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FOREWORY

This Final Report for the Naval Air Advanced Training Command (CNAVANTRA) Manpower
Allocation Mdel and Productivity Measurement Model is submitted i, performaice of
Centract No. N00022-69-C-0100. The report descrihes model formula*ion, assumntions
and the data base used to demonstrate modcl operations. OQutputs fc~ models are
separately bound. Operalional instructions and computer program documentation are
provicded in a Users Manual. i




SUMMARY

The Manpower Allocation Mode} (MAM) and Productivity Measurement Model ("YM) for
CNAVANTRA were developed to provide Navy management with iools for improved manpower
planning, programming, and bucdgeting. Development of the models included an investi-
gation of the available data and an ana'ysis of the processes which take place at the
various CNAVANTRA facilities, After the mcdels wera formulated, compuier programs
were written, tested, and run using available data,

The MAM provides the quantitative means of examining manpower requirements for:

1 Corpus Christi, Texas: NAS Corpus Christi, VT27, vT28, VT29,
VT31, and CNAVANTRA staff;

2) Beeville, Texas: NAS Chase, VT24, VT25, and VT26;

3) Kingsville, Texas: NAS Kingsville, VT21, VT22, and VT23;

to support a range of pilot training rates in increments selected >y the nsar. The
annual pilot training rates used to run the model were 600 to 1800 in increments of
400 fur advanced jet aircraft pilots (NAS Chase and Kingsville), and from 360 to 1440
in increments of 360 for advanced propeller aircraft pilots (NAS Corpus Christi).

The MAM was daeveloped using the technique of process analysis to examine the work
flow of the CHNAVANTRA tacilitie,., “rocess analysis provides the mathematical struc-
ture for the model in terms of laber inputs, intermediate prcducts, and final outputs
(trained pilots). This structure, combined with lincar programming techniques, is
used to determine the optimum (least-cost) manpower rcovirements for a particular
pilot training rate. The effects, in terms of manpower and costs, of policv con-
straints impased on the number of use of particular labor skill categories can also
be a2nalyzed.

The model incorporates the Resource Management System (RMS) Project PRIME cost and
subcost center identi€ication organization. The model {s designed to use data from
RMS PRIME, OPNAY 5320, Enlisted Distribution and Verification Report (BUPERS Report
1080-14), and Student Training Progress Critique, Othcr sources of data can also be
used.

For =ach pilot training rate, the maapower requirements for each subcost center are
specified in terms of the billet identification, the lahor skill category. Yhe lahor
ski1l category is further defined in terms of labor clascification: officer, warrant
officer, enlisted men, graded civiliens, and ungraded or wage board civilians, The
appropriat: desfgnator for officers, the rating for enlisted men, and the series for
civilian perscanel are specifiad. Where appropriate, based on inpu data, the
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NEC/NOBC are identified. The rank, rate, or grade is also 1isted to indicate the
preficiency level of the labor skill,

The model provides the required manhours per month, the equivalent number of people
in each labor skill category, and sunmmaries for the cost center. It also determines
the required units for each subcie.: entar functioning with the optimum manning.

In addition to this output, nther data is available from the linear programming al-
gorithm which can be extrcnely useful to a manpowcr requirements analyst. This in-
cludes information concerning marginal values, transfer prices, ranges and inter-
relation hips of the inputs, intermediate products, and final outputs at optimality.
Because of the lack of realistic constraints (upper and lower bounds) and a range of
technologies, however, the solutions provided in demonstrating model operation do not
reflect the total model capability.

Bascd on the structure, inputs and outputs of the CNAVANTRA activities, the PMM was
developed t> provide conventional productivity measures, productivity indices, and
aggregate productivity indices.

The PMM is iitended to provide managers with a means of comparing an activity's per-
formance to jarticular standards. It may also be used to compare the performance of
similar and dissimilar activities.

The PMM uses the monthly RMS PRIME 7000-8 and 7000-9 reports as its sources of data.
Types of data taken from these reports are the work units accomplished, together with
labor hours ani dollars expended. The standard productivity index may be specified
by the user. “he PMM computes a cumulative average of productivity indices for each
subcost center ‘that may be used as the standard. Other standards, such as engineered
staidards may b2 used. The Manpower Allocation Model (MAM) determines the optimal
manning and associated optimal work units for each subcost center necessary to support
a particular pilot training rate. This data may be used to form stanuaerds for use in
the PMM,

Thus, the PMM can be used independently or in conjunction with MAM, Both models
utilize the RMS data base structure. By providing the actual ratio of outputs to
labor costs and manhours, the PMM can verify the predicted optima) ratio of output to
inputs generated by the MAM.

A general framework is also provided for operationally implementing the models in
order to satisfy data requirements in the DoD Flanning, Programming, and Budgeting

System (PPBS).

A users manual cortaining onerational instructions and computer program documentation
is available under separate cover,
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il TIVE NEOSTUDY

The MAM was develuped to provide management with a tool for determining the
optimal allocation, compntation, and justification of manpower requirements
for three naval air stations, and their associated squadrons and staff, of
CNAVANTRA. The PMM was developed to provide manageme.t with the ability to
evaluate and compare manpower performance.

The Chief of Naval Air “dvanced Training (CNAVANTRA) is responsible, within the Navy
pilot training program, for proviaing advanced pilot trainino in multi-encined pro-
peller aircraft and in jet aircraft. The study objective involved the development of
a unique Manpower Allocztion Model ‘MAM) for each of the three naval air stations of
CNAVANTRA (NAS Corpus Christi, NAS Kingsville, and NAS Chase) and their associated
squadrons and Staff.

NAS Chase and KAS Kingsville, which host training squadrons V724, V725, V726, and
V121, V122, V123 respectively, provide the advanced jet pilo® trainino. The MAM's
for these afr stations determine optimum manpower requiremen*s to support a pilot
training rate (PTR) for 600 to 1800 jet pilots per year in increments of 400. Other
beginning (lowest), endiug (highest), and incremental output ievels may be implemen-
ted to reflect proposed policy changes in the pilot truinina program. The MAM for
NAS Corpus Christi (and its tr-ining squadrons VT27, VT28, V729, and VT31) determines
optimal manpower raquirements co support a PTR for 360 to 1440 prop pilots per year
in increments of 360. Other incremental output levels may also be proarammed. AN
of the above PTR's were based upon an average pilot trainino rate which was computed
using two years of data as an empirical base. From this computed average, the ini-
tial and final PTR's were prescribed as 50 pevcen: and 150 percent of the average,
respectively. The increment was then determined as ore-fcurth of the final pilot
training rate.

The MAM, as developed, may be said to have three specific attributes. The first is
a capadbility to rapidly predict manpower reauirements for varyiag workloads or PTR's
of CNAVARTRA. The second function of the MAM is to provide, for nanagemeni, an cp-
timal {least-cost) mix of the above renuirements by function, category, aralde, and
skiil level, The third objective is to examine the effect o manpowe» peclicy con-
straints on the manpower allocation and associaicd cnsts (sensitivity analysis).

Tne Productivity Measurement Model was deveioped using the same data base as the MAM,
The purpose of the model is to form conventional productivity measures, productivity
indices {comparisaors to a stanvard), and aggresate productivity indices. The objec-
tive in ap;'ying the mcdels is to uvse the MAM in crder to praduce optima! manpower
and output - cairements, and to use the PHM in order tc verify pe-formance.




SYSTEMS DESCRIPTION

The CNAVAHTRA organizational structure reflects the relationship of command
to the pilot training process.

The principal organization elements of CNAVANTRA which relate to the rilot process
are illustrated in Figure 1-1, The sol{d lines of Figure 1-1, connecting air sta-
tions and training squadrons, represent the influence of training squadron activity
upon the manpower requirements of the air stations. The dotted lines of Figure 3-1,
connecting the training squadrons and staff, indicate that the staff organization of
CNAVANTRA is directly responsible for all policy decisions regarding the operation
of the training squadrons, but not the operation of the afr station where the train-
ing squadron {s located.

CNAVANTRA
: STAFF

: NAS CORPUS CHRISTI
I |
:——---—-----—--- V127/28/29/31
I
: NAS CHASE
| 1
F===~-=1f~=--1 \vraaszs/z
'
' -
| NAS KINESVILLiE
| 1
R -]'- VT21/22/23

Figure 1-1. Princios! Organizatfon Elements of CNAVANTRA




PLAN OF STUDY FOR MAM

The approach taker in the development of the MAM has f‘nvolved an analysis of
the pilot training process, setting up a production runction, and then deter-
mining the least-cost mix of labor inputs to produce a specified pilot train-

ing outyut.

Improved Y:vy-wide source data collection systems, such as RMS PRIME, hav:. made
avatlabls a reliable and comprehensive data base.

Unde- this study, a structure of activity centers was developed from the RMS PRIME
An intermediate prcduct for each activity or subcost

subcost center information.
An intermediate product {is defined

center considered was determined from RMS PRIME.
as a product of any subcost center which is cunsumed internally within the overall

organization. These are the RMS work units for the particular subcost center. Pro-
cess analysis, which deals wilh the formulation of interrelationships among these
subcost centers (within the context of the overall pilot training objective) was then
performed for each station. Programs were deveioped to describe the process analysis
for the three naval air stations and to provide data in a format suitable for a lin-

ear programming (optimal/least-cost) solution.

In formulating the Yincar programming problem for th: &M, a linear relationship weas

assumed between variable labor fnputs, intermediate products {work units), and final

The purpose of the linear program was to cbtain a least-

The objective function §is the total
Exampies of

products (trained pilots).
cost set of labor inputs subject to constraints.
cost of labor necessary to maintain a specified pilot training rate.

constraints considered ir this study are:

i} Poifcy constraints (e.g., a certain percent of labor inputs must

be stated).

2) Upper and lower bounds (e.g., each station will have a given number
of general, “6", billets for ship-shore rotation).

3) Non-negativity (e.g., all amounts and costs of labor must not be

negative}.

4) Ddistyibution (e.g., the appropriate distribution of intermediate

products among subcost centers).

The complex UNAVANTRA system of interrelated cost centers is represented by a system

of linesr squatiors and inequalities. The result of this analysis is the selection

of the "bsst” processes for securing 2fficient utilization of vesources withir the

imposed constrainte,




In order to develop the model for forecasting manpower requirements, it was, there-
fore, necessary to include in the study:

1} The development of linear functional relationships between specific
labor technologies and intermediate products with respect to the re-
quired pilot training rates.

2) The aggregation and synthesis of these relationships, within the
framework of process analysis, to a manpower allocation model that
specifies the optimal mix of manpower over time to achieve specified
output levels within stated or explicitly assumed policy and environ-

mental constraints.

3) Constraints on basic manpower resources available to CNAVANTRA.

In dev~2loping the model, RMS PRIME data has been used to provide cost and resource

(manpower utilization) data.

This general framework of the manpower allocation model

was daveloped using RMS PRIME 7000-8 and 7000-9 data.




GENERAL DESCRIPTION OF THE PRODUCTIVITY MEASUREMENT MODEL AND ITS OUTPUT

At different levals of command, different types and amounts of information
are required. The PMM produces detailed productivity measures at the lower
levels where the detaliled RMS PRIME data is gathered. [t also synthesizes
these measures to provide hfgh level commanders with the meaninoful overviews.

Regular and timély reports on productivity levels and trends are needed at all levels

for effective mahagement, planning, and allocation of the 1imited resources availabile.

