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Abstract

The interest in Supply Chain (SC) decision-making
problem is fast growing.  There is an increasing use of
artificial intelligence (AI)-based engineering and
management technologies in supply chain problem
solving. Furthermore, the trend is towards product data
and knowledge globalisation in the SC network.  The
purpose of a SC is to transform incomplete
information about the market and available production
resources into co-ordinated plans for production and
replenishment of goods and services in the network
formed by co-operating entities.  The value of this
information is critical to managing the network, built
on principles of a co-operative supply chain (CSC).
The goal of SC Knowledge Management (KM) is to
facilitate knowledge transfer and sharing in the context
of SC structures, thereby integrating the customer and
the supplier.  Ontology-oriented KM tools for SC
configuration utilise reusable components and
configure knowledge as needed, in order to
interactively assist users (agents) in decision-making.
This paper discusses a generic development
methodology for information support of supply chain
management using an industry example.

Introduction
Knowledge is a critical resource for any business activity.
Firms utilise industrial knowledge to manage change in its
environment due to product life cycle-time & cost
reductions, and variations in product & process
specifications.  Every firm has collective knowledge in the
form of its technological competencies.  In order to
capitalise on this knowledge base, firms have to organise
and manage it in creative and useful ways.  As a result,
new information technologies, such as Knowledge
Management, and Agent Technology are increasingly
being used for the purpose.
----------------
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As firms compete in a global economy, new models of
transacting business, such as business-to-business (goods
& services), and business-to-consumers have emerged.

Novel and creative business partnerships, such as supply
chain (SC), and virtual enterprise networks are being
formed.  These are highly flexible and co-operative
business arrangements among partners in order to stay
competitive in a dynamic environment.  SC configuration
is an approach to “network enterprise” creation and reuse
that considers enterprises as assemblies of reusable
components (units) defined on a common domain
knowledge model, such as a “product – process -
resources” model described later in this paper.

The objective of this paper is to describe (a) elements of
a generic methodology, and (b) its implementation through
a pilot project of an ontology-based CSC configuration
knowledge management.

The rest of the paper is organised as follows.  First, a co-
operative supply chain is defined as a special class of a
supply chain network. A systems approach applied to
managing it describes a supply chain management system.
For efficient management of a supply chain, its design
must be capable of being configured flexibly.  A scheme
for supply chain configuration is described to accomplish
this.  Configuring a supply chain involves, (a) managing its
knowledge, (b) modelling the constraint network, and (c)
managing knowledge among agents identified in the
network.  These are described next in the paper.  A pilot
project of an ontology-based environment for CSC
configuration knowledge management is described
following this.  Finally, conclusions on this research and
plans to extend it are presented.

Co-operative Supply Chain
The concept of supply chain is about managing co-
ordinated information and material flows, plant operations,
and logistics (Lee and Billington 1993).  It provides
flexibility and agility in responding to consumer demand
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shifts with minimum cost overlays in resource utilisation.
The fundamental premise of this philosophy is
synchronisation among multiple autonomous business
entities represented in it.  That is, improved co-ordination
within and between various supply chain members.  Co-
ordination is achieved within the framework of
commitments made by Members to each other.  Members
negotiate and compromise in a spirit of co-operation, in
order to meet these commitments.  Hence, the label co-
operative supply-chain (CSC).  Increased co-ordination can
lead to reduction in lead times and costs, alignment of
interdependent decision-making processes, and
improvement in the overall performance of each Member,
as well as the supply chain network (Group) (Chandra
1997, Poirier 1999, Tzafestas and Kapsiotis 1994).

