
TELE1RAFFIC AND DATA 1RAFFIC 
in a Period of Change. ITC-13 
A. Jensen and V.B. Iversen (Editors) 
Elsevier Science Publishers B.V. (North-Holland) 
© lAC. 1991 

195 

A STATE- AND TIME-DEPENDENT DYNAMIC ROUTING SCHEME 
FOR TELEPHONE NETWORKS 
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A new dynamic routing scheme, called "State-and Time-dependent Routing" (STR), is 
proposed. STR is characterized by two levels of dynamic control. First, a set of possible 
alternate routes for each origin-destination node pair is determined for each time period of the 
day by a centralized control method once a week. Second, in each exchange, a near-optimum 
alternate route is determined according to only the network information obtained through 
the call-connection processes. The results of comparative performance evaluation obtained 
through a call-by-call computer simulation are shown. STR achieves higher performance over 
conventional dynamic routing schemes with minimum changes on existing exchange software 
and operations systems. 

1. INTRODUCTION 

r.ecently, economics and social.circumstances have be
come very active and changeable. Each year, new ser
vices are introduced, and new common carriers enter 
telecommunications service industry. In addition, net
works are now in the transition period from analogue 
to digital. These factors will cause uncertainty in de
mand, making forecasting increasingly difficult. This 
in turn may result in excessive idle capacity in some 
parts of the network and overload in other parts. Pow
erful real-time traffic control is needed to effectively 
handle such unplanned traffic by using network-wide 
spare capacity. State-dependent dynamic routing[l]
[16] is one method to satisfy this need. 

The state-dependent dynamic routing schemes are 
classified into two categories [10]'[16]' centralized 
methods [4],[6]-[8],[11]-[14],[16] and isolated meth
ods[l], [2], [5], [9], [15], [17]. In the centralized methods, a 

routing calculation center collects network-status infor
mation from exchanges and returns routing recommen
dations to the exchanges in a pre-determined update
cycle. Here, a very short cycle in the order of 5-10 
seconds is required for updating routing recommenda
tions to achieve high performance [4], [6],[14], [19]. How-
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ever, to implement the centralized methods in an ac
tual large-scale network, very high computing power 
and very high data transfer speeds are required to ob
tain an optimal routing pattern according to the net
work conditions. 

In the isolated methods [1], [2] ,[5],[9],[15] ,[17], each 
exchange autonomously determines alternate routes 
based on an analysis of information collected by the ex
change. This capability can be easily implemented on 
the existing exchange software with minimum changes 
and additions. However, the performance of iso
lated/distributed methods may be relatively low. In 
addition, the processing power required for routing 
at each exchange including the peripheral equipments 
may be large in a large-scale network, because each 
exchange has to select an alternate route for each des
tination from a number of candidates. 

This paper proposes a new state-dependent dynamic 
routing scheme, called "State-and Time-dependent 
Routing (STR)". STR has a hybrid control architec
ture of a centralized and isolated control methods. 
This paper describes the concept of STR and the re
sults of performance evaluation obtained through a 
call-by-call computer simulation. 
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2. STATE- AND TIME-DEPENDENT 
DYNAMIC ROUTING 

2.1 STR Overview [15] 

For simplicity, a network is assumed to have a mesh 
topology in which each Origin-Destination (O-D) node 
pair is connected by a direct route. For each originat
ing call, the first choice is the direct route. If the direct 
route is busy, the second choice is one of the alternate 
routes between the O-D node pair. Trunk reservation 
technique is used at each link between nodes to protect 
the direct traffic against excessive congestion under the 
pressure of overflow traffic. If the selected alternate 
route is also busy, the call is blocked in the case that 
multiple overflow is not allowed. 
The methods for selecting an alternate route can be 
characterized by two process levels. The first is the 
routing-domain definition process, where a set of possi
ble alternate routes in order (routing domain) is deter
mined for each 0-D node pair. The second is the call
level routing, where an alternate route is determined 
for each call overflowing from the direct route. The ba
sic concept of the proposed dynamic routing scheme is 
a combination of two kinds of dynamic control: time
dependent control at the routing-domain definition and 
state-dependent control at the call-level routing. 

