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ABSTRACT

The study investi gates the feasibility and usefulness of forecasting tech-
niques applied to the manpower requirements and research and development
planning and programming cycles. A major thrust of the effort is di rected
towards creating data bases in computer and nuclear manpower requirements
from 1950 to the present, 3rd generation computer, nuc l ear, laser , and
electro-optics technologies , and 24 weapon systems (aircraft , ships , and
bases) from 1946 to the present. Three methodologies are used to forecast
manpower requirements for emerging technologies. Growth curves and histor-
ical analogies are used to forecast manpower requirements based on similar-
ities between existing and emerging technologies which are usefu l in vali-
dating more complex forecasting techniques. A system disaggregation tech-
nique is used to ana l ogize manpower requirements on a component by compo-
nent basis compared between an existing reference system and a percei ved
application of a new technology. A linear program allocates manpower over
a 30-year period to forecast changes in the number of skills required by the
addi tion or deletion of technology represented in the 24 weapon system types.
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ADVANCED TECHNOLOGY
MANPOWER RE QUIREMENTS

I. INTRODUCTION

A. Background

1. Forecasting Requirement. The Navy does not now have an adequate way
to measure qualitati ve and quantitati ve personnel requirements for ships and
aircraft that will be operational in the mid— and long-range periods. Highly
competent technicians require long lead times to acquire , train , and assign
technical experience even when the Bureau of Personnel knows the type and
number needed. The problem is compounded when new systems enter the fleet
and inadequate means exist to anticipate the import of advanced technology
applications.

With no means to measure the impact of technology , as it is being developed ,
on manpower there is no feedback to weapons systems developers through pro-
gram managers who can request alternati ve designs with a more favorable man-
power i mpact. Currently, manpower impact statements are not felt by systems
developers unti l after DSARC III and as late as three years after Initial
Operational Capability when contractor maintenance empirical data is supp lied.

The reduction of man-hours required to operate and maintain the fleet is a
recognized CNO objective. While certainly in part based on cost of personnel
(some 65 percent of the total Navy budget), an even greater concern is the
availability or supply of men and women in both numbers and quality. The
Chief of Naval Recruiting and the Office of Naval Research have expressed
concern over high recruit training attrition and the trend towards propor-
tionately fewer mental groups I and II accessions compared to enlistees dur-
ing the draft environment. Therefore, a need exists to forecast early in
the technology deve l opment cycle (late 6.2, early 6.3), the impact of tech-
nology on manpower requirements to provide some information on the efficacy
of possible applications with a view towards assessment of the aggregate
effects of all ongoing development programs and on indi vi dual assessments of
one project. A means to measure the impact of technologies now being devel-
oped on a future Navy which is attracting recruits who are tending to test
less wel l than their pre-volunteer counterparts is needed.

2. Related Efforts. Because of the conflict between pri vate sector
demand and military requirements , ONR Is acti vely investi gating and defining
methodologies to forecast the domestic labor supply and commercial and
industria l demand for that labor. The eventual goal is to be able to i den-
tify and project the dimensions of the manpower pool available to the Navy
over a fi ve-to—ten year planning period . ONR 1 s first step Is to link the
Urban Institute ’s Race-Age-Sex-Search-Turnover Model (RASST) with the Wharton
Quarterly Model of economic output. The RASST model forecasts employment
and unemployment for 16 race-age-sex groups. The Wharton Model produces an
Industrial breakdown of employment into ni ne sectors. The joint output will
be a five year projection which will produce a demographic breakdown of
employment and labor force participation by the 16 race-age-sex categories,
as well as an Industrial breakdown of employment. Particular attention is
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employment and l abor force participation by the 16 race-age-sex categories ,
as well as an industrial breakdown of employment. Particular attention is
being given to the participation rates of ten demographic groups as the
likely source of enlistees .

Illustration 1-1 depicts the major segments , interactions , and influences
on the Navy ’ s ability to man its requisite billets.

The effort herein described Is collateral to the above demographic projection
efforts, but part of ONR ’s attempt to devel op research tools to meet changing
techn ical , operational , and economic conditions.

ILLUSTRATION I-i

Naval Manpower Deman d an d Supply

Hardware

and Population

Opera ti ons

Manpower Navy 1...IIV V I Recru iting Labor Hational

Requirements Personnel Retirements Market Economy

Other

Services

3. Tasks. The goal of this effort is the assessment of the feasibility
and usefulness of i dentifying advanced technology impact on manpower require-
ments In the future time frames (1981-2001). The initial objective in this
effort is the assessment of manpower requirements in quantitative and qualita-
tive terms based on advanced technology forecasts (evolutionary) in an indi-
vidual weapon system context and a total force context. Specifically the
tasks are:

• Forecasting Individual Weapon System Requirements Analogy
Approach. Perform a historical pattern analysis of the di rectly
related manpower requirements based on two exi sting technologies ’
expansion from i nception to 1986. In this way, the actual man-
power patterns can be checked against projected patterns and an
assessment made of the adequacy of the forecasting methodologies
used wer the historical years. Then analyze the significant
commonality of manpower requirements among the existi ng two tech-
nology fields. If sufficient commonality exists , then analogize

-2-
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the manpower patterns of the new technology fields relative to
past development of the baseline fields. Finally, perform
dynamic trend extrapolation on the basel i ne fields from 1959 to
1975 and , if valid , apply the techniques to the new technology
fields starting in year 1984 wi th 1976 through 1983 corrected
from the static projection , the correction factor being the clif-
ferent pol i cy/allocation sets selected for the out-years.

• Disaggregate Approach. Describe an i nquiry structure and appro-
priate system functional di saggregation to isolate differences
among existing technology applications and proposed new technol-
ogy applications to highlight the critical new component or sub-
system as the possible change in manpower requirements.

• Forecasting Total Force Requirements . Describe and validate a
forecasting methodology that assesses the Navy-wide manpower
impact of the introduction of one or more technologies into the
fleet.

• Application of the Forecasts. Identify potential users and the
usefulness of advanced technology manpower requirements data in
terms of timing, l evel of detail , and accuracy required.

B. Problem

1. Scope of Effort. The application of technology to ships , aircraft ,
weapons , and supporting technology is made possible by a concert of technol-
ogy developed programs beyond the Navy alone. Many major developments made
available to the Navy come from DoD , other services , and especially the pri-
vate sector. The Navy ’s RDT&E program consists of 600 task areas subdi vided
into 3,000 work units , each with some potential for changing current practices
or current hardware.

The Navy ’s one-half million man force with 85 ratings or skills , on the whole ,
interacts to some degree with technology . Of those that directly interface
with technology , about 30 percent are operators and 70 percent are maintainers.
The total force is derived from an i terative process among DoD’s perceived re-
sponsibilities, Congressional allocations among competing needs, and the Exec-
utive fulfillment of a defense strategy. The Navy ’s response to its assigned
roles and missions Is a weapons program balanced between capability and threat.
Manpower requirements are a reflection of the need to man the billets of the
selected weapons and supporting services.

While there Is a direct relationship between the quantity and skills of oper-
ators and the number and types of weapons , the relationship is less di rect
for maintainers. With 70 percent of the enlisted force involved in mainten-
ance and supporti ng services , a majority of manpower requirements are more
di rectly related to logistics and maintenance strategies than operator needs
per se. A significant alteration in maintenance and logistic strategies
could have as profound an Influence on total force requirements - in both
quantity and quality - as major technological innovation. It is more likely
than not that the Navy In the year 2000 wil l have less shipboard maintenance
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than it now has , and among its land based maintenance team, it will have
more civilians comprised of both Navy and contractors than it now has.

