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Abstract 

Programmable Parameter Control for Evolutionary Algorithms (PPCEA) is a 

Domain Specific Language (DSL) specific for Evolutionary Algorithms (EA) domain. 

The underlying design and implementation of PPCEA semantics for Genetic Algorithms 

(GAs) and Evolution Strategies (ESs) is very complex. Software Engineering and Object-

Oriented Principles (OOP) are not fully applied which results in complications for 

extension, changeability, and independent development. A modularized design and 

implementation of PPCEA that follows Software Engineering principles and the 

modularization advice from “On the Criteria” paper is required so that burden of future 

extension and evolution will be eased. Apart from design and implementation, an 

application that has an organized and user friendly Graphical User Interface (GUI) helps 

improve the overall usability and accessibility experience for users. The new PPCEA 

introduces a GUI to further improve the usability and accessibility to end users to reflect 

the cohesion of domain-specific languages and end user programming. 

The new PPCEA is much more modularized, comprehensible and manageable: 

By applying design patterns and aforementioned principles, the new PPCEA has reduced 

a great number of dependencies (i.e., coupling) among the modules in ESs and GAs. 

Difficulties in modification and extension are greatly reduced compared to previous 

PPCEA. Additionally, independent development is uncomplicated, because of less 

dependency among different classes.  Lastly, with the design of a GUI, end users can now 

interact with the newer PPCEA more efficiently. 

 

 



 

 

ii 

 

Preface 

For the last few years a number of software tools for Evolutionary Algorithms 

(EAs) have been developed. PPCEA is powerful software which solves one of the major 

problems in the Evolutionary Algorithms domain, which is to control parameter settings 

of evolution algorithms which have significant impact on EAs performance. One of the 

problems with PPCEA is its design and implementation of Evolutionary Strategies and 

Genetic Algorithms are not fully object oriented which will result complications in 

maintenance and future extension.  

The PPCEA needs to be redesigned to make it much superior. This report 

discusses how PPCEA design was greatly improved by following Software Engineering 

and object oriented principles. By following previously mentioned principles the design 

of PPCEA is enhanced, which will significantly reduce complications during 

maintenance and future development. Object oriented principles especially design 

patterns have been used in design of high quality software in diverse fields. Hence, 

various design patterns were used during the redesign and implementation of PPCEA. 

Additionally, to improve interactivities a graphical user interface is also designed. 

With implementation of design patterns the newer PPCEA has many advantages 

compared to previous PPCEA. The new design was compared with the previous design 

using a software metrics tool available in Eclipse and the results show a significant 

reduction in complexity. Development and maintenance is uncomplicated because of 

fewer dependencies between modules. Also the implementation of Strategy and Chain of 

Responsibility patterns allows end users to select various algorithms implemented in ESs 

and GAs on the fly. 
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1. Introduction 

Programmable Parameter Control for Evolutionary Algorithms (PPCEA) [1] is a 

Domain Specific Language (DSL) [7] specific for Evolutionary Algorithms (EA) [2] 

domain. The underlying design and implementation of PPCEA semantics for Genetic 

Algorithms (GAs) [2] and Evolution Strategies (ESs) [2] is very complex and lacks 

modularity. Namely, a number of Software Engineering and Object-Oriented Principles 

(OOP) (e.g., Open-Closed Principle [8], Liskov Substitution Principle [9] and 

Dependency Inversion Principle [10] as well as design patterns [5]) are not fully applied 

which results in complications for extension, changeability, and independent 

development. Apart from design and implementation, an organized and user friendly 

Graphical User Interface (GUI) for PPCEA is required to improve the usability and 

accessibility experience for users. 

A modularized design and implementation of PPCEA that follows 

aforementioned principles and the modularization advice from “On the Criteria” [16] 

paper is required so that burden of future extension and development will be eased. 

Software Engineering principles are essential concepts required to build high-quality 

software. OOP principles especially design patterns will play an important role in 

redesigning the structure of PPCEA. Design patterns are solutions to common occurring 

problems in software development that help to reduce software complexity and make 

software comprehensible. Design patterns inherently follow software engineering 

principles and result in reusable, flexible, extensible and manageable object oriented 

design. 
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By using Java Foundation Classes (JFC) [4], an easy to use and powerful GUI for 

PPCEA needs to be designed. JFC provides features to build graphical user interfaces to 

improve interactivity to applications.  

