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ABSTRACT 

The benefits of introducing state-dependent traffic routing in telephone networks have been 
described by several authors in recent years. Most have focused on the potential capital cost 
savings, which are on the order of 7-12%, depending on the responsiveness of the routing 
technique. In the USA, dynamic routing has been implemented in the intercity network since 
1984. However, deployment in the local (metropolitan) networks had been delayed because of 
the expected broader impacts on switches and on the operations support systems. Therefore, 
Bellcore developed DR5, a practical approximation to idealized sta te-dependent routing. DR5 
works with existing switch capabilities and traffic measurements and provides routing updates 
to the switches at 5-minute intervals. The steps by wl,i ch DR5 was brought to the stage of a 
field-trial are described . Early results of the trial, scheduled for completion by the end of 1990, 
are outlined, and future plans for dynamic routing development are discussed. 

1. Introduction 

The importance of both flexible and efficient traffic 
networks has been highlighted in ITC meetings for 
over a decade [1-8] . Early emphasis was primarily on 
efficiency, i.e., saving capital investment by increasing 
the utilizil.tion of switches and circuits. However, 
recently there has been considerable attention paid to 
the issue of flexibility because of its potential for 
improved network performance, on a global basis as 
well as to specific classes of customers, and under 
certain stressful conditions including overloads and 
equipment failures. 

Dynamic traffic routing, whether in the pre-planned 
form first implemented by AT&T in 1984 in the 
intercity network or the more real-time (state
dependent) versions described in References [1-6], 
provides benefits simultaneously in both network 
flexibility and efficiency. Opportunities exist for 
reduced network capital costs (7-12%) as well as for 
improved network throughput and survivability, lower 
operations and provisioning costs, and new network 
services [11]. Mos~ studies have shown that state
dependent routing can provide about 3-4% 
incremental capital savings relative to pre-planned 
(non real-time), sequential routing schemes. 

Bellcore has previously proposed [3,4] state-dependent 
routing (SDR) schemes, in which the route for each 
arriving call is chosen on the basis of the network 
state at the time of call-arrival. In their original form, 
these schemes correspond to idealized situations in 
which it is assumed that there is instantaneous 
knowledge of the current state at call-arrival, and 
that the switches can accept and implement call-by
call routing decisions. This is an unrealistic 
assumption in the case of local (metropolitan) 
networks in the U.S.A., since most existing switches 
report trunk-group occupancy data only at 5-minute 

intervals [9]. Also, the changing of routing instructions 
in the switches is not a fully-mechanized process, and 
this places limits on how frequently network-wide 
changes in the routing patterns can be made. Thus, 
the implementation of SDR schemes in local networks 
seemed to demand extensive modifications to the 
capabilities of switches, traffic measurement systems, 
and other operations systems, an undertaking that 
could delay SDR by years. Therefore, in view of the 
benefits offered by SDR, we examined how it could be 
modified to a practical form that retained a significant 
portion of those benefits but could be implemented 
with existing switch capabilities and traffic 
measurements. It is expected that modifications will be 
required to the operations support systems. 

Most local telephone networks in the U.S.A are 
monitored by data-collection systems that gather 
traffic measurements (usage, peg count, and overflow) 
on trunk-groups at five-minute intervals and report 
them to supervisory network management systems. 
Network managers can manually intervene to make 
changes in the normal hierarchical routing sequence by 
issuing 're-route' controls to the switches. Thus, in 
order to take the first step towards state-dependent 
routing, we had to modify SDR to work with periodic 
state measurements and to make use of the existing 
network management 're-route' controls to implement 
routing changes. The modified form of SDR that works 
with traffic measurements at 5-minute intervals has 
been named Dynamic Routing-5 (DR5). In this paper, 
we describe the steps by which DR5 was brought to 
the stage of a field-trial in a 5-node subnetwork of 
Ohio Bell in Columbus, Ohio, U.S.A., conducted over 
the period October 15 - December 31, 1990. 

Section 2 reviews the routing rule of the idealized SOR 
[4] scheme, and describes its adaptation into DR5. 
Section 3 describes how the existing re-route controls 
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of network management are used to carry out the 
routing recommendations of DR5, and the restrictions 
placed on DR5 by the limitations of those controls. In 
Section 4, we present the architect).lfe used for DR5 
implementation in the field-trial and discuss how the 
results of the trial can be judged, and present some 
highly preliminary observations from that trial in 
Section 5. Section 6 is an overview of future plans for 
DR5/SDR deployment and Section 7 summarizes our 
conclusions. 

