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ABSTRACT 

Dynamic or time varying routing schemes have been 
developed from present telephone network time rued routing 
schemes by the recent rapid introduction of new processor 
control technology into telecommunication networks. In order 
to evaluate the benefit of such advanced routing schemes , it 
is necessary to first establish a dimensioning method for 
these networks . This paper presents a dimensioning method 
for networks with dynamic routing, and evaluates tlie merit 
of dynamic routing schemes for international networks. 
Under the dynamic routing scheme considered in this paper, 
the designations of high usage ' circuit groups and find 
circuit groups are changed hourly. A dimensioning method 
for multiple hour traffic demands with time varying routing 
patterns is proposed, and numerical examples are presented 
to illustrate the cost reduction effects of this dynamic 
routing in international telephone networks . 

1. INTRODUCTION 

Due to the remarkable progress of stored program 
controlled (SPC) exchanges and common channel signalling 
systems, highly sophisticated network controls are now 
available such as dynamic/adaptive routings based on 
instantaneous network congestion levels and/or profiles of 
traffic demands. With these dynamic/adaptive routings, it 
is possible to improve network resource utilization, which 
eventually leads to decreases in network construction cost. 

AT&T originated the DNHR (Dynamic Non
Hierarchical Routing) concept where network structure is 
completely non-hierarchical, i.e., where there is no 
distinction between high usage groups and final circuit 
groups, and routing patterns between each origin and 
destination pair are predetermined but dynamically 
changed hourly. Computer analysis of the effect of DNHR 
for a large network indicated that its usage would reduce 
network cost by 15 percent [1] . 

The fact that busy hour traffic demand does not 
appear at the same hour for all routes becomes an 
advantage in reducing network cost under the dynamic or 
time varying routing scheme. International networks can 
expect a greater network cost saving effect than domestic 
networks since traffic profiles for international networks 
are influenced by time differences, causing busy hour 
traffic to appear at different time periods for . each origin! 
destination pair [2]. 

This paper presents a method for the design of 
dynamic routing networks, and evaluates the cost savings 
realized with dynamic routing in international networks. 
The dynamic routing scheme considered in this paper 
changes the designations of high usage and final circuit 

groups hourly, although there is a concept of high usage 
and final circuit groups. The routing patterns are 
predetermined according to traffic profiles in order to 
effectively utilize idle network capacity. The grade of 
service in this network is guaranteed by that of the final 
circuit groups, while minimum cost criteria are used to 
dimension high usage circuit groups. 

For the design of networks using this dynamic 
routing scheme, circuit group dimensionings that take 
multiple hourly traffic demands into account are needed. 
Horn [3] proposed a multiple hour optimization method in 
which networks are sequentially optimized for . each hourly 
traffic demand, and where hourly optimization results up 
through the previous hour are used as lower bounds for 
circuit group sizes. However, it is known that results are 
greatly dependent on the optimization sequence, especially 
for networks which have widely different busy hours in 
circuit groups, such as international networks. 

In this paper, a design method is proposed for a 
dynamic routing scheme which does not depend upon an 
optimization sequence. The described dimensioning method 
treats multiple hour traffic demands simultaneously, and a 
near optimum solution is obtained regardless of the 
variance in peak periods. An example for a small telephone 
network is given to illustrate the benefits of dynamic 
routing in international networks. 

2. DIMENSIONING METHOD 

For single hour traffic demands, the well known 
marginal occupancy procedure for network dimensioning 
was established by Pratt [4], [5]. This paper proposes a 
multiple hour network dimensioning method in which 
single hour optimization results for all hourly traffic 
demands are used to produce an initial solution, which is 
then reduced by an iterative algorithm to increase network 
efficiency. 

We will explain the proposed dimensioning method 
using the small 3-node sample network shown in Figure 1. 
The traffic' demands for three hours are given in Table 1. 
In this example, we assume that the required grade of 
service is 1% blocking on final circuit groups. 

