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Abstract: Nowadays, information technologies imply a strong modelling approach to
support the complexities involved in the supply chain management process. Since supply
chains are made up of nodes, which need to reach common agreements in order to fulfil
their own requirements, the information technologies-based model is an adequate tool to
support the modelling of the knowledge management process, mainly in a collaborative
context. In the most general cases, collaborative activities also imply a distributed decision-
making process which involves several supply chain nodes. Because collaboration in
supply chains implies information exchanges among the nodes, the framework proposal is
oriented to support knowledge management by considering the information sharing
process as one of the main aspects. Therefore by means of a literature review and by also
considering the deficiencies of existing proposals, a collaborative knowledge management
UML-based framework is herein proposed which encompasses both the conceptual and
general perspectives of the supply chain management process. Finally, the proposed
framework summarises existing knowledge by not only fulfilling but also enriching each of

its components with the modeller’s own knowledge.
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1 Introduction

The supply chain (SC) management process identifies goals, objectives and
outlining policies, strategies and controls for its effective and efficient
implementation (Smirnov & Chandra, 2000). In addition, Dubey, Veeramani and
Gutierrez (2002) establish that the SC considers a set of approaches utilised to
efficiently integrate companies, which compose the workgroups, in order to
correctly produce and distribute customer requirements. In this context, it is
possible to support knowledge management (KM) in a collaborative manner by
sharing the right information among the players of these workgroups. Then in
order to train people, by not only forming different workgroups, but also
simultaneously working on different tasks, two types of sessions are used in the
collaborative engine (which can also be understood as the collaborative process),
these being user sessions to identify online users and collaboration sessions to
represent a group of customers involved in the same collaboration (Ni, Lu,
Yarlagadda, & Ming, 2006) which enhances KM. Then in order to fulfil the supply
chain management requirements to support collaboration among its members
(companies or nodes), this paper will consider the information flow (information
sharing or transfer) among them in order to support and study the KM process in
the SC. We refer readers to Aurum, Daneshgara, Warda (2008) in order to carry

out an in-depth study on the knowledge management basis.

Recently, many studies have been done in the collaborative supply chain field and
on its modelling implication. In this context, some suggested literature in this field
are: Bafoutsou and Mentzas (2002); Saad, Jones, & James (2002); Gunasekaran
and Ngai (2005); Meixell and Gargeya (2005); Fawcett, Osterhaus, Magnan, Brau
and McCarter (2007); Fawcett, Magnan and McCarter (2008) and van der Vaart
and van Donka (2008). In light of this, a literature review considering the most
relevant papers on this matter has been done with a view to finding the main
aspects and tools considered to support the KM in the SC under a collaborative
approach. Thus, our review shows that the main aspects are related to the
following subjects: new development software tools (ST) to support the KM
process; decision-making processes; document management and SC management.
Regarding the ST, Ndfiez and Nufiez (2005) propose a classification to detect and
understand their common applications. As a result, the most considered aspects

found were those related to the decision-making process, which mainly uses
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information analysis tools. Conversely, the least considered aspect is that
regarding the SC as a whole. This is related to the fact that KM, in a SC context,
tends to be modelled as a centralised concept in relation to each workgroup
element. Therefore, this paper proposes a framework which considers and supports
collaboration among the SC nodes that is supported by considering a modelling tool

approach.

The rest of the paper has been arranged as follows. Section 2 shows an overview
related to the main topics to be considered in the framework. Section 3 presents an
analysis of Section 2 in order to collect the main aspects and concepts that will
support the framework achievement. Section 4 proposes a collaborative knowledge
management UML-based framework to support collaboration in the supply chain
management process. Finally, Section 5 provides the conclusions and further

research.

