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Abstract—Every action a business process performs must be
explicitly anticipated, designed for, and implemented by business
professionals. The business process is dependent upon business
rules (BRs) to achieve its objectives, which also involve pre- and
post-conditions in the business process (BP). Most of the current
techniques implement these rules directly into BPs. This will
result in the BP becoming even more complicated and harder to
customize. Most BRs (and laws) are buried in data warehouses as
raw data. Incorporating the BRs into any BP is very complex, in
terms of customization, reuse, and system integration. To overcome this problem, we propose and implement an agent-oriented
framework. Using this framework, we can make the process of
incorporating BR into BP less complex. The agent creates a bridge
between components of the business structure, the BRs, and the
BP. The BP consists of activities and sub-activities. The agent is
able to communicate with BP and BRs to execute a BP. The agent
can also communicate with other agents and have control over
their own internal states and behavior. In this paper, we propose
and implement a simple case study to execute a BP dependent
upon BRs. The case study shows how the agent will synchronize,
integrate, and deploy the BP.
Index Terms—Agent, agent-oriented framework, business processes (BPs), business rules (BRs), component-based development,
integration, process automation.

An agent-oriented approach has been shown to bring a
number of reimbursements to the process of BP and software
development. By using an agent-oriented model, a business
user is given better visibility and control over the business
policies enforced by the application [1], [5], [31].
In this paper, we propose an agent-oriented framework to automate the inclusion of BRs into the BP. Our approach provides a framework for communication between business users
and system analysts. This results in a more complete, accurate,
simplified, and flexible use of BRs in a BP automated environment. We will first present a background research in BRs, the
importance and impact of BRs on BPs. We will then define
specification of BRs from different aspects. We will present an
agent-oriented framework by defining the agent’s character, environmental states, and roles in BPs as well as different components of the agent-oriented framework. We will also discuss
the relationship between business rule actions and agent’s environmental states. In Section III-G, we can prove that our proposed agent can become an intelligent agent. In the last section
of this paper, we will present an evaluation of the proposed agent
framework by defining a simple business process.

I. INTRODUCTION

II. BACKGROUND

L

ARGE businesses operate in complex environments that
consist of thousands of business processes (BPs). The business profit depends on efficient delivery of goods and services
controlled by the BP. Automated business applications were initially introduced to handle simple BPs; they tend to avoid the
more complex and rapidly changing areas of business rules and
strategies [1], [2].
Generally, BPs are directly dependent on business rules (BRs)
[1], [3]. Therefore, there is a need to change the way in which
business rules are incorporated into the BP. Also, there is a need
to make BRs more customizable and reusable; this will provide
greater help to the business analyst during the analysis phase of
BPs.
BRs have attracted special attention in systems development
and enterprise modeling. Identifying BRs is now an accepted
approach to understanding BPs [4]. Our approach emphasizes
the need for designing applications with a focus on flexibility
and simplicity.

A. Business Rules
Usually, BRs are referred to as a statement about the way
organizations doing businesses where these rules are reflected in
their business policies [6]. Organizations have policies in order
to satisfy their business objectives, meet customer satisfaction,
manage their resources, and follow laws and general business
conventions [7]. For example, a business rule may specify that
a customer cannot order goods on credit unless his/her credit
account has been approved by the company.
In general, BRs or logics are a set of formal or informal statements about how businesses can operate their processes [8]. BRs
can reflect management structure of a business. Each business
rule represents part of information of business management [6],
[9]. These BRs can be used for controlling workflows, reducing
business risk, efficiently using resources, and improving customer service [10].
B. Business Rules Importance
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BRs are obviously important to organizations. Therefore, it
is essential to enforce BRs correctly. This need has led to the
development of techniques to support the automatic generation
of BRs and elicitation of BRs from specifications. This enforces
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the role of BRs in information systems as it makes the requirement well structured and easier to understand [1], [2], [11], [12].
BRs are an important concept in the requirements definition
phase of the computer-based information systems. They have
been used by information technology professionals and by database modelers. BRs must be seen as standard statements about
the organizations [1].
C. Business Rules and Businesses
To be competitive in today’s ever-changing market, an organization must be able to quickly change, to take advantage of a
potential opportunity, or to respond to a potential threat. As the
dependence on technology has increased in recent decades, the
information systems have become a major factor in how quickly
an organization or business can react to changes in its environment [1], [2].
Historically, enterprise systems have been designed in terms
of database structure and organization of functions. Little attention has been paid to business laws [6]. Often, BRs are not adequately documented during the analysis phase. In many cases,
rules are “discovered” as the business application is being developed [13], [14]. This causes great difficulty during the coding
phase, where BRs are hard to locate and difficult to adjust to
meet the changing business requirements, particularly for complex business systems. As a result, the information systems frequently become an impediment to amendment [1], [15].
D. Specification of Business Rules
In 1997, “business rules group,” comprised of experts from
leading information systems vendors, published its report on
BRs [16], [17]. The report provides a framework for classifying
BRs, such as structural constraints, attributes, relationships, authorization, derivation, conditions, operational rules, and so on,
normally known as functional categories of rules [9]. BRs could
be classified under one or more categories of the same concerns,
e.g., workflow, use of resources, business risks, process routing,
operational constraint, and business strategy [18].
In every BP, there are rules that are imposed by the business.
In our proposed framework, the business rule component can
cater for different categories of rules, such that every business
has its own defined rules. Here we are not discussing subtypes
or further classification of rules as described in [9], [14], and
[18]. In fact, this classification of rules becomes part of the rule
component and can be incorporated into our proposed agent-oriented approach. A standard business organization has four kinds
of BRs [1]–[3], [11], [19]. It is not necessary that all these rules
are used by a business. Some of these rules are imposed on businesses to operate in industry, such as industrial rules. Some BRs
are derived from the rules that are enforced by international
or governmental bodies. From a business perspective, the following four general types of BRs exist. All the businesses operate their processes within these specified boundaries of rules:
• international law;
• government regulations;
• industrial rules;
• company rules, policies, and procedures.
In component-based software design, it is easy for the company
to introduce new rules without affecting the design [1], [3]. El-

