TARPS: A Prototype Expert Database System For
Training and Administration of Reserves Officer Placement

Magdi N. Kanel
Ceorge A Zoll a

Naval Post graduate School
Monterey, California 93943



TARPS: A Prototype Expert Database System For
Training and Administration of Reserves Officer Placement

ABSTRACT

The billet assignment duration for Training and Adm ni stration
of Reserves (TAR) officers is normally two to three years. A
pl acenent officer determnes where the TAR officer's subsequent
assignment will be based on the officer's qualifications and billet

requirenents. This assignnent is vitally inportant because it
significantly affects the officer's <career opportunities for
pronotion and conmmand. This paper describes the design and

inplenmentation of a prototype expert database system that wll
enhance the placenent officer's ability to efficiently select the
optimum billet for each officer. The prototype integrates a rule
based expert systemw th officer and billet databases to produce a
list of billets that match an officer's qualifications and desires.



1. INTRODUCTION

The placenent officer's primary responsibility is to select
t he best possible assignnent for officers who are transferring out
of their current assignnents. The four placenment officers who
serve at the Training and Admnistration of Reserves (TAR) branch
of the Naval Mlitary Personnel Command (NMPC-4417) are responsible
for approximately 2200 officers and 2200 billets. The present
method of billet selection is done manually. First the placenent
of ficer goes through the list of officers due for new assignnments
and takes the officers input for where they want to go. Second he
met hodi cally goes through a list of billets to see which ones wll
be open at the right tine and have requirenents that match the
officer qualifications. Conplicating the task further is that the
officer and billet information are in separate databases. These
dat abases, O ficer Assignment and Information System (QAIS) and
Oficer billet Description Informati on System (ODI'S) are not |inked
and have only rudinmentary query capabilities. They do, however,
contain an enornous quantity of information on both the officers
and the billets. The QA S database contains officer information.
This information includes: Nane, Rank, Social Security Nunber
(SSN), Designator, Honmeport, Billet Title, Planned Rotation Date
(PRD), Subspecialty, and Additional Qualification Designator (AQD).

The OD'S database contains billet i nformati on. Thi s

i nformation includes: Unit Identification Code (UC, Billet



Sequence Code (BSC), Billet Title, Activity, Honeport, Rank,
Desi gnat or, PRD, Subspecialty and Additional Qualification
Desi gnator (AQD). U C specifies the Naval activity and the BSC
identifies the specific billet in that comand. Rank and
Designator are specific qualifications. PRD determnes if a tinely
mat ch can be nade. Honmeport is the nunber one priority for nost
officers when requesting a billet. AQD defines the type of

equi prent the officer is qualified in.

There are many rules that experts use to match officers with
billets. For exanple, a billet nmay be specified for a particular
rank but may accept a higher or |ower rank. These rules are
normal |y assimlated by experience since they are not specified in
a single structured instruction. Training and transition for a new
pl acenent officer requires a mninmum of two to three nonths of
overlap with an experienced pl acenent officer before he is ready to
make pl acenment deci sions. Subsequently, the officer in training,
accesses the databases for information on officers and billets and

applies his expert know edge to make a sel ecti on.

At the Naval Mlitary Personnel Comrand there are several
branches that have simlar responsibilities covering all the
officers in the U S Navy. A study of all these branches show t hat
the billet selection process is nearly the sane everywhere but no
advanced conputer system is being designed to help the placenent

of ficers.



There have been attenpts to produce conputer based systens to
enhance the decision process. Rapp (1987) used a nodel based on
the classical transportation nodel of |inear programmng to design
a system for assignnment of officers during a nassive nobilization
to the U S Marines. Strouzas (1986) designed a database
application to integrate billets and officers for the Geek Navy.
Al ston (1987) designed an expert system based on PROLOG to assign
enlisted personnel to nmaintenance billets in aviation squadrons.
Al t hough interesting, none of the above approaches seemto be well
suited to the placenment officer's decision process. Rapp's linear
programm ng nodel produces only one billet for each officer. It
does not allow placenent officer interaction to share expertise and
addi tional know edge that may be inportant, nor does it consider
the wishes of the transferring officer on where or what type of
billet he wants. Strouzas' database application autonates query
selection of billets and personnel but does not build any decision
nodel for officer placenent. Al ston's nodel deals only wth

squadron | evel enlisted personnel assignnents.

