
471 OPTIMIIZING EN ROUTE TRAINING IN ENLISTED PERSONNEL 11~41Se SSIGNMNT(U) WY PERSONNEL RESEARCH AND DEVELOPMENT
CENTER SAN DIEGO CA I I ItICLOTIN ET AL. JAN II

7UNCLRSFIED NPRO-TN-99-15 F/G 5/9 NL

,MIlllllll
I flIIIIIff~ff~ff
I fffff



ILU
16

LLM_11.25 1.4

%EV iw Iw
.4 %L



Navy Personnel Research and Development Center
ia Diego, CA 3115-4W TN 86-15 Jalwuy 1908

ITThC FiLE W.ut

_" Optimizing En Route Training
in Enlisted Personnel Assignment

1 DTIC

Approved for public release; distribution is unlimited. ,.

M8 2 01 076

- .,, - . - • ' ",r, " - ,'.. ",,",. " ' , ,: x',',,." , -..";t''



0

NPRDC TN 88-15 January 1988

Optimizing En Route Training in Enlisted Personnel Assignment

Ben B. Buclatin
Timothy T. Liang

Accesion For
Approved by NTIS CRA&P

Joe Silverman D)TIC TAB

IBy

Approved for public release;
distribution is unlimited.

Navy Personnel Research and Development Center
San Diego, California 92152-6800



SfUIYCA1i&IA F THSPG

REPORT DOCUMENTATION PAGE- / 0
is REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED ________________1____

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT

2b DCLASIFCATIN IDOWGRADNG CHEULEApproved f or public release; distribution is2b DCLASI~iATIOiDONGPAINGSCHEULEunlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

NPRDC TN 99-15

Se, NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 70. NAME OF MONI1TORINVG ORGANIZATION
Navy Personnel Research and (if awlica We)
DevelopmentCenter Code_61 _____________________

6c. ADDRESS (Cii). State, and ZlPCodlo) 7b. ADDRESS (City, State,.M Mn lCOWe

San Diego, CA 92152-6800

111. NAME Of FUNDING ISPONSORING BID. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
Office of the Chief of Naval OIf &applible)

Technolowv
&c. ADDRESS (City, Stateand ZIP Code) 10 SOURCE Of FUNDING NUMBERS

PROGRAM PROJECT ITASK IWORK UNI'
ELEMENT NO NO NO ACCESSION NO

Arlington, VA 22203 62233N IRM33-M2 6.1
11 TITLE (include Security Classification)

Optimizing En Route Training in Enlisted Personnel Assignment

12 PERSONAL AUTHOR(S)

Buclatin, Ben B., L ang, Timothy, T.
13.TYPE -QF REPORT 13b TIME COVERED I'll._ 11 4,IIP (Year. Month, Day) [IS PA5 COUNT

16 SUPPLEMENTARY NOTATION

17 COSATI CODES 14S8 SUBjECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD IGROUP ISUB-GROUIP A ersonnel assignment process

19A RCT (Continue on roverse if necessary bnd-.~ f bloc& h i knme4) - -- ---

%his report identifies deficiencies of the Navy's current personnel assignment process aid su~ggests a
simultaneous optimization approach to improve the assignment of people to schools and jobs. This report
should be of interest to Navy managers interested in improving the process of NEC detailing andd-C'NK
school assignment, and for managers interested in improving the utilization of class quotas.

20 DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
MUNCLASSIFIEDIUNLIMITED 0 SAME AS RPT COTIC USERS UNCLASSIFIED

22a NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Includ Area Code) 22c. OFFICE SYMBOL

Timothy T. Liang (619) 553-7959 1 Code 61
DO FORM 1473.64 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THI.I PAGE

All other editions are obsolelte.UCLSI lEA

UNCLASSIFIE



FOREWORD

The research was conducted under Exploratory Development Project RM33M20, Task
6.1 (Career and Occupational Design), under the sponsorship of the Office of Naval
Technology. The objective of the task was to develop new technologies to improve the
Navy's personnel assignment system.

The report identifies deficiencies in the Navy's current personnel assignment process
and suggests a simultaneous optimization approach to improve the assignment of people to
schools and jobs. This method will be incorporated into the Enlisted Personnel Allocation
and Nomination System (EPANS) to optimize the assignment process for ratings that
require "C" school training. This report should be of interest to Navy managers interested
in improving the processes of NEC detailing and "C" school assignment, and for managers
interested in improving the utilization of class quotas.
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SUMMARY

Problem

Although the Navy is dependent on the performance of technical jobs requiring
multiple specialized skills, many of the enlisted personnel available for assignment to
those jobs do not have the minimum required skills. As a result, personnel are often sent
to a "C" school, en route to the job, in order to obtain the necessary qualifications. In
trying to make the best possible assignments, detailers are faced with an enormous
number of alternatives. This is because the decision to send a person to school, en route
to the job, dramatically increases the assignment possibilities. The manual process
currently used to make assignment decisions cannot consider all alternatives, and even
automated sequential methods are too time consuming.

