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ABSTR.\CT 

The results of measurements in two pabx's are 
p'resented which are concerned with the reaction 
of subscribers to the failure of call attempts. 
Stress is laid upon the reaction depending on 
different reasons of failure. The results are 
compared with other measurements using two 
parameters introduced by R.Kerebel /2/, the 
grade of success and the grade of ;perseverance. 
It is shown that the distribution of repetition 
times strongly depends on the reason of failure 
and that the distribution function can be 
approximated by a mixture of two negative 
exponential distributions. A procedure is 
presented with which the parameters of the 
two underlying distributions are estimated. 
Finally a traf.fic model using two types of 
repetition places is outlined which seems to be 
well fitted to the results of the measurements. 

1. INTRODUCTION 

The purpose of the two measurements the results 
of which are presented here, was to give a 
more precise description of the input process 
of a telecommunication system. In order to add 
a valuable contribution to the observation of 
subscriber reaction on the failure of call 
attempts, the investigation was concentrated 
on how this reaction depends on the reason of 
failure. 

Measurements in two pabx's were performed in 
1970 and 1971. The first pabx may be character
ized by the following details: It has 1200 sub
scribers of a scientific and administrative 
staff, 750 of -which were observed. All observed 
subscribers have access to the local but not to 
the trunk area. In general, subscribers have a 
telephone and a room of their own so that an 
incoming call is not answered if the subsc.lriber 
is not in his room. The second pabx is charact
erized as follows: It has 500 subscribers of a 
technical and business staff, all of which were 
observed. They have access to the local and 
trunk area the costs of trunk calls being re
corded by an automatic equipment. In general, 

- subscribers have no room of their own and in
coming calls are answered by other persons if 
the wanted subscriber ~s absent. 

2. COLLECTION OF DATA 

In the German step-by-step system, the whole 
input process including incomplete dialling 
and call repetitions can only be observed at 
the traffic sources. That is why the measur
ing equipment was coupled to the subscriber
lines. 

The device observes 24 subscribers at a time 
recording any lifting of the handset, any dial
led digit, and any dropping of the handset. By 
a one-second clock-pulse the time is added to 
each of the recorded events. For the clas£ifi
cation of calls into successful and unsuccess
ful ones and for the analysis- of the -reasons of 
failure an audible-tone receiver is applied, 
which discriminates audible-tones and speech 
by evaluating the length and constancy of zero
crossing distances and which discriminates the 
different audible~tones by the times of send
ing and pause/1/. Beginning of conversation is 
recognized if the maximal pause has passed 
without the next tone coming. The receiver is 
switched to a call falling in and switched off 
if 120 secs have passed after end of dialling 
without beginning of conversation or terminat
ion of call. If the call has terminated before 
the receiver is switched off this is coupled 
for two further minutes to the observed sub
scriber-line in order ' to analyse the next re
peat if it falls in within this time-interval. 
This procedure is applied in order to analyse 
especially repeats with short repeating di
stances, but of course not all attempts ob
served on the 24 subscriber-lines can be ana
lysed by the receiver. 

544/1 ITe 7 



.' A second time-source measures all intervals 
:S 2 secs within the calls with a 200 msecs 
clock-pulse. 

All informations were stored by paper tape for 
evaluation. The measuring equipment remained 
coupled to the 24 subscriber-lines for one day, 
then the next 24 subscribers ~ere chosen. The 
measurements were performed from Monday to Fri
day for about ten weeks in each of the pabx's. 

3. EVALUATION OF DATA 

The observed calls are classified into 
a.1. calls directed to the local area 

(local calls, preselection-number 0 ) 
2. calls directed to the trunk area 

(trunk calls, preselection-number 8 ) 
3. calls directed to persons within the pabx 

(internal calls, no preselection-number ) 
b.1. successful calls ( SF ) 

2. unsuccessful calls ( USF ) 
2.a. with trunk blocking ( BL ) 

b. with B-subscriber' busy ( BY ) 
c. with A-subscriber errors ( ER ) 
d. without answer of B-subscriber ( NA ) 

If a call has been analysed by the audible-tone 
receiver the classification is done 'according 
to the result of this analysis and by the dial
ed digits. As there is no difference between 
congestion-tone and busy-~one, BL-calls are 
discriminated from BY-calls by the tone being 

,received before the end of the number in case 
of BL and at the end of the number in case of 
BY. In almost all cases of BL subscribers stop 
dialling when they receive congestion-tone. It 
is clear that the knowledge of the numbering
'scheme is necessary 'for classification. ER
calls are identifted by a wrong number compared 
with the numbering-scheme or with numbers of 
calls belonging to the same repetition-series. 

