
ir SRF/AaOT-SR-90-006

cnX4s
10 A GENERAL PURPOSE KNOWLEDGE ACQUISITION SHELL

Christopher R. Westphal
(NI Duc T. Tran

I March 1990

UNITED STAiTES AIR FORCE
SCIENTIFIC AND TECHNICAL INFORMAiTION PROGRAM

CONTRIBUTIONS TO INFORMATION SCIENCE

115RF STINFO CONTRIBUTION 90/2

SECRETARY OF THE AJR FORCE
DEPUTY FOR SCIENTIFIC AND TECHNICAL INFORMATION (SAF/AQT)

THE PENTrAGON
WASHINGTON, DC 20330-1000

DAEN A1

90 05 15 059 1 ul)L release;
Diu~i~ Unlimited I



REPORT DOCUMENTATION PAGE For.m Approve
OM8 No. 0704-0188

V I rj tlqqt bhu. l ft Ih'\ 1lect.oln f Inl orn, m in .t vtimh ted to a.011Y. h"I g.1 I rIsPO"Ve,. Oifl ln the tri Iot tIvtrr fltt Itolnefor, f.IttJ C tt ta jJu( ft,
JP ltrj l% llit n j Ih , .1rl flnteJtO, and io hl,)etnng mo Ityie"wIrg t h eiloen!wn of s'nfuim ont u .n d cornentm l.yirarr. Ihnt st".k of anv ulri *,w i nu it'll~~n sf tilolmlum nnIndwin. -j ti Ijestlni for lcng~~~nn tOnt bsjnden, to Wahrn 1ton tiradlquJrlgr .vrVntem. Omnd f~me 4Afnn.g.n nprtvntann mnnr.U , tUf l i h w a V . S , e 1 0 4 . A fn lnn q tU r. V A 2 2 0 1 41 01. 4-.l to th e O fi e o f M tn -jer, n t n d u t_ .... e t. I'n p e rw u n l m ,u c it o n P r tile " U 0 -1 It b ). w lnhnnnn tl j I ,C J IJ j,

1. AGENCY USE ONLY Ledve blartk) 2. REPORT DATE 3REPORT TYPE AND, DATES COVEREDMar 903
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

iK*.git: A General Purtnse( IKnowled]g Acquisition Shell.

6. AUTHOIC(S)jC(h~ri.stene !. WOestphal (IDA)
Due 'V. Tra, (Consultant)

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) B. PERFORMING OIIGANZATION

M, e re :~Iary of the Ai." orco REI'ORT NUM|II :
Deputy [or Scientific and Technical Information US -STINFO
SAI'/AY.T', Room 4D289, The Pentagon Contribution-90/2
Wash nJl LOl, LX' 20330-1000 AA 9SAF'/A(,P-SR-90-00((;

1 9. SPONSORINGMONITORING AGENCY NAME(S) AND ADORESS(ES) 10. SPONSORING/ MONITORING
I AGENCY REPORT NUMUERj
i

I

I 11, SUPPLEMENTARY NOTES

| L -esented at anld published in Proceedings of FLAIRS- Florida Artificial Intelligencef l,.,',crch Syi.)si.Lii, Coco Beach, Florida, 4-7 April 1990.

12., DISTRIBUTION iAVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

A',Ioroved for public relears; distribution unlimited.

13. ABSTRACT (Msx.murn 200 words)
The fi(.d of expert systems has numerous and succesful applications ranginq from
sinple tasks to very complex ones. To cOrt truct-a system requires the developer to
iwlolate a set of rules that will auide the decision making process. Rules are
conventionfilly defined during a series of interviews between a donviin cxrert and a

nilnw]ed(_, enqineer. The encoding and representation of the extracted domain
knowld]g. has proen to x a difficult barrier to overcome. KASI (Knowledge
Acuisition ,ll) has been desiqned to address this problem by providing a
know]edIge engineer with a set of utilities for constructing knowlacieacqusition
:;sions base on interviewing techniques. The information elicited from domain
.;y.xrts durinq the sessions is guided by a question dependency (Iraph (QDGI . The QIX,

ie[.inc-l by the knowlcdqe engineer, is a series of control questions about -ne domain
1 h1,t Z;re us(ed to organize the cognitive processes of an expert. The content

