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Abslract

This paper describes an expert task representation model
(EXPERT MODEL) and a knowledge acquisition method
{Pre/Post Method) based on the EXPERT MODEL, There
are two major phases in the knowledge acquisition
process.  The first phase iz the modeling phase which
builds an expert task representation model, The second
phase is the EXPERT MODEL instantiation and
refinement phase, The EXTPERT MODEL is a task-
oriented representation to extract the expert knowledge.
The PrePost Method stimulates the human expert to
remember his expert tasks and associative knowledge,

1. Introduction

Knowledge acquisition is the most important process in
building a knowledge-based system. It is important to
find primitive tasks and methods in the knowledge
acquisition tasks of the knowledge engineer. According
to the ICOT "Knowledge Acquisition and Learning in
Case Studies of Expert System Development Heport”
[Iwashite 88], there are many phases in knowledge
system building., The four major phases are:

1. I'rablem Analysis Phase: Thiz phase is separated
inte three sub- tasks.

{a) Selecting problems: The possibility and value of
building a system is evaluated, and problems are
selected,

{b) Evaluating current software technology: For selected
problems, current Al software technology is evaluated,
and the necessity of introducing current Al soltware is
investigated.

i) Identifying knowledge sources: The necessary
knowledge for solving selected problems is evaluated,
and iz therefore the possibility of solving them. The
quality and quantity of knowledge per knowledge source
are analyzed.

2. Expert Model Building I"'hase: This phase is a pre
knowledge acquisilion phase, and contains four sub-
tasks.

{a} Extracting conceplual structures: Knowledge which
represents conceptual structures is extracted [rom the
knowledge sources.

(b} Identifying expert models: If the main knowledge
sources are humans, the ways how the experts use their
knowledge (their problem-solving techniyues and

inference methnds) are identified.

e} ldentifving user models: The users' expectation and
use of the syslem are identified.

id) Building an expert madel: An appropriate knowledge
representation form is selected and a conceptual
structure is defined.

3. Expert Model Instantiation 1"hase: This phase is
one of major stapes of knowledge acquisition.
(Generally, this phase is called the knowledge
acquisition phase. ) There are four sub-tasks in this
phase, which are evaluated circularly rather than
sequentially,

{a) Extracting knowledge: According to the expert model,
knowledge is extracted from the knowledge sources.

(b} Arranging and refining knowledge; Extracted
knowledge is arranged and mapped on the expert model.
Knowledge is refined to find and correct insufficiency
and inconsistency of extracted knowledge.

{e) Transforming knowledge: The obtained knowledge is
transformed to a format that ean be used by the computer
and stored in the knowledge base.

fd) Evaluating knowledge base: The knowledge base is
evaluated to check whether it is sufficient for the expert
tasks.

4. Knowledge Hase Managemeni Phase: In this
phase, the consistency of knowledge added to the
knowledge base is checked, and knowledge explaining
added knowledge is automatically generated in the
knowledge base,

We are researching knowledge scquisition methods of the
expert model building phase and the expert model
instantiation phase. The knowledge representation of the
human expert tasks has conceptual structures [Sowa
83][Bennett 85],  Recently, some successiul knowledge
acquisition tools have been developed, which have their
nwn conceptual structures. ETS [Boose 84] has a simple
conceptual structure for clagsification tasks. 1t includes
result items nnd constructs which represent the
gpecification [or classilying items. MORE [Kahn 853] has
a dingnosis domain conceptual strueture which is more
complex than ETS Tt has hypothesis, symptom, test,
hypothesis condition, symptem condition, symptom
altribute. test condition, link and path for dingnosis tash

