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CENTRALIZED ROUTING BASED ON FORECASTS OF THE TELEPHONE TRAFFIC 
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Norwegian Telecommunications Administration Research Establishment 

1 ABSTRACT 

The introduction of digital exchanges has opened 
the possibilities for implementing new advanced 
automatic control actions as selective trunk res
ervation algorithms (STR) , selective dynamic over
load control (SDOC) (1), (2) and advanced routing 
algorithms . 
In February 1979 Bell Canada introduced advanced 
routing techniques in a local area consisting of 
nine SP- l switching machines in the Toronto metro
politan network. Results from the trial and simu
lation experiments of the advanced routing tech
niques are given in (3) , (4) and (5) . 
Szybicki and Bean introduced in (4) an advanced 
routing principle based on the expected number of 
free trunks in different trunk groups . 
In this paper forecasts of the expected number of 
free trunks are based on separate forecasts for 
the interarrival process and the holding time 
process . Analysis shows that the processes are 
well approximated by integrated moving average 
models . By combining the models a forecasting 
model for traffic on different routes in a tele
phone network is made . Then the traffic fore
casts are used as an input to a routing algorithm 
to control the traffic flow in the network. To 
assess the quality of the models simulation exper
iments of a telephone network with centralized 
routing are carried out . 

2 CENTRALIZED TRAFFIC ROUTING 

In 1979 a centralized call routing concept was 
tested by Bell canada on a network of nine Toronto 
area exchanges . The .aim of the trial was to 
assess the practical feasibility .of advanced 
traffic routing. The results of· ·these studies are 
published in (3), (4) and (5). Figure 2~1 shows 
an area with centralized traffic routing. 

- - - - - - - -::.;:=-.P, --/ /// 
.,/.,/ // 

.,/ /' /1 

I 

/' / / 
/1 
I 

I 
I 

I 
D Central Processor 

o Exchange 

Data link 

Trunk 
Figure 2.1 Network with centralized traffic routing 

The Figure shows that between the exchanges there 
is a fully meshed network. Therefore , there will 
be a huge number of call routing possibilities. The 
central processor collects data from the exchanges 
on the actual trunk states in the different trunk 
groups , and with fixed time intervals it calculates 
suitable alternative paths for each part of ex
changes and sends back this information to the 
different exchanges . Because of the time required 
for transmission and processing there will be a 
time delay between the time when the trunk states 
have been recorded at each exchange and when a new 
routing scheme is received at the exchanges . The 
fact that it is generally adventageous to get an 
indication of future traffic, makes it very impor
tant to base the calculation of alternative paths 
on forecasts of the traffic on each trunk group . 

3 f.10DEL OF THE TRAFFIC PATTERN 

3 . 1 The traffic process 

Most of the analysis done in telephone traffic 
engineering assume a stationary traffic pattern . 
When dimensioning a network it is quite natural to 
do so , because one then can take into consideration 
the periods with the highest traffic load . 

Telephone traffic follows a certain pattern during 
day and night . In a control model it is of course 
then desirable with forecasts of the traffic. This 
can be done by forecasting the traffic directly or 
by making separate forecasts for the interarrival 
time and the holding time. We have chosen the last 
alternative , since separate forecasts require more 
information , and give better forecasts . 

3 . 2 The holding time process 

Measurements in the Norwegian telephone network 
have shown great variations in the expected holding 
time during day and night and during the week. This 
is shown in (6). The holding time is shortest 
during the night , longest in the afternoon . 

Now, let h t be the mean holding time for all calls 
which are completed during an interval t with 
length 15 minutes. Analysis have shown that the 
sequence {ht } can be modeled by an autoregressive 
process of second order. This means 

(3 . 1 ) 

where ~1 and ~2 is autoregressive parameters . 

h is the mean holding time during day and night . 
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at is white noise in the time interval t. 

This is pointed out in (7) . 

After estimation of ~1' ~2 and h forecasts for the 
expected holding time in the interval t+1 can be 
calculated by using the formula: 

(3.2) 

where h t and h t .-1 are known. 

Model (3.2) is well fit to describe the smooth 
variation in the holding time during day and night . 
However, during short periods of the day we may 
have considerable variation in the holding time , 
because high congestion in the network results in 
a lot of lost calls with very short holding times. 
A model which describes such fluctations is the 
integrated moving average model IMA (1.1). 

(3 . 3) 

where 8 is the moving average parameter. 

