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Michael G. Hartman 
GTE Service Corporation, Stamford, Connecticut, U.S.A . 

ABSTRACT 

Due to the impact that proposed rate structures and tech
nological advances are likely to have on telephone traf
fic in the future, GTE has undertaken two customer line 
usage studies in its domestic telephone operating com
panies. In these studies, information is recorded on 
each call made on individual studied lines. This infor
mation is combined with customer data in downstream pro
cessing to produce a detailed call data base. 

In this paper, the reasons that these two studies were 
undertaken are outlined, the study plans and hardware are 
described, the results of some preliminary analyses are 
presented and discussed, and future studies on the data 
are described. In the results section, the distribution 
of call arrivals and the distribution of message holding 
times are analyzed. In addition, some usage statistics 
by class of service are derived and applied to an analy
sis of load balancing techniques. 

1. INTRODUCTION 

In an effort to learn more about the calling character
istics of the individual customers that we serve, GTE has 
undertaken two Customer Line Usage studies within its 
domestic telephone companies. This paper will describe 
the study designs, data collection equipment and process
ing procedures, some of the analyses that have been car
ried out, and some of the future analyses that are 
planned. 

Until recently, data collection efforts in the telephone 
industry have been aimed primarily at accomplishing oper
ational tasks - traffic engineering, load balancing, etc. 
In this regard, the data collected has been aggregate in 
nature. For example, traffic engineering of linefinder 
groups in step-by-step offices requires only total origi
nating usage measurements for a group of subscribers as 
a whole for an hour of the day. Details as to the usage 
generated by each individual have not been needed, and 
hence, have not been collected. Recent technical and eco
nomic changes, however, have necessitated the collection 
of individual customer call by call usage data for effec
tive planning and evaluation of new and existing proce
dures and equipment. Examples of planning activities in 
which call by call detail is essential, include (1) the 
effect on calling habits of measured rate local service -
what amount of repression will various classes of sub
scribers exhibit relative to flat rate pricing? (2) In 
conjunction with measured service offerings, can off-peak 
pricing be used as a means of shifting traffic loads and 
thus reducing central office equipment requirements? (3) 
What are the usage characteristics of special classes of 
users - data phones, broadcast services, credit card 
validation services, etc? (4) In the area of line con
centrators, it is essential that the usage characteris
t i cs of individuals be known, since some of the smooth
ing effect of a large group of subscribers will be lost. 
(5) Identification of separate traffic forecasting func
tions by class of subscriber may lead to more accurate 
forecasting than current aggregate methods. Examples of 
existing procedures and technological innovations that 
can be evaluated using subscriber data include: (l) load 
balancing techniques - will uniform assignment of sub
scriber types to line groups improve balance? Is load 
balancing by moving lines cost effective or would over
engineering be more economical? (2) Do arrival rate and 
holding time distributions agree with the assumptions 
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made in the development of capacity tables? (3) Are the 
calling and dialing habits of touch tone subscribers 
significantly different from those of rotary dial sub
scribers? (4) What are the major components of non-con
versation traffic? Can this portion of traffic be re
duced by equipment alteration or administrative proce
dures? 

All of these are analyses of important issues which have 
the potential for great increases in customer service and 
operating efficiency. Since one customer line study, if 
properly designed, can serve as the data source for all 
of these analyses, it is not hard to justify the cost of 
the study on a need basis. It is with these goals in 
mind, therefore, that GTE is conducting the two customer 
line usage studies described in the remainder of this 
paper. 

2. STUDY DESIGNS AND HARDWARE 

The two studies being conducted are: a study of or1g1-
nating completed messages in three exchanges in GTE of 
Illinois and a study of total originating and terminating 
traffic in ten exchanges in GTE of California. The form
er study is designed primarily as an experiment in local 
measured service and 100% of the lines in the three ex
changes are being measured. The latter is a stratified 
random sample of a total of 2500 lines. The following 
sub-sections describe each of these studies in more de
tail. 

