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ABSTRACT 

This paper describes the development of 
the relationship of some traffic parameters. 
The development was the result of the need: 
(a) to estimate the mobile busy hour traffic 
loads with only the average billed minutes 
per mobile station per month known , and 
(b) to equate the grade of service based on 
Extreme Value Engineering (EVE) so that based 
on Time Consistent Busy Hour (TCBH) concept. 
The relationship developed is a set of simple 
ratios. It has been shown to fulfill the above 
need, and has been applied to the Aurora-400 
automated mobile telephone system operating in 
Alberta, Canada. 

1. INTRODUCTION 

In Alberta, Canada, the province-wide 
automated mobile telephone system is the 
Aurora-400 system which was designed, developed, 
and provided by NovAtel Communications Limited. 
It is operated by the AGT MObile Communications 
Division [ 1]. To engineer the system for 
operation, the busy hour traffic load is 
required. Initially, the only available histor
ical traffic parameter is the average billed 

- minutes per mobile station per month. There
fore, it is necessary to develop a relationship 
for translating the average billed minutes per 
mobile station per month into the busy hour load. 

' The most common busy hour loads used in 
AGT at this time are Average Busy Season (ABS), 
10-High Day (lOHD), and High Day (HD). All are 
based on Time Consistent Busy Hour (TCBH) 
traffic data, which are measured at the same 
hour of every business day excluding holidays 
and abnormal days. ABS is the average hourly 
load of the 3 highest months in a TCBH data 
year which has 12 consecutive months not necess
arily coincident with the calendar year; 10HD is 
the average hourly load of the 10 highest days 
in the TCBH data year; and HD is the highest 
hourly load in the TCBH data year. It is AGT's 
objective to provide the automated mobile tele
phone system with equivalent land-line grade of 
service as perceived by the subscribers. The 
grade of service may be expressed as the traffic 
congestion probability for a given busy hour. 
As the grade of service based on TCBH is gener
ally not easily understood by the subscribers, 
grade of service based on Extreme Value Engin
eering (EVE) is therefore considered [?,3,4,~ . 
However, in AGT, satisfactory grade of service 
has been well established for TCBH, but has not 
been defined for EVE. Thus, it is desirable 

that the automated mobile telephone system 
grade of service based on EVE can be equated 
to the grade of service based on TCBH. Hence, 
in developing the relationship to translate the 
average billed minutes per mobile stations per 
month into busy hour load, the busy hour should 
include not only EVE, but TCBH also. 

This paper describes the development of 
this relationship. 

2. THE TRAFFIC PARAMETERS 

To engineer the automated mobile telephone 
system for operation on TCBH basis, the required 
busy hour load traffic parameters are ABS, 10HD 
and HD. The latter two are used for engineering 
the system components which are sensitive to 
traffic peaks. 

To engineer the system on EVE basis, only 
the peak busy hour loads are considered . The 
return period must still be s elected [2J A 
return period is a time interval during which a 
probability p of the observed peak busy hour 
loads will exceed a specified value, called the 
extreme value of the observed peak busy hour 
loads ( EV(O,p)). For a given congestion 
probability, a system component is dimensioned 
in accordance with its EV(O,p). To estimate 
its EV(O,p), the extreme value distribution 
function Fx(x) for describing the observed peak 
busy hour Ioads X may be assumed to be the 
normal distribution raised to the 6th power [4J. 
That is, 

where 

y =~ 
a 

(2) 

is the reduced variate with l..l and a relating 
to the observed peak busy hour loads average 
A(O) and standard deviation S(O) as follows: 

A(O) l..l + 1.2670- ( 3) 

and S(O) 0.642a (4) 

For 
X EV(O ,p) (5 ) 

then 
p 1 - FX(x) (6) 

With (2),(3),(4) and (5), 
EV(O,p) A(o) + L.8(0) (7) 

whereL y - 1.267 (8) O. 642 
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Numerical values of L for a practical range of 
p are given in Table 1. If the system component 
is split into n groups with EV(O,P)i as the 
extreme value of the observed peak busy hour 
loads for group i, it is well known that 

n 

~ EV(O,P)i f . EV(O,p) 

i=l 

where f is the splitting factor having a 
of unity or larger due to potential lack 
time cot"nCidence of peak busy hour loads 
groups 5J. Since f = 1.0 if EV(O ,p) 
approaches ABS or ()()) it is proposed that 