The length of the time interval is now 30 seconds . 
The forecast model for ht+1 is then given by: 

(3 . 4) 

For every time interval we should estimate the 
holding time . This can be done by calculating the 
average of all calls which are completed during 
the period. This means: 

h (1) 
t 

n t 

nt i~l Xi 

where Xi is the length of call i. 

(3.5) 

nt is the number of completed calls in time inter
val t. 

Using this formula we should record the start and 
end time of all calls . Because of the limited 
memory in control routing processors and the 
limited capacity on the data links, sampling of 
all holding times is not feasible. An alternative 
estimate for the mean holding time in the interval 
«t-1) · ~ , t · ~ ] is given by: 

(3.6) 

where At -1 is the number of occupied trunks at 
(t-1) ~ . 

At is the number of seizures in the interval ~. 

r t is the number of releases in the interval ~. 

Cl is a constant. 

We have tested this formula for Cl = 0 and Cl = 1. 

The estimator is analyzed in more detail in (7) . 

3 . 3 The interarrival process 

As the holding time process, the interarrival pro
cess also have a characteristic day and night 
variation. But events in the community may give 
peakly traffic in some areas. Thus, in addition 
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to the day and night variation this process may 
have great stochastic variations in short intervals 
of time . It is therefore quite natural to study 
the changes in the interarrival process . 

Let At be the number of arrivals during an interval 
t of length ~ equal 15 seconds . Analysis have 
shown that At may be written. as an integrated 
moving average model , IMA (1.1) . This means: 

(3.7) 

where 8 is the moving average parameter. 

Hence the forecasting model is: 

!\t+1 (1-8) At + 8At (3 . 8) 

where ~t+1 
At+1 

(3 . 9) -~-

The equations (3,4) and (3.8) may also be formu
lated by Kalman filter theory. This is done in 
(8) • 

4 THE CONTROL STRATEGIES 

4.1 Different control strategies 

In a network there should be introduced some pro
tection against instabilities . That is, we want 
the probability of connecting a call on alternative 
routes to drop off more rapidly as the carried load 
builds up . This can be attained by reserving some 
trunks in each trunk group for direct traffic only . 
An effective way to improve the telephone service 
is to combine trunk reservation and adaptive 
traffic routing techniques. 

4.2 The routing algorithm 

This algorithm is developed by Szybicki and Bean 
(3), (4). In a fully meshed network a call is 
first offered the direct route. If this route is 
blocked , the call is routed to an alternative path. 

"'-

Let Pij(T) be a forecast for the number of idle 
trunks in the trunk group between exchanges i and 
j, T time units ahead . If the direct route is 
occupied , the call is routed with highest probabi
lity via the exchange k which maximizes min 
(Pi £ (T), P £ j (T)) for all tandem exchanges £ . This 
means:, 

" A 
min (Pi£ (T), P £ j(T)) (4 . 1) 

(4 . 2) 

A path is then selected at random using the formula 

(4.3) 

This routing algorithm will never systematically 
place overflow calls on the trunk group with 
highest number of free trunks. 

Szybicki and Bean assume that the mean holding time 
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and arrival time are fixed . A forecast , T time units 
ahead , for the number of free trunks between ex
changes i and j is then given by the formula below : 

"'-
Pij (T) = Nij - Aij(T+T) - Xij (4 . 4) 

where Nij is the number of trunks between i and 

Xij is the number of reserved trunks. 

T is the time when the forecast is made. 

Aij(T+T) is a forecast for the traffic between i 
and j T time units ahead. 

Then we have 

j . 

A . . (T+T) = A · · (T) + A" - T - A . . (T) _ T 
1J 1J 1J 1J hij (4 . 5) 

where Aij is the interarrival intensity between i 

and j. 

h ij is the holding time for a call between i and j . 

Aij(T ) is the number of occupied trunks between i 
and j at time T . 

We wish to improve this forecast model , taking 
into consideration the stochastic fluctuations in 
the holding times and the interarrival process . We 
assume that the forecasts are made at fixed inter
vals (of length)~ . A forecast for hijt+1 in the 
time-interval <t~ , (t+1)~] is t hen given by for
mula (3 . 2) or (3 . 4). In the s ame way (3 . 8) and 
(3 . 9) wi ll give a forecast for the interarrival 
intensity ~ijt+1 between exchanges i and j . 

A forecast T time units ahead at time T for the 
traffic between i and j is then given by: 

In the following we shall discuss a simulation 
study of a fully meshed telephone network where 
the routing strategy is based on this forecast 
model . 

