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SJiE PROBLEMS OF THE LISTRIBUTION

1

F TWFORMATION FLOW IN CUMMUNICATION NETWORKS*®

.-

AMlexandre Butrimenko

The last (2w jyears have brought forth nmore and ~ore
control nnd information systems which have emerped ac a resul:
of information btzing given in digital form. .In my le:ture I
shall lonk at some problems of the eiaments of such z,sters,
namely, ;rroblems of the distribution of infecrmation flow in
communicxzticn nestworks.

T narticularly want to refer to the so-cali=d d-itz
communicntion networks, i.e. when a sender dispatchec a
t0 a receiver and it is not necessaryv to esta2bhlizh a !lireg
connect.un between them.

T message can be transmitted in varisus ways:-

{(a) We can use the so-called "channel switchirn -".
This is in fact exactly wnat we use in telz-
phone connections. Fig.

(b We can use "store-and-forward" or "message
switching”. The information is communicat:-d
in relays and can be delayed to & :maller wr

greater degree in the sepz2rate ncies,

"y
[
T2

Pz2gardless of which network we look at, ther2 are prohlems
with the optimizaticn of its working prcreduze. In this
i2cture . will rot talk about the problems of optimizaticr

of the notwork; +the network itself is taken as given.

Certainly, we normally know reZatively little atiout how
the load of the network, and perhaps the network itself,
changes =ith time. This means that we should adaspt curselves

* A lecvure given to the Austrian Society for Cybterretic
Isudica on 18 Mav, 1974, :



o ever-thanging conditions; the network--or rather the
routing technique--should be adaptable. On the cther hand,
the routing technique or the control of the information flow
wust pe relizble and recilient. One could achieve <this
through decentralization. Decentralization means that no
node has access to information on the entire network and on
the state of the traffic. Such decentralization prevents
paralysic of the whole network when the information ccntrol
¢r part of the network fails.,
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Y

he chesen criteria of the network performance play a
special role in coptimization. In this lecture I wil: show
shree merthods, ezch of which is based on different criteria.

Lf coarse, £11 o these methods have several simiiar :harac-
serictics, and they are adaptive and decentralized.

irst of ail we will look at "channel switching networks",.
If we czn find a way from sender to receiver (i.e. a free patn)
h priate message can be transmitted. If such a

o)
ninot Le found, then the attempt at connection wili fail

path ¢ :
znd we tzlk ¢f & loss. Our aim is to reduce the numter of
these losses. However, I wish to stress that the failed con-

nection 3ces not mean that there is no free path in -he netwark
setween sender and receiver. The reason for the loss is more
iikely i< be that we could not find this path.

oox at an example. Let us assume that the

|

Len us

l:’

He
(]

wanGar L. Houe ¢ should be connected to the receiver in

ode 15, ~#» dot-dash lines in the diagram are ully

tcupled an? the iash 1%wes have at least ons shrnne

tree., 17 we have this information, as shown in the -:iiagram,
then we ~ouli find a path. However, for several reasons we

d0 not hzve nccess to this information--firstly because <he
nforma~ion cnang2s too rapidly.

Let us now look at the networks which permit a connec-

e

on vi. various paths, using the so-called routing :schrique.

[¥A)

such netwirks there are special instructions in e ¢ry node

n
~hat incicare which direction should be chosen.



In the case of the adaptive routing technique these
instructions can be changed. In our example, our instruc-
tions bring us to a dead end; we cannot use the first exit
because there is no free line to Node 10, and the second
exit leads us to Node 1 where there are no free exits at
all. The adaptive routing technique alters the instructions,
i.e. it would show that there is no exit from Node 1. As
mentioned earlier, we cannot avoid all mistakes but the
number of such mistakes should be minimized. And that is
the task of the adaptive routing technique.

Now I will describe an algorithm which seems to have
such characteristics.

Let us assume that from every node the probability to
reach the destination node 1is taken as given. These proba-
bilities are dependent on line blocking and on routing. The
optimal route is always the one which leads to the nearest
node with the highest probability. In our example, Node 10
will be tried first and then Nodes 1 and 4.

