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Abstract 
Although object-oriented systems development (OOSD) has greatly matured over the past decade, the jury is still out on its 
ultimate impact on IS organizations. It’s a structured method for analyzing, designing a system by applying the object-
orientated concepts, and develop a set of graphical system models during the development life cycles of the software. While 
OOAD is viewed by many as the best available solution to the ongoing “software crisis,” some caution that OOSD may be so 
complex that it will never become a mainstream methodology. Of particular importance to successful OOSD is object-oriented 
analysis and design (OOAD), the cornerstone of any serious systems development project. This paper reviews a wide range of 
empirical studies on OOAD involving human subjects, many with conflicting results. A critique of the research methodologies 
employed and a discussion of future needed research are presented. 

Keywords:OOAD, Domain Modeling, Trade Show, Modeling, Conclusions and Future. 

1. INTRODUCTION 

Object-oriented (OO) analysis and design (A&D) are important activities of the software development life cycle. OO 
analysis aims to identify the real problem of the organization for which the application software is built or enhanced, 
and specify requirements or system capabilities to solve the real problem. OO design develops ideas and software 
solutions to be implemented to deliver the capabilities. This is sometimes referred to as “programming in the large” — 
design of system architecture and high-level algorithms. OOAD are crucial activities because the software, if 
implemented according to poor requirements, will not meet the organization's business needs. Poor design will 
drastically increase testing and maintenance costs. 

2.INTEGRATED OOAD ENVIRONMENT OVERVIEW 

The software life cycle is typically divided up into stages going from abstract descriptions of the problem to designs 
then to code and testing and finally to deployment. The earliest stages of this process are analysis and design. The 
analysis phase is also often called "requirements acquisition". 

In some approaches to software development—known collectively as waterfall models—the boundaries between each 
stage are meant to be fairly rigid and sequential. The term "waterfall" was coined for such methodologies to signify that 
progress went sequentially in one direction only, i.e., once analysis was complete then and only then was design begun 
and it was rare (and considered a source of error) when a design issue required a change in the analysis model or when 
a coding issue required a change in design. 
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The alternative to waterfall models are iterative models. This distinction was popularized by Barry Boehm in a very 
influential paper on his Spiral Model for iterative software development. With iterative models it is possible to do work 
in various stages of the model in parallel. So for example it is possible—and not seen as a source of error—to work on 
analysis, design, and even code all on the same day and to have issues from one stage impact issues from another. The 
emphasis on iterative models is that software development is a knowledge-intensive process and that things like 
analysis can't really be completely understood without understanding design issues, that coding issues can affect design, 
that testing can yield information about how the code or even the design should be modified, etc. 

Although it is possible to do object-oriented development using a waterfall model, in practice most object-oriented 
systems are developed with an iterative approach. As a result, in object-oriented processes "analysis and design" are 
often considered at the same time. 

 

 
 

The object-oriented paradigm emphasizes modularity and re-usability. The goal of an object-oriented approach is to 
satisfy the "open closed principle". A module is open if it supports extension. If the module provides standardized ways 
to add new behaviors or describe new states. In the object-oriented paradigm this is often accomplished by creating a 
new subclass of an existing class. A module is closed if it has a well-defined stable interface that all other modules must 
use and that limits the interaction and potential errors that can be introduced into one module by changes in another. In 
the object-oriented paradigm this is accomplished by defining methods that invoke services on objects. Methods can be 
either public or private, i.e., certain behaviors that are unique to the object are not exposed to other objects. This 
reduces a source of many common errors in computer programming. 

The software life cycle is typically divided up into stages going from abstract descriptions of the problem to designs 
then to code and testing and finally to deployment. The earliest stages of this process are analysis and design. The 
distinction between analysis and design is often described as "what vs. how". In analysis developer’s work with users 
and domain experts to define what the system is supposed to do. Implementation details are supposed to be mostly or 
totally (depending on the particular method) ignored at this phase. The goal of the analysis phase is to create a 
functional model of the system regardless of constraints such as appropriate technology. In object-oriented analysis this 
is typically done via use cases and abstract definitions of the most important objects. The subsequent design phase 
refines the analysis model and makes the needed technology and other implementation choices. In object-oriented 
design the emphasis is on describing the various objects, their data, behavior, and interactions. The design model 
should have all the details required so that programmers can implement the design in code. 

