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1. Introduction

Decision makers in both the public and pri-
vate sectors often face the difficult problem of
effectively managing facilities that range from
utility plants to small offices. The task of
facility management not only requires quan-
titative reasoning but also a great deal of
qualitative reasoning. In developing the best
possible facility management plan, one should
have easy access to a great amount of facility
inventory data, knowledge of experts on va-
rious domains including diagnosis of facility
condition and analytical mathematical models
to ensure efficient use of resources.

Despite the fact that separate approaches
can provide only partial solutions to the prob-
lem. there has been no attempt to devise an
integrated computer tool in the area of facility
planning and management. Recent advances
in artificial intelligence (Al). particularly ex-
pert systems (ES). can provide a means of
narrowing the gap between what traditional
problem-solving methods can do and what de-
cision makers want (Han and Kim 1989)[2].

To shed light on how to combine traditional
programming models and expert systems, this
paper has the following objectives: (1) to
briefly review how an operations research
(OR) approach to problem solving is different
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from an Al approach. (2) to discuss how to
develop an integrated computer tool which
effectively aids decision-making in facility
planning and management. For the second
objective, this paper presents the design and
implementation plan of a knowledge-based
decision support system XPlanner. XPlanner
combines ES with a zero-one integer opti-
mization model and a database system to cre-
ate a comprehensive decision aid for the man-
agement and planning of military facilities.

2. Operations Research and Artificial
Intelligence

The field of OR is large and includes many
subareas. The problems that have been solved
by OR include queueing, inventory. alloca-
tion, routing, scheduling, search, replacement
and competition (Wilson 1985){15]. Al. on
the other hand, has focused on such areas as
representation and use of human knowledge
through logic, learning and understanding of
natural language and perception (vision and
touch). Simon (1987)[11] compares OR with
Al by defining OR as “the application of opti-
mization techniques to the solution of com-
plex problems that can be expressed in real
numbers” while defining Al as “the applica-
tion of methods of heuristic search to the
solution of complex problems that defv the
mathematics of optimization, contain nonquan-
tifiable components and involve a large know-
ledge base.”

Both expert systems (ES) and OR models
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Table 1. Different Approaches of Linear Programming Models and

Expert Systems

[ | LP models

| Expert systems |

Knowledge

Constraint equations

Knowledge base: rules
and frames

Solution method

Simplex algorithm

Inference engine: back-
ward and forward chaining

are designed to help decision makers. But
while ES normally incorporates qualitative
knowledge, OR primarily uses quantitative
knowledge. Table 1 briefly compares the
different solution approaches of linear prog-
ramming (LP) models and ES. The linear
programming model, for instance, involves
arithmetic computations to solve a goal func-
tion:

Minimize 3;a;X;
subject to =;8X; <A

Using a simplex algorithm, it finds the opti-
mum values for the objective function (goal).

On the other hand, ES involves symbolic
processing in representing knowledge and
finding a value of goal parameter. For a sim-
ple example of evaluating land development
proposal, consider the following knowledge
base written in Prolog syntax:

Goal acceptability (X, development-proposal)

Rule 1 zoning-change (needed, X): landuse (incon-
patible, X}

Rule acceprability (reject, X): zoning-change
(needed, X)

Fact landuse (incompatible, development-proposal)

In finding the value of the goal (e.g.. accep-
tability of the land development proposal), ES
may use backward chaining (deduction) to
f.nd out if the proposal requires a zoning
change.! This is a simple example of the
knowledge base and inference engine. Actual
croblems normally consist of hundreds of
rules and a long inference process.

As shortly reviewed here, OR and Al (in-
cluding ES) have developed different solution
techniques. according to the type of know-

ledge they possess. The important question
here is how and when OR and Al could be
combined to take advantage of both their
strengths. The rationale for the integration of
these two fields is that most decision-making
problems, particularly in urban and regional
planning. require both quantitative and qual-
itative knowledge and reasoning. The facility
management problem, for instance. may be
quickly and optimally solved by OR techni-
ques once the nature of the problem is mathe-
matically formulated. But the process of for-
mally defining the problem requires signifi-
cant expertise in many subject areas of facil-
ity management. In addition. implementing
the solution provided by the OR models may
be better handled by ES through its qualita-
tive reasoning process. The benefits of cou-
pling ES and OR in this regard will be evi-
dent as the design concepts of XPlanner are
discussed later.

