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MESSAGE FROM THE AISIG'90 CONFERENCE CHAIR

During this, the fifth running of the Artificial Intelligence Systems in Government (AISIG)
Conference, it is injeresting to note the role the conference now piays in the community it
serves: those doing research, development, and applications of Al in government settings or
under government sponsorghip. Last year the conference drew participants from over two
dozen states and from six countries. It has been a very rewarding year as Chair to benefit
from those participants’ notes, calls, work to help prepare this year's conference, and
attendance once again. To those of you who are newcomers, welcome to our eclectic
community. To the rest of you welcome back. h

This year's conference offerings are full to the brim. The tutorial program is fifty percent
larger, the vendor exhibits now include third party demonstrations, the technical program
has several innovations, and a research workshop has been added for the first time. Also we
continue to attract respected guest speakers for plenary and other sessions. To a superb
organizing committee, thanks for coming through &jain and again. Each member truly made
my job a pleasure and an honor.

The tutorial program reflects the interests of last year's attendees, as.evidenced by enocore
tutorials on machine learning, Al and databases, and object oriented programming.
Moreover the tutorial program reflects the newest interests of the Al community with
tutorials on such subjects as knowledge acquisition, case based reasoning, genetic
algorithms, hypertext, and natural language interfaces. We are pleased to welcome the
tutorial presenters many of whose names | am sure you all recognize such as John Boose, Al
Davis, Brian Gaines, and Ryszard Michalski to mention just a few.

For those more Interested in sharing research results, .in parallel with the tutorial program
is the Full-Sized Knowledge Based Systems Workshop. Little did we realize how timely a
workshop theme we had.ghosen as revealed by the large number of bigh quality submissions
received from the likes of Ed Feigenbaum, Doug Lenat, Dick McGammon (Prospector ll), and
John Sowa, among many others including those from Japan and West Germany. Also, some of
the leading government Al sponsors from DARPA, NASA, Navy, NiH, and NSF will be
critiquing and discussing the presentations and the state of the art as they- see it.

The official opening of the conference begins on Wednesday with the plenary session. We are
priviliged this year to have as guest speakers Dr. Ralph Weischedel from Bolt, Beraneck,
and Newman plus Dr. Michael Genesereth from Stanford University. The plenary will be
chaired by Dr. Oscar Garcia, Past President of the IEEE Computer Society and will include a
wrap up summary of the Workshop as well. These distinguished speakers will provide keen
insights into the problems and successes of Al systems in government.

The acceptance rate for submitted papers was stringent again this year and | believe the
reviewers looked closely at the submissions, offering you only the best written and most
mature of the efforts submitted. This year an effort has been made to include several
application papers- rather than strictly technical developments as that is what past attendees
have expressed interest in seeing. In selecting those applications, care has been taken to try
and select papers with interesting viewpoints and insights. This set of papers is
supplemented by the panels track which offers the insights of many of the leaders of
government labs, industry doing government work, and academicians pioneering new
techniques of interest to the AISIG community. The technical program has been further 4
broadened to include summaries of other conferences and, as it did last year, vendor exhibits
and demonstrations. The overall conference offers an array of topics. We hope you enjoy it.

Barry G. Silverman
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Expert Systems Catching on at the Navy Finance Center

Toomas Tubalkain and John W. Grlesser

-

Navy Finance Center
Applications Technology Division
Cleveland, OH 44199-2055

Abstract

This paper dliscusses the evolution of
the Expert System Program at the Navy
Finance Center from Its conception to
Its successful estab!lishment. The
management decisions and actions leading
to a successful plilot project in Former
Spouse Survivor Benefit Plan
Adjudication, the training of domain
experts to create thelr own expert
systems, creating an environment that
will promote the success of expert
systems technology, and a cost benefit
analysis of an expert system project are
covered. The objectlive of this paper Is
to show how easlily expert system
technology can be Introduced Into the
culture of an organization..

