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The artificial intelligence technology of expert systems has 

emerged from the research laboratory and demonstrated quite successful 

results. Practical business applications of expert systems have been in 

daily use since 1979. Despite this record of success, expert systems 

have seen limited practical application in the logistics discipline. 

The purpose of this research was to investigate the potential 

application of expert systems to the management of inventory. Inventory 

management was believed to offer a pervasive and potentially rewarding 

area in which to apply expert systems. The NCPEM study, Measurincr and 

Improving Productivity in Physical Distribution. .1984 reported that the 

estimated U.S. logistics expenditures for inventory carrying cost for 

1982 were $130 billion. Therefore, even a small percentage improvement 

in the effectiveness of managing inventories could be transformed into 

huge savings. 

>> The primary objective of this naaeard^was to discover the expert 

decision heuristics for a limited inventory management task. A second 

objective was to incorporate these heuristics into an expert system and 

measure the performance level of this expert system, both in terms of 

the effectiveness and the efficiency of the decisions which resulted.-' 
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A fourteen-step approach to the development and testing of expert 

systems which incorporates many of the lessons learned from past 

developmental efforts was used. ïhe approach included the use of the 

Delphi Technique for task and expert selection, the use of multiple 

experts as a group, and use of the Nominal Group Technique to achieve 

consensus. Seven experts worked as a group with the researcher to 

determine the decision heuristics. The expert system which was 

developed, the Inventory Management Assistant (IMA), contained 441 rules 

and reccmmended advice to the user on ten separate elements. The expert 

system was then tested to determine the effect of the expert system on 

decision effectiveness and efficiency. 

Inventory managers who were assisted by the expert system exhibited 

significant performance improvements on a complex problem, ^-improvements 

of 15.1 to 17.73 percent were demonstrated. In addition, during a 

single pretest a $600,000 error was found in one item by using the 

expert system. The potential for efficiency improvements was also 

demonstrated. 
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CHAPTER I 

INTRODUCTION 

The artificial intelligence subdiscipline of expert systems 

appears to hold great promise of improved productivity and better 

decision-making. Certainly, the technology has attracted widespread 

interest. As Harmon and King note in their 1985 book Expert 

Systems: Artificial Intelligence in Business: 

"...the United States, Japan, England, and the European 
Economic Community are all in the process of launching 
major research programs to develop and implement expert 
systems in the near future. Many Fortune 500 
corporations are assembling AI departments, venture 
capitalists are rushing to invest in entrepreneurial 
expert systems companies, and expert systems technology 
is well on its way to commercial success [Harmon:!]." 

Similarly, Mishkoff, in his 1985 book Understanding Artificial 

Intel 1 igence, states: 

"Since the expert systems field promises a great deal of 
practical application and commercial potential in the 
near future, it has begun to attract an enormous amount 
of attention. Expert systems technology is poised to 
become the first AI technology to have a widespread 
impact on business and Industry [Mishkoff:16]." 

Already, expert systems have been developed to assist managers 

In solving a number of different problems. For example, expert 

systems exisk which 

"...diagnose diseases, locate mineral deposits, 
configure complex computer hardware, and aid mechanics 
In troubleshooting locomotive problems [Harmon:!]." 
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However, no expert systems have been documented in the public domai 

which make inventory management decisions.^ 

The objective of this research is to determine if expert 

systems can improve the effectiveness and efficiency of inventory 

management decision-making. A discussion of the problem, specific 

objectives of the research, research hypotheses, and research 

methodology follow later in Chapter I. First, however, background 

information on artificial intelligence and expert systems is 

provided, such that the reader may better understand the proposed 

research. 

Artificial Intelligence 

Artificial intelligence is the subfield of computer science 

that concerns itself with "making machines do things that would 

require intelligence if done by humans [Systems Manufacturing 

Technology Group:!]." In order to understand this technology, then, 

it is necessary to examine the concept of intelligence or 

intelligent behavior. 

"Intelligence is the ability to learn or understand from 
experience, and the ability to acquire and retain 
knowledge. To be considered Intelligent one must have 
the ability to respond quickly and adapt fully to a new 
situation. Also, the facility of reason must be applied 
to Improve one's level of performai.ee based on one's 

*A review of the artificial intelligence literature was conducted. 



past experience in solving problems [Systems 
Manufacturing Technology Group:!]." 

Intelligence can be 

"viewed in terms of the ability of any decision-making 
entity to achieve a degree of success in seeking a wide 
variety of goals under a wide variety of environments 
[Fogel: 119]." 

"It appears that the clue to intelligent behavior, 
whether of men or machines, is highly selective search, 
the drastic pruning of the tree of possibilities 
explored [Feigenbaum and Feldman:6]." 

Intelligence, then, is not a dichotomous construct; but rather, a 

continuum of values of human capacity or ability. However, recent 

advances in the field of study known as "artificial intelligence" 

provide a challenge to the consideration of intelligence as a 

strictly human characteristic. 

But, can computers really be made to think, to reason, to 

learn? Again, this is a question of degree. Michie, for example, 

has argued against the potential to impart true intelligence to a 

computer; noting that two of the most important aspects of human 

intellect — originality and the ability to learn — could never be 

imparted to a computer program [Michie:6]. 

Feigenbaum and Feldman have an opposing view. They have 

suggested that computer programs behave intelligently when they 

"search problem mazes in a highly selective way, exploring paths 

relatively fertile with solutions and ignoring paths relatively 

sterile [Feigenbaum and Feldman:6]." Rich concurs and expands this 

thought of selective search in her definition of artificial 

intelligence as 
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"...the study of techniques for solving exponentially 
hard problems in polynomial time by exploiting knowledge 
about the problem domain [Rich:37]." 

Research in AI has been so intense that the topic could be 

viewed as a discipline in its own right. For example, Rich refers 

to AI as "a relatively new discipline [Richrxii]." Indeed, several 

subfields of study in AI have already developed and are being 

actively pursued. These subfields include: problem solving, more 

popularly known as expert system or knowledge representation; 

natural language, the ability to convert English into computer 

language; sensing, vision and speech understanding for robotics; 

manipulators, hand and arm movements; and search techniques [Systems 

Manufacturing Technology Group:2]. Although all these subfield 

areas of study will likely be beneficial contributors to future 

logistics applications, this research will focus on the first 

subdiscipline, expert systems. 

Brief History of AI and Expert Systems 

Although artificial intelligence seems to be enjoying a recent 

surge of interest and popularity, the study is not new. AI has been 

pursued for more than thirty years. However, most of the original 

research was in the area of cognitive psychology, rather than 

computer science [Systems Manufacturing Technology Group:!]. AI 

research began in the mid 1950's, spurred in part by scientists' 

preoccupation with the now famous Turing Imitation Game [Feigenbaum 
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and Feldman:12]. The Turing Game was a test to determine whether or 

not a machine could fool a human in an interrogation game. The 

machine was considered to possess intelligence if the person 

performing the interrogation was unable to distinguish the machine's 

responses from another human's. 

> The first formal meeting "to confer about the possibilities of 

producing computer programs that could behave or think intelligently 

[Gardner:138]" was held in the summer of 1956 at Dartmouth College 

in Hanover, New Hampshire. Ten scholars attended the summer 

conference. The scholars exchanged views and made plans to 

collaborate on future research. Allen Newell and Herbert Simon from 

the Rand Corporation were two of the attendees at the summer 

conference. Newell and Simon, together with Cliff Shaw, a colleague 

at Rand, developed the first artificial intelligence program called 

Logic Theorist in 1956 [ICahr:!]. 

Rudimentary AI programs capable of playing chess, proving 

mathematical theorems, answering questions, recognizing patterns, 

and even balancing an assembly line were soon developed [Feigenbaum 

and Feldman], Indeed, Marvin Minsky developed an AI program capable 

of performing Euclidean geometry which produced ar "original" proof 

[Michie:5]. 

As early as 1963, list processing languages such as Information 

Processing Language V (IPL-V), FORTRAN List Processing Language 

(FLPL), COMIT, and LISP were in use. These languages were crucial 
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to the feasibility of expert systems. For the first time, via these 

languages, the computer was provided with the capability to 

manipulate symbols and reason about symbols. In 1965, DENDRAL — an 

expert system capable of inferring chemical structures — was 

created. DENDRAL was a key turning point towards other knowledge- 

based AI programs [Feigenbaum and McCorduck], In developing 

DENDRAL, Feigenbaum "pioneered the rule-based approach that is 

currently popular in the development of expert systems 

[Mishkoff:38]." Expert systems really began to flourish in the mid 

1970's as "...AI research centers were formed at increasing numbers 

of educational institutions [Mishkoff:37]." 

The decade of the 1980's saw the first introduction of expert 

systems for daily use in business and industry. The first system 

XCON, short for expert configurer, was introduced at Digital 

Equipment Corporation in 1980. XCON is used to assist Digital 

personnel in the task of configuring orders for VAX computers 

[Digital :17]. The trend of the 1980's towards increased use of 

expert systems to address "the large volume of nontechnical problems 

involving decisions or assessments" is projected to accelerate 

[Hart:98]. 

What is an Expert System? 

"An expert system is a computer program that mimics a 
human expert; using the methods and information acquired 
and developed by a human expert, an expert system can 
solve problems, make predictions, suggest possible 

I à 



treatments, and offer advice with a degree of accuracy 
equal to that of its human counterpart [HamiSA]." 

According to Shurkin, Dr. Davis at MIT defines human experts in 

terms of seven attributes: ability to solve problems, to explain 

results, to learn by experience, to restructure their knowledge, to 

break rules when necessary, to determine relevance, and to exhibit 

graceful degradation of performance. In 1983, Shurkin commented 

that to date, "expert systems exhibit only the first three 

properties in any depth [Shurkin:75]." 

Expert systems have also been distinguished as "intelligent 

assistants" that 

"permit their bosses to work more effectively and 
creatively. The key difference between them and human 
experts is that computers have special-purpose 
intelligence, designed to perform a limited task and 
perform it superbly, whereas we are general purpose 
beings able to perform a wide variety of tasks 
reasonably well and a few tasks brilliantly [Systems 
Manufacturing Technology Group:2]." 

Since expert systems, by definition, mimic human experts, an 

understanding of how people solve problems is necessary. Research 

has shown that experts do not consider all possibilities and their 

expected outcomes in making decisions; rather, experts "simply apply 

an enormous store of textbook knowledge and experiential knowledge" 

switching between these two as necessary [Systems Manufacturing 

Technology Group:3]. 

Expert systems emulate our reasoning processes by employing 

search heuristics. A heuristic is any "rule of thumb, strategy, 
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trick, simplication or any other kind of device which drastically 

limits search for solutions in large problem spaces [Feigenbaum and 

Feldman:6]." Boose notes that human experts use heuristics "to make 

educated guesses when necessary, to recognize promising approaches 

to problems, and to deal effectively with incomplete or inconsistent 

data [Boose:27]." 

Sell notes that expert systems possess both 

"essential and desirable characteristics: essential 
ones, without which they could not be called expert 
systems and desirable ones without which, in most cases, 
they would not be usable [Sell :13]." 

Essential characteristics are the knowledge in the system which 

correctly captures the expert's thought processes and the 

significance of the problem which the system is designed to solve. 

Desirable characteristics include an ability to "perform well on 

difficult problems," to "converse in terms the user can understand," 

"to explain how it reached its conclusions from the facts," and to 

"work at the speed that the situation demands" [Sei 1:16-17]. 

Classification of Expert Systems 

Stefic et al. note three orthogonal dimensions along which 

expert systems can be classified: a roles dimension, a techniques 

dimension, and a task dimension [Stefic:163]. Minsky addresses a 

fourth dimension: the sophistication of the expert system. Each of 

these dimensions will be addressed in turn below. 
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Rol es 

Basden notes four key roles which an expert system can 

fulfill: a "consultancy role," a "checklist" role, a "training 

role," and a "refining expertise" role. 

"In a consultancy role an expert system is used by a 
non-specialist to obtain specialist advice or other 
forms of help in accomplishing some task [Basden:64)." 

Such a system can alleviate the number of calls on the specialist. 

The expert system also serves to make the specialist's expertise 

more accessible. A consultancy system would be used by a 

"practitioner," a person who has "some experience in a domain" but 

does "not have a deep specialist understanding [Basden:63]." 

In the checklist role, the expert system serves to remind: 

"the user of all the factors to take into account, even 
if no other benefits accrue. An advantage over 
checklists on paper is that these inevitably include 
questions that do not really matter in a given case but 
do in others, while expert systems can intelligently 
select or order the questions [Basden:66]." 

Expert systems show tremendous potential in a training role. 

Such systems would: 

"lead the trainee through a set of exercises, determine 
his/her specific areas of weakness and tailor the 
exercises to suit [Basden:66]." 

Two training systems which have been developed are SOPHIE which 

teaches electronic troubleshooting and GUIDON which teaches 

diagnostic problem solving. SOPHIE was developed at Bolt, Beranek 

and Newman to teach students how to troubleshoot electrical 

circuits. SOPHIE requires that the student select a fault in a 
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simulated circuit and then find the fault by proceeding through a 

step by step analysis. At each step SOPHIE asks the student to 

predict whether the measured voltage of the test instrument will be 

correct, too high, or too low. If the student makes a mistake in 

predicting the voltage, SOPHIE displays the correct measurement and 

explains why this measurement resulted [Waterman:258]. GUIDON, 

developed at Stanford University, teaches students the proper 

selection of antimicrobial therapy for hospital patients with 

bacterial infections. GUIDON selects a patient's medical record, 

presents the medical record to the student, and analyzes the 

student's questions and responses during the student's consultation 

with GUIDON. GUIDON then uses this analysis to guide the tutoring 

provided to the student as a result of the consultation 

[Waterman:278-279]. 

The role of refining expertise in a given domain is perhaps 

most applicable to the research reported herein. 

"Most specialists will freely admit to having gaps in 
their knowledge, and it is likely that expert systems 
can help to identify where these lie [Basden:66]." 

Basden also notes that an expert system used in this capacity can 

"be of significant benefit as a guide to research, by 
highlighting weaknesses in current understanding 
[Basden:673.- 
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Techniques 

In terras of techniques Ham notes that most "expert systems fall 

into one of three categories: rule-based systems, frame-based 

systems, and blackboard systems [Ham:36]. Each of these categories 

will be addressed in turn. 

Rule-Based Systems 

Rule-based systems, also known as "production systems," are the 

most popular in current use. Winston states that "most successful" 

expert "systems embody the rule-based problem-solving paradigm 

[Winston:172]." Sell adds that "of the various representation 

schemes, production rules are not only the most used, but also the 

best tried and tested [Sell :38]." 

The rules are of the form: If A, then B. Note that both A and 

B can be either a single fact or a series of related facts. Such a 

representation 

"can directly accommodate the knowledge of the domain 
experts in the form they most often communicate it — 
for example, 'In this situation I suspect this problem 
and perform these tests.' [Barr:83]." 

Feigenbaum notes that the rule-based representation also permits 

both "ease of modification of the knowledge" and "ease of 

explanation" [Feigenbaum (1977):5]. 

One of two reasoning mechanisms or a mixture of the two is 

commonly used in rule-based systems. In "data driven" or "forward 

chaining," the system attempts to reason forward from the facts to a 
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solution. In "backward" or "goal-driven" chaining, the system works 

backwards from the desired solution to find facts which support the 

solution [Kinnucan:34]. The reasoning is called "chaining" as the 

expert system links together or chains several knowledge base rules 

[Van Horn:108]. 

An example of forward chaining is provided by Winston. See 

Figure 1. In forward chaining, then, 

"the interpreter evaluates the conditions with reference 
to the database of facts and, if successful in 
fulfilling the condition, performs the action. As the 
interpreter does this repeatedly, its action is referred 
to as the 'recognise-act cycle' [Sell :34]." 

Figure 2 depicts when forward and backward chaining are used. 

Each box in the figure represents an if/then rule. The bold arrow 

depicts how the rules are chained together as well as the direction 

of chaining. The reasoning process should start where there is the 

smallest number of factors to consider initially, either with the 

initial facts and conditions (forward chaining) or with the number 

of possible solutions (backward chaining). 

Frame-Based Systems 

Frame-based systems store factual knowledge in frames, where 

frames resemble miniature data bases which are hierarchically 

ordered. 
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Here is the procedure for forward chaining: 

To forward chain using if-then rules: 

1. Until a problem is solved or no rule's _i£ parts are 
satisfied by the current situation: 

1.1 Collect rules whose if parts are satisfied. If 
more than one rule's~Tf parts are satisfied, 
use a conflict-resolutTon strategy to eliminate 
all but one. 

1.2 Do what the rule's then parts say to do. 

Source: Patrick Henry Winston, Artificial Intelligence 
(Reading, Massachusetts: Addison-Wesley Publishing 
Company, 1984), p. 172. 

Figure 1 

Forward Chaining 
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fr 
THE DECISION TREE OE RULES USED TO PRUNE 
THE NUMBER Of ALTERNATIVES TO CONSIDER 

Source: Hike Van Horn, Understandlna Expert Systems, 
Bantam Books, 1986), p. 1Ó57 -51 

(New 

figure 2 

Determining When To Use Forward and Backward Chaining 

York; 
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Figure 3 depicts knowledge about a 16x1 switch card represented as a 

frame. A separate frame would exist for each of the components or 

subcomponents of a system or organization. Each frame has "slots," 

each of which is assigned a particular "value." 

Frame-based systems use production rules to control the 

system. These rules are frequently of the form when/then. The when 

part of a rule is true when a frame's slot is equal to the value 

given in the rule [Laffey:16]. 

Blackboard Systems 

A blackboard system 

"takes its knowledge from several knowledge sources 
embodied as separate data bases and calls in the 
information it needs with appropriate subroutines. Each 
knowledge system acts like a separate system and 
conclusions are sent to a shared data base (the 
blackboard) that can be viewed and accessed by any data 
base [Ham:37]." 

The separate knowledge sources may be either rule-based or frame- 

based. The advantage of such blackboard-style expert systems is 

that one knowledge source can use the conclusions drawn by other 

knowledge sources. 

Tasks 

Another way to classify expert systems is by the tasks that 

they perform. Stefic et al. offer six generic tasks which experts 

may perform [Stefic:136-140]. "Interpretation" is the "analysis of 



Category: CARD 
Slot Val ue 
NÄHE 1Í6xl switch' 
TYPE OF '16x1 card' 

LOCATION 'cabinet 302 A1 A4 A20' 
FAULTY LIKELIHOOD 
SIGNAL PASSING 
ELECTRICALLY CONNECTED INPUT 
buffer)' 

ELECTRICALLY CONNECTED OUTPUT 
level )' 

ELECTRICALLY SUPPORTED BY 
matrix)' 

ELECTRICALLY SUPPORTS 
HAS FAULT LIGHT 
TESTABLE INPUT POINT 
TESTABLE OUTPUT POINT 
GIVES ALARM 
FAULTY " 

INPUT SIGNAL PRESENCE 
OUTPUT SIGNAL PRESENCE 

'0.1' 
'TRUE' 
'CARD (NAME * 1x16 

'CARD (NAME * 8x1 second 

'CARD (NAME = 16x16 

'TRUE' 
'FALSE' 
'TRUE' 
'FALSE' 

II 

Source: Thomas J. Laffey, WaltonX“P¿rkins, and Tin A. 
Nguyen. “Reasoning About Fault Diagnostics with LES," 
IEEE Expert, Spring, 1986, p. 15. 

Figure 3 

Frame Representation of a 16x1 Switch Card 
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data to determine their meaning [Stefic:137]." "Diagnosis" is the 

determination of "reasons for or sources of disparity between 

expected and actual states or operations of a system [Sell :19].11 

"Monitoring" is the act of "continuously interpreting signals and 

setting off alarms when intervention is required [Stefic:137]." 

"Prediction" is forecasting the next state or action of a system on 

the basis of data from its current state or a model of its past. 

"Planning" constitutes preparing a "program of actions that can be 

carried out to achieve goals [Stefic:138]." Finally, "design" is 

the "making of specifications to create objects that satisfy 

particular requirements [Stefic:139]." Waterman adds three 

additional tasks: repair, instruction, and control [Waterman:33]. 

See Table 1. An expert system can be designed to perform one or 

more of these tasks. 

Sophistication 

Minsky presents a classification of the sophistication of 

expert systems based upon the level of programming used in the 

systems. "Do now programming" is the most primitive of these and 

forces "you to imagine everything your program will do from one 

minute to the next." "Do-1f-needed programming" is a slightly more 

advanced structure wherein systems "automatically apply rules 

whenever they're needed." Finally, "do something sensible 

programming" is the most progressive form. These programs "match 

patterns in memory to decide what to do next [Minsky:66-67]. 
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Category 

Table 1 

Generic Categories of Expert 
System Applications 

Problem Addressed 

Interpretation 

Prediction 

Diagnosis 

Design 

Planning 

Monitoring 

Debugging 

Repair 

Instruction 

Control 

Inferring situation descriptions from sensor data 

Inferring likely consequences of given situations 

Inferring system malfunctions from observables 

Configuring objects under constraints 

Designing actions 

Comparing observations to expected outcomes 

Prescribing remedies for malfunctions 

Executing plans to administer prescribed remedies 

Diagnosing, debugging, and repairing student 
behavior 

Governing overall system behavior. 

Source: Donald 
Massachusetts : 

A. Waterman, A Guide to Expert Systems (Reading, 
Addison-Wesley Publishing Company, 1$05), p. 33. 
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Dillard et al. discuss still a different taxonomy of design 

concerning "the level and sophistication of the 'intelligence' which 

can be implemented in the system [Dillard:?]." An "intelligent 

manual," the most rudimentary application, is basically an on-line 

reference manual or computer-aided tutorial system, with no 

analytical capability. A "deductive system" would contain some 

reasoning capabilities which would allow it to make simple 

deductions on its own. Finally, a "data rich system" would be the 

most advanced, having the capability to read, understand, and 

formulate positions [Dillard:7-9]. 

Structure of an Expert System 

The basic structure of an expert system is shown in Figure 4. 

The knowledge base of this system contains the basic information 

gleaned from the human expert. Two types of knowledge are typically 

included within this knowledge base: basic facts and heuristic 

knowledge or good judgement. The inference system, frequently 

termed the inference engine, provides overall control of the 

system. The inference engine establishes the method of reasoning 

used to match rules to data and to determine which rule should be 

applied next. In addition, the inference engine adds the conclusion 

drawn from this process to the problem data base [Why Can't A 

Computer:76]. This inference system may provide advice or 

explanations to the user or may query the user for additional facts 



Source: Edward A. Feigenbaum and Pamela HcCorduck, The Fifth Generation 
(Reading, Massachusetts: Addlson-Wesley Publishing Company, 1963), 
p. 76 

Figure 4 

Basic Structure of an Expert System (Why Can't A Computer:76I 
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and data to add to the existing data base. Ham notes a distinct 

design objective relative to the ability of the inference system to 

return explanations to the user, which Ham terms an "explanation 

facility." This facility enables the expert system to explain how 

it arrived at its present conclusion or why it is pursuing a certain 

line of reasoning [Ham:37]. Such a capability is critical to 

validating and debugging the expert system, and can serve as an 

excellent training tool as well. 

The expert plays a particularly crucial role in the development 

of an expert system. Pel tu notes that the real starting point of an 

expert system is an expert -- called a "domain specialist" 

[Peltu:71]. The expertise of this specialist must then be captured 

in the rules and knowledge base of the program. This function is 

called "knowledge engineering" and the individual who performs this 

task is referred to as a "knowledge engineer." This task appears to 

be particularly difficult. Waterman states that people simply do 

not know exactly how they make decisions or perform tasks 

[Waterman:153]. The knowledge engineer's job is to draw the 

information out. Special cases, in particular, can present 

problems. "Human experts are not very good at remembering special 

cases until they are confronted with a concrete example" [Why Can't 
t 

A Computer:79]. The knowledge engineering and knowledge acquisition 

portions of Figure 4 will be addressed in detail in Chapter II. 
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"Expert-systems research promises to lead to AI 
applications of great economic and social impact 
[Barr:79]." 

Numerous advantages of expert systems have been cited. First, 

an expert system serves to make the knowledge of a domain 

explicit. Hence, a written record of the knowledge of a domain is 

frequently made available for the first time. 

"Having a knowledge system available is like having 
ready access to a storehouse of experience and 
hindsight. It is a 'tool' to help the end-users do 
their jobs. Knowledge systems are a new resource you 
may consult for assistance in making a decision, just 
like other reference materials. Better yet, this 
reference system asks for the information it needs, 
explains how it reasons when asked, and gives consistent 
advice with infinite patience [Teknowledge-Buildinq: 
2-11]." a 

A second advantage, then, is the greater consistency of expert 

systems over human decision-makers. As Basden points out, 

"humans can forget relevant factors, especially if under 
stress or in a situation where time is critical 
[Basden:64]." 

Sell adds that an expert system will "give the same answer to 

beggars and kings [Sell :15]." Therefore, poor decisions are not 

made due to favoritism or politics. Such systems also do not 

"suffer from Monday morning blues or Friday afternoon impatience 

[Sell :16]." 

Still another advantage is the greater accessibility to 

expertise which expert systems permit. Expert systems are available 

twenty-four hours a day. Expert systems do not get tired or go on 

hoiidays. 
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Further, this expertise is more readily duplicated. Copies can 

be made of the expert system instead of placing many individuals 

into lengthy training or apprenticeship programs. 

Basden also notes that expert systems provide for 

"...increased consistency in the relative importance 
given to different factors and in dealing with 
probabilities [Basden:64]." 

At the same time, expert systems provide for more "human-like 

processing." 

"Compared with conventional computer programs, an expert 
system operates at a level and in terms and concepts 
with which the user can feel affinity [Basden:62]." 

Because of this, such systems 

"are much more easily understood by practitioners in the 
domain who might not be very computer-literate 
[Basden:62]." 

Further, since "uncertainty, and even contradictory evidence, 

are handled in a natural way" expert systems "can be used in areas 

of incomplete knowledge and where judgement is needed 

[Basden:63]." Expert systems can, therefore, more easily tackle 

real-world problems. 

Expert systems also offer the potential to reduce the workload 

on many problems which, although trivial to the human expert, are 

nevertheless critical to the successful operation of a firm. Such 

problems are frequently difficult for the novice to handle. The 

real expert is then freed to pursue more challenging tasks. Indeed, 

Harmon and King predict 
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"as expert systems are built, experts will be freed to 
focus on the more difficult aspects of their 
specialty. This, in turn, will result in solutions to 
new problems, and the range of problems that experts can 
solve will widen [Harmon:2]." 

Feigenbaum and McCorduck in their book. The Fifth Generation, 

provide a brief description of forty-nine current expert systems in 

various fields such as bio-engineering, computer systems, education, 

law, manufacturing, and medicine. However, no expert systems are 

listed for inventory management functions [Feigenbaum and 

McCorduck:244-250]. ’’he Systems Manufacturing Technology Group 

Working Paper also lists numerous examples of current expert systems 

[Systems Manufacturing Technology Group:9-13]. Again, no inventory 

management applications are noted. Finally, Waterman provides one 

of the most current and detailed descriptions of existing expert 

systems. One hundred and seventy-eight expert systems are briefly 

described. Still, there are no systems for inventory management 

[Waterman:244-299]. Further, the only current applications of 

expert systems in any logistics subtask are those systems which 

perform maintenance troubleshooting or diagnostic functions. 

Statement of the Problem 

The current applications of expert systems have demonstrated 

quite successful results in terms of better and more efficient 

decision-making which translates directly to dollars saved and more 

effective management. However, the logistics discipline has not yet 
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harnessed this technology in the public domain. Expert systems 

technology has emerged from the research laboratories as a powerful 

practical tool [Harmon:!]. Logistics should also be able to reap 

the benefits of this new technology. Therefore, research was 

conducted to investigate the applicability of expert systems to 

logistics, specifically to inventory management. The following 

questions were addressed: 

1. Do inventory managers use heuristic decision rules? 

2. Can these rules be captured and programmed as an 
expert system? 

3. Can expert systems for inventory management provide 
effective decisions? 

4. Can expert systems for inventory management suggest 
solutions as quickly as human experts? 

Inventory as a Potential Application 

Inventory offers a pervasive and potentially quite lucrative 

area in which to apply expert systems. Materials management and 

inventory problems are common to all business organizations 

retailers, wholesalers, distributorships, and manufacturers. 

Further, inventory is big business. As Ballou notes the 

figures for the United States alone are "substantial": 

"It has been estimated that over the decade of 1970-79 
the average annual Investment in business inventories 
was $305 billion, or about 18 percent of the gross 
national product. The cost of carrying these 
inventories in the business sector has been estimated at 
between 30 and 40 percent of inventory value before 
taxes. This was an annual cost to the nation of between 
$128 and $170 billion in 1979. 
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Among individual firms, inventory carrying costs can 
represent 10 to 40 percent of total logistics costs 
depending on whether the firm is a manufacturing, 
merchandising, consumer, or an industrial goods-oriented 
company. Costs of this magnitude suggest that inventory 
is an asset that should be carefully managed [Ballou 
(1984):356-357]." 

The National Council of Physical Distribution Management (NCPDM) 

study. Measuring and Improving Productivity in Physical Distribution 

1984, reported similar figures. The estimated U.S. logistics 

expenditures for inventory carrying cost for 1982 were listed as 

$130 billion [NCPDM:19]. Silver and Peterson also quote impressive 

statistics: 

"According to Statistics Canada the total inventories 
owned by Canadian manufacturers are in the neighborhood 
of $30 billion. Furthermore, on average, 34 percent of 
the current assets and 90 percent of the working capital 
of a typical company in the United States are invested 
in inventories. In addition, considerable labor costs 
(clerical and managerial) are incurred in the control of 
inventor!es...Thus, we see that even a small percentage 
reduction in costs will be transformed into huge 
absolute savings, when viewed from a national or 
international perspective [Silver:2]." 

Poor inventory management wastes resources. Further, Mather 

suggests that inventory mismanagement may be a major cause of 

"economic disruption:" 

"Anyone who has been in business more than just a few 
years knows about the business cycle. It's a fact of 
life, repeating almost exactly every 4 years. Check the 
statistics if you don't believe me. One of the real 
contributors to this cycle Is mismanaged Inventories. 
All economists talk about Inventories and suggest they 
amplify the boom — and bust cycle, but don't explain 
why. Some even look to Inventory growth to pull us out 
of recessions; why can't they see Inventory growth as 
the seed of the "next" recession? Inventories are just 



like other natural phenomena: what goes up must come 
down. So if inventories can pull us out of recession by 
going up, they can plunge us deeper into recession by 
going down. Why can't they be stabilized? Why can't 
they operate against the cycle, growing when business 
drops off and dropping when business picks up? That way 
they would become a real dampener on the business cycle 
Instead of an amplifier. But to do this means getting 
them under control. And under control they're not 
[Mathenxvi]." 

The issue then becomes how to do a better job of managing 

inventory such that control can be regained. This issue strikes at 

the very essence of inventory management, which has primarily been 

treated as "scientific" or the application of mathematical 

techniques. However, according to Tersine 

"mathematical techniques are only aids to management 
decision-making. They cannot replace the judgement and 
intellect of the manager, who must modify and improvise 
to deal with the unexpected [Tersine:x11]." 

Silver and Peterson note that although Inventory management has 

"been studied in considerable depth from a theoretical perspective," 

it is surprising "to find how limited, and ad hoc, many of the 

existing decision systems actually are [Silver:1x]." Perhaps, this 

is because the theoretical models do not perform so well in the 

multiechelon Inventory arena and the simulations frequently require 

an "extensive amount of data to be collected" and "long computer 

running times [Ballou (1985):400]." 

Silver and Peterson state that 

"one must accept the fact that existing theory Is, and 
will be, for some time to come, insufficient to do the 
whole job. There will always be room for personalized, 
tested-in-practice, approaches to fill the gaps in 
theory [S11ver:57]." 
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Further, Silver and Peterson "advocate the development and use of 

so-called heuristic decision rules [Silver:71]" for help in dealing 

with complex inventory situations. New techniques and new knowledge 

appear wanting. 

Objectives of the Research 

A primary objective of this research was to identify the basic 

rules and heuristics for a particular inventory management problem 

which experts in the field have gained from years of experience and 

textbook knowledge. However, the discovery that such heuristics do 

in fact exist would not in itself demcnstrate the applicability of 

the expert systems technology to inventory management. Therefore, a 

secondary objective was to incorporate these heuristics into an 

actual expert system and measure the performance level of this 

expert system, both in terms of the effectiveness and efficiency of 

the decisions which resulted. 

Scope of the Research 

A comprehensive approach to this study might be to look at 

inventory management in a number of different companies and types of 

firms, and even across product types, to discover some new base of 

knowledge which would significantly advance the art of inventory 

management. However, such a broad scope would raise many other 

issues such as the ability to generalize inventory heuristics across 
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product groups and types of firm, and stage of product life cycle 

issues. A realistic test situation was required. Therefore, the 

first decision was to focus on only one organization or firm, and, 

the United States Air Force was chosen. 

Selection of that organization was based primarily on the 

complexity of the task environment, so that any resultant findings 

would not be trivial. The ability to obtain the required 

cooperation and corranitment of individuals and the necessary data, 

and the lack of any proprietary restrictions on the research 

results, were also Important considerations. The Air Force met all 

of these requirements. The Air Force provides an excellent test 

environment for such a study due to the complexity and worldwide 

scale of the task environment.^ Further, the United States Air 

Force ensured the cooperation and availability of personnel and any 

required data and documentation. All findings are free of 

proprietary restriction. 

If the Air Force were un actual corporation, it would be one of 

the largest corporations in the United States [Hiatt:!]. Further 

reduction in scope was required. Within the Air Force there are 

five different Air Logistics Centers (ALCs), each of which provides 

^The United States Air Force Logistics Command currently supports 
19,000 aircraft in operation around the world. These planes require 
916,000 types of spare parts and twenty million pages of technical 
manuals [Hiatt:!]. 
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wholesale support for a different group of products or systems. The 

ALCs are similar to major divisions of any large corporation. The 

Air Force suggested that Sacramento Air Logistics Center 

(Sacramento, California) be the particular ALC where the study would 

be conducted. The Ogden Air Logistics Center (Ogden, Utah) was used 

as an additional test site. 

Two major classes of items are managed at each of the Air 

Logistics Centers. These are expendable items and recoverable 

items. Expendable items are items such as nuts and bolts, 

capacitors and resistors, which are consumed in use or discarded 

when no longer serviceable. Recoverable or reparable items are high 

cost items which are recovered after use, repaired as necessary, and 

returned to stock for reuse. Pumps, hydraulic actuators, electronic 

circuitry, and motors are examples of recoverable assemblies. 

Silver and Peterson state: 

"The analysis of a repairable item situation is 
considerably more complicated than that of a consumable 
item. Normally, in a repair situation the number of 
units demanded is not balanced completely by the return 
of repairable units. Thus, in addition to repairs, one 
must also purchase some new units from time to time. 
Consequently, even at a single location, there are five 
decision variables: (1) how often to review the stock 
status, (2) when to repair returned units (3) how many 
to repair at a time, (4) when to order new units, and 
(5) how many to order [Silver:487-488]." 

Given that the recoverable situation Is so much more complex and 

given the high relative cost of recoverable Items to expendable 

Items, It was believed that the strongest contribution could be made 

by studying recoverable Item management. 
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Still , the scope was unmanageable. There are too many aspects 

of recoverable item management: requirements issues, distribution 

issues, allocation issues, exception management issues, etc. 

Therefore, it was decided to let the item managers3 at Sacramento 

Air Logistics Center nominate and select the particular problem to 

be addressed by the expert system. The rationale for letting the 

item managers select the task will be discussed in detail in Chapter 

II. 

In addition, only a prototype expert system was developed for 

the selected aspect of the task, not a fully validated operational 

system. Boose notes: "The time required to build an expert level 

prototype is typically six to twenty-four months [Boose:27]." 

Therefore, the prototype developed as part of this research could 

address only a narrow problem. These stages of development will be 

more closely examined in Chapter II. 

Finally, since the purpose of this research was to demonstrate 

the feasibility of applying the existing technology of expert 

systems, no attempt was made to create new knowledge representations 

or develop a better inference engine. The production rule formalism 

was used to represent the knowledge, given its proven record of 

3Item managers are the individuals who perform inventory management 
functions at the Air Logistics Centers. 
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success. Also an expert system development tool or "shell"^ was 

used which required that only the knowledge base of the system be 

created and programmed by the researcher. Such shells provide a 

useful method of speeding the development of a prototype expert 

system. M. 1, a product of Teknowledge [Williamson:60], is the shell 

► which was used in this effort. 

Hypotheses of the Research 

The following research hypotheses were investigated: 

1. Expert inventory managers use key knowledge and 
heuristics in decision-making. 

2. This knowledge and these heuristics can be captured 
and programmed as an "expert system." 

3. Expert systems can significantly improve the 
performance of inventory managers. 

4. Use of expert systems will allow inventory managers 
to solve complex or difficult problems more 
efficiently. 

The Research Methodology 

This research was composed of three key phases. Phase I was 

the Problem Selection phase. Phase II was the Knowledge Engineering 

phase. Finally, Phase III involved Performance Measurement. Each 

phase will be discussed in turn. 

A shell is a computer software package that helps to simplify the 
effort involved in building an expert system. Most shells contain 
an inference engine and various user interface facilities such as an 
explanation capability and lack the knowledge base. The Williamson 
reference describes twenty-six different shells. 



Phase I: Problem Selection 

Problem Selection involved gaining a better understanding of 

the overall domain of item management, flowcharting the decision 

process, conducting workshops at Sacramento ALC with all the item 

managers to prepare them to recommend candidate problems, having the 

item managers select the preferred problem from the nominated 

candidates, and finally, having the item managers self-elect the ten 

best experts at Sacramento ALC from whom to obtain the knowledge. A 

combination of protocol analysis and the Delphi Technique were used 

as basic tools for Phase I of the research. 

Phase II: Knowledge Engineering 

During the second phase of the research the actual scope of the 

expert system and its objectives were determined. 

Once the scope of the expert system had been defined, the 

actual heuristics and facts to be included in the knowledge base 

were determined and encoded. The knowledge base was then exercised 

on a series of case studies to validate its rules, correct any 

errors, and add any previously omitted information. Phase II of the 

research employed the Nominal Group Technique combined with case 

analysis. 

Phase III: Performance Measurement 

Once the expert system had been validated against the 

development case studies, experiments were conducted using case 
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studies preselected to cover both routine and nonstandard aspects of 

the problem. The test cases were different from those case studies 

used for development purposes. These experiments determined the 

degree of performance improvement achieved with the use of the 

expert system. Further, an attempt was made to gauge how quickly 

the expert system was able to make decisions compared to its human 

counterparts. These phases and the operationalization of these 

measures are discussed in depth in Chapter III. 

Limitations of the Research 

There are four principal limitations of this research. The 

first concerns the preselection of an expert system shell with which 

to develop an expert system for a new domain. M.l, like any shell, 

has predefined chara- .eristics of knowledge representation formalism 

and reasoning mechanism. These predefined attributes are, 

respectively, production rules and backward chaining. This 

technology, however, may not be the most efficient means of 

representing or reasoning about the knowledge of inventory 

management. It is possible that the nature of the domain might be 

much more efficiently handlec with frames or forward chaining. 

