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Abstract. Business domain has always been competitive. Adaptability to changes
in business processes is mandatory to keep business organizations ahead in com-
petition. Information system is a fundamental tool to manage business processes.
Information system should be adaptable to accommodate changes in business
processes and should be context-sensitive to give more personalized perspective
to information system user. Web services and aspect-oriented programming pos-
sess good potential for adaptable context-sensitive information system develop-
ment. However, main obstacle in the widespread adoption of aspect-oriented pro-
gramming paradigm in information system domain is verbose and alien syntax of
implementation languages that make it difficult to use. To solve this problem we
propose Rulespect, a language-independent rule-based aspect-oriented program-
ming model for adaptable context-sensitive web services.

1 Introduction

Enterprise businesses are managed by enterprise business information systems (ISs).
The integration of an enterprise business with an IS raises the need for adaptation of
changes to be performed at an IS level concurrently as they occur in an enterprise busi-
ness. Such adaptation in an IS is incorporated as workflows [22], or rules that surround
executing business processes (BPs) and activities.

Advent of web services [2], service-oriented computing (SOC) [30], workflow man-
agement systems [22], and rules execution engines enabled high interoperability and
adaptability for BPs at an IS level. In this paper, we will discuss the IS developed using
SOC where each BP or activity can be implemented as a web service. In such an IS, to
adapt the change in BPs new web services can be instantiated or existing web services
can be modified. Aspect-oriented programming (AOP) [20] can be used in conjunc-
tion with web services to developed highly adaptable IS. However, main obstacle in
the widespread adoption of AOP paradigm in IS domain is verbose and alien syntax of
implementation languages that make it difficult to use [8, 21]. Rule-based AOP model
is presented in this paper with a proof-of-concept, in which rules are used in dynamic
join-point model. Rulespect aims to simplify AOP use in IS development. Rule is a
fundamental concept for business domain. Rulespect enables IS user to use familiar
construct of rule to adapt IS. We also discuss how rulespect mechanism can benefit IS
developer to bring context-awareness at web service level.

This paper is structured as the related concepts are explained in section 2. Section 3
and 4 gives related work and motivation. Section 5 explains the rulespect AOP model,
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section 6 and 7 give the implementation details of model using an example. Section 8
concludes the paper with some hints for future work.

2 Related Concepts

2.1 Aspect-oriented Programming

Traditional programming languages implementations typically lead to code tangling,
scattering, and replication [20, 36, 4], which reduces code readability and maintainabil-
ity. Code scattering refers to the code belonging to one concern scattered across multi-
ple modules; code tangling refers to the code belonging to multiple concerns mixed in
one module; code replication refers to multiple code fragments in one program that are
equal or similar. Modularity and clean separation of concerns helps in improving code
readability and maintainability [36].

Concerns are goals or objectives of any given piece of code or software. Concerns
can be classified as core concerns or cross-cutting concerns as show in Figure 1 [4].
Crosscutting concerns can be further classified as either static/dynamic [25] or homo-
geneous/heterogeneous [11]. Static cross-cutting concerns affect the static structure of
a program by adding new classes and interfaces, by injecting new methods or fields,
and by declaring new super-classes and interfaces [25]. Dynamic cross-cutting con-
cerns crosscut the dynamic computation of a program and thus can be defined in terms
of events and actions [40]. Homogeneous cross-cutting concerns affect multiple join
points and apply one piece of code, i.e., the same extension to all join points [11]. In
contrast, heterogeneous cross-cutting concerns apply different pieces of code to differ-
ent join points [11]. Examples of concerns could include security, persistence, transac-
tion processing, etc. Aspect-oriented programming [20] is methodology that emerged

Concerns

(System Properties)

Core Concerns

(Central Functional Requirements)

Cross-cutting Concerns

(Nonfunctional, system-level constraints)

Type Nature

HeterogeneousHomogeneousDynamicStatic

Fig. 1. Concern classification.

with the aim to separate cross cutting concerns and forms the basis for Aspect-Oriented
Software Development 1 (AOSD) [37]. AOP suggest implementing orthogonal fea-
tures as aspects to prevent code tangling and scattering [5] ensuring code scalability
and maintenance. A feature can be defined as ”’A distinguishable characteristic of a
concept that is relevant to some stake-holder” [17].

