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ABSTRACT 

Telephone companies make large investments in switching 
and trunking equipment. They are vitally concerned with 
whether this equipment is installed properly and operating 
efficiently since faulty equipment eventually results in 
installing unnecessary additional equipment and/or provid
ing unsatisfactory customer service. An effective way to 
identify defective equipment is to monitor circuit holding 
times; in most cases, the holding times of properly func
tioning circuits are different from those of defecti..,e 
ones. By identifying holding time exceptions, malfunc
tioning equipment can be located and corrected. 

A natural extension of traditional traffic study methods 
easily accommodates the requirement to isolate service 
affecting maintenance problems. By measuring usag~ ~d 
event data on a per-circuit basis and feeding these re
sults into an on-line computer, the current holding ~ime 
statistics e f each circuit can be continuously monitored 
via real-time exception reports. 

The measurement of usage and event data on an individual 
circuit basis is not new. However, recent hardware tech
nology has made it economic to measure tens of thousands 
of circui b; and recent mini-computer developments have 
greatly reduced real-time data processing costs. In 1971, 
this new "individual circuit/mini-computer" principle was 
first applied in trunking studies at New York Telephone 
Company; since then, many small scale trunking studies 
of this type have been performed throughout the United 
S":ates. 

This report describes the first major installation of in
dividual circuit/mini-computer equipment for the full 
measurement of all COE in a large step-by-step central 
:)ffice (i. e.. 10,000+ measurement points). The report 
det ails the advantages of software versus hardware group
ing i.n terms of reductions in installation, administration 
an.} rearrangement costs; evaluates the benefits of indi
vi ~ ual circuit measurements (ICM) for data validation; 
ar! ~ C!ontrasts the capability to identify inoperative and 
de:~ciive plant vis-a-vis existing maintenance procedures. 
Fin~l~y, i.t summarizes specific areas where individual 
'! i ~,:ui t. measurement techniques have improved central of-
: .. ; '.:": performan" t ' in terms of trouble report frequencies, 
b(' .. ··: ic:E' observ~ ~ i on results, and service indices. 

1. INTRODUCTION 

The telephone company strives to provide a quantity of 
certral office equipment sufficient to assure that satis
facT.0ry service quality levels are provided to its custo
mers . When a portion of the provided equipment fails to 
I" lTIction properly, the result is a degradation of overall 
sf,rvice quality. 

Since equipment failures are inevitable and since there is 
~ r ime lapse between failure and repair/restoral, a por
t) 0n of central office equipment is continuously unavail
tble for service. Typically, this situation is accommo
iated by providing a pool of maintenance spares (i.~., 
eit her designated as such, or through the application of 
tr~ffic engineering formulae to data containing unidenti
f~ able "maintenance spares" usage). 

A ~ontinuing effort is underway in our company's mainte
nance operation to identify and implement programs and 
procedures to reduce the need for such maintenance spares. 
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One such program herein described is the use of Individ
ual Circuit Measurements, or ICM. Its functions are to 
monitor each circuit in the office, to report (via real
time reports) circuit "failures", and to provide assis
tance in the rapid isolation and repair of the trouble. 
In this manner, each failure will be out of service for a 
shorter period and an overall reduction in the require
ment for maintenance spares can be achieved. 

The central office selected for this ICM study was a 
three unit (i.e., approximately 45,000 telephones) 
Automatic Electric Company step-by-step type 53 SATT ac
cess office, located in a major Southwestern U. S. metro
politan area. The evaluation period covered May through 
July, 1975 (three months prior to cutover to individual 
circuit measurements) and August through December, 1975 
(five months following cutover to individual circuit 
measurement s ) . 

All linefinders, connectors, trunks, directors, ticketers, 
tabulators, and register senders were connected to the 
individual circuit measurement equipment; all selectors, 
with the exception of the first and fifth selector ranks~ 
were also connected. No Rotary Out Trunk Switches (ROTS) 
were connected to the equipment. 

This particular office also utilizes trunk, director, and 
ticketer routiners as part of an ongoing maintenance pro
gram and a Trouble Analysis Cent er (TAC) to isolate prob
lem areas. 

