FBRL:A F unction and Behavior

Represen tation Language

Munehiko SASAJIMA, Y oshinobu KIT

AMURA,

Mitsuru IKEDA, and Riichiro MIZOGUCHI

I.S.I.R.,Osak a Universit y ,

8-1,Mihogaok a,Ibaraki,567, Japan

+81-6-879-8416

fsasa jima,kita,ikeda,mizg@ei.sank en.osak a-u.ac.jp

AI-TR-95-1

Receiv ed 9th Jan uary

, 1995

Abstract

Although a lot of researchers hav e p ointed out the signi�cance of

functional representation, the general relations b etw een function and

b ehavior is not fully understo o d yet. W e consider the knowledge of each

comp onent in a system as consisting of two elements. One is a necessary

and su�cient information for simulation of the comp onent which we

call b ehavior. The other is the interpretation of the b ehavior under a

desirable state which the comp onent is exp ected to achiev e, which we

call function. By identifying primitives necessary for the interpretation

of the b ehavior in v arious domains, we can capture what function is

and represent it by selection and combination of them. This pap er

prop oses FBRL, a language for representing function and b ehavior with

the primitives we identi�ed and discuss its application to explanation

generation. First half of this pap er brie y explains FBRL. W e also

inv estigate the relation b etw een function and b ehavior based on the

primitives of FBRL. As FBRL can represent concepts at v arious levels

of abstraction, it contributes to explanation generation by providing

informations for mapping b ehavior of a comp onent to a term which

represents its function. Second half of this pap er shows an example

which shows how FBRL contributes to explanation generation.

Key words = functional representation, function and b ehavior, domain

ontology

, mo del building, mo del-based exp ert systems

1 In tro duction

One of the main themes ab out mo del-based problem solvers is to establish a

metho d for describing go o d qualitative mo dels which are utilized for simulation

of the target system, explanation generation, ev aluation, diagnostic reasoning,

design, etc. The concept of function and b ehavior play imp ortant roles in such

mo del-based systems, b ecause b ehavior is closely related to simulation task

and function to inference tasks at the conceptual level. At the same time b oth

of the tw o concepts together form core of the ontology to which human users

and machines commit to share understanding and representation of the target

mo dels. Thus deep analysis and understanding of the b ehavior and function

is critical in the �eld of mo del-based problem solving.

One of the easiest ways of mo deling a target system is to con�gure pre-

de�ned comp onents. Although this approach is promising, it requires careful

representation of function and b ehavior of each comp onent in order to make

it e�ective and reusable. It has b een p ointed out, how ev er, that function and

b ehavior are likely to b e confused and mixed in each other in the pro cess of

mo deling each comp onent [4]. Since such mixing low ers the reusability of the

mo dels, a mo deling metho d has to separate them from each other carefully .

Some researchers hav e dealt with functional mo deling to date. de Kleer[3]

represents b ehavior of a comp onent as a set of input-output relationship each

of which represents causality among parameters of the comp onent. He recog-

nizes function of a comp onent by selecting an input-output relationship from

p ossible b ehaviors. The selection is an imp ortant element for identifying func-

tion of a comp onent, but it is not su�cient. F unction of a heat exchanger,

whose b ehavior is to shift heat energy from one uid to another, for example,

b ecomes di�erent according to the system in which the heat exchanger is built

in. When the heat exchanger is built in a p ow er plant and used as an ev ap-

orator whose output drives a turbine, its b ehavior is interpreted as \to give

heat energy to the water and maintain temp erature of the output v ap or". On

the other hand, when the heat exchanger is built in the engine ro om of a car

and used as a radiator, its b ehavior is interpreted as \to remove heat energy of

co olant which in tern used for co oling engine and to prevent the temp erature

of co olant exceeds a certain threshold". de Kleer’s metho d cannot represent

this case prop erly

, thus it do es not satisfy our needs.

Chandrasek aran[2] prop oses a framework for representing and utilizing

functional mo dels. The framework represents a functional mo del of a com-

p onent by combining its sub comp onents’ b ehavior or function, which in tern

represents b ehavioral or functional role of the comp onent in a macroscopic

view. Consequently

, the metho d allows b ehavioral mo dels to b ecome func-

tional mo dels by changing its grain size. Thus his de�nition of b ehavior and

function are relative and do es not represent an essential di�erence b etween

them.

