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PREFACE

I This Final Report Constitutes deliverable A002 under

ONR Contract N00014—77—C—0410. The contract involves a

s tudy to develop a man power r e q u i r e m e n t s  model f o r  the

Naval Material Command , specifically in the area of manage-

men t and support of acquisition programs. This report

describes the overall development of that model and its basic

structures. The quantitative estimating relationships which

were f i n a l l y  d eveloped a r e  documen ted; an d the i r  use in

making manpower projections is discussed.
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EXECUTIVE SUMMARY

The pr imary objective of this study effort was to

establish the quan titative rela tionship between the man powe r

r e q u i r e d to sup por t acqu i s i tion pro jec ts an d the basic

cha r a c te r i s tics of the aqu i s i tion pro jec ts which  that

manpower supports.

This repor t first summarizes the underlying process of

weapon system acquisition and then presents a conceptual

model representing the key aspects of this process for the

purpose of projecting manpower requirements. Br iefly , these

aspec ts a re  t im e phas in g , or ga n i z a tional  par t icipa tion ,

func tional tasking , and projected characteristics. The

conceptual model is presen ted in terms of an increasingly

detailed structure for categorizing manpower , with a par—

ticular level of the struc ture inden ti f ied as the poin t where

estimating relationships are developed . The estimating

relationships represent the quantitative relation between

individual project characteristics and the manpower required

to mana ge, develop, design , test , procure , and supervise the

construct ion of new weapons systems .

The estimating relationships have been derived from

analysis of manpower data that were collected via a survey.

iv r 
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How the estimating relationships can be used to make projec—

I tions of manpower requirements is discussed . Related data

i requirements and model outputs are also specified .
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Chapter I

INTRODUCTI ON

The Naval Ma ter ia l  Command (NMC) has the responsibility

for mana g ing the acquisi tion of all ships , a i rc raf t, mis—

su es, and other hardware systems for the Depar tmen t of the

Navy . To meet this responsibility , NMC needs to understand

the manpower implication of this acquisition program . In

par ticular , it must estimate future manpower , both civilian

and m i l i t a r y ,  necessary to manage these acquisition projects.

The es t ima tes mus t be base d upon c u r r e n t an d an t icipa ted

work load  as d ete rmined  by sche dule d shi p , a i r c r a f t, and

I missile acquistion programs . To centralize and integrate the

estima ting process, the Chief of the NMC requested that a

topdown model be developed for NMC use during the planning

I and programming process. MATHTECH , a Division of Ma the—

ma tica , Inc., was selected to develop this model. The model

I which resul ted from tha t e f fo r t is described in this repor t

I in terms of its s t ruc tu r e , use , and limitations. Detailed

operat ing ins t ruc t ions  are contained in a separa te MATHTECH

I report (NAVMAT 7 192—TR—3 )

I 1/ A programme r ’s guide is also available. Due to its
size and limited audience (useful only to people
changing the model’s structure) it is not availableI for general distribution.

I
I 
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A. BACKGROUND

The Naval Ma terial  Command (NMC) consis ts of the Com-

mander (the Chief of Naval Material) , Hea dq u a r ters  Nava l

Material Command (NAVMAT) , severa l  separa tely or ga n i z e d

Project Management Offices , f ive  subor d ina te systems comman ds

(SYSCOM ’s) and the Navy Research and Development (R&D)

Cen ters. Major suborganizations include system command

headquar ters , system command field activities such as test

ran ges, Nav al a i r  r ewor k f a c i l i ties (NA RF ’ sI, and N a v a l

shi py a r d s , each wi th thous an ds of c i v i l i a n  and m il i ta r y

personnel. These organizations perform a variety of func-

tions including research and development , testing , pro-

duction , main tenance , and supply . Procur emen t of abou t ten

b i l l i on  do l l a r s  to commer c ial con trac tors  is su pe rv i sed

annually.

Wi th in  the system commands , project managers are as—

signed responsi bility for  the developmen t and acqu isit ion of

specific systems and equipment. Project managers also exist

at the NAVMAT Headquarters level for such systems as Stra-

tegic Systems (PM—i) , Tr ident (PM—2) , Join t Cru i se  Missile

Project (PM—3) , and Anti—submarine Warfare Systems (PM—4) .

The NM C R& D Cen ters  p e r f o r m  rese arch , d evelopm en t,

technical assistance , systems design and integra t ion , and

-2-
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I
technical evalua tion and managemen t in suppor t of project

I managers and the systems commands. The NMC R&D Centers

include:

1 0 Naval Air  Developmen t Cen ter

I o Navy P~ rsonnel R&D Center

o David W. Taylor Naval Ship R&D Center

I o Naval Weapons Cen ter

o Naval Ocean Systems Cen ter
I

o Naval Underwater Systems Center

- o Naval Su r f a c e  Weapons Cen ter

o Naval Coastal Systems Labora tor y

• B. SCOPE OF PROJECT

The model developed by MATHTECH provides the NMC with a

quan t ita t ive means  f o r  un der stan d in g an d ex p l a i n i n g the

manpowe r requ iremen ts of the acquis i t ion func tions of the

- NMC . The model gi-’es the NMC a management—oriented model to

d ete r m ine the man power  re qu i r e m en ts f o r  mana g ing sh ip,

aircraft , and missile acquisition programs. The model
- 

incor pora tes a me thodology for  mak ing systema tic man power

- -  
pro ject ions wi th a comp re hen sive data base and responsive

- 
software. It was designed to aid decision making at the

hi ghest levels of the Naval Ma ter ia l  Comman d , speci fically

for use in the prog ramming and budgeting process.

-- The model gives NMC a mana gement capability tha t other

models and data systems do not provide. The SHORESTAMPS

—3—
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program is designed to provide each line manager at m di—

vidual work centers with an exact, detailed estimate of the

people needed to meet his tasking . On the other hand , the

Navy Resource Model (NARM) provides estimates at an aggregate

level of the monies needed in the O&MN and MPN appropriations

to run the Navy . The NARM has proven to be invaluable in

prov iding an aggregate structure and format for the program-

m ing process , and has demons tra ted the g rea t impor tance of

the role that top—down models can play in the resource

allocation process. However, the NARM has no capability to

estimate civilian manning requirements , and therefore a

separate but compatible model needed to be developed)’

The model developed for NMC has a “top—down ” struc-

ture which begins by computing manpower requirements for the

project manager ’s staff and then , following the imposition of

the workload , traces the manning requirements down to the

functional support activities and then to the field activi-

ties. Thus the structure of the model reflects the process

and or gan iza tionl struc tures tha t NMC u ses to procure ships,

m iss iles , and aircraft. The model has no more detail than

is necessar y for top—level NMC managers to justify their

programming and budgeting requests.

1/ Key members of the con tra ctor team tha t developed the
NAVMAT Manpower Requirements Model were also instrumental in
developing the NARM .

—4—
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I
C. OVERVIEW OF THE MODEL

I The basic objective of the NMC Manpower Requirements

Model is to project the manpower required to manage ship,

I a i rc ra f t, and aviation missile acquisition projects. Other

I acqu i s i t ion p ro jec ts, and lo g is tics an d G&A manpower  a re

carried as throughput values in the data base. Thus, the

model’ s data base prov ides an overall , topdown pic ture of

all NMC manpower.

For pur poses of the model , the people in the NMC are

d ivi ded in to ma jor ca tegor ies accor d ing to the three func-

tions that they perform .

o Acquis i t ion

o Logistics

o Gener al an d Adm i n i s tra t ive (i nc lu d ing Corpora te
Management)

A c q u i s i t i o n  m a n p o w e r  i n c l u d e s  a l l  manpower  r e q u i r e d

for  managing the development and completion of acquisi t ion

p r o j e c t s .  A c q u i s i t i o n  beg ins  w i t h  the  c o n c e p t u a l  phase

(usua l ly  when a p ro jec t  manager  is named) and continues un t i l

- the system is no longer being produced or modi f ied  in pro-

duc t ion .  Logistics manpower includes that manpower asso—

ciated with fleet support and include the supply of opera—

tional systems with spares and other maintenance—related

articles or services. The General and Admisistrative cate—

I gory includes the headquarters manpower needed by NMC which

I —5—
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is independent of the pa r t i cu la r  systems being acquired or

operated at any g iven time . This manpower supports all NMC

programs including Acquistic...n and Logist ics .  It includes the

Commander , Vice—Commander , their immed iate s t a f f s , special

sta f f s , the Comp tr o l l e r  or ga n i z a t ion , an d the pe r sonne l

management organization at NAVMAT Headquarters and at the

headquarters of each Systems Command .

Acquis i t ion manpower  was the ca tegory  o f in ter est

for our modell ing pur poses and has two par ts:

o Direc t acquisi tion manpower

o Indirect acquisiton manpower.