2 Background
2.1 Collaboration in the supply chain management process

Supply chain management involves all the activities in industrial organisations from
raw material procurement to final product delivery to customers (Soylu, Oruc,
Turkay, Fujita, & Asakura, 2006). In addition, the decisions related to these
activities may be identified as strategic, tactical and operational levels where each
decisional level will affect the long-, mid- and short-term, respectively. In this
context, supply chain management (SCM) is defined by the Global Supply Chain
Forum (GSCF) as the integration of key business processes from end users through
original suppliers that provide products, services and information which add value
to customers and other stakeholders (Lambert & Cooper, 2000). As a result, SCM
embraces various business processes and firms/companies which are of relevance
to service customers: order fulfilment, customer service management and product
development (Cooper, Eilram, Gardner, & Hanks, 1997). In this context, by
promoting the integration of the firms belonging to the SC, Sigala (2008)
establishes that an increase in the overall SC performance, total business-process
excellence and end-consumer satisfaction, rather than self-competition, becomes
one of the most relevant aspects for a bigger profit share. Moreover from the
conceptual studies conducted by Turkay, Oruc, Fujita and Asakura (2004), it is
possible to highlight the importance of SCM by fostering the strategic companies
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relationships in increasing the companies’ financial and operational performance,
which ultimately results in better information exchange among companies.
Furthermore in relation to the dynamical environment in which companies are
immersed, sharing information among customers supports the creation of
collaborative supply chains that are capable of competing in a particular leading
industry (Ketikidis, Koh, Dimitriadis, Gunasekaran, & Kehajova, 2008). This is
precisely why the SCM process may be considered a systematic and strategic
coordination of traditional business functions and tactics not only across these
business functions within a particular company, but also and across businesses
within the supply chain (Lejeune & Yakova, 2005). Then Williamson, Harrison and
Jordan (2004) state that by synchronising the operation of all the companies in the
SC, the effectiveness of the SCM process can be achieved. An example of this is
provided by Eng (2004), who establishes that by considering business-to-business
electronic marketplaces, the use of Internet protocol communications has gained a
widespread implication in SCM by facilitating the information sharing process

among the supply chain nodes or companies.

Then collaboration in supply chain management considers that the outcomes of the
collaboration among supply chain companies, which also share losses and gains,
must be quantifiably beneficial for everyone (Manthou, Vlachopoulou, & Folinas,
2004). These authors also state that each member must be able to share
information with trading partners and customers in real time, which can be
supported by virtual networks or e-supply chains to, in turn, support the
collaboration among them. Thus, it can be said that e-collaboration facilitates the
coordination derived from various decisions and activities beyond transactions
among SC partners, both suppliers and customers, over the Internet (Rosenzweig
& Roth, 2007). Furthermore, SC collaboration (in practice) usually starts with an
uncomplicated scenario due to the low mutual trust between trading partners. Then
this mutual trust may gradually increase and lead to a boost in confidence in a
complicated and profound collaboration mechanism (Chen, Yang, & Li, 2007). It is
also important to consider that collaboration in a SC may be present in many
varying forms, but it generally has a common goal: to create a transparent and
visible demand pattern that paces the entire supply chain (Holweg, Disney,
Holmstrom, & Smaros, 2005). Another fact established by Holweg et al. (2005) is
to achieve more transparent information in order to reduce uncertainty in the

environment, which is another of the goals of the collaborative processes in the SC.
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Moreover, Kwon, Im and Lee (2007) establish that one purpose of modelling
relationship uncertainty is to reflect on the different degrees of information sharing
across relationships. Information sharing is known as the most effective method to
encounter demand information distortion problems. In this context, and in relation
to the level of information sharing, Holweg et al. (2005) define four types of supply
chains: Type O (traditional supply chains in which just one type of information is
available among the companies/nodes), Type 1 (supply chains based on
information exchange in which information helps the node to improve its decision
process), Type 2 (supply chains based on vendor-managed replenishment in which
the decision-making process responsibility is distributed), and finally, Type 3
(synchronised supply chains in which sharing information enables the nodes to
eliminate decisions and to merge others to fulfil their requirements). It is also
important to consider the fact that even if the collaboration in the SC has a
potential benefit wunder a collaborative environment, non-collaborative
decentralised behaviours prevail in most real cases (Son & Sheu, 2008). Moreover
in most cases, traditional communication media cannot provide real-time
information exchange and sharing. Therefore, potential problems, such as out-of-
date design concepts or production plans, may occur owing to information
inconsistency and communication delays (Trappey & Hsiao, 2008). This is one of
the biggest drawbacks to be considered when collaborative approaches are about

to be contemplated in the SC modelling process.
2.2 Knowledge collaboration in the supply chain

Two main aspects are commonly considered in the study of the collaboration
relationship in the SC: the first deals with the intensity of the relationships between
partners whose considerations vary from simple information sharing to risk and
profits information sharing; the second studies the extent of the collaboration
across the SC (La Forme, Genoulaz, & Campagne, 2007). In this context, Nonaka
(1991) establishes that knowledge can be understood as the information flow
among the resources within the company. Information flow can come about from
the worker’s experience or be a result of the physical document generation process
(which, in our case, can also be understood as knowledge), where tacit knowledge
may be most important because it is one of that is most unpredictably and uneasily
expressed. In relation to this, Hall and Adriani (1998) established a validation