However, the need for, and scarcity of, meanindfui productivity measures is especial-
1y acute at the high levels of command. The detailed information which is collected
by the RNS PﬁlME system for each cost and subcost center {s generally most useful to
the lower level commanders. From their detailed knowledge of an individual center's

situations, they can almost intuitivelv judge its productivity. Higher level comman- -

ders require that large amounts of detailed information be synthesized to give an

overall analyéis of the command. Since the timeliness of a report affects 1ts use-
fulness, the computer program system to implement the PMM is desiancd to facilitate
the application of RMS PRIME data to the model and to speed productivity reporting.

The PMM for CNAVANTRA forms a variety of productivity measures tailored to the needs
of managers at each level of command. From the basic RMS data for {ndividual subcost
centers, the PMM forms productivity measures which are then agaregated to successive-
1y high levels.

For each subcost center in CNAVANTRA, the productivity measurement model forms two
conventional productivity measures: output per manhour and outpu’ per labor dollar
(see Figuré 1-2). The output per dollar is then divided by the standard for the sub-
cost center to form a productivity index.
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Figure 1-2. Sample Printout of Cost Center Aggregate Productivity Measurements
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Since each subcost center's productivity index (PI) 1s formed by comparing its actual
productivity with its own standard, the PI s normalized. They can tken be meaning-
fully compared both horizontally among similar subcost centers at different bases,
and verticaily among different subcost centers at the same base. ' C

The product{vity measures, and the data used to form them, are printed out for eact
subcost center in a cost center. Then the PMM forms an aggregate productivity index
for the cost center. This aggregate productivity index is formed by dividing the
total labor cost for the cost center into a measure of the total value of the output
of that cost center. This value of output (analogous to a "transfer value" {in econ-
omist's terminology) is titled Production Measure in the PMM printout. The printed
value 1s derived by multiplying the number of work units produced in each subcost
center times the standard cost of these work units (i.e., the inverse of the standard

output per labor dollar).

For each command, the PMM reprints the productivity indices of the subordinate cost
centers and forms an aggregate productivity index for the command by coﬁparing the
sum of the labor costs to the sum of the production measures (see Fioure 1-3). Simi-
larly, the PMM forms an overall productivity for CNAVANTRA (see Figure 1-4) and 21so
reprints the productivities of the subordinate commands. .

RGP ERINIPITITICLETINONNESEREINTRINIPINOEN T
. -

M | crveann .
: ACORERATS BRODUCTIVITY MFAC{IRENINTS -
s¢eeen ..Il.'.'...“.’.....’.....'..‘."..:

1Pt AGReER ) Y
ivpr yaee ’na--wvisn rnqr?cr‘v
'y ;nuolu \«n tvarc {23.&‘ gl Tl
: r Ty %.0° lit 1 o8 Ag
: ogslniig 2y e $h:2 S 3” 3
. M EVA 47 AlY. g‘ v 234
¢ (Y32 tiﬂirt'lnf :l.zg T ,?’8'
" 1e. L REA, 7844097 Ji1r
f spocr et wejuTENAICE vy .ah 1078.¢ g ot
arn ntfl’!t 1~~ LM ‘15,00 “29, 3 i .&33}
M 11y 4,20 14.30 o%®
: n':1;;v3:< ' :z.lg 230’.g§3l .:lz
Nre vty v.'l 1 #6’1:?7 b*t‘:" ﬂ :22!13

Figure 1-3. Sample Printout of Command Aggregate Productivity Measurements
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Figure 1-4. Sample Printout of Major Command Aggregate Productivity Measurements
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SECTION 2

MANPOWER ALLOCATION MODEL

DESCRIPTION




DATA SOURCES

A valid and substantive base of duia was required for the modeling effort,
A variety of sources were utilized in the development aind verification of
such & base,

The basic sources of data for the development of the Manpower Allocation Model were
RMS PRIME 7000-8 and 7000-9, OPNAV 5320 (Manpower Listings), NAVCOMP MANUAL VOLUME
IT, and Student Training Progress Critiques. This information was availahle for

each of the three air stations under the cognizance of CNAVANTRA, How the data re-
flected the management of activities within CNAVANTRA was verified by interviews with
personnel at the air stations. The available data. and on-station interviews, pro-
vided the insight necessary for the pracess analysis phase of the model development.

The definition, ’unction, and associated work units of all subcost centers for the
naval ajr stations were obtained from NAVCOMP MANUAL VOLUME II and CNAVANTRA Notice
7700 of 5 June 1969. The work unit for a subcost center was then considered as the
intermediate product (defined in Section 1) associated with the subcost center, The
process analysis phase of MAM development included the specification of the linear
relationships among suhcost centers in order to represent the distribution, internal
to a particular naval air station, of the intermediate products.

RMS PRIME data contains total military and civilian manhours expended and, therefore
contributes little to a breakdown of labor requirements by skill level and category.
A1l labor requirements data for CNAVANTRA were obtained from one or move of the fol-
lowing sources:

1) OPNAV-5320
2) Manpower Authcrization, OPNAV Form 1000/2, Rev. 2-68
3) Enlisted Distribution and Verification Report, BUPER Report 1080-14

4) Naval personnel Research and Gevelopment Laboratory.
A breakdown of labor hours related to skill jevel and labor category was obtained

from these sources, and labor inputs (both military and civilian) were costed accord-
ing tc the latest pay rate figures that existed tor 1968,
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The on-board manpower assignments for each air station is contained in the current
manning document, OPNAV-5320. Some problems existed, however, in generating the
labor requirements data for the training squadrons at each of the air stations. Each
training squadron consists of four suhcost centers:

1) Command,
2) Administrition,
3) Trainiry,

4) Maintenance.

Data on enlisted labor assignments for these subcost centers was interpreted direct-
ly from the Enlisted Distribution and Verification Report, when available. This re-
port was not available for Training Squadron V722 at NAS Kingsville, and the data
for this squadron was, therefore, obtained from the Manpower Authorization from the
same document, The distritution of personnel to specific subcost.centers within
Training Sguadrons V724, VT25, VTZ6, V727, VT28, VT29 and VT30 was aiso formulate'!
and coded. This information does not appear on eitner the Verification or Author-
ization Reports. This same information was generated for Training Squadrons VT21,
VT22,and VT23 by using, as the determining factcrs, billet titles and series codes.

Officer labor requirements data was provided in machine readable forn. This data,
however, did not match certain code allocatfons determined for enlisted personnel.
For example, officer fiight instructors were coded as being assigned to Subcost Cen-
ter 20 (Administration). These officers have been allocated to Subcost Center 30
(Training). Also, the data indicated that no officers were assigned to Subcost cen-
ter 40 {Maintenance), although billet title information inclicated there were, in
fact, maintenance officers. Other similar data problems of this nature were ercoun-
tered and resolved.

The data on the production of trained pilots (Final Products) from CNAVANTRA was ob-
tained from the following sources:

1) Student Training Progress Critique, CNAVANTRA 1500/44, Rev. 5-58.
2) Naval Air Advanced Training Statistical Summary, CNATRA Form 1500/10,Rev.7-65.

3) Naval Persoanel Research and Development Laboratory

Tne information nbtained from these sources for each squadron included weekly data
for:

1) Tho average student load.

2) The number of entering students.

3) The cumulative total of the number of students completing training.

4) The number of students completing training.

5) The number of students currently enrolled in refresher courses.

6} The number of student aircraft hours.

(2]
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COMMAND /ACCOUNT ING STRUCTURE COMPARISON

The Marpower Allocation Model is based on an accounting structure derived
from a definitive base af RMS PRIME data.

The structure included in the RMS PRIME data is tne basic structure for determiniang
manpower requirements in support of a given pilot training rate for each naval air
station of CNAVANTRA, The RMS PRIME data is organized by cost and subcost center
(i.e., personnel at a particular air station are grouped into cost and subcost cen-
ters 15 a function of the products provided and services performed by the personnel).
Personnel providing a particula+~ product or service related to the pilot training
process are assigned the same subcost center. [These products and services then te-
come the intermediate products associated with the subcost centeis. These subcost
centers are then considered as the entities withwn a1 naval air station for which
manpower reguirements must be obtained. This accounting structure {s illustrated in

Figure 2-1.
NAVAL AIR STATION
COST CENTER A COST CENTER B OTHER COST CENTERS -
v v [l |
l H ep o memm——==d
[ L i g |
e bl T T SE
SUBCOST CENTER A1 SUBCOST CENTER AK $SUBCOST CENTERS 22
L,———_'-————, r--'
L-'-—-.-_--—--l 1
lecror = == = = o = -

Figure 2-1. Cost-Subcost Cernter Structure
The accounting structure in the RMS PRIME data does not consistently parallel the
command struycture of an air station. The command structure is, cf necessity, zon-
cerned with a rigid chain of command. A typical command structure is {1llustrated
in Figure 2-2. In the command siructure, the air station nersonnel are assigned to
departments where each department inas a specific objective, and the orderly flow of
goods and services from one departiment to ancther is the respunsibility of the Com-
mand and Executive Offices., As indicated in Figure 2-2, departments may be bvcken
into divisions, which again may be brokan into branches, with a chain of command
always flowing from top to bottom in the Fiqure vach department contains, as part
of the command structure, a department head or Officer in Command.
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In the RMS PRIME data, each department of the command structure is designated as a
cost center. However, the subcost ceater accounting structure does not distinguish,
in a "chain of command” sense, between divisions and branches ot a depavtment. If

a division contains no branches, the division may be designated as a subcost cernter.
If a division is broken into branches, the branches are designated as subcost cen-
ters. However, it {is possible; in the RMS PRIME data, for more than one branch of

a division to be grouped into one subcost center. It is also possible for a branch
or a division to pe broken up into more than one subcost center.

An accounting structure, as modeled, facilitates a more accurate rendering of work
units, specific tasks, and skill level requirements. It permits a cost accountable
interrelationship of actfvities and functions not alwavs apparent or discernable in
a command structure. More importantly, it permits the application of nbjective and
quantitative techniques in manpower optimization, yet remains sensitive to policy
constraints frposed by manpower planners and managers.

.COMMAND AND
EXFCUTIVT OFFICERS

— |

2-5
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r prvision |[]
CORRES. ENLISTED . " YT TRT
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BRANCH :
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Figure 7-2. Typical Command Structura




STUDENT FLOW

CNAVANTRA receives its inputs (student pilots) from CNABATRA activities.
The output o? trained nilote from CNAVANTRA is a function of type and length
of training and attritior within each trainino squadron.

v

Two types of final products (trained aviatnrs) are produced at CNAVANTRA: Jet Pilots
anu mylti-engine Prop Pilois. Advanced Prop training is pravided in one of the train-
ing sauadrons (VT27, VT28, V722, and VT31) at NAS Corpus Christi. Advanced Jet train-
ing ‘s obtained in one of the training syuadronc (VT24, VT25, and VT26) located at

NAS Chase or ¥T21, Y7142, and VT23 located at NA5 Kingsville. All advanced Prop input
into CNAVANTRA comes €rom VTS5 at NAS Saufiey, and all Advanced Jet input comes from
V14 at NAS Sherman. Upon completion of cours2s in CNAVANTRA, students have finished
the formal phese of pilot trairing.

