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Abstract 

Tbis papt>r presents the design of a knowledge acquisition user interface for a compositional 
modeling system. To facilitate collaborative development of knowledge bases and tlwir 
reusf', knowkdge of the domain is represented in a formal language based on the first
order predicate logic. The vocabulary us<ed is also formally defined explicitly in the sam<e 
language. However, use of a formal representation language does not make the process of 
<expr<essi11g knowledge about the domain easy or efficient for all users. We have designed 
the knowledge acquisition interface with multiple layers, each intended for a differm( type 
of ust>rs, such as programmers, knowledge engineers, and domain <experts. Though tlw 
unclt>rlying modeling system employs one representation formalism, the layered int<'rface 
allows each type of users to interact with the system in terms that are appropriate aml 
efficient for tlwir purposes. 

Keywords 
user interfact>, compositional modeling, knowkclge acquisition 

A. Sutcliffe et al. (eds.), Domain Knowledge for Interactive System Design
© IFIP International Federation for Information Processing 1996



62 Part 1\vo Process Views of Domain Engineering 

1 INTRODUCTION 

Recent years have seen increased awareness of the importance of declarative represen
tation of domain knowledge for system development. Explicit knowledge representation 
enables communication and reuse of the knowledge in a collaborative environment and 
also facilitates later modification of the system. This awareness is reflected in recent efforts 
in artificial intelligence and various engineering communities toward establishing sharable, 
formal ontologies. An ontology provides the vocabulary of terms used in stating knowl
edge about a particular domain. Establishing a common ontology is essential if represented 
knowledge is to be communicated correctly to other human or software agents. However, 
there is inherent tension between the desire to be precise and explicit and the need to effi
ciently capture knowledge. On one hand, one would like to use a formal, logical language 
to make sure that each concept mentioned is well-defined. Furthermore, one would like 
the representation formalism to be modular with a relatively small granularity in order to 
facilitate development of knowledge bases in a distributed fashion. On the other hand, to 
allow efficient capturing of domain-specific knowledge, the knowledge acquisition interface 
must enable domain experts themselves to build their knowledge bases as much as pos
sible using the informal parlance with which they are comfortable. Informal descriptions 
tend to be rich in unstated assumptions about the context and to lack modularity, both 
of which are serious impediment to sharing and collaborative development. 

In order to address these conflicting needs - the need for formality to enable sharing 
on one hand and the need for convenience to facilitate efficient knowledge acquisition on 
the other hand -we propose a multi-layered architecture for knowledge acquisition inter
face. This paper presents a design of a knowledge acquisition interface for compositional 
modeling and simulation of physical devices. The interface has multiple layers, each of 
which allows different groups of users such as knowledge engineers and domain experts, 
to state their knowledge using the language appropriate for their perspective. We outline 
our approach to providing a rich user interface to a sophisticated application and describe 
the actual implementation. 

The paper is organized as follows: Section 2 briefly describes the concept of compo
sitional modeling, since understanding the goal of knowledge acquisition is essential in 
understanding the rationale for each layer of the acquisition interface. Section :3 describes 
the system Device Modeling Environment (DME) (Low and Iwasaki 1992) for composi
tional modeling and simulation. It also provides an overview of the layered architecture 
and describes their intended user group. Section 4 discusses the design of and rationale for 
the domain-specific knowledge acquisition layer. Section .5 describes its implementation 
briefly. Section 6 closes with a brief summary. 
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2 COMPOSITIONAL MODELING 

Compositional modeling was first described by Forbus in his work on Qualitative Pro
cess Theory (QPT) (Forbus 1984) and is also the basis of subsequent work on qualitative 

modeling by Crawford eta!. (1990), Falkenhainer and Forbus (1991), Low and Iwasaki 
(1992), and Farquhar (1994). In the compositional modeling approach, a. system iH pro
vided with a library of composable pieces of knowledge about the physical world callPd 
m.odel fragments. Each model fragment describes one aspect of a component behavior or a. 
physical process. The system formulates a. model of a. given physical situation by sPiecting 
applicable model fragments and composing them. 

