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A Decision Support System for Product Design Common
Attribute Selection under the Semantic Web and SWCL

Hak-Jin Kim* - Sohyun Youn**

B Abstract &

It is unavoidable to provide products that meet customers’ needs and wants so that firms may survive under the
competition in this globalized market. This paper focuses on how to provide levels for attributes that compse product
so that firms may give the best products to customers. In particular, its main issue is how to determine common
attributes and the others with their appropriate levels to maximize firms profits, and how to construct a decision
support system to ease decision makers’ decisons about optimal common attribute selection using the Semantic Web
and SWCL technologies. Parameter data in problems and the relationships in the data are expressed in an ontology
data model and a set of constraints by using the Semantic Web and SWCL technologies. They generate a quantitative
decision making model through the automatic process in the proposed system, which is fed into the solver using the
Logic-based Benders Decomposition method to obtain an optimal solution. The system finally provides the generated
solution to the decision makers. This presentation suggests the opportunity of the integration of the proposed system
with the broader structured data network and other decision making tools because of the easy data shareness, the
standardized data structure and the ease of machine processing in the Semantic Web technology.

Keyword : Product Design, the Semantic Web, SWCL, Decision Support System
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<?xml version = “1.0"?>
<!DOCTYPE rdf : RDF>
<IENTITY owl “http://www.w3.0rg/2002/07/owl#">
<IENTITY xsd “http//www.w3.0rg/2001/XMLSchema#”>
<IENTITY rdfs “http://www.w3.0rg/2000/01/rdf-schema#”>
<IENTITY rdf “http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"> >
<rdf : RDF xmlns = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.owl#”
xml : base = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.0w1”
xmins : rdf = “http://www.w3.0rg/1999/02/22-rdf-syntax—ns#”
xmilns : owl = “http://www.w3.0rg/2002/07/owl#’
xmins : xsd = “http://www.w3.0org/2001/XMLSchema#”
xmins : rdfs = “http://www.w3.0rg/2000/01/rdf-schema#”>
<owl : Ontology rdf : about = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.0w1”/>

<!-- http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#al Value ——>
<owl : ObjectProperty
rdf : about = “http.//www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#al Value”>
<rdfs : range rdf : resource = “http.//www.semanticweb.org/ontologies/2014/3/Ontology1396933754828 owl#AL”/>
<rdfs : domain rdf : resource = “http.//www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.owl#PAL"/>
</owl : ObjectProperty>
<!— http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#attrFromAL ——>
<owl : ObjectProperty
rdf : about = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828 owl#attrFromAL”>
<rdfs : domain rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828 owl#AL”/>
<rdfs : range rdf : resource = “http.//www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#Attribute”/>
</owl : ObjectProperty>
<!— http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#attrFromPA ——>
<owl : ObjectProperty
rdf : about = “http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#attrFromPA”™>
<rdfs : range rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.owl#Attribute”/>
<rdfs : domain rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828 owl#PA” />
</owl : ObjectProperty>
<!-- http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#attrFromPAL ——>
<owl : ObjectProperty
rdf : about = “http.//www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#attrFromPAL” >
<rdfs : range rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.owl#Attribute”/>
<rdfs : domain rdf : resource = “http.//www.semanticweb.org/ontologies/2014/3/Ontology1396933754828. owl#PAL"/>
</owl : ObjectProperty>
<!-- http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#lvIFromAL —->
<owl : ObjectProperty
rdf : about = “http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#lvIFromAL” >
<rdfs : domain rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.0wI#AL"/>
<rdfs : range rdf : resource = “http://www.semanticweb.org/ontologies/2014/3/Ontology1396933754828.owl#Level />
</owl : ObjectProperty>
<!— http://www.semanticweb.org/ontologies/2014/3/Ontology 1396933754828 owl#lvIFromPAL —>

[2E 5] m2toE HOE2] =& EEHstE OWL M2 LF
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For dll p € Product
a € PA AND prodFromPA VALUE p
beAL
¢ € PAL AND prodFromPAL VALUE
p AND alValue VALUE b
d € PAL AND NOT prodFromPAL VALUE p
25 autilityxb.lvlValuexc.lvlSelect—p.price >=
2% autilityxb.lvlValuexd. vlSelect—p.price

