
ITC 11, Minoru Akiyama (Editor) 
Elsevier Science Publishers B. V. (North-Holland) 
© lAC, 1985 

REDUCING LOST CALLS DUE TO THE CALLED SUBSCRIBER 

AN EXPERIENCE IN BRAZIL 

Roberto CALDEIRA and Ricardo NASCIMENTO 

TELEBRA.S 
BrasHia, Brazil 

ABSTRACT 

It is well known that high busy line (BY) and 
dont't answer (DA) rates, lead to lower revenues 
and higher investment costs for the Telecommuni
cation Companies, and poor quality of service for 
the users. 

The BY and DA rates improvement campaign 
being carried out by TELEBRA.S, the brazilian Te
lecommunicat i on Holding Company, and its 29 sub
sidiaries, since 1979, is briefly described. The 
main causes of the problem, the adopted solutions 
and the results obtained a re presented. 

So far, the results achieved show an improve
ment of about 8% on the DDD traffic completion 
rate, representing around US$ 40 milliorr increase 
on the TELEBRA.S annual revenue. 

1. INTRODUCTION 

TELEBRA.S, the Government owned Telecommunica
tion Administration, was created in 1972 to mana
ge the Telecommunications services in Brazil. It 
is the holding company of TELEBRA.S System, which 
consists of 28 Telecommunication Operating Compa
nies, responsible for operating the local and in
trastate toll service, and EMBRATEL, the inters
tate toll and international services Operating 
Company. 

Presently, the brazilian telephone network 
consists of 155 toll centers and 3100 local ex 
changes, to which are connected about 10.5 mil
lion telephones, spread over an area of 8.5 mil
lion Km2 of the national territory. 

In 1978 the quality of the DDD service was 
very poor. The call completion rate (OK) was 
36.3% and the equipment blockage and failure rate 
(EBF) was 23.6%. 

By that time, TELEBRA.S and its subsidiaries 
were already carrying out an EBF rate improve
ment campaign. The settled target was 6%. Pros
pective studies showed that, after this target 
had been reached (and it was actually met by 
1981), the completion rate would be only 45.7%, 
which was considered unsatisfactory. The sum of 
the busy line (BY) and don't answer (DA) rates 
which, by that time, amounted to 34.5%, would 
tend to increase to 43.5%, due to the EBF rate 
reduction. This value was considered very high i n 
comparison with the accepted international stan
dards (about 25%). 

High BY/DA rates are undesirable because they 
lead to: 

. Lower revenues, as the call abandonment in
creases; 
Higher investment costs, as the number of 
ineffective attempts increases; 
Poorer quality of service for the subscri-

bers. 

2. PROBLEM DEFINITION 

The main causes of the high BY/DA rates were: 
1) very few high DDD incoming traffic subs

cribers, with an insufficient number of lines, 
responded for a large amount of BY/DA calls. 
Real traffic measurements had shown that about 
22% of all BY/DA calls during the peak hours 
(9:00 to 11:00 a.m.) were directed to only 0.08% 
of the subscribers. This meant that, as an ave
rage, only 8 subscribers in a 10.000 lines te
lephone exchange were responsible for 22% of all 
BY/DA incoming calls to that exchange. This ama
zing fact was the consequence of the existing 
high down-payment for the subscriber's line and 
the high cost of larger PABX'S, which led some 
subscribers to have an insufficient number of li
nes. 

2) lack of automatic hunting facilities for 
many line groups connected to key systems. 
The reasons were technical limitations of some 
local exchanges and unawareness of the benefits 
provided by the hunting facilities. 

3) Erroneous publishing of telephone number 
of all individual lines belonging to a hunting 
group. 
Sometimes this occurred in the telephone Directo
ry itself and, more often, in the subscribers' 
publishings. 

4) Insufficient number of operator pos1.t1.ons 
in some PBX and, quite often, poor maintenance 
and operation procedures. 

3. THE SOLUTION 

Top management at TELEBRA.S and its subsidia
ries decided to carry out a BY/DA rates reduction 
campaign, based on the following actions: 

a) Pinpointing the high DDD incoming traffic 
subscribers with high BY/DA rates and correction 
of their service deficiency. 
Based on AMA tapes data, monthly reports were ge
nerated listing all lines with more than 20 call 
attempts terminating on BY or DA condition, du
ring the observation period (9.00 to 11:00 a.m., 
2 days per month). These reports, released by EM
BRATEL , are tailored to each Operating Company 
and lists only the called lines served by that 
Company. 

