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ABSTRACT 

The Brazilian Telecomunications 
System has been using since 1980 a 50% 
charge reduction in long distance calls 
between 8 p.m. and 8 a.m. 

This has resulted in an expressive 
concentration of interest 
8 p.m. and 9 p.m. which 
congestions. 

in calls between 
led to call 

This scene brings about a problem to 
the traffic engineering in Brazil. 

Which grade of service level should 
be used in trunk groups with busy hour 
localized in differentiated rate period? 

This study was then developed to 
provide a support in a decision aboti1: a grade 
of service that would assure a good service 
to the subscribers and at the same time 
make possible the economic investiment in 
the plant. 

1. INTRODUCTION 

The economic analysis is based on 
the comparison between revenue loss due 
to a non i ncr eas e in th e trunk group versus 
the increasing cost, in circuit per circuit 
basis, during the equipment life time 
scope. 

The revenue loss calculation must 
consider the seasonal traffic variations 
around the annual representative traffic 
value (VRA). 

Loss value determination which is 
fundamental in this calculation is obtained 
with simulation support and will be 
described in next chapter. 

In the increasing costs only the 
equipment costs (transmission and switching) 
are computed considering the manpower 
costs as marginal, not changing the results. 

The study consists of the following steps: 
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Fig. 1 - Additional Revenue Calculation Flow 

N - number of existent circuits. 

CJ - costs of one circuit (transmission+ 
switching). 

PR - Annual revenue loss. 

GR - Annual additional revenue. 

This means that the investment of 
one additional circuit to N existing will 
imply an additional revenue GR(N+l) that 
can be a good economic business decision 
or not, based on the return rate (TIR) of 
this investment, calculated in the 
equipment life time scope. 
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Fig. 2 - Cash Flow Diagram. 

Where T means life time. 

The analysis is repeated with the 
addition of one circuit at a time until 
the TIR becomes less than a minimum 
payment level (attractivity rate - TA), 
when the last additional c ircuit will 
not be economically a good bussiness. 

TIR 

TA 

·----------~--------------~r~ Circuits 
n 

Fig. 3 - TIR Comportment 

Where n means economic circuit number. 
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2. THEORYTICAL DEVELOPMENT 

2.1 Valuation of Losses 

To evaluate the call congestion, 
necessary to an economical valuation, it 
was firstly attempted a formulation on an 
analitical Markovian model. 

This idea was put aside, since the 
simulation that had to be made to . attend 
the analysed situation within this kind of 
model, could mask the results, and invalid 
the study. 

It was then choosen a model which 
was improved as the study developed. At 
its final configuration, the simulated 
system corresponds to the following 
diagram. 

PRIMARY 
SOURCES 

SECONDARY 
SOURCES 

ABANDONMENT 

SYSTEM SUCESS (OK) 

ABANDONMENT 

Fig. 4 - Simulated System Diagram 

Calls can be proceeded from a 
primary sOQrce, if it is a first attempt, 
or from a secondary source, if it is a 
repeated call. The calls which find idle 
circuits are completed sucessfully and 
occupy these circuits during a randomic 
time interval. 

If the circuits are congested or the 
call can't be completed, there are two 
possible si tuations: the call abandonment 
or its repetition due to the customers 
retrial (perseverance), after a randomic 
time interval. 

The calls which return to the system 
due to the customers perseverance ocuppy 
a limited number of positions in the 
secundary sources to make new attempts. 
However, this number can be considered 
so greather as we want. 

Along the s imu 1 a t i on development the 
following hipothesis were considered: 

full availability. 
· sequencial search of idle circuits. 
• exponentially distributed time 

interval between consecutive primary 
calls. 

• constant time interval to repeat 
a call that returns due to congestion. 
exponentially distributed time 
interval to repeat a call that 
returns because the system is not 
OK. 

· the ratio of calls that re~urns 
to the system due to congestion or 
because they cannot be completed 
by the system is constant (fl e 
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f2 respectively). 
• the well succeeded calls occupy 

the circuits during a time interval 
equal to the sum of a constant 
(time of switching) and a randomic 
value exponencially distributed 
(conversation interval time). 

