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Abstract- The term “Aspect-Oriented Programming” (AOP)
came into existence at the Xerox Palo Alto Research Center
(PARC). AOP was based on an extensive body of prior work, but
somehow the existing terminology wasn’t appropriate for
describing what AOP does. The new programming technology
beginning to devise to change the world! This paper gives how
AOP came into existence; AOP – the ideas, the technologies and
the name – came. History is just marginally interesting if one
doesn’t make the effort to learn from it and apply that knowledge
in things that are still to come. AOP didn’t “change the world”
but it had an impact in research communities and in
programming at-large. There are valuable lessons to be learned
from the emergence of AOP, and an analysis of those is the
ultimate goal of this article.

• Programming intertwined code is hard and complex
since all concerns have to be dealt with at the same time
and at the same level.
• The extended programming language provides no
adequate abstraction of concerns at the implementation
level.
• Intertwined code is hard to understand because of the
above lack of abstraction.
• Commingled code is hard to maintain and modify
because the concerns are strongly coupled.
• Specific to object-oriented systems, the intertwined code
gives rise to inheritance anomalies [1][30][44] due to the
strong coupling of the different concerns.

I. INTRODUCTION
Giving an historical perspective of a technology
involves stating facts as much as it involves describing the
technical context in which the technology emerged and
understanding the dynamics of the group of people who
created it. Study focuses on the time period when AOP and,
AspectJ emerged. A lot had happened before and a lot has
happened since then. AOP emerging in 1995 that followed
many of the types of questions like “what is AOP?” Is it a
programming language? Macros in disguise? A design
methodology? A clever pre-processor? Meta-programming?
How is this different from X. But frequently questions were
“what are aspects?”

It becomes impossible to redefine a method implementation or
the commingled special concern in a subclass without
redefining both. Many researchers have recognized the above
problems for single concerns in their specific area of expertise
and have started to address them. Many devised techniques for
separating individual concerns [1][2][10][42][32][23].

III. ANALYSIS OF THE PROBLEM AND
SPECIALIZED SOLUTIONS
For software concerns, we distinguished two different
levels of separation:
Conceptual level: At the conceptual level, the separation of
concerns needs to address three issues. 1) Provide a sufficient
abstraction for each concern as an individual concept. 2)
Ensure that the individual concepts are primitive, in the sense
that they address the natural concerns in the mind of the
programmer.
Implementation level: At the implementation level, the
separation of concerns needs to provide an adequate
organization that isolates the concerns from each other. The
goal at this level is to separate the blocks of code which
address the different concerns, and provide for a loose
coupling of them.
The concerns identified at the conceptual level are mapped
into the implementation level using a programming language.
Separation of concerns at the conceptual level is generally
considered a primary means to manage complexity in all
engineering disciplines. However, few programming
languages allow these abstractions to actually be separately
programmed. The resulting code organization is monolithic,
intertwining statements for different purposes.
In programming all concerns in one monolithic program block
increases complexity considerably and unnecessarily. By
abstracting concerns out and separating them, programming
individual concerns becomes substantially less complex, and

II. FORMULATION OF THE PROBLEM
The increasing complexity of today's software
applications and innovative technology make it necessary for
programs to incorporate and deal with an ever greater variety
of special computing concerns such as concurrency,
distribution, real-time constraints, location control, persistence
and failure recovery. Underlying all of these special purpose
concerns is the basic concern responsible for the fundamental
computational algorithm and the basic functionality. Special
purpose concerns exist to either fulfill special requirements of
the application (real-time, persistence, distribution) or manage
and optimize the basic computational algorithm (location
control, concurrency).
Typical approaches to integrate an additional concern have
been to extend a given programming language by providing a
few new programming language constructs that address the
concern. An example of such an extension is the Distributed
Real-time Object Language DROL [42] an extension of C++
with the capability of describing distributed real-time systems.
Even though the concerns may be separated conceptually and
incorporated correctly, commingling them in the code brings
about a number of problems:
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code can be effectively reused. Like this some approaches that
had been suggested in the literature Demeter [24]. Set of
papers that focused on the separation of concern from the
basic algorithmic concern. Table 1 gives an overview of this
survey; this study also added more references than originals.

relations between classes), meta-level programming can
achieve separation between algorithms and data organization.
4.2 Adaptive Programming
The work described in [20] presents adaptive software, a
programming model based on code patterns. The relations
between the data structures of the application is described by
graphs (called class dictionary graphs) to which the patterns
apply. A pattern compiler takes a set of patterns and a class
dictionary graph and produces an object-oriented program.
Code patterns are classified in different categories, each one
capturing abstractions in programming:
Propagation patterns define operations (algorithms) on the
data. Propagation patterns identify sub graphs of classes that
interact for a specific operation.
Transportation patterns abstract the concept of
parameterization. They are used within propagation patterns in
order to carry parameters in and out along the sub graphs.
Synchronization patterns define synchronization schemes
between the objects in concurrent applications. Their purpose
is to control the processes' access to the execution of the
operations.
Adaptive programming support the separation of concerns at
the implementation level each pattern category addresses a
different concern. The patterns that define a program can be
viewed as the basic software components that interact with
each other in a very loose manner through name resolution.
Each pattern is quasi independent of both the other patterns
and the data organization with the effect that changes in the
class organization don't necessarily imply updates in the
operations and modifications of the algorithms don't
necessarily imply changes in the synchronization scheme.