Though the terms used to describe parts of a. model fragment and the actual simulation 

procedures differ somewhat in different systems, the underlying principles are the samP 
in all of them. Here, we will use the nomenclature and the definitions given in CML 

(Compositional Modeling Language) (Farquhar et a.!. 1996). CML was put together by 
the researchers of the compositional modeling systems mentioned above as a common 
model fragment representation language to enable sharing of knowledge bases. 

2.1 Model fragments 

The basic idea. in compositional modeling is to formulate a model of a. given situation 
by putting together (composing) pieces of descriptions of physical phenomena. in the 
domain. Each piece describes a conceptually independent aspect of some physical phe
nomenon. such as one aspect of a. component behavior or a. physical process. Each piecP 
is a. self-contained assertion whose applicability to a given situation is decided separately 

to generate the model of an entire situation. These pieces are called model fragments. For 
example, a model fragment may describe the dependence of the voltage of a. battery on 
its charge level or may describe the process of fluid flow through a pipe connecting two 
containers. Figure 1 shows an example of such a. model fragment describing the relation 
between the charge-level of a battery and its voltage. 

A model fragment names a set of participants in the phenomenon being described and 
a. set of conditions which the participants need to satisfy in order for the phenomenon 
to take place. A model fragment also includes a. set of consequences which specifies the 
behavior of the participant objects while the phenomenon is taking place. A special class 
of model fragments, called entities, represent physical objects that exist in the domain. 
Entities do not have participants or conditions. 

The main advantage of compositional modeling is its modularity. Writing model frag
ments, each describing a. single phenomenon, is a much easier task than composing a 

complete model for every possible system and query. Modularity and context indepPn
dence of model fragments facilitates development of large model fragment libraries in a 
distributed, collaborative fashion as well as reuse of the knowledge. 
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Charge-sensitive-voltage-battery 
Participants: 

X : type Battery 
Quantities: 

voltage(X) 
charge-level(X) 
damaged(X) 

Conditions: 
•damaged (X) 
6 < charge-level(X) < 30 

Consequences: 
voltage(X) = 5 - 1/exp(charge-level(X)) 

Figure 1 An example model fragment 

3 DEVICE MODELING ENVIRONMENT 

We have developed a compositional modeling and simulation system called, Device Mod
eling Environment (DME) (Low and Iwasaki 1992). DME automatically builds a qualita
tive or quantitative behavior model of a given device design and predicts its behavior over 
time. In the current implementation of DME, we have adopted CML a.s the knowledge 
representation language. 

A modeling system such as DME requires a rich repository of knowledge about a sub
jed domain in order to be useful. In developing the system itself as well as the knowledge 
acquisition interface, there was often a conflict between the desire on one hand to en
sure reusability of the knowledge and the need to provide a. rich environment in which 
domain expert can express knowledge efficiently. Using a. formal language such as 1\IF 
(Genesereth 1992)* and making sure that all concepts used are explicitly defined in a 
forma.! ontology goes a long way towards the goal of having a sharable, reusable kuowl
eclge base. At the same time, a formal language is not the most convenient language in 
wliich for a domain expert to express knowledge. Modularity and context-insensitivity of 
formal representations, the very characteristics that make formal representations suitable 
as Vf'hicle for knowledge sharing, make the representation difficult and inefficient to use 
because informal descriptions people are comfortable with tend to be context-sensitin' 
and full of hidden assumptions. 