Di rec t acqu i s t ion man power is tha t manpower  re qu i r e d to

mana ge the acquis i tion of new weapon systems whic h can be

d irectly iden ti f i ed wi th a new a i rc ra f t, ship or ind ivi dual

weapon system. Indirect manpower is the general technical ,

adminis tra tive , and supervisory e f f o r t whic h is necessary to

su ppor t the d i r ec t acqu i s t ion e f f o r t bu t wh ich canno t be

attributed directly to any ind ividual weapon system .

The model incor pora tes in a formal , quan titative way the

relationships between direct acquisition manpower and the

basic charac teristics of the accquisi tion projects which the

manpower supports. To make these relationships conceptually

more sound , direct manpower was subdivided by function, and a

separate estimating relationship developed for each function.

—6—
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Thus a key aspect of the model is the concept of functional

I categories. The fo l lowing  func t iona l  categories are used in

I 
the NMC model :

o Weapon systems support

I o Technical engineering support

o Integrated logistics support

I o Test and evaluation suport

I 
o Procuremen t suppor t

o Product ion support.

I Func t ional ca tegor i e s  are  g roup in g s of acquis i t ion

I man power which support acquisition projects based on the

general k ind of func tions performed du r i n g the acquisition

I process. The functions are defined in broad terms and are

intended to distinguish major differences among professional

I or management skills and disciplines. The categories were

- defined independently of organizational structure; but

because the systems command s are structured in somewhat of a

I func t ional way,  there is a high correspondence between some

functional categories and entire organizational units. Other

I u n i ts , however , have manpower that is distributed across

several categories.I
The reasons  f o r  c r e a t i n g  f u n c t i o n a l  c a t ego r i e s  a re

I important  to understand . It was clear that better estimating

relationships could be developed by categorizing acquisition

I -7-
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manpower by a functional basis because the categories , by

de f i n i t ion , are homogeneous wi th respect to basic tasks

performed and hence with respect to measurements of workload .

Fur thermore , the requiremen ts for manpowe r in the various

f u n c t ional  ca tegor i e s  a re  a f f e c ted by d i f f e r in g  pro jec t

characteristics. One set of characteristics drives the

manpower  in a ca tegory  such as tec hnica l  en g i n e e r i ng and

another set of charac te r i s t i c s  (of the same projec t )  dr ives

the manpower  in procurement (contract administration) .

Addi t iona l ly,  the manpower r equ i rements  in each of the func-

tional categories exhi b ited d if feren t t ime phasing over the

entire acquisition cycle. For example , the manpower required

for in tegra ted logistics suppor t plannin g pea ks in the earl y

phases of the acquisition cycle.

The manpower in each func tional ca tegory is estimated in

total (mil i ta ry ,  c iv i l ian , con trac tor ), regar d less of or gani-

za tional source such as headquar ter ’s func tional codes , f ie ld

ac t i v i ties , or R&D centers. The inclusion of contractor

suppor t manpower is necessary because c iv i li an  and mil i tary

manpower levels alone have h istorically been inadequa te to

handle the acquisition work].aod.

A Manpower Estima ting Rela tionship (MER) was developed

to estima te the manpower required in each func tional category

for each major kind of hardware system . The MER ’s relate the

—8— 
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charac ter i s t ics  of acquistion projects to the total direct

acquisition manpower required in each functional category.

The MER ’ s are in the form of regression equations and are

used to project manyears requirements for new projects and

for  ex is t ing  projects  that have new or changed character-

istics. This procedure assumes that  the project  character-

istics are implicit measures of workload . The only practical

approach for  a macro , long—range  p lanning model of th i s  type

is to use summary level charac te r i s t i c s  that  correlate highly

wi th manpower  an d tha t can be expec ted to be reasonably

highly correlated with detailed underlying measures of actual

workload.

The model provides estimates for major acquisition pro-

jects. For the Naval Air Systems Command (NAVAIR), PMA ’s and

APC ’s ar e de f i n e d as ma jor a c q u i s i t i o n  p ro jects; f o r  the

Naval Sea Systems Command (NAVSEA) , PMS ’s are included that

procure ships (but not other weapons systems). The model

does not estimate manpower for projects that are not procur-

ing new weapon systems. Examples of such projects are PMA—

270 NALCOMIS and PMS—306 Ship Support Improvement Project.

Fur thermore , the model does not have estimating relationships

for activities providing continuing development of component

equipment such as ground support equipment for aircraft or

sonar for ships. The model assumes that these activities

—9—
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wil l  have the same manning as last year .  There is , however,

a provision for  the model ’ s user to inser t  h is  own values.

The model has the capabi l i ty  of d isplaying its manpower

estimates not only by project  and by func tional ca tegory bu t

also by o rgan iza t ion . This o rgan iza t iona l  breakdown is based

on the observed d i s t r i b u t i o n  in a base yea r , at present

FY 1971 . The model  does not o p t i m i z e  the  d i s t r i b u t i o n  of

manpower between in—house and contractor  sources; nor does it

employ any other programmed decision logic to a rc ive  at the

displayed breakdown . Our manpower pro jections include only

those manyears  of e f f o r t  required to plan for , manage , and

execute major  NMC acquisition programs . The manyears expen-

ded by hardware con trac tors in bu i ld in g and deploy ing the

finished product are not calculated nor projected .

In sum , the scope of the mo del involves  the basic

project ion of d irec t and ind irec t acquisi tion manpower by

f u n c t i o n a l  ca tegory  an d the th r o u g h p u t of logis t ics and

headquar ter s’ G&A manpower. For new projects these estimates

are initially provided by the MER’s. The model utilizes a

notional manning curve showing the expected distribution of

manpower in relative terms over the life—cycle of a project

to project the MER estimates for each phase of the entire

acquisition cycle and for each fiscal year.

— 10—
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I
Chapter II

I STRUCTURE OF MODEL

I The structure of the NMC Manpower Requirements Model

is based upon the acquisition process that NMC uses. To

unders tand the structure of the model it is necessary to

understand this acquisition process. Thus , this chapter

I beg ins with a d iscussion and descrip tion of the acqusition

process ; it then goes on to describe the model struc ture that

has been created to represent this process.

A. ACQUISITION PROCESS

The acquisition of aircraft , missiles , and ships within

NMC is a complex process wi th several ma jor phases separated

by distinct milestones. The acquisition process is defined

by DoD Directive 5000.1 dated 18 January 1977. It prescribes

m i l e s tones an d r e v i e w proce du r e s  fo r  use by the Defense

Sys tem Ac q u i s i t ion Review C o u n c i l  (DSARC) , the ac t iv i ty

wi thin the Office of the Secretary of Defense which monitors

weapon system acquisition . The major phases in the life—

cycle of a weapon sys tem and the corresponding DSARC

milestones are :  -

Phase In i t i a t i ng  Milestone

I Concept—Formulation/Prog ram Initiation DSARC 0

Syst~m Validation/Demonstration DSARC I

I Full—Scale Engineering Development DSARC II

I -11-

I 
— - V .  

-V  ~~~~~ V -- - - -~~~ VV -~~~~~~~~~~~~~~ ----- -V - -  - - —~~~- -- ~~~ _ _



_ ____  -~~~~

Phase I n i t i a t i n g  Milestone

Production DSARC I I I

Operation (Not included
in Direc t ive  5000.1)

Although the operation phase is not formally  par t of the

acquisition process , it must be included due to the signifi-

cant amoun t of new acquis i t ion e f f o r t for a i r c ra f t projects

which is accomplished during the operation phase of the basic

system . NAVAIR project offices (PMA’s) are main tained wh ile

major modifications are performed on the system .

Many acquisition pro jects c u r r e n tly being mana ged wi th in

NMC had their  o r i g in pr ior to the star t of the cu r r en t DSARC

milestone process (approximately 1969) . The start and end

dates of acquisition phases for these projects were developed

by utilizing the definitions given below of the type of

effor t accomplished within each phase.

1. Concept Formulation

Du r i n g the e a r l y  stages of concep t f o r m u l a t ion , a

new o p e r a t i o n a l  capa b i l i ty is defined. The particular

o u t p u t s  of t h i s  phase  i n c l u d e  a M i s s i o n  E l e m e n t  Needs

Statement (MENS) , and Op e r a t i o n a l  Re q u i r e m e n t (OR ) ,

and a Decision Coordinating Pape r (DCP). For projects

s t a r t i n g  b e f o r e  DoD D i r e c t i v e  5000 .1  was issued , it  is

difficult to pinpoint the exact start of this phase.