Completely and correctly dialled calls not ana
lysed by the audible-tone receiver are classi
fied according to ,the dialled number and to the 
time-interval from end of dialling to terminat
ion of call ( DT-interval ). From the analysed 
calls the conditional probability is calculated -
that a call with a certain length of DT-inter
val has the classification SF,BY, or NA. A pro
gramme using random-numbers classifies the non
analysed calls according to the length of their 
DT-intervals. 

The third kind of classification is that into 
c.1. first attempts 

2. second' attempts ( ~ first repeats ) etc. 
Calls are identified a's repeats only if" the 
preceding attempt has been unsuccessful. The 
relation between successive attempts of a repe-

' tition-series is easy if the numbers are dial
ed completely and correctly. If a number is 
incorrect or lncomplete the relation is some
what uncertain. But in a step-by-step system 
there is no other way of measuring the reaction 
of subscribers on unsuccessful attempts. For
tunely, in almost all of the cases the relation 
is evident. An example for a repetition series 
with BL-calls and incomplete dialling is: 
8, 80, 809, 80, 80, 80, , 80911 750326 

( 8 = pres~lection-number of pabx, 0 = preselect
tion-number from local ~o trunk area, 91 1 = 
area code, 750326 = subscriber-number ). 

For any call a punched card was made containing 
the adress of the observed subscriber, the re
sults of classification, and the measured time
intervals ( intervals within the calls, holding
time, and the distance to the next call on the 
same subscriber-line ). The contents of the 
cards were stored on a magnetic tape for stati
stical evaluation. 
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4. CLASSIFICATION OF CALLS 

Table 1 gives the portion of calls with cla~ ; -
flcatlon SF, USF, BL, BY, ER, and NA. The proba
bility of failure has its highest values with 
trunk-calls and the lowest with internal calls. 
In any case, it rises with the o'rdinal number of 
attempt. 

Table 1: Probability of success and failure 
different reasons of failure 

for 

1st pabx 
local calls 

calls number of attempt 
with 1 · 2 3 4 all 
SF .48 .39 .33 .23 .37 
USF .52 .61 .67 .77 .63 
BL .19 .25 .30 .38 .24 
BY .07 .11 .15 .14 .10 
ER .08 .07 .07 .10 .13 
NA .12 .12 .09 .07 .10 
number of calls 3840 

2nd pabx 
local calls 

calls number of attempt 
wi th 1 2 3 4 all 
SF .55 .42 .39 .29 .44 
USF .44 .58 .61 .61 .55 
BL .17.25.31. 34 .25 
BY .10 .17 .14 .24 .14 
ER .06 .05 .07 .06 .06 
NA .09 .07 .05 .05 .07 
number of calls 2306 

trunk calls 
calls number of attempt 
wi th 1 2 3 4 all 
SF .38 .33 .20 .16 .25 
USF .62 .67 .80 .84 .75 
BL ~38 .52 .59 .66 .56 
BY .12.07.10 .13 .1 Q 
ER .08 .03 .07 -.03 .06 
NA .04 .05 .04 .03 .03 
number of calls 930 

internal calls 
number of attempt 

1 2 3 4 all 

.56 .40 .32 .23 .51 

.43 .59 .67 .76 .49 

.09 .23 .28 .41 .15 

.05 .05 .07 .10 .05 

.26 .28 .29 .23 .26 
;260 

internal calls 
number of attempt 

1 2 3 4 all 
.66 .43 .32 , .31 .57 
.34 .56 .67 .69 .43 
.02 .05 .07 .08 .04 
.17 .40 .54 .47 .25 
.02 .02 .03 .04 .02 
.13 .09 .03 .08 .11 

3055 

The portion of local BL-calls is about equal in 
both pabx's, they are produced mainly by the 
small number of trunks into the local networ~. 
The portion of internal , BL-ca~ls may be neclect
ed while their portion among trunk-calls is 56%0 
BL-calls in trunk-traffic are as well generated 
by the small numbe'r of trunks from the pabx to 
the ' public network as by the high blocking pro
bability while dialling the access-number and 
the area-code. The most evident difference be
tween the two pabx's and their users may be seen 
in the portion of NA- and BY-calls ( see Intro
duction ). 
These figUres are valid for the whole day. As 

1st pabx local calls 
cols I h 

t~-~o 
O.l~ 

-Tlhl _ 

\S 
2nd pabx 

1st pabx intemaI caUs 
calls I h 

~ 
-Tlhl .. 