Because the process of officer placenent uses expert
know edge, an expert system is a good choice for inplenentation
(Boose 1986). The placenent officer could use the expert system as
an assistant to filter the available choices to a reasonable
nunber, then personally nake the final decision (Hart 1986).

Additionally, the process of officer placenent neets the genera



requirenments for an expert system as specified by Turban and

Wat er man ( Tur ban 1990) :

1. The task requires only cognitive skills.

2. At | east one genuine expert, who is wlling to cooperate,
exi sts.

3. The experts involved can articulate their methods of
pr obl em sol vi ng.

4. The task is not too difficult.

5. The task is well understood, and is defined clearly.

6. The solution to the problem has a high payoff. (The task
is inportant).

7. The Expert System can preserve scarce human experti se.

8. The expertise will inprove performance and/or quality.

9. The system can be used for training.

Because the databases provide information for the know edge
base, the placenent process is ideal for a conputer based system
that conbines an expert system (ES) with the available database
management system (DBMS) (Brachman and Levesque 1987). Thi s
conbi nation is known as an expert database system (EDS) (Smth
1986) . The coupling of the expert system and database could be
either tight or |oose. In a tightly coupled architecture, the
expert systemcontrols the DBMS with the ES functioning as a front

end data entry system for the database or, alternatively, the



dat abase nmanagenent system controls the ES (Mssikoff and
W ederhold 1986). In a |loosely coupled architecture, both
subsystens retain their original structure and appearance. A
| oosely coupled architecture is best suited for the officer
pl acenent application. The expert systens conponent uses it's rule
base, placenent officer input, and access to the two databases to
propose a selection while the databases could be nanipulated

i ndependent | y.

This paper presents the design and inplenentation of a
prot ot ype expert database system for placing TAR officers in their
upcom ng duty assignnents. The organization of the paper is as
follows. Section 2 explains the domain of expertise needed for the
expert system Section 3 develops a rule base. Section 4 details
the design of the expert system and its interface with both
dat abases and the expert user. Finally, Section 5 draws sone

concl usi ons and states objectives for future research.

2. Domain of Expertise

Gathering the expertise needed to build an expert systemis
often the nost difficult part of the devel opnent of the system
(Hayes-Roth and Waterman 1983). Since one of the authors of this
paper, Zolla, has served as a TAR pl acenent officer, he is a domain
expert. Having an expert readily available greatly enhanced the

process of building and testing this system



Placing an officer into an available billet can be perceived
in tw different ways. |If the priority is placed on assigning the
best qualified officer to a billet, then the problem can be viewed
as starting fromthe billet and working backward to find the best
qualified officer to fill that billet. However, this nmethod does
not consider the officer's w shes or career requirenents. [f, on
the other hand, we view the problem fromthe officers perspective,
the solution would be to find the exact billet that fills his needs
and desires. In nost branches of NWPC there are two officers
wor king on officer placenent, one who works with the officer being
reassi gned and one who works with the commands that are trying to
fill their billets. Each of these officers is an expert, one
queries the officer database to find the best qualified officer for
the billets and the other queries the billet database to find the

best possible billet for the officer.

In NWPC- 4417, the placenent officer manages both the billets
and the officers. He can choose to prioritize either one. This
paper wll choose the approach that prioritizes the officer's
wishes. It will attenpt to find the best billet available for his
career needs. Thi s approach increases retention and noral e but
must be realistically balanced against command requirenents. No
officer can be placed in a requested billet just because he wants
it, there nust be a need and he nust be qualified to fill that

need.



The first step used by the placenent officer is to retrieve
the transferring officer's record fromthe NWC dat abase and revi ew
his qualifications. The followng officer information wll be
required for this sinple prototype: Nane, Rank, Social Security
Nunber (SSN), Designator, Present Honmeport, Planned Rotation Date
(PRD), and Requested Honeport. This data gives a good sketch of
the officer's qualifications and what the billet requirenents need
to be. For exanple, it would be beneficial to put a pilot in a
billet that has a pilot designator code and it would be beneficial
to place a commander in a billet that is rank coded for commander.