INTRODUCT ION

How do you Introdtice expert - -systems
into an organlzation without spending a
great deal of time and monsy for
research, development, and prototyping?
How do you measure the expert system
benefits In tanglble and Intangible
savings?. The Navy Flnance Center’s
Systems Department came up with a four
step process that drastically cut
start-up time while keeping costs to a
bare minimum. Better yet, less than a
ysar after introducing the expert
systems concept here, the first system
has already achlieved proven productivity
gains, Improved the‘quallty of employee
work-life, ' and inspired twenty
addlitional expert system projects.

CH2875-3/90/0000/0002$1.00 © 1990 IEEE

STEP ONE: SELL THE IDEA

The Systems Department began promoting
the concept of expert systems during the
summer of 1988. At that time, there was
no In-house expertise, no budget, and no
program. A videaq training program on
Artificial Intelligence (Al) applications
was obtalned, and shown to Navy Flnance
Center managers to give them an
apprecliation of what the technology could
and could not do. During this training,
the Director of the Retired Pay
Department realized that he had a problem

that was perfectly sulted to expert
system development. AdJudication of
Former Spouse Survivor Benefit Plan

(FSSBP) cases, one of his most complex
functions, was entirely dependent on a
single subject matter expert, and that
person was becoming Increasingly swamped
with a backlog of cases. His critical
need in this area and the ready
adaptability of Al technology to this
type of problem, raised expert systems
development to a high-priority project.
The Director - ¢f the Retired Pay
Depar tment became the "Champlion" of the

FSSBP development effort.

STEP TWO: TAKE A TEAM APPROACH

From the beginning, the development
of an expert system to meet the needs of
the Retired Pay Department was a team
project, Involving not only departments
of the Navy Finance Center, but the Air
Force Logistics Center in Dayton, Ohio as
well. The Alr Force Logistics Center
Artificlal Inteliiigence Program Office
provided a copy of the M.1 expert system
shetli and a two week Knowl edge



Engineering/M.1 Programming course.
With this background, development was
started in November 1988, with a

scheduled completion date of March 3,

1989. One programer from the data base
administration area was assigned
part-time as a Knowledge Engineer

(expert system developer/programer) to
work with the FSSBP expert (Domain
Expert) in Retired Pay to develop this
system. Development of the system
followed a prototyping methodology. The
Knowledge Engineer dellvered a system In
progress to the Domaln Expert at the
beginning of each prototyping session.
The Domalin Expert was abie to test the
system throughout the development and by
the time the knowledge base was
complete, felt confident that all rules
had been accurately captured. The
knowledge base was essentlially compiste
by the end of January 1989. The
remaining month was spent making the
system user friendly, writing .a user’'s
manual, and developing a training
program for the adjudicatlon staff.

The FSSBP system was designed to'

determine the eligibility of a member or
former spouse or both -to elect former
spouse coverage under the Survivor
Benefits Plan. The system directs a
clerk to send a form letter(s), expiains
how to update the member‘s Retired Pay
account, and how to compute FSSBP
deductions. The explanation for each
ineligibillity determination contains a
reference to the paragraph of the base
statute or amendment that applies to the
case. A printed copy of each
consultation Is produced that serves as
documentation of the decislon and |Is
kept In the member's case jacket.

The system went |nto production on 7
March 1989. The backiog In FSSBP had
grown to 380 cases by this time, but
within a month had been reduced to less
than 50 cases. Response time to answer

a former spouse Inqulry dropped from
over four months to Tess than four
weeks. With the work being hand!ed by

clerical empioyees, the need to hire

adgitional high graded Military Pay
Speclallsts to work the cases was
eliminated. The clerical empioyees are
pleased to be working more complex and
interesting cases and the Domain Expert
Is delighted to get rid of his backlog
and: be able to concentrate on very
difficult cases.

STEP THREE: SHARE THE SUCCESS

.

