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Abstract 
This paper proposes an agent-based architectural 
framework for cooperative distributed systems in 
eBusiness with a special attention to eMarketplace. This 
business-centric knowledge oriented architecture 
(BCKOA) describes the framework of an ontology driven 
eBusiness environment that deals with several business 
and design issues with special attention to supporting 
many-to-many relationship between the marketplace 
participants as well as the integration of marketplaces in 
an open environment. In this work we envision the 
eMarketplace as a seething milieu in which economically 
motivated software agents cooperatively/competitively 
interact, find and process information and disseminate it 
to humans and to other agents. This environment, based 
on coordinated, intelligent rational agent (CIR-Agent) 
model for market services, business services, and 
integration services as well as the user interface. To 
demonstrate and evaluate the feasibility and the 
effectiveness of the model as a development tool for 
eMarketplace, a prototype is being developed for 
eMarketplace with two Mutual Fund virtual business 
entities. 

Keywords 
E-business, Electronic Marketplace, Agent-oriented 
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INTRODUCTION 
The volume of electronic business (eBusiness) is growing 
rapidly as companies strive to stay competitive by quickly 
responding to changes in the global marketplace. 
eBusiness is the use of the Internet along with other 
electronic means and technologies to conduct business, 
including within-business, business-to-consumer, 
business-to-business, and business-to-government 
interactions. Electronic marketplaces (eMarketplaces) are 
the latest and most significant weapon to reshape 
eBusiness relationships, and will soon affect all 
businesses in one way or another.  
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It will enable consumers to shop around the clock from 
product suppliers and services providers around the 
world. Likewise, businesses can reach customers 
worldwide quickly and at low cost.  eMarketplaces offer 
companies the chance to develop and enhance their most 
important relationships – those with customers and 
suppliers – while allowing market makers to open new 
revenue opportunities. Companies can use eMarketplaces 
to strengthen their existing trade relationships, discover 
and develop new ones, and promote faster and more 
efficient trading. 
 
This paper presents a novel agent-based architecture for 
eMarketplace. The architectural specification of an 
eMarketplace describes the framework of a cooperative 
distributed system to deal with several business and 
systems questions, such as (1) What are the design issues 
for eMarketplace? (2) What is the appropriate model of 
eMarketplace environment? (3) What foundation services 
an eMarketplace should provide? (4) How does agent-
orientation enable and support eMarketplace? 
 
In this paper we propose and develop architectural agent-
based software environment for eMarketplace and 
eBusiness that supports the interaction of economically-
motivated software agents, and enables and supports 
common market and business services as well as cross-
enterprise integration in open eMarketplaces 
environment.  Section 2 reviews and discusses some of 
the related work in both the academia and  the industrial 
communities. Section 3 provides a brief analysis for the 
main architectural design issues for eMarketplace. 
Section 4 presents the main components and architecture 
of the proposed agent-based BCKOA for eMarketplace. 
Section 5 reports a short description of an ongoing 
implementation of the proposed model for virtual Mutual 
Fund eMarketplace. Finally, Section 6 summarizes the 
main contributions of this paper.  

RELATED WORK 
There have been several attempts to develop 
eMarketplace architectures by the academia and the 
industrial communities. Due to the limited space, the 
following represent a few of these attempts and the most 
appropriate for the work proposed here. For example, the 
work in [4] proposed a DBMS based architecture for 
electronic market place (EMP). The objective was to 

 



 

develop a business-to-business system architecture that 
supports many-to-many relationship between customers 
and suppliers. EMP view the market in terms of 
customers, suppliers, and administrators; and it supports 
three types of hierarchal structured services, namely, 
market, business and basic services. However, most of the 
business transactions are realized by the market services, 
such as registration, authentication, offering, buying, and 
negotiation. Another approach [13] proposed global 
electronic market (GEM) system based on a logical 
market framework and infrastructure.  A main objective 
was to decouple systems related and market related design 
issues. In GEM framework, the market has been viewed 
in terms of three main elements, market, traders, and 
brokers. The market provides trading mechanisms 
including bids and offers. Traders are market participants 
and represented as a set of interfaces for human 
suppliers/consumers or for software traders. Whereas 
brokers are mediators between traders and market. An 
alternative approach based on agent technology is Kasbah 
[5]. Kasbah is a primitive marketplace at which “naive” 
agents buy and sell goods or services on the behalf of 
their users. The primary objective of the marketplace was 
to facilitate interaction between the agents. However, 
Kasbah’s architecture is ad hoc, technology driven and 
provides few fundamental services, such as common 
seller-buyer matching (based on ``tents of interest” 
metaphor) and notification. A more complex architecture 
for eMarketplace is MAGMA [16] with a special focus on 
the infrastructure required for conducting commerce on 
the Internet. In MAGMA the eMarketplace has been 
viewed in terms of three main functionalities: traders, 
advertising and banking. Trader agents are responsible for 
buying and selling goods. The Advertisement server 
provides a classified advertisement that includes search 
and retrieval of ads by category. Whereas Bank provides a 
set of basic banking services such as checking accounts 
and electronic cash. Alternatively, OFFER [3] proposed a 
brokering-based architecture marketplace. In OFFER the 
eMarketplace has been viewed as a collection of 
suppliers, customers and brokers. A customer can search 
for a service either directly in the e-catalog of the supplier 
or use the e-broker to search all the e-catalogs of all the 
suppliers, which are registered with the broker. In a 
different approach MOPPET [2] proposed an 
eMarketplace system as agent-based workflows.  
MOPPET viewed the market as a workflow management 
system carried out by five types of agents, task, 
scheduling, facilitator, and recovery.   
 
In the industry arena several companies sprung up to meet 
the challenge. Many of these have been around for as long 
as the World Wide Web, others are relatively new.  For 
example, Ariba [1] developed a marketplace based on 
procurement portals and dynamic exchanges for 
horizontal marketplace. Ariba Dynamic Trade for 
instance attempts to provide dynamic trade mechanisms, 

such as auctions, reverse auctions and bid/ask exchanges 
and negotiations. SAP AG also developed SAP Service 
Marketplace [14] as an Internet portal to services for the 
SAP community. It provides basic online services and 
information offerings, browse catalogs and order services 
from SAP and its partners, matchmaking.  Other 
approaches were directed to support vertical 
marketplaces, like PaperExchange [12] that enables 
consumers and suppliers to negotiate pricing and directly 
transact with one another. PaperExchange attempts to 
provide several supporting services such as logistics and 
clearing services, industry-specific content including job 
listings, industry events information, news headlines, and 
a resource directory. VerticalNet also built a marketplace 
[17] as a set of several web-based marketplaces for 
specific industrial segments, such as financial services, 
healthcare, and energy. Each web-site forms a community 
of vendors and buyers in a specific area. Vertical trade 
communities are introduced in segments with a 
substantial number of buyers and suppliers, a high degree 
of fragmentation on both the supply and demand sides, 
and significant on-line access. 
 
Another direction adopted by many major software 
vendors to develop Internet-based commerce platforms. 
For example, IBM CommercePOINT [7], Microsoft Site 
Server Commerce Edition [10], Oracle Internet 
Commerce Server INTERSHOP [8], and Sun JavaSoft 
JECF (Java Electronic Commerce Framework) [15]. 
These attempts focused on providing infrastructure 
services like security payment directories and catalogs to 
be integrated with existing systems and the Web, but most 
of them are proprietary. 
 
The approach taken here to develop a novel software 
architecture for eMarketplace as a cooperative distributed 
system is based on integrating concepts and design 
principles from several disciplines and technologies 
including intelligent software agents, distributed systems, 
meta-language descriptions, organization theory, and 
decision theory. However, it is important to note that the 
results of many of the aforementioned attempts and others 
were very instrumental in the formulation of the ideas and 
the work proposed here.  

eMARKETPLACE   MODELS: DESIGN 
ISSUES 
To develop successful engineering foundation of 
eMarketplace, we need a fully realized solution that 
accommodates the needs of the customers and suppliers 
and allows them to extend advanced services to the 
trading community. To understand the step shift forward 
that eMarketplace should represent, it is important to 
analyze the nature of the existing eMarketplace models.  
 
In the sell-side storefront model, a single seller, typically 
a distributor, constructs a Web storefront to sell to many 
consumers. A major shortcoming with this model is the 

 



 

assumption that either a single distributor is responsible to 
aggregate all the suppliers in a given industry, or the 
customer remains responsible for comparison-shopping 
between suppliers. Alternatively, in the buy-side 
eProcurement model, corporate procurement aggregates 
many supplier catalogs into a single "universal" catalog 
and allows end-user requisitioning from the desktop, by 
which facilitating standard procurement for the 
organization and cutting down on "maverick" purchasing. 
This model, however, doesn’t support dynamic trading. In 
addition, buying organizations must set-up and maintain 
catalogs for each of their suppliers, and hence it is too 
costly and technically demanding.  
 
Clearly, an appropriate model of eMarketplace should 
support “many-to-many” relationship between customers 
and suppliers. Therefore, both customers and suppliers 
can leverage economies of scale in their trading 
relationships and access a more "liquid" marketplace. 
Sellers find customers for their goods, customers find 
suppliers with goods to sell. In addition, many-to-many 
liquidity in the eMarketplace allows the use of dynamic 
pricing models such as auctions and exchanges, further 
improving the economic efficiency of the market.  
 
Another key aspect of eMarketplace model is the ability 
to support integration in open eMarketplaces 
environment.  This is driven by the fact that usually 
customer needs may go beyond the specialist capabilities 
of any single eMarketplace. To cater to broader buying 
requirements, eMarketplaces might need to support 
interaction with each other in a way it effectively 
extending the product range without giving up "control" 
of the customer. It is also important that the model of the 
eMarketplace allows for incorporating and leveraging 
customers’ and suppliers’ legacy environments with 
minimum overhead. This end-to-end support must take 
place over a “cooperative distributed system” 
architecture. This architecture should also be scalable in 
the sense it is capable of supporting a large number of 
users in a highly open environment. The eMarketplace 
model should also enable complex business rules, 
workflow, and relationships, and allow for integration 
with custom and third-party commerce modules. 

BUSINESS-CENTRIC KNOWLEDGE-
ORIENTED ARCHITECTURE (BCKOA) 
To deal with the aforementioned design issues we propose 
an agent-based business-centric knowledge-oriented 
architecture (BCKOA) for eMarketplace and eBusiness. 
BCKOA is based on an abstraction-layered architecture, 
shown in Figure 1. The objective is to develop 
architectural software environment that is semantically 
rich and describes the organization and the 
interconnection amongst software components, business 
services and business ontologies, as shown in Figure 1.  
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Figure1: BCKOA for eMarketplace 

 
The lower layer of BCKOA is the infrastructure that 
supports both the distributed computing layer and the 
integration layer.  The infrastructure layer might represent 
one or more physical network-based environment in 
which eBusiness systems can exist. The assumption is that 
this infrastructure might support various markets, for 
providing or obtaining specific goods and services. 
However, each eMarketplace may be independent, and 
may support it's own services, rules, procedures, and 
protocols as described by the business entities layer and 
the associated business description in the business 
ontologies.  
 
An eMarketplace may support several business domains 
as described at the business layer.  The business layer 
provides the integration between the business context of 
the market and the participant business entities. Note that 
a business entity may participate in multiple 
eMarketplaces. A Bank, for example, could participate in 
markets as varied as investment management, mutual 
fund management, and financial advising service. In this 
setting, any activities or functions within a specific 
business entity could participate in an eMarketplace 
dedicated to satisfying its needs as described by the 
business ontologies of the market. This structure enables a 
business entity to integrate and describe the types of 
business services offered within the eMarketplace.  
Examples of business services, such as mutual fund, 
include catalog browsing, open an account, purchase a 
fund, and redeem a fund. However, the details of each 
service type and the required information might vary 
among business entities. For example, various business 
entities might provide different service details of 
purchasing a fund, such as direct purchase, phone 
purchase and pre-authorized bank withdrawal purchase.  
 
Although the relationships and the interactions among 
services are captured by the services themselves, the 
integration services supported by the infrastructure layer, 
provides the foundations of the interaction within and 
across eMarketplaces in away that is hidden from the 
service-users and fulfills both the business and the 
technology requirements. These services include 
coordination, resource discovery, ontology and semantic 
integration as well as wrapping services. The interaction 

 



 

mechanisms supported by the eMarketplace describe both 
the pattern and protocol of exchanging massages between 
the services. Each interaction message may contain one or 
more types of information needed for or by the services 
during that interaction.  

