
ON THE OBSERVATION AND AUGMENTATION 
OF SUBSCRIBER LINES WITH HIGH PROBABILITY 

OF BEING BUSY 

J. BlOT 

Regie des Telegraphes et des Telephones, Brussels, Belgium 

J. MASSANT 

Bell Telephone Mfg C.o (ITT). Antwerp, Belgium 

ABSTRACT 

Nowadays, traffic and event measurements play 
a major role in SPC telephone switching sys
tems. They form the basis for new possibili
ties which provide more information for theo
retical approaches on the one hand and allow 
the Administrations to perform an adequate 
supervision on the other hand. 

The purpose of the observations treated in 
this paper is twofold; firstly to focus re
search on the probability for a called sub
scriber to be found busy and secondly to 
provide a method for detection and augmen
tation of subscriber lines with high busy 
probability. 

Results of long term investigations are pre
sented and the relationship : traffic inten
sity - busy rate is discussed. 

Afterwards, an approach is made to describe 
the influence of subscriber line augmenta
tion on the average busy rate for a group 
of lines. 

Finally, the currently used method and the 
results from the theoretical approaches 
are discussed. 
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INTRODUCTION 

The high traffic intensity carried by some 
subscriber lines has a negative influence on 
the exchange efficiency. There is a high 
probability that a call directed to a sub
scriber line with high traffic intensity will 
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receive a busy signal . . This entails repeated 
attempts to reach this line and consequently 
increases the percentage of calls resulting 
in a busy signal. 

The subscriber lines with high traffic in
tensity may negatively affect the other 
subscribers located in the same matrix of 
the speech network. This will result in a 
lower performance for the subscribers with 
lower traffic. 

The common signalling networks and devices 
are unnecessarily loaded. This results in 
an increased dial tone delay, trunk sig
nalling time and selection delay. 

The effect of the above-mentioned factors 
is cumulative and is caused for the greater 
part by the behaviour of the calling sub
scriber and the line traffic intensity of 
the called subscriber. 

As a consequence, certain subscriber line 
numbers are to be augmented with one or 
several new lines in order to reduce the 
number of busy calls and to increase the 
efficiency of the exchange. 

It has been observed in various traffic 
measurements that the called subscribers 
busy probability may be substantially higher 
than what could be inferred from the consi
deration of the total amount of originating 
and terminating traffic carried. 
This relation has been subject to several 
investigations, see e.g. theoretical approaches 
developed by B. Wallstr5m, G. Lind (ref. 1) 
and E. Jensen (ref. 2). 

In the present approach, these formulae will 
be applied to the results of long term inves
tigations, especially for groups composed of 
high traffic lines. 

THE MEASUREMENT EXPERIMENT 

The measurements were carried out in an SPC 
local exchange in the city of Namur, Belgium. 
During the observation period, the exchange 
had a capacity of 10.000 lines, 9.000 of which 
were connected. The average traffic intensi
ty per line was 0.07 Erlang and the average 
busy rate figure amounted to 22 percent. 

Some small modifications within the opera
tional program make it possible t9 count both 
the number of times the free/busy condition for 
a subscriber line is tested and the number of 
times that the test results in a busy state. 
Simultaneously, traffic measurements are per
formed by scanning the subscriber line every . 
2 seconds. 
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The load results comprise both originating 
and terminating traffic, whereas the busy/ 
free tests only relate to the terminating 
attempts as a result of a complete dialled 
number by any calling subscriber for that 
specific called line. 

In order to obtain a group of high traffic 
lines, a line module 1.024 lines' with a top 
busy rate of 27.8 percent, resulting from 
19.228 attempts o£ which 5.340 ended with 
a busy state, is retained for further ob
servation. 

From these 1.024 lines, a gradual exclusion 
of groups with low busy rate is performed. 
Finally, 86 individual subscribers are 
retained for traffic and busy rate ob
servation. 

It is obvious that the applied method, 
consisting of the elimination of entire 
groups with lower average busy rates, 
causes sporadic lines with high busy rate 
to be eliminated together with these 
groups so that they do not appear in the 
final group of 86 subscribers. 

In order to find all the lines with high 
traffic and busy rate, a per line measure
ment for all lines should be performed. 
This is, however, a slower and more ex
pensive method, taking into account the 
practical impossibility of performing si
multaneous measurement on a large number 
of lines in view of the processor over
head . 