technique to analyse the role of the intangible resources in individual firms.
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Therefore, this technique establishes a code from tacit knowledge and allows a
good understanding of this kind of information, which establishes a basis to join
strategic developments. In relation to this fact, the management process can be
collaboratively developed among managers by exchanging perceptions and by also
discussing alternative futures. In this context, Boddy, Macbeth and Wagner (2000)
highlight the fact that many managers address the development of collaborative
alliances with other organisations. But very often, these strategies cannot be easily
implemented, and they are just as likely to fail as to succeed. Therefore, the
authors studied this collaborative concept with an empirical study of one alliance
type in the SC. As a result, a cooperative behaviour may emerge from human
action which considers interaction partnering as a main activity. Moreover from a
buyer-supplier relationship context, Hoyt and Huqg (2000) establish that this kind of
relationship plays an important role in permitting a good response to the dynamic
and unpredictable change in the environment. Moreover, Dyer and Singh (1998)
highlight the fact that this sharing of knowledge and resources under a
collaborative context could generate relational incomes to SC partners. Therefore,
as knowledge exchange may also be understood as an information exchange
among partners, Simatupang and Sridharan (2002) establish that asymmetric
information is always a problem among SC members, mainly because, more often
than not, these partners do not like to share their private information completely.
Therefore when knowledge/information must be shared, it must be managed in
such a way that it develops over a period of time (Sahay, 2003). So, it is necessary
that managers should not only be skilled in technical and operational areas, but
should also develop relationships that favour the trust required to encourage
information exchange. Moreover, knowledge collaborations can be perceived from
different degrees of collaboration. In this context, and by considering the nine
steps suggested by VICS (voluntary interindustry commerce solutions), Skjoett-
Larsen, Thernge and Andresen (2003) define collaborative relationships as
collaboration where two or more parties in the SC jointly plan a number of
promotional activities and work out synchronised forecasts on the basis of which
production and replenishment processes are determined. Then, Barratt (2000)
establishes that there are many elements of collaboration in SC management, such
as trust, mutualness, information exchange, openness and communication.
Therefore, it is possible to see that these collaborative elements are intrinsically
oriented to support a collaborative knowledge management process. For instance,

Ulieru, Norrie, Kremer and Shen (2000) propose a recursive multi-resolution
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collaborative architecture based on a multi-agent coordination mechanism. Then,
the knowledge management process is assigned to agents who are able to retrieve
information for specific applications from databases, made possible by considering
mechanisms that use intelligent queries. Furthermore, these agents are also able

to process the information by storing, transforming and transporting it.

Another perspective is that by proposed Blanc, Ducq and Vallespir (2007) who
establish that the cooperation among organisations is provided by the SC.
Therefore enterprises must interoperate. In this context, these authors establish
that interoperability can be achieved by eliminating the heterogeneity present in
the environment. Thereafter, Blanc et al. (2007) consider that the heterogeneity
problem must be studied from two points of view: semantic and organisational.
Additionally, the authors present an application of the ECOGRAI method, and they
implement it by considering information technology (IT) in an interoperability
application framework. In addition, Han, Chin and Chae (2007) consider the fact
that the use of IT has effectively promoted the integration of fragmented
information, and that under a collaborative environment (specifically an Internet-
based system), there are not enough standard formats to transmit contractual
documents and project-related information by simply considering the issue of data
compatibility. To solve this, Han et al. (2007) consider the knowledge management
function by implementing distributed databases containing the transactions of
documents done during a project life cycle. This helps cut the total time invested
and the costs required. Linking enterprise models, mainly those related to the
enterprise environment in which the enterprise goals and strategies are considered
to be the first step in the software development process, and which involve
establishing a requirements elicitation, are presently becoming a very common
research trend (Grangel, Chalmeta, & Campos, 2007a; Grangel, Chalmeta, &
Campos, 2007b; Grangel, Chalmeta, Campos, Sommar, & Bourey, 2008). From
another point of view, Lin and Harding (2007) study languages, or information
models, to obtain the ontology needed to favour knowledge representation.
Therefore, a manufacturing system engineering ontology model is presented. This
model has been created to enable an adequate sharing of communication and
information with a language that is a web-service standard and which supports the
ontology model. Another example is that by Tann and Shaw (2007) who propose a
knowledge-based design support system under a collaborative modelling

framework. Finally Gunasekaran, Lai and Cheng (2008) establish several areas (or
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elements) with a collaborative knowledge management process and IT in the SC
that must be taken into account: strategy formulation, tactical management,
operations control, and systems. The authors determine that the selection of
technologies depend on the strategies which meet most of the company’s

requirements.

3 Main supply chain modelling aspects identified

From the previous sections, many concepts and aspects to understand both the
supply chain management process and knowledge management from a
collaborative perspective have been identified. In this context, this section
highlights these aspects in order to detect those which may have a greater impact
on the development of the proposed framework. Therefore, the following
subsection covers the background study based on the collaboration process in the
SC on the one hand, and the knowledge management background to detect how

knowledge can be interpreted as information flow on the other hand.
3.1 The collaborative approach

With a collaborative approach, many concepts and conceptual elements in the field
of supply chain management can be recovered. Thus, in order to target efforts in
such a broad study of this nest of knowledge, only five dimensions of study have
been included: (1) Interpretation of collaboration (as collaboration can be seen
from different point of views, our interest is to detect a certain pattern that may be
useful for the framework proposal), (2) supply chain configuration (this dimension
considers the configuration defined by Beamon and Chen (2001) to detect how the
authors cover the supply chain study from its physical point of view), (3) the
framework approach considered (this dimension addresses whether or not a
framework is presented), (4) modelling technique and (5) technology (dimensions
(4) and (5) address the modelling technique and technology considered to support

their research work).