representialion.  The gonceptunl struetures of ROGET
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[Bennett 85) are derived from real diagnoestic expert
systems. Conceptual structures of ETS and MORE are
simple but consist of basic common concepts for diagnosis
tasks. The conceptual structure of ROGET is a task-
oriented representation. Generally, there are two types
of knowledge in expert tasks: basic knowledge and meta-
knowledge. Meta-knowledge is a strategic knowledge
which contains infermation on how te use basie
knowledge to solve the problems of the expert tasks,
However, those coneeptual structures do not include their
meta-level knowledge., A unigue expert system building
approach is the idea of generic tasks [Chandrasekaran
85]. Ceneric tasks support some expert task primitives,
Its primitive tasks are useflul to define expert knowledge
in the knowledge acquisition stage. Six generic tasks
have been found, and the ongoing research is searching
for other geperic tasks.  There are not enough generic
tasks to cover all the expert tasks and they include
several levels of knowledge representation which are not
systematized completely, Effective knowledge
acquisition needs arranged knowledge strictures, which
wre separated into basic knowledge and meta-knowledge,
The generic operations of heuristic classification
[Clancey 85] is also useful to model expert tasks.
However, they are not small operation primitives to be
used for knowledge nequisition.

The EXPERT MODEL iz designed to represent
conceptual structures and meta-knowledge for the
knowledge acquisition stage. It has three levels of
knowledge representation. The core concepts of the
EXPERT MODEL are syntactic generic cperations.

These syntactic generic operations are SELECTION,
CLASBIFICATION, BORT, COMBINATION,
TRANSFER, INPUT and OUTPUT. These primilive
operations have heen derived from diagnosis expert
systems written in production rule form [Iwashita
BE][ICOT 87]. In the EXPERT MODEL instantiation
glage, Lhese syntactic generic operations ohtain
gemantics. The generic operations with semantics are
called semantic generie operations.  For example. one
SELECTION with semantics is a test-devices seleelion
operatirn.  One generie operation consists of operation
attribules, evaluators and element groups. An evaluator
is the action deseription of a generie operation.  The
evaluater of SELECTION evaluates criteria of the
geleetion. The evaluator of SORT compares attributes of
elements in the slement group and arranges them in
order of the comparison result, The generic operations
are constructed to he part of a knowledge base through
modeling and instantiation, There is meta-knowledge to
manage generic operations. Object oriented architecture
iz adopted as this knowladge representation, becausze the
message passing model as ehject-oriented architecture is
suitable for top level human knowledge representation.

In the EXPERT MODEL, the generic operation is an
chjeet.  The following sections explain Lhe EXFPERT
MODEL, an efTective knowlbemlge acquisition method and
an implementation of the knowledge acquisilion method

on the personal sequential inference machine (PSI) [Taki

84,

2, EXPERTMODEL

This section explains the original idea of the EXPERT
MODEL, and gives deteils of EXPERT MODEL
structures,

2. 1 Basie ldea of EXPERT MODEL

The EXPERT MODEL is based on two ideas: the
simplified expert task model and analyziz and grouping of
dingnosis expert knowledge wrilten in production rule
form.

(11 Simplified Expert Task Model

Expert systems can be distinguished as different tashk
types. Acvording to "Building Expert Systems" [Hayes-
Both 83), there are 10 generie categories of knowledge
engineering applications: interpretation, prediction,
diagnosis, design, planning, monitoring, debugging,
repair, instruction and control. We tried to define these
eategories as simple models, becpuse simple expert task
models provide the expert task images for the human
expert to represent his knowledge. Two samples are
introduced later,

Simple Diagnosis Task Model

Fig.1l shows a diagnosis task. Diagnosis tasks are
represented in tree structures and their search algorithm
in general Al architectures, Howewver, the tree structure
is ton general to represent individual expert tasks. A
simpler model is a filter madel. In Fig.l, G1 denotes the
possible results of trouble positions, F1 is a filter to select
real results, and G2 denotes the results of a diagnosis
task., Fig.2 also shows a diagnosis task, but this model
has some sub-tasks which are the same as these of Fig.1.

