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' INTRODUCTION 

To relate manpower requirements to communications services provided by a Naval 
communications station, representative NavCommSta sites were asked a number of 
questions concerning their work during calendar year 1974 and the personnel used to do it: 

• What jobs were done at the site within the scope of operations, maintenance, 
and support? 

• How often were these jobs done? 

• How many man-hours were needed to do each job? 

• When a job was not done properly (that is, according to acceptability 
standards) because of a manpower shortage, how many man-hours would 
have been required to do so? 

• How many people are now "on board," and how many were there during 
the past year? 

Communications functions analyzed were: the transmitter site, the receiver site, 
the electronics maintenance division, and the fleet center division.   These functions were 
the onen that would be most affected by the transition from high-frequency (HF) equip- 
ment to satellites.   To reduce the amount of data obtained to some reasonable size, only 
the 4 automated NavCommStas participated in the project:   Honolulu, Guam, Norfolk, 
and Italy. 

The data obtained from the 4 sites was structured so that the number of man-hours 
required to do identical work could be compared and a consensus arrived at to perhaps 
serve as a reasonable manpower standard for this unit of work.   By determining the 
units of each type of work associated with a particular site, the manpower units required 
could then be calculated.   Such calculations are needed when: 

• The annual manpower budget at each station is being prepared. 

• Realignment options are prepared as the communications system is changed. 

Based on the data gathered from the 4 participc^ing fleet center divisions, we were 
able to construct a 1975 ComNavTelComm Transmitter Site Planning Guide containing: 

Planning Factors Data Base 

• A set of all operations, maintenance, and support jobs and the manpower 
required during 1974. 

• A set of work loads associated with the various ship-to-shore message 
processing jobs (such as full-period termination send or receive) for each 
fleet center site analyzed.   These work loads are expressed in both message- 
handling units (such as the number of full-period termination messages 

i 
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received per year) and circuit usage (such as circuit-days expended 

in 1974). 

• A set of Navy-approved work standards that can be compared with 
the set of jobs and operating hours and used as a basis for establishing 
ComNavTelComm planning standards. 

Planning Logic 

• A method of calculating total man-hours required in these personnel 

categories: 

- Operators. 
- Various support categories. 

• A method of calculating billets required, based on the number of 
man-hours required, standard work-week characteristics, and various 
operational constraints. 

The entire manpower planning process, including the standards recommended, has 
been reviewed and informally approved by Op-124. 

To properly use the planning system, ComNavTelComm must now make these 

policy decisions: 

• It (and the sites) should validate the planning factors data base and 
make certain that no required jobs are missing. 

• Review the numerical values associated with the planning factors, 
particularly with the unit man-hour requirements at each site, among 
all 4 sites and against all Navy standards available.   Then, for each work 
activity, decide on either one standard that will be applicable to all NavCommStas. 
or separate standards for each site based on factors unique to that site. 

• Confirm which jobs are to be included as part of the site's work load 
in the planning process.   There are many jobs that are not done at every 
site.   For example, analysis of the other departments showed that the 
NCS Public Works Department may service an outlying site; in other cases, 
the site may service itself.   In the case of maintenance jobs, there is no 
common policy regarding which maintenance tasks are required.   Conse- 
quently, certain sites do planned maintenance tasks beyond that required 
by the Maintenance Requirements Card (MRC). 

•     Decide whether the difference in manpower observed among sites 
for doing a given job during 1974 resulted from «ome distinguishable 
difference (such as quality of manpower or environment) or from   sta- 
tistical variations" and. therefore, some mean value c&n be assumed as 
a ComNavTelComm-wide standard. 

-2- 



•     Validate the planning logic proposed. 

The results of this review will provide the required inputs to the planner regarding 
which planning factor values to use in his analyses. 

STRUCTURE OF THIS HANDBOOK 

,.^ 

The sequence of topics covered by this handbook is: 

• Overview of the Planning System--describes the proposed manpower 
planning process in terms of the inputs the planner must provide and the 
various planning factors used to convert the inputs into billet requirements. 

• Summary of Planning Factors Data Base--describes each planning factor 
generated. 

• Planning Logic--contains the procedures for calculating the number of 
billets needed to operate, maintain, and support a given fleet center division; 
this section also includes a set of work tables useful in systematically imple- 
menting the procedures. 

• Appendix A--contains the details of the analysis and derivation of the 
planning factors; annex 1 to the appendix contains the sets of tables containing 
the actual data used and derived.  (The data in the maintenance tables is also 
available on cards or 7-track magnetic tape for computer processing.) 

-3- 
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OVERVIEW OF THE PLANNING SYSTEM 

Figure 1 is a diagram of the manpower planning process as envisioned. Inputs to 
the process are the characteristics describing a specific system configuration at each 
site being analyzed.   These characteristics include: 

• Numbers and types of equipment to be kept in inventory at the site. 

t      Maintenance policy to be implemented, including what types of non- 
corrective (planned) maintenance jobs are to be done and how often. 

»     Operational use of the equipment in terms of the communications 
circuit beirg operated, the number of messages per year each circuit 
handled, equipment layout, and the type and frequency of other operating 
jobs being done. 

• Equipment layout, which is important in determining how many 
circuits and jobs one operator can handle in parallel. 

• The type and frequency of support jobs, such as cleaning and field 
days. 

The system characteristics are then combined with planning factors (table 1) to 
give the man-hours .ieeded for the various jobs.   These man-hours are then converted 
to billets, using Navy standards for a work week. 

BASIC ASSUMPTIONS 

This section describes the various assumptions underlying the results. 

The planning factors (table 1) were derived from 1974 operational data and are based 
on the best data available from each site as well as other sources.   However, each site 
has been asked to upgrade its record keeping (mainly with respect to maintenance) and 
ensure it is recording the data requested.   This way, more accurate information can be 
obtained in the future to revalidate the planning factors and upgrade their accuracy. 
But it is assumed here that the planning factors are valid and that an annual revalidation 
of the factors, based on 1975 work experience, will amend the data base as needed. 

USE OF PLANNING FACTORS 

The context in which the planning factors are to be used can be summarized this 
way.   The systems planner does a set of preliminary analyses.   He examines the need 
for communications services of various types, including geographical coverage, number 
of messages per unit time to be handled by each communications circuit (such as full- 
period termination vs. broadcast), division of responsibilities among NavCommStas, 
operating loads to be accommodated for both peak operations and the entire year, and 

-4- 
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1 TABLE 1 

FLEET CENTER PLANNING FACTORS 

& 

Maintenance 

1. Operator planned maintenance subsystem (PMS) factors 
2. Technician PMS factor 
3. Make-ready, put-away time factor 

Operations 

4. Operational flow diagrams 
5. Job activity time factors 
6. Job activity frequency factors 
7. Message length factors 
8. Operator time ratios 
9. Operational work load factors 

10. Circuit usage factors 
11. Additional operational activities factors 

Support 

12. Support collatoral duty factors 
13. Supervisory overhead factors 

OpNav work standards 

14. Personal fatigue and delay (PF&D) factor 
15. Standard work week 

the division of these loads between satellite and HF equipment.   Further system design 
considerations are then made, culminating in the configuration of alternative designs. 

The types of data contained in this report are: 

• Localized data—that is, the specific work characteristics at each 
of the 4 sites and the time it took during 1974 to do this work. 

• Standard planning factors, which should be about the same from 
site to site for purposes of manpower planning.   The main example of 
this is the time required to complete a given job; this time is derived 
as the "weighted mean" of the local times required to do the work, 
taking into account how often that job ib done at each site. 

• Pia.uiing factors that depend on the particular environment at a site. 
One example of this is the frequency with which a specific job is done at 
a site. 
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For each alternative being considered, this kind of information must be specified as 
inputs to the manpower planning system: 

• The set of equipment to be in inventory at the station being considered, 
and their layout. 

• Total maintenance policy to be followed; that is, whether the prescribed 
PMS schedule is being followed for each unit of equipment, PMS that the 
operator will handle, frequency of equipment overhaul, and the like. 

• Specific operating procedures, as selected from the set of operational 
Jobs listed in the data base. 

• Operational use of the equipment; in the fleet center, this should be 
quantified in terms of the number of messages of a certain type handled 
each year, the number of circuit-days of operational use anticipated for 
each type of circuit, and the maximum number of circuits each operator 
can handle in parallel due to layout constraints. 

• All support jobs required, as selected from the set of support jobs 
listed in the data base. 

To help the planner estimate the amount of equipment operated, he may use the 
circuit usage planning factors.   These include the number of circuit-days of operation 
last year for each communications circuit at each site. 

The basic question is: For each system configuration being analyzed, how many 
billets of what type are required at each site for operation, maintenance, and P' j.port? 
The procedure followed is similar to the approach used by Op-124 and the Navy Manpower 
and Material Center (NavMMaC) in calculating billets required as a function of the average 
weekly work load at the site.   Peak work loads that exceed the average are accommodated 
by: 

• Using peak loaders for predictable peaks. 

• Bringing maintenance and support personnel into operations activities 
if they can be trained to take on some of the simpler jobs during a peak, 

• Working longer than the average standard shift or work week. 

Overtime should be repaid with compensatory time off when work loads are below 
average.   This policy is implicitly included in calculating billets based on the total 
annual work load because peaks are included in that total.   All other assumptions are 
noted in appendix A, 

' 
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SUMMARY OF PLANNING FACTORS DATA BASE 

This section describes the planning factors derived.   The values of these factors 
and the method used in deriving them appear in appendix A. 

MAINTENANCE MANPOWER REQUIREMENTS 

Table II-1   shows an inventory of all fleet center equipment being maintained.   Unlike 
the transmitter and receiver sites, most of the maintenance jobs are done by civilian con- 
tractors or the electronics maintenance division.   However, some maintenance is done 
by fleet center operators (and one electronics technician at Guam); see appendix A. 

From this data, planning factors consisting of the man-hours per year needed to 
do the operator PM maintenance for each type of equipment at each site were derived. 
There are two types of maintenance manpower requirements: 

• Site requirements--the number of operator PM maintenance man-hours 
that each site states it needs to achieve an acceptable performance level. 

• Navy requirements--the number of operator PM maintenance man-hours 
that OpNav allows as acceptable for budgeting manpower. 

Specific planning factors have been generated for all the maintenance jobs.  These 
include Navy requirements, when available, for comparison. 

PMS Factors 

The allowable Navy requirement is to do the PMS actions specified on the MRC 
within the man-hours specified on the cards.   The man-hours do not include make-ready 
and put-away time or personal fatigue and delay.   The PMS man-hours for each equip- 
ment type are also given in table II-1. 

2 
Make-Ready, Put-Away Factor (No. 3) 

The allowable Navy requirement is 30 percent of the PMS time, as specified on the 
MRC. 

Personal Fatigue and Delay Factor (No. 14) 

The allowable Navy requirement is 17 percent of the EMS time. 

Total Requirement for PMS 

From the preceding considerations, the total allowable Navy requirement for each 
equipment unit is 1.47 times the PMS time.   Table II-1 gives the site requirement for 

AH tables cited in this section appear in annex 1 of appendix A. 
2 
Planning factor number (see table 1). 

» 
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each equipment type.   The total site requirement is considerably under the Navy require- 
ment, equaling or slightly above the PMS standard. 

Operator PMS Factors (No. 1) 

These make up that remaining portion of the total conventional PMS actions performed 
by operators, rather than by technicians.   These times are given in table II-l. 

Technicians PMS Factors (No. 2) 

These make up that remaining portion of the total conventional PMS actions performed 
by a Guam fleet center technician.   These times are given in table II-l. 

OPERATIONS MANPOWER REQUIREMENTS 

The planning factors relate the operator man-hours required to the work load for 
various message-processing jobs.   Message-processing jobs that were analyzed and for 
which quantitative planning factors were derived are: 

— Full-period termination, receive. 

— Data speed reader, 

— Full-period termination, send. 

— Allied/NATO/SEATO, receive. 

— Allied/NATO/SEATO, send. 

— CW (continuous wave) broadcast. 

— PG (patrol gunboat) broadcast. 

— Encrypt message. 

— Decrypt message. 

— Service center. 

— Data base operator. 

— Router operator. 

— In-router operator. 

Operational Flow Diagrams (No. 4) 

For each job analyzed, an operational flow diagram was constructed and used as the 
standard of comparison among sites.  Planning factors 5 through 9 all relate to this 
standard. 
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job Activity Times (No. 5) 

Tables III-2 through 111-46 include the average operator and total time to perform 
each activity associated with each job analyzed.   In addition table IV-la shows a com- 
parison of times for what appears to be the same activity, although occurring in differ- 
ent jobs. 

Job Activity Frequency Factors (No. 6) 

Tables III-2 through 111-46 include the average number of times each activity Is per- 
formed per message processed for each job analyzed. 

Message Length Factor (No. 7) 

This consists of the average length of various messages associated with a job, in- 
cluding the incoming message, retransmission, service request, etc.   These factors are 
also contained in tables III-2 through 111-46. 

Operator Time Ratios (No. 8) 

Dividing the average operator time required per message by the average total time 
required per message yields operator time ratio, an Important factor which will be used 
in calculating the average productivity of each operator.   Sample calculations of these 
factors are given in tables III-2 through 111-46. 

Operational Work Load Factors (No. 9) 

The primary characteristic of the work load is the total number of messages proc- 
essed by each of the above jobs at each site during 1974.  These factors are given in 
tables III-2 through 111-46. 

Circuit Usage Factors (No. 10) 

Another characteristic (listed In table IV-lb) which quantifies the work load is the 
total number of circuit-days of usage associated with each message processing job, both 
during the entire 1974 and during a peak period of operation (an exercise).  Dividing the 
former factor by 365 yields the average number of circuits used at each of the 4 sites. 
Dividing the latter by the number of days of the exercise yields the average number of 
circuits used during the peak.   Factors 9 and 10 are given as a guide to estimating 
future work loads. 

Additional Operational Activities Factors (No. 11) 

Other operational jobs done by operators at any of the 4 sites are listed in table IV-2; 
this table Includes all data describing these jobs, as submitted by the sites. 

-10- 
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SUPPORT MANPOWER REQUIREMENTS 

Support Collateral Duty Factors (No. 12) 

These are concerned with the work done by nonsupervisory personnel in addition to 
their other duties.   The man-hours required for these services are shown in tables IV-3 
and IV-4. 

Supervisory Factors (No. 13) 

The supervisory overhead rates associated with each overall site and its subord- 
inate components ig given in tables 1-3 and V-l. 

OPNAV WORK STANDARDS 

Personal Fatigue and Delay Factors (No. 14) 

These total 17 percent of the working time applied to all jobs whose measurements 
consist only of productive work and do not Include permissible breaks. 

Standard Work Week (No. 15) 

A standard work week of 40 hours and a "S-man-for^-section"1 watch is to be 
used.   Taking into account service diversionu, training, leave, and holidays, the hours 
available for work are 31.94 for military and 33.38 for civilian personnel. 

Assigning 4 men for every watch position being manned continuously constitutes a 
4-duty section watch.   This results In a 42-hour work week (Including meal time). 
Assigning a fifth man for each watch position allows for service d   • sions   training 
leave, and holidays, and results In 33.6 hours per week available f -    ^rk (includlnff 
mealtime). -11- * 

... 



PLANNING LOGIC 

This section outlines the procedures for calculating the number of billets needed 
to operate,  maintain, and support the equipment for the proposed alternative.   Data 
used in making the calculations can be entered in the manpower planning work tables: 
suggested formats for these tables appear at the end of the section (work tables 1 
through 3, page 25). 

In summary the procedure is to calculate the man-hours per year required for all 
maintenance, operations and support jobs identified.   These manpower requirements 
are then converted into billets by considering the standard work week, equipment lay- 
out constraints, and the operator utilization which results from such constraints. 

MAINTENANCE MANPOWER REQUIREMENTS 

Work Table 1 

Equipment Needs 

Decide on the numbers and types of equipment needed to be kept operationally 
ready for peak operations, such as major fleet exercises or contingencies.   This 
information can be obtained from the users.   The number Includes spares.   However, 
such needs should be confirmed by comparing the list of stated user needs with former 
usage under similar conditions.   Such data, shown In table IV-1, includes the current 
COR (functions and number of circuits) as stated by each site, and the total circuit- 
days of usage for each COR function during the entire year as well as during the peak 
period.   The average number of circuits used during the enture year was derived from 
this data (total circuit-days divided by 365).   An estimate of the peak number of cir- 
cuits used was also obtained by dividing the peak circuit-days by the length of the peak 
period.   Additional data of this type should be collected as other exercises are con- 
ducted.   List the equipment type in column 1 and the number required in column 2, 

Planning Factors 

Decide which planning factors are to be used for the realignment alternative under 
consideration.   In general, these will consist of the ComNavTelComm-wlde planning 
factors providing unit activity times, as well as those planning factors uniquely related 
to the particular geographic zone represented by one of the 4 sites. 
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Equipment Inventory 

Decide on the equipment inventory to be maintained by fleet center personnel. * 

PMS Man- Hours 

Based on the PMS schedule that is to be followed by the fleet center operators, 
calculate the total PMS man-hours required for each equipment type.   First, calcu- 
late the sum of the unit PM man-hours^ needed for the total PMS schedule over the 
full year (from the list of all PMS jobs and their unit manpower requirements as In- 
cluded among the maintenance planning factors, see table II-1).   List the unit PMS 
factors for operating personnel in column 3.   The product of columns 2 and 3 gives 
the PMS man-hours required of operators; this number Is listed In column 4.   Find 
the total operator PMS man-hours (sum of column 4 entries). 

The total operator man-hours required (column 4) should also Include the appro- 
priate "make ready and put-away" and PF&D factors.   The OpNav requirements for 
these two factors are 30 and 17 percent, respectively.   Thus, the OpNav requirement 
for operator PMS man-hours would be 1.47 times each of the totals shown in column 4. * 
This total should be listed as the last line of column 4. 

CM Man-Hours 

See volume II of this research contribution for the method of calculating the CM 
man-hours required for the electronics technicians at Guam. 

Normal preventive and corrective maintenance is done by either the electronics 
maintenance division or civilian contractors; these manpower requirements are de- 
scribed In volume H,   Volume IV (this volume) describes how to estimate the pre- 
ventive maintenance done by the fleet center's operating personnel, as well as the PM 
maintenance for encrypting/decrypting equipment done by an electronics technician at 
Guam; see volume n on electronics maintenance for the method of calculating CM man- 
hours required, 
o 

Unit PM man-hours Is the annual man-hours needed to do PM for one piece of this 
equipment. 
q 
This calculation Is only valid when the Navy PMS standard Is used, not when local 

standards are used. 
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OPERATING MANPOWER REQUIREMENTS FOR EACH JOB 

each?fiL8e
fl

Cllr Sh!WS h0W t0 CalCUlate the m^-hours required per year to operate 

.atlon. receive. Job (table III-4).   ^e logic to be folloled JX1~Z£Z way: 

•     Use as a work table format the particular table developed in append uc A 

oriirr ^man;hours required for each job ^^ -^y-d (Xln-4 for full-period terminations receive; table III-10 for DSR job; etc.). 

Lly^0.111™ l' liSt the maj0r WCrk fUnCtl0nS ^^ for the ioh being 

tor ethlrctfon.^ 3' ^ ^ ^^ ^"^ ^ ^ "^ quired 

ca,.^
CH0lTS ^ ^ ^ 3' al80 ii8t any dpvlationE from the standard times 

caused by the average message length at the particular time. 

• In column 4. list the frequency factor associated with each function, 
followmg the formulas and planning factors listed for this job ItZsJtte. 

• Calculate the average operator time required per message for each 

tMslr^r^ ^ ^ —^-^-a of columns I and Tllst 

• Calculate the average total time required per message for each function 
as the product of columns 2 and 4; list this In column 6. 

m.^/r^6 the
c ^T^6 0Perat0r tlrne and total tlme Per ^ssage as the sum of columns 5 and 6, respectively. 

Thi« ?8t;mat^ the total number of messages per year expected at the site for 

t^(rs?hown.0Peratl0nal ^^ ^ ^ faCt0r8 a8 a ^de>; list ****£ 

of ^alCUlate th! t0tai 0Perat0r mar-hours required per year as the product 
of the operator time per message and the number of messages per yeaT 
(converted to man- hours per year). y 

Adjusting for Operator Idle Time 

In calculating the minimum number of man-hours required for each job   we 
assumed no operator (avoidable) Idle time by using the average operator time ^r 
message rather than the average total time required per message    One Sor^on- 

"Lr^^ ^ idle time l8 ^ t0tal -^ 0f ^cults^ne^r^rhandle 
-14- 
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Referring to the FPT receiver example: 

- Operator time per message ■ 101 seconds. 
- Total time per message = 341 seconds. 

From this, we calculated (In table III-4) the operator time ratio per circuit, 
defined as the ratio of average operator time to average total time per message 
(equal to 0.30 In the example). 

Thus, If the operator were assigned only 2 FPT receive circuits to handle, his 
working time would be 202 seconds, and the total time would still be 341 seconds; 
operator Idle time would be 139 seconds.   Operator time ratio would then be 2 times 
0.3, or 0.6.   If the operator were assigned 3 circuits, the operator working time 
would be 303 seconds, and the operator time ratio would be 0.9. 

But If the operator were assigned 4 FPT receive circuits, the operator time ratio 
would be 4 (101)/341, or 1.18,   This ratio, however, can never exceed 1,   So the 
calculation really means that the operator Is fully utilized, and there Is no Idle time. 

Consider another example.   The operator Is assigned 2 of these circuits, as 
well as a third circuit whose operator time ratio Is 0.2.   Thus, this operator's ratio 
Is 2 (. 32) + 1 (. 2), or 0.84, and there Is some Idle time. 

If the operator also had a fourth circuit of the second time, the ratio would be 
2 (. 32) + 2 (. 2), or 1.04; the operator would be fully occupied and there would be no 
idle time. 

Thus, In calculating the operator man-hours required for message processing. 
It Is Important that the operator time ratio be calculated as shown previously.   If It 
Is less than 1 (such as the Allied/NATO job, where the ratio Is 0, 1 for loth send and 
receive jobs) the correct value of man-hours required be obtained (to Include operator 
Idle time) by dividing the first value obtained by the operator time ratio.   Thus, If the 
operator handles M circuits of one type of job: 

(OTR) (M) 

where MH - man-hours required; 

OT - operator time/message; 

N ■ number of messiges per year; 

OTR ■ operator time ratio per circuit; 
-15- 
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and M = average number of circuits each operator handles in parallel. 

.^y 

When an operator handles more than ore job, both the numerator and the de- 
nominator consist of the sum of the products Indicated for each job. The denom- 
inator cannot exceed 1. 

MANPOWER REQUIREMENTS FOR ADDITIONAL JOBS 

Work Table 2 

While the previous calculations determined the man-hour requirements for most 
operator positions, each of these positions have additional operating jobs as well as 
collateral support jobs as listed In tables IV-2, 3, and 4.   Work table 2 relates each 
additional job to be done to each position doing It. 

Additional Job Requirements 

In columns 1 through 3 list information regarding all additional operational 
activities and support collateral duty jobs: 

e In columns 1 and 2, list the job number and title of each of these 
jobs, using planning factors 11 and 12, (as approved by the command 
for each site, based on data In tables IV-2, and IV-4), 

• In column 3. list the approved man-hours per year required for each 

job. 

Positions Required 

The next step is to allocate the total man-hours required among the position 
categories doing each job. 

• Columns 4 through 7 of work table 2 list these positions: 

- Watchstander direct labor. 

- Watchstander supervisor. 

- Day worker, 

- Day supervisor. 

• After consulting table 1-1 and all other Information available (as in 
appendix A), list, after column 7. all other position requirements, the 
titles of all other positions doing these jobs, but not included by columns 
4 through 7. 

-16- 
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•     Allocate the total man-hours per year for each job (column 3) among 
the various position categories (columns 4 through 10). 

TOTAL BILLET REQUIREMENTS 

Work Table 3 

The remainder of this section explains how to determine the billet requirements 
for each type of position analyzed-- that Is, full-period termination operator and allied 
operator.   Unlike the other sites, where all operators do the same jobs, each fleet 
center operator Is restricted to a specific set of jobs, and, therefore, a set of calcu- 
lations must be made for each operator situation. 

Two different methods were developed for making these calculations.   The first 
method is to determine the total man-hours per year required to do all jobs associated 
with the position; using the standard work-week factor, calculate the number of billets 
required.   Then various constraints are Introduced, each tending to Increase the number 
of billets.   These Include: 

• The total number of billets required Is, on the average, the number of cir- 
cuits expected to be operating during the year divided by the maximum number 
of circuits one operator can handle In parallel because of the equipment layout 
at the site.   ITiat Is, even If one operator could handle a given message rate. 
If these messages were distributed over a very large number of circuits, the 
extra walking time Involved would probably require additional operators. 

• A minimum of 5 billets per watchstandlng position Is required; (1 billet 
per watch). 

The operator productivity Is then calculated (the minimum number of billets 
required to do the actual work load divided by the number of billets required by lay- 
out considerations).   If this productivity Is low, consideration must be given to 
changing the equipment layout or job design so that one operator can operate more 
circuits. 

The second method essentially goes through the same calculations, but in a dif- 
ferent order.   The first determination Is the total number of operator billets required 
(the average number of circuits expected to be operating during the year divided by the 
maximum number of circuits one operator can handle).   Again, a minimum of 5 billets 
per watchstandlng position Is required.   Next, the operator productivity Is calculated 
(as described previously) leading to equipment layout changes and job redesign for 
those positions having low utilization. 

The first method was adopted and Is described In greater detail. 
-17- 
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Work Elements 

List the operator position being analyzed at the top of work table 3, and,  in 
column 1, list al work slements of that position which can be done in parallel by 
the operator whll * on watch: 

• All operator message-processing jobs. 

• Any operator PMS action (If applicable). 

• All other operating activities. 

• Support collateral duty work done by operators. 

Man- Hours for All Jobs 

In column 2, list the operator man-hours per year required for each job In 
column 1.   In the example shown In work table 4: 

^ •     A total of 4,076 man-hours (minimum) was calculated as being re- 
quired for the full-period termination, receive, circuits. 

• Assume that 408 man-hours are required to operate the full-period 
termination, send, automated circuits. 

• No operator PMS Is required for this position. 