NAS SAUFLEY

/~ SHERMAN FIEL

VT4 | V75 |
_ CARRIER INPUTS CAKRIER
QUALTFICATION OUALTFICATION

{" CNAVANTRA . N T 77 7

| ]
NAS KINGSVILLE NAS CHASE NAS CORPUS CHRISTI |

| A yaResVILE _ ADVANCED TRAINING

| DVA J ADVANCED JET ML EAGINED |

AYRCRAFT

|| fozd [z [vr2a] [725] [v12d] :

| l vrz7)fvras)[vras][vim ‘ |

| I I

]

TRAINEG PILOTS (FIMNAL PRODUCTS)

Figure 2-3. Student Flow for CNAVANTRA
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NDISTRIBUTION OF INTERMELIATE PRODUCYS '

Intermediate products are distributed 0 va-ious cos: ceniurs on a basis of
the interrelationship of the cost centers and associated ruies of product
consumption,

Intermediate products data was obtained from RMS PRIME, This data bare contains
only information on the production of intermediate products and nothing about con-
sumption patterns of goods and serviczs. The interrelationship between cost centers
was subsequently established through d2tailed investigatior, and a process analysis
was developed for each work unit. The oniy cost centers modelled were those for
which work units data was available from RMS, and thouse for which labar assignments
could be made on the basis of OPNAV 3320.

The identification and distribution of intermediate products is the key part of the
modelling effort, The end result is a representation of the complex interrelations
between ail the cost centers. For e:ample, the "output” of the General Mess (food
service) ic the intermediate product "number of meals served”, ana iz distributed to

all other cost centers at the station in proportfon to the military personnel assigned

to these other cost centers. On the other nand, tne "output" of the Airframes sub-
cost center in the Aircraft Mzintenance Department is the intermediate produrt “num-

ber ¢f airframe work orders completed" and is distributed to Lost Center P (Operations)z

and the cost centers representing the particular training squadrons in proportion to
the anumber of flight hours.

The distribution of every intermediate precduct vor each subcost center modelled was
considered. The result ¢f this work is prasented in a following section, Each syb-
cost center is identified by name and RMS PRIME code with work units {output) also
being given. The naturz of the intermediate product was considered in the determin-
ation of distribution rules. Thosec cest centers whose outputs were qeternzned rnot

to vary with tne pilot training rate were not included in the process analysis. These
cost centers are refered to as thnrorughput cost centers.

It is clecr that throughput cost centers consume goads and services. [t wasx assumed
that a negligible amount of intermediate products were consumed by throughtuts and,
hence, the percertag:s used for distrihution were cemputed exclusive of throughput
labor. Althougn this assumption is tnought to be valid, the coansumption of appreci-
able amounts of an iatermediate product by throughputs can be modelled by the inglu-
sion ot & lower Jower bound on the right hand side of the linear proyramming formu-
lated production and consumrcion. This s, in affect, a staiement that at ieact
some number of praoducts must be produced for the throughput cost centers.
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ANALYS!S RESULTS

A process analysis approach was used to model alternate modes of production.
1t simultaneouslty coniicers a large number of interconnected partial produc-
tion functions for each activity of CNAVANTRA.

Process analysis has the capability of cunsidering alternate modes of production. n
a complex organization such as CNAVANTRA, this approach considers a large number of
interconnected partial production functions to determine a least-cost labor mix.
Certain -pecific tasks are inherent in the development of a process analysis modei:

1) Development of an exhaustive list of processes employed.
2) Tldentification of inputs and outputs for each prncess.
3) Determination of relationships (linear) between inputs and outputs.

The results ol such analysis are discussed in the following sections. This process
aralysis provides a comprehensive look at the structure of each of the three
CNAVANTRA bases modelled.

The form and operation of the modeis are identical. The principal difference arises
in the need to specify precisely the different "processes" and their unique inter-
relationships at each of the activities modelled. This is the essence of the process
analysis approach. That is, the methodoloay is gena2ral, but the specification and
interrelationship of inputs, intermediate products, and final outputs for each fac-
flity is unique to that facility.

Details of the analysis are tc be found in Section 5, P=ncess Analycsis, where results
are nresented for each of the tiree separate models.
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IDENTIFICATION OF INPUTS

Inputs to each naval air station of CNAVANTRA are of two general types; pilot
(student) input and labor input.

Pilot inputs are not accounted for as "free goods", but are costed in the model ob-
jective function as paygrade 01 (Ensigns). The quantities of pilot inputs required
are based on the overall training requirements and a student pilot attrition rate.

The categories of labor inputs at the naval air stations of CNAVANTRA include, for
example: Officers and warrant officers, graded and ungraded civilians, and rated

and non-rated enlisted men. These labor inputs were costed in azcordance with DoD
Instruction 7220.25, "Standard Rates for Costing Military Personnel Services”,

1 August 1968, and DoD Instruction 7041.3 of 26 Februiry 1969. They were then dis-
tributed to the various cost centers at the stations, and in tke squadrons, in fixed
prooortions based on the manpower listings provided. Since these listings were for
one point in time only, the interchangability of various labor cctegories over time
was not made explicit for this particular application of the model. Thus, it was not
possible to modify the fixed proporticns of lebor inputs specified for any given cost
center,

Labor inputs are further classified as variable Yabor input or as "throughputs".

That is labor assigned to cost centers inciuded in the process analyses or to through-
put cost centers. A "throughput" by definition is a cost center whose manning re-
quirement remains at a censtant level for the training rates unuder consideration.

The MAM is designed to only address the problem of optimizing tne required variable
labor inputs., For purposes of providing a complete manning document for each activ-
ity; however, throughputs are printed out alorg with the optimized variabie labor
inputs.

Specific identification of the general inputs is contained in the models and in
Section 5, Model Inputs.




DEFINITION OF RULES AND PRODUCTS

Tenant activities and throughputs were identified and incorporated into the
model with special relationships and constraints. The nature of the inter-
mediate product was considered in the determination of distribution rules.

Tenant activities and throughputs are defined as activities of an air station that
do not contribute to the pilot training process. However, they consume intermediate
products of cost centers that are related to the pilot training process. Manpower
requirements for tenant activities and throughputs and their consumption of inter-
mediate products are independent of the pilot training rate, however. The signifi-
cant difference between tenant activities and throughputs is that ‘throughputs are
air station activities that are ordinarily part cf the air station structure while
tenant activities are not. An example of a tenmant activity is the Army unit located
at NAS Corpus Christi, and an example of a throughput activity is the Cost Center N
(Security). A complete list identifying the tenant activities and throughputs for
the three naval air stations of CNAVANTRA is inciuded in Section 6.

Once the tenant activities and throughputs were identified, they were not included
‘n the model as individual activities; however, their consumption of intermediate
oroducts was included in the model as explained below.

The linear progra2m formulation of the Manpower Allocation Model is briefly described
in Section 1 of this report., This includes linear relationships and constraints
which represent the distribution and consumption of intermediate products among the
various cost centers. It is through the use of these constraints that the influence
of the tenant activities and throughputs is included in the model.

When the number and types of personnel at the tenant activities and throughoputs
were determined, the distribution functions for the consumption of intermediate
products (contained in Section 6 of this report) were used in order to determine
what the consumption of intermediate products was for each activity. Assuming that
these activities did not contribute to, or influence, the pilot training rate, the
amount of intermediate products consumned for these activities was then entered into
the model as a lower bound for the outpu and consumption of the intermediate pro-
ducts for the appropriate cost centers. 1In this way, each cost center includ~d in
the model is required to produce an initial amount of output which is equivalen: to
the total amount of the output consumed by all of the tenant activities and through-
puts. It is at the same time required to produce a minimum amount of output which
is the total amount of output consumed by all of the tenant activities and through-
puts plus the tota) amount of cutput consumed by all other cost centers.
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For example, consider in particular the mess hall facilities at NAS Corpus Christ{,
Subcost Center 9911. The work unit or intermediate product for this subcost center
is the numher of meals served. 1I1f it can be determined {for the time period under
consideration in the model) that the tesant activities and thrauahputs consume four
thousand meals, then the output of Subcost Center 9911 must be greater than, or
equal to, the number ~f meals required by all cost centers included in the model,
plus the four thousand meals consumed by the tenant activities and throughputs.

In the process analysis phase of mod:] development, no information wa: obtained on
the tenant activities of NAS Chose and NAS Kingville. Consequently, the consump-
tion of intermediate prcducts by the tenant activities for these stations was not
included in the model.

A 1ist of the tenant activities for NAS Corpus Christi and the amount and type of
intermediate products consumed by these activities is included in a following section.
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STRUCTURE OF MANPOWER ALLOCATION MODEL (MAM)

MAM is structured to minimize total manpower cost to attain a specified
output level. An understanding of the mathematical and logical structure
of the MAM will assist the user in operating and modifying the medel.

The MAM is structured so that by varying the level of desired output (trained
pilots)and stating pertinent constraints, it is possible to compute the least-cost
mix of manpower inputs required.

Before further describing the mathematical form of the model, certain notaticns are

defined:
Xg - ith labor input classified by skill category and level in units of
manpower per month
2. - ith final output item classified by level of pilot training achieved in

units of number of pilots per month

Y. - ith intermediate product classified by the prcducing cost center and the
consuming cost center in work units per month

c, - cost of the ith labor input (xi) in dollars per manhour

W - a column vecter of activity levels; each cost canter is run at some
activity level in each technology period

X - column vector of labor inputs; i.e..

Capital letters are used to represent vectors of quantities (for example,
the xi's and zi's)

A - technological matrix whose entries (technological coefficients) are
related to partial productivities and reflect the ouperation doctrine/
organization of a cost center.

Process analysis is used to describe the flow of inputs and outputs to and from the
various cnst centers. The rules by which these products have been distributed for
NAS Corpu; Christ1, Chase and Kingsville are described in the discussion of process
analysis. With tne structure provided by process analysis, the manpower allocation
model is designed to minimize the total cost of thz variable labor inputs (Zcixi)
subject to certain constraints. These constrairts are as follows:

e mmt aeeTAn o el g U O o<
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Outputs & specified Tevel

In more mathematical teims, the model becomes:

Minimize: CTX
Subject to: 7?2 Kys
Z
AW = Y
X
< <
K2 ¢ K3
and W, X, Y, 220
where:

P atiam

Policy constraints on labor utilization
Upper and lower bounds on variable labor inputs
Hor -negativity constraints on variables

("

(2)

(3)

(4)

(s)

C and X are column vectors (CT is th; transpose of C)

A is an N <« m technological matrix

K] is a column vector of required outputs

K2 and K3 are
is anm x 1

Z is a column

Y is a column

X is a column

vector of n, outputs
vector representing ny
vector of n variable labor

Note that N = a,tn
of operating and organizing subcost centers.

+ n_.
z

The model formulation by cquations (1) through (5)

The model solution is obtained by a linear program

vity levels of the various cost centers as follows:

W] -
2(2) ‘-
NE)

AW =

lower and upper limits on labor inputs
column vector of activity levels of subcost centers

intermediate products

inputs

Here, m i{s the number of distinct technologies or means

contain both X and W a3 unknowns.

and is expressed in terms of acti-

Y (6)

where A(])H = 71, A(Z)H = ¥, and A(3)H = X. The linear program problem becomes: Find

values” for the elements of W which minimize:
cTal3)y

subject to the following constraints:
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STRUCTURE OF MANPOWER ALLOCATION MODEL (Cont'd)

Al s (8)

a2y > o, ()

Ky, ¢ AC €k, (10)

and W2o. (1)

Equations (7) through (11) expr2ss the linear programming problem for the vector W of
unknown activity levels. The values of the elements of the optimal activity-level
vectnr, ﬁ, are determined by using the well-known simplex method of linear program-
ming. The optimal manning requirements {except fur throughputs or fixed labor inputs)
are then calculated by:

A
%= 305, _ (12)
where ﬁ is the vector of labor inputs at optimal manhing.

The mathermatical structure of the model is based cn linear relationships between the
cost/sitbcost centers and determining optimal activity level vectors subject to quar
tified constraints.