Supply Chain Management System
Supply chain management is the art and science of
managing this complex network of interrelated systems
and their components.  It encompasses identifying goals,
and objectives of the supply chain and outlining policies,
strategies, and controls for its effective and efficient
implementation.  A formal mechanism to organise these
cohesively requires a systems approach.  A supply chain
management system (SCMS) is proposed for this purpose.
It is a system (S) that describes Member (M) entities in a
supply chain and their relationship (R) to one another.
Notationally, S = (M, R), where M = {m1, m2, ..., mn}, and
R = {[(m1,m2) (r1,r2,,..,rn)], ..., [(m1,mn) (r1,r2,,..,rn)], …,
[(mn-1,mn) (r1,r2,,..,rn)]}. Likewise, such a relationship can
also be expressed for components of a Member (mi); at a
function (or business) mi (bi); process {(mi,bi) (pi)}; and
activity {(mi,bi,pi) (ai)}; i = 1,2,...,n. Relationships in a
SCMS describe, (a) actions between its members (and their
components) involving exchange of information, controls,
and resources, and (b) meta (or logical) systems (that is,
Members and their components), decentralisation, and
specialisation of autonomous Members (Bond and Gasser
1998, Gasser 1991, Moulin and Chaib-Draa 1996).

Figure 1 depicts a decentralised view of a textile supply
chain. This CSC is comprised of a Group and more than
one Member.

The network is arranged in the order of flow of
materials, processes, and information between its
Members. In this example, consumer demand is relayed by
retailer to apparel maker, textile manufacturer, fibre
manufacturer, and to cotton grower.  Similarly, flow of
material occurs in transforming cotton to yarn by fibre
manufacturer, fibre to fabric by textile manufacturer,
textile to apparel by apparel maker, and a name brand
garment by retailer.  The interaction between Members
occurs as a consumer and a provider. Thus, an apparel
maker assumes the role of a provider (of apparels) in its
dealings with retailer (a consumer of apparels).  However,

the apparel maker acts as a consumer of fabric while
dealing with a textile manufacturer (a provider of fabric).

Figure 1. A co-operative supply chain decentralised enterprise
view

A decentralised CSC is a physically and logically
distributed system of interacting components and elements
of autonomous business entities (Members) (Hillier and
Lieberman 1990, and Taha 1987).  In this distributed
problem-solving environment, the task of solving a
problem is divided among a number of modules or nodes
(autonomous business entities and their systems).
Members co-operatively decompose and share knowledge
on the problem and its evolving solutions.  Interactions
between Members in the form of co-operation and co-
ordination are incorporated as problem-solving strategies
for the system.  Entity Group is responsible for co-
ordination throughout the supply chain.  Entity Member
brings specialised expert knowledge and product and
process technology(ies) to the supply chain.  The decision-
making process is centralised for the Group.  The Group
enforces common goals and policies for the supply chain
on Members.  However, decision-making at Member is
decentralised.  Each Member pursues its own goals,
objectives, and policies conceptually, independently of the
Group, but pragmatically in congruence with Group goals.
A common knowledge base supports the CSC structure
(Chandra 1997). Knowledge is assimilated for an activity
(the lowest level of information) in a specific domain and
aggregated for various decision-making levels in the
enterprise.  Main concepts in activity modelling in a CSC
decentralised enterprise are described below.
• Activity represents transformation of input (in the form

of a technology) to an output (or product) through use of
resources of an enterprise, such as a supply chain.

• Process is a collection of activities representing various
forms of technologies mobilised by the enterprise in
generating an output.
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• Supply Chain Management comprises of activities or
processes.  These entities when associated to a user
assume unique ontological forms.

• Ontology is a unique form of representing knowledge
applied in various domains.  It is useful in creating
unique models of a CSC by creating specialised
knowledge bases specific to various supply chain
problem domains.

• Representation.  An activity represents the lowest level
of interaction in the supply chain model.  It is
synonymous with a “Member” for modelling business
process, and an “agent” for knowledge management
environment.  It is classified into various activity types
depending on unique service(s) they provide. Activity
(ies) is used in relation to an aggregation.  An activity
possesses attribute(s), which describe its characteristics
or features.  An attribute assumes parametric values in
relation to an aggregation model.  Activities
communicate with each other by exchanging message(s).
Communication occurs based on a protocol whose
boundaries are set by a control matrix prescribing level
of resource(s) to be utilised by an activity, policies to be
pursued, and objectives to be met in providing the
service(s).