The study required the measurement of approximately four
teen thousand (14,000) circuits and used two 10,000 re
gister ICM terminals in the office itself. These termi
nals were polled at half-hour intervals by an off-site 
mini-computer using a dedicated 4-wire circuit at 1200 
baud. The mini-computer, or Centralized Data Collector 
(CDC), processed this half-hourly data as follows: 

(1) Performed editing and validity checks on the 
data, 

(2) Generated real-time, or "quick look", reports 
for output at the CDC location (at 1200 baud) 
or at the central office (via a 110 baud 'dial
up circuit), identifying those circuits with 
exceptional usage, event, or holding time 
statistics, and 

(3) Created a grouped-format data input tape for 
subsequent processing by downstream batch 
traffic data processing systems. 

2. INSTALLATION 

The installation of individual circuit usage measurement 
(rCM) equipmen~ for 14,000 circuits requires point-to
point cabling for 14,000 leads. 

For grouped usage measurement equipment, 14,000 measure
ment points require cabling to 14,000 points on a dis-

-NOTE: Traffic measurements are not taken on the 
first selectors since they are strapped one
to-one with the linefinders; fifth selector 
statistics can be developed from associated 
connector measurements. 
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tributing frame, cabling of 1,400 accumulator inputs 
(assuming 10 to 1 grouping) to the distributing frame 
and a cross connect field. The administration of the 
cross connect field requires periodic reassignment of 
leads (i.e., jumper changes) and verification of the cabl
ing. The permanent cabling also requires verification in 
the 0ffice and the forwarding of changes to the data pro
cessing center. 

With indivIdual circuit measurements, the data fro~ all 
leads are passed, on an individual basis, to the mini
computer where they are grouped using a software grouping 
matrix. In other words, the grouping mode changes from a 
hardware cross connect field in the central office to a 
software grouping map in the mini-computer. Having the 
grouping plan resident in the mini-computer provides the 
ability to update and verify the grouping plan on-line, 
reducing the requirement for CO installation and manual 
record keeping activity. 

The following table summarizes the man-hours required for 
the installation and administration of a single 10,000 
point measurement system, comparing hardware-grouped ver
sus software-grouped approaches. 

TABLE 1 

Installation and Administration Cost Comparison 
(Hardware vs. Software-Grouped Terminals) 

Non-Recurring Man-Hours 

1. Cross-Connect 
Assignment 

2. Cable Verification 
3. Cross Connects 
4. Data Base 
5. Grouping Verification 

Recurring Man-Hours 

1. Cross Connect & 
Verification 

2. Administration 

10,000 10.000 
Hardware- Soft9are-

Grouped Grouped 
Circuits Circuits 

165 hrs 
330 hrs 330 hrs 
165 hrs 

80 hrs 230 hrs-
80 hrs 

780 hrs b4o"hi=S 

905 hrs/yr 
487 hrs/yr 895 hrs/yr 

1392 hrs/yr 895 hrs/yr 

•• OTE: 80 hours for batch data base plus 150 
hours for ICM identification data base 
in mini-computer. 

3 . ADMINISTRATION 

Four types of individual Circuit Measurement reports were 
transmitted to the maintenance personnel in the Central 
Office on a daily basis during the study. These reports 
were prepared by the Centralized Data Collection (CDC) 
mini-computer and were forwarded to the central office 
at 110 baud via a Teletype network. These reports con
sisted of (1) the Busy Switch Report, (2) the Exception 
Report, (3) the Crossed-Circuit Report, and (4) the Non
Accessed Circuit Report. 

3. . BUSY SWITCH REPORT 

The Busy Switch Report identifies all circuits that were 
continuously busy over a given interval of time. By ex
tending the interval beyond one-half hour, the risk of 
reporting a busy circuit that was, in fact, carrying 
legitimate traffic is reduced. 

In the Btudy office, the Busy Switch report was produced 
daily, reflecting an 8-11 PM period. Initially, all 
switches listed on the daily report were examined, which 
required 2 to 3 hours per day. Later, in an attempt to 
reduce ' the number of total man-hours expended in this 
effort. only those circuits appearing on three (3) con
secutive reports were investigated; this revised approach 
reduced the work load to about one hour per day and also 
produced a higher trouble found rate. By the end of the 
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study (December 1975), an average of thirteen circuits 
were being investigated for each trouble found. 