Table 1 shows that half the authors (50%) conceive the collaboration in the SC as
a sharing information process in either a dyadic (two nodes) or net (many nodes)
supply chain configuration, where net configuration is selected the most (81%) to
develop and present their models. Similarly we can see that the idea of presenting

a conceptual approach-based framework is common among the authors (50%). On
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the one hand, this enables the development of models in terms of simpler elements
but which, on the other hand, take fully into account concepts and their
relationships at all the levels. Finally, Table 1 highlights the fact that less than half

(44%0) of the authors consider a framework for their research work.

. q Framework .
Interpretation of Supply chain Modelling
aulcs collaboration configuration appr.oach technique Echneieo
considered
Cooper et al. (1997) Integrateq companies Dyadic NE Conceptual NE
relationships
CPFR . .
Chen et al. (2007) N . Net NE Simulacién Rockwell Arena®
Information sharing
Eng (2004) Information sharing Net Yes Sematic representation NE
Holweg et al. (2005) Collaborative planning Dyadic Yes Conceptual NE
Ketikidis et al. (2008) Information sharing Net NE NE SPSS®
(demand planning) (data analysis)
. . Date base
Information sharing and N JDK1.4.1 and Apache
e el (o) coordination Net Yes Matlg;erg:)e;:lcal SOAP 2.0, MsAccess®
Management of multiple
Lambert and Cooper (2000) relationships in the supply Net Yes Conceptual NE
chain
Lejeune and Yakova (2005) | 'Mternal cross-functional Net NE NE NE
integration
Manthou et al. (2004) Net Yes Web-Based XML
products along the supply
N CORBA
chain
Rosenzweig and Roth (2007) Information sharing Net Yes Conceptual eBusiness
Sigala (2008) Information sharing Net Yes Conceptual NE
Activities oritented to supprt|
joint planning, demand .
Son and Sheu (2008) forecasting, merchandise Net NE Simulation Crystal Ball Professionals
o ® and OptQuest
optimization, and order
fulfillment
N . Conceptual GAMS
Soylu et al. (2006) Information sharing Net NE Mathematical CPLEX
. Real-time design changes Conceptual
T e8y | (F D () Consistency of information Net NE UML NE
Turkay et al. (2004) Information sharing Net NE Conceplgal ILOG CPLEX
Mathematical
Joint inventory
Williamsom et al. (2004) management Dyadic NE NE EDI
Information sharing

Table 1. “Relevant collaborative aspect within supply chain management”..
3.2 Knowledge management modelling approach

This section presents the knowledge management process in terms of the literature
review. Firstly, this analysis considers the following identified aspects (Table 2):
(P1) development of new products, (P2) modelling, (P3) decision-based support,
(P4) documental management, (P5) SC management and (P6) framework.
Secondly, the classification by Nuafez and Nufiez (2005) is considered. This
classification observes how the IT and software tools are involved. Thereafter, this

classification considers (Table 3) the following seven aspects: (H1) tools oriented
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to search and recover information, (H2) customising and filtering information tools,
(H3) storage and information management, (H4) information analysis tools, (H5)
flow and communication management systems, (H6) learning tools and (H7)

enterprise management systems.

Authors H1 | H2 | H3 Authors PL|P2|P3|P4]|P5]|P6
Barrat (2000)

Blanc et al (2007),

Body et al (2000)

Dyer and Singh (1998)
Grangel et al (2007a)
Grangel et al (2007b)
Grangel et al (2008)
Gunasekaran et al (2008)
Hall and Adriani (1998)
Han et al (2007)

Barrat (2000)

Blanc et al (2007),

Body et al (2000)

Dyer and Singh (1998)
Grangel et al (2007a)
Grangel et al (2007h)
Grangel et al (2008)
Gunasekaran et al (2008)
Hall and Adriani (1998)
Han et al (2007)

Hoyt and Hug (2000) Hoyt and Hug (2000)

Lin and Harding (2007) Lin and Harding (2007)

Nonaka (1991) Nonaka (1991)

Sahay (2003) Sahay (2003)

Simatupang and Sridharan (2002) Simatupang and Sridharan (2002)

Skjoett-Larsen et al. (2003)
Tan and Shaw (2007)
Ulieru et al (2000)

Skjoett-Larsen et al. (2003)
Tan and Shaw (2007)
Ulieru et al (2000)

33% 61% 44% 72% 67% 33% 50% 3% 8% 72% 67% 72% 56%

Table 2. “Main aspects identified”. Table 3. “Tool classification”.