• Aggregation.   Aggregation represents a system form,
depicted in figure 2 for a textile operation.  It has seven
components -- input, process sequence, output,
mechanism, agent, environment, and function, described
in (Nadler 1970), which are defined by four matrices,
namely, resource, performance, technology, and
input/output.  Each aggregation (system) has its own
control matrix to define relationships between its
components. Aggregation can take on many forms
manifested by the orientation it is based upon, that is
aggregation “within” system(s), or aggregation
“between” systems.  For example, a material-life-cycle-
flow and order-life-cycle represent horizontal
aggregation between systems.  Building decision models
across the enterprise represents a vertical aggregation
between systems.  Similarly, aggregating all activities
within a Member function represents “within” systems
integration.

• Protocol. Protocols for each aggregation (system)
describe conventions governing communication between
activities, services rendered by activities to one another,
and controls for that system.

• Communication between activities occurs in the form of
message(s) exchanged to request a service.

• Services are of resource and information types.

Supply Chain Configuration
As the business environment is changing rapidly, supply
chains are being designed innovatively to offer competitive

advantage.  Some of the potential uses of flexible supply
chain are:

• Dealing with changing production demand, and
• Trading product models on business networks.

The efficient management of this SC, therefore, requires
that its design be properly configured.  An important facet
of configuration is to understand the relationship between
supply chain system components that define its structure,
that is products, and associated processes & resources.

Figure 2. A generic system representation in a co-operative
supply chain

The objective of designing SC utilising configuration
principles is to generate customised solutions based on
standard components, such as templates, baselines, and
models.  There are two aspects to configuration:

1. Configuring / reconfiguring, and
2. Configuration maintenance.

Configuring deals with creating configuration solutions
and selecting components and ways to configure these.
Configuration maintenance deals with maintaining a
consistent configuration under changing environment.
This requires consistency among selected components and
decisions.  When a decision for selected component
changes, configuration maintenance must trace all related
decisions and revise them, if necessary. Thus, consistency
among components and decisions is maintained.  A
corporate knowledge management (KM) spanning the
supply chain is desired to implement SC configuration.

Supply Chain Knowledge Management
An important requirement for collaborative system is the
ability to capture knowledge from multiple domains and
store it in a form that facilitates reuse and sharing  (Neches
et al. 1991, Patil et al. 1992).  KM could be identified by
four factors behind successful KM systems (Donkin 1998):

Spindler
Extruding Machine

Factory Work Order (Customer,
 Start & Finish time, 
 Standard activity time, 
 Standard activity cost, 
 Inter-activity time)
Mfg... Specifications
Raw Material Specifications
Product Specifications Flat Yarn on Yarn Packages

Yarn Denier
Yarn Texture Strength
Yarn Spoilage <0.005%
Yarn Process Time <3 days

Continuous Polymerization
Spindle Operator Skills

PROCESS SEQUENCE FOR OPERATION SPIN

Weave Operator
Textile Chemist

Extrude Draw Wind

t=0 t=3

INPUT MECHANISM AGENT

ENVIRONMENT FUNCTION

OUTPUT



1. An understanding by employees as to why knowledge
sharing is important,

2. Recognition by employees,
3. Legacy of existing practices, and
4. Support mechanism or safety net that allows employees

to experiment.

KM is 90 per cent people and 10 per cent technology.
General functions of KM are -- externalisation,
internalisation, intermediation, and Cognition
(Delphigroup 1998).  These describe the relation “user –
knowledge / databases”.