In t he following, the number of termi
nating call attempts is denoted by "a", re
fer r i n g to attempts resulting in a com
plete dialled called line number. The 
number of tests resulting in station 
busy are denoted by "b". The busy rate 
b/a and the average traffic carried are 
indicated as "br" and "0(" respectively. 

From the measurement results, the« and 
br values are calculated for the periods 
(8-12 am &'2 - 4 pm) and (9-11 am), the 
latter representing the busy period for 
the exchange (see table 1). 

It is to be noted that the a and b values 
represent cumulative figures, calculated 
for t he 2 periods respectively over 30 
hours (5 days x 6 hours/day) and over 
10 hours (5 days x 2 hours/day). 

TABLE 1 - SUMMARY OF MEASUREMENT RESULTS 

SUB 8-12 am & 2-4 pm 9 - 11 am 
0 

n « a b br% 0<- a b 

I .032 15 4 26.7 .000 0 0 

2 .055 15 0 0.- .093 8 0 

3 .059 45 4 8.9 .89 19 3 

4 .061 50 7 14.- .062 21 4 

5 .064 37 1 2.7 .084 19 1 

6 .064 30 3 10.- .026 8 0 

7 .066 7 I 14.3 .170 5 1 

8 .068 22 0 0.- .073 8 0 

9 .068 20 0 0.- .045 5 0 

10 .071 27 4 14.8 .058 4 0 
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0.-

0.-
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45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

