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Ontology of Collaborative Supply Chain for
Quality Management

Jiagi Yan, Sherry Sun, Huaiging Wang and Zhongs urey

Abstract—In the highly competitive and rapidly changing gibb
marketplace, independent organizations and enseiproften come
together and form a temporary alignment of virteaterprise in a
supply chain to better provide products or servicefirms adopt the
systems approach implicit in supply chain managentaey must
manage the quality from both internal process abrdand external
control of supplier quality and customer requireteerHow to
incorporate quality management of upstream and dtream supply
chain partners into their own quality managemestesy has recently
received a great deal of attention from both academd practice.
This paper investigate the collaborative featurel éime entities’
relationship in a supply chain, and presents anology of
collaborative supply chain from an approach of ratg

coordination and integration of business processedving all
these independent enterprises becomes importamipmve
product quality and service quality to satisfy onsér.

The systematic view of supply chain to performance

improvement and quality management has been adwiged
and more in both scholarly work and practice rdgent
Robinson and Malhotra [1] took a review at therétare of
quality management and supply chain managementiray that
quality practice must advance from traditional ficemtric and
product-based mindsets to an inter-organizatiomaply chain
orientation involving customers, suppliers, andeothartners.
Foster Jr. [2] shared the position and defined luppain

service-oriented framework with service-dominantgido This quality management as a systems-based approach to
perspective facilitates the segregation of matdlial management performance improvement that leverages opportundieated
from manufacturing capability management, which vites a by upstream and downstream linkages with suppland
foundation for the coordination and integrationtaf business process «,stomers. They both agree that satisfying custaragronly

to measure, analyze, and continually improve thadityuof products, . .
services, and process. Further, this approach diesizes the different take place when product quality, service, and vafeecoupled

interests of supply chain partners, providing amirative approach to at €very node in .th_e. supply chain. The quality nganzent
analyze the collaborative features of supply chBimthermore, this functions and activities should be taken beyoncerpmise
ontology is the foundation to develop quality maeragnt system boundaries leverage the competition capabilitysoply chain

which internalizes the quality management in upsire and
downstream supply chain partners and manages #iéygin supply
chain systematically.
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. INTRODUCTION

OWADAYS business organizations are facing with a

economic environment in which quickly responseautho
be made to rapid changing customer requirements thed
market environment. This need for flexibility hasobght
independent enterprises come together and forrempdrary
alignment of virtual enterprise in a supply chainprovide
products or service more flexibly and effectives these
enterprises come from various geographical locaticand
belong to the organizations with different intesesthe
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guality management,

level instead of a firm level.

2008 tainted milk scandal also reveals the impogaof
quality management from a supply chain perspectivehat
event, some suppliers for Sanlu, a well-known Céendairy
manufacture, diluted milk for profits and added ameihe to
dupe an inspection for determining protein conteffecting
some 294,000 infants and killing six [3]. It wascera pride of

I];Ihe Sanlu that the over 1,000 intra-organizaticaligutests [4],

now becomes a satire for the ignorance of inteaoimational
guality management. Chinese consumers and dainysind
have paid a prize, from which the government aratipcers
should learn a lesson and leverage the quality gemant
along the collaborative supply chain.

The coordination and integration of business pre@dsng
the supply chain is a complicated task becausheofiifferent
interests the supply chain partners have. Infolonatchnology
for coordination and communication is a major sesdactor in
forming the virtual organizations to integrate gwply chain
[5]. However, there’s little research reports oplexes the
successful  information systems building for
management in collaborative supply chain, moreifipalty for
the quality management including both internal pssccontrol
and external control of upstream and downstreanlitqua
initiatives. This lack can be attributed to the rshge of
information systems infrastructure model synthegjzithe

quality
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collaborative feature of supply chain into qualitanagement
activities. In this paper, we propose an ontologgodlaborative
supply chain from a perspective of aligning serndcented
framework with service-dominant logic. In this olatgy, the
collaborative features are investigated along i entities
and relationships along the supply chain.

The rest of this paper is arranged as follows.hin gecond
section, we introduce the ontology building appigaitom
which the collaborative features along supply cheam be
modeled more clearly than traditional perspectinesection 3,
we present the ontology. We use a case to demtmsita
model in section 4. And we conclude with contribog in the
last section.

[I. ONTOLOGY BUILDING FOR QUALITY MANAGEMENT FROMA
SERVICE ORIENTATION PERSPECTIVE

In this section, the ontology building approachnira service
orientation perspective with the approach of afgni
service-oriented framework with service-dominagidowill be
introduced with the comparison with traditional aogy
building approach.

