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ASDD Sub-problem Sub-solution
class 1 , class 1 class 1

/ \Instance-of Instance-of Instance-of,
ASDD Sub-problem Sub-solution
instance 1 instance 1 instance 1

% : Data flow

Fig. 2.3 Instance-of relationship for sub-problem, input data and output data
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Sub-problem

Sub-problem

class x1 class x3
Integrated task
class x
Sub-problem Sub-problem
A class x2 class x4
Is-a
Sub-problem Sub-problem
class y2 class y4
Integrated task
class y
Sub-problem Sub-problem

class y!

class y3

Fig. 2.4 Is-a relationship among integrated tasks and these sub-problems
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b, FRUMCHEELCOARABABET A LIctoT, 2OBRBOR
ARG T AMAMAMESL WD, B, BMREOHEHIERCHEAMOKEE
HE, HAbEkofEIc > TR 5.

reducer . palland
ASARRNCURTRANTANO AT ratchet
! motor type: AA type: BB
: : cost: X1 cost: X2
i e : -
H cost: . :
H H

drum wire

. type: DD
::);l;i % ‘ "~ cost: X4

cost: TX
(@) Coordination of sub-solutions (manufacturing costs of components) )

pall and
reducer e tchot

type: AA type: BB
cost: X1 _ cost: X2

drum wire

type: CC type: DD
c)(’)l:; X3 cost: X4

cos :TY .
(b) Modification of coordinated cost (manufacturing cost of whole design object)

Fig. 2.5 Real-time coordination of sub-solutions
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H<BL0THS. ZOLMOSPSIZLY, MREXF+FEELSATED
THERL ROLI LB TELRVHEETH, EHMLEREL@MAI L HTE
5. ZIT, EHMREENEE I, BT, H5B0RGREHABELNTT
ERT 5 L BREINROBEUDIFREIKRL 23, LvoZbDThb,

User

P T

Design object model
[

motor H gear -

Message passing

Sub-problem Sub-problem Sub-problem
solverl solver2 solver3

Method1 Method1 Method1
Method2 Method?2 Method?2

Fig. 2.6 System construction
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IDOVRAFACEBEFTY VIEPOMENE Fig. 2.7 IKRT. CORTH,
BEENE— I RHET Y ICASRILL- LTS, REHREBOBRBERHLE
REMEBRLEL A, BEFECBENSLONZT LARSATVS, ¥
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7- specialization(p(3)).
I am retrieving candidates to specialize p(3) : motor.
Select one from following parts : '
1 ; dc_motor
2 ; synchronous_motor
3 ; ac_commutator_motor
4 ; induction_motor
1 4.

----- warning -----

The failure rate of design object is 36.4 (10 - 6/hour ).

This can not satisfy the required condition ( failure rate < 35.0 (10 ~ 6/hour)).
You should modify your design object.

Fig. 2.7 Dialogue example
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Numerical values : failure rate (1 X 10 - 6 /hour)

(a) Design object model and integrated task's result in product modeling

Sub-solutions

Integrated task’s result

Numerical values : failure rate (1 X10 - 6 fhour)
(b) Calculation when the design object is modified

Fig. 2.8 Example of real-time operation of failure rate calculation
in product modeling
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Key 1
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D : Entity <> : Relationship

Fig. 3.1 An example of entity-relationship diagram
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el e2
attributes attributes
(wl,30) (02,50)
(v1, 3000) attributes (v2, 3000)
(r1, 100) (rel,{el, e2}) (12, 60)
(P1, 50) (v1, 3000) (P2, 50)
relation (v2, 3000) relation
vi-w1-11=0 (P1, 50) v2-w2-12=0
(P2, 50) .
(Pmax, 5)
(p,0.1)
relations
v1-v2=0

P1-P2=0
Pmax-pl: =0

Fig. 3.2 An example of objects’ description
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Fig. 3. 3 Examples of transformable objects
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Fig. 3.4 State transition of object
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Fig. 3.5 Petri net representation of objects' behavior

object Oy

Special transition

Fig. 3.6 Addition of special transition
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Design object model

mmmms : Correspondence between structure object and behavior

Fig. 3.7 Construction of design object model
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(a) Structure model (b) Behavior model