Table 2 shows that the most repeated aspect is modelling (P2), which is considered
by 89% of the works reviewed. It is followed by decisional support (P3) and supply
chain management (72%) (P5). This in relation to the fact that KM, which is mainly
an intangible concept in a supply chain context, must be modelled in order to
visualise it and to detect the critical process points which are related to the
decision-making process since knowledge is information used to support this
process. The last dimension of Table 2 refers to the framework approach.
Therefore, Table 2 shows how half the authors relate the knowledge management
process in the SC by considering a collaborative process that is present in a
framework within their research work. Table 1 highlights that developing a
framework, which considers information flow in the net supply chain configuration,
is important. Moreover from the tool classification (Table 3), the information
analysis tool (H4) is the most widely used concept (72%), followed by information
filtering (H2) with 61%, and the management flow system (H5) with 67%.
However, the least considered aspect is the development of new products (P1) with
39%. From a tool classification point of view, the least considered aspects are

learning tools (H6) and storage tools (H1), both with 33%. In the light of these
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results, an upgrading process of existing products that has been in use for many
years not only has to be taken into account, but also that knowledge presents
more difficulties to apply these kinds of technologies or tools to manage the

knowledge process.

Another contribution to the analysis is shown in Table 4 which relates both
dimensions (aspects and tools) and shows how the authors simultaneously
consider both. Green circles represent the combination with the most
considerations; red circles represent the combination with the least considerations,

while blue squares represent those options with average considerations.

PLI P2 P3[PA]P5] P6
H1] 5 | 6 3 (3)
H2] 6 [(11) 8 8
H3] 4| 7 [ 6 | 6 | 5
H4] 4 [(11) BT 9
H5] 4 |10 7 I 7 | 7
H6] 4 [ 5| 4] 4] 5] 4
H7 71657

Table 4. “Crossed table of tools and detected aspects”.

Table 4 highlights the good relationship that exists between modelling with both
customising and filtering information tools and information analysis tools.
Therefore, the information treatment results, which are an important aspect to be
considered in the modelling process, are accomplished. In addition, another
important relationship that may be detected is found between the framework and
information analysis tools. This relationship occupies the middle area of the
authors' preferences. Another important aspect to consider is that, besides
contemplating information as a critical aspect in developing a framework, a tool
that may support this model must be defined. Therefore, the following section
presents the conceptual collaborative framework that supports the SCM process

(under the knowledge management approach).
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4 Collaborative knowledge management UML-based framework to

support the supply chain management process

4.1 A conceptual knowledge management model to support collaboration

in the supply chain

A conceptual model can be defined as the descriptive tools that underline the main
aspects and relevant variables involved in a specific problem and/or empirical
structures to propose guidelines to deal with the problems of a modelling domain
(Giannoccaro & Pontrandolfo, 2001). Moreover, a conceptual representation allows
modellers to understand the system behaviour, and it also provides an overall view
(Hernandez, Mula, Ferriols, & Poler, 2008). In this context, the knowledge
management framework (KMF) proposal, whose objective it is to represent and
understand SC-related interdependences, emerges as an extension of the work of
Nonaka (1991) by considering the work of Hernandez et al. (2008) as a modelling
methodology. As previously mentioned, Nonaka (1991) indicates that tacit and
explicit knowledge flow generates four types of knowledge processes: socialisation,
externalisation, combination and internalisation. Additionally, the optimal
development of this process will depend on the behaviour of each enterprise. In an
optimal development process, the enterprise’s continuous learning process should
be obtained. Furthermore, the socialisation process is supported by people, which
means that it is a process in which people transfer their tacit knowledge. Next, the
externalisation process turns tacit knowledge into explicit knowledge. This occurs
when an idea is written on paper, meaning that externalisation turns individual
matters into group matters. The combination process, however, uses IT to transmit
or share knowledge, and introduces a greater usability of knowledge. Thereafter
explicit knowledge becomes new explicit knowledge. Finally, the internalisation
process takes place and processes any explicit knowledge generated to transmit it
to the corresponding workgroups, which will once again generate new tacit

knowledge from it.
Therefore, the proposed KMF (see Figure 1) considers six elements:

e Inputs/outputs: Represents the inputs and outputs that IT architectures
establish to support the knowledge management process. These can take
two representative forms: explicit (documents, BBDD tables, etc.) or tacit

(conversations, experiences, etc.).
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e Environment/culture: Define the space of interaction among entities
(supply chain nodes). This area is governed by the existing predominant
organisational climate and culture, factors which are relevant for the proper

flow and knowledge generation (informational flow).