*ldF ,;Lands for Knowledge Interchange Format. It is a proposed standard for a language for exchange 
of knowledge. It is based on the first-order predicate logic. 
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Table 1 Layers of languages used in DME 

Level Language Interface Tools User 
Types of Objects 
Manipulated 

0 Lisp Emacs, Lisp Interpreter Programmer Lisp Code 
Inspector 

Onto lingua 
Ontology Editor 

Knowledge Engineer 
Terms 1 KIF CML Implementor 

Terms 

2 CML CML Editor Knowledge Engineer Classes of Physical Entities 
+ Domain Expert and Phenomena 

Graphical Structure Editor System 

3 Domain Expert Devices 
Table Editor for Behavior 

Behavior 

To sati~fy these conflicting requirements, what is needed is a layered system architecture, 
much like the multi-layered design of local area. networks. The foundation vocahulary must 

be formally defined first before further domain-specific knowledge can be stated using the 
terms in the vocabulary. Once a formal vocabulary is established, however, domain expt>rts 
should be able to use them to express knowledge to state specialized knowledge in a form 
that is comfortable and easy. Accordingly, the interface that assists knowledge acqnisitiou 

should be different, and in particular, the interface that assists the latter phase should 
take advantage of the domain-specific structures of knowledge in orc!Pr to facilitate its 
expressiOn. 

Each level of the multi-layered architecture can have its own knowledge representation 
language and an acquisition interface that assists different groups of users of tlw respective 
level to express their knowledge in their own terms. Also, defining the semantics of the 
language at one level in terms of the language at the lower level ensures that the knowledge 
represented at any level can be correctly interpreted as long as the lowest level us<~s a 
shared formal language and ontology with well-defined semantics. 

We have implemented DME in such layers. Table 1 shows each layer with the language 

used, the types of objects manipulated, the acquisition interface tools, and the intended 
user group. 

Level 0 This is the level at which system implementors operate. The language is Common 
Lisp and the user interface tools are such general purpose programming tools such as 
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emacs, Lisp interpreter, and the Web-based Lisp inspector, which was developl:'d at 
the Knowledge Systems Laboratory (KSL). This is a layer in implementation but not 
a real layer from the perspective of knowledge representation. It is mentioned here for 
the sake of completeness but will not be discussed further in this paper. 

Level 1 This is the level at which knowledge engineers as well as implementors of CML 
operate in order to define fundamental ontologies for stating knowledge about the world. 
This level is independent of the particular language used to represent the domain
specific knowledge. A user defines the meanings of words in the basic vocabulary of the 
particular representation language. The languages used are Ontolingua (Gruber 1992) 
and KIF. The user interface tool is the Web-based Ontology Editor (Rice et al. 199.5) 
also developed at KSL. The Web-based Ontology Editor provides a full, distributed 
collaborative editing environment for constructing a library of ontologies. 

Level 2 This is the level at which knowledge engineers in collaboration with domain 
experts start to lay down basic knowledge about a particular application domain. Using 
CML as the representation language, one defines the classes of objects and physical 
phenomena along with their relevant attributes that must be considered in modeling 
the domain. A Web-based CML Editor has been implemented at KSL to provide a 
distributed collaborative editing environment for constructing a library of CML domain 
theories. 

Level 3 This is the level at which domain experts operate to provide device-specific 
knowledge. The purpose of this level is to provide an environment in which a domain 
expert who may not necessarily be familiar with formal representations can efficiently 
and comfortably express device-specific knowledge. Using a graphical structure editor 
and a behavior table editor, a user describes the structures of physical systems and 
their behaviors. 

The first knowledge level in DME is Level 1, which we will call here the Ontology 
Level. In DME, all the terms used in this and higher levels must be defined in one of the 
ontologies in the Web-based library of machine-interpretable, formal ontologies maintained 
at KSL The basic vocabulary of CML, including terms such as ModelFmgment, Entity, 
Participant, etc. as well as the mathematical operators used in equations and dimensions 
and units used quantity definitions are defined at this level. A formal ontology consists of a 
vocabulary and the definitions of the words in the vocabulary. Words are defined in terms 
of the relations among the concepts represented by the words. Definitions are given in 
Ontolingua and KIF. The Web-base Ontology Editor (Farquhar et al. 199.5), implemented 
at KSL, facilitates collaborative construction of formally defined vocabulary. 