-Tlhl_ 

Fig.l CaU int~ty per subscriber as a function of the hour of day 

• 
• 

• 



• 

may be seen from Fig. 1, in both pabx's there 
are two marked time periods with increased call 
intensity. The a.m.-peaks differ for about one 
hour, while the p.m.-peaks occur at the same 
time. As may be seen from the curves for 1st 
and for all attempts the differences · between 
periods of high and low traffic load are enlar
ged by repeats. 

In Table 2, the probability of success and fai
lure for different reasons is presented the 
measuring time being subdivided into periods 
with high and low traffic load. 

Table 2: 

periods 
calls 
with 
SF 
BL 
BY 
ER 
NA 
number 
of calls 

Probability of sucqess and failure for 
different reasons of failure 'in peri
ods of high and low traffic load 
1st pabx 
local calls 

of heavy,light load 
1st all 1st all 
attempts 
.. 44 .34 .50 .42 
.23 .31 .18 .22 
.06 .11 .07 .10 
.08 .09 .07 .10 
.11 .09 .12 .12 

1016 2142 

internal calls 
heavy,light load 

1st all 1st all 
attempts 

055 .51 .57 .51 

.1§ 014 .09 .14 

.0 .05 .06 .06 

.26 .27 .26 .26 

815 . 1918 

• . periods 

calls 
with 

2nd pabx 
local calls 

of heavy,light 
1st . all 1st 
attempts 

internal calls 
load heavy,light load 
all 1st all 1st all 

attempts 

• 
• 

SF 
BL 
BY 
ER 
NA 
number 
of calls 

periods 
calls 
with 
SF 
BL 
BY 
ER 
NA 
number 
of calls 

.52 .42 . • 58 .47 .67 .54 

.20 .29 .15 .23 .03 .07 

.11 .14 .11 .15 .19 .28 

.06 .09 .05 .05 .02 .02 

.07 .06 .08 .07 .09 .09 

623 1398 956 

trunk calls 
of heavy,light load r, 

1 st all 1st all attempts 

.20 .15 .47 .34 

.·52 .66 .29 .45 

.16 .10 .11 .10 

.10 .06 .07 .06 

.01 ~03 .06 .05 

392 469 

.66 .59 

.03 .03 

.15 .23 

.02 .02 

.14 .'12 

1991 

The figures in the table show that in trunk
traffic 66% of all attempts are BL-calls during 
peak-hours compared with 45% outside these peri
ods . Differences between calls with other clas
sifications inside and outside peak-hours have 
no such significance, although in spite of the 
small sample-size the conclusion may be drawn 
that the portion of BY-calls rises in peak
hours while that of NA-calls decreases. 
'5. OOMPARISON OF THE CLASSIFICATION WITH 

RESULTS OF OTHER MEASUREMENTS 
A comparison with results achieved at other 
places is difficult as in those measurements 
either no analysis of the reasons of failure 
has been made /2/ /3/, or the technical system 
and the offered service are rather different 
from the one regarded here/4/ • But two imp or
tant~parameters will be compared: 
In /2/ the grade of success is defined as 

i:(A(x) - B(x) ) )C." 
of: A(x) 
)C·1 

ProbeS) 

A(x) number of 1st attempts that produced 
an xth attempt 

B(x) number of 1st attempts that produced 
an xth unsuccessful attempt 

A second parameter describing ' the subscriber 
reaction on the failure of call attempts is the 
grade of perseverance. It is defined in /2/ as: 

c(x) = A(x+1)/B(x) 
In Table 3 the grade of success derived from the 
data presented here is compared with that given 
in /2/. 

Table 3: Grade of success 
Measurements in pabx's in Berlin 
local calls trunk calls internal calls 
1st pabx ( measurement of 1970 ): 

.37 .51 
2nd pabx ( measurement of 1971 ): 

.45 .25 .57 

Measurement in the local network of Paris (1966) 
calls calls into calls into calls into 
within the the sub- the natio- the inter
local area urban area nal net- national 

work network 
.62 .60 .47 .38 

Comparing the ' figures for local calls it is 
striking that the grade of success differs 
strongly, even between the two measurements in 
in Berlin. Evidently, the influence of the block
ing of trunks from the pabx's to the local net
work is predominant. This influence is as well 
obvious regarding the figures for trunk-calls. 
The figures for internal calls in the pabx's 
are similar to those for the local network and 
the suburban area of Paris. They seem to be re
presentative for networks in which the influence 
of trunk-blocking is rather small. The low value 
measured in the first pabx, internal calls, is 
produced by the extremely high number of NA
calls in this pabx. 