• the calls that dont't find congestion 
but are not completed by the system 
occupy the circuits during a constant 
time of switching. 

The main variables involved in the 
simulation process are the following: 

TTC. - instant time when the (i+l)th 
1 primary ca 11 arri ves in the system. 

TS. - service time of the (i+l) th 
1 call that seized the circuit 

TTR. 
1 

KC 
KR 
KO 
TOC 

(primary or repeated). 
- instant time when the 

repeated call arrives 
system. 

- number of congestions. 

(i+l) th 
in the 

- number of repeated calls. 
- number of primary calls generated. 
- time interval during which all 

circuits are busy. 
CONG - ratio between the number of 

conges tions and the number of primary 
or secondary offered calls (lost 
of calls). 

CONGT - ratio between the total seizure 
time (TOC) and the total observation 
interval (time congestion). 

CANAL 
2 

' .... ----"""vr-------J/8Q ~1l0 

70 20 

Fig. 5 - Simulation of a telephonic · system 
with repeated call attempts 

The first and second primary calls 
seize the idle circuits during service 
times respectively equal to 65 and 70 
seconds. The third primary call arrives 
at TTC2=30 sec., finds all circuits busy 
and returns three times at instants TTRI 
respectively equals to 40, 50 and 90 sec., 
when it finds an idle circuit and sizes 
it for 20 sec. 

' In TTC3=60 sec. the fourth primary 
ca 11 arr i ves, doesn't find an idle ci rcui t 
and returns once in TTR2=80 sec., when it 
seizes an idle circuit for 40 sec. 

Finally, the fifth primary calls 
arrive at TTC 4 =130 sec. and seizes the 



ITC 11 Kyoto September 1985 

idle circuit. 

In accordance wi th the above conditions 
we can now write: 

KO 5 
KR 4 
KC 4 
TOC (65-10)+(110-90)= 75 seconds 

The call congestion and time congestion 
can be estimated as follows: 

CONG KC/(KO+KR)=4/(4+5)=0.444 
CONGT = TOC/observation interval 
CONGT = 75/130=0.577 

Naturally the precision of the above 
valuation improves as the observation time 
of the simulation or the number of generated 
calls grows. 

During the development of the 
simulation it was nece~sary to study the 
f 0 11 owi ng q ues t ions to achieve good results 
within an acceptable precision, with a 
minimum computational effort. 

a ... how to generate randomic numbers? 
b - how many simulated calls would 

garantee the wanted precision? 
c - how to garantee that the precision 

was achieved wi th the least number 
of simulated calls? 

Whith these answers: 
a - To generate randomic numbers 

uniformly distributed it was 
used the congruential method. 
The routine RANDU, developed by 
IBM, and presented in lJ was 
at t ached to the computer pro gr amm, 
codified in PL/I. 
To the generation of randomic 
variables with exponencial 
distribution it was employed the 
Inverse Transformation method [2J 

b - To settle the number of calls 
that had to be simulated it was 
applied the following theorem 
presented in [3] . 
Theorem - for a process tendLng 

asymptotically to a 
Markovian process or 
]J-Markovian, the relat.ive 
reliable interval, with 
significance level of 
95%, is given by. 

6p = 2 J ~ . where 

p - call congestion 
t:.p - reliability interval to call 

congestion 
B - number of times that the 

congested event was observed 

S 

P 
. VAR(p), where 

S - number of simulated ' calls 
VAR(p) - variance of p 

c - The variance reduction technich 
employed was the anti-thetic 
variable method. So during the 
processing of a simulation to a 
certain number of calls S we 
worked in two phases. In the 
first to S/2 calls we applied a 
set of uniform randomics and in 
the second S/2 calls we applied 
the set of complementary randomics. 
The result applied was taken as 
the average results of the two 
mentioned phases [4]. 

