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Question by J W COHEN 
AIT quantities in formula (7) are Laplace-Stieltjes 
transforms of distributions of stochastic variables. 
The form of formula (7) suggests independence of these 
variables. If so, a reformulation of the theorem in 
terms of these stochastic variables would probably 
make the statement and the proof of the theorem easi
er to understand. Is such a reformulation possible? 

Answer 
The-simple form obtained in Eq. (7) comes about due 
to the independence of the time spent in the queue box 
and in the service box. The proof of the key theorem 
(and its corollary) is certainly simple enough as already 
given in the paper. 

It is interesting to note the linear mixing between FCFS 
and RR in the SRR response time given in the equation 
following Eq. (11); this simple mixing is not apparent 
in the S FB system. 

Question by W T DUERDOTH 
The paper no doubt is app l icab le to the area of batch 
processing of data where there may be a wide range 
of priorities and serving times. When deal ing with 
SPC of telephony exchanges the number of priority 
levels is small and there is not a wide range of ser
ving time requirements. Does the author see any app
lication of his two stage queueing technique to organi
zing the control of exchanges and if so, what point in 
the continuum of algorithms would he select for tele
phony applications. 

Answer' 
One -must recogn ize that time-sharing systems are 
meant to deal with inter-active jobs as opposed to pure 
batch jobs, and give preferential treatment to short 
tasks. If, in telephone exchanges, all tasks have the 
same processing time (a limit of the "not a wide range " 
caseyou mention), then time-sharing cannot help, and 
a minimum average wait will result if no service in
terruptions are permitted to occur. Note, however, 
that if externally assigned priorities are allowed, then 
models have been developed and analyzed which account 
for discrimination based both on service time and on 
priority group (see, for example, L Kleinrock -;-::re of 
the Assoc. for Computing Machinery, April, 1967). 
Before one may apply these techniques to the control 
of exchanges, and before one may select the appropri
ate point in the continuum, one must first identify a 
form of cost function for the waiting time; only then 
may one set out to find an "optimum" response time 
function. 

Question by C GRANDJEAN 
In tfme=sharing systems, the CPU time needed to mon c -
tor the preemption algorithm is often not negligible. 
This lost time which adds to the service time, is of 
'course relatively more and more important as the samp
ling period decreases (Le. the elementary service time). 
On the other hand the response time requirements for 
short jobs lead to a short elementary service time. 
Having that in mind, have you already thought of some 
kind of optimization of the value of the elementary ser
vice time. 

43/1 

Answer 
The-model considered is the "processor-sharing" limit 
in which the quantum approaches zero. Certainly then) 
one is hard-pressed to admit a finite amount of lost time 
(i • e. swap time) pe r quantum. However, we may account 
for swap time in an approximate way if we decrease the 
processing capacity of the CPU in proportion to the tr~. 
ratio of swap.;..to~uantum time in any rea'l system. For 
the case of a truly finite quantum, the literature con
tains numer'ous studies in which the 'size or-the quantum 
is optimized in the trade-off between overhead and ra
pid response for short jobs (see for example, ref. (2) of 
the paper). 
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Question by W T DU ERDOTH 
The-author mentions that the approximation techn ique he 
uses takes some account of cluster effects in the trace. 
Is there any value in making further allowance for mar
ked cluster effects by sub-dividing the trace into diffe
rent parts which differ noticeably in the concentration of 
at least one of the pages. Neither the author"s nor Van 
Marioh" s techn iques take any account of the trans ient 
effect occuring for the first few pages of the trace (i.e. 
before equilibrium is reached). Is there any evidence 
either mathematical or experimental to indicate that this 
is negligible? 

Answer 
The first question is an interesting one, it is new to me. 
As far as I can see it now, some analysis is needed to 
get some insight in this problem. 

