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SUMMARY
Problem

An important problem in Navy personnel planning and management is
specifying an "ideal" or "optimum" force distribution. The problem is
complicated in that the cost, stability, and utility of an enlisted man
vary greatly by skill grouping, length of service, and paygrade.

Past attempts to specify an ideal force distribution have made
assumptions about some of the key variables involved in force definition.
For example, assumptions have been made about the "correctness" of
historical continuation rates or the "reasonableness" of certain rates
of advancement. It should be appreciated that, in general, making these
assumptions a priori in effect predefines the limits of the ideal or
optimum force so that ideal force becomes simply a quantification of
a priori biases. In the development of the optimization methodology,
the philosophy has been to reduce to an absolute minimum reliance on
a priori assumptions, and introduce force distribution constraints only in
response to limitations observed in the optimum solution.

Objective

The objective was to develop a computer-based optimization method-
ology to help determine optimum force distributions by skill grouping,
length of service, and paygrade. The objective function minimized in
the optimization methodology is cost per utile per man-year for the
total Navy enlisted force.

Approach

Optimum force distributions were determined through the development
and integration of five major models:

1. Steady-State Inventory Projection Model-~a model that calcu-
lates the equilibrium force distribution rating, paygrade, and LOS as a
function of the number of jobs to be done, the expected continuance
behavior, advancement parameters, and the input mix by initial length of
enlistment.

2, Per Capita Cost Model--a total budgetary cost model (including
retirement costs) that develops the unit cost of personnel by rating,
paygrade, and LOS as a function of force parameters developed by the force
strength projection models.

3. Utility Model--a model that expresses quantitatively (on a
numerical scale from O to 100) the accrual of value to the Navy, by the
average enlisted man serving at a given paygrade and LOS.

4, Elasticity Dependency Model--a model that estimates the cost to

the Navy of changing the prevailing reenlistment rates of the enlisted
force.
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PRECEDING PAGE BLANK-NOT FILMED




5. Optimization Methodology--an algorithm that searches over the
range of policy variables for enlisted personnel inventory distributions
satisfying personnel and cost constraints at least cost per unit utility.

These five models were linked together to arrive at a total enlisted
force distribution with a minimum cost per utile per man-year, which
satisfies all the personnel policy constraints specified.

Findings

Exercise of the optimization methodology for each of 87 Navy ratings
has been completed. A $97.6 million cost-benefit advantage of the ALNAV
optimum force distribution over the feasible force distribution was found.
The feasible inventory distribution illustrates that, over the long term
(steady state), the observed continuance behavior of the enlisted force
will support only a 33.7 percent career ratio. The optimizer, by adjusting
the continuance rates for each rating, increased the steady state career
ratio to 35.66 percent. By way of comparison, the actual ALNAV career
ratio is approximately 43 percent. Other significant differences between
the optimized inventory and the feasible inventory include:

1. Increase in LOS 4 continuance rate from .35 to .38.

2. Decrease in LOS 10 through 19 continuance rates, each by .0l
or .02.

3. Increase in TOPSIX ratio from 59.44 percent to 61.07 percent.

4., A younger enlisted inventory, and particularly a younger careerist
inventory.

5. A greater number of E-5s, E-6s, and E-7s.

6. An increase in average paygrade from 3.990 to 4.056.

7. A decrease in number of retirees from 6131 to 6009 annually.
Conclusions

1. By minimizing cost per utile, the model allows the amount of cost
and utility to vary. Although the optimum force had a higher utility than
the feasible force, the cost of the optimum force was over $87M more.

2. The model optimizes each skill rating separately and consequently,
suboptimizes over all ratings. However, a model for all skill ratings
taken together is too large to solve computationally on a computer.

