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Ontology-based Knowledge Framework for Product Development

Lee, JH.* and Sub, H. W **

ABSTRACT

This paper introduces an approach 1o ontology-based lramework for knowledge management in
product development domain. The participants in a product life cycle want to share the product knowl-
edge without any heterogeneity. However, previous knowledge management systems do not have uny
conceptual specifications of their knowledge. We suggest the three levels of knowledge framework.
First level is an axiom, which specifies the semantics of concepts and relations. Sccond level is a prod-
uct development knowledge map. It defines the common domain knowledge which domain experts
agrec with. Third level is a specialized knowledge for domain, which includes three knowledge rypes;
expert knowledge, engincering function and data-analysis-based knowledge. We proposc an ontology-
based knowledge framework based on the three levels of knowledge. The framework has a uniform
representation; firse order logic to incrcase integrity of the framework. We implement the framework
using protog and test example querics to show the etfectiveness of the framework.

Key words : Ontology, First order logic, Knowledge framework
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Exaunple: A part has its part-characteristics. The material, strength, width are the types of
part-charactenstic. A part can be a sub-part of another part. Product and assembly are the Lypes of parts.
A part has its part-funchion. The part-function also has ils characteristic.

The part-function can be Failed by some failures The failures are provoked by some causes.
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Dot Table | HalePeg | FE3l®T g
Surface Slackness
Tolerance Friction Strength
Q.03 0.02 5.3 4,43
_0.08 2.14 5.4 2.21
0.05 0.23 52 1.34
Q.14 0.09 5.1 4.65
0.15 0.13 5.3 3.64
0.18 0.26 5.8 2.65
0.26 0.08 5.9 13.88
Q.27 .18 5.1 5.06

j@ DataCubic

Slackness
Relative

Susface 02-03 133 152 1.7 7
Friction (un) 0102 437 A51 A 83 /1

0-0.1 -
193 4} Pl
0-0.1|4.49 | 469 | 493 | 944 2
TI;Iale & Peg % osls

% Linear Regression Method

Y=270 *X1-298*22-006*X3+512
Y: Slackness, XI1: HolePeg Tolerence,
X2: Relative Surface Friction, X3: Peg Strength

) 10268 | 491 | 503 |05 %

14 }&
02-03]13.36 1406} 14.8 | g,

34 45 56
Peg Strength

Fig. 4. SKD-3: ] o] B{ &4 7] 5k 2] 2] o,

2l FHOZ v £ ol e A el
Hasel A2 shd HHOR Parvel) dIE AL
©l2:E Par(Chair), Part(Leg)o} 2o] #@E 5= 2
C}. Fig. 3& AE A Zecle] A4l g oA g v
EpATk. igol N Al 7o) AlE PR} AL
2 Ao} A B A P FOL Y425 &
HE 4 U=d Po]EFN FOL 3312 Adsh T
A}, 214 W =il HE bt Felsok s Fo
Foll SKDe] vlo) 27}k & F givk. Fojd A4 g2
wole) FE 22 A 5 vk

4.3 218 3: o2 53 X[4{(SKD)

SKD:= AMg-2ke) 2AIE s Asle 984 35
Al AR L FHiEth SKDE £ 45 Ao 3
3 Zi0]7]) g &) SKD2 =2)4 HHe #j2] w9
M 2 BA el QaHAE Fa) o) Fojnh
ulebr], SKDe Fullgle) A2 e 7|2 3l &
A5 24 PYe] Q' 2 ko] AAo] gk A4S
AFFcl. SKDE A4 9] $HE 71FEoR dxdo]
& s, AE7E A 222) 3 dloje) R A7t %) 4 9)
A7 8oz 252 F o)

A WA, AxVe]T g 73H ol oz R
o 28hARl ¥ 027 JERRo L], ‘Leg B
2 g} 2 QERE o]F ey v)ge} WAl
F& dolth. ws, X, St 2225t SE7E A4 952 )
oot AU s A4 e APE 7o)
QAo RAES 3407 FTHT Foc}

(SKD-1): X = (Ws / St * SF)”
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FSECAD,/CAMELE =21 AN #2235 20060 49

Ade o

THEN.’®] i3 71z} o9 =2 F3lo] AL
7} X141 9] ojo]t},

1

L,

(-

(SKD-2).
- IF feature.type = Closed_circular_hole
THEN mflgProcess= Drilling,
- IF mfgProcess=Drilling AN feature.material =
Wood THEN tool = HandDrill.