As sooh as the FSSBP expert system was
put iInto production, on 7 March 1989 a
serles of system demonstration brlefings

were begun to reinforce management
awareness of the value of this
technology. These briefings were
carefully choreographed and Included

presentat ion of the concept and
devejopment by the knowiedge englineer,
demonstration of the product by the
domain expert, and a summary of the
benefits by the Retired Pay Department
Director. This cast was capable of
answering all questions and provided
three distinct viewpolnts of expert
system usage. Based on the encouraging
resuits, demand for this fechnology In
other parts of the command  became
overwheiming. The Systems - department
staffed an Expert Systems Group,
procured . a site Ilicense for the M.1
expert system shell, and brought in an
Instructor from the Air Force Logistics
Command to tralin analysts and programers
(including the FSSBP Domain Expert) from
all Navy Finance Center departments. New
proposals for expert system development
are coming in rapldly. enough ,to ensure
new projects are continuously avallable.

The following benefits were publicized
to both management and staff in a series
of briefings, group discussions and
employee newspaper articles.

The system produced saved operatlonal
costs, avolded future operational costs
and had numerous Intangible beneflts.
The backlog was reduced and the response

time to answer a former spouse inquiry
dropped to less than four weeks. The
FSSBP system ensured that legal
requirements were met and were



consistently applied. The clerical
employees learned additional skitllis,
such as reading legal documents, worked
more compiex and Interesting cases and
had Increased Jjob satlisfaction. This
was the first PC based application for
the clerks. The PC user Interface Is
much more friendiy than the mainframe
interface and nearily all of the clerks
were eager to begin using the PC. The
system shifted the work from the expert
to clerical employees thus eliminating
the need to hire, traln, and develop
another "Expert". The Domain Expert Is
now able to take vacations and not work
on Saturdays. The risk of him being
unavallabie is reduced. The Expert could
now work on the extremely complex cases
and other parts of the FSSBP Expert
System Project. A planned enhancement
to the system Is to handle the
adjudication of election changes, In
addition to determining electlion
eligiblllty. The Domaln Expert has now
assumed the dutlies of maintaining the
FSSBP Expert System and In his spare
time is developing a new expert system
to help compute Social Security Offsets.

STEP FOUR: SHARE THE TECHNOLOGY

Sharing the success of the first expert
system project led to a large demand for
expert systems by operational
management. To satisfy thils demand, an
instructor from the Air Force Logistics
Command Al Program Office was brought In
and a two week long In-house training
course in knowledge engineering and M.1
programing was provided to twenty
functlional user personnel. Each of the
tralnees was required to bring a project
to class that would Dbenefit the
operations of the Navy Flinance Center.
The projects ranged from five day
efforts to two month projects. In an
effort to provide the new knowledge
engineers with an environment In which
they could succeed, a technlical support
team was formed in the systems
department. However, most knowledge
englineers were able to bring up their
systems with minimatl technical

asslistance.

Expert Systems in Production:
*Deceased Account Settiement -- Assist
clerlical personnel In closing a deceased
Navy member ‘s payroll account.

*LAN Troubleshooting -- Help technical
cause of LAN

person determine the

fallure.

*Zenith-248 Hardware Dlagnostics -- Ald
end user to diagnose PC problems.
*Successor Check adjudication -- Lead
clerical personnel through process of

determining when to send out a new check
for one that has been reported iost.

*Dual Compensation Determination --
Determine when a retired Navy member who
is working Ils exempt from dual
compensation and pay cap deductions.

A month after completion of the class, .
an Expert Systems Users Group was formed
at NAVFINCEN. The group Iis open to
knowledge engineers, domain experts, and
Interested management. The goals of the
group are to share the successes,
transfer procedural and technical
information, and lead the development of
Expert System Quality Standards. Each
expert system compieted at NAVFINCEN gets
demonstrated at a users group meeting.
This ensures that the knowiedge engineers
know what iIs going on with expert systems
and aids them In the selectlion,
development, and design of new systems.