=== : Correspondence between structure object and behavior

Fig. 3.8 Part-of hierarchy of design object model
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Fig. 3.9 Systern construction
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(a) Specialization of an entity

I electric actuator I

‘\._Is—a

| electric actuator I '

‘\. Is-a

Is-a
Is-a
DC motor | | AC motor
_ Instance-of
/ Is—a\
/ . fel
[ electric actuator |
‘\ Is-a
. Instance-of

Instance-of DC motor | | AC motor
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(b) Abstraction of an entity
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Is-a motor
Is-a
DC motor | | AC motor
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DC motor

‘\\Is-a
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Is-a
AC motor st " a DC motor | | AC motor
< Jnstance-o ' ‘
:’Is-a\x ~, Instance-of ;’Is-a\ ',
! . I el l | el K .
(c) Exchange of an entity

Fig. 3.10 Anexample of specialization, abstraction and exchange of an entity
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30 : 7- ms(op, b3, make_object).

1 : friction wheel
2 : gear

Which do you want to use for realizing behavior b3 ?
2.

The entity e2 corresponding to b3 is gear.

Fig. 3. 13 Dialogue example

entity

gear

N\

Instance-of

Fig. 3.14 A structure model in product modeling
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shaft fix gear /
'''' ed |—< :: > el
(b) Structure model

(c) Behavior model

Fig. 3.15 An example of design object model
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(a) Design object
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transmit gear
. @__ 62 I
shaft fix gear /
..... ed —-®-— el

(b) Structure model

(c) Behavior model

Fig.3.16 An example of design object model after state transition
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(a) Examining what faults and abnormal states arise in
the newly added relationship (sub-problem P2)

(b) Propagating the abnormal states arising in the existing design
object to the newly added relationship (sub-problem P3)

(c) Propagating the abnormal states arising in the newly added
relationship to the existing design object (sub-problem P4, P3,..)

€@ : relationship added newly : existing design object

Fig. 4.4 Real-time fault simulation when a relationship is added newly to
the design object
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(b) Modification when rl is deleted

Fig.4.5 Modification of fault propagation graph
when an entity or a relationship is deleted
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Failure rate data
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Fig.4.7 Failure rate data base based on object oriental concept
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Fig.4.10 A part of fault propagation graph when e17 and e18
are specialized to spur geats

Fig.4.11 A part of fault propagation graph when the data on environment
are changed
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This can not satisfy the required condition.

Fig.4.12 An example of warning
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(b) A part of structure model after state transition

Fig.4.13 The change of structure model by state transition
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(b) A part of fault propagation graph after state transition

Fig.4.14 The change of fault propagation graph by state transition
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Fig. 5. 3 Calculation of a distance for removing a feature relation
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sequence

Assembly
sequence

(b) Decomposition of problem

Fig. 5. 4 Decomposition of S problem by using cut-set
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(c) Precedence graph among

b) Part connectivity graph )
®) ty grap connections

Fig. 5. 5 An example of precedence graph based on Part-of hierarchy

Precedence graph Hierarchical precedence graph

Fig. 5. 6 Generation of hierarchical precedence graph
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Fig. 5.7 AND/OR graph search by using costs
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AND/OR graph before the modification

of design object

AND/OR graph in searching

&3 : Problem whose input data contain modified design object data
Fig. 5. 8 Copy of partial graph in AND/OR graph search
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Information on
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Searching before modification
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Fig. 5.9vSystem construction
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Fig. 5. 10 A design object whose part (3 is modified

Assembly
sequence

D 2>

(’\%\ : Goal node

: Problem which:is the same with one
in AND/OR graph before modification

Fig. 5. 11 An example of AND/OR graph search for a modified design object
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Fig. 5. 12 An assembly sequence generated by the system
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Fig. 5. 13 An assembly path generated by the system
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Fig. 5. 14 A design object whose part 0, @ are modified
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Fig. 5. 15 An example of AND/OR graph search for a modified design object
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