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ABSTRACT 

Ad~tive routing implies dynamic traffic information 
concerning ' the routes in question. ' There are 'various 
ways to obtain the requisite information for decision. ' 
The traffic control method based on measurement of the 
traffic peak duration is realizable by means of a .simple 
measuring device. The normal distribution model is used 
in the interpretation of results. . 

1. THE PHILOSOPHY OF ROUTING 

Calls may be routed in a n~ber of different ways in an 
·information transfer network. The methods in present use 
are based oh the modes of routing rendered possible by 
electromechanically controlled exchanges. It is possible, 
on the other hand, to incorporate in the new electronically 
controlled exchange systems, at comparatively minor 
additional cost, routing strategies which take into account 
the network's state of traffic, the quality and the price 
of the connection /1/. Two roads are 9pen for improving 
the reliabili.ty of the network: increasing the reliability 
of the individual components in the network /2/, or ap
lying a more flexible routing in order to compensate for 
disturbances caused by potential faults arising in the 
network. 

The network may be constructed to have a closed loop 
character so that there is a direct connection between 
any two of all exchanges (numbering n), yhereby the 
number of two-directional routes is m = - n(n-1). The 
network is constructed as an entirely ra&ial star network 
when no loops are provided, in which case the number of 
routes is n-1. Construction of loops in the star network 
and as~igning of different ranks to the exchanges creates 
a possibility of using alternative ,outes, whereby the 
number of routes will be n-1 ~ m ~ ~ n(n-1). 

The international network is largely constructed to 
constitute a loop network, while the structure of local 
networks, on the lower level, approaches a pure star con
figuration. 

Modern technology renders possible a simple philosophy of 
alternative route use, in the dimensioning .of which routes 
the equivalent random theory is usable /3/. 

The capacity of performance of the new transmitting 
technology and the increased demands of reliability have 
introduced the adaptive routing technique. Adaptive 
routing implies that the network itself modi~ies, or 
creates, its traffic routing pattern by observing the 
traffic. In the broad sense one may include in the concept 
of adaptive routing, lUnong others, the selection of 
alternative paths, wherein an unengaged line is sought on 
another route when the first alternative is found to be 
blocked. In true adaptive routing, the network continuous
ly stores experiences, and in the making up of a connection 
it considers in advance the chances of success and the costs, 
quality or connection time within the operational limits 
set for the network. 

The routing strategies have either stochastic or deter
ministic character. The stochastic technique is based 
on a selection of route in accordance with probability 
calculations. For instance, certain weight factors are 
assigned to the alternatives at disposal and a random 
search is carried out in the proportions defined by them, 
or the alternatives are placed in a given order as in 
homing position search, this order being determined by the 
results of a traffic analysis. It is thus understood 
that in the latter procedure a guess is made as to the 
best alternative, on the basis of preceding routings. The 
deterministic routing technique is based on pre-defined 
rules. In these rules the search sequence is determined 
in accordance with the structure of the network. The 
stochastic and deterministic techniques may be briefly 
characterized by saying that in the f.ormer an optimal 
routing prediction formed qn the strength of previous 
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routings is concerned, while in the latter the optimum 
route is calculated from known facts, such as the 
structure of the network, the price of the connection, 
its quality, or the travelling time of the message . /4/. 

Studies of adaptive routing are frequently .associated 
with military netwo~ks, but the results obtained in 
these are also appropriate for examining the capacity of 
performance of civilian networks. On the other nand, 
in the course of development of data transfer networks 
investigations have also come under way in which reliable, 
and fast, network solutions constitute the aim. In data· 
networks, too, network control and r.outing strategy 

' occupy a central position on the side of the network 
structure. 

When in military networks studies are made concerning 
the destruction of nodes or of connections on assumption 
of a random probability of hits and concerning the con
sequent effects on the operation of the remaining parts 
of the network, one may in a civilian network imagine 
such destruction to be caused by cable breaks or by 
destruction of an exchange e.g. in a fire. At all 
events, the aim is the same: to achieve a reliable 
information transfer network and which ' is insensitive 
to peak loads. Endeavours are made to manage the 
bottlenecks occurring at overload by means of a flexible 
routing. The usability of the routing str~tegies under 
examination is usually tested by simulation /5, 6/. 

If the networ~ comprises unreliable ' parts, or if it is 
exposed to destruction, the routing table obtained in 
the manner described is no longer correct after a fault 
has occUrred. A correction is accomplished by 
assigning to . the new transfer number values a greater 
significance than to the old tabular values, which it 
should be possible to forget when needed. When the 
tabular value is not fully amended to be consistent 
with the. most recent, transfer number, the operation of 
the network will display a greater stability. If the 
weight coefficient applied to' a decreasing transfer 
number is greater than applied to an increasing number, 
then learning will be a faster event than forgetting. 