Having a common agreement on the meaning of terms is the first and critical step in 
enabling communication in any situation. However, it is only the first step. Furthermore, 
the logical languages used to formally define terms tend to be too fine-grained and to 
lack higher level structures to facilitate acquisition of domain-specific knowledge with its 
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inherent organization. Likewise, a tool such as the Ontology Editor for acquiring vocabu
lary is useful for knowledge engineers concerned with establishing foundation vocabulary, 
but it falls short of being a convenient tool for expressing structured knowledge about the 
physical worlds - the purpose Level 2 was intended to serve. 

Level 2 is also called the CML Level. CML, as explained in Section 2.1. is a modular 
representation language for representing knowledge of the physical world. As the semantics 
of the language is defined in KIF, knowledge represented in CML are translated into KIF 
automatically by the system. Though one could simply use KIF to represent knowledge 
instead of CML, the language and the Web-based CML Editor implemented at KSL 
provide more structures than raw KIF that make it more convenient for stating knowledge 
about physical phenomena. 

The need for the Level 3 was recognized after Levels 0 through 2 were constructed. 
When levels 0 through 2 were in place and we started building domain theories in CML, 
we quickly realized that, even though CML was intended as the knowledge representation 
language to be actually used by domain experts, it was still too fine-grained and did not 
facilitate users to express their knowledge in the terms in which they were used to thinking 
about the subject domain. 

CML is suitable for expressing com posable pieces of knowledge about the domain. Mod
ularity facilitates construction of a large library of such knowledge in a collaborative, dis
tributed fashion. However, modularity, and in particular the small granularity of knowl
edge and lack of larger organizational structure hampers acquisition of domain-specific 
knowledge, which tends to have rich structures and context-sensitive nature. CML does 
not provide facilities for representing larger structures of knowledge that are often oh
served in a body of knowledge about any particular domain. Examples of such structures 
in domains of physical devices include the concepts of a. system, component-subcomponent 
relations, structure-behavior-function relations, and relations among alternative models 
(such as abstraction and approximation) of the same phenomenon. Since such structures 
are important organizational means in people's knowledge of a domain, an acquisition 
interface intended for domain experts should not only allow their explicit representations 
but also take advantage of them in order to provide a comfortable and efficient. environ
ment for knowledge acquisition. This is necessary especially when the underlying formal 
language in which the knowledge is internally represented does not do so. In the case of 
DME. since CML lacks just such organizational means, we created the Level :3. 

Even though Level :3 was conceived as an after-thought to levels 0 through 2, we believe 
tha.t such an acquisition interface is vital if we are to successfully capture ala.rge and rich 
body of domain-specific knowledge while ensuring that the representation of knowledge is 
founded in a formally defined vocabulary to enable sharing of the knowledge. In the rest 
of this paper, we focus on the design and implementation of Level3 knowledge acquisition 
interface. 
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4 LEVEL 3 INTERFACE FOR ACQUISITION OF 
DOMAIN-SPECIFIC KNOWLEDGE 

The purpose of the Level :3 interfacf' is to take advantage of the domain-specific structures 
of knowledge in order to facilitate domain experts in supplying knowledge in their own 
terms. The types of structures of knowledge that are important differ from a domain to 
domain. The domains we are concerned with are domains of electro-mechanical systems 
where objects of interests move through a. complex device undergoing various transfor
mations. Copying machines and refrigerators are examples of such devices. The types of 
behaviors of interest can include both discrete and continuous phenomena. In represeJJting 
knowledge of such domains, we have found that important organizational concepts were 
structure-behavior relations and ordering relations among different behaviors of the same 
component. In CML, since the representation of each component and each aspect of its 
behavior must be represented independently as a. separate model fragment, organi>-:ations 
among model fragments are not first-class concepts in the language though structures can 
be represented implicitly through attribute relations among them. Our Level :3 acquisi
tion interface was specifically designed to facilitate capturing of such structured relations 
among model fragments. 