TABLE 2 

Troubles Found by Equipment Type 
(Busy Switch Report) 

Aver"8e 
~ septe1ll!,r October November December 

~ !!2:.. • !!2:.. No. ! No. ! 110. ! 
Linetinders 2,637 37 (1.4%) 10 (0.4%) 5 (0.2%) 1 ( - ) o ( - ) 

Selectors 10,238 13 (0.1%) 10 (0.1%) 6 (0.1%) 2 ( - ) 5 ( - ) 

Connectors 2,760 9 (0.3%) 5 (0.2%) 2 (0.1%) 1 ( - ) 2 (0.1%) 
Repeaters 1.360 4 (0.3%) 4 (0.3%) 3 (0.2%) 3 (0.2%) 3 (0.2%) 
Directors 44 o ( - ) o ( - ) o ( - ) 1 (2.2%) o ( - ) 

Ticketers • 348 11 (3.2%) 6 (1.7%) 1 (0.3%) o ( - ) o ( - ) 

Res. Reaenders 

TOTAL 74 35 17 10 

-NOTE: Troubles tound as .. percent ot installed equipnent quantities. 
Percentages belov 0.05 are not ShOVD. 

The Busy Switch Report proved effective in identifying 
and reducing busied circuits in all equipment groups with 
the exception of Directors (no busies prior to ICM in
stallation and, therefore, no improvement possible) and 
repeaters (busies persisted at pre-ICM levels throughout 
the trial). Ticketer and Register-Resender busies were 
reduced from eleven to one in two months; Linefinder 
busies decreased from thirty-seven to five in the same 
period; Connector and Selector busies also decreased, 
although somewhat less dramatically. 

Overall, the number of total busies declined each month 
by one-half of the previous month's total through the 
first three months, reaching a minimum of 8-10 per month 
during November and December. 

3.2 EXCEPTION REPORT 

The Exception Report lists those circuits that exceed 
usage, peg count, and/or holding time thresholds set in 
the mini-computer by the user. A separate set of thresh
olds can be established for each equipment type. 

Throughout the ICM evaluation, various tests were con
ducted to establish and refine the threshold parameters 
used to generate the Exception Reports. These tests con
sisted of a succession of iterative changes of threshold 
usage and event values, holding time values, and report
ing intervals in an attempt to produce a report encompass
ing all actual trouble and providing the highest possible 
concentration of trouble found per trouble reported. The 
resulting values and reporting intervals (i.e., for the 
Exception Reports) are shown in Table 3. 

On a typical day, the Exception Report yielded about 
eight circuits for follow-up investigation by the mainte
nance personnel and, on the average, two troubles were 
found. Currently about 1-1/2 hours per day are spent 
working with the Exception Report. 

The ICM Exception Report proved effective in identifying 
Selector and Director troubles; Selector troubles dropped 
from two per day during August to about 1/2 per day by 
October; Director troubles decreased from four in August 
to one by October. However, significant post-ICM trouble 
reductions in linefinders, connectors, repeaters, and 
ticketers and register-resenders were not observed, indi
cating that the introduction of the Exception Report had 
little impact on the pre-ICM frequency of troubles in 
these equipment groups. 

Overall, the total number of troubles identified by the 
Exception Reports declined 18% the first month and an 
additional 34% the second month, reaching a minimum of 
about 40 troubles per month for October through December. 
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TABLE 3 

Exception Thresholds 

Equipnent Thresholds· 
!.lEe Low HT High HT, ~ Repeat 

Linefinders 

Flat Rate 20 Sec None 6 2 
Touch Call 20 Sec None 6 2 
Coin 20 Sec None 6 2 

Connectors 

Regular 20 Sec None 3 2 
Coin 20 Sec None 3 2 
Level Hunting 20 Sec None 3 2 

Directors l5 ,Sec 25 Sec 6 2 

Re]2eaters 

Incoming 30 Sec None 3 2 
Outgoing 30 Sec None 3 2 

Selectors 30 Sec None 3 2 

Res· Resenders 4 Sec 20 Sec 12 2 

• NOTE: An exception is reported whenever a circuit 
exceeds the events threshold and falls out
side the range of holding timethresholds 
for a repeated number of consecutive half
hourly, periods. For example, an exception
al Director would be reported if more than 
six seizures occurred and holding times 
averaged less than 15 seconds or more than 
25 seconds for two consecutive half-hourly 
observations. Similarly, a coin connector 
circuit would be reported if more than three 
seizures occurred and holding times averaged 
leas than 20 secon~(i.e., no upper holding 
time exception limit) for two consecutive 
half-hourly observations • 

TABLE 11 

Troub1ea Found by Equipoent TYPe 
(Exception Report) 

Average August sept"'"r" October November Dec .... be .. 
Installed !!2... ~ !!2... _ Ho. ! 110. J 10. ! 