A second limitation concerns the bias which may have been 

introduced by the item managers at the Sacramento Air Logistics 

Center in selecting the actual problem to be addressed by the expert 

system developed as part of this research effort. Due to management 
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emphasis, past audit reports, or other reasons, certain problems may 

have been perceived to be more important at Sacramento than at the 

other Air Logistics Centers. Other centers may have provided a much 

different list and/or ranking of the problems which the expert 

system was designed to address. 

A third limitation concerns the possibility that item managers 

at Sacramento Air Logistics Center may have a unique "culture" which 

would bias the heuristics obtained to solve the problem which was 

selected. Such heunstics then might not be directly applicable to 

a different Air Logistics Center or a different company involved 

with the management of the same products or types of products, but 

possessing a totally different organizational culture. 

Finally, the attempt to measure how quickly subjects assisted 

by the expert system make decisions can not properly be measured 

without allowing test subjects adequate time to gain familiarity 

with the expert system. Subjects were only given one brief practice 

session prior to measuring their actual performance and time to 

completion. The results of such an experiment will most likely 

result in longer times than would actually be experienced by 

subjects who use the system on a daily basis. 

Contributions of the Research 

The contributions of this research are theoretical. 

methodological, and managerial. 
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The current theory of inventory management is basically 

mathematical in nature. However, a large part of inventory 

management appears to involve judgment and decision. The 

exploratory nature of this research contributed to the more 

qualitative aspects of the theory of inventory management. The 

primary contribution was an elucidation of how inventory cost and 

leadtime decisions are actually made, the key decision variables 

which are examined in this process, and an explanation of the 

decision process itself. 

"The methodology we use gives a way of bringing 
heuristic knowledge to the surface and making it 
concrete, so that it can be discussed and consensus can 
be achieved. If consensus is not achieved, at least the 
alternatives to the consensus are available for 
examination. In the end it may be irrelevant that a 
computer program is available to be an intelligent 
assistant! The gain to human knowledge by making 
explicit the heuristic rules of a discipline will 
perhaps be the most important contribution of the 
knowledge-based systems approach [Feigenbaum (1983):49- 

J • 

Indeed, Ballou has stated that in attempts to apply this 

technology to logistics, the "weak link" will be encountered. 

"The weak link is in relationships that convert 
observations into possible courses of action. These 
relationships embody our understanding of physical 
distribution management. It is all of the rules of 
thumb, principles, and concepts that we practice, teach 
and write about [Ballou (1984):511]." 

Strengthening this "weak link" provides a significant theoretical 

contribution. 
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Methodological Contribution 

Mittal and Dym have challenged that much AI research 

"...needs to be done to resolve issues such as 
identifying different aspects of a problem and 
corresponding experts, integrating knowledge from 
various experts, resolving conflicts, and assimilating 
competing strategies [Mittal :36]." 

Further, Van Horn notes: 

"When the knowledge of several experts must 
into one expert system, the problem of reconciling their 
diverse approaches has been a major hurdle for knowledge 
engineers. It's no surprise to learn that leading 
experts often disagree about tough problems in their 
profession. To build expert systems in some areas will 
require knowledge engineers to learn" 
disagreements among the needed experts [Van Horn.219J. 

The execution of the methodology detailed in Chapter III made a 

contribution to these needs in several ways. 

First, this methodology entailed the use of multiple experts 

from whom to collect the domain knowledge. To date the majority of 

expert systems have utilized only a single expert as the source of 

their domain knowledge. In most cases where more than one expert 

was used, a single expert was still selected to work directly with 

the knowledge engineer as a liaison to, and final decision authority 

for, the other experts. No documentation of an attempt to use a 

consensus driving technique was found in any expert system 

project. This methodology used the Nominal Group Technique in an 

attempt to drive consensus. 

Next, the methodology Introduced the Delphi Technique as a 

vehicle for both selecting the particular project or problem to be 
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addressed and for identifying the experts to be used for system 

development. Finally, the methodology clearly documents an in- 

depth, step-by-step approach to expert system development which can 

be replicated. 

Managerial Contribution 

The ability to better manage Inventory, which should derive 

from applications of expert systems to Inventory management 

problems, could potentially save billions of dollars annually in 

Inventory carrying costs alone. If a 10 percent productivity gain 

is realized, this equates to $30.5 billion less Inventory each year 

and a savings in inventory carrying costs of $9-13 billion per year 

in the United States alone. The research addressed herein has 

demonstrated the feasibility of applying the expert system 

technology to the Inventory area. Hopefully, such cost reductions 

will eventually be realized. 

A second pragmatic gain relates to manpower. Expert systems 

appear to offer a unique opportunity to alleviate some of the 

critical manpower shortages of trained technicians and to magnify 

the abilities of our best managers and extend their expertise to 

others. 

Inventory decision-making could become both more effective and 

more efficient. In just a few minutes the computer may be able to 

match hundreds of pieces of signal data to derive an appropriate 

decision. 
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These systems can also serve as a training tool. The novice 

can work with the system and have it explain its process of arriving 

at a decision via the explanation facility. Frequently, human 

experts are so busy and so in demand that they do not have the time 

required to properly train a novice. Further, as mentioned eiflier, 

because no one has collected their decision rules and processes, it 

is difficult for experts to explain exactly what they do and why. 

Organization of the Research Report 

This chapter has provided background information on expert 

systems, stated the problem, research objectives, scope, 

limitations, and contributions. The research methodology was also 

summarized. Chapter II reviews the literature on the development of 

expert systems for guidance on how to proceed. Chapter III 

discusses the methodology followed in the conduct of this 

research. Chapter IV presents the findings. Chapter V offers the 

conclusions and provides recommendations for further research. 

Interview guides, protocols, Delphi questionnaires, a sample case 

study, a sample consultation, and test directions and questionnaires 

are presented in appendices. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

The purpose of this chapter is to provide an understanding from 

the AI literature of the steps in the development of an expert 

system and some of the lessons which have been learned from past 

developmental efforts. As mentioned earlier, over 178 expert 

systems have been previously developed. This review demonstrates 

how those developments proceeded. This information determined the 

methodology for the current research. Lessons learned from these 

previous developmental efforts were sought and Incorporated Ini: the 

present methodology. As Table 2 indicates, the statements of the 

individuals referenced and quoted in this chapter, for the most 

part, are rooted in actual expert system development efforts. 

This chapter is organized into four major sections. The first 

section discusses the sequence of steps which various authors 

reconmend for the development of an expert system. The second 

section reviews the stages of expert system evolution, as a second 

way to view progress on an expert system developmental effort. The 

third section takes an Indepth chronological look at each of the 

aspects of an expert system, beginning with design considerations 

and proceeding to testing considerations. Finally, the fourth 

40 
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Table 2 

Experts Quoted in This Chapter 
And the Systems Each Developed 

Developer Expert System or Tool 

Feigenbaum 

Freiling, et al. 

Hayes-Roth 

Lenat 

McDermott 

Mittal and Dym 

Polit 

Smith 

Teknowledge 

Waterman 

DENDRAL - infers the molecular structure of 
unknown chemical compounds from mass spectral 
and nuclear magnetic response data. 

DETEKTR - a system-building aid that helps 
domain experts construct troubleshooting expert 
systems. 
ROSIE - a knowledge engineering language for 
rule-based systems. 

EURISKO - invents designs for new kinds of 
three-dimensional micro-electronic devices. 

R1 (or XCON) - configures VAX 11/780 computer 
systems. Decides based upon a customer's order 
what components must be added to produce a 
complete operational system. 

XSEL - helps a salesperson select components for 
a VAX 11/780 computer and assists in designing 
the floor layout for the computer. 

PRIDE - expert system which aids in the design 
of copier sub-systems. 

R1 (see above) 
DIPMETER ADVISOR - Infers subsurface geological 
structure by Interpreting dipmeter logs. 

DRILLING ADVISOR - assists an oil-rig supervisor 
in resolving problems related to the drilling 
mechanism sticking within the borehole during 
drilling. 
LDS - assists legal experts in settling product 
liability cases. 

linna'IH Ã. Waterman. A 6uide to ^eadingT 
wC Massachusetts: 

365. 

Addison-Wesley Publishing Company, 1$Ä5), pp. 244- 
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section provides a summary that relates the research reported in the 
literature to the objectives and methodology of this research 
effort. 

Steps in the Development of an Expert System 

Several authors offer a sequence of steps to be followed in the 

development of an expert system. As Freiling et al. note: 

"...one major advantage of a methodological approach to 
knowledge engineering is that it provides a basis for 
communicating about the progress of a knowledge 
engineering project. All too often, knowledge 
engineering projects become a black hole, and managers 
have difficulty perceiving signs of progress 
[Freiling:158]." 

However, by providing a sequence of steps required in the building 

of an expert system, the developmental process is more clearly 

elucidated and management can more readily assess progress on the 

project to date. As is typical of most software system 

developmental efforts, the steps do not always follow directly in 

sequence. Frequent reiteration is required, particularly in the 

earliest phases of the project. 

Polit 

Polit suggests the following sequence of steps: 

"Step 1: problem recognition. 
Step 2: task definition, 
Step 3: initial design, 
Step 4: knowledge acquisition, and 
Step 5: system maintenance [Polit:76]." 

During Step 1, potential problems are Identified and an assessment 

Is made as to the appropriateness of using artificial Intelligence 
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techniques to solve them. Polit notes that one criterion for the 

identification of a problem where expert systems technology may be 

applicable is a situation where a bottleneck exists in the 

organization due to a "scarcity of trained personnel [Polit:76]." 

During Step 2, the problem to be addressed must be clearly 

specified. Polit states: 

"these two steps may be the most difficult ones» because 
researchers must have a comprehensive understanding of 
all available AI tools and techniques as well as of the 
problem itself [Polit:76]." 

Step 3 entails the initial design of the expert system. Here, 

choices are made regarding the manner in which knowledge is to be 

represented, e.g., production rules or frames. Also, the choice of 

inferencing is determined, e.g., backward or forward chaining. 

Step 4 is the knowledge acquisition phase. During this step «n 

attempt is made to uncover the facts and heuristics that the experts 

actually use in solving problems. Then, during Step 5, updates are 

made to the expert system as required to add, modify, or delete 

entries in the knowledge base. 

These steps, however, do not occur as discrete, Independent 

events; there is an interaction between the steps, which is 

especially true for Steps 2, 3, and 4. As Polit explains, 

"During the knowledge acquisition phase, a greater 
understanding of the problem is obtained. The design of 
the system may be changed because unexpected 
difficulties are recognized, or the task may be 
redefined because perception of the problem has changed 
[Pol1t:77].H 
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Freiling et al. 

Frelling, et al. offer another two-phase methodology, 

consisting of "The Knowledge Definition Phase" and "The Prototype 

Implementation Phase." The first phase of knowledge definition 

"is a phase of analysis and definition of the knowledge 
structure that precedes actual acquisition of knowledge 
and implementation of a prototype. The emphasis at this 
stage is to make progress on decomposing a large and 
complex problem, while not getting bogged down in the 
specifics of the problem [Freiling:156]." 

Three steps comprise this first phase. During Step 1, 

"Familiarization," the scope and complexity of the selected task are 

ex pi ored. 

"Experienced knowledge engineers often know how to 
initiate this process by a combination of relatively 
unstructured interviews and observation sessions. A 
record of the sessions are made by taping them or by 
taking notes. After the session is over, the tape and 
the notes should be combed to produce a 'paper knowledge 
base' consisting of English sentences that are 
representative expressions of the facts and rules the 
expert has given you. They do not, of course, need to 
be direct quotes from the expert. But they do need to 
be sentences that the expert can recognize as clear and 
unambiguous descriptions of relevant knowledge 
[Freiling:156]." 

This "paper knowledge base" is then reviewed with the expert and 

modified as required. 

Step 2 of Phase One entails "Organizing Knowledge." Frelling 

et al. recommend that a "semantic grammar^' be established "to 

express the facts and rules in the paper knowledge base 

[Freil 1ng:157]." Such a grammar might be comprised of rules and 

observations, where rules and observations have the following 

structure: 
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« rUTe » if observation 

THEN conclusion " 

" observation :: * signal 

HAS property 

OF value " 

luring Step 3, "Representing Knowledge," decisions regarding the 

,ctual representation schema of the knowledge in the prototype 

»Xpert system are made. 

With Step 4, "Acquiring Knowledge," the process transitions to 

Phase Two, "The Prototype Implementation Phase." During this phase, 

a prototype expert system is actually constructed. 

"The implementation process consists of acquiring the 
knowledge base, building an Inference engine, andh 
building an appropriate interface [Freiling.157]. 

The actual steps are: 

Step 4: Acquiring Knowledge, 

Step 5: Inference Strategy Design, and 

Step 6: Interface Design. 

The user Interfece plays a key role In the user's willingness to use 

the expert system as well as the user's ability to correctly solve 

problems when assisted by an expert system. According to the 

authors, this step should be highlighted 1n the development 

process. The Frelllng, et al. development schema is the only one 

which emphasizes the user interface. 
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Waterman 

Waterman provides still another sequence of phases. 

"Expert system development can be viewed as five highly 
interdependent and overlapping phases: identification, 
conceptualization, formalization, implementation, and 
testing [Waterman:136]." 

Figure 5 illustrates the interaction of these phases. As the figure 

indicates and as Waterman clarifies: 

"Although we distinguish between these phases of expert 
system building, there is no simple way to describe the 
order in which they take place. Identification does 
happen first and testing last, but at any time during 
system development the knowledge engineer may engage in 
any of the processes [Waterman:136]." 

During the Identification phase the Important features of the 

problem are determined. 

"This includes identifying the problem Itself (e.g., 
type and scope), the participants in the development 
process (e.g., additional experts), the required 
resources (e.g., time and computing facilities), and the 
goals or objectives of building the expert system (e.g., 
Improve performance or distribute scarce expertise) 
[Waterman :136]." 

Identification of the problem and the determination of the scope of 

the problem to be addressed by the expert system are claimed to be 

the most difficult of these activities. 

The conceptualization phase entails working with the expert to 

"make explicit the key concepts and relations needed to solve 

problems in the domain [Waterman:164]." An attempt is made to 

determine the terms and concepts used by the expert and to clearly 

define these. Waterman suggests that presenting sample cases to an 
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Source: Donald A. Waterman, A Guide to Expert Systems (Reading, 
Massachusetts: AddIson-Wes ley Publishing company, 19¿S), p. 37. 

Figure 5 

Waterman's Development Phases for an Expert System 
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expert and observing how the expert analyzes them is a good 

technique for this purpose. 

"Subtasks, strategies, and constraints related to the 
problem-solving activity are also explored 
[Waterman :137]." 

An important issue, to be addressed within the conceptualization 

phase, is that of "granularity." This requires determining the 

level of detail required to represent the knowledge. For example, 

at a low level of granularity the user might be asked the date of 

the first significant delivery.^ At a higher level of granularity, 

the user would be asked very specific questions such as the total 

contract quantity, dates of any deliveries, and the delivery 

quantities. The system could then internally check to determine the 

date of the first significant delivery. 

Actual knowledge representation, however, is a function of the 

formalization phase. 

"'Formalization' involves expressing the key concepts 
and relations in some formal way, usually within a 
framework suggested by an expert system building 
language [Waterman:137]." 

This phase, then, is similar to the "Organizing Knowledge" step of 

the Freiling et al. methodology, where a semantic grammar is 

recommended for this purpose. 

Iplrst significant delivery is a term used in the Air Force to 
indicate that at least 10 percent of the contract quantity has been 
delIvered. 
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"During 'implementation,' the knowledge engineer turns 

[WateZn:138].''nOWled9e 3 computer pro9^m 

Waterman cautions that knowledge engineers should not wait too long 

before beginning program implementation. Frequently, the tendency 

is to thoroughly analyze the problem before beginning coding. 

Waterman states, however, that much can be learned 

"...from the first implementation that will shape and 
direct the conceptualization process [Waterman:137]." 

¡nd^tnitl^íü9’ in!°lves evaluating the performance 
and utility of the prototype program and revising it as 
necessary [Waterman:138]." a S 

Waterman recommends that testing begin as soon as "the prototype 

runs on a few examples [Waterman:138]." 

Hayes-Roth et al. 

I" Building Expert Systems, Hayes-Roth et al. list these same 

five steps of identification, conceptualization, formalization, 

implementation, and testing as the five "major stages of knowledge 

acquisition [Hayes-Roth:140]." However, the authors stress: 

comolex and ni 1 ? y a r°U?h character1zat1on of the 
SlfY di ]1"structured activ1ty that takes place 
Î Lk ?Wlfd9e acquisition. They will vary from one 

SÍÍUat/¡0n t0 another* and the acquisition 
process is not understood well enough to outline a 
standard sequence of steps that will optimize the 
expert-system-building process [Hayes-Roth:140]." 

Further, Hayes-Roth et al. provide the following questions 

which they suggest need to be answered during the Identification 

stage: 



What types of data are available? 

- What is given and what is inferred? 

- Do the subtasks have names? 

- Do the strategies have names? 

- Are there identifiable partial hypotheses that are 
commonly used? What are they? 

- How are the objects in the domain related? 

- Can you diagram a hierarchy and label causal 
relations, set inclusion, part-whole relations, 
etc.? What does it look like? 

- What processes are involved in problem solution? 

- What are the constraints on these processes? 

- What is the information flow? 

- Can you identify and separate the knowledge needed 
for solving a problem from the knowledge used to 
justify a solution? [Hayes-Roth:143-144]." 

Systems Manufacturing Technology Group 

The Systems Manufacturing Technology Group discuss seven steps 

in the development of an expert system, noting that total 

development is never achieved; since knowledge and rules must be 

continuously added, modified, or deleted to reflect business 

changes. The first step is "system design." During this phase the 

expert and knowledge engineer spend time together talking about the 

knowledge which the expert uses. Phase Two involves "prototype 

development." Here, the knowledge engineer attempts to create the 

actual rules to be used by the expert system. Phase Three can be 

called "making the prototype an expert." Phase Three is in essence. 
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knowledge debugging. A large number of sample problems are 

presented to the expert system, and any unsatisfactory performance 

Is corrected as required. Phase Four concerns "evaluation and 

acceptance." This Involves any required modifications to the actual 

computer code. Note that Phase Three Involves only changes to the 

rules of the system, not the code. Phase Five Involves "extended 

use 1n a prototype environment." This phase Involves field testing 

and usually results In new rules and knowledge being added to the 

system. Each time new Information 1s added, however, the prototype 

must be revalidated to Insure that no rule discrepancies are 

created. Phase Six entails the "development of maintenance 

plans." Finally, Phase Seven Is the "system release" [Systems 

Manufacturing Technology Group:6]. 

Comparison of the Developmental Approaches 

Table 3 summarizes the development approaches of these 

authors. All of these approaches begin with some form of problem 

definition, where the problem to be addressed by the expert system 

is more clearly defined and delimited. Polit refers to this problem 

definition step as "Task Definition." Freiling, et al. refer to 

this step as "Familiarization." Waterman and Hayes-Roth, et al. 

refer to this step as "Identification." The Systems Manufacturing 

Technology Group call this step "System Design. 
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All of the authors also include a knowledge acquisition step 

where the knowledge engineer works with the expert to uncover the 

key knowledge and concepts which the expert possesses. Polit calls 

this step "Knowledge Acquisition." Freiling, et al. refer to the 

knowledge acquisition step as "Knowledge Organization." Waterman 

and Hayes-Roth, et al. refer to this step as "Conceptualization." 

Finally, the Systems Manufacturing Technology Group Include the 

activity of knowledge acquisition in the "Prototype Development" 

step. 

The development or coding of the prototype expert system is 

another activity which all of the authors have included. Polit 

includes this activity under "Knowledge Acquisition." Freiling, et 

al. refer to this step as "Prototype Implementation." Steps 4, 5, 

and 6 of the Freiling, et al. methodology all entail coding of the 

prototype expert system. Waterman and Hayes-Roth, et al. refer to 

the development of a computer program or the expert system code as 

"Implementation." The Systems Manufacturing Technology Group call 

this step "Prototype Development." 

As can be seen from Table 3, however, r.c author appears to have 

Included all of the steps required for the life cycle of the expert 

system from first conceptualization to operational use. Only Polit 

emphasizes the "Problem Recognition" step. This step serves to 

identify various problems with which an organization is faced and to 

assess the use of AI as a technique with which to solve these 

problems. 



Only Waterman, Hayes-Roth, et al., and the Systems 

Manufacturing Technology Group address formal evaluation of the 

expert system. Waterman and Hayes-Roth, et al. refer to this step 

as "Testing." The Systems Manufacturing Technology Group refer to 

this step as "Evaluation and Acceptance." 

Further, while Polit addresses "System Maintenance," where 

required updates are made to the operational expert system, only the 

Systems Manufacturing Technology Group addresses detailed steps 

required to field an operational expert system. These fielding 

steps include: "Extended Use in a Prototype Environment," 

"Development of Maintenance Plans," and "System Release." The 

evolution of the expert system prototype to an operational expert 

system will now be discussed. 

Stages of Prototype Evolution 

In addition to the actual steps in building an expert system, 

several authors chart progress in the developmental effort in terms 

of the evolution of the expert system prototype. The first 

prototype constructed in the development of an expert system is 

frequently referred to as the "Mark-I system" [Smith:69]. Smith 

offers the following guidance on when such a system should be coded: 

"It is generally accepted that construction of the Mark- 
I system should be commenced as soon as one example of 
the Intended behavior is understood [Smith:69]." 
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Further, Smith warns that by waiting too long to construct the Mark- 

I system, the overall rate of progress on the knowledge engineering 

project is frequently slowed. 

Waterman provides a categorization of five stages in the 

evolution of the prototype from the initial Mark-1 system to its use 

as a "commerical system." These stages and their corresponding 

descriptions are provided in Table 4. 

The "demonstration prototype" most closely describes the scope 

of this research effort. Waterman states: 

"Most expert systems begin as a demonstration prototype, 
that is, a small, demonstration program that handles a 
portion of the problem that will be eventually 
addressed. This type of program is often used in two 
ways: first, to convince potential sources of funding 
that*AI and expert systems technology can effectively be 
applied to the problem in question; and second, to test 
ideas about problem definition, scoping and 
representation for the domain. A typical rule-based 
demonstration prototype might contain 50 to 100 rules, 
perform adequately on one or two test cases, and take 
one to three months to develop [Waterman:139]." 

Taylor also recommends the early development of a prototype 

expert system. Results of prototype testing are then used to 

specify a "system for field use" [Taylor:62]. However, 

specification and design Issues should be considered from the very 

beginning of an expert system development effort. 

Expert System Design Considerations 

Three key design considerations are the users of the system, 

the goals of the system, and the measures of system success. Hayes 
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Table 4 

Evolution of Expert Systems 

Development Stage Description 

Demonstration 
Prototype 

Research prototype 

Field prototype 

Production model 

Commercial system 

The system solves a portion of the problem 
undertaken, suggesting that the approach Is 
viable and system development is achievable. 

The system displays credible performance on 
the entire problem but may be fragile due to 
Incomplete testing and revision. 

The system displays good performance with 
adequate reliability and has been revised 
based on extensive testing 1n the user 
environment. 

The system exhibits high quality, reliable, 
fast, and efficient performance In the user 
environment. 

The system 1s a production model being used 
on a regular commercial basis. 

Wr»- IWi.ld K Uateman'. A Sulde to lipert Systems iReaiUng, 
Massachusetts: Addlson-Wesley Publishing con ;ompany, i$85 j, p. 40. 
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Roth et al. strongly recommend Involving the users of the expert 

system early in the design process. 

"The key question 'Will the system be used?' should 
motivate the system-building process. This question 
should not be withheld until the evaluation stage; it 
should dominate every stage of system specification, 
design, and Implementation. The expert system must 
render a service for which a need really exists. It 
will not be sufficient for the system to produce good 
answers, the system must also be usable and useful. To 
create a system that will be acceptable to users, 
knowledge engineers must acquaint themselves with the 
users' needs and desires and become familiar with the 
users' terminology, dally routines, and main headaches 
or worries. To Introduce a system successfully into 
routine production use, they must strive to make It 
match closely the users' current needs and habits. The 
new tool must be as nondlsruptlve as possible. Imposing 
few (If any) new requirements and demanding little 
training In Its use and Interpretation [Hayes- 
Roth:276]." 

Another key design consideration regarding users 1s the 

specific makeup of the target user population. Basden notes that 

while theoretically expert systems could be designed for a novice 

with no understanding whatsoever of the task domain, such a design 

would 

"not be as easy, nor as useful, as was first thought. 
On the one hand. In any specialist field not only are 
there phrases and jargon words of specialized meaning, 
but apparently ordinary words might have special 
meanings of which the novice might be dangerously 
unaware. On the other, there are a large number of 
factors which practitioners In the domain take for 
granted but which would have to be posed to the novice 
explicitly [Ba$den:64]." 

A second design consideration Is the Intended purpose or goal 

of the expert system. The purpose should be determined and 



explicitly stated early on In the development process. Hayes-Roth 

et al. offer the following as some possible goals of an expert 

system: 
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"formalizing an otherwise Informal set of practices, 
distributing scarce expertise, helping experts solve 
problems better, and automating routine aspects of the 
expert's job [Hayes-Roth:143]." 

Note that an expert system can apparently have more than one of 

these statements as Its goal. 

In addition to explicitly stating the goal of the expert 

system, Hayes-Roth et al. also discuss the Importance of providing 

"explicit statements of what the measures of the 
program's success w111 be and how that failure or 
success will be evaluated [Hayes-Roth:258].11 

Such decisions should be made far In advance of the actual "testing" 

stage of development. Given the above considerations, actual 

approaches to problem Identification will now be reviewed. 

Approaches to Problem Identification and Assessment 

Unfortunately, as Mittal and Dym note: 

"One of the areas of expert systems activity least 
touched upon In literature Is the early part of a 
project when Issues about the suitability of a problem 
and Identification of experts are decided [Mittal :35]." 

However, the Identification phase Is crucial to the success of the 

overall knowledge engineering effort. Teknowledge suggests that 

this Initial problem assessment consists of the following 

activities: 
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Identify problem domain and task 

- Judge appropriateness 

- Consider economic justifications 

- Identify experts and the nature of their advice 

- Identify the users of advice 

- Identify sample cases [Teknowledge, Course]." 

Relative to actual problem Identification, Taylor offers the 

following advice: 

"In the process of building our knowledge engineering 
capabilities, we have learned lessons not found In the 
expert system literature. The most Important lesson Is 
that expert systems are best conceived of by the experts 
themselves. The Idea of a team of knowledge engineers 
who Identify human tasks that can be profitably 
automated did not work here. (We think mastery of the 
domain knowledge 1s required to make good decisions 
about building expert systems, and the mastering of 
significant domain knowledge takes years.) What did 
work was company-wide briefings that spelled out what 
might be done with this new technology, and that 
challenged experts In the company to propose and 
participate In the development of useful expert 
systems. Our successful expert systems were conceived 
of by people who had never written a line of LISP 
[Taylor:62]." 

Prerau reports on a similar approach to problem Identification 

undertaken "as part of a major expert system development project at 

GTE Laboratories." An extensive list of criteria, to be discussed 

In the next section, was used to focus a series of Interviews with 

"over 50 corporate managers and 'experts'." Prerau notes that 

during the Interviews, a discussion of the criteria 

"...was an excellent way to give our Interviewees, who 
usually knew nothing about artificial Intelligence or 
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expert systems, some quick Idea of Jhe sort of 
application area for which we were looking. As each 
potential application surfaced, a brief check through 
the desired attribute list enabled us to identify 
possible problems related to the candidate area, and 
then to focus our further questions. When the set of 
major possibilities was determined, we were easily able 
to highlight the good and bad points of each potential 
application. Finely, when the actual appl cation area 
was decided upon, we used the attriste list to Justify 
the decision. One further point: at each step, the 
list proved very useful to justify the dropping of 
politically favored candidate areas [Prerau:27]. 

Prerau reports that over 30 diverse potential application areas were 

suggested as a result of the series of interviews. Of the thirty, 

eight were considered as 

"...major possibilities, and these were further analyzed 
and ranked. Two primary candidate areas were studied in 
great detail. Finally, one application area was chosen, 
and our system development was begun [Prerau:27J. 

A key question that arises as part of problem identification 

concerns the level of detail and permanence of the task or 

"application area" definitions. That is, how can a good definition 

of the task be provided before beginning the actual knowledge 

engineering; and, is it appropriate to begin developing a system 

whose scope is not clearly delineated? Smith suggests that although 

"traditional wisdom" would require that the task "be very carefully 

defined before the system is designed, our experience has been that 

this process is quite difficult [Smith:69].", Rather, a "contingent 

definition — one that is clear for a time, but can be easily 

changed [Sm1th:69]" is recommended. Likewise, Hayes-Roth et al. 

state that: 
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"Several Iterations of problem definition may be 
necessary since the knowledge engineer or domain expert 
may find that the Initial problem considered is too 
large or unwieldy for the resources available [Hayes- 
Roth:141]." 

McDermott presents an account of the approach used to help 

arrive at a contingent definition and determine the scope of the 

task for the R1 development effort. R1 1s an expert system which 1s 

used today by Digital Equipment Corporation to help configure large 

computer systems. McDermott states that "a great deal of work" was 

done early In the project "to uncover the structure of the task." 

Specifically, the task was broken up "Into a number of smaller 

subtasks," and, within each of these subtasks, a description "of the 

kinds of actions called for [McDermott:22]" was generated. 

Teknowledge recommends that one way to focus the task 

definition early on Is to write a proposal for the planned system. 

"This document should contain: 
- a description of the domain, 
- a profile of the Intended user of the system, 
- a description of the advice the system will give, 
- the scope of the knowledge of the system, 
- expected difficulties and uncertainties, 
- a sample typescript that shows how the system Is 

Intended to operate, and 
- a design of the proposed system that Includes the 

principal classes and their relationships, the 
outline of the problem solving, and an outline of 
the main control blocks used to structure the 
system [Teknowledge, Temperature:54]." 

Hayes-Roth et al. provide guidance on problem Identification 

that raises a much more basic Issue than just scope or focus of the 

particular problem. Until now, It has been Implicitly assumed that 
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first the problem would be Identified and then the particular 

experts knowledgeable In this area would be Identified. However, 

Hayes-Roth et al. state: 

"Before the knowledge-acquisition process can begin, the 
participants must be selected and their roles defined. 
Once the participants are chosen the knowledge engineer 
and domain expert can proceed toward identifying the 
problem under consideration [Hayes-Roth:141]." 

A choice, then, would appear to be required as to whether the 

problem will drive the selection of the expert or experts or whether 

the expert or experts will select the problem. The question is 

whether to give precedence to problem selection or expert selection. 

Specific criteria for the problem selection process will now be 

considered. Next, criteria for expert selection will be addressed. 

Problefi Selection Criteria 

The most basic criterion for the development of an expert 

system is the availability of a human expert. Although this may 

appear obvious, given the nature of expert systems, attempts have 

been made to apply the technology to hard problems for which no 

known solution exists. However, Sell cautions about such attempts 

to apply expert systems to "new problems": 

"If there is no expert in the fieTd in which we wish to 

[^1^92tem* °Ur chances of success are negligible 

A common adage in the literature is that a knowledge engineer 

steals the knowledge, rather than inventing it. Obviously, a human 
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expert must be available from whom to steal the knowledge. Smith 

adds that the expert must be committed, as well as available. He 

suggests, "One way to ensure this commitment is to work on problems 

that the experts actually want solved! [$mith:69]" 

In addition to an available, committed expert, Freiling et al. 

suggest that the existence of "pockets of knowledge" or "knowledge 

bottlenecks" creates a fitting requirement for the development of an 

expert system. 

"Pockets of knowledge occur when knowledge crucial to 
the success of an organization is possessed by only one 
or a few individuals. Knowledge bottlenecks are pockets 
of knowledge that impede an organization's progress 
because the knowledge needs to be more widely 
distributed [Freiling:150]." 

Further, pockets of knowledge 

"can quickly become serious bottlenecks if the 
Individuals retire or decide to leave the organization 
[Freil1ng:150]," 

Teknowledge stresses that, "Good domains and tasks are 

knowledge-inte ¿ive. Unless knowledge and expertise have a sizeable 

effect on the solution, there is little leverage to be found in a 

knowledge engineering approach [Teknowledge, Build1ng:2-5]." 

Knowledge-intensive problems are contrasted with "data-intensive 

problems" such as "drawing Inferences from a statistical 

database." Teknowledge argues that expert systems should not be 

applied to data-intensive problems, but only to knowledge-intensive 

problems. Tasks can be described as knowledge-intensive 
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"when there is a substantial variability in people's 
ability to perform them. If novices gain competence 
with experience, then you probably have a knowledge- 
intensive task [Teknowledge, Building:2-6].M 

Mittal and Dym specify "separability of task knowledge" as a 

further criterion. The following questions are posed: 

"Is the given problem a viable one, i.e., can it be 
reasonably separated from the other activities of the 
experts, or is it intricately tied to other kinds of 
knowledge and problem solving? Can you identify the 
kinds of problem-dependent knowledge and strategies the 
experts are using or do they seem to rely upon common 
sense approaches and generic knowledge? [Mittal :35]." 

This issue of separability of task knowledge is central to the 

feasibility of an expert system. The history of artificial 

intelligence is replete with examples of systems which attempted 

general purpose or common sense tasks and failed [Sell :2]. 

A test to see if the task or problem under consideration meets 

the criterion of being knowledge-based is the "telephone test." The 

telephone test simply requires that a "competent performer" could, 

over the telephone, help the Intended user of the expert system by 

posing questions to the user and offering advice. 

"This means that a verbal dialog is sufficiently rich to 
capture the Important facets of the problem. If 
perception plays an Important role in problem solving, 
then the task will fail the telephone test [Teknowledge, 
Building :2-8]." 

Waterman suggests criteria for selecting an appropriate problem 

which fall along three dimensions: 

"Consider expert systems only if expert system 
development is possible, justified, and appropriate 
[Waterman:127]." 



Figure 6 depicts those criteria which, when satisfied, result in 

expert system development being possible. 

Waterman states that, 

"Expert systems are justified when significant expertise 
is being lost to an organization through personnel 
changes. Retirement, job transfer, and military duty 
reassignment often cause disruption and even havoc 
because of the vital expertise that experienced 
personnel take with them when they leave. The 
institutional memory aspect of an expert system can 
minimize or even eliminate this problem [Watenman:131]." 

Other criteria which, according to Wateman, justify the development 

of an expert system are shown in Figure 7. 

In terms of appropriateness. Waterman notes, 

"The key factors in determining when it is appropriate 
to develop an expert system are the nature, complexity, 
and scope of the problem to be solved [Waterman:131]." 

Figure 8 depicts criteria for each of these factors of the 

appropriateness dimension. 

In terms of scope, Waterman emphasizes, 

"...the problem should have the proper scope. It should 
be sufficiently broad to ensure that the problem has 
some practical interest. Unfortunately, the definitions 
of 'manageable' and 'practical' depend on the particular 
problem domain. And to make matters worse, choosing the 
proper scope is crucial to the success of the expert 
system endeavor. Indeed, one of the most dangerous 
pitfalls in expert system building is choosing a problem 
that is too broad or general to be handled adequately 
[Waterman :133]." 

Waterman states that there is no methodology per se for determining 

this appropriate scope. However, the recommendation is offered that 

breaking the task down into its subcategories and then making a 
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judgment as to whether these are "too broad" or "too narrow" Is an 

appropriate starting point. 

Digital Equipment Corporation's Systems Manufacturing 

Technology Group provides three specific criteria for determining 

> the relevancy of expert systems: 

"1. There must be at least one accessible human 
expert acknowledged to perform the task well. 

2. The primary source of the expert's exceptional 
performance must be specialized knowledge, judgment, 
and experience. 

3. The task must be a well-bounded domain of 
application. You want narrow areas of specialization 
because it is easier to assemble this knowledge than 
the vast amount of knowledge that humans bring to bear 
on everyday problems [Systems Manufacturing Technology 
Group:4]." 

The Digital Group argues that expert systems are not applicable 

to all disciplines. Rather both expert systems and conventional 

data base systems will be developed, with each exploiting its own 

area of advantage. Myers discusses the desirability of linking 

expert systems and traditional data base systems. 

"At present, most expert systems depend upon a 
specialized knowledgebase. They will become more 
usable with existing data processing systems when they 
become able to draw upon general databases, either in 
the immediate computer system or on a network 
[Myers:100]." 

Lippiatt and Waterman note that a data-oriented expert system would 

"use procedures that are Invoked when data are changed 
or read. These procedures monitor the values of 
variables in a program [L1ppiatt:31]." 
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Feigenbaum and McCorduck note that expert systems lend 

themselves especially well to two generic types of problems. These 

are combinatorial problems where the number of possible alternatives 

is unmanageable, such as, for example, chess. The second group of 

problems particularly suited for expert systems are those where 

large amounts of distinguishing or signal data must be interpreted 

[Feigenbaum and McCorduck:67-68]. Medical diagnosis is an example 

of this type of problem. 

Prerau provides the best and most extensive listing of criteria 

categorized according to "basic requirements," "type of problem," 

"the expert," "problem bounds," "domain area personnel," and "other 

desirable features." Appendix A lists these criteria as presented 

by Prerau. 

Prerau accepts, however, that 

"Very few of these desired attributes are absolute, and 
it is unlikely that any domain will meet all of them 
completely [Prerau:27]." 

Further, the criteria may be weighted differently in different 

situations. 

Basden lists the required accuracy of the system's performance 

as an interesting criterion. Basden notes that when an expert 

system is first Introduced to the organization, its accuracy may not 

be very high. Therefore, 

"It is Important that its initial uses and roles are 
those where this will not prevent it giving tangible 
benefits, otherwise it may be rejected by its users and 
never achieve its full potential [Basden:65]." 
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Problems apparently should be sought which require satisfactory 

versus optimal solutions. 

Expert Selection 

Pel tu notes that the real starting point of an expert system is 

an expert, called a "domain specialist" [Peltu:71]. Teknowledge 

suggests that "a good expert" is: 

" - Articulate, Introspective 
- Honest 
- A teacher* able to explain 
- Committed to the project [Teknowledge, Course]." 

Mittal and Dym recommend that the peer group can provide the 

best information as to who are the real experts or "valuable sources 

of knowledge [Mittal :35]." Waterman provides similar guidance, 

"Be sure to pick an expert highly skilled in the target 
domain. Rely on the opinions of the expert's peers and 
other knowledgeable people [Uaterman:192].N 

Waterman states, however, that 

"Competency in the relevant area is the most important 
criterion for selecting a domain expert [Waterman:192]." 

Mittal and Dym also stress competency and recommend that the experts 

be "practicing experts in the selected task [Mittal :33]." 

Accessibility and availability are two other Important criteria 

for expert selection. Waterman offers the following guidelines 

regarding the experts' time commitment to the project: 

"The experts must be nearby and be able to devote up to 
three quarters of their time to the effort during the 
first six months and up to half of their time thereafter 
[Waterman:185.]" 



The most controversial issue regarding expert selection, 

however, appears to be the question of using single /ersus multiple 

experts. Almost all knowledge engineering projects to date have 

relied upon a single expert. As Smith notes in his report on the 

Dipmeter Advisor system, "A single expert was studied in detail, 

again adhering to standard practice [Smith:66]." However, Smith 

challenges this practice. 

"One piece of traditional wisdom might be questioned. 
It is common to deal with a single expert during the 
development of an expert system. The perceived danger 
is that it is difficult enough to capture the 
perspective of a single expert, let alone those of a 
number of experts. In the particular context of 
dipmeter interpretation, however, it might have been 
useful to involve a number of experts with differing 
backgrounds from the outset [Smith:70]." 