In Table 4,the grade of perseverence for the 
first four attempts, derived from different 
measurements, is presented. The first four lines 
are taken from /5/. 

Table 4: Grade of perseverance in different 
measurements 

Attempt No: 1 2 3 4 

1 • trunk calls in 
USA 1966 .50 .66 .74 .79 

2. local calls in 
Fra.nce 1966 .61 .73 .82 .84 

3. local calls in 
Norway 1971 .45 .63 .68 .72 

4. trunk calls in 
Norway 1971 .58 .70 .73 .74 

5. local calls 
from pabx in 
Germany 1970 .76 .81 .91 .93 

~ 6. local calls 
from pabx in 
Germany 1971 .78 .83 .94 .89 

7. trunk calls 
from pabx in 
Germany 1971 .93 .97 .92 .97 

8. calls within 
pabx in 
Ge rmany 1970 .47 .62 .68 .79 

9. calls within 
pabx in 
Germany 1971 .61 .71 .87 .84 

The figures show differences between different 
groups of traffic. The lines 1, 3, and 8 form 
one group, the lines 2, 4, and 9 a second one, 
the lines 5 and 6 a third one, and line 7 does 
not fit to any other. Obviously the grade of per
severance is different depending mainly on the 
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probability of trunk-blocking~ The figures in . 
the lines 3 and 4 are derived from calls going 
from a pabx to the local and trunk area respect
ively. The differences compared with the corre
sponding figures out of the pabx's in Germany 
are due to the fact that in Norway those calls 
that are rejected by the trunks between pabx 
and public network were not me~sured. 

In order to demonstrate the grade of persever
ance depending on the reasons or failure, 
Table 5 is presented. The figures are calculat
ed for first attempts only, as the classificat
ion of repeats is not necessarily the same as 
that of their first attempts. 

Table 5: Grade of perseverance after 1st 
attempts for different reasons of 
failure 

Classification of 1st attempts 
BL BY ER NA USF 

1. local calls 
from pabx 1970 .94 .79 .94 .37 076 

2. local calls 
from pabx 1971 .95 . • 88 .• 86 .34 .78 

3. trunk calls 
from pabx 1971 .99 .87 .90 .60 .93 

4. calls within 
pabx 1970 .72 .73 033 .47 

5. calls within 
pabx 1971 .95 .72 .85 .35 .61 

The result may be summed up as follows: The 
grade of perseverance is about 95% after first 
attempts with BL, about 70 to 9~~ with BY, and 
about 35% with NA ( in trunk traffic only very 
few NA-calls were ·observed, so that the 60%
value is not very reliable ). The figures for 
ER-calls differ strongly, here must be con
sidered that a lot of different error types 
( incomplete diallin~, omitting digits, dial
ling a wrong number ) are compiled in this 
class. 
Looking at the right column it is evident that 
the grade of perseverance for all unsuccessful 
first attempts strongly depends on how the ob
served traffic is subdivided into lcalls with 
BL, BY, ER, and NA. 
6. TIME INTERVALS WITHIN THE CALLS AND 

HOLDING TIMES 

Time intervals before end of dialling are of 
course independent of the reasons of failure, 
as the outcome of the attempt is not known be
fore end of dialling. Dialling delay is shorter 
in repeats than in first attempts. Time inter
vals from end o·f dialling to termination of 
call in BL- and BY-attempts are as well shorter 
in repeats. The subscriber seems to expect 
congestion- or busy-tone and reacts faster to 
it by dropping his handset at once in order to 
start a new attempt. For the other classes of 
calls no clear relation between number of 
attempt and length of interval can be found. 

Differences between local, trunk, and internal 
calls are observed in NA-calls and SF-calls. 
The waiting-time in internal NA-calls is sig
nificantly shorter than in local and trunk 
calls. The calling subscriber expects his part
ner within the pabx to have his telephone-set 
within arm's reach and to answer without delay. 
Comparing the waiting-time in NA-calls with the 
interval between end of dialling and start of 
conversation, it may be stated that the average 
time passing until the called subscriber ans
wers is about one third of the average waiting
time of the calling subscriber in NA-calls. 