Strotvm-tion supplied by the expert, in response to the questions, is represented in
in the forTn of a concept nmp. These roaps can be constructed in a top-down or;
bettocn-up mlnner by the QDG and used by KASI to generate the rules for a larqb class
.-,f expert syst-(m, dom-in . _,_

14. SUBJECT TERMS 15. NUMBER Of PAGES
E Ix.A,'rL systnms, Artificial intelligence, knowleIge acquisition 8J know[ledzle entincer, domain expert,KASH, QDG, rules, 16. PRICE CO I Z

17. SEtJRITY CLASSIfICATION 16. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF Ao.TlACT
Of REPORT OF THIS PAGE OF ABSTRACT

L -4CI ASS iI FD UNCASSIFiED UMTJSSIFIEDM UL
N"'N 11',,0 01 ZI|(1 0 0ta~nddtl totM 294 (Rv! ,"t:

'mI#ldlm t



Accession For
NTIS GA&I A

/DTIC TAB
Unaru-louancei El

KASII: A General Purpose Knowledge Acquisition Shell By.-

Christopher R. Westphal D Is....r 1 /
Institute for Defense Analyses Av " i 1 1 t., ty C cdes
1901 North Beauregard Street
Alexandria, Virginia 22311 Dis -Voa

Duic Tran

4923 Novak Lane
Fairfax, Virginia 22030 soI

Abstract One knowledge acquisition system providing a domain-
specific structure, KLAMShell (Cochran. 1988), was developed

The field of expert systems has claimed numerous and successful to aid in the construction of knowledge bases for maintenance
applications ranging from simple tasks, such as monitoring a valve or and troubleshooting. The shell elicits information via subgoal
fluid rate. to very complex tasks that may include process scheduling or satisfaction in a depth first manner to retain a conlext focus on
design. llowever, in construct a system requires the developer to isolate a comxos on

a set of rules that will guide the decision making process. Rules are the knowledge structure. Each gol defined is decomposed (via
conventionally defined during a series of interviews between a domain ptsh" menus) into a series of subgoals. The bottom-most
expert and a knowledge engineer. The encoding and reptesentation of the nodes are transformed (via "pop" menus) into actions, such as
extr.cted domain kn.-; .. g, hits proven to he a difficult barrier to questions or instructions, to be used in the final system. This
overcome. KASII (Knowledge Acquisition Shell) has been designed to process continues until all goals have been specified. The system
address this probiem by providing a kno.ledge engineer with a set of is. however, domain specific and tIhe generality of its guidance is
ulilies for constructing knowledge acquisition sessions based on limited to only a sniall suhct of the domain, thereby restricting
interviewing techniques- The information elicited from domain experts its 1se.
during the sessions is guided by a question dependency graph (QDG).
The QDG. defined by the knowledge engineer, is a series of control Another system that may be classified as a general purpose
questions about the domain that are used to organize the cognitive knowledge acquisition shell is PROTEGE (Musen, 1989). It is a
processes of 4n epert. The content information supplied by the expert, tool capable of generating other knowledge acquisition systems
in response to the questions, is represented in the form of a concept using planning entities, task level actions, and input data. The
map. These maps can be constructed in a top-down or bottom-up methodologies used by PROTEGE separate the modeling of a
manner by the QDG and used by KASHI to generate the rules for a large domain (i.e., control structure) from the application knowledge
class ofexpert system donains. (Musen. 19881, thereby customizing each system. However

PROTEGE relies on a set of fixed templates to elicit information
Introduction and this will limit the range of systems that can be produced.