An ideal metho d for functional representation should explicitly represent an essential di�erence b etw een function and b ehavior. F urthermore, the mo dels

represented by the metho d should b e highly reusable. Standing on these view

p oints, those metho ds of functional representation prop osed to date do not

satisfy our needs.

The authors recognize several viewp oints from which we can capture dif-

ference b etween function and b ehavior. F or establishing a new representation

metho d which re ects our ideas ab out function and b ehavior, we �rst de�ne

b oth of them. Behavior representation of a comp onent is the necessary and

su�cient information for simulating states of the comp onent in a system. Pa-

rameters which represent the state of the comp onent and constraints or causal

relationships among them are included in the b ehavior representation. Next,

we can recognize an intended desirable state for each of comp onents in a sys-

tem. W e call the state a goal. Lastly

, with necessary information, we can

interpret the b ehavior of a comp onent under its goal. F or example, under

the goal, \temp erature of co olant out to the next comp onent do es not exceed

T

threshold

", b ehavior of a heat exchanger is interpreted as \to co ol co olant"(to

preven t overheat of next comp onent, engine). W e call such interpretation re-

sult as function.

F ollo wing the ab ov e discussions, we have develop ed a new functional rep-

resentation language FBRL which has a rich vo cabulary for function and b e-

havior. The vo cabulary consists of imp ortant terms for representing concepts

ab out a p ortion of domain which we call domain ontology

. In this sense, our

work contributes to organizing domain ontology

. FBRL represents a func-

tional mo del as a b ehavior mo del plus FT, where FT stands for F unctional

T opping, a set of information necessary for interpretation of b ehavior. By col-

lecting primitives enough for describing b ehavior and FT, FBRL enables us

to describ e v arious functional mo dels by selecting some of the primitives and

combining them.

F urthermore, using FBRL functional mo dels, an exp ert system can gener-

ate v arious typ es of explanations in terms of function level vo cabulary

, which

is di�cult for those systems without knowledge of function. Such explanations

hav e p otential to help users understand a target system well.

This pap er consists of tw o main parts. The �rst half discuss FBRL and

the second half an application of FBRL to explanation generation with an

example.

2 Primitiv es to represen t functional mo dels

T o establish a framework for describing a functional mo del of comp onents, we

inv estigate several viewp oints to capture the b ehavior and FT, the additional

information to interpret the b ehavior. In this section, we brie y discuss the

viewp oints and primitives to represent them in order.

F or designing a language, discussion ab out its formal semantics and mean-

ing which we want to present by the language is necessary

. As mentioned ab ov e, we aim at promoting reusability of the functional mo dels represented

by FBRL. W e hav e discussed ab out the meanings �rst, and established a sys-

tem of vocabulary

, i.e. ontology of function and b ehavior for this aim, and

then we designed FBRL for representing the meaning. FBRL is rich in terms

of the meaning, so this pap er intro duces FBRL with paying attention not to

its semantics but to the meaning.

More details ab out the discussion are av ailable in [10].

2.1 F ormat to describ e comp onents

A template for describing the b ehavior and the function of a comp onent is

shown in Fig.1.

The b ehavior of a comp onent is represented by relations among input and

output ob jects. In the template, it is represented by �rst seven attributes, from

Ob jects to QN-Relations. Other �ve slots represents necessary information

for interpreting the b ehavior which we call FT.

W e mo del function of a system as a comp osite of a set of sub functions of its

subsystems. Whatever the grain size of the subsystem may b e, decomp osition

of a function into a set of b ehaviors is not allowed. After the decomp osi-

tion a functional mo del of the system is represented as a set of hierarchically

connected comp onents.

Behavior:

Ob jects: /* Ob jects input to or output from the comp onent */

SubComp onents: /* Names of sub comp onents */

MP-Relations: /* Relations among input materials and output pro ducts */

SameClass: /* Sameness of the class of in/out ob jects */

InherentP arams: /*Parameters inherent in the comp onent */

Ports: /* Connection with neighbour comp onents */

QN-Relations: /* Quantitative relations among parameters */

F unctional T opping:

Goal: /* Goal of the comp onent */

F uncType: /* F unction type: T oMake, T oPrev en t, T oControl,T oMaintain */

O-F o cus: /* F ocus on a certain class of Ob ject */

S-F o cus: /* F o cus on a certain stream */

Needs: /* Necessity of output ob jects */

Figure 1: T emplate for describing a comp onent

2.2 Description of Behavior

F or mo deling each of the comp onents, there are tw o wa ys of b ehavior repre-

sentation. One is pro cess-centered wa y which views how the substances under

consideration are pro cessed. The other is device-centered way which concen-

trates on input-output relations of a comp onent. W e employ the latter wa y

and represent each comp onent as a black b ox which has p orts for input and

output. Some comp onents, e.g. a tank, have only p orts for input and other comp onents, e.g. a battery

, hav e only p orts for output. W e call an input

substance \In-Ob j" and an output substance \Out-Ob j". Except the cases in

which clear distinction is necessary

, we use the term \Comp o-Ob j" to refer

to one of those substances pro cessed by a comp onent. W e treat substances

(such as water) and energy (such as heat) which exhibit functionality of the

comp onent as Comp o-Ob js. Description of them is based on ob ject-oriented

paradigm.

2.3 Description of FT

In order to describ e the function of comp onents, we investigated the F unc-

tional T opping and obtained the primitives from �ve viewp oints: (1)goal of

the comp onent (2)function typ e (3)fo cus on Comp o-Ob js (4)fo cus on streams

among p orts (5)necessity of Comp o-Ob js.

These �ve items are explained in this subsection.

2.3.1 Goal of the comp onent

W e recognize a desirable state to achiev e for each comp onent in a system and

the term \goal" refers to the concept. Example here is the heat exchanger

in Fig.2. A heat carried by higher temp erature water represented by Ob j

1 to

low er one represented by Ob j

10

. A goal description \temp erature of the output

co olant(Ob j

10

) do es not exceed �ve hundred degree centigrade" is an example

of the goal. W e represent such a desirable state by the predicate G(state).

Figure 2: Heat exchanger

2.3.2 F unction typ e

Anne M.Keuneke classi�es concept of the function into four typ es, such as T o

Make,T o Control, T o Maintain, and T o Preven t[7]. F or our representation, we

give informal de�nition to them together with a new typ e, T o Enable.

T o Make: T o set a parameter at a desirable v alue.

T o Control: T o shift a parameter of desirable v alue to another desirable one.

T o Maintain: T o keep the v alue of a parameter desirable for a certain p erio d.

T o Preven t: Not to make parameters to take sp ecial v alues which represent

no go o d states of the system.

T o Enable: T o help the function work by making its necessary conditions

satis�ed.

T o Make typ e function which makes parameters to b e in a desirable range

is the basis of all other functions.

F unction of a co oking stov e, for example, is considered as T o Make temp er-

ature of a thing put on it to b e more than a certain degree. If the aim of the

stov e is to b oil a kettle of water, then the function T o Make is achieved when

the temp erature inside the kettle reaches one hundred degree centigrade. On

the other hand, the function of an electric water heater with a sensing device

which accurately makes the temp erature of the water in it to b e ninety �ve

degree centigrade is T o Control.

F unction of a comp onent which keeps desired state by T o Control function

is T o Maintain.

A comp onent whose function is T o Preven t watc hes and controls param-

eters not to go undesirable states for the system. F unction of a relief v alv e

attached to a tank is T o Prevent explosion of the tank by watc hing pressure

caused by substance inside the tank. The v alv e switches its b ehaviors: not to

let the substance pass the v alv e out of the tank and to release the substance

through the v alve according to the pressure inside the tank.

F unction of a pip e which helps the liquid ow is a typical example of T o

Enable. Another example is a bias voltage of a transistor.

2.3.3 F o cus on Comp o-Ob js

Figure 3: Resister

When we capture the main function of a comp onent, we fo cus on a sp e-

ci�c Comp o-Ob j’s class. W e represent such a concept by the predicate O-

F o cus(class of Comp o-Ob j). When we interpret the b ehavior of the comp o-

nent in Fig.3 as that of a resister which low ers p otential of input direct current

electricity

, fo cus is given to the electric energy and O-F o cus(Electric energy)

represents it. On the other hand, the same b ehavior is interpreted as that of

an electric heater when we fo cus on the heat energy .