Times of conversation are significantly shorter 
within the pabx than in local and trunk-calls. 
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Table 6 presents the time intervals after end 
of dialling. 

Table 6: Mean values (secs) of intervals be
tween end of dialling and termination 
of call 

local calls trunk-calls internal calls 
calls 1st pabx with 
BL 2.7 
BY 4.3 3.6 
ER 3.9 25.8 
NA 37.5 21.2 
USF 9.2 15.6 

2nd pabx 
BL 3.3 2.6 2.3 
BY 6.1 4.8 3.1 
ER 7.7 3.8 3.0 
NA 33.1 37.7 22.4 
USF 16.3 9.4 11.2 

Intervals from end of dialling to ~tart of 
conversation: 
1st pabx 13.2 9.-3 
2nd pabx 14.8 11.6 7.6 
Times of conversation: 
1st pabx: 211.0 101.3 
2nd pabx: 187.4 187.3 70.6 

Table 7 presents the holding-times. Differences 
between the whole time of day and periods of 
heavy load are not significant for BL-,BY-,ER-, 
and NA-calls, but for USF-calls they are, as the 
portion of the single classifications differs 
for the two periods. 

Table 2: Mean values of holding-times Csecsl 
local calls trunk-calls internal calls 

calls 1st pabx with 
BL 8.9 
BY 22.5 11.2 
ER 11.2 31.5 
NA 54.4 30.3 
USF 20.1 19.2 
SF 244.7 117.2 

2nd pabx 
BL 10.0 10.8 5.1 
BY 23.3 28.1 8.0 
ER 16.1 13.4 7.0 
NA 48.8 62.6 28.1 
USF 19.7 15.5 12.9 
SF 223.4 . 223.8 91.0 

all calls, whole time of day 
1st pabx 103.2 71.6 
2nd pabx 110.6 68.6 57.6 

• 
• 

• 
all calls, periods of heavy load • 1st pabx ' ·92.8 77.8 

2nd pabx 97.0 49.2 53.1 

Considering all calls differences between the 
whole day and periods of heavy load are not very 
important except in trunk-traffic because of the 
high nube~ of BL-calls. 

7. REPETITION-TIMES 

In order to describe the behaviour of subscri
bers after unsuccessful attempts, the probabi
lity H (~T ) is plotted. H is the probability 
that at least a time T passes after an unsuccess
ful attempt without a next repeat falling in on 
the same subscriber-line. Figure 2 shows as an 
example local calls in the second pabx. It is 
clearly to be seen that repetition-times 
~rangly depend on the reasons of failure and 
that an approximation by a negative exponential 
distribution ( n.e.d. ) would be rather bado 
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Fig.2: Probability HI~TI after attempts with Bl, BY, ER, HA ,and USF. 

2nd pabx, local calls, whole time of day 

Therefore an estimation procedure is applied to 
approximate the curves by a 'mixture of two two
parameter-n.e.d.'s. The procedure is shortly 
described in the appendix. 

The estimation function is: 

DFest = A1 exp{-(a(t-To)} + (1-A1 ){exp bet-To)} 

Fi~es ~ and 4 show, as an example, the empi
r1C8: an the e~timated function for repetition
times after BL-calls and after NBL-calls. It is 
obvious that an approximation by three n.e.d.'s 
would be better, but the main purpose ' of the 
chosen procedure is to give _a rough estimation 
of the portion and ,the parameters of the first 
n.e.d. with a small mean value. It rep'resents 
the immediate repeats which have ,a negative in
fluence on traffic flow. 
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Fig.3: Probability HI~ TI and estimated Function O~st for EL-ealls. 
2nd pabx. local calls, whole time of day 
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Fig. 4: Probclbility HI.~TI and estimated Function DFest for USF-calls 
with the exeption of 8L~aUs. 2nd pabx,lDcal cols, whole time 

of day 

In Table 8 the following parameters of DFest 
are presented: 

minimal distance: To 
por,tion of the first n.e.d. A1 
mean value of the first n.e.d. m1 
mean value of the second n.e.d. m2 

The n.e.d.'s are given for probabilities of T 
without a next repeat after BL-,BY-,ER-,NA-, 
and USF-calls, furthermore after unsuccessful 
calls with the exception of BL-calls ( NBL ). 
The values have been calculated for the whole 
time of day, as for the periods of heavy load 
the sample size is too small to apply the pro
cedure o Apart from that, differences between the 
two periods are significant only for the long 
repetition-times which are of minor interest. 

