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Question by J FU L ENW IDER 
1.- How-wo uld y ou take into accoun t the switching cost 
where s w itching m a 9hines usually have a cost expressed 
as 

C = F ixed + BxN 
where N = number of 1 ines (or trunks) 

B = c ost per line (or trunk) ? 

2 . How wou ld y o u t ake into account a non-l inear cost 
of trunk r o utes d ue to different kinds of trunk fac ili
ties such as a nalog trun ks, and digital sharing the 
same route? 

Answer 
For the sake of simplicity we have presentee;! the me
thod a ssum ing t inear c ost. 

W e ha ve de veloped in our laboratories a computer pro
g r am of which the basic was described in a paper pre ... 
sen t ed a t the ITC 6 in Munich. In the program, that 
assumes busy -hours coincie;!ence, costs are defined a~ 
fol lows : 
1 . S witch ing C osts 

S = A + BxN + C xT 
w he re N = number of circuits (junctions ) 

T = traffic passing through the 
swit ching center 

2 . Transmission Costs 

~~~~{ion l~------ numbe r of junctions 
and ,km 

Cost per Junction and km is a non-Hnear function of the 
number of j unctions. Differen't curves can be assigned 
to different routes. With this cost definition components 
of the gradient vect o r can be obtained. The general me
thods rema in the same. 

Question by W LORCHER 
I S'hould-l ike to ask you whether you have made already 
a computer program of your optimization procedure? 
If yes, 'can you give some results? 

Answer 
The-method has not yet been programmed. However, 
it is interesting to say t hat we have developed a com
puter program for junction networks optimization with 
busy-hour coincidence by using the same basic idea 
(use of the gradient algorithm and Fibonacci m inimiza
tion). This program is now operational ~ 

Question by W LORCHER 
1.- For-your optimization procedure you are conside
ring principally mean and variance as the chq.racteri
zing figures. How do you calculate in Fig. 6 of your 
paper the variance of a traffic flowing from C to D 
or from C to D" , in both cases originating in node A? 

2. Did you consider also the case that - e.g. in node 
C - additional traffic is offered from other nodes? 

3. You define the qual ity of service as 
- final trunk group blocking or 
- exchange to exchange blocking respectively 

(Section 1 .4). 
In your general equations (e.g. equation 3.'3) the par-:
tial derivatives are independent of these probabi.l ities 
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of loss. Is this correct in both cases? 

Answer 
T.- The following rssumption is m~: 

t t V{c, t t 1h'" 
v 1D = v 1 · vr- ; v 10" = v 1 • ~ 

1 

(This refers to Fig. 6 of the paper.) 

2. Yes, it is considered. 

P , . ~t ..pC . d d 3. , erwatwes ([Hi/. and I/(i ) are not m epen ent 
on the qual ity of ~e'rivce criteria used. Depending on 
the criteria used, they are computed in a different way. 
In case of "final group blocking" derivatives need to 
be computed taking into account that the admitted lost 
traffic is a function of M~ , that is, the offered traffic 
to the considered final r6ute. 

In case of "exchange to exchange blocking" the deriva
tives are computed at a constant value of the admitted 
lost traffic. 
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Question by A LOTZE 
On page -2 of your paper, Moe"s prineiple is formula-

ted as F ;~ !j = cost per trunk 
n w dollars per er tang (F n < 1,0) 

Without a comment one reacts from this formula 
"incoming money per erlang > cost per trunk". 

This would be too favourable! Do you refer to erlang
hours per year and trunk costs per year? 

Answer 
In the formulas the different factors are to be taken 
from the same point of view" so that the d imens ions fit 
together. So is clearly in the formula (5), where 

F"[?-rlanghours per extra circuit and year:] = 
_ H"Cdollars per extra circuit and yea~ 
- w'[dollars per erlangr.;..I...( · and year] 

But in formulas (1), (2) and (3) absolute values are 
handled, for instance belonging to a busy hour. Thus 
the formula (3) reads 

F [erlangs per extra circuit] 
H dollars per extra circui 

~ w i::lotlars per erlangJ 

Here the w has nothing to do di.rectly with the call fees 
payed by a subscrib~r. 