3. The initial results of the model have been positively accepted at

the Bureau of Naval Personnel. The model is being implemented as a person-
nel planning and management tool at BUPERS.
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Recommendations

It 1s recommended that other objective functions besides the present
one of minimizing cost per utile be investigated. One alternative objec-
tive function could maximize the utility of the enlisted force subject to
a constant budget. A second alternative objective function could minimize
the cost of the enlisted force subject to a utility constraint,
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INTRODUCTION

Problem

An important problem in Navy personnel planning and management is
specifying an "ideal" or "optimum' force distribution. The problem is
complicated in that the cost, stability, and utility of an enlisted man
vary greatly by skill grouping, length of service, and paygrade.

Past attempts to specify an ideal force distribution have made
assumptions about some of the key variables involved in force definition.
For example, assumptions are made about the '"correctness" of historical
continuation rates or the ''reasonableness'" of certain rates of advance-
ment. It should be appreciated that, in general, making these assumptions
a priori in effect predefines the limits of the ideal or optimum force so
that the ideal force becomes simply a quantification of a priori biases.

Ideally, two conditions should exist for the development of truly
optimum force distributions. First, it is necessary to have a rigorously
stated objective function upon which mathematical operations can be per-
formed to determine either the minimum or maximum value of some significant
variable or set of variables. Technically, "optimum' cannot be used as a
concept unless this condition exists. Second, the explicit values of none
of the parameters should be assumed a pricri but, rather, should be treated
as true variables subject to manipulation in search for an optimum solution.
This last condition is, in a practical sense, impossible in a manpower/person-
nel analysis because of the impossibility of separating the empirically true
data from the contextual effects of the historical environment. Further,
in terms of practical management, the tolerance of the system for change
must also be considered. For example, if a particular rating at some LOS
has an historical continuance rate of 90 percent;—it—would be very difficult
to lower it to 50 percent in the short run simply to meet the demands for
mathematical optimization. In the development of the optimization methodology,
the philosophy has been to reduce to an absolute minimum reliance on a priori
assumptions and to introduce force distribution constraints only in response
to limitations observed in the optimum solution.

Objective

The objective of this effort was to develop a computer-based optimization
methodology to help determine optimum force distributions by skill grouping,
length of service, and paygrade. The objective function minimized in the

optimization methodology is cost per utile per man-year for the total Navy
enlisted force.




APPROACH

Optimum force distributions were determined through the development
and integration of five major models: (1) Steady-State Inventory Model,
(2) Per Capita Cost Model, (3) Utility Model, (4) Elasticity Dependency
Model, and (5) Optimization Methodology. These five models are linked
together to arrive at a total enlisted force distribution with a minimum
cost per utile per man-year, which satisfies all the personnel policy
constraints specified.

Steady-State Inventory Projection Model

The Steady-State Inventory Projection Model (ASTATIC) (Buckley, 1972)
is a time-independent model which depicts equilibrium force structures as a
function of force size, input mix, continuance rates, and advancement policy.
The model is structured, such that, by varying the values of the input para-
meters, it may be used to determine the objective structure of individual
ratings, groups of ratings, or the Navy as a whole. Each such aggregation
is defined in terms of the following parameters:

1. Size of personnel community (by rating or for total Navy).
2. Loss behavior dependent upon length of service.

3. Loss behavior for the first 9 years dependent upon the length of
initial enlistment, e.g., 2, 3, 4, or 6-year initial enlistment.

4. Variance in loss behavior dependent upon paygrade.
5. Percentage of new input enlisting for 2, 3, 4, and 6-years.

6. Percentage of new input attriting at or immediately following
recruit training.

7. Over-the-zone advancement opportunity for each paygrade.

8. Distribution of advancement opportunity by year, within the
advancement zone for each paygrade.

9. Beginning year of advancement zone and length of zone for each
paygrade.

The ASTATIC model develops an equilibrium force distribution indivi-
dually for each rating as a function of these rating parameters. Since
the force 1s at equilibrium, in each year the entire inventory in each
paygrade LOS cell must leave and be replaced. With the exception of
LOS 1 and LOS 2, there are two ways for the replacement inventory to enter
a given cell: (1) age in--from the same paygrade, next lower LOS cell; or
(2) advance in--from the next lower paygrade, next lower LOS cell. There
are three ways for the inventory to leave a given cell: (1) leave the
rating, (2) age out--to the same paygrade, next higher LOS cell, or (3)
advance out--to the next higher paygrade, next higher LOS.