= ( EV( 0,p0 k (E~( ~'~)J 
f ABS ~) 

value 
of 
of the 

(10) 

where k is a constant to be determined from the 
observed data. In AGT, two return periods have 
been selected: a year) and the high month of a 
year. The high month is defined as the month of 
the year which has the highest average daily 
peak busy hour load per mobile station. For 
the return period of a year, the obs erved peak 
busy hour loads are the monthly peak busy hour 
loads. Therefore, to use (7), A(O)) S(O) and 
EV(O)p) are respectively the average A(M)) 
standard deviation S(M) and extreme value 
EV(M,p) of the monthly peak busy hour loads. 
For the return period of the high month of a 
year, the observed peak busy hour loads are the 
daily peak busy hour loads. Therefore, to use 
(7), A(O), S(O) and EV(O,p) are respectively 
the average A(D), standard deviation S(D) and 
extreme value EV(D)p) of the daily peak busy 
hour loads of the high month. For system com
ponents sensitive to traffic peaks, p is chosen 
to be 1%; otherwise, p is chosen to be about 
one divided by the number of observed peak busy 
hour loads in the return period. 

Thus, in summary, to engineer the auto
mated mobile telephone system for operation on 
EVE basis, it can be seen from (7) and (10) that 
the required busy hour load traffic parameters 
are ABS, A(M), S(M) , A(D) and S(D). 

3. THE RELATIONSHIP 

It should be noted that, among the required 
busy hour load traffic parameters, the standard 
deviations S(M) and S(D) are respectively re
lated to the averages A(M) and A(D) by their 
coefficients of variation. That is, if CV(M) 
is the coefficient of variation of the monthly 
peak busy hour loads, 

CV(M) 
S(M) 

A(M) 

and if CV(D) is the coefficient of variation of 
the daily peak busy hour loads of the high mont~ 

CV(D) 
S(D) 

A(D) 

Therefore, to translate the average billed 
minutes per mobile station per month into busy 
hour load, it is not necessary to have a direct 
relationship for the standard deviations if the 
coefficients of variation are known. 

Thus, there remains to be established a direct 
relationship for translating the average billed 
minutes per mobile station per month into ABS, 
into 10HD, into HD, into A(M)) and into A(D). 
The simplest relationship may be a ratio. For 
convenience, the denominator of the ratio is 
chosen to be the average daily total traffic 
load for the high month (ADT(HM) ). Thus, the 
required ratios are: 

RABS 
ABS ---

ADT(HM) 

R10HD 
10HD ---

ADT(HM) 

HD 
RHD 

ADT(HM) 

RA(M) 
A(M) 

ADT(HM) 

and 

RA(D) 
A(D) 

ADT(HM) 

For the ith month, let N(i) be the number of 
observed days, W(i) be the average billed 
minutes per mobile station per month, and ADT(i) 
be the month average daily total traffic load in 
erlangs per mobile station. Then 

60 N( i) 

Thus, ADT(HM) on a per mobile station basis is 
ADT(i) for the high month. 

4. THE MEASURED DATA 

To estimate the coefficients of variation 
in (11) and (12) and the ratios of (13) to (17), 
measured data are needed. Initially, such 
measured data are not available from the auto
mated mobile telephone system. However, as the 
system is part of the AGT network, the co
efficients of variation and the ratios should be 
simila~ to those in the rest of the network. 
Therefore, the 1982-1983 historical measured data 
from 9 of the Class 5 Central Offices (CO's) 
located in Calgary, Alberta, Canada were used . 
Each of the measured data records contains one 
month's traffic information on one type of 
eqUipment in a CO. The information includes the 
appropriate TCBH loads, hourly load for 24 hours 
for each business day, daily total traffic load 
for each business day, and the number of main 
stations (MS) for the month. With holidays and 
abnormal days excluded, peak busy hour load for 
each day and that for the month can be identifred. 
Thus, for each type of equipment, the following 
data are available on a per MS basis: 

ABS, 10HD, and/or HD 
A( D) and S( D) 
ADT(HM) 
A(M) and S( M) 

These can be used to calculate CV(M), CV(D), 

RABS ' R10HD ' ~D' RA(M) and RA(D) ' Hence, with 

various types of equipment in the 9 CO's, there 
are 2 sets of coefficients of variation and 5 
sets of ratios. 
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For a coefficient of variation, it is possible 
to have a value from 0 to a very large number. 
Therefore, to describe a set of coefficients of 
variation, gamma distribution is assumed, 

u + 1 r g 

rV(u + l)"{ 

where the parameters u and v relate to the 
average E 6G} and 2nd moment E t G2

} as 
follows [6 : 

u 2( E [G] ) 2 - E (G2] 
E {G 2J (E t G 1 )2 

and 
E tG] 

v 

(20) 