2.1 THE ILLINOIS STUDY 

A conversation time measuring sys.tem (CTMS) is used in 
three exchanges to collect records of each completed 
originating local message. The data recorded with each 
message are: 

1. Calling number 
2. Called number 
3. Time of day call answered (hrs., min., sec.) 
4. Duration of call (hrs., min., sec.) 
5. Date of call 

This data is transferred from buffer storage to magnetic 
tape automatically by the CTMS in blocks of forty re
cords. Periodically, these tapes are manually sent to 
off line batch computers for processing. At this point, 
supplementary information is added to each record from 
the customer master file and other data sources. The 
end result is a monthly call detail data file containing, 
in addition to the items collected by the CTMS, the fol
lowing items for each call: 

6. The class of service of the calling party 
7. The line group of the calling party 
8. The master service date of the calling party 
9. The biiling number of the calling party 

Finally, toll detail data are added to the file, and it 
is sorted ftrst by calling number and then chronological
ly within a calling number. Thus, at the end of the call 
processing procedure, each entry in the data file is a 
stand-alone record which gives complete information about 
the message. 

The three exchanges serve a total of approximately l7,000 
subscribers who place approximately 2,000,000 messages 
per month. Although the exchanges are predominantly re-
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sidential, there are a significant number of business sub
scribers. The breakdown of subscriber types by exchanges 
is shown in Table 1. A more detailed description of this 
study is given in a paper by Mr. Gerald Cohen included 
elsewhere in these proceedings. 

!AIILI 1 
IUIIUR or 8'l'IIDY POIIITB BY UCIWIGII 

Ite7 
1 1'u't7 "'-lt1-Part)' 1 Part)' II)'wt_ PBX 
~ ~ !!!!!!!!!!. ~ ~ ~ ~ 

ItItchulae 1 2.119 315 3111 136 29 165 ~.365 
ItItchulae 2 6.414 6110 9011 311 195 1.1211 10.308 
ItI<ehulae 3 1.555 1110 252 81 11 ~60 2.505 

Total. 10.808 1.095 1.491 588 2h 2.949 11.118 

Various control reports are printed in the process of 
producing this "augmented detail" data file, such as mes
sage counts, minute counts, etc., both by exchange and 
total for the three exchanges. One of the most useful 
control reports has been the "gap report", which shows 
those instances of time gaps between successive call orig
inations in an exchange of fifteen minutes or more. The 
gap report provides an indication of the down time of the 
equipment in each exchange, and is very useful in insur
ing the accuracy of hourly mean usage calculations. 

The CTMS has been in operation since mid-1974 and has 
proven very reliable as a measured local service data 
collection device for these three step-by-step offices. 
The subscribers in the three exchanges were issued dupli
cate flat rate and measured rate bills beginning in 
October, 1975, with the flat rate bill being the amount 
to be paid, and the measured rate bill being intended for 
informational purposes only. Full non-optional measured 
rate service is planned for introduction in 1976, in the 
three exchanges. Several extensive investigations of the 
usage characteristics of classes of subscribers have been 
carried out "on the data. The results of some of th~se 
will be presented in Section "3. 

2.2 THE CALIFORNIA STUDY 

~1e Customer Line Usage Evaluation in California was 
originated as a means of collecting usage information on 
data lines and expanded to include a cross-section of all 
classes of subscribers. As such, it differs from the 
Illinois study in two ways: (I) All activities, both 
completed messages and incomplete attempts, originating 
and terminating, are recorded for a studied line; and 
(2) a stratified random sample of 2500 subscribers locat
ed in ten exchanges are studied, as opposed to the 100% 
measurement of subscribers in Illinois. This type of 
data is more complete, from a traffic standpoint, for 
usage analysis than the Illinois data, and should serve 
as an excellent data base for the studies described in 
Section 4 of this paper. 