.071 

.072 

.073 

.074 

.079 

.081 

.082 

.082 

.082 

.086 

.089 

.090 

.090 

13 0 

4 

23 4 

42 2 

34 2 

12 0 

28 3 

16 2 
38 2 

5 0 

31 6 

26 '8 

56 8 

.091 26 2 

.098 62 8 

.099 41 13 

.100 36 2 

.100 92 7 

.104 33 8 

.104 33 5 

.104 77 10 

.108 68 10 

.112 70 11 

.113 94 20 

.114 139 34 

.117 19 2 

.120270 

.120 23 5 

.122 61 28 

.125 53 13 

.131 51 4 

.135 13 

.135 57 26 

.136 98 28 

.13717835 

.140 90 31 

.142 9918 

.142 17 2 

.146 83 17 

.151 67 14 

.155 56 10 

.160 56 13 

.162 58 16 

.164 76 16 

.164 118 45 

. 171 1 19 45 

.177 62 16 

.177 73 20 

.178 55 6 

.188 92 25 

.190 133 43 

.192 132 40 

.193 163 70 

.202 112 41 

.218 58 22 

0.-

25.-

17.4 

4.8 

5.9 

0.-

10.7 

12.5 

5.3 

0.-

19.4 

30.8 

14.3 

7.7 

12.9 

31.7 

5.6 

7.6 

24.2 

15.2 

13.-

14.7 

15.7 

21.3 

24.4 

10.5 

0.-

21.7 

45.9 

24.5 

7.8 

7.7 

45,6 

28.6 

19.7 

34.4 

18.2 

11.8 

20.5 

20.9 

17.9 

23.2 

27.6 

21.1 

38.1 

37.8 

25.8 

27.4 

10.9 

27.2 

32.3 

30.3 

42.9 

36.6 

37.9 

.131 7 

.066 0 

.114 8 

.060 11 

.102 14 

.095 8 

.139 12 

.099 4 

.031 16 

.155 4 

.104 14 

.162 11 

.070 18 

.164 10 

.122 33 

.193 13 

.130 19 

.106 36 

.149 21 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
6 

5 

3 

o 
8 

3 

o 
5 

5 

.159 10 2 

.055 16 0 

.148 37 7 

.111 23 4 

.190 63 18 

. 199 86 22 

.118 8 2 

.054 12 0 

.230 10 3 

.060 10 0 

.213 36 13 

.159 27 0 

.124 6 

.112 23 11 

.217 48 18 

.124 61 7 

.175 30 8 

.160 33 4 

.216 5 0 

.148 27 

.167 29 7 

.193 28 5 

.201 17 3 

.164 17 5 

.212 32 2 

.231 65 35 

.199 45 16 

.107 20 2 

.213 33 6 

.191 31 6 

.247 39 15 

.233 50 18 

.246 45 11 

.228 72 29 

.275 53 22 

.159 14 4 

0.-

0.-

0.-

0.-

0.-

0.-

0.-

0.-

0.-

0.-

42.9 

45.5 

16.7 

0.-

24.2 

23.1 

0.-

13.9 

23.8 

20.-

0.-

18.9 

17.4 

28.6 

25.6 

25.-

0.-

30.-

0.-

36. I 

0.1 

16.7 

47 . 8 

37.5 

11.5 

26.7 

12.1 

0.-

3.7 

24.1 

17.9 

17.7 

29.4 

6.3 

53.8 

35.6 

10.-

18.2 

19.4 

38.5 

36.-

24.4 

40.3 

41.5 

28.8 
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66 .223 135 56 41.5 .212 42 13 31.-

67 .228 112 45 40.2 .272 38 . 10 26.3 

68 .234 306 147 48.0 .356 159 104 65.4 

69 .238 60 27 45.0 .227 10 2 20.-

70 .245 39 12 30.8 .229 12 1 8.3 

71 .249 174 71 40.8 .253 66 26 39.4 

72 .254 31 7 22.6 .299 9 1 11.1 

73 .266 289 131 45.3 . 377 96 43 44.8 

74 .281 136 64 47.1 .330 58 32 55.2 

75 .282 210 79 37.6 .307 88 34 38.6 

76 .311· 123 62 50.4 .360 55 26 47.3 

77 .312 172 85 49.4 .331 51 19 37.3 

78 .321 189 114 60.3 .359 66 37 56.1 

79 .335 248 96 38.7 .432 108 49 45.4 

80 .348 215 104 48.4 .379 90 41 45.6 

81 .354 173 68 39.3 .456 70 28 40.-

82 .374 537 361 67.2 .240 48 12 25.-

83 .497 590 369 62.5 .566 263 174 66.-

84 .509 551 338 61.3 .556 211 128 60. 7 

85 .523 376 236 62.8 .586 159 102 64.2 

86 .548 816 577 70.7 .664 414 320 77 .3 

ANALYSIS OF THE RESULTS 

- APPLIED FORMULAE 

The introduction stated that there is a re
lation between the traffic intensity of the 
subscriber lines and the busy rate for these 
lines, and indicated ~hat the lines with 
high busy rate figures reduce the efficien
cy of the exchange. 
The objective of the analysis is to clarify 
this relation, so that it is possible to 
trace lines with high busy rate figures 
via simple traffic measurement methods, 
excluding in this way a busy rate obser
vation which envolves more complicated and 
processing time consuming methods. 

Two formulae indicated respectively by 
B. Wallstr8m and G. Lind (ref.l) and by 
E. Jensen (ref.2) are applied to the 
traffic measurement results and the cor
responding calculated husy rate is com
pared to the observed busy rate. Both for
mulae give the dependence of busy rate on 
traffic intensity, assuming that the ter
minating call intensity is directly pro
portional to the traffic intensity. 

- FORMULA OF B. WALLSTROM AND G. LINO 

The busy rate for a group of N sub
scribers with average traffic value per 
subscriber ex and variance ~ equals 

13w == 0( (~+ :: ) 

The effect of repeated call attempts is 
not included in this model and the main 
explanation for B > 0( seems to be the 
skewness of the distribution of the 
subscriber traffic. 

For groups with low average traffic in
tensities, the formula provides the 
possibility of obtaining high busy rate 
values; for higher traffic values, the 
busy rate approaches ~ (see figure 1). 
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Busy rate versus traffic intensity (calculated with 
the formula of B. Wallstrom) 

- FORMULA OF E. JENSEN 

In the approach of E. Jensen (ref.2) it is 
shown that repeated call attempts explain 
why the B-subscriber busy probability is 
higher than the carried traffic. The de
rived formulae calculate· the expected B
subscriber busy probability as a function 
of the repetition times and the perseve
rance function (i.e. the probability that 
a repeated attempt will be made after the 
x-th ineffective attempt). 
It is assumed that occupation times of 
the B-subscriber are negative exponen
tially distributed with mean value hand 
that the total call process of the B-sub
scriber, including originating, termi
nating calls and their repetitions, is a 
Poisson process. 

