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ABSTRACT

Despite generated benefits, Object -Oriented (OO) paradigm seems
reaching its limits, regarding complexity reduction of current
systems. In this context, the Aspect-Oriented (AO) comes up as
an alternative to reduce software development complexity while
keeping OO advantages. Needs for investigating methodologies of
Aspect-Oriented Software Development (AOSD) has emerged
adong with AO. As an example Early Aspects (EA) am to
identify aspects on the early stages of software development, such
as domain analysis, requirements specification and architectural
project. Being one of the newest software engineering paradgms,
AO emphasizes that new studies and experiments should be
carefully carry out, in order to establish improved methods,
techniques and tools applicable to this new way of development.
This paper presents the state of the art and some open issues
about EA to be investigated by the scientific and technological
community, aiming to develop, improve as well as discuss the
EA's methodology, in order to reach a better use of AO
potentialities. It also presents a categorization of current works
and aspects, besides suggestions to expand boundaries of Software
Engineering It represents the initial investigation effort of a
doctoral thesis. The major contribution of this paper is the need to
investigate a new third dimension still unexplored by AO
researchers.

Categoriesand Subject Descriptors
D.3.1 Poftware Engineering]: Requirements/Specifications —
Elicitation methods, Methodol ogies.
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1. INTRODUCTION

The emergence of Object Qiented (OO) paradigm shows up
several benefits b the software engineering field, such as the
software development complexity reduction, as well as facilities to
maintain, modularize and reuse software. Despite of such
contributions throughout previousyears, OO seems to achieve its
limits for reducing systems complexity nowadays [1] [2] [3] [4].
The AO has appeared in this context, being able to reduce the
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software development complexity and keeping benefits achieved
by OO[3].

Along with AO, needs of figuring out a methodology of Aspect
Oriented Software Development (AOSD) has emerged, enabling to
identify, separate, design and compose aspects, as known as
crosscutting concerns. This methodology shall support software
engineering phases such as analysis, design, implementation,
testing and maintenance.

Early Aspects (EA) represent the subset of activities belonging to
the AOSD, aiming to identify aspects from initial phases of
software development as domain analysis, requirements
specification and architectural design, as shown in Figure 1.

Reguirements Architectural
Domain Analysis _.{ Specification _.{ Design

Candidate
Aspects

Figure 1 —Early Aspect Scope

This paper presents the EA status quo, a set of open issues and
suggestions about how to develop a methodology aiming to take
advantages of AO paradigm potentialities.

The rest of this paper is organized as follows. Section 2 introduces
some background information related to this research. Section 3
briefly summarizes related works on Early Aspects. Next, in
Section 4, the main ideas of the paper are discussed. Section 5
shows the current work, and concluding remarks are given in the
section 6.

2. EARLY ASPECTS

Like other paradigms, such as Procedure Oriented (PO) and OO,
and Modular Programming (MP), AO is based upon the
separation of concerns (SoC) principle, presented by Dijkstra[5].
Modular programming researchers, as Maynard [6], have used this
principle since the end of 60's to define how many and which are
the modules that compose the whole system.

The SoC is equivdent to the functionad and systems
decomposition practices, which comes from the system theory.



The aiming of such techniques isto divide the system into smaller
parts and treat them in a separated way. Regarding SoC, these
concerns after separated, might be implemented as one or more
aspects The EA area lacks a methodology that identify, model
and handle aspects on the early phases of a software development
process Building this methodology is the doctoral thesis major
contribution of the first author of this paper. Parnas [7] has
written one of the most important papers on system
decomposition, where criteria based on projects decisions are
applied.

The EA methodology shall overcome difficulties of applying SoC
principle in the requirement specification phase, especidly in the
specification of Non-Functional Requirements (NFR) which
naturally crosscut each other [38] and are scattered and tangled
into Functional Requirements (FR).

Among concerns involved in software development, crosscutting
concerns can be emphasized, which are hard, due to traditional
deficiency, to be modeled and implemented by means of scattering
and tangling. One of the most important differences of AO deals
with that deficiency, aiming to uncouple and encapsulate concerns
as security, distribution, gnchronization, persistence, mobility,
interface, performance, application domain and so on.

3. RELATED WORKS

Nowadays, EA investigation results would be categorized as
templates and methodological proposals.

1. Templates - represent investigation results that outline
structures, taxonomies, schemas, patterns, standards and
others, used as references or formats to guide software
modeling. Those formats accept end users attachments
to adapt templates to the redlity of each work
environment. Hence, they can be cdled flexible
templates.