Numerical Example

A numerical example consisting of four people, five jobs, and two schools is used to
highlight the problems of the current sequential or manual methods. We first illustrate
the current process of assignment, showing how a hypothetical detailer might make one-
at-a-time assignments while trying to hold down costs and make the most of school
quotas.

Conclusions

The Navy Personnel Research and Development Center has developed an optimization
procedure that produces person/job matches by simultaneously considering all individuals
and all jobs. While the model is currently being applied to ratings requiring relatively
little "C" school training, it is necessary to examine enlisted occupations requiring a
significant amount of technical training. Expansion of the model to incorporate school
training would be a step in improving the assignment and utilization of technically trained
personnel.
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OPTIMIZING EN ROUTE TRAINING IN ENLISTED PERSONNEL ASSIGNMENT

Although many of the Navy's technical jobs require multiple specialized skills, the persons avail-

able for assignment often do not possess the minimum skills needed for a good job match. In such

cases, detailers may end a person to "C" school for advanced technical training to obtain die needed

skills. These specialized skills we known as Navy Enlisted Classiications (or NECs). Jobs requiring

multiple NECs create numerous options for detailers. That is, the same person can be sent to different

schools to acquire the NECs needed to qualify for different jobs.

When all of the altematives available for en route training ae combined with the numerous ways

of filling a job, it is practically impossible for a detailer to search all of the alternatives for the best one.

For example, in a case of only 4 people. 5 jobs, and 2 schools, with each person eligible for every job

and school, the total number of alternatives is 1,900. If we double the number of people, jobs, and

schools to 8, 10, and 4 respectively, the total number of assignment alternatives exceed 100 billion (see

Appendix A). As a practical matter, the manual process currently employed by detailers cannot con-

sider all alternatives, and even automated sequential methods (e.g., son and match) we too time-

consuming. The purpose of this report is to illustrate the difficulties involved in manual or sequential

methods of personnel assignment. In addition, the report will point to current developments to improve

personnel assignment with en route training by simutaneously considering all people, jobs/and training

alternatives.

A relatively simple numerical example will be used to highlight the problems of the sequential or

manual method. The numerical example consists of only 4 people, 5 jobs, and 2 schools. Then, a few

measures of effectiveness will be computed to compare the sequential method with a simultaneous or U
optimization procedure (The mathematical description for the optimization method is in Appendix B.)

Personnel assignment is a two-stage process. First, it is necessary to examine a list of to-be- Iavailable personnel and a list of to-be-vacant jobs to determine which personnel we eligible for which

jobs. The eligibility criteria frequently involve a specification of required skills (or NECs). Second, a
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set of personjob matches is selected from the list of "eligibles." The eligibility network for the numeri-

cal example is shown in Figure 1. The cost of assigning a person to a new job includes the cost of

moving a person from their previous duty station to School A or B and, upon completion of school, to

their new duty station. Thus, a pair of moving costs are involved in each eligibility match, except

where a person is eligible for a particular job without additional training. In Figure 1. each school node

represents only one seat. The letter shown (A or B) in each school node denotes the particular school,

not the number of available seats. There are only two seats in School A and only one seat in School B.

The fact that six school nodes are shown reflects the demand for school seats needed in order to qualify

personnel for jobs. The supply of school seats, as stated above, is only three.

If we focus on Person 3 alone, Figure 2 shows that Person 3 is eligible for Job 3 by undergoing

training at School A; the cost is $0 + $700. Person 3 can become eligible for the very same job (Job 3)

by acquiring additional training at School B, with moving costs of $200 + $1,100. Person 3 is also eli-

gible for Job 5 without additional training, at a cost of $2,000. Finally, Person 3 is eligible for Job I

by attending School B; the cost is $200 + $1,600.

SeunilMethod

If we characterize the current method of assigning people as a sequential process, then we can

illustrate the process by sequentially assigning each of the four persons in our example. These assign-

ments show how a hypothetical detailer might make one-at-a-time assignments while trying to hold

down moving costs and make the most of school quotas.