Simple Design Task Model

Fig.3 shows a very simple design task. Design tasks are
very complex; therefore, this model is actually a sub-task
of a design task. Itconsistsofa part modification phase, a
part assembly phase and a good selection result phase.
G4 and G5 are design-part groups, F4 is a modifier, G10 is
a group of modified G4 parts, F5 is an assembly or
combination operation, G11 is an interim result group, F6
is a selector, and G12 is a group ol design task results,
{35 should not be modified. ) We have considered
simplified expert task models and created a model
{operation} which is constructed with a source element
group, evaluators (e g select filter) and a destination
element-group,

(21 Study from Production Hules of Diagnusis Fxpert
Systems

A production rule is a general knowledge representation
for experlsyslens. Therefore, knowledge engineers must
have techniques of rule writing to represent many kinds
of knowledge.  We assumed that those technigues may
appear in the furm of rules.  Seven operations have been
discovered in production rule sets: SELECTION,
CLASSIFICATION, SORT, COMBINATION,



TRANSFER, INPUT and OUTPUT. The combined result
of both ideas is the syntactic generic operation.

2. 2 Expert Model Structure

The EXPERT MODEL is a specialized knowledge
representation to collect expert task smoothly from
human experts. It is not mecessary for the knowledge
acquisition process to provide a general knowledge
representation, ie. , production rule form. ‘I'his gection
explains the components of the EXPERT MODEL.

2. 2. 1 Generic Operations

Generic operations are kernel knowledge representations
in the EXPERT MODEL. The generic operations have
heen derived from simple expert task moedels and by
analyzing production rules of diagnosis expert systems.
There are two types of generic operalions: synlactic
generic operations provide primitive expert operation
structures, and semantic generic operalions provide
details for the operations. Both are useful frameworks for
knowledge acquisition. The benelits of these frameworks
are explained as knowledge acquisition methodology in
section 3.

{1) Syntactic Generic Operations

There are seven syntactic generic operations:
SELECTION, "CLASSIFICATION, SORT,
COMRBINATION, TRANSFER, INFUT and OUTPUT.
Each operation has one or more source groups, destination
groups and evaluator groups. Combinations of the source
and the evaluator group are dynamically changeable.

SELECTION Operation

The SELECTION operation picks up elements from the
source group according to the selection conditions of the
evaluators. Fig.4 shows an example of the SELECTION
operation.

CLASSIFICATION Operation

The CLASSIFICATION operation separates source
elements into groups. The upper SELECTION operalion
is an example which is a special ease of
CLASSIFICATION, Fig.5 shows an example ol the
CLASEIFICATION vperation.

SORT Operation

Elements of groups take turns to evaluate. The SORT
operation sorts elements of the source group and makes a
destination group, in which elements take their turns in
order of the sorting enndition,

COMBINATION Operation

The COMBINATION operation assembles source
elements into new elements. Generally, there are
multiple sources, as shown in Fig 8,

THRANSFER Operation

The TREANSFER vperalion is used for data abstraction
and data interpretation. In this operation, elements of
the source group nre translated and the destination group
is generated., New elements must be generated, or
atlributes of elements musi be added or changed.,

INPUT Operation and OUTPUT Operation

These are interaction operations between expert systems
and a user {or & measuring device). The INPUT eperation
makes a new group without source groups, The OUTPUT
operation does not make a destination group. It gives
source group information to the user according fo the
output process.

(2) Semantic Generic Operation

The semantic generic operation is the syntactic generic
operation with semanties and control. It has the
follewing additional attributes for semanlics and control.

Semantic Generic Operation:
Operation__Name: XXXX
Operation__Class__Name: YYTY
Pre__Operation__Class__ List: (01,02, . . . foni
Post__Operation_ Class__List:(Pal Po2,. . . [Pom]
Syniactic__Operation__Class:(Select! . /Output]
Suurce_(rroup_ Type; ZZZZ
Destination__Group__Typer AAAA
Evaluation__Group_Type: BBBE
Control__Type__Default:[Sequenticl/Parallel etc. ]
*Operation__[nstance _Name: xxxx

*Pre__Operation_ List:fol .02, . . . Jonl

*Post_ Operation_ List:[pol,po2, . . . [pon]

*Source__(GGroup__Nome zzzz

*Destination__Group__Name: aaaa{or auto__generate!