4.1 Representing structure and behavior 

The main part of the knowledge about physical devices we are concerned with is knowledge 
of the structures and behavior. By structure here, we mean the component-subcomponent 
relations among entities. By behavior, we mean the characteristics of behavior of compo
nents and devices over time, which may or may not result in changes. 

In this section, we discuss requirements for an interface in order for it to facilitate 
acquisition of such knowledge. First, we hriefly describe how such relations are represPnted 
in CML. 

Representing structure and behavior in CML 
In CML, the component-subcomponent relations are represented through the attribuiF.'i 
slot. Logically, the attributes slot names the time-independent attributes (properties) of 
the thing represented by the model fragment. Since components are logica.lly just such 
attributes, to represent the fact that a. battery has a part called plus-terminaL one deJines 
the attribute plus-terminal in the entity definition of the battery. The concept of a com
ponent does not really exist in CML. One can tell that a plus-terminal is what one would 
consider as a component instead of any other attributes (such as color) only because tlw 
slot-va.lue-type of the slot plus-terminal is elec17·ical-terminal, which is defined elsewhere 
an an entity. 

As we have argued such modularity of representation facilitates construction of a la.rge 
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knowledge base in a distributed fashion. However, such modularity and the small granu
larity of each model fragment is a disadvantage when one is trying to represent the entirt> 
structure of a complex device with many components and subcomponents. Furthermore, 
the fact that the representation, as well as the CML Editor, is entirely text-based ma.kf's 
it very difficult to mentally grasp a complex structure. 

Modularity and the context-free nature of model fragments also proved to be a sourc<· 
of inefficiency when one was describing a whole sequence of behaviors tha.t a component 
displays. For example, when power of a copy machine is first turned on, there is a st>
quence of events that takes place in the paper acquisition component: The motor on tlw 
paper tray elevator turns on, the motor on the acquisition roll also starts, the elevator 
starts to rise until the acquisition roll comes in contact with a sheet of paper, the eleva.t01; 
stops, the acquisition roll stops, and so on. To represent such a sequence, each behavior 
such as elevator rising, acquisition roll sensing the presence of paper, etc. must be repre
sented separately as a model fragment. Furthermore, each model fragment must contain 
the contextual information that spells out fully the circumstances in which the particular 
behavior will be exhibited. Again, this type of modularity improves the chance of each 
piece of knowledge being reusable because the amount of hidden, context-specific infor
mation in its representation is minimized. However, it also becomes a very tedious task to 
represent an entire sequence of behavior, since the same contextual information must be 
separately stated each time. Furthermore, such ordering relations among model fragments 
become lost in a library of model fragments, which ha.s only a weak organizational means, 
namely a generic class-subclass hierarchy. 

4.2 Desiderata 

The Level :3 was designed to overcome the awkwardness of CML as a. language to be used 
directly by human experts who are not necessarily proficient in use of formal languages. 
Level 3 is a virtual 1·epresentation laytr since it consists not of a formal representation 
language but a set of interface tools and an informal language, including graphics, that arP 
designed to lift users above the formal representation language (CML) of LevP] 2. :VIorP 
specifically, the two main goals for Level 3 in our case are to facilitate specification of 
structures and component behaviors. For the purpose of specifying structures, a graphical 
interface is naturally desired. The following requirements must be met by the graphical 
tool: 

Ease of drawing structures: It must be easy to define subsystems by copying and 
placing icons of classes of components on the screen and specifying their connectivity 
by drawing lines. 
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Ease of parsing structures: It must be easy to obtain an internal data structure from 
the drawing of each such configuration of components that contains enough information 
to produce an entity definition. 

Accessibility of user-defined components: liser-definecl subsystems must quickly l)f'
come available as new classes of components which call be used to compose even larger 
structures. 

Ease of adding new components: Since new types of components are always being 
added to the library, it must be easy to define a new icon for a new class of components 

within the same tool. 