3.NATIONAL TRADE SHOW SERVICE EXAMPLE 

A trade show is an exhibition organized so that companies in a specific industry can showcase and demonstrate their 
latest products and services, meet with industry partners and customers, study activities of rivals, and examine recent 
market trends and opportunities. In contrast to consumer fairs, only some trade fairs are open to the public, while 
others can only be attended by company representatives (members of the trade, e.g. professionals) and members of the 
press, therefore trade shows are classified as either "public" or "trade only". A few fairs are hybrids of the two; one 
example is the Frankfurt Book Fair, which is trade only for its first three days and open to the general public on its 
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final two days. They are held on a continuing basis in virtually all markets and normally attract companies from around 
the globe. For example, in the U.S., there are currently over 10,000 trade shows held every year, and several online 
directories have been established to help organizers, attendees, and marketers identify appropriate events. 

The importance of face-to-face marketing experiences has never been more important - they build valuable business 
relationships and drive revenues. Hargrove was built on the belief that strong relationships play a vital role in the 
growth of any company.  Because of the depth and breadth of our trade show management experience, we also 
understand the challenges you face while planning your show as budgets get tighter and the demand to increase the 
return on investment escalates. 

You need an experienced trade show manager willing to partner with you, identify solutions and deliver results. With a 
focus on personalized service, creativity and state-of-the-art resources, Hargrove is ready to bring your vision to life.  

Learn how Hargrove can bring your trade show vision and goals to life.  

4.DOMAIN MODELING 

A domain model is a system of abstractions that describes selected aspects of a sphere of knowledge, influence or 
activity (a domain). The model can then be used to solve problems related to that domain. The domain model is a 
representation of meaningful real-world concepts pertinent to the domain that need to be modeled in software. The 
concepts include the data involved in the business and rules the business uses in relation to that data. 

A domain model generally uses the vocabulary of the domain so that a representation of the model can be used to 
communicate with non-technical stakeholders. 

 
 

5.USE CASE MODELING 

A domain model is generally implemented as an object model within a layer that uses a lower-level layer for persistence 
and "publishes" an API to a higher-level layer to gain access to the data and behavior of the model. 

In the Unified Modeling Language (UML), a class diagram is used to represent the domain model. 

A use case diagram is a graphic depiction of the interactions among the elements of a system.  
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A use case is a methodology used in system analysis to identify, clarify, and organize system requirements. In this 
context, the term "system" refers to something being developed or operated, such as a mail-order product sales and 
service Web site. Use case diagrams are employed in UML (Unified Modeling Language), a standard notation for the 
modeling of real-world objects and systems. 

System objectives can include planning overall requirements, validating a hardware design, testing and debugging a 
software product under development, creating an online help reference, or performing a consumer-service-oriented 
task. For example, use cases in a product sales environment would include item ordering, catalog updating, payment 
processing, and customer relations. A use case diagram contains four components. 

 
• The boundary, which defines the system of interest in relation to the world around it. 
• The actors, usually individuals involved with the system defined according to their roles. 
• The use cases, which are the specific roles played by the actors within and around the system. 
• The relationships between and among the actors and the use cases. 

A use case diagram looks something like a flowchart. Intuitive symbols represent the system elements. Here's a simple 
example: 

 

6.ACTOR-SYSTEM INTERACTION MODELING 

The functionality provided by the system is documented in a use case model that illustrates the system's intended 
functions (use cases), its surroundings (actors), and the relationships between the use cases and actors (use case 
diagrams). The most important role of a use case model is to provide a vehicle used by the customers or end users and 
the developers to discuss the system's functionality and behavior. 

The use case model starts in the Inception Phase with the identification of actors and principal use cases for the system. 
The model is then matured in the Elaboration Phases. 