One usage recording device with a capacity of 256 lines 
has been installed in each of the ten exchanges. The 
device senses, collects, and records in a single-line-per 
call format - detailed usage information on all attempts 
made to and from the selected measured lines. The items 
recorded on each originating attempt from a measured line 
are: 

1. Calling number 
2. Date 
3. Off-hook time of day (hr., min., sec.) 
4. Digits dialed (if any) 
5. Answer supervision time (if answered) 

(hr., min., sec.) 
6. On-hook time 

The items recorded on each incoming attempt to a measured 
line are: 
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1. Called number 
2. Date 
3. Time of day call received (hr., min., sec.) 
4. Answer supervision time (if answered) 

(hr., min., sec.) 
5. On-hook time (hr., min., sec.) 

The data is recorded on magnetic tape at each site. These 
tapes are manually dismounted and sent to downstream pro- • 
cessing on a monthly basis. Each record is augmented at 
this stage with the following information from supple-
mentary data files: 

1. Class of service of the studied line 
2. Distance of the call (if originating) 
3. Place called (if originating) 

Thus, as with the Illinois data base, each data record is 
a stand-alone account transaction which gives all the re
levant information about an attempt or call. The data 
file is sorted first by studied number and then chronolog
ically within a studied number. 

The ten offices to be studied were selected based upon de
mographic data so that together they formed a representa
tive sample of the company. Factors such as business to 
residence ratio, average family income, life-style, metro
politan vs suburban, etc., were all considered in making 
the selection. The selection was made in this fashion so 
that any usage characteristic demonstrated by the sample 
population could be easily extrapolated to the company as 
a whole. The specific customers studied were selected 
such that statistical accuracy was achieved in the results 
within each class of subscriber. This implied that 
despite the number of subscribers of each type in the 
population, a nearly equal number from each class were 
selected to be studied. In addition to the lines to be 
studied, a list of alternate lines was drawn so that as 
attrition of the studied lines takes place, they can 
quickly be replaced by alternates. 

Data collection has been been underway for a shorter peri
od of time in California than in the Illinoi s study. As 
of this writing, no significant traffic analyses have 
been completed. A study outline for some of the analyses 
planned on the California data is given in Section 4. 

3. PRELIMINARY RESULTS 

Some analyses of subscriber behavior from both a traffic 
and revenue requirements viewpoint have been carried out 
on the Illinois study data at this time. Thi s section 
presents the results of some of the traffic analyses that 
have been conducted on the Illinois data. Throughout the 
following disc~ssion, it must be kept in mind that origi
nating completed messages are being analyzed, and not 
total traffic. 

3.1 ARRIVAL DISTRIBUTION ANALYSIS 

As a check on the classic assumption of random or1g1na
tions of calls at the linefinder banks, an analysis of 
the arrival distribution was carried out. Randomness of 
originations, in this context, means that the time of the 
next call origination is independent of the time of the 
last call origination. Stated another way, randomness of 
arrivals implies that the time between arrivals, t, is 
distributed negative exponentially, with probability 
f{ t)= A e- ~ t, where ~ is the mean number of arrivals per 
unit of time. Because of the organization of the data 
base, it would have been extremely difficult to derive a 
histogram of t, the time between arrivals. Therefore, 
advantage was taken of the fact that exponential inter
arrival times imply that the number of arrivals in a time 
interval is distributed in a Poisson fashion. The proba
bility of n arrivals in a period of time, t, is: 

~ t )n e- ~t 
n! 

The time period~ t, chosen was one minute. To insure 
that the mean rate ~ did not change significantly over 
the study period, only one hour's data was used for any 
given analysis. A computer program was written to accum
ulate the number of originations in each minute of a 
specified hour in an exchange. Output was a histogram of 
arrivals per minute. In all, sixty hours of data were 
examined in this fashion. Of these sixty tests, only 
two showed a distribution that failed a goodness-of-fit 
comparison to the Poisson at the 95% assurance level. 
Figure 1 provides a good visual display of the goodness
of-fit of actual call originations to the Poisson distri-
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bution. The actual cumulative distribution is compared 
to the theoretical cumulative for 'one hour of data from 
exchange 1. Note that in no region of the curve do the 
two distributions differ significantly. 