2.2 Daily Revenue Loss Calculation (PRDII~) 

Considering that the daily revenue 
loss was only computed for the busy hour 
revenue loss, without considering the 
other hours, the following diagram can be 
used: 

Co 

TRUNK GROUP CT(l-Bc) SYSTEM CT(1-Bc)Q( 

i:Bcf1 
BC OK 

, eT (1- 8c)(l- OK) 

CT Bc (l-rd 

CT (1- Bc)( loOK) 12 

CT(l-Bc) (I-OK) (1-'2) 

Fig. 6 - System Call Flow 

CD - Busy hour basic calls. 

CT - Busy hour total calls. 

BC - Busy hour lost call rate. 

OK - Busy hour completed call rate. 

fl - Busy hour probability of retrial 
for blocked calls loss. 

f2 - Busy hour probability of retrial 
for non completed calls due to 
line busy or absent subscriber. 

Where: 

Rp -
RA 

TC -
DM -
PRD -

PRD = 

Busy hour revenue loss. 

Busy hour revenue. 

Mean time conversation. 

Average revenue per minute. 

Revenue loss rate. 

RP 

RA 

BC(l-fl)+(l-BC) (l-OK) (1-f2) 

(I-BC) OK 
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Small variations in the involved 
f ac tor s do not af f ec t the reliability of 
this relation. 

If the revenue loss were directly 
calculated, the result wouldn't have the 
same reliability as the one with the 
relation applied to a separated revenue 
calculation, described below: 

RA AC '(% TRAF.CONV.) .60.DM 

AC - Carried traffic 

AO(l-B T ) 

(l-B
T 
.f

l
) 

AO - Busy hour offered traffic 

BT - Time congestion 

% TRAF .CONV.- conve:r sat ion 
per cen t age 

TX - Mean switching time. 

RP(DIA) = RPHMM = PRD'~MM 

traffic 

Ao(1-BT)OK.TC.60.DM 

(l-~ f 1 )(TX+OK.TC) 

2.3 Annual Revenue Loss Calculation 
The daily revenue loss during the 

year must .be cons idered in this calculation. 
This was made considering the mean 

frequency distribution of the traffic 
daily values in relation to the annual 
representative traffic values (VRA) for 
the network in Brazil, as showed in the 
following table, where NU means the number 
of days in which the traffic is greather 
than the VRA. 

Table 1 - Daily traffic values 
distributon 

% VRA NU % VRA NU 

130 1 90 10 
120 1 89 10 
115 1 88 10 
110 3 87 8 
105 7 86 8 
100 22 85 6 

99 9 84 5 
98 10 83 6 
97 11 82 4 
96 12 81 4 
95 13 80 5 
94 13 75 13 
93 13 70 9 
92 12 60 7 
91 12 

For each traffic distribution value 
all necessary parameters to revenue loss 
calculation are determined. When all values 
accumulated we have the annual revenue 
loss. 
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Fig .. 7 - Annual Revenue Loss Calculation 

2 .4 Annual Additional Revenue Calculation (GR) 

This will be obtained from the 
difference between 
revenue loss. 

adjacents circuits 

N 

N+l 
I 
I 
I 
I 
1 
I 

N+X 

PR ANO (N) 

Fig. 8 - Annual Additional Revenue 
Calculation 
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2.5 Return Rate Calculation (TIR) 

The economic viability in the circuit 
will be decided by the Return Rate (TIR), 
conjugating the additional circuit cost 
and the additional re v enue with this 
additional circuit. The calculation 
considers the circuit life time scope. 

I
T FX 

TIR = i L = 0 
t=O (l+i) t 

FX - cash flow component. 

T life time scope. 

3. RESULTS 

3.1 Input Data 

The following input data were used 
in the study. 

T - Life time scope - 13 years 

TC - Mean time conversation - 300 sec. 

TX - Mean time switching - 30 sec. 