3. Expert Systems and Decision Sup-
port Systems

Although some authors see expert systems
as special instances of decision support sys-
tems (DSS), many authors distinguish ES
from DSS because of the former’s unique
structure, technology and ability to solve
different types of problems (see, for instance,
Kroeber and Watson 1987[4]: Liang 1988[7]
). Table 2 summarizes major differences be-
tween ES and DSS in terms of types of com-
puter processing involved and types of deci-
sion problems solved.

In DSS. the computer is used to store data
and various decision models and the user in-
teracts with the computer throught the user-
interface. providing the computer with judg-



Table 2. Taxonumy of Decision Problems

Type of knowledge needed

Nature of problems

for problem solving

Structured or Unstructured or
routine semistructured

Quantitative reasoning:
numeric computation

Data processing | Decision support
systems systems

Qualitative reasoning:
intuition and rules of thumb

Expert systems | Human experts

OR

DSS
Human / \ Expert
Judgment Systems

Figure 1. Progression of Operations Rescarch 1o
Decision Support Systems and Expert
Svstems (Tingley 1987)

ments. In ES. the computer stores all expert
knowledge. including judgments, into a prog-
ram and recommends a solution by using
appropriate analyses and its own programmed
logic.

In discussing the possible relationship he-
tween OR, DSS and ES. Wynne (1981)[10]
and Tingley (1987)[13] describe these techni-
ques as a sequence of means for providing
assistance to decision makers (Figure 1). OR
models are developed into DSS to incorporate
human judgment into the decision-making pro-
cess through an effectively developed man
machine interface. DSS, in turn, can he furth-
er developed into ES. in which human judg-
ment is coded into a knowledge base. The
feasihility and desirability of these progres-
sions from OR to DSS and from DSS to ES
are, of course, dependent on the nature of de-
cision problems.

The idea of integrating EES into DSS to cre-
ate more powerful and useful computer-hased
systems has recently garnered much attention.
creating a new terminology. “expert decision
support system” (DESS). “knowledge-bascd
decision support system.,” or “intelligent deci-
sion support system.” The possible contribu-
tions of ES to EDSS include: (1) helping us-
ers in selecting models. (2) providing judg-

mental elements in models. (3) simplifving
building simulation models. (1) enabliny
friendlier interface and (5) providing explana-
tton capability (Turban and Watkins 198
(14].

Of these. the most important role of ES in
EDSS is in model selection and building. As
Strauch (1974)[12] points out. the process of
problem analysis (or modeling) usually in
volves three interrelated components: formula
tion of the formal problem. mathematical
analysis and interpretation of the results
While the mathematical analysis is handled
effectively with DSS through its embedded
OR models. the formulation requires the sub-
jective knowledge of the user. Further. the in-
terpretation requires the personal judgment of
the decision makers. The coupling of ES and
DSS in this case is based on the assumption
that subjective knowledge and personal judg:
ment can be better made by experts than by
decision makers and users of the system.

The sections that {follow discuss the design
concepts and implementation plan of X[PPlun
ner. XPlanner is an example of adding «
rule-hased system to the optimization model
for facility management for the purpose of aid-
ing users with the various tasks involved.
such as formulating factlity optimization mod-
els and diagnosing structural conditions of
facilities. It is developed to stimulate planners
to employ mathematical models more fre-
quently and easily in their problem-solving

processes.

4. Decision Problems Supported by
XPlanner

Most decision problems may be hroadly
categorized into (1) structured and (2) unstruc-
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tured. or semistructured. XPlanner is de-
veloped based on the notion that there are
different types of computer-based information
svstems. each with its own unique ability to
<olve decision problems. Data processing sys-
tems are suited for structured problems that
have standard operational procedures. deci-
sion rules and clear output formats. such as
identifving low income districts or determin-
ing the median income of a city. Decision
support svstems (DSS). on the other hand, are
intended for unstructured or semistructured
problems. such as evaluating land develop-
ment proposals. for which DSS can be used to
perform “What-1f" tvpe analyses estimating
fiscal and other impacts of proposals based on
different sets of variables. providing quantita-
tive support to the decision maker. Kroeber
and Watson (1987)[4] define DSS as "an in-
teractive svstem that provides the user with
casy access to decision models and data in
order to support semistructured and unstruc-
tured decision-making tasks.” As the defini-
tion implies. the interaction between the deci-
sion maker and the system is very important
in DSS. The interaction is usually achieved
in the form of "What-I{" dialogue.