2. SDR and DR5 Rules 

SDR Rule 

In the SDR scheme proposed by Krishnan and Ott [4], 
at each call- arrival, we determine the 'cost', in the 
current network state, of carrying the call on each of 
its admissible paths; here, 'cost' refers to the effect of 
carrying the present call on the blocking of future 
calls, measured by the expected increase in the number 
of future lost calls. 

The cost C mk (j) of adding a call of node-pair m to 
trunk-group k when j of its Sk trunks are already busy 
is given by: 

(1) 

where the 'equivalent link-load' Yk and the 
parameter g(m,k) are determined from a non-linear 
program solved off-line [4] . 

The cost of a multiple-link path is the sum of the costs 
of its constituent links. 

The following is the routing rule: if the minimum of 
the path-costs for the call is less than 1 (the cost of a 
call-loss due to deliberate call-rejection), the call is 
routed on the minimum-cost path; otherwise, the call 
is rejected. 

DRS Rule 

We use periodic updates of network state information 
at five-minute intervals to define, as follows, a 
sequential routing scheme that remains in effect until 
the next update: at each update, 

(a) the average occupancies of trunk groups 
over the previous interval are used to 
evaluate the 'cost' (as defined by SDR) of 
all the potential paths for the traffic of 
each node-pair. 

(b) the paths for each node-pair are ranked in 
increasing order of cost; paths are excluded 
if their cost is above the rejection threshold 
of SDR, subject, however, to a minimum of 
one path and a maximum of M paths, 
where M is a small number, say, in the 
range 2-5. The value of M, though taken to 
be a given parameter here, should, in fact, 
be determined by considering the 'cost' of a 
path-sequence [12]. 

(c) until the next update, the calls of each 
node-pair follow the routing sequence 
defined in (b). 

Thus, DR5 is a dynamic, non-hierarchical sequential 
routing scheme, with the routing sequence subject to 
revision at 5-minute intervals. Simulation results have 
shown that DR5 obtains about one-half of the 
incremental benefits of SDR over pre-planned 
sequential routing. 

3. Implementing DR5 by Networ~ Management 
Controls 

Recall that the objective of DR5 is to utilize existing 
switch and network management capabilities to 
approximate the operation and benefits of SDR. 

Consider a tw~level hierarchical network as shown in 
Figure 1, where end-office switches A, B, and Care 
interconnected by high-usage groups with overflows 
offered to tw~link final paths via the tandem T. Thus, 
for example, the normal ('in-chain') routing sequence 
for calls from A to B consists of the direct group AD 
followed by the final group AT (for completion on TB 
upon reaching T). These normal routing patterns 
stored in the switches are known as translations 
(because there exists a routing translation for each 
dialed network destination). Changing these 
translations is not a fully-automated process in local 
networks in the U.S.A., and thus routing changes 
taking place at 5-minute intervals cannot be realized 
by means of direct translation changes in the switches. 
However, a network manager may override this 
normal sequence by 're-route' controls of various kinds. 
Of interest to us is the s~called regular re-route which 
directs an overflow call from a trunk-group to be 
offered to a designated trunk-group in place of its 
normal, in-chain, overflow path. For example, suppose 
a re-route control is placed in switch A on trunk-group 
AB and points to trunk-group AC. Then, an A-t~B 
call first attempts the direct group AB; if it overflows 
AB, it is then offered to the designated trunk-group 
AC, instead of being offered to the final trunk-group 
AT, which is the normal, in-chain overflow path. If the 
re-routed call finds the trunk-group AC busy, it 
returns to its regular, in-chain sequence and attempts 
the final group AT. For calls from B to A to be re
routed along B-C-A, a re-route control has to be 
placed in switch B on trunk-group BA pointing to 
trunk-group BC. Thus, a re-route is a mechanism for 
interposing an additional path within the in-chain 
routing sequence. 

In the above example, if the re-routed A-B call is 
carried on group AC, then, upon arrival at C, it is 
either completed on the direct group CB to its 
destination or is cleared from the network. Thus, 
switch C handles this A-B call differently from a C-B 
call, which would overflow from the direct group CB to 
the final group CT. This differential treatment at a 
switch for originating and transit calls is a capability 
already present in many switches. 

Thus, the network management re-route control allows 
us to set up a non-hierarchical routing sequence by 
inserting an 'out-of-chain' path within the regular 
sequence. This is the mechanism that was used to 
implement DR5-recommended routings without 
changing translations in the switches. However, there 



are certain limitations associated with these re-route 
controls which place restrictions on DR5. 