OK - Completed calls rate - 61.7 % 

DM - Me an r eve nue pe r minute - Cr$ 180 

Circuit Costs (Switching + Transmission) 
- Local-Toll Ticket Circuit 

Cr$7 000 000 (US$6 700) 
- Toll-Toll Circuit 

Cr$4 760 000 

3.2 Simulation Results 

Fr om the me as ur es obtained in practice 
we have the following parameters: 

- perseverance due to congestion(f l )= 82% 
persev erance due to the f ac t that the 
system is not OK (f 2 )= 72.66% 

- mean time of conversation(TC)= 300 sec. 
- mean time of switching(T

X
)= 30 sec. 

completed calls rate (OK)= 61.60% 

Besides the a bove paramete r s we 
need the time in te rv a 1 between the arrivals 
o f two primary call s as well as that on e 
between secondary calls. Since di r ect 
measures of these paramete r s are not 
available in pra c tice, t h e y were 
obtained as follows: 

- time interval between the arri v als 
of primary calls: 

(TC-0K+Tx) / (A(1-f 2 (l-OK))), where : 

(TC.OK+TC) - mean holding time 

A - total o f fered traffic, i ncluding 
the t r affic due to repeatead 
calls (supposin g the re is not 
conges ti on) . 

A(1-f 2 (l-OK)) - traffic from primary 
sources 

- time interval between the arrivals 
of repeated calls: 
It was considered as a fraction of 
the time interval between the arrivals 
of primary calls. 

Some typical results obtained from 
the simulation process for the above 
parameters are following presented: 

A N Call Congestion Time Congestion 

20 18 .4884 .3579 
19 .4341 .3125 
20 .3809 .2609 

30 40 .0415 .0250 
41 .0275 .0166 
42 .0159 .0105 

A - offered traffic 
N - number of circuits 

These results correspond to a 20 000 
calls simulation. The relative precision 
of the call congestion can be evaluated 
from the theorem already stated. 

From the determination of variance 
of ~ (VAR(~~, in the simulation process 
we have obtained A=4. 

IIp 2 J BA = 4 J 1 . for a significance 
p . S.~ level of 95% 

For a call congestion .4884 (N=18 and 
A=20) the relative precision of 20 000 
calls is: 

": 4 J 20000~0. 04884 4.03 % 

3.3 Economic Study Example 

The chosen example was 100 Erlangs 
offered to 99 and 100 circuits, leading 
to the following results: 

VRA A NUN BC BT PRICrt' N BC BT PR ICr.' 

100 130 1 99 .5576 .5410 797681 100.5474 .5244 787799 

120 1 .4672 .44n 621128 .4562 .4340 609696 

115 1 .4103 .3968 531 839 .3959 .3787 519043 

110 3 3422 .3259 1344480 .3226 .3150 1288106 

105 7 .2622 .2566 2553736 . 2428 .2380 2458846 

10022 .1750 .1733 64330n .1634 .1576 6297695 

99 9 .1636 .1578 2551591 .1500 .1472 2479249 

98 10 .1503 .1470 2729168 .1358 .1349 2647242 

97 11 .1354 .1361 2877862 .1211 .1215 2795336 

96 12 .1209 .1216 3016390 . 1077 .1044 2940336 

95 13 .1081 .1047 3154931 .0949 .0924 3068231 

94 r3 .0948 .0946 3032430 .0848 .0835 2910798 

93 ~3 .0854 .0842 2942791 .0744 .0740 2874244 

9212 0747 .0728 2627854 .0633 0669 2559265 

91 12 .0635 .0659 2533720 .0525 .0541 2475337 

9010 .0522 0529 2039496 .0434 .0461 1 S99476 

8910 .0431 .0448 1976717 .0377 .0377 1954179 

8810 .0377 .0384 1932366 .0305 .0311 1902186 

87 8 .0308 .0310 1505671 0253 .0251 1487753 

86 8 0251 .0264 1469197 .0207 .0213 1455332 

85 6 .0207 .0216 1078690 .0165 .0181 1068403 

84 5 .0160 .0177 878851 .0135 .0140 874343 

83 6 .0135 .0136 1036870 .0104 .0180 1026945 

82 4 .0099 0114 677105 .0080 0083 674516 

81 4 .0083 .0080 666880 .0064 .0069 663853 

80 5 .0060 .0060 818981 0050 .0050 817141 

7513 .0020 .0020 1978361 .0013 .0007 '975653 

70 5 .0005 .0005 1274003 .0001 0002 1272 8fJl 

100 60 1. 99 .0000 .0000 1 575555 100 0000 .0000 '575555 

TOTAL 56657421 M 51936e 

4.1B-5-5 
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The additional annual revenue with one 
additional circuit to 99 existing will be 
Cr$l 138 056 and the investment Cr$7 000 000· 
(Local-Toll circuit) or Cr$4 760 000 
(Toll-Toll circuit). 