All lines which appeared twice on a six-month 
period were considered as a problem. In such ca
ses, an in-depth analysis should be made and a 
solution found. This, in general, requires the 
addition of new lines, expansion or replacement 
of PABX or key systems, etc .. 

b) implementing hunting facilities as much as 
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possible, for all subscribers having more than 
one line in a same address. This same action 
should also be applied to lower DDD traffic lines 
not listed on the monthly report. 

c) Publishing the hunting number only. 
This action should be applied directly to the Te
lephone Directories. The subscribers should also 
be oriented to do the same thing on its adverti
sements, pamphlets, name-cards, stationery, sales 
gadgets, etc ... 

d) Implementing the terminal hunting system, 
which performs the line hunting even when any in
dividual line in the group is dialed. 
This type of hunting makes the performance of the 
hunting process much less sensitive to erroneous 
Directory number publishing. In Brazil it is 
inherent to some switching equipment models but, 
for others, some circuit additions are required. 

e) Improving PBX maintenance and operation 
procedures. 
It was developed and implemented a more effective 
PBX maintenance service quality control system 
and intensive training courses were offered to 
the operators. 

The analysis of the BY/DA rates, by itself, 
did not show the results of the campaign due to 
the existing correlation between the BY/DA and 
EBF rates. It was expected an increase in the 
BY/DA rates as a result of the reduction of the 
EBF rate. For this reason is was devised a new 
indicator called "Loss due to the Called Subscri
ber (LCS)", as follows, 

BY + DA 
LCS = BY +DA+OK x 100% 

This indicator measures the loss probability 
(due to BY/DA), for those calls which have alrea
dy reached the called line. It depends essential
lyon the status of the called line, being fairly 
independent of the public telephone network sta
tus (measured by the EBF rate). 

The effectiveness of implementing the measu
res listed on b, c and d was demonstrated by 
field trials accomplished in-three different ci
ties (Montenegro, Cachoeira do SuI and Vitoria). 
The experience was very simple: implementing hun
ting facilities as much as possible , including 
individual lines, and publishing the hunting num
ber only. 

The results were excellent . Figura shows, 
as an example, the evolution of the number of 
hunting lines in Hontenegro, a small city with a 
2.000 lines exchange. The results obtained are 
depicted on figure 2 . The OK and LCS rates varia
tions observed during the third quarter of 1983 
were due to the implementation of the terminal 
hunting facility. 

4 . CAMPAIGN COORDINATION 

'The successful accomplishment of those ac
tions listed on part 3 requires the involvement 
of many pe ople in different technical and opera
ting areas of all 28 Operating Companies. An spe
cifi c management struture was created, with the 
following key elements : 

(a) An LCS manager in each one of the 28 Ope
rating Companies, responsible for coordinating 
all the actions related to the campaign; 

(b) a general supervisor in EMBRATEL, respon
sible fo r collecting the required data and relea
sing the monthly report to each Operating Compa-
ny; 

(c) a general manager in TELEBRAs, respon-
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sible for the overall coordination of the cam
paign . 

5. THE RESULTS 

Up to now the results are excellent. The LCS in
dex was reduce d from 48.7% (1978) to 38.8% 
(1984), as shown on figure 3. 

The evolution of the BY/DA and OK rates are 
shown on figures 4 and 5; one curve for the ac
tual evolution and the other for the estimated 
values for LCS = 48 .7%, i.e., if there were no 
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LCS r eduction campaign. The latter represents the 
evolution of BY/DA and OK rates due only to the 
reduction of EBF rat e s from 23.6% (1978) to 6.8% 
(1984) . 

The result of the campaign is a reduction of 
9.9% on the LCS rate, which led to an estimated 
increase of about 8% on the OK r a te. It is also 
e stimated that this improvement on the OK rat e is 
worth about US$ 40 million/year (about 4.6% of 
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Fig.5 ESTIMATED AND ACTUAL OK RATE VALUES 

the TELEBRAs System annual revenue from charged 
DDD calls). All those estimed values were calcu
lated with the aid of the simplified theoretical 
model presented on the Appendix. 

6. CONCLUSIONS 

The improvement of call completion rate is a 
fundamental concern of all Telephone Operating 
Companies. Reducing the BY and DA rates, a hard 
and long lasting task, is an obligatory step and 
the most effective and rewarding way towards high 
er call completion rates compatible with inter~ 
national standards. 

