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A Study on the Object Ontology for Design Knowledge Representation

J. C. Ahn(Graduate School, SKKU)*, M. Kang(School of Mechanical Engineering. SKKU)

ABSTRACT

The increasing complexity of modern products requires the effective management of design knowledge, which partly
resides in the product itself on the one hand. On the other hand, a lot of knowledge is gathered and/or generated during the
design process, but disappears as the design project concludes. This paper describes a knowledge representation method to
accommodate the implicit design knowledge. The method is based on the FBS(Function-Behavior-Structure) model and
extends the object ontology with constraint entity. An example to represent the injection mold design knowledge is given to
show its applicability.
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TASeE Al A e A Aol o7l 3. A X[Ae| B WY
A, WA, dFgHoz 5d 7hse Fde A7

HE, FAoR FdEAY Mol Few s 3.1 FBS(Function-Behavior-Structure) Model
A A2, gy HASE 9 AA dF ol John S. Geroi= A e BHAl Q75 E= 7|s&
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7 grEel W AT} FASte] W A4 TR E = FBS®=2S A Qrat it el
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AAR wE  Fol FASEI iEId AEY A A& FBS 2dg o] &3}
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o R AHIAH} fFdes AT WEdn AA xdES AAEA "Hrh AA 23 (Design
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e oy AAARI Feoz oY & U= Ased SAo= FBSEAS 7|Rte = AHA 84E
o3¢ AT awse SHso dA &7)uteth HAARE S
o FEY &, A FARFIF §olA 7Is, T&, A 9 FAsE AA 84 aFH
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Fig. 1 Design Activities as transformation process among function, structure and behavior 2

799



7] 2] (Context Knowledge) ¢ S22 T
A AANL TE, TE, AT HIFE Alold
HAE dEbaL, AR AAS BARA A
S22 T2 ¥y #HE =AY o Asz
7150l WA= ol I AHHO} AJxAS
st AFd AAL BFE Abole] F8HA
HAAE Azt WA AL JFEEHE O &g
w5 AA 8.4 Alolo] #AE BEALST
3.2 CONGEN

CONGEN QIFEF MA Za2ZA~E XEdhehs
AA A4 xde 98l SHARED A Rd&
ZlRke 2 ZaEltk® SHARED =Ee HEZQ)
72| A gF a2tk & ggo= A&
218 2} (1dentifier), A (Attribute), % (Method),
7| (Relation), A 27 (Constraint) S AF-&-3}4

gojsta, #AE AEAL, JE(Role), 4, WH,
Aofkxraoz  EHIFTE CONGENS ¢l
A} (Form), 71% (Function), 715 (Behavior)& 7%
4olstil SHAREDE Y-S o] &3le] A7
E33} a8 3 (Goal), A& (Plan),
™ A (Specification), 2 % (Decision), 27 (Context) 5=
A7 Goste] AA TEAAE HAFEG Fig.2
CONGEN®| A Al&-= &= AAEY AAE 3+
T How, AF AAEIN ZAx
A5 Atelo] AZS ARRSto] AlE A2 A7
T2 A2 A2z AE ZES w3

[GonGen]

-
=2

=
A

A48

fu lo

=

&g orrd
i)

l Zero or More ‘ Directed Link

<> Sub-part * Sub-class

Has-parent Has-child
\Eb{ Plan }4—{ Artifact

Tdered-is!
Creates/modifies

Refers-to
‘ Specification ‘ ‘ Decision ’—b{ Goal
Introduces

Has

‘ Input ‘ ‘Objeclive‘ ‘Cunslraint‘

Fig. 2 CONGEN Class Abstraction 3

‘Funclion‘ ‘ Form ‘ ‘Behaviur‘

33 dA 2EEX|
3.3.1 TOVE Project

SEEAE AX9 FF AAES HHoR
AFAE WokollA A2 Fdo Aoz A7}
o]Folx & Fofoltt. it FHe] A
PgAHoz xdsty] g A Adzte A
HAE 2 Aolsto] AgEF LAZEO] dojHE
7te] AsE rARES JbEsiAl gt Es
Ao Ad#Agy F2 WAUF A e S
Azate], A4 HWol~ FHE 9g ddgt J|uks
A&3th. TOVE Project= 7109 = F-Fo A
244 grAEY AR FHE AT g