*Epaluation  Group_ Name: 1xxx

=Control__Tvpe:{ Sequential/Parallel ete. |

*Startin gunditian:f R |

*Send_ Message:f . . . |
Attributes prefized by an asterisk are used for
instantiating the generic operation. These attributes are
colled instantiation attributes, Other attributes are used
for checking values of instantiation attributes in the
instantiation process. ‘These attributes are called
acquisition type checkers. 1f an acquisition type checker
does not have any types, that check is not performed at the
instantiation process. Semantic generic operativns have
information for an inference engine. They are defined in
Control_Type_ Default und *Control_Type. The
search control type by which all solutions are searched is
the all solution search type. The search eontrol type by
which the ordered number of solutions are searched is the
partial solution search type.  The contents of the control
are shown in Fig.7. There are no notably different. effects
between sequential and parallel inference control.  The
EXPERT MODEL supports parallel control, because the
inference of parallel inference control is more efficient
than that of sequential inference control, and there is
game parallel representation in expert tasks by nulure,
The normal inference algorithm in expert systems is the
all solution search type or the one solution search type,
wherens human experts solve some solutions and select a
hetter result from those solutions. This is one reasun why
partial solutivn search type control is supported in The
EXPERT MOUEL,  When human experts do not know
their solution mechunisms, then the *Control _Type
attrihute is empty and the Control _Type _Default
attribute is used fur the search type.

2.2 2 Flemenls
Flements consizt ol femes o] their attributes. Eloments
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are [rame-based knowledge representations which have
attribute-slots and an inheritance, but they do not have
the atteched procedures s demons. Esch element must
belong to one or more element groups. An element is
accessed by one or more semantic generic operations.

2. Z. 3 Evaluators

Evaluators consist of conditions and actions, and may
include the procedural process. Their form is a
production rule.  Sometimes, the evaluator group is a
source group of a generic operation, For example, in a
constraint relaxsation preblem of a planning task, a big
evaluator group which has many conditions as constraints
must be modified to a small evaluator group which has
fewer conditions, This small evaluator group is used to
solve the planning task.

2. 2. 4 Meta-Operation-Control: Meta-Seript

The expert tasks have their scenario for solving
problems, therefore, this meta-operation control is called
Meta-Script in the EXPERT MODEL. It is a
representation language to deseribe meta-level
knowledge. Fig.8 shows its lovation in the knowledge
biase. The EXPERT MODEL is recognized as an ohject-
criented model, and a generic operation is an object. The
communieation between a semantic generie operation and
other operations is a message passing process, which has
two types in the EXPERT MODEL: the inheritance and
the post operation eall. The inheritance is supported as
the Operation__Class_ Name attribute. The post
operation eall iz supported as the Post_ Operation__List
attribute. The control of the message passing for the post
operation is shown in Fig.9. In the parallel process, all
post-operations for which the condition of
*Starting_ Condition is satisfied run concurrently after
their pre-operstion is executed.

3. Knowledge Acquisition based on
EXPERTMODEL

This section describes the Pre/Post Methad, which iz &
method of knowledge acquisition based on the EXPERT
MODEL. There are two processes for acquiring expert
knowledge from a human expert: the model building
phase and the mode! instantiation phase.  In the
knowledge engineering process, the knowledge base is
built cumulatively. The first knowledge base is called the
initial kpuwledge base. It is useful to study the problem
of the expert tasks and how the human expert solves it
with his knowledge, for a knowledge engineer, a human
expert and a user, Generally, the initial knowledge base
has only mujor items and relations of solving the problem,
and it rarely has meta-level knowledge for effective
problem solving.  Almost knowledge acquisition tools
support only the initizl knowledge base building.  We
analyzed these ways of building knowledge bases as
shown in Fig.10 and designed the Pre/Post Method to
aequire mot enly basic knowledge but also meta-level
knowledge.

3. 1 Model Building Method: Pre/Post Method
The Pre/Post Method is a horizontal knowledge

arquisition method (Mode! Building - > Model - > Model
Instantiation - > R'rmu.llmigﬂ Base), shown in Fig. 1. This
method has a few model building strategies. The main
strategy of this method stimulates a human expert to
remember pre/post operations which are associated with a
focal operation, The human expert can easily answer
whal operations are necessary before or after the
operation. For example, when the car does not move, the
human is asked "What do you do before checking the
engine 7% He can easily answer, T have to check the
remaining gas” or T have fo check the battery”™.  The
following steps are knowledge acquisition steps based on
the Pre/Post Method.