Fig. 1. Business rule component.

ements of BRs component include procedures, documents, protocols, standards, and policies [6]. Organizations may or may
not need all these elements. In our proposed framework, we can
use and implement only those elements that are required by the
organization during the development phase.
E. Business Rules Model and its Components
In this section, we will explain BRs component model, including policies, procedures, standards, and their relationships
associated with BPs. In [2] and [11], we already purposed and
discussed the specification of the business model in detail. In
this paper, we only discuss the BRs model, which is one of the
components of the business model. In the model, BRs are applied to the BP to define input, output, and operational constraints when BPs are followed.
In Fig. 1, BRs are defined based on policies and documents.
Such documents consist of procedures and standards in accordance with internal and external protocols. These rules are evaluated based on workflow context, workflow history, current resources, and business policies [1], [3], [15], [19].
The proposed model provides a component-based approach
toward the development of business applications. Such applications enable the construction of software artefacts by assembling prefabricated, configurable, and independently evolving
building blocks, called components. This provides a better control of the development process [1], [3]. This model also provides the flexibility for reuse and hence benefits that include
both reduction in cost and time as well as providing high-quality
customizable, flexible, self-contained, and reusable business applications [1], [19].
1) Business Policies: A business policy forms the basis for
one or more BRs, just as a BR may be based on one or more
policies. Each business rule statement may be related to one or
more other BRs.
Many organizations have manuals of policies and procedures
relating to specification of duties related to different positions
within the organizations (role descriptions). These policies are
usually specified and documented in natural language, in terms
of groups of employees and organizational roles rather than individuals. It is difficult to analyze and implement such policies
in the business application [6], [16].
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In an organization, a user may have changed his/her role
or taken a different role in order to facilitate the BP, without
disturbing or altering the organizational policies. Our model
describes the relationships between multiple roles to define
the privileges, duties, and protocols pertaining to interactions
between roles (for example, a supervisor can assign a task to
his/her employees).
The scripting of the rules, tasks, subprocesses, and policies
constitutes a process description. An execution of a BP consists
of invoking existing business services, which can reside within
a business process [14].
2) Business Documents, Standards, and Procedures: The
BRs are stated in some documents. These documents follow
certain standards and procedures. These standards must follow
some internal/external protocols in constructing BRs [1].
In our approach, a BP definesa particular way of accomplishing
an objective. It generally refers to the method rather than the result. Procedures are usually developed to describe the methods
for implementing a policy [6]. A BP plays a very important role
in a BRs model by defining what procedures have to be carried
out for defining BRs, for a particular role in the organization. The
BPs must follow the protocols to maintain standards, regardless
of whether they are internal or external [6], [16].
3) Relationships in Business Rules Model: In our proposed
BRs model, relationships are very important in order to identify particular rule, associated with a role of the object in the
organization. Normally, a relationship between roles defines the
policies regarding the related roles; for example, “assigning a
task” defines a relationship between two roles. However, this is
not sufficient since some roles interact and cooperate with each
other in order to perform their tasks. Relationships must therefore specify the protocols for the required interactions between
various roles. This groups together the policies specifying the
duties and rights of a particular position inside the organization.
The management of tasks and the organizational structure can
therefore be specified in terms of the policies and roles themselves [18], [20].
F. Business Processes and Automation
In our approach, a BP is defined as a set of linked procedures
or activities, which collectively realize a business objective or
policy goal. This is normally within the context of an organizational structure defining functional roles and relationships [14].
In [21], Silvia defines a software process as a partially ordered
set of activities undertaken to manage, develop, and maintain
software systems. The software process centers on the construction process rather than on the products output. The definition
of a software process usually specifies the actors executing the
activities, their roles, and the artefacts produced [12]. In spite
of the significant benefits, there has been a lack of businesses
implementing e-business automation to date. Businesses realize