5 THE SIMULATION STUDY 

5 . 1 The simulation model 

The programme describes a model of a network of 
exchanges connected by trunk groups . Each exchange 
have a queue where a call may wait for a free out
going trunk . 

We have simulated a fully meshed network with six 
exchanges and 20 trunks between each ordered pair 
of exchanges. The traffic is generated in such a 
way that the total offered traffic between each 
pair of exchanges follow the traffic pattern pro
file in Figure 5.1 . Figure 5 . 2 shows the holding 

time variation . Two types of traffic are investi
gated. 

The total offered traffic between each pair 
of exchanges is the same. 

3 

2 The total offe red traffic towards one of the 
exchanges is 10 percent higher than the 
traffic towards the other exchanges (focused 
overload ) . 

Offered 
traffic 

0800 1{PO 1200 1400 1600 1800 20002200 Time 

Figure 5 . 1 Expected offered traffic as a function 
of time (day and night variation of 
offered traffic) 
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Figure 5 . 2 Expected holding time as a function of 
time (day and night variation) 

5.2 The length of the simulation and the number 
of repeated simulations 

In each programme- run approximately 90 000 calls 
are generated. The holding times and interarrival 
times are exponentially distributed . The para
meters in the exponential distributions change in 
such a way that the mean holding time and the mean 
offered day time traffic satisfy the curves in 
Figure 5 . 1 and Figure 5.2 . 

These changes in the parameters make it difficult 
to calculate the mean percentage of lost calls 
based on one programme-run only . Therefore it has 
been necessary to carry out 10 independent runs to 
calculate the standard deviation and the mean 
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percentage of lost calls . 

6 THE SI MULATION RESULTS 

In this chapter the effect of the control strate
gies listed below and different combination of 
them will be considered 

Fixed alternative routing . 

2 Trunk reservation . 

3 Routing based on different forecast models . 

6 . 1 Tr unk reservation 

To describe the traffic load we have used a para
meter a called the traffic factor . The variation 
of the traffic load is shown in Figure 5.1 . 
Different a values represent different levels of 
the curve in Figure 5 . 1 . Let a point on the curve 
which is represented by a = 1 . 00 be given by 
( t , X) , then the corresponding point on the curve 
represented by a = 1 . 0B is given by ( t , 1 . 0BX) , 
for a = 1 . 16 the point has the coordinates 
(t , 1 . 16X). In two simulations with different a,

values the traffic factor a represents the varia
tion in the offered traffic without regard to t he 
simulation time. 

As a reference we have investigated fixed alterna
tive routing . We have gone through repeated simu
lations , the traffic factor a has been 1 . 00 , 1.0B 
and 1 .16 . Table 6 . 1 lists the results . The stan
dard deviation of the percentage of lost calls is 
estimated . 

Traffic factor a 1.00 LOB 1.16 

Percentage of lost calls 4 . 9 12.5 1B . 4 

Standard deviation 0 . 19 0 . 26 0 . 24 

Table 6.1 The total percentage of lost calls a s 
a function of the traffic factor a 

The probability that the estimate of the percentage 
of lost calls shall diverge more than two times the 
standard deviation from the true values , is approx
imately 0 . 05 if the model is correct . With that 
small standard deviations it is obvious that the 
length of the simulations and the number of simula
tions are sufficient. Therefore there will be 
greater uncertainty connected with the problem of 
how well the simulation model will fit the tele
phone network . 

Trunk reservation greatly improves the network 
capacity. Table 6 . 2 shows how the percentage o f 
lost calls changes as a function of the number of 
reserved trunks . The traffic fac t or a is equal 
1 . 0B. 

The Table shows that there is an optimal number of 
trunks which should be reserved . This number will 
of course depend on the traffic and the number of 
trunks in a trunk group . As already mentioned all 
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the trunk groups in the network have 20 trunks . 

The number of 
0 1 2 3 

reserved trunks 

Percentage of 
12 . 5 4 . 2 2 . 9 3 . 5 

lost calls 

Standard deviation 0 . 26 0 . 07 0 . 04 0 . 05 

Table 6 . 2 The total percentage of lost calls as a 
function of the number of reserved 
trunks . a = 1 . 0B . Fixed alternative 
routing 

6 . 2 Routing based on forecasts 

Now we introduce routing based on forecasts . First 
we study two different forecasting methods . Both 
methods are based on equation (4 . 6 ). The fore
casting model F1 is defined by : 

The time between the observations of the 
interarrival process is 15 seconds . 

e = 0.9 in the forecast model (3 . B) for the 
interarrival process. 