Line tinder a 2,637 15 (0.5%) 11 (0.11%) 10 (0.3%) 9 (0.3%) 13 (0.4%) 
Se1ect.ors 10,236 39 (0.4l!) 36 (0.4%) 12 (0.1%) 16 (0.2%) 
Connectors 2,760 2 (0.1%) 1 ( - ) 1 ( - ) o ( - ) 
Repeat.ers 1,360 15 (1.1%) 111 (1.0%) 11 (0.6%) 13 (1.0%) 
Directors ~4 4 (9.1%) 0(- ) 1 (2.3%) 1 (2.3%) 
Ticket.e .... 3~6 2 (0.6%) 1 (0.3%) 2 (0.6%) o ( - ) 

Reg. ReaeDders 

TOTAL 77 63 37 39 

e!!Qn;.: Troubles t'ound as • percent ot' installed equlpaent. quantiti ••• 
Percent.agu belov 0.05 are not. ahOVD. 

3.3 CROSSED-CIRCUIT REPORT 

l' (0.1%) 
1 ( - ) 

15 (1.1%) 
1 (2.3%) 
1 (0.3%) 

115 

The Crossed-Circuit Report is provided to the maintenance 
forces on an "as required" basis. It lists all registers 
containing identical usage and event readings, per inter
face unit (1019 circuits). 

The only practical method of using this report was to 
compare reports for two consecutive days. Using this 
technique, it was found that less than one percent of the 
circuits identified on the first report reappeared on the 
second. Of those circuits appearing on both reports, the 
trouble found rate was virtually 100 percent. 

The "two-day" Crossed-Circuit Report was generated only 
once during the ICM study period, identifying six crossed
circuits (i.e., less than 0.05 percent of the studied 
circuits). 

The on-site maintenance personnel indicate that analysis 
of the two reports took two people about 1/2 hour (or 
would take one person 2 hours). This report would proba
bly be most effective following COE rearrangement activi-
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ty; otherwise, it probably would be required only once or 
twice per year. 

3.4 NON-ACCESSED CIRCUIT REPORT 

The Non-Accessed Circuit Report identifies all circuits 
having no usage and no event counts during the reporting 
period.--Since the ICM evaluation was conducted during 
the study office's non-busy season, a typical report con
tained a considerable number of such circuits. 

As a result, this report was not very beneficial in iden
tifying trouble. It probably would have been more effec
tive if used during the busy season when the observance 
of idle circuits would be due to accessibility problems 
as opposed to insufficient traffic loads. 

Prior to the ICM study, all idle circuits were identified 
and verified, requiring ~man-hours to accomplish. 

4. RESULTS 

This section outlines the general areas investigated dur
ing the Individual Circuit Measurement study. Of special 
interest were those areas where such measurements would 
provide capabilities supplementing existing traffic and 
maintenance programs and yield substantial improvements 
in service quality . 

4.1 TRAFFIC STUDIES 

As part of the individual circuit measurement evaluation, 
register readings were grouped by the mini-computer (in 
an off-line mode) into a format compatible with existing 
downstream batch processing programs. These batch pro
grams generate Traffic Engineering, Facilities Admini
stration, and Division of Revenues reports for tradi
tional (i.e., hardware-grouped) devices. 

4.1.1 TRAFFIC ENGINEERING 

The specification of central office equipment require
ments is based on an annual 20-day Traffic Engineering 
study, conducted during the office's busy season. In 
determining the value of ICM measurements for Traffic 
Engineering purposes, a comparison was made between re
sults using both grouped and ungrouped traffic measure
ment techniques. It was postulated that the additional 
data detail provided by ICM would enhance the capability 
to edit out irrelevant and/or spurious usage (i.e., there
by reducing overall equipment requirements) which might 
have remained undetected in a grouped usage measurement. 

However, in the case of the studied office, this addi
tional data editing capability yielded no significant 
advantage; the reduction in COE requirement was less than 
0.5 percent of the total investment. 

4.1.2 FACILITIES ADMINISTRATION 

Additionally, the ability of the mini-computer to gener
ate real-time reports using individual circuit data 
proved very useful for obtaining special reports in sup
port of on-going Facilities Administration activities. 
This benefit is demonstrated by the following actual 
experiences: 

(1) ICM data revealed that eight of the nine 
trunks in a group were busied out for mainte
nance. - The problem was quickly reported to 
the office's maintenance supervisor for 
correction. While the single working trunk 
had carried 33 CCS with nearly 90 percent 
overflow, the nine trunks carried 243 CCS 
(27 CCS/trunk) with less than 20 percent 
overflow. 