Agent-Oriented BCKOA 
All types of services in eMarketplaces environment are 
usually involving complex and non-deterministic 
interactions, often producing results that are ambiguous 
and incomplete. Auctions and negotiations are some 
examples.  In addition, the dynamic nature of the 
environment requires that the components of the system 
be able to change configuration to participate in different, 
often simultaneous roles in eMarketplaces. These 
requirements could not be accomplished using traditional 
ways of manually configuring software. Add to this the 
workload scale needed to accommodate profile customer 
preferences and create communities of like interest, goes 
beyond humans capabilities to manage the large scale 
knowledge-based tasks inherent in eBusiness.  
 
In this work we strongly believe that agent-orientation is a 
very promising design paradigm for eMarketplaces. In 
fact, such a paradigm is essential to model open 
eMarketplaces environment, especially considering the 
multiple dynamic and simultaneous roles a single 
business-entity may need to participate in given 
eMarketplace sessions (a financial services organization 
may have representatives acting on its behalf within the 
context of brokerage, service provision, and marketing 
simultaneously).  
 
The first principle of agenthood is that an agent should be 
able to operate as a part of a community of cooperative 
distributed systems environment, including human users. 
In our view, an agent is an individual collection of 
components that provide a focused and related set of 
capabilities (see Figure 2, depicting Coordinated Rational, 
Agent (CIR-agent) developed by the author [6]). Each 
component is associated with a particular functionality 
supports a specific agent's mental state as related to its 
goals, [9]. These components include knowledge, 
problem-solver, pre-interaction, interaction, and 
communication components, as shown in Figure 2. 
However, no specific assumptions need to be made on the 
detailed design of the agent’s components. Therefore, the 
internal structure of the components can be designed and 
implemented using object oriented or another technology, 
provided that the developer conceptualizes the specified 
architecture of the agent as described in Figure 2. In 
addition, these agents, through the interaction and 
communication components, are able to coordinate, 
cooperate and possibly compete with the each other 
including human beings.   
 
Based on the CIR-Agent model, agent roles within the 
context of BCKOA-based eMarketplace can be 

categorized as market services, business services, 
business-entity services and business facilities as well as 
integration services. In addition this model recognizes that 
user interface agents as  important role to support and 
collaborate with the market users to achieve the their 
goals.  Figure 3, illustrates the agent-oriented BCKOA for 
eMarketplace based on OMG-CORBA middleware.  
 
At the business layer, business agents are specialists that 
provide or support a collection of user-services provided 
by the eMarketplace, such as selling mutual fund 
products. However, the business-entity agents are the 
actual service providers. Business-entity agents are 
representatives of the participant business entity in the 
eMarketplace and may be based on legacy applications or 
libraries, such as catalogue web site of mutual fund 
products. Additionally, business facility agents are 
specialists that provide a set of generic tasks that can be 
configured to the requirements of a business domain by 
which business-entity agents of a specific domain can 
perform their tasks in the eMarketplace. These services 
belong to the business domain but might not be necessary 
part of the core business for many business entities in the 
domain. For example, financial advisory, and legal 
advisory for mutual fund domain.  
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Figure 2: CIR-Agent Architecture 

 
Market agents are specialists that provide collection of 
functions for the generic eBusiness in an eMarketplace, 
such as market administration, advertisement and registry 
services by which single entities in the market can 
perform their tasks regardless of their business domains. 
Integration agents are also specialists that provide 
collection of integration functions for the generic 
cooperative distributed systems environment, such as 
naming service, resource discovery, and semantic 
integration by which single entities (agents, components, 
objects, etc.) can perform their tasks in the environment 
regardless of their application domain.   
 
As illustrated in Figure 3, an eMarketplace customer and 
a business-entity (BE1) personal are able to participate in 
the market through their user-interface agent. Similarly, 
each service offered by the participant business-entities in 
the eMarketplace is represented by an agent. These agents 
provide thin, intelligent, highly autonomous interfaces for 
the business-entity services that might represent legacy 
applications. Each user-interface agent and business-

 



 

entity agent is registered in the eMarketplace. Thus, a 
user-interface agent is able to benefit from the market and 
business services by interacting with their representative 
agents. Each agent representing a business-entity service 
also register with a registry agent specialized for the 
corresponding business service, which in turn register 
with the market registry agent. Each layer, and it's registry 
services, are intended to provide some aspect of 
information about the eBusiness environment and enable 
an interested party to obtain information to potentially use 
offered services, or to join the eMarketplace and either 
provide new services or interact as a trading partner with 
other business-entities in that eMarketplace.  
 
In addition, different agents with different roles might 
collaborate to achieve a specific business service. These 
agents might be representatives of the same or different 
business-entities. For example, a selling agent (for 
business entity BE1, shown in Figure 3) could collaborate 
with a price forecasting agent, a trading rules agent, and a 
risk management agent that work for the same BE1 or 
out-sourced agents form other business entities, all with 
the eMarketplace data feed and historical task knowledge 
agents. 
 
Clearly as depicted in Figure 3, agent-oriented approach 
is appropriate to model and design:   
• the foundation components of eMarketplaces,  
• horizontal services and facilities within eBusiness 

applications,  
• vertical services for specific business domain, and  
• to optimally lever legacy systems.  
 
In fact, agent-orientation is an adequate paradigm 
throughout the information architecture of the next 
generation eBusiness systems. In addition, the proposed 
BCKOA provides an appropriate architecture for the 
eMarketplace. This architecture's form follows 
eMarketplace functions, which are inherent in the real 
world of market place. They are complex, and non-
deterministic. Yet, they are the way of real business 
environment, and must be the way of eBusiness. Luckily 
that agent technology is rich in the sense of supporting 
and enabling the automation of complex tasks and 
developing systems that are reliable and able to take 
responsibilities of the eMarketplace in which they might 
compete. The components of agent-based BCKOA, 
namely, eMarketplace services, business entities 
(products, suppliers, customers, etc.) and the integration 
services that glue them together are essential to building 
robust many-to-many value chains in the emerging 
eBusiness. 

IMPLEMENTATION 
A prototype of Agent-based BCKOA for Mutual Fund 
eMarketplace  (MF) is currently being developed in the  
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Figure 3: Agent-Oriented BCKOA for eMarketplace 
 
Distributed Intelligent Systems Lab at the University of 
Western Ontario. The current stage of MF, as shown in 
Figure 4, includes two virtual mutual fund companies, 
ABC Bank and XYZ Mutual Fund Inc. MF supports two 
basic business services, namely, redemption and purchase 
of mutual funds. Both ABC Bank and XYZ Mutual Fund 
Inc. are supported by BCKOA based on CORBA 
computation environment and registered with MF for both 
purchase and redemption services. A customer is able to 
participate in the market through a dedicated user-
interface agent assigned by MF. Similarly, each 
participant business entity is assigned to a team of CIR-
Agents for the offered services and their representative 
personal who might need a direct contact with the market 
as well as with the customers.  
An MF-agent's architecture is based on the CIR-Agent 
model and being implemented using Java. Java features, 
such as portability, dynamic loading, multi-threading and 
synchronization support made it appropriate to implement 
the inherent complexity and concurrency in MF. These 
features were also instrumental for implementing the 
CIR-Agent components in a parallel fashion. For 
example, an agent has been designed to be able to 
negotiate an assignment contact while engaging in 
resolving a conflict with different agents. The current 
implementation focuses on the following agent roles user-
interface, customer service representatives for purchase 
and redemption functionalities, market and business 
registry. Agents communicate with each other using a 
simple version of KQML with XML message content.  
The integration services of MF are based on CORBA-
middleware commercial product. The current 
development is focusing on extending CORBA services 
by two families of services including coordination, 
ontology and semantic integration. The ontology 
components are implemented using UML and XML for 
MF, ABC Bank and XYZ Mutual Fund Inc. 
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Figure 4: Prototype of MF eMarketplace 
 
CONCLUSIONS and FUTURE WORK 
This paper reported an ongoing research to developing an 
agent-based architectural framework for cooperative 
distributed systems in eBusiness with a special attention 
to eMarketplace. Several design issues have been 
identified for eMarketplace, most importantly, to capture 
and enable “many-to-many” relationship between 
customers and suppliers, and to support eMarketplaces 
integration in an open market environment. To deal with 
these issues we proposed agent-based business-centric 
knowledge-oriented architecture (BCKOA). The CIR-
Agent model was proposed as the building blocks for 
BCKOA, in which six types of agent roles were 
identified, namely, market services, business- service, 
business facilities, and business-entity services as well as 
integration services and user-interfaces. A prototype of 
BCKOA is currently being developed in the Distributed 
Intelligent Systems Lab at the University of Western 
Ontario for mutual fund business with redemption and 
purchase business functionalities. The current focus is on 
demonstrating the feasibility and the effectiveness of the 
model as architectural framework for eMarketplace, with 
a special attention to the foundation components of 
eMarketplaces, services within eBusiness applications, 
fundamental active representatives for specific business 
services, and levering legacy systems. In continuing the 
research, the computational elements and effectiveness of 
the model will be the main concern.  
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Abstract

In e-business, knowledge can be extracted from the recorded
information by intelligent data analysis and then utilised in
the business transaction. E-knowledge is a foundation for
e-business. E-business can be supported by an intelligent in-
formation system that provides intelligent business process
support and advanced support of the e-knowledge manage-
ment cycle. Knowledge is stored as knowledge models that
can be updated in the e-knowledge management cycle. As
illustrated in examples, the e-knowledge cycle aids in the
business decision taking, production management, and costs
management.
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INTRODUCTION

Knowledge management is an issue for both enterprise or-
ganisation and management, as well as the support of ad-
vanced information technology. More specifically, enterprise
knowledge management [10] entails formally managing knowl-
edge resources in order to facilitate access and reuse of knowl-
edge. Knowledge management is becoming a critical success
factor for enterprises [11].

A business model generally describes the way business is
performed according to the business goals and strategies. The
business process model consists of activities that support the
business model. A business transaction is a chain of busi-
ness processes associated with business value, exchange of
information between customer, business, and other involved
parties, and product handling from the beginning to the end.
Knowledge management can be associated to the business
transaction by indicating the use and creation of knowledge
in the business processes.
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KNOWLEDGE MANAGEMENT IN E-BUSINESS
In e-business, all business transactions and associated data
are recorded. This is an important resource of knowledge
about the business that can be used for decision making.
Knowledge can be made available using advanced informa-
tion and communication technology as e-knowledge. It is
suggested, that e-knowledge is a foundation for e-business
[5]. E-knowledge is not only limited to descriptive knowl-
edge or information, but also includes procedural and rea-
soning knowledge.

In the following, the term “knowledge” shall refer to knowl-
edge that can be actively used in the generation of new in-
formation, that is procedural and reasoning knowledge. De-
scriptive knowledge, structured documents, associated data
sets with meaning, and alike shall be referred to as “informa-
tion”.

The e-Knowledge Management Cycle
In the e-knowledge management cycle, business processes
use information and knowledge to create new information
[3]. Specific knowledge is extracted from this information by
knowledge discovery and then utilised in the business trans-
action. The resulting knowledge management cycle is de-
picted in Fig. 1.

Figure 1: The e-knowledge management cycle

More precisely, all data and information associated to a busi-
ness transaction are stored. This extends the more common
case of only storing the customer and purchase data, thus al-
lowing advanced analysis.

Information about products and production such as product
and parts catalogues are included in the business content (the



“what”). All kinds of knowledge and information for deci-
sion support in business is called business intelligence (the
“how”). In general, business intelligence contains a combi-
nation of fixed business rules and adaptive business decision
support.

The latter is extracted from stored data using intelligent data
analysis. The analysis is applied on subjects of interest such
as the group of customers, the set of products, the set of trans-
actions, and so on. Results of analysis may also give raise to
changing business policies. This yields flexibility to adapt to
rapid changes in the business environment. Specifically, it
can be used for knowledge-based marketing [12].

Information and Knowledge Flow
The e-knowledge management cycle is focussed on informa-
tion and knowledge flow. In Fig. 2, a typical business pro-
cess model of an e-business transaction is given. The upper
part concerns the business processes, while the lower part
depicts the specific information and knowledge required for
the “e-business intelligence”. The arrows between business
processes indicate flow control that may include information
and knowledge flow. The lines with the bullet heads show
the information and knowledge flow.