No, transient effects have not been taken into account, 
the analysis discusses only the stationary situation. The 
transient case is certainly not always .negligible; however~ 
the Markov chain models used in the analysis can pro- " . . 
vide information about the acceptabH ity of neglecting the 
transient case. The main purpose of the paper is to pro
vide a method by which various replacement procedures 
can be compared. From this point of view restriction 
to the stationary situation is well motivated. 
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Question by J W COHEN 
SecRon-3.2 and 3.3.1, first part, is not very clear to 
me; please explain it again. 

Answer 
1fT understood you correctly, your question contains two 
parts. 

. First part: Why do the probabil ities for transfer of a 
certain group size from the primary to the secondary 
system depend on the group size, transferred with the 
previous sampling clock? 

Second part: Why can I calculate systems with . . . . . 
Min I!"';]~ c: . .:?<~c~ll'_~d_ systems with Min [n~ < c only 

appro)(.tmately.? Let me explain both parts by the aid of 
the simple example of a system with only 1 primary sto
rage (cf. Fig. 4). 
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The answer to the first part is: 

Let e.g. c=2 and n=2. If with sampl ing clock i there 
is transferred no or 1 information to the secondary syste ,Yl, 
then directly after the sampling clock i the primary 
system must be empty, because (at most) 2 informa-
tions may be transferred. That means, in this case the 
probabil ity for 0 informations in the PS directly after 
the sampling clock is 1. Then, the probability, that e.g. 
o informations are transferred to the secondary system 
with the succeeding sampling clock t+1 is identical to 
the probabil ity, that no information arrives during time 
T, that means, it depends ~ on the Poisson arrival 
process. 

If with sampling clock i there is transferred the maxi~ 
mum number of n=2 informations, then there may be 
left informationsii1 the PS and the probabil ity of 0 in
formations in the PS directly after sampling clock i 
is less than 1 • In this case, the probabil ity that 0 infor
mations are transferred with the succeeding sampling 
clock i+1, depends not only on the Poisson arrival pro
cess, but also on the just mentioned probability of 0 in
formations in the PS after sampling clock i. 
The same considerations hold for transferred group 
sizes' greater than O. 

The answer to the second part is: 

Let again c=2 and n=2, so that during a sampling period 
2 informations may be served. But only those informa
tions may be served during a sampling interval, which 
are already present in the secondary system at the be7' 
ginning of this sampling interval directly after the 
sampl ing clock. 

If directly after the sampling clock, there are less than 
2 informations in the general system, then they must 
be in the secondary system, because at most 2 informa
tions could be transferred. Then, all informations are 
served until the next sampling clock. 
If directly after the sampling clock, there are more than 
or equal to 2 ' 'info-rmations in the general system, then 
at ieaSt2 informations must be in the secondary system 
and 2 informations are served until the next sampling 
clock. 

So, in case of n ~ c, the knowledge of the state of the 
general system directly after the sampling clock is 
sufficient to say, how many informations are served 
during the following sampling interval. 

Now, the other case: If n is less than c, in our exam
ple n=1, and directly after the sampl ing clock i there 
are 2 informations in the general system, then there 
are the fonowing two possibil ities: 

Firstly: Both informations are in the secondary system 
and then both are served until the next sampl ing clock. 

Secondly: One information is in the secondary system 
and one in the primary system. This case occurs, if 
directly before the sampling clock, the secc:ndary sys
tem was empty and the primary system contained 2 
informations. In this case, on 1y ' 1 information is ser
ved until the next sampling clock. 

So, in case of n <c it is not sufficient to know the 
state of the general system directly after the sampling 
clock for the determination of the number of served in
formations until the following sampling clock. In this 
case, the distribution of informations among primary 
and secondary systems must be known, which leads to 
multidimensional probabil ities of state. 

Question by W T OUEROOTH 
What lS known of the use of your model when service d 
information results in feedback into one of the perpheri
cal primary stores for another phase of servicing. An 
approximation to this solution is provided by conside
ring non-Poisson inputs to the primary queues. Can the 
author say if this gives a good approximation to the si
tuation and is the model then tractable to calculation? 