This study is concerned with the total numbers and skills required to perform
the running of the Navy , but it is indifferent to who does it - Navy military ,
civilians , or contractors. The Total Force Requirements Forecasti ng Method-
ology states what the distribution of skills and numbers could be with the
introduction of one or more technologies based on the assignment of skills to
old technologies. The support tail is directly related to the platform or
technology and not di stributed between sea and shore. One Individual System
Forecasting Methodology relates one technology and its directly attributable
skill without addressing any characteristic distribution or utilization of
that skill (nuclear propulsion -nuclear ratings). The other Individual System
Methodol ogy concerns itsel f only with the skill required and not numbers
associated with a c~imponent or subsystem change due to new technology in anexisting weapon system or uniquely i dentifiable functional grouping of hard-
ware.

2. R&D Cycle and Manpower Requirements . To be useful , a manpower fore-
cast must be able to influence the weapon system devel opers. Assumi ng the
forecast is reliable and relied on , the manpower impact data must be avail-
able when the system specifications can be reasonably altered to function
with more or less manpower. Illustration 1-2 depicts the RDT&E process and
the i ngestion points for manpower requirements information in various i ndi-
cated formats. Forecasts from the Individual Systems Methodologies are use-
ful at 2 and 3 points . The Total Force Requirements Forecast is hel pful to
the 2 points. The needed time domain , l evel of detail , and accuracies re-
quired by the potential users influenced the selection of methodology ap-
proaches and the emphasis placed on their development.

ILLUSTRATION 1-2

Functional View of the Defense RDT&E Process
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3. Objective. This study selected, applied , and validated several man-
power forecasting methodologies to assess the feasibility and usefulness of
measuring the impact of advanced technology on manpower requirements. Since
the literature is not encouraging on the success of past manpower forecasting
efforts, this study necessarily limi ted itself to three methodologies and
five technologies with an emphasis on validation of the forecasts.

C. Approach

1. Micro—Individual Systems Forecast

(1) Graphic Analogy

For purposes of exploiting present technology forecasting techniques on future
manpower requirements predictions , methodologies presently in use have been
selected. One is a static projection by historical growth analogy combining
dynamic trend extrapolation by curve fitting. With this approach , policy and
allocation assumptions permi t a range of options with each option varying on
the number of uncontrollable factors. The reliability of the methodology is
measured by the consistency of the results over many iterations of the prob-
lem. Ultimate ly, the goodness of results depends on the forecasters ’ judg-
ment in quanti fication. Static projections are constrained by present pol icy
sets and are accepted as reliable for three to eight years in the future.
Beyond that point , present pol icy or resource allocation issues normally devel-
op projections that are less than reliable. Consequently, dynamic extrapola-
tion normally comences at future year points. Dynamic methodologies are
characterized by the quantification of controllable factors.

(2) System Disaggregation Analogy

The functional disaggregation of an existing system into its component parts
and substituting the new technology into its proper structural form is another
static methodology for manpower forecasting which is deri ved by analoging the
existing manpower requirements adjusted for the changes in numbers or skills
of manpower associated wi th the new technology component. It Is extremely
reliable when there are few component changes and denigrates rapidly when sig-
nificant numbers of components are replaced because of the di fficulties of
assessing, by analogy , the synergistics effects of multiple technologies in
one system.

2. Macro-ModIfied Linear Program. This dynamic methodology was selected
during the course of the study as a di rect result of the Phase II i nquiry into
the potential users of manpower forecasts.

A standard computerized linear program was modified to allocate manpower
skill levels over an array of ships , aircraft, weapons, and bases character-
ized by their technology . The model assumes an implicit relationship among
these variables and a di rect relationship among distributable skill levels.
For validation pu rposes, the 85 ratings were aggregated into three skill
groups. Total Navy requirements for the years 1945 through 1975 were di s-
tr ibuted over existing and planned “technologies ” to determine the ratios of
high, medium, and low skill groups required for that technology based on
past skill distri butions.
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3. Technology Areas. There are three basic elements to forecasting: meth-
odology, forecas ter , and data. A reliable data base is available for the
technology areas of computers and nuclear propulsion with respect to both
techno logy ex pans ion and manpower requirements from inception of the technol-
ogy in the l ate 1940s to present programs for the near future (1986). The
advanced technology areas of electro-optics (E-O), lasers , and phased array
radar (PAR) have approximately ten years of history from their basic research
breakthrough with five years experience in advanced development. They are
presently primary components of programmed future weapon systems. All were
selected based on familiarity and potential for impact.

(i
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II. DISCUSSION

A. Methodol ogy Selection Process

1. Literature Search. Much theoretical work has been done in both man-
power forecasting and technology forecasting. Illustration Il-i depicts the
scheme of various possible approaches. The objective in this effort was less
methodology development than empirically validating several acceptable fore-
casting techniques. Two manpower forecasting surveys were relied on for
evaluation of the most appropriate techniques : Patter ’s Methods for Pre-
dicting and Assessing the Impact of Technology on Human Resource Parameters,
and Kelley ’ s An Evaluation of the State of the Art.

ILLUSTRATION 11-1

Technological Forecasting Taxonomy

EXTRAP OLATION NORMATIVE

JUO~P(NTAL NETWORK CONSTRUCTION

• Polls • Morphological
• Panels • Decision T rees
• Delphi I Functiona l Array

PROJECTION MATRIX CONSIDERATION

• Regression • Cross Impact
• Biological Grow th • Mission Network
• Economic Growth • Systems Analysis

ANALOG Y

• Correlation
• Curvilinear Correlation

Neither these surveys nor other literature reviewed provided a solution to
the probl em of forecasting manpower requirements based on emerging technol-
ogy. Nearly all efforts in the field have been theoretical or descripti ve.
Of 80 dissertations reviewed , only two studies attempted an application
using empirical data , but both were unsuccessful due to data limi tations.

There Is no one best forecasting method, whether extrapolative or normati ve.
The selection Is determined by the data of imediate concern ; the same tech-
nique may produce forecasting errors for other aspects of the data. The
selection of a technique required a great deal of analysis of the data
and a comparison of various possibl e methods. It is interesting that much
of the effort of forecasting, after data assembly, is aimed at analyzing
the forecast errors. Since one major aspect of the effort Is the forecast-
ing of manpower requirements for new technology as early as possible In the
development cycle, lead time errors of seven years were of practical inter-
est. The second poi nt of interest is that later forecasts were much better
than ear li er forecas ts , indicati ng that familiarity with the data is
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important. Finally, while many forecasting techniques tend to be simplistic
and , therefore, implicitly less credible , graphic and historic analysis was
essential In providing some variables and validating the results of the more
rigorous linear program forecast. It is Intuiti vely unwise to use the same
forecasting technique to produce variables for a needed forecast.

2. Data Sources. The major part of this effort was data collection and
analysis. The data needs of the linear program are comprehensive in scope
and detailed in depth. The appendi x to this report details the data used
In the macro forecast. The following list is representati ve of the general
material used. Section II-D discusses some of the problems with conflicts
and non-availability of needed data . One insurmountable problem with the
System Disaggregation approach here is the classification of data . Although
available , they are not included because of securi ty restrictions.

General Reference Material

• Industry promotional periodicals such as Laser Focus, Elec-
tronics , and Computer

• Burea of Personnel ’ s Official Statistics published in
MARP 1300.1 (Green Book)

• Department of Labor, Bureau of Labor Statistics ’ publications

• Unpublished material from Navy Historical Museum

• U.S. Navy official unit diary summary, unpubl ished memos,
Bureau of Personnel Library .

B. Graphic Analogy Technique

1. Concept. The objective of selecting this technique was to develop
a growth pattern for existing technologies to provide insight for analogiz-
ing manpower requirements to emerging technol ogies. The primary comparison
between the mature technology and the emerging technology was to be by
historical analogy. The relative success of this appraoch Is i ndependently
less Important than the insights that it provi des for the more complicated
technique of linear programming.