Mittal and Dym argue for the use of multiple experts especially 

for purposes of problem specification. Using a single expert "leads 

to difficulties in judging the suitability of the chosen task and in 

acquiring the detailed knowledge required to carry out the task 

[Mittal :32]." Mittal and Dym note that particularly 

"In complex and varied domains such as medicine or 
engineering, any given expert is often very 
knowledgeable about only a small subset of the tasks in 
the domain [Mittal :32]." 

Such a situation, they argue, can lead to a single expert 

recommending a task for an expert system which may not be 

appropriate. Thus, especially "for the task selection process, 

multiple experts are preferred. 
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In the PRIDE expert system which Mittal and Dym developed, the 

specific task was selected by "systematically interviewing as large 

and diverse a group of experts as possible [Mittal :34]." PRIDE is 

an expert system which aids in the design of copier sub-systems. 

Mittal and Dym used a combination of a systematic interview and 

protocol analysis of the experts' problem-solving activity in the 

tentative problem area to focus the actual task of the expert 

system. By employing multiple experts, Mittal and Dym found that 

many more of the problem dimensions were enumerated. "Having 

different people work on the same problem helped to fill in many 

holes in the specifications [Mittal :35]." 

Waterman also argues for multiple experts; however, here the 

suggestion is that using multiple experts helps to alleviate 

"evaluation problems in those domains where experts often disagree 

[Waterman:183]." Still, Waterman acknowledges that use of more than 

one expert can increase "the chances of introducing inconsistencies 

into the knowledge base [Waterman:182]." 

Hall suggests that decision-making groups can frequently 

outperform even their own best individual resource [Hall :53]. The 

idea is stressed that the group needs to reach consensus on the 

underlying assumptions of the decision process. Such agreement is 

what makes groups effective decision-makers. Despite this guidance 

from the psychology literature, no reference could be found in the 

expert systems literature of an attempt to use a consensus-driving 
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technique for either task selection or knowledge engineering. 

Indeed, in those few projects where more than one expert has been 

used as the source of the knowledge, the approach has been to choose 

one primary expert and use this individual's rules or heuristics in 

the event of a disagreement among the experts. Knowledge 

engineering will now be examined in more depth. 

Knowledge Engineering 

Sell states, 

"The greatest difficulty when collecting data in these 
fields is that the expert may not be able to verbalize 
the knowledge that he uses. This is what makes 
knowledge acquisition often a difficult and frustrating 
task for both the expert and the knowledge engineer 
[Sell :28]." 

This section will briefly examine the nature of expert knowledge and 

then review methods and techniques for acquiring this knowledge. 

The Knowledge of an Expert System 

Winston suggests four questions which must be answered 

regarding the knowledge of an expert system: What kind of knowledge 

is required, general or specific? How should the knowledge be 

represented? How much knowledge is required? What exactly is the 

knowledge needed? Winston notes that there is a general tendency to 

grossly overestimate the amount of knowledge required 

[W1nston:41]. However, Sell cautions that 



75 

"at the moment the knowledge of even such a narrow 
domain requires a lot of effort to get hold of, to get 
into a working state, and to get right [Sell :16]." 

McDermott made an interesting observation regarding the 

knowledge required for Rl: 

"It is interesting that Rl needed twice as much 
knowledge to deal with special situations as it did to 
perform the basic task [McDermott:24]." 

Michie notes three levels of knowledge which he believes could 

be engineered into computers. Level 1 or "transfer knowledge" is 

the algorithmic knowledge transferred to the machine by the 

programmer from books or the programmer's own knowledge. This level 

of knowledge would allow the computer to perform such tasks as 

interpreting mass spectograms. Level 2 or "generation knowledge" 

consists of the generation by the computer of descriptions or plans 

capable of bridging gaps in current book knowledge. Such programs, 

for example, could extend the theory of molecular bond stability. 

Level 3 or "acquisition knowledge" is that level whereby the 

computer teaches Itself to do a new task or improve at an existing 

task by reading books. For example, a computer might Improve its 

chess game by reading a book on the topic. Most of our expert 

systems today are at the level 1 knowledge equivalency [Michie:186]. 

Sell discusses "three different sorts of knowledge [Sell :29]." 

"The first is the simplest, and goes by the name of 
'perceptual knowledge.' This covers knowledge of simple 
facts and relationships, ... Strictly speaking expert 
systems do not need to hold these items ... The next 
level up we find what most people would consider 
knowledge: concepts and relationships. Here we find 
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scientific laws ... We also find heuristic observations 
...But there 1s a third and extremely Important level. 
Experts bring to bear on a problem not only their 
scientific knowledge and their experience, but also 
knowledge of how to set about a problem, how to go round 
difficulties, what else to try when they get stuck. 
This could be termed an expert's 'strategic knowledge' 
[Sell :29-30]." 

Sell points out that these three levels represent In order, both the 

power of the knowledge and the difficulty involved in capturing it. 

"Perceptual knowledge is the easiest, strategic the 
hardest. The levels also indicate their importance and 
usefulness [Sel 1:30]." 

Teknowledge notes that an expert's knowledge is comprised of 

four different types of knowledge: control knowledge, facts and 

definitions, heuristics, and procedures [Teknowledge, Course]. The 

actual acquisition of this knowledge will now be discussed. 

Methods for Acquiring Knowledge 

Numerous authors refer to the actual acquisition of knowledge 

as the "bottleneck in the process of building expert systems 

[Boose:27]." Both Feigenbaum and Waterman make similar 

statements. For example. Waterman states: 

"Acquiring the knowledge needed to power an expert 
system and structuring that knowledge into a usable form 
is one of the primary bottlenecks in expert system 
development [Waterman:152]." 

Freiling et al. state that this is also "the most important phase of 

the expert system development process [Freil1ng:158]." 



However, despite the Importance and criticality of the 

knowledge acquisition phase, 

"there Is no science of knowledge acquisition. It could 
hardly even be called a discipline. What advice Is 
available tends to be ad hoc and often no more than 
common sense. Many ofThe proposed methods appear to 
work only for some Individuals or in some cases 
[Sell :30-31]." 

Feigenbaum notes that although the expert's knowledge is 

"private," 1t 

"can be uncovered by the careful, painstaking analysis 
of a second party, or sometimes by the expert himself, 
operating In the context of a large number of highly 
specific performance problems [Feigenbaum (1977):4]." 

Further, Feigenbaum notes that the expert's knowledge Is 

multifaceted." The 

"expert brings to bear many and varied sources of 
knowledge In performance. The approach to capturing his 
knowledge must proceed on many fronts simultaneously 
[Feigenbaum (1977):4]." 

Boose advises: 

"It is almost alway» difficult for the expert to 
articulate problem-solving knowledge In terms which can 
be utilized by an expert system. Human Interviewing 
processes elicit knowledge which Is Incomplete, 
Inconsistent, and Imprecise. The knowledge is often 
subconscious, and the expert may not be reliable when 
Introspecting about problem-solving. The expert must 
come to trust the Interviewer enough to overcome any 
fears or Insecurities felt about the expert system 
building process. He may feel Insecure about losing his 
job, or feel threatened by the encroachment of computers 
into his private domain, or he may not want to subject 
h1s problem-solving methods to the scrutiny of other 
human experts [Boose:28]." 



Sell mentions three sources of knowledge which should be 

consulted: "literature, experts, and examples [Sell :28]." Waterman 

makes reference to a number of additional sources. 

"Knowledge in an expert system may originate from many 
sources, such as textbooks, reports, data bases, case 
studies, empirical data, and personal experience. 
However, the dominant source of knowledge in today's 
expert systems is the domain expert [Waterman:152]." 

Hayes-Roth et al., however, recommend that the knowledge 

engineer become "familiar with the problem before beginning 

extensive interaction with the expert [Hayes-Roth:160]." A "few 

weeks of informal study" should allow the knowledge engineer "to 

converse intelligently with the expert [Hayes-Roth:133]." 

Also, "access to many specific examples of problems and 

solutions [Hayes-Roth:160]M is required. 

Specifically, Hayes-Roth et al. suggest the following approach: 

"Work intensively with a core set of representative 
problems ... Pick a half-dozen or so target problems, 
including both the input and the desired output. Pick 
several simple ones that focus on different aspects of 
the task, so that the resulting system will not be too 
special-purpose. Get the rules right for these problems 
before looking at other problems [Hayes-Roth:161-162]." 

Protocol analysis is the recommended technique. "Record a detailed 

protocol of the expert solving at least one prototypical case 

[Hayes-Roth:161]." Such a protocol Is particularly helpful in 

Identifying the vocabulary and strategies of the expert. The 

knowledge engineer should be alert for 

"terms that the expert uses in a well-defined, technical 
manner... A second kind of knowledge the knowledge 
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engineer listens for are the basic strategies the expert 
uses when performing the task. What facts does the 
expert try to establish first? What kinds of questions 
does the expert ask first? Does the expert make initial 
guesses about anything based on tentative information? 
How does the expert then determine which questions to 
use to refine the guess? In what order does the expert 
pursue each of the Important subtúsks» and does this 
order vary according to the case? [Hayes-Roth:134- 

135]." 

In describing the methodology used in interviewing experts for 

the PRIDE expert system, Mittal and Dym state, 

"The same problem would be posed to each of the experts 
in turn, with none of the other experts present in the 
room. The experts were then asked to carry out the 
design process, not necessarily doing detailed design, 
but as much as they could do in roughly two hours. It 
is important to emphasize that we were 'not' asking them 
to tell us how they solved the design problem but to do 
the sample design from the given specifications. We 
believe that experts cannot reliably give an account of 
their expertise: We have to exercise their expertise on 
real problems to extract and model their knowledge 
[Mittal:34]." 

Similarly, Sell recommends that expert systems be used "for 

what they are good at, namely generating or scrutinizing examples 

[Sell :28-29]." However, Sell points out that "at the moment, most 

knowledge-based systems are built using interviewing and literature 

search techniques [Sell :29]." 

Teknowledge offers the same guidance. "The key source of 

information ... is the set of sample problems and solutions we refer 

to as 'cases'... Often cases reveal which pieces of information are 

crucial and what key questions get at that information 

[Teknowledge,Building:2-18]." Teknowledge lists the following as 

the minimum essential elements of a "design or development case": 
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"1. all data relevant to the solution of the problem; 

2. a list of hypotheses that could account for the 
symptoms presented; 

3. the correct diagnosis; and 

4. the recommended advice 
[Teknowl edge,Ternperatu re:10]." 

Examples of "'difficult' as well as 'routine' problems" are 

desired. This range of cases, from difficult to routine, helps the 

knowledge engineer properly position the design goal of the expert 

system along this spectrum. 

Teknowl edge adds that the number of cases actually used should 

depend on the complexity of the domain. Three categories of cases 

are usually established: 

"- design cases - a small set of typical problems that 
your first prototype will attempt to solve 

- training cases - a larger set of cases which guide 
you as you expand and enhance your knowledge base. 

- evaluation cases - a set you use to demonstrate the 
power and limitations of your Knowledge System 
(KS). This set includes cases your KS solves and 
also cases it cannot solve. A wel 1-constructed KS 
will recognize cases beyond its scope and will inform 
its users that advice cannot be given. The KS that 
behaves in this manner is said to fail gracefully 
[Teknowledge,Building:2-19]" 

Three to five design cases are recommended as "a good number with 

which to begin [Teknowledge,Building:2-19]." Waterman notes that the 

knowledge engineer can gain a wealth of knowledge from even such a 

small griup of cases by "varying case facts and noting how the 

expert adjusts to the changing conditions [Waterman:153]." 



The subject of intermediate-level abstractions or rules, which 

case analyses help to identify, is an important concept of knowledge 

acquisition. Waterman explains: 

"'Experts,' it appears, have a tendency to state their 
conclusions and the reasoning behind them in general 
terms that are too broad for effective machine 
analysis. It is advantageous to have the machine work 
at a more basic level , dealing with clearly defined 
pieces of basic information that it can build into more 
complex judgments. In contrast, the expert seldom 
operates at a basic level. He makes complex judgments 
rapidly, without laboriously reexamining and restating 
each step in his reasoning process. The pieces of basic 
knowledge are assumed and are combined so quickly that 
it is difficult for him to describe the process. When 
he examines a problem, he cannot easily articulate each 
step and may even be unaware of the individual steps 
taken to reach a solution. He may ascribe to intuition 
or label a hunch that is the result of a very complex 
reasoning process based upon a large amount of 
remembered data and experience. In subsequently 
explaining his conclusion or hunch he will repeat only 
the major steps, often leaving out most of the smaller 
ones, which may have seemed obvious to him at the 
time. Knowing what to consider basic and relevant and 
not requiring further réévaluation is what makes a 
person an "expert" [Waterman:153-154]." 

Hayes-Roth et al. provide explicit guidance relative to this 

behavior of experts. 

"Look for intermediate-level abstractions: 
Intermediate-level concepts are perhaps the most 
Important tool available for organizing the knowledge 
base, both conceptually and computationally. In roaijy 
cases these concepts may not be explicitly mentioned by 
the expert; instead, they must be identified by looking 
for similarities in the ways that the expert describes 
different concepts [Hayes-Roth:164]." 

Waterman refers to this as "the knowledge engineering 

paradox. The more competent domain experts become, the less able 
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they are to describe the knowledge they use to solve problems 

[Waterman:154]." Based on the paradox, Waterman cautions, "Don't 

believe everything experts say! [Waterman:154]." 

Table 5 depicts those techniques which Waterman recommends for 

obtaining knowledge from the expert. On-site observation, problem 

discussion, problem analysis and system examination are particularly 

relevant to the knowledge acquisition portion of this research. 

Waterman notes that on-site observation 

"gives the knowledge engineer some Insight into the 
complexity of the problem and type of interface facility 
needed by the expert to use the finished system in the 
field [Waterman:159]." 

During problem discussion, the 

"goal is to determine how the expert organizes knowledge 
about each problem, represents concepts and hypotheses, 
and handles inconsistent, Inaccurate, or imprecise 
knowledge and data relating to the problem. Questions 
that may arise include: 

- How does the problem differ from prototypical 
problems in the domain? 

- What kinds of data does the problem require? 

- What kinds of solutions are adequate for the problem? 

- Can the problem be reduced to noninteracting 
subproblems? 

- What kinds of knowledge are needed to solve the 
problem? 

- What constitutes an adequate explanation or 
justification of a problem solution? [Waterman:159]" 
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Table 5 

Techniques for Extracting Knowledge From a Domain Expert 

Method Description 

On-site observation 

Problem discussion 

Problem description 

Problem analysis 

System refinement 

System examination 

System validation 

Watch the expert solving real problems on 
the job. 

Explore the kinds of data, knowledge, and 
procedures needed to solve specific 
problems. 

Have the expert describe a prototypical 
problem for each category of answer in the 
domain. 

Present the expert with a series of 
realistic problems to solve aloud, probing 
for the rationale behind the reasoning 
steps. 

Have the expert give you a series of 
problems to solve using the rules acquired 
from the interviews. 

Have the expert examine and critique the 
prototype system's rules and control 
structure. 

Present the cases solved by the expert and 
prototype system to other outside experts. 

Source: Donald A. Üatennan, A Guide to Expert Systems (Reading, 
Massachusetts: Addison-Wesley Publishing Company, 1905), p. 158. 

• 
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During problem analysis, the expert is confronted with real 

problems. The knowledge engineer attempts to detemine which goals 

the expert is pursuing in solving the problems and how these goals 

"guide strategy selection [Waterman:160]." Waterman suggests that 

the knowledge engineer combine approaches and play 

"an active rather than passive role, asking questions, 
suggesting possible rationales, and hypothesizing 
concepts and rules [Waterman:157-158]." 

Schatz and Shpilberg approached problem analysis in a unique 

and realistic manner. During the development of an expert system, 

which is used internally by Coopers and Lybrand Corporation to 

provide tax advice, Schatz and Shpilberg actually simulated the 

consultation session. The expert and the user were seated on 

opposite sides of a table with a curtain separating them. The user 

and expert were permitted to communicate only verbally. A live 

simulation of the telephone test, discussed earlier, was in effect 

conducted. 

The knowledge engineer played a passive role in this 

experiment. The user described the case to the expert and received 

advice. Schatz and Shpilberg report that these sessions yielded 

quite useful information regarding the way questions should actually 

be posed to the user, the user's ability *o respond correctly, and 

the actual information necessary for problem solving [Schatz]. 

The ability to uncover the expert's intermediate results 

remains a problem. Mason (1969) found a fairly simple method for 
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exposing the underlying assumptions of managers in performing 

planning tasks. A similar approach might also be beneficial to 

unveil the expert's intermediate results. Mason termed his approach 

"dialectical." "A system may be said to be dialectical if it 

examines a situation from two different points of view [Mason:B- 

408]." The process is begun by identifying the prevailing or 

recommended plan. Then questions are raised as to what underlying 

assumptions make this world view 'optimal.' An attempt is made to 

explicitly specify these assumptions. Next, an examination is made 

as to whether or not other alternative assumptions are not just as 

plausible. This process is carried out as a structured debate, with 

the intent of stimulating thought. Certainly, a method of 

stimulating thinking appears quite valuable for purposes of 

uncovering the expert's intermediate rules. 

However, McDermott argues 

"...knowledge can apparently be extracted from the 
experts only as they see from mistakes the program makes 
what knowledge is lacking. It would seem that any 
attempt to develop a program that is not strongly 
recognition driven would be doomed to failure 
[McDermott:25]." 

Smith suggests a similar theme and approach to knowledge 

acquisition: 

“For each interaction, the intermrdiary gathers some 
understanding of a portion of the expert's knowledge, 
encodes it in a program, discusses the encoding and the 
results of its application with the expert, and refines 
the encoded knowledge. Discussion and refinement are 
facilitated when the knowledge is encoded in domain- 
specific terms and when it is presented in forms 
familiar to the domain expert [Smith:72]." 
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The next section will discuss the approach to validating and 

modifying the expert system in more detail. 

Validation and Modification 

As Basden notes, 

"It has been implicitly assumed so far that the expert 
system will be found to have inaccuracies in its 
knowledge base when first used which will be corrected 
by a continuous process of feedback [Basden:66]." 

Hayes-Roth et al. note that there are two approaches to this 

feedback. In the first, the "knowledge engineer shows the rules to 

the expert and asks for reactions [Hayes-Roth:137]." The second 

approach is for the knowledge engineer to actually execute the rules 

on real problems and show the results to the expert. This second 

approach appears to be a much truer form of validation. 

Indeed, Smith addresses the 

"necessity of an adequate set of generic examples with 
which to test the system as it evolves [Smith:70]." 

Hayes-Roth et al. recommend that a "library" of such test cases be 

maintained. 

"With each set of modifications, run the system on all 
the library cases to see if old problems are fixed or if 
new problems are introduced [Hayes-Roth:164]." 

Further, Hayes-Roth et al. suggest: 

"Once the prototype system runs from start to finish on 
two or three examples, it should be tested with a 
variety of examples to determine weaknesses in the 
knowledge base and inference structure. The experienced 
knowledge engineer will elicit from the domain expert 
those problems likely to challenge the system's 
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performance and reveal serious weaknesses or errors 
[Hayes-Roth:147]." 

McDermott provides an excellent description of the approach to 

extending Rl’s knowledge base. R1 was given actual orders to 

configure. 

••Its output was shown to configuration experts who were 
asked to evaluate the adequacy of the configurations. 
When an expert found a problem, we would talk about 
it. Such discussions always resulted in the 
characterization of the situations in which RI s actions 
were inappropriate, and an indication of what actions 
would be appropriate. Ordinarily, espec ally n the 
beginning, a considerable amount of configuration 
knowledge came to light during each interaction with an 
expert.9 Thus after each interaction several rules could 
be written; one to correct the problem manifestation and 
a nlber Sf others which, though not directly re a ed o 
the problem at hand, were associated, in the mind of the 
expert, with the problem situation [McDermott.24]. 

McDermott claims that the above approach ''was essentially the same 

as the approach taken by other expert system builders 

[McDermott:24]." 

Sachant and McDermott note that Rl's development environment 

was ideal. R1 was initially used 

"in an environment in which the initial demands on it 
were of the order of a few tens of orders per week for 
the first year [Bachant:32]." 

This small volume kept the organization from "depending too much on 

a system that at the time was far from being an expert in the domain 

[Bachant:32]." The formal evaluation of expert systems is the 

subject of the next section. 



Testing and Evaluation 

"Once the system is performing well on most cases with 
which it is presented, it is appropriate to turn to a 
more structured evaluation of its decision-making 
performance [Hayes-Roth:259]." 

However, this evaluation is a very difficult process. The very 

nature of expert systems implies that there is no clear cut right or 

wrong answer to the problems which the system addresses. As Hayes- 

Roth et al. explain, 

"In this context it is not always clear whether a 
correct solution (for an expert system) is one that a 
human expert would give, one that a group of experts 
would agree upon, or one that represents the ideal 
solution (after subsequent testing and analysis). No 
one knows how to evaluate human expertise adequately, 
let alone how to evaluate the expert systems that ^ 
attempt to recreate that expertise [Hayes-Roth:277]. 

Similarly, Waterman notes, 

"Evaluating an expert system is difficult because there 
may be no formal way to prove a given answer is correct 
or the best possible choice. The validity of the answer 
may depend on the persuasiveness of the argument given 
to support that answer [Waterman:198]." 

Therefore, the standard used to evaluate an expert system must 

be carefully selected. As Hayes-Roth et al. note, rarely is there a 

"gold standard" for expert systems, that is, a standard or criterion 

value which could be accepted as optimal or correct. Further, the 

standard finally selected "can itself affect the quality and results 

of the study [Hayes-Roth:251]." 

"In general, there are two views of how to define the 
standard for an expert system's task domain: (1) what 
eventual1 y turns out to be the correct answer for a 
problem (in some objective sense) or (2) what a human 
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expert (or a group of them), presented with the same 
information available to the program, say is the correct 
answer. It is unfortunately the case that for many 
kinds of problems with which expert systems are designed 
to assist, the first of these questions cannot be 
answered or is irrelevant [Hayes-Roth:262]." 

Further, 

"... there is no consensus about how to evaluate expert 
► systems (or when or why) [Hayes-Roth:243]." 

In Building Expert Systems, the guidance provided is that 

"incremental assessments [Hayes-Roth:241]" are required. 

Additionally, the evaluation process is viewed as continual. 

"Validation should occur in stages as an expert system 
develops over time, from first feasibility 
demonstration, to formal testing, through field tests 
with live users solving real-world problems, to annual 
use statistics and retrospectives [Hayes-Roth:254]." 

However, Hayes-Roth et al. argue: 

"Some aspects of a computing system's performance are 
more appropriately evaluated than others at a particular 
stage in its development. By the time a system has 
reached completion, it is likely that every aspect will 
have warranted formal assessment, including (1) the 
quality of the system's decisions and advice, (2) the 
correctness of the reasoning techniques used, (3) the 
quality of the human-computer interaction (both its 
content and the mechanical issues involved), (4) the 
system's efficiency, and (5) its cost-effectiveness 
[Hayes-Roth:254]." 

Evaluation of the prototype, in contrast with the completed system, 

"is typically very informal, simply showing that a few special cases 

can be handled by the prototype system [Hayes-Roth:259]." 

Hayes-Roth et al. discuss "two primary methods" for comparing 

the expert system's performance against that of the human 

counterpart. 
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"The easier, and less formal, is the testimonial method, 
in which the evaluators put together a comprehensive set 
of test cases and perhaps a checklist of important 
features. The system is run on all the cases and if it 
is correct (or at least correctable) on all or most of 
them, the system passes. This testimonial method is 
widely used but is of limited utility because such 
results are difficult to interpret and generalize. 

A better test design is the formal, blinded, statistical 
study. In this case the comparison would have to 
proceed event by event since a total process is being 
evaluated. The comparison would be between the program 
and its potential users: the three people at ORNL who 
can do the same job as the program, somebody from the 
night shift, and somebody from the field personnel. 
Protocols could be created by giving each tested agent 
step-by-step information about an incident and asking 
what response, if any, is best. Each protocol then 
could be rated by expert judges in a blind fashion. It 
is unrealistic to aim for results like 'The program is 
89 percent as good as our top expert,' but this study 
could support a conclusion like 'The program can perform 
with more expertise than both an average night-shift 
person and an average field worker but not as well as a 
typical expert' [Hayes-Roth:275-276]." 

Waterman discusses only the latter of the above two approaches. 

"The knowledge engineer presents the cases solved by the 
expert and the prototype system to other experts. This 
provides a way to compare strategies of different 
experts and find essential points of disagreement 
[Waterman:160-161]." 

Hayes-Roth et al. note further that there is another dimension 

of concern in addition to "the system's performance as an expert." 

This second dimension is the acceptability of the expert system to 

the users of the system. In particular, since a prototype system is 

usually far from complete, the prototype 

"will perform less competently and much less acceptably 
than a completed system. The evaluators will need to be 
very clear about what they are testing and what they 



91 

T* 

expect to see. Although significant results might be 
obtained from testing a prototype system, they are not 
likely to predict much about the finished system [Hayes- 
Roth:275]." 

In other words, although the finished system may be quite acceptable 

to the users, the prototype system may be totally unacceptable. For 

example, the initial XCON or R1 system contained only about 750 

rules when first delivered to Digital Equipment in December of 

1980. Today, XCON has grown to 8,000 rules [Digital :17] and is "far 

superior to the system that was delivered in 1980 [Polit:77]." 

Any evaluation should explicitly state "what is being tested, 

why it is being tested, and for whom [Hayes-Roth:275]." The 

checklist in Table 6 "... is intended to force evaluation designers 

to consider all the details and thereby leave the results less open 

to misinterpretation [Hayes-Roth:278]." 

Sell emphasizes Point 4 of the Hayes-Roth et al. checklist in 

Table 6. 

"If it turns out to be the case that our system does 
outperform experts, that is an added bonus not a 
rightful expectation [Sell :16]." 

However, 

"In many domains it is difficult to decide what level of 
performance qualifies as expert [Hayes-Roth:264]." 

Hayes-Roth et al. note that "explicit statements of how the 

failure or success of the expert system will be gauged are 

required. Further, a warning is given that 

"Each particular domain will most likely have unique 
characteristics that will affect evaluation procedures 
and measurements [Hayes-Roth:277]." 
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Evaluation Checklist 

1. Specify for whom the evaluation is Intended. This greatly 

Influences the design of the evaluation. Clearly, the 

informal evaluations usually performed for system builders and 

expert collaborators would not be sufficient for financial 

supporters or for society. 

2. Define precisely what is being evaluated. Isolate those 

aspects of the system that are being tested. Is it the quality 

of the system's decisions and advice, the correctness of the 

reasoning mechanism, the quality of the human-computer 

Interaction, the system's efficiency, its cost-effectiveness, 

or some other aspect? 

3. Select an appropriate gold standard against which to compare 

the expert system's performance. 

4. Define realistic standards of performance; it may be 

unreasonable, for example, to expect better performance from 

the expert system than from a turnan expert. 

5. Specify who will be evaluating the results. It could be human 

experts or end users, it could be individuals or a group 

evaluating by consensus, and so on. (Note that persons 

evaluating the results need not be the same as those for whom 

the evaluation is Intended.) 

6. Eliminate potential bias, for example by avoiding presenting 

the results in the form of computer output, which may bias 

judges who feel negative toward computer technology. 

7. Specify the type of test cases presented — random cases or 

cases preselected to range over a broad spectrum of 

difficulty. 

Source: Frederick Hayes-Roth, Donald A. Waterman, and Douglas 6. 
Lenat, Building Expert Systems (Reading, Massachusetts: Addison- 
Wesley Publishing Company, Inc., 1983), pp. 278-279. 



Teknowledge recommends that "ten to twenty actual cases be 

used to test the system's performance. For each of these, the 

project expert should rate "the system's performance as: 

- identical to what the expert would do, 

- an acceptable alternative to what the expert would do, 

- unacceptable [Teknowledge,Knowledge:!]." 

In sharp contrast, Feigenbaum, in describing the validation of 

the PUFF expert system, notes: 

"150 cases not studied during the knowledge acquisition 
process were used for a test and validation of the rule 
set. PUFF inferred a diagnosis for each. PUFF-produced 
and ex pert-produced interpretations were coded for 
statistical analysis to discover the degree of 
agreement. Over various types of disease states, and 
for two conditions of match between human and computer 
diagnosis ('same degree of severity' and 'within one 
degree of severity'), agreement ranged between 
approximately 90* and 100* [Feigenbaum (1977):2]. 

A much different performance metric was used in evaluating the 

R1 system. Sachant and McDermott state: 

"...'percentage of totally correct orders' came to be 
accepted early as the metric for measuring Rl's 
performance. The problem with this metric, of course, 
is that it does not discriminate between terrible 
performance (gargantuan errors) and near perfect 
performance (tiny, almost insignificant errors)* In 
retrospect, it is clear that having some idea of the 
seriousness of each error would be helpful in evaluating 
R1 [Bachant:29]." 

McDermott describes the actual procedure" 

"The validation process consisted of giving R1 the 50 
most recently booked orders and having a group of six 
experts carefully examine Rl's output for correctness. 
The experts were given orders in groups of 10 
[McDermott :24-25]." 
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Hayes-Roth et al. note that the selection criterion for the 

actual test cases was "naive;" as, the orders which were the last to 

be placed were selected. There was no attempt 

"to look for difficult configuration tasks (many orders 
that come through are actually trivial) on which the 
system might fail. The evaluation team consisted of 
twelve people, drawn from the ranks of paper 
configurers, technicians, and engineering staff; of 
these, six or seven participated in the evaluation of 
any particular order. In an evaluation session the 
participants worked together, as opposed to working 
independently and ther comparing conclusions. The 
process of evaluation required eight hours for the first 
order, four hours for the second, and one to two hours 
for the rest of the orders. McDermott reported that one 
of the things that the evaluators learned in processing 
the first few orders was that there was significant 
disagreement among themselves as to the right way to do 
the configurations. Here was a clear example of the 
lack of an objective, accepted gold standard [Hayes- 
Roth :270]." 

The evaluation took two months to complete. 

McDermott records that RI made 12 mistakes in performing the 50 

configuration tasks. Still, the "experts were extremely impressed 

with Rl's performance [McDermott:25]." Although, 

"...it is clear that at the end of the validation stage 
Rl was still a very inexperienced configurer. It had 
encountered only a tiny fraction of the set of possible 
orders, and consequently its knowledge was still very 
incomplete [McDermott:27].H 

Further, Hayes-Roth et al. point out that the evaluation 

procedure used for Rl was lacking in that it did not Include 

"any real Invo’-ement by the user in the exercise of the 
system. There can be no better way to expose the 
weaknesses of a purported expert system than to invite 
those whose task domain it is to have a go at breaking 
the system. Real acceptance will come only when such a 
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system can gain the respect of the most s^Ptlcal of its 
potential users by surviving the worst trials tuat they 
can devise [Hayes-Roth:272]." 

MYCIN is another expert system which has been exhaustively 

validated. In the first validation effort of the MYCiN system, 

MYCIN's conclusions were compared against the patient's actual blood 

disease. The system's performance, however, 

"was very poor when judged by this j'r|];eri?J,.cThe 
question that they had to ask was whether it is 
iustifiable to judge its performance against 
actuality.6 1° <t reasonable to expect MYCIN to perform 
better than leading experts in the field? Or should we 
judge its effectiveness against the performance of 
experts? Later trials compared its performance against 
that of specialists in the field and also against that 
of medically trained people who were not, however, 
specialists in the field of blood infection and 
bacterial meningitis. MYCIN performed better than the 
specialists and much better than the non-specialists 
[Sell :63]." 

Hayes-Roth et al. note that the MYCIN evaluations taught the 

important lesson of "biasing and blinding." Two different 

evaluations were performed: "the bacteremia evaluation" and the 

"meningitis study." 

"During the first of these evaluations, the expert 
physicians who were assessing MYCIN's performance knew 
they were examining the output of a computer program. 
Many of their comments and criticisms reflected thei 
own biases regarding the proper role of computers in 
medical settings ('I don't think the computer has an 
adequate sense of how sick this patient is. You would 
have to see a patient like this in order to Judge. ). 
As a result, the meningitis study desi9n«JC^ s 
recommendations with a set of recommendations from nine 
other individuals (ranking from infectious disease 
faculty members to medical students) asked to assess te 
case. When national experts later gave opinions on the 
appropriateness of therapeutic recommendations, they did 
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not know which proposed therapy was MYCIN's and which 
recommendations came from the human diagnosticians. 
This blinded study design removed an important source of 
potential bias and also provided a sense of where 
MYCIN's performance lay along a range of expertise from 
faculty specialists to medical students [Hayes-Roth:263- 
264]." 

However, as Hayes-Roth et al. qualify, blinding also has 

inherent limitations. 

"Since typescript protocol generated by an expert system 
cannot very well be disguised to resemble a human 
dialogue, the desire to blind a study necessarily limits 
the amount of evidence that can bu made available to the 
panel of expert judges concern’'ng the adequacy of the 
problem-solver's knowledge and methods [Hayes-Roth:251- 
252]." 

Therefore, the evaluators of the MYCIN system were "asked to make 

their assessment of performance (of both physicians and the MYCIN 

program) based only on the decision-maker's final judgment about 

therapy [Hayes-Roth:252]." Such an approach permits only the 

conclusions of the system to be evaluated. However, frequently the 

reasoning is just as important as the conclusion. A blinded study 

rarely permits the inferencing of the expert system to be evaluated. 

Still, most expert systems, including MYCIN, Rl, and 

PROSPECTOR, "have tended to emphasize the program's performance at 

its decision-making task in their evaluation studies [Hayes- 

Roth :255]." However, numerous other requirements need to be 

eval uated. 

Sell suggests "five basic requirements' which should be 

evaluated to determine the expert system's overall performance. 
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Consistency requires that the system's "pronouncements are free from 

contradiction." Completeness assumes that "it can tackle any 

problem within its domain." Precision is determined "if the 

strength of its conviction is commensurate with the data and the 

knowledge at hand." Soundness dictates that it "can deliver the 

right answers." Usability assumes that "it can be used with 

reasonable facility by those for whom it was designed [Sell :64]." 

Sell notes, however, that it is "not practicable [Sell:70]" to prove 

soundness. Further, Smith gauges utility in terms of whether the 

system solves "enough of the problem to be interesting and useful 

[Smith:66]." 

Hayes-Roth et al. argue that 

"the ultimate criterion of success is whether an expert 
system is actually used for expert consultation by 
individuals other than the system developers. This goal 
represents a formidable challenge for a young and 
developing field; only a few expert systems have reached 
this stage. A key ingredient of success is involving 
eventual users in evaluations of the system as it is 
being built. Without a clear understanding of the 
ultimate users' needs and requirements, system builders 
may fail to provide crucial capabilities and, 
consequently, the expert system may have limited utility 
[Hayes-Roth:245]." 

Summary of the Literature and Relation to the Research 

The objective of Chapter II was to review the literature for 

guidance on how to proceed in developing an expert system. An 

attempt is now made to summarize these findings. 



First, a development methodology, or sequence of steps to be 

followed in the development of an expert system, was reviewed. 

Several versions of a methodology were presented. All 

methodologies, however, begin with sane form of problem definition 

step, proceed to knowledge acquisition and then to the coding of a 

prototype system. None of the methodologies presented appeared to 

include all of the desired steps for development. 

Several authors commented on the difficulty of the problem 

identification step. Determining the exact scope of the problem to 

be addressed appears to be an even more difficult task. 

The importance of involving users early in the design of the 

expert system was also stressed. The knowledge engineer must 

understand the users' task environment and the users' desires, in 

order to create a system which will be acceptable to the users. 

Most authors suggested that expert systems are best conceived by the 

experts themselves. 

A reconmended approach to problem identification, which also 

served to involve the users, was company-wide briefings. During 

these briefings, the knowledge engineer discussed the potential of 

the expert systems technology and asked the users for recommended 

problems which the system might address. Another approach used by a 

knowledge engineer involved providing specific criteria for expert 

systems to the users. The users were then asked to recommend 

problems which met these criteria. 
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Several authors attempted to break a task down into sub¬ 

elements as a means of determining the proper scope of the problem 

to be addressed. Once this determination was made, a forma1, 

proposal was written. This proposal served to focus the task 

definition. 

The peer group was recommended as the best source regarding 

identifying the real experts for a given task. Most systems have 

only used a single expert from whom to acquire the knowledge for the 

expert system. However, multiple experts may be better, especially 

for task definition. In terms of knowledge acquisition, multiple 

experts can enumerate more of the problem dimensions. Use of 

multiple experts, however, requires some means to determine 

consensus. No previous documented attempts to use consensus-driving 

techniques for either task selection or knowledge engineering could 

be found. 

Knowledge-acquisition was described as an ill-structured 

process. A few weeks of informal study to become familiar with the 

problem and task environment before beginning extensive interaction 

with the expert was recommended. Further, access to cases, specific 

examples of problems and solutions is required. These cases are 

then analyzed with the expert. Protocol analysis is the recommended 

technique for reviewing the case with the expert, three categories 

of cases are suggested: design, training and evaluation. 
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As soon as the first part of the problem is understood, 

development of a rough prototype expert system should begin. This 

first version of the expert system is then used to further expand 

and refine the knowledge base. During this validation and 

modification phase, the knowledge engineer executes the expert 

system on real problems and reviews the results with the expert. 

Testing involves a more structured evaluation. Evaluation, 

however, is difficult due to the nature of the problems that the 

expert system addresses. Human judgment is usually necessary to 

determine what constitutes a right or wrong answer. 

The most common approach to testing is the blinded study. In a 

blinded study, the knowledge engineer presents the case responses of 

both the human expert and the expert system to a panel of other 

experts. The responses are blinded such that the panel cannot tell 

the human from the machine response. The panel of experts is then 

asked to judge which response is better. One author suggested, 

however, that the acceptability of the system to the users may be an 

even more important standard for evaluation. 

Authors stressed the importance of a specific evaluation 

plan. What is being tested, how the expert system is being tested, 

and what constitutes success or failure of the system should be 

clearly specified in advance of testing. Again, most evaluations 

tend to emphasize the program's performance on the decision-making 

task. 
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These specific lessons and developmental experiences were 

incorporated into the methodology presented in Chapter III. Table 7 

depicts the issues from the literature for each phase of the 

methodology and shows the manner in which these issues were resolved 

and the resultant methodological approach. This methodology will 

now be presented 
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CHAPTER III 

METHODOLOGY 

The purpose of this chapter is to explain how the hypotheses 

concerning the feasibility of applying the expert systems technology 

to an inventory management problem were addressed and tested. As 

discussed in Chapter I, the methodology involved three successive 

phases: 

Phase I - Problem Selection 

Phase II - Knowledge Engineering 

Phase III - Performance Measurement 

Each of these phases is discussed in turn in the following 

sections. 

Phase I - Problem Selection 

Phase I was a critical phase which laid the foundation for the 

remainder of the research. The objectives of this phase were to 

select the problem to be addressed by the expert system and to 

select the experts whose knowledge would be encoded into the expert 

system. Five steps comprised Phase I: 

Step 1 - Domain Familiarization 

Step 2 - Domain Analysis 

Step 3 - Expert System Workshop 
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Step 4 - Task Selection 

Step 5 - Expert Selection 

These steps are explained in this order. A calendar of the major 

events of this research effort is contained in Appendix P. 