(2) A group of twenty FX trunks was reported 
(i.e., by the customer) to be inaccessible 
"seventy-five percent of the time". The 
ICM study on this group revealed that two 
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trunks were inoperative and that two trunks 
were not accessed during peak periods, even 
though they were accessible. Maintenance 
quickly repaired the inoperative trunks and 
service levels improved from P.15 to P.05. 

ROUTINE MAINTENANCE 

In this office, individual circuit measurements have prov
en effective in identifying existing trouble. However, 
the percent of trouble found per installed circuit was not 
as high as had been anticipated, perhaps partially due to 
the relative effectiveness of the office's pre-ICM mainte
nance routines and procedures. 

In determining the overall impact of the individual cir
cuit measurement program in this office, it is signifi
cant to recall that many routine maintenance programs 
(e.g. , loop and leak pulsing tests, Band C timing tests, 
rotary speed tests, cleaning of switch banks, lubricating 
switches, etc.) are conducted to uncover and correct con
ditions Which, if left unattended, would ultimately re
sult in an equipment failure (i.e., a failure which would 
become detectable via ICM techniques). 

As a result, ICM methods which focus on existing-trouble 
identification may not be alternatives to many of the 
functional routines performed as part of this office's 
COE maintenance program. The following are examples of 
pre-ICM maintenance routines which might be reduced in 
frequency or eliminated through the use of ICM data: 

(I) Busy Switch Routine 

Before installing ICM, the busy switch rou
tine was performed once per week, requiring 
about six hours per month. Use of the indi
vidual circuit measurement reports (i.e., as 
opposed to doing the routines) required about 
twenty hours per month. 

However, the ICM technique identifies all 
of the continuously busy circuits in t~ 
office; the busy switch routine identi
fies only those switches with the busy keys 
operated. 

( 2) Linefinder Functional Routine 

This routine is normally conducted monthly 
but in this office, it is now performed 
twice a year. It could be eliminated, 
saving 20 hours per month, but would have 
to be replaced with a similar test in or
der to identify border-line switches re
quiring adjustments. 

(3) Selector-Continuity Polarity Test 

The individual circuit measurement's Non
Accessed Circuit report identifies many 
open circuit problems, but not all of 
them. A typical exception occurs with an 
open tip or ring circuit which results in 
no ground being returned from the forward
ing switch's C lead and a no-usage/no-event 
condition being reported. During the ICM 
study, due to the length of the Non-Accessed 
Circuit Report, it proved impractical to 
isolate these troubles in this way and the 
selector/continuity polarity test was con
tinued. 

Even given that individual circuit measurement techniques 
may not be a satisfactory replacement for many of the 
existing maintenance routines in this office, it is proba
ble that the frequency with which the routines are per
formed could be influenced by the trouble found rates of 
rCM and other diagnostic procedures. It is clear that an 
optimal COE maintenance program must be modified by the 
relative frequency of troubles encountered. 

In this perspective, the individual circuit measurements 
~ould provide a valuable input to the specification of 
short-term maintenance programs and long-term maintenance 
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investment plans. GTE's Central Office Maintenance Plan
ning System (COMPS) provides a mechanized procedure for 
integrating the inputs from all current maintenance acti
vities and results and for developing a future mainte
nance strategy. The impact of ICM on COMPS is now being 
evaluated. 

4.3 TROUBLE IDENTIFICATION 

Tables 2 and 4 show that a substantial amount of trouble 
was found, especially during the first two to three months 
of the ICM study. 

It appears that much of the Linefinder, Selector, and 
Connector trouble may have existed in the office for some 
time and that the introduction of ICM reporting quickly 
and effectively reduced its recurrence. The Busy Switch 
Report (Table 2) reduced busy circuit conditions in these 
switches by a factor of ten (i.e., from 0.4 percent of 
installed linefinders, selectors, and connectors to 0.04 
percent) within three months. The use of the ICM Excep
tion Report (Table 4) further reduced exceptional cir
cuits by a factor of two (i.e., from 0.4 percent of in
stalled linefinders, selectors, and connectors to 0.2 
percent) within two months; the majority of this reduc
tion (i.e., 85 percent of it) occurred in the selectors. 
In the case of both these reports, no further reductions 
in busy or exceptional circuits were observed after the 
two to three month initial period. 