Knowledge acquisition tools use a variety of techniques to From this perspective. KASIH (Knowledge Acquisition
elicit from a domain expert the essential information for building 51fell) has been defined as a domain-independent, knowledge
an expert system. The application domains of these tools can be elicitation shell. The shell provides a general purpose (reusable)
aligned into two categories; anal ysisr (e.g., diagnosis, environment for encoding the problem-solving methods of
identification, interpretation) and synthesis (e.g., scheduling, domain experts. A set of three independent modules (Figure I )
planning, design). Analysis is a top-down process providing an operate within (lie top-down (analysis) and bottom-up
examination of a set of goals that are decomposed into simpler (synthesis) constraints of the domains. These modules are:
and more basic elements and relationships. For example, FIX Concept Fornulation, for eliciting knowledge from a domain
(Rodi, Pierce and Dalton, 1989) is a diagnostic system based on expert and structuring it into a concept map; Knowledge
class attributes for representing fault detection and isolation. Analysis, to verify the concept map and cross check any
Synthesis is a bottom-up process supporting the composition or inconsistencies found; Rule Generation, to produce a rule set for
combination of given facts and observations that are used to an expert system based on the concept map. A question
construct a set of goals. For example. SALT (Marcus, 1988) is a dependency graph (QDG) supplies the control structures used in
tool based on a propose-and-revise method for designing the concept formulation module. Control structures, defined a
elevator configurations, priori by knowledge engineers, are necessary to obtain the

The above classes of tools work well within their intended content knowledge from the experts. The utility of the QDG

domains, but are not easily transferred to other applications. allows the control structures to be defined as needed and

Consequently, the time and effort required for producing the graph can easily address new applications.

systems must be reinvested for each instance. This will increase Concepts and Base Facts
the costs to the customer and subsequently decrease reusability The basis for acquiring knowledge in KASH is organizing
and portability of the tools across domain applications. To the cognitive processes an expeit many formulate about a
address the different categories (analysis or synthesis), a system domain. The mechanisms to organize the processes must be
must be able to work within the constraints set by each. Expert tailored to the idiosyncratic representations created by the
system shells currently provide the capacity to build top-down or
bottom-up applications by supplying the developer with a finite experts. However, experts tend to express their knowledge in
collection of objects to represent the domains. The manner in unstructured and nondeterministic formats and difficulties arise

which the objects are defined and related to other objects when the knowledge must be converted into a reliable and

determines the degree of acceptability of the system. Therefore, uscable format for expert system development. To properly

if the focus of producing a knowledge acquisition system is address these representation problems, experts must be allowed.

placed on the structure, rather than on content, a more diverse with minimal constraints, to describe their cognitive processes

selection of applications may he addressed. with respect to the intended application. Typically, the experl



Question Dependency Graph

To facilitate the development of a concept map, the experts
must be interviewed using questions pertinent to the content and

G,ar,h structure of the problem domain. As Novak (1989) stipulates.
the wcqicncing of questions presented to the expert should be

Atailored or grouped into specific sets of knowlcdge and the range
of these sets should address questions at broad superordinate
levels and become more narrow and precisely defined at the base
level. In KASI I, the questions permissible to ask of the domain
experts during the development of the concept map are specified
by the knowledge engineers and represented in a question

Output, dependency graph (QDG). The QDG has been abstractly based
on the six types of questions as defined by LaFrance (1987)
where each question type decomposes the QDG into a category
of queries (broad and specific) to be asked with respect to

Vno-fe ,, nut,, conceptual definition. The six types are:

Analysis Gennfation * Grand Tour, to identify domain and subdomain boundaries.
Module Moule e.g., "What is the purpose of this system?"

Q OCataloging the Categories, to support, organize, and
structure the concepts, e.g., "Can the concepts be ordered?"