oAlol A, “feature.lype’, ‘partmaterial’ 22 ‘o0l
A W) g el ‘Closed _circular_hole’, ‘Wood’,
“Drilting’, *HandDril2 2 7{% 2] 9128l Aot}

o2 ue 2 dle] B A 7]k R)4)2 d]o]E] BAL
Sl QojR L 3 dlo]g] 2 dlo]E HA] 7P
i} Az o] Qo ol F 5], ‘FailureChar' ¢} §12~¥]
2290 Stackness’ 2} ‘CauseChar’ el Q281459
‘Hole & Peg Tolerance’, “Relative Surface Friction',
‘Peg strength’ell tf$t o] dlo|e)/} 4= Ho] djolE]
Ho|Bo] YA ATHA, £ vlolel§ nige g 2z}
L5 1) AAHS B435)A €l dloly o2
of thg £ A2 ‘DataCubic’o] AAE ¢ 97,
A8 8 A 9e] ofe] Holy oy BAuRs
<+ Fol] HEg A4S Ho¥ 5 Ao} Fig. 40
Mz welB 279k A& S LE2S o LeFEy
A,

SKD®) 9l FOL 85 ol 45l tde &= 9
=t Fig. 5%= 2 29 SKDY i3 FOL 58

E RoF 7 Qi)



ZEATE AP TERA) 7|9 AH Eee)

Fype of SKD FOL formulac of examples
ot A 1jof (vwl w2 wl) Widthtwi) A Weight{w2) a
2 g MaterialStrengthfw3) A (SF = 3) Awl
{SKD-I): = squar({* (/ w2 SF) w3)).
iRl o (¥x yzt p) HasFeature(x y) A Part{x}) A
=z A Featurefy) A HasFearweChar (y 21) A
(SKD-2}: FeatureType (1) A (=z2f
ClosedCircutarHole) =» (= p Drifling)
(Vy z2 p )Hast eattireChar{v z22) »
Materiul(z2) » (= z2 Wood) A
HasMfzProcly p) A MfgProcip) A
ProcessedBy(p 1) A Tool(t) A(=p
Drifling) = (= t HandDrill)
dl o] & {V'yxtx2 x3) Stacknessfy) A
=4 7|0k JtolePegTolerence(x i} a
&) A RelativeSurfuceFriction{x2) »
(SKD-3): PegStrength(x3) ~
f=y (+ 512 (r(*(-0.06}x1)(+
{* (-29.9) x2) (* 27.0 x3)))}).
Fig, 5. SKD2] FOL £¥ o,

5. 2EEA] 7(8 XY =20

ZZEEIY

5.1 OBKF Z2EEMY
el prologE °]g-3le OBKFS] FOL ¥4<

93

TR EATE o PRl Fol, W, 3, =g
A AA2d 5ol prolog F4 22 T =t FOLoI
e Fdi= 2]/t ek, «lFH)2) prolog F38-2 Y
o] ERof] 8 LEhfolx ok E3 T2 EE]
o2 ojEgAe| AL MEstd e olEgAlolde)
F 3lHo] Fig. 6ol e} 2t} ojEe)Alold >
ALg2l7 LERAE $R3E 4 IA ez 252
AZ Ao 2 4= A sFe S et 5+
oA s}, 2= prolog2) AolE Aask] Slsl
SICSTUS-prolog =2 1383} JavaE AME3INE €
£§ F22 FERAS LAF7) 93 C4E ol&
sttt

FAz1E ol 2lof, OBKre Zt @l dlg
A gh g2 oy oA Ay E

A4

5.2 OBKF =2 EER|S S8 72| &

3% OBKFi= AAUoje] AFo| g3k dlol
ARgEd Sele 2 e Fel dAe wgesz
OBKF®| #6838 BolFaat g}, #e)7t £l
=t ), A A vt el SKDe) A& =38 ¢
% Zojt}, dlAE Chair AFol W3 o2 7]
Ao 2 olds= AAge v 2}

