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Question by B CANCEILL 
The -we it known 3-stage rearrangeable networks have 
roughly twice less crosspoints than the strictly non 
blocking CLOS"s ones. Can you give your heuristic 
feelings about the two following points: 

1. Is the minimum number of crosspoints of non 
blocking networks in the wide sense nearer to that of 
strictly non blocking ones or to that of rearrangeable 
ones? 

2. Is packing the best rule for routing calls for any 
network geometry? 

Answer 
T.- Since any wide sense nonblocking network has em
bedded in it a strict sense nonblocking network (on the 
same terminals) it follows that the minimum number of 
crosspoints for wide sense nonblocking networks must 
behave like that for strict sense nonblocking. 

2. If by packing you mean routing calls through the 
most heavily loaded part of the network that will carry 
them, then packing is not always best. There are net
works for which such packing is demonstrably best, 
and others for which the opposite (Le. routing through 
lightly loaded regions) is demonstrably optimal; there 
are even examples (of two-stage concentrators) for 
which routing choices are irrelevant, in the sense that 
it does not matter what route is used! 

Q,uestion by W T OUEROOTH 
Ifwe have a TOM exchange which has a time-space-time 
structure then there is on ly one physical path that can 
be used' for a particular point to point connection but we 
have a choice of many channe Is. It is well known that 
with (2N-1) channels the system is nonblocking. If 
I have understood Or. Bene~ correctly then with less 
channels we can have nonblocking in the "wide sense" 
provided that we choose the channels according to a set 
of rules. What are the rules and how are they derived? 

Answer 
Onlyafew examples of networks non-blocking in the 
wide sense are known. One such example, together with 
the rules for obtaining nonblocking operation, is de
scribed on pp. 29-35 of my book "Mathematical Theory 
of Connecting Networks and Telephone Traffic", 
Academic Press, 1965. 

Question by M KARNAUGH 
please restate the principal conclusions of your paper. 

Answer 
The-cOnclusion is that wide sense nonblocking networks 
differ from strict sense only in possibly having addi
tional states, some of which may be undesirable 
states in which calls are blocked, but which can be 
avoided. If they are excised from the set of states in 
a suitable way, Le. prohibited, a strictly nonblocking 
network results. Thus there is no "intermediate" 
amount of switching equipment (intermediate between 
what is needed for rearrangeabil ity and for strict 
sense nonblocking) giving nonblocking behaviour but 
not costing so much as it would have to for strict 
sense nonbtocking. 
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Question by M KARNAUG H 
Onlike-the commonly used networks, which work best 
with balanced traffic, nodal switching networks might 
work best when the users have an inhomogeneous com
munity of interest, by placing users closer together 
when their community of interest is high. Have you con
sidered applications of this type? 

Answer 
It would be advantageous in nodal switching networks 
if users with high community of interest were placed 
close together. However, the objective of the network 
design is to avoid such placement, so that traffic ba
lancing could be avoided, particularly as the network 
grows. 

Question by J GRIMB L Y 
Have you considered the question of the complexity and 
cost of the control required to route calls through a 
variab le number of nodal crosspoint configurations 
(NCCs) comprising a free path from one termination to 
another in your matrice of NCCs. 

I see in the latter part of your paper the possibil ity of 
reducing the number of 1 inks by means of binary skip 
distance 1 inks is considered. 

Answer 
As mdicated in the abstract of the paper the control of 
this type of network is difficult and requires new con
cepts. The use of data processing on a network map, 
end-mark ing, gu ide wires or conventional idle 1 ink 
matching are cumbersome because of the large number 
of possible paths. I have succeeded in devising a new 
control concept for which a patent is being applied. 
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Question by B CANCEILL 
Have you found real izable networks approaching the 
theoretical bounds of your theorems? 

Answer 
The-objective of this was to give an order of growth 
with which a family of networks can be compared. This 
is best done with members of a family, the number of 
inputs in which differ by several orders of magnitude. 
This has not yet been done. 

It is not clear if regular networks exist with the given 
order of growth. 

Question by P FLEMING 
T.- The number of contacts is expressed in several 
equations as a logarithmic function. Is this to base e? 

2. I have consulted with several delegates with dis
tinguished credentials but cannot determine the meaning 
of notation found in equas 2.5, 4.17 and 5.11, each of 
the form x=O( ). What is the interpretation of the 
zero-like symbol that precedes the parenthesis on the 
right? 
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Answer 
The-meaning of O(f(x)) is the dominant term in f(x) 
as x goes to inf~nity, with the coeffic~ent set equal to 
one. Thus 5x log x + 7x logx = O(x log x). This nomen
clature is used in numerical analysis arid should have 
been explained in the paper. Thus the base of the lo
garithm used is not important, since 

O(logex ) = 0(10910><). 

The equations derived deal only with the order of growth, 
not the exact coefficlents, which are difficult to derive 
with bounding arguments. 
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Question by J G KAPPEL 
How-do'these link systems achieve full trunk group se
lection for both Inward and Outward traffic? 
(In Figures, IN Blocking Prob .=OUT Blocking Prob.) 
Please draw a brief sketch showing how several of 
these 1 ink systems would operate together in a large 
Central Office bui Iding • 

Answer 
Let us regard the example of the speech path network 
of an exchange (cf. Fig. 2 of my paper). 

In this example an outgoing connection is built up from 
the call ing subscriber via the Subscriber Connection 
Network to a free Relay Set RS of the trunk group 
which carries the outgoing traffic. In this case we have 
point-to-group selection. 