The newer design of PPCEA from now referred as PPCEA 1.0 is much more 

modularized, comprehensible and manageable: By applying design patterns and 

aforementioned principles, PPCEA 1.0 has reduced complexity, great number of 

dependencies (i.e., coupling) among the modules in ESs and GAs. The results from 

Eclipse software metrics tool have shown significant reduction in complexity of PPCEA 

1.0. Difficulties in modification and extension are greatly reduced compared to previous 

PPCEA. Additionally, independent development is uncomplicated, because of less 

dependency among different classes. PPCEA 1.0 implements a number of algorithms for 

different kinds of operations, with the implementation of Strategy and Chain of 

responsibility patterns, clients will be able to select those algorithms dynamically, which 

promote achievements of even better fitness results and faster convergence rates. 

Lastly, with the design of a GUI, end users can now interact with PPCEA 1.0 

more efficiently. The GUI reflects the cohesion of PPCEA 1.0 semantics implementation 

of GAs and ESs. PPCEA 1.0 implements a number of algorithms for performing various 

operations, one of the important features implemented in design of GUI is to provide end 

users options to select different algorithms easily. 

This report is organized as follows: Chapters 2 and 3 introduce Evolutionary 

Algorithms and Domain-Specific Languages, respectively; Chapter 4 provides a brief 

explanation of PPCEA; Chapter 5 provides brief explanation of Software Engineering 

principles and design patterns;  Chapter 6 illustrates how design patterns and Software 
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Engineering principles were used to realize PPCEA 1.0; Chapter 7 provides the results 

obtained from Eclipse software metrics tool; Chapter 8 gives information of the design of 

GUI for PPCEA 1.0; Chapter 9 summarizes related work; and Chapter 10 addresses 

conclusion. 
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2. Evolutionary Algorithms 

During the last few years there has been a growing interest in problem solving 

systems based on the principles of evolution and hereditary: Such systems maintain a 

population of potential solutions, the systems have some selection processes based on 

fitness of individuals and genetic operators [2]. 

Evolutionary Strategies and Genetic Algorithms are parts of Evolutionary 

Algorithms implemented in the PPCEA. Evolution Strategies are algorithms which 

imitate the principles of natural evolution for parameter optimization problems [2]. 

Genetic Algorithms are stochastic algorithms whose search methods model some natural 

phenomena: genetic inheritance and Darwinian strife for survival [2].  

The structure of an evolution program taken from [2] is shown in Figure 2-1. As 

shown in Figure 2-1, all Evolution Algorithms maintain a population of individuals, 

which are possible solutions to the given problem and implemented as a data structure. 

The population undergoes alteration by selection, crossover and mutation. After each 

iteration, a new population is formed by selection of individuals from the population. The 

final population obtained is near optimum solution to the problem. 
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Procedure Evolution Algorithm: 

Figure 2-1 – Procedure Evolution Algorithm [2]. 

 

 

 

 

Begin 

     t <- 0 

      Initialize P(t) 

      Evaluate P(t) 

     While (not termination Condition) do 

     begin 

          t <- t+1 

           Select P(t) from P(t-1) 

          Alter P(t) 

          Evaluate P(t) 

     End  

End 
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3. Domain Specific Languages 

Domain-Specific Languages (DSLs) are languages tailored to a specific 

application domain, and they offer substantial gains in expressiveness and ease of use 

compared with general-purpose programming languages in their domain of application 

[7]. A DSL is different from a general-purpose language (e.g., C++ and Java), because it 

performs specific tasks in a particular problem domain. For example, it can be a language 

that describes a business process (e.g., BPEL [23]), a database (e.g., SQL [24]), and 

evolutionary algorithms (e.g., PPCEA), among others. 

Development of a DSL can be valuable if the language allows a particular type of 

problems or solutions to them to be expressed more clearly compared to other language. 

If the domain knowledge is to be expressed clearly in a programming language, a DSL is 

necessary. Appropriate domain specific notations are usually beyond the limited user-

definable operator notations offered by general purpose languages. A DSL offers 

appropriate domain-specific notations from the start [7]. DSL’s grammar matches the 

problem domain, not the base language's standard grammar which reduces the 

programming expertise required. As DSL’s provide a lot more clarity in the domain, 

domain users can easily understand, modify and develop DSL programs. 
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4. Programmable Parameter Control for Evolutionary Algorithms (PPCEA) 

PPCEA is a DSL which is specific to Evolutionary Algorithms domain and its 

core code is written in Java. PPCEA was developed to solve the problems to control 

parameter settings in a programmable fashion. It keeps the Evolutionary Algorithm 

simple and lifts the problems of control parameter settings into a higher abstraction layer 

by using meta-programming [1]. The framework of PPCEA interpreter is shown in 

Figure 4-1.  In the figure, JLex is lexical analyzer generator which breaks an input stream 

of characters into tokens. Constructor of Useful Parsers (CUP), implemented in Java, is a 

package for generating parsers. JLex and CUP define the grammar of PPCEA which 

consists of specialized statements (e.g., CallES and CallGA) and common linguistic 

elements (e.g., if-then-else statement) of imperative programming languages [1].  