For the purpose of specifying behavior, the following requirements were considered: 

Component-oriented organization: It must make the context (such as what compo

nent it pertains to) of the behavior visually explicit by grouping the behaviors of the 
same component together. It must also minimize the amount of contextual information 
that must be repeated for ea.ch behavior of the same component. 

Ease of component reference: It must make it easy to refer to the components in
volved in the behavior. In CML. in order to reference a component in the conditions or 
consequences of a. model fragment, the user must specify a. precise logical path to the 
component from one of the participants of the model fragment. The following is an ex
ample of a CML expression that refers to the paper sensor component of the acquisition 

roll component of the feeder assembly component of the paper path model. t 

(Paper-Sensor-Component 
(Acquisition-Roll-Component 

(Feeder-Assembly-Component 
(Paper-Path-Involved ?self)))) 

The need to always specify such a precise and lengthy logical path to refer to a com
ponent ma.kes authoring of model fragments a. tedious and error-prone process. The 
interface tool should simplify as much as possible reference to specific components. 

Ease of ordering behaviors: The interface must allow the user to easily ma11ipulate 
the orders of the behavior on the screen so that the user can see the ordering rela.tions 
he/she wishes to see. 

Simple syntax: Finally, the interface should allow tlw user to use simple, familiar syntax 
to state conditions and consequences of behaviors. 

The Level :3 interface was designed to sa.tisfv these requirements as much as possible. 
We now describe the implementation of the prototype we have constructed. 

tThe special variable ?self is l10und to the model of lhr paper path in question. 
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5 IMPLEMENTATION OF LEVEL 3 INTERFACE 

Figure 2 shows the organization of the Level :3 interface schematica.lly. The interfarP 
consists of three main subsystems: a tool for defining components, a tool for describing 
behaviors, and a set of tools for translating to CML. 

Structure Editor 

(graphical editor, xfig) 

I 
i 

Behavior Editor 

(tabular editor) 

Figure 2 System architecture 

The structure editor is a graphical drawing environment, for defining component struc
tures. The behavior editor is a table editor, organized around components, that allows use 
of simple labels to refer to specific subcomponents as well a.s infix notations to simplify 
the syntax. The translation mechanisms parse the drawings and the table, and ou1.pnts 
model fragment definitions in CML. 

A typical work flow using this interface may go as follows: First, a user draws the 
structure of a device using the structurE' editor and savPs the file. Second, 1lw file is 
analyzed, and the information about component-subcomponent and topologica.l rela.tions 
is extracted. Third, the user describes the behaviors of each component bv using the 
behavior editor. The translator interprets thP filPs prodnced by the editors and generates 
CML files containing model fragment and entity definitions. 
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5.1 Structure editor 

The structural information that is of interest to us includes component-subcomponent 
relations as well as topological relations among components. A graphical user interface 
facilitates acquisition of these types of informat ion. 
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Figure 3 Structure editor 

Figure :3 shows a snapshot of the structure editor. The top portion of the window 
shows the primitive components such as Plus-terminal, fvfi,ws-te·rminal, and Junction , 
which have a.lready been defined . The middle portion shows the Battery , which has been 
defined to contain primitive components. Such composite objects are defined by a figure 
containing copies of the component icons and grouping the figure with a name to lw given 
to the com posite object. This process can be repeated any number of t imes to define an 
arbitrarily complex structure. A user can also draw lines between components , such as 
Plus of Battery- Y and Junction-Z to specify connectivity as shown in the bottom portion 
of the figure. 

Our implementation of the structure editor uses Xfig, a public domain drawing soft
ware. Xfig is a menu-driven tool that allows the user to draw and manipulate objert.s 
intera.ctively in an X window. Drawings can be saved, printed on postscript printers or 
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converted to a variety of other formats. Users of our interface draw the strnctnre of a 
device on the Xfig canvas. 

Some simple drawing conventions must be followPd in order for our system to parse the 
pictures correctly. First, the user creates icons for primitive components. such as belt., 
a rolL etc. by using Xfig features. To define an object containing primitive components. 
the user creates a drawing containing copies of the primitive component icons, and then 
group them with the name of the new object.. Newly created drawings can be copied to 
compose even more complex object structures. 