THE BOTTOM LiNE

Former Spouse Survivor Benefit Plan
Cost Beneflit Analyslis:

DEVELOPMENT COSTS:
1 Knowledge Englneer

(4 months half-time)......... ...$7,230
1 Domain Expért

(4 months half-time)............ $ 5,453
1 Site llcense for the

Expert System Shelil............. $ 5,000

TOTALCOSTS. .ot verreinnennneaannn $17,683



BENEFITS: (annuatl)
Reductlion in need for overtime.. $ 2,800
Elimination of need to hire

two Ml litary Pay Speciailsts...$56,086

TOTAL . ot ittt iiieitiineteennans ..$58,886
SAVINGS:

YEAR 1 ($58,886-$17683)......... $41,203
CONT INUING ANNUAL SAVINGS........ $58,886

TANGIBLE BENEFITS:

1) Reduction of backlog from 380 cases
to less than 40 cases.

2) Improvement in turn-around time from
over 4 months to two weeks or less.

3) Audlit trall, due tc nrint out of
consuitation.

INTANGIBLE BENEFITS:
1) Risk reductlion.
becomes unavallable,
cont inue.

2) Consistent application of Former
Spouse Survivor Beneflit Plan laws.

3) Improved Job satisfctlon for both the
Mlilitary Pay Specilalist and
Ad)judicators.

4) More Timely Management information on
Back logs

§) Additional Information - Case Status
6) Legal Requirements Standardized

7) Processing Standardized

8) Image Improved wlth Customers

If the only expert
processling can

Note: The savings for the first year
would be higher If the cost of the M.t
software were amortized over many
projects, rather than Included in the
cost of this first project.

CONCLUS IONS

The keys to success . .in-:the Navy
Finance Center‘s expert system program
are management awareness, project
selection, and project team composition.
The video training was enough to
convince NAVFINCEN management of the
potential benefits of expert systems but
a project champlon must be courted ‘rom
the upper management of the users
organization. The “Champion* is capabis

of convincing end user management of the
benefits of the -nhew technology. His
voice Is much more convincing than a
techniclan’'s. User and expert system
management then chose projects that were
suitable, feasible and stood a good
chance of becoming successful expert
systems. Project teams consist of two or
three people, a Knowledge Engineer and
one or two Domaln Experts. Project teams
worked together Iin prototyping sessions
and knowledge acquisition sessions. This
makes projects easy to manage and ensures
that expert system development rather
than project management Is the primary
project team activity.



BENCHMARK PROGRAMS FOR EVALUATING KNOWLEDGE-BASED PERFORMANCE
REQUIREMENTS

Mary M. Hayes

Karen L. Ruoff

Artificial Intelligence Laboratory
McDonnell Douglas Electronic Systems Company
Huntington Beach, California 92647

Abstract

In order to effectively develop full-sized
knowledge-based systems, a set of standard
benchmark programs and a methodology for
evaluating knowledge-based system
performance are needed. Currently used
benchmark programs such as the "Farmer's
Dilemma" and "Monkeys and Bananas" are
too trivial and unrepresentative of real
applications to provide useful results. In this
paper, we present a set of benchmark programs
that have many of the characteristics of full-
sized, complex knowledge-based systems.
Furthermore, we present a methodology fer
characterizing knowledge-based system
software and evaluating its verformance.

Introduction

As we move to the development ‘of larger,
more mature knowledge-based systems, the
expected performance of such systems is
becoming a major issue. Commonly used
knowledge-based system benchmark
programs such as the "Farmer's Dilemma"
and "Monkeys and Bananas" are too small
and unrepresentative to provide insight into the
performance of a full-sized knowledge-based
system. Performance statistics that we
examined for these benchmark programs
revealed that most of the processing time was
due to initialization of tnhe knowledge-based
tool data structures. In order to obtain more
meaningful results, we selected a set of three
benchmark programs from Carnegie Mellon
University and a benchmark program in usge
at Artificial Intelligence Technologies,
Incorporated (see Table 2-1), which do not
exhibit this problem.