Formulae are derived for both single 
lines and groups of lines. The busy pro
bability for groups is found as a function 
of the parameters for the single lines. 

For both a distinction is made between con
stant perseverance H or perseverance 
H(x) = (x+l) (x+2) and constant repetition 
times or negative exponentially distributed 
repetition times, so that finally from 
these combinations 4 formulae for single 
lines and 4 formulae for groups are indi
cated. 

For the busy rate probability calculations 
performed with the measured traffic data 
the formula for groups of N subscriber 
lines with constant perseverance 
H = .8,.9 or 1) and with negative expo
nentially distributed repetition times with 
mean values (T = .5h) has been used (results 
are indicated in tables 4 and 5). 
According to this formula, the expected B 
subscriber busy probability is given by : 

N o<j 
~ -1- H.b.{(R) 

-,., (1 o<,.t . H ) 
~ ~ + -1 - H b.f(R) 

wi th b,. (R) :: 0(,1 + (..-o(,.//f,-OI.Jt.+ ~It) equal to the 
probability of finding the B-subscriber 
busy, given he was busy in the previous 
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attempt, assuming negative exponentially 
distributed repetition and occ~pation 
times. 

average trai'fic carried for sub
scriber line k 

constant perseverance 

mean repetition time 

mean occupation time 

The value for Tk/hk has been taken as 
t/h = .5 for each subscriber line. 

A rigourous verification of the pre
sented method is impossible at the mo
ment due to lack of measurements with 
simultaneous observation of traffic and 
busy rate together with the behaviour 
of the A-subscriber. The formula seems 
to be realistic especially for highly 
loaded groups, as observed in the mea
surements. 

For highly loaded groups, the expected 
busy probability may be evaluated by 
regarding the group as a single line, 
without loosing too much precision: 

with 

h ('R) = 0( + 

The latter formula is interesting in view 
of the applied measurement method, i.e. 
when only an average traffic value for the 
whole group is measured. The form of the 
curves for this formula is given in fig.2 
for T/h = .5. 
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10 
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H= to ,B .5 

Bj = 0( 

1_ H(1- cx.)2 
(1 -oc). T/h 
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FIGURE 2 
Busy rate versus traffic intensity (calculated with 
the formula of E. Jensen) 
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- COMPARISON OF MEASURED RESULTS WITH RESULTS 
CALCULATED ACCORDING TO PP. 3. 1 • I '. & 3. 1 .2 • 

From the measurement results, different 
subscriber groupings are taken into consi
deration as indicated in Tables 2 and 3. 
The subscriber lines forming the groups VI 
to VID are chosen at random on the basis of 
a negative exponential distribution func
tion of traffic per line. 

The busy rates calculated according to the 
measured traffic are indicated in Tables 4 
and 5 for the periods (8-12 am & 2-4 pm) 
and (9-11 am) respectively. 
The table's are structured to compare the 
different values for B w ' B~ , B:r 
and the measured busy rate br. 
Results for B~ and BJ are given for 
values of T/h = .5. For T/h:> .5, the re
spective busy rates decrease. 

The following preliminary conclusions can 
be made from the results, which however are 
to be confirmed by further observations. 

- the busy rate figures observed are ap
preciably higher than the carried traffic. 

- the formula of E. Jensen is quite realis
tic in all cases of high load groups. 

- for low load groups the formula of 
B. Wallstr5m seems more realistic (see 
group 11 in tables 4 and 5) 

- the observation period (8-12 am & 2-4 pm) 
or (9-11 am) seems to have little influ
ence on both observed busy rate and 
busy rate calculated according to the 
formula of E. Jensen. 

- the variation in busy rate becomes 
smaller as the traffic intensity in
creases, as can be expected, so that for 
very high load groups it might be 
possible to use both formulae (B and 
Bj or BJ- ). W 

- the dependence of the busy rate on the 
traffic intensity is very weak for low 
traffic sources (see table 1). To com
pute the busy rate for low traffic 
sources, using the formulae, the traffic 
intensity should be observed over much 
longer periods in order to obtain more 
reliable results. 