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Question by S MUNSHI 
T.- Do you have any recommendations regarding deter
m ination for H, 1. e. the probab it ity of reattempt given 
the previous attempt has fa iled? 

2. Please explain why (1 - P 1) appears twice in the 
product defined on the r.h.s. of equation 6. Same 
question re lates to equations 7 and 8 and I think the 
answer/explanation would be the same. 

3. I feel that it is easy to include rejection due to 
abandon calls. Any comments? 
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Answer 
1,- In-my study I have assumed the probability of re
attempt, when the previous has failed, to be constant, 
Studies performed by P le Gall and by A Myskja show 
that this is not the case. It varies with the number of 
attempts made, and probably also is different for 
different countries. However, the value chosen in my 
paper H=O, 8 agrees we II to values observed in several 
European countries. 

2. The expression for total rejection should reflect the 
real system operation. In this particular case the call 
has to be identified by the common control system. On 
this occasion it can be rejected due to time out with the 
probabil ity P 1 • After dialling the register has to be set 
up to the common control system for transfer of infor
mation. Also here the call may be rejected due to time 
out with the probability P 1 • 

3. I agree. I assume that the call has first to be identi
fied by the CSS. On this occasion it may be rejected 
due to time out. After the diall ing the Reg has to be set 
up to the CCS for the same call and here again the call 
may be rejected due to time out. 

In case when different time outs are used for identifi
cation and for connection of Reg to the CCS, one of the 
P 1 should be replaced by separate variable. 

Question by T ROGEBERG 
You-have presentad an interesting paper on a method 
for the determination of overload abil ity in a particu
lar type of systems. You have carried through approxi
mate calculations of quite a complicated kind, and then 
used simulations to control the results (and with good 
agree ment indeed). I cannot help feeling, however, 
that in many cases, one could arrive at results quicker 
and easier by using simulation alone. Would you kindly 
make a comment on this point? 

Answer 
Thespeed of a simulation depends on the programmer, 
the computer and the simulation model used. For over
load investigations the simulation model is rather cOm
plicated. It takes into account the entire exchange, in
cluding the subscriber behaviour. The simulation time 
for a single traffic point in my simple example is 
greater than the time needed for calculation of corres
ponding results. The system studied in my example 
consists of a very simpl.e network and a single common 
control device. As the simulation time normally in
creases rapidly with increasing complexity of the sys
tem (connecting network, CCS), while the increase of 
calculation time can be held on a moderate level, we 
can conclude that calculations are to be prefered. Si
mulations should be used for checking purposes only. 

Q.uestion by H WEISSCHUH 
Inthe-paper you gave a study on a simple telephone 
system with internal traffic only. Can you please 
comment how to get the functions which characterize 
the switching system, e. g. P l' P 2' P 4' also for sys
tems w1th external traffic. 

Answer 
IT waS-not my intention to study the incoming traffic so 
I assumed it to be very small during the period studied. 
Consequently I do not specify the equipment necessary 
for hand 1 ing of th is type of traffic. The congest ion for
mula for incoming traffic will depend on the connectina 
network used. The same applies to the corresponding 
function R 2 . The function R t , corresponding to P 1 ' 
depends on the strategy for mcoming calls, for in
stance whether they will be assigned to priorities or 
not. In my paper I discriminate the two functions P 1 
and R1 • 
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Question by M FERNANDEZ MORENO 
Inparagraph 2.4.3, Exchange Cost affected by the opti
mization process is not defined as a function of the num
ber of 1 ines. Thus, the model supposes that all the ex
changes in the area under study have the same cost pa
rameters as regards subscriber 1 ines • 
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1. How then are we to consider the cases in which 
there are different types of switching systems and, as 
a consequence, it is necessary to work with different 
cost parameters? 

2. Can the mode 1 here described consider any restric
tion in the number of 1 ines of the local exchanges, in 
particular mini.mum and maximum number of lines 
which in many cases are imposed by practi.cal consi
derations? 

Answer 
1.- In the paper several network properties of minor 
importance have been left out in order to si.mpli.fy the 
presentati.on. The cost function used i.n the computer 
program regards among other here neglected costs, 
the cost per subscriber 1 i.ne as a function of the ex
change type and the number of subscribers, and this 
leads to additional terms in equahon (27) and (36). 