The time varying routing patterns are determined 
in order to use idle network capacity effectively. In time 
period I, calls on route 1-2 overflow to alternate route 1-3-
2. In other words. route 1-2 is operated as a high usage 
group, and routes 1-3 and 3-2 are operated as final groups. 
Routes 1-3 and 2-3 are operated as high usage groups in 
time periods II and Ill, respectively. The routing patterns 
for each time period are summarized in Figure 2. 
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Fig. 1 Sample 3-node network 

Table 1 Hourly traffic demand 

~ I II JJI 
Route 

1-2 10.0 3.5 4.8 

1-3 5.0 H.O 4.1 

2-3 7.2 7.9 16.0 

Time period I Time period II 

)3, 
~_C''cJ) 
Time period ill 

final circuit group 

--------- high usage circuit group 

Fig. 2 Time varying routing patterns for sample network 

2.1 Calculation of the initial solution 

Step Single hour optimizations are performed for 
each hourly traffic demand. 

Step 2 The maximum circuit group size for each route 
is chosen as the initial solution, from the total 
of all single hour optimization results. 

Using the marginal occupancy procedure, the 
sample network in Figure 1 can be dimensioned for 
separate hourly traffic demands. The circuit group sizes for 
each hour resultant from Step 1 are given in Table 2. 
From this result, the maximum circuit group sizes for 
routes 1-2, 1-3 and 2-3 are found to be 13, 14 and 20 
t runks respectively, and these maximum circuit group sizes 
are chosen as the initial solution. 

2.2 Reduction of initial solution 

Maximum circuit group sizes of routes are reduced 
in order of decreasing network cost. Maximum circuit 
group sizes are optimized for single hour traffic demand 
and reduction of maximum circuit group sizes will cause 
increase in single hour network cost. Therefore, reduction 

Table 2 Single hour dimensioning results 

~ I 1I JJI Maximum 
Route 

1-2 13 10 12 13 

1-3 12 14 11 14 

2-3 15 16 20 20 

of maximum circuit group sizes is made in order to 
minimize the increase of single hour network costs. 
Proposed algorithm for reduction is summarized in 
following 5 Steps. 

Step 3 Routes are selected where decreases in 

Step 

Step 

Step 

Step 

maximum circuit group size will not cause 
increases in maximum circuit group sizes for 
other routes. 

4 Of the routes from Step 3, one route is 
determined by the following criteria: 
Condition A: The route offers the largest 
reduction without a corresponding increase in 
maximum circuit group sizes for other routes. 
Condition B: For ·routes which are selected by 
condition A, the route where the total 
incremental cost to decrease the maximum 
circuit group size is the smallest. 

5 The maximum circuit group size. for the route 
from Step 4 is reduced by adjusting the size of 
related circuit groups. 

6 The initial solution is replaced by the modified 
maximum circuit group size determined in Step 
5. 

7 Steps 3 through 7 are repeated until no route 
meets the selection parameter of Step 3. 

For the sample network in Figure 1, the circuit 
group size of route 1-2 is largest in time period I, that of 
route 1-3 in period 11, and that of route 2-3 in period Ill, 
The circuit group sizes for the three routes do not show 
maximums in the same time periods, which means that the 
maximum circuit group size for any of them can be 
reduced without increasing the maximum circuit group size 
for any other. Consequently, all of the routes (1-2, 1-3, and 
2-3) are selected by Step 3 criteria. 

Next the conditions in Step 4 are estimated. To 
reduce the initial solution for route 1-2, circuit group sizes 
for routes 1-3 and 2-3 must be increased in time period I, 
Similarly, reductions in maximum circuit group size for 
route 1-3 or 2-3 would require circuit group size increases 
in time periods 11 and III for other routes. Table 3 shows 
the circuit group size increases required to decrease 
maximum circuit group sizes. 

In time period I, route 1-3 and 2-3 circuit group 
sizes do not exceed the initial solutions when more than 10 
trunks exist on route 1-2. However, reduction in route 1-2 
circuit group size by more than 1 trunk is not effective . 
since the second maximum circuit group size of route 1-2 is 
12 trunks, as shown in Table 2. The initial solution of 13 
trunks for route 1-2 can therefore be reduced by 1 trunk. 

