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@® K nowledge engineering concepts

@® Current trendsin knowledge-based development
® Break
® Case Studies

@ I ncor porating knowledge engineering toolsinto
softwar e proj ects

® Summary: Lessons learned and future directions
® Questions
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Knowledge Engineering Concepts

@® Definition of knowledge engineering
® The challenge of knowledge acquisition
@® Basic concepts and ter minology

® Approachesfor knowledge engineering
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What |s Knowledge Engineering?
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Knowledge engineering is the acquisition, management,
and processing of knowledge to produce systems that

assist and support human activities
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The Facets of Knowledge Engineering

® Acquisition:

» Transformation of knowledge from the formsin which it is
availablein theworld into formsthat can be used by a
knowledge system

» Dealswith knowledge representation issues

® M anagement

» QOrganization, consistency and maintenance of acquired
knowledge

@® Processing
» EXxecution of solutions and explanations

We will emphasize
knowledge acquisition
Issues during thetutorial
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The Knowledge Acquisition Bottleneck

® Nothing happens until knowledge is acquired

® Expert system shells support mostly maintenance
and processing

@® Sources of knowledge are unreliable

» Domain experts provide incomplete, even incorrect knowledge

» Domain experts may not be ableto articulate their knowledge

® Knowledge basesare hard to build

» Computational knowledge r epresentations ar e complex
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Acquiring Expert Knowledge:
Transferring versus Modeling

It iIsnot possibleto transfer directly adomain’s
expert knowledge to a machine because the
I espective representations aretoo dissimilar
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Acquiring Expert Knowledge:
Transferring versus Modeling (2)

Knowledge acquisition isa modeling process. A

knowledge engineer buildsatheory of a domain
and then makesthat theory operational

= -y~

Domain Domain Operational
Knowledge Theory Theory
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Stepsto Engineer Knowledge

E ® Conduct task analysis

» Elicit knowledge from people

» Elicit knowledge from observations

(D ® Conduct knowledge-level analysis

» Build arepresentation of thetask and itsdomain in an
appropriate language

<o g ©Operationalizeformal representations

» Build a machine-executable r epresentation

» Maintain and process knowledge base

@ Iterate, iterate, iterate
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P
Task Analysis

@ A task analysis produces a model of thetask to be
automated

@ A task analysisnormally requires a workplace

analysis
@® Task analysistechniques:

» Interviewswith domain experts

» Interviewswith people affected by the task
» Observations of people performing the task
» Videotaping of people performing the task
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Task Analysis Example

i Hours form

v

Collect hours
AGENT: Kim Amber

Task: Billing hoursworked in a proj ect

. Customer voucher -
<

Bill Customers
AGENT: Kim Amber
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Monthly hours report

Hours report

Create weekly report
AGENT: Kim Amber

Weekly hours report

Distribute weekly report
AGENT: Kim Amber

Weekly hours report

Create monthly report
AGENT: Kim Amber
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Task Analysis Example (2) S

Multiple levels of abstraction allow multiple views on the task




I

Knowledge-Level Analysis

A knowledge-level analysis of a system produces a

description of the behavior of that system without
any assumptions about the knowledge
representation that such system will use

(Newell, 1982)

Knowledge Level

Symbol Level (Rules, Frames,...)

Register-Transfer Level
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L

Structure of the Knowledge L evel

® A knowledge-level description consists of
» Agents
» Environment
» Actions
» Body of knowledge
» Goals

An intelligent agent working within a
specific environment uses its body of

knowledge to select actionsthat can
achievethe agent’s goals
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Knowledge-L evel Representations

@® A language must exist to talk about knowledge-
level descriptions

@® Thelanguage must make no assumptions about
knowledge representation

® Examples of knowledge-level languages:
» Logic
» Natural Language
» KADS

» Models of problem-solving methods
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The KADS Modeling Approach

L

Four-layer model.
Relationslink one
layer to another.

(Wielinga, 1992)
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M odels of Problem-Solving M ethods

® A modd of a problem-solving method defines how a task
will be accomplished by the system

»Uses knowledge-level terms (actions, goals,...)

»lsdomain independent

(McDermott, 1988)

»Makes no commitment to particular knowledge-r epresentation languages

Example: Heuristic
classification method for a
diagnosistask (Clancey, 1984)

Extract

relevant
features
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M atch
features
with
general
diagnosis
classes

Refine
diagnosis
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Tasks and M ethods

Task = what to do
Method = how to do it

Task and Methods are
the basis of reusable
knowledge components
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Operationalization

@® The products of the knowledge-level analysis must
be made executable

» A symbol-level representation must be chosen (i.e,, rules,
frames,...)