All data associated to the business transaction are stored. A
transaction may be completed successfully, cancelled in one
of the processes, or completed with complaints and possi-
ble settlements. This is in contrast to conventional business,
where only the actual purchases are registered.

These data are useful for generating business reports, and
more important, for extracting knowledge by intelligent data
analysis. This provides an excellent view on the business en-
vironment. Conventionally, data analysis is only performed
periodically to generate business reports. Beside these pe-
riodical runs, intelligent data analysis can be performed af-
ter each transaction, or if the situation gives rise to. There
are several different analyses that involves information and
knowledge flows:
� Periodic reporting may give rise to refine, update, or even

change the associated knowledge.� In each transaction as a check and detection of specific sit-
uations. Small updates can be implemented automatically.� On detection of a specific situation. Especially if it is ad-
verse, it may require more investigation, and as a result
changes in policies.

The most important information in the business transaction
is associated to the quotation as it progresses in time.
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The specification and pricing part controls the knowledge for
the quotation and product specification. The product speci-
fication is is related to the production specification. The re-
sults of the intelligent data analysis are used to update and
refine the required knowledge. Results may also give raise to
changes in the production management.

Product Specification and Pricing
In e-business, the average customer should be able to spec-
ify the desired products online without the interference of
a salesperson or an engineer. In addition, customers expect
“online” speed. These requirements limit the complexity of
the products. There are three categories of suitable tangible
products:
� Off-the-shelf goods are products that do not need any pro-

cessing before delivery (except packaging). These goods
are fully specified by the catalogue of products, and only
need intelligent searching. There are already quite a num-
ber of e-businesses of this type, such as booksellers.� Composed products are assembled from ready parts on the
customer’s specification. The parts are selected from cata-
logues, there are constraints on connections between parts.
Therefore, examples and standard templates are important.
These products are built-to-order, and there are some pos-
sibilities to change the configuration afterwards. There are
a number of e-businesses, for instance PC shops.� Flexible manufactured products are manufactured accord-
ing to the customer’s specification using highly advanced
multi-purpose production machines. Similar products can
be manufactured in different ways, therefore the produc-
tion specification is also needed. Because of its high flex-
ibility, it is necessary to provide examples and templates.
These products are customised built-to-order, and can not
be changed after the production.

Catalogues of products are part of the business content.

Pricing of composed products and flexible manufactured prod-
ucts are elaborate. The price is composed of the estimated
cost, additional margins, and profit [6]. Accurate calculation
of the estimated costs can be fairly complicated, especially in
flexible manufacturing [7]. Costing is usually based on ac-
tivity based costing, thus attributing any expenses directly to
the product. Activity based costing can be integrated in the
enterprise system [13].



Figure 2: The information and knowledge flow in the e-knowledge management cycle

The following pricing model is proposed:
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The final sales price is determined by the pricing policy
that may depend on quality, quantity, and delivery; the cus-
tomer, market situation, and other circumstances. For in-
stance, “good customers” are rewarded by discounts, there
may be a contract, potential customers can be attracted by
special offers, special or rapid deliveries in a busy period are
more expensive. Pricing can be adjusted by a simple deci-
sion rule, for example: if 2�5�>
6
@�?07�:�2�:�7�8�;D6
>-NPO�Q"Q"Q"Q!R then>�3"4�7�>-9�:�;�2�7/<TS"Q"UV2�3"4�2�5!4�3�6
7�8#9�:�;�2�7 . Decisions and the
way regarding business is handled is business intelligence.

After each transaction, the realised costs can be computed
and compared to the estimated costs. The 2�@�>
6�8�;�I�I�7�:�7�G)2�7
is used to improve the costing, especially for handling inac-

curacies, and to recalculate the risks and margins.
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The realised costs is the price floor, the lowest possible price
without making losses. The highest price that the customer is
willing to pay, the price ceiling is determined by the market.

AN INTELLIGENT INFORMATION SYSTEM FOR
E-BUSINESS

An intelligent information system provides the usual infor-
mation system functionality and artificial intelligence func-
tionality in an integrated manner. It is a combination of an
information system and an associated expert system. The in-
telligent information system for e-business should provide:

Z intelligent business process support, especially in the on-
line interaction;Z business content and business intelligence for adequate
support of the quotation;Z advanced support of the e-knowledge management cycle.

The functionality correspond to those indicated in Fig. 2.



Intelligent Business Process Support
The major difference between conventional business and e-
business is the online interaction with the customer, and
that all information is recorded. Interaction is accomplished
through an intelligent electronic form the e-quotation, that is
generated according to a flexible quotation model. The quo-
tation must be fully customised to the customer’s needs, and
at the same time transparent and clear in its use. To sup-
port online negotiations, the proposal should provide several
product choices with proposed quantities, delivery times, and
prices on a customer’s request.

To the customer, the quotation contains a subset of the prod-
uct specification that is understandable. It should also pro-
vide sufficient information on the products that meet the
specification and further processing of the order. For fur-
ther handling, the full product and production specification is
needed. For convenience, frequent customers may have their
own quotation and product templates. The business may also
supply standard templates that may relate to the outcome of
data analysis, for instance to promote new products.

The specification and pricing part is an intelligent part that
provides expert system functionality for the quotation. The
product model and production model are typically a com-
bination of catalogues (business content) and business rules
(business intelligence). The structure of a product model is
basically hierarchical with interconnections and constraints
[8]. Product choices are generated by matching the specified
products to the production capabilities. The pricing model is
generally highly adaptable to the business environment, such
as changes in product costs, customer behaviour, and market
demand.

The knowledge models consist of
[ A qualitative definition part with a fixed structure that can

only be changed by remodelling. In the product model,
it is represented by an abstract hierarchical structure and
interconnections of parts and materials. The production
model is a sequence of manufacturing activities. The pric-
ing model is determined by the formulas given earlier.[ A quantitative specification part that can change accord-
ing to data. A product specification is a product model in
which the parts and interconnections are filled out. The
same applies to the production specification of this prod-
uct. In pricing, the variables are replaced by values ac-
cording to real data.[ An intelligent part that mainly contains decision support
functionality, usually as logical rules and facts. In the quo-
tation proposal, several options of similar product speci-
fications are offered. The intelligence handles the match-
ing of the product specification to available production ma-
chines in conjunction with additional business policies.

Intelligent Data Analysis
Intelligent data analysis [2] and data mining [4] has be-
come an important issue because of the availability of large

amounts of stored data. Data analysis is the process of trans-
forming data into a meaningful form (“information”), gener-
ally different from the original format. Intelligent data anal-
ysis (IDA) is the analysis of complex data sets using artificial
intelligence methods, thus extracting a knowledge model.
The knowledge model is then used for further analysis and
decision support.

From the viewpoint of application, data mining and IDA can
be divided into four categories:
[ Summarisation gives a compact description, generally by

simple statistical analysis and tabulating the results such
as mean, median, and standard deviations. Advanced
multivariate visualisation at lower dimensions give an un-
derstandable overview of expected patterns and concepts.
More advanced methods are the discovery of simple pat-
terns that characterise the data as a small number of domi-
nant concepts, relations, and deviations.[ Dependence describes significant deterministic or proba-
bilistic dependencies between concepts. It is described in
two levels: qualitative specifies which variables are depen-
dent on each other, and quantitative specifies the strength
of the dependence as a numerical value. Opposite to de-
pendence is the detection of significant changes in the data
from the previous or normative value. This includes the
determination of deviations and outliers in a dependent
group.[ Grouping divides into different homogeneous groups with
clear concepts. The groups are fully determined by the
concepts and the dependence on the concepts as variables.
In classification, the groups are disjoint, while in cluster-
ing the groups may overlap. The number of clusters may
be unknown (unsupervised), while the number of classes
are fixed (supervised).[ Prediction is the estimation of an unknown or future values
based on other known values, also referred to as forecast-
ing. Prediction is the primary goal of IDA, on the other
hand, the resulting knowledge model of data mining can
be used for problem-solving. Grouping can be used for
prediction by assigning the case to a group, and using the
characteristics of the group to determine the unknown vari-
ables.

The main goals of data mining are description and grouping.
Description is generally performed before any other analy-
sis in conjunction with pre-analysis of the data. The primary
goal of IDA is problem-solving, in particular prediction. In
a data-driven situation, the actual IDA is preceded by data
mining.

A number of important aspects of the business environment
can be analysed:
[ Customer profile by grouping according to characteristics

such as purchases, products, and interaction behaviour. For
instance, the groups of customers who visit and do not buy,
visit and buy later, or visit and buy immediately can be vi-



sualised.\ Product profile by grouping and ranking according to pop-
ularity and associations to customer profiles. It is also in-
teresting to know which products are purchased in combi-
nation.\ Production method with regard to efficiency and quality.
This may lead to using specialised machines instead of
multi-purpose machines for large amounts or special qual-
ity.\ Pricing policy associated to customer profile, product pro-
file, and production method. Good customers may be re-
warded by discounts, while popular products can be priced
more accurately.\ Sales forecast for different types of products. This may
lead to decisions on the product range.

Incorporating the e-Knowledge Management Cycle

Information systems commonly already incorporate small
parts of the knowledge management cycle, as periodic re-
porting (summarisation). Other analyses may be periodical,
but are usually invoked manually.

Fully automatic incorporation of the e-knowledge manage-
ment cycle is not all that simple. In particular, control on
updates of the knowledge models should be considered care-
fully as it may introduce inconsistencies. Changes to the
quantitative part can either be implemented directly, or stored
first and implemented after approval. Both the reason to, and
the change should be verified and validated. In any case, de-
viations always need additional judgement to find out what
the underlying reasons are.

It may thus be better to activate the cycle periodically, for in-
stance in conjunction with the routine back-up. In fact, there
are several knowledge management cycles simultaneously,
each requires a different approach.
\ Periodic reporting for customer reporting, product report-

ing, and production reporting tabulates characteristics of
the subject in a period of time. Reports may give raise to
business decisions.\ Profiling is determined from periodic reporting resulting
in the customer profile, product profile, and production
method by grouping. Profiles can be updated automati-
cally by assigning each new case to a group. Failure can
either mean that this case is a deviation, or that the groups
are not appropriate and need to be renewed.\ The transaction cycle is activated at each transaction. It
controls the most important information associated to the
business transaction mentioned earlier and can therefore
detect deviations.\ The recalculation cycle is invoked after each transaction
and periodically. For pricing, it compares the calculated
prices to the realised ones. It should signal on adverse sit-
uations, such as losses or other deviations. The result may
be used to automatically update the variables of the pricing
model.

\ Forecast may be based on the temporal behaviour of the
profiles. This may lead to decision on the product variety,
production capacity and utilisation.

EXAMPLES
Because of its nature, it is expected that the proposed ap-
proach will be most beneficial for flexible manufacturing.
There are several relevant flexible manufacturing industries:
graphic arts, textile printing, plastics and multi-component
moulding, packaging, cable industry, and metal industry. Al-
though the above products seem very different from each
other, the business characteristics are similar. All products
are ordered to customer’s specification, allow for mass cus-
tomisation, are produced on demand by highly advanced ma-
chines, and have a short production life cycle. Graphic arts
serves as a good example because it is widely available to
average customers.

Varnavarni, a Graphic Arts Business
Graphic arts is an example of flexible manufacturing that has
been around for a long time. Nowadays, the production ma-
chines are highly advanced and multi-purpose. The case pre-
sented here is based on PricingOnDemand [14], papers on
this subject such as [9, 1], internal reports, examples of or-
ders, and interviews with domain experts.

Varnavarni is a small e-business enterprise in quality print-
ing of artworks such as posters, flyers, and postcards. All
interactions with customers are fully online. The artworks
are supplied online by the customer in one of the acceptable
file formats.

The product characteristics for the quotation are:

- Image resolution: medium to high.
- Colours: black and white or colour in different qualities.
- Paper: a large variety of types, quality, thickness, and size.

The business has 3 types of production machines:

- Machine type A: 3-colour medium resolution, medium
quality, high speed printer. There are 3 printers of type
A: A1, A2, and A3.

- Machine type B: 3-colour high resolution high quality
photo printer. There are 2 printers of type B: B1 and B2.