2. The method takes care of restrictions i.n the maxi
mum number of subscriber 1 ines by deciding, when 
the maximum is reached, whether to install a new 
exchange unit - with corresponding initial cost - in the 
same building or to introduce the new exchange in • 
another location. 

Question by J FULENWIDER 
You-have described a very effective tool for handl ing 
a very large systems eng ineering prob lem • 

1. Would you care to discuss the sensitivity of the 
optimum number of exchanges as a function of excha 
to-exchange traffic load? 

2. Also how pronounced is the minimum in the total 
cost curve of Figure 4? 

Answer 
1.-For a given subscriber distribution, 6 (i,j), an 
increase in the inter-exchange traffic will result in a 
decrease of the number of exchanges for the opitmal 
solution. This is due to the fact that for increasing 
trunk network costs the cost function (27) will be 
correspondingly dominated and this obviously leads 
to an eventual decrease of the number of exchanges. 
See also Fig. 4. 

2. The minimum of the cost function in Fig. 4 is 
usually not very pronounced. This makes it possible 
for the user to select between several not quite opti
mal solutions with regard to other than purely econo
mical considerations. 

Question by LA GIMPELSON 
1.-BOEhat Bell Labs (Holmdel) and ITT Labs (Madrid) 

. experiments (from 1 966 to 1 969) showed that the inter. 
exchange trunk network has 1 ittle effect on optimum 
exchange numbers, locations and their boundaries. 
Further, experiences have shown that simpler pro
grams, partitioned into independent problems, are su
perior for field use by telephone administrations engi
neers. Why have you chosen to combine the exchange 
locj9.tion and traffic dimensioning tasks? 

2. Again at both Bell Labs and ITT Labs it was ShOe 
via working programs that obstacle avoidance must 
apply to subscribers'" distribution plant as well as to 
exchanges. Bell used the method of routing points, 
while ITT used 1 inear boundaries with assignable trans
gression costs. Why have you chosen to omit this faci-
1 ity? Also, the lack of site costs in equation 27 and your 
statement j ' lst above figure 4 for manual introduction of 
site costs, seem to contradict your proposal (paragraph 
3.6) to use infinite site costs for avoidance. 

Answer 
T.-we do not agree with Mr. Gimpelson on this point. 
Our experience points to the contrary. Excessive stu
dies of actual networks have in all cases shown a mar
ked discrepancy between solutions arrived at by taking 
into account, resp. disregarding the influence of the 
trunk network. This should be quite obvious for net
works where the costs of the i.nter-exchange equipment 
is a considerable part of the total network cost, which 
holds true for most networks. We have thus chosen to 
combine the exchange location and traffic dimensioning 
tasks because we consider it correct to optimize the 
whole network configuration, albeit thus introducing 
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some m,inor aRP~O>:<irnat~prs (~ t~e subscr'i.!:)ers" network. 

2. A method for optimizing extensions in the subscribers" 
rletwo'rk has been given' by Y Rapp;, (See ref. ' 7 . } The pro
posed infin ite. site costs should' be regarded in connec-
t ion with 4 .2e} rather thar.l with Fig·. 4 which illustrates 
the general problem. " 

Question, by W KRAME-R 
For thedetermination of the distances between exchang
es and from an exchc~mge to a subscriber two methods 
( hy pothenuse a nd cathe tic) are given. 

Could y ou please give a comment on the background, 
that menns , which method becomes suitably appl ied to 
w hic h cases? 

Answe r 
In-applica tion s of t he de s c ribed optim ization method to 
lncal net work s the method of calculating distances will 
oe chosen with rega rd t o the actua 1 layout of the area. 
Thus, f o r an area w ith pronounced right-angled street 
pattern, met hod 2 . 3 . 1 s hould be used, and for other 
patterns as well a s fo r rural a rea s , m e thod 2 .3.2 is 
preferab le. 
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Question by W LORCHER 
In-section 2 of your paper you conside r the sum of out
going and incom ing traffic in the c ase, when ~ hours 
of time difference exist betwee n t he hour ly t r a ff ic di
s t ributions (basic patterns). 