The time between the observations of the 
holding time process is 15 minutes . 

~1 = 0 . 6 , ~2 = 0 . 3 , h = 199 in the fore 
casting model for the holding t i me process . 

The look ahead time T in equation (4 . 6) is : 
T = 10 seconds . 

The forecasting model F2 is defined by: 

The time between the observations of the 
interarrival process is 15 seconds . 

e = 0.9 in the forecasting model (3.B) for 
the interarrival process . 

The time between observations of the holding 
time process is 30 seconds . 

e = O. B in the forecasting model (3.4) for 
the holding time process . 

The forecast time T in equation (4.6 ) is: 
T = 10 seconds. 

Table 6 . 3 shows the effect of the different fore 
cast methods . In table 6 . 4 we show the effect of 
F1 and F2 and trunk reservation . 

Table 6 . 3 shows that the forecast method F2 is 
considerably better than F1 , but when trunk reser
vation is used there is no longer any significant 
difference between the methods. The reason may 
be that by using trunk reservation the congestion 
is so much reduced that no significant improvement 
can be obtained by u sing forecast method Fi or F2 
within these traffic load conditions. 
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Forecast The traffic 
1. 00 1.08 1.16 

method factor a 

F1 Percentage of 
2 . 81 5 . 69 8 . 93 

lost calls 

Standard deviation 0 . 08 0 . 07 0 . 09 

F2 Percentage of 
1.13 2 . 94 5 . 40 

lost calls 

Standard deviation 0 . 05 0 . 06 0 . 06 

Table 6 . 3 The total percentage of lost calls as 
a function of the .traffic factor a . 
The routing is based on method F1 or 
F2 . No reserved trunks 

Forecast The traffic 
1.00 1.08 1.16 

method factor a 

F1 Percentage of 
0 . 94 2 . 37 4 . 29 

lost calls 

Standard deviation 0 . 04 0 . 05 0 . 07 

F2 Percentage of 
0 . 84 2 . 21 4 . 12 

lost calls 

Standard deviation 0 . 04 0 . 04 0 . 04 

Table 6 . 4 The total percentage of lost calls as 
a function of the traffic factor a . 
Two reserved trunks . The routing is 
based on F1 or F2 

6 . 3 Focused overload 

As mentioned in Chapter 5 . 1 the different control 
strategies are investigated during the time when 
focused overload occurs in the network . In the 
simulation study we have generated very high 
traffic towards one of the six exchanges . The 
total sum of the generated t raffic is the same as 
before . In addition to forecast methods F1 and F2 
forecast methods F3 , F4 and F5 , defined below , are 
considered . 

Forecasting model F3 is defined by : 

The time between the observation of the 
interarrival process is 15 seconds. 

e = 0 . 9 in the forecast model (3 . 8) for the 
interar rival process . 

The time between the ob s ervations of the 
holding time process is 5 minutes . 

~ 1 = 0 . 7 , ~ 2 = 0 . 2, h = 199 in the fore
casting model (3 . 2) for the holding time 
process . 

The forecast time L in equation (4 . 6) is : 
L = 10 seconds . 

Forecasting model F4 is defined by : 

The forecast model F4 is equal to F3 with 
the exception of e which is O. This means 
that the forecast for the interarrival 
process is based only on what has happe ne d 
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during the last 15 seconds . 

Forecasting model F5 is defined by : 

The forecast model F5 is equal to F3 with 
the exception of ~1 and ~ 2 ' In F5 ~1 = 1 
and ~ 2 = O. This means that the forecast 
for the holding time process is based only 
on what has h~ppened during the last 5 
minutes . 

Table 6.5 shows the effect of the different fore 
cast methods . In Table 6 . 6 we show the results 
obtained by u sing the two best forecast methods 
and trunk reservations . These results can be com
pared with the results obtained by u sing fixed 
al terna ti ve .· rou ting and trunk re serva tion . 