Various growth curve models , such as exponential , Gompertz , and l ogistic
were used. The problem of decidi ng from a set of data which curve is appro-
priate was decided by plotting on graph paper to arrive at a straight line.
Also , slope characteristics were Identified. Various slope equations are
available , and once fitted , provided the appropriate linear trend. These
methods depend upon the smoothness of data in order to dea l wi th two prac-
tical problems. There is first the problem of measuring the slope at
di fferent times. This is important here because two technologies developed
Independently at di fferent times are being compared. This is resolved by

-8-



smoothing with a moving average. Secondly, the fact that the method depends
on eye comparison to see which l ooks most like a straight line can lead to
di fficulties , especially when the vertical scales are all in di fferent units .

The important element of growth curves is that they can be transformed
ei ther to a linear or simple exponential model . The linear form was used
as the basis for extrapolation. This method does require a very small ran-
dom component superimposed on the growth curve to avoid poor forecasts
(Gilchrlst). All transformations here were based on data with exponential
characteristics and were taken by logs. A least squares was fitted and anti-
logs taken to gi ve the fitted exponential growth curve . The bias , which
increases with the standard deviation , proved to be non-systematic. How-
ever , standard deviations tended to be small due to smoothing and institu-
tional characteristics of the data , such as fixed percentage increases In
programed dollars for specific technologies .

Most manpower forecasting literature supports using economic tools. In addi-
tion to the mathematical tools discussed above , the applicability of various
i nput-output model s was considered. Agarwal l asserts that manpower demand
represents requirements of skill -mi x against specific l evel s of technology
and productivity . Changes in technology , productivity , and skill composi-
tion go hand in hand , but the interrel ations are flexible because of sub-
stitution between capital and labor , between different skills , and between
education , training, and experience of personnel . This i ntuiti vely correct
production model was modified by Stainer to include the concept of technical
dynamism expressed as an exponential over time. However , Kelley suggests
that the rate of change of technology is dependently related to the produc-
tivity rate of labor. Therefore, Kelley questions the efficacy of the
productivity rate (dollar output per unit i nput) used in all Cobb-Douglas
production function models for manpower forecasting. Kelley concludes that
the real difficulty in manpower forecasting Is the structural and insti tu-
tional form of the i nput data and not theoretical formulations.

The linear program used in the macro technique does reflect the general form
suggested by Kelley without explicitly dealing with productivity rates.
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2. Data. Information was compiled on four of the technologies of
Interest both to gain insight i nto different aspects of their historical
growth and to provide data for establishing causative relationships.
Illustration 11—2 is representati ve of data compiled from various i ndustrial
publications and unpublished government work i ng papers. All dollars here
and elsewhere have been adjusted by the Labor Department’s GNP inflater.

ILLUSTRATION 11-2

U.S. R&D and Sales Selected Electronics Technologies
(In millions) (1967 = 100)

NUCL EAR 1NST RU~(NTS

DoD ELECTRONICS D1c.ITAL FECERAL GOV T

PROC URE- ELECTRO - AOP COPUNI- PROCURE-
YEAR HENT RDI&E OPTiCAL SYSTEMS LASERS CATIONS INDUSTRY MENT RDT&E

1951
1962
1963
1964
1956

8 195t, 261. 326.
1961 4601. 317. 412. 405.
1958 5072. 575. 259. 366 . 52.
1969 5123. 1067. 429. 18u. 61.
1960 5240. 846. 609. 187. 66.
1961 4855. 2258. 903. 772. 96. Ii. S.
1962 5468. 3348. 1060. 999. 123. 29. 14.
1963 4964. 2125. 1427. 852. 112~ 42. 18.
1964 4907. 2172. 1588. 4. 918. 113. 65. 36.
1965 4402. 1949. 79. 1596 . 27. 1291. 137 . 70. 32.
1966 4696. 2034. 98. 1751. 35. 1211. 142. 61. 33.
1967 4916. 2246. 19. 2420. 52. 912. 114. 70. 35.
1968 4371. 2188. 22. 2937. 53. 1198. 122. 61. 33.
1969 4243. 2070. 47. 3751. 58. 1202. 115. 65. 32.
191u 3984. 2111. 31. 2977. 58. 1288. 117. Sb. 29.
1971 4131. 2138. 33. 3444, 28. 1085. 32. - -
1972 4152. 2181. 45. 4391. 28. 1333. 35. - -
1973 3803. 2090 . 48. 4931. 29. 1514. 24. --
1974 36*s?. 2237. 54. 4624 . 30. 1525. 26. 7. —-
19/S 3789. 2421. 41. 3607. 30. 1404 . 28. 15.
1976 3948. 2570. 51. 3716. 33. 1613. 28. 35.
1917 1051. 4945. 104 . 7312. 62. 2912. 52. 73.
19/8 7570. 5143. 119. 8474. 69. 3239. 55. 79.
1979 8089. 5341. 134 . 9637. 76. 3566 . 59. 88.
1980 8608. 6538. 149. 10800 . 82. 3893. 62. 92.
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Computer and nuclear reactor time lines are presented in Illustrations II-3a
and 11-3b to provide background on qual i tative growth pictures and possibly
a rationale for variations In known manpower and dollar growths.

ILLUSTRATION II-3a

Computer Time Line

1937 IBM MAR K I deve 1op~~nt begin (A IKE N )
1942 MA UCI4LY/EC KERT ENIAC began — Army fun di ng
1944 MARK 1 complete
1945 ENIAC devel. complete - mi litary appl ication
1946 ECKERT - MAUCHLY Computer Corporation - Univac Contract

with Census Bureau
1950 E-M Merger with Remington Rand — Univac Divi sion
1951 Univac I given to Census Bureau in 1951
1949 Stored Program on Cav6ridge England machIne 1949
1953 IBM 701
1954 IBM 650
1956 Total va lue of installed computers - $269M

IBM 75.3%. Sperry—Rand 18.6%, Burroughs 4.4%, RCA 1.6%.
NCR .1%

1957 COC break-off from Sperry-Rand
1958 Univac solid-state 80 transister technology
1959 IBM 7090 (sol id-state 709)
1959 Total value of installed equi pment - $18
1958-1960 Tubes , Transistors
1959 DI gital Equipment Company POP-i delivered
1959-1965 2nd generation transistor computers
1960 COC 1604
1964 Honeywell H-200; 1401 Replacement
1964 Integrated circuits (TI , Fairchild); third generation
1964 360 IBM - by bid integrated cir tui t s
1965 360s del ivered
1966 Integrated circuits competition with other technology
1967 Time-sharIng system from GE
1968 COC 1600
1970 Gt-Honeywe ll merger
1971 RCA sellout to Sperry-Rand

ILLUSTRATION I I-3b

Nuclear Reactor Time Line

1942 Hanferd test bed critical
1942 Hanferd production reactor started
1944 First product ion reactor
1951 (8*! (Argonme . Idaho ) f i rst power generator breeder
1953 Su~~irIne reactor (Idaho F a l l s )
1955 Nlutilui sea trials
1951 S#ippingport co~~erctal power generator

— 11—



Illustrations II-3c and Il-3d show the naval requirements for di gi tal com-
puter and nuclear reactor personnel . The Navy does not now have military
personne l tra i ned i n l aser , phased array radar, nor electro-optics as an
i dentified subspeciality.

ILLUSTRATION II—3c

U.S. Navy Digital Computer Manpower Requirements

-

I ~ 

~~

1950 1960 1970 1980

ILLUSTRATION Il-3d

U.S. Navy Nuclear Technology Manpower Requirements (1954-1987)

Actual
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3. Application. Various curve fitti ng techniques were applied to expo-
nentially and linearly smoothed data to identify the most appropriate curve
for each set. Visual identification was tried as wel l as slope equations.
Nuclear manpower requirements were exponential in form , therefore, a dynam ic
growth projection was made using a least quares method to determine estimates
of the forecasted x-axis Intercept and slope. A similar procedure was used
on computer personnel using a Gompertz curve model . Both results are shown
on Illustrations II-4a and II-4b .