that the cost of automating transactions with trading partners is
very high. Standards and technologies for modelling BPs that
use web services could drive the costs down by achieving automated BPs [12], [22].
From our approach, we are able to introduce BRs into any
BP automation, where each process depends upon some rules,
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policies, and standards. One of the major objectives of the model
is to make BP automation more customizable, flexible, efficient,
and reusable, as mentioned before.
III. PROPOSED AGENT-ORIENTED BUSINESS RULES APPROACH
In this section, we are going to discuss our proposed agentoriented BRs approach. First of all, we would like to introduce
the concept of the agent in our approach, and then we discuss
the proposed framework in detail. At the end, we will discuss
the business rule environment shell. We can also prove that our
agent can behave in an intelligent way with respect to BRs actions with its environmental states.
A. Agent
There is no exact definition of the term agent, used in different
scenarios having different meanings [23], [24], [29], [30].
According to our approach, we define agent as follows.
“An agent is a complex software system that is situated in the business environment and that is capable of autonomous action in the business environment in order to
meet its design objectives.”
This agent is situated in a business rule environment with set
goals, abilities to perform actions, and having understanding of
environmental characteristics [25]. For example, an agent is capable of incorporating new mortgage rules into new or existing
mortgage loan processes. This agent has the objective (set goals)
of calculating (performing actions) all the new mortgages with
new interest rates (rules) within the mortgage process application (business rule environment).
B. Business Rule Agent Framework
In our agent-oriented framework, we have identified three
main components of business model: business structure,
process, and its rules [2], [11]. The business structure defines
business objects and the way business presents itself internally
or externally in the form of actors and resources. The BP
relates to practices and procedures followed by the business
(manually or automatically), whereas the BRs are applied to
BPs to define input, output, and operational constraints when
BPs are followed [4], [26].
We introduce an agent to communicate between BP component and BR component and apply business logic defined by
business actor, depending upon their available resources in the
BP component [1], [2], [5], [27], [30]. We adopt a single-agent
concept to handle rules in the BP. It is easy to understand and
implement a single agent’s properties and characteristics. The
main objective behind the agent-based approach is the capability to continuously observe the BP environment and be able
to make real time decisions on tasks based on BRs. Other objectives include synchronizing, integration, and deployment of
BPs, depending upon BRs for process execution. The general
agent-oriented framework overview is shown in Fig. 2.
Here in this framework, we discuss each component briefly in
relation to the proposed agent. We have already discussed specification of business model component in our previous research
[2], [11]. As we mentioned above, every business structure consists of business actors and resources. Actors have skills and a
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Fig. 3. Detailed agent framework.

Fig. 2. Agent-oriented business rule’s framework.

specific role in a business organization to achieve business objectives using available resources. Each business must operate
within some rules and has catalogue of business objects [1], [5].
These business objects are building blocks of the domain model
for a particular business application. They contain actual information on which the BP and BRs are performed [20]. In our approach, these business objects are modeled through a business
object component.
An agent plays a very important role in business rule component, business process component, and business structure
component. The rule agent communicates with these components within a business environment shell [28]. The agent will
keep track of new rule changes, updating new rules in business
process and the addition of new BRs object.
The advantages of an agent-based solution are making BRs
more customizable and more understandable, reducing complexity, and applying BRs more effectively in business applications.
In this paper,our focus ison usingthesingle-agentconcept. The
research will be extended to include multiagents in future work.
C. Detailed Agent Architecture
In this section, we will discuss the detailed architecture of our
proposed agent-oriented framework. Our proposed framework
consists of the following components, as shown in Fig. 3.
1) Rule Execution Component: This component is responsible for executing BRs. Once a business analyst defines all the
rules using a rule engine, then the agent will execute all the rules
through this component.
2) Process Execution Component: This component is responsible for executing BPs. Once a business analyst defines all
the process and activities using a process engine, then the agent
will execute all the process through this component.

Fig. 4. Rule engine template user interface.