• Other jobs require 1,200 man-hours. 

In all appropriate cases, the working man-hours must be converted into total 
man-hours by applying the PF&D factor (In column 3). Thus, the total number of 
man-hours for each work element Is: 

TOW = (l +PF&D) WMH, 
| 

where TOW is the total operator work load (listed In column 4), WMH 
Is the working man-hours, and PF&D Is the personal fatigue and 
delay factor. 

Any of these jobs that Is done by an operator but that takes him away from his 
primary operating location may require a relief operator during the time the op- 
erator Is away from 'als primary operating jobs.   The relief operator could be the 
watch supervisor.   In any case. If these additional jobs cannot be performed In 
parallel by the original operator, they must not be Included In this operator billet 
calculation, but calculated separately In the same way as described here. 
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Generally, the PF&D factor is already included In the operator PMS and collat- 
eral support man-hours requirements; it therefore should not be listed in column 3 
for these jobs.   Obtain the total operator man-hours required ^row 2 of the table) by 
adding the man-hours of all work elements; list the total In column 4. 

Number of Watchstanders 

The next step is to calculate the total number of billets required for each oper- 
ator watchstander position considered.   Because of layout and operational constraints, 
the planner must make a series of iterative calculations to arrive at the final value 
for watchstander billets. 

l-F 

Minimum Billets Required 

The minimum number of operator billets, B , based on average work load.  Is 
determined first: 0 

B   = TOW/52 (TAW), 

where     TOW Is the total operator work load per year (as previously calculated); 

and TAW Is the time available tor work per week. 

According to the standard work week of 40 hours (where dependents are author- 
ized), TAW should equal 31.94 hours per week for military and 33.98 he irs per week 
for civilian personnel (reference 1).   But a watchstander asslf «^ to a 5-man-for-4 - 
section watch Is at his station 33.6 hours per week, less time out tor meals.   TAW 
therefore Is based on a weighted average of these two factors, and It depends on the 
civilian-to-military mix at the fleet center. 

For example. If there were 10 civilian to 40 military direct labor personnel at a 
site, the weighted average would be: 

TAW = 
10<33-98>5

+
0
40<3'-M)    =32.35 hour, per w«k. 

Enter this value In row 3 and the results of the calculations B   In row 4, column 
5.   Carry the billet calculations to the nearest 100th of a billet unftl all calculations 
are completed and round off fractional billets. 

Equipment Layout 

Another Important consideration Is equipment layout.   Therefore, the average 
number of circuits expected to be used must be considered; (see table IV-1 tor 1974 
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usage).   Suppose that our Illustration Is for Guam, which used an average of 45. 8 
multichannel, single-channel, and dedicated circuits in 1974 for the work load cal- 
culated, as shown in table IV-1. 

For the work load being considered, one man per watch could not handle all these 
circuits (even though he could handle the message work load if it were at 3 circuits) 
because of the extended layout of the circuits.1   In fact, Guam recommends a manning 
of 7 billets per watch for its work load (considering both number of messages and 
circuits), as shown in table IV-1. 

Additional billets per watch must be added, based on the maximum number of 
circuits one operator can handle (as opposed to message load, which has already 
been satisfied by the work load calculation).   Guam's figure, 7 billets per watch (or 
a total of 35 billets) is the recommended manning for the 45. 8 average circuits it 
states were active in 1974.   This means one operator can handle an average of 6.5 
circuits in parallel under relatively light loads. 

List the total number of billets required in row 5, column 5. 

Additional Constraint on Minimum Billets Per Watch 

Check to ensure that there are at least 5 billets for each position (including 
supervisors).   Also determine whether the safety requirement is satisfied (minimum 
of 2 men per watch in an Isolated area). 

Calculating Operator Productivity 

Because Op-124 bases its billet allowance mainly on operator working time, and 
the compartmentalizing of jobs invariably leads to lower operator utilization because 
of all the factors described, it is up to each site to defend its billet recommendations 
for all positions in which there is considerable operator idle time.   This may be done 
by calculating the operator productivity for each position, (defined as that proportion 

Our analysis assumes that the activity times submitted by the sites, from which the 
standard activity times and man-hours required are derived, include delays incurred 
in the operator's moving from one circuit to another during normal operation.   If this 
assumption Is Incorrect, an additional average walking time would have to be added to 
the total time required for those operators whose work stations are separated by a 
substantial distance.   Furthermore, our method of calculating man-hours would also 
show the extra man-hours required by the large number of circuits because we would 
add "walking from circuit to circuit"; thus, the average operator time required per 
message would Increase. 
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of time the operator is actually working).   For those positions whose operator prod- 
uctivity is low, consideration must be given by the site to: 

• Changing the layout of the equipment so that the operator can handle more 
circuits in parallel. 

• Redesigning the total set of positions to include the possibility of combin- 
ing low productivity positions, thereby reducing the total number of positions 
required. 

• Using working supervisors to accomplish the same effect. 

If none of these can be done, the site has the responsibility to show that thev were 
considered and why it cannot be done. 

Operator productivity (OP) for each position may be calculated this wav 
B '" 

o OP = 
B 

where 

and 

OP = operator productivity; 

Bo = minimum operator billets as originally calculated and; 
based on the total operator per work load; 

Br« operator billets required, as finally calculated, based on 
the other constraints. 

Fractional Manpower Cutoffs 

, «n uAftfr uhf.nUmber 0f blilet8 for each functlon ha8 ^e« calculated to the nearest 
100th of a blilet. fractional manning problems may arise.   In the past, this was solved 
by arbitrarily selecting the equivalent 0.5 as the cutoff point.   Any work load that" 
earned at least 0.5 space was awarded the next whole number without regard to the 
size of the work center.   Those that earned less than 0.5 did not get the extra manpower 
(reference 2). K 

Overload factors are based on the premise that separate criteria should be applied 
to small and large work centers.   A maximum individual work overload Is established 
at 0.5 hour per working day and is cumulative until reaching a maximum of 0.5 billets 
The cutoff point Is the highest value the fractional manpower can equate to before the  ' 
manpower requirement Is rounded to the next higher Integer.   Table 2 shows the frac- 
tional manpower cutoff points for both military and civilian workers. 
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TABLE 2 

lv-. 

FRACTIONAL MANPOWER CUTOFFS FOR COMPUTING STANDARDS 

Manpower Fractional 
authorized 

Military 

manpower cutoff 

Civilian 

1 1.081 1.078 

2 2.162 2.155 

3 3.243 3.233 

4 4.324 4.310 

5 5.405 5.388 

6 6.486 6.466 

7 
Authorized 

7.500 7.500 

jr      7 manpower +0.500 0.500 

Determine the number of other nonsupervisory watchstanders (such as computer 
operators and programmers) and watch supervisors required.   Since no quantitative 
data regarding the work done by people in these positions was supplied by the sites, 
judgment must be used when allocating these positions.   References 3 and 4 describe 
these positions and recommend a billet allocation; those references can be used as a 
guide.   This allocation should be made uniformly unless environmental conditions at 
the different sites vary the work load for these positions. 

Dealing with Periodic Peak Loads 

Since the operator work load (number of messages or circuits, whichever is 
the limiting factor) is generally distributed unequally among the 4 watch sections) 
the total billets required should not be distributed equally throughout the watch sections. 
This, of course, is the peak loader concept, in which the total number of billets is 
distributed according to the work load on each of the 4 watch sections.   The following 
example shows how to calculate total billet requirements from an operational view- 
point, that these watchstanders are required: 

I 

•     Three watchstanders on each of the first and second watches over the 
5 weekdays only; 30 watch-positions. 
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• One watchstander on each of the first and second watches, weekdays; 
5 watch-positions. 

• One watchstander on each of the 3 watches, weekends; 6 watch-posltlons. 

• Total = 41 watch-posltlons. 

Since 5 billets equal 21 watch positions, a total of 9. 8 billets Is required. 

DEALING WITH PEAK LOADS FROM FLEET EXERCISES AND CONTINGENCIES 

In accordance with Op-124's billeting policies, peak work loads can only be handled 
by: 

• Reducing the number of watch sections. 

• Transferring men to the site from reserve components or from other 
sites not affected. 

• Cross training Individuals for less complex jobs In the fleet center and 
deferring some of the less critical jobs.   These men thus may be used In 
the fleet center to handle some of the work load. 

Dealing with Random Peak Loads 

These peaks, which do not occur periodically, may be handled this way: 

• The precedence system, which allows higher-precedence traffic to 
be handled first within allowable time lags at the cost of delays In lower- 
precedence traffic.   If the higher-precedence traffic constitutes such a 
large proportion of the total traffic that the time delay standards are not 
met (as shown by work samples), a case can be made for an Increase In 
bluets. 

• Any backlog at the end of each shift should be eliminated by extending 
the shift, thus doubling the manpower available.   In a worst case, asking 
some watch personnel to come Li an hour early may be possible sometimes. 
Obviously, the extra time spent by an operator should be compensated for 
when the work load Is down. 

The annual work load Includes at least one fleet exercise containing a peak work load; 
therefore, the number of billets required already exceeds the normal average, ex- 
cluding fleet exercise work loads. 
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Number of Support Personnel 

Since no quantitative data regarding the work load of support personnel was sub- 
mitted by the sites, the required number of billets for these positions must be deter- 
mined by experience, as described previously for watchstanders. 

Number of Watch Supervisors Required 

Determine the number of watch supervisors, B    , assigned to the watch: 

B      =B     S 
ws      wo  rw 

where 

and 

B     = number of watch supervisor billets required; 

B     = number of watch operator billets required; 

» watch supervisor overhead ratio. rw 

Qualitative Requirements 

Next, determine the qualitative requirements of each position in terms of desig- 
nator, grade, rate, and series.   TTiis should be done unfformly, based on the total 
number of people required in each functional unit. 
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APPENDIX A 

ANALYSIS AND DERIVATION OF PLANNING FACTORS 

This appendix describes the planning factors and how they were derived for the 
operations, maintenance, and support functions analyzed.   Data as submitted by each 
site Is on file at CNA.   As table 1 of the main text shows, 15 basic planning factors 
have been derived for those functions.   Each factor Is described here. Indicating: 

• Numerical values of the recommended planning factors. 

• How the original data submitted by the 4 sites was converted Into planning 
factors. 

• Existence of Navy work standard and their use In this analysis. 

• Organization of the planning factors data base so that the planner, follow- 
ing the planning logic described In the main section, can retrieve desired 
values from the data base. 

• Other planning Information derived during the analysis. 

PERSONNEL INFORMATION 

The main objectives of this analysis was to: 

• Compare current manning for each comparable position, at all 4 sites, 
to serve as a guide for ComNavTelComm In uniformly allocat'ng billets 
to those positions ibr which the sites did not submit quantitative data. 

• Determine the appropriate supervisory "overhead" factor now associated 
with each work function.   However, one by-product was a list of all billet 
titles for all personnel at each site.   A comparison of each station's billet 
titles with a master list was generated, and each station's title preferences 
given.   This structure was generated to aid Code-01 In formulating a final, 
preferred set of standard billet titles. 

Uniform Billet Titles 

Table I-1 of annex 1 Is a composite of all billets filled as of the survey date and 
as submitted by each of the 4 sites.   Column 1 Is a master list of practically all billets 
commonly associated with fleet centers.   These billets are grouped Into branches. 

The billets reported at Honolulu. Guam, Norfolk, and Italy were then matched 
against this list, as shown In columns 2, 3, 4, and 5, respectively.   As in the original 
data, the word "same" In place c* a billet title Indicates thrx the site uses the master 
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position title; another title indicates the title now used there.   Following the billet 
titles are several numerical designations appearing In parentheses: 

• A number indicates the number of billets on duty holding this position. 

• A percentage indicates the percent of time each person In this position 
spends In nonsupervlsory (direct labor) work; 10 percent Indicates this Is 
a supervisor.   No percent designation Indicates this is a nonsupervlsor. 

Billets that do not correspond to the master list are also listed In the division 
In which they exist, with the same letter designation used in that site's original data. 
Billet A at one site need not be the same as billet A at another site, since the original 
data forms were completed Independently with only the master billet list as a guide. 
Lettered billets from different sites apparently relating to one another, yet having 
different billet titles, are clustered near each other. 

Although all billets in the master list appear in column 1, there are billets that 
do not exist at any of the 4 sites. 

Table 1-1 was created to help in developing a set of uniform billet titles.   Titles 
now In use cai be compared with those shown In this list and a decision made by the 
command concerning the preferred set of billet titles. 

i 

Annex 1 contains Inputs from Honolulu (describing Its billets), and Guam (In- 
dicating the tasks some of its nonstandard billets do). 

Manning Distribution 

Table 1-2 of annex 1 gives total manning used for fleet center operations, main- 
tenance, support, and general management (that Is, the supervisors In the manage- 
ment üToup office) at the sites.   Ihe numbers of d'rect labor, functional support, and 
supervisory personnel are also indicated within each division, as is the military-civilian 
composition of each category. 

Table 1-3 also shows the manning distribution of labor between day workers and 
watchstanders.   The purpose of tables 1-2 and 1-3 is to compare distributions of the 
fleet center personnel among sites, as well as provide a basis for deriving supervisory 
overhead rates (described under support manpower requirements). 

MAINTENANCE MANPOWER REQUIREMENTS 

The large majority of PM and CM actions are done by personnel from the elec- 
tronics maintenance division, or, in the case of NavComPARs equipment, by civilian 
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contractor personnel under a separate maintenance contract.   However, Honolulu and 
Guam Indicated their fleet center personnel also do this maintenance: 

•  Honolulu operators do PM on these types of UNIVAC 70/42 equipment: 

Maintenance number Equipment Man-hours per year 

26 12 magnetic tape stations 1,095 

2 card readers 182.5 

27 

28 

1 medium-speed printer 

1 mass-storage unit 

- filters 

1 medium-speed printer 

1 paper tape reader/punch 

182.5 

91.25 

26 

182.5 

91.25 

• Guam operators do operator PM on most of that site's equipment (with 
CM done by the electronic maintenance division). 

• A Gviam electronic technician does both PM and CM for Its encrypting/ 
decrypting equipment. 

The analysis described here shows how the planning factors for fleet center per- 
sonnel were derived.   (See also table II-1 of volume II; that table shows the planning 
factors for the maintenance done on the same fleet center equipment by electronics 
maintenance personnel.) 

Data Organization 

Table II-1 of annex 1 deals with the maintenance planning factors associated with 
fleet center personnel, and are derived from the data submitted by the 4 sites. 

Table II-1 gives numbers and types of all equipment being maintained at the 4 sites. 
This equipment Is listed alphabetically and described In column 2 and numbered se- 
quentially In column 1.   As a cross-reference to locate the data In that table, the main- 
tenance numbers as originally given by each site are listed In column 3. 

Column 4 gives the number of units of equipment of each type at the sites.   When 
the number maintained is different from the total number on hand, this Is also Indicated, 
and the latter figure Is the one used In all calculations to determine unit times. 
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The total man-hours per year needed for both CM and conventional PMS maintenance 
for one unit of each piece of equipment is given in column 5.   In all cases,  time for breaks 
and make-ready, put away are included. 

Columns 6, 7, and 8 list man-hours needed for different aspects of conventional 
planned maintenance.   It Is assumed (but not explicitly stated by Honolulu and 
Guam) that these times were taken from the MRC cards.   Column 6 gives the standard 
times reported by the sites for planned maintenance by operator personnel on one unit 
of equipment (planning factor 1).   Column 7 gives the equivalent standard times by main- 
tenance technicians (planning factor 2).   Column 8 gives the total of these two times, 
which is the annual man-hours required to perform minimum PMS on one unit of equip- 
ment. 

Column 8 also includes the official MRC standards for PMS as obtained from Code-04 
Readiness Department.   In some cases, the standard differs from different models of 
the same equipment; the range of values separated by a slash is given for those instances. 

Column 9 gives the annual man-hours the sites reported as necessary for conven- 
tional planned maintenance on one unit of equipment.   These times usually were very close 
to the PMS standards.   This was expected, since all sites indicated they did not keep 
records of PM work times; instead, they based their PM requirements on the PMS standards. 

Another source of maintenance manpower standards was also examined - - the 
maintenance standards used by the Navy Security Group.   These maintenance standards 
are Important to this project because: 

• The Navy Security Group has many kinds of equipment common to NavCommSta 
equipment at other sites being analyzed. 

• The logic used to derive maintenance requirements correlates closely with 
the logic proposed in this analysis. 

• The Navy Security Group's maintenance needs compare favorably with the 
U.S. Army's and Air Force's maintenance records for the same equipment; 
these have been officially approved as the Service Cryptologlc Agencies (SCA) 
standard by the Director of Defense Research and Engineering (DDR&E), 

The SCA standards obtained also appear in column 5,   Use of this standard is 
described elsewhere In this analysis. 

Column 10 is used to display corrective maintenance planning factors (number 5) 
for the encrypting/decrypting equipment reported by Guam,   This is the average man- 
hours per year for one unit of equipment that the sites reported as required to do all 
corrective maintenance, including parts replacement during PM. 
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A review of Guam's maintenance data as submitted indicated inconsistencies. 
Both the PM required and the PMS standard for maintenance 11 (model 28 reperforators) 
was shown as 52 man-hours for 2 units.   Thus, the PMS standard In table II-1 was 
shown as 52, but the unit PM required was shown as 26.   Guam should correct this 
value If It Is an error. 

ANALYSIS OF MAINTENANCE DATA 

Since only Honolulu and Guam reported maintenance requirements (but gave no 
specifics regarding what work was done), It Is Important that this Interpretation of their 
data be validated by them: 

• The PM they do follows MRC requirements.   (If not, the specific jobs 
must be Identified.) 

• PM standards listed In columns 6 through 8 were obtained from the MRC 
card (source Is cited). 

• The same maintenance work Is done for the other sites by the electronics 
maintenance division. 

The analysis consisted of comparing the man-hours reported by each site to do 
PM or CM against official Navy standards, which were Identified and approved by Op-124. 
In all cases, the site requirement Hot PM was equal to the PMS standard listed by the 
site.   However, In most cases, the PMS standard could not be validated by CNTC Code- 
04, and this should be done. 

These site maintenance requirements were then compared with Navy maintenance 
standards approved by Op-124.   While these standards were constructed for communi- 
cations equipment used by the fleet, they are the best data available to Op-124.   The 
standards were obtained this way: 

• The PMS standard listed on the MRC card is the official requirement for 
PM actions.   But the PMS standard is for working time only; an additional 17 
percent Is allowed for PF&D (planning factor 14). 

• The PMS standard does not Include make-ready and put-away time, which 
Is allowed as an additional factor (number 3); no official time has been set 
by the Navy.   The exact amount of time Is a function of the distance from 
where the tools and parts are kept to where the equipment Is located, and 
how many times the same tools are used In maintenance at that location. 
Op-124 permits a factor of 30 percent for the fleet, and has Indicated It will 
also permit a 30-percent factor for shore stations until a thorough study 
can be made. 
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Thus, the total Navy PM requirement for work specified on the MRC card is 1.47 
times the PMS standard, exceeding the requirements stated by the sites. 

While there is no Navy CM standard similar to the PMS standard, there is an OpNav 
policy used for fleet manning purposes--paragraph 106.1c (6) of reference A-2.   This 
policy states that for every hour of CM action, one hour of PM action is needed for 
eiectronic equipment.   Op-124 further interprets this policy for determining billet re- 
quirements by estimating the CM man-hours required for the fleet as being equal to the 
total PMS man-hours required.   Again,  it will permit this factor to be used as the Navy 
requirement for shore stations until a more thorough study can be made.   The CM-to-PM 
man-hour ratio was therefore calculated for each station, using the PMS standard man- 
hours as a reference.   An appropriate CM:PM ratio thus can be used as a standard 
for each site or for the entire command. 

The total maintenance requirement for fleet operations is therefore 2. 94 PMS 
time. Additional man-hours for extra non-CM maintenance appear on MRC cards 
when officially approved by NavMat. 

The maintenance standard used by the SCA was found to be 3 times the PMS man- 
hours, reasonably close to the Op-124 standard. 

With the preceding discussion In mind, we next compared Guam's CM require- 
ments for its crypto equipment with the Navy requirement.   We found the site re- 
quirement to be 1.23 times the PMS standard, whereas the Navy requirement was 1.47 
times the PMS standard, a satisfactory situtation. 

OPERATIONAL MANPOWER REQUIREMENTS 

This section describes how to calculate the man- hours required to perform each 
of the message processing jobs at a fleet center.   The method for converting these man- 
hours into the number of billets required Is described in the planning logic. 

The operational manpower planning factors derived to make the man-hour calcu- 
lations are based on this model of fleet center operations (validated by the sites): 

•  The entire message-processing effort performed at a fleet center (or at a 
receiver site) can be divided Into a set of operations, such as the full-period 
termination operation or the Allied/NATO/SEATO operation, as shown in 
column 1, table III-l. 
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• Each operation Is done at a work station consisting of a set of equipment 
and manned by an operator, as shown in column 3, 

• Each operation consists of one or more jobs, as shown In column 1.    For 
example, the full-period termination operator handles both receive and send 
circuits, as does the Allled/NATO/SEATO operator.   In addition, an operator 
may also have certain collateral support duties, such as cleaning. 

• The total Inventory at each site for each equipment type Is listed In 
column 2. 

• Each job can be modeled as a sequence of activities and Illustrated as a 
flow diagram. 

• The basic planning factors derived for each job consist of: 

- The sequence of activities associated with the job (that Is, the 
procedure used).   For manpower planning, this should be fairly 
standard within the command. 

- The average time required to do each activity associated with 
the job; this should also be standard within the command. 

- The average proportion of time each activity Is done during the 
processing of a single message.   With some activities, such as 
transmitting a send message or logging In the message, the activity 
Is done exactly once for each message; therefore, the proportion 
equals one.   With other activities, such as retransmissions or 
piecing of a message, the proportion may be less than one; with others. 
It may be greater than one.   This factor often depends heavily on 
HF propagation characteristics or other local conditions, and Is generally 
unique to a particular site. 

- The average message lengths; this can be unique to each site If 
large differences exist among sites, and It will Influence certain activity 
tlmea. 

- The number of messages processed by this job last year; this Is 
unique to each site and may be used as an indicator of next year's 
traffic load. 

•  From these basic planning factors, two higher- level planning factors unique 
to each site have Hen calculated: 

- The average total time to satisfactorily complete all activities (both 
operator and machine) Involved In one work unit of each job (such as one 
FPT-receive message).   This time was (Sibtalned from an expected value 
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calculation, taking into account all the activities Involved in the job and 
and the proportion of time each activity is performed during an average 
message. 

- The average total time the operator is occupied during completion 
of the work unit; this time is calculated the same as total time but,  in 
this case, only those activities in which the operator is working on this 
job are considered. 

•  Thus, the annual operator man-hours required at a site to process the 
given number of messages per year can be calculated as the product of the 
average operator time required to process one message times the total 
number of messages to be processed by the particular site. 

However, to obtain the total operator work load per year, these factors must also 
be considered: 

- All the jobs handled by this operator. 

- Any additional, unavoidable operator idle time not already Included. 

- PF&D factor. 

These factors and how they are combined are described In that part of the planning 
logic dealing with calculating total billet requirements. 

In the analysis that follows, the derivation and results of the basic planning factors 
associated with the following jobs are presented, plus some calculations for determin- 
ing the operator man-hours required per year for each job. 

- Full-period termination, receive. 

- Data speed- reader job. 

- Full-period termination, send. 

- Primary ship-to-shore. 

- Allled/NATO/SEATO receive. 

- Allled/NATO/SEATO send. 

- Continuous Wave (CW) broadcast. 

- Patrol Gunboat (PG) broadcast. 

- Encrypt message. 

- Decrypt message. 
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- Service center. 

- Data base operator. 

- Router VDT operator. 

- Inrouter VDT operator. 

The last 2 operators are conslciered part of the message center; they are outside 
the scope of this report.   However, quantitative data was submitted by Guam and the 
analysis of this data was presented. 

Maximum detail is presented in the description of tht full-termination, receive, 
job to illustrate the approach used. All subsequent jobs follow the same format, and 
the same amount of detail Is not needed. 

Correlation of Activity Times 

A further check on the activity times submitted by the various sites was made by 
comparing the standard times derived for each similar activity regardless of which Job 
the same activity was used.   This comparison is given in table IV-l.   From this data, 
any job containing an activity time that lies outside normally expected deviations may be 
detected.   This information (and the reasons for it) will be important when this data is 
reviewed by the sites and the command. 

ADDITIONAL OPERATIONAL ACTIVITIES FACTORS 

Various sites submitted information concerning other operational tasks done by their 
operators in addition to primary message processing duties.   Unfortunately, not enough 
quantitative data was provided to permit generating planning factors of the same accuracy 
as for the message processing jobs. 

The data submitted is given in table IV-2, it constitutes planning factor 11, and lists: 

• The operator position. 

• Description of the job done. 

• An indication of the percentage of the total productive time required, 
sometimes merely that he does the job; the latter Is Indicated by a check mark. 

The sites should review the total set of data and, by taking further work samples, 
determine more accurately how many man-hours per year are required for each job. 
The data should be submitted in the same form as the collateral support data of table 
IV-4.   Furthermore, by presenting the entire set of data to all sites, those sites that 
may have overlooked certain jobs that their operators do may now have an additional 
opportunity to Include them. 
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SUPPORT MANPOWER REQUIREMENTS 

Two types of support work loads are Identified: 

• Support collateral duty work load -- that work done by nonsupervisory 
personnel in addition to their primary duties. 

• Supervisory work load -- that work done by nondirect labor supervisors. 

Support Collateral Duty Factors 

Table IV-3 is a composite of support collateral duty jobs now being done at the 
4 sites and constitutes planning factor 12.   Column 1 briefly describes the type of job 
involved, such as cleaning.   This is followed by a list of support jobs, by number, as 
a cross reference to the data submitted by each site, and the total man-hours per year 
required to do each job clustered in that job category.   A more detailed description 
of those collateral support jobs appears in table IV-4, including the method for calcu- 
lating support. 

Columns 1, 2, and 3 of the table describe the job and the work unit measure. 
Column 4 is the hours needed by one man to complete one work unit.   Column 5 is 
the number of work units done per week by all the men involved; it is thus the product 
of the number of times each man does a work unit per week and the number of men 
doing them simultaneously.   Column 6 Is the total man-hours per year required for 
the job, and consists of 52 times columns 4 and 5. 