The approach suggested in this paper is limited to
designing SC configurations for manufacturing systems
and focused on using ontological descriptions.  It is based
on GERAM, the Generalised Enterprise Reference
Architecture and Methodology (ISO TC 184/SC 5/WG 1
1997).  This approach is one of several key approaches
evaluated and recommended by the IFAC/IFIP Task Force
on Enterprise Integration that facilitates developing an
overall definition of a generalised architecture.  It could be
implemented using a variety of Enterprise modelling
languages, such as ARIS, CIMOSA, GRAI/GIM, IEM, and
the IDEF family of languages.

Applying the GERAM approach enables forming the
conceptual model of the SC system.  This is accomplished
by modelling its product, process, and resource
components to satisfy manufacturing constraints in its
environment.

The SC configuration stage is represented by the
following relation:

"configuring the product (product structure,
materials bill) → configuring the business process
(process structure, operation types) → configuring
the resource (structure of system, equipment and
staff types)".

The implementation of SC approach is based on the
shareable information environment that supports the
"product - process - resource" model (PPR-model) used for
integration and co-ordination of user’s activity. This model
is studied from different viewpoints or user groups as
depicted in figure 3.

Enterprise models may be defined in various ways. In
increasing order of formality, generic enterprise models
may be defined as (ISO TC 184/SC 5/WG 1 1997):

• Natural language explanation of the meaning of
modelling concepts (glossaries of terms),

• Some forms of meta models for example, entity
relationship, meta schemas, conceptual models of
terminology, and component modelling languages
describing the relationship among modelling concepts
available in enterprise modelling languages, and

• Ontological theories defining the meaning (semantics) of
enterprise modelling languages to improve the analytic

capability of engineering tools and through them the
usefulness of enterprise models.

Figure 3. Links of users to knowledge and data in SC

Ontologies are created similar to how knowledge domain
models are built.   Formal steps in creating ontologies are:
• Defining entities,
• Assigning attributes to entities with regard to its domain,
• Identifying relationships between entities and domain,
• Identifying relationships between entities,
• Describing levels of constraints, and
• Labelling ontologies by classes of entities.

Ontologies are managed by translation and mapping
between different types of attributes and entities.

Ontological theories are formal models of concepts that
are used in SC model representations. They capture rules
and constraints of the domain of interest, allowing useful
inferences to be drawn, analyse, execute, cross check, and
validate models.

Ontological translation of an enterprise, such as a supply
chain is necessary because networks are multi-ontology
classes of entities.  Various ontologies for an entity
describe its unique characteristics in context with the
relationship acquired for a specific purpose or problem.
For example, an entity “textiles” may have a multi-
ontology representation for a user with a marketing
perspective, and for another user with a design perspective,
respectively.  For the user interested in the marketing
perspective of textiles, its attributes of size, denier, and
style are important.  However, the same textiles’
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characteristics may be represented by size, quality, and
finish for the user interested in its design specifications.

Object-Oriented Dynamic Constraint
Network as Top-Level Ontology Paradigm for

Supply Chain Configuration
It is widely accepted that engineering & management
activities can be regarded as search involving techniques to
satisfy constraint (Giachetti et al. 1997, Hirsch 1995,
Tsang 1991).  Constraint satisfaction is a fundamental SC
problem.  Conventional constraint satisfaction procedures
are designed for the problem with one constant set of
constraints.  For example, in engineering for
manufacturing systems, such as design for productivity,
layout, and scheduling, it is often necessary to solve a
dynamic constraint satisfaction problem where applicable
constraints depend on the design aspect (Smirnov 1994).

The domain knowledge model of SC contains entities
(objects), which can be of different types (classes).  Multi-
level and multi-aspect/viewpoint are used for PPR-model
description.  Obviously, each user works with its own
ontology-oriented constraint network.  KM tools support
the conversion of PPR-model, from one ontology to
another.

An abstract PPR-model is based on the concept of
ontology-oriented constraint networks.  Networks are
represented by multi-ontology classes of entities, the logic
of attributes and the constraint satisfaction problem model.
This abstract model unifies main concepts of languages,
such as standard object-oriented languages with classes,
and constraint programming languages.  It supports the
declarative representation, efficiency of dynamic constraint
solving, as well as problem modelling capability,
maintainability, reusability, and extensibility of the object-
oriented technology.