The word “ontology”, taken from Philosophy wherenieans
a systematic explanation of being, has been appliedmputer
science and information science and become a ralexaxd for
knowledge engineering. Ontology
understanding of some domain of interest whichlmansed as
a unifying framework to represent selected phen@mém
ontology necessarily entails or embodies some aovtorld
view with respect to a given domain. The world vieeferred
as a conceptualization, is often conceived as afsebncepts
(e.g. entities, attributes, and processes), thefinitions and
their inter-relationships [6].

The ontology building approach used in this rededsc
adopted from [7], which is a modeling approach lidreng
service-oriented framework with service-dominangido As
researchers suggest that ITs alone have not pradistainable
performance advantages [8], but that firms haveneghi
advantages by strategic planning —alignment betwEen
strategy and business strategy [9]. To bridge serwdomputing
and service management [10, 11, 12], Yan et alpf@pose a
modeling approach aligning service-oriented franmweith
service-dominant logic.

Figure 1 shows the essential strategy alignmergeofice
dominant logic and service oriented Framework ahd
infrastructure alignment of collaborative infrastiure with
service oriented architecture. The foundationappsition of
Service-Dominant (S-D) Logic is that organizatioase
fundamentally concerned with exchange of serviceghe
applications of competences (knowledge and sKill8]. The
business strategy grounded on S-D logic has shifitech
thinking about value in terms of operand resoureasually
tangible static resources that require some attionake them
valuable — to operant resources — usually intaegithynamic
resources that are capable of creating value.

No:4, 2010
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Fig. 1 Strategy alignment and infrastructure aligntn

This modeling approach has several advantages iquidity
management in collaborative supply chain companivith
traditional modeling perspectives. First, the matdgl of
operant resource separates the application of raetwing
capability — the cause of quality -- from produethe carrier of
quality. This separation facilitates the detectioin product
defects and the inspection of defects’ reason. fithes can
focus on the improvement of their manufacturinglskand
knowledge, shifting from products as unit of anslySecond,

refers to the ghardhe customer is modeled as an operant resourcengndie

consumer a co-producer that expresses qualitynemeit and
supervises the improvement of product quality. Quetr

orientation, which is one of the foundations of Igya
management, is expressed by this modeling apprdaata, the

modeling of interaction and co-creation of valughwsupply

chain partners encapsulates the collaborative @atmd

system-based view of supply chain. The modelingraggh

characterizes the supply chain entties with défer
motivations or interests of acquiring the bendfitspecialized
competences of others. This perspective offerastnument to
analyze the different interests of supply chairnpas as well as
the competences they can offer, which is a key etesfor the
coordination and integration of the supply chaiactkermore,

the modeling of quality management from a servitenvation

perspective provides an instrument to analyze antdve the
service quality, which covers a broader range t@\muated
than traditional manufactured quality.

t I1l.  ONTOLOGY OF COLLABORATIVE SUPPLY CHAIN

A. Concepts organization

The ontology of collaborative supply chain has been

designed to model the foundations for quality manaent,
which has been captured in four key based clags#s: Class,
Goal Class, Operant Resource Class, and OperamuuiRes
Class.

Role Class models an entity in the supply chairt ties
strategic goals and intentionality, representipisical, social
or software agent. For example, several roles, ascsupplier,
manufacturer, retailer, and consumer, are playedthia
collaborative supply chain

Goal Class represents roles’ strategic interesis.©le may
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rely on another role to fulfill its goal. For exalmp
manufacturer relies on suppliers for good raw niatesupply
while relying on consumer to get money. The goatglis an
important element to characterize the collaboratésgure of
supply chain.

Operant Resource Class refers to the resourcesahaict on
or in concert with other resources to create véhoe.example,
the manufacturing skill can be classified as operasource.
Operant resources are employed to act on operaondnees or
other operant resources.

Operand Resource Class are defined as resourggganan
operation or act is performed to produce an effeat.example,
because production is carried out on goods tramsfigr from
raw material to final product, the goods at différproduction
stages, including raw material and final producan cbe
classified as operand resource.

——»  subclass of Thing
—— > instance of //VV “\
————>  dependency
Role Operant Operand Goal
Resource Resource
Metaclass level % M
‘ . get good supply get money
. Supplier <——— Manufacturer ——> Consumer
Domain level
Instance level ‘ ‘ ‘
Dairy farmer Dairy Company Consumer
Smith Sanu Jack

Fig. 2. A partial schema

The ontology of collaborative supply chain is proed in
three levels: Metaclass level, Domain level, argtdnce level.
A portion of semantic schema is shown in Fig.2. |Rearld
instances are represented as entities in instaewd. |For
example, a dairy farmer named Smith, a dairy coyppamed
Sanu, and a consumer named Jack. The entitieg adtance
level correspond to the instances of domain clasgeite the
domain classes inherit the attributes from metaclevel

classes.