- Machine type C: 6-colour high resolution super high qual-
ity photo printer. There is 1 printer of type C.

A customer places a request for a black and white artwork in
a limited number of high quality posters and a large number
of medium quality flyers.

Request for quotation
Product specification
High quality
- Image resolution: high.
- Colours: black and white, high quality.
- Paper: glossy quality photo paper, size 600 mm x 900 mm.
- Amount: 13.
- Price range:



Standard
- Image resolution: medium.
- Colours: black and white, medium quality.
- Paper: fine quality, size 200 mm x 300 mm.
- Amount: 100.
- Price range: approximately 200.
Delivery: in 1 day.

Quotation proposal
High quality
- Image resolution: high.
- Colours: black and white, high quality.
- Paper: glossy quality photo paper, size 600 mm x 900 mm.
- choice 1 (type B): amount 13 price 335,
- choice 2 (type B): amount 15 price 355,
- choice 3 (type C): amount 13 price 400,
- choice 4 (type C): amount 15 price 425.
Standard
- Image resolution: medium.
- Colours: black and white, medium quality.
- Paper: fine quality, size 200 mm x 300 mm.
- choice 1 (type A): amount 100 price 185.
- Paper: super quality, size 200 mm x 300 mm.
- choice 2 (type A): amount 100 price 210.
Delivery: in 1 day. No additional fast delivery costs.

An approximate price range yields an interval of ] 10%.
This customer has already purchased several times, therefore
there are no additional fast delivery costs. The additional
choices for the amounts of 15 instead of 13 is to promote the
high quality products. Because the image is black and white,
it does make sense to choose the 6-colour machine type C.
Such irrelevant choices can be avoided by putting more in-
telligence in the product matching part.

Ordered quotation
High quality
- Image resolution: high.
- Colours: black and white, high quality.
- Paper: glossy quality photo paper, size 600 mm x 900 mm.
- choice 2 (type B): amount 15 price 355.
Standard
- Image resolution: medium.
- Colours: black and white, medium quality.
- Paper: super quality, size 200 mm x 300 mm.
- choice 2 (type A): amount 100 price 210.
Delivery: in 1 day. No additional fast delivery costs.

Examples of Knowledge Models
The products are printed graphics artworks on paper, and the
production is the process of applying ink on paper accord-
ing to the electronic source supplied by the customer. This is
flexible manufacturing performed automatically by a single
machine. The production method is fully determined by the
machine by adjusting the controls at set up. If needed, pa-
per, ink, and machine parts are replaced before adjusting the
controls.

The production model is similar to the product model,
the qualitative definition part contains the following items:

Product model Production model
artwork in electronic form

production machine
paper type, quality, weight paper type, quality, weight
paper size paper size
ink colours, quality ink colours, quality
image resolution image resolution

machine set up
material waste
machine operation

Paper size is a separate item, because it depends on the ma-
chine. The quantitative part gives the actual values in the
model for further calculation. For example:
paper size: type = sheet; size = A3
paper size: type = roll; width = 600 mm, length = 9 m
machine operation: machine speed = 5000 standard imprints
per hour.
Material waste is caused by misprints given as a percentage
of a total of similar products for a machine type during a
certain period.
material waste: if production machine = C; ink colours = full
colour, high quality; then misprints = 10 %.

The choices of suitable production machines are determined
by matching the items in the product model to the available
production models.

The pricing model is determined by combining all items in
the product model and production model. The estimated ma-
terial costs is due to paper, ink, machine parts, and material
waste. The estimated use of paper can be calculated accu-
rately by matching the size of the product to the size of the
paper in the machine.

The use of ink depends on the coverage of colours in the
artwork and on the absorption of the paper. The latter can
only be estimated from the technical specifications of the ink
and paper manufacturers, and by experiment. The deviations
of the real values from the initial specifications are unfortu-
nately too significant to be included in the risk with estima-
tion mistakes or markup on materials. These specifications
merely give a lower bound.

Examples of the E-knowledge Management Cycle
In this section, a number of aspects common to this industry
are mentioned. The application of the e-knowledge cycle, as
well as the intelligent data analysis method and the required
data are indicated.

The periodic product reporting revealed that there are ap-
proximately equal amounts of colour prints and black and
white prints. It is therefore decided to use printer B1 for
black and white prints, and printer B2 for colour prints. This
decreases the machine set up time. Most reporting is gener-
ated by statistical summarisation on quotation data.



In the transaction cycle, it is found that an order has made
losses. This could be corrected for by directly increasing the
profit margin. But the reason for this were some unexpected
problems during the set up which significantly had increased
the set up time, and thus the job costs. In the intelligent data
analysis, this is classified as an outlier.

The amount of misprints and the ink use have to be computed
in each recalculation cycle. These analyses also require pro-
duction management data such as job times, actual produced
amounts, actual material use, etc.

In the forecast analysis, it is found that there is a decrease
in cancelled quotations of high quality products. Forecast
analysis on the grouping shows that this group is steadily
growing. Forecast by itself generally only requires quotation
data, but the determination of the associated capacities needs
production management data.

CONCLUDING REMARKS
As illustrated in the examples, the e-knowledge cycle aids
in the business decision taking, production management, and
costs management. The e-business processes and the above
features must be supported by an intelligent information sys-
tem. The design of the intelligent information system re-
quires thorough understanding of the specific industries and
the associated production management.

Mostly, business transaction data are only retained for finan-
cial purposes, thus limited to completed transactions. Pro-
duction management data and production data are usually
registered separately in each production machine in different
formats. Most of the data is not in a suitable format for anal-
ysis. This means, that the integration of data and interfaces
to existing information systems and the production machines
is a significant part of the design.

Further research will be dedicated on design and modelling.
It is certainly a challenge to define generic knowledge models
that can be utilised for different industries. In addition, the
control of updates on these models according to the knowl-
edge management cycle calls for thorough investigation as it
may introduce inconsistencies.
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Abstract
Software agents are becoming more and more popular in
electronic commerce. In this case, one of the major
components of agent’s knowledge base is the
information about the user, or the user profile. Capturing
the information about the user is a challenging task that
requires specific tools. A new user model is proposed in
this paper and its potential use in e-commerce
applications is discussed. Based on this model, a
software tool to capture the knowledge about users is
currently being implemented. Different methods for
capturing such knowledge are presented.
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SOFTWARE AGENTS IN E-COMMERCE

Electronic commerce is a fast developing area. One of
the recent studies found that “business-to-consumer e-
commerce has reached $33.1 billion last year” [17].
Agent technology is very popular in this area. There are
hundreds of software agents already operating in the
virtual marketplace. The main effort in creating agents
for electronic commerce has gone in two major
directions: agents that serve as virtual sales
representatives explicitly or implicitly representing the
vendor, and price comparison “bots” [1], [8] [6].
Currently an end-user who goes  shopping  on  the
Internet  has  rather  poor  choice  of  tools  that  can
assist   him/her.  Most e-malls offer some questionnaires
or fill-in forms that are supposed to help the user in
information retrieval, but these tools lack flexibility (for
example, while selecting a language of a book during
search on amazon.com the user can only

choose between a book in any language or a book in
Spanish). Results of “personalized” search are often
frustrating. The list of hits is usually too long and
contains large numbers of items that do not really
correspond to user’s requirements. 
If we look at the current state of e-commerce web-sites
and the kind of assistance they offer to consumers we see
that certain aspects of shopper’s behavior are
underserved. In this context, we identified three different
types of shopping behaviors [10]:
• Comparative shopping when the user has a clear

idea about product category that he/she is looking
for, has limited time to make his/her buying
decision, and wants to compare similar products to
find the best match for his/her requirements,
preferences and constraints.

• Planned shopping is very similar to comparative
shopping but the time constraint in fulfilling the
shopping need is much more relaxed.

• Browsing-based shopping occurs when a person is
just gathering information and/or socializing with
other people while browsing.

Of these three, comparative shopping is more complex
and requires more sophisticated tools than price
comparison “bots” available now. If a customer wants to
include constraints other than price range he/she gets no
software support. Meanwhile, time is crucial in the case
of comparative shopping and software tools that can save
user’s time (for example, agents or sophisticated search
tools) are especially relevant. They allow the buyer to
make more informed decision in the available time and
thereby can create more user satisfaction.
Whichever type of shopping behavior we consider the
shopping process can be subdivided in a number of
stages. The consumer buying behavior (CBB) model [5],
[16] is one of the popular approaches to the analysis of
phases of the buying process. Six major stages are
defined in the CBB model:
1. Need identification.
2. Product brokering.
3. Merchant brokering. 
4. Negotiation. 
5. Purchase and Delivery.
6. Service and Evaluation. 
The major focus of applications of agent technology to
electronic commerce has been on the negotiation stage
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(on-line auctions of different kinds), and to some extent
on product and merchant brokering [16]. Currently, as
can be seen from business reports, the main effort in the
area of electronic commerce is in: (a) targeting products
and services to selected list of specific consumer groups;
(b) retaining the customer base. We believe that in retail
e-commerce, product and merchant brokering should be
coupled with special attention to the post-purchase stage.
The companies should not only care about being known
but also about knowing the customers and their
personalized needs. Gathering customer’s feedback after
the purchase is also crucial for other purposes. All this
information will help the merchant to understand the
relative importance of product and service features (that
range from how many buyers would prefer to have a
deferred payment option to what color or style of T-shirts
is the most popular this season). On the other hand, the
consumer should have an incentive to fill in all the on-
line questionnaires before and after the purchase and to
give personal information to the third party.1 We suggest
a user agent that will acquire information about the user
and use it to help the buyer in his/her shopping. The
same agent works with multiple vendors (in our
prototype it is used in a virtual mall with several
boutiques). The agent is perceived by the user as his/her
personal adaptive shopping assistant. From user’s
perspective the two main goals of the agent are
facilitation of electronic shopping and monitoring events
relevant to the user (sales, promotions, new products,
etc.). The vendor or his/her authorized software sales
agent may be permitted to share the information
possessed by a user agent. 

KNOWLEDGE ACQUISITION FOR SOFTWARE
AGENTS
Software agents can be viewed as knowledge-based
systems. They have to contain knowledge about the task
domain (domain model) and knowledge about the user
(user model). Domain knowledge acquisition has been at
the center of research for more than two decades and
important research advances have been made and
practical applications have been created in this area.
Recently the trend has been towards end-user
programming and creating applications that assist in
knowledge acquisition (PROTÉGÉ-2000, WebGrid,
recent interfaces to EXPECT). 
Acquisition of the user model has received less attention
as a separate problem. In the same time, “modeling and
adapting to user’s preferences seems to be the most
successful approach by now” [7]. A new user model that
we propose is discussed in the following.

                                                          
1 Privacy and trust are important issues but they are not addressed here.

What Parameters to Acquire?

The set of parameters that form the user profile can be
categorized as follows:
1. Related to the task domain (on-line shopping

context means that the consumer is interested in
prices, warranty, return policy, similar to traditional
shopping, but some other parameters should be
added, for example, shipping prices or time of
delivery, or even weight of the item);

2. Related to product domain (parameters used in
shopping for apparel would be different from ones
applicable to toys);

3. Related to information about merchants (there are
sets of common characteristics used by merchants to
describe products; the agent should know what
significance to assign to them and how important
they are).

Based on these three categories a set of initial parameters
is defined for our prototype. After the core user profile is
created new parameters can be added based on user’s
actions, new information gathered and so on.
First, we focus on a model of the user. Our approach to
user modeling  [2] was inspired by Elaine Rich’s work
on Grundy system [13]. Grundy has a user model based
on personality traits of users. The model was proposed in
1979 by Elaine Rich [13] for recommending novels. The
personality traits are elements of a set that does not form
any tree or graph-like structure. 
We have proposed in [2] a user model based on a
directed acyclic graph (DAG) structure that consists of
nodes which we call PIE (Preference Indication by
Example). Associated with each node are: value denoting
the degree of user’s interest in that PIE and some
features or attributes that can take attribute values. Figure
1 shows one of such graphs designating some user
preferences. An arrow from A to B indicates that B is
more specific than A.

How to Capture Parameters for User Model?

There exist three main techniques for knowledge
acquisition:
1. The acquisition can be done by the knowledge

engineer based on interviews. This approach is the
most reliable but also the most expensive one. 