Please can you exp lain why you c alcu latE> ': h '" C l In") by means 
of c onvolution and n ot the arit hmetic sum of these two 
traffics? --

Answer 
The-ho urly distr ibut ion of e q (1) or e q (5) is not the 
sum of the incom ing and outgoing traffic, but is ob
tained by means of convolut ion of the so called conve
nience fun c t ions of t he call ing and the called sides. 
Therefo re , it is of cour se poss ible to obtain the hourly 
distribution of the bothway t raffic as the sum of incom
ing a nd outgoin g t raffic dist ribution separately obtained 
a s in e q (2) and eq (3) . 
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Que stion by D G HAENSCHKE 
r woui'd like to draw the authors" atte ntion to t he fact 
t hat a similar hysteresis phenomenon can also be ob
s e rved during switching congestion which remains af
t e r the offered load drops back t o normal. However, 
based on s imulations we have not been able to demon
strate a significant decline in network efficiency when 
offered ..loads exceed engineered limits in hierarchical 
networks without switching congestion. I would like to 
ask if the authors believe their results to be applicable 
to correctly dimensioned hierarchical networks, es
pe cially in regard to loss in network efficiency during 
ove rloads without the presence of switching delays? 

A nswer 
Answer is "no". In the hierarchical networks, routing 
is rather s imp le and is we Lt controlled. That is, the 
overflows are allowed only to a certain direction. This 
is the reason why such a hysteresis-l ike effect doesn"t 
occur in the hierarchical networks. 

Question by L A GIMPELSON 
r am concerned about your conc lusion that flexible 
and therefore circuitous routing is "very effective" 
for networks of small trunk groups. If graphs had shown 
the distribution of number of links per call as loads in
creased, it is probable that it would have been seen that 
the probability of blocking per link was so high (note 
much higher blocking for K=10 than K=100 in figure 5) 
that the probabil ity of setting up multiple-link calls be
came very small. (In this sense thin nets may be self-
t imiting .) Do you have this data? 
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Further, simulations which do not assume independent
ly blocked links and negligible c ontrol times have shown 
hysterisis-l ike effects for "thin" networks as 'well. Also 
the width of this hysteresis was c ons idera bly wider than 
shown in your figu res. I hope you wi II continue th is ana
lytic approach without these two assumptions, as a bet
ter balance between analysis and simulation is needed 
in th is area. 

I Answer 
In 'the first part of your question, you pointed out that 
the probabil ity of setting up multiple-l ink calls is small. 
I have no exact data of this probability in the general 
case, but it is easy to calculate it by our theory. To
day, we will show a very simple example. Let"s con
sider the connection between station 1 and 2 in the net
work shown in Fig. 1. In this connection, the direct 
path is X

1 
and alternate route is XQX 3' If we assume 

that the b ock ing probab il ity of eacn 1 ink is b, then the 
probabil ity P d that the connection through direct path 
succeeds is 1-b. The probabil ity P that direct Rath 
is busy and alternate route is avail~ble is b(1-b)2. 

Therefore, the ratio of P a to P d is 

~= b(1-bl 
P d 1-b 

- b(1-b) . 

This is plotted in Fig. 2. Pa/Pd has the m a x im um value 
when b=0.5. If b is extremely large, say larger than 
0.5, the network will be in perfect congestion. b is not 
so large, say smaller than 0.5, Pa/Pd increases as b 
increases. Therefore, overflow to the alternate route 
increases as the network is heavily loaded. 

To the second part of your question (comment) , I 
think that further analysis and simulation in more ge
neral case is desirable . S in ce it is v e r y d ifficult to 
analyse the more general models because of t he increa
se of arguments, we intend to make simulation and con
tinue our studies. 

3 

Max 
value 

direct path 

- - - - alte,~nate path 0 

Fig. 1 
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Question by W LORCHER 

0,5 
Fig. 2 

b 

In-your paper you compare three optimization strate
gies fqr alt ernate routing networks. You assume the 
number of trunks as a continuous variable and the pro
bability of loss for an origination-destination pair as a 
prescribed value. 

1. In your optimization conditions of. equ. (8), (9) 
and (12) the probability of loss is - as far as I can see 
- not in<;:luded. Can you explain this to me? 

2. In the example of section 4 you show differences 
between the three strategies which are smaller than 
1 %. Have you found the same result also for your more 
real istic systems (page 5)? 