Roe () [ ]
\‘,‘ Goal Operand
/ Resource

\\\\ /// * <~

Role Boundary Operant Means-ends
Resource link
Fig. 3. Legend

It was with the complexity of Fig.2 in mind thaany link and
domain classes cannot be represented completéresmtter
represent the relationship between the four claseeslevelop
several icons to represent each class as showig.B fn next
section, we will introduce the application of thesens to
develop a more complete ontology.

B. Modeling activities
Various modeling activities with graphic descripio

contribute to the ontology building of collaboraisupply
chain, including:

1)

2)

3)

4)

Role modeling. The role modeling consists of idgirtg
and analyzing both roles of the supply chain pastraad
the information system’s role. For example, Fighws
the role modeling of manufacturer and consumer.

Manufacturer

Fig. 4. Role modeling

Goal modeling. Goal modeling rests on the analysésach
role’s goals. Here we adapt the goal analysis andiefimg
techniques from i* [14] and Tropos [15], using the
means-ends analyze approach to decompose eadhtgoal
sub-goals which can be fulfilled by the manipulatiof
operant resource. In other words, goals are contpbge
several sub-goals which can be fulfilled by someise.
Fig.5 shows examples of decomposing manufactugeas
and consumer’s goal.

Operant Resource Modeling. The operant resource
modeling consists of identifying and analyzing tpeerant
resource of each role. As shown in Fig. 6, each nohy
have one or more than one operant resources, whithe
characterized by a 5-tuple <I, O, C, S, E>. | an@g@esent
the data elements (operand resources or other ripera
resources) accepted by the service during invacaiad
made available after the invocation of this operati
respectively. C is the set of conditions (includagilable

of operand resources or other operant resources) th
should be true for this operation to be invokeds Phe
documents description of the operant resource’sista
states, operation procedures, or other explicitrietson
about the operant resource. E is the effect ofopéeration,

Fig. 6. Operant resource modeling
Service exchange modeling. From a service orientati
perspective, the application of operant resourcearvice,
is the basis for all exchange. Service is excharfged
service. The role will exchange his service to pthées for
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5) Operand resource modeling. Operand resource mgdelin

C. Conceptual model of collaborative supply chain
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other roles’ service to fulfill his goal. To illustte for an product (shorten as “Product”), a clear recognizeyjuality
example, as shown in Fig. 7, the manufacturer sffés requirement of good product (shorten as “QR”). Sahtheir
service — the application of manufacturing capbbitdo  operant resources are also modeled, such as rdwsapply
fulfill consumer’'s goal — good product with quality capability (“Supply”), milk powder production caphty

requirements, while the consumer offers his servithe (“Produce”), product evaluating capability (“Evaled, and
application of payment capability to fulfill manatarer's payment capability (“Pay”).

goal — Profit with a specific prize. The exchan@service
may be not limited on one-to-one relationships. far
above example, the manufacturer may also have gtads
such as improve his product, which can be partfalfilled

by consumers’ capability of quality requirementiesw
And also, the goal’s fulfillment may not rely orhet role’s
operant resource. For example, the manufacturersd g |
maximize profit may be partly fulfilled by its owsperant
resource — the applications of new manufacturiniisso \
reduce the production costs.

Raw Milk
Supplier

Fig. 9. A partial conceptual model
There are also several operand resources. For éxathp
supplier has cows and a procedure to milk the c&eeds are
needed to nourish the cows, and the raw milk iothput of the
milking service. Also, dairy firm has manufacturiptants, a
procedure of the production, raw milk as the ingurtgd milk
powder as the output. Fig. 9 shows a partial calegpmodel of
the collaborative supply chain, which is sufficieno
demonstrate the ontologies of collaborative sughhin.

Fig. 7. Service exchange

consists of identifying and analyzing operand resewf
each role. Operand resources are those resouiearth
data or material that are explicit documented apitale,
and associated with at least one operant resobige 8
shows examples of operand resources such as raesiahat
final product, manufacturing plants, and operation A. Product tracing for quality management

procedure. Traceability or product tracing has been a hotadapiquality
management within supply chain especially food suppain
where information of product quality is asymmetiy6] [17]

[18]. Our ontology supports the product tracking &acing by
the representation of material flow as operanduess.

IV. CASESTUDIES

In this section, we will use several cases fromlitua
management scenarios to demonstrate the ontoldgyilisand
facilitates quality management in collaborative@yghain.

