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AN ADAPTIVE ROUTING ALGORITHM FOR TELEPHONE NETWORKS 

Karol BLUNAR and Milan M. KONVIT 

Telecommunication department 
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Zilina, Czechoslovakia 

A real time adaptive dynamic nonhierarchical routing 
algorithm /ADNR/ is described in the article. The ADNR 
algorithm enables to minimalise a network losses by regu
lation of the use of alternative routes depending on an 
offered load. 

1. INTRODUCTION 

Cost effective operation of a telephone network depends"to a great 

extenton routing strategy implemented in the network. A problem of 
evaluation of the routing strategy covers many areas [U . Possi

bilities that are offered in the individual areas from a traffic 

routing point of view are summarized in Table 1. 
Table 1 

network structure: 

selection method: 
/network/ 

selection method: 
/node/ 

time dependency: 

s~atus dependency: 

execution of routing: 

hierarchical, nonhierarchical 

progresive, rerouting, predictive 

sequential, random, load sharing 

static, dynamic 

fixed, adaptive 

central, distributed 

service protection: "Trunk reservation, inhibiting overflow 
Full use of all these oportunities is bounded by "intelligence" 

of " the switching systems in the network. The hierarchical alterna

tive call routing strategy with fixed sequences of alternative 

choices is generally used in networks with electromechanical 
switching systems. However, an introduction of the net~orks with 

SPC systems opened room for the implementation of flexible routing 

traffic techniques in a real time [2] , [3J , [4] . One real-time 
traffic routing technique is suggested in this article. 
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2. PRINCIPLE OF THE AONR ALGORITHM 

Let us suppose a typical portion of an alternative route network 

shown in . Fig. 1. A connection between two nodes /the so called 

origin-destination pair, for example AB/ can be established either 

on a direct route /i.e. AB/ or on an alternative route /i.e. ABC/. 
When simulating or calculating this 3-node network we can obtain 

a dependence of the loss probability P versus an offered load A 

both for direct routing strategy and alternative routing strategy. 
These curves are shown in Fig. 2, where Pdr denotes a loss proba

bility for a network with a direct routing and P denotes a loss ar 
probability for a network with a fixed alternative routing strate-

gy. The following conclusion can be drawn from Fig. 2: 

For the given network configuration, there exists such an offered 

load Ak , for which Pdr = Par = Pk is valid. If there is A<Ak then 
Par<P dr is valid, and vice versa, for A>A k is Pat'P dr . That means, 
from the point of view of the network loss magnitude, there is an 

unambiguously determined area where an alternative routing strate
gy brings a benefit and another area, where there is no benefit 

at all from the use of alternative routes. Hence, we can maximize 

a number of succesfull calls by taking into account whether the 
setting up the call on the alternative route will not prevent 

from establishing more than one first-choice calls on the links 

the alternative links consists of. If such a situation occurs we 
do not establish an alternative route call, but the capacity that 

there exists will be devoted to the realisation of the first-choice 

calls. 
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The mean number of the first-choice calls T/A,n/ . which will be ' 
blocked due to the existence of an alternative 'route call is chosen 
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as a control criterion. This criterion has the following features: 
- It is a function of the offered load A and an expected /i. e. 

forecasted/ number of busy circuits n. 

- It is sufficiently accurate and quick in detecting the offered 
traffic load variations. 

- It can be evaluated from the data available in the switching 
system /node/. 

3. MATHEMATICAL MODEL 

To derive a mathematical model of a network with adaptive dynamic 

nonhierarchical traffic routing we introduce the following 
assumptions: 

1. The curves shown in Fig. 2 are the limit cases of the use of 

alternative routes - the curve Pdr represents a network without 

alternative routes, the curve P represents a network with a ar 
set of all poss~ble alternative routes. We suppose that the 

loss probability curve for a network with some subset of all 

possible alternative routes will lie somewhere between these 

two limit curves for all values of an offered load A. /This 
assumption has been proved by simulation/. 

2. We suppose an exponentially distributed service time with 

parameter a = 1. 

3. Only one alternative route is allowed in the network /i. e. for 

nodes A, B via links AC, CBI. 