3) Communication Component: This is the main component
of an agent. Through this component, the agent will communicate with all of the business components. The agent will interact
with external rules through this component.
4) Self-Observation Component: This component is responsible for keeping the agent alive for regular updates and keeps
observing the activities between different components within
the agent environment.
5) Rules Repository: All the BRs and templates are stored
in a rule repository as XML documents. In our implementation,
we use Xindice, which is an XML native database, as a rule
repository.
6) Rule Engine: The rule engine component is used to define
BRs. Business analysts or business users are able to define BRs
using this engine. Fig. 4 shows the rule template for defining
rules and at the backend the script in the rule engine showing
the process of loading template. This template is used to define
rules for a particular process. Once the system runs, it loads both
process and rule engines. The system also initiates the database
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Fig. 7. General business process layout.

Fig. 5. Business process engine user interface.

agent will integrate BRs into BP as defined by the business analyst. The agent will also synchronize and deploy BP. Our implemented agent works within its own environment shell, and its
behavior can be defined by its ADDED properties as discussed
in Section III-F.
E. Responsibilities of an Agent

Fig. 6. User interface.

to load the process and rule templates for defining a new process
and its rules. The generated rules are in the form of XML documents. We adopt the same approach in implementation to define
BRs similar to defining the BP.
7) Process Engine: Business analysts or business users can
define a BP using the process engine. The process engine can load
a process template to define a business process. Fig. 5 shows the
template to define the BP using the process engine [2], [27].
8) Process and Activities Deployment: This component is
responsible for implementing BPs and their activities dependant
upon BRs.
9) User Interface: This component is used in interaction between the user and the system. The user can define business
process, activities, and rules through interface (GUI—Graphical
User Interface). Fig. 6 shows the user interaction with a system.
D. General Process Layout for Implementing Business Process
Fig. 7 shows a general BP, including the agent’s interaction
with BP and BRs. In this diagram, an actor who can be a business analyst can define BP by using a process engine and define BRs by using a business rule engine. The system will generate two XML documents each for BRs and for BP. Then the

The agent is responsible for synchronizing BPs, their integration with rules and deployment, or execution of BPs within its
environment shell (see Section III-F). If some rules are modified, for example, mortgage rates are increased or the age of
the customer is set to be 22 instead of 25, then this agent reflects this change in the business process. The agent is also able
to integrate external rules into BP, e.g., industrial laws. If, for
example, an industrial law specifies that for a mortgage loan,
the customer should be 22 years and above but not less then
20 years of his or her age (rules exceptions), then the company
will integrate this rule and execute all their policies according
to this rule. The agent performs all its actions with its own defined ADDED properties. At this stage, we are not assuming any
overlapping of rules. We will only implement a simple scenario.
F. Business (Rule) Environment Shell
Itisveryessentialforagentstoperformtheir actionsinsomeenvironment or within some boundaries. We define an environment
where an agent can perform its actions. Every agent works within
such an environment. Every environment has specific characteristics and properties. In our agent-oriented approach, the business
environment has the following “ADDED” properties.
Accessible: where an agent can obtain accurate, up-to-date
information about the business environment state (the more accessible an environment is, the simpler it is to build agents to
operate in it [24], [28]).
Deterministic: In the business environment, any (rule) action
has a single guaranteed effect (nondeterministic environments
present greater problems for the agent designer).
Dynamic: the business environment, which has other processes operating on it (where static environment unchanged
except by the performance of actions by an agent).
Episodic: a rule agent is dependent on a number of separate
set of rule changes in the form of episodes, with no link between
the performances of an agent in different scenarios.
Discrete: the business environment is a fixed, finite number
of actions and instruction (rules) in it.
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The agent performs all the actions within the rule environment
and has ADDED properties. These ADDED properties are characteristics of our agent and business environment. The rule agent
is designed in such a way that it is more accessible, which can obtain up-to-date and accurate information about BRs. Every rule
applied to BP has an effect on its process. The agent is deterministic, having a guaranteed effect on its environment. The agent is
dynamic because of rapid business environmental changes, and
the agent performs its actions in episodes to record the history of
its actions in a particular environment.
In Section III-G, we will further discuss and prove how this
agent can become an intelligent agent by concluding the same
conditions as G. Weiss proved in his book on multiagents by discussing business rule environment states with rule actions [28].