2. Methodological - represent investigation results of: a
method, systematic, processes, techniques, frameworks,
approaches, and so on. M ethodological articles usualy
propose or apply templates. However, such templates
are not the focal point.

Templates show a kind of format or references that when used by
developers become suitableto fit and adapt systems to it. On the
other hand, methodological results present methods, techniques
and criteria to bresk down the system, and do not show
necessarily atemplate. In practice, templates and methodological
results complement each other, guide developers on the
decomposition activity and turn less hard the identification and
mapping of concerns into aspects.

The categorization above outlines how researchers are looking for
solutions to identify and treat early aspects. Would these two
categories be the only existing ones? Would be other alternatives
not seen due to the fact of researchers are tied to previous
paradigms?

3.1 Templates

Sutton [8] presents a schema called Cosmos to am the
multidimensional concern spaces modeling. That schema consists
o a classification structure used like a template to decompose a
system according to the taxonomy proposed. Some elements of
that taxonomy are: a) logical and physical concerns; b) categorical
interpretive, mapping and physical relationships;, and c)
predicates.

Moreira and Brito [9] and Moreira and Aratjo [10] separate the
crosscutting concerns into requirements specification phase The
approach uses a template adapted from Mylopoulos et a. [11]
and Malan and Bredemeyer [12] [13] to identify and describe: &)
quality attributes, e.g., high level NFR; and b) FR applying use
cases. Such articles present use cases and sequence diagram
extensions to represent composition of crosscutting quality
attributes with functional requirements. Difficulties such as
composition rules and conflict resolution do not get an adequate
support.

Lopes et a. [14] demonstrate a technique of Design Structure
Matrix (DSM), proposed by Eppinger et a. [15], which has the
capability to model dependencies inside system, including
Aspects.

Monteiro [16] discusses some situations related to the system
development, focusing the development of good practices
applicableto AOSD.

Monteiro and Fernandes [17] point out to the community traps
that occur when using AO paradigm to implement design patterns
presented by Gamma et a. [18]. An accurate understanding
appearance reason of trapscould help to create antipatterns rules.

Monteiro and Fernandes [19] take out aspects from OO legacy
codes, organize them and create a set of AO refactoring. That
article might be considered an essay for developing patterns
catdog.

Hannemann and Kiczales [20] discuss and present proposas to
implement AO design patterns. Nowadays it is very important to
spend time developing an AO design pattern catalog helping the
SoC activity.

3.2 Methodological

Grundy [23] presents amodel called A spect-Oriented Component
Requirements Engineering (AOCRE) to develop components-
based software using OO and AO. Main concerns are categorized
such as persistence and distribution which have to become
avalable for other components and end users. AOCRE is limited
to a specific domain of Components-Based Software Engineering
(CBSE), redtricting this way the model applicability.

Dingwall and Finkelstein [24] show the development of a system
for runtime monitoring of system goals using the KAOS approach.
Composition rules are defined using HyperJ, and KAOSis limited
to a specific domain, restricting aso the applicability.



Rashid et a. [25] show an Aspect-Oriented Requirements
Engineering (AORE) enclosing six steps: a) identify concerns; b)
specify concerns; c) identify viewpoints, discover reguirements
and relate to concerns; d identify candidate aspects € specify
and prioritizeaspects; and f) specify aspects dimensions.

There is a necessity of developing techniques aiming to
accomplish the steps above. The dimensions specification is
related to SoC. Similarly, dimensions arerelated to NFR and FR,
and their influences in other development phases as well as
identification of mapping from requirements to function, aspects
and decisions are presented.

Rashid et al. [26] refine the approach proposed in [25], showing
detailed rules of aspectua reguirements composition based on
constraints and operators with a well defined semantic. Rules are
applied to specify how an aspectual requirement influences or
restricts the behavior of non-aspectual requirements. The paper
comments about a scheme of conflict resolution, where the
approach is supported by atool called ARCADE.

Katz and Rashid [27] propose the PROBE framework which
implements additional support for traceability on the AORE
model. PROBE generates proof of obligations based upon
temporal logic that should be hold by an AO system from the
initial aspectual requirements and their related tradeoffs.
Temporal logic inferences can be used as input to tools of formal
methods, such as model-checkers or as a basis to generate test
Cases.

Araljo and Coutinho [28] present a merge of viewpoint-oriented
aspects and requirements. The approach with UML is extended to
include aspect-oriented concepts during the definition of use case
and NFR. NFR that crosscut viewpoints or use cases are non-
functional candidates. A use case labeled <<included>> or
<<extended>> that is used more than once is called aspectual use
case. Use cases that crosscut several viewpoints represent also
aspectual use cases.