- in the application of the formulae to 
single lines difficulties may arise for 
the determination of mean values of T/h 
and H, because of large variations in 
the observed data for Single lines. 
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TABLE 2 SUBSCRIBER ASSIGNMENT PER GROUP 

GROUP SUBSCRIBER NUMBERS WITHIN THE GROUP 

I 1 to 86 

Il 1 to 16 

III 1 to 15 and 86 

IV 71 to 86 

VI 1, 2, 17, 38, 40, 50, 52, 63, 64, 68, 70, 73, 74, 75, 77, 84 

V2 J, 2, 3, 4, 6, 13, 20, 24, 31, 32, 39, 40, 61, . 69, 78, 85 

V3 1, 3, 8, 9, J 1, 25, 33, 36, 47, 49, 64, 65, 67, 71, 84, 86 

V4 1, 2, 4 5, 7, 10, 19, 20, 33, 48, 57, 63, 65, 66, 79, 86 

V5 2, 3, 4, 5, 7, 8, 9, 12, 21, 22, 25, 33, 36, 39, 44, 64 

V6 1, 2, 3, 1 J , J 6, 20, 24, .34, 55, 56, 57, 60, 71, 73, 82, 86 

V7 2, 4, 7, 33, 35, 36, 47, 53, 56, 60, 64, 65, 72, 73, 79, 82 

V8 1, 2, 3, 5, 8, 13, ]4, 34, 52, 57, 59, 62, 67, 80, 81, 83 

V9 8, 23, 25, 27, 31, 35, 37, 39, 49, 55, 62, 64, 72, 75, 80, 85 

VI0 1, 4, 15, 18, 25, 26, 27, 32, 36, 60, 64, 68, 69, 73, 75, 81 

TABLE 3 MEASUREMENT RESULTS PER GROUP 

GROUP 8 - ]2 am & 2 - 4 pm 9 - ] 1 am 

a b br% ol. er a b br% 0( Cl 

I 9J48 3893 42.56 .1689 .]] 10 3630 1553 42.78 .] 968 .1293 

Il 396 33 8.333 .0661 .OJ J 1 145 9 6.209 .0793 .0394 

III 1200 6JO 50.83 .0953 .1212 551 329 59.71 .1148 .1471 

IV 4830 2762 57.18 .3603 .0984 1852 1072 57.88 .4059 .1224 

VI 2235 1019 45.59 .2031 .1140 912 438 48.03 .2520 .1248 

V2 1226 550 41.19 .4108 .1229 462 186 40.26 .1615 .1414 

V3 2271 958 42,18 .1792 .1466 959 532 55.47 .1986 .1731 

V4 1763 869 42.29 .1541 .1291 775 427 55.10 .1739 .1607 

V5 670 146 21.79 .0924 .0374 285 74 25.96 .1157 .0604 

V6 2432 1301 53.50 .1703 .1321 825 490 59.39 .2022 .1470 

V7 1943 817 42.05 .1773 .0915 613 204 33.28 .2008 .1071 

V8 1688 696 41.23 .1670 .1286 710 297 41.83 .1951 .] 516 

V9 1757 659 37.51 .1829 .1158 738 280 37.94 .2021 .1413 

VI0 1583 568 35.88 .1588 .0910 664 272 40.96 .2012 .1226 

TABLE 4 CALCULATED BUSY RATE VERSUS MEASURED BUSY RATE-PERIOD 8-]2 AM 
& 2-4 PM. 