Ontology-oriented constraints network model is denoted
A = (St, C), where St — an ontology structure, C — a set
of ontology constraints.  To deal with the concept schema
of configuring process defined in terms of constraints, a
dynamic constraint network (DCN) model is applied.  A

static constraint network (SCN) ( )A V D Ci i i i= , , ,

involves a set of variables ( )V v v vi i i iNi
= 1 2, , ,K , each

taking value in its respective domain

D D D D D Di i i ij iN
j

N

iji

i

= × × × × × = ×
=1 2

1
K K , and a set

of constraints { }C c c ci i i ik= 1 2, , ,K .  A DCN N is a

sequence of SCNs, each resulting from a change in the
proceeding one imposed by "the outside world".  For
description of top-level ontology the following abstract
model based on integration of DCN model and object-
oriented model (Royer 1992) could be used:
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The above Ontology Management approach is based on
two mechanisms:

• Class inheritance mechanism, supported by inheritance
of class ontologies (attributes inheritance) and by
inheritance of constraints on class attribute values, and

• Constraint inheritance mechanism for inter-ontology
conversion, supported by constraint inheritance for
general model (constraints strengthening for “top-down”
or “begin-end” processes).

Integration of Ontology and Agent
The implementation of the basic principle for the SC, i.e.,
its collaborative nature is based on distribution of
procedures between different users (or different agents).
For this purpose, it is obvious to represent the SC
configuration KM as a set of interactive autonomous
agents.  Different configuration problems are treated as
separate agent-oriented tasks with embedded constraint
satisfaction and consistency support facilities (Sheremetov
and Smirnov 1997, Smirnov and Sheremetov 1998).
Agent-based distributed constraint satisfaction problem is a



problem in which variables and constraints are distributed
among agents.  Agents communicate by sending messages.
The chart of co-operation cycle for agents has the
following structure:

1. Application domain knowledge is shared between
agents; knowledge about constraints (user requirements
and artefacts) are transmitted to particular agents,

2. Agents solve local configuration tasks on the basis of
shared knowledge, and

3. Results are collected and transmitted to all interested
agents.

These stages are continuously repeated until the solution is
globally confirmed or consensus can not be reached, and
constraint relaxation methods are to be applied.

DESO Project: Object-oriented Tool for
Corporate Ontology Creation and

Maintenance
The goal of DESO (DEsign of Structured Objects) project
is to develop a methodology and tools for automated re-use
of industrial experience from large collection of knowledge
& data in the engineering and business domains.  Figure 4
depicts the DESO architecture.  It aims at establishing a
knowledge platform that enables manufacturing enterprises
to achieve reduced lead-time and cost based on customer
satisfaction by means of improved availability,
communication and quality of product information. DESO
follows a decentralised method for intelligent knowledge
and solutions access. The configuration process
incorporates following features: order-free selection, limits
of resources, optimisation (minimisation or maximisation),
default values, and freedom to make changes to the SC
Model.

An ontology-oriented SC model depicted in figure 5 is
an object library composed of the following:
• A set of object classes structured as a taxonomy, i.e.,

each object is linked to one or more other objects by a
sub-class / super-class relationship.

• For each object class, a set of relations is defined linking
it to other object classes, as well as a constraint set for
each relation, and

• For each object class, a set of attributes and a definition
of the intended meaning of each attribute are provided.

The "product-process-resource" model serves as a
knowledge repository for manufacturing system.  The
structure of the DB formed by it is presented in figure 6.

Basic units of the DESO tool database are objects, such
as “item”, “machine”, “operation”, “plant” etc.  The
highest level of object abstraction is object Class, which
captures an object’s nature.  Classes are defined and
entered into database by the developer at the installation
stage.  The next level of object abstraction is object Type.
Each type belongs to one of the classes of the system and

contains objects with similar properties.  At this level,
object attributes (one type of object possesses identical set
of attributes) are defined.  The user of the tool may create,
edit and delete types.  At the level of objects, values for
each attribute may be entered and edited.