Whittle et ad. [29] and Whittle and Araljo [30] propose an
approach to model aspect-oriented scenarios using UML into the
requirements specification phase. Such scenarios are modeled and
composed with non-aspectual requirements. The approach
generates state machine of composed scenarios, designed by
sequence diagrams, and used to create prototypes for requirements
checking of stakeholders. To generate such state machine, the
Whittle and Schumann [31] Synthesis approach is used. A
variation of this approach is presented by Araljo, Whittle and
Kim [40], where the composition is done in the state machine
level.

Baniassad and Clarke [32] propose an approach called Theme to
support the aspect-oriented analysis. Initially, a set of domain’s
sensible verbs are searched from the requirements document,
identifying crosscutting concerns. From this point, actions or
themes, extracted from the reguirements document, are modeled as
collections of structures and behaviors that represent a system’s

feature. Then, atool creates relationship graphs between concerns
and requirements. Directions are given in [33] to deal with large
scale systems.

Yuy, Leite and Mylapoulos [34] show up an approach to find out
aspects from relationships between functional and non-functional,
using goas-oriented models, where FR and NFR are represented
by tasks, goals and soft goals. Finaly, the resulting graph is used
to identify aspects.

Brito and Moreira [35] present a model to separate concerns
during the requirements engineering applying catalogs as well as
adopted on OO, helping to identify and specify concerns. This
approach gives a composition process introducing match points,
dominant aspects and composition rules based on LOTOS
operators. Brito [36] extends this approach by using aframework
catalog of NFR, besides exploring the composition refinement
cdled LOTOS.

Moreira, Rashid and Araljo [37] show up considerations and
discussions about SoC and an approach based on criteria of trade-
offs. To define an adequate set of system’s concerns, this
approach apply trade-offs criteria on concerns compositions, in
order to define the better arrangement to the system.

Souza and Castro [38] proposed a goal-oriented requirements
methodology founded on SoC (GREMSoC), which aims to
improve reusability, maintainability and comprehensibility of
requirements specification by means of the SoC application.

Sousa et a. [39] present an approach to apply SoC at several
abstraction levels of the software development, enclosing from the
requirements specification to design phases. Such approach
consist of adapting some use cases driven activities of the unified
software development process in requirements, anaysis and
design workflows.

3.3 TolLearn More About

Papers below contain good references to learn more about EA and
get information detailed:

a) Araljo et a. [21] discuss EA in initial phases of software
development process such as domain analysis, requirements
specifications and architectural design. Some related works are
grouped and discussed considering each phase separately. This
paper highlights the needs of developing EA methodologies

b) Chitchyan et al. [22] discuss AO analysis and design. They
describe basic concepts related to phases from requirements
specification to design, besides presenting some related works.

4. CONSIDERATIONSAND DISCUSSIONS

4.1 Aspects Categorization
Considering the AO theory, it is possible to categorize aspects as
follows:



- Aspects of Structural Dynamic - consist of aspects that have
the capability to change classes’ attributes and methods. This
can be achieved either by inserting or deleting nominally
attributes and met hods or changing the hierarchical structure of
classes;

- Aspects of Functiona or Behavioral Dynamic - consist of
aspects that have capability to change system behavior by
means of the weaving process. This can be achieved in tree
distinct ways. a) override - substitutes the functional
requirements behavior; b) overlap - adds a new behavior; and
¢) wrap - when a behavior encapsulates other [10]; and

- Aspects of Data Dynamic - consist of aspects that have
capability to chang ng parameters and methods returns.

Resende and Silva [4] state that OO models the world in a static
way whereas AO offers the opportunity to model in a dynamic
and non-intrusive way. That is one of the most important
differences between these paradigms. The OO alows to
encapsulate attributes and entities responsibilities, while AO
alows encapsulating such entities relationships as well as rules
that determine their structural and behaviora changing.

Thus, AO permits to change both the object structure as well as
their relationships by means of the system dynamic modeling.

Aspects can be applied in a recursively fashion over several
superposed layers, aiding: @) aspects act over objects aiming to
change the system behavior; b) aspects act over aspects aiming to
change the system behavior; c) aspects act over aspects aiming to
take over the system behavior changing layer, building a meta
layer, meta-aspects or a metaAO.

Considering AO allows modeling the dynamic of a system, the
overlapping of aspects layers turns possible to model the dynamic
of dynamic, alowing another abstraction level of control,
equivalent of computationa reflection. However, OA makes easier
build that overlapping using AO than reflection techniques e.g.
M eta-Object Protocols - MOP.