—12—
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I
For purposes of the NAVMAT Manpower Requi remen ts Model ,

I we de f i n ed the star t to be when a prog ram manager or project

coor d ina tor was named , or when the MENS was approved . The

I phase is defined to end with the DSARC I approval.

I Th e resources r equ i r e d du r i n g this  phase involve heavy

‘ 
su ppor t f rom hea dq u a r te r s  or g a n i z a t ions (wh ich may  d r a w

on the CNM R&D Centers). Very little support , i f any ,

is provided from the field activities during this phase.

1 2. Valiáation and Demonstration

This phase begins at DSARC I approval and concludes

I at DSARC II approval. Outputs include art updated Decision

Coordinating Paper (DCP), a prel im i n a r y  Tes t and Evalua tion

I Master Plan (TEMP), and a formal program plan including a

• complete budget by appropriation category. Work in this

phase begins with the formulation of a valid plan for sat—
- 

isfying the operational requirements (OR) and selection of

the alternative solutions to be analyzed prior to full—scale

development. This phase involves analysis and trade—offs of

system per formanc e, r equ i remen ts, cos t, governmen t fu rn i shed

equipment (GFE) versus contractor furnished equipment (CFE)

log is t ics , and testing . Typically two or more contractors

are selected a t ESARC I an d these con trac tor s proceed wi th

- actual tests involving advanced development models.

—13—
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3. Full—Scale Engineer ing Development

During this phase of development a system is designed

which satisfies the program requirement and program plan.

Within this phase , detailed analyses of the operational

environmen t are per forme d; the fo rma l  Test an d Eva lua tion

Master Plan (TEMP) is completed , the test and evaluations of

al terna tive designs are pe r f o r m e d , and a detailed design ,

includ ing specifica tions for the selected system , is devel-

oped . Additional testing , beyond that accomplished during

Va l i da t ion an d Demons tra t ion , is performed on full—scale

articles and engineering development models in order to

better predict the reliability , quality , operational defi-

ciencies, and logistics requirements. This phase begins with

approval at DSARC II and concludes with DSARC III approval.

The principal outputs of this phase include production

specifications (manufacturing data design package) , an update

Decision Coordinating Paper (DCP) , and prototype units

similar to those to be ultimately produced .

The r e s o u r c e s  re qu i r e d in  thi s phase  i n c l u de n e a r l y

every func tional code within the respective systems command .

The AIR /SEA— 03 involvement is not as great because they

principally handle RDT&E funds only up through 6.3 funding .

There is also heavy involv emen t by the R&D and eng ineer in g

cen ters , par ticularly those involved in design and testing .

—14—
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I
4.  Pro duc t ion

I Th is f i n a l  acqu isi tion phase involves the ac tual manu-

fac tu r e  and de l i v e r y  of completed systems , subsystems , and

I components to the ultimate user. While this phase normally

I includes only production (manufacturing ) according to the

specifications outlined in the manufacturing data package ,

I many engineering changes are often proposed . Trade—offs in

schedules , productions rates , or othe r manufac tu r i n g chan ges

I are often made , some resulting in model changes. A specific

I production contract is usually negotiated on an annual basis

with possible options for one or more additional years. This

I phase begins at formal DSARC III approval and ends with the

wavy acceptance of the final unit. The major outputs are

I aircraft , missile , or ships and documents providing operating

and support information.

I 
5. Operation

The operations phase is characterized by the utilization

I of the shi p , a i rc r aft or m iss iles to ca r r y ou t the missions

of the operating commands. It involves the sustained , inte—

I grated logistics support capability such as rework , repair ,

or modifications of the various systems or subsystems . The

I opera t ions phase usual l y beg ins when the un it or ar ticle is

I de l ivered and ends when that par t icu lar  uni t is d isposed of

or removed from the inventory. Acquisition—related functions

I often occur during this phase for aircraft. Some functions

are :
—15—
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o Follow—on operational testing

o Desig n of modifications and analysis of problems

requiring new engineering developments

o Procurement of modified components.

B. GENERAL STRUCTURE

The pr imary objective of the modelling effort was to

establish the relationship between acquisition manpower and

basic characteristics of the acquisition projects which that

man power supports. To place acquisition manpower in the

proper context and to provide a comprehensive accounting of

total NMC manpower , the following structural relationship was

adopted.

Total NMC Acquisition Logistics Headquarters
= + +

Manpower Manpower Manpower G&A Manpower

This equation applies to the entire NMC , including all

its field activities and laboratories. Excluded from the

model is Navy manpower that is outside of the Naval Material

Command . This refers to such major Navy commands as Chief

of Naval Education and Training (CNET) , Bureau of Naval

Personnel (SUPER) , and Operational Fest and Evaluation Force

(OPTEVFOR). Although the workload , and hence manpower in

these comman ds , is affected by the NMC acquisition program ,

thei r  man powe r resource s ar e no t un der the con tro l of Ch ief

of Naval Material.

—16— 
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I

The three terms on the right—hand side of the above

I equa t ion ar e de f i n e d below.

(1) Acquisition Manpower. Acquisition denotes the

I aggregation of efforts to develop and produce a major

I 

weapons system or ship  for  use by opera t ing  forces .  It

excludes all operational activities associated with the

I mission application of the newly acquired weapon system.

The process is formally defined by DOD Directive 5000.1

I of 18 January 1977.

I (2) Logistics Manpower. This major category is com-

posed of those programs , resources , and associated

organizational elements involved in supporting the fleet

and other combat and support forces. This includes tasks

I of supplying and maintaining the operational forces.

(3) Head quarters G&A (general and
administrative ) Manpower.

This term includes those functions and resources

associated with manag ing , administering , and providing

I services in support of all NMC programs , both acqui-

sition and logistics programs . The particular head—

1 quarters elements that are included in this category

were determined according to NMC implementation of

I stratification.

I Each category of manpower is composed of the following

three labor types:

I —17—
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(1) Military Manpower. Manyears of active duty Navy

military personnel , includin g both enlisted and

officer personnel. This manpower is funded by the

MPN appropriation.

(2) Civilian Manpower. Manyears of General Schedule

graded personnel who fill positions within the Naval

Material Command and who are within activities under

NMC command .

(3) Contractor Manpower. Many ears of professional

and administrative services of private firms or com-

panies that support NMC acquisition programs either

directly or indirectly. Such services include perfor-

mance of studies and analyses , writing of technical

reports , preparation of working designs and contract

specifications , etc. Manyears devoted to actually

building the ship, aircraft and missiles is specifically

excluded .

Acquisition manpower is the major category of interest

for our modelling purposes , and is represented as:

Total Direct Direct Indirect
Acquisition = (specific) + (common) + Acquisition
Manpowe r Manpower Manpower Manpower

Each of the terms on the right side may be split on the

basis of being variable (or not) with respect to measurem ents

of acquisition workload . Direct (specific) includes both the

—18—
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I
project managers that are being modelled and project managers

I that are being throughput , as well as all other functional

I 
and field activity manpower that can be attributed to each

- particular project. The project managers that are modelled

I have a portion of their manpower that is fixed . The terms

direct (specific), direct (common) , and indirect manpower are

1 defined below .

(1) Direct (specific) Manpower. This is the effort

I that is required to conceptualize , an a l y z e , design ,

I develop, test , produce , and deliver major new weapon

systems and that can be directl y identified with a

I specific weapon system.

(2) Direct (common) Manpower .  This is the e f f o r t

I that is required to conceptualize , analyze , design ,

I develop , test , produce , and deliver major new systems

and that can be directly identified with several (but

I not all) weapon systems .

(3) Indirect Manpower. This is that general technical ,

I administrative , and supervisory effort which is neces-

sary to support the direct acquisition effort.

Clerical and administrative effot t may exist in each

of the above categories. The extent to which such effort

I can be attributed to particular acquisition programs deter-

mines its categorization. Thus , for example , clerical and

I
—19— 
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adm i n i s tra tive e f f o r t ex pen ded imme di a tely w ith i n  a pa r-

ticular project is considered direct (specific)

Both direct and indirect categories of acquisition

manpower are further divided into functional categories. The

di re ct manpower , i.e., the direct (specific) and the direct

(common) , are broken into functional categories at the in-

dividual weapon system level . Indirect acquisition manpower

by definition cannot be identified to any particular new ship

cl ass , an d thus , is broken out by the functional categories at

an aggregate level. The functional categories are explained

below .

Functional Categories. These are grouping s of acqui-

sition manpower that support acquisition projects and are

based on the general kind of function performed during the

acquisition process. The functions are intended to distin-

guish major diffe :ences among professional or management

disciplines utilized during the acquisition process.

The following functional categories were defined for

modelling manpower that supports acquisition projects:

(1) Weapons Systems Support
(2) Technical Engineering Support
(3) Integrated Logistics Management
(4) Test and Evaluation Support
(5) Procurement Support
(6) Production Support.