We can represent the interaction of agent and environment as
history. A history is a sequence

G. Rule Agent Actions versus Business Rule
Environmental States

The history of rule agent can be represented if the following
two conditions hold as proved by G. Weiss [28]:

In this section, we will analyze business rule environmental
states with rule actions. We drive a method from G. Weiss’s
book on multiagent systems to describe rule agent actions in a
business environment in our approach [28].
First, we will assume that the state of the agent rule environof rule
ment can be characterized as a set
environment states. At any given instant, the environment is assumed to be in one of these states. The agent’s action is assumed
of rule actions.
to be represented by a set
Then the rule agent can be viewed as a function
Rule Action

env. state

actions

To discuss this in detail, we adopt an example of mortgage (loan)
interest rates, where there is fluctuation in interest rates (introducing new BRs/policies). The companies want these new interestrates(newrules)tobeapplicableonly toexistingmortgages,
for example, to execute a new law into existing BP, which comes
underonesetofenvironmenttoautomateinterestrateintoexisting
mortgages. So this function maps sequences of rule environment
states to actions. We will refer to an agent modeled by a function
of this form as a standard agent. The agent decides what action
to perform on the basis of its history—its experiences to date. In
our example, the agent applies new mortgage interest rates (new
rules) to new loans without disturbing other loan processes that
have fixed interest rates by keeping its rule history alive. These
experiences are represented as a sequence of rule environment
states—which the agent has thus far encountered.
The actions of rule environment can be represented as a
function
env:env.state

action

This takes the current state of the rule environment
and
driving them to rule
rule action performed by an agent
, which performs an action in
environment states
state . All these sets of environment states belong to one single
rule environment, which is deterministic in its character. From
this, its behavior can be predicted easily.

where
is the first state of the rule environment that rule acis the th rule action that the agent chooses to
tion triggers,
is the th rule environment state. If rule action
execute, and
is a rule agent,
is a rule environment, and is the initial state of the environment, then the
following sequence will represent the history of rule agent:

rule.action
and
such that

The behavior of an agent
in an environment
is the set of all the histories that fulfill these
properties. If some property holds of all these histories, this
property can be regarded as a desirable property of the agent in
the rule environment. This desirable property of an agent helps
BP to automate according to changes in BRs.
In general, an agent’s interaction with its environment does
not end, i.e., non-terminating. In such cases, the histories that
are considered will be infinite. These histories can be used to
educate an agent to react with a change of environment. We can
also predict the behavior of possible changes of an agent.
Through all this exercise, we are able to present an agent-oriented approach to handle BRs in BP automation. We are able to
create a business rule environment in which an agent can perform its action within a rule environment and can perform its
actions in accordance with a change of BRs. The agent can learn
from its rule history, which we discussed in Section III-G. An
agent can react with change of BRs, and it has the ability to update BRs in its environment.
IV. AGENT’S IMPLEMENTATION
In this section, we discuss the implementation of our proposed agent. We adopt a case study of a mortgage company
dealing with loan applications. Here for implementation purposes, we only implement one BP of a company.
A. Basic Approach to Construct Software Agents
The agent has interaction with some objects. An object is seen
as an entity with attributes and a state but without having goals
and autonomous behavior. The interaction between the agent
and its environment are the basic mechanisms with which an
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Fig. 8. Initial loan assessment process.
Fig. 9. Financial assessment activity diagram.

agent can interact with other components of business application. A good understanding of how agents interact with their environment helps in understanding how agents can be integrated
within business applications.
There are basically two ways to implement agents, as described by Van Breeemen in his research [24]. The first method
is to use a dedicated open source or commercial agent platform.
Many platforms are available, such as Foundation for Intelligent
Physical Agents (FIPA)1 open source and Java development
framework (JADE).2 The other method is to implement agents
from scratch using standard programming languages, such as
Java, C# using Dot net framework, etc. In our case study, we
adopt the first approach by using the JADE environment. We
create an environmental shell (as discussed in Section III-F)
and define ADDED properties of an agent. The implemented
agent performs all its actions within its defined environment.
B. Case Study
This case study is about a company dealing with mortgage
loans or different kinds of loans, including personal loan, mortgages, general loan, etc. However, for this implementation, we
consider only one part of this business. We took a mortgage
loan as an example, where the customer can request an initial
loan assessment. The company will receive and process the initial loan requests. The particular request will be assessed basically on two main criteria, first eligibility assessment criteria
and second financial assessment criteria. After assessment, the
company will notify the customer about the outcome.
Fig. 8 (UML diagram) shows a basic business process layout.
In this diagram, the business actor defines and customizes BRs.
Customers get assessed on its initial loan. Initial loan assessment can be done on two parts of loan assessment: 1) eligibility
assessment and 2) financial assessment.
The business analyst can define or customize BRs, which are
applied on loan assessment where these loan assessments check
their activities according to defined rules and procedures. Fig. 9
consists of the activity diagrams that show the financial assessment activity of a BP of our case study.
1Available
2JADE

online at http://www.fipa.org, 1997.

programmer’s guide, available online at http://jade/cselt.it/.

Fig. 10. System architecture (case study).