2. The knowledge can be captured via a dialog between
the system and the user (for example, user or domain
expert). This technique requires a considerable effort
from the user and careful dialog design. The
advantage of this approach is increased user’s trust
and direct user control.

3. Machine learning techniques can also be employed.
Such application is becoming more and more
reliable, but there still is a relatively high percentage
of errors associated with this approach. 



Various combinations of these techniques are also
popular and seem to be the best solution.

These techniques have been successfully applied to
domain knowledge acquisition and can be also used for
creating user profiles. However, capturing the knowledge
about the user presents various challenges:

− It is not possible to employ professional knowledge
engineers for capturing knowledge from individuals
– it will be too expensive, cumbersome, and might
be unsuitable in some cases.

− Introspection seems to be a natural way to acquire
the knowledge about individual’s preferences and
requirements but it is very error prone. Good design
of knowledge acquisition dialogue and/or use of
reliable techniques (such as Repertory Grid [18])
can help  to reduce the level of errors but at the same
time it will make more demands on user’s time and
effort. 

− Observation (“looking over the shoulder” in terms of
Pattie Maes [11]) is often employed when a
personalized agent is created. It is a valuable
technique but it can not be used alone because it is
easy to make wrong induction based on user’s

actions  and  a considerable  input  from  the  user  is 

− 

required in order to make the system’s reasoning
worthwhile.

We suggest an approach that will combine observation
(keeping   a  log   of  user  actions  –  his/her   “shopping 
history”) with mixed-initiative dialogs between the agent
and the user that can be used to clarify ambiguities and
avoid incorrect inferences.

First a set of nodes of the PIE DAG is defined based on
the knowledge about common shopping mall
organization. This activity can benefit from product
classifications2 combined with intuitive hierarchy (based
on ontology built using PROTÉGÉ 2000) that would
make navigation easier for a user.

Category Preference
values

Features

CAR 5
Color = blue, red

HP = 150
Brand = Mazda

                                                          
2 Parameters relevant for the product domain can also be selected based
on existing product classifications (such as UPC).

Store

Games

Software

Office Applications

Wine

Guitars

Liquors Imported = yes

Electronic Devices Power = 250

Musical Instruments Style = new age
Brand = Yamaha

Keyboards Style = new age
Brand =Yamaha

Power = 250

Beer Imported = yes

Multimedia Applications Brand = Yamaha

Figure 1. Example of PIE hierarchy designating user’s preferences.



Figure 2. Example of PIE node

A node in PIE has a structure as shown in Figure 2. The
preference value (specific to a user) is applicable at the
node level and each feature is associated with a feature-
value. Some of these entries can be NULL. The initial
values for PIEs are obtained when the user first registers
on the e-mall’s web-site. From the information gathered
through fill-in form at first  log-in  initial values are
assigned to PIEs. Stereotypes can be used at this stage
(for example, an elderly lady living in the country might
be interested in gardening; a teenager can be expected to
buy music CDs, etc.). Of course, such inferences lead to
very generalized user portrait. This information should
be checked against actual user's preferences in order to
fine-tune the user model. There is also a need to reflect
the dynamics of user’s interests that evolve over time. To
ensure that the user model is personalized and up-to-date
we use machine learning techniques and question-
answering sessions between the system and the user for
verification or classification. Further updates are made
either proactively by the agent (based upon user’s
shopping history) or on user’s initiative. The user can
start the dialog with the agent in a restricted subset of
natural language giving instructions to the software agent
(for example, “change values assigned to cars to zero”).

Prototype

Our approach is being implemented as a part of CITR
project “Enabling technologies for electronic commerce”
[4].
In the prototype, a person is allowed to use the system as
an anonymous user. He/she can decide to use the system
without registering or logging in. Obviously there will be
no personalization in this case. During the login stage,
first the user is given the choice to use the system
anonymously, login if he/she is already known to the
system, or register in the case he/she is a new user. After
deciding on this, the user can see a list of links to many
virtual malls, and the links to existing shops inside each
mall. The user can choose between clicking on the link to
a mall or to a specific shop. If he/she decides to go to a
mall, he/she can then explore the 3-D environment of
this mall, chat with other users inside the mall and go
from one shop to another  by moving a pointer. If the
user decides to click on a specific shop link, he/she will
have the proper browsing and searching interface for
each shop. The personalization is currently implemented
at the level of each shop. The user has also the possibility
to alternate from the 3-D  virtual mall environment to the
specific vendor-managed environment also known as
“store front”.

The design of the architecture of the prototype included
two major components:
• The database design.

• The interface and internal classes.
The database design includes two distinct databases:
i. User database: responsible for storing the user

model.
ii. Product database: responsible for storing the

different products in the department store.

There are eight main objects in this prototype:
i. Login Form: to allow registered user logging in

and using the service.
ii. Registration Form: to allow new user

registering and taking advantage of the
personalized service.

iii. Browser: an interface to allow browsing among
different departments, categories and products.

iv. Query Form: to query the database for specific
products. Several forms are supplied for
different categories of products.

v. Proactive Notification: a window that pops up
to inform the user of good opportunities.

vi. Product Order Form: to allow the user
submitting an order.

vii. Database: an object that handles all interactions
between other objects and the database.

viii. Update Entry: an object that takes care of
updating the user model based on messages
from other GUI objects. 

The prototype was developed in Java Swing using the
Symantec Java! JustInTime Compiler Version
3.10.093(i) for JDK 1.1.x. The products-database was
implemented in Access 2000. 

The GUI of the Prototype

The application allows the users to query and browse the
content of the database with or without registering. In
order to take advantage of the user model, users must
register. This is a way to illustrate the difference between
personalised and non-personalised service. Registered
users can log in by typing the id and password. New
users can register by clicking on the “Register” button at
the top of the form. The “Query” and “Browse” buttons
allow anonymous user to query the database or browse
its content.
Upon registration, the user is assigned an id and an initial
model is stored as a PIE DAG. The initial user model is
created based on the information supplied with this form.
The user can always browse by moving up or down the
hierarchy or stay on the same level. This means the user
can go from a department to a shelf (or category) to a
specific product, or from a product level, hierarchically
up to the department level. He/she is also able to go from
one department to another, or from one product to
another, or from one category to another (staying on the
same level). While browsing, the user model is



constantly queried in order to decide how to display in
the graphical form items of most interest to the user. This
decision is made based on the ratings given to the nodes
of the DAG at the top and middle levels. At the bottom
level (leaves), the features are used to decide which
products to show first. 
The user profile stored in the agent’s knowledge base can
change and evolve over time. Therefore, in our approach,
a specialized module of the system is made responsible
for maintaining and updating the knowledge about the
user. It can be done in dual mode – the dialogue can be
initiated by the system or by the user. In system-driven
dialogue the user mostly answers questions about his/her
preferences, goals, constraints that the system asks in
order to complete the knowledge base or to adjust it to
changes in the user’s behavior.

In user-driven mode the user initiates the “conversation”
by making an assertion (for example, “Don’t check the
Z.com while looking for appliances”). A given assertion
can result in different scenarios:

S1. The information is new for the system, it does not
contradict any previously formulated rules or earlier
acquired facts. In this case the agent will incorporate
the knowledge, for example, by creating the
appropriate rule in the knowledge base. 

S2. The information contradicts some other rule in the
knowledge base. For example, before the user asked
to always go to Z.com while shopping for
appliances. In such case the agent has to check the
shopping history to see if the new rule is a result of
some past experience. If the user recently bought a
washer from Z.com and had to send it back at
his/her own cost because of technical problems, the
agent will add the rule and replace the older one. If
there is no indication about user’s reasons for the
sudden dislike of Z.com the agent initiates the
dialogue and poses some questions in order to be
sure that the user did not make any mistake (may be
he/she meant “W.com”?) and does not want to make
his/her new rule less rigid (e.g., by assigning a
lowest rating to the shop but not taking it completely
off the list). 

Usage of User Profile

The resulting user profile can be used in various ways.
For example, querying can be personalized (a) either by
filling some fields of a query-form in anticipation, or (b)
by filtering the results of the query. In the case (a), the
user can see the anticipated filling before submitting the
query.  In the case (b) we filter the results of a query
when the response-set is too large to present in a
transparent way for the user. In both cases, refining the

information is based on the features in the user model.
The choice of when to fill in blanks and when to filter
query results is dependent on the significance of the
fields used in the query. The significance can be
determined in two ways. We can either assign a
significance value to each field, or we can assign a
significance value to each feature in the individual user
model. The latter method is more complex because it
requires a way of deducing what factors are important for
each different user. In the current version of our
prototype, we assigned a constant significance factor to
each field. For example, we considered that the brand of
a car is more significant than its color. Thus, if the brand
field is left empty in the query, we fill it before
submitting the query. But if the color field is left empty,
we ignore it until we get our query results. If the number
of matches is more than a threshold (set also according to
user’s preferences), then we show the first ten with the
color that is specified in the user model. When
displaying the results of the query, the “additional
information” in the user model, is used to personalize the
display of the information. For example, we can show
the details of the car engine to an expert in cars, and we
show only the car external options for a person who is
not an expert.
Another important use of personalization is the proactive
notification whenever the agent finds that the user might
otherwise miss a good opportunity. Such agent may act
on the vendor’s behalf or on the customer’s behalf: it can
either inform the user about what is important and
interesting for him/her or about what the vendor wants
customers to know. For example, a vendor may
announce a sale, but from a particular person’s point of
view prices do not change significantly enough and
he/she does not really need this advertisement. Our focus
is on the customer’s perspective. This kind of interaction
could be in the form of a pop-up window that displays a
message like: “Did you know that product X is available
now at the price of Y?” or “Did you know that product X
has a feature Y?” Proactive notification is used during
any type of shopping behavior. It can be initiated by a
change in the database, a change in the user model, or an
external event, like an important date (Christmas,
Valentine’s Day, or a birthday) [10]. We included this
kind of proactive notification in our prototype. The
message displayed is based on the knowledge stored in
the user model, on the content of the database and on the
user’s additional or personal information (such as
address or date of birth). The user additional or personal
information, combined with an external event can trigger
a proactive notification message.

Several different query forms are implemented for
different types of items. Here again the user model is
exploited by either filtering the results of the query when
the set is too large, or by filling in missing fields’ values
in the form. Both services are based on the features in the



user model. The query also helps updating the user
model by acquiring features that were explicitly specified
by the user. 
Finally, the proactive notification window informs the
user about suitable opportunities. Usually proactive
notification is initiated when there is a match between
the features of a lower level node with a high rating in
the user model (product node) and an existing item in the
product database. Search for matches is done once at the
beginning of each session, and after that the user model
is updated so that the system knows that this user has
been notified so it does not keep repeating the “stale”
information.

SUMMARY

The user model based on PIE can play an important role
in the personalization [3], [15] and in the development of
user interface agents. These agents are discussed
elsewhere [2]. The PIE incorporates a user preference
value at the node level and attribute values at the feature
level. Capturing this knowledge about the user is a non-
trivial task. In the system under implementation we use a
combination of techniques:
(a) Direct user input at registration time;
(b) User input in response to a clarification dialog

initiated by the user interface;
(c) Dynamic updating by the user or a user interface

software agent;
(d) Memory-based learning techniques as used by

P.Maes in [9].
The implementation work is not completed at this stage.
After implementation, we intend to devise methods for
understanding the dynamic changes made in the captured
knowledge.
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Abstract

This paper presents initial results from the Alice project,
which aims to use enterprise knowledge to support
personal shopping agents. We describe the types of
knowledge which occur within retail based enterprises
and describe an architecture which represents explicit
knowledge within an ontology and incorporates machine
learning techniques.
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1 INTRODUCTION
Shopping on the internet is not always a pleasant
experience. Shoppers are frequently faced with web
pages containing a lot of information, the majority of
which is not relevant to their current task. Often these
web pages take a significant amount of time to download.
These e-commerce web pages seemed to have been
developed on the principle that the more the customer
sees, the more he or she will buy. Moreover, these sites
indicate that a significant proportion of marketing
strategists and web developers are building web pages
without taking into account how shoppers behave and are
consequently failing to engage their customers online.
Even though companies have the necessary knowledge to
build systems which meet the needs to customers, they
often fail to do so – thereby losing an opportunity to offer
a high quality service and gain customers’ trust.