In addition, the officer's requested honmeport wll show his

request ed geographic | ocation.

The next step is to retrieve the billet attributes needed for
billet identification and officer matching. The m ni mum bill et
attributes needed are as follows: Unit ldentification Code (U Q),
Bill et Sequence Code (BSC), Rank, Designator, PRD of the incunbent
officer, and Honeport. These attributes are just a small portion
of billet requirements but they represent the nost inportant

aspects for a first exam nation.

Armed with officer qualifications and billet requirenents,
the next step would normally be querying the billet database with
the officer qualifications and requested honmeport to find what

mat ches coul d be made. Since the databases are not |inked, the



pl acenent officer is forced to do a very long and conplicated query
to produce a list of billets in the requested geographic area that
match the officer's qualifications. However, the placenent
officer still wouldn't have any information on the personnel that

are in the selected billets nor the i ncunbent's PRDs.

In practice, the placenent officer keeps a paper list (slate)
of each of his commands and their billets. The slate displays each
billet plus its required rank and designator codes. Directly bel ow
the billet information is a strip of paper showing the officer

assigned with his nane, rank, SSN, designator and PRD

The process of billet selection is not sinply based on exact
mat ches for rank, designator and PRD. There are rules that allow
the billet to be filled by an officer of a different rank than
speci fi ed. Normal |y an officer of the next higher or next |ower
rank can fill the billet. Billet designators do not exactly match
officer designators, they define what officer designators may be
assigned to these billets. There are billet designators that allow
any officer to be assigned. Sonme pilot billets may be filled by
Naval Flight Oficers and sone Naval Flight Oficer billets may be
filled by pilots. There are also billets that require an officer

with any warfare specialty.

PRDs do not have to be an exact match either. There may be an

overlap of officers and at tinmes there may be a gap. Normal ly a
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plus or mnus 2 nonth window is acceptable. Simlarly, other rules
are used by the expert to determne the al | onabl e Additional

Qualification Code (AQD) and Subspeci alty Codes.

The following sinplistic cases with fictitious nanmes are

provided to clarify the assi gnnent process:

CASE 1. Lt N ckerson nakes a norning telephone call and
schedules a neeting with the placenent officer at NWC 4417 on
Washington, D.C. for the afternoon to discuss his next duty
assi gnment . Before he arrives, the placenent officer checks the
of ficer database and finds that Lt N ckerson is a 1317 (TAR pilot)
stationed at Norfolk, Va flying the F-14 Tontat. Hs PRD is June
of 1991 and his duty preference shows that he is requesting Fighter
Squadron Three Zero One, an F-14 squadron at Naval Air Station
Mramar, California as his next duty assignment. The pl acenent
officer nmentally goes through his know edge base and deduces that
this officer could be assigned to a LT, LTJG or LCOR billet. As a
pilot he is eligible to fill a pilot or Naval Flight Oficer billet
(1317 or 1327). H's PRD of 9106 probably could be adjusted by plus
or mnus 2 nonths. The placenent officer then determ nes what
commands are located at Mramar, California. He manual |y checks
each command's billets (slates) to determne what billets match Lt
N ckerson qualifications and which billets have incunbents wth
PRDs aligned with June of 1991. A review of these billets suggest

there are no matches in Fighter Squadron Three Zero One but Fighter
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Squadron Three Zero Two, also an F-14 squadron at Mranar,
California has a billet wth a PRD of August, 1991. Lt N ckerson
arrives for the neeting and is very happy to accept the billet at
Fighter Squadron Three Zero Two because he has received his

geographic preference and will continue to fly the F-14.