» Knowledge-level models must be written in the selected
representation

After knowledge acquisition a system contains:
® Knowledge about the domain

® Knowledge about the task
® Knowledge about solving the task
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Reusable K nowledge Components

® Chunks of knowledge that:
» Can be used in morethan one knowledge-based system

» Do not require significant modifications before reuse

» Can be combined in a predefined manner with other reusable
components

® Examples
» A method to solve room-assignment problems

» A domain model of clinical trials

® Reusability iscritical in knowledge engineering because
of high development costs
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Review: Knowledge Engineering Concepts

K nowledge engineering means acquiring,
managing, and processing knowledge

Knowledge engineering steps:
» Task analysis
» Knowledge-level analysis

» Operationalization

Knowledge acquisition isthe most critical
phase of knowledge engineering
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Agenda

® Knowledge engineering concepts

@ Current trendsin knowledge-based development
® Break

® Case Studies

@ I ncor porating knowledge engineering toolsinto
softwar e proj ects

® Summary: Lessons learned and future directions
® Questions
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Overview

® Review of knowledge-acquisition tools
® Metatools for knowledge acquisition

® Knowledge-engineering environmentsfor reusable
components

@ I nternet-based approaches
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Review of Knowledge-Acquisition Tools

® Goals:

» Togain ahistorical perspective on the development of KA tools

» Tounderstand the current design trendsin knowledge-
acquisition tools

® Knowledge acquisition tools

» Symbol-level tools

» Model-formulation tools
» Method-specific tools
Domain-specific tools

® Maintenance and processing tools
® Knowledge-engineering environments

>

\
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KA Symbol-Level Tools

® Require usersto manipulate symbols (e.g., rules) to

build expert systems
@® Ignoreissues of knowledge-level analysis
® Low leve of abstraction

® Examples
Rule editors
Frame editors

» Diagram editors
TEIRESIAS (Davis, 1979)
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Rule Editors

® Knowledge acquired
» Parameters
» Conditional relations

® User knowledgerequired

» How to build problem-solving method from rules

® Support

» Guarantee legal syntax
» Provide help on what ispossiblein a given syntactic context
» Can be custom tailored to domains and special syntax
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Rule Editors (2)

NEXPERT Object

RULE EDITOR

New Modify Copy

Delete

{Fi {oarg wd

TS

Rule Name

IT |Is current_task “refuelin

¥ tank_1.pressure 3000

mp [valve_problem

Actions

|5 device.orientation “inward”

Sho

“wyalve_pb”

Inf Priority Number

]

Inf Priority Slot |

Comments |

Why |

© 1996 Angel Puerta and Henrik Eriksson

Page 26

ECAI 96 Tutorial



Frame Editors

® Knowledge acquired

» concepts
» Relations

® User knowledgerequired

» How to build a moded from frames and relations

® Examples
» MAITRE (Gennari, 1993)
» CODE (Skuce, 1993)
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Frame Editor Example: MAITRE

Users build and inspect
complex class hierarchies
with a browser-type editor

(Gennari, 1993)
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Diagram Editors

Protocol Algorithm
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Editorsto acquire, inspect
and review diagrammatic
knowledge (e.g., influence
diagrams)
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TEIRESIAS: Rule Debugging

® Smart ruleeditor for MYCIN

® Committed to EMYCIN ruleinterpreter and
I epresentation language

@® Intended for refinement of established knowledge
systems

@® Provides help with identifying and fixing “bugs’ in
therulebase

® Knowledge acquired: new and fixed rules

® User knowledgerequired: expertisein backward
chaining, context trees, rule representation,
domain knowledge
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KA Modéd-Formulation Tools

@® Toolsthat support definition of objects and
relationshipsin models

® Resulting models are not intended to be executable

® Examples
» MeMo-Kit (Neubert and Mauer, 1993)
» Hypermedia interfaces
» Shelley (Anjewierden et al., 1990)
» Kibitzer (Schoen, 1990)
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Hyper media I nterface

® Class of toolsto define semiformal representations

» Node and link types
» Nodeand link instances
» Nodetypes: text, graphics, video, sound, etc.

=" - T

Add node types Merge nodes

Add link types Split node types
Add instances Change type of node

Rename nodes

3 0% interpretable

Model evolution example

50% interpretable

- 100% interpretable
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MeM o-Kit: Protocol Analysis

Editing knowledge at the
domain theory level

@ Protocol Editor on: Sisyphus
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again
undo

copy
cut

File Gtyles Faonts

v

paste

accept

C5-123 c5-1z22 C5-121 C5-1z0 cancel

Took up
Ccs-113 create agent

entrance create concept

The floor plan:

_ find existing concepls
£5-118 find existing activity
show existing network
find node
help

the tower
C5-113 C5-114 C5-115 Co-118 C5-117

Within the subset of members of YQT we have the following organizational structure:
Thomas D. is the head of the group YQT. Eval. manages YQT. Monika . and Ulrike U. are the secretaries. Werner L. and &ngi W.
work tagether in the RESPECT project. Harry C., Juergen L. und Thomas D. wark in the EULISP project; Michagl M. and Hans W. work
in the Bahylon Product project. Hans W. is the head of this large project, Marc k., Uwe T. and Andy L. pursue individual projects.
Katharina M. and Joachit | are heads of larger projects that are not considered in this problem

Strategy of problem solving: The whale assignment prablem is composed of the following activities:

Then, every comhination hetween the selected employee and the possible offices is combined o a pair. Afterwards, each of these
combinations is checked to be valid. For example it is not allowed to combine an non-swoker with & place in a room where already a
smoker has been assigned to. Moreover, members of the same project must not work in the same office under the consideration that
syheryy amohg projects is boosted. This means that researchers that work at the same projects are, if possible not sharing a room
Coworkers that work on related subjects can share an office. It is important not to put smokers and non-smokers together.