An analysis of the coding style and run-time
performance of this set of four benchmark
programs has allowed us to better understand
the resource utilization of knowledge-based
systems, including use of the memory,

FHOR75-3/90/0000/0006%1.00 © 1990 TERE

scheduler, instruction set, etc. It has also
allowed us to select original equipment
manufacturer (OEM) hardware that best meets
the knowledge-based tool needs and helped us
to identify areas in which processors could be
tailored to give better performance. These
areas include large cache memory and
machine instruction set extensions that
perform extensive branching more efficiently.
By using benchmark programs large enough to
stress many aspects of the knowledge-based
tool, we have been able to make a more
confident and informed choice of the best
knowledge-based tool and hardware platform
for development of full-sized knowledge-based
systems.

Knowledge-Based System Performance
Analysis

In order to accurately assess the performance
of knowledge-based system software and
hardware, perfoymance characteristics of the
benchmark programs must be defined. Work
done previously at Carnegie Mellon
University [1] identified characteristics of the
application program that affect the
performance of a knowledge-based system.
We developed an analysis tool to gather
statistics on the key performance indicators for
the set of four proposed benchmark programs.
We found that this set of benchmark programs
varied sufficiently in the amount and
complexity of matching being done in the
match cycle (see section 2.2) to test the software
and hardware in diverse conditions. The
benchmark programs were written in OPS5
and could easily be rewritten using other
knowledge-based tools such as Inference
Corporation's ART or IntelliCorp's KEE to
evaluate the performance of other knowledge-
based tools.

Overview of Benchmark Programs



The set of benchmark programs we are using
is shown in Table 2-1. The "Monkeys and
Bananas" program is also included for
comparison purposes.

Table 2-1. Set of Five Benchmark Frograms.

» NUMBER]
PROGRAM OF
NAME DESCRIPTION RULES
A VLSI routing program by
Weaver |Rostom Joobbani (2, 3] 637
Rubik A program that solves the
UbK 1 Rubik's cube by James 70
Allen [2] '
A program that assigns
match schedules for a
Tourney tournament by Bill 17
| Barabash from DEC{2]
A program designed by
Big | Amtificial Intelligence 2
Conflict | Tech., Inc. to stress the
Rete matching algorithm
A program which gives
Bananas | jnstructions to a monkey
and 1 yhat will aliow the monkey | 20
Monkeys| 1o grab a bunch of
bananas

“Weaver" is significant because it is a full-
sized knowledge-based system [2,3]. "Rubik"
performs a large number of changes to
working memory causing many invocations
of the match cycle. ~This characterizes a
condition in which the KRete matching
algorithm is not designed to perform optimally
(4]. The processing raquirements of
"Tourney" are comparative to many larger
knowledge-based systems, though the number
of rules is small. The "Big Conflict” program
has many partial matches that lead to a lengthy
match process each time the match cycle is
performed.

Role of the Match Process In The Rete
Matching Algorit

During execution, the inference engine of a
knowledge-based tool determines which
instantiation of a rule should fire next. The
functions performed by the inference engine

can be broken into three steps with the
functional definitions varying somewhat
between knowledge-based tools. The three
steps performed are as folloare:

1. Maidia: 1 s awlls o piace after each
change to working memory.. It determines if
the change makes any new instantiations of
the rule eligible to fire. New instantiations of
the rule are added to the conflict set (agenda).
It also determines if the change means that one
or more instantiations should be removed from
the conflict set.

2. Conflict-Resolution: This step chooses
a single rule that is eligible to fire when more
than one instantiation is in the conflict set.

3. Act: In this step, actions on the right
hand side of the rule instantiation chosen
during conflict-resolution are fired.

The match cycle is the most computationally
intensive of these three cycles for most
applications. Each time a change is made to
working memory because of a right hand side
action, the match cycle is performed.
Depending on-the characteristics of the rules
and the size of working memory, each match
cycle can be quite time consuming.

