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ABSTRACT 

A Qirect-Qistance-Qialing (DDD) call attempt has 
a good chance of a successful completion the 
first time a customer in the United States ini
tiates the call. However, it is reasonable to 
expect that the probability of an initial com~ 
pletion will be less than 1. When an initial 
attempt fails to complete, a customer may decide 
to abandon his desired telephone connection or 
to make one or more retrials. In general, a 
sequence of one Or more attempts may be initi~ 
ated by a customer in an effort to establish his 
desired connection. A study of DDD call com
pletion and retrials is important in order to 
provide an overall characterization of network 
performance and customer behavior in setting up 
customers' desired telephone connections. 

A survey adopting a two-stage stratified sampling 
plan was undertaken to obtain DDD retrial statis
tics. Data associated with sampled DDD calls 
that were originated from one of 890 switching 
entities in the Bell System network were collec
ted for a period of one week. The basic DDD re
trial results reported here are initial attempt 
disposition probabilities, retrial probabilities, 
number pf additional attempts, ultimate success 
probabilities, and distribution functions for 
retrial time intervals following different types 
of incomplete initial attempts. Results of sub
class analyses of retrial statistics by the 
originating and terminating classes of service 
will also be presented. 

Results obtained in this study are useful in 
many network planning applications. An appli
cation of significant importance is to provide 
a tool in evaluating the revenue and cost impact 
o~ call completion improvement programs. A 
technique to analyze the revenue and cost impact 
will be outlined in .the paper. 

1. INTRODUCTION 

Each day Bell System customers initiate about 
780 million telephone call attempts to be carried 
from one part of the telephone network to the 
other. A very sophisticated network has been 
engineered to carry both local and toll calls. 
Though only 7 percent of those calls are toll 
calls, the number of toll calls is still very 
large indeed. For instance, on an average busi
ness day in 1977 about 52 million toll calls are 
attempted by customers. Out of those attempts, 
36 million toll attempts (roughly 70 percent)' 
lead to successful telephone connections, with 
the other 16 million attempts resulting in fail
ures due to the called customer being busy or 
not in, circuit blockage, and so on. Some cus
tomers will abandon their desired connections 
after encountering incomplete attempts, others 
will make additional attempts. A customer does 
not always succeed in establishing a desired 
connection on the initial attempt. Therefore a 
desired connection may lead to a sequence of more 
than,one attempt, ultimately resulting in a con
nect10n or abandonment by the call inq cus tomer . 
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Whether each attempt will result in a successful 
completion depends not only on network-dependent 
variables such as engineered blocking level, but 
also on customer controlled variables and inter
actions between the two groups of variables. 

The main purpose of this study is to obtain 
results needed to characterize both network per
formance and customer behavior not only on ini
tial attempts but also on possible subsequent 
attempts in setting up a desired telephone con
nection. Retrial results are also useful in 
many practical traffic engineering and network 
management applications. As noted previously 
roughly 70 percent of DDD calls are completed. 
An important question is how do customers react 
after encountering the other 30 percent incom
plete calls. And equally important is the 
question of how often customers eventually es
tablish their desired connections. It will be 
shown in this paper that answers to those and 
other questions can provide a useful tool in 
evaluating the revenue and cost impact of ef
forts to improve the network call completions. 

Each individual call attempt may be character
ized by a complex sequence of events involving 
actions and reactions by both customers and 
the network. A detailed characterization of 
network performance and customer behavior during 
the course of setting up a DDD call attempt was 
given recently by Duffy and Mercer. l In that 
study no distinction was made on the attempt 
level, i.e., the order in a sequence of attempts 
associated with the same desired connection. 
The results therefore represent averages over 
all attempt levels. Also in that study very 
limited information ~as given about customer 
reattempts following an unsuccessful attempt. 
Due to a restriction inherent in their data 
sources only information of up to three fast 
retrials occurring within 60 seconds of a pre
vious observed incomplete attempt was obtained. 
Thus it was not possible to determine if any 
attempt had preceded the first observed attempt 
or might follow the last observed attempt. 

The only substantial amount of published retrial 
data in the Bell System is what Wilkinson and 
Radnik2 obtained in 1966 in a special study of 
Automatic Message Accounting (AMA) tapes asso
ciated with toll calls originated at Norfolk, 
VA and Levittown, PA. In that study data on 
whether and how many retrials would follow an 
initial unsuccessful attempt were obtained. 
However, the reason for failure of DDD attempts 
was not identified, so the description of the 
retrial phenomena was incomplete. Without iden
tifying the cause of failure leading to subse
quent retrials, it could not be determined under 
what 'circumstances those retrial data might be 
used properly. 