Similarly, the initial solution of route 1-3 can be 
reduced by 2 trunks . If the initial solution for , route 2-3 is 
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reduced to less than 18 trunks, the circuit group size for 
route 1-2 will exceed the maximum circuit group size of 13 
trunks in time period Ill, and therefore route 2-3 reduction 
is also 2 trunks. The net result of Condition A of Step 4 is 
the selection of routes 1-3 and 2-3. 

. Condition B of Step 4 is considered ne_xt. In order 
to reduce either route 1-3 or 2-3 by 2 trunks, the overall 
circuit group size increase for the other routes is 3 trunks. 
This means that the incremental costs to reduce the initial 
solution of routes 1-3 and 2-3 are the same. However, if we 
regard circuit group size as a real number, 0.2 trunks are 
required to reduce the initial selection of route 1-3, while 
0.11 trunks are required for route 2-3, Condition B 
therefore selects route 2-3 for the Step 4 result, as its 
circuit group size reduction can be accomplished with the 
minimum cost. 

In Step 5, the maximum circuit group size of route 
2-3 is reduced, and in Step 6 the initial solution is 
replaced by these modified circuit group sizes. The 
resultant circuit ' group sizes are shown in Table 4. This 
modified solution satisfies the blocking requirement of 1% 
on the final circuit group. 

Returning then to Step 3, another route is selected 
for further reduction of circuit group sizes. The circuit 
group size of route 2-3 has already been reduced in the 
previous Step 5, and additional reduction is not possible . 
Route 1-2 maximum circuit group size appears in time 
periods I and Ill, but it is obvious that any decrease in 
route 1-2 circuit group size would cause an increase in 
route 2-3 circuit group size in time period Ill. Therefore . 
only route 1-3 circuit group size can be reduced, to an 
extent that does not cause maximum circuit group size 
increases for the other routes. 

Consequently, route 1-3 is selected in Step 4. The 
possible reduction is 1 trunk, resulting in 13 trunks for 
routes 1-2 and 1-3, and 18 trunks for route 2-3 . The circuit 
group sizes after Step 5 are shown in Table 5. 

Following Step 5, all routes show maximum circuit 
group sizes in time period Ill, and further reductions are 
not possible. These circuit group sizes are therefore the 
final results, and the repetition process is completed. 
Figure 3 shows the circuit group size reductions in this 
example schematically. 

In Step 4, Condition A is a criterion for large scale 
reduction, while Condition B is a criterion for large scale 
reduction in other routes. If the route which enables 
extremely large reduction is selected by Condition A, and 
the maximum possible reduction is made at once, 
reductions of other routes are restricted. The upper bound 
for immediate reduction in circuit sizes is therefore set. 

In order to evaluate Conditions A and B of Step 4. 
it is possible to apply single hour design parameters which 
are used in marginal occupancy procedures. 

In the sample network of Figure 1, all routes to be 
reduced are operated as a high usage groups, which means 
that the amount of final circuit group size adjustment 
required to decrease this high usage group size is uniquely 
determined. However, routes to be reduced are not 
necessarily operated as high usage groups. For circuit 
group size reduction of the final circuit group, circuit group 
sizes for many high usage groups must be adjusted. and 
the adjustment amounts among them cannot be determined 
uniquely. The assignment of circuit group size adjustment 

amount among high usage groups should therefore be 
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Table 3 Required increase of circuit group size 

(1) For the reduction of circuit group size of route 
1-2 (Time period I) 

Route Circuit group Sizes 

1-2 13 12 11 10 

1-3 11.95 12.43 13.03 13.72 

2-3 14.91 15.36 15.94 16.59 

Total 39.86 39.79 39.97 40.31 

(2) For the reduction of circuit group size of route 
1-3 (Time period II) 

Route Circuit group Sizes 

1-3 14 13 12 11 

1-2 9.96 10.48 11.12 11.84 

2-3 15.95 16.41 16.99 17.65 

Total 39.91 39.89 40.11 40.31 

(3) For the reduction of circuit group size of route 
2-3 (Time period ill) 