The set of valid assignments results from which the best one is selected. The best one means the most central one, since the ordering
of assigning employees garantuees that e.g. the offices of the head of group and the staff will be close to each other or that haeds of
projects are if possible be allocated offices close to the head of group’s. &n assighment found in dane in the solution set of place -
employee - pairs. Having found an assignment, the employee and the assigned place are adjusted from the list of places and
employees

The assignment has finished, if every employee has been assigned or if there rest more employees than places in the list. The solution
is a list of office-employes pairs

Pratocol of Problem Solving

Thomas D. is put into office C5-117. The head of the group needs a central office, so that hedshe is as close to all the members of the
group as possible. This should be a large office

This assignment is defined first, as the location of the office of the head of the group restricts the possibilities of the subsequent
assignments

Maonika . and Ulrike U. are put into office C5-119. The secretaries’ office should be located close to the office of the head of the

group. Both secretaries should work together in one large office. This assignment is executed as soon as possible, as its chaises are
extremely constrainted.

Eval. is put into ©5-1716. The manager must have maximum access 1o the head of group and to the secretariat. At the same time hesshe

=
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MeM o-Kit: Activity and Concept Nodes

Editing knowledge at
the operational level
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r@ Structure Context of: Assignment Problem
w
[ places | [emplayed
select employee
define employee-place pairs
place- employee pairs
validation check,
valid place-employee pairg
select hest pair
£
1_(;:)Description (=) Structure (O Ordering

Page 34

AT =T

ECAI 96 Tutorial



Shelley: A KADS Workbench

® A suite of toolsto build KADS models

® Features:

L exical analysis of verbal protocols

Graphing of conceptual relationships

On-line accessto textual KADS inter pretation models
Repertory-grid editor

>

\%

>

\%

>

\%

>

\%

© 1996 Angel Puerta and Henrik Eriksson Page 35 ECAI 96 Tutorial



Kibitzer: E-R Modeling

@® A tool to construct entity— elationship models

® Naming conventions
— Example: adjective stringing
@® Properties of relations

» Example: transitivity, invertability

® Style heuristics

— Example: “bushiness’ of taxonomies

® Mapping of entitiesand relationsto target
I epresentations
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KA Method-Specific Tools

‘ Toolsthat make assumptions about problem-solving methods I

® M ake commitment to
» therepresentation language of the performance system

» a predefined problem-solving method

® Higher level of abstraction than symbol-level tools

® Examples:
KA Tool Problem-Solving M ethod Reference |
ETS, AQUINAS Hierarchical Classification Boose 1985; Boose and Bradshaw 1987
SALT Propose and Revise Marcus 1987; Marcus and McDermott, 1989
ROGET Heuristic Classification Bennet 1985
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KA Method-Specific Tools (2)

Partial classification of
tools according to their Problem-Solving
underlying method Methods

T T

Classification Constructive

Methods Methods
Simple
Classification
(1ID3)
o Propose Skeletal-Plan
Heuristic and Revise Refinement
Classification (SALT) (PROTEGE-I)
Cover and
Differentiate
(MOLE)

(ROGET) (ETS)
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SALT: L
Constructive Problem Solving

® Knowledge-acquisition tool for the VT system
(elevator configuration) (Marcuset al., 1988)

® Supportsthe propose-and-revise method
® Knowledge acquired

» Design extensions
» Constraint checking
» Backtracking from constraint violations

® User knowledgerequired

» Relating task featuresto procedures, constraints, and fixes
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KA Domain-Specific Tools

@® Toolsthat incorporate domain concepts
® Custom tailored for domain experts
® Relatively high tool-development cost

® Examples:

» OPAL (Planning of cancer therapy) (M usen, 1987)

» P10 (Planning of protein purification) (Eriksson, 1992a)
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OPAL : Iy ~ =
KA for Cancer-Therapy Administration

® KA tool for ONCOCIN expert system (Tu et al., 1989)

® Knowledge acquired

» EXperimental cancer-treatment plans (protocols)

® User knowledgerequired

» Cancer-therapy expertise
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Eliciting Details of Drug L
Administration in OPAL