Step 1 - Domain Familiarization 

Step 1, Domain Familiarization, entailed soliciting and 

reviewing written documentation concerning the item management 

task. The objectives of this step were to gain familiarity with the 

overall nature of the item manager's task and to gain an 

understanding of the item manager's vocabulary. 

The Air Force1 was asked to provide training materials, 

reports, regulations, manuals, standard operating procedures, and 

job descriptions pertaining to item management. The documents 

listed in Table 8 were provided and reviewed. 

The review of the documents listed in Table 8 provided an 

overall understanding of the item manager's job. The following 

questions were answered: 

1. What are the tasks and duties of an item manager? 

2. What are the responsibilities of an item manager? 

Ik project focal point was established at the Air Force Logistics 
Command (AFLC) Headquarters. All requests for documentation and 
questions were addressed to this individual. 
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3. What are the problems which an item manager must 
solve? 

4. What are the exceptions to normal operations? 

Throughout this review an effort was made to learn the 

"language" of item management. The dictionary of terms was 

particularly useful for this purpose. Each time an acronym or 

special term was encountered during the review of the documents 

listed in Table 8, the acronym or term was entered on the 

appropriate checklist shown in Figures 9 and 10. These checklists 

were then used as review sheets. Terms which were unclear were 

highlighted. Clarification was obtained from the project focal 

point at the Air Force Logistics Command Headquarters. 

Step 2 - Domain Analysis 

Step 2, Domain Analysis, entailed telephone interviews with 

three individuals who were identified as being highly knowledgeable 

about the item manager's role. The objective of Step 2 was to gain 

2 
a better understanding of the item manager's task environment. 

Specifically, answers were sought to the questions listed in Table 

9. 

^The term "task environment" is used in this report to connote the 
circumstances which an item manager is faced with on a daily 
basis. These circumstances include the jobs or duties that are 
performed by the item manager, problems which may be encountered in 
performing these duties, exceptions to normal operating procedures, 
and the knowledge and skills which an item manager must possess to 
properly perform these duties. 
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Table 8 

Documents Reviewed During the Domain Familiarization Step 

AFLC Regulation 57-4 - "Recoverable Consumption Item 
Requirements System (D041)," 29 April 1983 

SM-ALC MMOI 67-9 - "Supply Exception Processing," February 1985 

LMMIM01 AFLC Logistics Systems Training Program - "Introduction 
to Item Management," 1 January 1985 

SG-LMMIM01 AFLC Logistics Systems Training Program - 
"Introduction to Item Management, Student Study Guide," 
January 1979 

AFLC On-the-Job Training Guide - "Item Management Specialist," 
1 May 1984 

AFLC Training Guide - "International Logistics Security 
Assistance, Foreign Military Sales, Grant Aid," 1 November 
1985 

MMI Training Aid - "Dictionary of Military and Associated Terms 
Frequently Used Within the Item Management Division," 
10 November 1981 

AFLC Pamphlet - "Logistics Command Requirements Process, Key to 
Logistics Support," September 1985 

AFLC Pamphlet - "Data Systems Used by Materiel Management," 
1 April 1985 

AFLC Personnel Summary - "Work Center Description: Item 
Management," May 1985 

AFLC Personnel Briefing - "Materiel Management, Item Management 
Functional Review Study (D041)," May 1985 

AFLC Briefing - "Air Force Requirements Data Bank," October 1985 

Warner Robbins Air Logistics Center, Materiel Management 
Briefing - "Item Management 1986," September 1985 
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Table 9 

Questions Regarding the Item Manager's Task Environment 

1. What are the types of things that item managers do 

(generic subtasks)? For example, item managers assign 

exception codes, issue purchase requests, etc. 

2. Which of these tasks require expertise on the part of the 

item manager? 

3. What is the nature of this expertise — e.g., in depth 

knowledge of regulations, skill in situation assessment, 

etc.? 

4. What are the characteristics of a good item manager? 

5. List ten problems or more which item managers frequently 

solve or provide advice on, be specific. 

6. Prioritize these problems in terms of frequency of 

occurrence, with #1 assigned to the problem which occurs 

most frequently. 

7. Prioritize these problems in terms of Importance to 

successful accomplishment of the item managers task, 

again, with #1 representing the most Important problem. 

8. Talk through a flowchart of the item manager's tasks. 

That is, what is the temporal relationship of these 

tasks? 

9. What are the exceptions to the normal process? 
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A request was sent to the project focal point at AFLC 

Headquarters asking that three individuals be Identified to 

participate as interviewees. Two of the three were to be 

experienced staff personnel who establish the policy to be followed 

by item managers. The third individual was to be someone with less 

experience, currently working as an item manager, who was considered 

a "bright, up and coming" manager. These three individuals were 

identified by the project focal point and their cooperation was 

enlisted by the focal point in advance of the interviews. A Delphi 

approach was used. 

The series of nine questions listed in Table 9 was mailed to 

each of the three individuals, such that the questions were received 

at least one week in advance of a scheduled telephone interview. 

The advance mailing gave the interviewees time to consider the 

questions and make whatever notes were necessary for the actual 

interview. 

The individuals were interviewed over the phone. The 

interviews were recorded with the knowledge and permission of the 

interviewees. Protocols of the recorded interviews were typed. All 

three of the typed protocols were then mailed to each of the 

Interviewees. Each interviewee received three different transcripts 

and was asked to make any additions, deletions, or modifications to 

his or her transcript as appropriate and return only their own 

transcript. Appendix B contains the correspondence related to the 

telephone interviews. 
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As a result of this process, only one of the interviewees made 

changes to the initial interview protocol. The changes were of a 

minor nature, providing more detail in certain areas. The three 

protocols contained no major inconsistencies or differences of 

opinion. 

This step did serve to further clarify the item manager's task 

environment. Information regarding day-to-day problems which an 

item manager faces was uncovered. This information was not 

contained in any of the written materials reviewed in Step 1. 

Information obtained from the interviews in Step 2 was also used to 

further evaluate the item manager's task environment to determine if 

the expert systems technology was appropriate. The criterion for 

this evaluation was the existence of knowledge intensive tasks. The 

interviews indicated that the item management job was highly 

knowledge intensive. 

Step 3 - Expert System Workshop 

An Expert System Workshop, Step 3, was conducted on-site at the 

Sacramento Air Logistics Center.^ The purpose of this workshop was 

3 
Sacramento Air Logistics Center is one of five wholesale outlets or 

depots where item managers perform their tasks. At each of the Air 
Logistics Centers approximately 150 item managers each manage 
several hundred different recoverable items. The Air Force selected 
Sacramento Air Logistics Center as the site where this project would 
be conducted. 
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to prepare all the item managers with more than six months 

experience to recommend candidate problems which would be valuable 

expert system applications. The motivation was to gain user 

acceptance of the final expert system at the beginning of the 

project by involving the users in the project at the design stage. 

Item managers with less than six months experience were excluded due 

to their lack of experience on the job and assumed inability to 

recommend appropriate problems. 

Two separate workshops were conducted. Each workshop was of 

the same duration and presented exactly the same material. The 

purpose of having two separate workshops was to keep the audience of 

manageable size of fifty or less. 

Each workshop lasted three hours. Fifteen minute breaks were 

provided at approximately 45 minute intervals. Each 45 minute 

interval was considered a block of instruction. Appendix C contains 

a detailed outline of each of the three blocks. The first block was 

a briefing which Introduced expert systems: what they are, 

advantages, uses, examples of existing systems, and steps in the 

development of an expert system. 

The second block of instruction provided specific criteria for 

selecting good problems for which expert systems could be 

developed. Thirty-five millimeter color slides were used as visual 

aid support for both the first and second blocks of instruction. 

The item managers were given a handout which summarized the criteria 

briefing. This handout is contained in Appendix D. 
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The third block of the workshop was reserved for the item 

managers as a brainstorming session. The item managers were asked 

to refer to the handout describing the criteria and to suggest 

problems which would be good candidates for the first prototype 

expert system. To start this discussion and to help all the item 

managers to feel at ease making recommendations, two individuals 

were preassigned to each workshop with preconceived 

recommendations. Each of these preassigned individuals began the 

discussion by recommending a candidate problem. The preassigned 

recommendations, both insignificant problems, were the same for each 

of the workshops. 

A brainstorming^ approach was used to obtain problem 

recommendations. All candidate applications were recorded on a 

blackboard by the researcher. Following brainstorming, each 

application was discussed in terms of how the application satisfied 

the selection criteria. The third block was tape recorded. 

In addition, each item manager was given two three-by-five 

index cards. Following the discussion, each item manager was asked 

The brainstorming approach used was semi-structured. The 
researcher led the discussion by requesting suggestions from the 
item managers. Each suggestion was recorded on a blackboard. The 
item managers did not critique the suggestions until all of the item 
managers' suggestions had been recorded on the blackboard. The 
suggestions of the item managers who attended the morning workshop 
were not provided to the attendees of the afternoon workshop as part 
of this brainstorming session. The blackboard was erased after the 
morning workshop and before the beginning of the afternoon workshop. 
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to name his or her project of preference, with a brief description 

of the kinds of advice that an expert system for this task would 

provide. Item managers were instructed ;hat a candidate application 

not previously mentioned in the discussion could be submitted on an 

index card. The motivation behind this instruction was to insure 

that potential applications were not overlooked because an item 

manager felt uncomfortable making a recommendation aloud. The item 

managers were instructed to take the second three by five card back 

to work with them along with the handout which described the 

criteria for good candidate problems, the item managers were asked 

to think about the workshop and submit the additional card the 

following day if the item managers thought of any additional 

potential problems. 

A total of ninety item managers attended the expert system 

workshops. Forty-four item managers attended the morning session 

and forty-six item managers attended the afternoon session. Twenty- 

six different projects were recommended by the item managers. 

Nineteen of these were discussed during the workshops. Seven 

additional projects were submitted at the conclusion of the 

workshop. No additional three- by-five cards with project 

recommendations were submitted the following day. 

Step 4 - Task Selection 

Step 4, Task Selection, followed immediately after Step 3. A 

modified Delphi Technique was used for this step of the research. 
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The Delphi Technique 

"is a method for the systematic solicitation and collation 
of judgments on a particular topic through a set of 
carefully designed sequential questionnaires interspersed 
with summarized information and feedback of opinions 
derived from earlier responses [Delbecq:10]." 

Five days after the expert system workshop, a Delphi ballot of 

the candidate projects was given to each of the item managers who 

had attended the workshop. The ballot listed each of the twenty-six 

recommended applications and provided a brief description of each of 

these applications. The ballots used are included in Appendix E. 

The item managers were requested to select five applications 

which were most preferred. Next, the item managers were asked to 

look at just the five candidate applications which they had selected 

from the list of twenty-six projects and rank order the five most 

preferred projects from one to five, with number one representing 

the most preferred alternative. 

Eighty-six item managers completed the Phase I Task Selection 

Questionnaire. Demographics of the respondents are shown in Table 

10. The statistics are self-reported. 

A total weighted score was determined for each of the twenty- 

six candidate projects by weighting them as follows: 

Priority Weight 

1 
2 
3 
4 
5 

5 points 
4 points 
3 points 
2 points 
1 point 
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Table 10 

Age and Experience of Item Managers Surveyed 

Age 

Under 20 

20 - 29 

30 - 39 

40 - 49 

50 - 59 

Over 60 

Years of Experience6 

Less than 2 years 

2-5 years 

5-10 years 

10 - 15 years 

15 - 20 years 

More than 20 years 

Number of Item Managers 

0 

14 

25 

18 

26 

3 

Number of Item Managers 

43 

21 

11 

3 

6 

2 

aFifty percent of the respondents had less than two years 
experience as an item manager. Seventy-four percent of 
the respondents had less than five years experience as item 
managers. 



As a result, the projects received the total weighted scores 

indicated in Table 11. 

A weighted score of fifty points was used to determine which 

projects would be included on the Phase II Task Selection 

Questionnaire. Fifty points was used as it appeared to provide a 

fairly good separation of the projects. The nearest score below 

fifty points was forty-eight points. The nearest score above fifty 

was sixty-six. Hence, a separation of eighteen points between the 

projects resulted. Seven projects met this criterion.^ The 

researcher believed that seven remaining projects was a reasonable 

number for the second phase of task selection. The Phase II 

questionnaire is included in Appendix E. This questionnaire was 

provided to all the item managers who had attended the expert system 

workshop the day following the completion of the Phase I Task 

Selection Questionnaire. 

The Phase II questionnaire provided feedback of the Phase I 

task selection activity. The item managers were asked to review 

this information and rank order three of the seven projects which 

they most preferred. Seventy-eight item managers completed the 

Phase II Task Selection Questionnaire. 

"The preconceived projects which had been recommended in the expert 
system workshop to generate discussion were the PJJ/414 and Amended 
Shipping Instructions. Neither of these preconceived projects met 
the criterion for inclusion on the Phase II questionnaire. 
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Table 11 

Total Weighted Project Scores, Phase One of Task Selection 

Project Total Weighted Score 

1. Excesses 10 

2. Allocation Decisions 13 

3. Item Analysis 39 

4. Controlled Exceptions 97 

5. Backorder Listing 47 

6. Repair Requirements 128 

7. Cataloging Action 19 

8. MICAP Support 18 

9. Computer Products 48 

10. Initial Provisioning 35 

11. PR's 31 

12. FMS Support 17 

13. S06's (Budget) 148 

14. Critical Item Advisor 44 

15. Project Focus 8 

16. Shipment Advisor 13 

17. Asset Reconciliation 83 

18. Fill Rate Advisor 15 

19. Scrubbing D041 Computation 207 

20. General Training 66 

21. D041 File Maintenance 109 

22. Special Levels 19 

23. Amended Shipping Instructions 5 

24. PJJ/414 23 

25. D032/J041 Reconciliation 36 

26. Other Service Support 15 
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A total weighted score for each project was determined by 

weighting the projects as follows: 

Priority 

1 3 points 
2 2 points 
3 1 point 

As a result, the projects received the total weighted scores 

indicated in Table 12. "Scrubbing the 0041 computation"6 was 

selected as the task for which the expert system would be developed. 

The response to the Phase I and II task selection 

questionnaires was quite high. The response to the Phase I 

questionnaire was 95.6 percent; response to the Phase II 

questionnaire was 86.7 percent. The way in which these 

questionnaires were administered most likely contributed to the high 

response rates. The item managers who had attended the expert 

system workshop were scheduled in groups of ten to report to a 

conference room to complete the questionnaires. The item 

6The D041 Computation System is an Air Force information system 
which computes replenishment spares requirements for reparable 
items. Computations are performed quarterly. Future requirements 
are projected in the D041 system by multiplying the anticipated 
costs and usage rates by the anticipated operational hours for the 
total number of fielded systems which use the particular part. The 
item manager is responsible for validating or "scrubbing" the 
computation made by the D041 system to insure the accuracy of the 
computation. The function of the expert system is to insure that 
valid input data, such as unit price, administrative and production 
leadtimes, and repair cycle times, are used to generate a valid 
requirement. 
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Table 12 

Total Weighted Project Scores, Phase Two of Task Selection 

Project Total Weighted Score 

General Training 36 

Asset Reconciliation 37 

Controlled Exceptions 40 

0041 File Maintenance 54 

Repair Requirements 94 

S06‘s (Budget) 87 

Scrubbing the 0041 126 
Computation 
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managers completed the questionnaire, submitted the questionnaire to 

the researcher, and returned to work. The completion of all 

questionnaires was anonymous. Each group of ten item managers was 

scheduled into the conference room at 45 minute intervals. No 

attempt was made to prevent those item managers who had already 

completed the questionnaire from discussing the questionnaire with 

the item managers who had not yet been surveyed. 

Step 5 - Expert Selection 

The Delphi Technique was also used for Step 5, the selection of 

the experts whose knowledge of the task would be encoded in the 

expert system. The Expert Nomination and Expert Selection 

Questionnaires used in Step 5 are included in Appendix F. These 

questionnaires were administered in the same manner as the task 

selection questionnaires. Those item managers who had attended the 

expert system workshop were scheduled in groups of ten into a 

conference room at 45 minute intervals. The item managers completed 

the questionnaire in the conference room and submitted the 

questionnaire to the researcher before leaving the room. The 

completion of all questionnaires was anonymous. 

The Expert Nomination Questionnaire required that the item 

managers list up to three names of Individuals who were considered 

to be expert in the task of scrubbing the D041 computation. Eighty- 

nine Item managers completed the nomination ballot. Fifty-one 
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different individuals received nominations. All nominated 

individuals who received less than five nominations were excluded 

from further consideration. 

Twenty-one item managers at Sacramento Air Logistics Center 

were nominated by five or more of their peers. The names of these 

twenty-one individuals and the number of nominations each had 

received were included in the Expert Selection Questionnaire. This 

questionnaire was administered the next day in the same manner as 

the Expert Nomination Questionnaire. 

The Expert Selection Questionnaire asked the item managers to 

select up to five individuals from the list of twenty-one and then 

to rank order the individuals selected. Number one represented the 

individual considered to be most expert at performing the task. A 

total weighted score was then determined for each individual in the 

same manner as before. As a result, nominees received the total 

weighted scores indicated in Table 13. Eighty-nine item managers 

completed the Expert Selection Questionnaire. 

Names of the top eleven experts^ were then provided to 

management. Seven of the eleven experts were requested to be made 

available for the project. Correspondence concerning expert 

availability is contained in Appendix G. Table 14 depicts the range 

of total weighted scores for the top eleven experts. The seven 

7There was a tie for the tenth expert. 
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Table 13 

Expert Selection Total Weighted Scores 

Expert Number Total Weighted Score 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

117 

82 

145 

41 

52 

29 

57 

67 

79 

15 

76 

33 

17 

35 

267 

18 

152 

31 

26 

29 

52 
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Table 14 

Range of Total Weighted Scores, Top Eleven Experts in Priority Order 

Expert Priority Total Weighted Score 

** j 

* 2 

* 3 

4 

* 5 

* 6 

7 

* 8 

9 

* 10 

* 10 

267 

152 

145 

117 

82 

79 

76 

67 

57 

52 

52 
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experts actually made available for the project are indicated with 

an asterisk. An eighth expert was made available for independent 

validation following system development. This expert is indicated 

in Table 14 by a double asterisk. Completion of this step concluded 

Phase I of the research. 

Phase II - Knowledge Engineering 

This phase of the research entailed obtaining the cases, 

extracting the actual facts and heuristics, encoding these in the 

knowledge base, and modifying the knowledge base as required. Four 

steps comprised Phase II: 

Step 6 - Case Collection 

Step 7 - Knowledge Engineering Sessions 

Step 8 - Building the First System 

Step 9 - Growing and Validating the System 

These steps are discussed in this order. 

Step 6 - Case Collection 

Step 6, Case Collection, involved the collection of the thirty 

actual cases which were used during the knowledge engineering and 

validation steps. Correspondence concerning case collection is 

included in Appendix G. A case was a folder consisting of an actual 

computation and all supporting forms and computer documentation. 

Appendix H contains a sample case used during the knowledge 

engineering sessions. 
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The cases collected were divided according to the Teknowledge 

taxonomy of design cases, training cases, and evaluation cases. The 

first ten cases received were used for design as discussed in Step 

7. The next twenty cases received were used during Step 9, the 

growth and validation of the expert system. Ten additional cases 

were collected from which to select the two evaluation cases used 

during Step 13. 

A total of forty different cases were collected. All case 

folders were duplicated. Each of the seven experts was provided 

with a copy of the cases. 

Step 7 - Knowledge Engineering Sessions 

Step 7, Knowledge Engineering Sessions, entailed delimiting the 

task to be addressed by the expert system and working with the 

experts to obtain the heuristic decision rules used in scrubbing the 

D041 computation. The Nominal Group Technique combined with the 

case analysis method was used. The Nominal Group Technique (NGT) is 

a structured group meeting which involves the following steps: 

"1) Silent generation of ideas in writing. 

2) Round-robin feedback from group members to record 
each idea in a terse phrase on a flip chart. 

3) Discussion of each recorded idea for clarification 
and evaluation. 

4) Individual voting on priority ideas with the group 
decision being mathematically derived through rank 
ordering or ratings [Delbecq:8]." 
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The seven experts always met and worked as a group throughout 

the knowledge engineering sessions. Forty hours total were spent 

with the seven experts over a three-week period during Step 7. 

During the first week of this period the experts met with the 

knowledge engineer four hours each day for five days. No knowledge 

engineering sessions were held during the second week. The experts 

again met with the researcher four hours each day for five days 

during the third week. All group sessions were recorded. 

The first two days of week number one were used to clearly 

define and scope the task which the expert system was to address. 

Exercises one through four, contained in Appendix I, were used to 

accomplish these objectives. 

The very first day was spent concentrating on the total task of 

scrubbing the D041 computation. Exercise one was used via an NGT 

method to insure that all the experts were in agreement regarding a 

basic understanding and definition of the task to be pursued. 

Exercise two was used via an NGT method to assist the researcher in 

better understanding the total breadth of the task such that the 

scope of the task could be appropriately delimited. 

Exercises three and four were used on day two to determine the 

scope of the expert system. The Nominal Group Technique was used. 

Exercise three provided a listing of major subcategories of the 

task. Exercise four assisted in determining those elements of the 

task which were most Important and those elements most frequently 

■ I, w •• 

! 
i 
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incorrectly performed by novices. The expert system was designed to 

address those elements of the task which met both of these 

criteria. As a result of exercises three and four, the Inventory 

Manager Assistant (IMA) Expert System was designed to insure that 

the following data elements of the DJ941 requirements computation 

would be in agreement with what an expert would use: 

unit cost 
date of last procurement 
administrative leadtime 
production leadtime 
repair cycle times. 

The remainder of week one, days three, four, and five, was 

spent discussing these elements of the computation with the 

experts. These discussions continued throughout week three. A 

total of ten cases were reviewed by the experts during the forty 

hours of initial knowledge engineering sessions. These cases were 

reviewed by having the experts silently generate their decision 

protocol and solution for the elements of the computation which the 

' expert system was addressing. Solutions were then compared and 

discussed. Consensus of opinion was achieved via the discussion. 

All of the knowledge engineering sessions were recorded and 

transcribed. A 370-page typewritten document resulted from these 

sessions. The researcher read this document several times in order 

to obtain a clearer understanding of the problem solving behavior of 

the experts. A small excerpt from the transcripts of the knowledge 

engineering sessions is included in Appendix J in order to provide 
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the reader with a better understanding of the manner in which the 

sessions with the experts were actually conducted. 

Step 8 - Building The First System 

Based upon the understanding of the problem-specific behavior 

obtained during the initial knowledge engineering sessions, the 

original knowledge base was encoded. The M.l shell was used to 

develop the knowledge base. The M.l shell was selected after 
Q 

consideration of twenty five other available shells. 

The transcripts of the initial knowledge engineering sessions 

were carefully reviewed. Rules were extracted from the 

transcripts. Several follow-up phone calls with the experts were 

required to clarify their statements which were recorded in the 

transcripts. These phone calls were made to one expert at a time. 

No conference calls were made. As a result, the first knowledge 

base or Mark-I system of the Inventory Manager Assistant (IMA) was 

developed. The Mark-I system contained fifty-five rules. 

'The Williamson reference includes a discussion of the shells which 
were considered. The M.l shell operates on any IBM compatible 
computer with at least 512 K of memory. As the researcher owned an 
IBM computer, this was one consideration. * However, other criteria 
also Influenced the selection of the M.l shell. These criteria 
included the user friendly Interface, production rule knowledge 
representation schema, ability to accommodate up to 1,000 rules, 
explanation facility, availability of training and support, and the 
existing use of this product by other Air Force agencies. 
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Step 9 - Growing and Validating the System 

The small Mark-I system was then validated with the experts. 

As with the initial knowledge engineering sessions, the seven 

experts met as a group with the researcher in a conference room. 

The same three week schedule used during the Initial knowledge 

engineering sessions was followed: four hour sessions each day of 

the first week, no sessions the second week, and four hour sessions 

each day of the third week. A portable computer served as the 

hardware environment for the expert system throughout these 

validation sessions. 

During the first day of validation, the experts were each 

provided with a listing of the knowledge base, coded in M.l. The 

syntax of M.l and the logic which M.l used to draw conclusions were 

explained to the experts. The experts were then asked to carefully 

review the knowleage base listing, three separate times. The first 

review of the knowledge base listing was designed to check for any 

incorrect rules. On the second review of the knowledge base, the 

experts were asked to look at just the wording of the questions 

which M.l asked and the ad ice statements given by M.l. The experts 

were asked to recommend any changes in terminology or additions 

which would make the questions and advice clearer to the user. 

Finally, during their third pass through tk knowledge base listing, 

the experts were asked to look at the order in which questions were 

asked and advice given and to make any recommended changes which 
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would make an interactive consultation with the system more 

logical. For example, if eventually the expert system would need 

two different pieces of information from the same product which 

appear right next to each other, the expert system should query the 

user for both of these data elements at the same time. To ask the 

user for one data element from a product, then to ask for another 

data element from another product, and finally, to ask the user for 

still a third data element from the original product would not be a 

logical sequence of questioning. The paper validation surfaced 

minor disagreements among the experts, primarily in the area of 

terminology. These were discussed and consensus reached. 

Following the paper validation of the knowledge base listing, 

the experts were formally introduced to the Inventory Manager 

Assistant (IMA) Expert System. The experts took turns going through 

interactive consultations with IMA for the remainder of the first 

day of validation. No actual cases were reviewed the first day. 

The researcher used the remainder of the day, after the meeting 

with the experts, to make the changes to IMA recommended by the 

experts. This practice was followed each day such that the system 

was ready for further validation the next day. Approximately thirty 

rules were changed as a result of the first day's validation session 
t 

with the experts. Changes were primarily made to correct or provide 

more appropriate wording of the questions which IMA asked. A few 

minor changes were made to the order in which the questions were 

asked. 
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The researcher again reviewed the M.l syntax with the experts 

on the beginning of the second day. The remainder of that day and 

the remainder of the week, the experts worked through the original 

ten design cases and five new training cases in interactive sessions 

with IMA. The experts took turns sitting at the terminal, keying in 

inputs and reading IMA's questions and advice to the other 

experts. The other experts worked manually through the cases and 

based upon the answers derived would agree or disagree with the 

advice provided by IMA. 

Each time an expert disagreed, the "show" command9 was used to 

find the rule which had been invoked. This rule was then reviewed 

for accuracy. 

Frequently, five or six times each day, the experts would 

disagree about the correctness of the advice IMA had provided. The 

researcher would then interrupt the consultation with IMA and have 

the expert(s) who disagreed with IMA explain why to the other 

experts. Normally these discussions resolved the issue. Usually 

one expert or two had noticed an important piece of information 

which the other experts had overlooked. Additions to IMA were 

usually required. 

9The "show" command is one of the M.l commands. When entered, the 
expert system displays the conclusions reached to this point in the 
consultation and the rule number which caused the system to draw 
each conclusion. For example, "ALT * 9 because kb - 117." 
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When discussion alone did not resolve the issue,*0 a vote of 

the experts was taken. Majority vote was used to decide these 

issues. 

Working through the fifteen cases resulted in considerable 

additions, modifications, and deletions to the knowledge base. 

Approximately forty new rules were added each night by the 

researcher as a result of the day's validation session. 

Approximately another twenty of the existing rules were modified 

each night to clarify the rules and make the advice provided to the 

user easier to understand. Less than five rules were deleted each 

night. Frequently, a single rule which was deleted would be 

replaced by three or four rules of a more detailed nature. Each 

time a change was made to any knowledge base entry, all the cases 

were rerun against the expert system for revalidation. The majority 

of new rules were added, not because the particular case at hand 

required them, but rather because the case reminded the experts of a 

concept which had not been discussed with the researcher earlier. 

During the first week of validation the expert system grew from 

fifty-five to two hundred and seventeen rules. 

During the second week of validation, an additional fifteen 

training cases were reviewed. Again, the experts compared IMA's 

*°During both the initial knowledge engineering sessions and the 
validation sessions, this situation only occurred two times. 
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advice to the decisions which were derived manually. Again, each 

time a change was made to any knowledge base entry, the expert 

system was rerun against all previous design and training cases. 

By the end of the second week of validation, IMA had considered 

thirty cases, ten design cases and twenty training cases. IMA was 

now a system of four hundred and forty-one rules. 

The last day of the two week validation an eighth expert11 was 

Introduced to IMA and asked to critique the system. This expert was 

able to provide an Independent evaluation of the system as the 

expert had not participated In the earlier group discussions of the 

system's logic nor had the eighth expert discussed the logic In 

advance with any of the other experts. The expert spent four hours 

with IMA and went through four training cases in great detail. The 

other experts were present for this session. When the eighth expert 

disagreed, the other experts would explain IMA's reasoning. 

As a result of this validation session, two errors 1n IMA's 

rules were noted. Further, the validation expert made several 

recoflwended changes to the wording of the questions. 

^Thls expert was originally selected by the peer group as the 
number one ranked expert at Sacramento Air Logistics Center. 
Because of other commitments, this expert could not be made 
available for the entire project. This expert, however, served a 
very useful role by providing an Independent evaluation of the 
expert system. 
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A small pretest was also conducted as part of the validation 

effort. Two item managers12 one with less than a year of experience 

and one with six years of experience were asked to select an item 

which each item manager currently managed. The item managers were 

introduced to IMA and asked to consult with IMA regarding the item 

each had selected. In both cases, IMA found errors. The experts 

concurred that IMA's advice was correct. The item of the item 

manager with six years of experience had a $600,000 error which IMA 

found. The item manager was unaware of the error. 

The item managers were timed during the pretest, without 

knowledge that the consultation was being timed. Times to complete 

the consultation were 19 minutes for the item manager with less than 

a year of experience and 16 minutes for the item manager with six 

years of experience. This information on the times to complete a 

consultation was used to determine how subjects should be scheduled 

for the formal test of IMA. At the conclusion of the validation 

sessions and the pretests both the original seven experts and the 

eighth validation expert agreed that IMA performed adequately and 

that formal testing should begin. 

12The item managers were selected by the supervisor of the work area 
nearest to the conference room where the experts were working. 

,5s % 



136 

Phase III - Performance Measurement 

This phase involved the conduct of the formal test to determine 

If research hypotheses three and four were true or false. The 

hypotheses are: 

Research Hypothesis 3 - Expert systems can significantly 
Improve the performance of Inventory managers. 

Research Hypothesis 4 - Expert system will allow Inventory 
managers to more efficiently solve complex or difficult 
problems. 

Five steps comprised Phase III: 

Step 10 - Evaluation Plan Development 

Step 11 - Test Case Selection 

Step 12 - Test Key Development 

Step 13 - Validation Pane! 

Step 14 - Effectiveness/Efficiency Experiment. 

Step 10 - Evaluation Plan Development 

A formal evaluation plan was prepared prior to the conduct of 

the experiment. Appendix K contains this evaluation plan. The 

development of the plan surfaced Issues of exactly what was being 

evaluated, how test cases would be selected, how subjects would be 

selected, and how successful and unsuccessful performance would be 

differentiated. The plan addressed each of these Issues. In 

addition, the location of testing, scheduling of subjects, and 

required resources were discussed. 
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Step 11 - Test Case Selection 

Two cases were selected as the cases to be used for testing by 

the seven experts, whose knowledge was encoded In the expert 

system. This section explains the process of case selection. 

Five different company^ supervisors were asked to select two 

item computations, one which the supervisor considered to be an easy 

item to manage and the other item was to be a very complex case. In 

total, ten cases were provided by the five supervisors. Copies of 

these case folders were provided to each expert. The experts were 

asked to grade each of the ten cases, in accordance with the grading 

scale shown 1n Table 15, by giving each case two overall grades. 

One grade was to reflect how frequently the case might be 

encountered and the other grade was to reflect how difficult the 

expert believed the case to be. 

A complex case was defined as a very difficult case which would 

be very Infrequently encountered. A simple case was defined as a 

very easy case which would be very frequently encountered. The 

grading sheet had been established such that low scores on each of 

the dimensions of frequency and difficulty represented a complex 

case. High scores on each of the dimensions represented a simple 

case. 

^A company Is an organizational element at Sacramento Air Logistics 
Center. Each company manages different types of Items. For 
example, one company manages radars. Another company manages all 
airframe Itias managed by Sacramento ALC. 
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Table 15 

Case Grading Scale Used to Determine Case Complexity 

Frequency 

Descriptor Grade 

Very Infrequently Encountered 0 

Infrequently Encountered 1 

Moderately Encountered 2 

Frequently Encountered 3 

Very Frequently Encountered 4 

Difficulty 

Descriptor Grade 

Very Difficult 0 

Difficult 1 

Moderately Difficult 2 

Easy 3 

Very Easy 4 



A total score for the frequency dimension and a total score for 

the difficulty dimension was determined for each case by adding 

together the experts' grades. No attempt was made to determine a 

consensus grade for each dimension of each case. The total scores 

for each case on each dimension are shown in Table 16. fase 4 

ranked highest on both dimensions. Case 7 ranked lowest on both 

dimensions. Therefore, Case 4 was selected as the simple case and 

Case 7 was selected as the complex case to be used during the 

performance test of IMA. 

One further check had to be made to Insure that there were no 

unique features of the cases which were outside the limits of IMA's 

expertise. The experts each ran both cases with IMA. IMA simulated 

the experts manual results on both cases with high congruence. 

Step 12 - Test Key Development 

The next step was the development of the test key against which 

performance would be evaluated. The researcher's Intent was to make 

the evaluation as objective as possible. Objectivity was Introduced 

by creating a test key in advance of the actual testing. Since IMA 

gives advice on ten different quantitative elements of the D041 

computation, as shown in Table 17, an objective test key could be 

developed. The experts were asked to review the two cases selected 

In Step 11 and for each case to complete the form shown in Figure 11 

by providing the number or range of numbers which correspond to a 



Total Frequency and Difficulty Scores for the Candidate Test Cases 

Frequency 
Case Number Score 

1 19 

2 20 

3 19 

4 26 

5 22 

6 19 

7 11 

8 20 

9 21 

10 17 

* Denotes simple test case 
** Denotes complex test case 

Difficulty 
Score 

13 

15 

22 

24 * 

19 

18 

8 ** 

15 

16 

14 



The Nature of Advice Provided by the Inventory Manager Assistant 
(IMA) Expert System 

ELEMENT UNITS 

Unit Cost Dollars 

Date of Last Procurement Days 

Administrative Leadtime Months 

Production Leadtime Months 

Base Repair Cycle Time Days 

Base Processing Time Days 

Reparable Intransit Time Days 

Supply to Maintenance Time Days 

Shopflow Time Days 

Maintenance Turn-In Time Days 
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very poor, poor, mediocre, good, and very good answer for each of 

the ten elements. Each expert completed two forms, one for each 

case. Responses were generated without discussion. The researcher 

then went through each element of each case having the experts read 

their responses for each block and writing the given responses on 

the blackboard. That is, first unit cost was considered. The 

blackboard appeared as shown in Figure 12. Each expert's answer was 

entered, in the spaces provided, for comparison. Any differences 

were discussed and consensus achieved through discussion. Majority 

voting was not required. Tables 18 and 19 depict the final test 

keys used for the simple and complex case, respectively. 

Realizing that all of these elements are not necessarily of 

equal importance, the experts were next asked to assign weights to 

each of the elements. The experts completed the form shown in 

Figure 13 by distributing 100 points among each of the ten elements 

on which IMA provides advice. Again, each expert completed a 

separate form for each case without discussion. The results were 

summarized on the blackboard as shown in Figure 14. A separate 

summarization was presented for each case and a discussion 

followed. The experts decided that the weights should be the same 

for both cases. Consensus decision on the weights was achieved 

through discussion. The weights given to each of these elements by 

the experts are shown in Table 20. 

'M 
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UNIT COST 

Expert Expert Expert Expert Expert Expert Expert 
1 2 3 4 5 6 7 

Very good _ _ _ _ _ _ _ 

Good _ _ _ _ _ _ _ 

Mediocre _ _ _ _ _ _ _ 

Poor _ _ _ _ _ _ 

Very poor _ _ _ _ _ 

Figure 12 

Blackboard Summary of Expert Case Grading 
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Please allot 100 points among the following elements. Your total 
must equal 100. 

Element 

1. Unit Cost 

2. DOLP 

3. ALT 

4. PLT 

5. Base RCT 

6. Base Processing 

7. Reparable Intransit 

8. Supply to Maintenance 

9. Shop Flow 

10. Turn In 

TOTAL 

Points 

Figure 13 

Weight Allocation Form 
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\ 

dement E 1 E 2 E 3 E 4 E 5 E 6 E 7 

1. Unit Cost _ _ _ _ 

2. DOLP _ 

j. ALT _ 

4. PIT __ 

5. Base RCT _ _ _ 

6. Base Processing _ _ _ _ 

7. Reparable 
Intransit * 

8. Supply To 
Maintenance - 

9. Shopflow _ _ 

10. Turn In 

Figure 14 

Blackboard Summarization of Experts Weights 
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Table 20 

Experts' Weighting of IMA's Components 

Element 

1. Unit Cost 23 

2. DOLP 18 

3. ALT 18 

4. PLT 18 

5. Base RCT 3 

6. Base Processing 3 

7. Reparable Intransit 5 

8. Supply to Maintenance 5 

9. Shop Flow 5 

10. Turn In 2 
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Step 13 - Validation Panel 

Prior to the conduct of the formal test of the expert system's 

performance« a validation panel was convened. The panel had two 

objectives. First, the panel provided a second Independent 

validation of the expert system's logic prior to the performance 

test. Second, the panel validated the test key developed by the 

experts In Step 12. The validation panel also developed weights for 

the ten elements on which IMA provides advice. 

The Air Force project focal point at AFLC Headquarters was 

contacted and asked to assemble a panel of three individuals 

considered to be "expert" In the area of Item management. The panel 

was convened at AFLC Headquarters In Dayton, Ohio. The researcher 

demonstrated IMA to the validation panel and Instructed the panel on 

how to conduct a consultation. Members of the panel then took turns 

consulting IMA. A sample consultation session with IMA Is provided 

In Appendix 0. The two test case folders were made available for 

this purpose. The validation experts also made up numbers In 

attempts to break the system. The attempts failed and the experts 

were satisfied that the logic was sound. All members of the panel 

concurred that formal testing could begin. Next, the experts were 

presented the test keys. Tables 18 and 19, determined by the 

development experts and asked to make any changes deemed 

appropriate. Each validation expert was provided his own copy of 

the test case and the test key for this purpose. After some 



discussion and debate, the validation experts decided that no 

changes were necessary to the test keys. 

Next the experts were asked to complete the same element 

weighting form, previously completed by the development experts, by 

allotting 100 points among the ten elements. See Figure 13. The 

validation experts performed this task In the same manner as the 

development experts. Each expert generated a form for each case 

without discussion. Summarization followed exactly as before. The 

discussion which followed again determined that the same weighting 

schema could be used for both of the test cases. Consensus 

regarding the weights was achieved through discussion. The weights 

assigned to each element by the validation panel are shown In Table 

21. The weights previously determined by the development experts 

are also presented In this figure for comparison purposes. 