Assign Person 1: Figure 3 shows four alternatives for Person 1. Person 1 can be sent to School A

enroute to Job 1 or Job 2 at a total PCS cost of $1,100 ($400 + $700) or $700 ($400 + $300), respec-

ively. Person 1 can also be sent to Job 1 or Job 2 via School B at a total cost of $2,200 or $700,

respectively. In comparing the alternative moves, we would expect Person I to be sent to School A

enroute to Job 2. This would be a likely move since it is one of the least costly ($700) and because

School A has two seats. Another inexpensive move ($700) would send Person 1 to Job 2 via School B,

but this would use up the only school seat in School B. However, if a detailer makes a low cost move,

2
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he/she would not know how this assignment affects the assignment options of other individuals. In addi-

tion, the detailer wouldn't know the effect of the assignment on minimizing the total PCS cost associ- I
ated with assigning all four people.

Assign Person 2: Figure 4 shows the three alternatives for assigning Person 2: assignment to Jobs

1, 2, or 4, via School A. Since Job 2 has already been assigned to Person 1, the only options left are

assignments to Job 1 or 4. After comparing the PCS costs for both of these alternatives, a detailer

would likely assign Person 2 to Job I at a cost of $800. This is the lowest cost assignment even if Job .I

2 were still vacant, but note that the two seats in School A have now been filled.

Assign Person 3: As shown in Figure 5, Person 3 has three options: assignment to Job 3 via !

School A or School B, or to Job 5 directly. In order to control PCS costs, a detailer would most likely

assign Person 3 to Job 3 via School B. First of all, one of the options (enroute training in School A) is

no longer feasible because the two school seats have already been taken. Of the two feasible options,

one is clearly less expensive than the other ($1,300 vs $2,000).

Assign Person 4: When we get to the last person, some of the deficiencies of the sequential, one-

at-a-time process become apparent. Earlier assignments have reduced the feasible options available to

persons assigned in the later stages. Figure 6 shows that even though Person 4 is eligible for Job 4, by

qualifying with training in School A, the two seats at School A were already assigned to Persons 1 and .,

2. Therefore, Person 4 cannot be assigned.

In this example, because Person 4 cannot earn the appropriate NEC to qualify for the remaining

jobs, we have a shortage of one seat in School A. So, Person 4 remains unassigned and Jobs 4 and 5
I

remain vacant. The example also shows how the sequential process of assigning people to jobs can con-

tribute to apparent shortages and surpluses in "C" school seats and NEC inventories. Table I shows

some other ways of assigning four people to five jobs, with their attendant costs.

OimlMethod %%

If we used an optimization procedure on the same example, we would first have to decide which

policies took primacy in cases of conflicting policies. For example, if we simply wanted to maximize

6
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Table I

Assignment Alternatives via En Route Training

Alternative People Via Schools Jobs PCS Cost($)

1 A 2 700

2 A 1 800

3 B 3 1,300

4 -- Unassigned

2,800

2 1 A 2 700

2 A 1 800

3 5 2,000

4 Unassigned

(vacant seat) 3,500

3 1 A 1 1,100

3 A 3 700

2 -- Unassigned

4 Unassigned

(vacant seat) 1,800
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Table 1 (continued)

Assignment Alternatives via En Route Training

Alternative People Via Schools Jobs PCs Cost($)

4 1 A 1 1,100

2 A 2 1,000

3 -- 5 2,000

4 -- Unassigned

(vacant seat) 4,100

5 1 A 1 1,100

3 5 2,000

2 A 4 1,100

4 -- Unassigned t

(vacant seat) 4,200

6 1 A 1 1,100

3 B 3 1,300

2 A 2 1,000

4 Unassigned

3,400



Table 1 (Continued)

Assignment Alternatives via En Route Training

Alternative People Via School Jobs PCs Cost($)

7 1 A 1 1,100

3 B 3 1,300

2 A 4 1,100

4 -- Unassigned

3,500

8 1 A 2 700

3 A 3 700

2 Unassigned

4 -. Unassigned

(vacant seat) 1,400

9 1 A 2 700
3 -. 5 2,000

2 A 4 1,100U
4 Unassigned

(vacant seat) 3,800

121
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Table 1 (Continued)

Assignment Alternatives via En Route Training

Alternative People Via Schools Jobs PCs Cost($)

10 1 A 2 700

3 B 1 1,80

2 A 4 1,100

4 -Unassigned

3,600

11 1 B 1 2,200

2 A 2 1,000

3 -5 2,000

4 A 4 1,200

6,400

12 1 B 2 700

2 A 1 800

3 -S 2,000

4 A 4 1,200

4,700

13



the number of personnel assigned, Figure 7 shows a solution that has all four people assigned: Person 1

toJb Ivia School B; Person 2to Job 2via School A;Person 3to Job 5direcly;mid Peron4 toob

4 via School A. For this solution (Alternative I1I in Table 1), there is no shortage or surplus of school

seats. and the PCS cost is $6.40D. The assignment is *optimal" in terms of maximizing the number of

assignments under the scOol seat constraints.