TEST:
Hematology
CBC and PLTs
CBC and PLT wodif.
Granulocytes
Hematocrit
Hemoolokin
FPlatelets
PT

Alkaling Phosphatase

Alterations for Lab Tests

Chemistries

Bilirubin

BN

Creatinine Clearance

Serum Creatinine

SGEOT

SGRPT

Selected Test:

Miscellaneous

Eilirukin

DLCO
ECG
FPulrm, Function

Test Alerations for Ghemotherapy:

Yalue

Action

Subcycle:

Yalue

Action

OPAL provides domain-
specific forms for
knowledge elicitation
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Test Alerations for Drug:

Yalue

»= 2.8

ADRIAMYCIN

Action

Att=nuate Doss
Withhold Drug
Substitute Drug
Order Test

D=lay

Abort

Consult

R=port

Display

Mew protocol

Off protocol

Skip cycle

Copy to Cliphoard
Copy from Clipboard

I LE A

hemotherapy first)

Action
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Knowledge Maintenance and
Processing

® Most maintenance and processing isdonevia
expert-system shells

® An expert-system shell provides:
» Rudimentary facilitiesfor knowledge editing
» A reasoning engine
» Congistency-checking facilities

® Examples:

» ART (Rule based)

» Knowledge craft (Rule based)
GBB (Blackboard based)
Clips (Frame based)

>

\

>

\
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Toward Knowledge Environments

® It can be observed from thetool review that:

» Knowledge engineering requires working with expert-system
shellsand KA tools

» Building an expert system implies building a KA tool!

» No KE tool shown provides support for all facets of expert
system development

» Thereisaneed for comprehensive softwar e environments for
knowledge engineering

A knowledge-engineering environment is an integrated suite
of softwaretoolsthat supportsall facets of construction and
use of expert systems and of knowledge-acquisition tools

© 1996 Angel Puerta and Henrik Eriksson Page 44 ECAI 96 Tutorial



F.A »(I}-»:i

Metatools for Knowledge Acquisition

@® Toolsthat generate knowledge-acquisition tools

@® Provide a standard reasoning engine

® Two-layer approach M etatool
® Examples:
» PROTEGE-I (Musen, 19893, b)
» DOTS (Eriksson, 1992b, 1993) Knowledge-acquisttion tool

» SIS (Kawaguchi et al., 1991)

Knowledge base
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PROTEGE-I: = - -
Generating OPAL-Class Tools

® Assumes skeletal-plan—+ efinement method.
® Generatestask- and domain-specific KA tools

@ Separ ates knowledge acquisition into two phases:
» Knowledge-level analysis (task modeling)

» Entry of content knowledge
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4]y~ 5
The PROTEGE-I Approach

Knowledge engineers
generate knowledge
editors by instantiation

Domain experts complete
knowledge base

of the skeletal-plan p——
method eng neers
l appllcanon
. L erts
PROTEGE-I p—
knowledge “Ter 2
editors
018/'0 s@ds\t”e%?s
*O e—ONES&IN

End users of expert systems
utilize problem-solving
method and knowledge base
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4]y~ 5
PROTEGE-I Summary

Knowledge acquired

» Domain-specific versions of planning concepts

User knowledge required

» Relating features of domain to planning concepts

[ PROTEGE J Model of Skeletal Planning

extension

A

Knowledge | Model of Task Area
Acquisition Too (e.g., Cancer-Treatment Plans)

extension

Y
Knowledge Model of Specific Task
Base (e.g., Particular Cancer-Treatment Plan)
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DOTS: = - -
Generating P10-Class Tools

® Domain-Oriented Tool Support
® M ethod-independent metatool
® M akes assumption about target tools

@ Specification of KA toolsin terms of

» knowledge editors for graphical knowledge entry

» knowledge modules for knowledge representation in the target
tool

» update rulesfor communication among knowledge editors and
modules

» transformation rulesfor generation of knowledge bases

ode| |Save| |Lu:|ad| |C'Iear‘ a'I'I|
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DOTS

4]y~ 5
Specification of Knowledge Editors

FCodegen

Mew node
Move node
Delete node
Meswy link

;Freemenu

:Grapheri

-Lnadl

KE 1 Delete link
Clean up graph
Edit

Graph hrnwserH o ]4

_Ommands
Delete
dndelete
Expunge
Edit

e

(8 ]4

Knowledge editors
are specified by
building a hierarchy
of interface elements
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Layout Design in DOTS

Edit commands
Fix Move
Shape
Fix name: Copy
The |ay0ut Of Change
knowledge editors Desirability (1-18): TreRees
. g . [
Is specified via N =h
dialog panels
iy dncrease hy Eitrmap... &
{:} decreaze hy gmount Text, ., S
i+ change to Box
Preview
Dezcription: Fedisplay
Revert
Zancel
]
Document reference:
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4]y~ 5
DOTS Summary

@® Architectural view of knowledge-acquisition tools

® DOTSismoregeneral than PROTEGE-I, but
requires more manual design work than does
PROTEGE-