ILLUSTRATION II-4a

U.S. Navy Nuclear Manpower Requirements
S.,,

1770 5384 1181 CI~ (68 0634 45 5788087 70746

7934 45 85I93~ 75 03 25454 225 50 ~ a,, sos69 366 059 27 60 630 1373ima 493 31$ Ill 708 950 273 0 0
$1 120 477  III 242 80 705 347312 830 849 III 242 246 2240 4520II ~SS IS )? III 242 279 3023 606264 0035 074 9 lii ill ill 3569 / 73465 lOIS 1931 34 330 342 3 345 6958
64 1170 2332 04 340 342 3638 ‘917
6? 440 2344 III 360 342 4642 9398
6* /55 2386 04 360 342 5670 73 74269 2315  2343 III 360 342 5411 00662

1970 2199 2385 34 340 374 5579 I l l??
II 2565 Z395 34 402 406 7467 0 7 4 7 9
1? 2745 2)95 7 3 4  8474 406 532 3 I I ) ??73 3835 23*5 III 604 406 4839 III!)
74 20,0 2395 114 121 406 4618 1121675 3060 2345 236 844 406 4850 11 78176 34547 2345 235 946 806 4999 12 14 1
7/ 3313 23*3 375 0396 038 5388 0731438 3500 2365 67 355 1085 470 5570 3380
79 3649 2385 134 353 0085 II? 870 5765 143301990 3970 2385 200 355 008 5 234 470 5060 376083 4090 2385 268 418 lOIS 350 470 545 2 4 5 35no 4230 2385 268 478 4085 669 470 5430 5034
83 4320 2195 348 478 lOSS 464 470 5584 15158
44 4435 2)85 251 478 lOSS 464 470 5’65 6074
59 4459 2399 266 679 3053 484 470 5165 75074
56 4 540 3395 264 474 845 446 410 3792 06445SI 4915 2395 26* 424 0855 148 470 5*19 4 634 8

ILLUSTRATION I I-4b

U.S. Navy Digital Computer Personnel

14993 4418768 ~~~lflr (a878187.. . 0.8. 0484
k...*lfl 88484.3 1806.709.. 5p~tat 9r98.19709

95060.1,4? 748714(41* 7808*78748
48 88 (18 00 OP 70140

844 703 006
4994 418 436

SI 062 957
32 600 494
53 947 94?
61 164 161
95 769 794

O I 56 719 789
41 ~3I III
II lOll 889 8339
88 4050 1145 2495

9958 liii 00 43 530 2676
47 1206 924 194 7
42 1411 756 435 2257
41 7477 935 310 3437
64 tIll 054 

__ 
2 77 343 111$ 4895 NI 8446

84 1641 910 590 3543
82 2314 11$? 000$ V 454$
48 596 7416 2017 530 3
69 3344 1411 31677 8683V 978 3304 540 34 34 5407

~
7 II J J SS 0632 32*70 229 378 237? 1631 1326 708873 III ? 0 785 1115 7870,

74 644 8698 1431 5970477 0404 1751 1340 6737
76 0544 4483 1590 550 4
77 1631 ISIS 3045 5837IS 684 8)28 lOll 7401E l, III) 0434 8486 75414968 IllS ISIS 8369 7044
SI 111$ 8584 1340 7574
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Illustrations II-5a , II-5b , and lI-Sc are representative of attempts to
establish visual similarities in historical growths for possibly analogiz-
ing manpower patterns. It is interesting that spending patterns on di git~l
computer equipment did not suffer the same fluctuations that other selected
industries did in the 1969 and 1973 general business downturns.

ILLUSTRATION II-5a

Computer Activity (Equipment Shipments ) in $ Vs. Time

- l.(T-T~ ) 
V

074

0733 
V • V V V

ILLUSTRATION II-5b

U.S. Coimiercial Digi tal ADP Revenue
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ILLUSTRATION II—5c

Breakdown of U.S. Con~nercial Revenue for Selected Items

/ C.ll,i.. 8838 NO..8.!411.1

fr

/
5408

00  11207,10 C~~ o1°8.9
236’ .7/ - /

I

~7~~~~~~~~~~ -_- ,_~ 4 ;.dle~~~~T 8  I.o.do201799

3008 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sylt$6tl0 fib. ,,

\V VV VVV VV V__ • (.93*8.8.775 .o?4 309840 97 78 I..tr . nt,

V • 7 . 7 —
990 550 l~ 70

4. Val i dation. The growth analogy technique was attempted to forecast
existing technol ogy manpower requirements and to relate , if possible , histor-
ical similarities with the three emerging technologies. Illustration 11— 6
indicates relati vely simi l ar spending patterns by the Navy for computer ,
nuc lear , electro-optic , and laser technology. The curves are superimposed
on the y-axis for comparative purposes. Any similarity is assumed to be
structural and Is certainly non-stable. The growth forecasts on nuclear and
computer manpower had small non-systematic error and the bias acceptable.
Both models compare wel l with static extrapol ation based on a ratio of a
constant man per unit.

ILLUSTRATION 11-6

Smoo thed Forecas ts of Selec ted Tec hno logi es Super impose d
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C. System Di saggregation Technique

1. Concept. Forecasting literature favorably supports normative rather
than extrapolati ve techniques (Potter). Presumably this is because normati ve
techniques are essentially inductive , specific , and mostly qualitati ve with
the exception of decision network weighting factors. The functional disaggre-
gation technique is normative and descriptive . It starts with a conceived or
perceived application for the technology and works backward through the deci-
sion process to satisfy stated operational objectives. When the application
is found acceptable both technically and operationally, an existing reference
system is selected for the functional system comparison . This step is essen-
tial in identifying subsystems and components which serve two purposes. The
first of which is to match common components , and the second is to i solate
the new technology component. Thus , by analogy with manning requirements for
the reference system, manpower for the new technology system is described.
The manpower requirements for the component housing the new technology is de-
scribed using standard Ship Manning Doc ument rationale. The latter part of
this approach borrows heavily from the Air Force ’s Qualitati ve and Quanti ta-
ti ve Personnel Requirements Information which is oriented towards task analy-
ses of new systems in the production stage of the R&D cycle. The generic
disaggregation technique is depicted in Illustration 11—7.

This disaggregation technique has the advantage of being adaptive by closed-
loop feedback; it easily adjusts to changes in mission or emp loyment of the
technology ; and it uses documents that are determinate of actual fleet man-
ning. The technique does not address risks inherent in technology develop-
ment nor is it concerned with the timing of the introduction into the fleet.

2. Data. This technique relies on technical documentation more so than
other methods. The needed data comes from many offices , commands , and lab-
oratories - from the Office of the CNO to the Enlisted Classification Branch.
The data is broadly grouped into R&D management, reference system specifica-
tion and ship manning - task analysis data.

Technology is developed in response to operational needs and these needs are
stated in CNO ’s Required Operational Capability (ROC). CNM’s response to
these statements Is the Science and Technology Objectives and the Navy Tech-
nical Strategies. If the strategies are ordered by mission , the technology
thrust Implicitly emerges. The thrusts can then be transformed into tech-
nology applications. This process is beyond the scope of this effort and is
the subject of an intensive ongoing effort by CNM to establish a priority
system for Navy R&D task areas. Unti l this is formalized , technol ogy appli-
cations will have to be independently determined through techniques such as
QUEST (NAVMAT-0312) which structures a wei ghting system to sedate technol-
ogies to science to missions. For purposes here, the aim Is to identify the
operational application of the new technology by considering the aspects of
satisfying ROCs, filling technology gaps, and selection over competing means.