Studies of consumer behaviour in the physical world
categorise shoppers into several types, each type with
their own information needs. For example, experienced
customers often require more information than first time
customers but will make a buy/do-not-buy decision
relatively quickly. Detecting expert consumers can
enhance personalisation. Companies may wish to give
special treatment to these consumers as they are often
opinion leaders.

Within the Alice project we build on the above and on
recent studies of online customers which indicate that:

a) it is possible to predict their behaviour patterns [1]
b) contrary to what was thought, price might be just one

of many factors which influence a customers
decision to buy a product [2].

We also draw upon recent work within the agent
community [3] where intelligent agents which embed
knowledge about customer behaviour can act as
intermediaries.
This paper gives an overview of preliminary work on the
Alice project where knowledge involved in commercial
transactions is used to improve the shopping experience.
At this stage, a demo has been developed using artificial
data.
The structure of the paper is  as follows. In the next
section we describe how knowledge within a company
can be used to make e-commerce web sites more
effective. Section 3 outlines how we have characterised
the main types of corporate knowledge within a set of
ontologies and section 4 gives an overview of the
clustering technology that we are using. This is followed
by an outline of the Alice architecture and conclusions.

2 COMPANY’S SYSTEMS AND KNOWLEDGE
The main functions of a manufacturing company are
production, marketing, financing, human resources, and
logistics. Eventually, these functions become company’s
departments. Therefore, people working in Marketing
Department aim to fulfil marketing functions. This is a
type of departmentalisation used in most companies
world-wide, however variations do exist according to the
company’s main business.  Information systems within
the company have the hard task to keep departments
informed about whatever important facts happen in the
company and in other departments. Each department
operates an intensive exchange of information with both
other departments (within the company and with other
companies’ department peers), and with the external
world. Systems theoryi developed during the 60’s tried to
explain this information chain as in the sketch shown in
Figure 1.

This operational framework allows the company to work
towards its main objectives. When there is no
synchronisation between the company’s departments to
get feedback and improve each other performance, the
company’s results might not be achieved in a satisfactory
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way. Nowadays, globalisation also requires that
companies work in a synchronous way in order to keep
costs down, and increase profits. Furthermore, some
virtual companies rely entirely on the excellence of their
supply chain. In such a way the knowledge behind the
transactions is also spread throughout the companies
belonging to the chain.

Figure 1 – Departmental Information System

Figure 2 represents the knowledge context in which a
company operates. The shadowed box indicates
knowledge within the company. Outside the company
(the white area) there is a huge amount of information
that can influence the way the company works over
which it has no power. The best a company can do is to
keep updated with the changes and try to foresee how
they can influence its results. The company has to figure
out how this information-net works and then take
advantage of it.
Figure 2 - Company interface with other systems and

organisations (stakeholders)

The mismanagement of information from these
stakeholders can be disastrous. For instance, an ill trained
sales person might have problems identifying the
customer needs and would show a customer the wrong
product.
The most typical mismanagement of e-commerce
companies is the lack of integration between their sellers
(the web-page designer), and the other company
departments such as production, materials handling,
logistics, etc. The information is available, but it is not
used in a proper way.  Toys-r-us is one of dot.com cases
that did not have the appropriate information to manage
the e-commerce web-site efficiently at the beginning. As
a result, after launching it and expending resources in
warehousing, web page creation, etc. they could not
deliver their products as promised by the site. Customers

became disappointed and stayed away from their web
siteii.

3 TOWARDS ONTOLOGY
Ontology is an explicit representation of a domain of
discourse [4] - a set of objects, containing relations to
other objects, predicates, and functions. An ontology is
usually composed of human-readable text describing a set
of terms and formal axioms that constrain the
interpretation and well-formed use of these termsiii.

Within Alice, ontologies are used to represent knowledge
concerning the domain of commercial transactions
between companies and customers, where a commercial
company-customer transaction involves the following:

 i. satisfying a customer’s needs through a product
 ii. the company functions, lead time, information

exchange, environment, personnel.
 iii. the customers’ geographical location related to use

of product
 iv. the information process between raw-material

acquisition, production and delivery
 v. the product (e.g. quality standards, storage, life,

competitors)
 vi. outside world rules to the product (e.g. government

taxes, expert customers’ opinions, non-
governmental organisations

Correspondingly, ontologies in Alice encode knowledge
about products, customers tasks (the reason of buying
certain product or even the shopping task), external
contexts (where the shopping, the customer, the product,
and the company are acting), and media. A summary of
these main types of knowledge is contained in Table 1.

Table 1 – The ontologies used to support e-commerce
shopping

Ontology Type of knowledge
Customers Shopping and browsing behaviour,

available finances, number of dependents
Products Use, components, supplementary

products, complementary products,
geographic origin, etc.

Tasks A monthly shop for household essentials,
shopping for an evening meal

Contexts News of social events, relevant
personalities, relevant local groups

Media Online multimedia resources

An e-commerce knowledge-based system encompasses
decision-making processes that use knowledge to
reasoning about what to present to the e-shopper and the
specific task.
Alice uses those sources of knowledge in an integrated
way so as to provide contextual and meaningful answers
to customer’s queries. Links to related products, past
information (other sessions), and the recent past
information (what has being bought in the session) within
a given context (the task) provide knowledge necessary
for personalization. The reasoning behind the system
narrows the list of products presented to the e-shopper.
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Figure 3 shows a snapshot of the ontology related to the
product’s knowledge (see Table 1), developed to
implement the demo application, using OCML language
(Motta, 1999).

In the demo, the class <productsdemo> inherits slots
from the class <product> in the upper Alice-products
ontology. Follow is part of the program for the product
class in Alice-products ontology.
(def-class product( )
  ((has-product-name :string)
   (has-product-type :type string)
   (has-brand-name :type string)
   (has-product-description :type string)
   (has-barcode :type string)
   (has-transportation-requirements :type transport-mode)
   (has-packaging :type packaging)
   (has-validity-and-life-time :type string)
  (has-appearance :type URL)
   (has-manufacturer :type company)
   (has-country-of-origin :type country)))

For instance, the class <packaging> has detailed
information about the way the product is packed. This
can be used by the delivery department to avoid product
damage.

4 PERSONALIZATION
Personalization on web sites aims to present only
information that is relevant to the customer. The
understanding of the customer behaviour would allow

one to build user models that could make the
personalization task easier. Once the model is built and
validated, it could be possible to forecast the customer
next action, and then show what he or she wants. The
main idea behind personalization is that predictive power
can be obtained by capturing naturally occurring
regularities in human characteristics [5]. Brynjolfsson
and Smith [2] have shown that econometric models of
discrete choice can also be applied to e-commerce
business.

Personalisation works by filtering a candidate set of items
through some representation of a personal profile or
stereotype. Web sites currently use two types of filtering:
content-based and/or collaborative.

- Content-based filtering recommends items based on
their similarity to what the customer has bought in
the past.  An example of this approach is the
Intelligent Personalised TV Guides [6].

- Collaborative filtering makes recommendations
based on the preferences of customers from the same
group. Users are compared based on how similar
their ratings are, and they are recommended items
favoured by other people with similar interests. A
well known example of collaborative filtering is
www.amazon.com. ALEXA (http://www.alexa.com)
is a web browser that recommends related links
based in part on other people’s web surfing habits.
The Microsoft Site Server also has several
Collaborative Filtering tools that have been used in
multiple sitesiv.   

Figure 3 - Products ontology used in the Demo



The main problem in some types of business is the lack
of information about customers’ habits. Customers do not
want to fill forms about themselves, unless they can
clearly see the advantage of doing so (for instance, credit
card companies often offer a prize draw for filling in a
survey). Thus, it is difficult to fully understand their
shopping behaviour. An alternative approach to solve this
problem is to cluster customers according to their buying
pattern (the shopping basket), and extract the rules from
each customer cluster. In this way, the rules encode
consumption patterns and act as stereotypes, which are
used for personalization.  A similar approach was
adopted by Lawrence, et al. [7] to identify groups of
shoppers with similar spending histories.

Stereotypes [8] assume that facts about people are not
statistically independent. This suggests that facts can be
clustered into groups that frequently co-occur.  Thus, a
user model built with stereotypes adds a whole cluster of
user facts at once, as soon as some evidence that is
known to be a predictor of the cluster is observed.
Therefore, it might be possible to make predictions about
the behaviour of users on the basis of an amount of
evidence – which can be acquired before an action is
performed. The role of these predictions is to provide a
basis for an action until specific knowledge becomes
available.

In this project, we are using Unsupervised Clustering [9]
to build the knowledge about customers. Information
used for the task is related to the customer shopping and
browsing history, and the customer identification.
Additional cluster stereotype features might result in
changes to the ontology by the Sales/Marketing
department using a customised interface. In the long run,
unsupervised clustering and machine learning procedures
are used to identify customers’ clusters, and to extract the
rules for each cluster. Afterwards, the rules are
transformed into relations within the customer’s
ontology. The coherence of the cluster determines the
reliability of the rules within the cluster. Thereafter, old
customers can be instantly associated with their cluster
through the newly acquired relations.

5 THE ALICE ARCHITECTURE
In this section we describe Alice architecture for
supporting customers shopping on the web (See Figure
4)The architecture is composed of a server (the Alice
server) built on top of LispWeb [10].  In addition to
implementing the standard HTTP protocol, LispWeb
server offers a library of high-level Lisp functions to
dynamically generate HTML pages, a facility for
dynamically creating image maps, and a server-to-server
communication method.

Within the server the ontologies are represented in
OCML [11] which is somewhat similar to Ontolingua [4]
but has operational semantics and a built-in interpreter.
As we describe in section 3, there are five main

components to the ontology representing: customers,
products, shopping tasks, the shopping context and
related media. These components are organised within
the library in three levels. At the top there are retail wide
ontologies. Below there are versions of the ontologies
customised for specific retail sectors. For example, within
the ‘white goods’ sector products often have an
associated insurance policy, whereas within supermarkets
shelf-life is an important attribute, a characteristic that
might determine the window-time for delivery. Similarly,
there will be differences in the tasks, contexts and
customer behaviour between retail sectors.

At the most specific level there are ontologies related to
specific companies. These ontologies will support a
company’s specific view of retail and interoperability
between Alice and the company’s existing databases. The
database interface module will use mappings defined
within the corporate knowledge model to enable
appropriate database entries, such as for products, to be
accessed and modified.

WebOnto [12] enables knowledge engineers to
collaboratively browse and edit the knowledge models
using a standard web browser. It has been used publicly
for nearly two years and was formally evaluated [13] and
found to be the most easy-to-use web based ontology
editing environment.

The web interface module serves two roles. Firstly, the
module uses the ontologies, the customer history and the
customer clusters to generate web pages for customers
and managers. The customer pages will typically contain
a set of relevant products. The manager pages will
facilitate the editing of specific parts of the company’s
knowledge model and provide visualizations of the
customer clusters. Secondly, all the user interface actions
are collected and used to create a customer history
consisting of a time-stamped sequence of different types
of events. The event types will include browsing events
and purchase events. The machine learning module will
create clusters of products and customers according to the
customer history.

6 CONCLUSION

An architecture for developing a knowledge-based e-
commerce personalised web site has been described.
Ontologies are used to represent the knowledge from
enterprise functions that are relevant to a commercial
transaction, specifically knowledge about: customers,
products, tasks and contexts. Customers’ shopping
histories are transformed into knowledge using
unsupervised clustering and machine learning tools.
Preliminary results using synthetic data have shown that
our architecture can give highly relevant choices to the e-
shopper. We are confident that the combination of
knowledge used within Alice will enable us to create
effective customer oriented online shopping experiences.



Figure 4- Alice architecture
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Abstract
e-Business models show why an e-business case might work
from an economic perspective. They are often represented
using informal textual representations. This inhibits a clear
understanding of an e-business model by all stakehold-
ers involved. We propose a more formal, conceptual ap-
proach for representing the business model, which we call a
valuemodel, to enhance the common understanding amongst
stakeholders, but also to allow for an asssesment of an e-
business model. We illustrate our modeling approach by a
state of the art project in the free Internet arena.

INTRODUCTION
Successful e-business information systems often are charac-
terized byinnovativeways of doing business at their time
of introduction. Such a way of doing business is called the
e-business model, and because of its newness, an important
design topic in e-business projects.