The routing-domain definition is characterized by three 
principles. First, each alternate route between an O
D node pair is restricted to two-link routes between 
the node pair. Second, the size of the routing domain 
(the number of possible two-link alternate routes for 
each O-D node pair) is restricted to maximize network 
performance. This is done to simplify the call-level 
routing. Third, the routing domain is given based on 
the network capacity and traffic level for each time 
period (time-dependent control). Since network-wide 
calculations based on short-term traffic predictions are 
needed for this process, the routing-domain definition 
can be best achieved by using a centralized method. 

The call-level routing is a simple state-dependent rout
ing. A near-optimal alternate route is selected from 
the routing domain according to only the information 
obtained through the call-connection processes of ex
changes. Therefore, this call-level routing can be sim
ply achieved based on the distributed control capabil
ities built into each exchange. The effects of this com
bination are shown in section 3. 

2.2 Routing-domain Definition Algorithm 

The alternate-route assignment algorithm determines 
a routing domain (the set of alternate routes in order) 
for each 0-D node pair under a given network traf
fic load level. This load level is a short-term predic
tion reflecting the hour- to-hour (especially during the 

busiest daytime and nighttime hours), and day-to-day 
traffic variations. Procedures for the alternate-route 
assignment algorithm are described below. First, as
suming that the traffic load between each O-D node 
pair is offered to the direct routes, the flow between 
each 0-D node pair and the capacity of each link (trunk 

group) are calculated. Here, the flow between an O-D 
node pair is the amount of overflow traffic from the di
rect route, and the capacity of a link is the maximum 
amount of traffic which can be carried by the link to
gether with the directly routed traffic under a given 
blocking probability objective; for example, 1%. 

Then, the flow between each 0-D node pair is assigned 
to two-link alternate routes between the node pair so 
as to maximize the total amount of flow carried under 
the given constraints of the link capacity and the num
ber of alternate routes per 0-D node pair. In general, 
the amount of CPU time and memory required to find 
a solution increases significantly as the number of net
work nodes increases. A simplified network model is 
used to minimize the complexity of the flow assignment 
problem in a realistic large-scale network. In addition, 
a heuristic algorithm employing an iterative procedure 
is used to find the near-optimal flow assignPlent [18]. 

2.3 Call-level Routing Schemes 

In the call-level routing of STR, each exchange au
tonomously avoids using congested alternate routes, 
and in real-time, finds a desirable alternate route 
within a given routing domain. The Basic Scheme and 
two variations are described below. 
(1) Basic Scheme[2]'[9], [17] 

A set of possible alternate routes in the rout
ing domain for each 0-D node pair is placed 
in order in a cycle, and one of the alternate 
routes is assigned as the alternate route. For 
each originating call, the first choice is the 
direct route. However, if the direct route 
is busy, the second choice is the currently
assigned alternate route. If the call is com
pleted, this alternate route is kept and used 
for the next overflowing call from the di
rect route. If the first or second link on the 
currently-assigned route is busy, the call is 
blocked and the next alternate route in the 
routing domain list is assigned as the new 
alternate route. In comparison with other 
schemes, for example, DAR [9],[17] in which 
the next alternate route is selected at ran
dom, the basic scheme can be implemented 
with minimum changes on existing exchange 
software. Blocking in the second link on the 
alternate route is informed of by the conges
tion signal sent back to the originating ex
change. 



(2) Variation 1 
Variation 1 is the same scheme as the Ba
sic Scheme except for the condition of chang
ing the alternate route assignment. In the 
Basic Scheme, a new alternate route is as
signed for each O-D node pair only when a 
call is blocked in the first or second link of 
the currently-assigned alternate route. On 
the other hand, in Variation 1 a new al
ternate route is assigned when the number 
of idle trunks in the first or second link 
of the currently-assigned route is less than 
a pre-determined value (congestion thresh
old). The number of idle trunks is obtained 
through the call-connection process. This is 
done to try to prevent the next call from being 
lost. Variation 1 with the congestion thresh-

old of 0 is the same as the Basic Scheme. 

(3) Variation 2 
Variation 2 is the same as Variation 1 except 
that sequential multiple overflow is allowed in 
Variation 2. In Variation 1, a call overflowing 
from the direct route is blocked if the first 
link of the currently-assigned alternate route 
is busy. On the other hand, in Variation 2, 
a different alternate route, which has at least 
one idle trunk in the first link, is searched 
for according to the sequence in the routing
domain list, and if such a route is found, it 
is used for this call and is newly assigned as 
the alternate route. This is done to try to 
prevent the current call from being lost. 