Route Circuit group Sizes 

2-3 20 19 18 17 

1-2 11.93 12.40 12.97 13.60 

1-3 10.95 11.43 12.02 12.66 

Total 42.88 42.83 42.99 43.26 

Table 4 Circuit group sizes after first step 5 

~ I II III Maximum 
Route 

1-2 13 10 13 13 

1-3 12 14 13 14 

2-3 15 16 18 18 

Table 5 Circuit group sizes after second step 5 

~ I II III Maximum 
Route 

1-2 13 11 13 13 

1-3 12 13 13 13 

2-3 15 17 18 18 
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optimized. This optimization is possible through the 
repetition of circuit group size dimensioning with increased 
final group circuit cost. 

1-3 
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14 ~--------
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11 
III 
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~ 16 

11 

15 0 
I 

11 12 13 14 

1-3 

0: Single hour dimesioning results 

. : Initial solution 

(1), (2): Number of repetitions of Step 5 

Fig. 3 - Circuit group size reductions for sample network 

3 NUMERICAL RESULT 

A sample 4-node telephone network is shown in 
Figure 4. and the time difference in local standard time 
between the two nations connected by the route and the 
busy hour traffic demands are given. This network is a 
model of the international telephone network existing 
between Japan (Node 1), other asian nations (Node 2), 
Europe (Node 3), and North America (Node 4) . The hourly 
traffic demands listed are calculated from the standard 
traffic profiles given in CCITT Recommendation E.·523. 
Table 6 shows the traffic demands for 6 time periods. 
Traffic demands for the remaining time periods are small, 
and design results for the larger traffic demand of the 
listed 6 periods satisfies the service grade requirement for 
the remaining 18 periods as well. 

Four routing patterns are considered for this 
network, as shown in Figure 5, and a routing pattern is 
selected according to hourly traffic demands that capitalizes 
on Idle network capacity. Traffic demand to/from Node 3 is 
considerably small in time periods 9, 10, and 11 compared 
with the traffic demand in other time period, and traffic 
demand to/from Node 4 is considerably small in time 
period 17. In these time periods, therefore, routing patterns 
are used which call overflow to the idle node (patterns a 
and b). 

In time periods 22 and 23, traffic demands on all 
routes are high, with traffic demand to/from routes 1 and 2 
slightly lower. In these time periods, therefore, routing 
patterns c and d are considered. Time varying routing 
patterns for this sample network are summarized in Table 7, 

Fig. 4 Sample 4-node network 

Table 6 Hourly traffic demand 

~ 9 10 11 17 22 23 
Route 

1-2 . 35.0 47.5 50.0 30.0 12.5 7.5 

1-3 4.0 4.0 4.0 80.0 48.0 40.0 

1-4 100.0 95.0 70.0 5.0 70.0 60.0 

2-3 4.0 4.0 4.0 80.0 52.0 40.0 

2-4 .. 64.0 80.0 64.0 4.0 80.0 64.0 

3-4 7.5 7.5 7.5 7.5 142.5 150.0 

Total 214.5 237.5 199.5 206.5 405.0 361.5 

• Local time in node 1 

4_3A-3-4 



ITC 11 Kyoto September 1985 

where routing pattern c and d are used in time period 22 
and 23 for Case 1 and Case 2 respectively. 

The reduction of the initial solutions for sample 
network using proposed dimensioning algorithm are shown 
in Table 8, where peakedness of overflow traffic is ignored 
and final circuit group blocking is assumed to be 1%. Total 
trunk requirements to serve the entire traffic demand are 
nearly the same for Cases 1 and 2, but the circuit group 
sizes of routes 1-3, 2-3, 1-4, and 2-4 differ remarkably 
according to the routing pattern. Routes which are 
operated as final circuit groups in time periods 22 and 23 
have large circuit group sizes. In both Cases the sum of 
route 1-3 and 2-3 circuit group sizes is nearly equal to that 
of routes 1-4 and 2-4, so that the total circuit group sizes 
of the two Cases nearly equal each other. For this sample 
network, consequently, no significant difference is found 
from a network efficiency point of view between fmal 
circuit group selections among routes which have 
equivalent idle capacity. 