A lack of submitted data prevented a detailed work analysis.   As with qualita- 
tively analyzed positions, it will be necessary for ComNavTelComm to review these 
lists and decide: 

• Which collateral jobs must be done, and how often. 

• How many man-hours are needed for each job.   Op-124 stresses that 
requirements can Include only working time; for "on-call" duty, only 
actual working time can be counted. 

• Who should do the work, including the possibility of outside personnel. 

Supervisory Factors 

Another support planning factor Is the supervisory overhead rate (planning factor 
13), which Is the total number of full-time equivalent nonsupervlsory (now on board) 
personnel in the organizational unit being analyzed. 
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This calculation was made for each of these organizational components: 

• Total site overhead. 

• General management (percent of total direct labor). 

• Watch operations (including maintenance personnel on watch). 

• Total operations division (total watch and day operations personnel). 

The data shown in table I- 3 is organized into the above components and arranged 
into total full-time equivalent direct labor and supervisors and the calculated super- 
visory overhead factors within these components.   The results of these calculations 
are part of table 1-3, and extracted in V-l.   The most Important set of numbers Is 
the overall site supervisory overhead ratio.   There is no Navy requirement as to 
what this ratio should be. 

OTHER POSITION REQUIREMENTS 

A number of positions are required at the sites, but we were not able to analyze 
these quantitatively In the same way as was done In the preceding sections.   No 
quantitative data describing the work by those positions was submitted by any of the 
sites. 

To systematically assign these billets, the command must analyze these positions 
and determine: 

i 
t 

• The work functions being done and whether they are required at each site 
that has the billet listed.   It must also be confirmed that this work cannot be 
done by any other of the station's components or other Navy support activities 
because of the site's distance from a regular Navy base.   (Appendbe B of 
reference A-3 contains the set of tasks relating to the master billets listed.) 

• How many full-time equivalent workers are really required for this work 
function at each site.   This depends on the size and layout of each site and 
whether the function Is (or can be) provided to any extent by the main station 
or by other Navy support services (such as regional medical services). 

To aid the command In making these judgments, this Information Is provided: 

• References 3 and 4 of the main text contain Independent recommendations 
of the number of billets required based primarily on the judgment of the 
authors, rather than an objective analysis.   In many cases, the recommend- 
ation Is for one billet per watch section or for the day shift and, therefore, 
should satisfy Op-124.   However, care should be taken to determine whether 
any of these positions can be combined with a low operator utilization position 
(If there is any question regarding operator utilization). 
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• Table M, which shows the number of people now manning each position. 

• The list of tasks associated with each position, as given in appendix B. 
volume II of reference A-l. and the job description for each position as 
available at the command. 

• The existing supervisory overhead rates, as shown in table 1-3. 

Based on this information, plus the experience of the command, a recommended 
billet number for each position can be made on a uniform basis for a "typical Site " 
in which plus and minus deviations can be made, taking Into account considerations 
such as the size of the site.  Its layout, etc. 

OP-124 WORK STANDARDS 

Work standards provided by Op-124 as planning factors are described in this 
section. 

Personal Fatigue and Delay (PF&D) Factor (Planning Factor 15) 

Op-124 allows a PF&D factor of 17 percent of productive work time for blue-collar 
workers for all work stoppages. Including personal relief.   When deriving the total 
man-hours   It Is necessary to determine whether the measure consisted of only pro- 
ductive work time (such as would be obtained through work samples), or whether the 
time also included various work stoppages-- such as coffee breaks- as In the correc- 
tive maintenance times recorded. 

Standard Work Week rPlannlng Factor 16) 

Standard Work Week for Military Personnel Ashore 

^^If Jtandard WOrk Week <reference 1 o* the main text) for military personnel 
at CONUS activities and overseas bases where dependents are authorized Is 40 hours 
Included In this work week is an allowance for service diversions; this allowance 
proves for quarters, sick call, personal business, etc.   The 40-hour standard work 
week for military consists of: 

Hours per week 
Service diversion training 4 33 
Leave j'85 

Holidays 2 3s 
Time available for work 3j' 94 
Total 40.00 
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The standard work week for military ashore at CONUS activities and overseas 
where dependents are not authorized should be computed this way: 

Time available Nonavailable Total 
for work hours 

Continuous shift 
watchstander 60.0 6.0 66.0 

Duty status 
watchstander 61.7 6.0 67.7 

Nonwatchstander 51.1 6.0 57.0 

The work week for military firefighters and other watchstanding personnel 
using the 72-hour work week Is: 

Hours per week 

Service diversions training 4.83 

Leave 5.07 

Available for work 62.10 

Total 72.00 

Standard Work Week for Civilians 

The standard work week for clvlUans Is 40 hours.   Training Includes classroom 
lectures, on-the-job Instructions, and safety Indoctrination.   Diversions include minor 
unavoidable delays such as fire drills, chest X-rays, voting, blood donations, etc. 
The 40-hour standard work week for civilians consists of: 

■ 

Hours per week 

Leave 4,60 
Holidays 13s 

Training 0#22 

Diversions 0> 44 

Time available for work 33* 33 
Totftl 40.'00 
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The standard work week for civilian supervisory firefighters uelng the 56-hour 
work week Is: 

Hours per week 

Leave 6.37 
Training 0.20 
Diversions 0.44 
Available for work 48.99 
Total 56.00 

The standard work week for civilian firefighters using the 72-hour work week 
Is: 

Hours per week 

Leave 8.21 
Training 0.20 
Diversions 0.44 
Available for work 63.15 
Total 72.00 
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BILLET REQUIREMENTS PROVIDED 
BY FLEET CENTER DIVISIONS 

HONOLULU 

FLEET CENTER BRANCH 

BILLET 

.Tl 

Full-period termination operator (FPT) — receives messages 
from ships via either single channel or multichannel terminations, 
and oversees the sending of messages to ships terminated with the 
NavCommStas.  This command utilizes the NavComPars to key outgoing 
traffic addressed to terminated units.  When it becomes necessary 
for the ship/shore operator to talk to the terminated ship, he 
asks the command VDT operator to hold the appropriate termination 
LRN, and then the operator talks directly to the ship using a 
UGC-6J keyboard. At this station, the FPT also enters received 
traffic into the data speed reader.  One operator handles two 
termination channels, and two data speed readers are operational 
at this command. 

Dedicated circuits operator — five of the eight dedicated 
circuits at this command are operated directly on-line with the 
NavComPars. Two circuits with Australia and one with New Zealand 
are operated on a torn-tape basis, interfacing termination style 
circuits with an AUTODIN access terminal. Operation is similar 
to the full-period termination. 

CW broadcast operator — converts teletype messages into CW 
format, and places them on proper broadcast schedule (that is, at 
proper time). 

Allied interchange operator — basically handles the duties 
outlined in description for dedicated circuits operator.  Also 
works full-period terminations with allied ships, and assists in 
keying the allied broadcast, when activated. 

Off-line crypto operator — encrypts and decrypts messages 
from or to commands for which this station has crypto guard. 
Handles all classified messages which require special handling 
during his watch. 

Command VDT operator — monitors and controls all input/ 
output lines to and from NavComPars including the fleet broad- 
casts and the shore send side of terminations. Maintains status 
board and helps fleet center supervisor in his duties. 
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Fleet center supervisor — oversees the operation of all 
circuits in fleet center.  Operates orderwire, with tech control 
and ship/shore supervisor, for coordination of circuit difficulties 

COMPUTER CENTER BRANCH 

Computer center supervisor — operates and controls the 
UNIVAC 70/45 series computer and associated peripheral equipment 
that makes up the NavComPars system.  Supervises one other com- 
puter operator, and serves as liaison point for computer opera- 
tions and communications functions. 

Computer operator — performs the same job as computer cen- 
ter supervisor, less the supervisory functions. 

DATA BASE BRANCH 

NavComPars chief — incorporates the duties of data base 
supervisor and communications EDP center supervisor.  Oversees 
the day-to-day operations of computer and data base personnel, 
and liaisons with civilian software and hardware engineers in the 
updating and maintenance of the NavComPars system.  Is responsible 
for training and supervising of civilian and military workers in 
both areas. 

Data base watch operator — codea changes to NavComPars data 
base, keypunches cards, and does on-line updates of routing for a 
command. 

Data base watch supervisor — supervises efforts of data 
base watch operators and carries out standard operating procedures 
as promulgated by NavComPars chief. 

Data base quality control operator — dayworkers who coor- 
dinate efforts of watch personnel and put together final data base 
update program for new raday.  Make alterations to all data base 
files, and double check changes that have been made by watch per- 
sonnel. 

Data base quality control supervisor — coordinates efforts 
of dayworking and watch personnel, to ensure proper operation of 
data base.  Assists data base assistant supervisor in coordinating 
data base/fleet locator interface. 

Data base assistant supervisor — acts as command fleet lo- 
cator and oversees interface between fleet routing requirements 
and data base capabilities.  Serves as advisor to NavComPars chief 
on matters concerning such routing functions. 
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FLEET CENTER BRANCH 

BILLET 

1 — traffic officer performs all tasks except 15, 19, 20, 22, 25, 
27, 28, 32. 33.  Plus 48, 57, 58, 84, and 101. 

A — assists.t traffic officer performs tasks 1-14, 16-18, 21, 23, 
24, 26, 30, and 31. 

B — leading chief performs tasks 6, 8, 9-14, 18, 26, 30, 31, 32, 
53, 63, and 106. 

C — administrative assistant performs tasks 6, 9, 10, 13, and 63. 

D — training petty officer performs tasks 6, 9, 10, 12-14, 18-20, 
26, 38, 51, 65, and 87. 

E — division yeoman performs tasks 6, 13, 38, 83, 93, 98, and 104. 

F — supply petty officer performs tasks 6, 29, and 103. 

G — maint/burn detail performs tasks 80, maintains the general 
cleanliness outside the direct working spaces.  Burns all classi- 
fied material.  (Not only for fleet center but also for other ac- 
tivities such as painting and outside building upkeep.) 

H — barracks maintenance assigned TAD to billeting office for 
cleanliness and upkeep of personnel living quarters. 

I — customs inspector assigned TAD to ComNavMar customs office. 

5 — traffic analysis performs all tasKs plus 4. 

J — traffic chief performs tasks 1, 3, 4, 7-11, 13-15, 26, 31, 
34, 36-40, 42-49, 58, 59, 86, 89, 98, and 106. 

7 — traffic watch chief performs all tasks except 81, 84, 85, 96, 
101, 103-106.  Plus 20, 70, and 111. 

K — assistant traffic chief performs tasks 86, 93, 100 and 121. 
Assists watch supervisor, monitors fleet broadcast watch and 
ship terminations. 
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la"  fie®;: ceater supervisor performs all tasks plus 82, 86, 94, 
y o, and xu o 

10/21 -- assistant fleet center supervisor performs tasks 82 and 
121 and orderwire watch. 

iat;h.°f|lJsn!8?2"yand
£wl! ^'^  '" ta8kS ""^ °*i*™i" 

17 — data speed reader operator 

18 — ship/shore/ship term operator 

19 — C-sub operator 

19 — broadcast QC/GSPG operator 

19 — GABN operator 

20 — GCMP/wireroom operator 

21 — file clerk performs all tasks. 
Plus 79 and 80, (except orderwire operator.) 

L — ComTac pub/GMF custodian performs tasks 33, 83, 84, and 97. 

M — commercial traffic clerk performs tasks 75, 76, 81, 83, and 97. 

122:" P?usos!!8i3S8!eS9?h9:-fi?!:forms al1 ta8k8 except ii3'ii8- 

111" 112teinS researcher/LP0 Performs tasks 81-84, 87-89, 94-103, 

0 — systems analyst performs tasks 116 and 117. 

25 — programmer performs all tasks except 111, 113, 115, 117-123. 

26 — assistant programmer performs all tasks except 111-113, 117- 

27 — console operator performs all tasks except 111-115, 117-123. 

P — fleet locator performs tasks 74, 81, 114, 116, and 122. 

Q — NavComPars assistant deck supervisor performs tasks 16, re- 
tlnl^l  8y;tem Probl««?' trains new personnel, maintains statis- 
tics for and makes required reports. 
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29 — inrouter VDT operator performs all tasks except 111-117, and 
120-123. 

30 -- router VDT operator performs all tasks except 111-118, and 
120-123. 

31 — MDC/OCR operator performs all tasks except 111-117, and 121- 
123. 

33 — ADP officer performs all tasks except 113-116, and 118-123. 
Plus 1-14, 16-18, 21, 23, 24, 26, 30, and 31. 

34 — NavComPars watch supervisor performs all tasks except 112- 
115, and 117-122. 

44 — service supervisor performs tasks 111 and 122. 

45 — service VDT operator performs task 122. 

51 — data base operator performs task 116. 
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ITALY 

Chief of the watch — performs tasks 7, 8, 9, 10, 12, 14, 20, 
24, 37, 45, 47, 51, 52, 58. 67, 73, 75, 76, 84, 86, 93, 111, and 
123. 

Relay supervisor — performs task 107. 
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TABLE IM 

MAINTENANCE MANPOWER REQUIREMENTS 

(II U) 
MAINT. NO. EQUIP. TYPE 

13) (4) (SI 

0010. MN. NO. NO. ON     CONV. CM«PM 
HAND/ACTIVE       REQ. «V OPE*.     BV MAINT 

(61 171 (61 

PLANNED MAINT. jTD, 
TOTAL 

PER8. PERS. 

I« (10) 
HEOUIHEMENT 

Ml CM 

1 CARD  PUNCH(UNIVAC) 

INCOMING   CARD   PUNCHER 

GUAM 33 

ITALY <• 

2 CARD READER   (UNIVAC) 

READS CARDS ♦ SENDS CARD TRFC 

GUAM 30 

ITALY S 

3 COMMAND VDT 

T-S TEPMINAL ♦ CRT SCREEN 

MONO 23 

GUAM 21 

NORFOLK 1 

4» CONSOLE KEYBOARD 

COMPUTER COMMAND CONSOLE 

GUAM 31 

5 CUMMINS TALLY PRINTER 

CARD COUNTER 

MONO 29 

6 DISC CONTROLLER 

CONTROLS DISC 

GUAM 31 

7 DISC DRIVES 

DISK STORAGE PACK 

GUAM 26 

• INROUTER VOT 

TS TERMINAL ♦ CRT SCREEN 

GUAM 23 

15 

i.r     i.7 

3.2   3.2 

2.0   2.0 

3.2   3.2 

1.7    1.7 

3.2    3.2 

2.0    2.0 

3.2    3.2 

.3 .3 

3.2 3.2 

2.0 2.0 
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Ml (« 
MA1NT.N0. EOUIC.TYPE 

TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

(31 K) 1« I« ,7' W 

OniG MN NO. NO. ON     CONV.CM.fM fLANNtO MAINT. STD. 
HAND/ACTIVE       REQ. •¥ OPER.     BY MA1NT. TOTAL 

PERI. MR«- 

it) MO) 
REQUIREMENT 

PM CM 

9 MAGNtTIC TAPE DRIVES 

HAGNETIC TAPE RECORDER 

GUAM 29     12    16.3  tl.3 

10 MODE V 

AUTOOIN SEND/RECEIVE TERMINALS 

MONO 17      2       -     - 

It MODEL 28 

REPERFORATORS 

GUAM >•'•     2     26 52.0 

tZ  OCR PROGRAMMING INPUT TELETYPE 

EIGHT LEVEL TELETYPEHRITER 

GUAM 27      1     0.1   i.l 

13 OCR SCANNER AND SCREEN 

OPTICAL CHARACTER READER 

GUAM 26      1     156 156.0 

ITALY 3      1      -    - 

1«, OUTROUTER VDT 

TS TERMINAL ♦ CRT SCREEN 

GUAM 2«»      1      2   2.0 

15 PAGE PRINTER 

PROVIDES READABLE COPY 

GUAM 35      3    30.d  30.«» 

16 PRINTER(UNIVAC) 

MEDIUM SPEED PRINTERS 

ITALY 2      3      -    - 

17 PROCESSOR 

16.3 16.3 

52*0 26.0 

8.1 9.1 

156.0       156.0 

2.0 2.0 

30.V 30.% 

GUAM 34 2 1.2       S.2 
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(II 
MAINT. NO, 

121 

rOUIP, TYPE 

TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

(3) 141 (SI 161 (71 (81 

OniG. MN  NO. NOON      CONV. C™UPM  PLANNtD MAINT. STD. 

HAND/ACTIVE       tCQ. BY OPEO       BY MAINT. TOTAL 

PEHS. PERS. 

(«I MOI 
REOUIRtMENT 

PM CM 

IS QUERY VOT 

TS TERMINAL ♦ CRT SCREEN 

MONO 25 

GUAM 25 

NORFOLK 2,27 

19 ROUTER ¥0T 

TS TERMINAL ♦ CRT SCREEN 

7 

6 

2 

MONO                 ZH 1 

20 TAPE CONTROLLER 

CONTROLS TAPE DRIVE 

GUAM                 39 2 

21 TAPE PUNCH (UNIVAC) 

RECEIVE TAPE PUNCH 

ITALY                 e. 

22 TAPE READER «UNIVAC» 

SEND TAPE READER 

ITALV                 7 

23 VOT(UNIVAC) 

VIDEO DATA TERMINAL 

GUAM                 22 

ITALY                 1 10 

2«. 1600 

PROCESSORS ON-LINE OPERATION 

NORFOLK              31 

25 1600 DEVICES 

AOTOOIN INTERFACE 

GUAM                 32 

26 mMUNIVACI 

CARD PUNCH 

MONO                  31 

2.0 2.0 2.0 2.0 

3.2 3.2 3.2 3.2 

2.0       2.0 2.0 2.0 

1.7       1,7 1.7 1,7 

A-33 CONTINUED  ON  NEXT   PAGE 
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TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

in 
MAINT, NO, 

(Jl 
EQUIP, TYPE 

131 

26 irilMUNIVAC) 

NORFOLK 

IT*LV 

27 70/227   fUNIVAC) 

PAPER TAPE READER/PUNCH 

HONO 2S      1   91.3  91.3 

28 70/23ii 

CARD PUNCHER OFF-LINE 

NORFOLK 37      I      -     - 

29 70/237 

CARD READER OFF-LINE 

NORFOLK 32,35      2      -    - 

30 70/2V2 

NEOIUN-SPEEO PRINTER PLUS(OFFLINE» ASSOC. CONTROL 

NORFOLK 38      3      -     - 

31 70/<»2   (UNIVACI 

HEDIUH SOEEO PRINTERISVCI 

HONO 27     1  182.5 182.5 

32 70/*»32 

MAGNETIC TAPE UNITS (ON-LINE/CFF-LINE» 

NORFOLK 36     12      •    - 

33 70/4S COMPUTER (UNIVftCI 

NAVCOHPARS CENTRAL PROCESSOR 

HONO 26     2   m»ft Tlttl 

NORFOLK it     I      -    - 

Zk  70/568 

NASS STORAGE UNIT ON-LINE OPERATION 

NORFOLK 10     1      •    - 

A-34 

(4)                    1«                   (SI                    (71                      (1) (Bl                   HOI 

N.NO. NOON     CONV.CM+PM                 ftANNtO MAINT. STD. BEOUIREMENT 

MANO/ACTIVe       BED.           BYOPEfl.     BY MAINT.          TOTAL PM                    CM 

PERS              PERS 

(CONTINUCOI 

26 1                 -            -                 -                 - m                               m 

8 1                 -            - m                               m 

91.3   91.3 

1.82.5   182.5 

78S.6  788.6 

W.*. 
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til 
MAINT. NO. 

I?) 
EOUIP. TYPE 

TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

(31 14) IB) 
ORIG. MN. NO. NO. ON     CONV. CM*PM 

HANO/ACTIVE       HEQ. BY OPEH.      BY MAINT, 

(6) 17) 18) 
PLANNED MAINT. STO. 

TOTAL 

PERS. PERS 

19) MO) 
REQUIREMENT 

PM CM 

f-". 

SS  70/590 

DISK   DRIVES  OFF-LINE 

NORFOLK Z9t3l» H - - 

36 70/6ÖS 

CCM-COMN CONTROLLER HULTI-CHNL ON LIME OP 

NORFOLK 33     3      c    - 

37 AN/FCC-79 

SECURITY   ALARH  NONITOR 

SUAN H »» '«»I»     5^•,» 

30  AN/FGA-10 

52.0 52.0 

Jim* 

HOHO 12 ' 

SC»  STO 

CODE  Oil  STO 

39  AN/FGC-100 

R*6E COPY SET TELETYPE 

MONO <»     10 

GUAM 1      « 

NORFOLK I*»     * 

CODE 01» STO 

l»0 AN/FGC-100/101 

PAGE COPY REC TTY EQUIP 

ITALY 15     7 

1.1 AN/rGC-79 

PAGE COPY N/KBO SET« TELETYPE 

MONO S     ' 

NORFOLK !•     » 

CODE 0% STO 

7$ 

2.0 

SI.3 51.3 "51.3   51.3 

112.0 

112.0 

A-35 
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(1) 

MAINT. NO 

121 

EOUIP  TYPE 

TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

131 «I I» 
OniG. MN  NO. NOON     CONV.CM+PM 

HAND/ACTIVE       REO. BY 0«H 
rant, 

Itl (71 It) 
PLANNED MAINT.5TO. 

BY MAINT. TOTAL 

(•) I'Ol 
RfOUinCMFNT 

1,2   AN/ur,C-20 

TELETYPEWRITER 

GUAM                  13 1 

CODE Di*   STO 

U3 AN/urc-25 

PAGE COPY, TELETYPE 

HONO                 10 7 

NORFOLK                6 16 

«ifc AN/UGC-«»» 

TELETYPEWRITER 

GUAM                  l<t 2 

1.5 AN/UGC-5 

ASR SET W/O REPCRF. TELETYPE 

HONO                   « 2 

GUAM                  20 1 

CODE 0<* STO 

i»6 AN/UCC-6 

ASP SET H/ REPERF. TELETYPE 

26.0     2*.0 

23.0     23.0 

104.0   101».0 

26.« 

28.0 

23.0 

26.0 

23.0 

104.0       lOk.n 

54.0 

HONO                 19 4 m                      m 

NORFOLK               9 7 m                       «K 

ITALY                 12 2 - 

CODE 04 STO 

47 AN/UGC-6K 

TELETYPEWRITER 

GUAM                  5 5 104.0 104.0 

CODE 04 STO 

46 AN/UCC-61 

PAGE COPY M/KBD SET, TCtCTYPE 

HONO                  6 $ m                      m 

GUAM                 16 10 92.0 $2.0 
A-36 
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TABLE it 1 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

HI (21 

EOUIP. TYPE 

(3)                        14)                    (6(                   161                    17)                     <«! 

0n1r,  "" «n           ND ON      CONV,CM«PM                  PLANNED MA(NT. STD. 

It)                   HO) 
REUUIREMENT 

HAND/ACTIVE       RED.             BY OPEH.      BY MAINT.           TOTAL 

PEBS.              PERS 

PM                   CM 

kB   AN/UG C-61 «CONTIMUED» 

CODE 01» STO 

1.9 AN/UGC-61/79 

PACE COPY/SEND TTY EQUIP 

ITALY 16 

50 AN/UGR-1Q 

PAGE COPY SET TELETYPE 

MONO IS 

GUAM 6 

CODE 0<» STO 

51 AN/UGR-U 

TAPE PUNCH ANO TAKE UP REEL 

GUAM 7 

52 AN/UGR-K* 

HIGH  SPEED   TELETYPE  R/O 

NORFOLK 12 

CODE   0«.   STD 

»3  AN/UGT-5 

TRANSHITTER/OIST.   SET.   TELETYPE 

60.<> 

10 

e 

12 18.7      18.7 

52.0      52.0 

18.7 18.7 

80.it 

52.0 52.0 

1.9 

HONO 

GUAM 

54 AN/MRR-3 

RECEIVER 

NORFOLK 

95 ASR-28 

ASR TERMINAL 

HONO 

56 COM 

INTERFACE  DEVICE 

SUAN 

3 

11 

2<i 

32 

37 

6 

3 52.0     52.0 52.0 62.0 

1.0       1.0 
A-37 
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TABLE 111 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

HI I2) (31 (41 (61 

MAINT  NO fOUIP. TYPE OniQ, MN. NO. NOON      CONV. CM«^M 

HAND/ACTIVE      HEQ. SY OPER 

PEAS. 

(61 (71 (81 

PLANNED MA(NT.STD. 

BY MAINT. 

PERS. 

TOTAL 

(91 (101 

REQUIREMENT 

PM CM 

57 CV-2015 

MORSE CODE CONVERTO« 

MONO 

NORFOLK 

56 CV-2015A 

CONVCRTOR 

GUAM 

NORFOLK 

59 OSR 

PAPER TAPE DATA SPEED READER 

13 

15 

3 

16 

2 

2 

2 1.7       1.7 1.7 1.7 

7 

18 

a 

9 

17 

MONO 

GUAM 

NORFOLK 

ITALT 

60 OT-325A 

TONE  DETECTOR 

MONO 

NORFOLK 

61 HL-1 

ENCRYPTING ♦ DECRYPTING EQUIP 

MONO 21     1 

GUAM I.?     3 

NORFOLK 19      3 

62 HL-I 

ENCRVPTINC ♦ DECRYPTING EQUIP 

MONO 22     1 

GUAM «J     J 

NORFOLK 20     3 

U».r    li».7 H».7 H..7 

16.3 16.0 16.0 16.0 2.3 

72,7 50.0 50.0 90.0 H..7 

A-38 
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(II (31 
MAINT  NO EQUir.m« 

TABLE M 1 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

(6) (7) I« 
 PLANNED MAINT. STO. 

MANO/ACUVE       BEQ. BY OI>ER.      BY MAINT. TOTAL 
PERS. «RS. 