Answer 
The question is indeed of great interest for practical 
app 1 ications, because in most real systems, a feedback 
to the periphery occurs. As you mentioned already, this 
feedback may be replaced approximately by a general 
arrival process tp the primary queues. But in thIS case, 
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I see two main difficulties: 

Firstly: You must find and describe an adequate arrival 
process. 

Secondly: Exact calculations are not possible up to now 
because of a non-Markovian arrival process, a non
Markovian sampling interval and a non-Markovian service 
process. 

But may I say only a few words about extensive investiga
tions concern ing exactly this question, which we have done 
by simulations. These investigations were carried out by 
Or. Herzog, Mr. Kampe and me. In the following figure 
you see on the left part a simple model with only one pri
mary storage as you know it from my presentation. We 
extended this model by the right part of the figure in the 

following way: J Poisson A fi 
input ' 1 "2. 

PER I PHERY I • • • PS r 

l ... TT IT 

j INPUT f' Ip~~T BUFFER ! ~ == UFFER 

SERVER 

CPU • 
The servicing of certain informations may cause furt,her A 
informations, which should be transferred to the perlphel"'~ 
and which are buffered in an output buffer. From there, 
they are removed with the same sampling clock as for 
the input and transferred to the periphery. These infor
mations may cause again input informations after a cer-
tain reaction time r in the periphery. This reaction time 
r depends partly on the behaviour of peripheral devices, 
partly on the behaviour of the subscribers, as e.g. in 
case of dial digits etc. The arrival rate of this feedback 
traffic flow be A 2' Now, we simulated this model, of 

course in much more detail as shown here. 

The next we did, was to cliD the feedback loop and to re- ' 
place the feedback traffic flow approximately by increa
sing the original arrival rate~ 1 of the Poisson input 
bY~2 and then we simulated this simpl ified model again. 
The results we got, were not to ml..Ich different from tho~ 
()f the detailed model. 

So I can say, that my model with the Poisson input is a 
good approximation, even for those systems which have 
in reality a feedback of traffic flow. 

Question by F SCHREIBER • 
In the -configuration of Model C Fig. 4 it is assumed that 
the calls of a primary storage PSi is filed into the buffer
queue of the secondary storage ahead of the calls of the 
next primary storage PSt+1 • 

This means in effect a priority system where the calls of 
any primary storage will be served prior to the calls 
of all primary storages to the right of it in Fig. 4. It 
seems to be essential for this model to calculate the 
mean waiting time, and if possible, waiting time distri
bution function etc., in the secondary storage as a func-
tion of the index number of the primary storage. 
Can you comment on this? 

Answer 
Yes -; you are right. If it is assumed that within one samp
ling instant first the information of PS 1 are filed into the 
SS, then those of PS2 and so on, there is indeed a cer
tain priority discipl ine. That means, the informations 
coming from PS 1 have a lower mean waiting time in the 
SS than those coming from PS2, PS3 and so on. In my 
paper I have regarded only the global mean waiting time 
in the SS and I have not distinguished between informa
tions coming from different PS i. In further investiga
tions, however, which are not included in my paper, I 
found also results for the mean waiting time in the secon
dary system related to those informations which are 
coming from a certain individual PSi. The principle way 
of solution for this problem is similar to a method wl')ich 
I applied in (1). ' 
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These (ndividual waiting times may differ of course re
markably from the global mean waiting time in the SS. 

Concerning the waiting time distribution fll'lction, I can 
say the following: 

Exact formulas for waiting time distribution functions 
are up to now available only for the primary storages 
(cf. sections 2.1 .1 and 3.1) and not for the secondary 
system. But, however, approximate formulas can be 
given for the waiting time distribution functions in the 
secondary system even for those informatia-s, which 
are coming from a certain primary storage (cf. section , 
3.3.1 and in addition (1)). 