Step 14 - Effectiveness/Efficiency Experiment 

The effectiveness/efficiency experiment was conducted at two 

sites: Sacramento Air Logistics Center and Ogden A1r Logistics 

Center (ALC). Sacramento ALC was the primary test site as the 

expert system had been developed at Sacramento. The expert system 

was also tested at Ogden ALC to obtain a measure of how generic the 

expert system was. A generic expert system could be Implemented for 

all organizations which performed this task, with no need to first 

tailor the expert system to the specific organization. 
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Table 21 

Comparison of Validation Panel and Experts' Weighting of IMA's 
Components 

Element 
Validation Panel 
_Weight 

Development 
Experts' Weight 

1. Unit Cost 23 

2. DOLP 16 

3. ALT 19 

4. PIT 19 

5. Base RCT 4 

6. Base Processing 4 

7. Reparable Intransit 4 

8. Supply to Maintenance 4 

9. Shop Flow 4 

10. Turn In 3 

23 

18 

18 

18 

3 

3 

5 

5 

5 

2 
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A single experiment was used to measure decision effectiveness 

and efficiency. The experiment was a between-subjects, two-by-two- 

by-three factorial design. The three treatments and levels of each 

treatment are shown in Figure 15. 

The performance of each subject within each cell was measured 

on only one case, the simple case or the complex case, performed 

either manually or with the expert system. Each subject was 

provided a trial case for practice prior to beginning the case on 

which the performance measure was taken. Subjects were selected 

randomly and prescheduled, as explained in Appendix K. Eighty-eight 

subjects were tested at Sacramento ALC. Sixty subjects were tested 

at Ogden ALC. 

The directions contained in Appendix L, as appropriate for 

either manual subjects or subjects assisted by the expert system, 

were read to all subjects. All subjects completed the appropriate 

questionnaire contained in Appendix M. 

Each subject received a score between 0 and 100 points for the 

case the subject completed. The score was determined by comparing 

the individual's score to the test key generated by the experts and 

then applying the point values contained in Table 22. This 

procedure was followed for each of the ten answers provided by each 

subject, and the scores on all ten elements were then totaled. 

Table 23 demonstrates this scoring procedure for the simple case. 

Effectiveness was operationalized as the subject's score on the case 
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Task Method Type of Case Subject Experience 

Cell 
Size 

n 

Expert 
System 

Simple 

Complex 

Novice 

Journeyman 

Advanced 

Novice 

Journeyman 

Advanced 

Novice 

Journeyman 

Advanced 

Novice 

Journeyman 

Advanced 

10 

20 

8 

12 

18 

7 

10 

16 

10 

12 

18 

7 

Figure 15 

Cells and Cell Sizes of the Effectiveness/ 
Efficiency Experiment 



Table 22 

Point Values Assigned to Test Subjects' Answers 

Quality of 
Answer 

Very Poor 

Poor 

Mediocre 

Good 

Very Good 

Point 
Val ue 

0 points 

2.5 points 

5 points 

7.5 points 

10 points 
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Table 23 

A Demonstration of the Scoring Process, Simple Case 

Subject #12's 
Answers 

Expert's Points 
Rating Assigned 

1. Unit Cost 1054.00 

2. DOLP 77147 

3. ALT 2 

4. PLT 14 

5. RCT 4 

6. Base Processing 21 

7. Reparable Intransit Time 14 

8. Supply to Maint. 10 

9. Shop Flow 9 

10. Turn In 10 

Good 7.5 

Very Good 10 

Very Good 10 

Very Good 10 

Very Good 10 

Very Poor 0 

Very Good 10 

Very Good 10 

Very Good 10 

Very Good 10 

TOTAL SCORE 87.5 
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completed. The analysis of the effectiveness measure was used to 

test research hypothesis three. 

In addition, the time each subject took to complete a case was 

recorded. The researcher obtained this measure via observation of 

the subjects. The time was measured from when the subject actually 

began the test case until the subject completed the test case. Time 

to complete questionnaires was not included in the time. Times were 

recorded without the subject's knowledge. The efficiency measure 

was recorded as the time to complete the case. 

A univariate ANOVA procedure was used to assess the 

statistically significant factor effects of the task method, user 

experience, and type of case on the two dependent variables: 1) A 

subject's total score or effectiveness, and 2) a subject's time to 

completion or efficiency. All of the interaction effects of the 

three factors were included in the model. 

The number of years the subject had worked as a D041 item 

manager was self-reported. A subject was categorized as a novice if 

the subject had been an item manager for less than one year. A 

subject was categorized as a journeyman if the subject had one to 

four years experience as an item manager. Finally, a subject was 

categorized as an advanced item manager if the subject had been an 



item manager for more than four years.14 Years of experience were 

then treated as a blocking factor in the data analysis. 

As seen in Appendix M, the subject's experience in interacting 

with a computer and the subject's confidence in Interacting with a 

computer were also self-reported measures. Computer confidence and 

computer experience were treated as continuous variables and used as 

covariates in the data analysis. 

A univariate ANOVA was performed on each dependent performance 

variable, score and time, with the aid of the Statistical Package 

for the Social Sciences (SPSS). The recode statement was used to 

automatically convert each subject's answers, raw data, to an 

effectiveness score for each of the ten elements. 

Subjects who were assisted by IMA were asked to complete a 

critique of the expert system. The critiques are summarized in 

Appendix N. No formal analysis of the critiques was perfonned. 

Summary 

This chapter has dis missed the methodological approach which 

was followed in the conduct of this research. Lessons learned from 

numerous previous developments of expert systems, as documented in 

the literature review, were Incorporated into this fourteen-step 

The experts at Sacramento ALC provided the year categories 
defining a novice, journeyman, and advanced item manager. The 
validation panel concurred with the operationalization. 
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process. The key lessons incorporated were: Involve the users 

early, let the users decide which applications are best, take 

advantage of multiple experts, use a case analysis approach to 

acquire the knowledge, and clearly specify what is to be evaluated 

and how. 

The methodology was unique in that consensus driving techniques 

from the social sciences were used to select the task, elect the 

experts, and derive the heuristics of multiple experts. Further, 

the methodology included a new, objective approach to the evaluation 

of the expert system's performance. 

A 441-rule expert system to assist with an inventory management 

task has been developed. An experimental design was devised and 

implemented to determine if use of the expert system can enable item 

managers to make more effective and efficient decisions. The 

results of th1 effectiveness/efficiency test are the subject of 

Chapter IV. 



CHAPTER IV 

\ 

RESULTS AND OTHER FINDINGS 

This chapter first presents the results of the ANOVA procedures 

on the effectiveness/efficiency test. Following the presentation of 

the ANOVA procedure results, other findings from the research, for 

which no formal hypotheses had been established in advance, are 

discussed. 

Results of ANOVA Procedures 

As explained in the discussion of the research methodology, the 

data collected during the effectiveness/efficiency test were 

submitted to statistical analysis in a full factorial ANOVA 

design. A fixed effect, two-by-two-by-three factorial model was 

used with the aid of the Statistical Package for the Social Sciences 

(SPSS). The subject's experience in interacting with a computer and 

the subject's confidence in interacting with a computer were treated 

as continuous variables and used as covariates in the data 

analysis. A univariate ANOVA was performed on each of the ten 

element scores for which IMA provided advice, on the total 

performance score, the development experts' weighted total score, 

the validation panel's weighted total score, and the time to 

completion. Forty-two ANOVAs were run, fourteen for each test site. 
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and fourteen with the data combined from both of the test sites. An 

alpha level of .05 was used to judge significance. The covariates 

of experience and confidence were not significant. The covariates 

were not even significant at an alpha level of .1. As the 

covariates did not explain any significant amount of variance, the 

covariates were eliminated from further analysis of the data. 

The initial forty-two ANOVAs were rerun with the covariates 

eliminated. In addition, nine other ANOVAs were run, three for each 

test site, and three with the data combined from both of the test 

sites. These additional nine ANOVAs provided the total performance 

score less the scores for production leadtime and reparable 

intransit time, according to the three weighting schemas. Figure 16 

depicts the fifty-one ANOVAs which were submitted to additional 

analysis. Production leadtime and reparable intransit time were 

eliminated from the computation of the total performance score since 

the use of the expert system significantly decreased performance on 

these elements. The researcher assumed that management probably 

would not want to implement an expert system for an element or 

aspect of a task for which use of the expert system degraded 

performance. This assumption may or may not be valid and will be 

discussed in Chapter V. Given the researcher's assumption, the 

objective of the analysis which excluded production leadtimes and 

reparable Intransit times was to determine the magnitude of the 

increase in total performance which could be realized if the expert 
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MEASURE DATA FROM 

Total Scores Sacramento Ogden Both Sites 

Total 
Equal Weighting 

Total 
Experts' Weighting 

Total 
Validation Panel's 
Weighting 

Total Less 
PLT and RITT 
Equal Weighting 

Total Less 
PLT and RITT 
Expert's Weighting 

Total Less 
PLT and RITT 
ValIdatlon Panel's 
Weighting 

* 

• 

* 

• 

* 

* 

Figure 16 

Fifty-one ANGVAs Submitted to 
Further Analysis 
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SCORE 
DATA FROM 

Element Scores 
Sacramento Ogden Both Sites 

COST 

DOLP 

ALT 

PIT 

RCT 

BPT 

RITT 

STMT 

SFT 

TINT 

• 9 

. 

. • • 

. • • 

. 

. • • 

. • • 

. • • 

. • • 

. • • 

COMPLETION 

TIME 

. • • 

figure 16. (Continued) 

iHilP¡<ttí¡Nhri|i! 
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system were only used for those elements where performance was 

improved. The total performance scores will first be reported and 

then the performance scores for each of the ten elements will be 

reported. Following the report of the performance scores, the 

results of the ANOVA tests for the subjects' completion time will be 

reported. 

Overall Performance Scores 

The eighteen ANOVAs which reflected some form of total score, 

see Figure 16, did not result in any significant three-way 

Interaction of experience by difficulty by method. However, all 

eighteen ANOVAs did reflect a consistent significant two-way 

interaction of difficulty by method. Full results of the experience 

by difficulty by method ANOVAs, with the Sacramento and Ogden data 

combined, appear in Tables 38 through 53 in Appendix Q. Each of 

these tables Includes the means, standard deviations, and cell sizes 

for each of the twelve cells of the analysis as presented in Figure 

15. The full ANOVA tables are also presented. 

Tables 38 through 43 of Appendix Q present the total 

performance scores, aggregating the scores first on all ten elements 

and then on only the eight elements which demonstrated an Increase 

in performance. The results for all three weighting schemas are 

Included. A review of Tables 38 through 43 reveals that the 

experience factor was not significant as a main effect and in only 

one of these ANOVAs was experience significant as an interaction. 
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Table 39 reflects a significant experience by method 

interaction. This interaction was significant at an alpha level of 

0.05. The cell means in Table 39 appear to indicate that for the 

manual method of performance, journeymen perform better than both 

novices and advanced personnel. However, when the expert system is 

Introduced, advanced personnel again appear to perform better than 

either journeymen or novices. Further, Table 39 seems to indicate 

little difference in performance between a novice and a journeyman 

when the expert system is used. 

Difficulty by Method Interaction 

The difficulty by method interaction will now be more closely 

examined. Tables 24 through 31, on the following pages, present the 

means for the difficulty by method table for Sacramento and Ogden, 

respectively, for the aggregate performance scores, which reflect 

the two-way interaction. The tables reveal the consistent result 

that use of the expert system Improved performance on the complex 

case more than on the simple case. 

Tables 24 and 25 portray the ANOVA cell mean results for the 

total performance score, with all of the ten individual elements 

weighted equally for Sacramento and Ogden, respectively. As seen in 

Table 24, even with production leadtime and reparable Intransit 

time, which exhibited decreased performance, overall performance at 

Sacramento exhibited an Increase of 7.66 points when cases were 



Mean Total Score 

All Elements Weighted Equally 

Sacramento 

CASE 

DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 87.72 

(23)* 

87.02 

(21) 

87.39 

(44) 

COMPLEX 66.25 

(22) 

82.84 

(22) 

74.55 

(44) 

BOTH 

CASES 

77.22 

(45) 

84.88 

(43) 

80.97 

(88) 

* Parentheses Indicate number of observations 
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Table 25 

Mean Total Score 

All Elements Weighted Equally 
Ogden 

CASE 

difficulty 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 91.33 

(15)* 
92.00 

(15) 
91.67 

(30) 

COMPLEX 69.50 

(15) 
80.33 

(15) 
74.92 

(30) 

BOTH 

CASES 
80.42 

(30) 
86.17 

(30) 
83.29 

(60) 

* Parentheses Indicate number of observations 
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Table 26 

Mean Score 

Without Rin and PIT 

All Elements Weighted Equally 

Sacramento 

CASE 

DIFFICULTY 

_SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 69.24 

(23)* 
72.86 

(21) 
70.97 

(44) 

COMPLEX 50.34 

(22) 
68.07 

(22) 
59.20 

(44) 

BOTH 

CASES 
60.00 

(45) 
70.41 

(43) 
65.09 

(88) 

* Parentheses Indicate number of observations 

.H-blPtHlIilDP iiuJt' 
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Table 27 

Mean Score 

Without RITT and PIT 

All Elements Weighted Equally 

Ogden 

CASE 

DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 72.50 

(15)* 

76.17 

(15) 

74.33 

(30) 

COMPLEX 51.67 

(15) 

66.83 

(15) 

59.25 

(30) 

BOTH 

CASES 
62.08 

(30) 
71.50 

(30) 
66.79 

(60) 

* Parentheses indicate number of observations 
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Table 28 

Mean Score 

Without RITT and PIT 

Development Experts' Weighting 

Sacramento 

CASE 

DIFFICULTY 

i--—---—■—-   

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 67.5 

(23)* 

68.4 

(21) 
67.9 

(64) 

COMPLEX 42.2 

(22) 
57.3 

(22) 
49.S 

(44) 

BOTH 

CASES 

55.1 

(45) 

62.7 

(43) 

58.8 

(88) 

* Parentheses Indicate number of observations 
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Table 29 

Mean Score 

Without RITT and PIT 

Development Experts' Weighting 

Ogden 

CASI 

DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 69.5 

(15)* 

72.7 

(15) 

71.1 

(30) 

COMPLEX 39.0 

(15) 

54.2 

(15) 

46.6 

(30) 

BOTH 

CASES 

54.2 

(30) 

63.4 

(30) 

58.8 

(60) 

* Parentheses Indicate number of observations 
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Table 30 

Mean Score 

Without RUT and PLT 

Validation Panel's Weighting 

Sacramento 

CASE 

DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 67.5 

(23)* 

68.2 

(21) 
67.8 

(44) 

COMPLEX 41.9 

(22) 

57.4 

(22) 

49.6 

(44) 

BOTH 

CASES 
55.0 

(45) 
62.6 

(43) 
58.7 

(88) 

* Parentheses Indicate number of observations 
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Table 31 

Mean Score 

Without RITT and PIT 

Validation Panel's Weighting 

Ogden 

CASE 
DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 69.2 

(15)* 

72.6 

(15) 

70.9 

(30) 

COMPLEX 38.9 

(15) 

54.4 

(15) 

46.6 

(30) 

BOTH 

CASES 

54.0 

(30) 

63.5 

(30) 

58.8 

(60) 

* Parentheses Indicate number of observations 
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solved with the expert system. Table 25 also includes production 

leadtime and reparable intransit time in the overall analysis. 

Total performance at Ogden showed an increase in the performance 

score for both the simple and complex case. The increased 

performance was greater for the complex case than the simple case. 

Tables 26 through 31 portray the ANOVA cell mean results for 

the total performance score less the scores for production leadtime 

and reparable intransit times. Cell means in Tables 26 through 31 

reflect the performance score means out of a possible eighty points, 

rather than one hundred points, as two elements have been 

eliminated. 

Tables 26 and 27 portray the ANOVA cell mean results for the 

total performance score less the scores for production leadtime and 

reparable intransit times, for Sacramento and Ogden, respectively. 

All eight, elements are weighted equally. As shown in Table 26, use 

of the expert system at Sacramento resulted in an improvement of 

3.62 points for the simple case and 17.73 points for the complex 

case. Table 27 shows that similar results were achieved at Ogden. 

Use of the expert system resulted in a 3.67 point improvement for 

the simple case and a 15.16 point Improvement for the complex case. 

Tables 28 and 29 portray the ANOVA cell mean results for the 

total performance score less the scores for production leadtime and 

reparable Intransit times, for Sacramento and Ogden, respectively. 

The Included elements are weighted in accordance with the 
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devei opinent experts' weighting schema. Performance on the complex 

case showed a 15.1 point improvement at Sacramento and a 15.2 point 

improvement at Ogden. 

Tables 30 and 31 portray the ANOVA cell mean results for the 

total performance score less the scores for the production leadtime 

and reparable intransit time elements, for Sacramento and Ogden, 

respectively. The included elements are weighted in accordance with 

the validation panel's weighting schema. Performance on the complex 

case showed a 15.5 point improvement at both Sacramento and at 

Ogden. 

The ANOVA results reported in Tables 24 through 31 were 

reviewed in reference to research hypothesis three. Research 

hypothesis three was expressed as null; that is, that the expert 

system solution method had no effect on the performance variable. 

The ANOVA results reported in Tables 24 through 31 demonstrate a 

statistically significant improvement when the expert system is used 

to solve the complex case. The null hypothesis is thus rejected in 

favor of the alternative hypothesis that use of an expert system has 

a significant effect on inventory management performance 

particularly for the more difficult cases. The method of 

aggregation did not affect the result. The effect of each of the 

individual element scores on the total performance score will now be 

examined. 
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Individual Element Scores 

Tables 44 through 53 in Appendix Q present the full results for 

the ten individual element scores with the data for Sacramento and 

Ogden combined. Table 32 summarizes the results presented in ANOVA 

Tables 44 through 53. No significant three-way interactions of 

experience by difficulty by method were present for any of the 

individual elements. The method by difficulty interaction that was 

consistently present in the total performance scor . only exhibited 

a significant effect for administrative leadtime, shop flow time and 

turn in time. The effect of the use of the expert system for these 

three elements was a significant improvement in performance for the 

complex case. 

A review of Table 32 also shows that there was a significant 

main effect of method for six other elements: cost, production 

leadtime, repair cycle time, base processing time, reparable 

intransit time, and supply to maintenance time. Of the six elements 

which exhibited a significant simple main effect of method, four 

demonstrated improved performance when the expert system was used. 

However, two elements, production leadtime and reparable intransit 

time, exhibited a significant decrease in performance when the 

expert system was used. Three elements exhibited a significant 

simple main effect of difficulty: cost, date of last procurement, 

and base processing time. 



Significant Effects of Individual Elements 

Sacramento and Ogden Combined 

Individua 1 
Element 

COST 

DOLP 

ALT 

PL1 

RCT 

BPT 

RIT1 

STMT 

SFT 

TINT 

Method Difficulty 

** 

** 

** 

* * * * 

* 

Experience MxD 

* * 

* 

* 

* 

* Indicates that the Significance of F < 0.05 
** Indicates that the Significance of F < 0.01 

Indicates that the expert system degraded performance 
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Experience appears to be a weak blocking factor. Table 32 

shows that there were only three significant effects of 

experience. Supply to maintenance time exhibited a significant 

simple main effect of experience. Shop flow time and turn in time 

both exhibited a significant experience by method interaction. 

A review of Table 51 in Appendix Q shows the main effect of 

experience on supply to maintenance time. The journeyman s overall 

performance is better than the performance of both the novice and 

the advanced person. 

Table 52 in Appendix Q portrays the experience by method 

interaction for shop flow time. Use of the expert system enabled 

novices to improve performance more than journeymen and advanced 

personnel. The performance of journeymen was the least improved 

with the use of the expert system. Novices exhibited better 

performance on shop flow time for both the simple and complex 

cases. Note that on the complex case, the novice's average 

performance was increased from 5.21 points to perfect performance of 

10 points when the expert system was used. 

Table 53 in Appendix Q portrays the experience by method 

interaction for turn in time. Again, use of the expert system 

resulted in the greatest increase in performance being attained by 

novices. Again, the performance of journeymen exhibited the least 

increase in performance when the expert system was used. 
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Table 33 portrays the cell means from the ANOVA results for 

each of the ten elements, with the data for Sacramento and Ogden 

combined. The table provides a comparative review of the results, 

indicating the expert system's ability to increase the inventory 

manager's performance on both simple and complex cases as well as 

the manager's overall performance on both cases. The decrement in 

performance for the elements of production leadtime, PIT, and 

reparable intransit time, RITT, for both the simple and complex case 

should be noted. 

Completion Time 

As there appeared to be a significant difference in the 

completion times of subjects at Sacramento and at Ogden on both the 

simple and the complex case, an additional ANOVA was run on the 

combined data which included location as a fourth blocking factor. 

The result revealed no significant four-way interaction of 

experience by difficulty by location by method. However, a 

significant three-way interaction of difficulty by location by 

method was present at an alpha level of 0.05. Because of the 

significant three-way interaction, the analysis of completion time 

is presented for Sacramento separately and Ogden separately. The 

results of the combined data are not presented. 

Tables 54 and 55 in Appendix Q present the complete breakdowns 

and ANOVA tables for the analysis of completion time for Sacramento 
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Table 33 

Table of Cell Means of Individual Element Scores 
Sacramento and Ogden Combined 

ELEMENT 

SIMPLE CASE COMPLEX CASE OVER) Ml 

MANUAL IMA MANUAL IMA MANUAL IMA 

COST 

00LP 

ALT 

PLT 

RCT 

BPT 

RITT 

STMT 

SET 

TINT 

7.96 

9.47 

9.61 

9.41 

8.68 

7.96 

9.21 

9.01 

8.55 

9.28 

9.09 

9.59 

8.34 

7.92 

9.37 

9.37 

6.94 

9.44 

9.44 

9.58 

3.04 

6.35 

5.14 

9.05 

7.30 

5.47 

7.63 

8.72 

6.89 

7.97 

5.81 

7.03 

7.09 

7.84 

9.19 

8.58 

6.42 

10.00 

9.86 

10.00 

5.53 

7.94 

7.40 

9.23 

8.00 

6.74 

8.44 

8.87 

7.73 

8.64 

7.43* 

8.29 

7.70** 

7.87* 

9.28* 

8.97* 

6.68* 

9.73* 

9.66** 

9.80** 

** Indicates significant difficulty by method interaction. 

* Indicates significant main effect of method. 
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and Ogden, respectively. Table 54 shows that use of the expert 

system at Sacramento resulted in a significant two-way interaction 

of difficulty by method. Subjects who used the expert system at 

Sacramento to solve the simple case required more time than subjects 

who performed the case manually. However, subjects who used the 

expert system to solve the complex case required less time than 

subjects who performed the case manually. 

Table 55 shows that at Ogden use of the expert system resulted 

in a significant simple main effect of method on completion time at 

an alpha level of 0.000+. The effect was an increase in the time 

required to solve both the simple and the complex case when the 

expert system was used. 

Tables 34 and 35 portray the ANOVA cell mean results, for the 

two-by-two analysis of solution method by case difficulty, for time 

to completion at Sacramento and Ogden, respectively. As shown in 

Table 34, use of the expert system on a simple case at Sacramento 

resulted in solution times which were two minutes longer than the 

manual solution method. However, use of the expert system on a 

complex case at Sacramento resulted in a reduction in solution times 

of 9 minutes over the manual method. Overall solution times were 

reduced by 3.5 minutes at Sacramento when subjects were assisted by 

the expert system. 

Table 35, however, portrays conflicting results from the Ogden 

sample. Use of the expert system on a simple case at Ogden resulted 
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Table 34 

Mean Times to Complete 
(In Minutes) 
Sacramento 

CASE 
DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 22.87 
(23)* 

24.71 
(21) 

23.75 
(44) 

COMPLEX 34.23 
(22) 

25.14 
(22) 

29.68 
(44) 

BOTH 
CASES 

28.42 
(45) 

24.93 
(43) 

26.72 
(88) 

* Parentheses indicate number of observations 
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Table 35 

Mean limes to Complete 

(In Minutes) 

Ogden 

CASE 

DIFFICULTY 

SOLUTION METHOD 

MANUAL EXPERT SYSTEM BOTH METHODS 

SIMPLE 12.93 

(15)* 

21.93 

(15) 

17.43 

(30) 

COMPLEX 16.07 

(15) 

23.93 

(15) 

20.00 

(30) 

BOTH 

CASES 

14.50 

(30) 

22.93 

(30) 

18.72 

(60) 

* Parentheses indicate number of observations 

iwtoriMWIWW 



184 

,n solution tin,es which were nine minutes longer than the manual 

solution method. Use of the expert system on a complex case 

resulted in solution times which were eight minutes longer than the 

manual solution method. Overall solution times at Ogden were 

increased by 8.4 minutes when subjects were assisted by the expert 

system. 

Research hypothesis four was also expressed as null ; that is, 

that the expert system solution method had no effect on the time to 

completion or efficiency variable. The AN0V4 results reported in 

Tables 54 and 55 include statistically significant effects of 

method. However, the direction of the effect is not clear. The 

null hypothesis can neither be accepted nor rejected on the basis of 

this test. 

Other Findings 

During the conduct of this research four other findings were 

discovered for which no formal hypotheses had been established in 

advance. The first three findings relate to the use of multiple 

experts during a knowledge engineering project. The fourth finding 

concerns user acceptance of an expert system. 

First, when using multiple experts in a knowledge engineering 

project, a range of expertise, operationalized as years of 

experience performing the task, is helpful. The experience of the 

seven experts selected to assist with the development of IMA ranged 
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from two years* to more than twenty years. This fortuitous 

circumstance enabled the expert with only two years experience to, 

when necessary, remind the other experts that a trainee or novice 

might not understand the questions or advice as stated by these 

experts. Necessary clarifications to terminology resulted. 

Further, the expert with only two years experience recommended 

several help screen options. 

The second unanticipated finding concerned the secondary 

benefits which accrue to an organization when multiple experts work 

as a group on a knowledge engineering project. Providing the 

experts with an opportunity to discuss how the job was actually 

performed, by the experts, revealed a number of deviations from 

standard operating procedures and company policy. Several policies 

were found to be antiquated and in need of review and revision. The 

knowledge engineering sessions allowed the organization's best 

experts to challenge the existing corporate policies and recommend 

improved operating practices and procedures. 

The third finding was the result of another fortuitous 

circumstance. On the fourth day of the knowledge engineering 

sessions one of the seven experts was called away due to a family 

*The individual with only two years experience was a retired Chief 
Master Sergeant who had performed related work for over twenty 
years. However, this expert had only performed the task for which 
IMA was developed for two years. 
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emergency. This expert returned for the second week of the initial 

knowledge engineering sessions, having been absent for two days of 

sessions. Not having been a participant in the discussions which 

generated several new heuristics, the returning expert strongly 

challenged the logic of two of the new heuristics. The other 

experts readily agreed with the returning expert’s criticism of the 

heuristics. One expert stated that the expert who originally 

proposed the erroneous heuristics had argued so strongly and 

presented the argument so well that agreement was the natural 

consequence. 

As a result, the seven experts were cautioned to distinguish 

the soundness of the argument from the delivery. Management at 

Sacramento ALC was asked to permit the expert who had been ranked 

number one by the peer group, but who had been unable to participate 

in the entire project, to serve as an independent validation check 

of the knowledge base of the expert system. The validation panel of 

corporate experts was also designed into the methodology to provide 

an additional logic check. 

The fourth finding concerns the importance of involving future 

users in the earliest design stages of an expert system development 

project. As was discussed in the research methodology section of 

this report, future users of the expert system at Sacramento 

recommended and selected the specific task for which the expert 

system was designed to provide assistance. Future users at Ogden, 



however, were not involved in the project until the testing ¡hase of 

the project. Although no formal analysis was performed to validate 

this finding, the critiques of the Sacramento test subjects who re 

assisted by IMA appear to be much more positive than the critiques 

of the Ogden test subjects. Further, several Ogden test subjects 

returned blank critique forms. Test subjects' critiques of the 

Inventory Manager Assistant (IMA) Expert System are contained in 

Appendix N. 

Summary 

Chapter IV has presented the results of this research 

project. As discussed, inventory managers who were assisted by the 

expert system achieved higher performance scores than inventory 

managers who performed the test manually. A 10 percent improvement 

in overall performance was demonstrated when subjects were assisted 

by IMA. On complex cases, 15 to 18 percent improvements resulted. 

Results concerning time to completion were inconclusive. A 

significant increase in efficiency was demonstrated at Sacramento 

with the use of the expert system to solve complex cases. However, 

at Ogden a significant reduction in efficiency resulted. Chapter V 

presents the conclusions drawn from these results. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

This chapter provides an overview of the complete research 

project. The first section reiterates the objectives and 

methodology. The second section summarizes the research findings. 

The third section presents conclusions which can be drawn from the 

study and relates the research questions addressed in the study to 

the contributions made by the study. The final section proposes 

further research to validate and expand the present research effort. 

Summary of the Research Effort 

The artificial intelligence technology of expert systems has 

emerged from the research laboratory and demonstrated quite 

successful results in terms of better and more efficient decision¬ 

making. Practical business applications of expert systems have been 

in daily use since 1979. Today, many companies, including Digital 

Equipment Corporation, IBM, Westinghouse, and Campbell Soup Company, 

use expert systems to leverage rare in-house expertise and provide 

competitive advantage. Despite this record of success, expert 

systems have seen limited practical application in the logistics 

discipline. The applications are currently utilized primarily in 

the maintenance area. 

188 
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The purpose of this research was to investigate the potential 

application of expert systems to the management of inventory. 

Inventory management was believed to offer a pervasive and 

potentially rewarding area in which to apply expert systems. 

Materials management and inventory problems are common to all 

business organizations: retailers, wholesalers, distributorships, 

and manufacturers. Further, inventory represents a substantial cost 

to an organization. The NCPDM study. Measuring and Improving 

Productivity in Physical Distribution 1984 reported that the 

estimated U.S. logistics expenditures for inventory carrying cost 

for 1982 were $130 billion [NCPDM:19]. Therefore, even a small 

percentage improvement in the effectiveness of managing inventories 

could be transformed into huge savings. 

Although inventory management has been primarily treated as a 

quantitative discipline, this research proposed that expert 

inventory managers, in fact, use a number of heuristic decision 

rules, which have been gained from years of experience. The primary 

objective of this research was to discover the expert decision 

heuristics for a limited inventory management task. A second 

objective was to incorporate these heuristics into an expert system 

and measure the performance level of this expert system, both in 

terms of the effectiveness and the efficiency of the decisions which 

resulted 
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Four research hypotheses were investigated: 

1. Expert inventory managers use task-specific knowledge and 
heuristics in decision-making. 

2. This knowledge and these heuristics can be captured and 
programmed as an "expert system." 

3. Inventory managers who are assisted by expert systems can 
make more effective decisions. 

4. Use of expert systems will enable inventory managers to more 
efficiently solve complex problems. 

The majority of the research was conducted at the Sacramento 

Air Logistics Center (ALC), a wholesale support activity of the 

United States Air Force. The Ogden Air Logistics Center served as 

an additional test site for the expert system which was developed. 

The Air Force is an excellent research setting due to the complexity 

and worldwide scale of the task environment. 

The methodological approach to the study entailed a fourteen- 

step process, grouped into three general phases. Phase I, Problem 

Selection, required the researcher to gain a general understanding 

of the overall tasks and responsibilities of the inventory managers 

at Sacramento ALC. Workshops were conducted with all of the 

inventory managers to explain the expert systems technology and 

allow the inventory managers to nominate candidate problems for the 

development of an expert system. The inventory managers then 

selected the preferred problem from the nominated alternatives and 

also nominated and elected the experts from whom the knowledge for 

the expert system was later obtained. Protocol Analysis and the 

Delphi Technique were used. 
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Phase II, Knowledge Engineering, entailed deciding the actual 

scope and objectives of the expert system and encoding and 

validating the expert system. The Nominal Group Technique, combined 

with case analysis, was used. Seven experts worked as a group with 

the researcher to determine the decision heuristics and make 

necessary modifications to the resultant expert system. The expert 

system which was developed contained 441 rules and recommended 

advice to the user on ten separate elements. The development of the 

expert system provided tests of research hypotheses one and two. 

During Phase III, Performance Measurement, standards of 

performance were determined and the expert system was tested to 

determine the effect of the expert system on decision effectiveness 

and efficiency. Effectiveness was operationalized as a performance 

score of between 0 and 100 obtained by each individual on the 

problem solved. The grading key was determined in advance of 

testing. Efficiency was operationalized as the time required to 

reach the problem solution. Tests were performed at both Sacramento 

and Ogden. 

The experiment designed to measure efficiency and effectiveness 

was a between-subjects, two-by-two-by-three factorial design. The 

three treatments were: (1) task method with levels of (a) the 

expert system and (b) manually; (2) problem difficulty with levels 

of (a) a simple problem and (b) a complex problem; and (3) user 

experience with levels of (a) novice, (b) journeyman, and (c) 
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advanced. Figure 15 depicts the twelve cells of the experiment. 

The performance data collected were evaluated through analysis of 

variance techniques to gauge the effect of the expert system on 

decision effectiveness and efficiency. These analyses provided 

tests of research hypotheses three and four. 

Univariate ANOVA procedures were performed on each of the ten 

scores for the elements on which the expert system provided advice, 

and on the total score of all ten elements combined. Analyses of 

the total scores were conducted with the ten elements weighted 

equally and with the ten elements weighted according to two 

different groups of experts' weighting schemas. Analyses of the 

total score less two of the elements for which performance was 

degraded by use of the expert system were also conducted according 

to the three weighting schemas. In addition, ANOVA procedures were 

performed on the time to completion. Separate analyses were 

performed for Sacramento, for Ogden, and for the combined data of 

both Sacramento and Ogden. Figure 16 depicts the procedures which 

were performed. The test subjects' self-reported confidence in 

using a computer to make decisions, and experience in interacting 

with a computer were treated as continuous variables and used as 

covariates in the analyses. The analysis wis also performed without 

the covariates as the covariates did not explain any significant 

amount of variance. 
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Review of the Research Findings 

The eighteen ANOVA procedures which reflected some form of 

total score, as per Figure 16, did not result in any significant 

three-way interaction of experience by difficulty by method. 

However, the results of all eighteen ANOVA procedures did reflect a 

significant two-way interaction of difficulty by method. Use of the 

expert system resulted in a greater improvement in performance on 

the complex case than on the simple case. 

Surprisingly, experience was not significant as a main effect 

and in only one of the eighteen ANOVA procedures was experience 

significant as an experience by method interaction. Journeymen 

appeared to perform better than both novices and experts when the 

case was performed manually. However, experts appeared to perform 

better than both novices and journeymen when the case was performed 

with the expert system. Further, the performance differential 

between novices and journeymen seemed to be substantially reduced 

when the expert system was used. 

The analyses of the individual elements showed that the expert 

system improved performance on all but two of the ten elements for 

which advice was provided. These two elements were deleted from 

further detailed analyses. The remaining effectiveness analyses, 

without these two elements, are summarized in Table 36. As shown, 

inventory managers who were assisted by the expert system exhibited 

significant performance improvements on the complex problem. 
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Overall performance was improved between 7.6 and 10.4 percent. On 

complex cases, performance improvements of 15.1 to 17.73 percent 

were demonstrated. These findings strongly support the hypothesis 

that expert systems can improve the performance or decision 

effectiveness of inventory managers. 

Table 37 summarizes the results of the findings concerning the 

ability of expert systems to improve decision efficiency. As 

indicated, overall decision efficiency showed a significant 

improvement of 9.09 minutes on complex cases at Sacramento. 

However, at Ogden a significant decrease in efficiency resulted on 

both the complex and the simple problem. The findings were 

inconclusive. The hypothesis concerning the ability of expert 

systems to increase decision efficiency could neither be accepted 

nor rejected. 

Conclusions and Logistics Implications 

This study addressed four research questions and provided 

theoretical, methodological, and managerial contributions. The 

results of this study led to five conclusions concerning the 

potential of expert systems for inventory management tasks. The 

conclusions are presented as answers to the research questions. 

Each conclusion is discussed in terms of the contribution made. 

Research Question 1: Do inventory managers use heuristic decision 
rules? 
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The researcher hypothesized that expert inventory managers use 

task-specific knowledge and heuristics in decision-making. 

Interaction with the experts revealed that expert inventory managers 

do, in fact, develop heuristics which are used to make inventory 

management decisions. Thirteen of the heuristics discovered for 

forecasting future unit prices and administrative and production 

leadtimes from past contracts' information, that is, a purchasing 

history of the item, appear to be applicable to many businesses and 

types of items. These general heuristics are: 

1. If the latest procurement of the item was any of the 
following, a more accurate estimate of a future price may be 
obtained by using an older contract which was a standard 
routine procurement: 

contractor minimum cost, 
contractor minimum quantity, 
contractor excess, 
surplus material, 
price break, 
quantity discount, 
off-the-shelf, or 
priority procurement. 

2. If the unit price included one-time cost of tooling, or one¬ 
time special engineering test requirements, an appropriate 
adjustment to subtract the one-time costs should be made 
before using the cost of the item to determine future 
budgetary requirements. 

3. If you have a number of standard routine procurements, the 
latest contract price should be used. 

4. The date of the contract used to determine the cost for 
budgetary purposes should serve as the basis for inflating 
the contract unit cost to the forecasted unit price. 

5. If the latest contract for the item was with a surplus 
source and the surplus source will continue to supply this 
item, this surplus price should be used. 
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6. If the only contracts available in the purchasing history 
are the initial contract buy of the item and a contractor 
excess price, the contractor excess price should be used. 

7. If the only contracts available in the purchasing history 
are the initial contract and a priority procurement price, 
the initial contract purchase price of the item should be 
used. 

8. Three percent should be added to all contractor unit prices, 
except an initial purchase contract price, to cover first 
destination and handling charges. 

9. Administrative leadtime is the time from the initiation of a 
contract requirement by the inventory manager to the date 
the contract is actually awarded by the purchasing 
department. 

10. Production leadtime is the elapsed time from the date of 
contract award to the date when at least ten percent of the 
total contract quantity has been routinely delivered. 

11. Urgently awarded or priority procurements do not provide 
good estimates of future administrative and production 
leadtimes. 

12. If you have a routine delivery on a priority procurement, 
you could use the date of the routine delivery to compute 
the estimated production leadtime. 

13. If the latest procurement of the item represents a contract 
which was contractor excess, contractor off-the-shelf, or 
surplus material, the appropriate dates can be used to 
establish the administrative leadtime. However, the 
production leadtime must be determined from another routine 
contract or appropriate standard values must be used. 

Conclusion 1: Expert inventory managers do possess task-specific 

knowledge and do apply decision heuristics in the performance of 

Inventory management tasks. The requirements determination aspect 

of inventory management has been demonstrated to involve 

considerable knowledge that is subjective and partly judgmental. 



Numerous other tasks in the area of inventory management were also 

nominated by the inventory managers at Sacramento ALC based upon the 

tasks' satisfaction of this criterion. These tasks require symbolic 

reasoning and cannot be solved by standard computational approaches 

al one. 

Conclusion 1 and the more generic heuristics presented provide 

a theoretical contribution to the study of inventory management. 

Inventory management has been shown to be a qualitative as well as a 

quantitative discipline. Important decision variables for a part of 

an inventory management task have been elucidated. Some of the 

actual decision heuristics used have also been presented. 

Research Question 2: Can the heuristic decision rules of inventory 
managers be programmed and captured as an expert system? 

The researcher hypothesized that the knowledge and heuristics 

used by inventory managers could be captured and programmed as an 

expert system. Development of the Inventory Manager Assistant 

expert system demonstrated the validity of hypothesis two. 