A Ao A Aokl FE 2 Productell U&=
A sl BT 18 ar WA ~H FHel <
3 7 ez e AMAES MR 2do] Ak
Z av FY 2 PA Ad= /A Foll thee] OWL
o] A F 9 A Wl prodFromPA2]
ghow floA 18E p AFE Ze BE FUs
PA 7HA| & Aojdth M4 by S@l2 ALY =
JfAo) AL mERE7HA & cl= prodFromPAL2] gkol p
o]il alValue®] #tel b7b ¥ 22 PALS] 7
Aoltl, M4 de ZZYE] prodFromPAL9] Ftel
SbellA A E p7t obd ZeE2: PALS] AN AI7E He
o]Ae] WMol th3k OWL el 7+ ol A Aok
21e] -2 autility2} b.viValue®} clviSelect =
2HE FE9 F& BE A bol s Foz A
AFeRAL pprice ZRFE O S wilF o 2N AR
At $HE nxUIA R autility$t biviValue9t
dIviSelect®] FHE2 H& 9A| pprice® WlEoZ
A AL I ARbE FAFe] ghE A Zofok
Ei=8

T} 2ol Yeh= Aok (10) A Al 2FA]S
EE Product Z#2=2] 71A pell o8 A== A
© 2 atv prodFromPA Fte] p7t 5= 84 PA
o] ZjAlo)aL b ALY /WA ¢ prodFromPALY]
#kel p alValue®] kel bl PAL®| 7HAo]tt.

For all p € Product
a € PA AND prodFromPA VALUE p



beEAL
c € PAL AND prodFromPAL VALUE
p AND alValue VALUE b
24 autilityxb.lvlValuexc.lvlSelect >= p.price

olo] thal autilitye} blviValue2} clviSelect®]

Fo BE A boll st L ppriceRtt ZAY
2t}
Ak (1DE vy o] vehdth Aok 9

3
Fo] 9l WS ¢ prodFromPALS] Frol po
I attrFromPAL9] gkol a¢l PAL 29 L&
NAEe] thel clviSelect #¢ Tz FHH

ol:= 10] Hofof gt

For all p € Product

For all a € Attribute

c € PAL AND prodFromPAL VALUE
p AND attrFromPAL VALUE a

3¢ clvlSelect = 1

npA o 2 BAE4A (8) v Zol %d
Hoh Aokl A e Productd] =& Ao
3 sizes} price w9 HS G Aol EA

PAL Zef2=2] 7iAlell tigh oz rHEefA]
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o= a& 5= %7439 costét aoll tigk ALY
MAY FES YERNE vValue?] AlF 12
I a®] WviSelect ZZHE o] & EE aol U
3 g3 Aoz g vpx|et &L ko] gl
24 9] el §9l discount ko] #al AL IviSelect

oAl comLvl Z2E]Q] Fho] Fa7it.

p € Product

a € PAL

2 D.Sizexp.price—

34 aattrFromPAL.costxaalValue.lvlValue
xa.alValue.lvlValuexa.lvlSelect
+24 aattrFromPAL.cost
xa.attrFromPAL.discountxa.alValue.lvlValue

xa.alValue.lvlValuexa.comLvl

opA o] OWL Al o] gl FA4el Holg]
- -

<swcl : Constraint rdf : ID = “Constraint_2">
<swcl : qualifier>
<swcl : Variable rdf : ID = “p">

</swcl : Variable>
<swcl : Variable rdf : ID = “a”>
<owl : equivalentClass>
<owl : Restriction>

<owl : hasValue rdf : resource = “#p”/>
</owl : Restriction>
</owl : equivalentClass>
</swcl : Variable>
</swcl : qualifier>
<swecl : hasLHS rdf : parseType = “Collection”>
<swcl : termBlock rdf : ID = “totalUtility”>