Figure 4. DESO architecture

For example:

Class = Machine, Type = Extruding Machine.

Attributes, objects and values are shown in Table I.

Table I. DESO: Object Properties
Attributes:

Objects
Max Diameter

Mm
Precision

Price,
USD

M1415 1500 4 55,800
M1335 3500 3 63,400

Domain knowledge model (object types
hierarchy, consistency constraints, etc.)

Structure of complex objects (product,
process, module, etc.)

Reusable objects/templates (part,
operation, machine, etc.)

Consistently updating the repository as
dynamic DB

Applying defaults

Continually applying the constraints to
perform inferences and check for

consistency

Integration of advanced features and
technologic processes)

Support for upgrades
(of product, process, resource)

Support for engineer-to-offer/order
scenarios (for example product calculation,

selection of facilities)

User-oriented applications/ SC configuration

Ontology-oriented configuration maintenance

Object-oriented repository



Figure 5. Sharing ontology example for the "product-process-
resource" model

Class

Type

Attribute Object

Value

Figure 6. DESO: database structure

The database structure allows setting relations between
classes and types of objects, e.g., machines of
“Extruding_type_1” and “Extruding_type_2” can perform
the extrusion operation.  At the level of types, complex
constraints for values of attributes can be set, e.g., the
length and the diameter of a part should not exceed
maximum values allowed for turning machines. An
example depicted in figure 7 is described as follows:

• Operation “123T – A” can process only part “O – 123T”,
and

• Operation “123T – B” can process both part “O – 123T”
and part “I – 123T”.

Constraint for parts «Yarn» and operations «Extrude,
Draw, Wind»:

• Part.L1 ��2SHUDWLRQ�/���DQG
• Part.L Ref ��Operation.LREF

Properties for parts are given in Tables II, and III.

Table II. Properties for parts «Yarn»
Attribute O – 123T I – 123T
L1 1300 1500
L Ref 1200 1450

Figure 7. DESO: The use of constraints (upper figure is
operation, lower one is part)

                        Table III. Properties for operations
«Extrude, Draw, Wind»

Attribute 123T – A 123T – B
L1 1300 1500
L REF 1400 1600

The hierarchy editor is a tool for creating, editing and
managing hierarchical relations between objects, e.g., “part
> technological process > operation > machine”.  These
relations may show structures of objects, sequence of
operations for a part production, and possible alternatives
of accommodation etc.  The hierarchy editor supports
inheriting subordinate objects, that allows creating
complex hierarchical systems of objects by some stages
and using templates automating the user’s work.

The user could evaluate systems costs for every unit,
such as time, efficiency, fixed and variable production
costs.  Every cost centre could include several machine
tools.

Conclusions
The universality of the knowledge representation by
object-oriented dynamic constraint networks for all kinds
of SC models makes it feasible to provide powerful
interactive tool for DB & KB maintenance.  Knowledge
management environment comprises means for SC project
consistency control and allows multiple aspect / ontology-
oriented collaborative engineering.  Ontology-based DESO
architecture supports co-operation among agents, thereby
reducing time and increasing the quality of SC
configuration process.  Ontology-based knowledge
management technology is an innovative technology in the
domain of SC.  Using this technology enables fewer people
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to make faster and better quality decisions on SC
configurations from SC unit templates, under constraints
networks with reduced variance.  Implementation of this
technology will enable realise increased quality, reduced
cost, reduced errors, decreased personnel requirements,
and better SC configuration solutions.

Future plans for research on this topic are to develop
and experiment generic SC network configurations based
on, (a) divergent problem solving strategies, (b) functional
or operational policies of Members and / or Group, and (c)
levels of co-operation among members of the SC.
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