@ Bootstrapped implementation

® KA toolsdeveloped using DOTS:

» Troubleshooting of laboratory equipment (DNA sequencing
machines)

» Sisyphus room-assignment task

» Ssyphus VT task (elevator configuration)
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More Shortcomings of Current Tools

@® Costly design and development
» Many KA toolsdesigned for a specific expert system
» Many KA tools developed after itstarget expert system

@ Difficult toreuse KA toolsfor other applications

@® Poor life cycle support

» Nosupport for method selection, debugging, and maintenance

@® Limited support for knowledge and softwarereuse

» No support for development of expert systemsfrom reusable
components
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Knowledge-Engineering Environmentsfor
Reusable Components

=y~

Domain Domain Operational
Knowledge Theory Theory

@ Integrated suites of toolsthat:

Support development cycles based on reuse

Provide accessto libraries of problem-solving methods
Provide accessto libraries of domain ontologies

Support knowledge-acquisition metatools

Support several user categories(e.g., developers, experts)

>
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>

\

>

\

>

\

>

\
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Reuse in Knowledge-Based Systems
Development

® Resear chers and developer s have found that:
» Many systems apply similar problem-solving strategies
» Thereare patternsand classes of problem-solving strategies

» Domains can be represented explicitly and stored

@® Developers need environmentsthat:

» Providelibraries of problem-solving methods (infer ence engines)

\

» Providelibraries of domain ontologies

\

» Support selection and review of methods and domain ontologies

\

>

\

Support knowledge acquisition
Support the entire knowledge-based system development cycle

>

\

© 1996 Angel Puerta and Henrik Eriksson Page 55 ECAI 96 Tutorial



A Development Cyclefor Reuse

Domain-I ndependent
Problem-Solving
Method Libraries

Domain

KA Tool

Ontology
Lbrares/

/Apphcatlon -Specific
Problem-Solving
M ethod

Knowledge

Application
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1. Select/Edit method

2. Select/Edit domain ontology

3. Map method to domain

4. Acquire application knowledge
5. Iterate
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| nter net-based approachesto
knowledge engineering

| nternet | mplicationsfor:

® Architectures

» New distributed ar chitecturesfor knowledge-based systems

» New classes of target systems

® Development assistance

» Cooperative design work
» Network-based development tools

» Distributed design information (e.g., vocabularies, ter minology
servers)
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Relevant I nternet Technologies

® E-malil

® World-Wide Web (WWW) Knowledge-based

systems can benefit
from Java technology

® Java and Java applets

@® Jess. CLIPS emulation in Java
® CORBA
® Terminology servers

® Computer-supported cooperative work (CSCW)
solutions
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Java Applets (summary)

applet area

/

| P network connection o | HTML documents
\ and Java classes

Java emulator

H‘\/

applet

WWW document

WWW browser WWW server
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Two-Component Architecture

network connection . ( problem solver,

user-interface
knowledge basg

front end

end user i
client knowledge ser ver

K nowledge-based
systems can benefit
from client—server
solutions
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Sample Client—Server System

® Basic ssimulation of nuclear power plants:
Chernobyl

® Task: Avoid further damage when components falil

@® Programming assignment for under graduates
» Learn to control the power plant manually
» Implement rulesfor automatic control

® Client—server architecture
» User interfacein Java
» Server in Java and CLIPS

® Undergraduates create their own knowledge server

® L ocation:
http://www.ida.liu.se/~her/npp/demo.html
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Chernobyl Applet

(’ 287 bar \

] ) o MM
Level:

1790 mm L{ — }

Ny i
SW2
N

Level :
BOOE mm

1400 rpm

1285 rpm
Sequence 1 running. ..
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Karnobyl Architecture

Java

simulator
knowledge base

TCP/IP character stream

nucleaf ower plan
p p < >

user-interface
front end

problem solver

client applet knowledge server

Undergraduates
implement the safety
knowledge base only
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| nter net-based Environments

® Ontolingua WWW server

» On-line ontology editor

® Sun Microsystems' Java Wor kShop

» Implemented in Java
» Based on the HotJava WWW browser

® Repertory-grid tools

» GCI interface

® Wanted: On-linelibraries of reusable problem-
solving methods
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Summary: Current Trendsin KE Tools

Expert system development
requires use of sophisticated
ES shells and system-specific
KA tools

Trends

» Comprehensive softwar e environments
» Reuse of knowledge
» Internet technologies

The next step: KE environments for
r eusable components on the Internet s?
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Agenda

® Knowledge engineering concepts

@® Current trendsin knowledge-based development
@ Break

® Case Studies

@ I ncor porating knowledge engineering toolsinto
softwar e proj ects

® Summary: Lessons learned and future directions
® Questions
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Agenda