—20—
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These categories  apply to all acqu i s i t i on—re la t ed  manpower

I ( i . e . ,  both d i r ec t  and indirect) , except for manyears ex—

plic ity iden t i f ied  to be in the acquisi tion pro ject off ices

I themselves. The project manag ement offices form their own

spec ia l  manpower  ca te g o r y ;  th us the s ix  ca tegor i e s  above

inclu de man power suppor t ing the acquisi t ion process at NAVA IR

I and NAVSEA functional codes (i.e., the func t ional ma tr i x ,

NAVAIR and NAVSEA field activities , R&D Centers , other Navy

I activities and contractor support).

I Each functional category is described in turn below.

(1) Weapons Systems Support. This category i nc lu de s

I those pe r sonne l  who per form f in anci al mana gemen t to

support the budget as well as other tasks relating to

planning and programming . These tasks can directly

I support particular project managers or can support the

acquisition effort in general. This category also

I includes those personnel ou tside of the pro ject o f f i c e

i who are responsible for overall project administration

and progress reporting . Also included are personnel who

I conduct risk analyses and cost studies.

(2) Technical Engineering Support. This is a broad

I ca tegory tha t includes personnel havin g a common skill

d e n o m i n a tor of en g ineer ing ex per t ise an d techn i ca l
I management. More specifically, it includes those per—

I sonnel who either manage, directly lay ou t or evalua te

I —2 1—
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system designs and specifications. Such materials

include mana gement and technical plans for subsystem

integration and installation . The category also in-

clu des personnel who formu late technical  requiremen ts

and monitor the technical performance of manufacturers.

Additionally, it in cludes those personnel who con duc t

threa t analyses an d who in ter p re t suc h an alyses wi th

respect to technical system performance requirements.

(3) Integrated Logistics Management. This category in-

cludes those personne l who plan for and in teg ra te in to

the system design considerations of log istics support.

Th is inc ludes pl a n n i n g and eva lua t ion of both ma in te-

nance and supply concepts as well as policies regarding

personnel manning and training . Also included are

personnel who prepare plans and procedures that support

the actual introduction of the new system into the

fleet.

(4) Test and Evaluation Support. This category in-

clu des those personnel who plan for , m o n i tor , and

execu te the tes t ing and eva lua t ion of each new weapon

system . The actual testing and evaluation is conducted

to determine system or subsystem performance , main tain-

ability , reliability, etc. with respect to design

specifications and required mission criteria. Depending

on the acquisi tion phase , T&E can involve the ex tensive

—2 2—



laboratory testing of trial components , ac tual f l ight or

r a n ge tes ts of com p le te ope ra t iona l  p ro toty pes , or

quality control testing of production items .

(5) Procurement Support. This category includes effort

directly related to the execution of a contracting

strategy f o r  the acqu isi t ion of wea pons systems an d

services. It includes functions such as contract

preparation and negotiations; contract modifications ;

legal monitoring of contract performance ; and claims

analysis and settlement.

(6) Production Support. This category includes those

pe r s o n n e l  wh o p l a n  for an d mon i tor th e ac tual  manu-

facture of new weapon systems . This includes such

production management tasks as scheduling , adherence to

design specifications and quality control procedures ,

coordination of subsystem integration , standar d iza tion

of components and parts , appraisal of facilities and

industrial management capabilities of manufacturers.

The category also includes those personnel who are

specifically responsible for planning , moni tor in g , and

controlling the use of Government Furnished Equipment in

j new ships or weapon systems.

Rationale  for  Func tional Ca tegor ies

The primar y objective of the modelling effort was

to establish the relationship between direct acquisition

-23-
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manpower and basic charac ter i s tics of the acqu isit ion pro-

jects which that manpower supports. It was assumed for both T
the ship and aircraft models that development of these

relationships would be conceptually more sound if the direct

manpower were sub—divided by function and a separate esti-

mating relationship developed for each function . The

rationale for this approach was based on two preliminary

observa tions :

(1) Different characteristics affected the requirements

for manpower in the different functional categories.

That is, one set of charac ter i s tics d r ives  the manpower

in a ca tego r y  such  as , technical engineering ; and a

different set of characteristics (of the same project)

drives the manpowe r in procurement.

(2) The manpower requirements in each of the functional

categories exhibit different time phasing over the

entire acquisition cycle. For example, man power requir-

ed in connection with ILS planning and production

mana gemen t occurs in an d peaks towar ds the latter phases

of the cycle; technical engineering and weapons system

support peak (or at least are relatively higher) in the

early phases.

To pu t al l acqu isi t ion m a n p o w e r  in to one ca tego r y ,

wi thou t any d ist inc tion by func tion , would fail to represent

— 24— 
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I
these basic aspects of manpower requirements. The model

I would not be able to track these categories separately; it

would be based on the tenuous assumption that the relative

significance and distribution of manpowe r among functions and

I 
over time remains constant. Also , the less s i g n i f i c a nt types

of manpower in terms of inanyears , but yet of high interest

U in terms of special professional disciplines or critical

con tribution to the acquisition process, woul d be dr iven

in the aggregate by the characteristics of the dominant

I 
functions. This would be too aggregate for NAVMAT or the

SYSCOM ’s to accept.

I Furthermore , the app ro ach woul d lea d to s e r i o u s l y

‘ 
imprecise projections for manpower requirements given the

fact that there has been great variability in the nature of

curr ent and historic acquisition prog rams. There is every

likelihood to expect that future programs will have as much

I variability in the way they are managed and in their mix and

I 
phasing of manpower requirements. The model had to be

structured in a way that would enable capturing the most

I important of these potential shifts , while  at the same time

being ind ependent of purely policy—determined aspects such as

I organizational structures .

I C. MANPOWER ESTIMATING RELATIONSHIPS (MER’ s)

A Manpowe r Estimating Relationship (MER) was developed

I for each functional category of direct acquisition manpower ,

I -25-
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tIER’s 1 through 6. A separate tIER was developed to estimate

the manpower in project offices , tIER—U . That MER was devel—

oped from analysis of the currently existing NAVSEA and

NAVAIR project offices. MER— 0 explicity takes into account

the number and different nature of new weapon systems that are

managed by each project office.

Three sets of MER ’s were developed , one each for

a i r c r a f t p ro jects, ship projects , and missile projects. Each

se t has seven equa t ions in i t, covering MER ’s 0—6. The

equations account for the difference in ship and aircraft

acquisition projects by hav ing different drivers in the air

equations than the ship equations and , of cours e, the values

of the coefficients differ .

The manpower in a functional category is estimated in

total , i.e., m i l i tar y , c ivi l ian , contractor ; regardless of

organizational sources. Because the manpower in any given

func t ional category typically came from several organization—

al sources , our est ima tes are no t easily compared to those

prcduced by ind ividual organizational entities within NAVSEA

or NAVA IR. To the extent that any of the functional cate-

gories  are composed of man power f rom  only one or gan izat iona l

componen t or ac t ivi ty ,  it was possi ble to incor pora te some
* of the fea tures of tha t act ivi ty ’s man power p l a n n i n g proce-

dures into our MER’ s. For example , SUPSHIP ’s manpower

—26—
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constitutes 90% of the functional category of production, and

because SUPSHIPS uses SCN progrezs payments as their current

man power pl annin g fac tor , then annual SCN expenditures for

each ship class appears to be a reasonable macro driver of

the manpowe r in that functional category.

The MER for each functional category relates the char-

acteristics of the acquisition project to the total manpower

required in the functional category. In this procedure the

project characteristics are assumed to be implicit measures

or indicators of workload ; the true underlying measures of

workload , such as number of people to be supervised , num ber

of memos or documents to be produced , num ber of b r i e f i n g s to

be prepared , number of tests to be performed , etc., are  mu ch

too detailed for a model like this to include. Furthermore ,

data on such workload measures were non—existent. The only

prac tical app ro ach for a macro ,  long—range planning model was

to use summary level characteristics that correlated with

true measures of workload . However , hi gh corre la tion between

ma nn ing and summary  p ro jec t charac ter i stics by i tself was not

sufficient for accepting those characteristics as causative

determinants of manpower. The correlative relationship had

to be evaluated with respect to criteria derived from an

understanding of what the true workload measures may be and

wha t the significant causative drivers of manpower are.

Th is is especially impor tan t in an environmen t tha t is so

-27-
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extensively affected by Navy management practices and policy

decisions , in addition to a broad set of externally imposed

cons tra in ts  and factors , i.e., from OPNAV , OSD, Congress ,

etc.