800

B 2ERAE FEFEAAY. F, VI9Y EE
FAedA  AEEHE &olES A dYe
dolHESe] FEHom olsfstaL AR&st7] sl
AEstA &ole] oguE Aste FTH TMse
olEs AT, E=AHoR HEAHE JdEE
TEE 7R rdsteE doH Rdg HHom
Mkl ¢ AA o] AlFE(Product) &E 2=
oA AA AAS 7IFs] ffs FaE(Part)
2ERA, 573 (Feature) 2ERA,
v}2}u] Ef (Parameter) <5 2X], Al 2FZ 7 (Constraint)
2E2%, Q7T ZZA(Requirement) 2ERAER
T €t

3.3.2 Functional-Knowledge Modeling
R. Mizoguchi®} Y. Kitamura®= 7N A Aol A
a7 e 7IeA AA AAE -G golet 2=

A&ggtete] wfeta AArgey] AR SERA
Rzt A A2 wle]~E AAFTESS o] mdle
AA A Vs H AAl AAE AlEste]
aHer ASe 7€ 4 A=, Extended

Device Ontology, Functional Concept Ontology, Ways of
Function Achievement Al 7}4] 2&=2%x RHA=Z
T4 ¥t} Extended Device Ontology= 32 25
BAR @ Aem o e €
TAES A4 A=

o) RS AR sl
A4S 7FsstAl gtk Functional Concept
Ontology:= AFsok 715 AAAez vea
Aolth, dubzl 5ol &4, oy, FH, I}
Ao vl 7HA °F 120 o 7o &ol=
fggdel Aoz Aojrol oy
FRel A7 QoA B AAEel shsdi
Ways of Function Achievement= 7]5°] o]%A|
AR E=A N W 7 st S A=)

7’]%5 =
254 %49 Ty

o

20

=

A
~

i

d,
DEEE L]

WA Aol 9l

=

S Concept
Ontology2] 7353} Ways of Function Achievement2]
NdES Adgsta Zddste] AA dide] 7ls
ANE A AAH FH Asel dFd Fx27H

AT AW} A& AAAE Re F Uk

L



Behavioral level of Generic knowledge Functional level of 7] %’% %3-7] %‘7’]’ E—iﬂ To= ';LT'E_LE—]'OE‘ ’% 74] ;(]'7]‘

fic model ; , a specific model - ~
a spediic mode! Ways of funcn.n achievement FEncnon 7] LSS TZE :rL;\oq ?——_} ILH %_g_}é _% Zﬂ 3__5]_]:1_
e 53 Nl dA7lse AP B JlE LaES

Aostal, a7xdLe AHERY gEs BAMEHh
4. TP /| || REHE  olwrlsd olFslwe Aedsd swel BAE
AL g S0 @)1 BAM 4 qlom, w2 s} o]t kg A eolate]

ey . 7% TR BETE XL A doh
- - JdTEL 1 AFS B3 &T7HE %

fumctions e

fark

tlo

Base-

components "~ Functional cancepl 0n10’0g5. flnctions %‘é‘}‘] Zl E]' 7le iﬂ l_\: 3]']’]' o] }?:]'9’] ﬂ %—% 7]—11 al

) > 3 S| = =

h ) [ An extended device ontology J 99\9‘11] ' 74 °© LS ?\51' 0}"]' 0] }E}-o’] 7] o 57’]’ 33_'7"" =
Migro > %%—t—\:} ATS  ATHIB-Type), A= (Input),

Objective Teleological

2 (Output), 3} A& (Sub-Behavior), ©] A E(Pre-
Behawor) o] &7 & (Post-Behavior) 2] MNas
o] &3ty AHodth AFHIL FF, 54, AA,
S 72 AsE EFsty, 4893 ¢
A-EYEE oS BARY 7iSoA e 2ol
sHAAE, olAdAE, °FAFES At AT
sl T2 A BRE AYe. FAstE A
AEE BAe] 98 €9 4 ZEE AT
AH LERAE Eter FxE Ay
TZE F/H(Shape), $IA(Location), 7| (Relation),
A (Attribute), Al 2.4 (Component)2]  7d & 3}2
#AE F mdET F4LS i AATE A
RE 71EEARl AA 84E JER, A=
Z1EdH AFAD 99X AEE A #Ae