Figure 1: KASIl Architecture * Ascertaining the Attributes. to specify values and ranges of
the criterial attributes for concepts and base facts, e.g..

will define concepts that represent personal observations in the "What values can attribute assume?"
domain to be modeled. Concepts are defined as symbols (text or
image) that capture the meaning or intention of objects and Determ..ig the Interconnects, to define the causal
events of an environment (Ausubel, Novak and Ilanesian, relationships between concepts, e.g., "Does base fact
1978). For example, an electrical system is an object. and boil support the conceptT'
water in an event. In essence, a concept is a simplified and . Seeking Advice and Cross Checking, to compare and
generalized description of reality for a particular level of contrast information in the concept map. e.g., "Does
abstraction (Novak and Gowin, 1984). concept contain any base facts?" or "What value of attribute

Concept formulation may be defined as the process of is out of range?"
extracting the characteristic features, termed critcrial attributes, During the development of a QDG. a knowledge engineer
of the objects or events. The criterial attributes are what uniquely must specify the questions that will be presented to the domain
distinguish each concept (e.g., size, color, shape). A set of expert. The questions are defined to separate the control
common features and the degree to which the features are knowledge from content knowledge of the domain (analysis or
accepted by the experts will determine the regularity (i.e., synthesis). It is important for the knowledge engineer to
meaning) of a concept. The regularity ;mplies precision on the understand the basic structure of the domain to effectively define
definition of the concept so that misunderstandings can be questions, categorize the questions by type, and determine the
minimized, see (Novak and Gowin, 1984). Critcrial attributes control sequence of the questions. Inefficient specifications at
also allow concepts to be grouped or linked together to form this phase can lead to poor interview sessions with the domain
concept maps that can represent the conceptual and structural expert, who will supply the content knowledge (response to the
knowledge of the domain experts. A concept map is simply a questions). In the QDG, the questions are represented as node
hierarchical taxonomy of concepts. The hierarchy supports the structures and are linked to other node structures to determine
natural subsumption of concepts where broad concept the sequencing.
definitions are depicted at the top of the map and more detailed
and concise concepts at the bottom. Concept maps promote the . . de structure consists of a question frame, question
reuse of concept definitions by allowing the use of existing type. :s',r,)n guide, and a variety of support attributes. The
concepts (e.g., door) in different contexts (e.g., house, car). questi -, -7 ne contains the actual text generated during a query.
Such a virtual feature is natural for multiexpert integration Questiot, -e developed by the knowledge engineers about the
because it provides support for a modular structure and the control structure of the domain. The questions derived are used
development of a library facility of reusable concept definitions to respectively refine or compose the concepts in an analysis or
across domains where applicable (McGraw and Westphal, synthesis domain. The six different question types defined
1988). The graphical nature of concept maps also allow above are used to insure the scope of the questions are limited to
multiexpert conflict to be made explicit thereby excising the the current query category. By doing so, the focus of the experts
knowle'ge structure of faulty linkages and misconceptions are concentrated on the particular task level being modeled. The
(Westphal and Reeker, 1990). selection guide is satisfied when the knowledge engineer

specifies the response expected from the question frame with
The concept map in KASH has been extended to include respect to one (or several) of the system objects specified in

base facts. Base facts have their own definition because they are KASH!. These objects are a prioritized taxonomy of concepts.
fully instantiated (e.g., parts, ingredients, symptoms) and do not base facts, edges, attributes, and standard representation
erlpiire further justification for their existence. Base facts are mechanisms (i.e, integers, reals, text, etc) that help to resolve

measurable and obscrvable in the context of the concept and which question to ask.
support the criterial attributes of a domain. "rhe criterial attributes
are necessary for distinguishing between concepts and The edges form the explicit relationships between the node

structuring questions into categories during concept formulation, structures and determine %,%hikh tuples of questions may be
The criterial attributes also support the rule generation module presented to the domain experts. A tuple of two questions is
because they are variable entities (e.g., size is big, color is red) interpreted to imply: if question one is asked, then question two
that can be compred, contra,'rd, or combined with other may be asked. There can be manv-many relat'nships between
criterial attributes to lorm the rules produced by Ki\SH. ,, node structures, thus forming a large combinatinn of
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questions tupics. The edges are coupled with edge weights to knowledge and the control nature of the analysis and synthc;,is
determine the ordering of question preference - a form of classes of problerns i . The analysis problems involve identifying
prefiltering. These weights may be displayed as a range of sets on objects based on their features. Synthesis problems
numbers or as an alternative representation (i.e., low, med, construct a solution from component pieces or subproblem
high). solutions. Figure 3 is a section of the top-down (and bottom-up)

process trace of a concept fonnulation based on the QDG for a
circuit fault diagnosis. The index (A-M) for each instantiated