Tables 2 and 4 also show that the frequency of repeater 
trouble did not decrease substantially from the levels 
obtained earlier in the study. Since the trouble occur
rence/repair cycle is essentially a birth/death process, 
it is probable that the absence of a decline in trouble 
rates following ICM's introduction indicates that its 
use has no substantial impact on trouble occurrence or 
clearing rates in this equipment category. That is, if 
a rate of 19 troubles/month (Table 2 plus Table 4) is 
assumed to represent the equilibrium of the pre-ICM birth! 
death process, the fact that trouble rates persisted at 
16 to 18 per month following several months' use of indi
vidual circuit measurements indicates that this addition
al data has had no substantial impact on the trouble rate 
equilibrium. It is likely that most of the repeater 
failures are already being identified on a daily basis 
since the existing trunk routines are run every day at 
this office. Furthermore, it would probably not be 
economic to replace the existing routiner equipment (sunk 
cost) with ICM hardware (at about $5.00 per circuit) to 
monitor repeater equipment at this location. 

Finally, Tables 2 and 4 indicate that troubles were found 
and cleared in Directors and Ticketers and Register Re
senders. This was rather surprising since the routiners 
for these equipment types should be running almost con
tinuously. The data indicate that the Directors Excep
tion Report eliminated existing troubles dramatically 
and quickly; the Busy Switch Report was similary effec
tive for Ticketers and Register Resenders. The rapid and 
complete clearing of these troubles suggests that they 
were non-recurring and may have existed for some time 
prior to the ICM cutover. 

A qualitative attempt was made to relate the ICM trouble 
found with corresponding customer-detected, TAC-detected, 
and routiner-detected trouble without success; no signi
ficant relationships could be established, perhaps be
cause of the short duration and limited scope (i.e., one 
office) of this study. 

In the same respect, and perhaps for the same reason, it 
was not possible to quantify any associated man-hour 
savings as a fUnction of the trouble identification 
method used; stUdies in this area are continuing. 

During this study, additional time was expended by cen
tral office personnel to work with the ICM reports, 
averaging about two additional hours per day (i.e., over 
and above the man-hours expended to perform existing 
maintenance programs in this office). However, much of 
the time involved in working with the reports probably 
would have been spent in finding these troubles using 
other means (i.e., customer reports, TAC reports, rou
tiners, etc.). 
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The isolation time for a single trouble report, using 
individual circuit measurement methods, is typically 
shorter than one identified using current procedures as 
follows: 

(1) Isolation time per trouble reported using 
Individual Circuit Measurements = 5 Minutes. 

(2 ) Isolation time per trouble reported using 
cur rent methods = 15-20 Minutes 

But s ince ICM r eports are based on traffic thresholds 
(e.g., usage, event counts, holding times, etc.) estab
lished by t he user, some circuits handling legitimate 
traffic will also typically fall within the threshold 
limit s and be reported as potential troubles. As a 
result, although the time required to investigate a single 
trouble report is typically shorter using individual cir
cuit measurement methods, the total number of reports per 
day requiring investigation will usually be somewhat 
larger than the number identified by other means. 

This trade-off between the number of troubles reported 
versus the isolation time per reported trouble is graphi
cally portrayed below: 

Isolation 
TIme Per 
Reported 
Trouble 

(Hinutu) 

0 

5 

10 

PIOURE 1 

Maintenance WorktiM to Iaolate Fhe Trouble. Found 
(ew-rent va ICM Method.) 

CUrrent Method. 

Worktt.e • 5 Tbl~Rptd " 

·90 :; 

Ic!( Metbods 

~ Workt1Jle • 18 Tbl;~l!ptd " 

·90 :;. 

l£!! 

10 15 20 

'rota! Troublu ReportN 

18 MIn. 
Tbl-Rptd 

5 
Min. 

Tbl-iiPW 

Therefore, it is likely that the various methods of trou
ble identi f ication would require comparable manpower re
sources. It was the opinion of the maintenance personnel 
in the office that no significant reduction in total 
maintenance man-hours could be achieved by replacing cur
r ent routine maintenance procedures with ICM techniques. 
That is, they felt that although trouble identification 
methods would be modified, the total time required to 
i solate and repair a single problem would remain essen
t ially unchanged. 

The statistics shown above do not necessarily substan
t i ate thes e local opinions. Additional work will have to 
be done to quantify the trade-offs associated with these 
maintenance procedures and their relative impact on total 
maintenance manhours. 