5

2.3.4 F o cus on streams among p orts

A comp onent has several p orts for input and output and streams of ob jects

among them. A pip e, for example, streams of medium and energy are the

same and it just enables the medium and energy pass from an input p ort to an

output p ort and its function do es not di�er according to whether we fo cus on

the input p ort or the output p ort. In other cases whose streams of medium and

energy are di�erent from each other like a heat exchanger, energy mov es from

a stream of medium to another and interpretation of a comp onent’s b ehavior

dep ends on the stream on which we fo cus. W e represent such a concept by a

predicate S-F o cus(In Port,Out Port). An example here is b ehavior of a heat

exchanger which transmits heat energy from higher temp erature uid to low er

one whose mo del is represented in Fig.2. F o cusing on the stream of the low er

one, represented by S-F o cus(In

2

,Out

2

), the b ehavior is interpreted as \to give

heat energy to the uid". On the contrary fo cusing on the higher stream, \to

take heat of the uid".

2.3.5 Necessity of Comp o-Ob js

Comp o-Ob js which b elong to the fo cussed class often exist at di�erent p orts of

a comp onent from each other. Again consider a b ehavior of the heat exchanger

in Fig.2 which fo cuses on heat energy existing at the four p orts. The heat

exchanger can b e interpreted not only as a heater giving the heat energy to

the colder Out-Ob j(Ob j

10

), but also as a co oler taking the heat energy of the

hotter In-Ob j(Ob j

2

) aw a y .

Di�erence b etw een the tw o interpretations is caused by di�erence of the

necessity of each heat energy at di�erent p ort, according to the goal of the

comp onent. W e represent a fo cused class of Comp o-Ob j is necessary at a p ort

by the predicate Need(name of the p ort,fo cused class) and not necessary by

the predicate NoNeed(name of the p ort,fo cused class). When we interpret

the b ehavior of the comp onent in Fig.2 as that of heater, Ob j

11 is necessary at

the p ort Out

2

, thus Need(Out

2

,Heat)is suitable. Also when we interpret the

same b ehavior as that of co oler, Ob j

8 is not necessary at the p ort Out

1

, thus

NoNeed(Out

1

,Heat)is suitable.

2.4 Hierarchical classi�cation of function and b eha vior

W e thus far de�ned a format and primitives to represent a comp onent captured

from v arious viewp oints. Using these viewp oints, we came up with a hierarchi-

cal organization of the concept of b ehavior and function whose p ortion is shown

in Fig.4. The tree represents an ontology of function and b ehavior. Each no de

with a lab el represents a concept which can b e represented by FBRL. Thus

by using this tree an exp ert system can identify mapping an FBRL mo del to

an appropriate b ehavioral or functional concept.

F or example, a b ehavior of a comp onent which deals with two In-Ob js

and two Out-Ob js, and shift a kind of energy from one stream to the other is

represented by the term \shift". The concept of \shift" is re�ned into \conv ert"

6

Figure 4: Classi�cation of the b ehavior and function(not exhaustive)

if the typ e of the shifted energy is changed into another one, for example from

heat to electricity

. Otherwise it is re�ned into \transmit".

Classi�cations at the �rst and the second level are based on those view-

p oints used for b ehavior description and is domain- and context-indep endent.

Let us fo cus on the stream which is source of the energy

, represented by S-

F o cus(In

1

,Out

1

) where an ob ject (medium) ows from In

1 to Out

1 and throws

energy to the other stream. Then the concept \transmit" is further re�ned

into \take" since from the view p oint of the stream, its energy is taken by

certain \transmitting" agent, e.g. a comp onent. The concept \take" is re�ned

into \rob" and \remov e" if the comp onent takes an energy which is necessary

for the whole system or not. The latter case, for example, is represented by

NoNeed(Out

1

,class name of energy). The concept \remov e heat energy which

is not necessary for the system" is represented by a term \co ol" one of whose

instance is a radiator.

As discussed ab ov e, FBRL is rich in terms of concepts which represent

function and b ehavior. This characteristic of FBRL plays an imp ortant role

in explanation generation b ecause we can map b ehavior of a comp onent to

a prop er term which represents function of the comp onent by using the tree.

Also each primitive of FBRL do es not rely on a sp eci�c domain, it enables

reuse of a mo del in another domain with a little mo di�cation.

F urthermore, as demonstrated in this section, FBRL shows its p otential

to describ e comp onents at v arious levels of abstraction.