ONt Decompose Concept question text shown (i.e., variables are bound within the context
OF: What Tr thof the question) corresponds to a node in the QDG shown in
dtagnoses of the roncepi Figure 2.

SG. concept

h A)Define the terminology: II)What are some aaributesTop-down terms(s) :> diagnosis, of sensor mounts?
B hlD

[ 
m

uottom-up icrm s(s) :> symptoms. :> connectors.

h h B)What is lte purpose of I)W'hbl value(s) can connectors
A this diagnosis? of sensor mounts assume?

:>circuit fault. :> loose, broken, grounded, working.

h m CjDefine any symptoms of ills connectors used in
a circuit fault. senear grounlitg?

h :>manifold threads. :> yes

A question dependency graph based on a diagnosis process. The order of D)What are the possible diagnoses K)%khat value(s) of connectors would
node leiters and the high. medium, of low priorities indicates direction, of a circuit fault? make sensor grounding succeed'
-> is used to denote explicit control :> control circuit failure. :> grounded, working.

:> sensor fault.
Fgure2: Question Dep ncy Graph .)What value(s) of connectors wouldFigure E)Can these be ordered? make sensor grounding fail?

Figure 2 shows an example of a partial question dependency :> no. :> loose, broken.
graph for a circuit fault diagnosis. Each circle represents a F)ts manifold threads a symptom of Nt)ts this a default or inrfer.,! vzluc?
unique question (defined by a knowledge engineer) that may be control circuit failure. sensor fault? :> infened
asked during a knowledge acquisition session. The box :> sensor fault.
represents the node structure (only one is detailed) for a N)Can connectors be related
par'icular query scheme. The question name is Decompose G)Are there any olter synptoms io other altributes?
Concept, the question type (QT) is Grand Tour, the question of sensor fault? :> no.
frame (QF) is defined as "What are the possible diagnoses of the :> sensor mounts.

concept?"terms in the question will get instantiated thessiblediag s I )What are some attributes ofconcept?" (variable D)What arc the possible diagnoses manifold threads?
during execution), the selection guide (SG) is expecting the ofsensor(aut? :> connectors.
response of the domain expert to be a concept, and a :> broken sensor.
misccllianeous collection of support attributes helps to specify :> sensor grounding. I)Whai value(s) can connectors
display formats (DF) and the control strategy (CS). The links of manifold threads assume?
between the nodes are labeled with high, medium, and low E)Can thesebeordered? :> dirty, corroded. clean, working.
priorities to indicate the control paths the system should pursue. :> no.
In this example node D is connected to nodes E and F. The J)ts connectors used in
heuristics defined in the concept formulation module will select F)ts manifold threads a symptom of sensor grounding?senstir grounding, broken sensor? :> yes
the better candidate question (E or F) to ask based on the state of :> sensor grounding.
tire concept map. K)NNhat value(s) of connectors would

A QDG editor is used for the construction of the question Fils senm)r mounts a symplom of make sensor grounding succeed?
sensor grounding, broken sensor? :> clean, working.

graphs. The editor allows the knowledge engineers to construct :> sensor grounding.
specialized question bases through QDG link specifications. L)Whatvalue(s)ofconnectorswould
New questions may be introduced into the graph at any time. G)Are there any other symptoms make sensor grounding fail?
The set of base questions is always available, however it is the of senmor grounding? :> dirty, conroded.
format in which they are connected that will give a system its :> voltage test.

un .This combination of nodes and links allow KASH )ts this a default or inferred value?
functionality. D)Whai are the possible diagnoses :> inferred.
to be used across a large range of applications and proves to be ofsensorgrounding?
very versatile and powerful throughout the knowledge modeling :> none. N)Can connectors be related to
process. As the QDG changes, so will the system, because the other attributes?
QDG is the canonical guidance referenced throughout the three D)What are the possible diagnoses :> no
modules of KASH: concept formulation, knowledge analysis, of broken semsor?
and rule generation. > anne.