Forecast The traffic 
1.00 1.08 1.16 

method factor a 

F2 Percentage 
1. 26 3 . 18 5 . 39 

of lost calls 

Standard 
0 . 05 0 . 07 0 . 05 

deviation 

F3 Percentage 
of lost calls 

1.80 4 . 79 8 . 13 

Standard 
0 . 05 0 . 07 0 . 14 

deviation 

F4 Percentage 
1.68 4 . 77 8 . 26 

o f lost calls 

S tandard 
0 . 04 0 .1 0 0 . 12 

deviation 

F5 Percentage 
1.97 5 . 28 8 . 95 

of lost calls 

Standard 
0 . 07 0 . 09 0 . 13 

deviation 

Table 6 . 5 The total percentage of lost calls as 
a function of t he traffic factor a . 
Very high traffic towards one of the 
exchanges (focused overload) . No 
reserved trunks in the trunk groups 

Comparing the results in Table 6 . 3 and 6 . 5 we see 
that the fore cast method F3 is be t ter than F 1, in 
spite of the fact that F3 , as opposed to F1 , is 
studied during f ocused overload condition . The 
only difference between F1 and F3 is that the fore 
cast period for the holding time process is 15 
minutes for F1 and 5 minutes for F3 . We may 
therefore conclude that the forecast period for the 
holding time should be relatively short . 

In forecast model F5 ~ 1 is equal to 1 and ~ 2 is 
equal to O. This means that the forecast for the 
holding time process is based only on what has 
happened during the last 5 minutes . From Table 

6 . 5 we see t~at this is not sufficient , the fore 
cast method F4 is better . In F4 the forecast of 
the interarrival process is based on what has 
happened during the last 15 seconds only , but the 
holding time forecasts is as in F3 . 
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Forecast The traffic 
1.00 1.16 1.32 1. 52 

method factor a. 

No Percentage of 
0. 8 5 4.93 11.53 19.32 

lost calls 

Standard 
0.04 0.06 0.09 0.10 

deviation 

F2 Percentage of 
0.99 4.20 9.67 17.13 

lost calls 

Standard 
0.03 0.06 0.08 0.14 

deviation 

F3 Percentage of 
0.94 4.34 9.97 17.41 

lost calls 

Standard 
0.03 0.06 0.08 0.09 

deviatio n 

Table 6.6 The total percentage of lost calls as a 
function of the traffic factor a. . Fixed 
alternative routing and routing based 
on forecast are considered. Very high 
traffic towards one of the exchanges 
(focused overload). Two reserved 
trunks in each trunk group 

The forecast method F2 is the very best. Here new 
forecasts for the holding time are made each 30 
seconds. If the congestion in the network 
increases, the mean holding time will decrease. 
The method describes very well how the mean holding 
time decreases with increasing congestion. There
fore during overload condition F2 is the most 
preferable forecast method. 

7 CONCLUSION 

Looking at the Tables 6.1, 6.2 and 6.6 we see that 
trunk reservation is an effective way of control
ling the traffic in a telephone network, and is in 
addition a simple control strategy to implement. 

Introduction of routing based on forecasts will 
further improve the amount of carried traffic. 
This arrangement requires centralized information 
handling. The cost of implementing such a system 
should be evaluated against the profit due to the 
increase in carried traffic. 
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A.2 
I 
i. 

(Halgreep) 

I wOuld ~uggest that b _!ocked call attempts were discarded from 
, the palcpla tion of holding times af?: . 
They ' lead to ,a dependence between the two processes you treat 
as indepen~ent. , 
They violate theass~~ption of exponential holding times, on 
which the forecast formula 4 '. 6 is based. Would you comment? 

I 

(Y. Karstad, K. Stordahl) 
! 

If you eliminate the info mation of not successful call attempts, 
which have 'Ia shorter holdi ng time, 'you a ·re not able to make good 
'forecasts. I SUch type of calls occurs and you can not take them 
away in th, estimation procedure and in the forecasting model., 

However, i i may be pos's i b l e t .o separate the estimation proced4re 
into ;two P4rt:s. But it will cause ~oie computing time ' compare~ 
with , the e~tf~ation procedure. sugge$ted in the ,'paper. I agree 
that the a~sUIJlPtion 6f exponential holding time is not quite 
right~ In this model, however, we have to use a simple : 
estimation :procedure because of limiting computing time. 

I 

(D. J. 'Songhurst) 
, I I' , 

Have .you s~ud~ed forecast times other than 10 seconds?". If so, ' 
do the resqlt~ lead to di:fferent conclusions? 

. i' 1 

(Y. Kar~ta4' K. Stordahl) 

In mos.t of lthe study we have used ' IQ seconds as the forecasting 
time. . T.he !reason is that the forecasting time then is ' comp:l rable 
to th~ updating period wtii ch is lS ' seconds. 

Then ~e are not making forecasts ahead of the upd~ting period. 

After an updating period we c C.n use additional information about 
traffic on the: differ'~nt routes in the system. 

15 seconds is chosen as the It ·nght of the updati,ng interval 
because Of centra l handling oj a lot of information from the 
system. 
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