IV. SEPARATION TECHNIQUES
This report presents a distinction between separation
of concerns at the conceptual level and at the implementation
level. The former may exist without the latter, and that was
pretty much the state-of-the-art in 1994. There were some
programming techniques that looked promising for achieving
the separation at the implementation level. Table 1 shows the
techniques we identified at the time. Following are the
highlights of this analysis.

4.3 Composition Filters
The composition filter model is an extension of the
conventional object-oriented model through the addition of
object composition filters. For a detailed description of the
model and its various applications take a reference from
[1][2][4] Filters are first class objects and thus are instances of
filter classes. The purpose of filters is to manage and affect
message sends and receives. In particular, a filter specifies
conditions for message acceptance or rejection and determines
the appropriate resulting action. Filters are programmable on a
per class basis. The system makes sure that a message is
processed by the filters before the corresponding method is
executed: once a message is received, it has to pass through a
set of input filters and before a message is sent and pass
through a set of output filters. Composition filters support the
separation of concerns at the implementation level: Separation
of concerns is achieved by defining a filter class for each
concern. For example, in [2] a real-time filter RealTime was
proposed to affect the real-time aspects of incoming messages.
RealTime filters have access to a time object that is carried
with every message and which specifies the earliest starting
time and a deadline for the message. Each filter class is
responsible for handling all aspects of its associated concern.

4.1 Meta-Level Programming
Meta-level programming is a well-know paradigm that has
been documented in several publications[38][44][14][32]. A
reflective system incorporates structures for representing
itself. The basic constructs of the programming language, such
as classes or object invocation, are described at the meta-level
and can be extended or redefined by meta-programming. Each
object is associated with a metaobject through a meta-link.
The metaobject is responsible for the semantics of operations
on the base object.
Meta-level programming support the separation of concerns at
the implementation level by trapping message sends and
message receives to objects, metaobjects have the opportunity
to perform work on behalf of the special purpose
concerns. They can check for synchronization constraints,
assure real-time specifications, migrate parameters between
machines, write logs, and so forth. This allows the base-level
algorithms to be written without the special purpose concerns,
which in turn can be programmed in the metaobjects. Also, by
having structural reflection (meta-knowledge about the
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The filter mechanism gives programmers a chance to trap both
message receives and sends, and to perform certain actions
before the code of the method is actually executed. The
resulting code is thus nicely separated into the special purpose
concern (in the filter) and basic concern (in the method).

crucial ones are understandability, maintainability, reusability
and evolvability. These properties are tightly linked to the
issue of modularization, which can in essence be seen as the
possibility to cleanly encapsulate concerns of the software in
separate modules. A module is basically a work assignment,
whose role is to localize and hide design decisions. This
principle is known as the Separation Of Concerns (SOC)
principle. Aspect-Orientation deals with the SOC, the
concerns that cross-cut the modularity of traditional
programming mechanisms and it aims at reduction of code and
to provide higher cohesion.
Separation of concerns (SoC) is the most important aspect in
software engineering. It refers to the ability to identify,
encapsulate and manipulate only those parts of software that
are relevant to a particular concept, goal or purpose. Concerns
are classified as primary concerns and cross-cutting concerns.
Primary concerns are related to core functionality and lie
within problem domain and can be easily implemented in
traditional programming paradigm like Object Oriented
Programming (OOP). OOP implements primary/core concerns
in classes. On the other hand cross-cutting concerns for
example security, synchronization, error and exception
handling, scheduling and optimization, the code implementing
these cross-cutting concerns is scattered or woven with the
other code in different classes which contradicts to
fundamental principle of OOP i.e. SOC. OOP languages have
serious limitations in modularizing adequately crosscutting
concerns in a program from that point Kiczales Paper presents
a statement that AOP build on the basis of OOP technology.

The above techniques are the fact that they provide some
mechanism to intercept message sends and receives.
Metaobject protocols perform the interception at the metalevel through computational reflection and reification of
messages. Composition filters trap messages through the builtin filter mechanism. In both cases, interception was done at
run-time. Adaptive programming achieves message
interception at compile time. The AOP compiler detects when
a method needs to be extended with code for special purpose
concerns and inserts that code directly, i.e. a preprocessor. An
important aspect of meta-level programming is that the
separation of concerns is not imposed by the model. Rather,
meta-level programming facilitates the separation of concerns
by providing the reflective information about the constructs of
the language itself. Programming the special purpose concerns
at the meta-level is a strategy that may or may not be followed
by the programmers. This is contrary to filters and Adaptive
programming, which provide specific language constructs to
achieve the separation of concerns. A consequence of this fact
is that in both the filters approach and the code patterns
approach a new language construct is necessary for each new
concern to be dealt with, while in the meta-level programming
it is not so.
The important thing about this paper is to point out how the
search for better expression mechanisms that focused on
certain software development concerns were, in fact, driving
a large number of research efforts at the time. This research
was being driven by some common goal, and it was important
to understand what that was.

VI. CONCLUSION
Historical approach of AOP is really benefitial for
novice users of AOP handlers. AOP is a relatively new
programming paradigm and it builds on the basis of OOP
technology. It deals with those concerns that cross-cut the
modularity of traditional programming mechanisms and it
aims at reduction of code and to provide higher cohesion. As
with any new technology AOP provides some benefits and
securities to the data than other programming languages.
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