The follow ing characteristics were selected after con—

sultation with NAVAIR experts as being the primary deter-

minan ts of man power requiremen ts:

RDT&E Fund ing
To tal Fun d ing
DSARC Miles tones
Number of Con trac ts
Number of Models
Num ber of Foreign M i l itar y Sa les Coun tr ies
Num ber of Produc tion Sites
Num ber of Mod i f ica tions
Number of Non—USN Users
Num ber of Pro duc t ion Un its
Unit Cost
Joint Project tnfornatiott
Number and Cost of GFE Items
Number of Field Activities Involved .

For ship acquisition projects (PMS’ s) the following

charac teris tics were selected (aga in based upon consul tation

with NAVSEA) :

Num ber of FMS Users
Number of Ships to be Built
RDT&E Funding
Total Funding (SCN + RDP&E)

SCN Minus GFE , in mi l l ions  of doll ars
Dollar Value of Government—furnished Equipment
Num ber of Shi pyar ds
Experience of Shi pbui l der V

Num ber of Major Con trac tors
Num ber of Major Procuremen t Con trac ts . -
Ship Full Load D isplacemen t
Ship Length.

— 28—
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In addition to the above character is t ics, it was also

fe l t  that  a s ign i f i can t  amount of manyears were dr iven  by the

complexity of the system under development. For that  reason

a quali tative complexity ranking was collected for each

new ship class on a one— to—five scale (where one was defined

as very low and five very high) and on a one to eighteen

scale for aircraf t. The expanded scale was shown to be

necessary for statistically determining the difference

between aircraft projects.

D. NOTIONAL MANNING CURVES

A key aspect of the acquisition process and , hence , of

the model , is the var ia tion in man power requiremen ts wi th

respect to the acquisition schedule. Not only do the types

and levels of manpower change from phase to phase but also

they change within each given phase. This is pr imarily due

to the changing mix of management and technical tasks within

each phase , as well as to the length of some of the phases.

It was important to describe the time dependency of

manpower in quantitative terms to prov ide a means for the

model to make outyear projections. (The MER’S are designed

to estimate manyears of support at a moment in time.) The

— 
lack of complete and accurate historical data on manpower

suppor ting individual acquisition programs necessitated

a special approach to this part of the model’ s design.
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This approach involved conceptually defining notional man-

ning curves, an d then the collection of judgmen tally based

estimates to specify the curves quantitatively .

A no t ional  m a n n i n g c u r v e  shows m anpower  r e q u i r e d  to

support a project as a function of where the project is in

its acquisition cycle. The manpower is represented in

relative uits; that is, the manpower for some particular time

in terval is arbitrarily assigned a value of 100 and the

manpower for all other time intervals is expressed relative

to that reference. Those manpower values can be either less

than or greater than 100. The time dimension is expressed

in discrete intervals (or subphases) which are defined as

one—fif th of each respective acquisition phase. A hypothet—

ical notional curve is shown in Figure lI—i. In that figure

the fourth subphase of the overall full—scale development

phase has be taken as the reference interval (100) .

To obtain these notional manning curves , it was neces-

sary to obtain estimates on how manning is distributed over

the acquisition cycle by functional categories. These

estimates were sought from experts within NAVAIR and NAVSEA .

These individuals were senior civilian and military managers

with many years of experience in the acquisition process or

wi th command practices regarding manpower management. These

experts were asked to consider a typ ical a i r c ra f t or ship

—30—
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- acquisition program . They were asked to prov ide three types

I of information related to acquisition manpower requirements:

(1) The comparative amount of total manpower among

I en t ire phases,

I (2) The distribution of manpower across fun ctional

ca tegori es wi th in each phase,

I (3) The distribution of total manpower across years

within each phase.

I They were not asked to make absolute estimate of manpower

required , only relative estimates . The information collected

was used to calculate a general or standardized distribution

I of man power r equ i rem en ts over time for the man power in eac h

functional category.

The notional curves can be used with two othe r sets of

I data to make manpower projections. Those sets of data are

(1) absolute manyears (either actual manyears as reported in

I a survey or estimated manyears produced by a tIER), (2) an

I actual acquisition schedule stated in terms of the dates

(month and year) of the major DSARC milestones and of the end

I of production. Given such “calibrating data ,” the standard

notional curve can be used to prov ide manyear projections by

I phase and fiscal year for each functional category for each

new weapon system .

- I
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E. MANPOWER DATA BASE

The th i r d key componen t of the model , along with the

MER’s and no tional mann in g curves , is the Manpower Data Base.

The manpower data base is a manpower management information

system which allows users of the model to have immediate

access to manpower information on manyears of support by

projection by organization. There are three parts to this

manpower data base:

o Aqgregate Data

o Survey Data

o Model Projections.

The reader should understand that the first two items are not

estimates made by the model; they are information on manpower

developed by other systems and assembled here.

The first part of the manpowe r data base is called the

aggregate data base. This consists of onboard strengths by

UIC for all people assigned to the Naval Material Command .

This data base was assembled from existing MIS systems. For

civilians the PADS system was used , whic h is the man power

reporting system operated by the Office of Civilian Person-

nel (OCP) that covers all civilians in the Naval Material

Command . For information on the military personnel in the

Command data files supplied by BuPers were used . What the

aggregate data base provides is something that NMC did not

p r e v i o u s l y  h av e —— an in teg ra ted mana gemen t in forma ti on
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I
system accounting for both military and civilian manpower.

Repor ts from this data base show the d istr i bu tion of people

by organiza t ion an d by ma jor func t ion , log istics , acquisi tion

and G&A within the Naval Material Command . Immediate access

to this data base is provided via remote access terminals.

Cu r r e n t plans ca ll for  mon thly updating of the c ivi l ian data

base and quarterly updating of the military data.

The second part of the manpower data base is what we

cal l  the s u r v e y data base. This information is manyears

of support by major acquisition projects by organization.

Th is in forma tion on manyears  of suppor t covers all suppor t

given to projects. Thus, it includes not onl y pro ject of f i c e

man powe r wh ich is a small par t of total manpower suppor ting

pro jects bu t also manyears  of suppor t from NAVAI R and NAVSEA

Headquar ters  or gan i z a tions , NAVA IR and NAVSEA f iel d activi-

t ies , and Navy Laboratories. This support covers in—house

civ ilians , mil itar y and con trac tor suppor t prov ided to each

project. Thus it is a comprehensive accounting of total

su ppor t p r o v i ded to pro jec ts b roken  d own by o r g a n i z a t ion

(as designated by UIC). MATHTECH obtained this information

v .a a survey. The survey data base is a comprehensive

accoun ting of all acquisi tion man power by pro ject and or gani-

zation for FY77.

I

_  - -- 5 — -



F. COMPUTER MODEL

The analytical  tools described above (MER’ s , notional

manning curves and the manpower data base) are combined into

one integrated system by the computer model that has been

developed . The three  major  subsystems of the computer model ,

as shown in F igure  11—2 are :

o The Predictive Model

o The Data Preprocessor

0 The Report Generator .

As shown in Figure 11—2 the NMC Manpower Requirements

Model system cons i s t s  of th r e e  subsys tems  l i n k e d  by the

manpower data base containing all manpower related data.

The f i r s t  subsystem, the pred ictive model , is used to

estimate the manpower required to manage the acquisition of

a i r c r a f t , missi les , and ships . As previously  described , the

predict ive model uses the Manpower Es t imat ing  Relat ionships

(PIER ’s) to trans form independent var iables  descr ibing char-

acteristics of proposed or existing acquisition projects

(project characteristics) into manpower requirements in terms

of the six functional categories. These manyear estimated by

func t iona l  category are them apportioned over t ime using the

notional phasing relationships between manning levels and

development  phases .  In a d d i t i o n , e s t i m a t e s  w i t h i n  each

functional category may be allocated to ind ividual activities 
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(i.e., U IC ’ s) and labor types (i.e., civilian , mili tary, or

I con trac tor ) using his torical ly  based percen tage distr i bu-

tions , derived from the survey data base.

I
The predictive model is written in FORTRAN. The user

I convers es wi th the model and en ters p ro ject charac teristic

I 
data interactively. The predictive model then uses the

store d re g res sion c o e f f i c i e n ts , notional manning curves ,

I and data on project characteristics and DSARC schedule

(characteristic file) , and alloca tion percen tages necessary

J to alloca te projected m a n n i n g requiremen ts across U IC ’s and

labor types (allocation files)

The manpower data base (MDB) into which the predictive

I model w r i tes its est ima tes is crea ted and main ta ined using

the System 2000 Data Base Management System . The MDB con-

sists of the two separate data bases discussed earlier: the

aggregate data base containing aggregate end—strength data

for  al l persons un der NAVMAT cognizance and the survey data

I base containing manyear data by project. Within the aggre—

i gate data base , man power records created from PADS and BUPERS

data tapes con tain ei ther in forma tion allowing spl its in to

I Acquis i t ion , Log is tics , or G&A ca tegories , or recor ds allow-

ing grade and occupation code splits. Records within the

I survey data base include data to allocate projected manning

across UIC ’s and labor types.