Table 8: Parameters of the two est1mated nega
tive exponential distributions appro
ximating the probability of at least a 
time T passing without a ,next repeat 
falling in 

repeats To(secs) A1 m1 (secs) m2(secs) 
after 

values valid for the whole time of day 
1st pabx, local calls 

BL 3.4 .89 6.8 10417 
BY 13.2 .74 29.7 10870 
ER 4.5 .87 6.7 13157 ' 
NA 18.8 .30 87.7 35714 
USF 2.7 .72 13.6 16129 
NBL 2.8 .63 28.8 20408 

1st pabx, internal calls... 
BL 
BY 5.4 061 15.8 13516 
ER ' 208 063 904 21276 
NA -1.0 011 241.1 34483 
USF 3'09 .35 2103 29410 
NBL 3.9 .35 2103 29410 

2nd pabx, local 'calls 
BL 4.1 088 8.1 7463 
BY 12.4 .74 26.8 9804 
ER 3.0 .81 14.0 13699 
NA 4.5- j 027 165.6 55555 
USF 3.8 072 15.4 13889 
NBL 6.3 .63 32.2 21277 

2nd pabx, trunk-calls 
BL 5.2 .92 9.5 5556 ' 
BY 10.0 .83 49.0 11494 
ER 1.5 .85 15.9 10753 
NA 17.8 .53 79..-1 10752 
USF 4.5 .87 12.0 7575 
NBL 4.0 .78 39.8 12346 

2nd pabx, internal calls 
BL 6.5 .87 ' 8.1 9259 
BY 305 066 25.4 19230 
ER -1.0 071 13.4 15873 
NA 10.5 .20 80.0 50000 
USF 2.7 .55 18.5 23809 
NBL 3.7 .52 30.6 13158 

8. TRAFFIC MODEL INCLUDING TWO REPETITION STATES 
According to the results of the measurements pre
sented here, a modei is proposed which takes 
into account repeated call attempts depending on 
different reasons of failure. The following 
simplifications are introduced: 

The influence of different reasons is taken 
into account by introducing two repetition 
states, the first for repeats after BL-calls, 
the second for repeats after NBL-calls. The 
number of subscribers being in repetition 
state 1 depends directly on the acual block
ing-state o~ the system, while the number of 
those in state 2 is practically independent 
of it except for high blocking-probabilities. 
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The portion of repeated attempts represented 
by the second n.e.d. with a high mean value 
is neclected. Only the n.e.d. with the smaller 
mean value is considered. That means that the 
portion of this first n.e.d. is the ' probabi
lity zi of entering the repetition state i. 

Unsuccessful attempts are assumed to have a 
,holding-time zero. 

The repetition rate of a subscriber being in 
repetition state i is c i = , mi • i + To • 

The model is shown in Fi~e 5. c1 ' c , z , z 
may be taken from Table 7p from Ta~ie 2. T~e 
mean holding-time of success~ul attempts is 
taken from Table 7, and the calling rates are 
referred to it. 

A 
• 

'-Po 

Fig:S : Model of traffic with repeated call attempts 

A off8red traffic (Poissonianl 
c, repetition fate for a call in repetition 

. state' (after EL I _ 
~ r~petition fote for a call in repetition 

state 2 (after USF-calls with the 
exeption of BL I 

%, entering probability into re~tition state , 
Zz entering probability into, repetition state 2 

J:b probability of sueUs for a call which 
has not been blocked 

')(1 and M2 are the maximal number of repeti-
tion p~aces. ,They are finite · but 

fiigh enough not to influence the result. 
The equations of stkte for this system are for 
a holding-time ~f successful calls th = 1 : 

P(X'Y1'~2)[A[POO-6~)+Z1'~ (1-~~~) 
+z2(1-&n) (1-p ) (1-hM2)J 

x 0 Y2 

+C1Y1(1-S0 ){p (1-,n)+(1-z1),n " y 0 x x 

+(1-z2) (1-po) (1-&~)+z2(1-&~) (1-po) 

(1-~M2)J 
Y2 

+c2Y2(1-~~2) {Po(1-'~)+(1-Z1 )h~ 

+(1-z2 ) (1-po) (1-A~)+z1&~ (1-A~~)J 

+x(1_~o) 
x 

a P(X-~'Y1'Y2) A Po (1-'~) 