Hcwever, the problem is that the blocking probabilities
cannot be determined and they change with the course of time.
It is proposed that we continually evaluate the blocking prota-
bilities. These are known for the exiting channels in every
node (because they are also measured in each nodej. We
assume that in every node the probabilities ¢f the neighbour-
ing nodes are also known. Then we can calculate the proba-
bilities for the considered node-

For example:
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Fig. 4



It is obvious that the probabilities of the nodes can be wrong.
This means that the calculated probability is also wrong. We
can imagine this process as an iterative method for the solu-
tion of the following equational system.

(k,t+1) _ _ . olk,t)
Py = Pi,maxl) Pmax, * Pnax,

oo + > d . ® oo °
maxsz pl sIN2¥ ) pl smaxz

(k,t)
- - . - P 3
pi,max _ (; pl,maxn_1 max

where Pmaxz is 2-th maximum in {Pi}

We repeat this process many times for each node in the network.
It should :'still be mentioned that for each destination node
this probability is constant and equal to one.

A colleague from our Institute, Dr. Bell, has shown that
this process converges with the solution to any initial numbers
and any blocking probabilities. Mr. Gradischnig has simulated
this system with me and the simulation showed that the system

converges very quickly. Fig.5

We now come to the second method - the so-called
store-and-forward or message switching method. Using this
method we do not have to have a switched through channel from
sender to receiver because the information is transmitted in
relays and can- be delayed to a smaller or greater degree in
every transit node.

When all the channels in the system have the same speed
and no gueues are formed, then the shortest paths are also the
quickest paths. In practice, however, queues do form and the
shortest paths are not necessarily the quickest.



As in the former case, the information on the routing
is stored in a matrix in every node. The number of rows in
the matrix is equal o the number of nodes in the network.
The number of columns in the matrix is equal to the number
of exits of this node. In our example Matrix A consists of
four rows and three columns, Matrix B of four rows and only
two columns, corresponding to the two exits from B to Nodes
A and C. Every row in such a matrix corresponds to one
destination node and the elements give the minimum distance
via the appropriate exit direction to the destination node.

At the same time, the distance "1" means that the
duration of the information transfer between these two nodes
requires one time unit. For example, Element CC in Matrix A
gives the shortest path from Node A to Node C. If the
message were sent from A to C in the direction of B, then
it would require two time units to Node C. Obviously, every
matrix has a row which consists completely of zeroes. The
index of this row coincides everywhere with the index of the

2onsider=d matrix.

Ir. the diagram we see a vector in every node. The
elements of this vector give the minimum distance from the
considersd node to all destination nodes. For example, if
the minimum distance from Node B to Node A requires one time
unit, then these two nodes are connected via one channel

directly to each other. Or, the shortest distance from Node B

to Node D requires two time units.

If there is no message waiting to be sent, then we can
make use of the matrices directly to establish the shortest
and quickest paths. If we now send a message from Node B
to Node D, then we choose the lowest figure in Node B from

row D of the destination node; the index of the column indi-

cates the neighbouring node to us to which the message must

oe sent.

Fig. 6



Since in this case both elements in row D are equal to
two, let us choose here the exit to Node C. If the message
moves into Node C, then we must ascertain the lowest figure
in row I (destination node) of Matrix; the column again shows
us the exit direction. In this case we send the message
directly to D. We see that this procedure is Teasible

if there are no aqueues.

Now we examine the case when three messages are waiting
in Node ¢ for the direction of D. Let us choose once more
in Node B the path via Node C; then our message needs three
time units to reach destination node D via the path BCAD,
because now the minimal time path from Node C to Node D
passes through Ncde A.

In order to find the correct exit from Node C, we must
correct column D in Matrix C, i.e. we must in our example
increase all elements in this column by three, since all paths
via charnel CD have btecome slower by three time units. This

alteration is shcwn on our diagram under the wmatrices and vectors

If the information on the position in Node C were known
in Node B, then we would of course send this message from
Node B in the direction of A. Therefore, we must also correct
column 7" in Matrix B accordingly.

Therefore, we again establish in Node C the vector of the
minimum distances to all destination nodes. In our example
we obtain the vector {1, 1, 0, 2}. So we see that due to

these weiting messages the shortest route from Node C to Node D

has increased from one tc two.

Thus, this vector indicates the minimum distance from
Node C to all destination nodes, taking into account the current
message traffic in Node C. If this vector was known in Node B,
we coulc correctly decide which channel to choose. For this
curpose we write the vector of C into column C of Matrix B.