All indications from this analysis, therefore, are that 
call originations are truly random in nature. This re
sult supports the assumptions made in this regard by 
switching theorists, and refutes the notion that rashes 
of calls originate on or near the hour and half-hour. In 
the next sub-section, the data base will be used to exa
mine the other side of the issue - the distribution of 
message times. 

3 .2 HOLDING TIME DISTRIBUTION ANALYSIS 

In this section, the statistical distribution of message 
holding times will be analyzed and some quantitative and 
qualitative conclusions will be drawn. As with the analy
sis of the arrival distribution, the holding time distri
bution analysis is important in that the assumption of 
negative exponential holding times is one of the founda
tions upon which congestion theory is based. A knowledge 
of the nature of the message holding time distribution is 
important in planning for many types of activities and 
service offerings. For example, measured service and 
broadcast announcement services would tend to decrease 
holding times and thus increase capacity for a fixed 
total load; on the other hand, data lines would tend to 
increase holding times and thus decrease capacity for a 
fixed total load. 

Figures 2 and 3 show the results of this analysis for 
Exchange 2, which was typical of the three exchanges. 
The step function represents the actual message holding 
time distribution for all originating messages, and the 
smooth curve shows the negative exponential with the same 
mean. For both business and residence, the following ob
servations can be made from the graphs: 

1) There are more messages in the 0 to 1 minute 
range than would be expected. 

2) There are more messages in the greater than 
ten minute range than would be expected. 

3) The coefficient of variation is higher 
than the value of one that would be ·ex
pected - 3.18 for residence and 3.76 for 
business. 

The general shape of the actual distributions compares 
remarkably closely with the results obtained by Barnes 
and Reutelhube~ for an office in San Francisco. The 
same observations hold true in both studies, although 
the holding times in San Francisco are not as dispersed 
as those in Illinois. In both stUdies, the business 
subscribers exhibited a holding time more closely resem
bling the exponential than did the residence subscribers. 
Plans to study the impact of these non-exponential hold
ing times on grades of service and on exisitng capacity 
tables are currently being made in GTE. 
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Compositing of the various classes of business and resi
dence subscribers indicates that mean residence message 
times are roughly twice mean business message times, as 
shown in Table 2. 

YABLI 2 

Aft .... e ResideDce Me ..... Tiae 3.83 
Aft ..... Bud ..... Me ..... Tiae 1.79 

3.52 
2.011 

Exch. 3 

3.77 
1.84 

In line with the smaller mean, smaller variance message 
times of business vis-a-vis residence, the businesses 
also showed less of a tendency towards long· conversations. 
This is displayed in Table 3. 

Ixch. 1 
Ixeh. 2 
II:ch. 3 

S or Me ....... < 5 Min. 
Realc1enc:. 8u.1~ •• 

81.)4 92.91 
82.10 91.85 
82.07 92.76 

S or Me ..... e. )15 Min . 
~~ 

5.97 1.05 
5.103 1.20 
5.52 1.28 

Thus, the business subscriber would be less susceptible 
to large variance in monthly billing under measured rate 
service, all other considerations being equal. 

3.3 LOAD BALANCING ANALYSIS 

One of the areas in which an individual subscriber data 
base provides a unique opportunity for study is that of 
load balancing. The grouped data normally used to accom
plish load balancing masks the characteristics of indi-
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vidual subscribers . Without individual subscriber data, 
an analytic evaluation of new load balancing techniques , 
or even a cost- benefit analysis of current techniques, is 
extremely difficult without some very limiting assump
tions . What we have done , therefore , is to use our 
Illinois data base to compute some basic usage statistics 
by class of service, input those to a Monte Carlo simu
lation of various load balancing techniques , and then use 
the output of the simulation as input to a cost- benefit 
analysis, as shown in Figure 4. 