2. ACCOUNTING FOR THE LOAD ON THE ROUTE 

For the purpose of adapting the network to different 
traffic load conditions, the use of a three-level network 
model is presented in the following /7/. Herein, the 
basic structure of the network serves the constant 
component of the call stream, and it is ' permanently in
stalled, for instance. On the second level'. the structure 
of the network adapts itself to the slow, e.g. time
dependent, changes in the amoUnt of traffic. The third, 
automatically connectable part .of the network transforms 
the structure of the network to be consistent with the 
requirements of momentary s.ituations. 

In the measurements of the traffic co~dition ,of the 
network, any one of the known traffic measuring procedures 
may be used. However, the measurement of every route 
at a close sample spacing produces a high amount of 
network control signal traffic. 

For example, at the routing control unit the information 
is maintained whether the momentary traffic is higher 
or lower than the level x. Level transgressions on a 
given traffic level may bg experienced at a high frequency, 
thus causing an abundant control tra~fic. The control 
traffic may be reduced by broadening the limit .x in 
that the measurement is made to indicate WhetherOthe 
state of occupation x(t) is below x (class 1) or whether 
it exceeds or equals x +p (class 2~ /8/. Tbe clas~ in~r
matioo is n~t ch~ged ig.the int~rval between Xo and xO+p. 
The method 1S sU1table, 1n the f1rst place, for a 
routing procedure taking the momentary traffic conditions 
into account. 

In another traffic control method based on peak traffic 
durations, which is used in aid of the routing, that 
time is monitored during which the amount of simultaneous 
occupied lines exceeds the value x , and the aggregate 

, . Q 
durat10n r t > of these states 18 measured during 

x Xo 

the observation period T. The sum of the transgression 
periods, normed with regard to the observation period, 
is a /kind of tail blocking ' (1) 

~. r ~x >xo 

T 
(1) 

The philosophy of alternative routes applied in practice 
together with Moe's principle and Wilkinson's method is 
advantageous if the traffic variations are known in 
advance. But in actual 'praetice the traffic varies in 
such manner that it is ' i~portant, frain 'the .v~ewpoint of 
routing, to gain information on the changes ' in' traffic 
rapidly and easily~ On the basis of th~se changes .' the ' 
decision is made ~hether the routing has to be reorganized. 

3. SOME RESULTS OF TRAFFIC MEl\SUREMENT 

We have iQ the course of several years, in Finland, 
performed. traffic measurements of various kiDis to the 
purpose, among others, of clarifying the traffic measure
ment principle to be used in aid of routing /9,10,11/. 
It has been found that for a national route a traffic 
control principle is usable which is based on the peak 
traffic control presented' above. 

The traffic variations dUring the different , hours of the 
24-hour day ~an be seen from Fig. 1, wherein the route 
marker occupation 'percentEge in the main toll exchanges in 
15-minute periods has been plotted. It is seen from 
the figure that the average busiest time in the Finnish 
toll traffic occurs during the morning and afternoon 
peaks. Although a busy' ho~ can be observed before noon, 
the afternoon peak also contains high traffic values. 
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Fig. 1. Traffic profile 

In the time distr~bution of the traffic ,i.e~in the 
traffi~ profil e, the effect of the time difference is 

• 
• 

• 
clearly discernible. The time in Sweden is one hour • 
behind that in Finland, which in the intercountry traffic 
.narrows the peaks in the profile display of common traffic 
and, thus, at ·the same time increases the height of the 
peaks /11/ . . 

The traffi c profile diagram also furnishes an idea of the 
shape presented by the corresponding traffic distribution 
measured over all hours of the 24-hour day. The typical 
character of the traffic distribution with 'regard to the 
busy hour, the six-hour period and ' the 24-hour period 
on a national level in Finland shows that high traffic 
peaks occur in abundance outside the b~sy hour /12/. 
This is best evident in Fig. 2, where traffic duration 
curves. covering a measuring period of 2x5 weekdays have 
been shown /1 1/. The fundamental period of measur,~ment 
is ~ 5 min., the cor:espon~ing traffic mea~ value~ x 1'5 min 
hav~ng been placed ~n the~r order or magn~tude w~th 
regard to four different busy hour methods and to the 
six-hour measuring period. The duration curve of the 
busy hour methods (CCITT Traffic 1, CCITT Calls 2, Fixed 3, 
and Daily Maximum Hours 4) extends up to 10 hours, whereas 
the duration curve corresponding to the daily six-hour 
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Fig. ~. Traffic d~ation 

measuring period extends up to 60 ho~s. From Fig. 2 
no differences between, the different busy hour methods 
can be observed, nor any superiority of a given method. 
On the other hand, the first ten-hour section of the 
duration curve derived from the six-hour measuring 
period differs from the first-mentioned curves in that 
it contains the same peak values (0-1 hour), and also 
other peaks in greater abundance (hours ' 1 to 10). 
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Fig. 3. Daily peak traffic transgress:ion time 
v. six hour traffic mean during one year 