It is clear that a sufficient description will 
be obtained if one monitors complete sequences 
of attempts from initial attempts to their ul
timate successes or abandonments. There are two 
significant "factors" to be considered for this 
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type of approach. One is the amount of effort 
heeded in the design of proper instrumentation 
that can monitor many customer lines simultan
eously and gather detailed call set-up informa
tion of every call originated from the lines 
being monitored. The other factor is that even 
with a proper instrumentation, a lengthy survey 
would be required to obtain a scientific sample 
of data which would characterize the DDD network. 
It turned out that these two factors represented 
major stumbling block.s, therefore an alternative 
approach was sought. 

In order to carry out the retrial study, a new 
retrial model is introduced in which it is only 
necessary to determine the following: the dis
position of one attempt in a sequence of at
tempts, which number it is in the sequence, how 
many attempts are made in the sequence and the 
ultimate success or failure of the attempt se
quence. The parameters of the model can be 
evaluated by combining existing service observ
ing data with AMA billing records from the same 
originating entities. In fact for a DDD attempt 
observed through the normal course of Dial Line 
~ervice Qbserving (PLS0 1 , we can classIfy the 
disposition of an attempt. From the called 
number recorded on the service observing card, 
the originating NPA/NNX, and the time the call 
was made, each observed DDD DLSO attempt can 
be matched ~ith a corresponding AMA record. 
When a match is obtained, a search on appropriate 
AMA tapes will identify all previous or subse
quent attempts. Once complete sequences of at
tempts are determined in this way, the attempt 
level - that is, initial attempt, first retrial, 
etc. - for each observed DLSO attempt in the 
corresponding sequence of attempts can be de
termined. 

The outline of this paper is as follows. Data 
collection and processing procedure are explained 
in Section 2. Section 3 presents the basic ini
tial attempt retrial results. Dependence of the 
retrial characteristics upon both the originating 
and terminating classes of service is examined 
in Section 4. A class of service is used to 
designate a type of telephone service provided 
to a group of customers. In this paper two 
broad classes of service will be considered: 
residence and business. Potential network rev
enue ~ains due,to reducing ineffective attempts 
are d~scussed ~n Section 5.1 Network revenue 
and cost impact of an increase in the network 
completion ratio is analyzed in Section 5.2. A 
spec~al 7xam~le of th7 impact of call waiting 
serv~ce ~s d~scussed ~n Section 5.3. The results 
presented in the paper are summarized in 
Section 6. 

2. DATA COLLECTION AND DATA PROCESSING 

At the outset of the sampling plan it was rec
ognized that existing DLSO bureaus should be 
considered as primary units and not be divided 
further into small units to minimize possible 
adm~nistrati~e difficulties. After comparing 
var~ous poss7ble sampling plans, a two stage 
random sampl~ng plan with stratification was 
adopted. Through this sampling plan a total of 
35 DLS? bureaus in 17 Bell System Operating 
Compan~es were selected. 

For the 890 switching entities in the 35 DLSO 
bureaus, both the DLSO data, the corresponding 
AMA records, and information about the class of 
service for the calling and called customers were 
collected for a one-week period in 1976. 

As explained in the Introduction, the collected 
DLSO data and AMA data were to be combined to 
match each DLSO observation with an AMA record. 
A total of 12,658 DLSO observations were suc
cessfully matched. In this paper, the time 
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period for attempts to be considered as part of 
the same sequence will be restricted to the same 
calendar day of the DLSO observation. (Effects 
due to an extension of retrial period to include 
the next calendar day have been found to be 
small) . 

3. BASIC RETRIAL RESULTS 

Out of 12,658 matched observations, 10,672 ob
servations were found to be initial attempts. 
The results presented in this paper will be 
based upon those attempts and the subsequent 
reattempts (if any). 

Each of those 10,,672 matched first attempts de
fines a desired connection. For each desired 
connection, a sequence of attempts may be ini
tiated by the calling customer. The number of 
attempts, completion probability, and retrial 
probability are listed in Table 1 for each 
attempt level in those 10,672 sequences of at
tempts. It can be seen that the completion pro
bability decreases steadily while the retrial 
probability increases steadily as the attempt 
level increases. The steady decrease of the 
completion probability is a filtering effect. 
That is, as one observes higher attempt levels, 
the sequences still "active" are those directed 
to customers that are difficult to reach (or 
completion would have occurred earlier) by cus
tomerswho are more determined to get through 
(or they would have abandoned earlier), so com
pletion probability decreases and retrial pro
bability increases. 