X PrutogEditar 38 Onlotogy Framewark Rnowitiihs B3y Xk
N File Edt Dermogy To  Keooltdgs Moy
mrstts | K. Map: Prolog Profgfdior | Gue | LratPrlecha |
{pro!nwnl Projeciingtents | SKD MODEL
T WeeE ) . . =
o e o & W W E ) B
artlhase). paristandard_part). S - ish
artpegh. rese) Kncwledze Map suengn
mh:u:g;!‘:g. mm.mnxl@m. chalr). tstal 56_CheiG_Base Y
lsubPantOfisrandard_pans, chaln, diroetSuSPertO o pes +FY sadGenm haight
subPanOtipey, standaid, pary. K-Map ot r esGomammsuesn UG tepd peg . fousid
. .w;'“; ? t Tasteom faneienC
o (Tree 3P0 - ’ o @ - achine 2
" : e Barcaam o o
- Axiom .mf ' Bibvre G
g 43
totaiSubPartOlP1, P2) i~ subPartOKPIL, P2); ) pasFeature, b s braiuitA
(5ubPartOfP1. P3). subParOIP3, P2)). tesPanChar oS wetioh _ L et L™ egstrersis wxiﬂ‘l
atPart Clrson G siom iazness
¢ .. o drsh
| I p g r(!a!iwfgi TRl riton é"c;f}i
Sttt Part/ iy asfoheCring. ' PRy e =
- F | reqFuncdaftFonitien, Festure Ce pt
-~ SKD | R e e List
oy, fuareChar
migProcessORPA, T, FC, Phe pariPR), & i ‘hafFme Char foatesoeChic
tpature(F), festure Type(FC), migProcess(P), | mRedNs0 | tepeay Proc
solidGaam(2), hasGeom (PA.2), hasFeature KB iy w tharCausdChaetased_Hole
(2.F), hasFeatureChar(F.FC), hasMigProc Bt \  welbit o couseChy Name
(FC.P), FCxclosed_Hole, Z:56.Leg. | \ . e hoteMaidng
_‘[Q.}ﬂ g X - N o wigProcess
Axiofs & & & & ,
' SR
BtirValueDHwi, leg, 2) - atrValueOltw2, i sor
supporting, 1), atiValusOtts), leg, 22), e — e T : o]
val;'xeoﬂsafe!vf"acw'. SF), 2= 9qn(21/22 « fa.les_Hole.closed_Hota,wood.P.T) T [atirValueOilwi lag,12)
(SF
T T=handDrill, P=drilting Lve oo jyes
o | Close
o] Query Query

Fig. 6. OBKF 28 §ELY 3}W.
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Knowledge Base
part(chair). part{leg). part(base).
parl(standard_parts). part(peg).
material{m1). solidGeom(sG_Leg).
feature(leg_Hole). mfgProcess(drilling).
featurcType(closed_Hole). tool(handDrill).
materialStrength(w3). width(w1).
partFunction(supporting).
failure(loose). failureChar(slackness).
cause(holcPegTorelance).
cause(relativeSurfaceFriction).
cause(pegStrength). causeChar(ti).
causeChar{tt't). causeChar(pS1). weight(w2).
subPartOf{leg, chair). subPartOf{basc, chair).
subPartOf{standard_parts, chair).
subPartOf{peg, standard_parts).
hasGeom(leg, sG_Lcg).
hasFeature(sG_Leg, leg_Hole).
hasFeatureChar(leg_Hol¢, m1).
hasFeatureChar(lcg_Hole, closed Hole).
hasParChar(leg, wl).
reqFunction(chair, supporing).
hasFuncChar(supporting, w2).
provokedBy(slackness, holePegTorelence).
provokedBy(slackness, relativeSurfaceFriction).
provokedBy(slackness, pegStrength),
hasCauseChar(holePegTorelence, t1),
hasCauseChar(relativeSurfaccFriction, rF1),
hasCauseChar{pegStrength, pS1).

valueOf{safetyFactor, 10). altrValueOfiw3, leg, 5).

attrValueOf{w?2, supporting, 50).
attrValucOR(pS1, pegStrength, 5.3).
attrValueOf{t!, holcPegTolerence, 0.03).
altrValueOf{(rF 1, relativeSurtaccFriction, (.02).

Query |: (A4 BL 943t o)

Query in English: What are the sub-parts of a

‘chair” part?
Query in Prolog: ?- subPartOf(X, chair),
Qutputs: X = leg; base; standard_parts; peg.