The simplex method is based on the fact that, if there are m constrairts (or rows) in
the constraint matrix, and these are linearly independent, then there is a set of m
columns (variables or vectors) which are also linearly independent., Hence, any Right
Hand Side (RHS) can be expressed in terms of these m columns (called a basis). The
simplex method uses these basic solutions, stepping from one to another (by exchanging
one column in the basis with one column not in the basis on each step or iteration)
until a solution (called a basic feasible snlution) is obtained that satisfies all of
the coastraints and the requirement that all the column values be non-negative.

After a basic feasible soiution is found, the simplex method steps along, examining a
saries of basic feasible solutions to find one that satisfies the requirement that
the value of the functional (or objective) row be a maximum or minimum (the optimal
solution). For the MAM, the objective function is in mathematical terms: Minimize
CTA(3)H. Not all LP problems have an optimal solution. If there is no solution in
non-negative variables, or none that keeps the variables within their specified
bounds, the LP problem is said to be infeasible. If a feasible solution is found,
but the constraint rows do not confinc the value of the functional row (o finite
values, the LP problem is said to be unbounded.

2-14




REFERENCES

Mathematical Programming System/360 (36NA-C0-14X) Linear and Separable Pro-

gramming - Users Manuai, [BM.
Manpower Allocation Model, Volume 1, Final Peport, Contract N00022-69-C-0076,

Mellonics 3ystems Development Division, May 1969.
Mathematical Programming System/360 (360A-C0-14X) Control Language - Users

Manual, IBM.

2-15




PROBLEM AREAS

The problems encountered in the process analysis phase of model development
were basically related to the modeling of cust centors and the distribution
of intermediate products.

The following paragraphs identify the problems encountered and include the methodol-
ogy and the assumptions which were employed in order tn complete the modeling of the
air stations of CNAJVANTRA.

The first problem encountered involved the computer facility as a subcost center at
NAS Corpus Christi. Ffach of the three naval air stations has a data prrcessing sub-
cost center whose intermediate product is keypunched computer cards. These cards are,
however, "consumed" only by the computer facility at NAS Corpus Christi. In the
analysis of cther CNATRA facilitifes it was found that each facility could be treat-
ed as a separate and individual entity within a command (i.e., the Manpower Alloca-
t-on Hodels are not aggregated for a command). This is an appropriate and feasible
moieling methodology as long as the distribution and consumption of intermediate pro-
ducts does not tie together subcost centers from differant air stations. When, as

in this case, several air stations are related because o7 fhe link between subcost
centers at different air stations, the influence due to this link upon the value of
the objective function must be considered. In this particular case, the manpower<
requirements for the computer facility at NAS Corpus Christi will depend not only
upon the keypunched card output at NAS Corpus Christi, but also upon the keypunched
card output of th: data processing subcost centers at NAS Chase and NAS Kingsville.

The essence of the problem then, is that the manpower allocation analysis for NAS
Corpus Christi cannot be performed until the level of keypunched card output from
NAS Chase and Kingsviile has been determined or assumed. When this level has been
established, it can then be used as a lower bound on the output of the computer fac-
i1ity subcost certer at NAS Corpus Christi, It is used in the model in the

same fashion as the tenant activity and throughput lower oounds, which are explained
elsewhere in this section.

A second problem arose during the process analysis when it was discovered that Cost
Center P (Operations) had aircraft under contrul in addition to those assigned to the
training squa:..ons. It was, therefore, necessary to distribute the intermediate pro-
ducts of subcost centers related to aircraft functions to the subcost centers of Cost
Center P (Operations), as well as to the training squadrons by the percent of flight
hours. The flight hours of military personnel who are assigned collateral shift
duties in addition to their primary duties are reported by Subcost Center 6F20 (Flight
Time). These reports are used a5 a basis to deteruine the nercentage of consumption
of intermediate products for aircraft-related functions by Cost Center P (Jperations).
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PILOT TRAINING RATE CONVERSION FACTORS

Conversion factors fix the final product output rates for the specific
squadrons relative to the final product output ratio for the particular
training program,.

The range of final produét output rate (FPOR), that is trained pilots, was specified
for the advanced jet and prop systems of CNAVANTRA. This range to execute the mode)
was derived from historical data. Conversion factors (ratio of squadron FPOR to the
FPOR for the activity) were computed using the Student Training Progress Critique,
Jan-Apr 1969, as a data base. The numbers of graduations were summed through the
four months of data for each training squadron. Squadrons VT21, V722, V723, V724,
VT25, and V126 were added togsther to obtain a system FPOR for advanced jet train-
ing squadrons VT27, VT28, V129 and V731 were added together to obtain a system FPOR
for advanced prop. The conversion factors were then computed as the ratio of the
squadron final product output rate to the training activity or system (advanced prop)
final product output rate. The conversion factors for the advanced jet system and
the advanced prop system must sum to 1.0 individually. The conversion factors given
in Table 1 were derived from the available data and used in demonstrating the model.

Table I - Conversion Factors Used in Demonstrating Model.

Type of Naval Training Conversion
Training Air Station Squadron fFactor
V121 .213
Kingsville vT22 . .203
VT23 .180
Advanced Jet ‘
VT24 .128
Chase V125 © 0,138
V126 .138
V127 .214
vT28 .183
Advanced Prop Corpus Christi VT29 406
VT3 .197

The models assume that pilots are trained at a constant rate throughout he year.

The model could be made dynamic in this sense by the application of seasonal or cy-
clic variation analyses to account for "peaks and valleys” in trainine rates and re-
sultant fluctuations in manpower requirements. In addition, the discrete, or "block",
nature of the training syllabus could be accommodated in the model by segmentation

of the process analysis and simultaneously applying different training rates for dif-
ferent segments of the process.
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APPLICABLE CONSTRAINTS ON INTERMEDIATE PRODUCTS

Constraints on the production of intermediate products may be used to deter-
mine the manpower required to support tenant activities.

To illustrate the use of iower bound constraints, consider NAS Corpus Christi which
hosts several tenant activities; specfically, these are the: 1) Army Unit; 2) Navy
Hospital; 3) Coast Guard Dctachment; 4) Naval Reserve Center; 5) 8th Naval District
Print Shop; and 6) Law Center. These tenant activities consume intermediate products
from the Security, Public Works, and Supply cost centers. The first two cost centers
are throughputs and, thus, they are not recorded in the process analysis. Cost %en-
ter Supply contains six subcost centers which distribute intermediate products to the
tenant activities. The Tower bounds for these cost centers have been calculated as
the product of the average number of work units produced by the subcost center during
March and April, and the ratio of the number of people served al tenant activities to
the total number of people served.

The specific lower bounds which were calculated for demonstratina the model were de-
rived for the available data as follows:

Subcost Centers of Supply Lower Bound
Designator Description Value Work Units
2330 Househnld Goods 1,100 Applications
27110 Procurement Plan 2,800 Procurement line items processed
2720 Contract Execution 1,400 Procurement actions processed
2310 Freight 940 Line items
9911 Mess Hall,/Galley 47,000 Daily rations issued
9943 Retail Clothing 32 Voluma at sales

Similar calculations were performed to account for the tenant activities at HAS Chase;
namely, NALF Galiad, the Milan Targets, and NAS Kinasville, which hosts the Orange
Auxiliary Landing Strip.

The data processing cost center at NAS Corpus Christi also services NAS (hase and
NAS Kingsville. A lower bound must be piaced on Subcost Center 1430, AUP "Applica-
tions" to represent the flow of machine hours not consumed by MAS Corpus Chrigti.
This lower bound was computed as the product cf the averace machine operatina hours
per month at Corpus Christi and the ratio of the average number of cards keypunched
at Chase and Kingsville to the average number of cards keypunched at CHAVANTRA. Spe-
cifically, from the available data, the lower bound for the intermediate products at
Subtost Center 1H30 is 4,000 equipment operating hours (the RMS PRIME work units for
Subrost Center 1H30).
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MODEL OUTPUT REPORT

The Manpowe~ Allocation Model (MAM) output gives a detailed report of man-
power req.irements for each subcost center for specified pilot training rates
(PTR's),

The output of the MAM is a computer listing of manpower requirements for specified
PTR's. The output, which zontains manpower requiremcnts to support PTR's (e.g., 600-
1800 pilots per year for advanced jet in increments of 40C and 360-1440 pilots per
year for advanced prop in increments of 360) 1s organized for each of the three naval
air stations as shown in Figure 2-3.

For each PTR, the first page contains the indicatfon of the PTR (or FPOR) being exam-
ined. The FPOR for the system and the elements are included as shown in Figure 2-4,
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Figure 2-4. Sample Printout of FPOR Header

The MAM printout prescribes manpower requivements for overall CNAVANTRA pi‘ioct train-
1ng rates for NAS Kingsville with V721, V722, and VT23; NAS Chase with V724, VT25,
and VT726; and NAS Corpus Christi with VT27, VT28, V129, and VT31. Other PTR's may
be defined to make the MAM output relevant to other areas by use of the BUPER pro-
gram. A sample printout for NAS Chase is given in Figure 2-5.

OPTIMUF COST CENTER  PANPOWER ALLOCATIONS
CCST CENTER: A CORMAND ¢ STAFF

YSUFe ANNUAL FPCRZ 1 1 HUN WORR UNETS
i(il\-ll Hxn rASE ‘5 !::
. [ 338 . ‘u M
931 2987
PBAR AR RSO0 000F0SPTRERNEIRENS essceens
. MANPCWEL REQUIREMENTS suunnv :
[
. MILITARY CIVILIAN :
L -
L 1} TEC foTA GRrRADE RAD TCTAL 1} =fOVAL o
:U"E EML]S O.L lgumnw 12 GM"’O L.
sessssinnsasefesace L]

;oun;ululr THENTEFICATICNOGeRaee e ooeui ALOR SKILL CATEGGAVOSOS  S0000NONTHLY NAN=NOURS AND RANPQNERwasse
(4

ﬁgi. ié:;:':‘;:',:a“l”“ TIT Fevevas NOSC S!IEICE H ;AI;IS Gliot [} W &.- \ ‘ulu uoﬁig g%g’“.‘n
g 3;!57'5‘?"55' e v t b g

i ke g b
L sl 4o t o4
§ gg&;:;,::;..,c..... ol ol
4 w ¢

Y N b 3in :lcac'ucu! REPCATER ¢ all? 'y b 2
: l i:a:;élvo|i"s G “::1 § ] l%‘ 44 i ]

Fiqure 2-5. Sample Printout of Manpower Requirements
Summary for a Given Cost Center
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Cost Center - Provides the RMS PRIME cost center number and description (e.g., Cost
Center A, Command Offices; Cost Center B, Comptroller, etc.). fhe report is organ-
ized by RMS cost center within each CNAVANTRA annual PTR.

System Annual FPOR - Lists the annual number of pilots in Advanced Jet and Prop
Squadrcns who shenld complete training at an activity.

Activity - Provides the name and accounting number of the naval air station for
which manpower requirements are prescribed {e.g., NAS Chase (60376)).

Optimum Work Units - Provides the standard ("should be") level of cutptt ‘or ail sub-
cos*t centers that produce intermediate products consumed by other cost centers.
Subcost centers whose output is consumed within the cost center {(e.g., administra-
tion) do not appear in this list becauss they do not enter into the process

analysis. These standard output values may be used to check actual performance
(i.e., output at an operating PTR) in much the same way that a standard cost

systeu is employed for management control purposes. These work units also precvide
the primary link in the integration between the PMM and MAM.

Manpower Requirements Summary - Indicates the requirements for each cast center by
officers and entisted men with subtotals, graded and ungraded civilians with sub-
totals, and a grand total of the number of persons needed a2t the cost center.
Manpower requirements for a cost center or an activity may, therefore, be compared
at increasing PTR's or across activities for sirilar cost centers at the same PTR,

Billet identification - An input variable which provides the subcost center identi-
fication apd title for each billet position (e.g., asi’stant legal officer, public
affairs officer, clerk typist). Secondary NEC/NOBC are used if the billet
identification was not provided.