Conclusion 2: Expert systems can be developed to assist inventory 

managers with Inventory tasks. An expert system containing 441 

rules was developed to assist with a limited task. Because of the 

complexity of both the various types of items managed and the 

various possibilities of sources and users, expert systems for 

inventory management tasks will require large numbers of rules. 
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However, generic systems, systems applicable to different types of 

items, can be developed. The Inventory Manager Assistant (IMA) 

Expert system was a generic system capable of handling numerous 

types of items and was demonstrated to be applicable to inventory 

management at different locations. 

The development of the Inventory Manager Assistant (IMA) expert 

system demonstrated that expert systems can be developed in six 

months or less at reasonably low cost when such systems are 

developed on microcomputers using existing AI software development 

tools. The development of expert systems does not necessarily 

require extensive development periods and high dollar outlays. 

Further, user acceptance of the expert system was high. As can 

be seen from the test subjects' critiques of the expert system which 

are included in Appendix N, users found the expert system to be a 

beneficial system and noted the potential value of the expert system 

in a training role. Users appeared willing to accept and use the 

technology of expert systems. 

Conclusion 2 and the managerial implications which derive from 

Conclusion 2 provide a managerial contribution. Expert systems have 

been demonstrated to be a feasible means of alleviating manpower 

shortages. The potential use of expert systems for training has 

also been demonstrated. 

Research Question 3: Can expert systems for inventory management 
provide effective decisions? 
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The researcher hypothesized that expert systems could 

significantly improve the performance of inventory managers. An 

implicit assumption of hypothesis three is that expert systems must 

perform at least as well as, and preferably better than, the expert 

system's human counterpart in order for the expert system to be 

considered a success. The researcher made this assumption regarding 

expert systems for inventory management for two reasons. First, 

given the high costs of carrying inventory, inventory mismanagement 

can result in large negative financial impacts to an organization. 

The researcher would argue that an expert system which exists to 

replace inventory managers who are not present for work, regardless 

of the expert system's level of performance, is not necessarily a 

benefit to the organization. Expert systems for inventory 

management are not necessarily better than no management, especially 

if use of the expert system results in inventory mismanagement. 

However, logistics tasks may exist for which use of the expert 

system might be beneficial even if the expert system cannot attain a 

level of performance equivalent to the human counterpart. 

The second reason the researcher assumed that expert systems 

must attain an equivalent or higher level of performance than the 

human counterpart on inventory management tasks concerns the cost of 

developing and maintaining the expert system. Since considerable 

cost may be incurred in developing and maintaining expert systems, 

the expert system should be capable of recapturing some of this 
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cost. Expert systems which result in inventory mismanagement would 

only add to the existing cost burden of maintaining the expert 

system. 

Conclusion 3: Expert systems have the potential to degrade and 

disrupt logistics functions if not properly applied and supported. 

The research findings revealed that inventory managers who were 

assisted by the expert system made poorer decisions on two elements 

for which the expert system provided advice. These elements were 

production leadtime and reparable intransit times. Poor performance 

in both of these elements is attributed to the improper manner in 

which questions were posed to the subjects by the expert system. In 

the case of production leadtime, the expert system asked very 

general questions which were difficult to answer. A much more 

detailed level of questioning should have been used for this 

element. For example, the expert system asked, "What was the date 

of this first significant delivery?" As first significant delivery 

is the first delivery which accumulates a delivered quantity of at 

least ten percent of the total contract quantity, the expert system 

should have perhaps asked for the details of the total contract 

quantities and deliveries and then drawn internal conclusions 

regarding first significant delivery. Further, much of this 

information could be accessed directly from internal data bases with 

no need to draw out the consultation by introducing the additional 

detail. 
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Regarding reparable intransit time, the expert system requested 

that the user respond yes or no to the question, "Is this item not- 

airlift coded?" The double negative confused many inventory 

managers. The corrections are easily made. 

However, the implication is clear. Logistics managers must 

carefully field test expert systems before implementing them for 

day-to-day business operations. Further, expert systems for 

inventory management will require update to insure that the decision 

heuristics are appropriate for current economic conditions. 

Conclusion 4: Productivity gains of up to 15 percent can be 

achieved through the use of expert systems for complex inventory 

management problems. Actual gains may, in fact, be much higher. 

The improved effectiveness demonstrated in this research resulted 

from the application of an expert system which was only at the 

research prototype stage of development. Certainly, before placing 

such a system in operational use, extensive field testing would have 

to be conducted and resultant enhancements made to the expert 

system. 

Further, as was discussed in Chapter IV under the section 

entitled Other Findings, the participation of an organization's best 

experts in a knowledge engineering project frequently results in 

additional improvements to operating procedures as a result of the 

experts' recommendations. 
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Conclusions 3 and 4 also contribute to the managerial aspects 

of inventory management. Use of an expert system to better manage 

inventory has been demonstrated. A 10 percent productivity gain in 

inventory management could be equated to annual savings for 

inventory carrying costs of $9 to $13 billion per year for the 

United States alone according to the National Council of Physical 

Distribution Management (NCPDM) study, Measuring and Improving 

Productivity in Physical Distribution 1984 [NCPDM:19]. IMA has 

demonstrated productivity gains of up to 15 percent on a complex 

task. In a single pretest a $600,000 error was found in one item by 

using the expert system. 

Research Question 4: Can expert systems for inventory management 
suggest solutions as quickly as human experts? 

The researcher hypothesized that the use of an expert system 

would allow inventory managers to solve complex or difficult 

problems more efficiently. However, the researcher implicitly 

related efficiency to effectiveness in terms of successful 

performance of the expert system. An expert system which suggested 

solutions more quickly than the human counterpart would not be 

considered to perform successfully if the solutions resulted in 

Inventory mismanagement or less effective management than were 

achievable by the inventory manager alone. The reverse situation, 

expert systems which required longer solution times but resulted in 

improved management decisions, might be considered to be 



successful. The differential in solution times would have to be 

considered. 

Conclusion 5: The use of expert systems will enable inventory 

managers to more efficiently solve complex problems. Although the 

findings did not conclusively support this assertion, several 

factors must be taken into consideration. Subjects tested were 

allowed to perform only one practice consultation with the expert 

system. This consultation was different from the test case the 

subject was required to solve. Therefore, some of the questions 

presented to the subject by the expert system during the test case 

were seen by the subject for the very first time. As with any new 

system, time is required to gain familiarity and speed in using the 

system. A single practice case was probably not sufficient to draw 

conclusions on this hypothesis from the ANOVA procedures alone. 

During the validation sessions with the experts, time benchmarks 

were taken. During these validation sessions, the experts were 

completing consultations in ten to fifteen minutes. At the time 

these benchmarks were taken, the experts had been through mort than 

fifty interactive consultations with the expert system. These 

statistics can be compared with manual solution times of 23 and 34 

minutes for a simple and complex case, respectively, at Sacramento, 

22 and 24 minute solution times for a simple and complex case, 

respectively, at Ogden. Further, run time efficiencies had not yet 

been designed into the expert system. 
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Conclusion 5 also provided a managerial contribution. 

Efficiency improvements attainable with the use of the expert system 

can further increase overall productivity gains. The potential for 

efficiency improvements was demonstrated. 

Conclusions and Implications for Future Knowledge Engineering 
Projects 

The conduct of this research led to six additional conclusions 

concerning the conduct of future knowledge engineering projects in 

any discipline: 

Conclusion 6: Multiple experts should be used to discover the 

heuristics for complex tasks. Complex task situations are those 

where the same task is performed by large numbers of individuals in 

numerous locations and each case may be slightly different. In such 

areas, even the best experts probably have limited experience 

dealing with particular or special cases. A number of experts are 

required to insure the variability in the decision-making stimuli is 

accounted for. A single expert will likely suffice for tasks which 

are much more repetitive and have fewer possible dimensions in a 

decision-making scenario. 
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Conclusion 7: Evaluations of an expert system's performance must be 

based on the user's ability to obtain correct answers, not on the 

degree to which the expert system simulates the experts' 

conclusions. The Inventory Manager Assistant (IMA) Expert System 

provides an excellent example. IMA perfectly imitated the 

conclusions reached by the experts on both the simple and the 

complex test case. However, test subjects did not achieve 

consistent scores of 100. Mean test scores ranged from 80 to 92 on 

the complex and simple case, respectively. Individuals both fail to 

read the questions correctly and to properly answer the questions 

asked. As long as the human remains in the decision process, the 

possibility of error introduction remains high, no matter how sound 

the logic of the expert system. The implication for expert system 

developers is to insure that when questions are occasionally 

improperly answered, the impact is not worse performance than would 

have been achieved before the introduction of the expert system. As 

much work needs to be done improving the human-machine interface as 

needs to be done validating the expert system's internal logic. 

Conclusion 8: The development of a first prototype expert system 

early in the knowledge acquisition process speeds the knowledge 

acquisition process. 

The first two weeks of knowledge engineering sessions were 

spent working with the experts to develop a 55-rule prototype expert 

I 
\ 



208 

system. After two additional weeks growing and validating the 

expert system, the present 441-rule system evolved. Early 

introduction of an expert system and actual use of the expert system 

in the knowledge acquisition process is a highly efficient approach 

to knowledge engineering. 

Conclusion 9: Future users should play a key role in selecting the 

application for which the expert system is to be developed. The 

critiques of IMA provide strong evidence that users who are brought 

in early in an expert system development project will positively 

support the implementation of the expert system. 

Conclusion 10: The Nominal Group Technique provides an effective 

means of establishing consensus among multiple experts and 

extracting the intermediate steps and assumptions of the experts. 

Frequently, when the experts disagreed during the knowledge 

engineering sessions, the cause was the different goal structures 

which the experts were using or the different assumptions that the 

experts had made about the decision situation. The Nominal Group 

Technique served to surface these underlying sources of 

disagreement. As a result, at times, numerous rules would be 

established to replace the single rule over which the experts had 

originally disagreed. 
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Conclusion 11: The knowledge base of the expert system should be 

validated by an independent expert or experts, especially when 

multiple experts are used as a group to derive the knowledge base. 

Group discussions can result in group think. The experts may then 

draw conclusions which none of the experts would have made or agreed 

to as individuals. Further, one of the potential problems of using 

the Nominal Group Technique as a method to drive consensus is that 

an expert who is more vocal or better able to argue for or against a 

position may influence the other experts to accept improper 

heuristics. However, this potential problem is outweighed by the 

efficient and effective acquisition of knowledge resulting from the 

synergism of the group discussions. An independent validation by an 

additional expert or experts helps insure that the correct 

heuristics are obtained. 

Conclusions 6 through 11 provide a methodological contribution 

for the future development of expert systems. The use of multiple 

experts as a group, use of the Nominal Group Technique to achieve 

consensus, and use of the Delphi Technique for task and expert 

selection have all been demonstrated. In addition, a fourteen step 

approach to the development and testing of expert systems which 

incorporates many of the lessons learned ■‘rom past developmental 

efforts has been provided. 
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Suggestions for Future Research 

This research has only begun to explore the potential 

contribution of the expert systems technology to improved inventory 

management. The conduct of this research has suggested five 

additional investigations which would validate and extend the 

present study. 

First, the result of a possible 15 percent improvement in the 

performance effectiveness of inventory managers on complex problems 

should be substantiated either through the development of other 

similar expert systems, ar improved and expanded version of IMA, or 

through further testing of the existing expert system. If the 

existing expert system is retested, corrections should first be made 

to the knowledge base for the two elements on which the expert 

system is known to provide erroneous results. Subjects tested with 

the expert system should be provided numerous pretest consultation 

interactions with the expert system. The expert system could be 

used by the test group on a daily basis for six months. The same 

performance and time to completion measures could then be made both 

on the test subjects and on a control group who had not used the 

expert system previously. The control group would constitute the 

manual subjects for the experiment. 

A second investigation, closely related to the first 

investigation proposed for further study, would address the 

differential in performance between the design experts who achieve a 



score of 100 points with the expert system and other users who 

achieve much lower scores. The specific research question to be 

asked would be: Can this performance gap between the experts who 

developed the system and individuals who use the system be closed 

with practice? 

During the pretests of the expert system a performance measure 

was taken for each expert on both the simple and complex cases. 

Each expert scored 100 points on both cases. However, a confounding 

of the development experts' expertise and practice with the system 

exists. By the time the pretest measure was taken, each of the 

experts had been through more than fifty consultations with the 

expert system. 

A researcher might hypothesize that with enough practice any 

user could score 100 points or as a minimum that a user's score 

would increase significantly with practice. A test group who would 

use the expert system might be established at a location and 

performance measures taken and compared at three month intervals for 

a year. 

A third important investigation relates to the variability in 

performance of individuals who use the expert system. A visual 

inspection of the tables presented in Appendix Q suggests that the 

within cell variances are reduced when the expert system is used. 

In addition to improving performance on certain inventory tasks, use 

of the expert system may also reduce variability in performance. 

This hypothesis should be tested. 
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A fourth possible investigation would further examine the one 

significant interaction between experience and method found in the 

present study. Table 39 in Appendix Q depicts this interaction. 

The resultant relationship was not what might have been 

anticipated. The researcher assumed that novices would benefit most 

from the use of expert systems, followed in turn by journeymen and 

then more advanced inventory managers. However, Table 39 shows that 

journeymen did not appear to benefit as much as did novices and 

advanced inventory managers. Speculation for further research 

suggests that an expert system may help an advanced user more in 

discouraging the advanced user from being casual. An expert system 

may help a novice more as the novice lacks the procedural knowledge 

which the expert system provides. 

A fifth important investigation would address the researcher's 

assumption that an expert system for inventory management must be as 

good as, or better than, the human counterpart for the expert system 

to be considered a success. The issue of what constitutes 

successful performance for an expert system needs to be resolved. 

The possibility exists that different tasks may have much different 

tolerances for performance. Accordingly, successful performance of 

the expert system would be defined according to the task performed. 

The tradeoff between effective performance for an expert system 

and efficient performance also needs to be addressed. Again, the 

possibility would appear likely that different tasks have different 
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tradeoff tolerances. Tolerance levels for the performance of an 

expert system need to be defined. 

Four other areas where further research might be conducted are 

also presented. Further research in these areas are not as closely 

related to the present research effort. 

First, since inventory management requires both symbolic 

man‘pulation and computational logic, a more appropriate application 

of the expert systems technology to inventory management than stand¬ 

alone expert systems might be to embed the knowledge base of the 

expert system in an existing inventory decision support system or 

modeling tool. Such systems should be developed and tested to 

determine the resultant increase in effectiveness and efficiency. 

Second, this research effort has examined only one small task 

which an inventory manager performs. Expert systems remain to be 

developed and tested for other aspects of the inventory management 

function. Among such systems might be an expert distribution 

system. Such a system would use expert decision heuristics to 

determine, for example, how to distribute scarce resources among 

competing requirements. A distribution expert system could base 

decisions on criteria other than the priority of the demand and the 

age of the requisition. For example, information on retailers past 

sales records and ability to use the asset to improve customer 

service standards could be considered. An expert system might also 

be developed to advise inventory managers on how to redistribute or 
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make disposition decisions regarding excesses. Numerous 

alternatives exist in the inventory management area alone. A host 

of other opportunities awaits in the purchasing, warehousing, and 

transportation arenas. 

Third, the area of the performance measurement of expert 

systems remains a fertile ground for research. Within subjects 

designs should be developed and tested. Subjects should be queried 

when the decision logic of the expert system disagrees with the 

subject's decision logic as to whether or not the subject is willing 

to change to concur with the expert system's advice. Such 

experiments would provide valuable insight into the ability of 

expert systems to influence human decision-making and the 

willingness of subjects to use expert systems if the advice or 

solutions disagree with the subject's. 

Finally, much research remains to be done concerning the 

maintenance and support of expert systems in daily business use. 

The proper timeframes for review and update of the decision 

heuristics is an important question. No doubt the decision 

heuristics of inventory management expert systems will need to be 

carefully reviewed and possibly revised as economic conditions and 

the relative costs of inventory and transportation change. One of 

the advantages of the use of expert systems will be the modular 

construction of the knowledge base which permits the expert system 

to be easily modified or expanded. 
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Artificial intelligence systems will play a prominent role in 

the logistics systems of the 1990's. Much academic research remains 

to be done to support the future business applications. This 

research has demonstrated the potential of the application of the 

expert systems technology to enhance logistics operations and 

management. 



APPENDIX A 

PRERAU'S SELECTION CRITERIA FOR 

AN APPROPRIATE DOMAIN 

FOR AN EXPERT SYSTEM 

216 



217 

PRERAU'S SELECTION CRITERIA FOR AN APPROPRIATE DOMAIN FOR AN 
EXPERT SYSTEM 

BASIC REQUIREMENTS 

- The domain is characterized by the use of expert knowledge, 
judgment, and experience, the goal of the project is to extract a 
portion of an expert's knowledge, judgment and experience, and put 
it in a program. 

‘ Conventional programming (algorithmic) approaches to the task 
are not satisfactory. If a conventional approach will work well, 
there is usually less technical risk to using it rather than an 
expert system approach. Note, however, that expert system 
methodology may offer some additional advantages over conventional 
techniques, such as the expected ease of updating and maintaining a 
knowledge base and the ability to explain results. 

" There are recognized experts that solve the problem today. 
If an area is too new or too quickly changing, there may be no real 
experts. However, these are often the areas that are suggested for 
expert system developments. 

" The experts are probably better than amateurs in performing 
the tasTÜ Thus, the task does require expertise. 

- Expertise is not or will not be available on a reliable and 
continuing basis, i.e., there is a need to "capture11 the 
expertise. Thus, there isa need for the expert system. For 
example: (1) expertise is scarce, (2) expertise is expensive, (3) 
there is a strong dependence on overworked experts, and/or (4) 
expertise is available today, but will be unavailable, or less 
available, in the future. 

- The completed system is expected to have a significant oavoff 
for the corporation! ” ^- 

- Among possible application domains, the domain selected is 
f that one that best meets overall project goals regarding project“" 
I payoff versus risk of failure. For example, a conservative approach 

would be to attempt to develop a system that would meet some 
jj criterion for minimum payoff if successful, and that seems to offer 
f the best chance of success. 
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TYPE OF PROBLEM 

- The task primarily requires symbolic reasoning. For a task 
that primarily involves numerical computation, consideration should 
also be given to other programming approaches. 

- The task requires the use of heuristics, e.g., rules of 
thumb, Ttrategies, etc. It may require consideration of an 
extremely.fa7ge.number of possibil¡ties orft may require decisions 
to He bäsêá upon incompíete or uncertain informât1 on. A strength of 
expert systems istleTrability to handle heuristics. Problems with 
very large numbers of possibilities or with incomplete or uncertain 
information are difficult to attack by conventional approaches, but 
may be amenable to expert system methodologies. 

- The system development has as its goal either to develop a 
system Tor actual use or to make major advances’ in the state oTThe 
art of expert system te "hno’l¿gÿt '^oes hot attempt to achieve 
both of these goals simultaneously. Doing both simuTtãheõüsTy is 
laudable, "but mo re" "cl TTFTcüTtT 

- The task is defined very clearly: At the project outset, 
there sTiõiild..¿|" the Inputs and.outputs of 
the.s^stim.to.Eé"¿|"gygi'-Qp^"1; fhi s' is' a good attribute of any task. 
However, Tt.is not necessary that the task definition be fixed for 
all time. As the system evolves and task situations change, it 
should be possible to change the task definition accordingly. 

THE EXPERT 

- There exists an expert to work with the project. This is the 
source o'?.ixpirtTsiT ^ 

- The expert's knowledge and reputation must be such that if 
the expertsystemis able tocapture a portion of the expert*s 

^ t   11 ha^ bj] jty amf 

authority. Ótherwise, the system may not be Usi3T(TRTS may not be 
necessary in a domain where an accepted test for "goodness" of 
result exists.) 

■ The expert has built up expertise over a long period of task 
performance. Thus, the expert has had the "amount.or.expürTeñce 
necïsi'irÿ.io be able to develop the insights into the area that 
result in heuristics. 

- The expert will commit a substantial amount of time to the 
development ofthe system. Thisis often a problem. Thebest 
expertsi in the most important corporate areas, are usually the ones 
that can be least spared from their usual position. 



- The expert is capable of communicating his knowledge, 
judgment, and experience, and the methods used to apply tnim- to the 
particular task. It is important to find an expert that has not 
only the expertise, but also the ability to impart it to the project 
team, whose members probably know little or nothing about the 
subject area. The expert should be able to introspect to analyze 
his reasoning process, and then should be able to describe the 
reasoning process clearly to the project team, and to discuss it 
with them. 

■ The expert is cooperative. The expert should be eager to 
work on the project or, at worst, nonantagoniStic. 

- The expert should be easy to work with. The project team and 
the expert will be spending a lot of time together. 

- The expertise for the system, at least that pertaining to one 
particular sijD-domain, is to be obtained primarily from one 
expert. This avoids the problem of dealing with multiple experts 
whose conclusions or problem-solving techniques do not agree. 
However, there may be some advantages to using multiple experts— 
e.g., strength of authority and breadth of expertise in sub-domains. 

- If multiple experts contribute in a particular sub-domain, 
one of them should be the primary expert with final authority. This 
allows allthe expertise to be filtered through a single person's 
reasoning process. (Note that some techniques have been developed, 
in disciplines such as economic modeling and technological 
forecasting, to allow combining inputs from multiple experts.) 

PROBLEM BOUNDS 

- The task is neither too easy (taking a human expert less than 
a few minutes) nor too difficult (requiring more than a few hours 
Tor an expert). If the task is too easy,the development of the 
system may not warrant the effort; if too difficult, the amount of 
knowledge needed may be beyond the state of the art in knowledge 
base size. 

- The amount of knowledge required by the task is large enough 
to make~"the knowledge base developed Interesting. iTit is too 
small, the task may be more amenable to another approach—e.g., a 
decision tree. 

- The task is sufficiently narrow and self-contained; the aim 
is not Tor a system that Is expert in an entire domain, but for a 
system that is an expert in a limited task within the domain. This 
more tightly bounds the task, which should help keep the size of the 
knowledge base bounded. 
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- The number of important concepts (e.g., rules) required is 
bounded to several hundreds. This is a reasonable size for an 
expert system, though the number can go into the thousands. 

DOMAIN AREA PERSONNEL 

- Personnel in the domain area are realistic, understanding the 
potential of an expert system for their domain, but also realizing 
that thus far few expert systems have resulted in actual production 
programs with major industrial payoff. The system recipients should 
not be overly pessimistic^ The project team may have to educate 
them to understand what are reasonable expectations. 

_ Domain area personnel understand that even a successful 
system wTTTI ike! y be limited in scope and, like a human expert, ma^ 
not produce optimal or correct results 100¾ of the tinrie. The oxpert 
system will probably be no better than a limited version of the 
expert—this must be enough. 

- There is strong managerial support from the domain area, 
especially regarding the large commitment of time by the expert(s), 
and their possible travel or temporary relocation, if reguired. 
This should all be agreed upon up iront. 

- The specific task within the domain is jointly agreed upon by 
the system developers and the domain area personnel. This helps 
ensure that the system, if successful, will be useful and will be 
used. 

■ Managers in the domain area have previously identified the 
need to~sõlve the problem which the system attacks. This is strong 
evidence that the system is needed and makes managerial support more 
1 ikel y. 

- The project is strongly supported by a senior manager, for 
protection and follow-up. 

- Potential users would welcome the completed system. If not, 
will the system ever be used? The project team should consider how 
to make the system unthreatening to the users and welcomed by them. 

- The system can be introduced with minimal disturbance of the 
current practice. This will make the users' acceptance of the 
system more likely. 

■ The user group is cooperative and patient. 



- The introduction of the system will not be political1y 
sensitive or controversial. If not, the potential resulting . 
problems should be considered in advance. One typical problem: The 
control or use of the system goes across existing organizational 

boundaries. 

- The knowledge contained by the system will not be£ol4ll£ËllZ 
sensitive or controversial.For example, there may be certain ^ 
practices, eSibodiêd''íri‘KSUristies, which may prove embarrassing if 
written down, such as how certain customers are treated relative to 

other customers. 

. The system's results will not be politically sensitive_or 
controversial. If there will be corporate parties who w 11 
chalTëïïge’Thë system if its results do not favor them Politically 
(e.g., on appropriation of funds), then it will be much harder to 

gain system acceptance. 

OTHER DESIRABLE FEATURES 

- The system can be phased into use gracefully: Some 
percentage of incomplete coverage can be tolerated ijt least 
initially), and the determination ot whether a sub-prooTem ]s 
covered bv the present system is not difficult.If the system does 
not have to do everything in order to do something, it can be put in 
place much sooner. The more difficult problems can be solved later, 

if at all. 

- The task is decomposable, allowing relatively rapid 
proto typing for a closed small subset ofthe complete task; and the^ 
slow expansion to the complete task. This makes development much 

easier. 

- The task is not all-or-nothing: Some percentage of incorrect 
or nnnolotimal results can"be tolerated. ThTmore toleration for 
incorrect results, iTte faster the system can be deployed and the 
easier it will be to win system acceptance. For example, in a 
domain where even the best experts are often wrong, system users 
will not be as upset by an incorrect result from the system. 

. The skill required by the task is taught to novices. Thus, 
the task is not “unteachable," and there is some experience with 
teaching the domain knowledge to neophytes, such as the project team 
(and, ultimately, the system). Furthermore, this usually means that 
there is an organization to the knowledge that can prove useful (at 
least initially) in building the system. 
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- There are books or other written materials discussing the 
domain. if this is true, then an expert has already extracted and 
organized some of the domain expertise. As in the previous point, 
this organized knowledge might prove useful (at least initially) in 
building the system. Note, however, that one benefit of capturing 
an expert's domain knowledge might be to make a step toward 
formalizing a domain that has not been treated in a formal manner 
before. 

_ The task's payoff is measurable. If not, it is harder to 
demonstrate success to skeptics. 

- Experts would agree on whether the system's results are good 
(correctTT If not, the system's results are open to challenge, even 
if the system accurately embodies the expert's knowledge. 

. Test cases are available. This makes development much 
easier. 

- The need for the task is projected to continue for several 
years. The need must exist enough beyond the period of system 
development to generate the payoff. 

- The domain is fairly stable. Expected changes are such that 
they utilize the strengths of expert systems (e.g., ease of updating 
or revising specific rules in a knowledge base, but will not require 
major changes in reasoning processes. An unstable domain may yield 
a situation where a large number of previously developed knowledge 
structures (e.g., rules) are no longer valid but cannot easily be 
changed without redoing the entire development process. 

- The effects of corporate developments that will significantly 
hange tfiiTdeflnition of the task can be foreseen and taken into 
account. 

- No alternative solution to the problem is being pursued or is 
expecteT to be pursued. However, if a project goal is to compare 
expert system technology to other technologies this may be just what 
is desired. 

. The project is not on the critical path for any other 
development, and has no absolute milestones for completion. The use 
of expert system technology for real corporate applications is still 
relatively new, and so any development has some risk. Thus, the 
less dependent other activities are, the better. 

■ At the outset of the project, the expert is able to specify 
many of the important concepts. This gives good promise of project 
success. 
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- The task is similar to that of a successful existing expert 
system. This also makes success more likely. 

- Any requirement for real-time response will not involve 
extensive effort. Though it is certainly possible to develop'd 
system for a problem with a real-time requirement, the 
considerations involved divert effort from the primary task 
knowledge acquisition. 

■ The user interface will not require extensive effort. As 
with a real-time requirement, if the work required is excessive, it 
could divert effort from knowledge acquisition. 

Source: David S. Prerau, "Selection of an Appropriate Domain for an 
Expert System," The AI Magazine, Summer, 1985, pp. 27-30. 



APPENDIX B 

CORRESPONDENCE CONCERNING 

TELEPHONE INTERVIEWS 



225 

\ 
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1775 Catago Rom) 
CflfcimhiM. 0*w> 4^910 1WW 

Phon* 614-422-M08 

11 December 1985 

Nr. Eddie Young 
SecrementO AlC/MNCD 
NcClellan AFB, California 9565?*5990 

Dear Mr. Young: 

You have been identified at one of three individuals at Sacramento 
ALC who is highly knowledgeable about the 1tem manager's role and task 
environment. Your assistance is. therefore, requested as part of a 
research effort underway at Sacramento Air Logistics Center to develop 
an expert system to aid item managers. 

An important prel iminary step in this research requires that 1 gain 
a better understanding of the tasks which item managers perform. To 
accomplish this objective, I am asking that you participate in a 
telephone interview. The nine questions that you will be asked during 
this interview are included as Attachment 1 to this letter. I ask that 
you review these questions and think about them. I will call you during 
the next day or two to insure that you have received this letter, 
clarify any questions that you may have, and schedule the actual 
interview for a time, about one week from your receipt of this letter, 
which is most convenient for you. 

Mith your permission, I would like to record the actual telephone 
interview, following this phone conversation, I will type the 
transcribed interview and mail to you a copy of your Interview session 
end that of the other two interviewees. Similarly, the other two 
Interviewees will receive your answers. Anonymity can be maintained, if 
you wool« prefer. Based on your review of all three responses, I would 
like you to make any modifications, additions, or deletions to your 
answers and return your replies tome. Hopefully, all of this can be 
concluded by 31 December 1985. 

Your participation is vitally important! Few individuals have the 
wealth of knowledge which you possess concerning item management. The 
Information obtained from this activity will be used not only in this 
project but throughout the comnand and by Air Staff in shaping the 
future role of item managers. Further, the responses will be published 
it pAft of this dUtorlatIon, | thank you In advance for your 
invaluable contribution to this ground-breaking research. 

Most sincerely, 

MART K. AUEN, Capt., USAF 
Expert System Project Officer 

1/Atch List of Questions 

CoRaga of AdmMttraMv* Sdano* 
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ATTACHMENT 1 

Interview Questions 

1. What are the generic subtasks which item managers perform? For 
example, item managers assign exception codes, issue purchase 
requests, etc. Generic here refers to a task which all item 
managers perform. 

2. Which of these tasks require expertise on the part of the item 
manager? 

3. What is the nature of this expertise - e.g., in depth knowledge 
of regulations, skill in situation assessment, etc.? 

4. What are the characteristics of a good item manager? 



List ten problems or more, which item managers frequently solve 
or provide advice cn, be specific. 

Prioritize these problems in terms of frequency of occurrence, 
with number one assigned to the problem which occurs most 
frequentl y. 

Prioritize these problems in terms of importance to successful 
accomplishment of the item manager's task, again with number one 
representing the most important problem. 

Talk through a flowchart of the item manager's tasks. That is, 
what is the temporal relationship of th^se tasks? 
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Th# OM# Stal# University Ac#tf#mie Faculty el Martieting 

1775 Codage Road 
Columbuc. Ohio 43210-1399 

Phone 614-422-MOB 

January 7, 19B6 

Ms. Suil Morrison 
SM-ALC/MM106B 
McClellan AFB, California 95652-5990 

Dear Ms. Morrison: 

Attached to this letter you will find a copy of your typewritten 
protocol front the telephone interview you participated in regarding the 
item manager's task environment. Also attached are copies of the 
responses from the other two interviewees. 1 request that you carefully 
review all three of these protocols. 

Please make any desired additions or modifications to only your own 
protocol and return it to me on or before Tuesday, January TÏ, 1986. 1 
will be on-site at Sacramento AlC during this period. Therefore, I ask 
that you return your response directly to me. Please do not mail it. 

Once again, I thank you for your invaluable contribution to this 
research effort. Your responses have provided significant insight. 

Sincerely, 

MARY K. ALLtN, Capt. USAF 
Expert System Project Officer 

Attch: Copies of Protocols 

Codage of AdmMttraiive Science 
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LESSON PLAN FOR THE EXPERT SYSTEM ORIENTATION 

Block 1: Overview of Expert systems 
duration - 45 minutes 

Objectives: The teaching objectives of Block 1 were: 

1. Explain what an expert system is. 

2. Discuss the advantages of expert systems. 

3. Discuss the generic tasks for which expert systems are 
used, e.g., planning, diagnosis, design, control. 

4. Discuss actual examples of expert systems, e.g., R1 
and MYCIN. Show sample questions presented to the 
users and sample responses provided by the expert 
system. 

5. Discuss the steps in the development of an expert 
system and the evolutionary stages of an expert system 
from demonstration prototype to commercial system. 

These objectives were pursued in this order. 

Break: 15 minutes 

Block 2: Criteria for Determining the Applicability of Good 

Problems. 
duration - 45 minutes 

Objectives: The teaching objectives of Block 2 were: 

1. Provide an understanding of basic requirements which 
expert systems must meet, e.g., a solution exists, 
there is a need to capture the expertise, etc. 

. Provide an understanding of the type of problem which 
expert systems can be designed to solve, e.g., the 
task requires the use of heuristics, the task does not 
require perception, etc. 

2 
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3. Provide an understanding of the appropriate scope for 
an expert system, e.g., the task is sufficiently 
narrow and self-contained, the task would not take a 
human expert more than a few hours to solve, etc. 

4. Provide an understanding of other features which make 
expert system development more desirable, e.g., the 
skill required by the task is taught to novices, there 
are written materials on the subject, and test cases 
are available. 

A handout listing the criteria in each of these four areas: basic 

requirements, type of problem, appropriate scope, and other 

desirable features was provided to each of the orientation workshop 

attendees. This handout was available for the attendees to refer to 

during Block 3. The handout used is contained in Appendix D. 

Break: 15 minutes 

Block 3: Brainstorming Session 
duration - 60 minutes 

Objectives: The objectives of Block 3 were: 

1. Have the inventory managers suggest candidate 
problems. 

2. Discuss with the inventory managers how each candidate 
problem meets the criteria explained during Block 2. 
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CRITERIA HANDOUT PROVIDED 
DURING THE EXPERT SYSTEM ORIENTATION 

CRITERIA FOR DETERMINING GOOD CANDIDATE APPLICATIONS 

BASIC REQUIREMENTS 

1. A solution to the problem or task exists. 

2. There are recognized experts who perform the task or 
solve the problem. 

3. There is a need to capture this expertise. The 
expertise may not be available on a continuing basis. 

4. Pockets of knowledge or knowledge bottlenecks regarding 
the task exist. 

5. The task or problem solution requires the use of expert 
knowledge, judgment, and experience. 

6. Substantial variability exists in people's ability to 
perfora the task. Novices gain competence with 
experience. Experts are better than amateurs at 
performing the task. 

7. A successful expert system capable of performing this 
task is expected to have a significant payoff for the 
Air Force. 

TYPE OF PROBLEM 

1. The task or problem passes the telephone test. That 
is, a competent performer could over the telephone, 
help the intended user by posing questions to the user 
and offering advice. 

2. The task is clearly understood by the experts. 

3. The task requires the use of heuristics, e.g., rules of 
thumb, strategies, etc. It may require decisions to be 
based on incomplete or uncertain information. 



4. The task primarily requires symbolic reasoning versus 
numerical computation. 

5. The task does not require perception or common sense. 

6. The task requires large amount of distinguishing or 
signal data to be interpreted. 

7. The task is performed on a frequent and repetitive 
basis. 

PROBLEM SCOPE 

1. The task is sufficiently narrow and well bounded. It 
represents a narrow area of specialization. 

2. The task is neither too easy (taking a human expert 
less than a few minutes) nor too difficult (requiring 
more than a few hours for an expert to perform). 

3. The task is reasonably self-contained, it can be 
separated from the other problems of the experts. 

4. The task is of manageable size. 

5. The number of important concepts (e.g., rules) required 
is bounded to a few hundred. 

OTHER DESIRABLE FEATURES 

1. Potential users would welcome and use the completed 
system to perform this task. 

2. The need for the task is projected to continue for 
several years. 

3. Expertise on the task is needed in many locations. For 
example, this same task is performed at several 
locations. 

4. Inadequate human resources capable of performing this 
task are available. 

5. At the outset of the project, the experts will be able 
to specify many of the important concepts. That is, 
the experts can articulate their methods. 
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6. Experts can agree on what constitutes a good or correct 
solution to the problem. 

7. Some percentage of incorrect or nonoptimal results can 
be tolerated. The problem requires a satisfactory 
versus an optimal solution. 

8. The task is decomposable. A system which performs a 
closed small subset of the complete task could be 
developed and then slowly expanded to the complete 
task. 

9. The skill required by the task is taught to novices. 

10. There are books or other written materials discussing 
the domain. 

11. Test cases are available. 



APPENDIX E 

EXPERT SYSTEM TASK SELECTION 

QUESTIONNAIRES 



238 

EXPERT SYSTEM 
TASK SELECTION 

PHASE ONE 

1. Check one category. My age is: 

_ under 20 

_ 20 - 29 

_ 30 - 39 

_ 40 - 49 

_ 50 - 59 

_ 60 or over 

2. I have had the following number of years experience as an item 
manager. (Include time as a D039, D062, and 0041 IM): 

_ less than 2 years 

_ 2-5 years 

_ 5-10 years 

_ 10 - 15 years 

_ 15 - 20 years 

_ more than 20 years 

Note: The 26 candidate applications recommended by all the item 
managers in the Expert System Workshop are listed below. Please 
THINK about these applications CAREFULLY. You may have to live with 
TResystem you choose. Choose the applications which would help you 
the most to do a better job and which you would most prefer to use. 

3. Place a check by five of the following applications which you 
most prefer. Do not rank order them at this time. The attachment 
to this questionnaire provides a brief description of each project 
to assist you. 
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1. Excesses 

2. Allocation Decisions 

3. Item Analysis 

4. Controlled Exceptions 

5. Backorder Listing 

6. Repair Requirements 

7. Cataloging Actions 

8. MICAP Support 

9. Computer Products Training 

10. Initial Provisioning 

11. PRs 

12. FMS Support 

13. S06's (Budget) 

14. Critical Item Advisor 

15. Project Focus 

16. Shipment Advisor 

17. Asset Reconciliation 

18. Fill Rate Advisor 

19. Scrubbing the D041 Computation 

20. General Training System 

21. D041 File Maintenance 

22. Special Levels Advisor 

23. Amended Shipping Instructions Advisor 

24. PJJ/414 Advisor 

25. DO32/0041 Reconciliation 

26. Other Service Support 
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4. Look at the five applications you have selected in your answer 
to question #3. Now rank order these from one to five, with number 
one representing the most preferred alternative. 

1. 

2. 
3. 

4. 

5. 

Thank you very much for your time and assistance. 
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PROJECT DESCRIPTION 

1. Excesses - instructions on working excesses. How to make a 
determination as to whether to retain or dispose of an item. 
Decisions on credit, whether to RDO and where, etc. 

2. Allocation Decisions - Such a system would make decisions 
regarding the shipment of a limited quantity of serviceable assets 
to satisfy MICAP and other priority requisitions, e.g., prioritizing 
asset shipments to which activity, quantity to be shipped to each 
activity and in total based on depot and worldwide asset 
availability, assets due from TRC within 30 - 60 days, number of and 
age of Priority 01, 02, 03 requisitions, etc. 

3. Item Analysis - A general guide to item analysis. Such a system 
would answer questions such as what are the problems with the item 
and what to do about them. The objective of such a system would be 
to allow IM's to avert problems before they occur. 

4. Controlled Exceptions - A system to explain what caused the 
exception code to be generated and what actions are necessary to 
clear the exception and permit the transaction to process. 

5. Backorder Listing - A system to explain how to work the 
backorder listing. Such a system would determine how requirements 
can be filled, e.g., what actions can be taken to expedite, what 
other actions to take to support the item, how to detennine if the 
backorder is legitimate, etc. 