+]

Description of the Rete Matching Algorithm
The algorithm used in OPS5 and many other
knowledge-based tools to perform the match
cycle is the Rete matching algorithm. Other
matching algorithms exist, but the Rete
algorithm is used by most commercially
available knowledge-based tools. Therefore,
the performance indicators noted for the set of
benchmark programs largely reflect their
effect on the pg'formnnee of the Rete matchmg
algorithm. )

When performing the match cycle, the Rete
network utilizes a network of nodes compiied
from the left-hand sides of rules. The network
is made up of different types of nodes
depending on the types of tests being
performed. Changes to working memory are
filtered through the network of nodes in the
form of tokens. The four major types of nodes
in the Rete network are as follows:

1. Constant-test nodes: These nodes test
whether a constant value test for an attribute in
a condition element has been met.

2. Memory nodes: The function of these
nodes is to maintain partial match



information to reduce the processing required
in the match cycle.

3. Two-input nodes: Nodes of this type
check for consistent matching between a
condition element and a previous condition
element within a rule.

4. Terminal nodes: There is one
terminal node for each rule in the Rete
network. A token that reaches a terminal node
in the Rete network is entered into the conflict
set and is eligible to fire.

Perf Cl teriati { the Ret
Matching Algorithm Studies have shown that
current implementations utilizing the Rete
matching algorithm spend approximately 90
percent of their processing time in the match
cycle [1]). Therefore, for a large knowledge-
based system in which fast run-time
performance is essential, it is important to
examine the performance of the match cycle
under diverse conditions. The effect of the
matching algorithm with respect to processing
time can only be seen by running a benchmark
program computationally large enough to
stress the Rete matching algorithm (by
frequency of invocation or complexity of
matching).

Characteristics of Benchmark Programs

The benchmark programs we used were
chosen for their variance in effect on the Rete
matching algorithm. A summary of the code
characteristics we have analyzed and their
effect on the performance of the Rete matching
algorithm are shown in Table 2-2. Areas
considered in this and the next two sections
were presented in a similar style for a set of
benchmark programs used in Anoop Gupta's
PhD thesis [1). Code characteristics are drawn
from an analysis of the source code of the
application program. Examining
characteristics of the source code can lend
insight into the expected run-time performance
of the. knowledge-based tool for different
application programs.

Table 2-2. Code Characteristics of Benchmark

Programs.
CHARAC- . |EFFECT ONKNOWLEDGE
TERISTIC |BASE PERFORMANCE
Condition | Predicts likelihood of an
Per instantiation of a rule
JPr od:ctlon entering the conflict set
. Indicates that working
Acticns Per .
Production -ﬁmemory could be changing
rapidly
Attributes | Number of tests which
IPer Condition| must be passed in order to
Element |satisfy a condition element
Variables | When this number is large
Per compared to the number of
Condition |attributes per condition
Element element, it indicates a
large number of partial
matches
. Comparing this number with
Action the actions per production
Types gives an indication of the rate
at which working memory is
changing

Condition Elements Per Rule The number of
condition elements per rule for the set of five
benchmark programs is shown in Figure 2-1.
Both positive and negative condition elements
were included. The number of condition
elements in a rule reflects the set of situations
for which the rule is likely to enter the conflict
set.
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Figure 2-1. Condition Elements Per Rule.
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Actions Per Rule Figure 2-2 shows the

average number of actions per rule. When the
number of actions per rule is large, it reflects
the fact that the contents of working memory
are changing quite rapidly. A large number of
working memory changes implies a
correspondingly large number of match
cycles.

Attributes Per Condition Element Figure 2-3
shows the number of attributes per condition
element. The number of attributes reflects the
number of tests (constant and variable) that a
new working memory element must pass in -
order to satisfy the condition element.
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Figure 2-3. Attributes Per Condition Element.

Variables Per Condition Element The number
of variables per condition element is shown in
Figure 2-4. When the number of variables per
condition element is large with respect to the
number of attributes per condition element