3. PERFORMANCE EVALUATION 

3.1 Assumptions 

Call-by-call simulation[19] is done based on the follow
ing widely used assumptions: 

• Traffic originates from every node according to 
Poisson distributions. 

• Call holding time obeys a negative exponential 
distribution. 

• No blocking occurs at any nodes. 
• Call setup and release time are negligible. 
• Blocked calls are immediately cleared and do not 

repeated. 
• The unbalanced traffic condition is defined as one 

of offered traffic patterns. It is random traffic of
fered between each O-D node pair, and is set ac-
cording to a uniform distribution with a maximum 
deviation of ±x% centered on the design load. 

197 

3.2 Effect of Defining Routing-domain 

The average blocking probabilities versus the number 
of possible alternate routes (the size of the routing do
main) are shown in Fig. 1. The Basic Scheme is used 
for call-level routing. When the routing domain is de
termined at random, the performance monotonously 
and rapidly degrades as its size decreases. However, 
when the routing domain is determined based on the 
proposed routing-domain definition algorithm, perfor
mance improves significantly. It is shown that there 
is an optimum size for the routing domain to achieve 
maximum throughput. Thus, defining a routing
domain for STR is effective in not only simplifying the 
call-level routing but also in improving network per
formance. 

3.3 Comparative Evaluation 
of Call-level Schemes for STR 

(1) Performance of Variation 1 

Figure 2 shows the routing performance of Variation 1 
versus the congestion threshold. It is shown that the 
performance is significantly improved by limiting the 
routing-domain size. Variation 1 with the routing
domain size of 5 provides high performance at the con
gestion threshold of 4, that is, when the idle-trunk ratio 
is about 10%. The performance at the threshold of 0 
is the same as that of the Basic Scheme. 
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In general, when the threshold is too small, the prob
ability that subsequent calls will be blocked on the 
route increases. On the other hand, when the thresh
old is too large, the assigned alternate route may be 
replaced by a different route, even if the former route 
is lightly-loaded. There is a possibility to assign an 
inadequate alternate route where the number of idle 
trunks is small. Thus, there is an optimal threshold 
for Variation 1. This analysis is clearly confirmed for 
the unlimited size of the routing domain (N=28), al
though it is not so clear in the case of the limited size 
of the routing domain (N=5). This is because a set 
of desirable alternate routes is pre-selected using the 
routing-domain algorithm in the case of the limited 
routing-domain. 

(2) Performance of Variation 2 

The routing performance under unbalanced traffic con
ditions is shown in Fig. 3. 

Variation 2 performs well, in particular, under a sig
nificant unbalanced traffic condition. Performance im
provement by Variation 2 is more significant in the case 
of the optimally-limited size of the routing domain. 

3.4 Comparative Evaluation 
on Full-scale NTT Network Model 

Figure 4 shows the comparison of the network per
formance of dynamic routing schemes, LLPR (Least
loaded path routing)[5]'[6]'[19] and STR. These simu
lation studies are carried out on a realistic full-scale 
network model similar to NTT's digital transit-node
network. LLPR performs as follows: The direct route 
is first selected. If it is busy, the two-link route is se
lected based on the pre-determined routing sequence. 
The routing sequence is determined according to the 
maximum idle capacity and is used until the next up
date. 

Of all the conventional routing schemes that have been 
proposed so far, LLPR is the most effective, provided 
that the update-cycle is negligible. However, discrep
ancies arise between the actual idle capacity and the 
idle-capacity information because the routing sequence 
for each O-D node pair in LLPR is fixed during the up
date cycle. Consequently, even if the update cycle is 5 
seconds, the performance of LLPR becomes lower than 

that of STR. 

STR has relatively high real-time performance, espe
cially when traffic load fluctuation is large, as shown 
in Fig. 4. 
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4. CONCLUSION 

A new dynamic routing scheme for achieving adapt
ability to traffic Variations in routing, called "State
and Time-dependent Routing" (STR), is proposed. It 
is shown that STR has high performance by using an 
adequate combination of time-dependent control in a 
routing control center and state-dependent control in 
each exchange. 

Currently, extensive routing performance study is be
ing studied from various aspects including transitional 
performance and performance under facility failure. 
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