6. Repair Requirements - A system providing step by step 
instructions on how to work the X-2rs, e.g., how do you determine 
what projected usage will be by past experience, how to forecast 
repair requirements, etc. A system to help determine whether to 
repair or not repair, should repair be contract or organic, should 
more or fewer assets be driven to repair. The system would also 
provide recommendations on what additional actions need to be taken. 

7. Cataloging Actions - A checklist to explain procedures on 
cataloging actions e.g., how to complete the automated Form 86. 

8. MICAP Support - A system describing what actions to take to 
alleviate MICAP conditions. 

9. Computer Products Training - A system to explain the various 
computer products and what to do with each of them. 

10. Initial Provisioning - A system describing what actions to take 
to Insure provisioning actions are correctly accomplished. 
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11 PR's - A system to develop 3 rational order of actions involved 
in doing a PR. Such a system would aid the IM in making decisions 
on whether to buy or not buy. Further, it would aid in preparation 
of J&A's, e.g., where an item might be sourced. 

12. FMS Support - How to determine whether to buy, request a funded 
MIPR, or release assets from stock. System would also provide an 

explanation of FMS monies. 

13 S06's - A system to provide step-by-step instructions on what 
you should check, what to do with POS/WRSK/OWRM, what adjustments to 

make, etc. 

14. Critical Item Advisor - A system to help analyze critical 
items. Such a system would help determine the real problem behind a 
critical item situation and what actions an item manager shou.u 
pursue to ensure all possible courses of action are taken. 

15. Project Focus - A system to provide item visibility and action 
on these items as backorders occur. System would help to insure 
that spares are available at the right place at the right time and 

in the right quantity. 

16. Shipment Advisor - A system which describes what actions to 
take if a "glitch" is encountered in attempting to ship an asset 
from the depot. The system would provide troubleshooting assistance 

when an asset fails to ship. 

17. Asset Reconciliation - A system to assist item managers in 
conducting the reconciliation process. Such a system would guide 
the item manager through the research which needs to be conducted 
and suggest actions such as a worldwide inventory, etc. which should 

be taken. 

18. Fill Rate Advisor - A system to describe how to understand the 
fill rate product and analyze it. Objective of the system would be 

to improve the fill rate. 

19. Scrubbing the D041 Computation - A system which aids in 
performing the actual scrub. Questions to be addressed would 
include: Are assets correct? Is leadtime correct? Is actual usage 

correct? etc. 

20. General Training System - A system which would provide step-by- 
step training on all the tasks which an item manager performs. 

21. 0041 File Maintenance - A system which aids the IM in 
performing file maintenance. 
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22. Special Levels Advisor - A system to assist in decisions 
regarding special levels. 

23. Amended Shipping Instructions Advisor - A system to aid the IM 
in making transportation decisions. 

24. PJO/414 Advisor - A system to aid IM's in clearing PJJ's. 

25. D032/J041 Reconciliation - A system to help research and 
correct discrepancies. 

26. other Service Support - A system to aid with other service 
support, to include the Amy, Navy, and Marines. 
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EXPERT SYSTEM 
TASK SELECTION 

PHASE TWO 

1. Check one category. My age is: 

20 - 29 

30 - 39 

40 - 49 

50 - 59 

60 or over 

2. I have had the following number of years experience as an item 
manager. (Include time as a D039, 0062, and 0041 IM); 

_ less than 2 years 

_ 2-5 years 

_ 5-10 years 

_ 10 - 15 years 

_ 15 - 20 years 

_ more than 20 years 

The results of the first phase of task selection resulted in the 
weighted values for projects as given below. Only those projects 
which received more than 50 total points are included. The total 
score you see was arrived at by weighting projects according to the 
priority for preference you assigned them as follows: 

Priority Weight 

1 5 points 
2 4 points 
3 3 points 
4 2 points 
5 1 point 



245 

For example, then, a project which you ranked as #2 received 4 
points, etc. These weighted scores were totaled for all the item 
managers who responded to the first questionnaire. The seven 
projects which received more than 50 points are listed below along 
with the total points each received. 

Please review these projects and rank order only the three you most 
prefer. Again, an attachment is provided which describes each 
project. 

1. General Training (66 points) 

2. Asset Reconciliation (83 points) 

3. Controlled Exceptions (97 points) 

4. D041 File Maintenance (109 points) 

5. Repair Requirements (128 points) 

6. 506's (Budget) (148 points) 

7. Scrubbing the D041 Computation (207 points) 

3. I would prefer the following three projects in this order: 

1. 

2. 

3. 

Thank you again for your input and valuable contribution. 
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Attachment 

PROJECT DESCRIPTION 

1. General Training System - A system which would orovide step-by- 
step training on all the tasks which an item manager performs. 

2,. Asset Reconciliation - A system to assist item managers in 
conducting the reconciliation process. Such a system would guide 
the item manager through the research which needs to be conducted 
and suggest actions such as a worldwide inventory, etc. which should 
be taken. 

3. Controlled Exceptions - A system to explain what caused the 
exception code to be generated and what actions are necessary to 
clear the exception and permit the transaction to process. 

4. D041 File Maintenance - A system which aids the IM in performing 
file maintenance. 

5. Repair Requirements - A system providing step-by-step 
instructions on how to work the X-21's, e.g., how do you determine 
what projected usage will be by past experience, how to forecast 
repair requirements, etc. A system to help determine whether to 
repair or not repair, should repair be contract or organic, should 
more or fewer assets be driven to repair. The system would also 
provide recommendations on what additional actions need to be taken. 

6. 506's (Budget) - A system to provide step-by-step instructions 
on what you should check, what to do with POS/WRSK/OWRM, what 
adjustments to make, etc. 

7. Scrubbing the D041 Computation - A system which aids in 
performing the actual scrub. Questions to be addressed would 
include: Are assets correct? Is leadtime correct? Is actual usage 
correct? Etc. 
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NOMINATION QUESTIONNAIRE 

EXPERT SYSTEM 
"EXPERT" NOMINATION 

1. During the Initial File Maintenance Cycle of the D041 if you are 
having trouble in scrubbing the comp and could go to any D041 item 
manager, item manager lead, or supervisor within MM (both MMI and 

MMC) to help you, who would you go to for help? 

Please list up to 3 names of individuals you might ask for advice or 
assistance. Include the individual's office symbol or company name 

if you know it. PLEASE PRINT. 

NAME OFFICE 

1. 
2. 

3._ 

Thank you for your hel p. 
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SELECTION QUESTIONNAIRE 

EXPERT SYSTEM 
"EXPERT" SELECTION 

Listed 
leads, 
being " 

below are the names of the D041 item managers, item manager 
and supervisors within MM who were identified yesterday as 
experts" in scrubbing the D041 comp. 

1. Debbie Alexander (MMID) 
2. Vera Anderson (MMIDAC) 
3. Vicki Assad (MMCEB) 
4. Evelyn Berglund (MMIDAA) 
5. Otis Blankenship (MMIDAC) 
6. Bob Buckles (MMIDAA) 
7. Tom Dixon (MMMTR) 
8. Sally Flanagan (MMIDBB) 
9. Pam Goodwin (MMIDBC) 

10. Gavin Hamilton (MMIDBB) 
11. Neda Hurst (MMIDCC) 
12. Elly Jones (MMIDCA) 
13. Laverne Jones (MMIDCC) 
14. Diane Kowal (MMCDS) 
15. Alix Marquez (MMMLP) 
16. Suzi Morrison (MMIDBB) 
17. Barbara Schläfer (MMIDBC) 
18. Jan Simonsen (MMCDBB) 
19. Shirley Sweden (MMIDBA) 
20. Richard Thompson (MMCDBB) 
21. Lola Warrick (MMIDBA) 

1. Please review this list carefully and select up to five 
individuals who you consider to be the most expert at performing 

this task. 
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2. Look at your response to question number one above. Now 
prioritize these individuals with number one representing the 
individual you consider to be the most expert at performing this 
task. 

1. 
2. 

3. 

5. 

This concludes the overall IM participation in the IMA-1 expert 
system project. Thank you all very much for being such an important 
part of this project. It has truly been a pleasure working with 
you! 
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1775 Collaga Road 
Columbus. OMO 43210 1399 

Phona 614-422-8800 

30 January 1986 

Ms. Barbara Schläfer 
SM-AIC/MM1DBC 
Sacramento Air Logistics Center 
McClellan AFB, California 

Dear Ms. Schläfer: 

This letter will confirm the telephone conversation between 
Ms. Anita Clevenger and myself of 28 January 1986 regarding the 
knowledge engineering sessions and required cases for the IMA-1 expert 
system. It Is my understanding that you will be the acting point of 
contact for this project until 10 February 1986. 

1 will be returning to Sacramento on Sunday, 9 February. I have 
requested that ten cases be available for my review and use at that 
time. Each case Is a document package that Includes at least the 
following Information: 

1. a complete copy of an actual requirements computation to Include 
the pre-initial, Initial, and final comp, as well as the past 
quarter's comp, for comparison. 

2. a detailed protocol or narrative analysis of exactly how each 
particular comp, was reviewed and explanation of any problems 
encountered In the review. 

3. the recommended advice or action taken on each problem 
encountered. 

4. the final action taken as a result of each comp, (e.g., buy, 
termination, etc.) and the rationale for this action. 

In total, thirty such "cases" will be required. However, only the 
first ten are required for use In February; and, It Is Important that 
the quality of the cases to be made available be stressed as opposed to 
the quantity. The cases should cover a wide variety of scrub problems, 
and should Include examples of "most difficult" comps, as well as 
"routine" comps. Both aircraft Items and communications electronics 
Items should be Included. The remaining twenty cases will be required 
by April 1986. 

The following "experts" In the area of scrubbing the computation, 
In order of their expertise, were Identified 17 January: 

Codage of AdmMiiraUva Sdanct 
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1. Alix Marquez (MMMLP) 

2. Barbara Schläfer (MMIDBC) 

3« Vicki Assad (MMCEB) 

4. Debbie Alexander (MM1D) 

5. Vera Anderson (MM1DAC) 

6. Pam Goodwin (MMIDBC) 

7. Neda Hurst (MMIDCC) 

8. Sally Flanagan (MMIDBB) 

9. Tom Dixon (MMMTR) 

10. Lola Vlarrwlck (MM 1 DBA) 
tie 

10. Otis Blankenship (MMIDAC) 

It Is my understanding that seven of these Individuals will actually be 
made available for the knowledge engineering effort. The finn 
commitment of these seven Individuals to the project and their continued 
Involvement cannot be overstressed. 

The actual knowledge engineering sessions will be conducted 10-14 
February and 24-28 February. Half day sessions will be required each of 
these ten days. It Is Important that all seven experts be present at 
all of these sessions. I understand that Sacramento has decided to 
schedule the sessions for the afternoon hours of 1230 to 1630 each day 
and that Sacramento will choose the actual seven experts from the above 
list based on their availability for all the sessions and will notify 
these Individuals of this tasking and the location and times of the 
sessions. 

A conference room will be required for the sessions. A blackboard 
Is also required. If possible! a room away from the actual workplace 
(such as In the Headquarters Bldg.) Is desired such that the experts are 
not called away from the sessions for phone calls or other problems. 

After completing the Initial knowledge engineering sessions with 
the experts ln February! I will spend March actually coding the expert 
system. Some of the experts will need to be available for periodic 
telephone conferences during this period. Twill return to Sacramento 
In early April and will require similar half day sessions with the same 
seven experts to have them use the expert system to modify and expand 
the facts and rules of 1MA-1 as necessary. 



Thank you for all your assistance In managing the case collection 
effort and arranging for the sessions with the experts. Please call me 
If you have any questions regarding this request. I can be reached at 
614-422-0797 (office) or ). Thanks again! 

Sincerely, 

MARY K. ALLEN, Capt.. USAF 

copy to: AFLC/MMM 
AFLC/S1T 
SM-ALC/MM 
SM-ALC/MMJ 
SM-ALC/MMC 



APPENDIX H 

A SAMPLE CASE USED DURING 
THE KNOWLEDGE ENGINEERING SESSIONS 
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PRESTOCK - — 
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NJR DEPOT REP CYCLE / — -/ 

OPERATINC ROMT AT NEAROUT 
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TOTAL OVHL COND 1 4 * 3 

TOTAL CROSS ROMT 22 A L 

REASON FOR INCREASE/DECRE iSEi 
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SCRUB WORKSHEET/SUMMARY 

ONAC STOCK NUMBKN 

UNITS 

1. SUT OPtNATlNO CCVCC a 

1. ADiUS T KO FO* 

A* SCRUB ACTION (Slmt0 • / / 
0. MOT OCCISION (Sfit fmtoio ! 

C. •*SK,'»C$S NCOUINCMCNT 

«. AOiUSTCO BUT OPC* CCVCC a 
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APPENDIX I 

EXERCISES USED DURING THE 
INITIAL KNOWLEDGE ENGINEERING 

SESSIONS TO DETERMINE 
THE SCOPE OF THE PROBLEM 

! 
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EXERCISES USED DURING THE INITIAL KNOWLEDGE ENGINEERING 
SESSIONS TO DETERMINE THE SCOPE OF THE PROBLEM 

EXERCISE ONE 

Please answer the following questions. Be as specific as 
possible. Read all questions first. 
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1. Define "scrubbing the comp". What does this statement mean to 
you? 



P
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. Is "scrubbing the comp" different in the initial comp cycle from 
the final comp cycle? 

_ YES 

NO 

If yes, how is it different? 
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3. Is any quarterly comp (e.g., March, June, September, December) 
more important for scrub purposes than any other? 

YES 

NO 

If yes, which quarter/quarters are more important and why? 
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4. What is the objective of "scrubbing the comp" in the initial 
eye 1e? 
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EXERCI SL TUO 

In the folder in front of you is a "case." This is an actual 
comp and all the required supporting data. All seven experts have 
the same "case" as you. Use the tablet provided and "scrub this 
comp" in accordance with the following instructions. 

Be very specific and very detailed. Write out how you scrub 
the comp in procedural order (e.g., first 1 __ next I ....). 
Number each step. Don't just say first I check assets or 
nomenclature, etc. Be specific. Where do you find the information 
(e.g., on the __printout, page _ , line , under 
column__, it says _)? Highlight this data element. 
Indicate the appropriate step number next to it. What specifically 
do you check? What is the question you are attempting to answer 
(e.g., How many assets are located at the depot?). How do you 
answer this question? Where exactly do you look for the 
information? Why are you doing this? What are you trying to find 
out or establish? 

Please try to explicitly list all 
steps you go through. 

the detailed intermediate 
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EXERCISE THREE 

What are the elements j_n order that you review in scrubbing the 
comp? PI ease 1 i st them. 
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EXERCISE FOUR 

1. What are the ten most important items to scrub on the D041 
computation? 

1. 
2. 
3. 

4. 

5. 

6. 
7. 

8. 

9. 

10. 

2. What are ten items most frequently incorrectly scrubbed by 
novices? 

1. 
2. 
3. 

4. 
5. 

6. 
7. 
8. 
9. 
10. 
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MK: 

Expert 2: 

Expert 1: 

MK: 

Expert 2: 

MK: 

Expert 2: 

MK: 

SAMPLE TRANSCRIPTS FROM THE KNOWLEDGE 
engineering sessions 

Expert 2, I would like you to instruct nie» â new IM, 

on how I file maintain the unit cost and date of last 

procurement. 

When you get your comp, you look at your unit price 

and validate it by going to your 318, 339 card, and 

your last AF contract price. You multiply this price 

by 103 percent for storage and handling. That's what 

should be in the computation. 

Unless - 

First, tell me when I go to the 318 what do I look at? 

On the far right hand side of the 318, you look at 

"contr. unit cost." That should be the contractor's 

actual price. 

Okay, on the 318 from Case #1, I have a unit cost of 

$8344 and then right underneath that I have $18212.91 

with an asterisk. Which one of those do I use? 

This is one of those unless or unique situations. 

This has tooling. Tooling is supposedly a one-time 

cost. 

How do I know it has tooling? 



Expert 1: 
318 

Expert 2: 

MK: 

Expert 2: 

Expert 1: 

Expert 2: 

See the note in parentheses on the 318 right 

underneath the cost. 

It would also be in the contract. If everything were 

normal on this item, there would only be one price. 

In a situation like this I would still use the $8344 

because that's what the cost is since tooling is 

nonnail y a one- time expense. The price you want to 

file maintain as the standard price is 1.03 times the 

cost. 

Okay, now what's the 339? 

The 339 card is where you get this information from. 

It's a J041 product. 

It's keypunched from the contract with the unit cost 

and with the estimated delivery date. 

As a keypunched document it can be in error so that's 

why you back it up against the contract. The 318 is 

just a ready reference guide. You put all your 

information on it that you get from everywhere else. 

If a person's done the 318 right, all they should have 

to look at is the 318. If it's right all they need to 

look at is the standard price on the top block of the 

318. They're supposed to put this price in pencil and 

refigure it (multiply by 1.03) every time they have a 

contract. You're safer to tell a new person to look 

at the contr. unit cost and multiply it by 1,,03. 
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MK: 

Expert 2: 

MK: 

Expert 2: 

MK: 

Expert 2: 

MK: 

Expert 2: 

MK: 

Expert 2: 

MK: 

Expert 2: 

Expert 6: 

Then what are some of the other exceptions besides 

tooling? 

There's the quantity discount. You get a price break 

if you buy X amount of items. You buy 100 items it 

cost $8000. You buy 200, it's only going to cost you 

$4000. 

How do I know if I have a quantity discount? Will 

that be in the remarks? 

It might be in the remarks. But also your PR will be 

written as a quantity discount PR. 

And if the price is a quantity discount price? 

Then I would temper using the unit cost with a little 

bit of judgment. 

For example? 

First, I need to know if the Item will always be 

reprocured in the future using quantity discounts. 

Does it matter how much the quantity discount is for? 

fes, especially if the discount is significant. 

What's significant? 

If I'm only going to get a $50 price break on 

something, big deal. 

No, on quantity discount if we do not accept the most 

advantageous quantity, it has to be justified and 

approved at branch level or higher. So, you are going 
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MK: 

Expert 4: 

Expert 6: 

Expert 1: 

Expert 2: 

MK: 

Expert 1: 

Expert 7: 

Expert 6: 

to be buying the most advantageous quantity on a 

quantity discount. 

Is significant a 5 percent change, a 10 percent 

change? 

There's not an Air Force definition? 

I personally would not use the quantity discount price 

if I did not believe I was going to purchase quantity 

discount in the future. 

I think I would always use the regular price in the 

computation because even if you're going to be buying 

at quantity discount in the future, you're going to 

have an escalation of cost. 

You get three quotes, a regular price, a second price, 

and the third price which is usually the most 

advantageous price. If you file maintain the first 

price all the time, that is what you normally will be 

buying. That can be documented and justified. 

Are you saying that regardless of whether or not it's 

a quantity discount, I still file maintain the normal 

price not the quantity discount price? 

Kind of. 

Yes. 

Except where you're always buying an item on quantity 

discount. 



321 

MK: 

Expert 6: 

Experts : 

Expert 6: 

Expert 2: 

Expert 1: 

Expert 2: 

Expert 7: 

MK: 

Expert 2: 

So, Expert 6, if you think you're always going to buy 

this item on quantity discount you use the quantity 

discount price? 

Yes. 

A1 ways. 

Yes. If past history shows we've always gone out for 

quantity discount, I would use the quantity discount 

price. If this appears to be the first time it's been 

bought on quantity discount and I don't think that it 

will be bought on quantity discount in the future, I'd 

use the standard price. 

I disagree with that. 

I disagree with that also. 

If you use the quantity discount price all the time on 

a steady, regular item, the quantities change from 

year to year. The more quantity you buy, the cheaper 

it's going to be. Your inflation changes after three 

years when you go back in a buy. I would feel a lot 

safer using the standard regular price. 

Unless you're using the provisioning price. 

What is the provisioning price? 

Provisioning prices are estimates of what the 

contractor is going to charge us for the first few 

items' production. The prices are usually way out of 

1 ine. 
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Expert 6: 

Expert 5: 

Expert 7: 

MK: 

Expert 4: 

Expert 5: 

MK: 

Expert 5: 

Expert 4: 

It's not necessarily an estimate. You can get an 

actual out of provisioning, but it's based on the 

production of the end item and all the spares that 

that contractor is manufacturing. It can be totally 

wrong. 

I think the price that can be substantiated should be 

used. 

I'm with Expert 2 as far as the quantity discount is 

concerned unless you had to go back to a provisioning 

price. But if you had a contractor quote, you could 

use that. That's fine. You don't ever want to go 

back to a provisioning price if you have anything 

el se. 

Expert 4, how do you feel about this? 

I don't know that much about QD. 

If you bought an item on QD the last ten times, you 

can substantiate that price. If you can substantiate 

it, you can use it. 

If I bought it QD the last ten times, then I use the 

QD price. Otherwise, I use the actual price. Is that 

a good rule to fol1ow? 

fiobody can argue with that. 

If you bought it QD the last ten times though, isn't 

the actual price on your comp going to be the QD 

price? 
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Expert 1: 

Expert 5: 

Expert 4: 

Expert 6: 

Expert 4: 

Expert 2: 

MK: 

Expert 6: 

MK: 

Expert 2: 

Expert 6: 

Expert 5: 

MK: 

Expert 2: 

Yes. 

Yes, except for the inflation. 

Except for the inflation which you're going to pick up 

anyway. 

I'm saying I'd use that. 

If we didn't change it, the computer would still use 

that. It would pick it up as an actual. 

I always check my actuals too though. The system is 

not infallible. They are overlaying junk. 

How do you check your actuals? 

Contract. 

Will every IM have a copy of the contract? 

They should. 

We don't necessarily get the whole contract. We get 

the pages that are important to us. 

This is a good example of an actual. As you can see 

this comp has an actual price, but this actual price 

is not correct, so you would have to change it. The 

actual price in here is probably from the previous 

contract. 

I still am hearing a disagreement regarding which 

price to use. Some of you appear to be using the 

regular price and others, the quantity discount price. 

They1re both right. 
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MK: 

Expert 2: 

MK: 

Experts : 

Expert 2: 

Expert 6: 

Expert 2: 

Expert 7: 

Expert 2: 

MK: 

Why are they both right? 

If it's a steady QD item, where you’ve always bought 

it on QD and you're always going to buy on QD, then I 

would use the QD price. If anything changes, like 

it's the first time you've ever bought QD, I wouldn't 

use it. I wouldn't use it for items that sometimes 

you're going to buy for five, sometimes you are going 

to buy for one hundred. The really fluctuating stuff, 

I wouldn't use it. 

Does everyone agree with that? 

Yes. 

Okay, price breaks are another unless. Price breaks 

are different from QD. 

Price breaks involve different quantities. The 

contractor is offering to sell one more item to us at 

a lower cost than the rest of the contract quantity. 

I would use the regular price, not a price break 

price. 

I agree with that. 

Another thing is an urgent requi renient. Sometimes 

they charge you more for an urgent requirement. They 

build in their overtime costs. There again, I'd only 

use a last actual regular contract price. 

How would I know if it was an urgent requirement? 
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Expert 2: 

Expert 6: 

Expert 2: 

Expert 1 : 

MK: 

Expert 2; 

Expert 6: 

Expert 1: 

Because you'd have had to do all the documentation to 

justify it as urgent. 

Expert 2, are you saying not to use the unit price off 

of a priority A, or B, or C PR? 

An unpriced order. 

I think anything other than routine would qualify. 

Normally, the IMS will make a coninent in the remarks 

block, urgent PR. 

If this price of $8344 represented an urgent PR and 

the last time I bought the item on a routine basis, 

over two years ago, the cost was $6500, which cost 

would I use? 

I would use the $6500 and the date of the last 

procurement (DOLP) for that $6500 because it will 

inflate it. 

You might want to temper that based on the 

contractor's quoted delivery. Just because we wrote a 

priority PR doesn't mean that the contractor has 

quoted for overtime. He may be going to deliver it in 

12 months which is his normal leadtime, regardless of 

our priority. 

Then you would annotate on your 318 treated 1ike a 

routine PR. 

-'Tv 
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Expert 2: 

Expert 6: 

Expert 1: 

Expert 7: 

MK; 

Expert 7: 

Expert 6: 

Expert 2: 

That's when you'd use your regular leadtime and 

everything else. 

Yes, So you have to look at more than whether the PR 

is marked urgent or routine* 

We're talking about the ones where you wrote the PR as 

an urgent requirement and it was treated like an 

urgent requi renient in procurement also and the 

contractor treated it like an urgent requirement. 

Such as a brickbat. 

What's a "brickbat"? 

A brickbat gives a contractor authority to work 

overtime and put a priority on it. Therefore, your 

costs will probably be more. 

We're talking about looking at leadtime for people who 

don't know. And you're saying they'll know it's 

routine. But we're looking at the priority, and 

you're going to give them a rule if it's an urgent PR, 

you don't consider that unit cost. 

What I'm saying is they don't know. You've got to 

tell them more than that to say that this leadtime has 

always taken 24 months, the contractor's quoting 24 

months. Therefore, he didn't treat it as urgent. 

How about an urgently awarded contract or an urgently 

delivered contract? 
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Expert 1: Just an urgent contract. 

Expert 6: Based on my experience right now with priority PR's, 

the contractor is not adding in any cost for overtime 

or anything else. If we want overtime costs included, 

we go with an ADR and its added on afterwards. 

Expert I: Because procurement's treating those as routine rather 

than urgent requirements. But remember there are times 

when they do treat those as urgent requirements and 

you do get charged for them. 

Expert 6: I admit there are very few. They are the exception 

rather than the rule. I agree, like Expert 7 said, 

there are brickbat. 

Expert 7: It’s my understanding that on brickbat, the contractor 

has been turned on and told that brickbat will be 

worked overtime. That does affect the cost. I don t 

know what other things there are that might turn 

procurement on to giving us a bigger price. I do know 

that brickbat will. 

Expert 2: Brickbat is always FAD1. We have cases other than 

FAD1 when procurement treats it like an overtime 

requirement. When the contract is awarded and you 

talk to the buyer on the contract award and the price, 

he’s supposed to call you on this anyway. You're 

going to know. 
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Expert 1: 

Expert 2: 

MK: 

Expert 6: 

MK: 

Experts : 

MK: 

Expert 6: 

Expert 1: 

Expert 6: 

Expert 1: 

And on your 318 it should be annotated as urgent 

contract. 

That's right. Then you don't use that leadtime, you 

don't use that price, because it's nonstandard. 

That's if it's awarded as an urgent contract. Also, 

are you telling me that an IM will know that? I 

thought Expert 6 said she didn't feel they would know 

it. 

This type of urgent, yes, they will know. They will 

be justifying the urgency of the award and the urgency 

of the del ivery. 

Does everyone agree? 

Yes. 

Oka), then are there other exceptions? 

Contractor's minimum quote. We want to buy 6 each and 

the contractor says sorry, smallest minimum quantity 

we'll build is 10 each. You would not want to use 

that quantity. 

Why not?: 

Because most probably you are going to a sole source 

contractor. The next time we buy it, we're going to 

have data available and we'll buy our 6 each that we 

need and not the 10 each. 

You can't make that assumption. 
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Expert 2: 

Expert 6 

Expert 1 

Expert 6 

Expert 1: 

Expert 2: 

Expert 1: 

Expert 2: 

Expert 6: 

MK: 

Expert 2: 

Expert 7: 

MK: 

What the contractor is saying is whether you buy 2 or 

you buy 10, you're going to get charged a thousand 

dollars. So the 2 can cost you $500 a piece or the 10 

can cost you $100 a piece. 

Ours are coming back saying I will only build 10. 

At the same unit cost? 

No, the unit cost will be different. They say it's 

uneconomical for them as a contractor to build less 

than 10. Because of them buying their materials, if 

we're willing to pay for the uneconomical material. 

So it's not changing the unit cost. 

See in the instance that I brought up, sometimes the 

contractor will say, okay you're going to spend 

$10,000 no matter how many. It's a minimum cost. 

It's not a minimum quantity. 

That would be an exception a minimum cost. 

More likely, they'll give you a minimum cost than a 

minimum quantity. 

No, Fairchild gives you minimum quantities. 

Assuming the situation was one of minimum cost, which 

price would you use? 

The last standard cost from a regular contract. 

I agree. 

What if you didn't have a last standard cost? 
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Expert 6: 

Expert 7; 

Expert 2: 

Expert 7: 

Expert 2: 

Expert 1: 

Expert 4: 

Expert 7: 

Expert 1: 

MK: 

Experts : 

MK: 

Expert 7: 

MK: 

Average cost, prorated cost. 

I don't know. 

Ask your supervisor. 

You could use your provisioning estimate. 

I would use the last regular af contract price 

provided I had one. If not. I'd use the provisioning 

cost. That's better than anything else. 

The thing we must say there is we do not add the 3 

percent to a provisioning price. 

Right. 

That's a good rule. 

The IMs must annotate in the remarks block that they 

did not add the 3 percent (first destination 

transportation) to provisioning cost or contractor's 

quotes. 

Does everyone agree with this on contractor's minimum 

price? 

Yes. 

Any other exceptions? 

Yes, contractor's excess. We're buying material 

that's bought from the contractor as excess. But they 

shouldn't use that price. 

How would an IM know if it was a case of contractor's 

excess? 
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Expert 7: 

MK: 

Expert 7: 

Expert 6: 

Expert 7: 

Expert 6: 

Expert 2: 

Expert 5: 

Expert 1: 

Expert 7: 

MK: 

Expert 5: 

Expert 6: 

Expert 7: 

Expert 2: 

Expert 7: 

Because they have to amend their PR to show that 

they're buying excess from the contractor. 

In this case what price would they use? 

The last contract standard price and/or provisioning 

estimate. 

Along those same lines, the IM knows when we go out of 

production. We buy a 1 ot of residual material back 

from the contractor that's on hand at his facility. 

But that's excess. 

But they're not quoting. They're offering it back to 

us. 

I can't think of any other exceptions. 

What about FMS? 

Don't use an FMS price. 

We don't use the FMS price if we're procuring direct 

ship for a foreign government. 

Do you go back to the standard price again? 

Yes. 

We do use the FMS price if we're buying for case 

levels. 

In this case, you're buying and it's coming in to the 

Air Force. 

Anything that's coming into our account . . . 

If it's not a direct ship. 
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Expert 1: 

MK: 

Expert 5: 

Expert 7: 

Expert 2: 

Expert 7: 

Expert 1: 

MK: 

Experts: 

MK: 

Experts : 

MK: 

Expert 7: 

Expert 2: 

If it's procured with AF funds, you would use the unit 

cost from that contract even if it's going to be for a 

case level because it doesn't become the property of 

the foreign government until they order it and pay for 

it at that time. 

So if I'm buying with AF funds . . . 

That creates a problem for new IMs. They look at BP18 

as FMS funds. 

They sure do. 

The easiest way to express it is you don't use an FMS 

price. 

FMS price means direct cite. 

Right. That's where you're using that country's bank 

account. You do not use an FMS price when the item is 

procured with direct cite funds. 

Does everyone agree with that? 

Yes. 

Is an IM going to know what direct cite funds are? 

Yes. 

How do they know? 

Some of them may not know the difference between 

direct cite funds and when you're shipping on a 

requisition. 

Direct cite funds are 4F funds. 
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Expert 6: 

Expert 2: 

Expert 6: 

Expert 2: 

Expert 6: 

Expert 2: 

Expert 7: 

MK: 

Expert 6: 

MK: 

Direct cite would be anytime you're buying for 

shipment to that country. If you're buying and it's 

being shipped to McClellan, and going to then be 

shipped to a foreign country, you would use that 

cost. Whenever it is being received by the U.S. Air 

Force, you would use that cost. 

Not necessarily. You can have a direct ship without a 

direct cite. 

How? 

Let's say you've got a case level , and you've got a 

PR/contract working and you have to put in an ASI 

because it's priority two and they want it right 

away. Why have it shipped in here? Have it go 

straight from the contractor to them. 

But when you do the ASI, you're also going to do an 

amendment that changes the fund cite. 

Not for a case 1evel. 

I think the best way to clarify it is to put 4F fund 

code in brackets right after cite. All the IMs will 

know that. 

Would this satisfy your concern, Expert 6? 

I have to think about it. 

Does everybody else agree with that? 
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Expert 1: 

MK: 

Expert 1: 

MK: 

Expert 1: 

MK: 

Expert 6: 

Expert 1: 

Expert 6: 

Expert 7: 

Expert 2: 

Expert 7: 

Expert 2: 

You did say we'll get to see the knowledge base and 

critique it? 

Yes. 

Then we'll all go home and read up on this. 

For now, then, are there any other exceptions? 

I think we've got them all. 

Going back for a moment then, is contractor's excess 

the same as out of production or not? 

No. They're different. 

I think Expert 6's talking about contractor surplus 

not contractor excess. 

That's right. But what happens on the surplus? On 

some of the older aircraft, that's the only people 

that you buy from. Then, why wouldn't you want to use 

that cost, if that's the only way that you can support 

that item? 

But you don't know what fie next cost is going to 

be. I've bought from the same surplus dealer on 

different occasions and paid totally different prices. 

Yes, and sometimes you get a surplus one time and a 

regular contract another. 

I don't think surplus prices are very good to use. 

Especially now with them advertising so much with the 

small businesses. 



Expert 6: 

Expert 1: 

Expert 2: 

Expert 7: 

Expert 4: 

MK: 

Expert 1: 

Expert 2: 

MK: 

But some of this we don't own the data. We can't go 

and get data so we don't have the capability of 

getting someone to manufacture this item, unless we 

reverse engineer it. 

I always go back to the standard price. 

You might want to add a note on surplus that if you 

know that that's your only means of support, you treat 

the surplus price as a standard price. 

But that surplus dealer can charge any price he 

wants. So I wouldn't use a surplus price at all. 

But in this case if you say you're not going to use it 

because it's surplus. You're going to use your 

standard. In the situation we're talking about where 

it's always a surplus contractor, it's going to be 

your standard price anyway. You just don't need to 

put that statement in. 

Any other exceptions? 

Silence 

What about the tooling we just had on case ftl? 

Oh, you're right. The one right in front of our 

faces. 

Tooling and first articles. 

Are these two separate things? 
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Expert 2: 

Expert 6: 
> 

Expert 2: 

Expert 6: 

Expert 1: 

Expert 6: 

Yes. Tooling is usually a separate cost but it's not 

always identified though. We're going to know at the 

time of contract award though if we need to buy 

tooling. 

No, we're not. We're finding out after the fact. 

Then, it's only because we ask procurement. 

Then maybe we need a little note to the IMs' when 

they're doing the prices, to ask procurement about the 

tooling. 

You will know if it's an item where we have to provide 

tooling to the contractor, on refurbishment tooling, 

because they have to quote that separately. 

I just thought of another one, GFM. We'll talk about 

that next. 

Relative to tooling, with CV helping us sort our 

prices, we're more likely to know now when we have 

tooling on an item. 

If it's identified either on the copy of the contract 

which the IM receives or identified by the buyer, it 

should be annotated on the 318, those additional one¬ 

time costs. 



Expert 2: 

Expert 6/ 
Expert 1: 

Expert 2: 

Expert 1: 

Expert 6: 

Expert 7: 

MK: 

Expert 2: 

Expert 6: 

Expert 2: 

MK: 

The other thing is, sometime you may get that 

identified as a tooling cost but it's a repetitive 

tooling cost. For example, a casting that's going to 

last for 50 items then you're going to need a new one 

for the next 50 items. 

That type of tooling should be included in the price 

of the item. 

I agree. 

But when you're buying one-shot type tooling, it 

should not be included in the unit price. 

Shouldn't we get that tooling back if we pay for it? 

Yes, we own it. Usually, you'll find out that there's 

tooling costs because they'll ask for disposition of 

that tooling. That's usually at the end of the 

contract. 

Why don't we say don't include the cost of one-time 

tooling? 

Will the IM know if it's one-time tooling? 

They should. 

If it's identified to them. 

If one-time cost of tooling is identified in the item, 

then that standard price should not include the 

tooling cost. 

Okay, what about the first articles? 
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Expert 7: 

Expert 1: 

Expert 6: 

Expert 2: 

Expert 1: 

MK: 

I have another thing that relates to that, system 

compatibility testing. 

Couldn't that be covered under first article. Those 

kinds of things are all the same, for example, special 

engineering or testing requirements. 

They're on a data line, aren't they? 

Well, not always. See J041 only accepts one cost and 

that's the price that J041 puts in as an actual. They 

add the costs, e.g., $100,000 for tooling, plus $5,000 

per item. They add it all together. They divide it 

by the quantity you're buying and they put that number 

in as the cost of the item. That's why we want to 

make sure that the item managers don't always believe 

the actual 0041 prices. Contract and line item number 

should really be used for first article testing and 

engineering, etc. to make sure that they watch out for 

that. 

I'd refer to it as special engineering/test 

requirements. If you have these, you should either 

use the last standard price or subtract the special 

cost from the total unit cost. 

Okay, what about GEM? 
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Expert 2: 

MK: 

Expert 2: 

Expert 1: 

Expert 7: 

Expert 1: 

MK: 

Experts : 

Expert 2: 

Expert 7: 

Expert 2: 

Expert 6: 

Expert 7: 

Whenever you furnish GFM, they lower the price of the 

item because you are giving then, parts of that to make 

it, so you can't use the unit cost that they re 

quoting you. Because they're giving you a price break 

per se for GFM. There again, you use the last 

standard price. 

What if you've always given them GFM? 

If you've always given them GFM and you always will be 

giving them GFM . . . 

Add the unit cost of the GFM in the unit cost. 

If you know what it is. 

You look it up in the ML, the military listing, you'll 

know which items are GFM, you have to make out the 

paperwork to send it to them. 

Does everyone else agree with what expert 1 said? 

Yes 

Who would have thought that unit cost was this 

complicated! Flow do we know all this? 

Along with this, are we addressing the DOER too? 

Yes. Okay. Whatever unit price you use, you use the 

contract award date for that unit price as the DOLP. 

Exactl y. 

That's right. 
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FÜRMAL EVALUATION PLAN FOR THE INVENTORY MANAGER 
ASSISTANT (IMA) EXPERT SYSTEM 

Objective of the Eval uatkm 

The evaluation of the Inventory Manager Assistant (IMA) Expert 

System will be designed to test hypotheses three and four of this 

research. Specifically, these hypotheses are: 

Research Hypothesis 3: The use of expert systems will have no 
effect on the ability of inventory managers to make more 
effective decisions. 

Research Hypotheses 4: The use of expert systems will have no 
effect on the ability of inventory managers to more 
efficiently make inventory management decisions. 

Experimental Model 

A single experiment will be used to measure decision 

effectiveness and efficiency. This experiment will be a between- 

subjects, two-by-two-by-three factorial design. The three 

treatments and levels of each will be: 

Treatment Level s 

1. Task Method 1. With Expert System 
2. Manually 

2. Task Difficulty 1. Simple 
2. Complex 

3. User Experience 1. Novice 
2. Journeyman 
3. Advanced 

Hence, twelve cells comprise the experiment and each subject will 

participate in only one cell. 
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The experimental model then becomes X -a+B+y+n« + 
Ukl 1 J k “‘ij 

aY + BY + 
Ik Jk 

aBY ♦ e 
ijk ijkl 

Where i = 2 levels of task method 
j = 2 levels of task difficulty 
k = 3 levels of user experience 
1 = cell replicate 

Effect!veness/tfficiency Defined 

Efficiency will be operationalized as time to complete the 

task. Effectiveness will be operationalized as a performance score 

ranging between 0 and 100 points. Scores will be determined by 

comparing each subject's answers on the task completed with a test 

key for each task detennined by the IMA developmental experts and 

validated by a panel of three other experts. 