Two techniques of load balancing were evaluated in this 
fashion: uniform assignment of subscriber types to line 
groups and random assignment with no correction for im
balance. Both of these were compared to the current 
method of random assignment and line movement to correct 
imbalance. Each of the three steps outli ned in Figure 4 
will be discussed in the following sections. 

3. 3.1 USAGE CHARACTERISTICS BY CLASS OF SUBSCRIBER 

In order to analyze the load balancing problem, it is 
necessary to take the differences in calling habits of 
subscribers of the same type into account . All Rl ' s, for 
example, do not have the same mean and variance of usage 
in the busy hour. 

To model these differences in calling habits , therefore , 
we have assumed that each subscriber has a normal dis
tribution of traffic in the busy hour. The mean of this 
distribution comes from another normal distribution of 
individual subscriber means about a grand subscriber 
class mean . Figure 5 presents this model in graphic form. 
The physical interpretation of these curves is that the 
variance of subscriber means within a class (upper curve) 
creates the load balance problem - if all subscribers in 
a class had the same mean , there would be no load balance 
problem. The day- to- day variation of a given subscriber 
(lower curve) makes the load balance problem difficult by 
putting a stochastic blur about his true mean usage. 

0. 

DhullMttl-. or l.tlY1M1 
..... rr ll»er ...... ao.\ 
0,.... Su.K1'llIer Cl ....... 

DhtJ'ikUoe. ot u .... • t 
Sub.ut_r a .~ tilt. 

The assumption of normality of these distributions im
plies that a given subscriber could generate negative 
usage for an hour . This will not be a problem, however, 
since we will be looking in the end only at the usage 
generated by groups of 100 to 200 subscribers . Thus, the 
standard deviation for a group will become small relative 
to the mean . 

Table 4 shows the results of the data analysis to deter
mine the parameters of the two- part model of Figure 5 
for Exchange 2 . Data for twenty weekdays during the busy 
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hour was analyzed for the six major classes of subscribers 
in the exchange. All measurements shown are in minutes of 
originating conversation. Exchanges one and three showed 
very similar results. These parameters, which quantify 
the usage characteristics of individuals, become the in
puts to the load balance simulation. 

TAIlLE ~ 
PAIWII!'I'DIS FOR 'I'IIO-PJ.M SUlISCIIIBEJI USAOI -. 

EXClWlOI 2 

(Ull1t • 1NQ' bOW' alnut •• or " • • ) 

8ubeerlber I ... Hr or ~ ? r-
~ Studr PoiDtl -'-

1 Party lte.Ueaee 6016 1.01 1.86 2.56 
1 Party Suburban Re,ldenee ~56 1 . ~1 2.11 ]." 
2 Part,. R.llder:u:e 5)1 2.~5 ).15 . ~ .al 
1 Part,7 Bu.lae .. 866 1.66 1 .82 2.19 
Key 8y.tea Trunk-Bu.la ... . )11 2.~1 2.09 ).~O 
PBX 'I'rwIIt 195 5.12 ).10 . ~. al 

3.3.2 MONTE CARLO SIMULATION OF ASSIGNMENT AND CORREC
TION TECHNIQUES 

To realistically account for the various activities tak
ing place in a central office that have an effect on the 
state of balance, a Monte Carlo simulation approach was 
chosen as a means of evaluating the performance of vari
ous balancing techniques. The mathematical complications 
that turnover and our current balancing techniques intro
duce, combined with an already complex process, would have 
made an analytic model intractable. 

The simulation accepts as inputs the number of classes of 
subscribers, the number of each type of subscriber in the 
office, the number of line groups, the parameters of the 
two-part model of subscriber usage for each type of sub
scriber, and the turnover rate per time period of each 
type of subscriber. In its current state, the simula
tion is programmed to perform either random assignment 
of subscriber types to line groups with an equal number 
of subscribers in each group, or uniform assignment with 
each group having an equal number of each type of sub
scriber. In addition, two correction methodologies are 
possible: no correction and the current GTE method which 
involves moving lines from one group to another when an 
imbalance situation is detected. 