While expert systems (ES) are very good at
:olving problems which require qualitative
reasoning. they have the strict requirement
that the decision problem be structured so that
experts’ knowledge on solving the problem
c1in be captured in a computer program. As
the characteristics of each computer system
imply. only the integration of different types
o computer-based systems can produce effec-
tive decision-making aids because most deci-
~on making in urban planning deals with a
wixture of structured and unstructured prob-
lems.

The task of facility planning and manage-
nent has both the structured and unstrunc-
tared decision-making components. Cities in
urban areas and military installations maintain
a variety of facilities from utility plants to
housing units and the decision tasks involved
in facility management range from the task of
letermining the current physical and function-
al conditions of facilities to that of deciding

which facilities to close or build. While the
former example is a somewhat structured deci-
sion problem, the latter example can be re-
garded as an unstructured or semistructured
problem.

XPlanner is targeted for both areas of deci-
sion making. In military installations, for
which XPlanner is developed, the decision
problems in facility planning and management
can be categorized as follows:

1. Project possible changes in planning con-
straints such as mission types and budget
levels.

2. Estimate facility requirements based on the
missions of installation.

3. Determine the current physical and func-
tional conditions of facilities.

4. Estimate facility deficiencies based on 2
and 3 above.

5. To handle the facility deficiency or sur-
plus, create a facility management plan for
an effective and efficient utilization of ex-
isting and future resources.

Only the effectively integrated computer
system can support all the decision-making
tasks listed above. The task of projecting mis-
sion and budget changes can be handled by an
effective man-machine interface of DSS.
which incorporates the judgments of the deci-
sion maker and enables a series of "What-I{"
dialogue. The "What-If" interaction is critical
in developing XPlanner, because decision--
makers want to incorporate their judgment on
the future of the Army (e.g.. mission and
budget changes) into the problem solution
process of XPlanner. For example. when the
user inputs different types of missions. the
system produces new facility management
plans.

The task of determining current physical
conditions of facilities can be handled by a
database management system that maintains
comprehensive facility inventory data. where-
as the task of determining functional conditions
of facilities may better be handled by an ex-
pert system. Examining the functional condi-
tions of facilities involves such heuristic tasks
as determining whether a particular facility is



suitable for accommodating a certain type of
activity and assigning each activity (e.g..
training or recreation) to a facility. Further,
the task of developing a facility management
plan can be supported by an optimization
model in order to achieve efficient allocation
of resources.

In short, the major decision problem in-
volved in military facility planning and man-
agement 1s developing an effective facility
management plan that supports constantly
changing missions. The facility management
plan prepared by the Army planners should
effectively utilize the current and future re-
sources of the military installation and should
also comply with the safety and welfare stan-
dards prescribed by the Army authorities.
XPlanner 1s designed to support these tasks.

5. Structure and Components of
XPlanner

To effectively support all tasks involved in
facility planning and management. XPlanner
consists of several components (Figure 2): (1)
knowledge base. (2) model base. (3) database,
(1) user interface and (5) inference engine.
The inference engine and knowledge base
control the whole system.

1) The Role of the Knowledge Base

The knowledge base of XPlanner contains
two types of knowledge: (1) knowledge about
the classification of functional areas of facili-
ties and about the diagnosis of the physical
conditions of facilities and (2) knowledge of
the formulation and interpretation of a
zero-one integer optimization model for facil-
ity planning management.

For the examples of the first type of know-
ledge. consider the following rules used in
XPlanner for diagnosing physical problems of
structure:

1. IF structure = wood-frame AND humidity-
level >= 80. THEN termite-infestation
may be high.

2. IF termite-infestation = high. THEN
building-decav = serious AND wood--
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treatment by chemical A = required.

3. IF sagging-roof OR non-vertical-walls OR
tilted-floors OR misalignment-of-doors.
THEN excessive-settling,

4. IF excessive-settling, THEN foundation--

wall = to-be-replaced.

These rules can be used to effectively esti-
mate the cost and feasibility of each type of
project (e.g.. conversion and renovation) re-
lated to each facility. Based on this type of
knowledge, the major function of the know-
ledge base is to estimate parameter values
necessary to formulate the zero-one integer
optimization model. The list of parameters to
be estimated by ES (the knowledge base com-
ponent) 1s described later under the model
base.