Related Axiom: ‘subPartOf 4|2 gl 3o
A Foe Al 2Re] AF RE 23T A

).

Reiated K-Map: A 7, subPartOKP1, P2) : -
‘subPartOr J-Al2] z}

pari(P1), part(P2).:=

A ZFCAD/CAMEHE] =83 A 114 A2F 20060 49

7} part1 4] 353k
Related SKD: 35

Query 2: (A&7} A2 9] o)

Query i English: What method is appropriate
for making a closed hole of a ‘leg’ part?

Query in Prolog: ?- mfgMethod (leg, P, T).

Outputs: P = handDrill, T = handDrifl.

Axioms: F-&2 #HA¢ shle] YAl B 2kRjok
Sioke el A4 Yo A g RAsin
part(X) - solidGeom(Y), hasGeom(X, [Y|_]).

K-Map: 35 482 2|4 oz 8 2.

E A ghre B &89 A5

SKD: Fig. 52| ##7} A4} SKD-27} 348},
o}F Prolog2Z EH 3P k23 2t
migMethod(PA, PR, T)- mfgProcessOfPA, PR),
mfgToolOf(PA, PR, T).

migProcessOf(PA, PR}~ part(PA), solidGeom(S),
hasGeom(PA,S), hasteaiurc(S,F),

feature(F), featreType(FC), FC ==
closed_Circular_Hole,

mfgProcess(PR), PR = drilling,
hasMfgProcess(F, PR).

mfgToolOf(PA, PR, T):- part(PA), material(M),
hasPartChar(PA, M), attrValucOf{M, wood),
solidGeom(S), hasGeom(PA,S), hasteature(S,F),
hasMfgProcess(F,PR), PR = drilling, took(T), T
== handDrill, proccssedBy(PR, T).

Query 3: (Ao gha-9] of)

Query in English: If the width of ‘leg’ part is
6, then the width satisfies constraints?

Query in Prolog: 2~ check_attirValueOf(wl, 6).

Quitputs: yes.

Axioms: &2l )2 W) SHX S pAI)
Prolog A2k

K-Map: query 20|14 2|4} mle| «13}5) 7ie)
Prolog A8 2.

SKD: Fig. 59| 9lZ]o{8) §t= SKD-10] #§-%c},
ol & PrologZ X3P oh-&-3) )
check_attrValueORw1,Z) - attrValueOfiw2, Z1),
atrValueOfiw3, Z2), attrValueOfsafctyFactor,
SF), Z >= sqri(Z1/72 * SF).
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Query 4: (FIO)EEA 7} x4 2] o)

Query in English: What is the value of ‘slackness’
of the ‘loose’ failurc?

Query in Prolog: 7- check_attrValueOf{slackness, X).

Quiputs: X=5.014

Axioms: Y& A}2lo] xefst Sogsl HAE 2
t}. causes(X) - failure(Y), provokedBy(Y,
X_p AA@e- Fe) g o A58 Lok

K-Map: query 20014 2)4] wiof gk} 3},
Prolog A 8F,

SKD: Fig. 59 wlo]g]4ts
aile
check_attrValueOf{slackness, 7} :-
alrValueOR((1,X1), alirValueOfirF 1,X2),
attrValueOf{pS1,X3),

Z is (27.0%X3-29.9*X2-0.06*X1 -5.12).

1713k 2)4] SKD-30{ 2

5d &

el AF AERP AR Ao A S A
Ho g Azketr 4317 AT LERA) 79 A4
Z U9 = (OBKFyE ALt} OBKF7E X432
Z 9 ZaR Y=t J & 3= o)lfE A Yo > I
210l g WA AR t2F AFsk, FOL 74k §
g BEAAR i%l%’ %) 7] W]},

H)E OBKF7} ZHIQ1e] 28490 /gt FAe)

o)rl gt =uQ19] X4 EE A FHEY  Ue
FHE 7HA Qe o] & AYAes 4849l
A &8sl7] faiHe A8 o BE 9t 238
of S AE Xl dig A2k OBKF tigh
A3 HEAEEe] ok g A AN 948
23 A 2B 5P ofFl ok E AFER U % A
g AE sk

ZtAlel 2

£ APE AR TR 4L, 3
7142 Q7% L Ale] Z3) AsEeld, 4|2
F4) o) B2 B A B,
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