Concept Formulation Figure 3: Question Trace front QDG

Concept formulation, necessary to acquire the knowledge The concept formulation module will iteratively execute six
structure from a domain expert, is interleaved between a top- stages during the construction of the concept map. These stages
down and bottom-up elicitation strategy guided by the QDG. are responsible for selecting a concept from the graph,
The top-down refinements are focused on acquiring the abstract establishing base facts for the concept, formulating a question to
concepts that are used to define the components of a domain, apply to the concept, generating the question, then presenting
These components are in turn supported by bottom-up facts that and accepting the results from the expert.
,epresent the logical entities or extension of the concepts. The
use of top-downs and bottom-up strategies in concept formulation tAusubel (1978) addresses these absurar'ons in %is plupjiuosa learning
reflect the structures that exists in the different levels of theory.
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Ileuristic Criteria for Concept Selection - A concept
is selected from the set of open concepts. This set represents circuit fault
those concepts that have not been fully explored by the QDG
such that there are additional questions that may be asked
about them. The concept is selected based on several factors
including the order of importance that is explicitly specified
by the user, a system defined depth first or breadth first control
selection mode, the recency of a concept definition, the level circuit r
of attributes defined, the number of established links to the la' e
base facts, the number of derived (children) concepts, or a
concept of enumerated type.

Establish Base Facts - The first step taken after the
concept has been selected is to elicit the base facts that Broken sensor
support the concept. These base facts define the fundamental sensor grou;,Ig
units of the domain. The new base facts are specified by the
user and supportive links are established to the selected
concept. User selected base facts are then tlassed down to
the selected concept from a parent concept. Note, parent
concepts must resolve all supportive links before the concept
map is considered complete.

Select Quiestions -Thle list of applicable questions for the
current concept is calculated by obtaining all the edges
attached to the previous question in the QDG and placing
them into a list. A duplication filter is applied to the list to manifold sensor voltageresolve any conflicts found in a list of previously ask threads mounts test
questions maintained as a concatenation of the concept name
aiid the question identifier. The list is then processed through Figure 4: Concept tfapfor Circuit Fault
some ordering filters that act on the edge weights, selection
guide matching. and groups division types. The product of Cluster Analysis - Cluster analysis detects cases inthese filters results in a refined list of questions to be asked. which large numbers of concepts are derived from (orclustered around) a more general concept. It suggests that the(;enerate Question - The product of the generate general concept is too broad and it should imply several newquestion stage is the selection of a single query node made concepts where the other concepts can be derived from. orfrom the refined list. This list of applicable questions for the some of the derived concepts should be promoted to the thecurrent concept is acted on by a function of the question intermediate level concepts between the general concept andtypes and other system factors (not detailed here). others. The introduction of intermediate concepts helps
Question Presentation - After a single question has been structure the knowledge elicitation stage and reduces the
selected it is presented to the user to solicit an answer. The complexity of the acquired knowledge.control panel is consulted for the appropriate terms (top Entailnnt Analysis - The basis for entailment analysisdown/bottom up), display formats (bar graphs, text, pie stems from the attributes associated with the concepts. Thechart, menu), and concept graph information (attributes, technique makes the entailments between concepts obvious.types, links). There will be cases in which the entailments indicate that a
Answer Questions - The expert responds to the question concept can be subsumed by another concept because it isthrough either text (e.g., attributes, concepts, base facts, derived by another concept that has no other derivation.names, or values) or concept graph management facilities Similarity Analysis - The knowledge engineer submits(e.g, graphics, node selection), to the system a number of known cases for analysis. Each of