FRECEDING Pm w LMED




The equilibrium relationship:

Inventory Aging In + Inventory Advancing In

Losses + Inventory Aging Out + Inventory Advancing Out

is solved by the model for each LOS and paygrade cell. The model starts as
if there were no inventory in the rating. Beginning with LOS 1, the losses
and advancements are computed for each year of the 3l-year time frame. At
each LOS, losses are first computed and distributed, followed by advancement
and aging computations. Loss behavior for the first 9 years of service is
defined in the model in terms of continuance rates by obligor type; that is,
by initial contract length. Overall continuance rates are computed as a
function of the mix of obligor types making up the nonprior service inputs
to the rating. These overall continuance rates are combined with the total
rating inventory to compute the inventory at each LOS.

Distribution of the losses at each LOS to the paygrades at that LOS
is defined by the loss-propensity factors. These factors specify the
relationship that the number of losses to a given paygrade-LOS cell bears
in proportion to the number of losses to other paygrades at that same LOS.

Advancement behavior is defined in the model in terms of these sets
of parameters:

1. Advancement zone definition~-begin LOS and end LOS of the zone
in which advancements are permitted to the next higher grade.

2. Over-the~zone opportunity--the probability that a man entering
a given paygrade will, 1if not attrited, advance to the next higher paygrade
at same LOS within the advancement zone.

3. Advancement distributions--control the allocation of advancements
to each LOS cell within the zone. The model assumes that advancements are
normally distributed within the zone so that the mean and standard deviation
of the advancement distribution are specified for each paygrade.

Outputs of the model include Begin Strength, Net Strength, and Advance-
ments matrices (LOS by paygrade). These force distribution matrices are
further processed by the Per Capita Cost Model, the Utility Model, and the
Optimization Model.




An example Steady-State Inventory for the Boatswains Mates (BM) rating
is illustrated in Table 1. Individual rating statistics by paygrade dis-
played below the inventory table are as follows:

1. Percentage--the percentage of the rating total inventory which is
represented by that paygrade.

2. Careerists-—-the inventory in that paygrade which has completed at
least 4 years of service.

3. Retirements--the number of losses in that paygrade which have
completed at least 20 years of service.

4. TIS Advancement (OUT)--the average time in service when advance-
ment out of the paygrade occurs.

5. TIS Serving-—-the average time in service of the inventory serving
in the paygrade.

6. Annual Advancement Opportunity--the percentage of that grade which
advanced to the next higher grade.

7. Zone Advancement Opportunity--the probability cf being advanced
from that grade at some time within the zone of advancement.

8. Zone--the minimum and maximum years of service for advancement in
and advancement out, respectively, for that paygrade.

9. Nonprior Service Input--the total amount of new inventory required
to support the total rating inventory. This total is further broken down

in terms of the number of 2, 3, 4, and 6-year contracts required.

Per Capita Cost Model

The Per Capita Cost Model (PCM) (BUPERS, 1972) is an outgrowth of the
billet cost concepts as developed for the Secretary of the Navy's Task
Force on Personnel Retention (1965) (Department of the Navy, 1966) and
includes most military manpower costs to the U.S. Government from procure-
ment to the end of retirement. The per capita costs are the monies that
are being, or will be, expended on an average man in all grades and in
all possible years of service for all general ratings and apprenticeships.