To identify and solve the originating 
problems of high BY/DA rates is a feasible task, 
even for Telecommunication Administrations which 
operate telephone networks with a high down-pay
ment for the subscriber's line and with depressed 
demand (and so, high traffic/line), such as in 
Brazil. 

Managing BY/DA rates is better accomplished· 
with the help of the LCS indicator. The reduction 
on the LCS rate from 48.7% (1978) to 38.8% 
(1984), as a consequence of the LCS campaign 
started in 1979, represents an additional reve
nue of about US$ 4.00/telephone/year for the TE
LEBRAs System. The tendency of the LCS rate is to 
go further down. The present target is to reach 
values below 35%. 

Brazil is showing nowadays call completion 
rates around 55% for the international incoming 
traffic. measured by AT&T [2]. These figures are 
better than those shown ' by several developed 
countries. 

The end result of this work is a better ser
vice quality for the subscribers, higher revenues 
and lower capital costs for the Telecommunication 
Administrations. 
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APPENDIX 

A. 1 INTRODUCTION 

Completion (IDDD) 
monthly- report (Jan. 

The call completion rate statu9 of any tele
phone network can be defined by the following pa
rameters: OK (completion rate), BY (busy line ra
te), DA (don't answer rate), EBF (equipment blo
ckage and failure rate) and OT ("others" rate , 
which includes all unsuccessful calls not conside 
red in the previous parameters). Those parameters 
are related to mutually exclusive events and 
their sum should be equal to one. An important 
additional auxiliary parameter, which was pre
viously defined, is the LCS (loss due to the 
called subscriber). All those parameters, repre
senting the status of any network, can allways be 
depicted on an abacus as the one shown on figure 
A.1. 

Fig . A .l- NETWORK CALL COMPLETION STATUS 
ABACUS 

Any network status change is allways due to 
an (EBF+OT) rate variation or to an LCS rate va
riation , or both. 

It is expected that OK rate variations should 
lead to revenue variations, due to the variation 
on the probability that a series of attempts (of 
the same call intent) finally ends in a conversa
tion. 

A simplified theoretical model for estimating 
completion rate and revenue variations, as a re
sult of LCS and (EBF+OT) rates variations, is gi 
ven. The aim of the model is not to provide pre
cise results but rough estimates, being rather a 
managerial and a decision support tool than a new 
scientific development. 

A.2 ESTIMATING COMPLETION RATE VARIATIONS D~ TO 
EBF AND LCS RATES VARIATIONS 

A.2.1 General Considerations 

Figure A.2 gives an example of a generic ne
twork status change (from status A to status B). 

BY+ DA 

LCS 

LCS 

E H OK 
I. l'lOK .1 

Fig. A.2-EXAMPL E OF A GENERIC NETWORK 
STATUS CHANGE 

This change can be made by following any line 
connecting points A and B, but the net OK rate 
variation will be allways the same (60K) , and 
60K = 60~ + 60KL 
60~ OK rate variation due to the (EBF+OT) r~te 

variation. 
60~ - OK rate variation due to the LCS rate va

riation. 
The values of 60~ and · 60~ depend on the 

specific curve chosen to go from A to B. The aba
cus geometry (and equations (4) and (6) of this 
Appendix) shows that: -

a) 160~1 i~ maximum when LCS in minimum and 
Vl.ce versa 

b) 160~ I is ~aximum when (EBF+OT) is minimum 
and vice versa. 

As a consequence, the maxima and ml.nl.ma va
lues of 60~ and 60~ occur for curves ACB and 

ADB (v. figure A.2). The former curve implies 
allways in an (EBF+OT) rate variatiqn (over the 
constant LCS rate line) in first place, followed 
by on LCS rate variation (performed · over the 
constant EBF+OT rate line). On the other hand, 
for the ADB curve the LCS rate variation occurs 
first (over the constant EBF+OT line), followed 
by the (EBF+OT) rate variation (performed over 
the constant LCS rate line). 

For the specific example shown on figure A.2 
it is true that, 

MIN [60~] EG MAX [60~] FH 

MIN [t.OK
L

] EF MAX [t.O~] GH 

The maxima and minima values of 60~ and 60~ can 

be calculated as shown in parts A.2.2 and A.2.3, 
respectively. 