Next. the ' dimensioning results for the sample 
network are compared with the results for time fixed 
routing (Case 3) and direct routing (Case 4) . Routing 
pattern b is selected for time fixed routing since the peak 
hour traffic demand to/from Node 4 is the largest. The 
dimensioning results of Cases 3 and 4 are shown in Table 
9, and the circuit group capacity for each Node is shown in 
Table 10. A comparison of these data allows the features of 

(a) (b) 

(c) (d) 

-----final circuit group 

--------- high usage circuit group 

Fig. 5 Routing patterns for sample network 

Table 7 Hourly routing pattern 

Time period 9 10 11 17 22 23 

Case 1 a a a b c c 

Case 2 a a a b d d 
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Table 8 Dimensioning results for dynamic routing 
scheme 

Case 1 

Route 1-2 1-3 1-4 2-3 2-4 3-4 Total 

Initial Solution 42 71 95 88 88 157 541 

1 42 71 95 78 88 157 531 

2 42 71 95 68 88 157 521 

3 42 71 95 58 88 157 511 

4 42 71 95 58 88 150 504 

5 42 71 95 58 86 150 502 

6 42 71 95 57 86 150 501 

7 , 39 71 95 57 86 150 498 

Final result 29 71 95 57 86 150 488 

Case 2 

Route 1-2 1-3 1-4 2-3 2-4 3-4 Total 

Initial Solution 42 88 109 75 106 152 572 

1 42 78 109 75 106 152 562 

2 42 , 68 109 75 106 · 152 552 

3 42 58 109 75 106 152 542 

4 42 58 109 75 106 150 549 
-' 

5 42 58 103 75 106 15,0 534 

6 42 58 93 75 106 150 524 

7 42 58 83 75 106 150 514 

8 42 58 77 75 106 150 508 

9 42 58 76 75 106 150 507 

10 42 54 76 75 106 150 503 

11 39 54 76 75 106 150 500 

Final result 35 54 76 75 106 150 496 

Table 9 Dimensioning resul ts for time fixed 
routing scheme and direct routing 
scheme 

Node 

Case 1 

Case 2 

Case 3 

Case 4 

Route 1-2 1-3 1-4 2-3 2-4 3-4 Total 

Case 3 48 52 117 57 101 170 545 

Case 4 64 96 117 96 96 170 639 

Table 10 Circuit group capacity per node 

1 

195 (0 .704) 

165 (0.596) 

217 (0.783) 

277 (1.000) 

2 3 4 

172 (0.672 ) 278(0.768) 331 (0.864) 

216 (0 .844) 279 (0.771 ) 332(0.867) 

206 CO.805) 279 CO.771 ) 388 (1.013) 

256 (1.000 ) 362 (1.000) 383 (1.000) 

The number in parentheses is the circuit 

group size compared to Case 4 as unity. 
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dynamic routing in international networks to be 
summarized as follows: 

(1) The utilization of a dynamic routing scheme in the 
international telephone network can result in savings 
in total required circuit group sizes of 25% over direct 
routing, and 10% over time fixed routing schemes. 

(2) Dynamic routing allows the circuit group size decreases 
which are roughly equal for all Nodes, while time fixed 
routing decreases circuit group size unequally. 

4. CONCLUSIONS 

A design method for networks with dynamic routing 
is proposed, and design results for a model international 
telephone network indicate the potential for significant cost 
savings. The results of this paper are summarized as 
follows : 

(1) The multiple hour network dimensioning method 
proposed in this paper treats multiple hour traffic 
demands simultaneously, and a near optimum solution 
is obtained regardless of differences in busy hours. 

(2) Dynamic routing can realize remarkable savings in the 
construction cost of international networks. 

(3) In networks with dynamic routing, circuit group size 
reductions are nearly equal for all networked nations. 

From the above results, it is clear that the dynamic 
routing scheme is suited to the international network. 
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