TABLE 1 COMPLETION AND RETRIAL 
PROBABILITIES BY ATTEMPT LEVELS 

Attemot Number of ~letian 
Level AttemEts Probabilit:i 

1 
2 
3 
4 

.::. 5 

10672 .755 ±.015 
1749 .510 ±.O5l 

636 .415 ±.06l 
295 .377 ±.052 
386 .119 ±.O17 

Average retrial probability 
Average attempts/initial attempt 

Ultimate success probability 

Retrial 
Probabil~t:i 

.665 ±.042 

.743 ±.067 

.793 ±.08l 

.871 ±.069 

.957 ±.028 

.719 ±.020 
1.29 ± .04 
.885 ± .009 

The probability of ultimate success in completing 
a desired connection is found to be .885 ±.009. 
This means 88.5 percent of the desired connec
tions are eventually established. Of the 88.5 
percent successful sequences, 75.5 percent of 
them succeed on the initial attempt, while the 
other 13 percent succeed after an average of 
1.79 additional attempts. The call setup time 
(excluding dialing timel is 18.2 seconds for a 
message, and 32.1 seconds for an incomplete call. 
The average call setup time per successful 

sequence is [18.2 + .8~~ x 1.79 x 32.1] = 26.6 

seconds. The other 11.5 percent of the sequences 
are abandoned after an average of an additional 
:52 attempts. The average call setup time per 
~ncomplete sequence is 1.52 x32.l = 48.8 seconds. 
Those incomplete sequences contribute a sub
s t antial share of network load or 
(.115 X48.81/C.115 x 48.8+.885x 26:6) = 19.3 percent 
of all nonconversation time in the DDD network. 
They also represent a very significant loss of 
p~tential revenue. . (The revenue aspect will be 
d~scussed further in Section 51. Overall, there 
are 1.29 call attempts per initial attempt, and 
1.45 call attempts per message. 

So far the retrial results mentioned do not in
clude the cause of failure. Information given 
on DLSO cards allows a detailed classification 
of the call disposition of each observation. 
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For the present analysis call dispositions are 
classified by the following 5 categories: com
plete (COMP), did not answer CDA1, busy (.By 1 , 
equipment blockage and failure (EB&Fl, and every
thing else (Other). The . EB&F category encompas
ses all ineffective attempts due to network. caused 
problems such as no circuit/reorder, no ring, and 
miscellaneous equipment irregularities. The 
"Other" category is a mixture of several differ
ent categories of calls classified as one of the 
following dispositions: did not wait, correctly 
intercepted, no such number, customer-dialed 
wrong number, and no response due to customer 
omitting an access code. 

Let q stand for one of the five dispositions 
listed above. The basic quantities determined 
from the study upon which all subsequent appli
cations are based will be represented by the 
following: 

Plq' the probability that the initial attempt 
disposition is q 

r q , the probability of a reattemptafter an 
initial attempt with disposition q 

Lq , the average number of additional attempts 
after an initial attempt with. disposition 
q including sequences with no additional 
attempts 

Sq' the probability that a connection is ul
timately established given that the 
initial attempt disposition is q. 

These retrial quantities along with. overall dis
position probabilities Pq are summarized in 
Table 2. The following comments about the re~ 
suIts are in order: 

q 

Plq 

~q 

L 
q 

S 
q 

Pq 

1. The initial completion probability of .755 
is substantially higher than the overall 
completion probability of .69. For the 
incomplete attempts,- it goes in the op
posite direction. For example, 19 percent 
of initial attempts result in BY or DA, 
while 25.4 percent of all attempts end up 
in these two dispositions. 

2. In terms of retrial parameters, r , L , 
and S , customer retrial behaviorqis q 
quiteqdifferent after encountering dif
ferent initial dispositions. For example, 
the retrial probability ranges from .61 
for calls encountering DA conditions, to 
.86 for calls blocked due to network
caused problems. 

3. A surprisingly large 39.5 percent of the 
customers did not make any reattempts 
at all after encountering initial DAs. 
As a result only 44.4 percent of sequences 
initially encountering a DA were eventual
ly completed. Since 12.9 percent of the 
initial attempts are DAs, this represents 
a 7.2 percent loss of all desired con
nections. 