The traffic measurement based on~he peak traffic duration 
reveals a distinct depend~nce between the amount and 
intensity of traffic. Fig. 3 shows, for a 48-1ine route 
and for all days of the year, the correlation between 
the transgression t~e ~ measured between 09 and .15 
hours and the ,mean x /12/. The spread of the plots at 
the centre in the x direction is about 1 erlang and that 
in the time direction is about 10 % of the measuring 
period length, or 36 minutes. In the measurements , 
reproduced in Fig. 3, the control limit was Xo = 17. 
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Fig. 4. Weekly peak traffic transgression time . 
Daily measuring period: 24 hours in fig. 
4a, 6 hours in fig. 4b and 1 hour in fig. 4c 

In Fig. 4, the influence exerted by the choice of measuring 
period and control limit x on the correlation between the 
mean i (09 to 15 hours) an~ the transgression time QO(00-24, 
09-15 or 09-10 hours) has been examined. From this figure 
one may note that the weekly results are comparatively 
unambiguous as regards the 24-hour and six-hour measuring 
periods, whereas the one-hour plots are rather indefinitely 
scattered. When x is on the order of x , the magnitude 
of the mean may be well concluded from ~he transgression 
time with an accuracy about 1 erlang. If i is not yet 
approaching the value xo' as e.g. in the instance of the 
24-hour measurement s with Xo = 2~ in. Fig. 4 a the result 
obtained as regards the correlat~on ~s mere background 
noise. 

When measurements are made during 24 hours daily, the weekly 
transgression time should be at least 5 %, and in six-hour 
measurements it should be at least 15-20 %, before the noise 

623/3 ITC 7 



level is exceeded. This implies that the magnitude of 
the mean x cannot be reliably inferred with regard to 
transgressions smaller than the times mentioned. I.t 
follows that the setting of the control period plays a 
highly significant role in the performing of measurements 
and in the interpretation of their results. 

4. THE THEORY OF CONTROL 

The control based on measurement of the traffic peak 
duration is realizable by means of a simple measuring 
~evice, but the results are difficult to interpret and 
require background information concerning the traffic 
profi~e and ·thedistribution model applied for the interpre
tation. Means of adjustment of this system are: the length 
of th~. transgression time, setting of the limit xo' and the 
length of the measuring period; all these - factors 
are also essential in the interpretation of results. 

A simple control method, and its trial run on the national 
traffic level, is based on control by two-week measuring 
periods /13, 14/. In the method in question the 
measuring hours are divided into two classes: 
those with a transgression time less than 30 min. 
and those with one exceeding 30 min. When the trans
gression time, measured over one hour, is exactly 30 min., 
t~e m:asured traffic . mean is x'" xO' provided the distribu
t10n 1S not skew. F1g. 5 shows tne results of all hours 
of measurement, over a period of nearly two months, 
referring to a lOO-line route. The traffic at differen~ 
hours has varied within such wide limits that the whole 
sigmoid curve is obtained from the measurement with xO=53. 
It is seen from the figure that to 30 mi~ transgression 
time corresponds, on the average., x '" Xo = 53. Thus, the 
traffic of this hour averages 53 erlang. 
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Fig. 5. Correlation between ~t x and i 
x> 0 

The greater the number of days of measurement on which 
'the busy hour traffic mean i>xO' t he higher is the busy 
hour traffic mean. If .the days when i>xo number half of 
the days of measurement -, -i~ · can be assumed that the busy" 
hour traffic during the period of measurement in question 
is about xo. When the traffic distribution is assumed 
to be a P01sson distribution, the following relationship 
is found betwe:n th: mean A, the control limit Xo and 
the transgress10n t1me .Q

O
: 

AX -A 
QO = ~ x! e 

x=xO+l (2) 

When A and Xo are known, the probability distribution 
fun.~tion QO accor.ding to (2) can be fO~d from tables /15/. 
It has been found that telephone traff1c may well be 
described by means of the normal distribution /16/. Itt s 
frequency function is 

-(x-A)2 

1 20
2 

f(x) = --- e 
OY21T 

The parameters are the mean A and the standard deviation 
o. On the basis of the normal distribution, the fictitious 
blocking at the control limit Xo can be calculated: 

xO+O,5 

X~_0,5f(X)dx 
B(xO) • (4) 

XO+0,5 
I f(x)dx -

With the aid of the normal distribution, the ' ratio of the 
time of transgression of the state Xo is: 

00 

Qo • I f(x)dx 
~0+0,5 

Figure 6 shows 'some tail blocking curves according to 
formula (5) assuming that 0 • lA. 
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Graphs showing the blocking (4) and lines showing the tail 
blocking are presented in figure 7 for some combinations 
of values of parameters i, 0 and Xo /17/. ~en the xo 
value has been fixed and the transgression time has been 
measured, one possibility for assessing the state of load 
of the route is to observe from the blocking graph what 
would be the blocking of the route if there were only 
Xo lines. - '. 