Currently thee-business modelconcept is overused and has
many interpretations. In most cases, an e-business model is
represented by a rough, textual, outline of the service to be
delivered. This rather vague notion of abusiness modelre-
sults in time-consuming- and mis-communications between
stakeholders involved, not in the least between business ori-
ented people, and IT people.

We propose to use aconceptual modelingapproach with
clearly defined modeling constructs, callede3-value, to de-
sign and to reach common understanding about an e-business
model. Our approach offers a number of interrelated core
concepts, also called an ontology, which are be used to build
a semi-formal conceptual e-business model. Our approach is
unique because we focus on the concept ofeconomic value
as a central modeling construct. Consequently, we define
an e-business model as aconceptual, economic valuemodel,
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which shows objects ofvalue, which are created, exchanged
and consumed in a multi-actor network.

A conceptual value modeling approach has the advantage
that it it facilitates, by clearly articulating the value propo-
sition, in reaching a better shared understanding and agree-
ment between actors on a service to be offered, Secondly,
our technique allows for evaluation of an e-business value
model. Evaluation assesses whether the e-business model is
profitable, or increases economic utility, for all stakeholders
involved.

We illustrate the use ofe3-valuewith one of the e-business
projects where we successfully applied our approach. The
project at hand is about the provisioning of a value add news
service. With respect to such a service, a regular newspa-
per called theAmsterdam Timeswants to offer to all its sub-
scribers on the regular newspaper the service to read articles
online using the Internet. However,Amsterdam Timesdoes
not want to make any additional costs for offering this online
service. Therefore, we finance the execution of the business
idea by telephone connection revenues, which are paid by the
reader who has to set up a telephone connection for Internet
connectivity.

In this article, we demonstrate how we used oure3-value
technique to explore this e-business value model, first by
showing how we represent an e-business model, and by dis-
cussing what stakeholders can conclude from such a model,
and second by illustrating evaluation as a confidence builder
in the e-business idea at hand.

REPRESENTING AN E-BUSINESS VALUE MODEL
To represent an e-business value model, we use a lightweight
ontology consisting of interrelated core concepts, and we uti-
lize a well known lightweight scenario technique, called Use
Case Maps [1]. A lightweight ontology contains a limited
set of concepts and relations [7]. This allows us to commu-
nicate our ontology easily to intended users such as business
consultants, and CxO’s. Moreover, the agility of e-business
projects (the need to define, explore, and execute a business
idea fast [6]) asks for a lightweight approach. For the same
reasons, we use a light weight scenario technique as well.



Below, we discuss the ontological concepts and the UCM
scenario concepts briefly (see also [5], [1]). Throughout the
text, we refer to an e-business value model example, pre-
sented in Fig. 1.

The e3-valueontology

Actor. An actor is perceived by its environment as an in-
dependent economic (and often also legal) entity. By doing
value activities(see below) an actor makes profit or increases
its utility. In a sound, viable, business value modeleveryac-
tor should be capable of making profit.

Example.Actors are represented as rectangles. For instance,
Last Mile is a telecommunication company operating the lo-
cal loop (the last mile from a telephone switch to an end-
user).

Value Object. Actors exchange value objects. A value ob-
ject is a service, product or even a consumer experience. The
important point here is that a value object isof valuefor one
or more actors.

Example.Value objects are shows as text aside arrows (the
value exchanges, see below). Most of the objects speak for
themselves, butTerminationas a value object needs further
explanation. In the vocabulary of the telecommunication in-
dustry, telephone calls have to be terminated. This means,
that if someone tries to set up a telephone connection, an-
other actor must pick up the phone, that isterminate the
connection. If someone is willing to cause termination of
a large quantity of telephone calls, telecommunication op-
erators are willing to pay such an actor for that.Amsterdam
Timescauses these terminations by offering its existing, large
subscriber base (on a regualar newspaper) anarticle online
service, which requires a telephone and internet connection.

Value Port. An actor uses a value port to show to its en-
vironment that it wants to provide or request value objects.
The concept of port is important, because it enables to ab-
stract away from the internal business processes, and to fo-
cus only on how external actors and other components of the
e-business value model can be ‘plugged in’.

Example. Ports are shows as small black circles. For in-
stance,Amsterdam Timeshas an outgoing port forarticles
online.

Value Interface. Actors have one or more value interfaces.
A value interface groups individual value ports offering or
requesting value objects. It shows the value object(s) an ac-
tor is willing to exchangein return for other value object(s).
Such willingness is expressed by a decision function on the
value interfaces, which shows on what conditions an actor
wants to exchange a value object for another value object.
The exchange of value objects is atomic at the level of the
value interface. Eitherall exchanges occur as specified by
the value interface ornoneat all. The value interface says

nothing about the time ordering of objects to be exchanged
on its ports. It simply states which value object is available,
in return for some another value object.

Example.A value interface is shown by a rounded box, con-
nected to an actor. Areaderhas a value interface, which says
that s/he wants to give its environment a fee for a telephone
connection, and atermination, but wants an article online and
a telephone connectionin return for that.

Value Exchange.A value exchange is used to connect two
value ports with each other. A value exchange represents one
or morepotentialtrades of value objects between value ports.
As such, it is a prototype for actual trades between actors.
The Enterprise Ontology [9] would call a value exchange a
potential sale. It shows which actors are willing to exchange
value objects with each other.

Example. A value exchange is shown by an arrow. Ports
of Amsterdam Timesand aReaderare connected by a value
exchange, to exchangearticles onlineandterminations.

Value Offering. A value offering is a set of value exchanges.
It shows which value objects are exchanged via value ex-
changesin return for other value objects. If a value offering
occurs,all value exchanges part of it should occur, ornone
at all. A value offering should obey the semantics of the con-
nected value interfaces: that is values are exchanged via a
value interface onall its ports, ornoneat all.

Example. The four value exchanges betweenreader, Ams-
terdam Times, andLast Mileare all part ofoneoffering, be-
cause the value interface of thereaderprescribes that either
all these exchanges should occur, ornoneat all.

Market segment. In the marketing literature [8], a market
segment is defined as a concept that breaks a market (con-
sisting of actors) into segments that share common proper-
ties. Accordingly, our conceptmarket segmentshows a set of
actors that share for value interfaces an equal decision func-
tion. Note that actors who are in a segment may also have
in-similar value interfaces, because it is the actor-value inter-
face combination, which build up a market segment.

Example. A market segment is shown by stacking actors
graphically. Areaderis an example of a market segment.

Composite actor. An actor is perceived by its environment
as an independent economic (and often also legal) entity.
However, for providing a particular service, a number of
actors may decide to work together, and to offer objects of
value jointly to their environment. Such actors decide on one
or more common value interfaces to their environment. We
call such a group of actors a composite actor.

Note that both composite actors and market segments, in-
ternally consist of multiple actors. A composite actor has a
common/sharedvalue interface for its internal actors, while,
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Amsterdam Timesoutsources the internet service provisioning (hosting and internet access) aspects of offering an article
online and pays a fee for this.Last Mileand Hosterform a composite actor (a partnership) to offer hosting, access and
call termination as one service toAmsterdam Times. There is a second composite actor (grey shaded) making the same
offering also. Amsterdam Timescan choose on a per scenario execution basis, which composite actor to use for service
provisioning.



in contrast, a market segment is seen by its environment as a
number of fullyindependentactors, for which we assume for
a particular set of value interfaces an equal decision function.

Example.The topmost partnership consists ofData Runner,
a telecommunication company andHoster, an internet ser-
vice provider. Both these companies decide to offer hosting
and internet access jointly as a bundle, under certain special
conditions. A special condition can be the price, which might
be cheaper forAmsterdam Timesthan an alternative, such as
obtaining the objects of value from other actors separately. In
this specific case,Data RunnerandHostercan offer services
jointly cheaper, because they co-locate technical equipment
such as a telephone switch, internet access servers, and web
servers at one physical site, thus saving costly wide area con-
nections to interconnect all these components.

Figure 1 shows two of such partnerships, who offer com-
parable services. Note that these two partnerships are not
a market segment, because their decision function may dif-
fer. For instance, the first partnership may offer the same
services (access, hosting) for lower prices than the second
partnership. The second partnership is shown as a gray box,
to prevent unnecessary cluttering of the diagram.

Value Activity. A value activity isperformed byan actor and
increases profit or utilityfor such an actor. The value activity
is included in the ontology to discuss theassignmentof value
activities to actors. As such, we are interested in the collec-
tion of activities which can be assigned as a whole to actors,
and as a consequence, such an activity should be profitable or
increase utility to be interesting to perform. Value activities
can be decomposed into smaller value activities, but these
still should be profitable or increase utility for the perform-
ing actor. This gives a decomposition stop rule, which is by
the way clearly different from business process or work flow
decomposition [3].

Example. Provide Internet accessis an example of a prof-
itable value activity, whileRead Articleis a utility increasing
activity for thereader.

Use Case Maps

Scenario path.A scenario path consists of one or more seg-
ments, related by connection elements and start- and stop
stimuli. It represents viawhich value interfaces objects of
value must be exchanged, as a result of a start stimulus,or
as result of exchanges viaothervalue interfaces. Thus a sce-
nario path shows causal relations between value interfaces.

Stimulus. A scenario path starts with astart stimulus. A
start stimulus represents an event, possibly caused by an ac-
tor. If an actor causes an event, the start stimulus is drawn
within the box representing the actor. The last segment(s)
of a scenario path is connected to astop stimulus. A stop
stimulus indicates that the scenario path ends.

Example.A start stimulus is the desire to read an article on-
line by areader.

Segment.A scenario path has one or more segments. Seg-
ments are used to relate value interfaces with each other, pos-
sibly via connection elements, to show that an exchange on
one value interface causes an exchange on another value in-
terface. Using connection elements, sophisticated causal re-
lations can be represented.

Connection. Connections are used to relate individual seg-
ments. AnAND fork splits a scenario path into two or more
sub path, while theAND join collapses sub path into one
path. An OR fork models a continuation of the scenario
path into one direction, to be chosen from a number of al-
ternatives. TheOR join merges two or path into on path.
Finally, thedirect connection interconnects two individual
segments. Note that a scenario path must obey the semantics
of the value interface: either objects are exchanged onall its
ports ornoneat all.

Example.The AND-fork between thereader, Last Mile, and
Amsterdam Timesis important: it ensures, that if values are
exchanged via thereader’s value interface, values must be
exchanged via the value interfaces and of theAmsterdam
TimesandLast Milerespectively.

Responsibility point. Scenario segments may hit value in-
terfaces. Such a hit is called a responsibility point. By
following a scenario path and by finding the responsibility
points along the path, we construct a profit/utility sheet (see
Sec. ). By valuing the objects in this sheet, and by making
assumptions on the number of executions per time frame of
the scenario path, we obtain a basic idea about the profitabil-
ity or utility increase for each actor.

DISCUSSING AN E-BUSINESS VALUE MODEL
While the previous section discussed what an e-business
value model looks like in terms of elementary concepts and
scenarios, some other characteristics of an e-business value
model can be seen from the pictures we draw.

Causality of revenue streams.The most obvious observa-
tion, which can made by looking at a conceptual e-business
value model, is the causality of revenue streams, in reaction
on a stimulus. Simply by following the scenario path, it can
be seen which exchanges of values via value interfaces result
in other value exchanges.

Example. In the e-business value model at hand the initial
money flow is between thereader, andLast Mile. All other
money flows are generated from the money earned byLast
Mile.

Bundling of value ports- and objects.For several reasons,
actors may decide to offer or request objects of value onlyin



combination. For instance, objects are only of value for actor,
if they are obtained in combination; or an actor may believe
he earns more money if objects are sold in combination rather
then separately. This is shown by grouping ports offering and
requesting such objects into one value interface

Example. Article online, telephone connection, termination,
and telephone connection feeare bundled into one value
interface from areader’s perspective. This models that a
readeronly values anarticle online, and atelephone connec-
tion in combination. Because we bundle these value objects,
and because areaderneeds to offer a compensation for these
objects,termination, andtelephone connection feemust also
be part of the same value interface.

Customer ownership.In the situation that a customer (e.g. a
reader) buys a product from only one seller regularly, such a
seller start ti build up a relation with that customer, and owns
the customer. Owning a customer is important, because it
allows an actor for instance to build a profile of a customer,
which can used to offer the customer new products or ser-
vices in the future. Whether an actorsolelyownes a customer
can be seen by examining value offerings. If an offering is
between two actors (a seller and a buyer), the seller ’owns’
the buyer. However, if an offering contains more than one
seller, customer owbership will be partitioned.