A.2.2 OK Rate Variations Due to (EBF+OT) Rate Va
riations 

Let OK, BY, DA, EBF, OT and LeS, be the new 
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parameters of a network after an (EBF+OT) rate 
variation, with no change on the value of the LCS 
rate (as in sections AC and DB, in figure A.2). 

OK = OK + 60~ 

(BY + DA) = (BY + DA) + 6(BY + DA) 

(EBF + OT) = (EBF+OT) + 6(EBF + OT) 

LCS LCS 

OK + BY + DA + EBF + OT = OK+BY+DA+EBF+OT=1 

6(BY+DA) =, - [60~ + 6(EBF + OT)] 

From equation (1), it follows that 

LCS = BY + DA 
BY+DA+OK 

LCS = BY + DA 
BY+DA+OK 

(ffY+DA) (BY+DA+OK) = (BY+DA+OK) (BY+DA) 

OK = BY+DA OK 
BY+DA 

OK = OK + 60~ = (1 6(BY+DA» OK 
-~ + BY+DA 

60~ = 6(BY+DA) OK 
-~ BY+DA 

. Us ing equat ions (n and (3) 

(2) 

(3) 

60~ = ':- ' B~+g~+OK 6(EBF+OT)=- (1-LCS)6(EBF+9T) (4) 

From equations (2) and (4), it follows 
BY+DA 

6(BY+DA) = - ,BY+DA+OK6 (EBF+OT) (5) 

A.2.3 OK Rate Variations Due to LCS Rate Varia
tions 

Let OK, BY, DA, EBF, OT and LCS, be the new 
parameters of a network after an LCS rate varia
tion, keeping (EBF+OT) rate as a constant (as in 
s egments ~B and AD, in figure A.2). 

OK = OK + 60K
L 

LCS = LCS + 6LCS 

(BY+DA) = (BY+DA) + 6(BY+DA) 

(EBF + OT) = (EB + OT) 

60~ = - 6(BY+DA) 

LCS 
(BY+DA) (BY+DA) + 6(BY+DA) 

CBY+DA)+OK (BY+DA) + 6(BY+DA)+OK~60~ 

- BY+DA 6(BY+DA) 
+ 6LCS LCS = BY+DA+OK+ BY+DA+OK LCS 

6LCS 6(BY+DA) LlO~ 

BY+DA+OK BY+DA+OK 

60~ = - (BY+DA+OK) .6LCS=-[1-(EBF+OT)] .6LCS (6) 

A.3 REVENUE VARIATIONS DUE TO OK RATE VARIATIONS 

The calculation of revenue variations due to 
OK rate variations will be performed with the aid 
of the parameter called "Success Rate (S)", given 
by 

NOK - number of completed (successful) calls. 

NCI - number of call intents (which equals the 
number of first attempts). 

The number NCI of call intents is a measure 

of the potential revenue from charged calls, 
i.e., it is the maximum number of calls that 
could be completed and charged. The number of 
completed calls (N

OK
) is a measure of the effect-

ivelly achieved revenue. Thus, the sucess rate 
measures the effectiveness of the Administration 
in generating the necessary revenues and is a key 
indicator for the whole Administration achieve
ments. 

To measure the number of call intents is a 
very difficult and laborious task. Nevertheless, 
the use of the theoretical model of call repeated 
attempts , developed by Anders Elldin [1], make it 
easier to measure the success rate with a reaso
nable precision. This can be better understood 
with the aid of the simplified model of a tele
phone network shown on figure A.3 . 

NCI 

TE' LEPHONE 

NETwORK 

. NR 

• NF 

ABANDONED CALLS 

Fig. A.3- SIMPLIFIED MODEL OF A TELEPHONE' 

NETWORK 

N = 
R 

- total number of attempts 
- number of failed attempts 

- number of repeated attempts 

where p is the mean probability of renewing a 
call after the failure of the previous attempt. 
It is called perseverance. 

N 

N 

S 

N • (1 - OK) 

1-p. ( 1-0K) 

NOK OK.N 

NCI = NCI = 

NCI + P • N . (1 - OK) 

OK (7) 
1-p. (1-0K) 

The perseverance is in general a steady function 
in time. In the last three yearly real traffic 
measurements performed on the whole brazilian DDD 
network, the perseverance values varied only from 
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67.25% to 67.66%. Those measurements used a sam
ple of about 3 million call attempts and took in
to account all call reattempts made during the 
whole day. 