The incoming connection is built up from a certain 
inlet of the Group Selection Network in one step via 
the Group Selection and the Subscriber Connection 
Network to the called subscriber. In this case we have 
point-to-point selection. But regarding telephone ex
changes having nearly fully available Group Selection 
Networks then the point-to-point selection can be re
placed by the point-to-group selection from the called 
subscriber to the trunk group which carries the in
com ing traffic. (Assumption No. 3 of my paper • .) 

Question by G DIETRICH 
InvesfTgating entire exchanges or line selection units 
we have to coosider the network blocking and the sub
scriber busy probabil ity for terminating calls. We 
meet a problem when defining the relatioo between 
the traffic carried - which can be measured - and the 
traffic offered consisting of the originating and termi
nating traffic. My question simply is: The two traffic 
terms differ by the network blocking only or by the 
network blocking and the subscriber busy probability? 
Is there a general agreed definitioo? 

Answer 
In --m-y investigatioos I have defined the offered traffic 
such that these calls are excluded when the called 
subscriber is busy, i.e. the two traffic terms differ 
by the network block ing on ly • 

I beleive that this definitioo is a very suitable one, 
because only in this case the well known equation 
(carried traffic Y equal to offered traffic A times 
(1 minus loss B), Y = A(1-B)) is valid. 

Questioo by B CANCEILL 
CoulCfyou develop why you propose PCT 1 model for 
incoming external traffic? 

Most switching systems do not establ ish the speech 
path when the called subscriber is busy, so that ter
minating traffic intenSity may be considered to de
crease when the number of busy subscribers increa-
ses, and peT 2 model is more appropriate for ter
minating traffic, either external or internal. 

For internal traffic, a (PCT 2)2 model would be use
ful, taking into account the finite source effect not 
ooly for originating calls but also for terminating 
calls. 
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Answer 
OatcuLating the incoming external traffic I start with 
Pure Chance Traffic of Type 1 (PCT 1), Le. with con
stant call intenslty, because the incoming external traffic 
is generated by a great number of sources. But then I 
regard the probability that the called subscriber has to 
be idle and therewith results exactly, as I have shown in 
my paper, the model with Pure Chance Traffic of Type 2 
(PCT 2). 

Regarding the internal traffic I consider a (PCT 2)2 model, 
as you call it, Le. I take into account the finite source 
effect both for the originating as well as the terminating 
traffic. 

Question by G GOSZTONY 
In the introduction of your paper you have mentioned the 
well known CIRB method as the basic idea underlaying 
your investigations. On the other hand your nice calcu
lations are only manageable with a computer, one has 
to have the appropriate programs for traffic engineering 
purposes. Do you see any possibil ity for some aids for 
practical engineering purposes as simple as the original 
CIRB method was? Do you intend perhaps to prepare som. 
tables or charts of that kind? 

Answer 
Regarding Subscriber Connection Link Systems having 
finite number of sources up to now, already in the case 
of one-way traffic, no tab les or charts exist to get the 
probability of loss in case of limited accessibility. The • 
consideration of finite source traffic and internal and 
external traffic makes the problem to be solved so com-
pl icated that it would be very difficult to calculate the pro
babil ities of loss without using a computer. In principle 
it would be possible to produce tables but one of the diffi
culties is the great number of parameters such as Opera
tioo Mode, number of sources q, accessibilities k, num
ber of trunks n, total carried traffic Ytot and the ratio 
of inte.rnal to total carried traffic Y/Ytot • 

Comment by J RUBAS 
IWoUldlike to add a comment to Mr. Bazlen's answer 
to the previous question by Mr. Gosztooy. In my paper 
at the 6th ITC in Munich I analysed a very similar, al
though a little simpler, system; the main difference is 

·that in my system there is a single commoo link trunked 
network, which switches internal, outgoing and incoming 
calls. No simple approximate formulae are yet available 
for overall congestioo when there is a significant intemal 
blocking probability in the commoo switching network. 
However, when internal blocking is negligible ( or zero), 
very simple approximations can be used to estimate con
gestioo in all three classes of calls. Overall coogestioo 
011 incoming, as well as outgoing calls can be quite accu
rately estimated from the Engset Loss FormUla, using 
the average number of free sources. In the case of in
ternal calls the Engset Loss Formula can again provide 
a good estimate of coogestioo, but it must be applied 
with about 1/3 or 2/5 of available sources. Of course, 
the latter approximation does not apply to the system of 
Mr. Bazlen, where calls are set up over two separate 
stages. 
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Questioo by B CANCEILL 
Do you intend to publ ish later a comparison between your 
exact calculations and some existing, or even new, app
roximate and Simpler models? 

Answer 
The-main interest of these investigations has been the 
stUdy of the influence of different factors to the link sys
tem features. Such problems are e.g. 

- wiring mode of the 1 ink lines between following stages 
of the 1 ink system 

- hunting mode of the outlets of a multiple 

- unbalanced traffic 

- finite source effects. 
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These studies can be done by means of exact calculation 
only for small link systems because of the limited sto~ 
rage capacity of digital computers and the necessary run 
time for these calculations. 

But as can be seen J e.g. in paper No. 242 by P KLlhn J 

such investigations of small systems can give already 
important results of system properties. 

Nevertheless it is necessary to continue these investi
gations for large 1 ink systems by simulations or app
roximate calculations as can be seen in paper No. 232 
by D Bazlen J G Kampe and A Lotze. 

Comparison of approximate calculation method results 
with these obtained by exact calculations J will be made 
in the future - and then be published. 
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