The main limitation of these re-route controls placed 
on trunk-groups is that, for most switches, the re-route 
applies to ALL traffic offered to the trunk-group, and 
does not discriminate between a first-offered call to the 
trunk-group and a call arriving from another group. In 
the above example, asSume trunk-group AB has a re
route on it, in both switches A and B, pointing to C as 
the via-node, and thus providing the routing sequence 
AB, ACB for calls between A and B. Then, we cannot, 
at the same time, set up the routing sequence AC, 
ABC for calls between A and C. If we tried to do so 
by placing a re-route on group AC (in both switches A 
and C) pointing to B as the via-node, then a C-to-A 
call overflowing from the trunk-group CA would be re
routed to CB. If the call were carried on the first leg 
CB but blocked on the second leg BA, then the re
route in effect at B for B-to-A calls will send this call 
back to C, as if it had been an overflowing B-to-A call. 
Thus, if we depend on the use of the re-route control 
to achieve non-hierarchical routing, then the routing 
sequence [AB, ACB] for node-pair AB and the sequence 
[AC, ABC] for node-pair AC cannot co-exist in the 
network. This sort of limitation was imposed on the 
field-trial version of DR5. It could be removed if the 
re-route control were enhanced so that the re-route is 
applied only to first-offered traffic and not to calls 
already re-routed once. Another simplification made 
in order to facilitate the use of re-routes for the DR5 
trial was to limit each DR5 routing sequence at most 
to two paths: the direct group as the first path, 
followed by, at most, one other two-link overflow path 
within the DR5 subnetwork. 

4. DR5 Architecture for Field-Trial 

Figure 2 shows the proposed configuration for the DR5 
field-trial. The five-minute traffic measurements on 
trunk-groups, sent from the switches to the network 
management system under existing arrangements, are 
captured by peripheral hardware and fed into a 
workstation which constitutes the DR5 controller . The 
DR5 algorithm is implemented in the workstation and 
produces routing recommendations for the next five 
minutes. In order to implement them as network 
management re-routes, the workstation also runs an 
emulation of the terminal used by network managers. 
The routing recommendations are thus presented on 
the same screens on the workstation as are used by 
network managers in their system. During the field
trial, the routing determined by DR5 is presented as a 
recommendation to the network manager for approval; 
the manager can then implement the recommendations 
by a single key-stroke. This manual mode was chosen 
for the field-trial since it was important that the trust 
and confidence of network managers be won and that 
the mechanized recommendations be in accord with 
the knowledge and expertise they have gained from 
operational experience. Once this initial phase is over, 
of course, the implementation of DR5 
recommendations has to be automatic for its full 
benefits to be realized. 
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During the field-trial, the DR5 subnetwork will 
continue to overflow to the final trunk-groups to the 
tandem as paths of last resort. As pointed out above, 
this is the arrangement that results from the use of 
re-routes to implement DR5 sequences. In this 
arrangement, the effect of DR5 is to provide calls with 
an additional overflow path within the subnetwork 
before letting them overflow to the tandem. Thus, a 
measure of the effectiveness of DR5 in this trial 
configuration would be the reduction it produces in the 
load offered to the tandem. 

5. Preliminary Observations from the DR5 Field 
Trial 

The preliminary observations with respect to the DR5 
field trial, after several weeks of operation and prior to 
extensive analysis, are as follows: 

• The algorithms as modified for practical 
implementation have worked nearly flawlessly with 
few technical problems 

• The network managers in Ohio Bell have been very 
pleased with both the re-route recommendations 
and the human factors design of the workstation. 
They believe the DR5 capability will be especially 
useful for network overload and survivability 
applications 

• Within a few weeks of initial activation, 7% of the 
circuits (in this very small, 5-node network) were 
removed with no significant reduction in service 
quality 

• Tandem loads have been significantly reduced in 
the busy hours, with over 80% of the DR5 re
routed calls being successfully deloaded from the 
tandem. 

These preliminary observations suggest that DR5 is 
working very effectively and that ' the predicted 
benefits could be realized in a broader implementation. 
The results of more detailed analysis will be reported 
later. 

6. Future Plans for DR5/SDR Development 

The DR5 trial described in this paper is merely the 
beginning of a multi- stage plan to implement and 
enhance dynamic routing capabilities in the local 
telephone companies in the USA. In 1991, Bellcore will 
complete an operations systems plan for DR5 that will 
more fully integrate DR5 into the data collection, 
network management, and network monitoring and 
surveillance architectures that are now being 
developed for or by the telephone companies. This 
integration would remove many of the limitations 
imposed during the field trial. It is expected that DR5 
will be generally available by 1993. 