The return rate of this investment, 
in 13 wears, will be. 

Local-Toll circuit - 12.2% 
Toll -Toll circuit - 21.6% 

The adjacent circuits analysis have 
the following results: 

REVENUE ( Cr$ ) TIR (% ) 

Beyond this traffic loading, and 
especially owing to the cumulative effect 
of repeat attempt calls, the service 
rapidly deteriorates." 

Conjugating this recommendation with 
the economic analysis results, we have 
the following table: 

VRA 
Local-Toll Toll-Toll 
Group Trunk Group Trunk 

10 10% 8.4% 
100 7% 5.3% 

ITRAF CIRC BO/o LOSS ADDITIONAL LC-TR TR-TR 5. CONSIDERATIONS 

, 

100 99 B.2 56657421 - - -
100 7.6 55519365 1138056 12.2 21.6 

101 7.0 54386548 1132817 12.1 21.5 

102 6.4 53303310 1083238 11.1 20.3 

103 5.8 52419412 883898 7.1 15.2 

104 5.3 51 611259 808153 5.4 13. 1 

100 105 4.8 50859267 751992 4.1 11.5 

Considering 12% as a minimum payment 
level (Attractivity Rate), the minimum loss 
for 100 Er1angs offered traffic will be: 

Local-Toll Group Trunk - 7.0% 
Toll -Toll Group Trunk - 5.3% 

3.4 Overall Results 

The exemplified procedure in 3.3 was 
made for 10 Er1angs, with the following 
results: 

VRA Local-Toll Toll-Toll 
Group Trunk Group Trunk 

10 12.0% 8.4% 
100 7.0% 5.3% 

4. MAXIMUM LIMIT LOSS 

The loss values obtained consider 
only economic aspects and not the service 
quality. 

The s ervi ce q ua 1 i ty consideration was 
introduced according to the CCITT 541 
recommendation (white Book - VI). 

"It is experience of Administrations 
That an acceptable automatic service on a 
final circuit group cannot be maintained 
if the traffic loadind on the group exceeds 
a level corresponding to a calculated 
Er1ang grade of service of 10%. 

The obtained results cannot be assumed 
as defini tive. The study development must 
continue under many different approaches 
summaryed below: 

A - Improvement of the Data Collection 

The used process must be object 
of an intense analysis through a 
more comprehensive measurement 
process. 

B - Model Validity Check 

The assumed hipotesys must be 
tested through a statistic process 
to be made through a specific 
experiment. 

C - Simulation Model 

It will ocasiona1y be necessary 
to change some hipotesis to 
improve the model. In this item 
it would be logical to mention 
the subscriber behaviour when 
submitted to a hard congestion 
situation. 
It is a reasonable supposition 
that the retrial probability 
(perseverance) is not constant 
with direct variatons in relation 
to the trunk group congestion. 
This fact brings about an important 
problem to studied - the calls 
loss control limit determination 
that saves the system from 
congestions above certain limits 
without economic considerations. 

D - . Investment Costs 

The investment costs should 
consider a broader possibility 
set, for example, the investment 
only in switching equipments if 
transmission equipments are 
available or vice-versa. 

E - Conclusion 

This study considered only 
economic aspects and doesn't 
intend to obtained definitive ' 
dimentioning values, showing that 
trunk groups wi th greater traffic 
capacity must be privilegies. 

4.1B-5-6 
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Nowadays the trunk groups with 
differenciated busy hour rate in 
the Brazilian network are 
dimentioned with 10% loss, 
specially owing to investment 
limitations. 
The study will continue, including 
traffic demands in normal rate 
hours, better costs investment 
analysis and more considerations 
regarding the service quality. 
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