+P(x-1'Y1+1'Y2) C1(Y1+1)p (1_,n)(1_Ao)(1_~M1) 
o X X Y1 

+P~X-.''' 'Y1 'Y2" +1) C2(Y2+1)p"' (1-~n)(1-~O)(1-hM2) o x X Y2 

+P(x+1'Y1'Y2) (x+1) (1-A~) 
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, +P(X'Y1+1 'Y2) C1 (Y1+1 ) (1-z1 ),n "'+(1-z2)(1-p ) .x 0 

(1_in) 1 (1_b M1 ) 
. XJ Y1 

+P(X'Y1'Y2+1 ) C2(Y2+~)f(1-Z1)'~ +(1-z2)(1-po) 

. (1-,n)J (1_,M2) 

+P(X'Y1-1'Y2) A z ~ n (1_So ) x Y2 
1 x Y1 

+P(X'Y1'Y2-1) AZ2 (1-p )(1_hn)(1_~o ) 
o x Y2 

+P(X'Y1+1'Y2-1) c1 (Y1+1)z2(1-p )(1_~n)(1_sM1) 
o X Y1 
(1_~o ) 

Y2 

+P(X'Y1-1'Y2+1) c2(Y2+1)z1&~ (1_b o )(1_hM2) 
Y1 Y2 

P ~ X ~ n; ° ~ Y1 ~ M1; 0 ~ Y2 ~ M2; 

,b
a 

= {10 for a , = b 
otherwise 

1'\ H4~ • 

with L [ L P(x'Y1 'Y2) = 1 
JI-O y,.o hc~ 

The system of equations can be solved by using 
iteration methods as described in /7/. Numerical 
results will be added to this 'paper in a 
supplement. • 
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APPENDIX 

Under the assumption that the given empirical 
function may be approximated by a mixture of 
two n.e.d.'s the function can be wri~ten 

DF ... DF1 + DF2 

= exp{-a (~-To)-bJ+ exp[-c(~~To)-d} 
= A1exp(-at) + A2exp(-ct) 

"-
with t = t'-,To ; A1 '!' exp(-b); A2 = exp(-d); 

A1 + A2 = 1 

DF = A2exp(-ct) {1+ ~~e~f-t(a:"'c)JJ 
If /there is a section in which the influence 
of the 1st n.e.d. (with small mean v~lue) may 
be neclected the function is 

DF :~A2exp(-ct) for large t and a>c. 

The logarithmic function is the,n 

In DF::r In A2 + In( -ct) = -( ct+d) 

On the straight-line InDF the method of linear 
regression is to be applied. The practical , 
difficulty is to find the section of DF in 
which DF1 may be neclected. If the assumption 
holds that 

. 'HlnDF) _ ~(lnDF1) for small t 
~~ ~ ~~ , 

a first approximation of ~(~F1) can be 
found by the following procedure: 

Beginning from 1:'=0, I ~(lnDF) I is searched 
by using linear ~'t' max regression 
with ' ~i' Li+1' t"i+2' i = 0 ••• p. p is reached 

wh'en I J(l~~F}1 is less th~ 0.1.\ a(;~DF) I max. 

If there is more than one maximum between ' t' 
and ~p the function is smoothed by enlarging 0 
the range of regression, including ~. 3' 
~'+4' ••• ~i+k until there is no more than 1+ 

1. one maximum between to and t"p. 

The thus found straight-line has the equation 
G1 = ( a' -r + b ~ ). From it T' = -b' / a' is 

' calc~lated. 0 

T~ and a' are first approximation of To and a • 

Assum~d that c« a, the value T1 limiting the 
section in which the portion of the 1st 
n.e.d. is less than .01 of the whole function 
( which means that its influence can be nec
lected )~ can be calculated by t~e condition , 

.01·DF(T1 ) < exp(G1(T1 ) ' 

Then for T1 < t" ~ TM , TM maximal observed value 
ofr, linear regres~ion is applied ,on InDF ~ 
InDF2. From this the estimated parameters of 
DF2, c and d, are derived. 
Finally the parameters of the 1st n.e.d., a and 
b, are estimated by linear regression :from 
InDF1 = In ( DF - DF2) in the range~i 
••••• ~. k' max 

. 1.max+ , 

and To is ealculated from To = -b/a • 

After that all desired estimated parameters 
a, b, c, d, and To are known. 
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SUPPLEMENT 