If we want to minimize PCS cost, in addition to maximizing the number of assignments. the

assignment alternative shown in Figure 8 is optimal. This solution (Alternative 12 in Table 1) assigns I

all four people at a PCS cost of only $4,700. .,

14
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Figure 8. Optimal solution: Maximizing number of assignments and minimizing PCS cost.
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Using a simple numerical example, we have shown some of the deficiencies caused by an assign-

ment prcoess where only a limited number of alternatives are considered in making an assignment.

Many of the deficiencies can be overcome by using optimization methods which exhaustively search all

possible alternatives for the "best" set of assignments. "Best" can be defined in terms of maximizing

the number of assignments, minimizing PCS costs, utilizing school seats, and a variety of other objec-

tives -- alone or in combination.

Recently, the Navy Personnel Research and Development Center developed an optimization pro-

cedure which produces person/job matches by simultaneously considering all individuals and all jobs

(Liang and Thompson, 1987). When embedded in software, the procedure is called the Enlisted Person-

nel Allocation and Nomination System, or EPANS. EPANS was first applied to Seaman, Fireman, and

Airman (Liang, and Thompson, 1986) and is now being tested for the Quartermaster, Signalman, and

other ratings which require relatively little "C" school training (.iang, Thompson, and Zimmerman,

1986).

Based on preliminary results attained with non-rated personnel, the Navy Military Personnel Com-

mand is committed to the implementation of EPANS for all ratings. In anticipation of applying EPANS

Navy-wide, it is necessary to examine enlisted occupations requiring a significant amount of technical

training. This report is intended as a first step in that process. The numerical example reinforces the

observation that the problem of personnel assignment with en route training is so large and complex

that optimal search methods ae essential.
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Appendix A

Method of Calculating Alternatives

Counting the number of alternatives is a permutation problem. The formula used to calculate per-

mutations can be found in most probability and statistics textbooks. In our example of matching people

to jobs, let m be the number of people and n be the number of jobs, the permutation may be stated as

follows:

P~r = n!/(n-m)! ff n(n-1)...(n-m+l)

1. We match 4 people to 5 jobs assuming each person is eligible for every job directly:

qP4 = 5!/(5-4)! - 5 x 4 x 3 x 2 a 120

2. We match 4 people to 5 jobs via 2 schools assuming each person is eligible for every job through

en route training at any school. The permutation problem may be stated as follows:

(a). the first person has 10 chances I
(b). the second person has 8 chances after excluding the job taken by the first person

(c). the third person has 6 chances after excluding the jobs taken by the first and the second

persons

(d). the fourth person has 4 chances after excluding the jobs taken by the first, second, and third

persons.

Therefore, the permutation is,

P- x 8 x 6 x 4- 5 4 x24

= 1,920

3. Match 8 people to 10 jobs via 4 schools:

=ops x 4s

- 118,908,518,400

A-I
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Appendix B

Mathematical Model

The problem can be formulated as follows:

Mazmi.ze Uj xra (1) ..
( Aj.) F

subject to

r"* S 1, for i=l,...J, (2)

Xk :5 1, for j=l,...J, (3)
(i A),Fj

xk < qk. fork=l,...,K, and (4)
(aj)GFk

xit = 0 or 1 for i=l,...J; j=l,...,J; k=l,...,K. (5)

where I = number of available people;

J - number of job vacancies; ',,

K - number of classes;

F - set of feasible assignments; .

F. - set of feasible assignments for person i;

F. = set of feasible assignments for job j;
3

Fk  set of feasible assignments for school k; z 0

x I if person i is assigned to class k for job j;

0 otherwise;

u utility measure of person i for job j and class k,

0 available seats for class k. *fe

B-I 0
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The objective is to maximize the total utility while satisfying three sets of constraints. Inequali-

ties (2) require that each person can be assigned to at most one job. Inequalities (3) require that each

job can be given to at most one person. Inequalities (4) require that the number of people assigned to a

class should not exceed the available seats in the class. This model may be viewed as an integer net-

work problem with side constraints. Either (2), (3), or (4) can form the side constraints and we have

used (4) in our experimental model.

In this model, each decision variable represents the assignment of a school seat and a job to a

person. Utilities represent payoffs of the Navy's policies. In a cost minimization problem, the costs

can be transformed into a utility by measuring cost savings.

The objective was to minimize the total cost needed to match people to schools and jobs. Then,

the costs were transformed into utilities by substracting individual costs from a large constant. We used

a modification of NETSID (1987) to solve our problem.

B-2
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