Given these inputs, the simulation initially assigns sub
scribers to groups, and randomly selects a mean daily 
busy hour usage for each subscriber in the office. For 
each time period, each subscriber's five day busy hour 
usage is simulated and averaged, group mean and actual 
usage is calculated, a state of balance index is calcu
lated for each group, corrective action is taken, if so 
designated, and turnover of each subscriber is simulated. 
If a subscriber is terminated from the simulation through 
turnover, he is replaced by a new subscriber (with new 
mean usage) of a randomly determined type. Output for 
each time period shows the mean and actual usage for each 
group, the balance index and the number of lines moved 
and turned-over in each group. A summary shows the inter
group variance in both mean and actual usage and the num
ber of lines moved in the office to achieve balance. 

The two output measures of most importance are the number 
of lines moved to improve the state of balance (which can 
be translated into cost) and the amount of inter-group 
variation in mean usage (which can be translated into a 
measure of effectiveness). Inter-group variation of zero 
with no line movements would be the twin objectives of a 
perfect line balancing procedure. 

Using the subscriber data from Table 4, the simulation 
was run first to compare random assignment of subscribers 
to groups with ~iform assignment. 

The hypothesis behind this test is that some ordered, 
methodic approach to placing subscribers in line groups 
would produce more desirable results in terms of state 
of balance than would a random assignment. While this 
notion may be intuitively appealing, the simulation re
sults showed that method of assignment made very little 
difference in terms of either inter-group variation or 
number of line movements required to maintain balance. 
Both methods resulted in a coefficient of variation 
(inter-group standard deviation divided by average group 
mean) of .082 and both methods required an average of 
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0.16 line movements per period per linerinder group to 
maintain balance. One explanation or this similarity or 
results between the two methods is the ract that the mean 
usage or one party residence and business, the predominant 
classes, were 1.07 and 1.65, respectively. In other 
words, the dirrerence in usage was so small that there was 
no great dirrerence between business and residence and, 
hence, no real advantage to assigning equal numbers to 
each group. In other exchanges, particularly in more 
metropolitan areas, it is very possible that greater dir
rerences between the two classes would exist, and there 
would be some advantage to unirorm assignment. This will 
be investigated with the Calirornia data. 

A second comparison was made between the current procedure 
or random assignment, line movement correction and a pro
posed procedure or random assignment, with no corrective 
action. The hypothesis behind this procedure is that 
normal turnover will gradually bring an unbalanced orrice 
into a reasonable state or balance without the need for 
constant monitoring or group usage and line movements. 
Using the same set or subscriber inputs as in the previous 
comparison (Table 4), a number or runs or the simulation 
were made. The results, as would be expected, show that 
the correction methodology maintains a slightly better 
state or balance than does the no correction methodology, 
as shown in Table 5. 

TABLE 5 
LID I«lVDCIII'l' vs 10 COMEC'l'IOII RlSULTS 

LiDe Mon.ent 10 Correction 

Coetrteient ot Variation 
(I"ter-group Std. Dev . /Ottice Mean) .082 • ill 

0.16 

The next section will present a means or comparing these 
alternatives on a cost basis to determine the least cost 
method or load balancing. 

3.3.3 COST -BENEFIT ANALYSIS -
OVER-ENGINEERING VERSUS CORRECTIVE ACTION 

The rigures or Table 5 leave some doubt as to which alter
native is the least costly method of load balancing. Line 
movements per group per month are easily translated into 
cost, given a cost per line move. The cost of inter-group 
variation in usage, however, is a bit more complicated to 
obtain. The approach to associate a cost with this varia
tion is that of determining the amount of over-engineering 
required to provide the desired grade or service to the 
office as a whole. With zero inter-group variation, all 
subscribers will, on the average, receive the desired 
grade: of ser'Tice if the office is engineered properly 
(L e., according to the capacity tables ror linefinder 
groups, 98.5% will receive dial tone within 3 seconds). 