T/h = .5 
br% 

GROUP 0<. BW % B'.1 % B:r% 

H=.8 H=.9 H=1 H=.8 H=.9 H=1 

I .1689 24.18 28.88 31.69 35.11 39.06 42.35 46.28 42.56 

Il .0661 6.795 12.87 14.61 16.87 13.21 14.98 17.29 8.333 

III .0953 24.94 17.85 20.04 22.84 40.46 44.31 49.01 50.83 

IV .3603 38 • 72 1 50. 55 53.23 56.21 53.57 56.29 59.34 57.18 

VI .2031 26.71 33.39 36.31 39.80 41.70 44.88 48.61 45.59 

V2 .1408 24.81 24.90 27.54 30.82 40.23 43.66 47.78 41.19 

V3 .1792 29.91 30.27 33.13 36.58 46.03 49.40 

I 
53.35 42.18 

V4 .1581 26.23 26.23 29.55

1

32.90 41.90 45.34 49.44 42.29 

V5 .0924 10.75 17.37 19.52 22.28 19.92 22.29 25.31 21.79 

V6 .1703 27.28 29.07 31.89 ' 35.31 42.92 46.28 50.27 53.50 

V7 .1773 22.45 30.02 32.87 36.31 36.40 39.48 43.12 42.05 

V8 .1670 26.60 28.62 31.42 34.83 41.82 45.06 48.89 4].23 

V9 .1829 25.62 30.77 33.63 37.09 40.81 44.11 48.04 37.51 

V]O . ]588 2] .09 27.48 30.24 33.62 34.69 37.74 41.38 35.88 
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TABLE 5 CALCULATED BUSY RATE VERSUS 11EASURED BUSY RATE - PERIOD 9-11 AM 

T/h z .5 

GROUP 0( BW % B' 
J" % EJ' % br% 

H".8 H=.9 H-1 H=.8 H= .9 H=-1 

I .1968 28.18 32.58 35.49 38.97 43.91 47.28 51.30 42.78 

II .0793 9.888 15.17 17.13 19.66 18.48 20.73 23.63 6.209 

III .1148 30.33 20.97 23.39 26.43 48.94 53.12 58.20 59.71 

IV .4059 44.28 54.71 57.20 59.92 58.78 61.35 64.21 57.88 

VI .2520 31.38 39.29 42.25 45.68 46.67 49.74 53.27 48.03 

V2 .1615 28.53 27.86 30.63 34.02 44.66" 48.14 52.28 40.26 

V3 .1986 34.95 32.82 35.73 39.21 52.01 55.51 59.62 55.47 

V4 .1739 32.24 29.56 32.39 35.83 49.44 53.11 57.50 55.10 

V5 .1157 14.72 21.11 23.54 26.59 26.04 28.81 32.24 25.96 

V6 .2022 30.91 33.28 36.20 39.68 47.70 51.33 55.70 59.39 

V7 .2008 25.79 33.10 36.02 39.50 40.41 43.50 47.12 33.28 

V8 .1951 31.29 32.37 35.27 38.75 47.17 50.41 54.17 41.83 
" V9 .2021 30.09 33.26 36.18 39.67 45.92 49.21 53.07 37.94 

V10 .2012 27.59 33.15 36.07 39.55 42.53 45.63 49.24 40.96 
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INFLUENCE OF THE .AUGMENTATION OF THE NUMBER OF 
LINES PER SUBSCRIBER ON THE AVERAGE BUSY RATE 
FOR THE GROUP 

A simple approximation allowing the estimation 
of the busy rate for a group if one or more 
subscribers in that group are given additional 
lines may give important indications for the 
study of the influence of this augmentation on 
the system performance. 

This approxim~tion is based on the assumption 
that if the n~er of calls ending with a sta
tion busy decreases as a result of the augmen
tation, the number of terminating attempts 
towards the B-subscribers will decrease by 
the same amount. 
For a particular B-subscriber it follows that 
if his busy rite decreases from a value br. 
to a value br., this can be formulated as J 
f~llows: J " 

br~ = 
~ 

r (b .. - b~ . ) 
.. ,4 ,~ t~ 

in which bj! represents the number of busy 
states that have disappeared as a consequence 
of the augmentation for this line j. 

If not one, but m high traffic lines are aug
mented in the same way, the number of calls 
ending with a busy state will decrease by a 
val ue S b. approximated by : 

;.. Pt a..... " .,.. 
~h = L [ b~ · == ~ ~, bj~ - brj f!1 Q,ii- (2) 

III . , AI.. L •• 
i=l~ 1. * ' (/ N. A -Dr~ 

with jl, .•. jm' referring to the subscribers with 
additional lines. 

As a result, the new busy rate brN,m for a 
group of N subscribers from which m sub-
scriber lines are augmented, equals 

with bki 

H 'K. 

brlf, m 
LL b~i, - ~ h,.. 

::. .I". i.:-1 (3) 
N oft 

.L " Q.J.i. S bm L -

.l:f ;'-:.f 

number of calls ending with a 
busy state for subscriber number 
k Cl ~ k~ N), for observation 
period i Cl ~ i ~ n) . 

number of terminating attempts for 
subscriber k, for the observation 
period i. 