4. Only one alternative route call can be established at any time. 

5. The size of all groups in the network is N. 

Let us now consider the link AC in the network in Fig. 1. The use 

of alternative route will influence the network operation negatively 
in the case when during its service time a new direct call demand 

occurs and all the other N-l circuits in a group already will 
be busy by serving direct calls. This is the situation when due to 
the existence of the alternative route call the remaining N-l 

circuits are not enough for serving direct calls. 
Now, we derive a mathematical model by using an analogy with a 
reliability model of a standby system. Such a system consists of N 

repairable elements, cold standby and N equipments for an element 
repair. One operationable element is needed for a system operation. 

If there are more operationable elements, only one is active and 
the others create cold standby. A typical cycle for each element 
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consists of an action, a repair and a standby. The system is said 
to be out of action when a failure of an active element occurs at 
the time, when all the other elements are under repair. Let us 
suppose . that all time intervals faction, repair, standby/ have an 

exponential distribution with parameter a = 1. Then the following 

analogy can be found between the network and the model of a 
standby system: 

network 

idle circuit and all the other 

circuits in front of it are busy 

- idle circuit and some idle 

circuits are in front of it 

call service time 
call arriving 

call arriving at the moment 

when all N-l other circuits 

are busy 

standby system 

- an active element 

- a passive element 

/cold standby/ 
an element under repair 

- a failure of an element 
- a system failure 

The above analogy is used in the fqllowing way: 

Let us denote 5 n (n = 0, 1, ... , N-1) the time to the first system 

failure provided the system is in the n-th state. That means there 
are exactly N-1 operationable elements and n elements are under 
repair. Clearly, the system can pass from the state n, n 1 only 
to the state (n-1) or (n+1) by finishing the element repair or 
by arising the element failure respectively. The transition to the 
state N occurs at the moment of the system failure. It is valid ~] 

50 = TOl + 51 

with probability n/(a+n) T 1 + 5 1 
/ 

n,n- n-
S = n \. 

T + 5 n,n+1 n+1 with probability a/(a+n) 

for n = 1, 2, ... , N-1, where Tij expresses a random time interval 
in which the system persists in the state "i" and at the end of 
this interval the system passes to the state "j". The quantities 
T .. , 5. are indenpendent on each other. The probability that the 

t~~e t~ the first system failure (on a given initial condition) 
is greater than a certain number t is 

P(TOl E:; x)= P(y~x) = 1 - exp (-ax) 

peT ~ x)= pew = x/w <y) = 1 - exp (-(a+n)x) n,n-1 ~ n n 
P(T n ,n+1 ~ x)= P(y = x/y~wn) = 1 - exp (-(a+n)x) 
for n = 1, 2, ... , N-l, where y den~tes a random time interval of · 
the element operation, and wn is an element repair minimal time 
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i. e. when this time runs off, one of n elements under repair 

will be repaired. Denoting the Laplace - Stieltjes transform of 
random quantities T1· J·, Sn as Xn(s) and A respect1·vely we i j , 
obtain a set of linear equations 

XO(s) = a 
Xl C.s) 

a+s 

X (s) n a+n Xn_1(s) a a+n 
Xn+1(s) = + n a+n s+a+n a+n s+a+n 

for n = 1 , 2 , N-2 ... , 

= N-l a+N-1 a a+N-l + XN_1(s) XN_2(s) 
a+N-1 a+s+N-1 a+N-1 a+s+N-l 

In our case it is enough to solve these equations only for s=l. 

Then Xn(s) = Xn(l) is valid. Hence, as it follows from the analogy, 
the base of a mathematical model of the ADNR algorithm will be 
the 'set of linear equations 

A .• 
Xo (A .. , N .. ) = 1J 1J 1J • Xi(A .. , N

iJ
.) 

1 + A. . 1J 
1J 

X CA .. , N .. ) = 
n 1J 1J 

n A .. 
----. X l(A .. , N .. ) + 1J·X l(A .. ,N .. ) 

l+n+A. . n- 1J 1J l+n+A.. n+ 1J 1J 
1J 1J 

for n = 1, 2, ... , N .. -2 and (1) 
1J 

N .. -1 
X

N 
(A .. , N .. ) = 

.. 1J 1J 
_-.,;;;.l.w.J ___ • X 

1 N 1 A N. ·-2 
+ 

A .. 
1J 

A .. +N .. 
1J 1J 

1J + .. - + .. 1J 
1J 1J 

i, j, €: k, i = j, where N. / is a group size for a group between 
1J 

the nodes i, j; Aij is a traffic load offered to this group at a 

given time interval; n is a forecast number of busy circuits in a 

group (one step ahead) and Xn is a mean number of blocked calls 

on a direct route ij due to the existence of an alternative call. 