Fig. 3 Functional Knowledge Framework ®
4. FBS Model 7|8+ Z4x 2EZX|

AAY ARE] AFES AA BAAA
ALEE o X]é‘l% yxsta th ol AA
A 22 AFES AA|(Object)Z 3= FBS R ZH
AARLZ u.??i%‘ T Atk Fig4 clAet el
A= 7]% (Function), 715 (Behavior), 7-Z(Structure),
A kz A (Constraint)e] Mdez FIHAD eI
ATL 75 729 FedE 9 AAs xd@s.
aga 729 AR BAE B ATEY
TFAAYD EH SAH FA, gz A

ATES] Zhsd A9 E 29T 752 AEAA

AL M AN=Z=FL7 o1l——‘: = 71]5(.] Alol o
WANA AAsk ARl Suqom mgsejer o AMS BEs AT HE AA el
N i s C o = A BAE Adz7e=w rERY 3L
st AAl= sk olde] Vs FHFAIAF I — na g o .
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Fig. 4 Object Ontology for Design

801



A FHoz FESG AA HAHAA A
HEES TS o frel o3 1 @& Alg wet)

A L EZ A A ¥ ¥ 5= (Related-Variable),
¥ $](Range-of-Value), =71 (Condition), ¢1<%1(Cause)<
ot AdxAS T TFEWSsE oA
dabe, 2712 AAV He g2 AA

. = A
g Al ¥Wa kel WHE AYsia, Yl
AAde, 849y, s7xd s34 #S A
TEA ol fE HEI
A

Bydge MA Ade Ax LEEAS
Agstel AolE olw AAEI AME Aelsa
g AdE Aol wA Telm FHE AHgatol
2R Figs & A9 G Jeeln 47
4o ®m@H/ 9% ANES FxE veh
otk Wyulel & Qe ARA AAF, 1w
grel Qe AL Qe AW LEEAS
o3 5

e VI S~ T e W=y U R D= |

Ehdl RAFE e
EoAAEe AAR AFel we BHHel
P22 VG AA 44 Az ge 4
e WEstn Qow, BW URe ANEE
A8 Amel weh g9 AAe A A4e
Sy, AFRe] AFTRE AA LE2AI
Hax AdE AHgstel gelath 3, Figs oA

Holt BHES AF TR AR oJw

HA =mAe) weh A4F J)5e FAse He

}0 HasFunction ['p re.ent Backflow

Assenbly
A

Individual
Object

Fig. 5 Framework of Knowledge Model

=

=,
=
5 2~
Z 3 A=

T AFTER TR ANE
AdES BoAsh e Teg S
A) §ﬂ_

1l Be A ANE E

AA A )
A

oL

c AHEEE AA XY

dqEA AA 2EF2AE

4 54 beye nasud v

Fig 6 & =4¥HLGP

Maximum-OutWidth

Light Guide Plate) #d 3ol

HasRelatedVariable
4-OUIW|dth

HasRang eOf\/aIue

HSSmm

|- HasBehavior " g Solicifying of Resin |

HasStructure,
HasConstraint

HasCondition -
HasCause Empirical Length
HasRelatedVariable
OutWidth
HasRangeOfvalue Empirical Formula

HasConstraint

[ Outwidth-Empirical-
‘OutW|dth Empirical Formulal_%

HasFunctjon HasBehavior |

Widely inject resign K> Deliver with Change of Section Area ‘

)

Hasﬁ-Type HasPreF[unction Ha Requ‘rement Has\lnput HasSub\Behavior

HasPostBehbvior

‘Auxiliary‘ ‘ Guide the Resin ‘ ‘ Fullness ‘ ‘ Resin ‘ ‘ -

| Solidifying of Resin |

HasSubFunction HasPostFunction  HasB-Type HasQutput HasPreB

ehavior

‘ Form the shape ‘ ‘Delivery‘ ‘ Resin ‘ ‘ Restrict the Direction ‘ HasStruct

lure

Fondition Product-Area
HasCause

FanGate-Cavity-Relation ‘

HasJoint ndition

) Related-Cpbmponentf . LGP-Cavity
HasRelation

‘ Fan-Gate-Structure

FanGate-RuAner-Relation ‘

HasAﬁribute

nent

Hascbmno

HasShape HasLocation
Fan-Gate-Shape Fan-Gate-Location‘ ’7 - ‘

HasPpsition HagDatum

[inwidth | [ outwidth | [Depth | [ Length | F1,2,3) \

(0,0,

0)