Labor Skill Cateqory - Provides, under the "service" column, the generai labor
classification ("0" for officer, "WG" for warrent officer, "E" for enlisted men,
"3S" for graded civilians and "WG". et-., for ungraded or wage board civilians).

The coiumn labeled "Series" indicates the appropriite designator for officers, the
rating for enlisted men, and the series for civilian personnel. Where appropriate,
based on input data, the primary NLC/NGBC also appeers to further identify tLhe
particular labor skill catequry for billet assignment purposes. The rank, rate,

or grade is alsc listed to indicate the proficiehcy level of the labor skill,




Monthily Manhours and Manpower - Provides the total manhours per month and the
equivalent number of people in each labor skill categury required in the co:t
center. The "Hours Required" cclumr shows the requicnsd nroduccive manhours per
month for the skill category and level to support tre indicated system PTR. The
"Leave, Non-Available" column shows the non-productive manhours allowed each month
for the skill category and level. There are minimum allowances for each labor
type, but thke numbers that appear may be greater than the minimum. However, the
rounding procedures minimize the amount of this type of time for each series. The
"Gross Hours" column shows the sum of "Hours Required” and "Non-Available" columns
and represents the leave equivalent/total number of hours required each month. The
"Total Manpower" column shows, separately, the total numper of civilians and
military required by skill category and level,

The last page of the requirements for the PTR contains a summary by officer,
enlisted and civilian, graded and ungraded. A sample of this printout is shown
in Figure 2-6.
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Fy_aie¢ 2-6. Sample Printout of Total Manpower ..equirements
Summary for a Given FPOR
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ADDITIONAL MODEL OQUTPUT

In addition to the principal output of the MAM, a listino by cost center of
the least-cost manpower requirements necessary to support a specific output
training rate, additional output is available to the manpower requirements

analyst.

In addition to the manpower requirements, other information of a more analytic nature
is avuilable from the linear programming techniques. This information provides in- '
sight into the model structure of labor utilization and constraints and consists par-
tially of the following:

1) values of dual variables;

2) values of slack variables;

3) ranges of student training rates for which labor is linear; and
4) labor cost changes which necessitate process substitution.

The values of the dual variables (also referred to as internal opportunity costs or
shadow prices) are available from the linear programming computer output. These
variables are numbers which represent the effect (value) of the constraints (right
hand sides) on the objective function (least-cost labor mix cost) at the optimum.
Mathematically, they are the rates of change of the objective function with respect
to the right hand sides of the constraint relations evaluated at optimality. There
is a unique dual variable corresponding to “ach of the constraint relations.

These dual vyriables have a turther important economic interpretation, namely: Those
products for whom the correspcnding dual variables are rqual to zero are free goods,
in tnhat some small additional amount of them may be used without increasina the cost
of running the base. Otherwise, they represent the unit cost as represented by in-
creasing tne total base operating cost of requirina a small additional amount of some
product. For example, if there is excess supply over demand for a préduct. this ex-
cess is a free good in that it doesn't involve any additional cost to use it. On the
other hand, for a product (either intermediate or final) for which supply just equals
demand, it will require operatina some cost centers at higher activity levels to make
more of this product available. Hence, there is a cost associated with the constraint
on the goods. The general principle is that there are positive internal! opportunity
costs for those products for which the constraints (greater than or equal to) are
bin&ing. This {s referred to as complemeatary slackness in mathematical programming.

Associated with each product (final or intermediate) is a slack variable, Corres-
ponding to each product is an equation or inequality. The valuc of this variable re-
presents the excess of production over consumption, and this quantity is non-negative.
Thus, the value of the slack variable represents the amount of "fat" in the system.




It will be positive for free goods and, as discusied above, is intimately :nnnected
with the dual variables. Mathematically, a constraint is bindinoc when the associated
slack variable is zero.

Items (3) and (4) above are obtainei by what is referred to as parametric linear
programming. This is not currently part of the linear programming output. To obtain
such information, the proper computer commands must be added to the MPS part of the
data processing system. This is not envisioned as a major computer programming task.

By use of parametric linear programming (a standard part of the Mathematical Program-
ming System (MPS) of the IBM 360/67 computer), it is possible to determine the ranges
of student training rates where labor demands are linear. (his may be analyzad for
both individual cost centers or an entire facility. This technique may alsc be used
to investigate the impact of labor cost chanoes on nptimal manning requirements. The
obvious impact is that 1f individual costs go up, so will the total cost of running a
base. However, it is possible that costs can change in such a way that the manner in
whizh a cost renter is organized/nperated will have to be chariged.
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SECTION 3

PRODUCTIVITY MEASUREMENT MODEL

DESCRIPTION




DATA SOURCES AND FLOW

The Productivity Measurement Model wuses monthly RMS PRIME data to form a
variety of measures which are aggregated to successively higher levels.

The RMS PRIME data, used as inputs for the Productivity Measurement Model (PMM), is shown

in Figure 3-1. For each subcost center and time period covered, the inputs are:

1) number of work units performed or accomplished:
2) number of productive military and civilian labor hours expended;
3) amount of military and civilian labor dollars expended.

This data 1s directly available from the RMS PRIME 7000-3 reports. The military and
civilian labor hours and labor dollars are summed in the program to provide the model
with total labor hours and total labor dollars for each subcost center by time period.

Conventional productivity measures which are the unweighted ratio ¢f output (in work
units) divided by input (in dollars or manhours) are computed directly from the RMS
PRIME data. Since these conventional productivity measures have no normalizina cri-
terion, they generally cannot be meaningfully compared either horizontally, among
subcost centers performing similar functions, or vertically, among subcost centers
performing dissimilar functions.

The PMM forms : standard productivity measure (SPMS) by dividing the cumulative total
work units produced in the subcost center by cumulative total labor costs (Figure 3-1).
This standard (the cumulative average productivity measure in dollars) is automatical-
ly updated by the program.

The use of the cumulativ2 average of past productivity mea: urements as a standard
\historical) has the advantage that it smooths out fluctuations in the ménthly data.
An alternate method of computing a historical standard is to determine a moving aver-
age, Still another type of standard is the engineered standard. Data for “his type
of standard i3 not available in RMS PRIME reports, but can be ob*aincd “rom wnrk
sampling data, 3M data, or other technical sources.

The productivity model forms a productivity index (PI) for each subcost center by
dividing the conventional productivity mcasure (CPMS) by the standard (SPMS),
(Figure 3-1). The standard is, thus, a qeneral normalizing criterion. A1)l subcost
centers can be compared on the basis of how well they produced in relaticn in their
own standard. The productivity index is then used to calculate the production mea-
sure (PM) of the output of the subcost center (Figure 3-1). This is fnrmed by mul-
tiplying the labor productivity index by the Vabor costs, and is a measure of the
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value of the output.

By summing the PM's of the subcost centers, the model forms a measure of the tota)

output value of the total produccivizt, merzure {7#M} 0¥ ihe
is divided by the total labor costs (TLC), the result is an
index for the whole cost center, which is an averaae of the
the subcost centers weighted by their labor costs.

/

cost certer.  Whea this
aggregate productivity
productivity indices of

By summino the total production

measures and labor costs to the station or major command level, similar productivity
indices for the entire station or major command are formed (Figure 3-1).
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Figure 3-1

Data Sources and Flow in the Productivity Measurement Model
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LIMITATICONS AND ASSUMPTIONS

Prcductivity measuremerts cannot be arbitrarily applied. The nature of the
data, or of the work done, may significantl,; chance the meaning of the
measurements.

§
Productivity in the most general sense is the relation of outputs to inputs, produc-

tion to costs, or simply "what was done" to "wnat it took to de it". The vailidity of
a productivity measure, then, depends on the accuracy of the measureient of outputs
and inputs. Since the PMM assumes that RMS PRIME data acrurately and meaningfully
m2asures tnputs and outputs, the user should be aware of the cases when this is not
true. Figure 3-2 presents a summary of tne cases which limit or change the applica-
bility of productivity measures.

The first problem, inaccurate reporting of data, is a continuina problem in any infor-
mation system. Tiie PMM is a helpful tool in limitina these inaccuracies and can be
used for data verification, Errors wnich might not otherwise be noticed often result
in obviousiy questionable productivity measures. The accuracy of the data should
always be checked before accepting any preductivity measure which is either extremely
high or low.

Although most subcost centers actually perform a variety of functions, the mix of out-
puts ts usually constant enocugh, and the differences small enouch, so that the work
units are an acceotably accurate measure of the total output. In some cases, this is
not true, and the productivity measures then have limited application. A prime exam-
ple is the public affairs or public information office which courts a telephone cal?
and a formal briefing equally. Where possible, significantly different outputs should
be weighted.

In other cases, ever though there is only a sinale item counted for the work uni:,
the rasult may be only a very crude approximation of the work dene. An example of
this is the ground electronics maintenance subcost center whose work unit s cubic
feet of electronic gear maintained.

The PMM implicitly assumes that high productivity has a pocitive value, However, a
higher productivity may not be desirable in some cases becaus2 o¢ the nature of the
function of the subcost center. Subcost centers where quality of outpu. is critical
tut unquantifiable is 2 case in point., A course whoase work unit is man menths of
instruction can only have a meaningful productivity measure if the quality of the in-
siruction does not vary. This {is not an unrealistic assumption, but 1t does limit
the ability of productivity measures. The essence of an increase in productivity
would not be an increase in man months of instruction per labor dollar, but an in-
crease in the amount of learning per man month of instruction, and this cannoi be
measured.
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Continuing high productivity in subcost centers :thich have the mission of being pre-
pared to handle emergencies is not necessarily desirabie. A medical facility with
nigh productivity measures may be understaffed and unprepared for zn epidewic or
catastrcphe. L(ikewise, a hich productivity measure for an aircraft maintenance sec-
tion may mean that there is a queue of aircraft awaitino repair. 1In this case, while
the maintenance section is highly productive, the base efficiency is reduced because
they lack the manpower required to return aircraft to service promptly. High produc-
tivity levels may not be desirable for subcost centers whose function and activity
level is determined by policy. The personnel services such as the chaplain's office,
family service center, and special services f2ll into this cateaory. The oquality of
their work is as important, or more important, than the quantity, but since their
output is measurec in number of persons served, a hiah productivity may well mean
less service to each, or simply that they are understaffed.

A. MEASUREMENT INACCURACTES

1. Inaccurate reporting of data
2. Work units which do not accurately reflect output
a. Muitiple types of output which are not weighted

b. Single output which does not reflect work required

B. PROBLEMS RELATED 7O NATURE OF FUNCTION

1. Quality is crucial but unquantifiable
2. Preparedness for contingencies is important

3. Functions are determined by policy

Figure 3-2. Froblems Whick Alter cr Limit the Use of Productivity Measures
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SECTION 4

MANPOWER ALLOCATION MODEL AND PRODUCTIVITY

MEASUREMENT MODEL APPLICATIONS




RELATIONSHIP OF MODELS TO PPBS

The Manpower Allocatio: and Productivity Measurement Models are designed
to be directly useful in the Planning Programming and Budgeting System
PPBS) of the Department of Defense which requires an exchange of informa-
tion end data related to manpower requirements and the juctificavion of
these requirements.