7

3 An Application of FBRL to Explanation

Generation

Many mo del-based exp ert systems develop ed to date utilize only b ehavioral

mo del of the target system. This is a ma jor reason why they have di�culty in

generating explanations at a functional level. Applying FBRL mo del to those

exp ert systems, we can generate v arious typ es of explanations. This section

discusses a framework of explanation generation using FBRL mo del, typ ology

of explanations, and an example of generating an explanation.

3.1 F ramew ork for generating explanations

Fig.5 shows a framework for generating explanations using FBRL functional

mo dels.

Figure 5: A framework for generating explanations

First, a designer or a knowledge engineer describ es a b ehavior or functional

mo del according to each goal of their tasks. The functional mo deling supp ort

mo dule helps them describ e their mo dels using the functional mo del library

and the case base of functional mo dels.

There are several metho ds of generating explanations which can b e clas-

si�ed in terms of the timing, usage of the output explanations, and so on.

Our framework in this pap er adopts a metho d for explanation generation that

when a user inputs his question ab out the system of interest, it generates an

appropriate explanation as an answer to the question. The explanation system

has templates corresp onding to v arious types of explanations. Selecting one

of the templates, simulating b ehavior of the target system if necessary

, and

8 synthesizing them according to some strategies which the authors discuss in

[11], the explanation generator generates an appropriate explanations.

Applying FBRL-built functional mo dels to explanation task, we can gen-

erate v arious types of explanations which can not b e generated by b ehav-

ioral knowledge based systems. Stevens and Steinb erg discuss typ ology of

explanations[13]. With further consideration ab out the explanation classi�-

cation from the view p oint of function and b ehavior, the authors discuss the

following seven typ es of explanations for trouble sho oting exp ert systems in

[11].

F unction of a comp onent in a system:

This mentions functionality of a comp onent. T o help users understand

the role of the comp onent, the explanation mentions not only the function

of the comp onent but also how the comp onent contributes to the main

function of the system in which the comp onent is built.

Change of scop e in explanation:

In some cases a user may ask the system to generate explanations from

a macroscopic view, and in other cases he/she wan t a microscopic expla-

nation. In such cases, the generator has to cop e with v ariable grain size

explanation.

Occurance of a fault:

A faulty state of a comp onent equals to the state in which the comp onent

do es not function prop erly

. This typ e of explanation mentions the fault

state using a functional mo del of FBRL.

When and why \T o Preven t" function typ e comp onent works:

This type of explanation mentions functionality of a comp onent whose

function typ e is \T o Preven t".

The reason how an output is generated:

This typ e of explanation answers such questions which ask a reason why

an output of a fo cused comp onent is generated.

The reason why an exp ected output is not generated:

Sometimes a simulation result di�ers from what users hav e exp ected

b efore. This typ e of explanation answers such questions that ask a reason

why an exp ected output is not generated.

Hyp othetical simulation:

F ault of a comp onent can b e represented by a parameter with an abnor-

mal v alue. This type of explanation mentions a simulation result which

indicates the e�ect of the hyp othetical fault.

Although we have designed a mechanism and templates for explanations

of all of the ab ove typ es, rest of this section describ es how to generate an

explanation ab out functionality of a comp onent b ecause of space limitation.

9

3.2 Explanation of F unctionalit y

Some users of an exp ert system are interested in function of a target system

or its comp onents. They may ask a question like \What is the function of the

nuclear reactor in the nuclear p ower plant?".

T o answer such a question, the system should show an explanation which

explains the reactor in terms of function level vo cabulary

. The following is

such an explanation (Explanation 3.1) which is taken from [15, pp.26-27]. The

question is \How Pr essurize d-water r e actor works as a part of an atomic p ow er

plant.?".

Explanation 3.1 [15, pp.26-27]

This is the simplest form of thermal r e actor, ...The he at absorb e d in the c or e is

tr ansferr e d by me ans of a he at exchanger to the se c ondary cir cuit, wher e it is

utilize d to r aise ste am which drives turbines, which in turn drive the gener ators

for pr o ducing ele ctricity.

As the example shows, explanation of a comp onent’s function should men-

tion not only function of the comp onent itself but also how the output of the

comp onent contributes to the main function of the whole system. At the same

time the explanation should mention only the main function of the system us-

ing appropriate terms each of which represents functional level concepts. F or

example, Explanation 3.1 refers only �ve comp onents among many comp o-

nents of the atomic p ower plant, and explains them by functional terms such

as transfer, raise, and pro duce.