® Knowledge engineering concepts

@® Current trendsin knowledge-based development
® Break

@ Case Studies

@ I ncor porating knowledge engineering toolsinto
softwar e proj ects

® Summary: Lessons learned and future directions
® Questions
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KE Environments. Case Studies

® ODbjectives.
» |llustrate use of KE environments
» Understand different technical approaches
» ldentify benefits and shortcomings of each system

® M ethod-oriented architectures
» PROTEGE-II (Puertaet al., 1992)
» DIDS (Runkel and Birmingham, 1993)

® Non-programmers
» SBF (Klinker et al., 1991; Marques et al., 1992)

® Knowledge-level and KADS-oriented systems

» KREST (Stedls, 1993)
» VITAL (Shadbolt et al., 1993)
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PROTEGE-II

® A KE environment for development of knowledge-
based systems

® Emphasizesreuse of problem-solving methods

® Generation of knowledge-acquisition tools from
domain ontologies (DASH) (Eriksson et al., 1994)

® Runtime system for knowledge-acquisition tools
(MART) (Puertaet al., 1994)
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PROTEGE-II (2)

PROTEGE-II
delivers a
development
environment that
emphasizes
automation,
reusability, and
early prototyping
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iﬁ Example: Domain Ontology

Ontologies in PROTEGE-II
are defined as class
hierarchies that can be
inspected and edited
through a browser-like
ontology editing tool
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PROTEGE-II supports
the generation of KA
tools for use by
domain experts
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PROTEGE-II:
g The DASH Metatool

® Generates knowledge-acquisition tools from
domain ontologies

@ Separates KA tool design into two levels of
abstraction

» dialog design

» layout design

® Allowsthe developer to custom-tailor thetarget
tool
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DASH: Ontologiesasthe Basisfor
KA Tool Generation

Basic ideas:

® Use data typesfrom dlot definitionsto generate

form fields

® Userdationships (links) among class definitionsto

generatethedialog structure

-~
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DASH

Architecture

A

Dialog designer

|

Domain
ontology

© 1996 An

/
\

L ayout designer

KA tool

\
-

gel Puerta and Henrik Eriksson
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The DASHboard

UHaul.ont — /a/mcsresfprotege/demo/protegen.4/UHaul

An easy-to-use control panel
allows developers to quickly
iterate through versions of the
generated KA tool
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DASH: Dialog Designer

Class definitions

Main menu

© 1996 Angel Puerta and Henrik Eriksson

_— \ domain ontology a
complete set of
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The dialog designer
determines from the

specifications for the
interface of the KA tool
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Form
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An interface builder
supports changes by
direct manipulation to
the layout of the
generated KA tool
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DASH: Persistent Custom
Adjustments

What will happen to my knowledge-acquisition tool if
| make changesto the ontology?

Ontology /z DASH > KA tool

Customization databases
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Use of DASH

Examples of problem domains
» Ssyphusroom-assignment

» Alrport gate allocation

>

\%

Hospital bed assignment

>

\%

Rental equipment (UHaul)
Elevator configuration (VT/SALT)

Clinical trial protocol

>

\%

>

\%

>

\%

Ribosome topology
Internist/ QMR
Meta Land (ontology of ontology)

>

\%

>

\%
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PROTEGE-II Summary

® Bendfits:

» Reusable problem-solving methods

\%

» Reusable domain ontologies

\%

» Ontology-based generation of knowledge-acquisition tools

\%

>

\%

Support for early prototyping

® Shortcomings:

» No automated support for task analysis

® Users. developers of knowledge-based systems
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Spark, Burn, and FireFighter
(SBF)

® Spark

» Usesaworkplace model asthe basisfor selection of a problem-
solving methods from alibrary

» Configures knowledge-acquisition tools associated with the
methods selected

®Burn

» Runtime system for knowledge-acquisition tools

» Controlsthe knowledge-acquisition session

@ FireFighter
» Debugging tool

© 1996 Angel Puerta and Henrik Eriksson Page 82 ECAI 96 Tutorial



SBF Architecture

Workplace model

| I

| I

| I

: Method :

Spark —» HE < ®  Burn !
l Knowledge- '

A : acquisition tool :

| I

| I

Q K nowledge-acquisition system
Method SBF emphasizes the
H task-analysis phase of

Knowled
Qrmvsﬁgﬁy the KA cycle
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SBF: Workplace Analysis

Product

— - .
— Finished goods
Q(

Distributing Manufacturing

Customer
activities

Service event
Customer

Market

d d

emands F

. -y
Servicing )
Service
request ] )
Engineering
Tools &
- Information
Marketing

Product design
Product features @ Technology

>
Workplace analyses
provide detailed

descriptions of tasks S
at various levels of

Researching Designing

1 External
abstraction External
activities
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SBF: Workplace Analysis (2)