Domain
Leve

Fig. 8. Operand resource modeling

Instance
Leve time

To keep it simple and clear, let's assume thertiree roles

Tag_info

in a supply chain in dairy industry: a raw milk glipr named
Smith, a dairy firm named Sanu, and a consumer dalaek.

Smith, Sanu, and Jack are real world instance septed as

entities in instance level, corresponding threeesoin the
domain class level: Raw milk supplier, Dairy firnand
Consumer. We model some of their goals, such apayehent
(shorten as “Payment”), maximize their profit (deor as
“Profit”), get good supply (shorten as “GetS”"), baygood

Operator Hallen@ Sanu

Pmccdurcl" Machine3Z
Raw milk Tmported from
Smith MilkingProcedure 1332

Tag_info CowlID1327 FeedsIC324
Imported from

Smith MilkingProcedure 1332
CowID1327 FeedsID324

Tag_info

Farmer Smith
MilkingProcedure 1332
CowlID1322 FeedsIC324

Fig. 10. Product tracking and tracing
As shown in Fig. 10, a specific product as an mstaentity

Procest

corresponds to different domain class with the \é@ugl of time
and producing process. The product will be assignspecific
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ID tag to different the product from others. Wiltetsupport of review the product and comments on new quality irequents
traceable technology such as RFID, the producbedieatured as an operant resource. In the service exchangowesgs, the
with different information in different process g&s. From this manufacturer may exchange its manufacturing abihfth
information tag, a product can be tracked and ttasith consumer’s payment capability, as well as requiregmeview
information of its suppliers, producing procedurespector, capability.

and plants. D. Prevention of Quality Deception

B. Product inspection and plant inspection In the collaborative supply chain, because of imation

In the collaborative supply chain, the inspectidrsapplies asymmetry on product quality, moral hazard phenarexist
and inspection of supplier facilities are suggested [21]. Supply chain partners may do quality decaptm evade
complements each other [19]. An information sysienmeeded the quality inspection to maximize their profit [223]. Our
to identify and record the manufacturing plants aitel modeling approach provides an instrument to model t
associated products that have been processed. different goals of supply chain partners, includirige

motivations of quality deception. This approach feundation
to the prevention of quality deception.

Plants \
i
|

|

S

Domain ™
Leve

JA

. A e
nstance g Machi ne
oatio ) G
Fig. 11. Product and plant inspection
As shown in Fig. 11, the real world instance ofnpdaand

products are modeled as operand resources clagst® i Fig. 12. Quality deception

domain class level. The inspection of plants andipets can be ~ FOr €xample, the manufacturer may have the knowlefg
regarded as the inspection of operand resourceshwdnie duality deception, such as the melamine knowledge model

associated with operant resource. Operant resoisrcthe this knowledge as an intangible operant resourdehwheeds
fundamental unit of exchange, which is the deteatie melamine and raw milk as operand resources, andlithee

element of quality. However, the operant resousdetangible Milk with lower quality is the output operand resme: Because
[13]. We can evaluate the operant resource by mispeits "€ deception knowledge may fulfill the goal of atieg, and
associated operand resource. Because the opesanuges are Cheating is a sub-goal to achieve the goal of maiiig benefit,

all categorized with its associated operant resguhe product the manufacturer may do a quality deception in @atdito

inspection and plant inspection become more targetor ©rdinary production.

specific operant resources.

_ _ V. CONCLUSIONS
C. Customer orientation In this paper, we develop the ontology of collalivea
Customer orientation is an essential element fdirna to supply chain in a service orientation perspectiiéis
manage quality and sustain competitive advantag@l. [2 perspective aligns  service-oriented  framework  with
Traditional modeling approaches regard the cust@niras a service-dominant logic, which facilitates the segtion of
recipient of goods, while our modeling approachardgthe material flow management from manufacturing cajiigbil
customer as a co-producer, acting as a role irgehairseveral management. This ontology provides an instrumentiges a
operant resources. For example, the customer basttingible foundation for the coordination and integratiorttug business
ability to review the product and evaluate the iualTheir process to measure, analyze, and continually ingorihe
comments on product quality are important resourfmes quality of products, services, and process. Fuythieis
improving the product quality. approach characterizes the different interestsupply chain
T partners, providing an innovative approach to amlyhe
. p collaborative features of supply chain. Furthermotiis
tmproving i B ontology is the foundation to develop quality masragnt
system which internalizes the quality managememipstream
and downstream supply chain partners and managegpitiity
in supply chain systematically.

Fig. 11. Customer orientation
For an illustration, Fig.11 models the customeapability to
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