It is di�cult to generate this explanation from b ehavior knowledge. The

�rst reason is the di�culty of �nding the causal chain of main function of

the system. Referring to the b ehavior knowledge, we can infer causal relations

b etw een the parameters, which in turn represent causal relations b etw een com-

p onents. Even if a set of input and output of the system which represents main

function is given, it is hard to �nd out one causal path which represents main

function of the system. The di�culty app ears esp ecially when the system is

complex and consists of many comp onents, b ecause in such cases the causal re-

lations b etw een the comp onents can b e represented by a complex graph which

has a lot of candidate paths. Selecting a right path from the candidates re-

quires knowledge other than b ehavior. On the other hand, an FBRL mo del

represents parameters which contribute to main function of the whole sys-

tem using O-F o cus, S-F o cus and Needs, and gives an appropriate clue for

reasoning the main function.

The second reason is the di�culty of mapping a b ehavior to a right func-

tional term. Supp ose a heat exchanger is used in tw o wa ys, for co oling system

of an engine and for heating system of a ro om. In the former case, its b ehavior

is interpreted as taking away the heat of the co olant of the engine. In the latter

case, on the other hand, its b ehavior is interpreted as he ating the air of the

ro om. This di�erence comes from the range out of the b ehavior knowledge,

10 since the b ehavior of the heat exchanger is the same. Generation of explana-

tions in prop er functional terms requires representation of the knowledge for

b ehavior interpretation, and FT of the FBRL meets this requirement.

Here we brie y mention the pro cedure for generating an explanation ab out

function of a comp onent in a system.

Pro cedure 3.1 An outline for generating an explanation for function

of a comp onen t.

1. F o cus on a comp onent whose function is to b e explained.

2. Mention function of the fo cused comp onent.

3. Rep eat step1 and step2 while there exist comp onents which b elong to

the same level in structural hierarch y as the �rst comp onent.

Note: Referring to the v alue of Needs,S-F o cus and O-F o cus, this step

do es not mention function of comp onents which do not contribute di-

rectly to the whole system’s function.

4. Mention function of the next comp onent which b elongs to a level of one

level higher in the hierarch y .

5. Rep eat steps from 1 to 4 until it reaches the �nal output of the whole

system.

F urthermore, we adopt the following two rules to make the explanation

natural and concise.

1. Rule for natural explanation:

Let the comp onent b e the sub ject of the explanation until the explana-

tion ab out the �rst comp onent �nishes. Then, for explaining how the

Comp o-Ob j output by the �rst comp onent contributes to the function of

the whole system, let the Comp o-Ob j b e the sub ject of each explanation.

2. Rule for concise explanation:

First, explain ab out the \necessary" out-Ob j of the �rst comp onent with

the medium on which the out-Ob j is output. Next, until a comp onent

which changes the class of the out-Ob j app ears, explain that the out-Ob j

go es through the comp onents each of which do es not conv ert the class

of the out-Ob j.

According to pro cedure 3.1 with adopting rule 1 and rule 2 explanation of

the function of the fuel ro ds in Fig.6 is generated as explanation 3.2. Those

terms written in b old font represent functional terms.

Explanation 3.2 :F unction of the fuel ro ds in Fig.6

F uel ro ds generate heat energy in the reactor core subsystem.

The heat energy is output to the so dium of the 1ry lo op.

11

Figure 6: A mo del of an atomic p ow er plant

The heat energy go es through the 1ry lo op, the 1ry heat exchanger, the 2ry

lo op, and p ow er generation subsystem. The heat energy is conv erted to the

electricity by means of the p ower generation subsystem.

As discussed in this subsection, using a functional mo del represented by

FBRL, we can simulate the main function of a system. Referring to the result

of the simulation, we can generate an explanation ab out function of a comp o-

nent of the system in terms of how the function of the comp onent contributes

to the main function of the whole system. As the generated explanation uses

prop er terms each of which represents function of a comp onent, the explana-

tion helps users understand more ab out the function of the comp onent.