In addition to estimating parameter values
for the facility optimization model. ES
screens existing facilities in order to eliminate
the facilities that are irrelevant for considera-
tion by the optimization model. For this pur-
pose. ES maintains the knowledge base that
classifies existing facilities into several condi-
tion categories ranging from Class 1. usable
(meeting all criteria). to Class 6. disposable (no
longer tenable for any purpose). Machine
learning programs with effective induction
algorithms can be used to develop the know-
ledge base in this area. Many induction algor-
ithms have been successfully applied to the
knowledge acquisition problems. particularly
to classification problems (Michalski (1985)
[8]: Forsyth and Rada (1986)[1]: Shaw
(1988)[10]: Liang (1989)[6]). Because ES
classifies and eliminates the irrelevant facili-
ties, the facility optimization problem is re-
duced to a size manageable by the zero-one
integer optimization model (described later).

Another important role of the knowledge
base 1s to interpret the results of the optimiza-
tion model using its knowledge of a zero-one
integer model. In this system. ES serves as an
extra layer between the model and the user.
translating qualitative criteria into the numer-
ic input and also translating the models
numeric output to qualitative concepts that
are more intuitive and informative to the user.
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In addition. the knowledge base has the im-
sortant function of controlling the whole sys-
em. accessing the database and the model
sase of XPlanner as necessary. In addition to
‘he domain knowledge specific to the facility
nanagement. the knowledge base maintains
control knowledge (meta-knowledge) to con-
‘rol the steps involved in reasoning. For inst-
ance. it initiates the forward chaining mode in
he middle of backward chaining” or it forces
some rules to be fired before other rules by
asing meta-rules. This type of control know-
ledge is necessary to control the flow among
the knowledge base. the model base and the
Jatabase.

2) The Role of the Model Base

The model base of XPlanner contains a
zero-one integer optimization model that is
designed to devise a facility management plan
with efficient allocation of resources. Integer
programming (IP) is a special case of linear
programming with the characteristic that the
values for all the variables in the solution
must be integers. A further sub-class of IP is
zero-one programming, in which all variables
in the solution have a value of zero or one.
Such a formulation is needed when the deci-
sion variables represent a binary decision. An
example of the set of binary decisions in-
volved in XPlanner are renovate or don’t retio-
vate. 1P problems are computationally much
more difficult to solve than linear program-
ming problems (Greenberg 1971)[3].

All the parameter values contained in this
model are supplied by the knowledge base. In
return. the model base supplies model output
to the knowledge base for the interpretation
(see Figure 2). The structure of the model is
described here without further discussion on
zero-one integer programming.

(1) Objective Function

The objective function is to minimize troop
stationing facility costs. which include new
construction. renovation, corversion and
maintenance costs of facilities. To allow prop-
er comparison of alternatives in equivalent
dollars. both present and future costs for each

USER INTERFACE

User inputs and
system outputs

[)
INFERENCE ENGINE

Data Reasoning and search Data
update ¥ update

KNOWLEDGE BASE

Addl  Heuristics knowledge on Addl
facts|  facility management and facts
zero-one integer model

RELATIONAL Mode GEOGRAPHIC
DATABASE outpul DATABASE
:lcal prop.erly invc:nlu(y Digitized
“:h:ng,:,;'::r;?: on Model computer maps of
construction projects oput facility locations

MODEL DASE

Zero-one integer facility
optimization model

Figure 2. Schematic Structure and Components
of XPlanner

alternative are brought to a common point in
time by being converted to an annual series of
payment. The objective function is formulated
as below:

Minimize 3 [p°S] + S{(a; + #i®R]

+ ,lllu(‘)cnj]
+ {71+ "N]
(1)
where
S; = 1 if facility i is to stay as 1t is
0 otherwise
R, = 1 if facility i is to be renovated
0 otherwise
C,;= 1 if facility i is to be converted to j
0 otherwise
N, = 1 if new construction project I is to be
approved
0 otherwise
« ; = annualized initial renovation costs of

i

facility i
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]. where
1
g, = initial renovation costs of facility
f
r = discount rate and

u, = economic life of facility i,

3. = annualized initial costs of converting

! g
facility i to facihity j,

7, = annualized initial costs of new con-
struction project [,

.0 = annualized present value of total life
time maintenance costs {(recurring
and non-recurring) of facility i when
facility i stayvs as it is. Non-recurring
cost 1s first converted to its present
value hefore being annualized.