This activity start with some condition; in our case, we took
activity 1 (eligibility assessment) as a precondition for activity
2. The system cannot perform this activity until or unless the
customer gets their eligibility assessment approved. Once activity 2 is started, the system will check whether or not it is
valid: if not, then it straight away ends this activity; otherwise, it
performs its financial checks according to rules and parameters
defined. Therefore, assessment activity goes to the end state by
generating output. The rest of BP is explained in Section IV-C
in more detail.
C. System Architecture for Implementing a Loan Process
In Fig. 10, the system architecture is presented, which is derived from our main proposed framework to develop a BP for
our case study. The architecture shows the layout of a loan
process followed in our implementation.
The loan requests are submitted by the customers to the company and are received by the Assessment Section, who maintains a list with the loan requests. Starting from a request, which
specifies a loan type and a loan quantity, the Loan role, is responsible to execute the negotiations in accordance with the Eligibility and Financial roles, as shown in Fig. 10.
The Process and Rule roles represent the BP and BRs repositories, respectively. The Cockpit role is to represent the business analyst (who defines the processes and rules), statistics of
accepted/rejected loans, etc. Section IV-CI represents a step-bystep approach to implement a loan process.
1) Specifying Loan Process: In this step, BP and activities
are defined. The business analyst defines BP through process
engine using process/activity form template. Once the business
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Fig. 13. Customer’s lodge request user interface.
Fig. 11. Specifying BP and activities.

4) Generated Request XML Document for Customer Loan
Request: The following XML document shows the part of a
loan request entered by the customer.
`

-

'
``

-------

Fig. 12. Specifying loan rules.

analysts define process and activities, then process is being submitted, and the system will generate process id. Fig. 11 shows
the process and activity form templates.
2) Specifying Loan Rules: Once the process and activities
are defined, then the business analyst starts defining its rules or
selecting rules for this particular process and activity. For example, the age limit of a customer to apply for a loan is equal
to or greater than 25 years or his/her age. The company also enforces its policies in this particular loan process. Fig. 12 shows
the business rule form template where business analyst can define such rules, policies, and standards for a particular process.
3) User Interaction With the System: Customer Lodges a
Loan Request: This section presents the user interface of a customer for a loan request. The system will load loan request form
and prompt for the user’s input to enter valid data. In this implementation, we assume that the user enters valid data. Once
the data is entered, customers submit their application and application generated with reference id. The background process
shows the working of the application, as presented in Fig. 13.

-------

5) Integrated BP Output: Once the agent receives the loan
process and its associated rules, it will process the customer’s
loan request. The agent will access the customer’s application
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Fig. 14. Final out of a loan process.