(31 «I I« 
OniG. MN. NO. NO. ON     CONV. CM^PM 

(•) HOI 
REQUIREMENT 

PM CM 

63   IBM 29 

NORFOLK 

61» IBM $57 

39 

.^ 

:■ 

NORFOLK M 

65 MSU 

MESSAGE STORAGE UNIT 

GUAM 3*     l 

66 HSU CONTROLLER 

CONTROLS MSU 

GUAM W 1 

67 R10S1 

RECEIVER 

NORFOLK 22 3 

6« R-399A/URR 

RECEIVER 

MONO W l 

CODE   0«»   STO 

69 TSEC/KL-<»7 

EMCRTPTING  /  OECRtPTIHO EQUIP 

GUAM *l 3 

NORFOLK *1 7 

SCA   STO 

70 T$ICm8-<»7 

ENCRTPTIN6/0ECRVPTXMG  EQUIP 

MONO M 2 

CODE  •<»  STO 

30.«»     30.<♦ 

<».2       <f.2 

30.1» 30.<» 

4.2 <».2 

<»2.3 

42 

6.3 

19.0 18.0 1S.0 2<».3 

12.0 

A-39 
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TABLE II 1 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

(ii 
MAINT   NO 

131 
I QUIP  TYPE 

(3) («I I» 
OniG. MN. NO. NOON      CONV.CMtPM 

HAND/ACTIVE       REG. BY OPEn.      BY MAINT 

161 (71 (81 

PIANNED MAINT. STO. 

(9) (10) 
REOUmEMENT 

PM CM 

PERS. PEBS 

?1   TT-171 

RECEIVE  TELETYPEHRITER 

GUAM 19 

NORFOLK 25 

ITALY 10 

72 TT-176 

TELETYPE  DEVICE 

NORFOLK « 

73 TT-187 

TAPE   DISTRIBUTOR 

HONO 11 

tUA« 2 

7M   TT-iq2 

PAPER TAPE  DRIVER   «PUNCHES) 

NORFOLK 7 

75  TT-t92A/U6 

REPERFORATOR TYPING,   TELETYPE 

HONO 9 

fb  TT-253 

REPERFORATOR TYPING 

GUAM 17 

77 TT-331 

TAPE PUNCH 

GUAN 4 

NORFOLK 23 

7« TT-331A/UG 

REPERFORATOR SET TELETTRC 

HONO 1 

CODE 01» STD 

2 

9 

3 

tt.l       <».S k,S k.i 

10 

12 

26.0 26.0 26.0 26.0 

9 

II 

10 

2.0  2.0 

m.o 10^.0 

2.0 2.0 

104.0   101».0 

64.0 

A-40 



TABLE IM 

MAINTENANCt MANPOWER REQUIHEMENTS (Cont'd) 

161 "I 12) (3) 141 (51 
M..iMt   Nil (OHii   ivl'E OniG, MN  NO. NOON      CONV. CM»PM 

HAND/ACTIVE       REO. BV OPER 

(7) (81 
PLANNED MAINT.STO  

BVMA(NT. TOTAL 

PERS. PERS 

(9) (101 
HEOUIRtMENT 

PM "CM 

79   TT-SSl/^OS/^O«» 

TAPE  RECEIVE   TTV  EQUIP 

ITALY 13 13 

ÖD   TT-332 

PAPER  TAPE   DRIVER   «PUNCHES» 

NORFOLK 3 « 

61  TT-3J2A 

REPERFORATOR  SET 

GUAM 9 2 

a2   TT-332A/UC 

REPERFORATOR  SET,   TELETYPE 

MONO ifc 6 

CODE  Oi»  STO 

«3  TT-333 

PAPER  TAPE  DRIVER   IPUNCHES» 

NORFOLK i, a 

ik  TT-333A 

TAPE  DISTRIBUTOR 

MONO 2 5 

GUAM a u 

85 TT-333/<»05 

TAPE SEND TTY EQUIP 

ITALY 

86 TT-1,62 

NATO/MODE V TTV EQUIP 

ITALY 

67 TT-<»7 

RELAY/TECH CONT. OROERWIRE 

NORFOLK 13    19 

ITALY n     ! 

Ik 

17 

m.o 101».0 to<».0     101».0 

6<».0 

58.S 58.6 58.6   58.5 

A-41 



Ill 
MAINT. NO 

(2) 

EOUIP, TYPE 

TABLE II 1 

MAINTENANCE MANPOWER REQUIREMENTS (Cont'd) 

131 
OniG. MN NO. 

(SI 14) (SI 

NOON     c,.  !V.CM»PM 

HAND/ACTIVE       BEQ. BY OPER 

PEHS. 

171 (SI 
PLANNED MAINT. STO. 

SY MAINT. 

PERS 

TOTAL 

191 HOI 
REQUIREMENT 

88 TT-U70 

TELETYPEWRITER 

GUAM 

89 Tt-STf, 

REPERFORATOR SI\ 

CUAH 

90 MU-321 

ASR   TERMINAL 

HONO 

12 • 26.0     26.0 

10 3       106.0   10«».0 

26.0 26.3 

106.0       106.0 

91 1 

A-42 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF FULL-PERIOD TERMINATION, RECEIVE 

Data describing this job was submitted by all 4 sites and appears In tables III-2 and -3. 

The first step In correlating this data was to compare the operational description and 
flow diagram submitted by each site with that contained In the original questionnaire (see 
reference A-3).   The process followed by each site In doing this job Is basically the samp 
as that shown In the reference.   Figure A-l was therefore constructed as a flow diagram 

for use as a standard. 

Derivation of Nontlme Planning Factors 

Figure A-2 shows, and table III-2 lists, the set of data submitted by each site and used 
to derive those planning factors that are unique to each site's environment.   The next step 
was to derive the proportion of times It takes each site to do each activity.  To simplify 
these calculations, all the activities were clustered Into a set of major work functions, as 
shown in the figure.   The flow of messages through these major functions Is described here 
as part of the derivation of nontlme planning factors, using the figure for Illustration and 

the data lu the table. 

The first section of table III-2 contains the message flow characteristics for a job, as 
submitted by each site, using the designations shown In figure A-2.  The second part of 
the table consists of the planning factor proportions associated with the job and derived from 
(or associated with) the data In the first part.   The calculations used In deriving these plan- 
ning factors are also Included with each line. 

The sites submitted this data In one or two acceptable ways.  Certain sites submitted 
data from part one (total number of messages passing through each function), from which 
we estimated the proportions of messages with respect to the Input number of messages. 
Honolulu Invariably submitted the proportions directly on Its flow diagram (presumably 
based on work samples taken), from which we derived the number of messages involved. 
When both types of data were missing, we derived the required data by using the mean 
of the pertinent data submitted by the other sites. 

In all cases, the data we derived Is explained In the text and Is shown In parentheses 
in the table.   Obviously, we prefer that each site reexamlne Its operations and submit the 
data It omitted so that the most accurate planning factors can be derived.   Bit the analysis 
that follows shows how "average" planning factors can be derived, based on the entire set 

of data now available. 

In originally establishing a satisfactory communications link between ship and shore 
before any messages can be processed, T connections per week need to be made for the 
number of circuits operated; see figure A-2.   Line 1 of table ni-2 indicates that no site 
submitted the appropriate data. 
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The most Important planning factor Is the number of messages received per week (A), 
listed In line 2 of the table, since many of the other planning factors and the basic man- 
power calculation are derived from this number.   Honolulu omitted this Important data. 
We estimated the number of messages as 694, based on the percentages supplied with 
their flow diagram.2 

Unfortunately, the estimated total Is not consistent with the other data Honolulu sub- 
mitted, and the set of data and the percentages should be reexamlned. 

Norfolk submitted its data on a per work-station basis.   This must be converted to a 
total to allow calculating billets properly. 

All A messages undergo the transmission activities, which Is the set of operations done 
only once (that Is, the first transmission) as a message is originally received by the full- 
perlod termination operator. 

Of these A messages, B are received In acceptable form on the first transmission 
(line 3 of table ni-2).   The proportion of acceptable messages is thus B/A (line 9).   The 
value of B was not submitted by Guam and Italy. Its calculation was based on the combined 
proportion of line 3 to line 1 for Honolulu and Norfolk: 

0    538 + 392      930    _ n 7Q 
P = 694 +489 ^ 17183 * 

For Guam, 

B = (0.79) (2, 794) = 2, 207 messages per week acceptable on the first transmission; 

and for Italy, 

B = (0.79) (604) = 477. 

1A11 units labeled as "messages" In this volume Imply a quantity of messages In one week. 
2This estimate was based on the following data they supplied: 

• There were 1,070 transmissions per week, of which 67 percent were acceptable. 

• There were 13 pieced messages per week. 

• Of the acceptable transmissions, 20 percent were transmitted before. 

• Of the unacceptable transmissions, 5 percent can be acceptably pieced 
together. 
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The remaining C = A - B messages are received in unacceptable form on the first 
transmission.   Not only do the C messages have to be retransmitted (at least once), but 
so do N messages (listed In line 4), which have been returned to the operator by the data 
speed-reader (DSR) operator. 1  The proportion of unacceptable messages requiring trans- 
mission Is  (C+N)/A = [1 - (B-N)]/A, listed in line 10.   Because of C + N unacceptable 
messages, a total of D messages are retransmitted. 

The total number of transmissions therefore will be  A + D , which is how the sites 
presented their data (line 5).   The proportion of retransmissions  (D/A) as derived is 
listed In line 11 of table III-2. Guam did not submit either set of data.   So the proportion 
of transmissions Guam received per week (line 11) was derived as the weighted mean (the 
ratio of line 5 minus line 2 to line 1 for the other 3 sites): 

p _ (1070-694) + (588-489) + (785-604) _ 656   _ n ~7 

694 + 489 + 604 1787 ~ 0'       ' 

For Guam, (A+D) = (1.37) (2, 794) = 3, 828 transmissions per week. 

Of the C total of unacceptable messages, a fraction  E  requires piecing, which Is the 
set of activities combining the Information on several messages Into one acceptable 
message. 

Guam and Italy did not report the number of messages pieced per week (line 6).   The 
proportion of pleclngs required by the other 2 sites (line 12 of Honolulu and Norfolk) shows 
that they had a large difference between them (1:5) but the proportion of retransmissions 
required (line 10) was In the other direction much lower (4:1).   These differences might be 
explained by different site policies concerning piecing, as opposed to retransmitting. 

For example, Honolulu's data, compared with Norfolk's, Indicates that Honolulu pieces 
fewer of Its messages, relying Instead on more retransmissions.   Furthermore, It seems 
that Guam and Italy are more like Norfolk than Honolulu with respect to proportions of un- 
acceptable messages and retransmissions (lines 2 and 5).   Italy noted further that It re- 
quests a retransmission only twice.   If these are still unacceptable, the message Is "logged 
out to control, " resulting In a small number of pleclngs by the full-period termination 
operator (but a higher work load for control).   We therefore decided to use Honolulu's lower 
piecing proportion (0.02) for Italy and Norfolk's proportion (0.12) as the standard for Guam. 
The number of messages requiring piecing (E In line 6) was then calculated this way:   Italy's 
pleclngs (E) = (0.02) (604) = 12; Guam's pleclngs (E) = (0.12) (931) = 112. 

See the next section for the analysis of this job. 
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After the C number of original unacceptable messages are received in, or pieced into, 
acceptable torn,Te incomplle copies are disposed of. The planning «actor derived as a 

proportion (C/A) Is listed on line 10. 

Once an acceptable message Is obtained, the adm|nlstratlvV^^^^^ 
are done only once following message processing.   It Is assumed here that all A messages 
are completed and that they all go through this step. 

The average lenrths of original and retransmitted messages are listed In lines 7 and 8; 
the rluos ofZlr ^        ^ length relative to a 1.200-character message are listed In 

lines 13 and 14. 

Neither Guam nor Italy submitted the average length of a **™smi*ed™*™g^nsT 
they did indicate that when a retransmission Is required, the entire message Is retrans- 
mSed    because a Honolulu retransmitted message Is shorter than the average message, 
rrmplles ^Honolulu only retransmits that portion of a message that Is unacceptable 
sJe lonUfm^   are apt to require retransmission more often than short ones   we 
clnLXor Norfolk's data that Norfolk also retransmits the entire message    We hen 
dSlded to use only the Norfolk data (lines 7 and 8) as the basis for estimating line 14: 

P = lii00 = i.i7    . r     1,200 

Thus. Guam's retransmitted message length = (1.17) (1 400) = 1. 638 characters per re- 
transmission (line 8). and Italy's = (1.17) (1.261) = 1,475. 

There is another inconsistency in the Honolulu data. That lion's shorter message 
length on retransmissions and its small proportion of piecing seem Inconsistent. Bit the 
extrapolation is the best that can be done with the available data. 

Derivation of Time Standards 
Data describing each activity shown in figure A-l was then listed in column 1 of table 

in-3TtlS the^ta submitted * each site could * readily compared and a standard time 

for each activity calculated: 

.     The activity title and designation, as given in figure A-l. is listed in columns 
• IL 2.   Underlining thisTsignation In column 2 Indicates ^he operator 

^completely occupied during this time.  The designations submitted by the 
4 sites are listed In columns 3, 6. 9, and 12. 

• The times required to do each activity, as wbmitted by each site, are In 

columns 4, 7, 10. and 13. 
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While we wished to obtain a standard time for each activity as the mean of the times 
submitted, this could not be done when: 

• An apparent arithmetic error was made in the time submitted by a site. 

• When certain conditions peculiar to a site made the activity somewhat dif- 
ferent from Its counterpart at another site.   One example of this: the time 
required for punching tape Is a function of average message length, which 
varies from site to site. 

In both cases, the time submitted was translated Into a "standardized" time (that Is, 
appropriate to the same standard set of conditions assumed); this, standardized time was 
used In calculating the mean.   The reason for making these changes Is described In this 
analysis. 

The standard time recommended by the command for each activity Is listed in column 15. 
Each value Is derived as the mean (weighted by the number of messages per year at each 
site) for the 4 sites.   (Throughout this analysis, the word "mean" indicates the weighted 
mean.)  If a site did not include a time estimate, the mean was derived as the weighted 
mean of the data submitted by the other sites. 

Description of Activities 

This section describes each activity, using the designations in fi&m» A-l.   Operator 
activities are again indicated by underlining the designation. 

Network Control Activities 

No activity associated with setting up a full-period termination, receive, circuit was 
mentioned by any site.   It seems that some fleet-center operator man-hours are required 
for this function.   The sites are asked to describe these activities, estimate the times 
required and the frequency with which they are done -- according to procedures described 
In this handbook -- so that appropriate planning factors can be developed. 

Transmission and Administrative Activities 

• Activity a. Punch tape and print copy. The message Is received from the ship in 
page copy and paper tape (via UGC-25 and TT-331 equipment).  Honolulu submitted an initial 
machine time of 95 seconds, compared with 144 to 168 seconds, as submitted by the other 
sites. Since all the machine rates are the same (500 characters per minute), the time dif- 
ference is reflected in all calculations involving message length. The standardized time, 
144 seconds, was calculated on the basis of a standard message length of 1,200 characters. 

• Activity b. Tear message off machine. The operator tears both page copy and 
tape off the machines. Honolulu submitted one time of 5 seconds for the operator to tear a 
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message off the printer and inspect it (activities b and c).  To conform with the standard 
structure, the 5 seconds was subdivided into two times -- 2 seconds for b and 3 seconds 
for c. 

• Activity c.   Inspect message.   The operator scans the message to determine 
whether it is acceptable or whether it requires retransmission.     For simplicity,  it was 
assumed that the time required for message inspection in activity c also includes the time 
required for decision making in activities d, f, i, and k.   Thus, node d is treated as a no- 
time-loss decision node, allowing us to separate the flow of activities for received mes- 
sages that are acceptable vs. those that are unacceptable.   If a message is acceptable on 
first transmission, proceed down path d   to activity e. 

Honolulu also included two times not reported by the other sites; these seem to be 
part of activity c.   These activities are labeled g and r on Honolulu's flow chart.   Activity 
g consists of 10 seconds to determine that a retransmission is required.   The other sites 
presumably included their times in activity c.   Activity r requires 10 seconds for the full- 
period termination operator to request the command's video display terminal (VDT) oper- 
ator to hold the outgoing line to the ship so that a retransmission request may be made.   The 
need for this function is not clear and should be reexamined.   However, these 20 seconds 
were added to the 3 seconds carried over from activity b to yield a total of 23 seconds for 
Honolulu.   It is assumed that the times listed are the average working times for both origi- 
nal messages as well as those returned by the data speed-reader operator. 

• Activity e.   Receipt for message.   The operator receipts for an acceptable 
message on the TT-176.   Italy indicates a requirement of 1 minute to receipt for a mes- 
sage, compared with 20 to 30 seconds for the other sites.   Since this outlier may result 
from a "round-off error" in the time unit used. It was decided not to consider Italy's esti- 
mate in calculating the mean. 

• Activity g.   Log-in message.   The operator logs the required Information 
on the log card, then delivers the message for further processing. 

• Activity h,   Garry message to data speed-reader.   The operator carries the 
acceptable message to the data speed-reader operator, who continues subsequent opera- 
tions at his station.   (See the next section for a description of this job.)   Honolulu Included 
10 seconds to carry the message and add the Format Line 1 (FL/1) header.   The time was 
divided Into two parts -- 5 seconds for carrying, 5 seconds for adding the header.   At de- 
cision node e. If the acceptable message was transmitted before the flow of activities, fol- 
low path e   to activity f. 

As described, messages judged unacceptable by the data speed-reader operator and can- 
not be corrected by him are returned to the full-period termination operator at point R 
of figure A-l. 
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Retransmission Actlvtttes 

• Activity j.   Request retransmission.   Given that a message has been received 
in unacceptable form, the operator must complete two decision nodes (whose times were in- 
cluded previously) before he requests a retransmission.   The first, node h. is a decision 
node enabling him to separate the unacceptable messages into two subsets.   When this trans- 
mission was the first unacceptable transmission of a message received, the operator pro- 
ceeds directly through path i to activity j and requests a retransmission.   But when this is 
not the first unacceptable transmission of a message, he proceeds through path i   to node k 

to determine whether the set containing the current, retransmitted message and all past 
transmissions of the same message permits the operator to piece together an acceptable 
message on his UGC-6.   If not. he proceeds through path ^ back to activity j, requesting 

another retransmission.   When he can piece together an acceptable message, he proceeds 
through path k2 to activity 1.   In activity j. the operator requests retransmission of message 
ontheTT-176.   The process continues with repeated activities a, b. and c. 

• Activity m.   Disposal of old copies.   After an acceptable copy is obtained 
(through retransmissions or piecing - see the next function), the operator discards all old 
imperfect copies of the message, then proceeds to activity e.  Italy did not include a time 
estimate for discarding old messages, but it la assumed that the job must be done.   There- 
fore, the mean time of the other 3 sites was calculated as the standard. 

Piecing Activity (Activity 1) 

When the operator has enough copies to piece together an acceptable message, he does 
so using the UGG-6.   After he completes the job. he disposes of all the used and incomplete 
copies (activity m).   Guam included disposal time of 20 seconds as part of its piecing activ- 
ity 1.   Thus, Its time. 192 seconds, was reduced to 172 seconds to conform to the standard 
flow diagram. 

Full-Period Termination, Receive, Manpower Requirements 

Using figure A-2 and tables III-2 and -3, the manpower requirements for this job at 
Guam was calculated (table III-4) as described here. 

Calculating Average Times Required Per Message 

List the major work functions in column 1 and the standard operator and total times 
they require (in seconda) in columns 2 and 3, as obtained from tables III-2 and -3. 

Also list, In column 1, any relative deviations from the standard times listed.   The 
only deviations that occur relate to message length for a transmitted or retransmitted mes- 
sage.   These relative deviations are listed In lines 13 and 14 of table III-2 as +. 17 and +.36 
respectively.   Next, convert these relative deviations to time deviations by multiplying by ' 
144 seconds (the machine time required for a 1,200-character message); list the value ob- 
tained In column 3 of table III-4. A .63 
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List In column 4, the proportion that indicates how often each function is done for 
one message.   This data, and the formula used, are obtained from the bottom half of 
table III-2. 

Since no data concerning the network control function was provided by any of the sites, 
the calculation of the total time required for this job was made without considering this 
function.   Rat the calculation for this function can be illustrated in algebraic form.   Let 
M equal the number of man-minutes required each time a full-period termination circuit 
is to be terminated.   Let N equal the number of such terminations per year.   Thus, the 
actual working man-hours per year required for network control is: 

MH = -7— man-hours . 
OU 

Calculate the average operator time required for each function as the product of 
columns 2 and 4, and list this in column 5.   Calculate the average total time required 
for the function as the product of columns 3 and 4, and list in column 6.   Find the average 
operator time required as the sum of column 5; find the average total time required as 
the sum of column 6. 

Calculating the Operator Time Ratio 

Calculate the operator time ratio (OTR) as the ratio of the average operator time to 
the average total time required per message.   Thus, for this job: 

OTR = l0.] seC-   =0.30   . 
341 sec. 

See table I1I-4, line 8.   Use of this factor Is explained under Calculating Billet Require- 
ments In the section on planning logic. 

Calculating the Working Man-hours Required 

Once the average operator time per message has been calculated, the man-hours 
required for actual operator work time can be calculated as the product of the average 
operator time per message year and the number of messages per year, converted to man- 
hours (table 1II-4, second part).   As discussed In the section on planning logic, there may 
be some unavoidable operator Idle time that must be added to these man-hours to deter- 
mine the total man-hours per year required. 
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Piecing vs. Retransmission 

Further analysis of the proportions listed in table 111-2 (line 12) Indicated that Norfolk 
pieced about 12 percent of Its messages; Honolulu pieced only 6 percent.   On the «her hand, 
Norfolk required only 20 percent retransmissions (line 11), while Honolulu required 54 per- 
cent.   This seemed to be a difference in policy regarding piecing, since the more retrans- 
missions obtained (at a cost of extra time for the ship operator and the circuit), the fewer 
plecings required by the fleet center operator.   Therefore, an analysis was made to see 
which policy is better (based on the least time required). 

To make this analysis, the average times required per message (table III-4) was re- 
constructed using Honolulu and Norfolk data (table III-5).   The first half of the table shows 
the times (operator and total) and the proportions associated with the two main functions 
being analyzed (retransmission and piecing).   The table shows that the average operator 
time required per message for the two functions are about the same --26 and 29 seconds. 
However, Norfolk's total time is much less than Honolulu's -- 58 vs. 104 seconds.   The 
times for the other two functions were also calculated (under standard conditions) and added 
to the first two so that the relative figures could be shown. 

The conclusions drawn from this analysis are: 

• There is only a 2-percent gain in operator time by doing less piecing, 
at the cost of more retransmissions. 

• The total time required by more retransmissions is 58 seconds per mes- 
sage (or 17 percent more).  This becomes a problem only when the operator 
does not have access to enough circuits to keep busy, and the layout should 
be constructed so this will not happen. 

• The major waste is in the extra ship operator and circuit time required for 
the extra retransmissions required by Honolulu.   No calculation of this was 
made because the two policies gave roughly the same results In operator 
time without this additional factor. 

• Honolulu's policy of higher retransmissions and less piecing seems Inferior 
to Norfolk's. 

Work Samples Taken 

To obtain some validation of the time estimates provided by the sites, work samples 
of the füll-period terminations send and receive and the data-speed reader Jobs were taken 
at Norfolk; the results appear In tables in-6 and -7.   Eight sets of measurements (col- 
umns 1 through 9) were taken tor this operation, showing: 

•     The ship circuits that each operator serviced during his test (lines 1 and 2), 
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• The total number of send-and-receive messages serviced by the operator 
during his test (lines 3 and 4). 

The operator working time (In minutes) required for the send messages 
(line 5). receive messages (line 6), Idle time when no messages were being 
serviced (line 7). and total time elapsed -- that is, the sum of these three 
times (line 8). 

Column 10 shows 

The number of send-and-receive messages serviced during the 8 tests (lines 
3 and 4). 

•     The working times devoted to send (line 5) and receive (line 6) messages. 

Before conducting the actual sampling, all supervisors and participating operators 
were briefed as to why the exercise was being conducted, and the operators were asked 
to go about their work as usual.   Cooperation was excellent. 

There was some inconsistency in the procedure in that different operators usually fol- 
lowed several distinct sequences of activities, and they ofren varied their sequences.   How- 
ever, this may be viewed as a good thing, since the measurements obtained could be 
considered a good average of different operators and different procedures.   Certainly the 
results represent an average of what actually takes place at a fleet center. 

There was also some inconsistency in circuit layout.   In some cases, the existing lay- 
out or work-station configuration was such that, for one terminated ship, the send set of 
equipment was not adjacent to the receiver -- in fact, relatively for away.   Different oper- 
ators were handling the different ends of the same termination in different and separated 
work stations.   This arrangement was considered Impractical In HF transmission; when 
send messages are received garbled by the ship, requests for retransmission come to the 
fleet center via the receive-message end of the termination.   This means one operator Is 
distracted from normal procedures, and either walks to the send side or shouts the neces- 
sary Information to the send operator for the message to be retransmitted.   The same prob- 
lem arises when received messages are garbled.   Thus, the time measurements calculated 
should be higher than those that could be obtained If a proper layout were available. 

While a "normal" operator assignment might consist of a maximum of 3 send and 3 
receive channels per work station, aircraft carriers were sometimes generating so much 
traffic that 2 operators were assigned to one work station.   One operator handled send 
and the other receive, adjacent to one another.   Again, the measurement could be viewed 
as representative of a mix of various conditions. 
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Since the basic objective of the work samples was to estimate the amount of time per 
message unit, times for Individual activities were sacrificed.   Total times were obtained 
by letting the clock run continuously and by Identifying busy Interval-send, busy Interval- 
receive, and Idle time, while counting the number of messages sent, received, and re- 
transmitted.  This data yielded average time per message for both send and receive, as 
well as utilization, or occupancy, as a function of message arrival rates and number of 
channels terminated. 

From this data, the average füll-period termination operator time required for a send 
or receive message was calculated; this Is listed In column 2 of table III-7.  The average 
data speed-reader time was obtained by similar measurements of 65 samples.   The stand- 
ard deviations, M, for these measurements are also calculated for the sample sizes (col- 
umn 3) and used to calculate confidence Intervals at the 90-percent level (column 2). 

The times measured can be compared with the average times calculated in table HI-4 
this way: 

• Since none of the 88 receive messages required either retransmission or 
f"                                                         piecing, the measured time of 65 + 4 seconds compares favorably with the 

standard operator time of 66 seconds for transmission and administrative 
activities only.   Obviously, we have no check on the time required for other 
functions. 