The flexibility of AO to control dynamic of systems permit to
devise the expansion of Software Engineering in two ways. a)
approach of Software Engineering and Artificia Intelligence; and
b) incorporate automatically laws, agreements, rules and others, in
software systems, adapting its changes adjusting the dynamic of
systems using AO.

In this paper, it is considered that metalayer is responsible for a
natural intersection between models of software engineering and
Artificial Intelligence (IA). Thus, it is possible to make decision
and take action on the system application, changing its dynamic
by AO.

Figure 2, similar to an inverted sequence diagram, initially depicts
a two dimension: a) horizontal dimension —which corresponds to
the architectura dimension of developers; and b) vertical

dimension — which corresponds to the functional dimension of end
users. It is believed that AO shall be used over the two
dimensions, so that a better cortrol over the system could be
achieved.

put

Intesface

# | Securnty

Distribution

# | Application Domain

o||a|la||=||=]|=]|=]| Persistence

O-Cles= []-Packags
# = Class respasahility
Figure 2 — Dimensionsand Concerns Coupling

On the horizonta dimension, AO shall be able to separate
functional and non-functional concerns at the initial phases of
software development. This favors the uncoupling of concern
components, relationship encapsulating and improving the
organization system architecture.

On the vertica dimenson, AO shall be able to encapsulate
functionalities required by users, implementation of functionalities
dynamic, and linking the traditional software engineering and |A.

A new third dimension, still unexplored by AO, suggested by the
authors, representing the main contribution of this paper is based
upon changes of business rules throughout the time. Business
rules can be stable with predictable or unexpected changes.
Therefore, developers can build systems focusing to make easy to
arrange the dynamic of systems alowing accommodate of business
rules modifications. This dimension seems to be promising and
worthy of investigation.

In

Figure 2, arrows can be seen as path to be followed in solution of
required functionality, which could be and can be implemented
nowadays static or dynamicaly. Such map can modify itself
throughout the time to accommodate changes of business rules,
additionally being dynamically implemented usng AO. It's
necessary to connect business rules and dynamic systems so that
modifications in business rules automatically reflect modifications
in dynamic systems.

In order to take advantage of AO capabilities to change the
structure of objects and their relationships, it is crucial raising the
current abstraction level of system models, connecting them to the



organizational enterprise structure. Such connection would
provide that making decisions described in officia organizationa
documents could be incorporated by means of applying changing
into the system dynamics.

Documents containing organizational decisions should be
structured in a way to facilitate their readings by systems, which
could automatically alter the system dynamics, adapting to
previous decisions. In this case, business rules could be
implemented after reading enterprise documents automatically by
the system.

It is important to develop ontologies and apply them on public
and private sectors so that changes in laws could automatically be
interpreted and converted into enterprise rule business changings.
The AO, applied to model relationships among entities, might
facilitate rules tailoring between government and organizations, as
depicted in Figure 3.

Enterprise 1

Enterprise2

Enterprizeal

Fedaral State
Government | | Govermment

Municipal
Government

Figure 3 —Relationshipsamong real entities

Business rules which frequently come from legidations or laws,
agreements, accords, partnerships and others, conduct
relationships among entities of the real world and therefore must
be mapped to systems using new A O potentialities.

From this point of view, two new skills must be considered. The
first one consists of extrapolating the AO reasoning and/or
abstraction to a metaAO. In this case, the focus is to capture
business rules that are in charge of changing the behavior of object
relationships. The later one consists in connecting the system to
the sources of decisions which affect the system behavior.

4.2 Technology reuse on the AOSD

EA process should be based on previous well-succeeded
technologies such as OO. Among the main applied technologies,
thefollowing can be mentioned:

a) Traceability matrix - similar to the Design Structure Matrix
(DSM), it can be used to check the dependencies among system

elements. Its use ads an identification of tangling concerns points
(14];

b) Catalog - contains templates like structures, taxonomies,
schemes and patterns. Some of them can help to separate FR from
NFR as well as their subdivisons (e.g. ISO 9126), aiming to
improve the catalog with previous lessons learned. The lack of an
AO catdog can be noticed; and

¢) AO Heuristics - nowadays there are heuristics enabling the
identification of objects from requirements. However, this can not
be noticed on the AO, where empirica activities and decisions
about how to separate concerns must be taken.

Throughout the software development, the mapping activity from
concerns and entities to aspects must occur after a serious
analysis. A premature mapping can induce to project’s decision
mistakes and hence to undesirable reworkings. Thus, it is crucia
to investigate criteria that aim the mapping activity and validation.