4. DESCRIPTION OF THE ADNR ALGORITHM 

As we have already mentioned in Chapter 2, the mean number of the 

first-choice calls T(A,n) which will be blocked due to the 

existence of an alternative route call is chosen as a control 
criterion. We can evaluate the control rule Tr(A,n) on the base 

of the set of equations ( 1 ) for controlling the use of all 
potential alternative routes in the network in the form 
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m 

> (2) 
k = 1 

where n = 1, 2, R, is the number of alternative routes wi~h at 
least one free circuit in every link zk which belongs to the given 
route. The parameter m denotes the total number of the links in , 
the alternative route. Let us suppose example that the call demand 

arises between the nodes A and B. This demand can be served by 

using a direct route or, in the case when all circuits in the 
direct route are busy, by using one of R alternative routes which 

comes into account for this demand. That means there are R + I 

possibilities for a call routing. When deciding whether to use 
one of R alternative routes or not, we evaluate the values of 

every control criteria T1/A,n/, T2/A,n/, ... , TR/A,n/. The rules 
for making decision on the using a particular alternative route 
are the following: 

1. When R = 0 or mi n { T l' T 2 , ... , T R} > 1 than none of the R 
alternative routes can be used and alternative route call is 

rejected. 

2. When RIO and min :{ T l' T 2' ... , T R} < 1 such an index rO is 
found that T r = min (T l' T 2' ... , T R} is valid. In this 
case the alte~native route rO is used for a call establishment. 

3. In the cases when R # 0 and either min\T 1 , T2 , ... , TR} = "1 or 

the rea rem 0 r e e q u a I va 1 u e s r 0' rOE (1, ... , R.> w hi ch sat i s f y 
the condition Tr = min {T1 , T2 , ... , TR}< 1, we can decide 

among two or mor~ equally good alternative routes. 

5. REALISATION OF THE ADNR ALGORITHM 

To ensure a correct function of the ADNR algorithm we have to 
know the value of the topical offered load A at the time k. L, 
k = 1, 2, ... and the expected number of busy circuits n at the 
time (k + 1) . L. Kalman filter is used for estimation of these 

quantities. We evaluate forecast of the number of busy" circuits 
for all pairs of nodes i, j one step ahead. The sampling interval 

L is a range of seconds. Further, for evaluation of the quantity 
X(A,N) we have to know a topical offered load A. This can be 

estimated by Ka1man filter based on a "discrete linear model of 
the M/M/ queuing system or by using the moving average of the 
traffic on the appropriate time interval. AII "the quantities 
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XO' ""XN- l of all trunk groups in the switching system can be 
precalculated and stored in the system memory. Similarly, the 

quanti ties XO'" t XN- 1 of all al ternati ve route trunk groups have 
to be know, too. The evaluation of the control criterion T for 

r 
any alternative route is then reduced to the reading of the values 

of X for topical Ak , nk+l' and using the equation (2) and making 
decision on the use of alternative routes according to the rules 
given above. 

6. RE5UL T5 

The ADNR algorithm has been tested by simulation for the network 
in Fig. 1. Simulation results are shown in Fig. 3. The loss 
probability versus an offered load for the network with the ADNR 
algorithm and the network with the trunk reservation and the 

network with direct routing respectively are shown for a comparison 
in this figure. 
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Fig. 3 Comparison of routing strategies 
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As it can be seen from Fig. 3 the ADNR routing algorithm provides 

a broader area for effective use of alternative routes. Further, 

the losses in "" the overloaded network are less than the losses in 
the network with the trunk reservation and even slightly less 
than the losses in the network with the direct routing. 

7 . CONCLUSION 

The proposed ADNR algorithm provides ane effective use of alterna
tive routes. The formulation of an algorithm allows its selfadap-
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tibility to the changing offered load. There is no need to make 
any manipulation with the trunks in the sense of trunk reservation. 
Another advantage of the algorithm is the fact that it maximizes 
the number of succesfull calls. 
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