Step 1: Collecting several human expert operations at
random. It is not necessary for each operation to have
any relation to the others. ‘These operations are used as
the starting points of knowledge acquisition.

Step 2: Making guestions to obtain pre and post
operations for each collected operation, This step
continues until ne new operations are extracted from the
human expert. The same process iz repeated for new
operations.

Step 3: Many operations have been gathered and they
have pre/post information which operations have to
execute before or after operations. This step is the
pre/post relation check step.  One way of checking is to
display pre/post relations graphically for the human
expert. Fig.11 shows pre/post relations. Relation] shows
only that Prel to Pred are pre-operations of a peint
operation and Postl to Postd are its post-operations. In
relation2, there are new orders among pre/post operations
deflined by the expert. Prel is a pre-operation of Pred.

Fre2 is a post-operation of Pred. Postl is a post-operation
of Post2. The more pre/pest information collected, the
clearer pre/post relations, The sequence of some
operations may be unclear. We treat the group of these
operations as a weak sequence strategy group. When an
operation of this group is finished, sometimes the result of
the operation affects the other operations of this group. It
is important for this group Lo oblain constraint
information.

Step 4: This step is the instantiation step of each
operation. The human expert must select a syntactic
generic operation to define the role of each operation.

Sometimes, operations defined by the human expert are
hig tasks which eontain several sub-operations. To
distribute these big tashs, it is important to ask “What
sub-vperations exist in XX {an operation name)? Plense
answer af random”,  After this question, pre/post
pperabions muslt be extracted for sub-operations. Then,
the Step 3 process is executed again.

Step 5: This step merges operations.  According to
prefpost informalion and generic operation types, some
aperations are merged to one generic operalion,

Step 6: Each operation has evaluators, This step defines

Liwese evaluators, It is not difficult to do this process,



hecause the role of the operation is clear and its function
kas been identified by ite generic operation type.

Step T: The elements of the source group are defined in
thisstep. Sometimes, it is difficult to decide the elements
and group of a focal operation, because they are decided
dynamically after its pre-operation has been executed.

Therefore, the human expert must search for the
candidates of the source group from the result
{destination group) of its pre-operations.

Step 8: Attributes and attribute values of the elements
are defined in this step.  Each element must have the
attribute evalualed by the evaluators. Generally,
elements flow through a lot of operations, and need the
attribute which is evaluated by the evaluators in the flow.

3. 2 Example of the Pre/Post Meihod
This is a diagnosis knowledge acquisition example about
part of & controller of a steel rolling mill.

@1 (System): What aperations are there in your Lask?

{rive one.
Al {Human Expert): Control mmp check.
Q2: What are the pre-operations of the control amp check?
AD: Electric current hunching check,
Q3: What are the post-operations of the control amp
clech? .
AZ: Pre-circutt of speed eantrol loop check, pre and post
stand AGC check, speed control loop check and current
eontro! loop check.

Q4: What are the post-operations of the electric current
hunching check?

Ad: Other control circuit effect eheck, machine vibvation
check, pre and post mull effeet check. (Fig.12 shows the
pperations extracted after Ad. )

Q5: Is the function of the control amp check included in
syntachic generic operations?

AL N,

@8: What are the sub-operations in the control amp
eheck? AB: Condifion tnpul, sort next check sequence and
select next check,

Q7 Pleare select the syntactic generic operalion type frr
Af aperationy

The operativns shown in Fig.13 are sub-operations of the
cantral amp check, which have their syntactic generic
aperation types and own rough contents. (They also have
pre/post information, which is nol deseribed here, ) All
gperations are distributed into small sub-operalions
which can be described with syntactic generic operations.
Each operation is given semantics and reflined.
Operation 11 85 a SELECTION eperation, therefore, the
knowledge acquisition system knows what is necessary tn
perfurm the SELECTION operation, i.e. . selection
criteria and selection ohjerts, The system easily mokes
guestions for instantiation of the operation attributes.