¢ Knowledge management process (function): This is the most
important process and is responsible for delivering dynamism to the
environment in accordance with the needs that arise from it and with the
decisions needed to be taken. This function is also responsible for validating
intangibles, or knowledge, through the achievement of documents, whether
physical or electronic, which may prevail in time. In addition, this document
may be used, for example, to analyse and establish improvements. Then,
this process interacts with the two types of knowledge defined by Nonaka
(1991) that are detectable in the organisation (tacit and explicit). Thus, the
knowledge management process can receive knowledge (information)

through processes such as produce, and internalise it in the company.

¢ Knowledge types: This relates to inputs/outputs, via the knowledge
management process, and knowledge can be seen in four perspectives.
Explicit knowledge #, which is explicit knowledge generated from an
existing explicit knowledge, which then defines tacit knowledge #, which will
be read as that knowledge from explicit knowledge #, and will provide
relevant facilities to generate new tacit knowledge. Therefore, the

framework’s life cycle goes through these four knowledge types or forms.

e Input/output connectors: They represent what the knowledge
management process intends to provide to the environment (creation), and

what should be known (receiving) to allow better action control.

e Technological information tools: this block represents the models, or
architectures, at the information technology level which support the
decision-making process in the environment. These architectures support
the mobility of the system through the collection of knowledge, which can
be expressed (as already mentioned) in physical documents or ideas. In
addition, they support the generation of new knowledge. This last concept is
established by the criteria imposed by the environment in the knowledge

process.
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Moreover, the proposed model combines the best works from the studied literature
presented in the background, but incorporates new elements. This model, or
framework, with its seven elements, also links the KM process with the knowledge
detected in companies or workgroups. As Figure 1 depicts, the model considers the
definition of the environment which consists in a series of knowledge processes and
entities that interact with each another, but always under a labour environment
and culture. These last two elements provide information related to the beliefs,
desires and interactions of the entities which make up the environment. Then in
relation to an adequate knowledge management process (which depends on the
objectives and interests of the entities that make up the environment), it is
possible to capture the correct necessities which support the decision-making
process. Therefore, this management process consists in handling different types of
knowledge that, through information technologies, generate the four main and
already known processes to be considered (socialisation, externalisation,
combination and internationalisation). In addition to supporting the development
process of the model, two knowledge types are added to this model: tacit and
explicit. These relate to the new knowledge generated from the knowledge
management process which allows a better understanding of the environment, and

which also supports continuous improvement in the workgroups.

Environment
Externalization Ideas Documents.
’ ici Output/ :
[ G Output/ Explicit | |:1‘F'>J:z ,,,,,,,,,,,, T2 ot !
Documents InPut Knowledge A Documents
InPu Generate| Receibe OutPut/
Output Inl?ut
y b i
Tacit | Re%®Pe Knowledge |—Generatel i piicit
knowledge| " management knowledge #
- j+Generate— process «-Receibe— T
InPut/ y Oufput/
Output Receibe | | Generate InPut
__Output/ | Tacit | Output/ T3 L Ideas
InPut knowledge # InPut
Document:
Internalization
Culture

Figure 1. “KMF proposal, a conceptual perspective -An extension of Nonaka (1991)-".

Then, another contribution emerges from the proposed model which is related with

IT architectures. Therefore to obtain four types of knowledge (tacit, explicit, tacit#
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and explicit#), it is necessary to consider the right definition and configuration of
the IT systems. Thus, four IT types are contemplated, which are in charge of
receiving, processing and generating new information that, at the same time, could
be used as an information input for the other IT present in the environment.
Should some IT systems of the SC nodes be the same, it could be possible to use a
centralised system. Regardless of whether it is the same IT system or different
ones, each SC node could have its own IT data process. Additionally, a dialogue
could be established with a series of protocols where data and information would

add value to both the environment and the SC, which could also be defined.

4.2 A collaborative knowledge management framework supported by the

UML-based model

According to Huang, Chu, Li and Yen (2008), the selected language to support this
architecture is UML (Booch, Rumbaugh, & Jacobson, 1997). In this context, UML
presents a high level of simplicity, a good level of formalism, and provides a well
standardised modelling tool. This formalism allows concepts and ideas to be easily
transmitted to different kinds of people belonging to the workgroup in a SC.
Moreover, collaboration in a SC needs to solve conflicts among several
decentralised functional units because each unit attempts to locally optimise its
own objectives rather than the overall SC objectives. The KMF (Figure 2) is
extended to support the information flow among the SC nodes as a KM process.
Yesilbas and Lombart (2004) also detect three types of collaborative knowledge
(pre, in and post) to support the process design. From a centralised view therefore
(Figure 1), and in relation to Grangel et al. (2007a); Grangel et al. (2007b) and
Grangel et al. (2008), UML concepts are used to support the connection among the
SC nodes. Then in the presence of a complete, partial or non-collaborative process
in the SC, it allows alternative views of the informational flow to be generated in
relation to the corresponding KM process, and each is based on this collaborative

KMF proposal.