However, to obtain all of the benefits of dynamic 
routing, there is a need to go beyond the full 
integration of DR5 with operations systems; i.e., the 
controls must be more responsive (10-30 sec updates) 
and should exploit the capabilities of and be consistent 
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with plans for common channel signaling (CCS) and 
the intelligent network. The basic ideas in that area 
were discussed in References [10,11]' with deployment 
of near-SDR responsive routing expected after 1995. 

7. Conclusion 

It has emerged from a spate of publications in recent 
years that there are impressive benefits to be gained 
by introducing state-dependent routing in telephone 
networks. These include c~pital cost savings of 7-12% 
as well as improvements in survivability, flexibility, 
throughput and new services. However, in the local 
networks of the USA, their implementation could be 
delayed by years by the requirement to develop 
enhancements to switch capabilities. Therefore, 
Bellcore has developed the DR5 concept as a practical 
approximation to idealized state-dependent routing 
which provides 5-minute routing updates while working 
with existing switch capabilities and traffic 
measurements. The steps by which DR5 was brought 
to the stage of a field-trial in a small network have 
been described. The preliminary results of the trial, 
scheduled for completion by the end of 1990, seem 
quite consistent with those expected. More detailed 
analysis will be presented later. Future plans for 
DR5/SDR development have also been discussed. 

8. Acknowledgments 

The authors are especially indebted to their colleagues 
who have contributed to the development of the DR5 
concepts and to the field trial: Nick Koussoulas, 
Syamala Vishnubhatla, Angela Chu, Terry Sun, Matt 
Dismukes, and Tom Miller (Ohio Bell). We also 
acknowledge the support and encouragement of Ed 
Gould and Duane Elmquist. 

References 

1. W.H. Cameron, J. Regnier, P.Galloy, and A.M. 
Savoie, "Dynamic Routing for Intercity 
Telephone Networks", Proc. 10th ITC, Montreal, 
June, 1983. 

2. G.R. Ash, "Use of a Trunk Status Map for Real
Time DNHR", Proc. 11th ITC, Kyoto, September 
1985. 

3. T.J. Ott and K.R. Krishnan, "State-Dependent 
Routing of Telephone Traffic and the Use of 
Separable Routing Schemes", Proc. 11th ITC, 
Kyoto, Septemebr 1985. 

4. K.R. Krishnan and T.J. Ott, "Forward-Looking 
Routing: A New State- Dependent Routing 
Scheme", Proc. 12th ITC, Torino, June 1988. 

5. R.J. Gibbens, F.P. Kelly and P.B. Key, "Dynamic 
Alternative Routing-- Modelling and Behaviour", 
Proc. 12th ITC, Torino, June 1988. 

6. F. Caron, "Results of the Telecom Canada High 
Performance Routing Trial", Proc. 12th ITC, 
Torino, June 1988. 

7. K. Mase and H. Uose, "Consideration on 
Advanced Routing Schemes for 
Telecommunication Networks", Proc. 12th ITC, 
Torino, June 1988. 

8. J. Filipiak, P. Chemouil, and E. Chlebus, 
"Modelling and Control of Time-Varying 
Telephone Traffic", Proc. 12th ITC, Torino, June 
1988. 

9. G.C. Ebner and D.G. Haenschke, "Total Network 
Data System: Network Management", Bell 
System Technical Journal, Vol. 62 , No. 7, Part 3, 
September 1983. 

10. C.D. Pack and D.W. Olson, "Advanced Routing 
Techniques using Advanced Intelligent Network 
Functional Components and Data Base 
Controls", Network Management and Control, 
Plenum Press, New York, 1990, pp. 369-375. 

11. D.W. Olson and C.D. Pack, "Advanced Routing 
Techniques for the Intelligent Network of the 
19908", 4th International Network Planning 
Symposium, Mallorca, Spain, September 1985. 

12. E.V. Denardo and H. Park, "Efficient Routing of 
Telephone Calls", to be published. 



A B 
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IN-CHAIN 
AB 

ATB 

OUT-OF-CHAIN 
AB 

ACB 
ATB 

----- HIGH USAGE 
-- FINAL 

FIGURE 1: TWO-LEVEL HIERARCHICAL NETWORK 
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Background (off-line) 
Data for Calculation 
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FIGURE 2: DR5 TRIAL ARCHITECTURE 