The PP3S requires extensive formal dialogue relative tc Navy manpower and involves
several activities within the Dol and Department of the Navy. At any one point in
time, these activit.es may be concerned with manpower reguircments for five differ-
ent fiscal years. For example, work on the FY'72 budget begu. .n February 1969 with
the r2ceipt of tne update of the Department of Defense five-year defense program
(FYDP), As the dialogie continues (Figured-) more constraints are definud in terms
of the feorce level reguirements, budget limitations, po.:cies related to the number
and mixture of personnel available, and. finally, constraints related tc detaiiing
specific individuals to fill the defined manoower requirements, More rcunstraiuts
are defined as the *ime for implementing the particular budget approaches. In
general, there are at least three levels ¢ which they are applicable in the PPBS.

First, the allacaticn model canr ce used to generate unconstrained Navy manpower
requirements as a t 'nctivn of tetal planned Navy forces An example of this use
would be as an input from tne Office uf the Chief of Naval Operations (QOpNav) ‘o
the Joint Chierc of Staff (JCS) for the Manpower Annex of the Joint Straregic
Objectives Plan, Voli ‘1, Yorce Tabulations.

Second, the allocation model! can he .Lsed tc generate Navy manpowar requirements/
allocations as a vunction force size, .uch allocations to be generaily constrained

by total Navy personnel end strengih or payrol) dollars. Etaamples of this use would
be in OpNav response tc 0SD Manpcwer Prograr v2moranda, JCS Joint Ferc Memoranda,
Navy Program (Opjectives Memcranda, and to rrepare Progrim Change Requests, Reclidamas,
and Five-Year Defense Program uypdates in the annual Planning, Programming and Budget-
ing cycle.

“hird, the atlocation mcde’ can be used to generate manpower allocations in imple-
mentation of program and budget decisions, and as specificaily constrained by the
inventory of personnel available to the Navy in the short run, fhe principal users
of the models in this mode would be QOpNav foi manpower autnorizations and SuPer:

for personnel distribution.

Fach =sanpower allocat:on model develop:d has used the same basic structure of pro-
cess analysis and linear programming to evaiuate manpower requirements. These are

predictive modeis used tc determine the optimum (least cost) mix 2f javor




described in terms of service, series, grade, and NEC/NOBC) to produce a requjred
:hore activity output. In addition to this basic model formulation, a method for
the competitive bidding for labor resources has been developed.' This scheme, in
effect, "forces" managers .o more e ficiently use the types of labor which are
abundant at a particular time. Finally, when a particular mixture of labor has
been assigned to a shore activity, the effectivseness of this labor force can be
measired by means of th: appropriate productivity measurement mcdel.
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fiqure 4-1. PPBS Activities Relating to Manpower in FY'70

1. Manpover Allocation Mcdel, Final Report, Contract NOOL22-69-C-0076, May 1469




CONTINUOUS MODEL APPLICATIONS IN THE PPBS

In the continuing process of responding to the PPBS dialoaue, the models are
not intended to be static tcols.

A planned proagram of model applications is required in order to sevk more nearly op-
time! solutions in response to the PPBS requirements over time. These models are of
complex organizations or systems in which many intangibles, such as manaaement capa-
bility, morale, environment, etc., bear directly on the performance and capability of
the shore activity. Thus, it would be unrealistic to take a "snap shot" of a navy
shore establishment and use this data to describe the cperation at scme later time.

If the models are applied periodically cver time in synchronization with the PPBS
cycles, the net effect would be two-fald. First, more realistic data carn he provided
in the PPBS dialoque. Second, the establishment would be “"forced" to more nearly
optimum use of manpower. The scheme by which this could be accomplished is illustra-
ted in Figure 4-2. Initially, actuai historical data is used to foim the twe technolo-
gies. This data is derived from RMS PRIME, OPNAV reports, and related sources. €Each
level of model application described above (unconstrained, partially constrained, and
const,ained) results in an optimal least-cost solution. This solution then tecomes,
in effect, a requirement, or plan, in the PPBS at the appropriate level. In practice
for numerous rea:nns, the plan may not be completely achieved. This fact may be de-
termined from actua® data (RMS PRIME, etc.). In subsequent applications of the model,
the previous optimum soluticn can be used to form one technolooy, and the actual per-
formance data (RMS PRIME) can be used for the second ‘echnology. The resulting opti-
mum solution would then reflect, in effect, what is derived and what can be achieved.
This successive model application is not unlike the functionina of a missile guidance
system. Based on previous data, the guidance system generates a solution (steerinag
command) for impact cn the target. Due to errors inherent in the system or a taraet
maneuver, the current solution can be in error. As updated data {scan of the quid-
ance radar, for example) is received, a new solutiorn with new steerira commands is
provided. This interrelationship between prediction and measured data results in the
optimum solut on; namely, impact of missile on tarnet,
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RELATIONSHIP OF THE MANPOWER ALLOCATION MODEL AND PRODUCTIVITY MEASUREMENT MODEL

The Manpower Allocation Model i:c used to determine optimum manpower alloca-
tion and is used in conjunction with the Productivity Measurement Model.

A productivity measurement provides a measure of the efficiency of allocating labor
resources. A knowledge of the productivity levels and trends is essential for esti-
mating optimum manpower needs and allocations accurately. The manpower allocation
and productivity measurement models complement each other. The manpower allocation
model 1s predictive and the productivity measurement mode) is basically analytical.
The manpower allocation model tells what the outputs and labor inputs shoula be at an
optimum level of operation. The productivity measurement model shows the actual ra-
tio of outputs to labor costs and manhours. The ratio nf outputs to inputs at opti-
mality in the allocation model can be used as a standard in the nroductivitv mndel.
The use of this ratio as a standard has several advantages. First, the productivity
model can be used to verify tne predictions of the allocation model. Second. the
standard is more rca’istic than the average of past productivities, since the alloca-
tion model considers shortages and excesses in various labor categories and the re-
sulting need to trade off one type of labor for another.

An example of the possible interaction of the results of the productivity measure-
ment model tc the manpower allocation model can be demonstrat:d by considering data
from a single cost center, 1J30, Traininy, at NAS Corpus Christi. For this example,
the productivity measurements for the two time perfods are shown in Figure 4-3. The
standard used {s the cumulative average over the entire four months period.
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FOR COSY CEWTER A
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Figure 4-3, Sample Comparative (Migh/Low) Productivity Measurements
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The effect which a ¢ifference in productivity can have on matnower allocation can be
seen hy crmparing the manpower requirements when high productivity is used (Figure 4-4)
and when the period of low productivity is used (Figure 4-5).
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Figure 4-4. Sample High Productivity Measurements
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SCCTION 5

MODEL INPUTS




VARGE IHEEE BY o SYiLL CATERORY ARD LIVED

A complete Visting of the raw lahor inputs forms a basis for the qeperation “1
of wanpower assignwents for each specified level of final product cutpu: ‘
rate.  Final products data availablie for mode) input is also Yisted for com-
parison with desired CNAVANTRA output rates,

the following is o complete Tisting of labor inputs for eacii nf the three naval air
wtalions of CNAVANTRA NAS Corpus Christi, NAS Chase, and NAS Kingsville. (fach pange
will contain a specific cost center with the skill levels allocated (officer, warrant
officer, enlisted and wage horad). Notice that each rank or rating mav contain many
difierent categories or desiqnations. The MAM accetys each laobr category as a uni- ;

que input.

Finure 5-1 shows the available data for the Advanced Jet System at MAS Kinqsville and

chase. ;

Fiqure 5-2 shows availoble data for Advanced Prop System at NAS Corpus Chrinti. B
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Systems At NAS Corpus Christi

5-21

SYSTEM GRADUATIONS MONVHLY ANNUAL
ELEMENT ( ) AVERAGE AVERAGE
Jan 69 Feb 69 Mar 69 Apr 69
K
A vre 15 12 24 14 16.2 199
6
S
v
I
Hovrez 12 " 24 15 15.5 190
E
M
0
D vT23 14 9 15 17 13.7 169
£ :
_L
| vres 3 16 14 6 9.7 19
A
2| vrzs 5 13 1 13 10.5 129
M
0 t
o| vT26 10 8 15 9 10.5 129 |
E )
L t
) A 1
ystems Annual FPOR 935
Figure 5-1. Final Products For Advanced Jet
Systems At NAS Kingsville/NAS Chase
SYSTEM (GRADUATIONS) MONTHLY ANNUAL
ELEMENT AVERAGE AVERAGE
Jan 69 Feb 69 Mar 89 Apr 69
vT27 12 26 35 37 27.5 347
VT23 12 16 35 34 24.3 298
V129 40 57 63 55 53.8 660
VT 31 14 21 29 40 26.0 319
Systems Annual FPOR 1624
Figure 5-2. Final Products For Advanced Prop
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6. Process Analysis

PRODUCT DISTRIBUTION RULES

Users of the Manpower Allocation Model for CNAVANTRA must be aware of the
intermediate product distribution rules for each air station. Accordingly,
the distribution rules are listed by subcost center for the three air
stations,

The following pages contain intermediate product distribution rules, listed by sub-
cost center, by the appropricte cost center for NAS Corpus Christi, Chase and
Kingsville, The following abbreviations are used:

0 = 0fficers

E = Enlisted Men
C = Civilians

S§ = Students

h-2
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DISTRIBUTIOH RULES ¢OR INT.

[SHEET 1 JF 7)

AMEDTATE PRODUCTS AT NAS CuRPUS CHRISTI

enrolled

RMS SUBCOST CENTER WORK UNITS INTERMED!ATE PRODUCT

CODE (ouTPUT) DISTRIBUTION

A (.OMMANG AND STAFF¥

1A10 Command/Staff Average number of All cost centers by % 0,
personrnel on base E,C

1A30 Putlic Affairs Number of actions A1l cost centers by % 0,
completed £,C

1A40  Legal Humber of legal A1l cost centers and
cases trarons by % 0,E,C

9331 Chaplair's Office Humber of military A1l cost centers and
personnel scrved trarons by % 0,£,S

B COMRTROLLER

1C10  Administration Humber of personnel Consumed internally
in 1C

1C20 Internal Review Number of procedural Cost Center A

: studiey and audits

completed

1C40 Accounting ftumber of documents All cost centers by 2 0,
processed E,C

1C50  Payroll Humber of civilians A1l cost centers by %
on payroll

1C70 NDisbursing Number of transactions All cost centers by % 0,

13

C [NDUSTRIAL RELATIONS

1010 Admiristretion Number of civilians A1l ccst centers by % C
on base

1020 Employment Number of personnel A1l cost centers by 7 C
actions

1030  Waoge-Class FCH Humber of classifi- A1l cost centers by & C
cations or reviews
completed

1040 {mployee Relatiors Mumber of civilian A1l cost centers by ¥ C
zmployees

105¢C Lmployee Service Humber of civilian All cost centers by * ¢
employees

1060 Trainir Hunber of students A1l cost centers by * C

6-3
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DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS CORPUS CHRISTI

(SHEET 2 0F 7)

RMS SUBCOST CENTER WORK UNITS INTERMEDIATE PRODUCT
CODE (ouTPUT) DISTRIBUTI)N
D ADMINISTRATION
1E10  Administration Rumber of military A1l cost centers by % O,
personnel E
1£20 0fficer Personnel Number of officer A1l cost centers by % 0,
Records records S; trarons by % S
1E30 Eniisted Personnel Number c¢f enlisted A1l cost centers by % E
personnel records
9934 CPO/SHCO Club Number of eligible £11 cost centers and
personnel trarons by % E
9941 Commissary Store Volume of sales A1l cost centers by % 0,
£,S
6A30 Tolls, Long Distance Number oy off-station A1l cost centers by % 0,
calls £,C
1E40 Training Nu~ber of students A1l cost ceniers by % 0,
enrolled
9921 Barracks Number of residents A1l cost centers by % E
9922 BOQ's Number of residents A1l cost centers and
trarons bty % 0,S
9932 Commissior2d Office s Number of officer A1l cost centers and
Mess population trarons by % 0,5
9937 Spectal Services Number of military A1l cost centers and
population served trarons by ¥ 0,E
F DATA PROCESSING
1H10  Administration Humber of personnei Consumed internally
in 1H
1H30 ADP Operations Number of ecuipmenrt A1l cost centers by % 0,
operating hours £,C
1H40  Keypunch Operations liumber of cards Consumed internally
1H5¢  ADP Clerical Number of documents Consumed internally
Operations procecsed
6 SUPPLY
2110 Receipt Measurement ton Consumed internally
rava Packing Unit packs Consumed internally