Example.Originally, the reader was a full customer ofAm-
sterdam Times, because the reader is part ofAmsterdam
Times’ regular subscriber database. However, for the online
service, the reader now has to exchange values withAmster-
dam Times, and Last Mile. The latter is even the party who
receives the only payment for the delivered service This can
be seen as a shift in customer ownership fromAmsterdam
Timesto Last Mile, which might be an unwanted situation
from Amsterdam Times’ point of view.

Power: Price setting. An important aspect of business
power is the ability to determine the price for products or
services to be delivered. By examining value interfaces and
value exchanges, at least actors playing a role in pricing can
be seen.

Example.The readerpays for thearticle onlinevia a tele-
phone connection fee toLast Mile. Unfortunately, no one,
exceptLast Mileand perhaps a market regulation authority,
can influence the pricing. Consequently, the success of the
business value model depends largely onLast Mile. Also,
theAmsterdam Timesis unable to set a price itself for itsar-
ticle onlineoffered to areader.

Power: Selection. If a buyer is able to make a selection of
a set of potential sellers, his selection power increases, due
to competition. This can be seen if a buyer is connected to
multiple sellers by multiple offerings.

Example.The reader mustuseLast Mile for local loop ac-

cess. At the time the project was carried out, there was only
one actor available controlling the local loop to subscribers.
This can be concluded from figure 1, because only one ac-
tor for local loop access is drawn, and consequently only one
offering betweenLast Mile and reader exists. Again, this
makes the business value model very critical to the behavior
of Last Mile.

Example.The business idea at hand has a special trick to en-
large the selection power ofAmsterdam Timeswith respect
to the telecommunication and internet service providers. The
Amsterdam Timescan choose from two different composite
actors to actually deliver the article online (from an access
and hosting perspective), and this selection can be done on
a per scenario execution base. The reason for this is that
theAmsterdam Timesdoes not want to be dependent on one
provider for access and hosting. By distributing the amount
of traffic over these two (composite) providers, theAmster-
dam Timescontrols the distribution of revenues for the two
composite actors, and motivates both partnerships to deliver
a high level quality of service. This is graphically shown
using an OR-fork in the scenario path, which models the ser-
vice selection byAmsterdam Times.

Duplication of assets against nearly zero marginal cost.
An important property of digital assets, such as news arti-
cles, is the ability to reproduce the asset against nearly zero
marginal cost [2]. This is graphically shown by placing car-
dinalities near value exchanges connected to ports.

Example. The Amsterdam Times, and especially the value
activity Provide Online News Articles, buys an article from
another value activityPublishing(the activity necessary to
produce articles for a regular newspaper anyway) if it is re-
quested by thereader. However, it only buys this article
once, so if multiple readers ask for the same article, thePro-
vide online news articlesonly pays once thePublishingac-
tivity. Fig. 1 shows this by the cardinalities on the value ex-
changes near the value interface of value activityPublishing:
for n equal articles, onlyonefee has to be paid.

EVALUATING AN E-BUSINESS VALUE MODEL
We use a conceptual e-business value model, and scenario
paths not only to create a common understanding of the e-
business idea amongst stakeholders, but also to evaluate the
economical feasibility of an e-business idea. We call this
the evaluationof the business idea, because it is based on
an assessment of the value of objects by actors. Feasibil-
ity is in reach ifall actors involved are able to make profit
or increase their economic utility with an e-business idea.
Again, our technique for determining feasibility is a light
weight approach, and focusses on buildingconfidencethat
an e-business idea is of interest for the actors involved, rather
than offering a precise calculation of all profits. Our evalua-
tion approach consists of the following steps:



1. Creation of profit/utility sheets for all actors, and/or value
activities;

2. Determination of a valuation scheme for each actor;

3. Evaluation ofwhat-if scenarios.

Creation of a profit/utility sheet. Profit/utility sheets are
created on an actor or value activity level. The actor level is
of interest to create confidence in an e-business idea, while
profits sheets on the value activity level are useful to evaluate
whether activities are really profitable. Due to lack of space,
we concentrate on the actor profit sheets only.

Table 1 shows a reduced profit/utility sheet for the scenario
read article online. We create this sheet by following the
scenario path, starting at the start-stimulus, and each time the
path crosses a value interface of an actor, we update the sheet
with value objects flowing in- and out the actor. In Table 1,
we have two composite actors. For brevity, we only show for
composite actor 1 the profit sheets of its actors (Data Runner
andHoster).

We reducethe profit sheet by removing for each actor all
value objects, which are (1) not money streams,and (2)
which are entering the actor and leaving the actor (possibly in
an enriched form, as the result of performing an activity) on
the same scenario path. For example, we removetelephone
connectionandinterconnectionfrom the actorLast Mile, be-
cause thetelephone connectionis an enrichedinterconnec-
tion. Last Mileenriches theinterconnectionby exploiting a
district telephone switch and a list mile of copper or fibre
optics.

In some cases, it is not possible to remove all value objects,
which are not money streams. This is especially the case for
end-customers such as areader. In such a situation, deliv-
ering or receiving such objects changes the economic utility
for that actor. Due to lack of space, we do not discuss the
valuation of such objects, but refer to [4], where we propose
an approach for valuation of these objects. Therefore, we
ommit the emphreader from the profit/utility sheets.

Determination of a valuation scheme.After reduction of
the profti/utility sheet, the remaining value objects in the
profit sheet have to be assigned a value by actors, expressed
in monetary units (e.g. dollars). Table 1 shows such a valua-
tion scheme, which we explain briefly:

Telephone connection fee.The telephone connection fee
per scenario occurrence is based on a start tariff and a
connection-time dependent tariff. To calculate the total
monthly fees, the telephone connection fee is multiplied with
the actual number of scenario occurrences.

Interconnection fee.The interconnection fee per scenario oc-
currence is based on a fraction (the interconnection factor) of

the telephone connection fee, and on the physical distance
Data Runnerbridges.

Termination fee.The termination feeAmsterdam Timesre-
ceives, is calculated analogously to the interconnection fee,
only now we use a revenue sharing factor rather than an in-
terconnection factor. Typically, the revenue sharing factor is
smaller than the interconnection factor. Note that by valuing
this way, we are capable of analysing the effects of a de-
creasing interconnection factor (e.g. influenced by a market
regulator), while the revenue sharing factor keeps the same.
This models a situation whereData Runnertakes the risk of
a decreasing interconnection factor solely.

Internet access fee for Amsterdam Times. Data Runner
chargesAmsterdam Timesan internet access fee in return for
giving readersaccess. This fee is based on an access tariff
per second. We want to account for the situation that inter-
net access equipment is a very scarce resource;Data Runner
wants to have the opportunity to assign unused access ports
to others. Therefore,Amsterdam Timesis asked to forecast
the number of scenario occurrences on a monthly basis, in-
cluding the average connection duration.Data Runnerthen
allocates access ports based on this forecast, and can allocate
remaining ports to others. To motivateAmsterdam Timesfor
good forecasting, the following valuation is used: If the ac-
tual scenario occurrences drop below 75 % of the forecasted
occurrences, we use 75 % of the forecasted occurrences for
the calculation of the monthly internet access fee. Otherwise,
we use the actual, realized number of scenario occurrences.

Internet access fee for Hoster.To make hosted internet appli-
cations available for the end-user,Hosterneeds also internet
access. The internet access fee to be paid byHoster is en-
tirely based on the forecasted number of scenario occurences.
Based on this, we calculate a estimate of the required band-
width, and calculate the price for this.

Internet hosting fee. Hosteruses a forecast ofAmsterdam
Timesof the number of concurrent page views, which in turn
is based on an average number of page views per forecasted
scenario occurrence. This results in a fixed fee per month for
hosting.

Evaluation of what-if scenarios.Using the valuation in Ta-
ble 1, we e-valuate several scenarios, which model expected
changes in the future regarding valuation. As an example,
Table 2 shows a number of scenarios.

Null scenario.Thenull scenario is the situation at this mo-
ment. Observe thatall actors make profit to cover additional
costs.

Bad forecasting.What happens if theAmsterdam Timesis
not a good forecaster of scenario occurrences. It can be seen



Table 1: Profit/utility sheets and valuation schemes for the scenarioRead article online.
Scenario Read article online

Actor Value Object In Value Object Out

Last Mile tel. connect. fees =
(tel. start tariff +(tel. connect. tariff∗
duration))∗actual occ.

interconnect. feescomposite1 =
tel. connect. fee ∗
distance factorcomposite1 ∗
interconn. factor∗actual occ.∗ p

Amsterdam
Times

termination f eescomposite1 =
tel. connect. fee ∗
revenue sharing factorcomposite1 ∗
distance factor∗actual occ.∗ p

inet access
f eescomposite1 = see Data Runner

hosting f eecomposite1 = see Hoster

Composite 1

Data
Runner

interconnect. fees= see Last Mile termination fees =
see Amsterdam Times

inet access f eeAmsterdamTimes =
inet. connect. tariff ∗ duration ∗
actual-forecast occ.∗ p

inet access
f eeHoster = occurencesf orecast ∗ p →
needed bandwidth→ fixed fee/month

Hoster hosting fee= concurrent occ.f orecast∗
p → concurrent pageviews →
fixed fee/month

inet access fee= see Data Runner

Composite
2

... ...

Table 2: Different valuation scenarios. The null-scenario uses the valuation parameters as we see them most likely
for now. A second scenario assumes thatAmsterdam Timesforecasts inaccurately. A decrease in the interconnection is
expected to occur, especially of competition between telecommunication actors increases (see the third scenario). The
fourth scenario supposes a drop in the revenue sharing factor betweenData Runnerand Amsterdam Times.

Profit

Scenarios Amsterdam
Times

Last Mile Data
Runner

Hoster

Null-scenario 164,400 102,000 113,800 8,000

Forecast(1,500,000) >>
Actual(150,000)

-28,560 10,200 26,680 8,000

Decrease in interconn. factor
(1.0 to 0.4)

164,400 346,800 -8,600 8,000

Decrease in revenue sharing
factor (0.5 to 0.1)

-19,200 102,000 205,600 8,000



that Amsterdam Timeswill not make profit. ForLast Mile
andData Runnerthere is still profit to cover costs.Hoster
is insensitive to bad forecasts, because it is not dependent on
the actual scenario occurrences.

Interconnection fee decreases.A decrease in the intercon-
nection factor is reasonable to expect after a couple of month,
because this factor is now high to stimulate competition be-
tween telecommunication operators. As soon as this compe-
tition works, the factor will decrease.Amsterdam Timesdoes
not feel such a decrease, butData Runnerwill.

Revenue sharing fee decreases. Data Runnermay decide to
decrease its revenue sharing factor. As can be seen, this will
harmAmsterdam Times.

In conclusion, by valueing the objects for each actor, and by
making assumptions about the number of (forecasted) sce-
nario accurrences, we can do a sensitivity analysis for the
business idea hand. This sensitivity analysis is in most cases
of more interest, than the valuation itself.

CONCLUSIONS
In this paper, we proposed a conceptual modeling approach
for the development and representation of e-business models.
The notion ofeconomic value, and how objects are created,
exchanged and consumed in a multi-actor network is a cen-
tral theme in our ontology for e-business models.

We showed how a non-trivial business idea can be repre-
sented using oure3-value technique. Besides the causality
of revenue streams, oure3-valuemodels also show other as-
pects, such as bundling, customer ownership, power in pric-
ing and actor selection, and partnership.

Using well-known scenario techniques, we constructed profit
sheets, which in turn were used to get a first impression of the
profitability of the business idea for each actor. These profit
sheets should not be seen as absolute profit predictors, but
more as calculation schemes with which a sensitivity anal-
ysis can be done. Usingwhat if scenarios, which focus on
expected changes in the future, even more confidence can be
built.

For the project at hand, our approach was especially useful
to articulate the business idea precisely, thereby creating a
common understanding amongst stakeholders. The e- busi-
ness model appeared to be too complicated, to communicate
in natural language. Moreover, the valuation scheme and the
what-if scenarios were of use during contract negotiations,
especially to enhance transparency and to evaluate future de-
velopments and risks for all actors involved quickly.
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