I
I
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The agg regate and survey da ta contained in the MDB is

updated via the Update Processor. This subsystem , w r i tten in

FORTRAN, accepts civilian end—strength data from PADS, and

mili tary end—strength data from BUPERS on a periodic basis.

It aggregates this data , allocates it to acquisition , log is-

tics , and G&A categories , and en ters the resul ting da ta into

the data file. The Update Processor is also used to enter

new manyear data derived from acquisition project surveys.

The remaining subsystem allows the user to access and

d isplay the mannin g data in ways whic h sa t i s fy  his analysis

needs. There are two parts to this system : the immediate

access module and the report writer. The immediate access

module is a System 2000 feature which allows quick , direct

access to the data with somewhat limited formatting capa-

bilities. This module should be used to answer ad hoc

questions where elaborate formats are not required . The

repor t wri ter , also a System 2000 sof tware package , permi ts

more complex forma ts bu t requires  tha t the user spend more

time structuring his report request. A set of tailored

repor ts (stored as Repor t Files) have been wr i tten to sa ti s fy

many of the known NMC analysis requirements , an d this set can

easily be expanded as other requirements are identified .

—38—
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I
I This chapter described the general structure and the

I var ious  componen ts (ME R ’s, notional phasing curves , manpower

data base and computer model) of the NMC Manpower Require—

I ments Model. The next chapter describes the model’s use.

I
I
I
I
I
I
I
I
I
I
I
I
I 
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Chapter iii

USE OF MODEL

A. OVERVIEW

The preceding cha pter discussed the struc ture of the NM C

Manpower Requirements Model. This chapter will discuss how

the model can be used . The discussion has been generalized

because the model is a new tool for  NMC staffs ; thus , the

d iscussion cen ters on how the model can be used ra ther than

repor ting on specific applications.

There are two basic uses to which the mode l can be put.

The f i r st, and probably a common and frequen t use, w i l l  be to

use the Manpowe r Da ta Base to prov ide re por ts on the wh ere-

abouts and functions of the people in the Command . The

second use is to make manpower projections. Because the

importance and method of use is self—evident in the first

case , no examples or d iscussion are necessary ; this chap ter

wil l  concen tra te on d iscussing the second case , usin g the

model to make manpower projections.

To unders tand how the model can be used to make pro—

jections , the rea der mus t un ders tan d tha t the use of the

equations is independen t of the use of the notional manning

relationships. The equations estimate manpower for m di-

vidual projects; these estimates are then summed over all

projects to derive total acquisition manpower. Once there

—40—
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is an acceptable manpower e s t ima te  for  a project or set of

I projects (whether derived from the equations , last year ’s

manning level, or someone ’s best guess) the notional manning

I curves can be used to make estimates by fiscal year , phase ,

I or acquisition cycle. This is true whether the base esti-

mates are  for a f i sca l  year , phase, or acquisi t ion cycle ; the

notional manning curves can be used to go from any one of

these to any other. Therefore , given an acceptable manpower

estimate ,1” that estimate and the notional manning curves

completely determine  the man power requ i rem en ts for  all phases

of the project.

B. THREE CASES

An ana lys t can use the mode l to ma ke man power projec-

tions for  th r ee bas ic cases.

Case 1: An existing acquisition project with no change

-- in project characteristics or schedule. This case is the

- first and simplest; it requires no use of the tIER’s. Given a

DSARC schedule in FY77 manpower (f rom the survey  for  FY77)

the acquisition cycle manning is completely determined .

1/ The m a n p o w e r  es ti m at e for a n e x i s t in g p r o jec t is
c u r r e n t ly  based on survey results for FY77. For
new p r o jec t s , the equations are used to estimate
f u l l  s c a l e d e v e l o pm e n t (FSD) m a n p o w e r , w h i c h  c a n
be converted readily to fiscal year figures.

I
I -41-
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Case 2: An e n t i r e l y  new a c q u i s i t i o n  p r o j e c t .  T h i s

case i nvo lves  a new p r o j e c t  t h a t  d id  not  e x i s t  f o r  the

1977 s u r v e y .  H e r e  the  DSAR C s chedu l e  w i l l  y i e l d  the  no-

tional curve;  but the model employs the equations to locate

one p o i n t  on the  c u r v e  f r o m  w h i c h  can  be d e t e r m i n e d  a l l

others .~~’~
Case 3: An e x i s t i n g  a c q u i s i t i o n  p r o j e c t  w i t h  ( a )

changed pro ject charac ter is tics , an d/or (b) a changed ac-

quisi tion schedule. The effect of chang ing the project

charac teristics is to cause di f f e r e n t manpower r equiremen ts

in the base year. In essence the notional manning curve

undergoes a one—time shift during the fiscal year when

the characteristics change takes place . From then on the

manpowe r r equ i remen t s  for  that  p ro jec t  a re  completely deter-

mined. If the DSARC milestones dates also change , then in

ad d i t ion to th e s h i f t of the c u r v e  cause d by the chan ged

cha rac t e r i s t i c s  a new not ional  curve  is appropr ia te .

These cases have  been l i s t e d  in  o r d e r  of i n c r e a s i n g

computa t ional  complexi ty  and are  explained in t u r n  below .

2/ Two d i f f e r e n t  se ts  of e q u a t i o n s  a r e  p r o b a b l y  appro-
p r i a t e .  One to e s t i ma t e  t o t a l  m a n p o w e r  f o r  new
projects  using d r i v e r s  that  are included for  a pr iori
reasons. A second set of equations may be more sui t-
able for altering manpower requirements for existing
p r o j e c t s.  However , o n l y  one set of e q u a t i o n s  was
d e r i v e d  f o r  the  i n i t ia l  model  due  to the  p a u c i t y  of
valid data .

—42—
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In the first case where there is no change in project

I character istics , out—year estimates can be computed by using

a base estima te for  man power in some g iven year , the mile—

I stone da tes of the respect ive acquis it ion schedul e, and the

appropriate notional manning curve. In this case, it is not

necessa ry  to use the M ER ’ s ; the bas e es t ima te comple tel y

I includes the effect of project characteristics on manpower.

Figure 111—1 illustrates this case. The FY77 manpower is

I known ; its corresp’ondence to the DSARC milestones has been

specified; and the appropriate standardized notional curve

has been selected and calibrated to pass through the base

estimate . Computationally within the computer program of the

model , this last step is quite involved . As noted in pre-

vious chapters , the notional curve is defined in terms of

arbitrary length subphases. For this particular ship class

and functional category the computer program effectivel y

converts the generall y defined curve to one expressed in

f i sca l  year s by means of reference to the actual schedule.

The general approach to Case 1 assures that the out—

year estimates are consistent with the base estimate and

eliminates introducing into the projected estimates any

statistical variation that is due to the intrinsic vari-

a b il ity of a general ized tIER de r i v e d f rom a samp le of several

projects.

I
I
I
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Manyears versus time for a sing le
functional category for a given

Manyears project.

i i1~77 78 79 80 81 82 83 84
Fiscal years
DSARC schedule

• Example of Case 1 Estimates

— 
Figure 111-i
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I
In Case 2 no base es t imate  ex is t s  i n i t i a l l y ;  t he r e fo r e ,

I an tIER is used to compu te the manyears for  an enti re  pre-

selected reference phase. (Normally, the reference phase is

I full—scale development .) Once the manyears for the reference

phase have been compu ted , the appropria te notional curve is

used to compute estimates for the other phases and subphases.

I The actual DSARC schedule is then used to convert subphase

est ima tes to fiscal year estimates.

Excluding for the moment the effect of changing the

I DSARC schedule , the third case employs an approach that is a

combination of computations employed in cases one and two.

I Figure 111—2 illustrates the basic procedure , w h e r e  the

lettered data points have the following meanings:

A : ac tual man years in FY77

A’ : manyears which would have been estimated for FY77

if the MER with the old project characteristics

were used .

I A” : manyears which would have been estimated for FY77

if the MER with the new project characteristics

I were used .

B : manyears which would have been computed for FY78

I if there had been no change in characteristics.

I (This is simply Case 1.)

B’ : man years  wh ich would have been est ima ted for  FY78

I
I
1
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Manyears versus time for a single functional
Category of direct acquisition manpower for

- Manyears a given ship.
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Time
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I 7~3 74 75 76 77 78 FISCAL YEAR

II III DSARC Milestones
Full—scale
Develo?ment

I Case 3 - Comparative Examples

I Figure 111-2
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if the MER had been used with the dlcl set of

characteristics. (Similar to Case 2.)