Case 2. LCDR Wod calls NWC 4417 to request orders to his next
duty assignnent. Wile he is on the telephone, the placenent
officer retrieves his record fromthe QA S LCDR Wod is a 1307
(Non-flying aviation officer) stationed at Naval Ar Station
AGenview, Illinois wth a PRD of Septenber 1991. He has no
honmeport preference in the database. He states that he would Iike
to be transferred to Atlanta, CGeorgia. Wth a designator of 1307
he qualifies for 1300 (non-flying aviation) and 1000 (any officer)
billets. A check of the Atlanta area shows that the only Atlanta
commands, Naval Air Station Atlanta and Naval Reserve Center
Atlanta have no billet openings that match his qualifications. The
pl acenent officer conveys this information and Lt Wod states that
Boston would be his second choice for duty. A review of the
commands at Boston reveals no billets available for him Dallas,
Texas is Lt Wod's third choice. Reviewi ng the commands | ocated at
Dallas reveals a 1300 Lt billet open in July 1991. Lt Wod accepts

the billet.

To summarize the current process: First the officer's

qualifications and desires are retrieved from QA S Next, the
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pl acenent officer applies a set of rules to the officer's
qualifications to determne what billets he is qualified to fill.

Finally, the placenent officer manually queries all the billets at
the requested honmeport to find any billets that are expected to be
open and match the officer's qualifications. If no matches are
found, the search nust be expanded to include other geographic
| ocati ons. This manual process is exceedingly tedious and tine
consum ng. Automating the process would provide the placenent
officer wwth nore time to comunicate with transferring officers
and to consider placenent options resulting in inproved decision

maki ng.

3. RULE BASE

To transform the processes that are currently in use to an
expert system a collection of IF THEN rules (Hayes-Roth 1985)
needs to be devel oped. These rules wll be applied to the
information retrieved from the officer database just as the
pl acenent officer applies his knowedge of the rules to the
information he retrieves from the officer database. There are
three main areas that use rules: Oficer Rank, Oficer Designator
and Oficer PRD. For this sinple prototype, the placenent officer
will manually enter the officer's request for honeport. Manual
insertion of the requested honmeport was chosen because in nost
cases the officers do not nake their final decision for honeport

preference until the l|ast possible nonent nmaking the honeport
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preference in the database outdat ed.

The first set of rules will determne billet ranks avail abl e
to the officer. If the officer's rank is LCDR he would be
qualified to fill a billet for a CDR LCDR or LT. This is

illustrated in the follow ng exanpl e:

| F OFFI CER_RANK = LCDR

THEN Bl LLET_RANK = CDR
Bl LLET_RANK = LCDR
Bl LLET_RANK = LT

The second area that requires a rule base is billet
desi gnat or. For exanple, if the officer's designator is 1327, he
is qualified for assignment to billets wth designators of 1000
1050, 1300, 1301, 1320, 1321, and 1322. The rule for this exanple

is witten as:

| F OFFI CER_DESI GNATOR = 1327

THEN Bl LLET_DESI GNATOR = 1000
Bl LLET_DESI GNATOR = 1050
Bl LLET_DESI GNATOR = 1300
Bl LLET_DESI GNATOR = 1301
Bl LLET_DESI GNATOR = 1302
Bl LLET_DESI GNATOR = 1320
Bl LLET_DESI GNATOR = 1321

14



Bl LLET_DESI GNATOR = 1322

The third area that needs a rule base is officer Pl anned
Rotation Date (PRD). The system should be able to pick billets
that have a PRD window close to the officer's PRD, but not
necessarily an exact match. An exact match woul d be too restrictive
and too narrowWy limt the billet choices. In practice, the
pl acenent officer often looks at an entire calendar year when
begi nning his search for billet matches. Looking at an officer
with a PRD of 9107, the placenent officer would initially |ook at
all billets with incunbent PRDs of 9101 through 9112. This rule

woul d 1 ook like this:

| F OFFI CER_PRD >= 9101 AND
OFFI CER_PRD <= 9112
THEN BILLET_PRD = 91**

** = any integer between 1 and 12

The final rule base is for honmeport preference. There are
several locations that have many honeports in close proximty. For
exanple, an officer requesting Washington, D.C. normally neans he
would like to be stationed in the Washington, D.C. netropolitan
area. This area includes several cities in Virginia and Mryl and.