We must however bear in mind that the transfer of a message

>



from Hode B to Node C will require one time unit. Accordingly
we must increase all elements of vector C by one. The O~
elements of the matrix remain unchanged.

Thus the procedure can be formulated: 1in every node one
(periodically) establishes the vector of the "minimum distance”
taking into account the number of waiting messages. Then
every element of the vector is increased by one and the vector
is sent to all neighbouring nodes. There it will be stored in
the appropriate column.

This procedure was simulated and compared to the non-
adaptive method, 1.e. when only the shortest paths are chosen.
The simulation was carried out for the network shown in Fig.3.
Using the non-adaptive routing technique, endless queues had
already formed by load 7.9. This means that the network cannot
let through more than 7.9 messages in one time unit. When we
use the proposed adaptive method, then the same network can
let through 16.6 messages. This means that the proposed method
allows a much higher load on the network, so that with the same
load several channels can be saved.

Now we come to the third method. As mentioned earlier,
we have so far only considered messages of equal importance.
However, such an assumption very seldom corresponds to clients'
demands. I should like to illustrate this problem by a couple
of examples. If, for instance, one sends a greetings telegram
for a birthday, then this telegram should arrive on the birth-
day. It should certainly not arrive earlier and the later it
arrives the less pleasure it gives. In other words, its
importance increases up to the birthday and then drops very
quickly. A week after the birthday the telegram is completely
unimportant. Another example--when one sends off informaticn
for the weather forecasting system, then this information should
arrive within a fixed time at the weather center, in order to
ensure that we do not pet yestefday's weather forecast today.
The number of such examples is unlimited.




In order to reflect the differing urgency of the messages
in the control algorithms of the data communication system, one
usually established priorities. A message with a higher prior-
ity therefore has precedence over a message with a lower prior-
ity. However, such a priority philosophy does not seem to be
very suitable for large communication systems.

For example, it could happen that the system is fully
blocked by obsolete messages which originally had a high
priority. These messages, which have in the meantime lost
all importance to the client, are however transmitted because
of their high priority.‘ Thus, the customers will subsequently
receive only obsolete messages, since all new incoming messages
with a lower priority will be transmitted only after a'delay.

In order to avoid such a development, one would have to introiuce
prioritizs that are not only dependent on the initial urgency of
the message but also on its age and the entire state of the
“system. I must stress that the customer is not interested in

the priority of his telegram, but only that his message

arrives in the right place at the right time. Thus, his
interests can more adequately be dealt with by a queuing
discipline based on the altering importance of the messages.

Let us further assume that the customer is ready to pay
accordiriz to the importance of the message at the moment of
its arrival. Under this condition, our system is given a clear
criterion for the quality of its work: the income earned in
the system, Maximization of income means at the sare time

best satisfaction of the customer's needs.

This method, which takes into account the altering
importance of the messages and the traffic, has many more
complicated details than the former, and unfortunately it
is not possible for me to explain them quickly. Basically,
this method differs very little from the other. Instead of
figures, which represented the expected delivery time, we
nave here functions which show us what income we can expect

for the chosen queues, according to the age of the message.



Let us again look at the network with four nodes. We
see that here, instead of the constant zero, we have basic.
(pay) functions. The other functions are estimated and help
in choosing the direction. Exactly as in the earlier method
a vector of the functions is established in every node, is
sent to the neighbouring nodes and stored in the matrix.

This method was also simulated and compared to the
method for minimization of delivery time. The results are
very much dependent on the basic functions. When the
functions drop off very slowly then the results are more
or less equal ,to the previous method, but ‘when they fall
off very quickly then the latter method has many advantages.

It could also be mentioned that the latter method is
equivalent to the method for minimization of delivery time
when the basic function is linear. Of course this function
should reach zero but not earlier than the maximum delivery

time.

In this lecture I wished to present the basic principles
of three adaptive and decentralized methods. The methods
differ according to the criteria of the work, although they
40 show the same characteristics, e.g. great adaptability,

low sensitivity and simple implementation.

It seems that the presented methods are far more general--
or rather generalized--and can be applied to many 6ther systems
which need adaptive and decentralized control, e.g. to city
traffic or control of production lines. I would be pleased if
these methods appear interesting for the solution of someone's
problems and am at your disposal for further talks and
discussiocns.
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