Reference system specifications are available through the appropriate program
managers and system commands. Functional component descriptions proved to be
the workable level of detail as opposed to detailed system specifications.
For the example here, NAVELEX produced the component description of the
SPG-55 radar which is a subsystem of the Terrier ’s Mark 76 fi re control

— 16-

-- 



I —

I z j
0

U J . J P ~.49/) L) L) 
~~~~~Z~~~~J

6—l

~ w — ~ s W W —
~ z u~ ~~~~~~~

-~ 
Q.~~~ W

~~‘ Z0’~~~-
~~ < L o J W <o- Z~~~~ -c)

9/) I — _ _

L__ ~~
_ _ _ _ _J

w w~~
0-.UJ U)

_ ~~~c)

_ _ _ _  < C,,
ZV )

& •.- _I
4’ 9/) C_)
“3
o w
0_I —

LQ
o

-4

~~~~~ IJJ
Lo..00 ~~~V)

o 0’-~wN. P—~~~ ø w

z ~— L ~~~~~ 4 <<w o  ~~~~2 ~~ X 0 c .  v)<
I— z <A .

• 0V) < I-.
(‘3 Lo. E~~~~~(/) LiJ9— 

zI- o _ _ _U)
o1. ~~~~~~ - 9-- V) .

— —
0

Wa.
A . LJ  LU

I—

_cr _ _  

1 
_ _  

9/)
_ _  IF — - _ _  I 00

I -_ _ _

( I 9/) W I 0 < I- 0. LU

Z ~~ I <~~ 0
09/) 9/) I z w Z LU ~J Z

Z 9—. C.) I — 4jJ 0 ~ 0
-
~~ 

~~~ “ < I —‘ I—. c.D A.
— 61) Z LU. < ~) 9/) 0z ~~ 0 W ~~ I Z 0 < Z 0 Z .j

• - 
__________ 554 U) I— ~— z • I Li.. ~~ 9— Z

V I I _ _ _ _  

0 < 9- W J 09- I ~~ 9.- LU 0
• 9- ~~~ 0 > Z I 4— — 91) • —61)

~ 
— i c.. ~ I >- ~~~ _ ___  •V — LU Z Z LU I ~~ ~~ ~) w ~.o61) LU Li. 0 C.) 0 I ~ 04- 00 ~~9-

I 

. 
~~
. I Li. s-q 9/) I -J — ~~

~~ < 4- U) 0
4- C.) ~~ LU I LU 1.-i (1) LU ~~ — UJ LU * w

I c)Iv) C.) I ~~ • c.~ — z
LU -i 4’) 0 LU Z~0 cj I 04’) < 61) Li.

C...) ~~ — LiJ
~~~ 

— LU. LU
Li.J ....J .-. ~~~~ LU 4- ~~J I ~~ #—~~~~~~~~~~~~~~ * 5~ _ _ _

~~ 9-— C..) 09- WIQ LU LU I 0I- LU 9— Z
O’o. ~/) 2 I— 9/) I U..kJ Z 9—. • ~~ C.) 4’) I— C.~) LU

~~ < L U  LU < ~~
- 

~~~ 2 ~~
- I LU1W LU 2 I W LU ~~- ~~~ >. 0

A. 2 ~~ C.) 9/) LU~ —61) I 2011).-4 9/) .-.

__ — __  
I~~~~~~i _ _ _  _ _

7 L -17- 
L_ _ _ _ _ _ ~~_ _ _ J

— _ _ _  —_ _ _ _ _ _ _ _ _  —~~- --- —‘-84-- -



system. Component description of the percei ved laser radar was developed
with the assistance of Naval Sea Systems Command.

S~iip (Squadron) Manning Documents are readi ly available and provide a reason-
able means to analogize manpower requirements for components common to both
the reference and perceived systems. A di fficulty ari ses here in determining
whether retraining existing skills , added personnel with upgraded skil ls , or
completely new skills are required , but these are questions of classification
and training and the basic question of what skill is needed can be derived.

3. Application. Most forecasting techniques require a great body of
data in which familiarity helps shape the outcome. This technique does not
have a historical perspective nor statistical basis. To create a framework
and working environment before approaching the analysis , basic questions are
asked:

• How is the technology defined
• How is manpower defined In terms of a gi ven technology
• At what R&D phase can new technology systems be qualified
• What technologies are relevant to naval systems and manpower
• What are the operating system ’s characteristics that are deter-

mi nati ve of manpower requirements
• To what extent should technology and manpower forecasts be tied

to the nava l R&D cycle.

For the most part, the questions are unanswerable and all but the first ques-
tion will not di rectly influence the forecast. In perceiving an application
for the technology , the definitional question may be most difficult. The R&D
management documentation does not define technology which appears to be char-
acterized more likely by funding source. Illustration 11-8 depicts a taxon-
omy by program function , all of which terms describe work units under the
heading of technology. Thi s suggests that what is described as technology
may not be technology at all.

ILLUSTRATION 11-8

Program Technology Function

Fleet Operationhl Strategiei. Characteristics Analysi s

System Utili zation Strategy System Development

Methodology Cosçonent Development

App l i cat ion Iden tif ic at ion Interface Characteristics

Techn olo gy Based Ls rge.Sys te m End-Function s MOE Ref i neme nt
A pp) icat ion

R elated System Support Deve lopment
Applic ation of Technology

or other Measurements Support Data Base

Central Effects Studies Material Studies

Sub system ut i l izat ion in Large ~Sub) System T&E
Context

Perfor mance Standards
Feasib i l i ty Studies

Extra .Tech no logy Syste ms Analysis
5i~~~la ti ons

A~~inis tra tion

-18-

-
~~~ 

-

—— - - •V_~~~~~~~~~~~~~~ •~~• _~~ —_ V - -



Illustration 11-9 presents the expanded model used to assess high-energy
laser (HEL) technology. The HEL application to radar satisfies a specific
General Operational Requirement and the technology thrust is given focus by
the Technical Strategy. The state of the art of HEL precludes It to a short-
range system. Therefore, the Terrier ’s Mark 76 fi re control system ’s SPG-55
ridar was selected as the reference technology. The components for the HEL
application were specified and compared with the functional description of
the SPG-55. Illustration 11-10 depicts those components deemed to be unique
to an HEL radar set. The Ship Manning Document for a DLG with a Terrier sys-
tem requires Electronic Technicians , Fire Control Technicians , and Radarmen.

V These ratings do not now receive training in HEL which replaces the SPG-55.
The coherent recei ver , analog processor, and modulator are wel l within the
skill characteristics of general electronics ratings. The oscillator and
laser generator are not. Specific task analyses must be performed to deter-
mi ne the estimated nunter of laser qualified personnel who will be needed on
a gi ven ship.

4. Validation. The di saggregation system is self-validating in accept-
ing the need for specific skills gi ven an applied technology. Errors can
occur in two critical areas. First , if the technol ogy is mi sapplied , then an
invalid comparison will be made with a reference system. Second, insuffi-
cient information may be known to accurately specify the components of the
perceived system application. Therefore, validation relies on the judgment
of the technology developer. Here the validi ty of the forecast was accepted
based on a consensus of naval l aboratory personnel working in laser research.

D. Modified Linear Programing Technique

1. Concept. This project explored two approaches: an individual i tem
of technology analysis and a Navy—wi de analysis which involves examining the
Navy ’s requirement for manpower at various skill levels for each year since
1943 and relating the nunter of personnel from each skill level associated
with each technology system acti ve in the Navy.

I- This section describes the research carried out in forming the concept of the
approach in developing a macro—forecasting technique. Three tasks will be
described. The first of these is determining, for the total Navy, the nunt er
of people req’iired in each skill level. The second task is extending and cor-
recting the counts of the nunter of each technology system for the years exam-
ined. The third task is the use of several different statistical tools to re-
late requirements to particular weapons systems.