4. Customers tend to retry more often when 
encountering network-related problems 
though the chance of an ultimate success 
is no better than that after BY. 

TABLE 2 BASIC RETRIAL RESULTS 

Did Not 
Complete Answer Busy EB&F Othe.r 

.755 ± .014 .129 ± .010 .059 ± .007 .019 ± . 004 .037 ±.008 

.61 ± .06 .72 ± .06 .S6 ±.07 .66 ± . 06 

0 1. 02 ±.OS 1.62 ±.30 1. 54 ±0.42 .95 ±.12 

1.0 .44 ± .04 .66 ± .07 .66 ± .ll .54 ± .10 

.69 ± .Oll .160 ± .Oll .094 ±. 008 .022 ± .003 .034 ±.007 
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A very important retrial characteristic is how 
fast a customer makes a reattempt. Retrial rate 
following EB&F is a critical factor influencing 
how fast a network congestion may build up. An 
immediate retrial following a BY condition is 
likely to lead to another BY. In the remainder 
of this section retrial time distribution will 
be described in terms of interarrival time be
tween an initial attempt with a given incomplete 
disposition q and the subsequent reattempt. 

The mean and the median retrial times following 
initial BY are 18.2 and 3.7 minutes respectively; 
following DA, . 67.3~nd 36.2 minutes, following 
EB&F 23.9 and 1.1 minutes. It is evident that 
in all three cases the median retrial time is 
much smaller than the corresponding mean retrial 
time. In terms of median retrial time, the re
attempt trailing an initial EB&F is only 1.1 min
utes that following an initial BY is only slight
ly longer - 3.7 minutes, and that following an 
initial DA is much longer - 36.2 minutes. 

If the interarrival time between an initial in
complete attempt and the second attempt of the 
same desired sequence behaves like an exponential 
distribution, then the ratio of the median re
trial time to the mean retrial time can easily 
be shown to be In2(=O.69). From the values list
ed above, none of the three cases satisfies this 
criterion. In fact, the three retrial time dis
tribution functions following initial BY, DA, 
and EF&F shown in Figure 1 have been fitted to 
three functional forms: Ca) single exponential: 
ll-e- At ) ,Cb} two exponentials: p(l-e- >.. t) + 
(l-p) (l-e-]Jt), and (c) lOJ-normal:' 

__ 1_ Jt ! exp {_! [lnX-f.l) 2 dx The results of 
12no x 2 0 

o 
least-square fits are summarized in Table 3. It 
can be seen that the two exponential form gives 
a better fit in all three cases. In the case of 
BY, the log-normal form is not too bad consider
in~ t.he fact that i.t ha,s only two· ·parame.ters in
stead of three for the two exponential form. 

TABLE 3 RESULTS OF LEAST-SQUARE FITS OF RETRIAL 
DISTRIBUTION FUNCTIONS FOLLOWING INITIAL BY, DA AND EB&F 

II)i tial. Attempt Mean-Square 
Disposition Function Fitted Deviation 

Exponential 
-2 

BY Single 1. ox lO 
Log-normal 2.6X10-4 

Two Exponentials 1. 5x lO 
-4 

DA Single Exponential 5.5x l O-3 

Log-normal 1.9x lO- 3 

Two Exponential 2.4xlO-? 

EB&F Single Exponential 1. 5XlO-2 

Log-normal 1. 2x lO-3 

Two Exponentials 4.9X10-4 

4. INFLUENCE OF CLASS OF· S~VICE U~ON . RETRIAL 

CHARAcTERISTICS 

The process of s.et~ing up a DDD call involves a 
complex interaction among a cailing customer, 
a 'ealled' customer, and the underlying network. 
T.he network, as comElicated as it . is, is out
standing in terms of its performance to success
fully carry call attempts. On the average, only 
2.2 percent of all DDD attempts fail to complete 
due to network 'caused problems. For the most 
part, whether a desired connection will be com
pleted or not is decided by the calling and 
called customers. The usage and capacity of a 
called customer's telephone equipment and the 
degree of his readiness to answer an incoming 
call determine whether the incoming call will be 
properly answered, remain unanswered, or result 
in a busy condition. From the viewpoint of the 
callin'g customer, his selection of time to place 
his calls and his behavior during the call setup 
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and any subsequent reattempts certainly influence 
the outcome of these calls. 