B” : manyears which would have been estimated for FY78 V

if the tIER had been used with the new set of

characteristics. (Another occurrence of Case 2.)

B* : the final estimate of manyears actually computed

for FY78.

In this example , it is assumed that the change in char-

acteristics should result in an increase in the manpower

estimate for FY78. The estimate finally made for FY78 is

computed as follows:

B* B + ( B ” _ B ’ ) .

If , on the other hand , a change in characteristics were

i made in such a way as to produce a decrease in the manpower

estimate , the above equation for B* applies so long as B is

I greater than (B’ — B”). That is, B* is not allowed to be

less than zero. Ii

i
B’ was computed via the MER using the old characteris—

I tics , th us an in te r m ed i at e r e s u l t of the ca lcu l a t ion was

I total manyears in the reference phase (denoted by FSD’). A

similar derivation pertains to the calculation of B” ; FSD” is

I the ana logous estima te of r e fe rence  phase man years based on

the new project characteristics. - 
-

I
1
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I
An alternative to the constant rate approach was con—

I sidered but rejected ; namely, that the total manyears  of a

phase (i.e., the ar ea un der the no t ional curve ) was cons tan t

I with respect to subsequent changes in phase lengths. This

I 
would have led to fluctuating annual manyear rates , which

was thought to be an undesirable and unrealistic result.

I In use , the model first checks the project character—

istics. If the project characteristics have changed , the

equations are used to reestimate FSD manyears. It then

converts these FSD requirements to fiscal years , by way of

the notional curves , to obtain an estimate of the manpower

I required in the fiscal years un der con sidera tion. Pr io r  to

using the model for a few years , it is impossible to predict

the proportion of projects that ‘will undergo changes in their

I characteristics from year to year. Except under unusual

circumstances , on e woul d expec t that the man power changes due

I to a project chang ing phase and subject phases (movements

along the curve) would swamp those due to changes in project

characteristics (shifts in the curve).

C. SEQUENCE OF CALCULATIONS

The previous section discussed the logic of how pro-

jections are made. This section describess how and what

I the user would do to make projections. The projections are

accomplished in the fo l lowing steps:

I —49—
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A va r i a tion of Case 3 occurs when there is a change in

the acquisition schedule. This is expressed in terms of new

DSARC milestone dates that represent either the advancement

or deferral of the milestones. The modelling of this effect

is independen t of the change in charac ter ist ics used in the

tIER’ s and , therefore , will be described assuming that there

is no change in the characteristics.

Specifically, when a new phase length differs from the

original phase length , it is assumed that the annual manyear

rate computed over the affected subphases from the original

schedule remain constant. These rates are then multipl ied

by the revised absolute lengths of the subphases to prov ide

manyear estimates. It seemed reasonable to assume that

lengthening of a phase is likely to result from an increase

in the scope or complexity of the project and that this

woul d pro duce an i n c r e ase in both wo r k loa d an d man power

requirements.

Conversel y, if a phase is shortened and all other char-

acteris tics remain  unchan ged , the model w ill project a lowe r

manpower requiremen t. On an annual basis the manyear level

ma y or may no t be lower than the or i g inal level , depending on

the actual length of the phase an d the absolu te ex ten t by

which it was shortened .

—48—
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1
An alternative to the constant rate approach was con—

I sidered but rejected ; namely, tha t the total manyears of a

phase (i.e., the area under the notional curve) was constant

I with respect to subsequent changes in phase lengths. This

woul d have led to f luc tua ting annual  manyear ra tes , which

I was thought to be an undesirable and unrealistic result.

In use, the model first checks the project character-

istics. If the project characteristics have changed , the

equations are used to reestimate FSD manyears. It then

conver ts these FSD requ iremen ts to fiscal years , by way of

the no t iona l curves , to obtain an estimate of the manpower

required in the fiscal years under consideration. Prior to

using the model for a few years , it is impossible to predict

the proportion of projects that ‘will undergo changes in their

I characteristics from year to year. Except under unusual

c ircums tances , one woul d ex pect tha t the man power changes due

I to a project chang ing phase and subject phases (movements

i a long the curve ) woul d swamp those due to chan ges in project

characteristics (shifts in the curve) .

C. SEQUENCE OF CALCULATIONS

The previous section d iscussed the logic of how pro—
-- 

jections are made. This section describess how and what

- 
the user would do to make projections. The projections are

- accomplished in the fol lowing steps :

— 49—
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(1) The user of the model  s p e c i f ie s  the  new char-

ac te r i s t ics of the a c q u i s i t ion p ro jec t , i.e., the s ize ,

complexi ty,  etc.

(2) The user specif ies  the DSARC miles tone (or equiva-

lent) dates, and project o f f i c e  (new , existing , undesignated )

that  wi l l  manage the p ro jec t .

(3) By using the MER’S, the model computes the total

manpower required in the project management office and in

each functional category to support the project in a given

phase.

(4) Then a time phase distribution is performed to

obtain the manpowe r requi re d for each DSARC phase.

(5) The phase based estimates are converted to fiscal

year estimates according to a simple time proration. At this

point , aggreg ate man powe r repor ts can be genera ted fo r  the

given acquisition project.

(6) To permit displays of manpower by type of labor

(m i l it a r y ,  c iv i l i a n , con trac tor ) an d by or ga n i z a t ional

source , allocation of the aggregate manpower estimates are

made based on some selected base year. That base year data

is the la test ac tual year (cu r r en tly FY77 ) and resides in the

model’ s data base as survey data. Each of the steps summar— 
—

ized above is described in detail below .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Input of Basic Characteristics. The user is required

to specify as imput to the model the basic charac te r i s t i cs  of
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each acqu is i t ion  projec t  he wishes to project .  There is one

set of c h a r a c t e r i s t i c s  f o r  each m o d e l l e d  p r o j e c t  in the

total a c q u i s i t ion p ro g ram d u r i n g the p e r i o d FY77 th r o u g h

FY85. The characteristics of the projects used to develop

the tIER’s are , of course , readily available. The character-

is t ics of n e w l y  emer gen t acqu i s i t ion p ro jec ts, however ,

will have to be obtained by the user from appropriate NAVMAT,

NAVSEA , NAVAI R authorities. Because the MER ’s were con—

I struc ted wi th this requiremen t in min d , the additional data

should be readily available at least in some estimated form .

I The quality of estimated characteristics would be expected

to improve as the new projects ma tur e or as the scope of the

pro jec ts become m o r e  f i r m ly defined for each POM cycle.

In an opera tional sense , the characteristics comprise

a special input  f i l e  that  resides permanent ly  in the general

data base . This en t i r e  f i l e  is iden t i f i ed  by a single t i t l e

and can be accessed in i ts e n t i r e t y  by the model. Revisions ,

i d e l e t i o n s , or a d d i t i o n s  of c h a r a c t e r i s t i c s  can be made

ei ther  to the permanent  f i l e  or on a temporary basis via the

I computer t e rmina l  for  a s ingle  run  of the model.

I Specif icat ion of Milestone Schedule. The general points

just discussed for project characteristics also apply to the

I specif icat ion and input of the milestone schedule for  each

weapon system to be modelled . The model logic has been bu i l t

—5 ] . —
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on the basis that  these milestones are def ined  as the DSARC

milestones ( i . e . ,  0 , I , I I ,  I I I ,  and the date of de l i ve ry  of

the last u n i t ) .  For projects  not hav ing a f o r m a l l y  desig—

nated  DSARC s c h e d u l e , e q u i v a l e n t  m i l e s t o n e s  have  to be

p rov ided  by the  u s e r .  A g a i n , p r o j ec t s  t h a t  w e r e  used as

a basis for  developing the MER ’ s already have t he i r  DSARC

or D S A R C— e q u i v a l e n t  m i l e s t o n e s  a v a i l a b l e  in  the  i n i t i a l

data f i l e .

MER Computat ions.  T h e  p r o j e c t i o n  c o m p u t at i o n s  f o r

MER—O (Project Officer Manpower) are described later. The

other six MER ’ s for  d i rec t  acquisi t ion manpower operate  at

the  weapon s y s t e m  l e v e l .  From the  t o t a l  set of i n p u t t e d

p ro jec t c h a r a c te r i s t ic s of a par t i c u l a r  sys tem , each MER

produces an es t imate  of total  c i v i l i a n , m i l i t a r y ,  and con-

t rac tor  ma nyears  tha t  are requi red  for  a s ingle , pre—selected

phase of the overa l l  acqu i s i t ion  cycle. Es t imates  of total

manpower  by f u n c t i o n a l  c a t e g o r y  f o r  t he  o the r  phases  a r e

then computed r e l a t i v e  to the respective base phase.