The PCM is designed to compute the actual cost of an enlisted man (by
rating, LOS, grade) using the ADSTAP system (Silverman, 1971) as the source
of personnel inventory distribution and statistical data and the BCM Data
Base as the source of basic cost data elements for each ot the general and
service ratings. The annualized per capita cost in a given rating is com-
puted against the ADSTAP begin and end inventory and advancements distribu-
tion as determined by existing or simulated policies. An example output
per capita cost matrix is shown in Table 2.

v




BEST AVAILABIE COPY |

Table 1 I

Steady State Ilnventory Matrix for BM Rating

Los el 22 £) B4 ES E6 E? E8 E9 Total
1 0.0 0.0 2306.00 0.0 0.0 0.0 0.0 0.0 0.0  2306.00
2 0.0 0.0 2605.00 0.0 0.0 0.0 0.0 0.0 0.0  2605.00
3 0.0 0.0 248.68 2164,32 0.0 0.0 0.0 0.0 0.0 2413.00
4 0.0 0.0 185.46 104.49 1731.05 0.0 0.0 0.0 0.0 2021.00
5 0.0 0.0 52.40 27.34 491.26 0.0 0.0 0.0 0.0 571.00
6 0.0 0.0 34.35 17.92 107.68 216.04 0.0 0.0 0.0 376.00
7 0.0 0.0 33.35 17.52 79.95 238.18 0.0 0.0 0.0 369.00
8 0.0 0.0 30.70 16.61 76.55 229.15 0.0 0.0 0.0 353.00
9 0.0 0.0 23.26 14.53 69.97 211.24 0.0 0.0 0.0 319.00
10 0.0 0.0 16.18 13.84 67.46 200.52 0.0 0.0 0.0 298.00 |
11 0.0 0.0 10.44 11.85 60.33 65.38 120.00 0.0 0.0 268.00 %
12 0.0 0.0 8.04 10.16 58.46 45.93 132.40 0.0 0.0 255.00 ;
13 0.0 0.0 6.21 9.62 56.84 44.55 127.78 0.0 0.0 245.00 "
14 0.0 0.0 4.33 9.00 55.43 43.82 124.41 0.0 0.0 237.00 o
15 0.0 0.0 3.02 8.43 54.14 43.22 94.87 27.32 0.0 231.00 '
16 0.0 0.0 2.60 8.16 53.22 42.85 70.55 50.61 0.0 228.00 3
17 0.0 0.0 2.05 7.46 50.91 41.92 54.19 51.94 12.53  221.00 |
18 0.0 0.0 1.864 7.34 49.80 41.79 46.31 44.82 72.10  219.00 ;
19 0.0 0.0 1.52 6.85 48.42 41.04 62.27 36.58 37.31 214.00 |
20 0.0 0.0 0.76 4.60 39.31 33.96 34.64 26.90 35.82  176.00 ?
21 0.0 0.0 0.08 0.77 21.48 21.13 21.37 13.69 23.48  102.00 ‘
22 0.0 0.0 0.03 0.28 13.99 14.98 14.50 8.66 15.57 68.00 ‘
23 0.0 0.0 0.02 0.16 9.39 10.88 9.73 5.76 10.08 46.00 "
24 0.0 0.0 0.01 0.10 7.39 5.55 7.98 4.53 8.4k 34.00 7
23 0.0 0.0 0.01 0.04 5.31 4.42 6.36 3.7 7.12 27.00
26 0.0 0.0 0.00 0.04 3.69 3.28 4.93 3.08 5.98 21.00
27 0.0 0.0 0.00 0.03 2.98 2.65 3.98 2.564 4.82 17.00
28 0.0 0.0 0.00 0.03 2.73 2.46 2.89 2,38 4.51 16.00 !
29 0.0 0.0 0.00 0.02 2.22 2.02 2.51 2.13 4.09 13.00
30 0.0 0.0 0.00 0.02 1.84 1.77 2.51 1.53 3.63 11.00 |
31 0.0 0.0 0.00 0.02 1.43 1.26 1.42 0.88 2.00 7.00 1
2 0.0 0.0 5576.28 2461.56 3223.23 1609.98 925.31 287.08 202.46 16285.89 |
PERCENTAGE 39.0334 17.2307 22.5623 11.2697 6.4771 2.0096 1.4172 §
CAREERISTS 231. 193. 1492. 1610. 925. 287, 202. 4941. :
RETIREMENTS 2. s, 48. a1, o1, al. Bk 214, ‘
TIS ADVANCEMENT 2.0026 3.0013 5.1103 10.1382 15.2286 17.2953 0.0
TIS SERVING 1.4506 3.1380 6.3925 10.1010 14.5826 17.9794  20.6155
ANNUAL ADV. OPP. 0.4337 0.8560 0.1399 0.0920 0.0900 0.1746 0.0
ZONE ADV. OPP. 0.9000 0.9500 0.7501 0.7500 0.6500 0.7000 :
ZONE 2.-8. 3.-10. 5.-16. 10.-22. 14.-26. 16.-28.
NON PRIOR SERVICE INPUT: 3117 148. 2 YEAR 0. 3 YEAR 2970. 4 YEAR 0. 6 YEAR
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Table 3 lists the cost elements and sources maintained in the data