Each task, simple and complex, will require the subject to 

detennine the correct values for the following ten parameters: 

1. Unit Cost 

2. Date of Last Procurement 

3. Administrative Leadtime 

4. Production Leadtime 

5. Repair Cycle Time 

6. Base Processing Time 

7. Reparable Intransit Time 

8. Supply to Maintenance Time 

9. Shop Flow Time 

10. Turn In Time 
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Each of these parameters is expressed as a quantitative value and 

can be objectively rated based upon the amount of deviation of the 

subject's answer from the correct answers. The experts will be 

asked to determine the answer or range of answers for each of these 

ten parameters for both the simple and complex case that fit the 

following descriptive categories: very good answer, good answer, 

mediocre answer, poor answer, very poor answer. Answers which fall 

in these ranges will be assigned the following respective point 

values: 10, 7.5, 5, 2.5, and 0. Hence, a subject can score between 

0 and 100 points. All scoring will be computerized to keep the 

evaluation as objective as possible. 

Eval uation 

Results will be evaluated via ANOVA procedures with the use of 

the Statistical Package for the Social Sciences. Separate ANOVA 

procedures will be performed for each of the ten elements for which 

IMA provides advice as well as for the total score. Since all ten 

of these elements are not necessarily of equal weight, both the 

development experts and the independent validation panel will be 

asked to provide weightings by distributing 100 points among these 

ten elements. ANOVA procedures will then be performed for these 

weighted scores as well. An additional ANOVA will be performed for 

completion time as the dependent variable. 
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Other Data Collected/Anal yzed 

Additional data collected from each subject will include 

experience in interacting with a computer, and confidence in making 

decisions with a computer. Subjects who perform the task with the 

assistance of the expert system will also be asked to complete an 

unstructured critique. These data will be treated as continuous and 

used as covariates in the data analysis. 

Successful Performa nee 

As IMA is a research prototype, testing is expected to uncover 

areas of weaknesses. Therefore, any elements which result in poorer 

performance when the expert system is used than the performance when 

the expert system is not used, will be excluded from the evaluation 

of successful performance, provided use of the expert system 

improves performance on at least five of the ten elements. If less 

than five elements are improved, this project will not be considered 

a success. Total scores for the remaining five elements must result 

in a significant improvement for the project to be considered a 

success. An alpha level of .05 will be used to determine 

significance. 

Time to completion, although measured and analyzed, will not be 

considered in the determination of successful performance. A number 

of other factors, including hardware, software, and user familiarity 

considerations, affect the times required by subjects who are 

assisted by the expert system. 



345 

Location of Testing 

Testing will be conducted at both the Sacramento Air Logistics 

Center and the Ogden Air Logistics Center. Ogden will serve as an 

additional test site to determine how generic the expert system 

is. Testing will be conducted in the same manner at both sites. 

The same test cases will be used at both sites. Data for each site 

will be analyzed separately. Data for both sites will also be 

combined and analyzed. 

Resources Required 

At each site five fully compatible IBM computers with at least 

512K of memory will be required. The computers need to be located 

in a separate room. Enough space should be available to permit 

subjects to complete questionnaires. Manual subjects will need 

space for any regulations, documentation, or calculators they bring 

with them for assistance. 

Selection and Scheduling of Subjects 

In advance of testing, each site should identify and schedule 

subjects for testing. A range of subject experience is desired. 

The development experts have determined that the following year- 

groups match the desired experience ranges: 

novice - less than one year's experience as an item 
manager 
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journeyman - one to four years' experience as an item 
manager 

advanced - more than four years' experience as an item 
manager 

Equal representation of item managers in these group'ngs is desired 

if possible. Supervisors should be asked to identify their item 

managers who will be available for testing with one of these 

categories. 

The list of item managers provided should be sorted by 

experience and alphabetized. Each of the three resultant 

alphabetized lists of names should then be matched systematically to 

a treatment, one through four. This sequence should be repeated 

until all individuals have been assigned a treatment. Hence, the 

first individual on the list will be assigned to treatment one, the 

second to treatment two, etc. 

Subjects should then be scheduled five at a time, at hour 

intervals, by treatment number. Manual subjects should always be 

scheduled immediately after subjects who will be assisted by the 

expert system. Manual subjects should be told that the subject may 

bring with them any items which might normally be used to complete 

the task: regulations, a calculator, etc. 



APPENDIX L 

DIRECTIONS PROVIDED TO 

TEST SUBJECTS 
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DIRECTIONS PROVIDED TO TEST 
SUBJECTS WHO WERE ASSISTED BY 

THE EXPERT SYSTEM 

The purpose of this exercise is to field test the Inventory 

Manager Assistant (IMA). IMA was developed to assist item managers 

with the initial file maintenance of the D041 canputation. This 

test is designed to determine if item managers do a better job of 

initial file maintenance when assisted by IMA. 

You have been randomly preassigned to file maintain a case with 

the assistance of IMA. IMA's performance in advising you on the 

file maintenance of this case will be graded in accordance with 

answers predetennined by a panel of experts. The case you file 

maintain will receive a grade between 0 and 100 points. Your IMA- 

assisted perfonnance will be canpared with the performance of item 

managers who file maintain this same case without the assistance of 

IMA. 

At this time, please complete the questionnaire entitled 

SUBJECT INFORMATION. When you are finished, await further 

instructions. Do NOT begin the case until told to do so. 

îÆii 



SUBJECTS COMPLÈTE THE SUBJECT 
INFORMATION QUESTIONNAIRE 

A practice case has been provided so that you may learn to use 

IMA. You will file maintain this case first. IMA will ask you a 

series of questions about your computation and the supporting 

documentation. IMA asks very specific questions. Please read the 

questions carefully and accurately answer the questions which IMA 

asks. 

You answer by typing the correct answer and depress the ENTER 

key. You do not need to type the complete response. Usually the 

first letter of the response is sufficient for IMA to distinguish 

your answer. For example, if IMA asks you a yes/no question, you 

would answer yes by typing "y" and depressing the ENTER key. 

Based upon your responses, IMA will provide advice on the 

correct file maintenance of ten data elements. Enter the answers 

which IMA provides on the questionnaire entitled FILE MAINTENANCE 

SUMMARY. You MUST enter the value which IMA suggests regardless of 

whether or not you agree. If you have any questions, raise your 

hand. One of the test administrators will assist you. 

Please raise your hand when you finish the practice case. You 

will then be provided the test case on which IMA's performance will 

be measured. Again, enter your responses on the questionnaire 

entitled FILE MAINTENANCE SUMMARY. When you finish this case, 

please provide your feedback by completing the page entitled IMA 
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CRITIQUE. Then you may leave. Please leave quietly as others may 

still be working. 

Please comply with the following rules: 

1. Do not write in the case folder. Use the back of your 
questionnaire if you need to make notes. 

2. Do not talk with anyone about this case or what you believe 
to be the correct answers. 

3. You may ask questions only of a test administrator. To do 
so, raise your hand. 

4. Do not talk with anyone else in the room or make any 
comments aloud. 

5. Do not worry about others finishing before you. 
Performance in tenus of actual file maintenance is the 
primary concern. Time should not be considered as a 
factor. 

6. Do not put your name on any of the forms. This exercise is 
anonymous. 

7. Remember to complete all the entries on the file 
maintenance summary. 

8. A test administrator will verify that all entries on the 
questionnaires are complete before you leave. 

9. Please do not remove anything from this room. If you took 
notes on the case, you must turn them in to an 
administrator with your questionnaires. 

Are there any questions before you begin? 

Please begin the practice case. When you are finished, raise 

your hand to receive the test case. 



DIRECTIONS PROVIDED TO TEST 
SUBJECTS WHO WERE NOT ASSISTED 

BY THE EXPERT SYSTEM 

The purpose of this exercise is to field test the Inventory 

Manager Assistant (IMA). IMA was developed to assist item managers 

with the initial file maintenance of the D041 computation. This 

test is designed to determine if item managers do a better job of 

initial file maintenance when assisted by IMA. 

You have been randomly preassigned to file maintain a case 

without the assistance of IMA (manually). Your performance in file 

maintaining this case will be graded in accordance with answers 

predetermined by a panel of experts. The case you file maintain 

will receive a grade between 0 and 100 points. Your performance 

will be canpared with item managers who file maintain this same case 

with the assistance of IMA. 

At this time, please complete the questionnaires entitled 

SUBJECT INFORMATION and MANUAL PROPS. When you are finished, await 

further instructions. Do NOT begin the case until told to do so. 
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SUBJECTS COMPLETE THE 
SUBJECT INFORMATION AND MANUAL PROPS 

QUESTIONNAIRES 

A practice case has been provided. You will file maintain this 

case first. Enter your answers on the questionnaire entitled FILE 

MAINTENANCE SUMMARY. If you have any questions, raise your hand. 

Please raise your hand when you finish the practice case. You 

will then be provided the test case on which your perfonnance will 

be measured. Again, enter your responses on the questionnaire 

entitled FILE MAINTENANCE SUMMARY. You may leave when you are 

finished with this case. Please leave quietly as others may still 

be working. 

Please comply with the following rules: 

1. Do not write in the case folder. Use the back of your 
questionnaire if you need to make notes. 

2. Do not talk with anyone about this case or what you believe 
to be the correct a swers. 

3. You may ask questions only of a test administrator. To do 
so, raise your hand. 

4. Do not talk with anyone in the room or make any comments 
aloud. 

5. Do not worry about others finishing before you. 
Perfonnance in terms of actual file maintenance is the 
primary concern. Time should not be considered as a 
factor. 

6. Do not put your name on any of the forms. This exercise is 
anonymous. 

7. Remember to complete all the entries on the file 
maintenance summary. 
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8. A test administrator will verify that all entries on the 
questionnaires are complete before you leave. 

9 Please do not remove anything from this room. If you took 
notes on the case, you must turn them in to an 
administrator with your questionnaires. 

Are there any questions before you begin? 

Please begin the practice case. When you are finished, raise 

your hand to receive the test case. 
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QUESTIONNAIRE COMPLETED BY TEST SUBJECTS 
WHO WERE ASSISTED BY THE EXPERT SYSTEM 

SUBJECT INFORMATION 

Please answer the following questions: 

1. I have been a D041 item manager for_years. 

2. I am performing case number___• 

3. I am doing this case (check one) 
manual 1 y 

_ with the expert system 

4. I would rate my experience in interacting with a computer as: 

(check one) 
No experience at all 
Limited experience 

'_Mediocre 
Experienced 

_ Very experienced 

5. I would rate my confidence in interacting with a personal 

computer as: (check one) 
No experience at all 
Limited experience 

__ Mediocre 
_ Experienced 
_ Very experienced 
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PRACTICE CASE 

FILE MAINTENANCE SUMMARY 

In the space provided, enter the value which IMA tells you to file 
maintain for each of the following data elements. 

1. Unit Cost _ 

2. DOLP _ 

3. ALT _ 

4. PLT _ 

5. Base Repair Cycle Time _ 

6. Base Processing Time _ 

7. Reparable Intransit Time _ 

8. Supply to Maintenance Time _ 

9. Shop Flow Time _ 

10. Turn in Time _ 

THANK YOU! 
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TEST CASE 

FILE MAINTENANCE SUMMARY 

In the space provided, enter the value which IMA tells you to file 
maintain for each of the following data elements. 

1. Unit Cost _ 

2. DOER _ 

3. ALT _ 

4. PET _ 

5. Base Repair Cycle Time _ 

6. Base Processing Time _ 

7. Reparable Intransit Time_ 

8. Supply to Maintenance Time _ 

9. Shop Flow Time _ 

10. Turn in Time _ 

THANK YOU! 
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IMA CRITIQUE 

Please use the space below to make any comments about IMA (e.g., 

what you liked or didn't like about it, if it helped you, or how it 

might be improved). 



QUESTIONNAIRE COMPLETED BY TEST SUBJECTS 
WHO WERE NOT ASSISTED BY THE EXPERT SYSTEM 

SUBJECT INFORMATION 

Please answer the following questions: 

1. I have been a D041 item manager for_ years. 

2. I am performing case number_. 

3. I am doing this case (check one) 
_manual 1 y 
_ with the expert system. 

4. I would rate my experience in interacting with a computer as 
(check one) 
_ No experience at all 
_Limited experience 
_Mediocre 
_Experienced 
_ Very experienced 

5. I would rate my confidence in interacting with a personal 
computer as: (check one) 
_No experience at all 
_Limited experience 
_ Mediocre 
_Experienced 
_ Very experienced 
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MANUAL PROPS 

1. I brought the following items with me to assist in file 
maintaining this case: (check all that apply) 

_ AFLCR 57-4 

__ List of current standards 

_Local directions for perfonning file 

maintenance 

_Scratch paper 

_ Pencil 

_Cal culator 

_Other. Please specify 

Answer Question 2 only if you brought a programmable calculator with 
you. 

2. My calculator has been preprogrammed to perform the required 
calculations. 

Yes 
No 
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PRACTICE CASE 

FILE MAINTENANCE SUMMARY 

In the space provided, enter the value which IMA tells you to file 
maintain for each of the following data elements. 

1. Unit Cost 

2. DOLP _ 

3. ALT _ 

4. PLT _ 

5. Base Repair Cycl e Time 

6. Base Processing Time 

7. Reparable Intransit Time 

8. Supply to Maintenance Time 

9. Shop Flow Time 

10. Turn in Time 

THANK YOU! 
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TEST CASE 

FILE MAINTENANCE SUMMARY 

In the space provided, enter the value which IMA tells you to file 
maintain for each of the following data elements. 

1. Unit Cost _____ 

2. DOLP _ 

3. ALT _ 

4. PLT _ 

5. Base Repair Cycle Time _ 

6. Base Processing Time 

7. Reparable Intransit Time _ 

8. Supply to Maintenance Time _ 

9. Shop Flow Time 

10. Turn in Time 

THANK YOU! 
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TEST SUBJECTS' CRITIQUES OF THE 
INVENTORY MANAGER ASSISTANT EXPERT SYSTEM 

Sa cram en to Subjects’ Comments 

'IMA1 was very helpful in determining these file maintenance 
factors for input. I did not realize that all these factors 
were required to be updated or file maintained. This program 
makes these inputs easier to compute and update for more 
accurate data. MMA1 will be very useful for the new item 
managers such as myself. 

I believe this would be a useful tool to any inventory 
manager. I hope it is adopted. 

I liked it very much; it would help me a lot and help me to 
understand the D041 system. 

It has been very helpful to find information I need; otherwise I 
would not have known how to go about finding the answers. 

I liked it; with practice it could speed up file maintenance. 

It was helpful to me as it helped me understand the D041 system 
better. I’m new in the 0041 system and I like the 'IMA1 
program; it was very helpful to me. 

Having never worked a 0041 comp, before and being new at 0041, I 
thought 'IMA' was helpful but would be more useful if I already 
understood how the computation worked. 

I IMA' seems to be a beneficial tool that would help the 
inventory manager to accomplish tasks in a shorter amount of 
time; very impressive for a new system. 

I liked it! I liked that it had descriptions of certain things 
in plain, easy to understand language. I think it will make the 
job much easier. 

I think its great. As a new inventory manager, I'm unsure as to 
how I would figure out these factors. 



I found the system to be very helpful in performing file 
maintenance and in answering questions that you are not 
knowledgeable about, for example, if an item is airlift coded. 
The system was very helpful as it explained where to find out if 
an item was airlift coded on the AFRAMS RIMCS data. 

I see 'IMA' as a tool for the managers and veterans. New 
inventory managers like any system that improves their chance to 
1 earn. 

1 believe 'IMA' is going to be of tremendous value. It's a 
little slow, but it lets you have time to think about the 
information required. 

Love at first sight! You are on the right track. Major Allen. 
Keep up the great work. You are the answer to my prayers. 

I liked being able to see if things were correct and what had to 
be file maintained. One problem I noticed was where I had made 
a mistake on an entry and did not discover it until it was too 
late and couldn't back up to correct my error. I think this 
program would help very much. 

'IMA' will be a big help to new inventory managers. I found it 
very interesting and I found that it is fun to work the 
computer; it will be a much faster way to file maintain all of 
our routine work. I loved it! 

I think it is very helpful to the inventory manager; a good 
system. 

It is an excellent system; the drawback is that you cannot make 
corrections after you have entered an error. 

I like computers and I think this system is very user 
friendly. I'm sure it would help us to have more accurate info, 
in less time. 

The 'IMA' is a unique software system; I enjoyed working the 
problem. It helped with easy-to-understand step-by-step 
instructions. If I were more familiar with the terminology, 
this test would have been very easy anc self-explanatory. 

I think this is a good idea. With all the new people in D041, 
it should help explain to them what to look at and it would also 
help more experienced people if they have questions. 
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I thought it was great and it really aoes help. Questions are 
simple and straight forward. Even a new inventory manager would 
be able to look at the different products and be able to know 
what infonnation to input into the computer. There was nothing 
I did not like. Let's keep going with this! 

It's good. I learned a lot about products 1 didn't previously 
know - just in this test. This is heading in the right^ 
direction in terms of being user friendly and work applicable. 
Bravo! Good Job! 

Fantastic! More! More! I see lots of possibilities for this. 

I think it will prove very useful, especially since our 
experienced people are retiring. The user friendly language was 
just that, very friendly. 'IMA' was very easy to use. Shine 
on! 

Great! Easy to use. Extremei y helpful. 

I was impressed with the ease of computing these elements using 
'IMA'; I think it will be very useful and time saving. 

Computer was very helpful. Saves time. Will give the IMs more 
time to work on other problems. An asset for the USAF and other 
DOD agencies. 

Great idea; I hope we see this in our office soon. 

It was good for checking your work and showing where you erred. 

I enjoyed 'IMA' as it provided helpful hints as to the reasons 
we file maintain data to the 0041. It is especially helpful for 
the IMS with limited experience as well as a helpful tool for 
the experienced inventory manager! 

Liked it a great deal, should make file maintenance much 
simpler after familiarity is accanplished. 

What I didn't like was the fact that if I made an error, I had 
to start all over. I assumed that IMA will have memory capacity 
in the future to alleviate this. I liked it; I hope if this is 
implemented on a larger scale that turnaround time (response 
time) will be just as fast. 

Its perfect so far as I'm concerned. I love it! I can't call 
this an it; she's IMA Genius to me!! 
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IMA would be a help to "new" [)()41 inventory managers. Although 
slow, it would help identify problem areas in data areas 
covered. 

I believe we need this system for new item managers and as a 
reinforcement for the ones who have been on the job longer. 

I do like the computer help and it did help me. I'm very slow 
but working more at the computer will help us all. 

Blue against black screen was hard on the eyes. 

Somewhat time consuming. 

Very helpful product which I believe will be a good tool for the 
inventory managers. 

I enjoyed using the IMA. It was very useful in doing D041 file 
maintenance. 
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Ogden Subjects' Comments 

Yes, It would be very beneficial; but it would also make us 
lazy. It was logical and easy to follow. 

I liked it very much, and I would strongly urge this be 
implemented ASAP. It is an excellent help for inventory 
managers, old and new. I learned a lot today. 

I really enjoyed taking this test, and I feel it will be a great 
help to me in doing my computations. I learned a lot today. 

I enjoyed the test. It was well suited for beginners. 

I enjoyed working with 'IMA.' Being relatively new, IMA 
answered a few questions in areas I have not encountered yet. 
IMA is easy to communicate with. 

The system provided an easy guide to the computation procedure. 

It will sure make things a lot easier for inventory managers and 
everyone will figure the computation in the same way. 

This program would be an excellent tool for new or relatively 
untrained inventory managers. The explanations that are built 
in are great for even experienced inventory managers. As a 
training tool, it has potential. As an ongoing program for 
routine use, it would be too time consuming. 

IMA was very user friendly and would be extremely beneficial for 
new employees. This would be an excellent tool for training 
purposes. 

Liked the way it converted the standard times to actual. 

IMA would be very helpful to any inventory manager because there 
are so many elements to remember during file maintenance and so 
many changes to regulations that it is very hard to retain all 
the information from quarter to quarter. This would help 
eliminate many of the common errors made during file maintenance 
and be a learning device as well. 

It could be helpful for pinpointing areas where training is 
necessary. 

.,¡v ... , — » •" 
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A SAMPLE CONSULTATION WITH IMA 

Welcome to the 

Inventory Manager's Assistant 

(IMA) 

This Artificial Intelligence Expert System was developed by the 

U.S. Air Force Directorate of Logistics and Engineering with the 

help of seven experts from Sacramento Air Logistics Center. 

Have we ever had the pleasure of working together before? (Answer 
by typing In "yes" or "no" and then hit the carriage return.) 

yes 
no 

» n 

»»»>»»»»»»»»»»»»»<««««««««<<<<<<<<<<<<<<<<<< 

HI! I'm IMA. My job Is to assist you during the Initial file 
maintenance cycle of the D041 comp. Together we c\n determine the 
correct unit cost, date of last procurement, administrative 
leadtime, production leadtime, and repair cycle times to be file 
maintained. I will work with you step by step through each of these 
elements. Occasionally, I will recommend specific actions to you. 
I can't provide advice on every problem. Sometimes you may still 
have to ask your supervisor. However, I can help you with most 

things. I'll do my very best. 

»»»»»»»»»»»»»»»»H««««««««««««««««« 

When you are ready to continue, type "c" and hit the carriage 

return. 

c 
» c 



371 

What I'm going to do Is ask you several questions regarding the 
Information on your comp and supporting documentation. For 
Insurance/NSO items, you will not have a comp. Use the 
Insurance/NSO Status Listing as your comp. PLEASE NOTE: A 
particular SRC (e.g., A or D) does not necessarily mean that this 
entry Is valid. These entries still need to be verified. Further, 
you must have appropriate documentation to support these. When I 
ask a question, answer with one of the suggested answers which 
follow each question, then hit the carriage return. Now, let's get 
started. 

When you are ready to continue, type "c" and hit the carriage 
return. 

c 
» c 

Look at the front page of your comp, bottom right-hand corner. Is 
this Item coded as Air Force SICA NIMSC 5? 

yes 
no 

» n 

Look at your 318. Has there been any contract for this Item since 
the provisioning contract? 

yes 
no 

» y 

Was the LATEST procurement of this Item any of the following? 

depot manufactured 
contractor estimated cost 
contractor minimum cost 
contractor minimum quantity 
price break 
contractor excess 
surplus material 
FMS direct cite (4F fund code) 
contractor off the shelf 
priority procurement (A or B) 
quantity discount 
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Included one-time cost of tooling 
Included GFM 
Included one-time special engineering/test requirements 

Note If you have a contract which Is one of these types. It should 
be Indicated as such on the 318. 

yes 
no 
ex plain 

» y 

Have you had a procurement which was not one of these? In other 
words, have you had a standard routine Air Force procurement? Note 
this would Include MIPRs where the Air Force acts as the procuring 
agency. 

yes 
no 

» n 

Which of the following describes your LATEST contract? Answer with 
the number or numbers which correspond to the appropriate 
answer(s). If you answer with more than one number, Include a comma 
between the numbers. If you do not understand what Is meant by 
these types of contracts and would like an explanation, type In "16" 
now. 

1. depot-manufactured 
2. contractor-estlmated-cost 
3. contractor-minimum-cost 
4. contractor-minlmum-qty 
5. price-break 
6. contractor-excess 
7. surplus-material 
8. dlrect-clte-fms 
9. contractor-off-the-shelf 
10. priority-procurement 
11. quantity-discount 
12. 1ncluded-one-time-toolIng 
13. Included-gfm 
14. Included-one-tlme-speclal-eng-test-rqmnts 
15. other 
16. help 

» 13 
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What was the cost of the material furnished to the contractor as 
GFM? If you don't know, you can look It up on the ML. Enter your 
answer In dollars and cents, e.g., 645.00 

» 678.00 

What is the contractor unit cost shown on your AFLC Form 318 for 
that contract? Enter your answer in dollars and cents, e.g., 67.90 

» 6742.89 

Was this contract an unpriced order? 

yes 
no 
unsure 
explain 

» e 

An unpriced order is a contract which originally was assigned only a 
not-to-exceed (NIE) price. It will be definitized as a firm price 
later. 

Was this contract an unpriced order? 

yes 
no 
unsure 
explain 

» n 

What is the contract award date shown on your AFLC Form 318 for this 
contract? Enter your answer as a Julian date. For example, 
December 31, 1985 would be entered as 85365. 

» 83247 

What is the unit price of this item as shown on the front page of 
the comp? Enter your answer in dollars and cents, e.g., 745.05 

» 8499.00 
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What Is the DOLP shown on the front page of the corap? Enter your 
answer as a Julian date, e.g., 82134. 

» 83247 

$7643 52 Is the correct unit price which should be file maintained 
on the comp. Take appropriate action to correct this and update the 
standard price on the AFLC Form 318. 

83247 is the correct date of last procurement. No file maintenance 

is required. Shine on! 

Look at the front page of the comp under LEADTIME ADM. What is the 

administrative leadtime? 

» 9 

Look at your 318 under the column, DATE INIT. When was this PR 
initiated? Enter the Julian date. 

» 83189 

Look at the 318. Has 10J or more of the ROUTINE portion of this 
contract been delivered? 

yes 
no 

» y 

What was the Julian date of this first significant delivery? 

» 84322 

2 months is the correct administrative leadtime which should be file 
maintained on the comp. Please take action to correct this. 

2 months is the actual ALT. You may file maintain up to 9 months 
PROVIDED you can justify this in writing. If you do so, you must 
document your justification on the comp. 

Lo< k at the font page of the comp under LEADTIME PROD. What is the 
production leadtime? 
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» 3 

15 months Is the production leadtime which should be file maintained 
on the comp. Please take action to correct this. 

Look at the front page of the comp, under Base R-C. What Is the 
base repair cycle time? Enter your answer as the number of days, 
e.g., 21 

» 7 

Look at the front page of the Factors Printout under PGM SEL. What 
Is the first digit of the program select code? 

» 1 

Look at the front page of the comp under the FACTORS data for the 
current quarter, BASE NRTS PERCENT. Is this Item 100% NRTS? 

yes 
no 

» n 

Does this stock number appear on this quarter's Base Repair Cycle 
Time product? 

yes 
no 

» y 

Look at the Base Repair Cycle Time Product. Have there been five or 
more Total RTS actions? 

yes 
no 

» n 

7 days is the correct base repair cycle time. No file maintenance 
Is required. Shine on! 

Look at the front page of the comp under B-PROC. What Is the base 
processing time? 

» 9 
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Look at the Base Repair Cycle Time product, 
more actions recorded under the column Total 

Have there been five or 
Cond/NRTS? 

» 

yes 
no 

y 

Look at the Base Repair Cycle Time product under the 
Proc Ave for this stock number. What is the average 
days? 

column Base 
Base Processing 

» 5 

5 davs is the correct base processing time which should be file 
maintained on the comp. Please take appropriate action to correct 

this. 

Which of the following apply to this Item? Enter the number or 
numbers of all that apply. If your answer requires more than one 
number, place commas between the numbers (e.g., 1»Z.3 J. 

1. not-airl1ft-coded , .. 
2. must-be-routed-to-prlme-alc-prior-to-routing-to-repair-slte 

3. al1-reparables-generate-from-conus 
4. none-of-these-apply 
5. help 

» 5 

1. not-airl i ft-coded 

This item is coded in RIMCS (the Reparable Item Movement Control 
System) such that it will be transported by means other than 
airlift. Because of this an additional 13 days may be added to the 
standard nunber of days or the actual transit time. However, you 
MUST document that these days are added. IMA automatically 
recommends them if they are applicable. 

You can determine how your item is coded by looking at the D143H- 
T4A, WK-G2F, AFRAMS RIMCS DATA product. Look under the column C- 
A If an A appears in this column, the item is airlift coded. If 
this column is blank, the item is not airlift coded. 

When you are ready to continue, type "cM and hit the carriage 
return. 

» c 
c 
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T1 

2. must-be-routed-to-prime-alc-pr1or-to-routing-to-repair-site 

The item is not shipped directly to the repair site. It must be 
returned to the prime ALC first. If this is the case, 14 additional 
days may be added to the standard number of days or the actual 
transit time. Again, you MUST document that these days are added. 
IMA automatically recommends them if they are applicable. 

You can determine the item's routing by looking at the AFRAMS RIMCS 
DATA product. The item is shipped direct to the repair site if an 
EZ rather than an FB is in the SRAM field. If this field does not 
have an EZ SRAN and the item is contract repair or the item is 
contract repair and is not loaded in RIMCS then the item is routed 
through the prime ALC prior to routing to the actual repair site. 

When you are ready to continue, type "c" and hit the carriage 
return. 

c 
» c 

3. all-reps-generate-from-conus 

CONUS is the continental United States. This does not Include 
Alaska and Hawaii. If this is the case, 11 days is used (rather 
than 14) as the baseline to determine the total reparable transit 
time. This MUST be documented. IMA uses 11 days as the baseline if 
applicable. 

You can determine if this applies by looking at the NRTS History on 
the D073.X21. This will show where reparables generate. If you 
can't tel! for sure, assume this condition does not apply. 

When you are ready to continue, type "c" and hit the carriage 
return. 

c 
» c 

Which of the following apply to this item? Enter the number or 
numbers of all that apply. If your answer requires more than one 
number, place commas between the numbers (e.g., 1,2,3 ). 

1. not-airlift-coded 
2. must-be-routed-to-prime-alc-prlor-to-routing-to-repair-slte 
3. al1-reparables-generate-from-conus 
4. none-of-these-apply 
5. help 
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» 1 

Look at the Reparable Item Transportation Time product. Does this 
stock number appear on this product? 

yes 
no 

» n 

Look at the front page of the comp, under Depot Repair Cycle Data, 
Rep-Int. What is the reparable intransit time? 

» 31 

27 days is the correct reparable intransit time which should be file 
maintained. Please take appropriate action to correct this. 

Look at the last page of the comp under Sources of Repair and 
Percents. How is this item repaired? 

1. organic-repair-only 
2. contract-repair-only 
3. both-organic-and-contract-repair 
4. there-is-no-repair 

» 3 

Look at the front page of the comp under Depot Repair Cycle Data, 
SUP-MA. What is the supply to maintenance time? 

» 8 

10 days is the supply to maintenance time which should be file 
maintained on the comp. Please take action to correct this. 

Look at the front page of the comp under Depot Repair Cycle Data, S 
FLOW. What is the source reference code? 

a 
e 
s 

» e 

What is the shop flow time? 
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» 27 

Does Ust quarter's comp contai- documentation concerning this 
estimated shop flow time? 

yes 
no 

» y 

Is this documentation still valid? 

yes 
no 

» n 

Look at your MISTR Repair Notice Listing, the D073.R51. Is this 
item on this product? 

yes 
no 

» y 

a s,r 
» 22 

Is there a repair contract for this item? 

» 

yes 
no 

y 

repair (contractor production output)? 

» 29 

ho* many were repaired organically (organic production output)? 

» 16 

Look at your repair contract . What is the quoted repair time? 



17.0 days is the shop flow time which should be file maintained on 
the comp. Document this as a weighted average. 

Look at the front page of the comp under DEPOT REPAIR CYCLE DATA, 
TURN-IN. What is the serviceable turn-in time? 

» 10 

15 days is the serviceable turn-in time which should be file 
maintained on the comp. Please take action to correct this. 
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HAJOR EVENTS 

Activity 

Domain Familiarization 

Telephone Interviews 

Expert System Workshop 

Task Selection, Phase I Survey 

Task Selection, Phase II Survey 

Expert Nomination Survey 

Expert Selection Survey 

Week One of 
Initial Knowledge Engineering 

Week Two of 
Initial Knowledge Engineering 

Validation Session, Week One 

Validation Session, Week Two 

Pretest of Two Item Managers 

Selection of Test Cases/ 
Development of Test Key 

Validation Panel 

Experiment Conducted at 
Sacramento Air Logistics Center 

Experiment Conducted at 
Ogder Air logistics Center 

Date 

1 OctoUr - 15 December, 1985 

(1) December 23, 1985 
(2) December 24, 1985 
(3) January 2, 1986 

January 8, 1986 

January 13, 1986 

January 14, 1986 

January 16, 1986 

January 17, 1986 

February 9-14, 1986 

February 23-28, 1986 

June 2-6, 1986 

June 23-27. 1986 

June 27, 1986 

June 27, 1986 

June 30, 1986 

July 7-8, 1986 

July 9-10, 1986 
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Tabic 38 

Hean Total Score and Standard Deviation 
All Elcaents Weighted Equally 
Sacramento and Ogden Combined 
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Table 39 

Mean Score and Standard Deviation 
Without RITT and PIT 

All Elements Weighted Equally 
Sacramento and Ogden Combined 
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Table 40 

Mean Total Score and Standard Deviation 
Development Experts' Weighting 
Sacramento and Ogden Combined 
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Table 41 

Mean Score and Standard Deviation 
Without RITT and PIT 

Development Experts' Weighting 
Sacramento and Ogden Combined 
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Table 42 

Mean Total Score and Standard Deviation 
Validation Paael's Weighting 
Sacramento and Ogden Combined 
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Table 43 

Mean Score and Standard Deviation 
Without RITT and PIT 

Validation Panel's Weighting 
Sacramento and Ogden Combined 
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CASE DIFFICULTY 
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Ui O 
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11.76 
(10) 
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22.45 ^x 
(12) ^x 
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(44) 

VmI 
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6.92 

(20) 
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9.36 

(16) 
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^X 11.24 

X. (18) 
53.94 Xv 
21.12 X. 
(18) ^x 
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17.22 
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A
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s. Manual 

71.84 
5.23 

(8) 
70.00 
7.99 
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X. Manual 

X. 39.57 
X. 13.47 

X^ (7) 
65.29 X. 
21.22 X. 

^ e X. Expert Sjr^tem_ 

62.77 
17.55 
(32) 

* Parentheses Indicate number of observations 
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Tibie 44 

Unit Price, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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• Parentheses Indicate nuaber of lOiervatlons 
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Table 45 

Date of Last Procurement, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Administrative leadtlme» Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 47 

Production Leadtlme. Hean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 48 

Base Repair Cycle Time, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 49 

Base Processing Time, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 50 

Reparable Intransit Time, Mean and Standard Deviation 
Sacramento and Ogden Combined 

USER 
[XPtRltMCt 

CASE DirriCULlY 

S1HPIC COMPLEX • 
All 

CASES 

N
O

V
IC

E
 

N. Htnual 
8.00 
4.22 
(10)* 

6.00 
5.16 
(10) 

Expert System 

N. Manual 
7.08 

X. 4.37 
X. (12) 

8.33 
3.89 
(12) X. 

Expert System \ 

7.39 
4.35 
(44) 

ac 
$ >- 
UJ X 
oc 3 
g 

\ Manual 
9.50 
2.24 

' (20) 
7.50 
4.47 
(16) 

Expert System v. 

X. Manual 
7.50 

X. 4.20 
X. (18) 

5.42 X. 
4,79 Xv 
(18) X^^ 

Expert System ^X 

7.53 
4.19 
(72) 

A
D

V
A

N
C

E
D

 

N. Manual 
10.00 
0.00 
(8) 

7.00 
4.83 
do) Xv 

Expert System \ 

X. Manual 
X. 8.93 

x^ 2.83 
X. (7) 

5.71 X. 
5.35 
(7) X. 

Expert System x 

7.89 
4.07 
(32) 

* Parentheses Indicate number of observations 



T
a
b
le
 

5
0
 

(c
o
n

ti
n

u
e
d
) 

409 

imJ 

a 

to 

tu >- O 
> »- u 
tu _) X 
_» n ►- 

kJ tu 
tu — r 

? u. a 
tu M o 
mom 
ue *- 

►- U' ki 3 
t- a to _j 
>- X < rj 
ac tu t— to 

o u. t- 
K •» tu 

Mt tu O M 

*} i 

* «í*1 

M O 
* 
e> 

o 
ir» r\' f— 
CT «J *- O 

• • • • 
3 0 0 0 

</> t> & O' ITS 
f\i rv ^ 

fO r- 
• • • • 

ro O rsj O 

« tx 

9T 3 

U. i/1 
O Ui 

a 
s: 
3 3 
to 0 

1/1 

no rsj ^ 
no UJ i/l r- 
O» *- r\i iA 

• • • • 
O ro o ^ 
Ki ^ r- 

U. r J r- 
o 

o N. o rw 
*- ro r\i •— 

cm ^ to 
• • • t 

3 0 0 0 

K1 
l/> 

rv rvj 
U> Mi r- 

• • • 
o o o 

vi a •- <m 
0 O í\í 
f— r- si 
• # • • 

e** r- r» O 

fV r* 
«4 s? f\l 
O O lO 

• • • 
O O *“ 

o ^ 

o ÍM ^ • • • • 
o to 0 N. 
r\i fM f- 

o o ^ 
0 O 'O 

• • • 
o c m 

rg 

O 
l/> 
ou 

• 
o 

V» ir»ívr\je- ÍVÍNJ »- o 

r- vj h* r- 
r- ^ tO r- 

m rg m 
• r t • 

0 s O ^ 
iA r- 

O ni K 
^ a» 0C» ^- 
>| lA fw r- 

• • • • 
CJ o 00 r* 
O Ml ^ 

au 
i • 

•r* 
rv 
o* 

»/> 
K1 

r\j eg au 
rst 

IM 
0 
rg 
CM 

U» 
k. 

1/1 
s? 
o X X 

tA 
X 
o 

H> *-• tu Ui 
tu e » X u o 

A 
tu 
X 

tu a 
X 

7 tu 

a. a tu 
X X M 

o 
to 

< 

I 
IM 

a 
X M 
« tu 

I 
to 
tu 

nor 

2
5

7
4

.3
2

i 
1

4
7
 

1
7
.5

1
2

 



410 

Tabic SI 

Supply to Nilntonance Timt, Mean and Standard Deviation 
Sacra«ento and Ogden Combined 
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Table 52 

Shop Flow Time, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 53 

Turn In Time, Mean and Standard Deviation 
Sacramento and Ogden Combined 
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Table 54 

Mean Times to Complete (In Minutes) 
And Standard Deviations 

Sacramento 

US(R 
cxpmcNci 

CASt OimCULTV 

siMTir COMrttx • 
All 

CASts 

toi w 

i 

N. Hanua1 
23.14 
9.62 
(7)* 

27.80 
11.50 
(5) 

[»pert System 

N. Manual 
27.29 
10.32 

27.57 
3.91 
(7) 

[«pert System \ 

26.35 
8.75 
(26) 

toi 

V. Hanua1 
?1.83 

V. 9.82 
(12) 

21.08 
6.71 
(12) 

C»oert System 

Vw Manua1 
36.58 
10.01 
(12) 

24.73 
4.54 
(ID 

[ipert System 

26.09 
10.14 
(47) 

AO
VA

NC
LO

 

Hanuai 
25.50 
7.59 
(4) 

31.75 
12.63 
(4) 

[«pert System 

S. Manual 
41.00 
3.61 
(3) 

22.00 
1.15 
(4) 
Sima_ 

29.33 
9.95 
(15) 

* Parentheses Indicate number of observations 
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Table 55 

Mean Times to Complete (In Minutes) 
And Standard Deviations 

Ogden 
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