Customers in two important classes of service -
residence and business - tend to show different 
characteristics in terms of the telephone usage, 
the capacity of the telephone equipment, and the 
availability of a customer to answer his phone. 
These customer characteristics may very well lead 
to substantial differences in the basic retrial 
characteristics. In particular one may reason
ably expect that a · customer's class of service 
will influence retrial characteristics associated 
with customer-related failures such as BYs and 
DAs that are beyond the control of the network. 
In this section, the retrial parameters associ
ated with calls originated from residence or 
business customers to residence or business 
customers will be examined. 

Estimates of the percentages of initial attempt 
dispositions of DDD calls from residence to 
residence (R+R), residence to business (R+B), 
business to residence (B+R), and business to 
business (B+B) are summarized in Table 4. It can 
be seen from this table that within the confi
dence intervals obtained in this study, the per
centages of initial attempts encountering BY, 
EB&F, and "other" are basically the same in all 
four combinations of classes of service. The 
percentage of calls resulting in initial com
pletions or initial DAs varies drastically from 
case to case. The initial completion percentages 
are 66.1 (R+R), 80.2 (R+B), 62.7 (B+R), and 84.6 
(B+B). The corresponding initial DA percentages 
are 23.1, 6.4, 26.3 and 4.3. Clearly the initial 
completion percentage is higher for calls termin
ating at business lines than those at residence 
lines. The main difference is due to a higher 
percentage of DAs for calls directed to residence 
customers. The sums of initial completion and DA 
percentages are 89.2, 86.6, 89 and 88.9. In all 
four combinations of classes of service, the ini
tial DA rate and the initial completion rate 
practically compensate each other. 

·Also listed in Table 4 are the ultimate success 
probability, the number of attempts per initial 
attempt and the overall completion ratio for 
calls between originating residence or business 
class of service and terminating residence or 
business class of service. Calls terminating at 
residence lines, whether they are originated by 
residence or business customers, have poor ini
tial and overall completion ratios. Almost 44 
percent of all calls terminating at residence 
lines are incomplete attempts. The percentage 
of desired connections that are eventually 
established is 83.6 for R+R calls, and 78.8 for 
B+ R calls. This means that 16.4 percent of 
desired connections from residence to residence, 
and 21.2 percent of desired connections from 
business to residence are never completed. 

TABLE 4 INITIAL ATTEMPT DISPOSITIONS BY 
ORIGINATING AND TERMINATING CLASSES OF SERVICE 

Percentage 

Initial 
Attempt 

From Residence From Business 

Disp. 

Complete 

Busy 
Did Not 
Answer 
EB&F 
Other 

S 

L 

C 

To 
Residence 

66.1 ±3 .. 3 

5.6 ±1.4 

23.1 ± 2.9 
2.2 ± 1.2 
3.0 ± 1.4 

R-+R 

0.83 ±0 . 2 
1.46 ± .14 
56.3 ± 3.1 

To 
Business 

80.2 ±3.5 

7.6 ± 2.2 

6.4 ±1 .8 
1.4 ±0 .6 
4.4 ±2.l 

R-+B 

0.92 ± .02 
1.29 ±. 10 
73.2 ± 4.4 

S ultimate success probability 

To 
Residence 

62.7 ±7.0 

6.0 ± 2.3 

26.3±6.9 
1.6 ± 1.l 
3.4 ± 1.7 

B-+R 

0.79 ±.06 
1. 39 ±.19 
55.9 ±4 .2 

L number of attempts per initial attempt 
C overall completion ratio 

number of messages/number o f attempts 
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To 
Business 

84.6 ±3.0 

5.7 ± 1.6 

4.3 ± 1.3 
2.5 ± 1.l 
3.0 ± 2.l 

B+B 

0.94 ±.02 
1.18 ±.OS 
80.0 ±3.0 

In contrast, c~l~s terminating at buiness lines 
have higher initial and overall completion rati
os, and better ultimate success probabilities. 
~hough these parameters differ somewhat for res
idence-originated calls and business-originated 
calls, the differences are much smaller compared 
with the similar parameters for calls terminat
ing at residence lines. Overall, calls from 
business to business have the best chance of com
pleting desired connections, while those from 
business to residence have the worst. 