Like external entities in Data Flow Diagram, actors are not part of the system -- they represent anyone or anything that 
must interact with the system. An actor may 

 
• only input information to the system 
• only receive information from the system 
• input and receive information to and from the system 

7.OBJECT INTERACTION MODELING 

Besides the relationships an object can have with other objects and its own behavior, an object may also interact with 
another object. For example, an object may send information to, request information from another object, it may alter 
another object or cause another object to do some action. 

In OSA, we use the OIM (Object-Interaction Model) to describe the interaction among objects. Object interaction in 
OIM has three basic components: 
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• The objects that are involved in the interaction. 
• The way that the objects act or react in the interaction.\ 
• The nature of the interaction. 

Since we are able to identify objects in ORM, We use ORM components in OIM to show which objects are involved in 
the interaction. 

Since we are able to define the behavior of objects with state nets, we use state nets in OIM to describe how objects act 
and react in interactions. 

The nature of the interaction can be described by the activity that constitutes the interaction and the information or 
objects transmitted or exchanged in the interaction. 

To describes the interaction and the objects exchanged in the interaction, we introduce a new feature, which create 
object-interaction models with an appropriate combination of ORMs and state nets. 

8.GENERATING DCD AND SKELETON CODE 

At the very least, DCDs depict the class or interface name, superclasses, operation signatures, and attributes of a class. 
This is sufficient to create a basic class definition in an OO language. If the DCD was drawn in a UML tool, it can 
generate the basic class definition from the diagrams. 

Defining a Class with Method Signatures and Attributes 
From the DCD, a mapping to the attribute definitions (Java fields) and method signatures for the Java definition of 
SalesLineItem is straightforward, as shown in Figure. 
 
 

 
 

9.ARCHITECTURAL DESIGN AND IMPLEMENTATION 

Any real-world system is used by different users. The users can be developers, testers, business people, analysts, and 
many more. Hence, before designing a system, the architecture is made with different perspectives in mind. The most 
important part is to visualize the system from the perspective of different viewers. The better we understand the better 
we can build the system. 

UML plays an important role in defining different perspectives of a system. These perspectives are – 
• Design 
• Implementation 
• Process 
• Deployment 
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The center is the Use Case view which connects all these four. A Use Case represents the functionality of the system. 
Hence, other perspectives are connected with use case. 

Design of a system consists of classes, interfaces, and collaboration. UML provides class diagram, object diagram to 
support this. 

Implementation defines the components assembled together to make a complete physical system. UML component 
diagram is used to support the implementation perspective. 

Process defines the flow of the system. Hence, the same elements as used in Design are also used to support this 
perspective. 

Deployment represents the physical nodes of the system that forms the hardware. UML deployment diagram is used to 
support this perspective. 

It is very important to distinguish between the UML model. Different diagrams are used for different types of UML 
modeling. There are three important types of UML modeling. 

10.STRUCTURAL MODELING 

Structural modeling captures the static features of a system. They consist of the following – 
• Classes diagrams 
• Objects diagrams 
• Deployment diagrams 
• Package diagrams 
• Composite structure diagram 
• Component diagram 

Structural model represents the framework for the system and this framework is the place where all other components 
exist. Hence, the class diagram, component diagram and deployment diagrams are part of structural modeling. They all 
represent the elements and the mechanism to assemble them. 

The structural model never describes the dynamic behavior of the system. Class diagram is the most widely used 
structural diagram. 