Thus, the perseverance can be considered as a 
constant over a certain period of tim~ and measu
red less frequently. The success rate can be cal
culated using equation(7), as frequently as the 
OK rate is measured. 

The success rate is a crescent monotonic 
function of the OK rate. Thus, increasing OK ra
tes should lead to increasing revenues, due to 
the augment of the success rate (i.e., augment of 
the probability that a series of call attempts 
finally ends in a conversation). Quantifying tho
se revenue variations is a task which will be do
ne with the aid of an example of a generic ne
twork status change (figure A.4). 

STATUS A STATUS B 

Fig. A. 4 - EXAMPL.E OF A GENERIC NETWORK STATUS 

CHANGE 

For the sake of simplicity, it will be assu
med that the OK rate variations won't signifi
cantly change the following parameters: 

R 
If= 

R -

a) mean revenue per completed call. This 
means that there is no change on call du
rations and traffic distributions 

R NOK 
(- = ---' where Rand R are the revenues 
R NOK 

from charged calls). 
b) number of call intents (N

CI 
= N

CI
) 

c) perseverance (p = p). This assumption was 
confirmed for the brazilian DDD network by 
real traffic measurements. 

NOK NOK/NCI 
~-"R S 

NOK NOK/NCI S = S R 
(8) 

R S - ' S 6R=R-R= (1-~) . If (9) ~ ----- = 
S 

R S 

S - S R - R - S • 6R=R-R=(S -l).R 
-R-= -S-

(10) 

By the use 'of , equations (7), (8), (9) and 
(10) , it is now possible to quantify revenue va
riations due to OK rate variations. 

A.4 COMPLETION RATE AND REVENUE VARIATIONS IN THE 
BRAZILIAN DDD NETWORK 

The brazilian DDD network completion rate 
status has drastically changed in the period 
1978-1984, as shown on Table A.1 

The net reductions on the (EBF+OT) 
rates , in that time period, were 18.4% 
respectively . The contributions 60~ 

and LCS 
and 9.9%, 
and 60~ 

TABLE A.1- BRAZILIAN ODD NETWORK STATUS 
EVOLUTION (1978 TO 1984) 

YEAR OK BY+DA EBF + OT LCS 

1978 0.363 0.345 0.293 0.487 

1979 0.425 0.366 0.209 0.463 

1980 0.468 0.389 0.143 0.454 

1981 0.510 0.384 0.106 0.430 

1982 0.523 0.370 0.106 0.415 

1983 0.541 0.355 0.104 0.397 

1984 0.545 0.346 0.109 0.388 

(corresponding to each one of those reductions) 
to the net increase of 18.2% on the OK rate, will 
be calculated as described on part A.2 

The maxima and minima values of 60~ and 60~ 

occur when it is assumed that the change from 
status Ai to status Bi, corresponding to two con
secutive years i and (i+l), is done over the cur
ves ACB and ADB (v. figure A.2). 

In the case of curve ACB, for each pair of 
points Ai and Bi, it follows that, 

OK
Ci 

OK
Ai + 60~i 

RCi RAi + 6~i 

OKBi 
OK

Ci +60~i 

RBi RCi + 6~i 

OK
Ci 

(R
Ci

) - OK rate (revenue) corresponding to 
point C

i
' which is the intermediate 

point between years i and (i+1). 

OK
Ai 

(R
Ai

) - OK rate (revenue) corresponding to 
point Ai' 

OK
Bi 

(R
Bi

) - OK rate (revenue) corresponding to 
point B

i
. 

60~i (6~i)- OK rate (revenue) variation from 
year i to (i+l), due to the (EBF+OT) 
rate variation. 

60~i (6~i) - OK rate (revenue ) 
year i to (i+1), 
rate variation. 

variation from 
due to the LCS 

The values of OKAi and O~i are known (table 

A.1) and the values of OKCi ' RAi , RRi and Rei can 
be calculated by the us e of equaE10ns (4), (7) 
and (8). The results are shown on Table A . 2 , whe
re all revenue values are referred to the 1978 
revenue, which was made equal to 1.000. 
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TABLE A.2 COMPLETION RATE AND REVENUE VARIATION
CURVE ACB 