1 AOSD, http://www.aosd.net
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An aspect weaver uses join-point specification to bring together aspects with com-

ponents/classes [6]. Join points are points in the execution of a program [19], e.g., call to
a method during execution. Pointcut (a predicate on attributes of join points) notation is
introduced to enable selection of related method execution points, e.g., execution, call,
etc. A pointcut may refer to multiple join points [19]. AOP supports dynamic cross-
cutting using point-cut specification. AOP is able to implement non-hierarchy-conform
refinements and can avoid excessive method shadowing by using wildcards in pointcut
expressions [5]. An advice is used to specify the behavioral effect at join points identi-
fied by a pointcut [19]. It can be executed before, after, or at both points (i.e. around).
Pointcuts and advice together dynamically affect the program flow. Integrating aspects
into the execution of the base functionality is called weaving [6]. With support for dy-
namic weaving [7], aspects can be activated/deactivated at runtime. AspectJ [19] and
AspectC++ [35] are most famous AOP extensions for Java and C++.

2.2 Web Services

Web service is a standard defined by W3C 2 to support interoperability between in-
teracting systems over internet. According to the concepts defined in W3C standards,
systems interacting via web services communicate using XML messages based on
SOAP (Simple Object Access Protocol) standard 3. Web service is based on message
passing interactions. Interacting systems expose the functionalities using the WSDL 4

(Web Service Description Language) according to W3C recommendation [1]. Web ser-
vice possesses good potential in BP domain because of simplicity and interoperability.
Many questions, regarding their performance, security, or interoperability, are yet not
answered [23, 38, 31]. Web services has become an important IS development technol-
ogy and numerous organizations now want to use them to develop highly interoperable
IS [1].

2.3 Workflow and Rules

Workflow is a sequence of operations, activities, or business processes that are executed
in some predictable order according to defined rules [32]. In software engineering ter-
minology, workflows allow separation of business logic from program functionalities
resulting in system scalability, maintainability, and adaptability [32]. Workflows are
governed by rules. We can define rules in the same format as we define if-else state-
ment in programming languages or more precisely in Event-Condition-Action (ECA)
format using declarative approach.

2 The World Wide Web Consortium (W3C), http://www.w3.org/
3 Simple Object Access Protocol (v.1.2). Published on Web (April 2007).

http://www.w3.org/TR/soap12-part1/ Accessed: 29-06-2009
4 Web Service Definition Language (v.1.1). Published on Web (March 2001).

http://www.w3.org/TR/wsdl Accessed: 29-06-2009



IV
Product Weaving Mechanism for aspect definition
Aspect# Dynamic Built-in Language
AspectDNG Static (CIL Manipulation) X Path, RegularExpression
EOS Static (Preprocessor) Built-in Language
Encase Dynamic Simple Object Model
Gripper-LOOM .NET Static (Preprocessor) Simple Object Model
Rapier-LOOM .NET Dynamic Simple Object Model
Nkalore Compiler Static (Preprocessor) Built-in Language
Seaser S2 Container .NET Dynamic Simple Object Model
SetPoint Dynamic Syntax, Semantic
Spring .NET AOP Dynamic Simple Object Model
AspectJ Static (Preprocessor) Built-in Language
AspectC++ Static (Preprocessor) Built-in Language
CaesarJ Dynamic Built-in Language
EAOP Dynamic Simple Object Model
JAC Dynamic Built-in Language
PROSE Dynamic Simple Object Model
JBoss AOP Dynamic Simple Object Model
AspecWerkz Dynamic Simple Object Model
Jiazzi Static (Preprocessor) Built-in Language
JASCO Dynamic Built-in Language

Table 1. AOP tools comparison.