according to defined activities, rules, policies, and procedures
within its defined environment (see Section III-F and Fig. 7). At
the end, the agent will generate an output of a loan request and
indicate whether the customer’s application for loan is approved,
not approved, or approved with conditions. Through this process
output, we can observe that rules are efficiently applied in a BP.
The following example shows how the agent will react if BRs are
changed, as shown in the rule template in Figs. 4 and 12.
In our example, business policy is changed, i.e., the customer’s age is changed from 25 to 22 years (for eligibility
assessment, see Section IV-B), and the agent reacts and declines the customer’s application for a loan where the age is less
than 22 years. We also tested and changed the financial details
of a customer (for financial assessment, see Section IV-B); we
changed the customer’s total earning, which is less than the sum
of his expenditures and the increase in the existing loans. In the
output Fig. 14, we can see that the agent simply processed the
customer’s application and produced the output.
Fig. 14 shows the final output of the integrated BP. The
backend scripting shows the working process of an agent. The
agent will process all the upcoming loan applications with new
updated rules without intervention of an external entity.
V. ANALYSIS
We introduced BRs as a separate component of a BP. We
also introduce a concept of process and rule engines, where the
business analyst can define particular BPs and BRs. The agent
plays a very important role, in synchronizing, integrating, and
deploying all the BPs, depending upon BRs. This agent is also
responsible for executing new and updated rules in new BPs in
accordance with changes in BRs.
Through this approach, we are able to customize, reuse, and
integrate BRs into any BP. All the BRs are defined as XML
documents, and each template can be used to define multiple
rules. In our case study, we use a simple scenario of the loan
process. In this process, we define a rule saying that a mortgage
loan customer must be a local resident, and later, a customer
changed his local address, and we found that agent reacted upon
rule changes and declined the customer’s application due to the
company’s policy. We also performed an age test (eligibility assessment) where we changed the customer’s age from 25 years
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to 22 years, and we could see the agent also reacted upon this
change and also declined the application due to the age restriction. Later, we changed the rule from 25 years to 22 years and
updated the application, which reflects efficient changes in the
business process. We can see these changes through system-generated output results and agent’s behavior. The implemented
agent executes all its functions within its shell and according
with its ADDED properties, as discussed in Section III-F.
For the purpose of this implementation, we use XML files
(documents), Native XML database (Xindice), JADE, JDK,
Tomcat, Xalan, and Xerces. There could be alternatives in
implementation, but we use these existing technologies for the
sake of simplicity and frequent use of these technologies in
existing business applications.
The proposed agent can also integrate external rules into BP.
We used rule repository to store and retrieve rules (stored as
XML document) into our BP. The output is the same as the
normal XML document, which helps to integrate this process
with other BPs without any complications and difficulties. We
are able to make this process simple, customizable, and reusable
for any business. From our approach, we can see it’s very simple
to define BRs/BPs, as discussed in Sections III-C and IV-C,
where a user can specify BRs/BPs using existing rule/process
templates. We use XML to define these templates, and it is easy
to customize, reuse, and integrate into any existing business application.
VI. CONCLUSION AND FUTURE WORK
In this paper, we have discussed the problem of implementing
and integrating BR in BP automation using the agent-oriented
approach, where the agent can carry out certain tasks within
the business environment. We also adopt the component-based
approach to represent our framework. By using our framework,
businesses are able to handle BRs more efficiently into complex
BP automation.
We also defined a rule agent and its environmental states. The
business environment has ADDED properties, which reflect the
behavior of an agent. This agent creates a bridge between business structure, BR, and BP components. We also perform analytical review upon our approach and implementation.
For future work, we will introduce and implement multiagent
concepts where rules-oriented agents can communicate with
other agents. The agents must be adaptive and flexible enough
to react with environmental changes. We will also modify
our software agent into an intelligent agent, which helps BPs
to react, customize, and execute efficiently with changes in
BRs. We also look at different implementation approaches to
simplify this implementation process.
REFERENCES
[1] S. Ali, B. Soh, and J. Lai, “Rule extraction methodology by using
XML for business rules in a business process,” in Proc. IEEE 3rd Int.
Conf. Industrial Informatics (INDIN 2005), Perth, Australia, 2005, pp.
107–111.
[2] S. Ali, B. Soh, and T. Torabi, “The new adaptive business model for
e-commerce,” in Proc. 3rd Int. Conf. Information Technology (ICITA
2005), Sydney, Australia, 2005, pp. 99–102.
[3] ——, “Component based approach for automation of rules in a business process,” in Proc. 29th Annual Int. Computer Software Applications Conf. (COMPSAC 2005), Edinburgh, U.K., 2005, pp. 1–6.

154

IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, VOL. 2, NO. 3, AUGUST 2006