4 Discussion

In his work[3], J.de Kleer prop oses a metho d to use function of a system, which

is derived from function of each comp onent, to decrease ambiguous results

of simulation. The metho d represents a comp onent having more than one

causal relation b etw een input and output, where function of the comp onent is

decided by selecting one of the relations. His work enables us to represent the

function to achiev e desirable state, which is also achiev ed by our representation

metho d as discussed earlier. F urthermore, our metho d can explicitly represent

functions which preven t system from falling into a no go o d state and side

e�ects which may damage the whole system.

B.Chandrasek aran, et al. [2][6][12][16] capture b ehavior as a series of states

of the system and function as to achiev e an intended desirable state. The func-

tion is achiev ed by the b ehavior and the function of each comp onent whose

role is de�ned by the function of the system. Since their representation of

the function in [2] dep ends on the structure of the comp onent of the system,

description of the function of tw o systems di�ers from each other if their struc-

ture di�ers from each other. Thus their representation metho d seems to b e

12 weak in terms of reusability of the description of function. On the other hand,

our representation of the function of a comp onent can b e applied to wide

range of comp onents of the same input-output relations. An FBRL mo del

also represents the function of a large system hierarchically .

In the ab ov e functional representation [12], the function is describ ed as

achieving a desirable state. Anne M.Keuneke[7] classi�es the concept of func-

tion into four typ es according to some conditions, for example, the metho d to

achiev e the function, the initial condition which raises the function, the length

of the term in which e�ect of the function is hold, and so on. She captures

function as attachment of implicit assumptions to a b ehavior, and employs

a p olicy to seek for the primitives to represent the assumptions. Her p olicy

is close to that of us in this sense. Our representation includes her classi�-

cation and applies it to pro duce an abstract explanation of the function of a

comp onent.

In order to decrease the cost for diagnosis, A.Abu-Hanna, et al.[1] pro-

p ose a metho d to describ e a functional mo del of a system at three levels of

abstraction. W e also regard that abstraction and conceptualization of a com-

p onent have close relations to the function of the comp onent, since the goal

of a comp onent is alwa ys abstract one to enable interpretation of its b ehavior

at the knowledge level. Thus we hav e inv estigated what primitives contribute

to conceptualization of function and enumerated them, though they are not

exhaustive.

M.Pegah, et al.[9] apply the functional representation prop osed in [12] to

the F/A-18 aircraft fuel system, one of the large scale and complex systems, to

achiev e causal understanding of the system. Our interest in application of this

work go es to KC I I I[8], a mo del-based diagnostic shell which currently deals

with a heat transp ortation system of a nuclear p ow er plant including negative

feedbacks among its comp onents.

5 Concluding remarks

W e have discussed FBRL,a function and b ehavior representation language

and a vocabulary for representing comp onents captured from the viewp oints

of b ehavior and function. An FBRL mo del consists of b ehavior mo del and

information for interpretation of the b ehavior which we call functional topping,

and each of them is explicitly represented. Thus FBRL meets our requirement,

to separate knowledge of function and b ehavior of a mo del, and contributes to

promoting reusability of comp onent mo dels. As FBRL consists of task- and

domain-indep endent primitives it further promotes reusability . F or these rea-

sons, we can say FBRL helps mo del builders describ e appropriate comp onent

mo dels for each of their purp oses.

The p otential of a functional representation metho d should b e ev aluated by

not only the num b er of phenomena the metho d can describ e but also the en-

hanced quality of a task by application of the mo del describ ed by the metho d.

13

F or such an ev aluation, we discussed seven typ es of explanations, and in this

pap er we presented an outline for explanation generation by means of FBRL

mo dels. As FBRL can represent v arious concepts of function and b ehavior, it

enables mo del-based exp ert systems to generate explanations with appropriate

functional terms.

W.Swartout et al. [14] and T.R.Grub er et al.[5] show some techniques to

explain the system’s action and the knowledge which the system p ossesses. It

go es without saying that a domain mo del plays an imp ortant role in each of the

frameworks, how ev er, discussion ab out what information should b e included

in the mo del and how it should b e represented is not enough. Although not

exhaustive, we hav e discussed it more than their work in this pap er and in[11].

Currently we aim at applying our metho d to the diagnostic shell KC I I I[8]

in tw o wa ys. One is to supp ort users in mo del building and the other is

to help users understand the pro cess and result of a diagnosis by generating

appropriate explanations. As for the explanation generation, explanation of

o ccurennce of a fault in the mo del of a co oling system of a fast breeding reactor

is implemented on UNIX workstation in common lisp. Referring to an FBRL

mo del of the target system, it generates what fault happ ened to the system in

terms of function of each comp onent, and the e�ect of the fault. As for the

other typ es, implementation is in progress.