11. CASE STUDY AND EVALUATION 

The purpose of a case study is to study intensely one set (or unit) of something—programs, cities, counties, worksites—
as a distinct whole. What does this mean? For a program designed to encourage bars to observe the smokefree bar law, 
an evaluation must document the program’s impact on the bars and on the behavior of people in the bars. In a non-case 
study design, one might decide to observe a series of randomly selected bars to see whether bartenders take some action 
to enforce the smokefree bar law when customers begin to smoke. This style of evaluation entails collecting data on 
bartender behavior from a random sample of bars large enough to be representative of the entire population of bars 
from which you sampled. In contrast, a case study design focuses on a hand-picked set of bars (sometimes even just one 
bar). Before the program begins, the evaluator spends time in the bar(s), observing behavior and talking with people. 
As the program progresses, the evaluator continues to make observations and to interview the owners, managers, 
employees, and customers. She might observe the bars at various times of the day to monitor compliance with other 
smokefree rules, such as the absence of ashtrays. At the completion of the program, the case study reveals in depth the 
experience of specific bars in implementing the new law, and the impact the program had on its efforts. Did the 
program either encourage or discourage compliance? Did new signage go up, and did bartenders begin to encourage 
compliance? Or did something completely unrelated to the program happen to change behavior? For example, did a 
bartender relapse during a quit attempt and resume smoking, thus encouraging others to smoke? Did, on the other 
hand, a favorite bartender have a heart attack, which made the customers more sensitive to smoking behavior? This 
kind of rich detail lets evaluators assess programs in a way that several data elements across a large variety of cases 
cannot. In a case study, note that some of the data collected might be quantitative, such as the number of instances of 
compliance at various times of the day. Case studies do not necessarily use qualitative data only. Overall, case studies 
are considered to be a qualitative technique, but they can contain quantitative information. However, the overall goal of 
a case study, which is to understand a select subset as a distinct whole in its particular context, distinguishes the case 
study from other designs. What one gains in richness by doing a case study evaluation, one loses in the breadth of 
generalizations about overall compliance. Put another way, a case study reveals a lot about the process and outcome at 
certain sites, and the ways in which these interrelate. It reveals less about a program’s overall impact. One way to offset 
the lack of breadth in a single case study is to do multiple case studies and to compare the findings. For example, an 
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evaluator could do complete profiles of several sets of bars, compare their implementations of the smokefree bar law, 
and look at the similarities and differences in implementation. This comparative study begins to clarify the impacts that 
your program either had or did not have, providing useful information for program revisions. 

12.CONCLUSIONS AND FUTURE WORK 

In this thesis, we addressed the problem of recognition of structures in images using graph representations and inexact 
graph matching. One of the main contributions of our work is to express this task as a combinatorial optimization 
problem with constraints, and to propose methods to solve it based on EDAs and their parallelization. A discussion on 
different representations of individuals has been provided. In particular, we proposed representations in both the 
discrete and continuous domains. Some of the constraints imposed to the matching could be introduced directly in the 
representations. Different types of fitness functions have been presented. Our contribution here is twofold. First an 
experimental comparison of their behavior has been performed, and second new fitness functions based on probability 
theory have been designed. The main focus of our thesis was on the optimization itself. A new approach based on 
estimation of distribution algorithms was introduced for solving the graph matching problem. Its foundations rely on an 
evolutionary computation paradigm that applies learning and simulation of probabilistic graphical models (i.e. 
Bayesian networks in the discrete domain and Gaussian networks in the continuous one) as an important part of the 
search process. Our contribution in this part was to adapt these algorithms to the inexact graph matching problem with 
constraints, which to our knowledge have never been addressed before. In particular we proposed original solutions to 
take the constraints into account. This contribution can certainly be exploited in other combinatorial optimization 
problems with constraints, thereby enlarging the potential application field of EDAs. Finally another contribution relies 
in the parallelization of EDAs. Up-to-date parallelization techniques have been applied to these algorithms, resulting in 
two different programs suitable for execution on multiprocessors with shared memory and cluster of workstations under 
windows or GNU-Linux systems. The use of shared memory libraries with threads –using pthreads– as well as high-
level parallelization libraries based on message passing –such as MPI– have been analyzed in detail. The particular 
case of EBNABIC has been detailed, and each of its steps has been analyzed in terms of parallelization and 
computation costs. A parallel version of this algorithm is proposed for the BIC metric. This contribution allows now to 
use EDAs to solve problems with higher complexity. From an experimental point of view, our contribution lies in the 
comparison of the performance of EDAs in both discrete and continuous domains with other evolutionary computation 
techniques such as genetic algorithms and evolutionary strategies. These experiments were performed for the different 
types of individual representations, different types of fitness functions, and applied to synthetic and real graph 
matching problems. Results show that our approach obtains better results and that converge to a solution by having to 
evaluate less individuals than other more usual evolutionary computation methods such as genetic algorithms. These 
differences in the results have been proved to be statistically significant after applying non-parametric tests. 