% = annualized present value of total life
time maintenance costs of facility 7
when facility 7 is renovated,

¢, = annualized present value of total hfc
time maintenance costs of facility i
when facility i is converted to j,

" = annualized present value of total life
time maintenance costs of new facil-
ity to be constructed by project [

As shown above. the cost figures used in
the objective function represent life cvele cost
which is the sum of the initial. recurring and
nonrecurring costs expressed In equivalent
dollars. The values of the paramcter. a,
through g >, are endogenously determined by
the knowledge base of XPPlanner. When there
are still facility deficiencies in the optimiza-
tion model results. ES considers new con-
struction (not already proposed) by checking
the suitability of available space.

(2) Choice Constraints

The constraint below is to ensure that only
one option (e.g.. renovate. convert or use as it
is) is selected for each existing factlity:

S+ R, +C,=1VYi.j (2)
(3) Budget Constraints

The facility optimization model has the fol-
lowing budget constraints to ensure that the

1

facility management plan is devised within

given budgets:

SaR + =bC,; + SgIN; <A (3
Z(/z,SS. + /I,RR,) + 33 ,u,i(‘CH + S i

SN, < B (1)
where:

a, = total intial costs of renovating facility

b;; = total intial costs of converting facility
1to J.

gl = total intial costs of new construction
project 1,

A = total (one time) budget available for re
novation. conversion and new con
struction projects.

B = annual budget available for minimal

maintenance of facilities.

The knowledge base of NPlanner estimates
the costs a,, b; and g;, and the users supply the
value of A and B.

(4) Mission Constraints

The mission constraints are to ensure that
the solution by the model satisfies the factlin
requirements generated by the mission
Through the user interface. XPlanner aids us
ers in developing scenarios regarding possibl
mission changes. The knowledge base main-
tains the rules that interpret the scenarios de-
veloped by the user into the mission con-
straints (i.c. facility requirements). The mis-

sion constraints are formulated as below:

SQ K v .
S0 S+ 0 NpR) + 30,0,

AN - -

+ 38 N > Ty, Ykop W)
where:

8 Vi = facility 1's capacity of accommo-

dating troop type k in activity p
when facility 1 stavs as 1t is.

(}KIH, = facility i's capacity of accommo-
dating troop type k in activity p
after renovation.

8 iy = facility 1's capacity of accommo-
dating troop type k in activity p
after conversion to j.

) \1L,‘ = new construction project I's capac-
ity of accommodating troop tvpe k
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in activity p.
Ty, = total number of troops of type k in
activity p as given by new mission.

All the parameters in this model (e.g.. a;
tirough 6x“\p) are estimated by the know-
ledge base. An example of the parameter sup-
plied by the knowledge base is the capacity of
factlity i =1.... n) to accommodate troop
tvpe k(k =1..... enlisted woman..... m) for
activity p(p = 1..... recreational use...., 1) after
tie facility is renovated. In addition, the
values of the right-hand side constants (A. B
and T,,) are also supplied by the knowledge
base.

The task of the ES component of XPlanner
to configure the zero-one integer optimization
model requires much computer power and
speed. Even with eight facilities. the number
of decision variables in the objective function
1z forty., which is the maximum that can be
silved by the integer program package called
[ indo. The number of parameters to be esti-
wated by the knowledge base is 472. with
vight facilities. three conversion tvpes. three
activity areas (training. recreation and hous-
ing) and four troop tvpes (enlisted man. en-
listed woman. noncommissioned officers and
officers).

3) The Role of the Database

As an additional component. XPlanner
- aintains a relational database to store and
..'cess factual data necessarv in facility man-
azement and planning. The database basically
waintains four types of data:

1. Real property inventory data which de-
scribe existing conditions of facilities.
such as area. current use. age. type of
building materials used and structural con-
ditions of each facility.

2 Detailed information on the new construc-

tion projects which have been proposed for

the installation. It includes completion
vear. location. type and expected capacity
of facilities.

Data on construction and repair materials.

o

It includes material tvpes. costs and dura-
bility.

4. Information on the space allowance stan-
dards compiled from the Army regulations
and manuals.

In addition, XPlanner maintains a geog-
raphic database in which digitized computer
maps are stored to provide spatial data such
as location of roads and utilities (Figure 2).
This information is used by the ES module of
XPlanner in recommending candidate sites for
new construction.