<swcl : bindingClass rdf : resource = “#Product’/>

<owl : onProperty rdf : resource = “prodFromPA”/>

<swcl : sign rdf : resource = “http://iwec.yonsei.ac.kr/swcl#plus”/>
<swcl : aggregateOperator rdf : resource = “http://iwec.yonsei.ac.kr/swcl#sigma”/>
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<swecl : parameter>
<swcl : Variable rdf : ID = “b”/>

</swcl : Variable>
<swecl : Variable rdf : ID = “¢"/>
<owl : equivalentClass>
<owl : Restriction>

</owl : Restriction>
</owl : equivalentClass>
</swcl : Variable>
</swcl : parameter>

<swecl : FactorAtom>

</swel : FactorAtom>
<swcl : FactorAtom>

</swcl : FactorAtom>
<swcl : FactorAtom>

</swcl : FactorAtom>
</swcl : factor>
</swcl : termBlock>
</swcl : hasLHS>

<swecl : hasRHS rdf : parseType = “Collection”>
<swcl : termBlock rdf : ID = “price”>

<swcl : FactorAtom>

</swcl : FactorAtom>
</swcl : factor>
</swcl : termBlock>
</swcl : hasRHS>
</swel : Constraint>

<swcl : bindingClass rdf : ID = “AL"/>

<owl : onProperty rdf : resource = “prodFromPAL”/>
<owl : hasValue rdf : resource = “#p”/>

<owl : onProperty rdf : resource = “alValue”/>

<owl : hasValue rdf : resource = “#b"/>

<swcl : factor rdf : parseType = “Collection”>
<swcl : bindingClass rdf : resource = “#a”/>
<swcl : bindingDatatypeProperty rdf : resource = “#utility”/>

<swcl : bindingClass rdf : resource = “4#b”/>
<swcl : bindingDatatypeProperty rdf : resource = “#lvlValue”/>

<swcl : bindingClass rdf : resource = “#c”/>
<swcl : bindingDatatypeProperty rdf : resource = “#lviSelect”/>

<swcl : hasOperator rdf : resource = “http://iwec.yonsei.ac.kr/swcl#greater ThanOrEqual”/>
<swcl : sign rdf : resource = “http://iwec.yonsei.ac kr/swcl#plus”/>
<swcl : factor rdf : parseType = “Collection”>

<swcl : bindingClass rdf : resource = “#p”/>
<swecl : bindingDatatypeProperty rdf : resource = “#price”/>
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float CostAttributel = -

float CostAttribute2 = -+

float CostAttribute3 = -+

float DiscountAttributel = --+;

float DiscountAttribute2 = -

float DiscountAttribute3 = -

float UtilityProductlAttributel = -+
float UtilityProductl Attribute2 = --+;

dvar float+PriceProductl;
dvar float+PriceProduct?;
dvar float+PriceProducts3;
dvar boolean LvlSelectProductl AttributelLevell;

maximize

SizeProduct1 xPriceProduct]+

SizeProduct2xPriceProduct2+

SizeProduct3xPriceProduct3-CostAttributel x

LvlValueAttributel Levell xLvlValueAttributel Levell
xLvlSelectProduct1 Attributel Levell - -+~ +

CostAttributel xDiscountAttributel x

LvlValueAttributel Levell xLvlValueAttributel Levell
xComLvIProductlAttributel Levell + «++;

subject to {

UtilityProduct1Attributel xLvlValueAttributel Levell
xLvlSelectProduct1Attributel Levell +

UtilityProduct1 Attributel xLvlValueAttributelLevel2
xLvlSelectProductl Attributel Level2+ -+

UtilityProduct1Attribute3xLvlValueAttribute3Level3
xLvlSelectProduct1 Attribute3Level3-

PriceProductl >=

UtilityProduct2Attributel xLvlValueAttributel Levell
xLvlSelectProduct2Attributel Levell +

UtilityProduct2Attributel xLvlValueAttributel Level2
xLvlSelectProduct2Attributel Level2+ --+

UtilityProduct2Attribute3xLvlValueAttribute3Level3
xLvlSelectProduct2Attribute3Level3—

PriceProduct2
[T 7] SWCL 2MZFE HdE OPL 2A2
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