The UML notation is used to support the corresponding IT connection. Therefore,
the proposed collaborative knowledge management framework (CKMF) uses this
notation to establish and formalise the connection among the nodes forming the
SC. Moreover, it is assumed that each node has agreed to share information. So
each IT displayed in Figure 1 is related to one type. In this context, the selected

UML diagrams are deployment, class and sequence because their diagrams are the
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most representative to clearly manage and express the two types of knowledge

defined by Nonaka (1991): tacit and explicit. In addition, and from a generic point

of view (Figure 2), a dyadic supply chain (two nodes) is considered to obtain a

simple

representation. Later, Subsection 4.3 shows a more specific and real supply

chain configuration that extends this dyadic approach.

Socialization KM
Process Internalization

Externalization

/ Supply chain
Node X

Supply chain
Node Y

UML -IT
CONNECTION

Figure 2. “Extended KMF to support the collaborative process in the SC by UML (a dyadic

IT

approach)”.

Knowledge management process: from a centralised perspective, this
process is represented by a UML component diagram to be able to identify
the main aspects of this process. Then receiving and generating information

are considered as main attributes of this process.

IT 1, the deployment diagram: here the X and Y nodes are represented
by an artefact where the information flow enters and exits the knowledge
system node in order to represent tacit and explicit knowledge, respectively.
In addition, a knowledge system is connected to another node which
represents a database (BBDD) system by considering a one-to-one
relationship in the light of the fact that there must be a correct

correspondence with shared information (tacit and explicit).

2, the class diagram: given the intention of grouping the different
categories present in the knowledge management process, the UML class
diagram is properly considered to be used for processing explicit knowledge
in order to obtain new explicit knowledge. Then two nodes are defined to

cover, or support, the intrinsic knowledge process in the SC. Moreover, each


http://dx.doi.org/10.3926/jiem.2008.v1n2.p77-103
http://www.jiem.org

Journal of Industrial Engineering and Management

©© JIEM, 2008 — 01(02):77-103 - ISSN: 2013-0953

doi:10.3926/jiem.2008.v1n2.p77-103

uonezijeulaiy

seapl |

k= —p

siuswnoog

uoneuIquwoD

sjuswnasoq

xoPeni

wesbelp uswAdsap TAN € 11

x..-._nzk. alipapauy : wagtds alpapmouy

waisds gopn -]
T oos-
T wadk dpapesu -
" 1
s ddds | D... 00840088
USORUAIGH IR
may
aapr ey Kddreg By
maysds abpapmouyy( ]

sy
e

AN

weibelp ssejo JAN 2 LI
L apayg ssbruryy o opau iskermyy

anpoay
#
abpajmouy
nodx3 B CICIET)

Sfeibis B

1]
Gy W gy
ey )
anpanuis
G umoun
wiipe e
tunrguasly Al i sy
A | A B Airdinnd B
N R | qurw
ity e :m. ; ¥,
" - + kaipyunuy s
SE— : supipmauy
phvi __.,.E.z_,__a -ﬂ
by u L
A a K sbpspuony |
AT AW
sjuswnoog

/

#
abpajmouy
noe|

EJETENET) EWEREN

uonda3al uoneiogul s
uopeiaush uopewogu] B

s wabeuew abpapmouy =

wagsfige

\

juswabeuew
abpajmouy

EA\Ele ) JIIETEDS)

abpajmouy|
noldxg

v
weiBelp aouanbas JAN ¥ LI

L

J5E3 MaU 36 pue 33EIaUsE

[ ueneIol Aal daysuE |

seapr aapy ¢

() uoReLo L 3SR T

_

_ _
_ _
| O sueneuons ses 1

K SPSNA SPOU ==
“ureys Addns

K SPON SPoT =
“uneys Ajddns s

aelaus

EWEREN

abpajmou
noe|

\

o

wesbelp JuswAaidep TAN T LI

/

...ﬂDsS #Epajanaany - wA PR RO

T ks abpapmous -

L e -.H_...oﬁ.t Qa0 - aoa

aseen __-E_.....‘.“._._.._Ere

Eaqr w3 Gldng By

s abpapmouy ]

s s i
ol

| Kopempy |

uonezieloos

seapl

siuswnooq
lq— =

|.
|
|
|
|

uolezijeulaixy

y

Figure 3. “Collaborative knowledge management UML-based framework. A conceptual

perspective”.
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knowledge process considers the rules and information from the information
exchange process by considering a composition association to express which
component classes are used to support the main knowledge class process.
Next, the information class not only considers the availability and type of
information as main attributes, but also the rules which apply either in the

system or the SC nodes.