3 Related Work

Cibrán and Verheecke promoted modularizing web services management with AOP [10,
39]. Extensive research in aspect-oriented component engineering for web services de-
sign and development is carried out by Grundy et al. [13, 14]. Charfi et. al. has proposed
aspect-oriented BPEL (AO4BPEL), an extension to the BPEL language. AO4BPEL ad-
vocate an aspect-oriented approach for web service composition. This extension brings
modular and dynamic adaptability to BPEL [9]. An aspect-oriented web service com-
position solution is developed by Ortiz et al. [27–29]. Arsanjani et al. in [24] have
identified the suitability of AOSD to modularize the heterogeneous concerns involved
in web services. AWED [26] is one dynamic aspect model which supports distributed
nature of services. But it does not support a high-level description of join points based
on system states. As a result, specification of cross-cutting concerns of composite ser-
vices is difficult in this model. Keidl et al. [18] presented a context framework to facil-
itate development and deployment of context-aware adaptable web services. Singh et
al. [34] presented an architecture for aspect-oriented web services (AOWS) to address
the problems in the area of web service description, discovery, and integration. Irmert
et al. [16] presented an approach to integrate dynamic AOP into a service-oriented ar-
chitecture platform to make existing services adaptable at runtime. As we have already
listed above, there are many research results in web services domain that advocate use
of AOP in conjunction with web services, however, all of them use separate technology
to implement AOP constructs. In rulespect, we advocate use of existing IS development
technologies like rules to implement AOP constructs.

One of the main drawbacks associated with AOP is its difficulty of use because of
verbose syntax [21]. To tackle this issue there have been many attempts by researchers.
New languages have been built to declare and configure aspects. One example of such
domain specific language is LENDL [3]. XPath and RegularExpression have been used
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as join point language in AspectDNG 5. New construct like classpects have been pro-
posed [33]. SetPoint attempted to use the semantic pointcuts [3]. Table 1 shows the
existing AOP implementations and their comparison regarding the mechanisms they
use for aspect definition. Event-based Aspect-Oriented Programming (EAOP) [12] is
the model that is close to the theme of Rulespect, but it also lacks use of rules. Further-
more, none of the above-mentioned approaches support AOP implementation at web
service level, instead they implement AOP for software artifacts instantiated by web
services, i.e., components instantiated by web service. In contrast, rulespect enables
AOP implementation at web service level, i.e., join point for web service method call.
Rulespect model is unique in its concept and implementation from current state of the
art.

4 Motivation

In the introduction we already have provided a strong motivation over the need for
adaptable context-sensitive web services for adaptable IS. These web services contain
many concerns such as logging, security, persistence, transaction processing, etc. which
spread over multiple services cross-cutting them. These cross-cutting concerns should
be handled in modular fashion. Related work proposes the use of AOP technology
for developing adaptable context-sensitive web services and efficiently handling cross-
cutting concerns among them. It also gave a detailed review of existing AOP tools. We
argue that all tools have possessed difficulty of use because of different languages and
object models. All tools require special syntax for AOP artifacts definition. These spe-
cial syntaxes are verbose [21] and domain specific. From IS user point of view, all these
syntaxes are alien. If commonly used programming syntax can be used for defining
these artifacts, problem of difficulty in use of AOP can be resolved.

Rulespect is an AOP model that can be used to separate cross-cutting concerns from
web services using rule-base approach. Rule is a fundamental concept in business IS
domain and is in widespread use for adaptability. Rulespect make use of simple rules
in ECA form for specifying weaving details. As most of the IS domain users are well
versed with rule definition and adaptation, its use in AOP model promises widespread
use of AOP technology in this domain. Most important innovation is to make use of
existing IS development technologies for implementing the model. There is no need
to have specialized engine to implement rulespect, design is easy to understand, and
defined in platform and language independent manner. For implementation, any existing
programming language and rule execution mechanism will be sufficient. The motivation
of this research is two fold. First, we want to reduce the complexity of the AOP syntax
by using easy to use rule-base syntax. Second, as rule-based systems and web services
are common in use for IS development, we demonstrate how adaptable context-sensitive
web services can benefit from this model.

5 http://aspectdng.tigris.org/



VI
5 Rulespect: Rule-based AOP Model

Rulespect, the Rule-based AOP model is motivated by the use of rules for specifying the
logic for aspect weaving into the main code. It is specially designed for business domain
and web services. For better understanding, rulespect tries to simplify the concepts
involved in AOP with simple terms.

Defining An Entity Of Interest: Very first step in rulespect AOP model is definition of
an entity of interest. An entity of interest means an entity that contains the main code. It
could be a method in a class, a web method in a web service, or it could be an entity at
coarser or finer granularity. By defining an entity of interest we means to tag an entity.
In our implementation we used annotation-based approach for tagging, however, user
can use other mechanism suitable for their implementation. This tagging enables the
model to track the events when execution of program reaches to a point where it calls
and executes the code of entity of interest. Rulespect uses these events as join point.