© 1996 Angel Puerta and Henrik Eriksson

. Account
management
Account
plans
Customer
activities Customer
needs
Tools &
information
Understanding
the customer
needs
Marketing Estimated Feasibility

requirements study

Rough solution
descriptio|

Feasibility &
qualifying

Requirements

i

Manufacturing

Installation description

Fulfillment
Account
plans
Order
Installation
description

Closing the sale

Solution
description

Pricing

Example
solution

Designing the
solution

Example solution

Managing the
installed base
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SBF Summary

® Bendfits:

» Comprehensive support for task analysis

» Reusable problem-solving methods

® Shortcomings:

» One KA tool per method (method-specific tools)

® Users. non-programmers
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KREST

® A KE environment for configuration of
applications through sharing and reuse of
components

@® Targeted to non-programmers

® Based on “componential” methodology

» Systems are made up of reusable knowledge components

@® Establishes framework for knowledge-level
modeling

® Explicit linking between knowledge level and
symbol-level components
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KREST: Project Window

s[ ==———-=— Project :: System Configuration |
.ﬁ."_"h System Configuration Controls
& 8 ol o B X
Mew QOpen Shoow Hide Eename Rerowve
_Components —
D Criagrarns : :
le Tasks Configure Systern BEwild Configuration
FMethods : :
Build Abstract Model Get Client Needs
P
Models
tner The project window
1 serves as a control
Motes panel to access the

different parts of the
project
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KREST: Task Structures

=0

Task Structure :: Global Task Structure

FE

Global Task Structure

B

[Motorcycle Diagno ...

Controls

Open

Shom

Hide

Eermove Renarme Balance

Tools

'+ 1
FRRY

—0bjects

: Task
—

Acquire
Syrmp-
tomns

—y [viagnose

— Fault

Infer
Malfun-
ction

4

Suggest
Repair

-

Graphic support for
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KREST: Configuring Applications

=[[=———= Task Structure :: Global Task Structure B——=05|

_ j Global Task Structure —Controls

Open Show Hide FEermmove RBename Balance

[System Configurat ... ~

Tools ——
: Get . Build . Build

¢ [ Client [ #bstract [ Configu-

C ) MNeeds= < % Model < % ration

—0bjects i A
— 7 enerate
—*f  Task D & Test |

= 7N

Mapping of tasks to
methods can be
' achieved graphically

| r IGeneratel | . I Test
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KREST Summary

® Bendfits:

» |Integrated graphical environment
» Established user community

® Shortcomings:
» Work required at the symbol level

® Users. non-programmers
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VITAL

® Knowledge-engineering wor kbench

» Methodological and tool support for structured KBS
development

» Support for project management
» Model refinement at several levels of abstractions (cf. KADYS).
» Integration of multiple KBS and SE technologies (e.g., KA, ML,
Groupwar e, Softwar e, and Visualization)
® Main techniques::

» Generalized Directive Model (GDM) Analysis (Coarse-grained
models) (van Heljst et al., 1992; Motta et al., in press)

» Task Structure Analysis (Fine-grained models)

» Theresulting, fine-grained, model isthen linked to symbol-level
structures
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TheVITAL Workbench

B
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Control Flow in VITAL

« | ] = Editing: control-flow r |-

_’ Local File Edit Operations

—} Design Allocation

| Role Order |

Curent Role

= | Current. Role

Bl

B

Choose Role /_//
\_/ Otherwlse

Emrty

Dezign Allocation |
Select Assignments

Update Model

OC @01C

B

b=
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VITAL Summary

® Bendfits:

» Extensive program visualization capabilities
» Use of defined methodologies

» Support of software engineering principles

® Shortcomings:

» Scope may betoo broad

® Users. developers of knowledge-based systems
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DIDS

® Domain-Independent Design System

® DIDS supports

» Knowledge-level task description
» Process model
» Knowledge-acquisition model

@® Design and configuration tasks. Support for
method reuse and method-oriented knowledge-
acguisition

® Knowledge-acquisition components. mechanisms
for knowledge acquisition (M eK As) and knowledge-
acquisition methods (KAMs)

» Library of reusable MeKAs
» Individually, most MeK As are symbol-level tools
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Task Description in DIDS;
Specification of Relations

S Task Descriptioin08"rn—————|
[Control Knowledqge|[ Operators || Okay |
Enowledge Structures
- lati
subclassof ity Type: [relation w
pﬂrtclﬂss RElﬂtif.}Il TF]_]E: |DI"IE—+.D—ITIIJF|I=| w
subfunction Unique Name: |r'|il -
constraint
4 has-attribute Domain: part, abstract—part
attribute
abstract-part
part Range: attribute
Inherit- subc lassof
[ _
Description:

Coprrisht15%5, The Exsert of the T e rsity of Bickisan. &l Eis bis Eesernoed,
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DIDS. Knowledge-Acquisition
Method (KAM)

=[] KAM Editor
Actions Selected MeK As
attribute-meka partclass {browser-meka abstract-part)
IHHERIT-&CTIOH HIL (formula-meka constraint)
{attribute-with-constraints-meka has-atty
subfuncton-of-meka aubclazaof {attribute-meka has-attribute part-attoih