5. ADAPTIVE ROUTING IN COMBINATION WITH THE CONTROL 
PRINCIPLE 

Adaptive routing implies dynamic traffic information 
concerning the routes in question. There are various 
ways to obtain the requisite information for decision. 
In . the present study the applicability of the above
presented Xo control principle in the deterministic
stochastic technique is considered. As a consequence 
of. the simple character of the system, the amount of 
information to be transferred is small, for instance the 
value L tx>xo Thi.s is transferred, at desired time 

intervals, to the nodal points. 

As an example, let us consider how the adaptive routing 
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Fig. 7. Blocking graph for traffic with normal 
distribution 

together with the control principle could be applied 
in the telephone trunk network of Finland. When it is 

• 

desired to put a call through from Helsinki to Oulu, 
. it is possible to use either the direct connection or, 

for instance, a transit connection via Jyvaskyl~ or Tam
pere. At given intervals, Helsinki would check the mutual 

• 
• 

superiority of the different alternatives and change 
the priority sequence of the routing table to be con
sistent therewith. For establishing the superiority 
one may use e.g. the value of the blocking expression 
of formula (4), which is obtained by interpretation of 
the tail measurement. If the ratio of variance and 
mean of the traffic is 1, formula (2) can be used. If 
for the variance and mean given values or a given 
relationship can be assumed, the blocking is determined 
according to Fig. 7. The route-individual blocking 
values B(xO)' thus found are summed over the total path 
.to form the total blocking, by the aid of formula /16/: 

(6) 

where n is the number of routes belongingtothe particular 
' path. These path blocking values determine the sequence 
of superiority of the paths. Naturally, the foundation 
of the routing consists of the structure of the network, 
on the basis of which the framework of the automatic 
routing system, for instance the sensible alternatives 
to be considered in each instance, are fixed. Since the 
control li~it xo on each ~oute.is smaller than the 
correspond1ng number of l1nes 1n the route N., the net
work is burdened with a value lower than the

1
permissible 

amount of traffic, so that route-individual line reserves 
N.-xO are created. The significance of line reserve 
ltes,i in addition to an increased capacity for absorbing 
overload situations, also in an increased reliability 
of the network /2/. The individual lines and bundles of 
lines have a certain fault probability, which lowers the 
performance of the network from the level originally 
planned. Determination of the magnitude of the reserve 
is also an important question of cost. It is necessary 
to consider which of the network's parts require a large 
reserve and which parts require a small one. 

In order to guarantee the stability of the network, 
direct routes could be favoured by supplying into the' 
routing tables results of measurement corresponding to 
a higher Xo value, whereas the paths us~ng transit routes 
would be g1ven results of measurement w1th 
less favourable, smaller Xo values. 

6. SUMMARY 

It has earlier been demonstrated that in adaptive 

routing the deterministic-stochastic technique is ad
vantageous. A good adaptive routing has a comparatively 
firm fixed basic frame, which is only changed in con
nection with planning and maintenance work. In such 
activities it would be appropriate to use an on-line 

. computer with displays, which would be employed to examine 
the d{fferent alternatives of the change. 

The traffic flow is governed by the aid of the reserve 
N-xO' where x is set in accordance wi th a desired 
criterion. TRis criterion could consist of the lowest 
possible line costs, the overload tolerance of the network 
(e.g. a 10 % increase of the traffic) or uniform blocking. 

The control principle associated with the routing which 
has been presented is simple and inexpensive also as 
regards signalling. However, it furnishes an adequate 
basis for decisiAlns to be made in routing, when all the 
information obtainable by other measurements of traffic 
is taken into account. In the network it is ne~essary 
to carry out, in the first place for planning, busy hour 
traffic measurements, interest ratio measurements and 
traffic profile measurements. 

It is highly important in an adaptively routed telephone 
network how the operation criterion is chosen, how often 
the routing tables are amended, and how the information 
learned is utilized. These questions cannot be studied 
very far by any theoretical approach and they have to 
be individually decided in the case of each network. 
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