The output expected from the concept formulation module is these cases is represented in the format compatible with thea concept map representing a top-down or bottom-up process acquired knowledge. The system will try to justify the givenmodel. The concept map represents the observations of domain facts and results of the cases. If the facts and results cannotexperts as guided by the control structure specified in the QDG. be explained, the system will explain the failure and it willFigure 4 shows the concept map for the circuit fault example. If seek help from the user by asking questions from the QDGthe execution of the module has not fully defined the range of the focusing on the unexplained concepts and the failure.expert's knowledge, the QDG may be reconfigured to Relative Analysis - Relative analysis is based on theaccommodate the missing information. From this point the reuse of concept modules in the graph. A concept associatedinformation gleaned from the expert in the form of concept with a base fact is selected for review. The analysismodules and base facts is verified by both the system and the technique will propagate up the structure to a level outsidedomain expert. Several structure analysis techniques, described the immediate hierarchy associated with the concept andbelow, have been defined to accommodate this task. query the expert, via the QDG, if it can be used in theKnowledge Analysis adjacent paths. This type of analysis supports the use of
virtual structures and serves as a form of memory cue

The knowledge analysis module is a hybrid of several entailment for additional structure refinements.
interactive subsystems that are used to validate and refine the
concept map. During validation, the knowledge acquired from Subcomponent Analysis - A base fact is selected from
the concept formulation module is analyzed to bring out an active path in the concept structure. This path consists of
inconsistent, incomplete, and unjustified information that may the base fact and all the concepts that comprise the path to the
occur in particularly large systems or from the use of multiple root node. The base fact is compared to each the concepts
experts. In refining the concept map, the system will look for that subscribe to the path and questioned by the QDG for
ways to enhance the structure of the model through the relevancy against the concept. Negative responses willapplication of a variety of techniques. Several proposed indicate inconsistencies in the structure and will be resolvedtechniques are described below, also see Figure 5. through further QDG examinations.
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analksis rcsri I i are showvn is tire same as Iii tire previotis noii, teirperaittire of fire pas,). Thec irifertrdi valties are prceeit iii tie
hillit rore itIoro tglit anialysis tcclruriqitcs, cart ire appli jed rule pretruses and the defaurlt valiues typ ically appear in tire
ptirticurliy tlire similarity analysis, Ilie topics of refiriernit and ContIrsltients.
-I its I ' t be perfortned arc based on a1 prinriti~erl scireme arid intrrilgrerirrsragyielolrlsae

%kill etcxrtcu after any data changes or alterations, to tire concept tSeod hy a(eie ofriulcse gtro-onai hniu strateg clru ie

sirrctrie ar mad.that deternmine tire direction in wich final rules are delolped.

Crrrslor Analysis Thlie tuopdowvn strategy crnplonyed iii genricating rules is. based on
a concept ann 'tie links. to its stiportive concepts. 'Ilie hottirn-

a0\0 t ip strategy dlircts tire nile gcerer at in tbasecd onl tire iniwer level
conceepts to tlie hrigiher level concepts; t hat they sriipport.- Iris;
stIrategy sit jports both forwarrd arid birck-%%and chrarirrng rrll

Entbitmenl Anatyris specifIicatinr,; for irtegrationt infto tire expert s.%tent.

tHiiid, tlie clharacteristie or nindcl of [tie target expert ,vstcrir
shlcl language influenecs tire diifferent %%va%-s ii n i an optimal
rirle set many be generated. This depenrds on tie differeirt

-r rcreenia lion scleme,. conrtrol strategies. de'imonis. triggers.
'milaniiy Anilysts -. 9etc. encountered in tire different expert system smells. Flnr

en iphistad of explicitly stlng separate rulles, as svoriir be
necessary in a prer production syslem sitih as OPS-5. tire
mrrirler of rules generated can hi reduced in an object oriented
sysltm sitb as NliXrlRT or IK 1 duc toI tire abstraction oIf
framre stritetirs.