• The work sample results for the data speed-reader operator are described 
In the next section. 

- 
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TABLE III-7 

(1) 

SUMMARY OF WORK SAMPLE DATA 

(2) (3) 
2 

Time per message       Standard derlation 
(seconds) 

29 

17 

72 

Operation (seconds) 

FPT send 74 + 5 

FPT receive 65 + 4 

DSR operation 72 + 2 

The respective sample sizes and standard deviations are from top to bottom 
ns = 111, nr = 88, n

d 
= 65 + 2 rejects, s8 = .4816, 8r = .290, s   = 1.206 

I 
Confidence Intervals have been obtained at the 90% confidence level (Z      =1.96) 

lv 
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OPERATIONAL MANPOWER REQUIREMENTS: 

ANALYSIS OF DATA SPEED-READER 

The data speed-reader (DSR) job was analyzed the same as the full-period 
termination, receive, job.   Figure A-3 Is the flow diagram to be used as a com- 
parison standard among sites.   Figure A-4 Illustrates the major functions done 
and the message flow through these functions. 

Data describing the DSR job was submitted by Honolulu, Guam, and Norfolk, as 
shown In this section and listed In tables III- 8 and 9.   Italy stated only that Its DSR 
job Is done by the full-period termination or ship-to-shore operator.   No flow chart, 
activity description, or quantitative data was provided by Italy. 

The DSR job begins as the message Is given by the FPT (or other) operator to 
the DSR operator, who feeds It to the computer via the DSR, 

Derivation of Nontlme Planning Factors 

Figure A-4 shows and table III-8 lists the data submitted by each site and used 
to derive those planning factors that are unique to each site's environment and 
operation.   Again, the first section of the table contains the message flow charac- 
cerlstlcs foi this job as submitted by each site, using the designations shown In 
figure A-4.   The second part of table III-8 consists of the proportL n planning factors 
associated with this job, derived from the data In the first part.   Again, these plan- 
ning factors are of three basic types: 

• Incoming work load (number of messages). 

• The proportion of time that some rework activity must be done. 

• Message length:   this factor may be used to adjust the standard 
times, as needed. 

It Is Important that each site review table III- 8 and re submit the data required. 
Since the data Is defined In one of several possible ways, each site should make 
certain It reviews the definition of each factor before collecting the data.   These 
definitions should be clearly understood by the site so that data Is submitted correctly. 

The most Important factor Is the total number of messages received per week 
by the DSR operator for entry Into the DSR.   As figure A-4 shows, there are three 
types of messages:  A message comes to the DSR operator from the FPT (or other) 
operator for the first time.   E of the Incoming A messages are judged to be un- 
acceptable and uncorrectable by the DSR operator, who returns them to the FPT 

A-76 

I   ^ 
"^ »nmwiiMiiiMwawwfci* 

L«»j;»W 
"■*..*,.■, 



.f 

operator for correction.   Of all the messages transmitted to NavComPARs,   F 
messages (as described elsewhere in this volume) are rejected and are returned 
to the original checking activity; therefore, these messages essentially are treated 
as additional Input messages. 

The total input messages are the  A original messages plus   E  and   F repeat 
messages.   Since at least one site (Honolulu) submitted Its data as proportions 
based on work samples.  It Is easier to have the base used for these proportions 
as A'   ■  A + E + F messages, rather than A. 

Thus, the first factor listed In table III-8 (A In line 1) Is the number of 
messages received per week for the first time by the DSR operator.   Since no site 
provided this (or most of the other) data, we are listing an Illustrative set of 
data in column 2 to illustrate how the planning factors and other characteristics 
are calculated.   Assume  A equals 1,000 messages per week, as shown In column 
2.   Honolulu's entry of 694 messages Is the same as Its FPT-received messages. 

All A messages undergo Initial checking for acceptability, based on a number 
of criteria (see below), resulting In B of these messages being found totally 
acceptable.   In addition: 

• C  of the  A'   messages (listed in line 2) are found to have their 
Format Line 1 (FL/1) header missing, requiring the operator to 
supply this header to the message.   Line 8 lists the proportion of 
messages requiring an FL/1 header, and is equal to C/A'. 

• D of the  A'   messages checked (llne3) were found unacceptable-- 
for reasons other than a missing FL/1 header--but can be corrected 
by the DSR operator.   Line 9 lists the proportion of unacceptable messages 
that the DSR operator can correct himself, and Is equal to D/A'. 

• E of the A'   messages checked (line 4) were found unacceptable for 
reasons other than a missing FL/1 header.   These  E  messages are then 
returned to the original operator for his correction.   This results In an 
Increased work load for the FPT operator, and It can be assumed to result 
In N extra messages requiring retransmissions, as shown In figure A-2, 
The A messages coming to the DSR operator Include not only the original 
messages coming to him for the first time, but all messages previously 
returned by him to the FPT operator for correction, and subsequently 
returned.   Line 10 lists the proportion of unacceptable messages that the 
DSR cannot correct himself, but returns to the original operator; this 
equals E/A'.   It Is assumed that this planning factor will be used In 
calculating the work done by the original (FPT) operator. 
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I   i 
•  Of the original  A  messages transmitted to NavComPARs. after any 
necessary corrections, a total of  F  messages (line 5) are rejected by 
NavComPARs and are returned to the operator for his Inspection at  M 
in figure A-3). continuing the entire process that follows the original 
inspection activity.   Thus, the proportion of messages transmitted to 
NavComPARs is (A + F)/A (line 12) and the proportion of messages re- 
jected by NavComPARs. which must be reinserted Into the total process. 

is F/A' (line 11). 
•  The total number of messages handled administratively is  A (line 1); 
the proportion of these messages (A/A') Is listed In line 13. 

Finally, the average message length Is listed in line 7 f* ^Jf'1? °£ ff 
derivation in length relative to a 1. 200-character message Is listed in line 14. 

Derivation of Time Standards 

Data describing each activity In figure A-3 was next listed In table III-9 so 
that the data submitted by all the sites could be compared and a standard time for 
each activity calculated, as already described. 

Description of Activities 

Initial Checking Activity 

•  Activity a.   Check message.   The DSR operator checks the message 

for acceptability this way: 

- Is the FL/1 header Included?  This decision-miking process 
is shown as decision node  b  In figure A-3. and It includes the 
time for this decision as part of the time of activity a.   If the 
header is not present, it Is added as part of the rework process 
(described elsewhere). 

- Is the message acceptable in other respects? This decision- 
making process is shown as decision node c with its time also 
included assart of activity  a.   If the message Is not acceptable. 

•• v     .        the operator must decide whether he can correct the message or 
'v -, v : whether It must be returned for correction to the operator who 

" •' orijrlnally brought It to the DSR.   This decision is represented 
by decision node I. (All rework activities are discussed under 

that function.) 
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Honolulu makes no mention of this inspection activity, probably because the FPT 
ship-shore operator also operates the DSR, and the message-checking function was done 
earlier.   Thus, in calculating the command standard for this activity, we consider 
only the data submitted by the other 2 sites; we always follow this rule for missing 
data. 

Transmission and Administrative Activities 

• Activity d.   Place tape on DSR. 

• Activity e.   Feed message to NavComPARs.   TTie operator places message 
tape on DSR and sets up the machine for reading.   The DSR machine reads the paper- 
tape message and enters It into the computer, which sends the operator and acceptance 
feedback signal and the Processing Sequence Number (PSN) assigned to the message. 

These two activities are treated together, since Honolulu and Guam did so.   Since 
we wished to develop standard times for each activity, we divided Honolulu's 12 seconds 
Into 9 seconds of machine-running time for activity e (based on an average message 
length of 650 characters for FPT messages and a DSR speed of 850 words per minute 
or 4, 250 characters per minute) and 3 seconds set-up time for activity d.   Similarly, 
Guam's time of 20 seconds was divided Into 20 seconds running time, leaving 0  seconds 
for set-up (Guam's average message length was 1,400 characters). 

Obviously, Guam's data Is Inconsistent, and It was standardized by: 

• During set-up time using the mean of the times submitted by the other sites. 

• Standardizing the machine running time (for all sites) based on an average 
message length of 1200 characters and the DSR speed, giving a standard time 
of 17 seconds. 

Since the machine running time for activity e   Is so short.  It seems that: the oper- 
ator cannot efficiently go to another activity.   We therefore consider activity  e as oper- 
ator time. 

• Activity f.   Check channel log.   The operator chrcks the channel log to see 
whether the NavComPARs computer has accepted the message.   This activity includes 
decision node g.   If the computer rejects the message, rework activities (described 
elsewhere) take place.   Only Honolulu mentioned this activity.   But since the other sices 
must also do the work, they probably Included the time as parts of activities d and e. 
But If this activity were omitted, Honolulu's time (5 seconds) would be added to the total 
times. 

• Activity h.   Log in PSN and file message.   After the message Is accepted by 
the computer, the operator annotates the page copy of message with the PSN assigned by 
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the computer and files the message.   Large differences in time were observed in the 
sites' time submissions for this activity.   Honolulu submitted 5 seconds, with no 
mention of logging In the PSN.   We assume that the latter activity was considered to 
be part of the former.   One reason why Honolulu's time may be so much lower is 
that the FPT operator also operates the DSR. and he may log the message in only once 
rather than twice. 

On the other hand, Guam not only requires 24 seconds for the activity, but also 
indicated an additional requirement of 17 seconds for activity  f, "logs message in." 
These 41 seconds must be considered as an outlier until further explanation of what 
tasks are done duriug this time is provided. 

Rework Activities 

This function consists of additional activities that may take place in modifying a 
message to put it into proper form to be acceptable by NavComPARs. 

• Activity 1.   Add FL/1 header.   This is done when the header is not already 
on the message.   Norfolk indicated it adds precut FL/1 headers to all its messages 
before putting it on die DSR; Honolulu adds the header only "if necessary. "   Guam 
omitted any discussion of FL/1 headers, and   lonolulu was the only site to submit a 
time.   However, this time--10 seconds--was ror both carrying the message to the 
DSR and adding the FL/1 header tape when necessary.   Since carrying of the message 
was included in the FPT job. the time for each of the two activities had to be separated; 
it was assumed that 5 seconds was required for each. 

• Activity j.   Return the message to the original operator.   This is done only 
when the original operator can correct the message, and it basically consists of travel 
time.   Only Guam submitted a time.   It could be assumed that if the FPT operator also 
operates the DSR. he also works with acceptable messages and therefore, never (or 
rarely) does this activity. 

• Activity k.   DSR operator corrects message. 

• Activity gj.   Operator checks the message rejected by NavComPARs. 
Honolulu included the possibility of the computer's rejecting the message, thus re- 
quiring some rework.   If the computer does not accept the message, the operator must 
determine why.   The rejection may be caused by a formatting error, a hole in the tape, 
or some other reason easily corrected by the operator.   However, it is unclear whether 
the operator merely resubmits the tape, or If he attempts to correct It before replacing 
it on the DSR.   No additional time was Included for correcting a message that had been 
rejected. 
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Norfolk did not include this rework function, perhaps because it rarely happened. 
Only Guam indicated that, occasionally, the rejection is caused by something of a more 
serious nature, and the message must be returned to the source operator for a retrans- 

mission. 

Calculating Working Man-Hours Required 

Once the standard activity times have been derived for table III-9. the operator and 
total time per message, operator time ratio, and the working man-hours "q^red for 
this job may be calculated in exactly the same way as for the FPT recetve job.   Table 
111-10 shows the method of making this calculation, using the standard times and 

hypothesized data of table III-9. 

Work Samples Taken 

As mentioned, work samples of the DSR job were taken at Norfolk, and the^e 

observations made. 

The DSR operator and the orderwlre operator were found to be the same person. 
This operator monitors the orderwlre until enough messages axe gathered on an adja- 
cent table, he then switches attention to .he DSR operation.   This operation Is dmded 

into three major activities: 

• The operator leaves his orderwlre monitoring job; he picks up the messages 
and places them In a basket underneath the machine, after separating them 
from the page copies.   One-by-one. he runs them through the machine as 
the computer acknowledges acceptance via an adjacent teletype (reruns might 

be necessary). 

• After all the messages have been run. the operator writes again one-by- 
one, the PSN assigned each message by the computer. 

• After all PSNs have been written, the operator logs and files each message. 

also one-by-one, 

• The operator then returns to his orderwlre monitoring function. 

Five samples were taken on different days and shifts.   The 5 samples Included 
a total of 65 messages.   As the operator abandoned his orderwlre job   the clock was 
allowed to run continuously.   The analyst marked the end time of each phase of the 

operation. 

As Ublc TIi-7 shows, the work samples taken Indicate that each message required 
an average DSR time of 72 + 2 seconds. Including a rerun proportion of 0,03 (2 messages 
out of Reruns).  This compares with a calculated average time of 33 seconds per 
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message using the standard times of table m.a .„H . 
m. standard times appear to b. conZVL'eT^Z ^T ^ 0-03 " 
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FIG. A-3:  ACTIVITIES INVOLVED IN DATA SPEED READER JOB 
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FIG. A-4: WORK FUNCTIONS ASSOCIATED WITH 
THE DATA SPEED READER 
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OPERATIONAL MANPOWER REQUIREMENTS: 
FULL-PERIOD TERMINATION, SEND 

ANALYSIS OF 

lv 

This job Is done manually by the FPT operators at Norfolk and Italy, and semi- 
automatically by Honolulu and Guam (using NavComPARs to automatically transmit 
the message and the FPT and VDT operators' handling of retransmission requests). 
The first part of this section describes the analysis of the manual operation, using 
the data submitted by Norfolk and Italy.   The remainder of the section describes the 
semlautomated operation.   Figure A-5 is the flow diagram to be used as the standard 
of comparison. 

Derivation of Nontime Planning Factors 

Figure A-6 illustrates and table III-11 lists the set of data submitted by all 4 
sites and used to derive those planning factors that are unique to each site's envi- 
ronment and operation.   This data shows that: 

• The FPT operator receives  A messages per week (line 1) from NavComPARs 
to be transmitted to the ships; these are transmitted. 

• Fraction  B of the  A messages are received by the ships in acceptable 
form, but the C = A - B messages (line 2) remaining are requested to be 
retransmitted, resulting In D  retransmissions (line 3).   The proportion of 
retransmissions (D/A) is listed on line 6. 

• After the ship confirms that an acceptable copy was obtt • ned. the FPT 
operator performs the necessary administrative activities.   There are  A 
such activities, since It Is assumed that all  A messages are eventually 
sent.   Honolulu did not Include the number of A messages sent per week, 
but did say that 30 percent of the messages must be retransmitted.   In other 
words, 70 percent are perfect on the first transmission.   But they also said 
that 814 messages are perfect on the first transmission, so A must equal 
1,163. 

• Italy stated that its Rome circuit Is exceptionally good, with only one in 
1,000 messages needing retransmitting. 

• The average message lengths transmitted and retransmitted are listed on 
lines 4 and 5 of table III-11, and the ratios of their deviations relative to a 
1,200-character message are listed on lines 7 and 8. 

• There is no need to determine the number of transmissions sent accept- 
ably on the first transmission. 
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Derivation of Time Standards 

Data describing each of the activities shown in figure A-5 is listed in table 111-12; 
the data i   compared and a standard time for each activity calculated. 

Description of Activities 

Transmission Activities 

• Activity  a.   Punch tape copy.   The teletype device receives the message 
from the computer and punches a paper message.   Standard machine time Is 144 
seconds, as calculated from machine speed of 100 words per minute and average message 
length of 1, 200 characters. 

• Activity b.   Tear message off machine. 

• Activity  c.   Log- In message.   The operator records the required infor- 
mation on the send log.   Logged Information consists of identification data and message 
origin. 

• Activity d.   Place tape on transmission device.   Operator places tape on 
the transmitting device and sets It up for transmission. 

• Activity e.   Transmit message.   Standard machine time is 144 seconds as 
calculated previously. 

Administrative Activities 

• Activity  f.   Teletype for response.   Operator uses keyboard of TT-176 
teletype to obtain a receipt for message, or to determine whether the ship wants re- 
transmission.   Node  g  is a no-time loss decision, since It Is done by the ship's 
operator.   The node is given here to Indicate the two possible paths (gj and g2) that 
exist depending on the ship's response.   If a receipt Is obtained from the ship, indicat- 
ing that the transmission was received In acceptable form, path gj Is followed to 
activity h.   If not, path g2 Is followed, returning to activity d.   This path will be 
described further under rework activities. 

• Activity h.   Log-out message.   The operator records, on the log card, 
the time the ship receipts for the message.   Italy did not Indicate any tasks that are 
necessary after the ship's receipt has been obtained.   It Is assumed that activity h 
must also be done, so this activity (as well as activity  1) Is Included as part of the job. 

• Activity  I.   Check monitor.   The operator ensures the teletype monitoring 
device Is operating--that Is, that all send transmissions are being recorded. 
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Rework Activirips 

As indicated already,  if the message was not- nr-™    , operas path g2 ,. followed ^ ^^ »^operly ,= ^ the 8hip,8 

CücuUtüjg Wortlne M^n-Hours per Ye.r R^.-H 

submitted describing their £Z^.f 0m Honolulu and Gu"n.   The only d.t. 
•'NavComPAR. autolticrayTue"   rXaT"/'8 ^n0lUlU,S 8"tt™« ^ 
and has the capabdity for re'se^ i aTy mes«l uH    C H"^'"

8
 
t0 Pr«^„ce. 

10 percent of the computed workload for X r^i ^      ,""""■"'"" ls »"«Seated that 
be used as a working fl^re for thfamounfof Zh^?"'0" 0'tte PPT °P™ors duties 
the send side of full-period terminations " reqU'red '0r the "Pafation of 

of the^^r ^heT '8 ^"^ ^ ^ ■=-— V^T operator, (at the revest 

• It is necessary to communicate with the «hf„ ,■„ H . 
the transmitted signal or to «bttlalpsU ÄÄ ' ""'"^ 0f 

• ^e ship requests a retransmission of a message already sent. 

comZ" Ta^c^ ZX KeTt"wS '" * ^ "e ■>»■'- ^ - 
channels.   The site also said, in its tZe S tha^h OPe"t0r mU8t do tor theae 
to obtain a receipt for the meseagS ofm d«erm, ilT/8^ UMS ' keyboM<1 d"1« 

lesion.   No estimate of the time%equirtr^^Ä^^^^ 

P^ticu^" r^ Si8M' ^ t0 ■Ckn0Wl^ the -«'P' * acceptable form of a 
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COMPUTER CENTER   I 
I 
I 
I 

NAVCOMPARS 

MESSAGE IS TRANSMITTED 
TT-333 500ch/min 

f 

OPERATOR OBTAINS 
RECEIPT OR WORD 
TO RETRANSMIT 

FLEET CENTER 
a 

PAPER TAPE 
PUNCH 

OPERATOR PLACES 
MESSAGE TAPE IN 
TT-333 DEVICE 

931   RETRANSMISSION 

OPERATOR 
TEARS TAPE 
OFF MACHINE 

I 
OPERATOR LOGS 
MESSAGE IN 

RECEIPT OBTAINED \qi 

OPERATOR RECORDS 
TIME OF RECEIPT ON 
LOG CARD 

OPERATOR ENSURES 
TT-332 MONITOR IS 
WORKING 

FLEET CENTER 

FIG. A-5:  SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF FULL-PERIOD TERMINATIONS, SEND 
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A    MESSAGES SENT 
TRANSMISSION 
ACTIVITIES 

B     MESSAGES 
ACCEPTABLE 
ON THE FIRST 
TRANSMISSION 

TOTAL - A 

C- A - B      MESSAGES 
UNACCEPTABLE ON 
FIRST TRANSMISSION 

L 
RETRANSMISSION 
ACTIVITIES 

ADMINISTRATIVE 
ACTIVITIES 

D    TOTAL NUMBER 
OF RETRANSMISSIONS 

FIG. A-6: WORK FUNCTIONS ASSOCIATED WITH THE 
FULL-PERIOD TERMINATION, SEND, JOB 

(MANUAL OPERATION) 
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OPERATIONAL MANPOWER REQUIREMENTS:  ANALYSIS 
OF PRIMARY SHIP/SHORE, RECEIVE 

This job was analyzed the same as the full-period termination, receive, and DSR jobs. 
And since many of the same activities In this job also occur as {.art of the other two jobs, a 
comparison of the standard times derived for all the similar activities of different jobs was 
made, as shown later. The data comparison should be considered when reviewing the pro- 
posed standards. Figure A-7 is the flow diagram to be used as a standard of comparison 
among sites. Data describing this job was received from Honolulu, Norfolk, (Sugar Grove), 
and Italy.   Guam did not Include a description of its activities or times. 

Derivation of Nontime Planning Factors 

Figure A-8 Illustrates, and table ill-14 lists, the set of data submitted by each site 
and used to derive those planning factors that are unique to each site's environment and 
operation.   The data shows that: 

• A messages per week (line i) are originally transmitted from ship to 
shore.   Generally, this will be the base for the planning factor propor- 
tions derived. 

• B of A messages (line 2) are received by the shore In acceptable form on the 
first transmission; therefore, no further retransmission Is required.   C = 
A - B messages were initially received as unacceptable, and at least one 
retransmission was required.   Line 20 lists the proportion of initially un- 
acceptable messages G/A = (A - B)/A. 

• Because of the C unacceptable messages received on the first transmission, 
a total of D sets of retransmission activities is made.   The sites reported 
the total number of message transmissions received per week (A + D In line 4). 
Thus, the number of retransmissions required (A + D - A) is listed In line 5, 
and the proportion of retransmissions required (D/A) Is listed in line 18. 

• Of G unacceptable messages, a number E (line 6) require piecing.   This pro- 
portion (E/A) Is listed in line 19. 

• After the G unacceptable messages are received or pieced Into acceptable 
form, the old. Incomplete copies are disposed of.   This planning factor, de- 
rived as a portion (C/A), Is described elsewhere and appears in line 20. 

Once an acceptable message is obtained, the initial administrative activities are com- 
pleted.   It is assumed all A messages are completed, and therefore undergo this function. 
Part of this function is an Inspection of the message to see whether the FL/1 header Is 
missing.   F such messages (line 7) require the addition of a header, and the proportion of 
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such messages (F/A) Is listed In line 21.   Honolulu implied In Its discussion of node Q 
that headers must be added to all Its messages. 

All A messages are then transmitted to NavComPARs and the results are checked to 
determine the success of this transmission function.   Of the A messages transmitted; 

• G messages (line 8) are rejected by NavComPARs, but can be (and are) 
corrected by the operator.   The proportion (G/A) is listed In line 22. 

• H messages (line 9) are rejected by NavComPARs but require message 
retransmission by the ship to make the correction.   The additional mes- 
sage retransmission work load caused by these messages is already 
accounted for in the D total retransmissions (line 5). 

• The remaining messages (A-G-H) are accepted by NavComPARs. 

The G messages requiring retransmission result In a total of I retransmissions to 
NavComPARs (line 10), where It Is assumed that: 

• I is equal to or greater than G, since any message may require more than 
one retransmission. 

■ 

• I operator corrections are also made, since each retransmission requires 
an operator correction. 

The proportion (I/A) Is listed in line 23. 

All A messages then undergo final administrative activities.   The average lengths of 
a message and a retransmitted message are listed in lines 14 and 15, and the ratio of their 
deviations in length relative to a 1,200-character message are listed In lines 26 and 27. 
(Italy reported that when a retransmission Is required, the entire message Is retransmitted). 

Additional net control activity is required when the primary ship-to-shore operator 
needs a retransmission of one or more messages. L requests (line 13) are made to the 
ship, resulting In D retransmissions. 

Three proportion planning factors are derived from this data: 

• The transmission request proportion, K/J (line 24). 

• The ratio of the number of original transmission requests to the number 
of messages handled, J/A (line 17). 
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• The ratio of the total number of transmission requests to the number of 
messages landled, K/A (line 16).   Note that K/A can be derived as (K/J) 
Q/A). 

• The ratio of retransmission requests to the ship, L/A. 

The only data submitted by the sites was the number of initially unacceptable net con- 
trol signals that were received.   The remaining data should be submitted when the network 
control work load Is to be calculated In accordance with each site's particular environment. 
While the preceding discussion concerned the work load related to a group of messages, 
there Is an additional primary ship-to-shore operator work load caused by the ship/shore 
network control.   This work must be done before the activities pertaining to net control 
and processing of messages are done.   This is analogous to the net control activities of 
full-period termination operations.   For the total of A messages handled per week, there 
are J requests per week (line 11) from ships for transmission of a set of messages that 
are received by the primary shlp-to-'jhore operator. 

However, a series of requests for transmission also emanate from the ship for two 
main reasons: 

• Because of unacceptable signal quality; these are In response to the primary 
ship-to-shore operator's Instructions to try again either on the same or 
different frequency. 

• Because all of the ship's messages could not be handled at one time and a 
later request to complete the Job Is required. 

The total number of requests received per week, for transmission K -- which equals 
the original requests (]) and all subsequent requests --Is listed on line 12. 

Derivation of Time Standards 

Data describing each of the activities shown In figure A-7 Is listed In table 111-15, 
compared, and a standard time for each activity calculated. 

Description of Activities 

Network Control Activities 

This function consists of all net control activities before message transmission. 
Some of the activity designations are In capital letters; others are In lower-case letters. 
The latter correspond exactly to activities with the same designations on the full-period 
termination, receive, diagram (figure A-l); the capital letters are activities different 
from that flow.   The diagrams have been lettered this way to ease comparisons. 
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Activity A.   Read ship's request for transmlsslcn. 

•     Activity C.   Instruct ship. 

These activities are taken together since they are related.   The ship makes an Initial 
call up to the NavCommSta, Indicating how many messages are to be sent, by priority. 
The ship-to-shore operator reads this call, then decides In decision node B (whose time 
Is included as part of activity A) whether the signal Is acceptable.   If so, the ship Is In- 
structed (activity C ) what turn was assigned and which messages to send.   If the signal 

was not acceptable, the operator's Instruction (activity G^ Is to try again on the same 
frequency or different frequency. 

In Italy, the prlmar/ ship-to-shore facility Is located In the fleet center.   Hence, the 
connectivity activities necessary for the other sites to establish communications with the 
ships are not part of the Italy operation, but are presumably performed at the receiver site. 