Question by P FLEMING 
(The question also refers to Paper No. 436.) 
Several manufacturers now offer SPC switching equip
ments which employ several processors operating in 
full or partial cooperation when the system is expanded. 
These same manufacturers are lax in stating when the 
3rd, 4th, etc. processors is needed. It is crucial that 
this need be anticipated well in advance because a two 
to three year lead time is needed (typically) for bud
geting and procurement • . -

1) Can any of you state even approximately the steady 
state processor occupancy that can be entertained when 
one, two, three, etc. machines are operated in paralle I • 

2) Do any of you have any ideas as to the length of a 
"busy interval" for determing the occupancy. That is, 
should the interval be a few micro-seconds, a few se
conds, or what? 

3) Do any of you have 'ideas as to the measurement and 
display of processor occupancy? 

Answer 
Your question is quite a difficult one. The answer de
pends on such a great variety of parameters that it is 
impossible to give a general answer for all realized 
systems. In my opinion, a much more important quan
tity than the occupancy is waiting times and response 
times, respectively. Depending on the software and 
hardware designs, different systems can have different 
response times, even if they have the same occupancy. 

So, the answer to your first question depends on the 
operating mode of the individual system in question and 
on the response times ', whlch you will tolerate. From 
my experience, I can say very roughly that a tolerable 
steady state occupancy in case of 1 processor can be 
approximately in the range up to 80 %. Regarding mul
tiprocessor systems (load sharing), the'folfowing can be 
said: From computer sciences it is known, that you can 
carry less than double traffic volume, if you operate 
two processors in parallel (load sharing), compared 
with the case of one processor and so on. Another ' 
possibil ity will be to use instead of a second processor 
e.g. a single processor with double speed than the old 
one. 

To your second question: The ''busy interval" depends 
strongly on the occupancy of the pr'ocessor and there
fore this question is correlated to the first question. 
If you have low occupancies, then the "busy period" 
will be short; if you have high occupancies, the "busy 
period" will be longer. Furthermore, it depends 
(among other parameters) on the service times of the 
central processor. 

To your third guestion: No. 
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Question by P FLE MING 
The text of the question is given under Paper No. 434, 
last question • 

Answer 
The-question of when an additional processor needs to 
be installed in the AKE-system is normally solved in 
close cooperation between the manufacturer and the 
customer. The basis for this decision consists of ca
pacity calculations verified by direct measurements 
of the processor occupancy and other relevant para
meters. 

43/3 

1) To the first of your specific questions I would answer 
that the possible steady state processor utilization may 
depend on response time requirements, which in turn 
depend on what functions each processor performs. With 
mainly the same functions in all processors, as when 
each processor serves a certain part of the total exchange, 
it may be possible to fulfil normal response time require
ments with a processor occupancy in the order of 90-95 % 
or even higher. For dimensioning purposes a certain over
load margin is commonly applied, so that the normal busy 
hour average occupancy is lower than this. 

With the mentioned load division between the processors, 
the maximum occupancy per processor will be roughly 
the same at different total number of processors. 

2) If we define the "busy interval" as the period spent 
on higher levels than the base level (on which mainly 
background work is performed), the range might be from 
some 10 microseconds to some 100 milliseconds. 

3) Facilities for measurements of processor occupancy 
and other relevant parameters describing the processor 
performance are included in the AKE 13 system. Re
sults are normally del ivered on a type-writer or on 
paper tape. 

Question by J W COHEN 
Author indicates in Section 6.4 that due to the type of 
control procedure chosen oscillations are possible. Com
parison of Fig. 8.4 and 8.5 shows that the chosen method 
to prevent these oscillations are indeed effective in the 
case of constant overload during 90 sec. WUI this still 
be the case if the (over)load shows periodicities? Did the 
author study a theoretical model of this control problem, 
and if so J could he give some information about this 
model? 

Answer 
The-kind of oscillations discussed, are those which would 
tend to arise if the number of accepted fresh calls during 
a time interval of the order of say 1 sec. J was governed 
only by the available processor time during that inter
val (during times when the call buffer is non-empty). 