Joint Point Model: In AOP, joint point model indicates the points where new behaviors
could be included in the main code. For any join point, rulespect allow defining before,
after, and around advice. Rulespect allows defining rules for every combination of an
entity of interest, join points, and advices. If no rule is defined, then no weaving will be
done. Pointcuts defines at which point of execution we want to insert the new code (i.e.
advice). An advice corresponds to the code that is executed when its associated rule
conditions are satisfied.

Rules In Joint Point Model: Rules are based on Event, Condition, Action, and ElseAc-
tion. Rules are triggered based on an event and are executed based on conditions. Con-
dition also serves the purpose of precise pointcut identification for selected join points.
Action and ElseAction performs the advice weaving. Rulespect performs weaving dy-
namically. Weaver weaves the cross-cutting code (i.e. advice) to original code (i.e. entity
of interest). If no condition or always true condition is defined, it means that action will
always be executed. If conditions are not satisfied, this model also supports execution
of alternative behavior defined using ElseAction.

Multiple Rules For Single Pointcut: Rulespect suggest the possibility to define mul-
tiple rules for single pointcut. Rulespect allows to enable/disable or add/remove rules
dynamically. Rules can be prioritized to ensure more control over advice weaving and
execution. Rulespect allows the removal of rules at any time during the execution of
program, however, there also exists the possibility of disabling the unused rules.

Workflow For Single Pointcut: Rulespect also suggest the possibility to define a com-
plete workflow for single pointcut. Using workflow we can define a complete set of
actions and rules that should be executed for weaving advice in main code. This ap-
proach gives more flexibility and control on weaving logic.

Rulespect model is show in Figure 2 which shows that rulespect keeps clear separa-
tion between main functionality, cross-cutting functionality, and rules that contain the
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weaving details. An important feature of rulespect that separate it from other AOP im-
plementation is its applicability for web services. Existing AOP implementations do
not support aspect weaving for web methods (i.e., methods exposed by web service).
In rulespect, aspect weaving for web method is also possible. Secondly, web services
are based on message passing mechanism. In rulespect, we kept a general step of defin-
ing the entity of interest. For web services, it means interception of SOAP messages
whereas for OOP classes it could be the interception of method or variable call. Use of
multiple rules enables the weaving to be performed intelligently, i.e., we can have set
of rules which can decide how weaving can be performed based on heuristics. Use of
workflow enables the possibility of well controlled execution of behavior that might be
needed for the execution of weaving code, e.g., context-based aspects.

6 The Environment At a Glance

Currently several platforms for web service development exist, the most commonly
used platforms are J2EE and .NET [15]. .NET platform is used to demonstrate the
proof of concept in this research. .NET framework 6 is Microsoft proprietary managed
code programming model for application development. It supports syntax for multiple
programming languages including C#, VB.NET, J#, and C++ all generating Common
Intermediate Language (CIL) on compilation. .NET platform provides excellent support
for software extensibility, adaptability, maintainability, and customizability through var-
ious techniques including reflection, proxy, intermediate language, and on-fly code gen-
eration.

In .NET environment, we used workflows to define the rules. In demonstration
workflows are implemented using Windows Workflow Foundation (WF) 7. WF is Mi-
crosoft proprietary programming model to develop and deploy workflows in applica-

6 Microsoft .NET, www.microsoft.com/net Accessed: 29-06-2009
7 Windows Workflow Foundation (WF), http://msdn.microsoft.com/en-

us/netframework/aa663328.aspx Accessed: 29-06-2009
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tions. It supports authoring, executing, and managing workflows. WF consists of an ac-
tivity model, workflow designer, workflow runtime, and rules engine. WF stores rules in
XML 8 format. Implementation of rulespect in .NET environment is shown in Figure 3.