6-4
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DISTRIBUTION RULES

(SHEET 3 OF 7)

FOR INTERMEDIATE PROOUCTS AT NAS CORPUS CHRISTI

‘

RMS
cobe

SUBCOST CENTER

WORK UNITS
(outPuY)

INTERMEDIATE PRODUCT
DISTRIBUTION

2122

2123
2124
2131

2132
2133

2136
2144
2210

2220
520

214;

2330

2710

2720

2820

2310

99N

9943

Bulk Issue

Bin Issue
Shipping Measurement

Care of Material
Storagye

Rewarenousing

Preservation
Packaging

Inventory
Trans-shipment

Requisition Pro-
cessing

CTHSTK Cen CPS
Cataloging

Bulk Fuel

Household Goods

Procurement Plan

Contract Execution

Contract Adminis-
tration

Freight

Mess Hall/Galley

Retatil Clothing

Measurement tons,
short tons, and
line items

Line item
Measurement ton

Measurement ton

Measurement ton

Weighted unit
packaaes

Line items
Measurement ton

Line items

Line ftems

Number of identifi-
cations

Barrels
Application
Procurement lfine

items processed

Procurement actfons
processed

Number of contracts
requiring contract
administration action

Line {tems

Daily rations {issued

Volume of sales

Consumed internally

Consumed internally
Consumed 1nternally

Consumed internally

Consumed irternally

Consumed internally

Consumed internally
Consumed fnternally

Consumed interrally

Consumed fnternally

Consumed {n*ernally

Cost Center P and

trarons by ¥ flytng hours
A1l cost centers by X 0,

E

A1l cost centers and
trarons by % 0,E,C,S

A1l cost centers by % 0,

Cost Center A

All cost centers and
trarons by % 0,£,C,5

A1l cost centers and
trarons by % 0 F §

AVl cost centers znd
trgrons by £ 0,€,%

6-5




DISTRIBUTION RULES FOR, INTERMEDIATE PRODUCTS AT NAS CORPUS CHRIST!

(SHEET 4 OF 7)

RMS

SUBCOST CENTER

WORK UNITS

INTERMEDIATE PRODUCT

coDE (OUTPUT) DISTRIBUTION
J AIRCRAFT MAINTENANCE
AATO Administration Average number of Consumed internally
personnel in AA
AA20 Quality Control Number of inspections Consumed internally
AA30 Material Control Number of line items Consumed internally
AA40  Po-:r Plant Eng. Work orders completed Cost Center P and
trarons by % flying hours
AASQ Airframes Work orders completed fost Center P and
trarons by % flyinqg hcurs
AAG0  Avionics Work orders complieted Cost Center P and
trarons by % flyina hours
AABO Aviator Eauipment Work orders completed Cost Center P and
trarons by ¥ flying hours
AASO Support Equipment Work orders completed Cost Center P and
trarons by % flying kours
ACD MEDICAL SERVICES
4C00 Medical Facility Number of patients A1l cost centers and
trarons by % 9J,E,S
4000 Dental Facility Number of visits A1l cost centers and
trarons by © 0,E,S
P OPERATIORS
6C1C Administration Average number of Consumed internallvy
personna’ in 6C :
6Ceu  Aircraft Contro} Humber of take-offs/ A1l trarons by % flying
landings hours
6C5C Ground Electronics Cubic fe:t of elec- A1l cost centers and
tronic devicen trarons by % 0,£,C,S
6C60 Photo Sevices Number of pictures Consumed internally
6020 Dperations Hlumber of take-offs/ A1 trarons by T S
landings
R TRAININE
6J30 Training Operations Number of students Cost Centers ) and P and

Academic

graduaced

trarans oy : 0,0,

6-6




DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS CORPUS CHRISTI

{3LELT U uF ¥
RMS SUBCOST CENTER WORK UNITS INTERMEDIATE PRODUCT
CODE (ouTPUT) DISTRIBUT™ AR
SR TRARON 27
5Ri0  Command/Executive Average number of Consumed internally
Officec personnel in SR
SR20  Administration Number of personnel Consumed internally
supported
SR30  Training Students graduated Final product
SR40 A/C Maintenance Numver of A-3 status Cost Center J
Organic A/C assianed
S35 TRARON 28
$S10 Command/Executive Average number of Consumed internally
Offices personnel in §S
3820 Administration Number of personnel Consuﬁed internally
supported
$S30 Training Students graduated Final product
SS40 A/C Maintenance Number of A-3 status Cost Center J
Organic A/C assigned
ST TRARON 29
ST10 Command/Executive Average number of Consumed internally
Offices personnel in ST
ST20  Administration Humber of personnel Consumed internally
supported
S130 Training Students graduated Final product
ST40 A/C Maintenance Number of A-3 status Cost Center
Organic A/C assigned
SW TRARON 31
SW10 Command/Executive Average number of Consumed internally
Offices personnel in Sk
SW20 Adminictration Number of perscnnel Consumed internally
suppcrted
SW30 Training Students gracuated Final product
SW40 A/C Maintenance Humber of A-3 status Cost (enter J

Organic

A/C assigr.ed

6-




DISTRIBUTION RULES FOR INTERMCDIATE PRODUCTS AT NAS CORPUS CHRISTI

(SHEET 6 OF 7)

RMS SUBCOST CENTER WORK UNITS INTERMEDIATE PRADUCT
CODE (ouTPUT) DISTRIBUTION
68 SECURITY
€B10  Administration Throughput
6B20 Police/Guard (Civilian) Throuahput
6B30 Military Guard Throughput
6860 Fire, A/C Rescue Throuahput
6880 Brig Throughput
s PUBLIC WORKS
7100 Buildings Throughput
7540 Communications Lines Throuahrut
7600 Utility Plants Throuchput
7830 Emergency Service Work R/P Throuahput
8200 Steam and Hot Water ’ Throuahput
9110  Administration (P.W.) Throunghnut
9120 Engineering (P.W.) Throuahput
3130 AOMIniSt;]tiOH of Throuahput
Family Housing
3200 Other P.W. Shap Operations Throuahput
9400 Does not appear in manual Throuahput
9500 Mission Operations Throughput
21 SUPPLY STAFF
2100 Supply Staff Throughput
STAF CNAVANTRA STAFF
1AT* Comnmand/Staff Throuohput
963* Chaplain’s uffice Throuahput
1A4* L2gal Throuahput
TA2* Public Affairs Throughput

6-8




DISTKIBUTION RULEZ FOR IFRMEDIATE PRODUCTS AT NAS CORPUS CHRISTI

et 7 0F 7)

RMS SUBCOST CENTER HARY O UNTTS INTEPMEDRIATE PRODUCT
CODE R R DISTRIRUYTON
1B1*  Manaaemert trg. {Operatiors) Throughput

1C0* Compiroller Throughput

6C0*  Air Operations Throughput

1E0* Military Personnel Throuahput

200* Storaan and Harehousing Ops. Throughput

6J0* Trairing (General) Throughput

910* Pub‘r~ HWorks Administration Throughput

* The asterisk in the fourth column of the RMS Code differentiates personnel
assigned to the STAFF cost center and those assigned to a Naval Air Station
cost conter with an fdentical RMS Code.
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DISTRIBUTION RULES FOR

(SHEET 1 OF b)

T TERMENTATE PRODUCTS AT NAS CHASE

WORK UNIT

RMS SUBCOST CENTER INTLRMEDIATE PRODUCT

CODE (OUTPUT) DISTRIBUTION

A COMMAND AND STAFF

1A10 Command/Staff Average number of A11 cost centers by % 0,
personnel on base F,C

1A40 Legal Number of legal A1l cost centers and
cases trarons by % 0,E,S

9931 Chaplain's Office Number of military A1 cost centers and
personnel served trarons by % 0,F,S

8 COMPTROLLER

1C10 Administration Number of personnel Consumed internally
in cost center 1€

1C20 Internal Review Number of procedural Cost Center A
studies and audits
completed

1C40 Accounting Number of documents A11 cost centers by 7 0,
processed £E,C

150  Payroll Number of civilians A1l cost cerisrs by # C
on payroll

¢ INDUSTRIAL RELATIONS

1010 Rdministration Number of civilians A1l cost centers by % C
on base

1020 Employment Number of personnel A11 cost centers by % C
actions

104¢C Employee Relations Numher of civilian A11 cost canters hy % C
empluy2es

1060 Training Number of students A1l cost centers by % C
enrolled

)] ADMINISTRATION

1E10 Administration Number of military A1l cost centers by " 0,
personne) £

1E30 Entisted Personnel Number of cnlisted A1l cost centers by ¥ ¢
personnel records

1410 Printing and Repro Number of machines A1l cost centers and

(Inaus. Funding Act)

used

trarons by % 0,E,.,S
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DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS CHASE

(SHEET 2 OF 5)

—p 7
RMS SUBCOST CENTER WORK UNIT INTERMTDIATE PRODUCT
rone 'OUTPUT) D.STRIBUTION
6A10 Aiministration Avcraqe number of A1l cost centers by % 0,
personnel in 6A E,C
9922 B0OQ's Number of residents A1l cost centers ard
trarons by £ 0,§
9937 Special Services Number of military Ali cost centers and
population served trarons by % 0,E
F DATA PROCESS ING
1H10  Administration Number of personnel Cansumed internally
in 1H
1H40 Keypunch Operations Number of cards A1l cost centers by % 0,
E,C
: SupPLY
2110 Peceipt Measurement ton Consumed internally
2124 Shipping Measurement ton Consumed internally
2136 Inventory Line items Consumed internally
2141 Bulk Fuel Barrels Cost Center P and trarons
by X flying hours
2210 Requisition Pro- Line ftems Consumed internally
cessing
2220 CTHSTK Con SPS Line {tems Consumed internally
2710 Procurement Plan Procurement line A1l cost centers and
{tems processed trarons by ¥ 0,E,C,S
9911 Mess Hall/Galley Daily rations issuad A1l cost centers and
trarons by ¥ 0,E,S
9943 Retail CLlothing Volume of sales A1l cost centers and
trarons by ¥ 0,E,S
J AJMLRAFT MAINTENANCE
AA1D  Administration Average number of Consumed internally
personnel in AA
AK20 Quality Control Number of inspections Consumed internally
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DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS CHASE

(SHEET 3 GF 5)