Details of retrial characteristics for the four 
combinations of classes of service are given in 
Table 5. The initial retrial probability (r ), 
the number of additional attempts (Lq ), and q 
the ultimate success probability (Sq) have quite 
different values, depending upon the initial 
attempt disposition. However, for a given ini
tial disposition, there are no drastic differ
ences in those retrial characteristics among 
calls placed between different combinations of 
the originating and terminating classes of ser
vice. When a business customer encounters an 
initial DA, the probability of making one or 
more reattempts is 0.72 if he is calling another 
business customer. However if he is calling a 
residence customer, he will retry only with a 
probability of .46. Another interesting point 
is that residence customers tend to make a 
slightly higher number of reattempts for calls 
intended for residence customers. That a resi
dence customer tries harder to call another resi
dence customer may be a reflection of his desire 
to complete the call or a result of his percep
tion that he has to try harder because it is 
harder to get the residence customer to answer 
his phone. 

TABLE 5 · RETRIAL CHARACTERISTICS BY ORIGINATING 
AND TERMINATING CLASSES OF SERVICE 

Retrial 
From Residence From Business 

Charac- To To To To 
teristic Residence Business Residence Business 

ray 0.71 ±.ll .74 ± .09 .75 ± .02 . 74 ± .14 

LBy 1.50 ± . 39 2.14 ± .89 2.18 ±1.25 1.63 ± .49 

SBY 0.65 ±.10 0.67 ± .09 0.65 ± .16 .70 ±.14 

r
DA 

0.58 ±.07 0.47 ±.12 0.46 ± .14 0.72 ± .10 

LDA 1.19 ± .19 0.94 ± .26 0.79 ±. 30 0.86 ±.13 

SDA 0.44 ± .06 0.35 ± .ll 0.39 ± .16 0.51 ±.13 

rEB&F 0.80 ± .18 0.97 ± .13 0.86 ± .15 0.79 ± .14 

LEB&F 2.58 ±1.53 1. 39 ± .36 1.71 ± .42 1.05 ±.16 

SEB&F 0.72 ± .20 0.84 ± .20 0.67 ± .28 0.72 ± .17 

r
OTHER 

0.80 ± .14 0.87 ± .08 0.51 ± .20 0.66 ± .ll 

LOTHER 1.44 ± .57 1.10 ±.14 0.G4 ±. 30 0.94 ±. 13 

SOTHER 
0.70 ± .16 0.79 ± .15 0.27 ± .2l 0.43 ± .29 

Sample Size 1562 1252 750 2826 

r 
q 

retrial probability given that the initial attempt 
disposition is q. 

L 
q 

s 
q 

average number of additional attempts given that the 
initial attempt disposition is q. 

the ultimate success probability given that the 
initial attempt disposition is q. 
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The relative importance of BYs and DAs in deter
mining whether calls will be completed is demon
strated in Tabl~ 6 which lists the percenyage of 
sequences that are abandoned eventually be cus
tomers after encountering different initial in
complete attempts. For calls terminating at 
residence lines, whether they are initiated by 
residence or business customers,' DAs are the 
main obstacies in preventing completions of 
customers' desired connections. For calls ter
minating at business lines, whether originated 
by residence or business customers, DAs and BYs 
are almost equally responsible for failures in 
completing desired connections. 

TABLE 6 PE'RCENTAGES OF SEQUENCES WHICH 
ARE' UNSUCCESSFUL BY ORIGINATING 

AND TERMINATING CLASSES OF SERVICE 

Initial Attempt Percentages of Sequences 
Disposition Which are Unsuccessful 

R+R R+B B'+R B+B 

Busy 2.0 2.5 2.1 1.7 
Did not answer 12.9 4.2 16.0 2.1 
EB&F 0.6 0.2 0.5 0.7 
Other 0.9 0.9 2.5 1.7 

Total 16.4 7.8 21.1 6.0 

The most important implication of the above dis
cussions is that as far as the initial attempt 
completion probability and the ultimate success 
probability are concerned, the terminating class 
of service i~ the dominant factor. The origi
nating class of service plays only a secondary 
role in modifying the results. 

5. APPLICATIONS 

Retrial results obtained in this study are very 
important in providing an overview of network 
performance and behavior in setting up a desired 
telephone connection. They are also useful in 
many practical applications. In traffic engi
neering, one has to take retrials into account 
in order to properly relate a carried load to 
the offered load for a given blocking objective. 
Especially in situations where repeated retrials 
may cause congestion in a local office or the 
network, information about retrial characteris
tics is particularly needed. Similarly, know
ledge of customer behavior in reacting to network 
caused failures should be helpful in designing 
proper network management techniques to minimize 
the impact of a temporary network problem. 