7 Implementation

To demonstrate the practical implementation of rulespect, a travel agency case study
is developed. In the case study, travel agency business is realized using .NET web ser-
vice, i.e., travel agency web service. Main operation of travel agency is trip booking.
Trip booking is implemented using web method of web service. This implementation
demonstrates, how cross-cutting concern of logging is modularized using rulespect,
how easy the syntax for implementation is, and how much control it provides over
weaving mechanism. Application logs each time trip booking web method is called and
every time it is returned, tracing number of trips booked and the time web service took
to satisfy the client request. In the example, trip booking web method is the entity of
interest. Trip booking web method is tagged as join point. This tagging as join point is
implemented using annotation of attribute-based programming feature of .NET which
is shown below:

[ T r a c e E x t e n s i o n ( ) ]
[ WebMethod ]
p u b l i c s t r i n g Tr ipBook ing ( )
{ . . . }

In the code above, TraceExtension is the tagging that will enable monitoring the Trip-
Booking web method for join point and will do the interception for all incoming re-
quests and outgoing responses. As we have tagged a web method, here interception
means the interception of SOAP messages, however, for traditional plain classes it
means interception of method call or variable call, etc. Every time the client request
for trip booking, request is intercepted by tagging implementation. Interception of re-
quest is a before advice. After complete execution of trip booking, response is sent back
to client. Tagging implementation also enable interception of response. Interception of
response is an after advice. Similarly, interception of both, request and response leads
to an around advice. In this implementation both before and after advice events are
captured to trigger the workflows. As our model specifies the rule as event-condition-
action, for every rule, join point for TripBooking web method will serve as an event
for the rules. Now as event is triggered, workflow is executed, and so are the rules.
However, use of workflow is not mandatory. User can directly execute rules on join
point event. This implementation makes use of the workflow for possible exploitation
of workflow-based rule execution, which is not covered in the presented implemen-
tation. There is a rule defined for logging with condition which checks if logging is
enabled for the service or not.

If logging is enabled, then execution is logged otherwise it is not logged. This is the
simple rule to demonstrate the basic rulespect implementation. Rulespect enable much
better control through provision of multiple rules as shown in Figure 4. For example,

8 Extensible Markup Language (XML), http://www.w3.org/XML/
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Fig. 4. Multiple rules (i.e. RuleSet) example.
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Fig. 5. Rulespect implementation scenario.

a rule for unauthenticated user can also be included. A condition will check if the user
is authenticated. If user is not authenticated, still logging can be enforced, even it is
disabled in web service. This provision is achieved through possibility of multiple rule
definition and prioritization of rules. Rule-based pointcut in rulespect allows picking
out join point not only based on signature, rather also based on the behavior of appli-
cation. To demonstrate the capability of rulespect for large projects, we extended our
existing web service based ECA-centric architecture defined in [32] using rulespect as
shown in Figure 5. In our old implementation for AOP we used Spring.Aop9, a frame-
work for AOP support in .NET. Using rulespect model, we were able to implement
the AOP constructs by using simple language constructs like interception of method
invocation and rules engine. This enabled us to reduce the technologies involved to im-
plement the architecture, furthermore it enabled the business user to adapt the IS using
the familiar rule modification approach. Rulespect also enabled us to change our exist-
ing web services to context-sensitive web services. Using rulespect based approach, we
were able to separate context related implementation from web service as aspect. We
termed these aspects as contextual aspects. Based on defined rules, contextual aspects
were weaved into web services implementation to give a web service user more per-
sonalized experience. As shown in Figure 5, we have rulespect based context adapter

9 SPRING .Net Application Framework, http://www.springframework.net/



X
for every web service. These web service adapters manipulate request and response to
identify and process context. For example, in the extended architecture, travel agency
web service manipulates the customer context to identify the location of customer, then
it uses this information to provide customer with most relevant trips and packages. Sim-
ilarly, airline web service uses travel agent context information to identify the location
of travel agent. Based on travel agent location, it will provide it with the most relevant
flight information and packages. Furthermore, it will also use the context information
to identify the type of travel agent. Based on the type it will identify what special fea-
tures to offer that might not be available to customer if it approaches airline web service
directly. Using rulespect we are able to separate the context manipulation functionality
from core functionality of web service.

8 Conclusions and Future Work

Rulespect provided easy-to-use rule-based syntax for specifying aspect weaving details.
Rulespect model is simple and defined in platform independent manner. This paper
demonstrated implementation in .NET, however, this model can be implemented using
any technology that supports the implementation of the defined behavior. Since this
model use rules, business IS is the most relevant domain for its use. In this paper, we
demonstrated how rulespect can be used to implement AOP for web services. In future
we want to extend this concept of rulespect for using AOP at web service composition,
definition, and discovery level. We also want to analyze the performance of the model
for large IS.
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