Transmission Activities (Receive Message) 

This function consists of all the activities Involved in receiving the message from the 
ship (with no rework activities Involved). 

• Activity a.  Punch tape and print copy. 

• Activity b.   Tear message off machine. 

• Activity f.   Place frequency on page copy. 

•     Activity c.   Inspect message. 

These activities are analyzed together because of the relationship between activities 
a and c.   The message is received from the ship in page and paper tape form.   Machine 
speed is 100 words per minute.   This results in message length of 144 seconds for the 
standard message.   After the operator tears the page off the machine (activity b) and 
places the send/receive frequencies on the copy of the message, he scans the message and 
decides whether it la acceptable, or whether it requires retransmission by the ship s 
operator.   This decision process is accomplished in the no-time loss decision nodes d and 
i.   If the message is acceptable, the process continues with activity e.   If not, rework 
activity e is performed, as described elsewhere. 

Sugar Grove estimated the time to Inspect the message to be "half a minute, " which 
is longer than the other sites' estimates, which are given in seconds. The difference In 
time may be attributed to round-off error. 
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There is a question regarding how much time is required to Inspect a message    St rar 

ZTestZZ* T' ^ rddlti0n t0 the time reqUlred f0r aCtlv^ I ^o 30 sTond's"or  S g sites), its opera ors also monitor the page copy for acceptability as it comes in unless 

u tHt rhe^r H ^H
hTy-7he 8lte ^^ that' idea^ one P—n will handle 2 c r- 

en   ! »      I m! and that' dUrlng Peak traffIc c°nditions. one person can handle 3 cir- 
cuit   simultaneously by not monitoring the page copy as It comes In   This "on-Hne 
monitoring is considered important, and It is done whenever possible because periodicallv 

made more rapidly. As a result, communications circuits can be used more efficiently. 

Sugar Grove also reported that an experienced operator can pick up some kinds of 

Semi r^bll8'^1^ T6 1Ine8 ^ ^ addreSS 0r li8t> ^ "^nlng?o the keZrd operation, garbling cannot be caught hy only reading the finished copy! 

checkit^ qUeSt
r!r

n i.S: .H0W mUCh tlme Sh0Uld ^ allowed for the ent^e message- 
checking fimct.on.   No site indicated how much of the 144 seconds of machine tlme^hould 

commando       ^^   ^ * reCOmme^lon needs to be made by the site and the 

.nn f ^Grove's time for its activity E includes the times for standard activities C   D 

tZLl^ZT' de8ignatIOnS ^ rtaly ^ added by US for -nvenlence^rrc's'sln; 

Initial Administrative Activities 

reeled"Tftefrh0^0"1111181?^6 aCtiVitleS ^^ after the meS8a^ ts satisfactorily 
act^H d* .   H TSSag! lS read lnt0 NavGomPA^ a set of final administrative activities Is done, as described elsewhere in this volume. 

onH   ,     *     Actt^vE.   Receipt for message.   The operator receipts for the message 
and places time of receipt (TOR) on the page copy. message 

• Activity G.   Prepare tape.   The operator removes and rolls the tape and 
staples it to the page copy. F 

• Activity H.   Carry message.   At Sugar Grove, the operator carries the 
message to the supervisor's desk and places it m the basket.   In Honolulu and Italy   the 

ZlfZ^T * dirrtl3;t0 the ^   to HOn0lulU' the SUPervl80r 8Cans the messag^ at the end of the operation (that NavCommSta's step o); the time Is Included as part of 
this activity. h~ !. v.* 

•     Activity I.   Log-in message.   In Sugar Grove, the supervisor low the mes- 
sage In the master log and assigns the station serial number.   In Honolulu, it Is done bv 
the operator.   However, they did not include a time for this activity y 
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•     ActivityJ.   Inspect message and place it In basket.   The message is In- 
spected to see whether the FL/1 header must be added.   If not, the process continues to 
activity L.   If It must, activity K must be done.   The supervisor places the message in 
the appropriate outgoing basket.   This activity Is not done at Honolulu or Italy, since the 
operator performs the steps before and after this one. 

Transmission to NavComPARs Activities 

This function consists of the activities associated with transmitting the message to 
NavComPARs, and Is analogous to the DSR Job.   In Italy, the primary ship/shore operator s 
duties include sending the message to NavComPARs. but the activities and times were not 
described.   We therefore used the standard times for all activities. 

• Activity L.   Place tape on reader and eet It up.   The operator carries the 
tape, unrolls It, and places it on the NavComPARs Input device.   Sugar Grove and Honolulu 
both combine this activity with the one following.   Sugar Grove Included two times. 
Honolulu one combined time. 

t     Activity M.   Feed message to NavComPARs.   The message is fed to 
NavComPARs at a rate of 100 words per minute, resulting in a standard time of 144 seconds. 

• Activity N.   Check channel log.   The operator checks to see whether the 
NavComPARs computer has accepted the message.   This activity Includes the no-tlme-loss 
decision node O.   When the message Is rejected, a rework activity of correcting the mes- 
sage takes place. 

• Activity P.   Remove message from machine.   Once NavComPARs has 
accepted the message, the operator removes the tape and page copy from machine.   In 
Sugar Grove, this activity Includes rolling the tape and storing It (storage Is for 24 hours). 
In Honolulu, this node Includes stapling the tape to the page copy. 

• Activity Q.   Add time of day (TOD) to original copy.   The operator adds TOD 
to the original copy and places it in the supervisor's basket. 

• Activity R.   Log-In message.   The required information is logged into the 
Pony Loop, a master log by the supervisor (at Sugar Grove) or the operator (at Honolulu). 

• Activity S.   File message.   The message is filed.   In Sugar Grove, the 
rolled copy is retained for 30 days. 

Rework Activities 
While the previous activities were done for all messages handled (except for the con- 

nectivity activities, which occurred each time a particular ship wanted to transmit one or 
a set of messages at a time), there are a number of rework activities; f** of these mu« 
L Le for some proportion of the total messages handled.  The rework activities include: ■ 
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Additional connectivity work (when the ship needs to change frequency). 

Retransmission activities (when an unacceptable message occurs and an 
additional transmission Is necessary). 

• Piecing activity (when an unacceptable message occurs and enough trans- 
missions are available for piecing together an acceptable message). 

• Adding FL/1 header when It Is missing from the message. 

• Rework message after NavComPARs rejection. 

• Activity J.   Operator requests retransmission.   When a retransmission Is 
required, the operator does so.   The activity then returns to X and continues with activity 

C2- 

• Activity 1.   Operator pieces the message together.   This activity Involves 
making an acceptable message from several past transmissions of the same message. 
Sugar Grove explained that a message Is retransmitted 2 or 3 times before piecing.   It 
is unlikely that the propagation conditions causing the garbling the first time will occur 
at exactly the same place in a message the next time, so 2 copies are usually enough for 
piecing.   Since piecing Is time consuming, a third copy Is sometimes requested In hopes 
of receiving a clean copy and thus avoid piecing.   At times, only the heading or only one 
page of a long message is asked to be repeated.   When a message Is 2 pages or less, the 
entire message Is usually retransmitted.   Messages that Include data such as supply lists 
and social security numbers may have to be transmitted more than three times.   It is im- 
possible for the operator to deduce from the context of such a message what the required 
information is If It Is garbled.   Message pleclng-tlme is separated from the t'me required 
to add the FL/1 header (activity k^. 

• Activity m.   Copies disposal activity.   After receipting for a message, the 
operator disposes of all old, unacceptable copies. 

• Activity k .   Operator adds FL/1 header.  After the message Is Inspected 
(activities J and k), theTL/l header, if needed is added at this time.   Honolulu reports 
that when a message needs to be pieced, the header Is added then, requiring only an addi- 
tional 15 seconds.   If piecing Is not required but the header must be added. It takes 160 
seconds to do so. 

• Activity u.   Operator corrects message.   When the NavComPARs computer 
rejects the message (activity n) and the operator determines he can correct it (activity t), 

he does so. 
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Calculating Working Man-hours Required 

Table 111-16 shows the calculation of the man-hours per year required by Norfolk 
(Sugar Grove), using the standard times derived. 

K 
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HEADSHIPS 
HEQUEtT        L« 
FOB THAN»- r^ 
MISSION 

INSTRUCT SHIP 
TOTRV »GAIN 

 I 

PAPER TAPE 
PUNCH 

INSTRUCT »HIP 
TOSENDTRAPPIC/ 
RETRANSMISSION 

TEAR TAPE AND 
PAGE COPY OPP 
MACHINE  

SCAN MESSAGE FOR 
ACCEPT ABILITY 

PLACE SEND/RECEIVE 
FREQUENCY ON PAOE 
COPY  

GH* 

) (OPERATOR REQUESTS 
RH HANSMISSION) 

OPERATOR ADDS 
H;i HEADER 

MESSAOE 
IS FILED 

. 

FIG A-7:   SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF PRIMARY SHIP-TOSHORE JOB 
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TRANSMITTED 
FROM SHIP 

J     SHIP REQUESTS FOR 
RETRANSMISSION 

i 
TRANSMISSION 
ACTIVITIES 
(RECEIVE) 

C    MESSAGES 
UNACCEPTABLE 
ON FIRST TRANS- 
MISSION 

B    MESSAGES 
ACCEPTABLE 
ON FIRST 
TRANSMISSION 

H    MESSAGES 
REJECTED BY 
NAVCOMPARS 
REQUIRING RE- 
TRANSMISSION 

(A - B ♦ Cl ' ' 

LX1 
NET CONTROL FOR 
TRANSMISSION 
ACTIVITIES 

RETRANSMISSION 
ACTIVITIES 

D    TOTAL 
RETRANSMISSIONS 

K    TOTAL REQUESTED 
BY SHIP FOR TRANS- 
MISSIONS 

E    MESSAGES 
REQUIRING 
PIECING 

PIECING 
ACTIVITIES 

NET CONTROL FOR 
RETRANSMISSION 
ACTIVITIES 

± 
L    TOTAL OPERATOR 
REQUESTS TO SHIP FOR 
RETRANSMISSIONS 

COPIES 
DISPOSAL 
ACTIVITY 

INITIAL ADMINISTRA- 
TIVE ACTIVITIES 

F MESSAGES 
MISSING FL/1 
HEADER 

TRANSMISSION TO 
NAVCOMPARS 
ACTIVITIES 

I MESSAGES RE- 
TRANSMITTED TO 
NAVCOMPARS 

OPERATOR 
CORRECTION 
ACTIVITY 

I 

1 
ADD FL/1 
HEADER 

Y 

|Q 
• MESSAGES 

REJECTED BY 
NAVCOMPARS 
ACTIVITIES 

(A - 0 - HI ACCEPTABLE MESSAGES 

TOTAL MESSAGES L. 
FINAL ADMINISTRA- 
TIVE ACTIVITIES 

RETRANSMISSION 
TO NAVCOMPARS 
ACTIVITY 

J 
r 

FIG. A-8: WORK FUNCTIONS ASSOCIATED WITH PRIMARY SHIP/SHORE 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF ALLIED/NATO/SEATO/ RECEIVE JOB 

The purpose of the AIUed/NATO/SEATO circuit Is to provide Allied ship-shore 
service.   Data describing the work Involved In operating these circuits was submitted 
by Honolulu, Norfolk, and Italy.   Honolulu divided the total work Into two jobs (as with 
the PPT operator): 

• Allied receive. In which messages are received from Allied subscribers 
for eifiry Into Autodin V. 

• Allied send, in which messages are received from Autodin  V and e-'nt 
to Allied subscribers. 

This section describes the analysis of the Allied receive job (the send job Is 
covered In the next section). 

Norfolk reported that its NATO job Is similar to the full-period termination job 
but Included no further comparison as to tasks or times required.   Italy included a 
flow diagram for receive from Autodin  V, it included the "NATO A&B" flow diagram, 
the function of which Is not clear. 

Unfortunately, the data received from Italy (table 4b) consists of one set of data 
covering both send and receive.   Also included were these message totals per week: 

Mode V 
NATO A 
NATO B 

Send 

1,003 
1,060 

997 

Receive 

1,653 
1,804 

670 

Since these two sets of numbers could not be correlated In a way that would give 
send-and-receive totals that we could be certain of, the data was not used.   Guam in- 
cluded no information concerning Allied message traffic. 

The 2 flow diagrams submitted by Honolulu (figures A-9 and A-11) were used as 
the standards of comparison among sites.   All other data submitted by the sites is 
used In conjunction with these flow diagrams. 

Because many of the activities in these two jobs are related to those of other jobs 
(particularly the FPT operation), a comparison of the derived standard times of the 
related activities was made. 
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Derivation of Nontime Planning Factors 

Furure A-10 Illustrates, and table 111-17 lists, the set of data submitted by each 
site aXs^tolrive those planning factors that are -^-^^^^fr 
and operation.   The first part of the table contains message flow character^stl" ^r

rHon 
thTs job as submitted by each site (figure A-9).   l*e second part ^alns tte proportion 
planiing factors associated with the job; these factors were derived from the data In the 
first pari of the table.   The data shows that: 

• The Allied operator receives  A original messages per week from Allied 
subscribers for entry into Autodin  V (line 1).   This number does not mclüde 
R  retransmissions of messages originally received in an unacceptable form, 
and. as described elsewhere, a total of A' = A + R messages are processed 
through this first function. 
• B of the total A messages are received In acceptable form; no further 
retransmission of them Is required.   But C  =  A - B messages (line 2) are 
found to be unacceptable In the first transmission.   Line 9 lists the proportion 
of unacceptable messages (C/A).   Honolulu reported that 4 Percent of Its 
3.250 messages axe unacceptable on the first transmission.   This means 
that 130 messages are received In an unacceptable form. 

• Because of the C  unacceptable messages, a total of D  service requests 
are drafted or redrafted (line 3).   D does not equal C  for three reasons. 
More than one C  message may be serviced on the same service ^J^ 
Also   some messages need to be serviced more than once, since the retrans 
mission ^ot be acceptable.   Finally, some of the service requests 
^raC ^ not acceptable to the supervisor and must be redrafted by the 
operator before they can be sent. 

Honolulu indicated that 65 service messages were sent; of ^«e 5^rcent had 
to be redrafted. A total of 68 service messages was drafted. Line 10 lists the pro 
portion of these service messages (D/A). 

The result of this process Is that a total of  E  acceptable service drafts are sent 
fllne^  Srpr^U>n(E/A)l.U.tedlnllnell.   After these  E requests are trans- 

Honolulu also repfrted that It received a total of 3.380 transmissions (A + R). which 
means that F = 3380 - 3250 = 130 retransmissions. 
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for af A me8rrfi  1 ^Hy     "T**' administrative activities can then be completed 
SIverLT^ V-   ^nes 6 and 7 list 

ent LnThf f   ^ .      ^"^ ^ 0f a 8erViCe re(»uest-   Honolu^ H«ed two differ- 
ent lengths for each message and service message length.   Both are Included In the table. 

Norfolk Indicated it does Its rework activities differently from the flow diagram 

flT       '   ^^ NOrf0lk dld n0t de8Crlbe lt8 NATO work chfrac eTis^aTa 
flow diagram, the station did say that the work involved Is similar to that of the full 

Lor w T   'r0" T61"01-   ^ that Ca8e' the rework de8cr^ under the FPT oper- 
n LZ.   h"15 r6^ reWOrk " de8Crlbed here for the NATO oP^tor. and the FPT 
panning characteristics must be used rather than these.   Thus, line 8 lists the number 
of Norfolk messages pieced together (G). and line 13 lists the proportion of messag^ 

Derivation of Time Standards 

c0mnD^deSCHribing !fCh 0f the aCtiVitie8 8h0Wn in fl^ure A"9 l8 ^«ed in table 111-18. compared, and a standard time for each activity calculated. 

Description of Activities 

Incoming Transmission and Inspection Activities 

troJ^M^T in"ludeJ11 those tasks involved in receiving the incoming message 
from an Alhed subscnber and in determining whether it is acceptable for input to the 
Autodtn  V or whether rework is needed. P 

Aii-H     ! ^^  ^   Pa«e and taPe COPY received.   Tne message is received from 
Alhed subscrfcers at an average machine speed of 500 characters per minute.   vT 
standard machine time was calculated as before, using a message length of 1 200 
characters.   Honolulu included two estimates of message lengthf Its Sble 4b gives 

dTtasru;dTcra^nraracters'wherea8 it8 fi-re 4 ^ >- ™ *™™ ™* 

offthema'chlnes^'*   Tear off me88^   ^ operator tears the page and tape copies 

. um A"ivlty c-   ^^^ message.   The operator inspects the message for 
acceptability (decision mode d).   If the message is acceptable, he continues to e.   If 
not, he goes to  i. 

Outgoing Transmission Activities 

These include all administrative activities done after a message has been received 

AutirT^16 ^^ " Wel1 " ^ aCtivitie8 a880c^ed with sending a message on 
A-112 

■-.»aus 

^:   ■'-:, 



• Activity  g.    Log- in message.   The operator logs in the message on the 
incoming log. 

• Activity  h.   Carry message.   The operator carries the message to the 
Autodin   V terminal.   Honolulu includes this activity, but gives no time. 

• Activity   I.    Log message in Autodin   V  log. 

• Activity  j.   Place r.v^ssage on terminal.   The operator places the message 
on the outgoing terminal.   Honolulu did not include this as a separate activity.   But 
since its calculated machine time for mode  I does not Include this operator time, 
this activity should be Included. 

• Activity  k.   Enter message.   The message Is entered into the Autodin  V 
at 100 words per minute.   See explanation of Honolulu's machine time (activity  a). 

Draft Service Request Activities 

The service draft activities Include all those tasks necessary when an 'msatls- 
factory message Is received.   In Norfolk's case, since Its flow diagram Is the same 
as Its FPT diagram, the rework involved makes up the retransmission activities, rather 
than service draft activities.   Although Individual tasks are different, the total rework 
times can be compared. 

• Activity  1.   Draft service message.   When the message is not acceptable 
(at node d), the operator drafts a service message. 

• Activity  m.   Review service message.   The chief of watch reviews the 
message for acceptabllllty.   The decision Is Indicated In node N.   If the service message 
is acceptable, continue to activity o; If not, return to activity 1. 

Transmit Service Request Activities 

• Activity  o.   Place message on terminal.   The operator places the service 
message on the dedicated circuit terminal In preparation for transmitting. 

• Activity p.   Send servi e message.   The service message Is sent on the 
dedicated circuit at a machine speed of 100 words per minute.   Honolulu reported a 
service message length of 280 characters (table 4b) but 345 characters In Its des- 
cription (figure 4).   This discrepancy should be clarified. 

Calculating Working Man- Hours Required 

Table III-19 shows the calculation of the working man-hours per year required by 
Honolulu, using the standard activity times derived.   This calculation Is described In 
a preceding section. 
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FLEET CENTER 

ALLIED 
SUBSCRIBERS 

J 
PAPER TAPE 

PUNCH: 
TT-331 

500 ch/min 

OPERATOR SCANS 
MESSAGE FOR 
AXEPTABILITY 

l'< 
OPERATOR DRAFTS 
SERVICE MESSAGE 

YES I 

ZI 
(AGE COPY 

DEVICE 
UGC-25 

500 ch/min 

(* b 

OPERATOR TEARS 
BOTH TAPE AND 
PAGE COPY OFF 
MACHINE 

COW REVIEWS 
SERVICE MESSAGE 

SERVICE IS SENT ON 
DEDICATED CIRCUIT 

OPERATOR PLACES 
SERVICE ON TERMINAL 

OPERATOR LOGS 
MESSAGE IN 

I 

OPERATOR 
CARRIES 
MESSAGE 

OPERATOR LOGS 
MESSAGE IN OUT- 
GOING LOG 

OPERATOR PLACES 
MESSAGE ON 
TERMINAL 

I 
ME'iSAGE IS SENT 
ON AUTOVON V 

j 

FIG. A-9: SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF ALLIED/NATO/SEATO, RECEIVE 
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(TOTAL MESSAGES RECEIVED - A + R) 

.^ 

A   ORIGINAL    R   RETRANSMISSIONS 
MESSAGES RECEIVED 

B   ACCEPTABLE MESSAGES ON 
FIRST TRANSMISSION 

LJ 
TRANSMISSION 
ACTIVITIES 
(RECEIVE) 

(TOTAL - 
B + C-A) 

i C   ACCEPTABLE MESSAGES ON 
SUBSEQUENT TRANSMISSIONS 

ADMINISTRATIVE 
ACTIVITIES 

A   ACCEPTABLE 
MESSAGES 

TRANSMISSION 
ACTIVITIES 
(AUTODIN VI 

D  SERVICE REQUESTS 
DRAFTED/REDRAFTED 

C   UNACCEPTABLE MESSAGES 
REQUIRING SERVICE u 

SERVICE DRAFT/ 
REDRAFT ACTIVITIES 

E   SERVICE REQUESTS 
SENT 

SERVICE SEND ACTIVITIES 
(ALLIED DEDICATED CIRCUITS) 

■; ■ 

FIG. A-10:  WORK FUNCTIONS ASSOCIATED WITH 
ALLIED/NATO/SEATO, RECEIVE 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF ALL1ED/NATO/SEATO SEND JOBS 

This section describes the analysis of the Allled/NATO/SEATO send job ^ which 
messages are received from Autodln  V and sent to Allied subscribers over a dedicated 

circuit. 

The data obtained from the sites Is discussed In the section dealing with the Allied 
receive job.   Figure A-11 is the operational flow diagram. 

Derivation of Nontlme Planning Factors 

Fleure A-12 Illustrates, and table III-20 lists, the set of data submitted by each 
site and used to derive those planning factors that are unique to each site's environ- 
ment and operation.   This data shows that: 

• A total of A original messages per week are received from Autodln  V 
to be sent to Allied subscribers.   This total (line 1) does not Include re- 
transmissions but only those messages coming Into the process for the first 

time. 
• R retransmitted messages (line 2) are also received.   These retrans- 
missions result fron, previously transmitted service requests ^d are 
discussed under that function.   The total number of messages (T) for the 
Incoming transmission and Inspection activities Is A + R. 

• The base taken for calculating all proportion planning factors Is  A.   The 
proportion of retransmitted messages received (R/A) Is listed on line 10. 
If the proportions are obtained through work sampling, they should be de- 
rived using A original messages as a base. 

• All incoming messages are Inspected by the operator for acceptability. 

Of the  A messages. B messages are acceptable to the operator and can be trans- 
mitted immediately to the subscribers.   Thus. C  messages (line 3. C = A - i) are 

unacceptable because: 

• D messages have both security designations missing. 

• E messages have only one security designation missing. 

• F messages are unacceptable for some reason other than security, and 
cannot be fixed by the operator, 

• G messages are unacceptable for some reason other than security, but can 
be fixed by the operator.   The proportion (G/A) Is listed on line 11. 
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Because of the  C  unacceptable messages, additional work functions must also be 
done: 

-   Service requests must be drafted for a total of I messages; 
I = D + E + F. 

Unfortunately, some of these I draft service requests are unacceptable to the 
supervisor, and a total of H  service requests (line 5) is drafted.   The proportion 
(H/A) is given on line 12. 

Note that Honolulu's submitted data showing that of its 280 service messages, 5 
percent (14 messages) must be redrafted.   Thus, the number of service drafts totalled 
294, resulting in a proportion of 294/4,000 = 0.07.   A total of I service requests (line 
6) is transmitted.   This proportion (I/A) Is listed on line 13.   Assuming that a service 
request is for only one message, I = D + E + F. 

Of the original A  incoming messages, a total of B + E + G can be transmitted 
immediately to Allied subscribers.   All of the remaining messages eventually arrive 
in acceptable form following the service requests.   Thus, all A messages complete 
the outgoing transmission function. 

The average message and service message lengths are listed on lines 7 and 8 
of table III-20.   The average length of a retransmission may differ from the average 
message length when, for example, only security designations are retransmitted; 
when longer messages contain more errors and need to be retransmitted more often; 
or when service messages precede the retransmission.   Line 7 should be the average 
of all original messages plus all retransmissions. 

Honolulu reported its average message length as 1, 400 on its table 4b, but as 
1,590 in the description of the flow chart.   This discrepancy should be clarified by 
Honolulu. 

Derivation of lime Standards 

Data describing each activity shown In figure A-11 is listed In table III-21 compared, 
and a standard time for each activity calculated. 

Description of Activities 

Receive Activities 

These include all activities Involved In receiving an Incoming message from Autodln 
V and determining whether the message Is acceptable for transmission to Allied sub- 
scribers, or whether rework Is needed. 

A-120 



.  Activity  a.   Tape punch and printer.   The message is received from 

culated.   The correct value should be determined. 
• Activity b.   Tear off and log message.   The operator tears off the 

message and logs it into the Autodin terminal receive log. 

"""S'-^TJ:^ "n, ne» ^ther there are «her errors.   U so. 

whether a service request must be generated.   (These activiues ^ 
rework activities,) 

If no other errors are found at node e. the messages continue to activity  f. 

under rework activities. 

Transmission Activities 

This group includes all activities done in transmitting an acceptable message and 

keeping proper records of the events. 

. Activity f.   Log message.   When the message Is acceptable, the operator 

logs the message Into the outgoing log for the appropriate circuit. 

•  Activity g.   Place message on machine for transmission. 

. Activity  I.   File message.   The operator files the message.   Honolulu In- 

cluded this activity, but not the time required to complete It. 

Rework Activities 

i:_" 



The first step is to determine whether a service request must be made, or whether 
the operator can fix the message himself.   A service message must be drafted when 
there are errors the operator cannot fix or when there are security errors. 

The original message Is unacceptable when either the ZMN   or the "releasable to 
appropriate nation" is missing.   When one of these elements is missing, the message 
is transmitted as received, and the originator's attention is directed to the format error. 
When both are missing, the message is filed without transmitting and the originator is 
serviced. 

Activities involved In generating a service request are given here. 

• Activity 1.   Draft service message.   From decision node  k. If the message 
cannot be fixed, the operator drafts a service message to the originator. 

• Activity  m.   Review service message.   The chief of watch (COW) reviews 
the service message for acceptability.   Node  n  Indicates the decision made In activity 
m.   If the message Is acceptable, activity o follows; If It is not, activity  l  is next. 

• Activity  o.   File message.   The operator files a copy of the service request 
and the original message. 