Once drawings are saved into a file, it is analyzed. and component-subwmponent re
lations are extracted. The system also generates symbol labels of each component. The 
labels are to facilitate the user in referring to individual components later when she de
scribes the behavior (see below). 

5.2 Behavior editor 

The behavior editor allows a user to enter knowledge about the behavior of components 
in a tabular format as shown in Figure 4. 

Conditions D/C Consequences 

Clock Time = 1 00 D Power= ON 

Power= ON Elevator = ON 

-Contact(AcRoll) D AcRoll =ON 

AcRoll =ON c AcRoiiDescend 

Figure 4 Behaviors in tabular expression 

A user cau create a tabular editor for each component.. Ea.ch horizontal slice of a table 
corresponds to a. separate behavior of the component. and contains the conditions and 
consequences of the behavior, and an additional column to specify whether the behavior 

is continuous or discrete. t When editing the behaviors, a. user can use the labels to reff'r to 
components. Figure 5 shows a snapshot of the behavior editor. Figure 6 shows an example 

+Each such slice corresponds to one model fragment. 
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of a. symbol table, generated automatically by the structure editor. The behaviors can be 
ma.nua.lly ordered to display the flow of the behav iors. The behavior editor allows use of 
the infix notation to specify conditions and consequences , instead of the prefix normal 
form used in CML, to help users who may not be comfortable with the Lisp-like syntax 
of CML. If the user discovers that new terminologies are needed to describe behavior , 
such a.s new attributes of components or relations among them, the CML editor can be 
invoked at a click of a. mouse button so that. they can be defined. 

~--· ·--........ - I .., ...... r.:!. • ...,...,_ 

,_ ... ~ C,.l 

Figure 5 Behavior editor 

Figure 6 Example of symbol label 
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5.3 Translation into CML 

The structural and behavioral information thus acquired is translated into CML by the 
translation tools. The translation tools also converts the infix notation of the table editor 
into the prefix normal form, and resolves component references using the symbol label 
tables. to generate proper CML expressions. 

6 SUMMARY 

We have described the design of a knowledge acquisition interface of a system for compo
sitional modeling and simulation of physical devices. To enable sharing and collaborative 
construction of knowledge bases, they are represented in a. formal and modular language. 
However, since a formal and modular language is not necessarily a comfortable and ef
ficient medium in which a domain expert can express knowledge, we have designed the 
interface to have multiple layers. Each layer is intended to facilitate a different group of 
users to state their knowledge using a language appropriate for their perspective. 

This paper has focused on the Level 3, intended for domain experts, and described its 
design and implementation. It consists of three main subsystems, the structure editor for 
acquiring structural information, the behavior editor for acquiring behavioral information, 
and the translator for generating expressions of the knowledge in the underlying formal 
language. 

Because of our desire to maintain modularity in our system architecture, the imple
mentation of the Level 3 interface is separate from that of the rest of the system, and it. 
communicates with the rest of the system and other editors only through files. On one 
hand, this separation is justified because of the domain-specificity of the interface. The 
interface at Level 3 is designed for a specific type of domains and assumes a. particular 
style of modeling, while the rest of DME and the interface is domain-independent and free 
of assumptions about any particular modeling conventions (within the representational 
framework of CML). It is not surprising that the more domain-specific assumptions one 
builds into an interface, the more efficient one can make it for the user. On the other hand, 
the small bandwidth of communication bet.wPen the Levf'! 3 interface and the rPst of the 
system in our current implementation has sometimes proved to be an impediment. For 
example, even though the CML editor has a powerful, built-in self-analysis mechanism to 
catch syntactic and, to some extent, semantic errors, the LPvel 3 interface cannot make 
use of the feature to provide immediate feedback to the user. We plan to address this 
problem in the next version of the implementation. 
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