Qf: What do you call Operation 11 7
AR Control amp detedl cheele selection,

Operatoan 11

Operation__Name: "Control amp detail check selection”
Operation__Class_ Name: "Controller Cireuit”
Pre__(Operation__Class__List:{[Input Output Sorting]
Post__Operation__ Class__ List:l Any]
Syntactic__Cperation_Class:(Select]
Source  Group__Type: Operations
Destination__Group_ Type: Qperations
Fuvaluation__ Group_ Type: No condition
Control__Type__Default:{Sequential/Backtrack/1]
*Operation__Instance__Name:

"Caontrol emp detail check selection™
*Pre_ Operation__List:{Operation 1 .. . 10]
“Past__Operation__Lesi:fOperation 12 iG]
*Source_ Group_ Name: Group20
*[estination__Uroup_ Name: Group2l
*Evaluation_ Group_ Name:

First__candidate__pick__up
“Control__Twpe:(Sequential/Backtrack/1]
*Btarting__Condition{ None]
*Send_ Message:[Group2l]

After all operations are instantiated, element groups and
evaluator groups are instantiated and refined.

W9 Group 20 has four elements: current control, speed
control, AGC and pre-cireuit of speed control.  Are there
any other elements in Group 207

AB; Na.

Q10; What are the eriferia to sort in Operation 10 2

Al Connt up the attributes which are equal to values of
attributes of Contrul__Amp element and sort elements of
Group 20 in order of the count number.  (This answer
must be changed into rule form. )

This example is part of the knowledge acquisition process
based on the Pre/TPost Method with the EXFERT MODEL
{generic operations).

3. 3 inplementation of Pre/Post Method

To implement the Pre/Post Method, pre/post relalions
must be displayed clearly for the human expert,

Therefore, 8 workstation with a multi-window display iz a
useful display tool. A knowledge base after the
knowledge acquisiticn must be evaluated dynamically to
check whether il sntisfies the expert tasks or not.  The
structure of the EXPERT MODEL has rules for
evaluators, frames for elements and vhject-oriented
mechanisms for meta-level control,  Therefore, the
workstation should have a logic programming language
with object-oriented architecture. A knowledge
acquisition support system using the Pre/Post Method,
called EPSILON/EM, iz being developed on the personal
sequential inference machine (P81) which has an object
oriented logic programming language (ESF: Extended
Self-contained Prolog) [Chikayama 84). Fig 14 shows the
windnws of the contents of an operation on the PSL

4. Conclusion

This paper introduced the EXPERT MODEL which is
derived by analyzing production rules in diagnosis expert
and simple expert task models, and explained a
knowledge aequisition method, the Pre/fost Method.



This knowledge acquisition method supperts the model
building stage and the instantiation and refinemeat
stage. The Pre/Post Method stimulates the human expert
to remember his expert tasks and associative knowledge.
The EXPERT MODEL has strategic knowledge
representations (generic operations), but does not have
special basic knowledge representation primitives, In the
future resenarch, the EXPERT MODEL should have multi-
level knowledge task primitives, which are elements,
evaluators, local strategy, global strategy and more
hierarchical strategy, and the knowledge acquisition
method based on the EXPERT MODEL should have
mode] building and instantiation methods for multi-level
knowledge task primitives.
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Fig.12 Example of pre/post eperation relation

GPEFEEG_IJ 1: T
type: OUTPUT
Message:Connect the measure to test points.

Operation 2;

tvpe: OUTPUT

Message:;ls the hunching frequency
higher than 16Hz2

L

Operation 3:
type: INPUT
destination: [Control_ Amp $frequency]

Group 20:
Operation 10: | jelements:
type: SORTING {Current Control
source:[Group 20] S]:H!Eli Contraol
dcstinnl.ian-.[&mup 21] AGC.. ]
(lperation 11: o
type: SELECTION

source:[Group 21]
destination:{Group 22
control:lSequential/Backtrack/17*
post-operations:(Op-12 ., 18]
send-message:[Group 22]
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