Another application of significant importance 
is to provide a tool ln evaluating the revenue 
and cost impact of call completion improvement 
programs. Several improvement programs have been 
adopted in the Bell System operating companies 
in order to increase ,the network call completion 
ratio which is defined as the number of DDD mes
sages divided by that of DDD attempts. An ini
tial analysis on the revenue and cost impact of 
improving call completion on all DDD calls dis
regarding the originating and terminating classes 
of service will be presented in this section. 

As noted in Section 3, 11.5 percent of all de
sired connections are never established. It will 
be shown that they represent a significant loss 
of revenue. The amount of revenue loss varies 
from disposition to ,disposition. 

There are ways to recover some of the large reve
nue loss associated with unsuccessful sequences 
of attempts. For instance, network related pro
blems can be dealt with through a faster iden
tification and correction of network problems. 
Customer-related problems (like BY or DAl may 
be attacked by various marketing strategies like 
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selling customers new products or new services, 
or simply educating customers more effectively. 
There undoubtedly will be an associated cost for 
each program. It is not the purpose of the pre
sent paper to examine revenue and cost effects 
for every possible strategy to find out the most 
cost effective way to improve the network com
pletion ratio. Rather, the following analyses 
are intended to demonstrate how the retrial re
sults reported here can be used to address two 
important aspects of the problem: namely, net
work revenue and network cost of carrying DDD 
messages and attempts. Questions like service 
charges and program costs are outside the scope 
of the current investigation. 

Revenue loss associated with each category of 
incomplete dispositions is evaluated in the first 
subsection. In the other two subsections two 
network improvement programs are discussed. It 
is hoped that these examples will help demon
strate the usage of the previously presented re
trial quantities in other situations. One exam
ple to be discussed is the so-called worth of 
completion question. It deals with the relation
ship of network revenue gain to an increase in 
the network completion ratio. In the other 
example, revenue effects of the call waiting 
service will be discussed. The call waiting 
service provides a subscriber the option of 
answering an incoming call even when he is al
ready engaged in a conversation. 

5.1 NETWORK REVENUE LOSS 

Annual revenue loss for each category of inef
fective initial attempts can be computed as 
follows. The number of annual initial attempts 

NI 
with disposition q is N x rr x Plq' where N is 

the number of annual DDD attempts, and NI the 
number of annual initial DDD attempts. The 

N 
ratio i is determined from the data in Table 2 

to be .775. Out of these sequences of attempts, 
Nl xPl x (l-Sq) desired connections are never es
tabll~hed. Annual revenue loss for the category 
is Nl XPlq X(l-Sq) X (Revenue/message) . The total 
annual DDD revenue may be written as NI L PI S 

q q q 
(Revenue/message). The ratio of annual revenue 
loss relative to this total revenue is 8.1 per
cent associated with initial DAs, 2.2 percent 
for BYs, and 0.7 percent for EB&Fs. The predom
inant revenue loss can be attributed to DAs and 
BYs. This loss, which results from custorr.e r
controlled failures, will be covered, not 
through direct improvements of the physical net
work, but only through marketing efforts to re
duce the incidence of DAs and BYs. It may be 
achieved by selling customers more lines or new 
vertical services where available. 

5.2 WORTH OF COMPLETION 

In order to estimate the network revenue gain 
for a 1 percent increase in the network com
pletion ratio, it will be assumed that the in
crease is made possible through the introduction 
of a call completion improvement program. The 
program will result in an increase in completion 
on the initial attempt for call sequences that 
would otherwise have resulted in an initial dis
position q. Let Nlq be the number of initial 
incomplete attempts with disposition q that will 
be converted into complete calls on the first 
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attempts. * As a result of introducing the net
work improvement program, those Nlq sequences 
will be affected. Before the conversion due to 
the program, NlqSq connections were established, 

and an additional NlqLg a~tempts were generated. 
After the conversion -a~l.Nlq s~quences are com
pleted without any addltlonal attempts. 