The proposed remedy is to put an upper limit on the num
ber of accepted calls during each interval. This will 
have the effect of cutting extreme peaks in the call 
acceptance, and thereby smoothing the input to the sys
tem. This method should be favorable irrespective of the 
load structure. 

The possibility to construct a theoretical model of the 
control system has been discussed. It seems that the 
non-linear properties of the system J and the stochastic 
nature of the controlled process makes such a treat
ment difficult, and so far we have not made any analy
tical study of the total control system . 

Question by W T DUERDOTH 
The-algorithm used in your paper appears to assume 
that provided the requirements of response time at the 
base priority level are met, then those for the inter
mediate priorities will also be satisfied. Is there any 
evidence to substantiate this assumption. 

Inputs will occur with different priorities ranging from 
' new subscribers calls to demands from incoming junc
tions with limited response time requirements. The 
system would appear to limit the size of new batch of 
inputs, there being a random selection of inputs having 
any level of priority. Is there a case for being selective 
with the inputs giving priority to those requiring shor
ter response times. 

'Answer 
The-aSsumption that the performance of the higher pri-

, ority levels is satisfactory J when the requirements for 
the level PLO are met, is for the studied system based 
on analysis 'of the distribution of the processor work bet
ween the priority 'levels' . The proportion of the process
ing work for each call, that takes place on PLO, is so 
large that when call handl ing is acceptable on this level, 
will the occupancy on higher levels be limited to a value 
where satisfactory response times can be expected. 

The studied system is a pure transit exchange with no 
subscriber lines connected to it. Thus all incoming 
calls arrive on trunk lines, for which the difference in 
acceptable response time is less marked, and the 
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possible gains with giving priority to those calls re
quiring shortest response tim~ would therefore probab
ly not compensate the extra compl ication of software 
that would be needed. 

Question by J FRIC 
1)1''0 aVOid oscillation due to the delays between over
load and its detection, and due to the. fact that the main 
processor load for a connection will occur with a few 
second delay, you add a non-linear constraint (limita
tion of the number of accepted calls per time interval). 
Do you think it is also possible to reduce this risk by 
statistical anticipation of the internal load ( phase 
advance)? 

2) The system you describe allows to smooth peaks, 
the amplitude and the time of which are depending on 
the performance of the computer and on the length of 
the call buffer. What do you do about new calls when 
the buffer is filled? 

Answer 
1fi guess that the method you mentioned could be app-
1 ied as a further improvement, if an improvement in 
this direction would become desireable. A difficulty 
involved in the application of more sophisticated pro
cedures is however that it will require more detailed 
assumptions about the controlled process, and thus 
make the system more sensitive to variations in e.g. 
the call mix if the optimum effect should be achieved. 

2) As is mentioned in section 2.4 in my paper, the ac
tion taken when a call cannot be inserted into the call 
buffer may be programmed differently for different 
signall ing systems. The main alternatives are to either 
make a renewed attempt after some time, or to refuse 
the call. In the simulated case, the former method is 
appl ied. 
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Question by W T DUERDOTH 
For some of the simpler models (e.g. M/M/1, 
M/D/1, with n independently arriving levels) it is 
possible to calculate the expected values of delay at 
each level using probabl istic techniques. Does the 
author know how the results obtained in this way com
pare with those calculated by his technique? 

Answer 
We have made some comparisons and the results de
pend on the type of levels to be considered. So, for the 
particular systems that we have studied the delays ob
tained by the M/M/1 model gives lower values for the 
"a" type of levels than those obtained by the method, 
while for type "b" levels gives higher results. This 
discrepancy is mainly due to the assumption of Poisson
ian arrival law in the M/M/1 model while in our method 
levels "a" appear according to their scheduled cycles. 

Furtherm.ore, in order to check the validity of our. me
thod we have made simplified simulations with the ac
tual philosophy of these particular cases in a more 
exact way and the results so far the occupancy and de
lays per level are concerned, are in a fairly good agree
ment with those provided by the method. 
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