Figure 3 gives th~ result of the calculation 
of brN as a function of rn, for the period 
8-12 ,m am & 2-4 pm. The number of subscri
ber lines rn, augmented with additional lines, 
always comprises the lines with the highest 
traffic intensity, i.e. lines appearing at 
the bottom of table 1. 

In the abscissa the appropriate traffic in
tensity according to the m-th line is also 
e.g. sub. n081 has a traffic intensity of 
.37E. By augmenting a high traffic line, the 
new busy rate for the augmented subscriber 
line is regarded as the busy rate on all lines 
for that particular subscriber. 
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FIGURE 3 
Influence of the augmentation of the number of 
lines per subscriber on the average ,busy rate 
for the group. 

Curves 1 and 2 in figure 3 indicate the in
fluence of augmentation of the number of lines 
per specific subscriber from the group of 86 
observed subscribers on the average busy rate 
of the same 'group, if it is supposed that 
due to augmentation, the busy rate of the line 
or li~es is decreased to 15 percent and 10 
percent respectively. 

Curves 3 and 4 in figure 3 indicate the in
fluence of augmentation on the average busy 
rate of the line module of 1024 lines, taken 
into account the same assumptions as for curves 
1 and 2. 
The original busy rate for the line module is 
taken as 27.8 percent resulting from 19,228 
calls of which 5,340 ended with station busy. 

From the results, obtained by means of the 
theoretical approach, it seems that it is 
possible to decrease an exchange busy rate 
to 15 percent, by augmenting only the most 
highly loaded subscriber lines, because these 
lines are responsible for a large percentage 
of the attempts resulting in station busy. 
This is illustrated by the almost horizontal 
trend of curves 3 and 4, for the lines of less 
than 0.18E, which apparently have less in
fluence on the average busy rate for the line 
module. 

An augmentation for m equal to 28 subscri
bers, each subscriber with a week-average 
traffic intensity exceeding 0.18 Erlang, re
sults in a reduction of the average busy 
rate for the line module from 27.8 to 15.6 
percent (curve 3). 
A further augmentation for the other sub
scriber lines with < .18E only gives a de
crease to 14.6 percent. 

Nevertheless, it has to be taken ' into account 
that for the line module, not all lines with a 
traffic intensity exceeding 0.18E are repre
sented 'in the group, as already mentioned in 
paragraph 2. 

Consequently, if more results from observations 
before and after augmentation become available, 
a maximum traffic intensity per single line (*) 
can be specified. 

(%) PABX groups are not discussed in this paper 
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This limit to the traffic intensity will pro
bably fall within the range from Q.15E to Q.25E. 
The subscriber lines with traffic intensity 
immediately below this limit will still have 
high busy rate figures, but their minor influ
ence on the exchange busy rate can be tolerated, 
provided that the limit is specified with 
reference to an acceptable exchange busy rate 
within the range of 10 to 15 percent. 

CONCLUSION 

Notwithstanding the advanced technology for 
SPC telephone switching systems, there still 
remains the problem of performing measure
ments on a large number of individual lines 
simultaneously, using the on-line system it
self. 

Measurement methods leading to an assessment 
of the necessary augmentation should be simple 
and reliable for use by the Administrations. 
To restrict the extra work, a per group 
measurement of the load is a possible way out, 
but even in this case, detecting subscriber 
lines which are to be augmented with one or 
several additional lines is a time consuming 
work, since to obtain reliable results the 
measurement on the subscriber connections con
cerned within the high-loaded groups should be 
carried out over a number of working days. 

Other methods for indicating high-loaded lines 
based on charging information and subscriber 
class may lead to a faster detection and apart 
from these a load measurement on only a small 
percentage of lines would give adequate re
sults. 

From the approach in paragraph 4, it seems 
that the augmentation can be limited to the 
lines with a very high traffic intensity be
cause these lines are responsible for a large 
percentage of ~he busy rate. 
The application of theoretical approaches on 
the measured traffic data is not essential in 
order to determine the need for augmentation 
if a maximum traffic intensity limit, based 
on previous results and experience, is speci
fied. However, the relation high traffic ver
sus busy rate may be an important indication 
for lower exchange efficiencies. 
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