[4] W. Kadir, W. M. Norman, and P. Loucopoulos, “Relating evolving
business rules to software design,” J. Syst. Architect., pp. 367–382,
2003.
[5] S. Ali, B. Soh, and T. Torabi, “An agent oriented framework for automating rules in business process,” in Proc. IEEE 3rd Int. Conf. Industrial Informatics (INDIN 2005), Perth, Australia, 2005, pp. 17–21.
[6] J. C. Leite and M. C. Leonardi, “Business rules as organizational policies,” in Proc. IEEE 9th Int Workshop Software Specification Design,
Ise-Shima, Japan, 1998, pp. 68–76.
[7] J. Friedman, “The rulespower: Business process management systems,” in RulePower White Paper, 2003, pp. 1–9.
[8] B. J. Biddle and E. J. Thomas, Role Theory: Concepts and Research.
New York: Wiley, 1966.
[9] R. G. Ross, Principles of the Business Rule Approach. Reading, MA:
Addison-Wesley, 2003.
[10] T. Morgan, Business Rules and Information Systems. Reading, MA:
Addison-Wesley, 2002.
[11] T. Torabi, S. Ali, and W. Rahayu, “A specification for business model
components for B2B communication,” in Proc. IASTED Software Engineering Application Conf., Marina del Rey, CA, 2003, pp. 459–464.
[12] D. Rosca and C. Wild, “Towards a flexible deployment of business
rules,” Expert Syst. Appl., pp. 385–394, 2002.
[13] I. Vondrak, “Business process modelling and simulation for quality
management,” in Proc. Eur. Simulation Multi-Conf. (ESM 2000), Gent,
Belgium, 2000, pp. 375–379.
[14] E. Gottesdiener, “Capturing business rules,” Software Development
Magazine Management Forum, 1999.
[15] S. Ali, B. Soh, and T. Torabi, “Design and implementation of a model
for business rules automation,” in Proc. 3rd Int. Conf. Information
Technology (ICITA 2005), Sydney, Australia, 2005, pp. 40–45.
[16] M. Thorpe, “Understanding business rules,” Business Rules Alert, vol.
2, no. 3, 1997.
[17] D. Hay and K. A. Healy, “Defining Business Rules—What are They
Really?” The Business Rules Group (formerly known as the GUIDE
business rules project), 2000. [Online]. Available: http://businessrulesgroup.org/first_paper/br01c0.htm.
[18] R. G. Ross, The Business Rule Book: Classifying, Defining and Modelling Rules, 2nd ed. Boston, MA: Database Research Group, 1997.
[19] S. Ali, B. Soh, and T. Torabi, “Using software engineering principles
to develop reusable business rules,” in Proc. 1st Int. Conf. Information
Communication Technology (ICICT 2005), Karachi, Pakistan, 2005,
pp. 276–283.
[20] H. Herbst, “Business rule-oriented conceptual modelling,” in Contribution to Management Science. New York: Springer-Verlag, 1997.
[21] T. S. Acuna and X. Ferre, Software Process Modelling, 2001.
[22] L. Garicano and S. N. Kaplan, “The effects of business to business
eCommerce on transaction costs: Description, examples and implications,” in Working Paper, 2000.
[23] N. R. Jennings, “Agent-based software engineering,” Artif. Intell., pp.
277–296, 2000.
[24] V. Breeman, “Integrating agents in software applications,” in Proc.
Joint Workshop Agent Technology Software Engineering/ Agent Infrastructure, Tools Applications, Track “Agent”, Dordrecht, Germany,
2002.
[25] G. Wagner, “Agent-oriented analysis and design of organizational information systems,” in Proc. 4th Int. Baltic Workshop Database Information Systems (Baltic DB&IS), Selected Papers, Vilnius, Lithuania,
2000.
[26] ——, “Agent-oriented enterprise and business process modelling,” in
Proc. 1st Int. Workshop Enterprise Management Resource Planning
Systems, Venice, Italy, 1999.
[27] T. Torabi, T. Dillon, and W. Rahayu, “XML schema for software
process framework,” in Proc. IASTED Int. Conf. Software Engineering
(SE’ 2003), Innsbruck, Austria, 2003, pp. 948–955.

[28] G. Weiss, Multiagent Systems: A Modern Approach to Distributed Artificial Intelligence. Cambridge, MA: MIT Press, 1999.
[29] F. Zambonelli, N. R. Jennings, and M. Wooldridge, “Organizational abstraction for the analysis and design of multi-agent systems,” in AgentOriented Software Engineering. New York: Springer-Verlag, 1957,
LNSC, pp. 127–141.
[30] N. R. Jennings, K. Sycara, and M. Wooldridge, “A roadmap of agent
research and development,” Autonomous Agents Multi-Agent Syst., pp.
7–38, 1998.
[31] G. Wagner, Y. Lesperance, and E. Yu, “Agent-oriented information
systems,” in Proc. 2nd Int. Workshop CAiSE, Stockholm, Sweden,
2000.

Saqib Ali received the B.Eng. degree in computer software engineering from SICT University,
Shenyang, China, and the M.I.S. degree in information systems from La Trobe University, Melbourne,
Australia. He is presently pursuing the Ph.D. degree at the Department of Computer Science and
Computer Engineering, La Trobe University. For his
Ph.D. research, he is focusing on business process
modeling encompassing business rules, rules ontology, and agent-oriented approaches for modeling
B2B communication.
He has previously worked on software engineering projects for over 4 years
by way of various positions involving systems analysis and design and project
management. His research interests include mobile business processes, web services, component-based development, and e-commerce.
Mr. Ali won the Best Paper Presented Award at a recent IEEE conference
held in Perth, Australia.

Ben Soh (SM’03) is an Associate Professor in the Department of Computer Science and Computer Engineering, La Trobe University, Melbourne, Australia
He has published more than 100 peer-reviewed research papers and made significant contributions to
the following numerous research areas: intelligent Internet computing and e-commerce and business systems, system modeling and simulation, high-speed
networks and satellite communication, network security and system intrusion detection, and risk and
fault-tolerant, secure, and safe computing.

Torab Torabi (M’04) is currently a Senior Lecturer
in Department of Computer Science and Computer
Engineering, La Trobe University, Melbourne, Australia. He was Lecturer at Auckland University of
Technology, Auckland, New Zealand, from 1997 to
1999. He worked for more than ten years in industry
as a Developer and Project Manager. He has been
collaborating with more than 20 organizations in
research and development of medium-size projects.
His research interests include software engineering,
software and business process modeling, software
quality, location-based services, context-aware mobile services, mobile service
integration, and model-driven architecture.
Dr. Torabi is a member of IASTED.