(21) 

It is not difficult to compute the average, the 
2nd moment, and the standard deviation for each 
of the 2 sets of coefficients of variation. 
The computed averages and standard deviations 
are listed in Table 11. Thus, using (19) to 
(21), gama distribution can be calculated for 
each set. Fig. 1 compares the calculated gamma 
distribution with the distribution of the 
measured data for CV(M) , and shows good agree
ment between the two. With the average and 
standard deviation, normal distribution can also 
be calculated for each set of coefficients of 
variation. In Fig. 1, the normal distribution 
for CV(M) is plotted as a dotted curve. It is 
seen that the normal distribution may serve as 
an approximation. Similar results have been 
obtained for CV(D) . For the ratios in (13) to 
(17), they may have a value of up to 1. Thus, 
a set of ratios may be assumed to be distributed 
in accordance with the beta distribution, 

where the ~arameters c and d relate to the 
average E iBJ and 2nd moment E ~:s2J as follows 

[6] : 
c E [B} + E [B) . E [B2J - 2' E {B :1 

E r B1 (E (B J )2 ( 23) 

and 

d 

Again , it is not difficult to compute the aver
age, the 2nd moment, and the standard deviation 
for each of the 5 sets of ratios. Table 11 
lists the computed averages and standard devia
tions . Thus, using (22) to (24), beta distri 
bution can be calculated for each set. Fig. ' 2 
compares the calculated beta distribution with 
the distribution of the measured data for R

ABS 
and shows good agreement between the two. Als~, 
normal distribution has been calculated for each 
set using the corresponding computed average and 
standard deviation. In Fig. 2 the normal dis
tribution for R

ABS 
is plotted as a dotted curve, 

and is seen to be a good approximation. For the 
other 4 sets of ratios, similar results have 
been obtained. 

To determine the constant k in (10), measured 
data from the Line Link Frames of #5 XB in one 
of the 9 CO's called Huntington Hills has been 
used. It has been found that k approximately 
equals 2.3. 

5. APPLICATIONS 

To translate the average billed minutes per 
mobile station per month into various busy hour 
loads, consider Table III which lists W(i) for 
May 1983 to April 1984 in Alberta, Canada. 
According to (18), each W(i) can be converted to 
ADT(i) as shown in Table Ill. From Table Ill, 
it is seen that the expected high month is 
January 1984 with 

ADT(HM) 0.1894 erlangs (25) 

since, according to (17), it gives the highest 
A(D) with constant RA(D). 

Thus, based on the average ratios and 
coefficients of variation listed in Table 11, 
and using (7), (11) to (17) and (25), the t raffic 
per mobile station can be calculated as follows: 

ABS 0 .0176 erlangs ( 26) 

10HD 0.0189 erlangs ( 27) 

HD 0.0203 erlangs (28) 

EV(M,p) 0.0210 + O.OOlOL erlangs (29) 

and EV(D ,p) 0 . 0192 + 0.0013L erlangs ( 30) 

where L depends on p as shown in Table I. 
To equate the grade of service based on 

EVE to that based on TCBH , consider the group of 
voice channels in a Local Mobile Centre of the 
automated mobile telephone system L7]. The 
group of voice channels may be regarded as a 
system component not too sensitive to traffic 
peaks. Therefore , in AGT, p is chosen to be 
0.08 for the return period of a year and 0.05 
for the return period of the high month of ' a year. 
Thus, substituting L with the corresponding value 
from Table 1, (29) and (30) become respectively, 

EV(M ,0.08) = 0 .0225 erlangs (31) 

and 

EV(D,0.05) = 0.0215 erlangs 

Dividing these by (26) results in, 

and 

EV(M,0.08) 

ABS 

EV(D,0.05) 

ABS 

1.278 

1.222 

According to the previous paper [7J , 
terminating call blocking probability for total 
traffic offered to the group of voice channels 
can be calculated. Let 

PAPS the terminating call blocking 
probability for ABS offered to 
the group, 
the terminating call blocking 
probability for EV(M,0.08) 
offered to the group, and 
the terminating call blocking 
probability for EV(D,O . OS) 
offered to the group. 
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Then, with (33) and (34), relationship among 
~ABS' PM' and PD can be established. Fig. 3 

Table I Value of L for a given p in equation 

illustrates such a relationship for the mixed 
traffic as shown. From Fig. 3, it is seen 
that, for example, PABS = 0.020 implies 

PD = 0.037 for the 4 voice channels group and 

0.053 for the 9 voice channels group. This 
means that peak busy hour traffic congestion, 
as usually perceived by the subscribers, varies 
with the group size of the voice channels if 
the grade of service is based on TCBH. Such 
variation can be eliminated if traffic con
gension probability based on EVE is a constant. 
As satisfactory grade of service for EVE has 
not yet been defined in AGT, the r elationship 
such as shown in Fig. 3 helps to equate the 
grade of service based on EVE to that based on 
TCBH. 