flelalivr, Analyris Q igttre (I show tie partial set of tiles tirat have been cnrateri
for tlire circuit fault diagnosis examiplc. iefore tirese rile- are
cornverted into a target expert sysitmt format thley" muist he
reviewed by a series of analysis techniqueis to ensutre there are
no ireduindantl, conflicting, or cirtiar niles. Tire final ortteonre is;
a knowledge base of objects, reiationshrips;. arid rrrles that may
be used] itt a variety of expert system applications.

Subcomponeint Analysis 9Soiprorlive Moiudes

to thre basic functionality of KASI I. lThese features are intended
to extend support to thre knowledge acquiisition process and
surpiplemenrt ltie work of the QDG. le foillowing represent a
stubset of (lie planned features to he developed:

Conceptual Analysis The tinme issues associated with a domain model will be
vddressed throrugh a temprarl subsystem. Tire concept
grapirs will he modified to aecommodate tire valuecs
ncessa;ry to represent tire start. end, and latenicy perirods.
lire qriestion dlependecncy graph will also( he tipeltd to elicit

___________________________________________tire necessary information. The temporal information wilt be

Figure 5: Knowledge Analysis Techniques represented' through a timne box consisting of a -eries of
levels. each partitioned into tite respective intervals specified

Mile GcnerRtion during the temporal questioning. This time box can be
viewed from varying levels of detail depending on tire

lire third module of KASI! is used to support the final concept rraph depth.
proccss of knowledge acquisition, rule generation. This moduile Anehcdcotlpae ilcnanamrttidofur
creates a set of rules that can be integrated into a third party d enhrc araetrol corne ir ctaion sutiuesso slr
expert systecm shell. Tire three major factors. that influence tire rc-c aaeest oriaeteeiiain",im h
generation of the rule,; are the conerpt map, ruile generation panel will contain tire terms itself for the top-down and
.strategy, and target exprtr system shell, bottom-up definitions. ['re-logical settings for svhich top-

dosv-.n entries are best suited for tire bottom-uip selections will



be available. The search strategies (i.e., depth first, breadth (onclsion
first) can he set from the panel. A question list is defined in KASI I is a general purpose knowledge acquisition shell that
the panel and used to disable groups of questions for the acquires information about a domain from an expert. Because
session (usually low priority settings). Additionally, the KASII has been designed to support both analysis and synthesis
analysis techniques can be made interactive or selectable applications, it may be applied to a broad range of systems
from the panel settings, including planning, design, classification, scheduling, decision

support, and diagnosis where complex knowledge is oftenA history window will supply a mecta-command acquired from multiple domain experts. The three modules
inicPretation of the events occurring in the system. This will supplied by KASII provide the capability to acquire knowledge
provide documentational support to analyze the elicitation in context (i.e., customized for each domain): Concept
session as it progresses over time. The log will be used to Formulation, for structuring and eliciting the knowledge from a
archive the state of the concept model for easy reconstruction domain expert into a concept map: Knowledge Analysis. to
at a future date. Additionally the history list will be validate the concept map; and Rule Generation, to produce a rule
constructed for path resolution of the virtual system set for an expert system based on the concept map. All the
hierarchy. information elicited from a domain expert is guided by a
- A glossary of terms defined by the expert during the question dependency graph (QDG). The QDG is developed by a
elicitation of concepts and facts will be supported as a knowledge engineer to separate the control knowledge from the
scrolling series of menus. This facility can support the application knowledge. Thus, the QDG is reconfigurable for
comments associated with multiple expert development. The customerization across applications and domain experts.
glossary support system can be expected to emulate a hyper- Furthermore. KASII has the capabilities for producing a
expert notation scheme %%here the terms defined can be a knowledge base that can be used to generate alternative rule sets
mixture of text and graphics for different expert system shells.
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