V For this preliminary analysIs , 24 weapons systems were defined rang-
ing from battleships to third generation computers, but they were primarily
weapons systems.

Data on personnel requirements were accumulated only for the years 1944,
• 1952, 1957, 1962, 1967, 1972, and 1977. Estimates of personnel requirements

for the other years were made by interpolation. Data on nunters o~ tech-nology systems were accumulated for each year, but there were large gaps in
some of the data series ; these gaps were filled by interpolation.I .
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ILLUSTRATION 11-9

System Disaggregation Appli cation
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P The analysis Involved apportioning the total number of personnel of a par-
ticular skill l evel and a particular year among the various weapons systems
that were operational during that year. This was done by writing for each
year an equation of the follow i ng type:

aX 1, + bX2 + cX 3 + ... + xX24 + z = R1

where X0 = # of systems of a particular type (input)
a = an unknown coefficient (output)
R 1 = personnel requirement for a skill level (input)

In the above equation , the X’s and R ’s are counts that differ for a weapon
system from year to year. The lower case coefficients are the numbers of per-
sonnel associated with a weapon system as l ong as it is in the force and
which does not vary from year to year. The z is the number of personnel in a
particular year between the personnel required and the personnel that could
be allocated to all technology systems being exami ned. The actual formula-
tion of the analysis was somewhat more detailed than this bri ef description ,
but it is the essence of the approach.

Estimating the mix of requ i red skill levels was arri ved at by relating the
skill leve l of each rating to the grade level of its non-military counterpart
in the Navy civilian work force. The skill required of everyone in a rating
was assumed to be the grade of the journeyman or fully qualified technician
as specified by Civi l Service Commission job evaluation standards. For the
prelimi nary analysis , moreover , an assumption was made that the skill level
of the ratings has not changed since 1943. That a steward in 1943 required
the same l evel of skill as a mess management specialist in 1977 seems plau-
sible. The same is likely to apply to the rating of boatswains mate. It is
less likely to apply in the case of the quartermaster rating while in the
communications and electronics ratings , the assumption may even be less plau-
sible.

It was also assumed that the skill of a rating is the skill of its journey-
man job. The historical patterns have remained relatively constant, there-
fore, the assumpti on is reasonable and should have the effect of nullifying
any differences in skills mix from considering apprentice helpers or foreman
(as thei r military equivalents ) as different skill levels from the workers.
The identical grade structures of all ratings , however, may not have been the
case in the past, and this relation should be exami ned in future work.

An even better estimate of skill level for a rating mi ght result if some of
the Navy ’ s computerized tools for personnel evaluation were used. There is
an elaborate procedure for evaluati on of the complexity of each military job,
wi th the tasks performed by a rating evaluated by industrial engineers and
stored in data banks. The contents of this data bank with respect to civil-
ian grade levels appears to be the logical place to begin evaluating the com-
plexity of manpower requirements. The overall system is called the “Comput-
erized Factor Evaluation System” (COOAP), and It should be employed as far as
possible in future efforts .
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Another source of skill level evaluations Is the decisions by the Navy Depart-
ment and the Civi l Service Commission about comparability between various mi l-
itary ratings and civilian jobs. One such decision was used here; It related
to the Data Processing rating.

2. Data. The data used were, as mentioned above , incomplete in places.
This was particularly true in terms of the various categories of aircraft
exami ned. Because data for recent periods are classified , they were not used
in detail here. Aircraft data for earlier periods are available in great de-
tail , but tabulating them in usable form will take an understanding of both
model types and the way aviation units are deployed. In the older reports,
it is di fficult to determine just what category of aircraft is being referred
to, and in some places the definition of a category may have been changed
without it being noted in the report.

The distinction between the total fleet of aircraft (including pipel i ne and
planes in reserve storage), operational aircraft (including planes on loan
to embassies), aircraft in operational units (including planes deadl i ned and
in maintenance), operating aircraft (including training ), and aircraft in
combat and combat-related units (less than 10% of the total ) becomes confused
easily.

The aircraft categories themselves need additional thought. A distinction
was made between combat, support and non-prop type planes with each category
broken down into two classes (or variables ): the older propeller driven type
and the newer jet or rotary wing type. Once a start was made wi th these six
aircraft variables , they were held constant, but the data di scovert~i couldprobably be extracted more easily if different categories were used.

Data on ships in operation are also available In large quantities , and many
of them have been published in quite widely used publications such as Jane ’s
“Al l the Worl ds Aircraft ,” Tabey ’s “Ships and Aircraft of the U.S. Fleet” and
Tlottes du Monde.” Other data on ships are available in the Office of Naval

History , the Navy Library , the Navy Aviation History Office , and the history
offices of the various material commands. None of the sources agree, and
the differences involved could contami nate future analysis because the num-
ber of ships involved in recent years has been small. Since an aircraft
carrier is difficult to hide , the di fferences must be attributable to the
way the data are reported rather than the condition of the fleet. Some
reports in the past left some classes out of their final document while
others included them. Research and special project submarines are examples
of this. The change In the definition recently of cruisers , fri gates,
destroyers, and escorts makes careful and detailed tabulation necessary to
get data that are comparable from year to year. In one place , the data used
had to be based on actual hull numbers to get consistent data. Another area
where some data used one definition and some used another relates to com-
puters and the di stinction between a “system” and a “mainframe.”

Once the data have been assembled in a complete and fully understood table ,
they are ready to analyze. Even though these raw data do not answer the
specific question posed for the study, they are nevertheless Interes ting
and thought provoking. In this way, defects would be spotted and additional
data brought to light. This requires preparation and definition of the

-23-

.
, .

‘ 

~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~ — 

- _ _ _ _ _ _ _



variables and detailed footnotes of the documents where each number is based
on their location. Each variable , if plotted , would convey an otherwise
unavailable picture of what has happened to the Navy in the last 35 years.

To relate numbers of people to number of systems, 34 years of counts of the
number of technology systems and counts of the number of skill levels were
prepared. Systems and skill level mi xes change from year to year, but
the rates of changes are di fferent for each. One system, such as battl e-
ships , gradually phases out, while another, such as nuclear power carriers ,
phases in. In a particular year, each new system phasing in increases re-
quirements while each old system phasing out decreases them. As a result ,
the number of personnel at a skill level changes from year to year. If the
system of generating requirements is reasonably accurate, the above observa-
tion provides the basis for moving from the known total Navy requirements
to the unknown requirement for an individual technology system. As long as
there are more years than systems, the individual requirements may be esti-
mated by solvi ng some sort of series of simultaneous equations.

Several methods of doing this are available. All of them involve apportion-
ing or allocating the number of personnel , known as a singl e total for the
Navy as a whole , among the individual technology i tems, known as a total for
each system. In al gebraic terms, this is equiva lent to the following
expression:

aX 1 + bX2 + eX3 + ... + xX24 + z = R 
-

where : X1 = # of systems of type 1

a # of personnel of skill level associated with
system 1

R = number of personnel required for a year

z = number of personnel unaccounted for

With available data , 34 such equations can be written. Several methods of
solving them simultaneously are available. Ordinary algebraic methods could
be used , or mathematical programi ng or regression analysis.

For this particular formulation of a problem , algebraic methods and regres-
sion analysis are not appropriate, because we know something more about the
data than is stated In the above expression. It is known that the coeffi-
cients cannot be negative or zero. If a technology system Is operating, it
must have some personnel to operate it. Any solution that produces negative
coefficients is bound to be wrong in terms of operations , no matter how right
it may be in terms of ma thematics. Wi th imperfec t data , negati ve coefficients
are often obtained so that a soluti on method must be chosen that will not pro-

( duce negative coefficients. Thi s leave s mathematical programing as a prac-
t .  t ical solution method.

I .
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3. Application. Linear programing is the most widely available tool ,
although other methods of solution could be exami ned and experimented wi th.
In the work of this project, the model was formulated as follows.