Ackno wledgemen t:

The authors are grateful to Dr. Akira Endou and Mr. Shinji Y oshik a w a from

Po w er Reactor and Nuclear F uel Developmen t Corp oration for their help and

comments on building a mo del of nuclear p ow er plant.

References

[1] A. Abu-Hanna, R. Benjamins, and W. Jansweijer. Device understanding and

mo delilng for diagnosis. IEEE Exp ert, pp. 26{32, April 1991.

[2] B. Chandrasek aran, A. Go el, and Y. Iwasaki. F unctional representation as

design rationale. COMPUTER, pp. 48{56, January 1993.

[3] J. de Kleer. How circuits work. Arti�cial Intel ligenc e, 24:205{280, 1984.

[4] J. de Kleer and J.S.Brown. A qualitative physics based on con uences. Arti�cial

Intel ligenc e, 24:7{83, 1984.

[5] T. R. Grub er and P

. O. Gautier. Machine-generated explanations of engineering

mo dels:a comp ositional mo deling approach. In Pr o c e e dings of the IJCAI, pp.

1502{1508, 1993.

[6] Y. Iwasaki, R. Fikes, M. V escovi, and B. Chandrasek aran. How things are

intended to work: Capturing functional knowledge in device design. In Pr o-

c e e dings of the IJCAI, pp. 1516{1522, 1993.

[7] A. Keuneke. Device representation:the signi�cance of functional knowledge.

IEEE Exp ert, 24:22{25, April 1991.

[8] Y. Kitamura, M. Sasa jima, M. Ikeda, and R. Mizoguchi. Mo del building and

qualitative reasoning for diagnostic shell. In Pr o c e e dings of the ’94 Jap an/Kor e a

Joint Confer enc e on Exp ert Systems, pp. 41{46. Japanese So ciety for Arti�cial

Intelligence, 1994.

14

[9] M. Pegah, J. Sticklen, and W. Bond. F unctional representation and reasoning

ab out the F/A-18 aircraft fuel system. IEEE Exp ert, 24:65{71, April 1993.

[10] M. Sasa jima, Y. Kitamura, M. Ikeda, S. Y oshik a wa, A. Endou, and R. Mi-

zoguchi. An investigation on domain ontology to represent functional mo dels.

In Pr o c e e dings of the Eighth International Workshop on Qualitative R e asoning

ab out Physic al Systems, pp. 223{233. Program committie of QR’94, 1994.

[11] M. Sasa jima, Y. Kitamura, S. Y ang, S. Y oshik a wa, A. Endou, M. Ikeda, and

R. Mizoguchi. Development of a system for generating explanations using

F unctional representation language FBRL. In SIG-J-9401-11(12/2), pp. 79{86.

Japanese So ciety for Arti�cial Intelligence, 1994. in Japanese.

[12] V. Sembugamoorthy and B. Chandrasek aran. F unctional representation of de-

vices and compilation of diagnostic problem-solving systems. In J. Kolo d-

ner and C. Riesb eck, editors, Exp erienc e, Memory, and R e asoning, pp. 47{73.

Lawrence Erlbaum Asso ciates, Hillsdale,N.J., 1986.

[13] A. Stevens and C. Steinb erg. A Typ ology of Explanations and Its Applica-

tion to Intelligen t Computer Aided Instruction. Rep ort no.4626, Bolt Berenek

and Newman Inc., 50 Moulton Street Cambridge, Massachusetts 02138, March

1981.

[14] W. Swartout, C. Paris, and J. Mo ore. Design for explainable exp ert systems.

IEEE Exp ert, pp. 58{64, June 1991.

[15] C. v an Amerongen and A. M.Sc. HOW THINGS WORK V olume II. Granada

Publishing Limited, 1972.

[16] M. V esco vi, Y. Iwasaki, R. Fikes, and B. Chandrasek aran. CFRL:A language

for sp ecifying the causal functionality of engineered devices. In Pr o c e e dings of

the Eleventh National Confer enc e on Arti�cial Intel ligenc e, pp. 626{633, 1993.

15