6. CONCLUSION 

In conclusion, based on the AGT measured 
data, relationship among various busy hour load 
traffic parameters has been developed. The 
r elationship has been shown useful for trans
lating average billed minutes per mobile station 
per month into various busy hour loads. It has 
also been shown useful for equating the grade of 
service based on EVE to that based on TCBH. 
Indeed, the developed relationship has been 
applied to the Aurora-400 automated mobile 
telephone system operating in Alberta, Canada . 

ACKNOWLEDGEMENT 

The author would like to thank Mr. F. 
Wissinger for his effort in analyzing the 
measured data, the AGr Priority Council for 
the interest on this subject, Mr. L.W. Mills and 
Mr. D.F . Baillie for their encouragement in 
having this paper presented to ITC-ll, and 
Mrs. J. L. Young for typing this paper. 

REFERENCES 

[lJ J. Pulford, "Aurora System is built to 
grow", Telephone Engineer & Management, 
1 August, 1984. 

[ 2J D.H. Barnes, "Extreme Value Engineering 
of Small Switching Offices", ITC-8, 
Melbourne, Australia, November , 1976. 

[ 3J D.H. Barnes , "Observations of Extreme 

Table II 

CV(M) 

CV(D) 

RABS 

RIOHD 

~D 

RA(M) 

Value Statistics in Small Switching Offices", RA(D) 

[4J 
ITC-9, Torremolinos , Spain, October, 1979 . 
K.A. Friedman, "Extreme Value Analysis 
Techniques", ITC-9, Torremolinos, Spain, 
October, 1979. 

[ 5J K.A . Friedman , "Precutover Extreme Value 
Engineering of a Local Digital Switch", 
ITC-IO, MOntreal, Quebec, June, 1983. 

[ 6 J A. Papoulis, "Probability, Random Variables, 
and Stochastic Process", McGraw-Hill Book 
Co., New York , 1965 

[ 7 ] L . Lee, "A Solution to a Queueing Problem 
in the Aurora-400 System", Proceedings of 
the Third International Seminar on Tele
traffic Theory, Moscow, USSR, June ,1984 . 

3.2B-2-4 

(7 ) 

P L 

0.001 3.612 

0.002 3.327 

0.003 3.151 

0.004 3.021 

0.005 2.923 

0.006 2.838 

0.007 2.766 

0.008 2.704 

0.009 2.647 

0.01 2.596 

0.02 2.248 

0.03 2.032 

0.04 1.8n 

0.05 1. 743 

0.06 1.635 

0.07 1. 541 

0.08 1.458 

0.09 1.382 

0.10 1.314 

Averages and standard deviations of 
. coefficients of variations and of 
ratios 

Avera5e Standard Deviat ion 

0.0489 0.0274 

0.0660 0.0267 

0.0927 0.0125 

0.1000 0.0177 

0.1071 0.0187 

0.1108 0.0169 

0.1015 0.0116 
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Table III Measured valued of W(i) and the 
calculated values of ADT(i) 

i 

May 1983 

June 1983 

July 1983 

Aug. 1983 

Sept.1983 

Oct. 1983 

Nov. 1983 

Dec. 1983 

Jan. 1984 

Feb. 1984 

Mar. 1984 

Apr. 1984 

W(i) 

116 

133 

113 

151 

171 

154 

127 

152 

250 

213 

145 

126 

ADT * 
0.0879 

0.1008 

0.0856 

0.1143 

0.1295 

0.1167 

0.0962 

0.1152 

0.1894 

0.1614 

0.1098 

0.0955 

* Although the number of days varies from 
month to month, it is assumed that every 
month has 22 days. 
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Fig. 3. Relationship of P
ABS

' PM and P
D 

for the c~se where 

Number of queue positions =. 2, 
Queue time out 120 sec, 
Average service time 180 sec/call, 
0+ calls 10% of total traffic, 
1+ calls 60% of total traffic, and 
Terminating Call~ 30% of total traffic 

3.2B-2-6 · 