The equations of state have been evaluated for 
a full availability group with 10 devices, 7 
waiting positions after blocking and 5 waiting 
positions after non-blocked unsucc'essful calls. 
To describe subscriber behaviour the measured 
values for local calls in the second pabx were 
chosen: 

from Table 1: portion of unsuccessful calls: 
PUSF = .55 

portion of blocked calls: 
PBL .25 

from Table 7: average holding-time of success-
ful calls: tm = 223.4 secs 

from Table 8: Portion and mean value of the 1st 
n.e .d. and minimal time To-
for blocked calls: A1 .88 

m1 8.1 secs 

To 4.1 secs 
for non-blocked unsuccessful 
calls: A1 .63 

m1 =32.2 secs 
To = 6.3 secs 

Thus we have the following parameters: 

Po = (1-PuSF)(1-PBL) .60 

z1 A1 BL .88 , 
z2 D A1 ,NBL .63 

1 -1 c1 =[(m1+~o)- ]BL.tm =18.3 secs 

c2 =[(m1+To)-1]NBL.tm= 5.8 secs-1 

The system has been evaluated for the following 
values of offered traffic A (number of calls in 
the mean ,holding time of successful calls): 

1, 3, 6, 10, - 12, 15. 

For comparison,four cases have been calculated. 

(1) c
1
,O, c

2
,O (model of fig. 5) 

( 2) c
1
,O, c2z O (only blocked c~lls repeated) 

( 3) c1-0, c
2
,O (blocked calls not repeated) 

(4) c1=0, c2=0, (no calls repeated) 

~s 

, t 
A 

[Era 

I 
10 

C, = 0 

_ "_ 8[0'0]_ 

I 

.001 .01 ) 10 100 

A ' offered traffic (Poissonian) 
8 blocking probability 

Fig 6: Blocking p'robability in a full availability 

group with 10 devices 
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Fig.6 shows the blocking probability 

B = f r. peN 'Y1 'Y2) 
~ ... o Y2sO 

Table 9 shows the additional traffic generated 
by repetitions. 

" f'H"2 

After blocking it is ABL = c1 L L LY1P (X'Y1 'Y2) 
'wO y"-o >",.0 

and after non-blocked unsuccessful calls 
" H4 HI 

ANBL"" c2LL LYi'(x'Y1 'Y2) 
}(o. l/ •• ' ~ . , 

Table 9: Additional traffic caused by repeats 

A (Erl) 1 3 6 10 12 15 

case (1): C1 18.3, c2 5.8 

ABL (Erl) ° 10-5 .34 6.0 12.6 25.9 

~BL(Erl) .33 1.0 1.99 3.1 3.4 3.7 
case (2): c 1 = 18.3, c2 = ° 

ABL (Erl) ° 10-4 .05 1.65 4.5 12.3 
case (3): c1 0, c2 = 5.8 

ANBL(Erl) .33 1.0 1.97 2.9 . 3.2 3.4 

The results show that the influence of repeated 
blocked calls is of minor importance except for 
rather high traffic values.Evena high addition
al traffic caused by repeats after blocking has 
no remarkable effect on the traffic leaving the 
group as may be seen by comparing '~L in case 
(1) and (3). 
Calling into mind that blocked calls do not 
occupy the whole network and repeats caused 
by blocking are with high probability blocked 
themselves, one may say that they mainly charge 
the control circuits while non-blocked un
successful calls generate a high additional 
tr~ffic load for the whole network. 

ERRATA 

Chapter 8, equations of state: 

P(x'Y1 'Y2) [ •••• 
+ •••• 
+c1Y1 {po··~· 
+ •••• 
+c2Y2 {po···· 
+ •••• 
+ x)] 

=P(x-1, ••• M1 
+P(x-1 'Y1 +1 ,y 2) c1 (Y1+1)P 0 (1-c:S~)( 1-cSy1) 

+P(x-1'Y1 'Y2+1 ).c2(Y2+1 )po( 1-d~)( 1-d~~) 
+ •••• {n 
+P(x'Y1+1 'Y2)c1 (Y1+1) (1-z1)~x+ •••• 

Appendix, line 15: 
line '19: 

line 34: 

line 51: 

lnDF ~lnA2+C:-ct)=-(ct+d) 
••• DF1 may be neclected. 
First the tangent G1 at the 
point ,of maximum slope of 
lnDF is searched. Beginning 
from 't' 0' •••• 

From it Tt = -b'/ t is cal-
culated. 0 a 
As 1~(lnDF)1 < 1~(lnDF1)1 

at aT' 
the value of T1 •••• 
•• ~ and To is calculated , 
from DF1(To) + DF2(To) ~ 1. 

• 

• 
• 