The knowledge base accesses the database
to obtain additional facts. In XPlanner. the
data flows from the database to the knowledge
base and finally to the model base. The soft-
ware dBase III Plus or the spreadsheet of
Lotus 1-2-3 may be used as a database mana-
ger of XPlanner. The geographic database is
developed by using Auto Cad and is utilized
through a graphic utility program of the ES
shell. Personal Consultant Plus.

User develops a scena- /
rio regarding mission
and budget changes

ES estimates facility
requirements generated by
the new mission
¥
DBMS supplies information
on the proposed
construction projects

¥
User Turther describes
and modifies proposed

construction projects
1
DBMS supplies data on
physical conditions of
existing facilities
1
ES classifies existing
facilities into several
condition categories

1

ES eliminates facilities
that are irrelevant
to be considered by the
optimization model

1
Figure 3. Flowchart of XPlanner (Part 1)




6. Workings of XPlanner

The workings of XPlanner involve frequent
interactions among the user. the knowledge
base. the model base and the database. The
user provides XPlanner with additional judg-
mental factors not encoded in the knowledge
base and the database supplies additional
facts to the knowledge base. The knowledge
base generates inputs for the model base and
the model base. in return. supplies model out-
puts to the knowledge base (see Figure 2). As
depicted in the flowchart of XPlanner in Fi-
gures 3 and 4. the steps involved in the con-
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sultation of XPlanner can be summarized as
follows:

1. As the consultation with XPlanner begins,
XPlanner first helps users develop their
own scenarios regarding the future of the
Army. They can play with their judgment
in deciding possible mission changes,
budget levels and some demographic
changes (e.g.. participation rate of woman
labor force in the military).

2. ES of XPlanner estimates facility require-
ments generated by the new mission. us-
ing it knowledge about the space alloca-
tion standards set by Army regulations
and manuals.

1

ES estimates troop accommo-

dating capacity of each existing

and proposed facility

)

ES estimates facility
requirements that can be
satisfied by new

facilities to be considered by

ES estimates costs of
maintenance, renovation,

and conversion of the

constructions e
I the optimization model
User develops new 1
construction projects ES formulates zero-one
) optimization model

ES recommends alternative
sites for new construction

Solution of the zero-one
optimization model

Consider
new constructions

by ES?

1
ES interprets and
shows model solution

Facility
requirements
satisfied?

Yes

Develop
different
scenario?

/PR it Rape/

top

Figure 4. Flowchart of XPlanner (Part 2)
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10.

11

13.

. The database management system

(DBMS) of XPlanner supplies informa-
tion on the proposed construction pro-
jects and the users further describe and
modify the nature of the projects if they
want.

. XPlanner accesses the database (real

property inventory data) to check current
physical conditions of facilities.

. Based on the physical conditions, the ES

module classifies existing facilities into
several condition categories ranging from
Class 1. usable (meeting all criterta) to
Class 6. disposable (no longer tenable for
any purpose).

. ES eliminates the facilities that are

irrelevant for consideration by the facility
optimization model.”

. ES estimates troop accommodating capac-

ity of each existing and proposed facility.
This information is needed later by the
optimization model for its mission con-
straint equation (see Equation 5).

. ES estimates costs of renovation, mainte-

nance and conversion of the facilities to
be considered by the optimization model,
using its heuristic knowledge in the know-
ledge base. The costs of new construction
are given by the project proposal.

. After obtaining all the necessary para-

meter values, ES formulates the zero-one
integer facility optimization model. As de-
scribed earlier, the decision variables in-
cluded in the model are whether to (1) re-
novate facility i. (2) convert facility i to .
(3) use facility 1 as it is and (4) approve
new construction project l.

The facility optimization problem formu-
lated in an integer programming model is
solved.

The ES components of XPlanner inter-
pret the results of the optimization model
and explain the results to the user.

. XPlanner asks the user if the results

given by the model are acceptable in
terms of facility requirements. If yes, go
to Step 13: otherwise go to Step 15.

XPlanner asks the users if they want to

develop another scenario. If ves. go to
Step 1 and repeat the whole process:
otherwise go to Step 14.

14. XPlanner displays the results (facility
management plan) in computer graphic
(map) format.

15. If the results given by the optimization
model are not acceptable to the users in
terms of facility requirements. XPlanner
asks the users if they want XPlanner to
develop new construction projects. If yes.
go to Step 16: otherwise go to Step 13.