e IT 3, the deployment diagram: here the Y and X nodes are represented
by an artefact where the information flow enters and exits the knowledge
system node to represent tacit and explicit knowledge, respectively. In
addition, a knowledge system is connected to another node which
represents a database (BBDD) system by considering a one-to-one
relationship given the fact that there must be a correct correspondence with

shared information (tacit and explicit).

e IT 4, the sequence diagram: this diagram has been used to represent the
actions related to transforming tacit knowledge into new tacit knowledge.
Therefore, this diagram represents how node X receives information (tacit
knowledge), transforms it, and then transmits it to node Y for it to be
reprocessed to obtain new tacit information. As the product is intangible,
the sequence diagram provides an accurate view to not only capture and
transmit the activities related to such intangible products, but to also

understand how the process is carried out.

Finally, each IT is presented from a conceptual perspective (Figure 3) by extending
the centralised model in Figure 1. Therefore, this conceptual framework represents

the overall view of the proposal.

4.3 A conceptual example of a collaborative UML-based sequence diagram

for the supply chain: Socialisation

As seen in Figure 3, four processes are considered (socialisation, externalisation,
combination and internationalisation) in the proposed collaborative knowledge
management framework (CKMF), and each of these processes is supported by the
corresponding IT, which are related to the appropriate UML-based model. Yet each
UML-based model will depend on the real supply chain configuration where the

CKMF will be applied. Hence, this subsection shows one of those UML-based models
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when a particular SC is considered which belongs to a specific environment/sector
supply chain. Then, as Figure 4 shows, this specific SC comprises three nodes
(supplier, manufacturer and customer 3). Moreover, the selected process to be
represented (as an example) is the socialisation process which considers a
sequence UML-based diagram in relation to its simplest understanding and

representation.

Envir./Sector
supply chain

Customer 1

Manufacturer 1

Customer 2

upplier 2

Manufacturer:2

Supplier

supply chain

Customer 4

Figure 4. “Supply chain conceptualisation”.

Thus, the behaviour of the nodes will establish the main characteristics to be
considered and the protocols which will work to allow the communication and
message exchange process among nodes which will support the collaborative
processes. In this context, the proposed example considers the case of a
collaborative inventory management process (Figure 5) where a customer,
manufacturer and supplier are identified. Initially, the messages among them flow
from customer to manufacturer. The manufacturer should establish if it is capable
of accomplishing the costumer’s request according to his/her current situation or if
he/she should negotiate modifications in the delivery time and quantities. In
relation to the collaboration between these supply chain nodes, planning will then
consider the answer that the customer could send to the manufacturer. Therefore
messages flow effectively, plans are generated and requirements are provided with
the most effective answers. This also facilitates the agreement processing order to

support the corresponding collaborative process among the nodes of the SC.
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4.4 Limitations

The proposed framework is not without its limits. Firstly, it has been developed
theoretically to cover the concepts of the collaborative supply chain management
under a knowledge management point of view. In light of this, this framework
must be submitted to test the real system in order to compare the results obtained
with the model with the real system behaviour. Secondly, KM itself encompasses
many research subjects, topics and areas, and the framework presented in this

paper only focuses on the information sharing process.

Customer Q Manufacturer V Supplier =

Request()

Stock check/available

Accept request () .
capacity()
Raw material requirement ()
L T Available quantities
! reviewing( )
Delivery proposal()
T Planning
A 1 establishment( )
Delivery proposal( )
L
1
1
1
I
. .
Reject ( End()
——— XOR /©
a e
1
T A A
Accept () raw material in firm request( )
T T Order
i | preparing( )
Ay Request in firm() Raw material sending( )
T
| Manufacturing( )
1
-l Request sending( )
| End ! End End

Figure 5. “UML sequence model for the supply chain”.
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5 Conclusions

In the most general cases, collaborative activities imply a distributed decision-
making process which involves several SC nodes. In this paper, a collaborative
UML-based KMF architecture is proposed. In addition, this proposal summarises
existing knowledge, and it not only fulfils, but enriches each of its components with
the modeller’'s own knowledge. Another important aspect is that the final model
representation will depend on the specific environment or SC being considered.
Thus, a specific SC (made up of a supplier, a manufacturer and a customer) has
been considered in this paper. In this context, and in order to support and
represent the collaborative management process (mainly addressed to support the
information exchange), the interaction among them is represented by a sequence
UML-based model. For future research, the model will be extended to solve
interoperability matters in a real environment by considering technologies and
standards in an open-source context to implement the proposed collaborative
framework, and by also considering languages other than UML for each IT

presented in the CKMF.
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