RMS SUBCOST CENTER WORK UNIT INTCRMEDIATE PROLUCT
CODE (outPUT) DISTRIBUTION
AA30 Materiai Control Humber of line items internally Consumed in
AA
AA4D Power Plant Eng. Work orders completed Cost Center P and trarons
by % flyiiy hours
‘
AASO Airframes Work orders completed Cost Center P and trarons
by % flying hours
AA6O Avionics Work orders compieted Cost Center P and trarons
by % flying hours
AASO Aviator Equipment Work orders completed Cost Center P and trarons
by % flying hours
AA9(Q Support Equipment Work orders completed Cost Center P and trarons
by % flying hours
4CD MEDICAL SERVICES
4C00 Medical Facility Number of patients A1l cost centers and
trarons hv % 0,E,S
4D00 Dental Facility Number of visits A1) cost centers and
trarons by % 0,E,S
P OPERATIONS
6C10 Administratinn Average number of Internally consumed in
personnel in 6C 60
6C20 Aircraft Control Humber of take-offs/ A1l trarons by ¥
landings flying hours
6C30 Aircraft Terminal Lbs. of caroo and A%l trarons by &
weight of passengers flying hours .
6C50 Ground Electronics Cubic feet of elec- A1l cost centers and
Maintenance tronic devices trarons by 7 0,£,5,C
6C60 Photo Services Numoer of pictures Internally consumed
in 6C
6C70 Ordrance Number of trained Internally consumed
and cualifed per- in 6C
sonne)
6F30 Afrcraft Maintenance Number of work orders Internally consumed
Organic completed in 6F
R TRAINING
6J10 Training Operations Students graduated Cost Centers J and P and

General

trargns by % 0,05
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DISTRIBUTiON RULES FOR INTERMEDIATE PRODUCTS AT NAS CHASE

{SHEET 4 OF 5)

R4S
CODE

SUBCOST CENTER

WWORK ORDERS
(ouTPUT)

INTERMEDIATE PRODUCT
DISTRIBUTION

6130

Training Gperations
Academic

Students graduated

Cost Centers J and P and

trarons by % 0,E,S

SH
SH1O

SN26

SH32
SN4D

TRARON 24

Command and Executive

Nffices

Administration

Training

A/C Mainterance,
Organic

Average number of
personnel in SN

Number of personnel
supported

Students graduated

Number of aircraft
assigned

Consumec internally in SN

Consumed internaily in SN

Final product

Cost Center J

S0
s0l10

$020

S030
5040

TRARON 25

Command and Executive
0ffices

Adm:niszration

Training

A/C faintenance,
Organic

Average number of
personnel in SO

Number of personnel
supported

“tudents graduated

Number of aircraft
assiqned

Consured internally in SO

Consumed internaliy in SO

Final product

Cost Center J

SpP
SP10

SP30
SP4o

TRARON 26

Command and Executive
Offices

Administration

Training

A/C Maintenance,
Organic

Average number of
personnel

Number of personnei
supported

Students graduated

Number of aircraft
assigned

Consumed internally in SP

Consumed internally in SP

Final product

Cost Centar J

[Sel

7600

PUBLIC WORKS
Utility Plants

Throughput

e
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yISTRICUTION RULES FCGR INTERMEDIATE PRODUCTS AT NAS LHASE

[SHEET 5 of §5)

RMS SUBCOST CENTER WORK UNITS INTERMTDIATE PRODUCT
CODE (OUTPUT) DISTRIBUTION
7830 Throughput
9110  Administration P.W. Throughput
9120 Engingering P.W. Throughputl
9130 Administration of Throughput
Family Housirg
9400 Vehicle Operation Tharoughput
68 SECURITY
6310 Security Administration Throughrzut
2100  SYPPLY STAFF
2160 Supply Staff Throughput




DISTRIETSION RULES FOR INTERMEDIATE PRODUCTS AT NAS KINGSVIILE

(SHEET 1 OF 6)

SUBCOST CENTER

RMS WORK UNIT INTERMEDIATE PRODUCT

CODE (ouTPUT) DISTRIBUTION

A COMMAND AND STAFF

1A1D Command/Staff Average number of A11 cost centers by % 0,
personnel at NAS £,C

1A30‘ Public Affairs Number of actions A1l cost centers by % O,
completed E,C

1A40 tegal Numbev of legal A1l cost centers and
cases trarons by ¥ 0,E,S

9431 Chaplain's Office Humber of military A1l cost centers and
personnel served trarons by % G,E,S

B COMPTROLLER

1C10  Administration Number of personnel Internally consumed in B
in cost center 1C

1C20 {nternal Review Number of procedural Cost Center A
studies and audits
completed

1046 Accounting Number of documents A1l cost centers by % C,
processed £,C

1¢50 Payroll Number of civilians A1l cost centers by %1 0,
on payroll E,C

C INDUSTRIAL KELATIONS

1010 Administration Numbher of civilians A1) cosi centers by X C
ou base

1020 Employment Number of persornel A1l cost centers b % C
actions ’

1040  Employee Relations Number of civilian AYY cost centers by % ¢
employees

1050  Employee fervice Number of civilian Al cost centers by % C
empioyees

1960  Training Kumber of students A1l cast centers by % C
enrolled

] ADMINTISTRATION

1610  Administration Number of wrilitary A1l cost centers hy % 0,

nersonnel

6-15
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DISTRIBUTION RULES FOR TNTERMEDIATE PRNDUCTS AT NAS KINGSVILLE

{SHFET 2 OF 6)

RMS
(11113

SUBCOST CENTER

WORK UNIT
(ouTPUT)

{NTERMEDIATE PRODUCT
DISTRIBUTION

1E20

1£30

1E40

1J10

6A10

6A40

9921
9522

9937

0 Persynnel Records
Znlisted Personnel
Training

Printing ard Repro
(Indus. Funding Act)
Administration

Telegraph

Barracks

BON' s

Special 3ervices

Numher of offittar
records

Number of enlisted
personnel records

Number of students’

- enrolled

Number »f machines
used

Average number of
personnel in 6A

Nuymber of messages

Number of residents

Number of residents

Number of military
populatinn served

A1l cost centers by % 0
S; trarons by % S

A1l cost centers by % E
A1} cost centers by 2 0
E

A11 cost centers and
trarons by % 0,£,C,S

A1l cost centers by % 0
E,C

A1l cost centers by 4 0
£, C

A1l cost centers by % E

A1l cnet centers and
trarons by % 0,S

A1l cost centers and
trarons by % O0,E

THAQ

DATA PROCESSING

Keypunch Operatians

Nuymbher of cards

A11 cost centers by % 0
£,C

73}

2110
rafal
2123

2124
2136
2141

2142

2210
2220

Receint
Packing
Bin Issue

Shipping

Inventory

Bulk Fuel

lustomer Sarvice

Store

Requisition Processing

CTHSTK Con CPS

Meacurement ton
Unit packs
Line {tem

Measurement ton
Line items

Barreis

Line items issued

Line ttems

Line items

Internally consumed in
internally consumed in
Internally consumed in

Internally consumed in
Internally consumed in

To Cost Center P and
trarons by % flying hou

‘A1l cost centers and

trarons by % 0,£,C,S

]

rg

Internally consumed in G

Internally consumed in G
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DISTRIBUTION RULES FOR INTERMEDIATE PRODICTS AT NAS KINSSVILLE
(SHEET 3 OF 6)

RMS SUBCGST CENTER WORK UNIT INTERMEDIATE PRODUCT
CODE (ouTPUT) DISTRIBUTION
2310 Freight Line itenms A1l cost centers and
trarons by % N,£.C,5
2520 Cataloging Number of identi- Internally consumed in 6
fications
2710 Procurement Plan Procurement line Atl cost centers and
items processed trarons by % 0,£,C,S
2720 Contract Execution Procurement actiaons A1l cost centers and
processed trarons by % 0,E,C
2900 Supply Administration Number of actions Internally consumed in &
comgleted
9911 Mess Hall/Galley Daily rations issued A1l cost centers by T 0,
E,S
9943 Retail Clothing Volume of sales A1l cost centers by % 0,
E,S
J ATRCRAFT MAINTENANCE
AA10 Administration Number of personnel Internally concumed in J
AA20  Quality Control Number of inspec- Internally consumed in J
tions
AA30  Material Control Number of line {tems Internally Consumed in J
AA4O Power Plant (tugines) Work orders completed Cost Center P and
traroas by £ flyina hours
AASO Airframes Work orders completed Cost Center P and
trarons by ¥ flvina hours
AARSO  Avionics Work orders completed Cost Center P and
trarons by X flying hours
AA30 Aviator Equipment Work orders completed Cost Center P ang
trarons by ¥ flyinq hours
AA9O Support Equipment Work orders completed Cost Center P and
trarans by % flying hours
ach MEDICAL SERVICES
4C00 Medical Facility Number of patients A1l cost centers and
trarons by % 0,E,S
4000 Dental Facility Number of visits AVl cost centers and

trarons by % D,E,S




DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS KINGSVILLE

(SHEET 4 OF 6)

RMS SUBCOST CENTER WOKK UNIT INTERMEDIATE PRODUCT
cong {ouTPUT) DISTRIBUTION
4 OPERATIONS
6C10 Administration Averaqe number of Internally consumed in P
personnel in 6C
6C20 Aircraft Corntrol Number of take-offs/ A11 trarons by % flyina
landings houss
6C50 Ground Clectronics Cubic feet of elec- A1l cost centers and
Maintenance tronic devices trarons by % 0,E,C,S
€C60 Photn Services Number of pictures Internally consumed in P
6F10 Operations Total number af air- A1l trarons by % flying
craft flyina hours house
6F20 Flight Time Number of fliaht hours Internally consumed in P
6F 30 A/C Maintenance Number of work orders Interncllv consumed in P
Organic completed
R TRAINILG
6J 30 Training Operatians Students graduated Cost Centers J and P,
Academic and trarons by 1 0,E,S
sk IRARON 21
<X10 Command and Executive Averaje aumher of Internally consumed in SK
offices personnel in SK
$K20 Administration Number of personrel Internally consured in SK
supported .
K30 Training Students gruduated Final product
SK40 A/ Maintenance Number of aircraft Cost Center J
Organic assigned
SL TRARON 22
Stic Command 2nd Executive Average number rf Internally consumed in SL
Offices personnel tn SL
sSL20 Administration Number of personne! Internally consumed in Sy
surported
SL30 Training Students qraduated Final product




DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT

{SHEET 5 OF 6)

NAS KINGSVILLE

Family Housing

RMS SUBCOST CENTER WORK UNIT INTERMEDIATE PRODUCT
(ouTPUT) DISTRIBUTION
SL40 A/C Maintenance Number of aircraft Cost Center J
SM TRARON 23
SM10 Command and Executive Average number of Internally consumed in SM
Offices personnel in SM
SM20  Administration Number of personnel Internally consumed in Sy
supported )
SM30  Training Students graduated Final product
SM40 A/C Maintenance Number of aircraft Cost Center J
Organic assigned
6B SECURITY
6810 Security Administration Average number of Throughput (not in
personnei in 68 process analysis)
S PUBLIC WORKS
7100  Buildings Throughput (not in
process analysis)
7410  Improved Grounds Throughput (not in
procecs analysis)
7600 Utility Plants Throughput (not in
process analysis)
7830 Emergency Service Throughput (not in
Work R/P process analysis)
7920 Maintenance Control Throughput (not in
Division process analysis)
3200 Steam and Hot Water Throughput (not in
! process analysis)
8400 Potable Water Throughput (not in
process analysis
9110 Adminiscration F.W. Throughput (not in
process analysis
9120 Engineering P.W. Throughput (not in
process analysis
9130 Administration of Throughput (not in

process analysis
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DISTRIBUTION RULES FOR INTERMEDIATE PRODUCTS AT NAS KINGSVILLE
(SHEET 6 OF 6)

SUBCOST CENTER WORK UNIT INTERMEDIATE PRODUCT
(ouTPUT) DISTRIBUTION
Shop Operations P.W. Throughput (not in

process analysis)

9400 Vehicle Operations Throughput (not in
process analysis)

9500 Mission Operation Throughput (not in
process analysis

2100 SUPPLY STAFF

2100

Supply Staff Throughput (not in
. process analysis)
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