16. Utilizing its knowledge. ES recommends
candidate sites for new construction pro-
jects and the users finalize the type of
new construction projects.

17. XPlanner estimates the facility require-
ments that can be satisfied by construct-
ing new facilities and returns to Step 7.

As explained above, the problem-solving
process of XPlanner involves an iterative pro-
cess between the optimization model. the ex-
pert system and the user. The user may con-
tinue the consultation until an acceptable
answer (facility management plan), which
satisfies facility requirements generated by
new missions, is found.

7. Possible Use of XPlanner by City
Planners

XPlanner has been applied to a military set-
ting. which is relatively well-defined area
compared to cities. One can easily imagine
the difficulties of developing this type of sys-
tem for urban cities. where a variety of in-
terest groups, many different activities, and
facilities are involved with the problem-solv-
ing process. It would be worth applying this
type of system, however, to more well-defined
environments with somewhat clear objectives
of problem-solving. A good candidate may in-
clude the spatial problem of managing public
facilities such as recreational facilities.

The task of developing a facility manage-
ment plan for recreational facilities 1is re-
latively well defined with a relatively limited
number of players involved in decision mak-



ing. planning goals. and decision constraints.
Anv cities should maintain a variety of re-
creational facilities, ranging from tennmis
courts and indoor gymnasiums to parks. with-
in a relatively well-defined boundary.

City planners and administrators have the
same concerns as the decision makers of
Army installations: how to manage many
different facilities in a given region while
effectivelv supporting required recreational
necds of citizens within a given budget and
statutory requirements; which public facilities
to build. close. renovate. and convert. They
are concerned with current and future re-
creational trends and facility requirements of
each type of recreational activities. The
framework developed by XPlanner may be
used to develop a comprehensive computer
tool to support this problem.

8. Summary and Conclusions

As pointed out by O'Keefe (1985)[9]. as op-
erations research has shifted away from pure
optimization models. it is likely that expert
systems will shift away from pure symbolic
processing systems and will increasingly em-
ploy optimization techniques. The coupling of
ES and DSS basically takes two different
torms: (1) integration of ES into the conven-
tional DSS to provide qualitative reasoning
capability and intelligent user interface and
(2) integration of DS into the conventional
ES to provide modeling capability. XPlanner
takes the first type of coupling. in which ES
helps the users input necessary parameters
and interpret and modify the solutions by
DSS. ES also provides judgmental capabili-
ties to XPlanner to supplement qualitative
tasks such as facility classification.

FFrom the experience of designing XPlan-
ner, it is believed that the intelligent interface
provided by expert systems for the modeling
tasks in DSS may stimulate planners to em-
ploy mathematical models more frequently
and more easily in their problem-solving pro-
cesses. As often pointed out by planners. mod-
eling components tend to be treated as black
hoxes. inadequately recognizing the need for
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judgment by the users and concealing implicit
judgments and assumptions from the users
(Langendorf 1985)[5]. The integrated
approach of XPlanner certainly provides a
greal improvement over the unaided use of
modeling algorithms. encouraging easier usc
of quantitative modeling to support many
planning decisions.

To develop XPlanner for field-level ap-
plication, the hardware limitations should be
resolved. XPlanner involves the complex
numeric computations of integer programming
in addition to the memory-consuming symbo-
lic processing of the inference cngine. The
tasks involved in XPlanner require murh
more computer power than other types of tro
ditional algorithmic processing tasks. XPlan:
ner solves the hardware limitation to some de-
gree by having the ES component reduce the
size of the optimization problem.

Notes

1. In this example, the backward chaining process
first fires Rule 2 because this rule contains the
goal parameter acceptability. Then 1t checks
the condition part of Rule 2 1s true. i1
whether a zoning change is needed or not. The-
fires Rule 1 hecause this rule contains the pas
meter zoning-change and checks if the condine
part of Rule 1 is true. ie. if the land use i
incompatible. Upon finding that the land us
proposed by the development proposal is 1n
compatible. it sets the value of the parametor
soning-change to needed and then sets the value
of the goal parameter acceprability to reject.

2 In the ES shell Personal Consultant Plus, this
can he accomplished by assigning ANTECE-

DENT property to necessary rules.
3. For instance. it is worthless for the model to
consider the facilities classified by ES as dis-

posahle.
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