Investigating and establishing criteria standards constitute a hard
task, because some elements which influence decisiors of project
to their decomposition are: a) staff training; b) problem domain; c)
solution domain; d) available technologies; €) budget; and f)
schedule. Thus, it is possible to model and implement the same
system in different manners.

The necessity of criteria to decomposition was already highlighted
by Parnas [7] in 1972. Therefore, it is believed that the success of
software development has never been so coupled to
decomposition criteria as nowadays, due to the complexity of
software and the use of concepts as SoC, Crosscuting Concerns
and AO.

4.3 Final Remarks

The major contribution of this paper is the AO software dynamic
modeling, as a third unexplored dimension suggested by the
authors, base upon business rules variations along with time. It
will only emerge after researchers have been untied from OO
dogmas and axioms, still considered ingrained into the scientific
and technological community.

During the history of science, successful techniques were reused.
Recently, computing researchers are applying OO and Modular
Programming techniquesinto areas of A O techniques, e.g. EA.

Even though technological and scientific communities are spending
time to reapply old techniquesinto AO, they need to expend more
time identifying acquiring dynamic as the soul of AO and in the
future, build techniques to expand current frontiers of Software
Engineering by:

@ Providing dynamic in system models to improve their
representation of the real world. For example, classeslack skillsto
gan and lose attributes, responsibilities, relationships among
entities, featuresinherited and son on. AO can providethat;

b) Expending frontiers of software engineering towards
organization structure, allowing automatic capturing of business



rules from laws, agreements accords, and other official documents,
besides to adapt system using AO to ater dynamics;

¢) Expanding software engineering towards Artificial Intelligence
using some techniques like Planning and applying AO to alter the
dynamics of the system; and

d) Investigating the latent power of overlapping multiple AO
layers and benefits to control the dynamics of dynamics.

5. CURRENT WORK

Specific issues about AOSD are in process of investigation by the
Software Engineering Group of the Technological Institute of
Aeronautics (Instituto Tecnoldgico de Aeronautica — ITA), in
cooperation with Federal University of Lavras (Universidade
Federal de Lavras— UFLA).

Some of the issues raised above constitute the focus of the first
author research. There are two focal points in current
investigation: @) developing a consistent AO methodology
applicable to Analysis and Design phase and b) integrating the
model with enterprise documents that describes business rules and
changes system behaviors.

6. CONCLUSIONS

Being one of the newest software engineering paradigms, AO
emphasizes that new studies and experiments should be carefully
carried out, in order to establish improved methods, techniques
and tools applicable to this new way of development.

This paper has presented background information about Early
Aspects (EA) and several related work summaries. Aralijo et al.
[21] and Chitchyan et al. [22] are considered significant references
for afirst contact aswell asfor further information about EA.

The maor findings of this paper are. & considering EA
investigation, results of related works can be categorized as
templates and methodological proposals;, and b) considering the
AO theory, it is possible to categorize aspects of Structural
Dynamics, Behaviora Dynamics, and Data Dynamics.

The categorization aforementioned outlines how researchers are
looking for solutions to identify and treat Early Aspects. Would
these two categories be the only existing ones? Would be other
aternatives not seen due to the fact of researchers are tied to
previous paradigms?

Aspects categorization emphasizes mainly the dynamic modeling
capability of AO to provide mechanisms to modify structure,
behavior and data of systems. Considering dynamic like one of the
best potentials of AO, authors believe that Early Aspects need to
focus relationships among entities.

This paper has presented the state of the art on Early Aspects and
some open issues to be investigated by the scientific and
technological community. Aiming to develop or improve Early
Aspects methodologies, to effectively supply evidences of quality
and reliability for analysis and design phases. It presents some

important discussion to help the Early Aspects methodology
development, providing better use of the potential of the Aspect
Oriented paradigm.

It emphasizesthe importance of developing AO methodologies by
the scientific and technological community to handle crosscutting
concerns, and mapping them from analysis to design phase, which
is an important open issuein the AO area.

Most of current EA propossd methodologies adapt OO
techniques to AO paradigm, such as catalogs, identification of
candidate artifacts (e.g. Aspects), criteria to select candidates,
templatesand others

The AO theory capability of modeling the system dynamics needs
to be carefully investigated to transform its potential into concrete
advantages. To achieve this god, the scientific and technological
community needs to get rid of OO archetypes.

The AO theory and technologies make possible to model system
dynamics and, at the same time, facilitateto expand the boundaries
of software engineering, enabling to incorporate decision making
based upon enterprise documents that describe business rules.

Some open issues, as well as the development of an EA
methodology are under investigation, being the motivation and the
theme of current and further research works.
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