The linear program used is General Electric ’s LINEPS using a two-phase sim-
plex method .

The model cons ’sts of a basic matri x drawn from the 24 systems enumerated in
Illustration 11-11 , three vectors of manpower requirements data (one for each
skill level ), a vector of crew sizes, an i dentity matrix with l’s in the pri n
cipal diagonal , 0’s elsewhere , and a matrix of l’s. Each component has a dif-
ferent purpose , and they may be put together in di fferent ways to change the
rationale of the model , reduce its size, and eliminate redundancies and con-
tradictions in the logic. The column s of semi -skilled , skilled , and hi ghly
skilled manpower requirements are tabulated at the right of the illustration.
The counts of systems are tabulated in the other columns. Equations were
written specifying minimum number of personnel and all skill levels associ-
ated with a particular class of ship. Vector J is the objective function ;
the solution for the objective function is specified here to account for as
many personnel as possible.

ILLUSTRATION lI-li

Input Vectors of Systems and Navy Manpower Requirements
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With data arrayed by estimates, a series of runs was made for analysis. They
are suninarized in IllustratIon 11— 12. In each run , less than fi ve technology
systems assumed a non-zero value showing that most of Navy technology at any
given time Is closely related to a few items . It also shows the results of
using Incomplete and dumn~y data as wel l as the need for some ingenuity in
formulating the model.
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ILLUSTRATION 11-12

Changes in Number of Enlisted Personnel
Accompanying Addition or Removal of One More System

WEAPON SEMI HIGHLY
RUN SYSTEM CHAWGE SKILLED SKILLED SNILLED TOTAL

2 GUN CRUISERS 11,667 5,556 6.111 23,334

NUCLEAR CARRIERS 65,000 65 ,000 10,000 230.000

5 BATTLESHIPS 29,987 15.225 12 ,015 57 ,227

6*

7* BLI#S 4.723 2.342 4.332 11.397

NUCLEAR CARRIERS 65,000 65 ,000 100,000 230,000

7 30 GEHERATIO N C0*UTERS 511 511 787 1 ,809

6 DIESEl SUBMARINES 526 385 769 1,680

EBM SuBMARINES 3,017 2 ,946 4 ,428 10,391

68 BATTLESHIPS 26 ,864 13.027 8,702 47 ,963

BLI9cS 3.375 1,244 670 5,289

DIESE L SUBMARINES 526 385 769 1,680

FDM SU~ 4ARIN ES 3,017 2,946 4 ,428 10,391

To say that i tems of Navy technology are closely related to each other is
to say at the same time that the variables in Illustration 11-11 are highly
correlated with each other. This problem arises frequently in statistical
analysis and a nunter of procedures have been developed for dealing with
them ploying a nonlinea r programming code. This would be the equivalent
of regression analysis with the possibilit y of non-negative solutions illum-
inated.

Another approach to analyses of highly correlated data would be formulat-
ing the model in a different way. It is now formulated in terms of a
personnel balance: the sum of the people associated with each item of

• technology must balance approximately the sum of the requirements at each
level of skill. An alternative would be a solution in terms of overall
effectiveness: the sum of the effectiveness of people associated with
each of the items of technology should equal the sum of the effectiveness
of people associated wi th each level of skill required. This would Involve
estimating the coefficients of both side s of the algebraic expression that
is the foundation of the model . This can be done, but it involves a com-
pletely di fferent solution methodology than discussed above .

Other alternati ves of both formulations and solution methodologies are
available.
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4. Validation. The model is forecasting unreasonably high changes in
total number of personnel required wi th one change in a technology . As
stated above , this is due partly to the structure of the data base, but
mainly to the personnel balance requirement. What is very significant is
the allocation of the relative mix of skills to each technology. Illustra-
tion 11-13 distributes the allocation of skills by percentages associated
with a few selected technologies. Retired technologies tend to have been
alloc ated a skill mix of over 50 percent semi —skilled with the remainder
evenly allocated to skilled and highly-skilled. When skill groups are
summed by percentage over all technologies and all years they validate
extremely wel l with Illustration 11-14 which are plots of the skill group
percentages of actual requirements. For examp le , 3rd generation computers
entered the fleet in 1971-72. When the allocated percentages are compared
to the actual average mix it compares favorably with 30, 28, and 42 percent
for semi-skilled , skilled and highly—skilled respectively.

ILLUSTRATION 11-13

Enlisted Personnel by Percentage at Various
Skill Levels Associated Navy Wide With Various Technologies

Percen tages*

Semi - Highly
Technology Skilled Skilled Skilled

Battleships 52 27 21

(un Cruisers 50 24 26

Diesel Submarine 31 23 46

Blimp 63 24 13

Nuclear Carrier 28 28 44

3-D Generation Computer 28 28 44

Ballistic Missile Submarine 29 28 43

* Personnel for a technology include operators , crews , cl osely associated
weapons , support, and related acti vi ties in the U.S. Navy.
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ILLUSTRATION 11-14

Changes in Mix of Enlisted Personnel Requirement
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E. Timi ng of Forecasts

The timing and form of needed manpower requirements forecasts vary with the
user and his position in the development process or acquisition cycle.
OP-Ol ’s asserted need for a macro-level forecast of advanced technology man-
power exists before the technology is specified as a component or system. The
forecast of highly-skilled , skilled , and semi -skilled requirements will pro-
vide a rationale for discussions with program sponsors on trends in skill mix ,
the a?gregate impact of i ndependently generated future requirements, and
OP-Ol s relati ve ability to balance authorizations among air , sea , and subsur-
face sponsors .

Weapon designers have no express need for manpower skill forecasts, but can
use data on the supply of naval personnel by human factors engineering charac-
teristics. These human factors are design points for component development ,
independent of any association with a system. Usually a system Is character-
ized In the development cycle by its critical component which will be com-
bined with previously specified components. The comp lement of components
determines manpower requirements which suggests the need for forecasts may be
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well before the critical component technology entrance into 6.3 if it will
likely result in a sys tem Increment as opposed to a replacement system.

Manpower forecasts for the major system acquisitio n cycle takes several di f-
ferent forms characterized by successively greater detail with respect to
nun~ers and skills required. Illustrations II—15a and II-15b depict a rep-
resentati ve program acquisition and the points and types of manpower data
rleeded. Only points 1 and 2 are true forecasts. Points 3 and 4 are rela-
tively late in the cycle and require timely action to address needed changes.
Illustration II-15b explains the significant terms in II-15a .

ILLUSTRATION l I— iS a

Cont~atant Ship Acquisition Event Phasing and
Synchronization (Repres’ntati ve)
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111. SU*IARY

This study investigates the feasibi lity and usefulness of forecasting tech-
ni ques applied to the manpower requirements and research and development
planning and programing cycles. A major thrust of the effort is directed
towards creating data bases in computer and nuclear manpower requirements
from 1950 to the present , 3rd generation computer , nuclear , laser , and
electro-optics technologies , and 24 weapon systems (airc raft, ships , and

• bases) from 1946 to the present. Three methodologies are used to forecast
manpower requirements for emerging technologies. Growth curves and histor-
ical analogies are used to forecast manpower requirements based on similar-
ities between existing and emerging technologies which are usefu l in vali-
dating more complex forecasting techniques. A system disaggregation tech-
nique is used to analogize manpower requirements on a component by compo-
nent basis compared between an existing reference system and a perceived
application of a new technology . A linear program allocates manpower over
a 30-year period to forecast changes in the number of skills required by the
addition or deletion of technology represented in the 24 weapon system types.
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I V .  CONCLUSIONS

A. Task 1

Historical analogy allows a few “casua l 1 similarities between past and future
characteristics to control the predicated outcome so as to be ana l ogous.

Historical analogy allows the introduction of forecasters bias by limiting
the outcome to a limi ted set of existing comparison technologies.