4.4 OPERATIONAL STATISTICS 

This section describes the beneficial impact of the 
Individual Circuit Measurement program on various per
formance and service indices in the study office. The 
indices shown in Table 5 were monitored for a three-month 
period prior to ICM cutover and a five-month period fol
lowing ICM cutover. 
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TABLE 5 

Operational Statistics 

Before 'ICM After ICM 
{J Mo. AVI?j. ~ {~Mo. AVI?i'~ 

Service Indices 

(1) Dial Equipment 99.1 98.6 
Service Index 

(2) Incaning Trunk 99.2 99.0 
Service Observa-
tion Index 

Trouble Indices 

(I) lumber of Customer 0.98 1.1,3 
Trouble Reports' per 
lOO/Telephones (COE 
Component Only)-

(2) lumber of TAC 8.7 6.4 
Patterns, Traces, 
and References per 
month. 

'Coml!letion Rate 

(1) Monthly DDD Com- 56.0 57.1 
pletion Rate 
(Incoming) 

-NOTE: Includes CO Trouble Found (increasing from 
0.18 to 0.21), Test OK (increasing from 
0.67 to 0.75), and Found OK (increasing 
from 0.13 to 0.17). 

These operational statistics indicate that, even t hough 
COE troubles were identified and cleared, neit her an 
improvement in service quality indices nor a reduction In 

customer trouble reports (COE component only) occurred i r, 

the post-ICM study period. The data indicate, furthermure, 
that there has been a 25 percent reduction in TAC-ident i 
fied trouble reports and a 15 percent increase in custo
mer-identified trouble reports. 

During the course of the ICM study, incoming DDD comple
tion rates improved about one percentage point from s6. r 

percent to 57.1 percent. Unfortunately, due to the bre
vity of the study period, it was not possible to determinf 
whether this increase was attributable to the ICM program 
or to a continuation of the long-term upward trend Jf DDr 
completion rate performance in this office . 

Finally, a major reason for the apparent lack of substan
tial improvement in this office's service indices (Le., 
as a result of the ICM program) may be attributed to the 
relatively high service quality levels and low troub~e 
incidence prior to the application of ICM techniques. Tt 
would have been very difficult for any new troubl~ iden
tification system to substantially improve this office' q 
overall performance. 

5. CONCLUSIONS 

Tables 6 through 8 illustrate the relative cost-ben~ fi t 
trade-offs associated with the use of ICM methods in th~ 
studied office. 

Table 6 shows the cost-benefit relationships for an in
stallation encompassing a 14,000 circuit reM study, by 
COE equipment type, of one, three, and five months' 
duration. An eValuation of this data indicates whi.ch 
equipment groups were profitably studied, using lCM pro
cedures, and the optimal economic duration of such stud
ies. For example, the one-month Linefinder study cost 
$3,164 to conduct, and yielded $3,875 in incremental equip
ment recovery (annual charge basis); the three month 
study added about $1,000 of addi tiona1 cost and add it i . ma, 
equipment recovery over and above the one-month study; 
and the fourth and fifth months' of study yielded no licia j ·

tional equipment recovery. This analysis suggests tha 1 

the study of Linefinders in this office was approximately 

445-5 



a breakeven proposition during the first three months and 
unjustified thereafter. 

TABLE 6 

Incremental Cost-Benefit SllIIIIIIIlrY tor Three Study Durations 
(14,000 Circuits) 

First Second &0 Third Fourth .. Fifth 
Month Months Months 

Ot Stud:! of StU& ot StU& 
Mtnce. Mtnce. Mtnce. 
Spares Study Spares Study Spares Study 
Recov. Cost- Recov. Cost Recov. ~ 

Linetinders _. $3,875 $ 3,164 $1,000 $1,055 0 $1,055 
Selectors ... 450 12,286 2,100 4,095 0 4,095 
Connectors 750 3,312 600 1,104 0 1,104 
Repeaters 0 1,632 0 544 0 544 
Directors 1,000 52 0 18 0 18 
Ticketers &0 1,950 418 1,950 139 0 139 

Reg. Resenders 

Based on annualized capital investment plus non-recurring 
and recurring labor costs tor a one-month study ot 14,000 
registers; additional months reflect marginal costs ot ex
tending the ICM study. 

--NOTE: Recovery includes costs ot Linefinders and associated 
First Selectors. 

---NOTE: Recovery includes costs of Connectors and associated 
Fifth Selectors. 