The same calculations were made for curve 
ADB, for which it follows 

OK, OK
A

, + 60K . 
-TI~ ~ L~ 

R_ , R, + 6R , 
·D~ A~ L~ 

OKBi OKDi + 60~i 

RBi RDi + 6~i 
The results of those calculations are shown on 
Table A.3 

TABLE A.3 COMPLETION RATE AND REVENUE VARIATION
CURVE ADB 

Tables A.2 and A.3 show the maxima and minima 
values of 60~i and 60~i' for each pair of 

points (A" B.). The net variations 60K and 
~ ~ - 1; 

60K
L

, for the whole period 1978-1984, are res-

tricted to the following limiting values, 

MIN[60~] 

MAX[60~] 

MIN[60~] 

MAX[60~] 

LMIN [ 60~i] = 0.043+0.036+0.020+ 

+ 0+0.001-0.004=0.096 
LMAX [60~i] = 0.045 + 0.036 + 0.021 

+ 0+0.002-0.003 = 0.101 
LMIN[60~i] = 0.017 + 0.007 + 0.021 

+ 0.013 + 0.016 + 0.007 = 0.081 
LMAX[60~i] = 0.019 + 0.007 + 0.022 

+ 0.013 + 0.017 + 0.008 = 0.086 
Thus, as shown on Table A.l, the net OK rate 

increase was , 

60K = 60~ + 60~ = 0.182 

0.096 ~ L'l0~ ~ 0.101 

0.081 :;; ~O~ ~ 0.086 

The reduction of 18.4% on the (EBF+OT) rate, 
that occurred between 1978 and 1984, led to an 
increase of 9.6% to 10.1 % on the OK rate. This 
represents an average increase of 0.52% to 0.55% 
on the OK rate for each 1% · reduction on the 
(EBF+OT) rate. 

In the same period, a reduction of 9.9% on 
the LCS rate led to an increase of 8.1% to 8.6% ' 

on the OK rate. This gives an average increase 
of. 0.82% to 0.87% on the OK rate for each 1% re
duction on the LCS rate. In general, LCS rate va
riations have stronger effects on the OK rate 
than (EBF+OT) rate variations. 

By the use of equation (10), it follows that 
the increase of 18.2% on the OK rate that occur
red from 1978 to 1984 led to a revenue increase 

~R R - R = (-ss - l).R = (0.784 -1) R 0.633 . 0.238R 

6R 6~ + ~RL = 0.238R 

~~ - net revenue variation due to the (EBF+OT) 
rate variation. 

~~ - net revenue variation due to the LCS varia-
tion 

The limiting values for ~~ and ~R 
· L 

can be 

derived from tables A.2 and A. 3 as it was done for 
the limiting values for ~O~ and ~O~ . 

MIN[~ ~] L MIN [~~i ] 0.134 

MAX[~ ~] L MAX [6~i] 0.136 

MIN[~ R
L

] L MIN [~RLi] 0.102 

t1AX[~ ~] L MA]{ [~~i] 0.104 

t1R = ~~ + ~~ = 0.238R (11) 

0.134R :;; ~~ ~ 0.136R (12) 

0.102R :;; ~~ :;; 0.104R (13) 

where R is the 1978 revenue. 
In order to translate the revenue variations 

into dollars, it is necessary to take into ac
count that the network parameters values shown on 
Table A.l refer to the test period (9:00 to 11:00 
a.m., of working days). It will be assumed that 
they are also valid for the three afternoon peak 
hours of working days (2:00 to 5:00 p.m.). Those 
five hours of working days count for 45% of the 
monthly revenue from charged DDD calls, to which 
equations (11), (12) and (13) can be applied. 

R = 0.45 RT 

RT - total revenue from charged DDD calls. 

By the use of equations (11), (12) and (13) 
~R 0.238R = 0.45 x 0.238 x RT = 0.107R

T 
o .060RT :;; ~~ :;; 0.061 RT (1 4) 

0.046R
T

:;; 6R
L

:;; 0.047 RT (15) 

In 1984 the TELEBRAs System annual revenue 
from charged DDD calls was aproximately US$ 1 000 
million. 

~ = RT + ~R = 1.107 RT = US$ 1.000 million 

RT - total revenue from charged DDD calls, in 
1984 

~- total revenue from charged DDD calls, pro-
j ected back to 1978 

RT = US$ 900 million (16) 

Thus, by the use of equations (15) and (16) 
it follows that the 9.9% LCS rate reduction that 
occurred from 1978 to 1984, led to an annual re
venue increase varying from US$ 41.4 to US$ 42.3 
million. 

4.2B-1-7 