Projection by analogy is wel l suited for technologies that will be constrained
by known policy sets with respect to one or more causati ve characteristics
such as the number of platforms di splaced or mandatory contractor maintenance.

B. Task 2

Functional di saggregation is the most reliable of the three methodologies and
is equal to the reversed pruned tree network analysis in clari ty and exactness.

The functional di saggregation methodology is limi ted to a singl e system at a
time step—wise analysis; it addresses first eschelon personnel only.

The di saggregation methodology is useful only when the application of the new
technology can be reasonably perceived , usually mid-way during the advanced
development phase.

Functional di saggregation methodology requires a higher degree of experti se
with the Involved technology than most other forecasting techniques.

C. Task 3

Total Force Modi fied Linear Program Methodology is more favorable to the man-
power planner than individual systems methodologies for its ease of use, its
generalized expandable data base , and apparent reliability .

The Modified Linear Program is of littl e use to the weapon planner ’s assess-
ment of his system ’s explicit manpower requirements.

The Total Force Methodology percentage allocati ons of gross skill groups are
very reliable forecasts based on the comparison of the present requirements.

A 20-year span exists between the introduction of technology into Advanced
Development (late 6.3), whIch coincide d with coiiinercial introduction , and a

0 specIfication of a skill explicitly related to that technology.

The All Volunteer Force pol icy of the el i mi nation of jobs perceived as less
desirable has Influenced the current ratio of 75 percent of total manpower
requirements being deemed skilled or highly skilled.

Despite the CNO policy goal of reduced manpower, in part through technology,
the great di versity of present and future technology tends to narrow billet
classification and therefore broaden skill requirements.
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0. Task 4

The weapon planner ’s needs for human factors data is decidedly di fferent
than manpower planner ’s needs for assessing the Impact of the technology on
force level s and skills.

The weapon designer ’s orientation of engi neering a system towards such
things as specific color and space acuity, eye-hand coordi nation , upper body
strength Is not supported by the methodol ogies herein , nor anywhere in the
literature.

Manpower planners need force level by skill forecasts in advance of technol-
ogy compl eting exploratory development.
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V. RECOI4IENDATIONS

The macro-linear programi ng forecasting technique should be further exer-
cised with specific attention to the fol l owing tasks:

• Complete the historical table of systems counts.

• Consider redefining the aircraft as “aircraft in squadrons.”

• Determi ne whether the impact of a vessel on requirements should
be considered as beginning on date of conmiissloning or date of
launch.

• Extract from the files , the manpower requirements for all 34
years under consideration .

• Rerun the data as was done here using a larger linear pro-
granining routine, preferably the routine employed by Control
Data Corporation.

• Explain the effect of sol utions with alternate formulations ,
transformations of data , and alternate solution methodologies.
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CODES USED IN DATA TABLES
AND ON CHARTS

A. Chart Office of Nava l History
B. Report House A rmed Services Committee
C. Tables DoD Comptroller
D. Book Janes
E. Pamphlet Navy Comptroller
F. Book Navy Aviation History Office
G. Book Janes
H. Report GSA
J. Slide s Navy Data Systems Command
K. Report Sec Navy
L. Memo For Navy Program Planning Office
I I .  Charts BuPers
N. Report Aónlra l King
P. Book U.S. Warships WW I I
Q. Report Naval Avn Log Summary
R. Book Naval Avn History Office
S. Tables DoD Comptrol l er
1. Jou rnal Intl Defense Review
U. Tables DoD Comptrol l er
V. Book Morrison
W. Paper Tim Kane - Morrison
X See Q
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STRATEGIC SUBMAR INES

(A) (C) (D) (E) (G) *

Ship NB SS
SSG
SSGN
SSBN SSBN SSBN

Year

43

50
1
1
2
2
S

2
2
2
4

60 7 2 2 2
10 5 5
14 9 9
17 12 12
23 21 21 21

65 30 29 29
37 37 37 37
41 41 41 41 41
41 41 41 41 41 41
41 41 41 41 41 41

70 41 41 41 41 41
41 41 41 41 41

41 41 41 41
41 41 41 41

• 41 41 41
41 41 41 41
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COMPUTERS
(H) ( J )

Camp. SYSTEMS UNITS CPU ’ S COMPUTERS
GNL SPEC (TOTAL ) OWNED LEASED CONTR 3D TOTAL 20
MGI iLL GEN GEN

Year
43

45

50

55

54 70 70 70
60 67 91 91 91

87 138 120 120
90 178 189 189
123 236 236 236

- 134 278 279 279
65 119 324 357 357

203 259 180 (439) 23 436 (413)
567 77 413 231 (644) 61 644 (583)
659 104 499 244 20 ( 763) 88 763 (675 )
665 158 529 271 23 (823) 174 880 (706)

70 611 317 582 293 19 (894 ) 218 912 (694 )
527 394 779 222 20 (1021) 225 1021 (796)
535 507 930 207 (1137 ) 226 1041 (815)
519 510 934 206 (1140) 231 1048 (817)
486 595 1040 196 (1236) 242 1063 (821)

75 487 623 1115 189 (1304) 254 1123 (869)
475 654 433 173 (1336) 270 1147 (877)

77

-

-
.7— - - -

” ~~~~~~~~~~~~~~~~~~~~ 
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PERSONNEL REQUIREMENTS BY SKILL LEVEL

TOTAL
PERS ESTD PERS RQMT RQMT SHOR T
ON A S %  • - 

IN RQM1’
YEAR SEMI SKILL HIGH BOARD SEMI SKLD HIGH TOTAL OF ACTUAL COUNT

43 51 26 23 1508 769 392 347 1508
4 2600 1357 683 606 2646 +1 3/4%
45 50 26 24 2988 1494 777 717 2988
6 50 25 25 835 418 209 209 836
7 49 26 25 425 208 111 106 425
8 50 25 25 358 179 90 90 359
9 50 24 26 411 206 99 107 412
50 49 24 27 331 162 79 89 330
1 49 23 28 662 324 152 185 661
2 736 354 141 226 722 —1 9/10
3 47 23 30 706 332 162 212 706
4 46 23 31 642 295 148 199 642
55 45 23 32 580 261 133 186 580
6 44 22 34 592 261 130 201 592
7 598 257 135 202 593 —5/6
8 42 22 36 564 237 124 203 564
9 41 22 37 552 226 121 204 551
60 40 22 38 544 218 120 207 545
1 39 23 38 552 215 127 210 552
2 584 220 135 222 577 -2
3 36 24 40 585 211 140 234 585
4 35 24 41 587 206 141 241 588

65 34 25 41 659 224 165 270 659
6 33 26 - 41 664 219 173 272 664
7 674 216 178 271 664 -1 1/2
8 32 26 42 684 219 178 287 684
9 31 27 42 606 188 164 255 607

70 30 28 42 542 163 152 233 548
1 29 28 43 511 148 143 220 511
2 490 147 138 220 505 +3 1/20
3 29 28 43 475 138 133 204 475
4 29 28 43 457 133 128 197 458

75 29 28 43 *459 133 129 197 459
6 29 27 44 460 133 124 202 459
7 461 130 113 213 456 —1 1/10

-
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I
NAVY PERSONNEL

(F) (M)
- 

REQUIRED

UN SEMI HIGHLY ACTIVE
YEAR RATED SK ILLED SKILLED SKILLED (TOTAL) DUTY
43 1508

1.154 203 683 606-- - 2646 ‘ 2600
45 

- 2988 - -

835
425
358
411

50 331
662

312 42 141 226 722 736
706
642

55 580
592

257 135 202 593 598
564
552

60 544
552

220 135 222 577 584
5851 587

65 659
664

171 45 178 271 664 674
684
606

70 542
511

147 138 220 505 490
475
457

75
460

77 105 25 113 213 456
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