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Abstract: This paper describes the development of a new generation intelligent CAD system
named HHICAD (Intelligent Integrated Interactive CAD). which is currently being conducted
at the University of Tokyo. First, based on the results of design experiments. we build a
cognitive design process model that can be formalized as a computable model. Second, we
discuss that knowledge about the physical world plays an important role in handling design
object models.  We propose a frame work called metamodel mechanism that integrates
models of design object using knowledge about the physical world. Bascd on theoretical
studies about both design process and design object, the architecture of the [TICAT system

is proposed. In this system. a design process is described by the computable model and a

design object is organised hy the metamodel mechanism.
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topActionLevelScenario

"Top level operation”

BEGIN
IF TRUE THEN use(addSpecification),
"(1) Add specification”
IF TRUE THEN use(problemAwareness),
"(2) Try to set a problem"
IF problem(X) THEN use(suggestion),
"(3) Try to make suggestion”
IF suggestion(X) THEN use(development),
"(4) Try to make development”
IF suggestion(X) THEN use(evaluation),
"(5) Try to make evaluation”
IF suggestion(X) THEN use(conclusion),
"(6) Try to make conclusion”
IF contradiction(X)
THEN use(contradictionResolution),
*(7) Try to solve contradiction”
IF suggestion(X) & metamodel(X)
THEN do(metaToAspectGeneration),
"(8) Make aspect model from metamodel”
IF suggestion(X) & metamodel(X)
THEN do(consistencylnspection),
"(9) Inspect integration of aspect models”
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"Making suggestion to problem"

BEGIN
IF problem(X) & scenario(Y)
& canSuggestByAbduction(Y X)
THEN select(Y)
& do(suggestionByAbduction)
& ~problem(X),
"Find suggestion by abduction"
IF problem(X) & scenario(Y)
& canSuggestByFunctionDescription(Y,X)
THEN select(Y)
& do(suggestionByFunctionDescription)
& ~problem(X),
"Find suggestion by function description”
IF problem(X) & canNotSuggested(X)
THEN use(makingNewKnowledge),
"Make new knowledge"
IF TRUE THEN succeed,
"END"
END
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gearPairDescription
BEGIN
IF gearPair(X,Y)
THEN rotationPair(X,Y),
IF gearPair(X,Y)
THEN sameDirection(X,Y),

(a) gearPairDescription scenario

bel rDriveDescription

BEGIN

IF beltGearDrive(X,Y)
THEN rotationPair(X,Y),

IF beltGearDrive(X,Y)

THEN reverseDirection(X,Y),

(b) beltGearDriveDescription scenario
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clockwise(r1) = rotationPair 4R
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rotationPair(r1,r2)
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>(n[r2],500) per minute
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Belt Gear Drive Mechanism Gear Pair Mechanism
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DO HHE I R

r1é_

g 12:

IF beltGearDrive(X,Y)
THEN sameDirection(X,Y),

IF clockwise(X) & counterclockwise(Y)
THEN ~sameDirection(X,Y),

(a) Two Rules with a Contradiction

IF beltGearDrive(X,Y) & ~ab1
THEN sameDirection(X,Y),
IF clockwise(X) & counterclockwise(Y) &
THEN ~sameDirection(X,Y),

(b) Adding Abnormal Predicates to Rules

(priority: ab2 > ab1)
ab1 = clockwise(X) & counterclockwise(Y)
ab?2 = false

(c) Solutions of Circumscription

IF beltGearDrive(X,Y)
& ~(clockwise(X) & counterclockwise(Y))
THEN sameDirection(X,Y),

IF clockwise(X) & counterclockwise(Y)
THEN ~sameDirection(X,Y),

(1)

(d) Contradiction Resolution of Circumscription
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=(n{r1],300)

=(n[r2],600)

=(z[r1],80)

=(2[r2],40)

=(i[r11.2) n:rotation number
=(i[r2],0.5) per minute
=(d[r1],80) z:teeth number
=(d[r2],80) i-ratio of n
=(m([r1].2) d:nominal diameter
=(m[r2],2) m:module
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Metamodel

relations

d[r1]

d[r2}

m{r1] m[r2]

Z[r1] z[r2] metamodel

dir1]=m[r1]"z[r1]
d[r2]=m[r2]*z[r2]
geometric model
dir1]=r[r1]"2

d[r2)=r[r2]*2

distance(r1,r2]

O O

m[r1] m[r2]

kinematic model
ifr1]=n[r2)/n{r1]
i[r2]=n[r1}/n[r2]
i[r1]=2[r1)/z[r2]
i[r2]=z[r2)/z[r1]
ifr1]=1/i[r2]

distance[r1,r2]=(d[r1]+d[r2])/2

geometric

manufacture

model model

kinematic
model

QO data
\*’ relation

-— same data
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HHQUANLITA TIVE INFORMATION::

Action Laval Knowladge Basa Browsar|

BEGIN
IF gaarPair(X,Y) THEN rotationPair(X,Y),
IF gearPair(X,Y) THEN reverseDirection(X,Y)

’RotationPairDasign’ Dasign Browsarl- gear(Y),

addSpecification

aspactToAspect@enarat
conclusion
consistencylnspection
cantradictionf utiol

action laval inferance

lTop laval oparation

suggestion list
MENU > 6

(1)Add spacification
(2)Try to set a problem
(3)Try to make development
(4)Try to make avaluation
(6)Try to make conclusion
(6)Make aspect model from metamodet
(7)inspact intagration of aspect modals

8)Generate an aspect model for external modeler] MENU > 8

(9)Make another reasoning
(10)Access to database
(11)END

——— generate aspect

from metamodel
MENU > 7
inspect the
consistency of
aspact modals

generate an
aspact modal for
2cternal modeler

MENU > 9

i prototypeName:
baaring: 12144 Gear

bearing: 1590 .

bearing:2062 | SYsterName:

bearing:96 18 gear:3840
pairi7373 | attributeName' 2

instantiateds)
j instantiacadhl
faaturaBase

r2
shaft5112
shaft:7432

jis attributavalua: 20 | MENU > 11

attributeName: m

maka anothar
reasoning
MENU > 10
data base
operartion

to finish action
level reasoning

— 67—

aspectModelContradictio

topleveiScenario
"Top laval oparation®
BEGIN
IF T THEN use(addSpecification),
"Add spacification”
IF T THEN use(problemAwareness),
“Try to set a problem"
IF problem(X) THEN use(suggestion),
"Try to make suggestion”
F suggestion(X) THEN use(development),
“Try to make developmaent™
suggestion(X) THEN use(evaluation),
“Try ro make evaluation”
suggastion(X) THEN usa(conclusion),
"Try to make conclusion”
F contradiction(X) THEN
usa(contradictionRasolution),
“Try to solve contradiction”
F suggestion(X) & metamodel(#)
THEN do(metaToAspact@anaration),
‘Make aspect model from metamodel”
suggestion(X) & meramodel(X)
THEN do(consistancylnspact:on),
“Inspect integration of aspect models”
suggestion(#) & metamodel(:%)
THEN use(axtarnalModalerienaration),
“Generate an aspect model for external
modeler”
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