INTERHAL-ACTION

ratribute-meka patclass)

{browser-meka part)

LEAF-4CTION NIL
T {subiunction-of-meka subclaszorl)
nY
Passive Active
(aubfunction-of-meka subfuncton) ﬁ Czubfunction-of-meka subfunction)
(hrowser-meka part) rattribute-meka has-attmibate pat-=attibute)
(hrowrser-meka abstract-part) ratibute-with-constraintz-meka has-atoibute abstact-par
(formula-meka constraint)
KAMs are implemented by
finer-grained MeKAs
I £

Coprrisht199, The Eeserts of the e rsity oF Mick isan. &l Eis s Eere ned,
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DIDS. MeKAs

Has-Attribute [ Cut Row | [ New Row | [Pasis Baw]| 0K | . i .
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DIDS Summary

® Bendfits:

» Extensive support for design and configuration tasks

» Library of reusable MeK As

® Shortcomings:

» Support limited to design and configuration tasks

® Users. developers of knowledge-based systems

© 1996 Angel Puerta and Henrik Eriksson Page ECAI 96 Tutorial
100



Summary: KE Environments

Ontology-driven knowledge engineering

» PROTEGE-II: DASH and MART
» Method ontologies

Method-driven knowledge engineering

» SBF: Spark and Burn
» VITAL: Generalized directive model (GDM)

» DIDS: Knowledge-acquisition method (KAM) and
mechanism for knowledge acquisition (MeKA)
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Agenda

® Knowledge engineering concepts

@® Current trendsin knowledge-based development
® Break

® Case Studies

@® | hcorporating knowledge engineering tools into
softwar e projects

® Summary: Lessons learned and future directions
® Questions
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Knowledge Engineering Environments
and the Softwar e Engineering Cycle

® Knowledge environments:

» Do not cover complete software cyclesbut...

» Cover very well non-traditional phases (e.g., domain modeling)

® Non-automated, manual programming labor must
be expected

® Thekey to successisworking out a good fit for a
KE environment in your existing life cycle
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A Cooperating Scenario

@ Build an application via intermediate files:

>

\%

Construct domain model in Protegé-l|

>

\%

Generate knowledge-acquisition tool

>

\%

Populate knowledge base

>

\%

Use atranglator to store knowledge base in a database. Build
data model from domain mode

» Develop application to access and manipulate data base
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KE Environments
Applicability Guidelines

@ I dentify the capabilities of the KE Environment

» Usethe material from thistutorial

» AsSK provider for demo

® Redesign your software life cycle

» Match KE environment functionality to current tasks (esp.
manual ones)

» Determine processes for phasetransitions (e.g., intermediate
files)
® Analyze costs and benefits
» Study feasibility for a single application

» Examine potential reusability benefits
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Feasibility Considerations

@® Target application or KBS
» New applications require much initial modeling
» EXisting applications constrain selection of KE Environments
» Automated support decreasesfor complex knowledge bases

® Knowledge representation
» KE environment may introduce knowledge r epresentation
Incompatibilities
» Aretranglatorsavailable?
® Reusable components
» Can the KE Environment be used in other projects?
» Areany by-productsreusable?

» What reusable components doesthe KE environment provide?
(e.g., problem-solving methods, domain models)
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Summary: Incorporating KE Tools
|nto Softwar e Projects

Success depends on a good life cycle match 5?
Don’t overlook reusability benefits . §3

Selection and design guidelinesfor KE toolsare ssimilar! %
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Agenda

® Knowledge engineering concepts

@® Current trendsin knowledge-based development
® Break

® Case Studies

@ I ncor porating knowledge engineering toolsinto
softwar e proj ects

® Summary: L essons learned and future directions
® Questions
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Advantages of Reusable-Component
Knowledge Engineering

@ Integrated environmentsfor KA and KBS

development
@® Lifecycle support
® Lower development costs
® High levels of automation

® Well-defined methodologies for KBS development
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Challenges of Current Technology

@ Limited availability of problem-solving methods
® Indexing of libraries not addresses

@ Existing environments are generally strong in only

some phases of the life cycle

® Optimal granularity of methods and ease of
reusability have not been established

® Migration to Internet
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Trendsand Short-Term
Future Developments

@® Distributed environments

@® Increased availability of problem-solving methods
@ I ncreased availability of domain ontologies

@® Reliable indexing systems for method selection

@ Toolsfor library maintenance

@® I ncreased emphasis and automated support for
reusability
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Take-home messages

Modern KBS development requires

concurrent development of the KBS
and its KA tool

KE environments are the answer to the need
of concurrent, comprehensive development

Reuse, reuse, reuse....and save
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® Knowledge engineering concepts

@® Current trendsin knowledge-based development
® Break
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@ I ncor porating knowledge engineering toolsinto
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Questions
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