p.277-302. 

(WI56) R. 1. Wilkinson, "Theories for Toll Traffic 
Engineering in the U.S.A.", Bell System 
Technical Journal, vol. 35, 1956, p.421-514. 

(WI70) R.1. Wilkinson, "Non Random Traffic Curves 
and Tables", Bell Telephone Laboratories, 
1970. 

• 
I'Ji'C-10 Paper # 3 



ITC 10 

Summary of Questions/Answers , 

Date: 

Session: 

13 Jure 1983 

3.2 

Paper: 3 

0.1 J.I. Lee 

With the implementation of such a system in a toll network" 
could you comment on the network management implications - ' 
are there inherent capabilities or is an additional network 
management system necessitated? 

A.l W.II. Camer9n, A. Regnier, P. Gall-oy, A.M. Savoie 

Dynamic routing performs standard network management actions 
automatically such as cancel overflow to/from a switch/ 
trunk group. 

Therefore, no additional network management system needed, 
but some changes could be usefully introduced to give network 
man.agers access to the data collected and used in real-time ' 
by '- the dynamic routing cent,ral processor, e. g. on swi tching 
machine occupancy. 

Q.2 Paul J. Burke 

1. " What is the method or algori thm used to fix the value of 
the "Protective allowal1ce for direct traffic"? In parti
cular, is this value constant for a given trunk group or 

' ,does it depend on temporary 'traffic conditions? 

2. Does a Protective Allowance of .1 trunk have any meaning 
or uSe aside from that shown in the calculation of tandem 
~election probabilities (and if 89, what)? 

A.2 W.H • . Cameron, J. Regnier, P. Galloy, A.M. Savoie 

1. Protective allowances on each trunk group are calculated 
as a moving average of the numb.er of erlangs of over
flowing first route traffic, w~th time constant of about 
10 minutes. 

2. No. It just ensures that trunk groups currently over
flowing a lot of ' direct traffic will not be recommended 
~y the central proces~or for carrying tandem traffic. 
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