Many different adaptations, tests, and experiments have been left for the future due to lack of time (i.e. the experiments 
with real data are usually very time consuming, requiring even days to finish a single run). Future work concerns 
deeper analysis of particular mechanisms, new proposals to try different methods, or simply curiosity. There are some 
ideas that I would have liked to try during the description and the development of the fitness functions in Chapter 3. 
This thesis has been mainly focused on the use of EDAs for graph matching, and most of the fitness functions used to 
find the best result where obtained from the literature of adapted from these, leaving the study of fitness functions 
outside the scope of the thesis. The following ideas could be tested: 1. It could be interesting to consider the regions in 
the model and data images with different importance, depending on their size or their specific meaning with respect to 
the recognition process. This mechanism would for instance aid to distinguish in very complex problems which are the 
regions that are essential to be found, the ones that sometimes appear, and the ones that rarely do. 2. The way the 
model is constructed could be also changed: instead of using one typical image (prototype), it could be based on 
different images, in order to provide some information on the variability among the different images, and introduce it 
in the attributes. Unfortunately, in the type of images that we have taken as real examples the construction of a model 
from each image is a tedious task and no further study in this direction could be performed. Obviously, the use of other 
types of individual representations and fitness functions could be investigated since they have an important influence on 
the results obtained at the end. New approaches in this direction can be induced from techniques described in the 
literature such as [Bloch, 1999a,b, Rangarajan et al., 1999a, Sanfeliu and King-Sun, 1983]. The performances of all the 
fitness functions described in Section 3.4.3 have not been compared on a same problem. The main reason was that 
some fitness functions are very complex to compute and require a considerable execution time to evaluate each 
individual. Parallelization techniques have been applied to the learning step in EDAs, but not for the evaluation of 
individuals, and such a mechanism could help at reducing execution times. Nevertheless, we are already designing and 
running experiments to compare the performance of our newly proposed probability theory-based fitness function f4(h) 
and f5(h) to such of the fitness functions defined previously in this section. The preliminary results of these 
experiments do not seem to be satisfactory, and further study is still required in order to understand the behavior of 
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these two fitness functions and improve it. Concerning the results for both applications (brain and facial features), we 
can also expect to improve them by having richer graphs, with more attributes. In the definition of the EDAs in 
Chapter 4, there are also many ideas that could be exploited to try to obtain a most effective convergence towards the 
best solution. An example of this is the use of a mechanism that could be understood as a learning depending on the 
fitness value of the individual: in the learning proposed for EDAs all the selected individuals are used for the learning 
equally regardless of their fitness value. This means that the fitness value is just considered for selecting the best 
individuals, but differences between the values among these individuals are not considered in the learning process. A 
similar idea to this is proposed in the Bit-Based Simulated Crossover algorithm (BSC) [Syswerda, 1993], but this idea 
could be extended to any EDA. One of the disadvantages that this new type of learning can have is that by accelerating 
the convergence the search is too focused to the main individuals, and therefore EDAs could lead to local maxima. 
However, this idea is still a possibility that could be analyzed in the future to check whether local maxima are avoided 
or not and how to improve it for specific problems such as inexact graph matching. The initial population in all EDAs 
has been built using a uniform distribution. Other methods could be also tested, as sometimes a pre-processing step 
could be added so that the search can also start with some specific individuals. Also, other types of statistical 
initializations such as greedy probabilistic methods could help at directing the search from the beginning, leading to 
less evaluations. Regarding the application of parallelism to EDAs, an extension for the near future is the use of more 
powerful multicomputers in order to improve the parallelization: the computers we used had at most only 2 processors, 
and therefore no more than 4 workers were created per computer so that all the workers do not compete for CPU use 
with the corresponding thrashing problem. An additional task to perform is the parallelization of other algorithms such 
as EGNAee and EMNA, which are also susceptible of being parallelized due to the high number of tasks that can be 
performed in parallel on different processors. 
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