Time Phase Distribution. With the computations still

at the level of weapon system , the estimate of total many—

ear s for  the complete reference phase for  a g iven func t ional

category is distr i buted for  the other phases and subphases

by use  of t he  n o t i o n a l  m a n n i n g  c u r v e s .  Th i s  p r o d u c e s  a

manyear ra te  ( i . e . ,  manyear  per year)  over each subphase.
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These subphase est imates next  are converted to fiscal  year

I manyear  es t imates .

I ~~~~~~~~~~~~~~~ Phase Estimates to Fiscal Year Estiirates.

The estimates of total manpower by funcational category by

f i sca l  year for  a par ticular weapon sys tem are aggreg ated

wi th similar estimates for all other systems to produce esti—

I mates to total , direct acquisition manpower by functional

category. These aggregated est imates  are then used as inde-

pen d en t v a r iab les in an equa t ion th a t com pu tes v a r i a ble,

i n d i r e c t  a c q u s i t i o n  m a n p o w e r  by f u nc t i o n a l  c a t e g o r y .

Var iab le  indi rec t  manpower is simply propor t ional  to aggre—

gate direct manpower as determined from base year relation—

- ships . The variable - par t is added to a throughput amount

to produce total indirect acquistion manpower.

Throughput  i nd i r ec t  manpowe r is specif ied and input to
‘V the mode l at the P E — UI C level of detail , and then aggregated

to the f u n c t i o n a l  ca tegory  level to produce a corresponding

t e r m  t h a t  can be added to t he  d i r ec t  m a n p o w e r  e s t i m a t e s .

Th is a l l o w s ge n e r a t ion o f s u m m a r y  re por ts wi th the total

acqu i s i t i on  manpower estimates arrang ed by fiscal year and

by func t iona l  ca tegory.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Est imates to

POM Display Class i f i ca t ions .  For pu rposes  of POM deve lop—

j ment , it is necessary to display the acquisi t ion manpower

I
I



estimates by Program Element (PE)  and by U n i t  I d e n t i f i c a t i o n

Code (UIC ) , as well as by m i l i t a r y ,  c i v i l i a n  and con t rac tor

types  of l a b o r .  Th i s  is a c c o m p l i s h e d  by p e r f o r m i n g  a

staigh tf o r w a r d l in ear p rora t ion based on the histor ic  d is-

tr i bution of manpower amon g the classi f ica tinns of in teres t

du r i n g a selected base period , e.g., the current budget year.

This par t  of the model , t h e r e f o r e , has access to a manpower

data f i l e  which is s t ruc tu red  s imi la r  to and at  the f i n e s t

level of detai l  tha t  is used to display projected manpower

et imates.  For a cqu i s i t i on  manpower the requi red  level of

detai l  can be represented as a h i e r a rc h i a l  set of c lass i f i -

ca t i ons  shown in Figure 111—3. Once the estimates have

been broken down into the approriate detailed classifica-

tions , they can be displayed by the model’s report generator.

— 5 4 —
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FIGURE 111— 3
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Direc t
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I I I Phase
I I I Fiscal Year

I I Variable/Fixed
J I Mi litary/ Civ i l i an/ Con trac tor manyears

$ I Other Acqu i s i t i on  Project
- I System Name

I Fiscal Year
I Fixed
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I I n d i r e c t

P Func t ional Ca tegor y

Fiscal Year
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Chapter IV

SUMMARY

The earlier chapters have described the structure of the

model and how the model can be used . This final chapter sum-

mar izes  the mode l ’s stren gths and lim itat ions , discusses its

data requiremen ts, and proposes possible extensions.

A. STRENGTHS AND LIMITATIONS

The model’ s first strength is its most important . The

model t ies acquisition manpower requirements to MNC acquisi-

tion programs. The model does this because its manpower

estimates are based on the mix of projects , the project

charac ter is tics , and the project schedules. This kind of

approach pr ov ides the Naval Material Command with manpower

requests that are defensible because they are connected to

the programs the Command has been tasked to do.

Anothe r strength of the model is its comprehensive data

base. The survey data includes all people supporting the

acquisition projects whether they are in the project manag e-

men t o f f i c e , in the hea dq u a r ters ’ support codes , in the

f i e l d  or in the R&D Cen te r s .  It accounts for this manpower

in a m a t r i x  w a y .  A l o n g  the  s i de  of t h i s  m a t r i x  a r e  the

organizations that supply the manpower support; along the

top of t he  m a t r i x  a r e  the  projects these people support.

F u r t h e r m o r e , and a s t r e n g t h  very  impor tan t  in the PPBS, the
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I
model is capable of making consistent multi—year projec—

I tions. The generation of consistent out—year estimates is

difficult to accomplish when the budget is being put together

I because the budget year takes on overwhelming importance.

However , outyear POM numbers have to have some validity be—

I cause OP—Ui , OP—90, NAVCOMP , and OSD in particular try to

enforce consistency from POM to budget. Another strength of

the model is that it is supported by flexible computer soft-

ware. The advantage of this is that reports can be changed

• as the Command ’s in formation requirements change. The model

has the following general limitations .

(1) Only the manpower associated with ship, a i r c r a ft,

and missile programs is modelled as a function of independent

vairbles; manpower for other acquisition programs and for

- logistics programs and headquarters functions is throughput

(i.e., displayed unaltered as it was input to the model).

(2) The manpower that is modelled is e s t i m a t e d  in

total (i.e., total civilian , m i l i ta r y ,  an d con trac tor

manyears). The model has the capability of displaying a

b r e a k o u t  of labor type , but  t h i s  b r e a k o u t  is based on the
V h i s t o r i c  d i s t r i b u t i o n  of some selected h i s t o r i c  period . The

- 

model does not optimize the distribution of manpower between

in—house and contractor sources; nor does it employ any

other  programmed dec i s ion  logic to represent  interdependen—

cies amon g these la bor types.

1
I
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(3) The model does not generate estimates of the

dollar resources requ i r e d to fun d the computed or d isplayed

manpower p ro jec t ions .

(4) The estimating relationships that were developed

f o r  compu t in g man power p ro jec t ions a r e  base d on h i s to r i c

data , i.e., the re la t i o n s h i p between descriptors of his-

toric workload (or program) and manning . The model does

not compute norma tive requi remen ts, such as are being devel-

oped by the Navy SHORESTAMPS e f f o r t .  N o r m a t i v e  r equ i r emen t s

mus t necessarily be based on a detailed , bottom—up approach;

that kind of approach was beyond the scope and contrary to

the basic objectives of this study effort.

These limitations are pr imarily a result of the origi-

nally defined scope of the stud y. host of them are not

pe r m a n e n t an d can be ove rc ome by allocating additional

effort at expanding the logic and data base of the current ,

firs t phase model.

B. SYSTEM DATA REQUIREMENTS

Generally there are two kind s of data that will be re-

quired in the future to support the NMC Manpower Requirements

Model. First , there is the data which must be collected

regu l a r l y :

(1) p ro jec t  c h a r a c t e r i s t i c s

(2 )  project  schedules

- - - - 5 -5 - 5 - 5 - -  -~~~~~~~~~~~~~~~~ 5 I
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(3) actual manyears of direct acquisition support

-
~~ speci f ied by system , by functional category, by labor type , 

—

I 
by organizational source.

(4) manyears for throughput acquisition projects

I (5) manyears for other programs , such as technology V

base , fleet support , headquarters G&A etc.

I These elements are basic recurring inputs to the model and

- may requ i r e  revis ion as ex tern al con diti ons change w ithi n

I the NMC. Also , different values for these elements may be

I developed to represent alternative programs that might be
- 

evaluated during the POM process. It would be desirable to

collect this information on a regular , periodic basis.

I The second kind of data would be used to refine and

update the in t e rna l  paramete rs  of the model .  This  inc ludes :

1 (1) notional manning data

(2) an expanded set of project characteristics data ,

T such as more detailed contracting information , eng ineering

cha rac t e r i s t i c s, or sub j ec t i ve ly  based desc r ip to r s .
V These data in conjunction with the first kind would allow re—

I vision of the MER coefficients , driver variables , and the

I 
notional manning curves. Such revisions would require con-

siderable analysis and would be required only when a suffi—

I cient amount of new data becomes available or when it is

observed that the basic underl ying acquisition process has

I changed m a r k e d l y .

1
I
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C. CONCLUDING REMARKS

This summary has described the NMC Manpower Requirements

Model as it presently exists. Although comprehensive in

coverage of major acquisition projects , this model is only

a tool for performing analysis. To be truly effective , the

model must actually be used to support the NMC decision

making process.
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