As Figure 6 shows, however, when any inter-group varia
tion exists, the average grade of service will rall below 
the desired level, since service degrades with the addi
tion of load raster than it improves with the removal or 
the same amount or load. 

~c,.... or .. "lc. ____ .. ~~I_---ar .... t ... '"~ __ .91' _ 1._ 10_ 0.00 _ .HS 

The grade or service, GS, given as a function of the load, 
x, and the number of linefinders, n, can be stated as: 

ITC8 

GB = 1 - D(x,n) 

Where D(x,n) Po xne - nut (1 - ~) 

nl (1 - ~) 

(1) 

(2) 

and D(x,n) the Erlang C delay fUnction 
x the offered load in Erlangs (CCS/36) 
u the reciprocal or average holding time 
t the desired maximum delay (3 seconds) 
n the number or linerinders per group 

+ 
il 

For example, in a perfectly balanced orfice (zero inter
group variation) with mean load of 290 CCS per group and 
16 linefinders per group, GS = .992. 

To determine the grade of service in an office that is 
not perrectly balanced (as in Figure 6), one need only 
integrate Equation (1) over the range or x, 

cP J D(x,n) r(x) dx GS 1 

-aD 

where f (x) is the normal distribution of group means in 
an orrice. Repeating the earlier example, with a load 
or 290 CCS and a coerficient or variation or .082, the 
average grade or service is .9901; with the same average 
load and a coerricient or variation or .111, the average 
grade or service is .9885. Thus, as explained earlier, 
the grade of service has declined with an increase in the 
coerricient or variation. 

To rurther quantiry the problem, we know that in the 
orrice mean range or 286 CCS to 311 CCS, 16 linerinders 
are required (assuming Erlang C model) ir perrect bal
ance exists. With a coerricient or variation or .082 
(achieved through line movements), 16 linerinders were 
required rrom 286 CCS to 304 CCS, and 17 linerinders are 
required rrom 305 CCS to 311 CCS (to provide at least 
.985 service at all loads) ror an average or 16.269 in 
the 286 to 311 range. With a coerricient or variation 
or .111 (achieved with no corrective action), 16 line
rinders are required ror 286 to 299 CCS, and 17 are re
quired rrom 300 to 311 CCS, ror an average or 16.462 
linerinders on the range. 

Thererore, the total costs or providing .985 service 
utilizing corrective action are: 

16. 269 - 16.000 .269 linerinders per group 
+ . 16 line moves per group per month 

The total cost or providing the same service without cor
rective action is: 

16.462 - 16.000 = .462 linerinders per group 

Assuming: a 15 year equipment lire, a net present arter 
tax cost ror one linerinder or $485, a cost or a line
move or $15, and an 8% discount rate, the net present 
value or costs associated with the line movement alter
native is $253.72. The net present costs associated 
with the no corrective action alternative is $224. Thus, 
on a cost basis, the no corrective action alternative 
has a net present value or savings of $29.72 per line 
group. When multiplied by the number or line groups in 
a telephone company, this becomes a signiricant savings, 
and is a conservative rigure since the data collection, 
processing and administrative costs associated with the 
corrective action alternative were not considered. 

In summary, in this section we have used the subscriber 
data base to devise some usage statistics by class or 
subscriber, applied these statistics to a simUlation or 
load balancing alternatives to obtain the operating 
characteristics· or these alternatives, and presented a 
means or translating the operating characteristics into 
costs. This analysis was presented not so much as an 
argument ror one method or balancing over another, but 
more importantly as an illustration of the type of analy
sis which a subscriber data base enables one to accom
plish. In the ruture, we plan to make much greater use 
of this type of data, as it becomes available, for analy
ses of this type. The next section outlines some of the 
studies that are currently being planned ror the 
California data base. 
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4. STUDY OUTLINE - CALIFORNIA DATA BASE 

The California customer line usage evaluation provides 
data on all traffic taking place on a studied line -
originating, terminating, completed calls, and incomplete 
attempts. As such, it is a much richer data source for 
traffic studies than the Illinois study, which recorded 
only the message time associated with completed originat
ing calls. For this reason, we plan an even more exten
sive set of analyses on this data than on the illinois 
data. 