• Activity p.   Send service message.   The operator sends the service message 
on the Autodln  V terminal. 

• Activity  r.   COW returns service request for further action.   Following 
decision node  n, the chief of watch returns an unsatisfactory serviced draft to the 
operator for correction. 

• Activity t.   Prepare to send message.   From node  k, if only one of the 
security designations Is missing, the operator carries the message to transmission 
service in preparation for sending, and flow resumes at step  f.   (Honolulu included 
this activity, but not the required time.)  If the message error involved something 
other than security (as determined In decision node e or  j). the activities proceed to 
node u  or   s, as appropriate.   The operator checks to see whether the message can 
be fixed.   If so, he continues to activity  v or t.   If not, activity  I  Is continued, re- 
quiring the generation of a service request. 

• Activities  v  and  t.   Fix message.   From step  v, there are no other errors, 
so the message is transmitted and the flow resumes at step  f.   From step t, since 
there was one security error, the message Is both transmitted (go to step  f) and ser- 
viced (go to step  l).   Honolulu did not Include a time for fixing a message. 

1 ZNM is an operating signal indicating that the originator authorizes transfer of the 
message Into secure networks of all authorities addressed, providing these networks are 
approved for the security classifications Involved. 
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Calculating Working Man- Hours Required 

Table III-22 shows the calculation of the average times required per message 
by a typical site (Honolulu), using the standard activity times derived.   The total 
working man-hours required Is the product of this average time and the total mess- 
ages serviced per year. 

r* 
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A ORIGINAL 
MESSAGES 
INCOMING 

R   RETRANSMITTED 
MESSAGES 
RECEIVED 

(TOTAL-A + R) 

B   ACCEPTABLE 
MESSAGES INCOMING TRANSMISSION 

AND INSPECTION ACTIVITIES 

G   UNACCEPTABLE (NON- 
SECURITY) FIXABLE 
BY OPERATOR 

FORMAT 
CORRECTION 
ACTIVITY 

(TOTAL - A) 

OUTGOING TRANS- 
MISSION ACTIVITIES 

D   UNACCEPTABLE (BOTH 
SECURITY DESIGNATIONS 
MISSING) 

F UNACCEPTABLE 
(NON-SECURITY) 
UNFIXABLE 
BY OPERATOR 

(TOTAL: 
l-D + E + F) 

TOTAL SERVICE 
REQUESTS DRAFTED 

DRAFT SERVICE 
REQUEST ACTIVITIES 

E UNACCEPTABLE 
(ONE SECURITY 
DESIGNATION 
MISSING) 

l-D+E + F SERVICE 
TRANSMISSIONS 

TRANSMIT SERVICE 
REQUEST ACTIVITIES 

FJG. A-12:   WORK FUNCTIONS ASSOCIATED WITH 
ALÜED/NATO/SEATO SEND 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF CW BROADCAST JOB 

The objective of this job is to convert teletype messages that are to be transmitted 
at a scheduled time on the CW broadcast circuit into proper format,  including CW code, 
and transmit such messages.   Data describing this job was submitted by Honolulu, Guam, 
and Norfolk.   No data was submitted by Italy.    Figure A-13 Is the operational flow dia- 
gram to be used for this job. 

Derivation of Nontlme Planning Factors 

Figure A-14 Illustrates, and table III-23 lists, the set of data submitted by the 
sites and used to derive those planning factors that are unique to each site's environ- 
ment and operation.   This data shows: 

• The CW operator receives an average of A messages per week (line 1) 
for Inclusion In the CW broadcast. 

• The messages are then clustered to meet a CW broadcast schedule, 
consisting of an average of B broadcasts per week (line 2).   No data was 
submitted for the value of B; but we believe It to be once per watch, or 
21 per week.   Therefore, there Is an average of C  messages per CW 
broadcast (line 4), where C = A/B. 

All planning factors are derived on the basis of a single broadcast.   The C  messages 
are converted into CW format and code.   The operator then performs a set of CW set- 
up activities for each batch of C  messages to be transmitted on the CW broadcast. 

These activities Include arranging the CW transmission schedule for the batch and 
preparing the equipment used for transmission.   Unlike the other functional activities, 
this function Is not done for each message but. Instead, for a batch of messages,   B 
times per week. 

The C  messages are then transmitted at the scheduled time and are logged- in 
and filed (administrative activities).   The average length of a message Is listed on 
line 3.   Since no rework activities were listed by any site. It Is assumed that the time 
required for any necessary retransmission activities Is negligible. 

Derivation of Time Standards 

IV 

Data describing each activity shown in figure A-13 is also listed In table III-24, 
compared, and a standard time for each activity calculated.   All times listed are the 
times per CW message, except the time for setting up the CW keyer.   This time is the 
total time per broadcast. 
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1 
Description of Activities 

Transmission (Receive) and Conversion Activities 

This group consists of all the activities necessary for each original message to 
be received, Including conversion Into CW format. 

• Activity a.   Punch tape and print copy.   Message Is received In both tape 
and page copy forms. 

• Activity  b.   Tear off message.   The operator tears both tape are! page 
copy off the machines. 

• Activity  c.   Edit message.   The operator edits the message and converts 
it to CW format. 

CW Set Up Activity 

• Activity e.   Set up CW keyer.   Guam Included as Its activity  f, "operator 
sets up and checks CV-2015A transmitter keying equipment, " requiring 92 seconds of 
operator time.   Apparently, this job Is done every time a batch of messages Is uo be 
sent.   No other site mentioned this activity. 

Transmission (Send CW) Activities 

• Activity d.   Schedule message.   Operator places the message on the 
schedule to await transmission at proper time. 

• Activity  f.   Transmit message.   The message Is transmitted at the proper 
time, and the operator listens to the message tones during transmission.   The machine 
operates at 80 or 145 characters per minute; average operator machine time Is 640 
seconds (based on an average machine speed of 112.5 characters per minute).   The 
times given assume that the operator must be involved with the broadcast to the extent 
that he cannot perform other jobs while the message Is being transmitted, unlike the 
situation with full-period termination operations; such involvement Is not efficient. 
Activity g  Is an exception. 

Administrative Activities 

Administrative activities Include those tasks necessary after the message has 
been broadcast. 

• Activity g.   Log In message.   The operator enters the message on the 
station log.   While all 3 sites Included this activity, Guam reported an additional 
message logging activity (shown as activity bj "operator logs required Information 
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on broadcast schedule log") requiring an additional 12 seconds.   Norfolk states that logging- 
in a message is done at the same time a message is being transmitted.   Therefore, the 10 
seconds required for this activity can be assumed to be includeff.   Thus, if the 640 seconds 
were counted as operator time for all 3 sites, it would include the 10 seconds. 

• Activity h. 
in station files. 

File message.   The operator files the transmitted messages 

Calculating Working Man- Hours Required 

Table III-25 shows how to calculate the average time required by Honolulu per 
CW broadcast, as well as the man-hours per year required using the standard activity 
times and site planning factors derived.   The procedure described In a preceding 
section is used here, except that the proportion to be used for each message-handling 
function is A/B = C rather than 1.   In addition. In the absence of data. It Is assumed 
that there are 21 broadcasts per week. 

A-131 

■P -*»• 



mi 

NAVCOMPARS 

J 
PAPER TAPE PUNCH 
MESSAGE RECEIVED 

PAGE COPY 
MESSAGE 
RECEIVED 

I 
OPERATOR TEARS 
MESSAGE OFF MACHINE— 

I 
OPERATOR LOGS 
IN MESSAGE 

OPERATOR CONVERTS 
MESSAGE TO CW FORMAT 

1 J 

OPERATOR SCHEDULES 
MESSAGE FOR TRANS 
MISSION 

I 
M OPERATOR SETS UP 

KEYING EQUIPMENT 

OPERATOR SETS 
UP MESSAGE FOR 
TRANSMISSION rz: h 

MESSAGE IS 
TRANSMITTER 

HI 
OPERATOR LOGS 
IN MESSAGE 

I_ 
OPERATOR FILES 
MESSAGE IN 
STATION FILES 

FIG A-13- SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF CW MESSAGE TRANSMISSION 

A-132 

■ 
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FIG. A-U:   WORK FUNCTIONS ASSOCIATED WITH CW BROADCAST 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF PC BROADCAST JOB 

Data describing this job was received from Norfolk (Sugar Grove), Guam, and 
Italy.   Neither Honolulu nor Norfolk Included a description of Its broadcast.   Italy's 
descriptions of this and its U.S. Navy Ship (USNS) broadcasts are Identical and are 
therefore combined.   Figure A-15 is the flow diagram to be used as a standard of 
comparison among the sites. 

Derivation of Nontime Planning Factors 

Figure A-16 illustrates, and table 111-26 lists, the set of data submitted by the 
sites and used to derive those planning factors that are unique to each site's environ- 
ment and operation.   The data shows: 

• The operator receives an average of A messages per week (line 1) for 
Inclusion In the PG broadcast, 

• The messages are then clustered to meet a PG broadcast schedule, con- 
sisting of an average of B broadcasts per week (line 2).   There are an 
average of C  messages per broadcast listed In line 8, where C= A/B. 

All planning factors are derived on a sLigle broadcast basis.   The C   messages 
are processed Into one master tape (Including a header) that Is then transmitted at 
the scheduled time.   Retransmission Is done Immediately after the original transmission. 

Sugar Grove estimated It averages 25 to 30 messages per broadcast, although the 
written figure submitted was 136.2 messages per week.   With 3 broadcasts per day, or 
21 per week, 136 messages per week result In 6,5 messages per broadcast.   The total 
was taken to be more accurate, and Is used as the value of C  for Sugar Grove. 

Some ships do not receive all their messages In acceptable form (even after two 
transmissions) and request a further retransmission of at least some messages.   An 
average of  E  retransmission requests (line 4) IF received by the operator, resulting 
in a total of D messages (line 3) being retransmitted.   These requests are then serv- 
iced by the operator. 

From the above data, three other planning factors are derived: 

• The proportion of retransmission requests per broadcast, E/B (line 9). 

• The proportion of messages retransmitted following the rerun. D/B (line 10). 
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• The number of messages per retransmission request, E/D(llnell). 

• The average lengths of message, retransmission request, and service 
message appear in lines 6, 7, and 8. The message-length deviations are 
listed in lines 11, 12, and 13. 

Derivation of Time Standards 

Data describing each activity shown In figure A-15 is also listed in table III-27, 
compared, and a standard time for each activity calculated. 

Dsscriptlon of Activities 

Transmission (Receive) Activities 

These activities involve receiving the message into the fleet center. 

• Activity a.   Tape and printer.   A tape and page copy of the message Is 
received.   While Sugar Grove estimated a time of 5 minutes for a message to be re- 
ceived, this time was standardized to 144 seconds for each standard length message. 

• Activity b.   Log- In message.   At Sugar Grove, the operator logs- In the 
message while It Is being received during activity a above, thus reducing the total 
time required for both activities but not affecting the total operator time required. 
Guam logs- In the message after transmission, but the time Is comparable. 

• Activity  c.   Tear off message.   The operator tears the tape and page copy 
of the message off the machine, staples them together, and places it in a box. where 
they await the next scheduled broadcast. 

Transmission (Broadcast) Activities 

These activities are concerned with preparation for, and transmission of, the 
regular broadcast. 

• Activity d.   Make master tape; add header to message tape.   The operator 
makes a master tape of all the messages received for this broadcast.   Sugar Grove gave 
its total time as 1-^ hours (5,400 seconds).   Included In making the master tape Is the 
addition of a precut header tape to the one containing the messages.   Guam reported that 
this activity takes 15 seconds.   Sugar Grove did not give a comparable time.   But since 
Its time to make the entire master tape was 1-^ hours. It is assumed the 15 seconds Is 
Included.   For this reason. Sugar Grove's time was standardized to 5,385 seconds. 
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Another estimate by Sugar Grove of the average time to make the master tape was 

1-i hours. "   If 6. 5 is the correct value for  C, H hours gives 900 seconds per message, 
which seems too high.    Therefore, we assumed that the 25 to 30 messages correlates 
with 14 hours, since it was given in the same estimate.   This results in a requirement 
of 192 seconds per message (dividing an average of 28 messages into 5, 385 seconds). 
The 192 seconds seems to be a much more realistic number; it is not too far from the 
144 seconds required for each message, and additional time for some is probably re- 
quired.   The time of 192 seconds for each message is used on this table.   Italy says 
the messages are "held/prepared" during down times, but does not discuss the activities 
or times Involved.   Guam gave the impression that it did not prepare a master tape but 
broadcast the individual messages in series. 

• Activity e.   Place tape on tape-reading device.   The operator places the 
tape on the transmitting device in preparation for the broadcast.   Sugar Grove requires 
5 seconds for this activity.   Guam requires 15 seconds to do so.   But since all but the 
first can be accomplished during the time (144 seconds) the previous message is running, 
the only additional time required is 15 seconds to place the first message. 

• Activity  fj.   Send message. 

• Activity  {2-   Broadcast rephase.   The messages are broadcast on schedule. 
Sugar Grove determined its time by multiplying the number of messages per broadcast 
by 5 minutes for each message.   Instead, the time was standardized by 144 seconds 
(based on average message length) per message.   Guam did not include a time for 
message broadcast, but it is assumed to be the same as the time It takes to receive the 
message (144 seconds).   The operator must rephase the crypto between each message. 
Activity  f2 is done in parallel with activity f .   Only the former Is counted as operator 
time. ' 

mitted. 
Activity gj.   Rebroadcast.   The entire broadcast is immediately retrans- 

• Activity g2.   Rebroadcast rephase.   Guam reported that the transmitted 
tapes are filed for the rerun schedule, but did not describe its rerun activities.   Again, 
the crypto must be rephased throughout the broadcast, but this time only after every 
third message. 

• Activity h.   Tear off message.   The operator separates each message, 
staples the page and tape copies together, and puts them on the board.   The messages 
remain on the board for 30 days in case a retransmission request is sent from one of 
the ships; the messages are then destroyed. 

RetransmiBsion Activities 

1     m' 

• Activity j.   Receive retransmission request.   A retransmission request is 
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The operator retrieves all requested 

received from the ship. Italy states only that "retransmissions are received from 
the ships prepared on AN/UGC-6 and retransmitted. " Neither Italy nor Guam dis- 
cussed the activities involved when a retransmission is requested. 

• Activity  k.   Retrieve message, 
messages from the board. 

• Activity  1.   Draft service message.   The operator drafts a service message 
to accompany each retransmission to ship. 

• Activity  m.   Send message.   The operator sends the requested messages 
along with the service message as a new broadcast number.   No mention Is made of 
logging- In the broadcast number.   The flow then returns to step I.   The time given by 
Sugar Grove, 7 minutes,  Includes 2 minutes for the service message plus 5 minutes 
for the retransmission.   The standardized time uses 144 seconds for the service 
message and the standard 144 seconds for each of the D/E messages per service request. 

Calculating Working Man- Hours Required 

Table III-28 shows the calculation for the average time required for each PG broad- 
cast using the standard activity times and Illustrative data for the planning factors. 
The average times, operator time ratios, and total working man-hours required per 
year were calculated In the same way for the CW broadcast.   Again, it is assumed that 
there are 21 PG broadcasts per week. 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF ENCRYPTING JOB 

Detailed data on this job was supplied by Guam and Norfolk.   Honolulu did not pro- 
vide activity times but reported that each message takes about 60 minutes to encrypt 
and 20 minutes to check decrypt.   Italy supplied no data.   Figure A-17 Is the flew dia- 
gram to be used as a standard of comparison among sites. 

Derivation of Nontlme Planning Factors 

Since all messages undergo the same activities, this constitutes only one work 
function.   Hence, no separate figure showing the work functions associated with en- 
cryption Is required.   Table III-29 lists two nontlme characteristics for this job.   Line 
1 lists the number of messages encrypted per week, and line 2 lists the average mess- 
age length.   The only derived characteristic, listed on line 3, Is the deviation of the 
message length from 1,200 characters (although no site supplied this data). 

Derivation of Time Standards 

Data describing each activity shown In figure A-17 Is listed In table III-30, com- 
pared, and a standard time calculated. 

Description of Activities 

• Activity a.   Punch tape and print copy.    A message requiring encryption 
is received.   As before, the standard time is calculated from an average message 
length of 1,200 characters.   Guam's time of 10 seconds to receive a message for 
encryption Is much lower than the 144 seconds' standard time; the reason for this dis- 
crepancy is unclear. 

• Activity b.   Log- in message. 

• Activity  c.   Encrypt message.   The operator puts the message through the 
encrypting systems. 

• Activity d.   Obtain CWO signature.   The operator seeks and obtains the 
CWO's signature before transmitting an encrypted message. 

• Activity e. Feed message Into DSR. The operator feeds the message to 
the computer via the DSR. In Guam, the message Is fed Into NavComPARs by the paper 
tape reader Instead of the crypto/operator. Guam Included no time for transporting the 
message. The time required to send a 1, 200-character message across the SDR at 850 
words per minute (17 seconds) Is used as the standard time. It Is considered too small 
for the operator to engage in another activity and, therefore. It Is counted as operator 
as well as machine time. 
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•  Activity  f.   Log-ia message.   The operator enters the TOD on the log 

and files the message. 

Norfolk reported that Its message-encryption activity consists of these sub- 

act Iv It les: 

1. Log- In message In TOR log. 

2. Type In textual format needed for encryption. 

3. Calculate the encryption system Indicator (ESI). 

4. Find out what system recipient holds. 

5. Set up rotors for encryption. 

6. Perform a 36- to 45-letter check to ensure rotors are set properly. 

7. Encrypt rotor message Indicator (RMI) to get the rotor message alignment 

(RMA). 

8. Set rotors up according to RMA. 

9. Run tape through machine to encrypt message. 

10. Change banks, rotors, etc., to check decryption. 

11. Re-encrypt RML 

12. Count number of groups, put In proper format for transmission. 

13. Log message In encrypt log and assign SSN (station serial number) from 
SSN log. 

14. Find CWO (Communications Watch Officer) to have message released. 

15. Transmit message via DSR. 

Norfolk's decrypting procedure Is similar and the time allotted is commensurate. 

The time required to perform this series of subactlvltles Is between 45 and 60 
minutes, based on an average message length of 300 groups.   Tlius. we »"^ an 

average time of 52.5 minutes (3.150 seconds) for the entire j
e"c^t>,8^ctlv"i" 

lists    This time does not Include the time (undisclosed) needed by Norfolk to obtain 
routing indicators to address the message or call signs and to make the proper no- 
tation In a check-off list after each operation. 

But Norfolk's subactlvlty 14 Is really standard activity d at 180 seconds. Its 
activity 15 Is standard activity e at 17 seconds, and Its activity 13 may be "Jf«^ 
activity b at 10 seconds.   We therefore subtracted 207 seconds from Norfolk s 3,150 
seconds to obtain the equivalent of standard activity c at 2.943 seconds.   Norfolk 

A-147 

i    .^ 

mämmtmimm 



a
alS0 "^^ u.-t "meS8a«e ls checkdecrypted" as one of Its encrypting tasks.   It is 

assumed  hat this time is included in Norfolk's time for activity c; bv contrast 
Honolulu listed this time separately. 

hr^Uam ?!^8 t0 ^r diVlded the ta8k "meS8*Se I» encrypted" into two parts - 
breaking out 472 seconds for the 'operator to put message in format for encryption"- 

Tnirt^LT0^8 ** ** "" 0f ^ ta8k-   ^ tW0^me8 ^ combinedTr activity c   Unfortunately. Guam gave no breakdown of how its total encrypting time was spent 

Calculating Working Man-Hours Required 

Once the standard activity times have been derived for table 111-30, the worklne 
man-hours required for the job may be calculated.   In this case, the average time per 
message is the same as the total time found in table III-30. unless the mesfage len«h 

nr^ct8 ^T    e 8tandard'   ^ ^ man-h0Ur8 re<ulred W ** obtain^ as the ^ 
Koik> dl'r^6 time.and the t0tai nUmber 0f me88a«e8 8e^ced Pe' year, using Norfolk s data for the example in table III-31. 8 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF DECRYPTING JOB 

Detailed data on this Job was Buppiied by Guam and Norfolk.   "" dW f 
nrovlde activity times but reported that each message takes about 45 minutes to 
Tcr^lC supplied no IrLmatlon.   Figure A-18 Is the flow diagram to be used 

as a standard of comparison among sites. 

Derivation of Nontlme Planning Factors 

Figure A-19 illustrates, and table III-32 lists, the set of data submitted by each 
site aXsedtl derive thos; planning factors that are unique to each site's environ- 

ment and operation.   The data shows that: 

•  A total ot A messages (line 1) Is received over the service printer for 
decryption.   All A messages are decrypted. 

. Of the A messages B messages (line 2) are delivered ^lly. a^ the 
remaining C = A - B (line 3) are carried to the DSR.   The proportion of Really de 
llvTriS messages (B/A) is listed on line 5. and the proportion of messages carried 

to the DSR operator (C/A) is listed on line 6. 

. The average message length is listed on line 4. and the message-length 

deviation In relation to 1,200 characters is on line 7. 

Derivation of Time Standards 

Figure A-18 Is the flow diagram used as a standard for the sites.   Data describ- 
ing eXctlvlty shown in figure A-18 Is listed in table III-33. compared, and a 

standard time calculated. 

Description of Activities 

. Activity a.   Receive message.   A message requiring decryption Is received. 
Again. Z machte time listed for Guam's activity a  is much less than the standard 
time of 144 seconds, for some unknown reason. 

• Activity b.   Log- in message. 
• Activity c.   Decrypt message.   The operator puts the message through 

decrypting.   Guam's estimate of the time (1.023 seconds) ^ an operator topat a. 

mean of these two times. 
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• Activity d.   Obtain CWO authorization.   The operator obtains CWO 
authorization to deliver locally or to carry the decrypted message to the DSR for 
transmission.   The time for activity d  also Includes the time for decision node e, 
the purpose of which Is to decide whether the addressee Is local or not.   If so, path 
ej Is taken to activity ü 

• Activity  f.   Deliver message.   The operator delivers the message locally. 

• Activity g.   Carry message.   If the addressee Is not local, path 62 Is 
taken to activity g, and the operator carries the message to the DSR operator.   At 
Guam, all the approved messages are carried to the paper tape reader, (PTR), who then 
feeds the message to NavComPARs or delivers it to the local addressee. 

Calculating Working Man-Hours Required 

Table III-34 shows the working man-hours per year required by Norfolk, using 
the standard activity times derived.   This calculation Is described earlier. 
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OPERATOR LOGS 
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FURTHER PROCESSING 
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FIG A-18-  SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF MESSAGE DECRYPTION 
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TRANSMISSION 
ACTIVITIES 

I 
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ACTIVITIES 

1 
C   MESSAGES TO 

BE CARRIED 
TO DSR OR PTR 
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DELIVERY 
ACTIVITY 

1 -J 1 CARRY TO DSR 
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MESSAGE DECRYPTION 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF SERVICE CENTER 

Data describing the work of the service center was submitted by Honolulu only. 
Figure A-20 is that NavCommSta's operational flow diagram. 

Derivation of Non-Time Planning Factors 

Figure A-21 Illustrates, and table III-35 lists, the data submitted by Honolulu and 
used to derive those planning factors that are unique to that site's environment and 
operation.   As the figure shows: 

• A total of A messages per week (line 1) are originally received through 
the service printer.   Honolulu did not give a value for  A, but we calculated 
(from the information received) that 2,660, or 45 percent, of the messages 
received are filed.   These messages are then inspected by the service super- 
visor to see which ones require operator action.   Of the  A  messages,   B 
messages (line 2) require no operator action; these are filed. 

• C  messages (line 3) require operator actions (where C = A - B).   These 
messages are handled by the service clerk, either by fixing D  messnges 
(line 4) or drafting  E  service requests (line 5), and returned to the super- 
visor for final check.   (D + E may not equal C, since some of the D  or  E 
messages may have been returned by the supervisor for rework.) 

• G of the C  message actions are unacceptable by the supervisor and are 
returned to the service clerk for further action.   Thus, the service super- 
visor handles a total of  F = C + G action requests (line 6) for each  A message 
received.   Finally the C   messages, having been corrected, are passed 
through the completion activity. 

The various proportions of all the messages described (B through F) are listed 
in lines 8 through 12 of table III-35.   The proportions in parentheses were calculated 
from the other proportions supplied by Honolulu on Its flow chart.   The numbers in 
parentheses In part one of the table were calculated from the proportions.   Line 7 
lists the average message length. 

Derivation of Time Standards 

Data describing each activity shown in figure A-35 is listed in table III-36.   Since 
only one site presented data for this job, its activity times are used as standard times 
until additional data is obtained.   (Two people are involved In this job.   1t\e supervisor's 
times are enclosed in parentheses, and the operator times are underlined.) 
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Description of Activities 

• Activity  a.   Page copy received.   Messages are rejected to the service 
printer automatically or manually by the router.   The message prints out on a Univac 
70/242 medium-speed printer at 850 line blocks per minute.   Although Honolulu re- 
ported that the machine time is considered minimal, we calculated it as 3 seconds, 
based on:  the stated printer speed of 850 lines per minute; an average printed line of 
32 characters and an average message length of 1, 200 characters. 

• Activity  c.   Tear off and scan message.   The service supervisor tears 
off the message and scans it to decide whether action Is required.   This activity 
includes the time for decision node d, which determines whether action is required 
by the service clerk.   If so. the process proceeds to activity  e; if not. It proceeds 

to activity  1. 
• Activity e.   Assign to service clerk.   If action Is required, the message 

is assigned to the service clerk.   Honolulu says it takes 120 seconds until the service 
clerk picks up message.   Apparently, though, the supervisor merely places all messages 
assigned to a service clerk In a holding box. where they await pick-up by the clerk. 
Thus, no supervisor working time would be Involved.   This point should be validated 

by the sites. 

• Activity  f.   Check, message (this Is the start of the service clerk activity): 
The service clerk checks the message to determine what action is necessary.   This 
activity Includes time for decision node g to determine whether the message can be 
fixed.   If so, the process continues with activity h; If not, it begins with activity  m. 

• Activity h.   Fix message. 

• Activity  m.   Draft service message.   When the message cannot be fixed 
by the service clerk, he drafts a service message. 