,3. Have youalso determined the total costs under the 
condition that the number of trunks per group must 
be integer? 

Answer 
1.- In-order to determine the equilibrium conditions 
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for the problem described by equations (7) in the papel", 
the following approach is used by Khun and Tucker in 
their paper (See Reference 9). 

Form the Lagrangian function m
k 

f(~ ~) = C~) +~~ ·A.Kt. _Bk)tk -~1 hrJ 

where.~ is the n-vector of Lagrange multipliers 

(~\ 1':-:" '.\n)· 
The Khun-Tucker optimal ity criteria for a stationary 
point are 

(i) of(b t '~)2 0 and ht Q to:] l~) =D and h ~ > 0 
dh K 

0/ 'J ah" j'" 
forj=1, ! ..... , m k andk=1,.f..,.,n. 

( it) 
a f(~l~) 
,j AK 

- =0 for k== 1 , •••• , n • 

From (it) we obtain the constraint common to each 
type of optimization considered (vi z: System, User, 
Game Theoretic). 

rnk 
~ hk = ( 1_B

k
)t

k 
k=1, •••• ,n 

J=1 J 

From ( i) we obtain h
j 
~ 0 for j=1 , •••• , m

k 
and k=1 , ••• ,n 

(~ChLj) -~)~ 0 (x) for j~1, .. ,mk andk~1, ••• ,n 

1 k 'b) , 
and h, l~ _~J) (xx) for J=1, ••• ,m

k 
a ,)d k=1 , ••• ,n 

J \:) h ~ ;J.J 
.f 

Consider the two cases 

(a) If h ,k> 0 then equaticn (~ \ implies that 
J 

'¥Jj) . 
Dk(h) = C 'V =/\ j=1, •••• ,m

k 
and k=1, ••• ,n 

J rv ah'Y K 
k 1' , . , . 

(b) If h , = 0 then euqatlon (xx) tS automattca lly satts-
fied, ahd thus from equation (x) we obtain 

\ .,. D k(h) de (iJ) . 1 . d k 1 
AJ(.:';:.. j -v = ') L ~ - J=, ••• , m k an =, ••• ,n 

o n 'J 
and hence we obtain the result of Theorem 1 i~ the 
paper. ~t wi II be noted that in differentiating.T (h,~) 
with respect to the chain nows the Origin-:- .... 
Destination grade of service B~ was c<;l.nce!ted OUL, 

as it was taken to be constant, and thus it does not 
appear in the optimality conditions. 

S im itar :~rguments can be used to exp la in why the 
grade of service Bk does not appear in the relations (9) 
and (12) of the paper. The constraint 

m 

.. 4 k h ,k = (1_Bk)tk J= 1 J k= 1 , ••••• , n 

must be satisfied by each type of optimal solution ~nd 
this is the only point where the grade of service ~ 
is required. 

2. It is certainly true that the small network conside
red in section 4 of my paper has "optimal" solutions 
which on ly differ by about 1 %. It was a.lso reported in 
Section 6 that for a small 4 exchange network, all thl"ee 
optimizing principles were equivalent. However, when 
the User optimizing principle was applied to the Ade
laide network, it was found that the System and User 
optimal solutions differed by approximately 14 %. A 
close , investigation of the l,.Jser optimized solution 
revealed that this solution made extensive use of the 
first choice routes and failed to recognise the ~dvan
tages of bulking traffic in the alternate routes. 

It should be noted here, that it was not my intention that 
a User optimized solution should replace the System 
optimized solution. Studies of User optimization re
vealed that the User optimized solution to a network can 
be located very rapidly, and I hoped to obtain the System 
optimized solution by first obtaining the User solution, 
and then iterating from that point to the System solution, 
thus achieving a considerable saving in computer time. 
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3. I have determined the total CO.sts for integer nl,.Jm
bers of trunks in the Adelaide network and I have found 
tha.t the total costs fol" the two types of optimization 
(System and User) have increased by approximately 
the ,!?ame maQnitude. CA change of approximately 1 % 
in ovel"all cost is produced.) It should also be noted 
tha,t the relative positions or the integertzed solutions 
have remained the s~me for the practical network, Le. 
Integer User Solution Integer System Solution. 

'. 
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