In addition to duplication of the studies described in 
Section 3, the following studies are underway on the 
California data base. 

4.1 CALCULATION OF THE THREE PARAMETERS PER SUBSCRIBER 
CLASS OF THE TWO -PART MODEL OF FIGURE 5 FOR TERMI
NATING TRAFFIC. 

The load balance problem exists on the terminating end as 
well as the originating end. Line movements on the ter
minating end are even more expensive since they involve 
a change in the subscriber's telephone number. Therefore, 
an evaluation of load balancing techniques for terminating 
equipment groups is of great importance. 

4.2 ANALYSIS OF THE COMPONENTS OF NON-CONVERSATION 
TRAFFIC 

The product of a telephone company from a customer's view
point is a connection resulting in a conversation. 

Non-conversation traffic is essentially non-productive 
time during which expensive switching equipment is tied 
up by the subscriber. Defining non-conversation time as 
total traffic time minus two-way conversation time, the 
following items can be identified and quantified as a 
percentage of total traffic: false starts, dialing and 
ringing time resulting in a connection, dialing and ring
ing time resulting in no answer or a busy, and incomplete 
dialing attempts. 

Analysis of each of these components could lead to 
methods (managerial efforts, customer instruction, equip
ment redesign, etc.) of reducing non-conversation traffic 
and thus reducing the amount of equipment required to 
handle a given amount of conversation traffic. 

4.3 DEVELOPMENT OF USAGE PROFILES VS TIME OF DAY BY 
CLASS OF SUBSCRIBER. 

Knowledge of diurnal usage cycles by class of service 
would serve as an aid in determining off-peak pricing 
strategies in a measured local service environment. As 
with the current toll rate structures, this would pro
vide a smoother traffic flow across the day and lead to 
greater equipment utilization. In a flat rate pricing 
environment, this analysis would show which subscribers 
contribute most heavily to peak loads, and thus should 
bear a larger portion of the revenue requirement of the 
telephone company. 

4.4 ANALYSIS OF DIALING CHARACTERISTICS OF TOUCH CALL 
SUBSCRIBERS VS ROTARY DIAL SUBSCRIBERS 

Touch calling would seem to have the advantage of reduc
ing the dialing time per call, and thus reducing the in
vestment in central office equipment per call. The 
touch calling instrument, however, is more expensive than 
the rotary dial instrument, s o there appears to be off
setting advantages to each type of telephone. Analysis 
of the dialing time per call for each would lead to a 
more accurate assessment of total costs, and, in addition, 
would aid traffic engineers in providing adequate switch
ing equipment. 

4. 5 ANALYSIS OF THE DISTRIBUTION OF LOAD THROUGHOUT AN 
HOUR 

Studies have shown that usage may not be evenly distri
buted throughout a particular hour, as is currently 
assumed for traffic engineering purposes. Residential 
subscribers, for example, may have a greater tendency to 
place calls on the hour or half hour in the evening when 
commercial breaks occur in telephone programs. To 
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address this issue, a time continuous usage profile by 
class of subscriber will be derived from the data base. 
Analysis of this curve could lead to changing the engi
neering base to a busy-minute or busy five minute inter
val as opposed to the current busy hour concept. 

5. CONCLUSION 

This paper has described two customer line usage studies 
that are being conducted by GTE. The data collection and 
analysis methods have been presented and some of the re
sults have been discussed. We feel that in today's 
technical and economic environment, these studies provide 
an invaluable source of information about the usage 
characteristics of our customers. This information can 
be worked in a myriad of ways to provide answers to 
traffic problems ranging from eValuation of current tech
niques to specification of design parameters for new 
switching systems. 

As the study outline of Section 4 indicates, our work in 
this area has just begun. Analysis of the data proceeds 
on a continuing basis as the need and collective imagina
tion dictate. We hope that at a future date we may be 
able to present further results. 
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