The total net additional revenue gai~ consists of 
the net revenue from the additional NlqCl-Sql 

messages and the cost saving from ~lq(Lq+l-Sq} 
incomplete attempts. The net revenue per message 
is defined as (revenue/message - cost/message). 
Therefore, the net worth (additional revenue -
additional cost) may be written as 

Net worth = NI (l-S ) (net revenue/message) q q 

+N (L +l-S ) (cost/noncompletion) Iq q q 

NI (l-S ) (revenue/message) q q 

-N (l-S) (cost/revenue/messagel Iq q 

+N (L +l-S llcost/noncompletion) Iq q q 

If N is the total number of DDD attempts before 
the conversion, and c is the completion ratio, 
then NI is related to ~c, a change in the com
pletionqratio, by the following equation: 

~c 
NC+Nlq (l-Sq) }Jlq (l-Sq+CLq ) 

- - c 
N-N L Iq q N-N L Iq q 

or 
N~c 

The net worth can now be rewritten as 

N~c 
Net worth = l-S +(c+~c}L 

q q 

x [(l-S ) (revenue/message) , q 

- (l-S ) (cost/message) q 

+ (L +l-S '(cost/noncompletion'l q q 

Thus for a given change in the completion ratio, 
~c, ~n~ can compute both Nlq ~n~ the net wort~, 
where Nlq is the number of lnltlal attempts ~lth 
dispositlon q that need to be changed to achleve 
the new completion ratio. The number of inef
fective attempts with disposition q disregarding 
the attempt level, Ng , that wi~l be eli~inated 
in the process can aIso be estlmated. Nlq/Nq 
may be approximated by the ratio of the number 
of initial DLSO observations with disposition q 
to that of the overall DLSO observations with a 
disposition q at any attempt level, i.e., 
NIPI /Npq. An estimate of Ng is of practica~ 
inte~est, since in general tne result of an lm
provement progra~ is measured in terms of its ef
fect on N , not Nlq , and it is often desirable to 
know the ~ffect on revenues from such an 
improvement program. 

* For dispositions other than DA and BY, the 
improvement prograrr. does not necessarily convert 
all Nlq initial attempts into completions, but 
into a mixture of completions, DAs and BYs. The 
effects of this difference on the revenue re
sults are slight, but are included in the re
sults shown subsequently. The required modifi
cations to the equations can easily be derived 
and will not be shown here. , 
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Given appropriate revenue and cost figures per 
message and cost in setting up an incomplete 
attempt, the cost and revenue effects for a 
change in the completion ratio 'of DDD calls may 
be readily evaluated. 

5.3 CALL WAITING SERVICE 

The call waiting service is one of the vertical 
services available to customers served by ESS 
machines. It allows a subscriber to answer an 
incoming call from a second calling party when 
he is already engaged in a conversation. Nor
mally, the second calling party would re7eive a 
busy signal. With the callwaitin~ ser~lce the 
subscriber can respond to the new lncomlng call, 
and thus change a would-be BY attempt into a 
complete call. If he decides to ignore the new 
incoming call, the attempt would appear as a DA 
instead of a BY to the second b~lling party. In 
the latter case, the second calling customer 
would presumably hold on much longer than if he 
encountered a BY signal. This choice of res
ponse available to the subscriber introduces 
into the problem an additional parameter S, the 
fraction of time that the subscriber will re
spond to the call waiting signal. Let a be ~he 
marketing penetration factor for the call walt
ing service. One can show in a similar analysis 
as given in the last two sections, 

incremental 
messages 

incremental 
ineffective 

attempts 

and 

net worth 

(l-alPl,BY 

c 

x (net revenue/message) 

+ [LBy+S(l-SBY) 

- (l-S)LDA] (cost/noncom
pletion)} 

The net worth is di.rectly proportional to the 
market penetration factor a. It is a linear 
function of the response factor S. For a small 
S, the net worth may become negative. The rea
son is that if subscribers of the call waiting 
service do not respond to call waiting ~ignals, 
the calling customers may perceive DA conditions 
rather than would-be BY conditions and will re
act accordingly. The Ultimate success proba
bility after DA being lower than that after BY, 
the trade off may not be favorable. Fortunately 
if one uses reasonable estimates for various 
parameters, the net worth will be positive if S 
is greater than .25. Initial results from 
a recent special study indicates that S is ap
proximately .63. 
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6. SUMMARY 

The important quantities needed to characterize 
the retrial behavior are the initial disposi
tion probability PIg' the retrial probability 
rg, the number of additional attempts Lq, and 
tlie ultimate success probability Sq. These 
quantities, which are summarized in Table 2, 
vary substantially for different initial dispos
itions. Depending upon the initial attempt in
complete disposition - whether it be a BY, DA 
or EB&F, the time interval which a customer 
waits before initiating another attempt is 
quite different. 

Besides the traditional traffic engineering 
application of these retrial parameters, several 
applications are included here to demonstrate 
the usefulness of these retrial statistics. In 
addition, the technique used in this paper has 
als~ been applied to several other problems in 
the network planninJ area. 
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