• Activity  I.   Supervisor check.   The corrected message (or service message) 
is returned to the service supervisor for approval.   This activity Includes time for 
decision node j  to determine whether the message Is satisfactory.   If It is, the activ- 
ities proceed with activity k; If not, the process returns to activity e. 

• Activity k.   Complete action.   When the message Is satisfactory, action is 
completed.   Honolulu's description of activity k is not clear.   It seems to be a "finish- 
ing off activity, which varies with the nature of the action Involved.   The average time 
of 30 seconds Is ascribed to the supervisor, since there Is no indication that he returns 

the message to the clerk. 
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•  Activity  1.   File message.   When decision node d   is that no action is 
required, the activities proceed to 1, and the message is filed. 

Calculating Working Man- Hours Required 

Table III-37 shows the calculation of the working man- hours per year required by 
Honolulu, using the standard activity times derived. 
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TABLE III-35 

NONTIME PLANNING FACTORS FOR SERVICE CENTER 
(Honolulu) 

I.    Flow characteristics 

1. Number of messages per week (A) 
2. Number of messages filed (B) 
3. Number of messages requiring action (C) 
4. Number of messages fixed (D) 
5. Number of messages serviced (E) 
6. Number of messages checked by supervisor (F = C + G) 
7. Average message length 

(5.911) 
2,660 

(3,251) 
2.560 

640 
(3.428) 
(1, 200) 

II.   Derived characteristics 

8. Proportion of messages filed (B/A) 
9. Proportion of messages fixed (D/A) 

10. Proportion of messages serviced (E/A) 
11. Proportion of messages checked (F/A) 
12. Proportion of messages requiring action (C/A) 

0.45 
(0.43) 
(0.11) 
(0.58) 
0.55 
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TABLE 111-36 

I.   Menaagc Inspection actlvltlei 
Page copy received 
Tear off and screen 
Assign to service clerk 

Total supervisor time 
Total clerk time 
Total time 

U.   Pile message activity 

Pile message 

Total «upervlaor time 
Total clerk time 
Total time 

UL   Service clerk actlvlt" 

Plx message 

Total supervisor time 
Total clerk time 
Total time 

IV.  Service clerk activity 

Draft service message 

Total supervisor time 
Total clerk time 
Total time 

V.   Supervif/or check activity 

Checl message 

Total supervisor time 
Totel clerk time 
Total time 

ACTIVITY TIMUS FOR SERVICE C'tTi "ER 
(Honolulu) 

(2) 
Standard (3) «) (5) 

activity Activity Required Standard 

designation 

s 

designation time time (sec) 

d 3 3 

(c) c 20 20 

<«) •l 120 0 

20 
0 

23 

<e) 

m 

30 

210 

>2 180 

60 

30 

30 
0 

30 

210 

0 
210 
210 

180 

0 
180 
180 

60 

60 
0 

60 

1 
■ 

VL   Completion sctlvlty 

Action completed 

Total supervisor time 
Total clerk time 
Total time 

(k) 30 30 

30 
0 

30 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF DATA BASE MAINTENANCE OPERATIONS 

Figure A-22a illustrates the various activities (modlhed slightly) performed by the 
data base operator at Guam while making a daily change in the data base.   A flow chart 
(figure A-22b) of Honolulu activities was provided by them.   Unfortunately, no quantita- 
tive data was submitted by either Honolulu or any other site.   Data describing the activities 
involved in making a data base update each day as submitted by Guam, however, and the 
analysis ofthat data is given here. 

Derivation of Nontime Planning Factors 

Figure A-23 illustrates, and table in-38 lists, the set of data submitted by the site 
and used to derive those planning factors that are unique to its environment and operation. 
The data shows that a total of A cards is received dally for the data base update.   Honolulu 
reported It proofread 4, 200 update cards per week.   The context Implies these cards are 
for the update Job covered In this section.   Thus, Honolulu receives an average of 700 cards 
per day.   Italy reported that its data base operator received 450 cards per day, and we 
assume that these cards are for the same update operation.   Guam receives 500 cards per 
day; this total is used as a standard in calculating some of the computer times required. 
These times appear to be a function of the number of cards Involved.   Line 14 lists each 
site's deviation from this standard. 

B of the cards (line 2) must be corrected by the operator each day before the required 
programs can be run.   The proportion B/500 Is listed In line 8. 

Each day, the operator runs 3 programs -- the main program (UPDSORT, SFMR, 
SETS, SFBU, and SFAS in series), SFRD, and FILELOD.   Program SFAC Is run on G days 
per year (line 4).   Guam did not report the circumstances that determine whether SFAC is 
run. 

■.■ 

Each program may also be rerun during the day because of errors.   (Lines 4 through 7 
list the number of times each program must be rerun each year.)  The number of yearly 
program reruns are: 

• D reniiis per year for any part of the main program (line 4). 

• E reruns per year for program SFAC (line 5). 

• F reruns per year for program SFRD (line 6). 

• G reruns per year for program FILELOD (line 7). 
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Lines 10 through 13 list the proportions D/365. E/365, F/365. and G/365. respectively. 
Before rerunning each program, the operator must make the necessary corrections as Indi- 
cated by the diagnostic errors received.   After all the programs are completed, the oper- 
ator runs additional programs to list the required files, and files the update cards.   This 
activity Is also done once a day (365 times a year). 

Figure A-24 Is a flow diagram generalized enough to Illustrate computer activities 
associated with each of the update programs.   The program Is loaded onco the computer 
by the operator and run for the first time,   ft may run the füll time required, depending 
on whether there are errors In the program or data cards. 

When the program run Is finished, the operator must check the diagnose printout to 
see whether the run was successful.   If It was, he goes on to the next program.   If net, the 
computer will have printed out a series of diagnostic statements pointing out the errors. 
The operator checks these statements to decide what must be corrected before the program 
will run successfully.   This process Is Indicated by the node "check diagnostic errors. 
After the operator makes the necessary corrections, the program must be rerun.   This 
series run Is finally successful.   Differences In the programs and the calculations of the 
times required for each of them are discussed elsewhere In this volume. 

Derivation of Time Standards 

Data describing each activity shown In figure A-22 is listed in table 111-39.   Since only 
Guam Included time estimates for activities listed, its times are used as a guide until other 

data Is obtained. 

Description of Activities 

Initial Processing Activities 

These activities include those tasks Involved in receiving and checking the day's update 

cards. 

• Activity a .   Load Interpreter.   The operator receives the update cards and 

places them In the card Interpreter.   Guam's activity a (interpret update cards) was con- 
verted Into 2 activities to separate operator from computer times required. 

• Activity a .  Run interpreter.  The interpreter reads each card and prints 

what has been read at the top of the card at a rate of 50 cards per mLiute.   The average 
machine time required is a function of the average number of cards In a *»**•   We hJve 

assumed, as a baseline, Guam's average of 500 cards. re8fta«ln * ma^e ^/.^ 
600 seconds.  The machine time for all other sites Is calculated as a deviation from this 

baseline. 
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• Activity b.   Separate cards.   The operator separates the cards by the file 

that will be updated. 

• Activity c Check cards. The operator checks the cards against the local 
coding sheet to determine whether the cards are correct and whether any must be added 
or deleted.   This time Includes decision node d, which Indicates the two possible paths 
(d and d ) that exist, depending on the operator's decision. If all cards are correct and 

Jcards need to be added or deleted, path d2 Is followed to activity f. If corrections are 

needed d   Is followed to activity e. 

Program Processing Activities 

These activities Include all those tasks required to run the various programs used In 

the data base update. 

• Activity f.   Mount tapes.   The operator mounts the 5 Input and 4 output tapes 
required to update the data base.   Estimated average operator time Is 1 minute for each ot 

the 9 tapes. 

• Activity g.   Load main program.   The operator loads programs UPDSORT, 

SFMR. SFBU. SFTS. and SPAS.   Estimated average operator time Is 1 minute for each 
program.   Again. Honolulu's activity g (load and execute programs) was divided Into 2 
activities to separate operator time from computer time. 

• Activity g .   Execute programs.   Estimated average computer time for each 

program Is: 

UPDSORT: 
SFMR: 
SFBU: 
SFTS: 
SFAS: 
Total: 

5 minutes 
15 minutes 

7 minutes 
12 minutes 

2 minutes 
41 minutes 

The operator Is assumed to be free to do other work during these 41 mlnu es.   It Is ftirther 
assumed that the operator loads one program Initially, starts It running, loads the second 
one while the first is still running, and loads each successive program while the prev ous 
one I running.   Because these activities are done In parallel, and to keep the accounting 
method (table 111-39) consistent with the method of summing activity times used in analyz- 
ing the other jobs (all activities being done in series in handling one Input, none n paral- 
lel), we were forced to translate these parallel activities Into two equivalent series 

activities: 
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• Total operator time for loading the 5 programs Is 1 minute for each 
program for a total of 5 minutes.   The total time Is the sum of 1 minute 
for loading the first program plus 41 minutes for running all the 5 pro- 
grams, or a total of 42 minutes.   Thus, this combined operation may be 
reviewed as 2 activities in series: 

- An equivalent operator load program activity (g ) of 5 minutes; this 
Is done first. 

- Then an equivalent machine execute program (g ); this Is done second. 

Since the total time Is 42 minutes, and the two equivalent activities are In series, the time 
for g   !s 37 minutes, as shown In table 111-39. 

• Activity h.   Check diagnostic errors.   After each program Is completed, the 
operator checks the diagnostics for errors.   This requires an average operator time of 1 
minute for each program.   This check, shown as decision node i, determines whether the 
computer run was successful (when path I   is followed), or whether the operator must cor- 

rect the diagnostic errors and then rerun the program (when path I   Is followed).   The time 

for node I Is Included as part of the time for activity L.   Table 111-39 shows the time for 
successful execution of the five programs in activity g. (always the last run of the program). 

The additional time required for any unsuccessftil executions is dep^ribed elsewhere as 
part of the main program correction activities.   When the programs are all run successftilly, 
the operator determines whether SFAC must be run (depicted by decision node k, whose time 
is also Included in the time for activity h).   When SFAC must be run, path k2 is followed to 
activity 1.; if not, k   is followed to activity Pj. 

• Activity g.   Check error diagnostics.   The operator checks for errors as 
indicated by the diagnostics from the SFRD run.   This time includes the time for decision 
node r.   If the run was successful, the flow proceeds to activity t (path r2); if not, it pro- 
ceeds to activity s for program correction. 

• Activity t.   Place files on-line.   The operator places updated data base files 
on-line.   Since the operator Is working for an average of 2 minutes, this Is the activity 
requirement, even though the computer Is only operating an average of 1 minute. 

• Activity u.   Load FILELOD program.   The operator loads the FILELOD pro- 
gram to update the backup disk pack. 

• Activity u .  Execute FILELOD program.  This includes the time for decision 

node v.   If FILELOD was successful, path v   is followed to activity x^ If not, path v2 Is 
followed to activity w. 
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SFAC Activities 

If It is determined. In decision node k. that SFAC must be run. the activity goes to 1^ 

•     Activity 1. •   Load SFAC program, 

• Activity 1 .   Execute SFAC program.   Activity^  Is 1 minute of computer 

(rather than operator) time.   But If the operator cannot do other work during this short 
time, It should be charged to operator time. 

• Activity m.   Check diagnostic errors.   The operator checks the diagnostics 
from the SFAC run.   This time Includes decision node n. which Indicates which of the two 
iLslble paths (n1 and n2) are to be followed If diagnostic errors were received.   If there 

is none, path n2 is followed to activity Pj.   If errors were received, return to step ^. 

Again  table 111-39 shows the time for successful execution of the program for activity 1,,. 
The additional time required for unsuccessful runs of 12 are covered elsewhere. 

List and File Activities 

• Activity x      Load list programs.   Guam's activity x consists of the operator's 
loading program^lä   on the medlunPspeed printer. SFAS. SFBU. SFMR   SFTS   SRAT 
2   and SRA?3 files.   Since this work consists of operator and computer activities done In 
pkraliel. activity x was also converted Into 2 equivalent   erles. activities ^ and x^ 

• Total operator time required is 15 minutes (900 seconds). 

• The initial part of this time Is what Is required to load the first program -- 

15/6 = 2.5 minutes (150 seconds). 

• This is followed by operator and computer activities. In which the computer 
is running 160 minutes (9.600 seconds); of this time, the operator works 12 minutes (720 

seconds). 

These activities thus can be represented by: 

• x , an operator activity of 900 seconds. 

,     x , a computer activity, where the total time of x^ Is 9,600 + 150 = 

9,750 seconds. 

• Activity y.   DecolUte file listings.   The operator decollates file listings.   The 
files are listed on 3-part paper (3 copies and 2 carbons).  The operator must separate the 

copies and remove the carbons. 
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• Activity z.   File cards.   The operator files update cards used to update the 
data base. 

Program Correction Activities 

The remainder of this section describes the various rework activities associated with 
unsuccessful computer runs. 

Card-Correction Activity 

• Activity e.   Correct cards.   If, In decision node d, the operator determines 
that some cards must be corrected (path dj), he deletes, adds, or corrects the cards, as 

necessary, using the card-punch/interpreter to cut new cards. 

Correct Program Activity 

• Activity j.   Correct main program diagnostics.   If, In decision node I, the 
operator determines that the runs were not successful (path Ij), he must correct the diag- 

nostic errors associated with any of the programs.   He then returns to activity g2 to rerun 
the program (assuming no additional loading Is necessary). 

• Activity g .   Execute main programs (unsuccessful computer runs).   The addl- 
St 

tlonal program execution time required because of an error In any of the five main programs 
Involved In activity g. were calculated this way: 

• The program Is rerun until It Is finally run correctly (m diagnostic errors, 
which need the operator corrections Indicated), 

• Since the last successful run lias already been accounted for, the previous 
unsuccessful runs must be accounted for. 

It Is not clear whether the entire series of 5 programs must be rerun every time a cor- 
rection to any of them Is required.   The time listed In table 111-39 for activity g2 (unsuc- 

cessful computer runs) should be the average computer time lost whenever a rerun of all 
or part of the set is required.   For example, if all the programs must be rerun completely, 
the time would be 41 minutes.  This is the time used in table 111-39 fbr illustration only. 
However, the time for an unsuccessful run could be shorter (that is, the programs could 
compile, but do not run), or that only the subprogram receiving the diagnostic must be 
rerun. 
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In either case, the average time for unsuccessful runs (g2) should be corrected.   This 
time for an unsuccessful run is then multiplied by the total number of unsuccessful runs, 
D/365, to obtain the total time required per day for unsuccessful computer runs, as shown 
in the man-hour calculations of table 111-40. 

• Activity o.   Correct SFAC diagnostics.   If, in decision node n, the operator 
determines that the SFAC run was not successful, he follows the path ^ to activity o and cor- 

rects diagnostic errors from the SFAC run, then returns to activity 12 for the activity l^ 

computer rerun (unsuccessful runs).   Again, the time used in table 111-39 for 12 was the 

total time required to run program SFAC succensfully.   But this time should be revised If 
unsuccessful running time differs from successful running time. 

• Activity s.   Correct programs.   If, in decision node r, the operator deter- 
mines that the SFRD run was not successful, path r^ Is followed to activity s.   Guam's 

activity sequence at this point becomes unclear.   When the SFRD run is not successful, 
that station indicates that it checks to see whether corrections to SFAC are required.   If 
not, the work returns to activity j, which, in turn, returns to activity g (which reruns the 
main program).   Since we did not understand the relationship of SFRD to SFAC and the 
main program, we generalized decision node r to "is program correction required?" 

For SFRD to run successfully, all necessary corrections must be made to SFRD itself, 
SFAC, or the main program.   The time for the corrections listed as activity s (table 111-39) 
the main program -- for SFRD to run successfully.   The time for activity p2 (unsuccessful 
computer run) should be the average computer time lost whenever SFRD does not run suc- 
cessfully.   The time we have used for p. in the table is simply the time to completely rerun 

SFRD.   The actual time, which should be supplied by the sites, could be quite different, 
particularly if, for example, the 41-minute main program must be rerun. 

• Activity w.   Correct FILELOD.   If in decision node v, the operator deter- 
mines that FILELOD was not successful, path s2 must be followed to activity w.   The 

operator corrects the problem and returns to activity u2. 

• Activity u„   Execute FILELOD (unsuccessful runs). 

Calculating Working Man-hours Required 

Table III-40 shows the calculations for the working man-hours per year required by a 
hypothetical site, using Guam's activity times.   The nontlme planning factors are illustra- 
tive, since Guam did not supply this data.  The calculation is described in an earlier sec- 
tion.   The t 0.3 deviation from the 500-card standard applies to the times for activities 
a , b, and c. 
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CSRF SECTION 
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BY THE WATCH SECTION 
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.r 
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TRAFFIC CHECK 
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CHECK CSRF 
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FIG. A.22b:  SEQUENCE OF ACTIVITIES Ti 
DATA BASE UPDATE OPERATION Al 

^MPLETEONE 
HONOLULU 

A-176 

'-:■■■_    -ri'y^r^-^&fm&QtöffllättMW mmm 'Wmww 
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FIG. A-22b:   (Continued) 
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NAVCOMPARS CHIEF 
SCREEN TRAFFIC 

UPDATE TASK 
COMMANDER 
CARD FILE 

FILE OTHER CON- 
CERNED TRAFFIC. 
DESTROY THE REST 

CSRF MANAGER 
SCREEN CSRF 
SOURCE INFOR- 
MATION       
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FIG. A-22b:  (Continued) 
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A  CARDS 
RECEIVED 
DAILY 

INITIAL 
PROCESSING 
ACTIVITIES 

B   CARDS 
REQUIRING 
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CORRECTION 
ACTIVITY 
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PKOGRAM 
CORRECTION 
• MAIN 
• 8PAC 
• SFRD 
• FILELOD 
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SFAC ReQUIRED 
FOR C UPDATES 
PER YEAR 

366 DATA BASE 
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: 

FIG. A 23:  WORK FUNCTIONS ASSOCIATED WITH DATA BASE UPDATE 
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FIG. A-24:   WORK ASSOCIATED WITH PROCESSING 
AND CORRECTING A PROGRAM 
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OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF ROUTER VDT OPERATOR JOB 

This operator processes all messages rejected by the system because of format or 
routing errors.   Only Guam submitted data relating to the flow diagram and activity times, 
but did not include data relating to message loads.   Italy reported that it takes an average 
of 10 seconds per message to make each correction, 40 to 50 (out of 100) require more 
than one correction.   While this job is part of the message center--and thus outside the 
scope of this analysis--the data submitted was analyzed for future use.   Figure A-25 
is the operational flow diagram of the activities involved in processing a message by 
the router. 

Derivation of Nontime Planning Factors 

As figure A-26 shows, and table III-41 lists, a total of A messages per week 
(line 1) is rejected by the NavComPARs system and sent to the router for correction. 
He inspects all these messages and finds that: 

• B messages (line 2) require new routing designations, which is done by 
the router. 

• C  messages (line 3) require format correction, which can be done by the 
router. 

• D  messages (line 4) require format correction that cannot be done by the 
router but through the service center. 

• The proportions B/A. C/A. and D/A are listed in lines 5, 6, and 7.   (Since 
a message may require routing as well as format correction, B + C + D may 
be greater than A, and the sum of the 3 proportions may be greater than unity.) 

Derivation of Time Standards 

Data describing each activity shown in figure A-25 is listed In table III-42.   Since 
only Guam submitted data for this job, its activity times are used as interim standards. 

Description of Activities 

Message Inspection Activity 

• Activity a.   Display message.   The computer displays the message on the 
router VDT screen. 

A-18« 

—; w* „-^Z: 



-« ■-■■   *-■ "- ■ 

• Activity  b.   Scan message.   The router scans the message to determine 
why the message was rejected by the system and what type of action is required, as 
indicated in decision node  c.   Was the message rejected because it did not contain a 
valid routing indicator corresponding to the address?  If so, the message goes to activ- 
ity d.   Was the message rejected because of format errors?  If so, it goes to decision 
node e to determine whether the router can correct message format.   If correctable, 
the message goes to activity  f; if not the message is sent to activity g.   The times for 
decision nodes C  and   E  are included In the total time for activity b. 

Message Routing Activity 

• Activity d.   Message routing.   For all messages requiring routing, the 
operator locates the correct routing Indicator, uses the VDT to Insert the routing, and 
reenters the message into the NavComPARs system. 

Message Correction Activity 

• Activity  f.   Correct format lines.   The operator uses the VDT to correct 
format lines on all those messages he is capable of correcting, then returns the mess- 
ages to NavComPARs. 

Message Rejection Activity 

• Activity g.   Reject message to service.   If the message cannot be corrected 
by the router, the operator rejects the message to the service printer for corrective 
action. 

Calculating Working Man-Hours Required 

Table III-43 shows calculations for the working man-hours per year required for a 
hypothetical site, using Illustrative data (since no site submitted Its data). 
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MESSAGE IS 
RECEIVED BY 
NAVCOMPARS 
AND SENT TO 
ROUTER VDT 

MESSAGE IS 
DISPLAYED 
ON ROUTER 
VDT SCREEN 

.^ 
MESSAGE IS 
ROUTED AND 
RETURNED TO 
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CORRECTION 
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CORRECTED 
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FIG. A 25:   ACTIVITIES INVOLVED IN COMPLETING 
A ROUTER VDT MESSAGE OPERATION 
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B   MESSAGES 
REQUIRING 
NEW ROUTING 

ROUTING 
ACTIVITY 

A  MESSAGES 
RECEIVED 
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MESSAGE 
INSPECTION 
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ROUTER CANNOT 
CORRECT 

C MESSAGES REQUIRING 
FORMAT CORRECTION 
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FORMAT 
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ACTIVITY 

FIG. A 26:   WORK FUNCTIONS ASSOCIATED WITH ROUTER JOB 
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I 
OPERATIONAL MANPOWER REQUIREMENTS: 
ANALYSIS OF TNROUTER VDT OPERATOR JOB 

This operator ensures proper local delivery of all message traffic.   While ^s Job Is 
part of the message center -and thus outside the scope of this amlysls - ^ f^^ 
the data presented here; that data was analyzed for future use.   Figure A-27 Is the opera 
tlonal flow diagram of the activities Involved In message processing by the Inrouter. 

Derivation of Nontlme Planning Factors 

As figure A-28 shows, and table 111-44 lists, there are three functional 8«s of activi- 
ties relating to this job.  All of the A messages received (line 1) are scanned ^r accepta- 
blhty.   Of these. B line 2) are found acceptable and passed through the routing activities 
The ratio B/A Is listed in line 4.   All of the C messages (C = A - B) that are unacceptable 
(line 3) are rejected to the service center for further action.   The proportion of unaccei*- 
aWe messages (C/A) Is listed In line 5.   Since Guam Included no data that can be used In 
table in-44; sample numbers are Inserted for Illustration, and used to calculate man- 

hours (table III-46). 

Derivations of Time Standards 

Data describing each activity ahown In figure A-28 Is listed in table 111-45.   Since only 
Guam submitted data for this Job. Its times are used as Interim standards. 

Description of Activities 

Receive and Scan Activities 

• Activity a.   Receive message.   The VDT, In Inrouter mode, receives the mes- 

sage from the computer. 

• Activity b.   Scan message.   The operator scans the message to determine 
whether It Is acceptable or whether it requires service action.   This activity time Includes 
Mot decision node c, which enables the operator to separate the "^l^™****' 
able messages.   If the message is acceptable, it Is sent to activity ; if not. It goes to 

activity d. 

Routing Activities 

• Activity e. Research-handling techniques. The operator researches the 
proper handling techhlques, based on the Information contained in the message subject 
line.   The estimated operator time (85 to 180 seconds) depends on the message,   .he 

mean time of 132.5 seconds Is used in table 111-45. 
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• Activity f.   Route message.  The operator uses the VDT to apply proper 

routing to the message. 

• activity g.   Transmit message.  The operator transmits the message with 
the correct Iniormatlon to NavComPARs using the VDT.   Estimated operator time of 2 
seconds Includes the machine time considered "Instant." 

Rejection Activity 

•     Activity d.   Reject message to service.   When the message Is unacceptable 
at decision node c, It proceeds to activity d, where the operator rejects message to the 
service center for necessary action. 

Calculating Working Man-Hnurs Required 

r 

Table III-46 shows the calculations for working man-hours per year required. This 
calculation, which Is described In an earlier section uses Guam's data for activity times 
and Illustrative data for slte-orlented planning factors as shown In table in-45. 
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NAVCOMPARS 

.J 

INROUTER 
VDT RECEIVES 
MESSAGE 

OPERATOR SCANS 
MESSAGE FOR 
ACCEPTABILITY 

OPERATOR 
RESEARCHES 
HANDLING 
TECHNIQUES 

I 
OPERATOR 
INSERTS 
PROPER VDT 
ROUTING 

I 
OPERATOR 
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MAT PRINTER 

OPERATOR 
REJECTS 
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FIG A-27:  SEQUENCE OF ACTIVITIES TO COMPLETE ONE WORK UNIT 
OF INROUTER MODE VDT JOB 
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A  MESSAGES 
RECEIVED 

B   ACCEPTABLE 
MESSAGES I 

i 
RECEIVE AND 
SCAN ACTIVITIES 

ROUTING 
ACTIVITIES 

1 C-A-B 
UNACCEPTABLE 
MESSAGES 

REJECTION 
ACTIVITY 

I 

FIG. A-28:   WORK FUNCTIONS ASSOCIATED WITH INROUTER VDT JOB 
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TABLE 111-44 

NONTIME PLANNING FACTORS FOR INROUTER VDT 

I.     Flow characteristics submitted by sites 

(1) Number of messages received per week (A) 

(2) Number of acceptable messages (B) 

(3) Number of messages rejected as 
unacceptable (C) (G=A-B) 

n.   Derived characteristics 

(4) Proportion of acceptable messages (B/A) 

(5) Proportion of rejected messages (C/A) 

Italy 

63 

Illustration 

200 

180 

20 

0.90 

0.10 
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TABLE V-l 

SUPERVISORY OVERHEAD ANALYSIS RESULTS 
(Percent) 

Honolulu Guam Norfolk Italy 

Total supervisory overhead 26.9 12.3 35.1 2.4 

Watch operations 20.6 2.6 27.9 0 

Day operations 49.3 66.7 96.4 0 

Total operations division 22.8 10.4 33.6 0 

General management 5.3 2.5 1.5 1.2 
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