A contrary argument can be made for Selectors, Connectors, 
and Repeaters; in each case, the ICM study was considera
bly more expensive to conduct than the resulting equip
ment recovery justified. And in each of these cases, the 
longer the study period continued, the more increasing 
the dominance of cost over benefit became. 

In the case of Directors and Ticketers and Register Re
senders, ICM studies of one-month's and three-month's du
ration are very "beneficial since, for these study dura
tic IlS, incremental equipment-recovery benefits substan
tially exceed in~remental study costs. However, these 
items represent 0nly 392 (44 + 348) circuits out of the 
14,000 stUdied. 

Table 7 summarizes the cost-benefit evaluation (i.e., 
similar to Table 6) except that the scope of the ICM 
study is reduced to Linefinders, Directors, and Ticketers 
and Register Resenders and includes only about 3,000 
studied circuits. Since fewer circuits are included in 
this study configuration, costs per studied circuit are 
somewhat higher. 

TABLE 7 

Incremental Cost-Benefit Summary for Three Study DuratioDS 
(3,000 Circuits) 

Pirst Second &0 Third Fourth .. Fifth 
Month Months Months 

of Stud:! ot StU& ot StU& 
Mtnce. Mtnce. Mtnce. 
Spares Study Spares Study Spares Study 
~ Cost- Recov. Cost Recov. Cost 

Linetinders •• $3.875 $3.559 $1.000 $1.319 0 $1.319 
Selectors 
Connectors 
Repeaters 
Directors 1.000 59 22 22 
Ticketers &0 1,950 470 1.950 174 174 

Reg. Resenders 

-!Q7!: Based on annual1zed capital investment plus non-recurring 
and recurring labor COStll for a one-month study at 3,000 
registera. additional. months retl.ect marginal. costa ot ex
tending tbe ICM study. 

--BOTE: Recovery includes costs ot Linetinderll and associated First 
Selectorll. 

Finally, Table 8 summarizes the cost-benefit evaluation of 
an even more limited ICM study, encompassing only the 
Directors and Ticketers and Register Resenders (i.e., 
abGut 500 circuits). 
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TABLE 8 

Incremental Cost-Benetit Summary tor Three Study Durations 

L1netinders 
Selectors 
Connectors 
Repeaters 
Directorll 
Ticketers .. 

Reg. Resenders 

(500 Circuits) " 

First 
Month 

of StU& 
Mtnce. 
Spares Study 
~ ~ 

$1,000 $ 77 
$1.950 $609 

Second &0 Third 
Monthll 

of St!!& 
Mtnce 
Spares Study 
Recov. Cost 

$ 44 
$i,950 $348 

Fourth &0 Fifth 
Months 

of StU& 
Mtnce 
Spares 
~ 

Study 
£2!L 

$ 44 
$348 

"!m.: Based on annual1zed capital investment plus non-recurring 
and recurring labor costs tor a one-month study at 500 
registera; additional months reflect marginal costs ot 
extending the ICM IItUdy. 

These analyses lead to the following findings regarding 
the Individual Circuit Measurement program in this office: 

(1) ICM identified trouble but, in general, the 
trouble found benefit (i.e., in terms of 
equipment recovery) was exceeded by the cost 
of finding it. 

(2) ICM was not cost-effective when used on 
SelectorS:-Connectors, and Repeaters (which 
accounted for 83 percent of the studied 
circuits in this office). 

(3) ICM was marginally cost-effective when 
used on Linefinders (which accounted for 
15 percent of the studied circuits in 
this office). 

(4) ICM was very cost-effective when used on 
Directors and Ticketers and Register Re
senders (which accounted for 2 percent of 
the studied circuits in this office). 

(5) ICM trouble found rates dropped sharply 
during the early months of the study. 

(6) ICM produced no significant improvement 
in service indices. 

In the high-service-quality environment of the studied 
office, the relative benefit of an individual circuit 
measurement program appears to have been virtually negli
gible. But given its proven capability, even in this 
relatively trouble-free environment, to rapidly identify 
existing problems, we cannot conclude that an ICM instal
lation might not be justifiable in other situations or 
locations. 

Based on the findings described above, we have determined 
that the rCM-measurement approach is a rapid and effective 
method for identifying existing trouble on selected cate
gories of high-cost COE in a large SXS central office. 
Furthermore, since its capabilities, in terms of the total 
number of troubles found per month, seem to decline over 
time (i.e., in two to three months in the studied office), 
we have postulated that a periodic relocation of this 
equipment among several sites might produce a greater 
cost/benefit to the total company than would a longer
term installation in a single location. 
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