Fig. 6 Example of Fan-Gate Description

802

HasJointCondition
Related-Cpmponent] L-Type-Runner




AREEE dlolE(Fan-Gate) A =EEA9 e 848s BASY g%, HA AAS
JRE HolgEr HWAEx: WHo] wHwA F Nedow AAst=  AA A s  ALd7]
Bage] AYEF A" FHom AHFHFo et 2E=2A ] 7Nkel AA A7 4 (Design
ZIZyg 29 wlart @AEd st e A4S Repository)E&  T&3tal, 3% AA AL
ARG RS FAE A Alo]Eoth iAol Eg} Axe afHer FEsy] g o g
AolEx AAZA Z4zte]l AA] LEFRAR AR A7 destet
02 X2& @ stAT WA EE AlolE9
& FRE ACESY EA4& BF zta 9la, ol = 7|
IsA  #AE  Fl  WACIETF AlolE £A4S
FERtol g@sth. &, dACEE AR/ WX 2 d7E AgAdE dAATNEAY
s go|stAl sk AlolE £ 7l5d WA AA Azt Ve AL A F
FAEE A8 A5 §A FUIES ste HE dgoz olFofzl AAS I, A 7|l
7I15S 7 ACIEYS AdEsin gl 7% A =-HU T
Txo gk A2 AE F8S TS AAEY
7153 Aol dig Aol awi 1E Aol ENEH
HAE & ZdE 5+ Avk Fige oAM=
WACIEE L & Aot =338 sHulE Alo]el A AL, ex2el FH B E8&s fg
g WHol Aol FAE Agste TS s AAEFAA AA e, AEFAZ AT, vol. 35,
AR F#sta vk AN JATES FAGE No. 1, 2004, pp 1-27
BE FAHLAEY VT AFY HAE xEsIH John S. Gero, “ Design Prototype : A knowledge
AEe g AE&FE yolslo] AELS representation schema for design,” Al Magazine, vol.11,
2= EeS o e #@AolES FAF No.4 pp.26-36.
594 HA43 A4S mdstu ok @AEE S R Gorti, A Gupta, G J Kim, R D Sriram and A Wong
=R T8 Aol E TAHLA M “An object-oriented representation for product and
Null gt FAlsta, 3 584 ARz HsoR design processes,” Computer-Aided Design, Volume 30,
Aol olyr] wjie] £A AEx: Null e zZtert Issue 7, June 1998, Pages 489-501
FAE 43S e dAlelES 7lststd  AdA TOVE Project , http://www.eil.utoronto.ca/tove/onto
A4E 42859 F, zlo], Zol2 AoHt. TOC.html
aglar o] AelES A=A fA7F (0,00 R. Mizoguchi “Ontology-based systematization of
NEROR (1,23)0)Ehe HE e e & F functional knowledge,” Journal of Engineering Design,
gt} Aotz Ao o= Ea Zeio] Hu Vol.15, No 4 pp. 327-351, 2004
Zo] 3Bmm & et I, AEAES A L3 Y. Kitamura and R. Mizoguchi, “Ontology-Based
AEe] WA wE FH§ %o 7t HeE 7 Modeling of Product Functionality and Use -Part 1:
F S HAFa gk Functional-Knowledge Modeling,” Proc. of The Third
International Seminar and Workshop Engineering
6. & Design in Integrated Product Development, pp. 105-
114, 2002
2EEAE AMEsle] AAIX A A A A E. Wang, Y. Kim, S. Kim, “Object Ontology Using
HFAE AsHor AYs= A AL"ES 93 Form-Function Reasoning,” %= CAD/CAM §}3]
A2 #2d S Adsta, AbE 53 A AAE 2005 St 3] =3, pp. 123-132, 2005
1 AE AR BT SERAR A HlolxE
TE37] faAE o 9o AA AAE
F53sta AAstste zmd@3=d B AT
o] g AR dddF Y NS A}

g Aelelt AME  Aole] WA, ¥m
Adels) Aod S A8d A LERA

PR A4 wol 22 THATE A4 wls A,

ce) 3 gl gold) oheE A4 EHe
APAI F2 WAUZY AL A5, AxE

kS
e
rﬂ



	Text39: 798
	Text40: 799
	Text41: 800
	Text42: 801
	Text43: 802
	Text44: 803