base. There are two categories of per capita cost: (1) Base Per Capita
Costs and (2) Distributed Annualized Costs. The Basc Per Capita Costs

are the cost elements that are resident in the data bank that can be fully
reconstituted into the per capita format. Navy-wide cost elements consist

of four matrices: base pay, hazardous duty pay, FICA (government contribu-
tion), and Navy-wide constant cost by grade and year. Both base pay and
hazardous duty pay are maintained in a 9 x 31 matrix format. The other basic
constant costs, grade- or year-dependent, are extended into the per capita
cost by addition to the appropriate vector. FICA (the government's contribu-
tion) 1s also computed and added to the matrix elements.

In using PCM as a planning and projection model, base pay and retire-
ment pay may be modified by an escalation rate. Navy-wide constant costs
by grade and by year may also be escalated at different rates as a function
of the base pay escalation rate. These rates are used as multipliers of
the base pay escalation rate and are then applied to the respective elements,
In the absence of rate inputs, a default value of zero is assumed.

The Distributed Annualized Costs are the cost elements that are resident
in the data bank in a cost vector format. The aggregate of these costs on
an annualized basis 1s distributed to the appropriate year and grade cost
cells as a function of the ADSTAP inventory distribution and advancement
matrices. These costs include the uniform allowance, reenlistment bonus,
hazardous duty pay, school costs, and retirement costs.

Training costs are input to the model by rating and by LOS. These include
basic training and A, B, and C school costs.

The Per Capita Cost Model provides several methods for computing the
retirement assessment:

1. Budget--retired Navy enlisted annual expenditure.

2. Normalized Force--projected retirement consumption of the rating
flow.

3. Retirement Force--computation of the expected retirement cost of
the inventory losses from LOS 20 through 31.

Retirement assessments for each rating may then be distributed to each grade
and length of service cell in proportion to the population, either as a
function of base pay or as a function of the probability of retirement. Any
of these methods of assessment or distribution of retirement costs may be
appropriate, depending on the particular application intended by the user.

As employed in the optimization procedure, expected retirement costs are
distributed to each LOS-paygrade cell as a function of the probability of
retirement of the personnel associated with that cell.