The honeport rule for Washington, D.C. is witten as:
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| E OFFI CER_HOVEPORT=WASHDC
THEN Bl LLET_HOVEPORT=WASHDC
Bl LLET_HOVEPORT=ARL| NGTON
Bl LLET _HOVEPORT=ADELPHI
Bl LLET _HOVEPORT=ALEXANDR! A
Bl LLET _HOVEPORT=ANDAFB
Bl LLET HOVEPORT=BETHES
Bl LLET_HOVEPORT=SUI TLN

The billet rank, designator, PRD and homeport generated by the
rule base would then be used to query the billet database for
mat ches. Figure 1 illustrates the architecture of the rule base

(Mockl er 1989).

4_. SYSTEM DESIGN

As indicated earlier, the TAR officer Placenent System (TARPS)
is designed as an expert database system that couples the officer
and billet databases to an expert system (Brodie and Ml opoul os
1986) . The placenent officer interacts with the system by
providing officer information. The required officer attributes are
then retrieved from the officer database, and passed to the rule
base where it is processed by an inference engine to produce a |ist
of query criteria. These query criteria plus officer input is
passed to the billet database to produce a list of billets that

match officer qualifications, billet requirenments and the officer
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request . Figure 2 is a diagram showing the interaction of the

system (Harnon and Ki ng 1985).

Since QAIS is conposed of information on tens of thousands of
officers and OGS has information on ten of thousands of billets it
is expected that performance wll be negatively affected. To
inprove the efficiency of the expert system w thout affecting it's
functionality, the QAIS and ODS databases were filtered into
smal | er databases that included only TAR officers and TAR billets.

These snal | er dat abases are then downl oaded to and accessed by the

expert system

An expert system shell was selected to couple the know edge
base and the dat abases because it has the ability to interface with
the user and has an inference engine built in to process the rule
base. The VP expert system shell was selected because of it's
additional capability to query databases and ability to be
i npl emrented on mcroconputers. The rule base for the prototype is

expected to be about 200 rul es.

5. CONCLUSIONS AND FUTURE RESEARCH

This paper addressed the feasibility of devel oping an expert

systemfor placing TAR officers in their upcom ng duty assignnents.
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It al so addressed the capability of capturing the required donain
expertise into a rule base. The prototype denonstrates that it is
possi bl e to devel op an expert systemfor officer placenent and that
it is feasible to capture a major portion of the expertise required

to do so in a rul e base.

The inplenmentation of the rule base was exceptionally
benefi ci al . The rules that govern officer assignnents have
previously been assimlated primarily by experience. They becane
so intertwned that decisions were difficult to explain.
Devel opnent of the rule base produced clarification of many of the
bui l ding bl ocks that are used to nake decisions. These rules wll
be extrenely beneficial for training new placenent officers.

Trimm ng the databases to include only TAR officers and their
billets proved to be very advantageous. It nmade the perfornance of

the systemvery acceptabl e.

Filtering the billets by only four criteria: rank, designator,
PRD and honeport quickly trimmed the quantity of acceptable billets
down to a reasonable nunber. These billets consistently proved to
be a very good starting point for the placenent officer. I n
addition, the ability to rerun the systemw th different honeports
was an effective way of quickly looking for available billets at

several geographic | ocations.

Use of an expert system shell proved to be extrenely
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efficient. Very little coding was required beyond incorporating
the |F THEN rules. Devel opnent of an expert systeminterface with
a programm ng |anguage |ike PROLOG or LISP appeared to be a nuch

nore difficult undertaking.

A conprehensive systemis currently being devel oped that wll
provide additional officer qualification information in the
database and allow nore donmain expertise information to be
incorporated in the know edge base. This effort includes the
addition of the pronotion status attribute in the officer database
to provide information that is helpful in determning the optinum
billet rank. It also includes the addition of the Additional
Qualification Designator (AQD). This code specifically defines the
ship or aircraft where the officer qualification has been attained.

Billets also have AQDs that define the type of equipnent that the
qualification nmust be in. This precludes a helicopter pilot from
bei ng considered for an F-14 squadron. Finally, the addition of a
subspecialty code attribute for officers and billets will enable
the new systemto match officer educational background with bill et

educati onal requirenents.
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