(441) pod juawfordwaupn
X 3JUBIIAIG
adueansuy 3aJyl
x §380) JUBWITIIAS X dnoig suamadyaiag
X Aed uoyienuriuo) dOo ‘oKW
x Aeq A3117qTsuodsay - @oq paTilel sisilend
aod JUlAWaaTIY 40 ‘O
x [2UU0S134 JUBWAINDO1J - @goq aT18uts siajaen)
X M1V Butyloyd /-3 NODTIK ‘deg UOTIEdID3Y
X VO1d X ‘yaaddy aauostag
X snuog UdWISFTUY x ATV B3IS B3S13AQ
(s3atun pazruedio x 18¥sqng Burssay
‘Teuorielox ‘yreuorieiado x 83180) TEOTPaN
| X ‘uorjeaedas ‘813 ‘uors (¥41) aoq 8uysnoy aoueansuy
-$300B SIpNTIUT) [2AeI] x s31sodag uo 3saiajul
NOJTIH a8ueyoxy
$3S0) ToOoYdS 1391330 X Aeq L1111QESIQ
| x £3¥n3jean yieaq
X S$3S0) TOOYDS PaiISITul
X Aeg-oig NODTIK A1esstumo)
X Aeq paezejy
X ‘Urwpy ® puewmmo)
x *3ISTSSY UOTIINg X P3is
X AIng u3raiog 3 Mmas X JdIseg
! X MTV Sialaend X Terarur
= a1y dos Arruey smTy Sutylord
4 3so) *dap sO1
] X Tooyds juapuadaqg
- 3so) -dap apeas X Aeq oaseg
398png NW?0 NdW judwaTy eleq 398png NW?0 NdW JuawWaTy eleq
19430 19430

?d1nog pue K10333e) 3128png JuawWaTy BIRQ WO

¢ 2198l




Utility Model

The Utility Model expresses quantitatively (on a numerical scale from
0 to 100) the accrual of value to the Navy of the average enlisted man
serving at a given paygrade and LOS. The utility matrix implemented with-
in ADSTAP is shown in Table 4. Results were derived from a series of
experiments using questionnaires and Delphi techniques to solicit opinions
of Navy experts from headquarters as well as the Fleet (Schmid & liovey, 1976).

Example Analysis Employing the Inventory, Cost, and Utility Models

An example analysis performed using the Inventory, Cost, and Utility
models will 1llustrate some of their applications. Suppose the planner
is interested in exploring the cost benefits of an increase or decrease
in the continuance of the force into the career portion of the Navy; that
is, continuing into the fifth year of service. Continuance is a construct
of a number of actions by the enlisted force: reenlistment, extension,
and serving out a prior enlistment. Continuance rate is a common termin-
ology quantifying these actions. The fourth-year continuance rate is the
percentage of the men in a given year with 4 years of service who continue
into the following year with an additional year of service. In this case,
the parameter of interest to the planner--continuance rate--is an explicit
input parameter to the cost and strength models. (Of course, the planner
might well be interested in evaluating the impact of increasing reenlist-
ment rate alone. In this case he would need to make some transformation
of reenlistment rates into equivalent continuance rates for use in the model
exercise.)

In constructing this example, a number of runs were made for each of
the following continuance rates in LOS 4: 0.1, 0.3, 0.5, 0.7, 0.9, and
1.0. The remainder of the inputs defining the set of continuance, advance-
ment, input mix, cost elements, etc. was already available within the
integrated data base as a default set of parameters. Given this default
set, it was only necessary to supply those inputs for the parameters to
be varied and to identify the rating. For this example, the BM rating
with an enlisted population of 15,983 men was chosen.

Figure 1 presents the change in petty officer ratio (or Top Six ratio)
as a function of continuance rate. Note that the ratio varies from about
48 percent to 78 percent as the continuance rate varies from 0.0 to 1.0.
Depending on the particular interests of the planner, this may not be
acceptable. In the past, the policy of the Navy placed the Top Six ratio
at 65 percent so that, if this policy were to prevail, the cost, strength,
and utility measures are not really comparable. In order to hold to the
65 percent ratio over the range of continuance rates, changes in advance-
ment policy must be accompanied simultaneously with changes in continuance
behavior. The advancement parameter selected for this purpose was the over-
the-zone advancement opportunity provided to the E=3; that is, the probability
of an E~3 advancing to E-4 at some time within the zone of advancement.

10
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