CUP defines how PPCEA’s interpreter executes/interprets the source code of 

PPCEA, initializing from the bottom of the parse tree of PPCEA’s source code. CUP 

traces up to check the syntax and executes the semantics [1]. As CUP meets EA 

statements and common linguistic elements, PPCEA interpreter processes the 

corresponding operations. The fitness function file at the top of the framework defines the 

fitness function, and the other files are different approaches for performing evolutionary 

processes. The domain-specific parameters that are generated or updated by the PPCEA 

interpreter (e.g., Best, Worst, and Average) are shown at the bottom of the framework. 

The Denotational Semantics of PPCEA are shown in Figure 4-2. 
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Figure 4-1 – PPCEA Framework [22]. 
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Figure 4-2 Denotational Semantics of PPCEA [21]. 
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5. Software Engineering Principles and Design Patterns  

There are a number of issues that software developers face today during the 

design and development of software because of its complexity. Complexity is inherent 

software [15], because there are a number of components and interactions between them 

as well as components’ states before and after interactions. A good design of software 

will help in managing, developing and maintaining of software effectively.   

Software Engineering principles describe properties of software, and describe 

methods and techniques for best development of software. Some important principles of 

software engineering are separation of concerns [17], abstraction, open-closed principle 

[8], Liskov substitution principle [9], dependency inversion principle [10], among others. 

This report discusses many techniques/principles that were followed to make PPCEA 

much better. 

Design patterns are a part of the cutting edge of the object oriented technology 

[5]. Design Patterns are solutions to common occurring problems in software design. 

Each pattern describes a problem which occurs over and over again in our environment, 

and then describes the core of the solution to that problem, in such a way that 

programmers can use this solution a million times over, without ever doing it the same 

way twice [6]. Patterns do not give the code. Instead, they guide programmers how to 

design systems with good object oriented design qualities.  

 Each design pattern recognizes a problem, proposes solution and shows the 

consequences. Design patterns can be categorized into the following three groups in 

terms of the underlying problem they solve. 
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a. Creational Patterns 

As the name suggests, these patterns deal with the creation of objects. For 

instance, the Singleton pattern restricts the instantiation of a class to a single object. Other 

examples of creational patterns are Abstract Factory, Builder, and Prototype. 

b. Structural Patterns 

 These patterns describe ways to assemble objects. Structural Patterns include 

Adapter Bridge, Composite, Decorator, Facade, Flyweight, and Proxy. 

c. Behavioral Patterns 

These patterns deal with the flow control and algorithms. Chain of Responsibility, 

Command, Iterator, Mediator, Memento, Observer, State, Strategy and Visitor are within 

this category. 
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6. Software Engineering Principles and Design Patterns in PPCEA 

A number of researchers used design patterns for designing software in diverse 

fields (e.g., control systems [11], state search research application [12], CORBA systems 

[13], Java framework for evolutionary algorithms (JCLEC) [14]) to improve and 

effectively design software. To improve the structure of PPCEA, the following design 

patterns were applied: (1) Visitor; (2) Strategy; (3) Composite; (4) Chain of 

Responsibility; (5) Decorator; and (6) Composite. 

Software Engineering principles such as open closed principle, Liskov 

substitution principle and dependency inversion principle are inherently followed in any 

design pattern. 

The Open Closed Principle states software entities should be open for extension 

and closed for modification [8].   

The Dependency Inversion Principle is the idea to depend on abstract classes or 

interfaces instead of concrete classes [9]. 

Liskov substitution principle states inheritance should ensure that any property 

proved about super type objects also holds for subtype objects [10]. Functions that use 

pointers or references to base classes must be able to use objects of derived classes 

without knowing it [10]. 

The following subsections discuss in details about the design patterns that are 

applied to PPCEA. 
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6.1 Visitor Pattern 

Visitor pattern lets programmers define a new operation without changing the 

classes of the elements on which it operates. Related behavior is not spread in different 

classes that define the object structure. Instead it is localized in a single visitor class. 

CallESStatement and CallGAStatement classes in PPCEA have many methods in 

common (e.g., Crossover, Mutate, Getstat, SelectParents and SelectSurvivors). By 

implementation of Visitor pattern, all these individual methods in different classes can be 

localized in a single visitor class for each method. 

The UML Diagram is shown in Figure 6-1, StatementVisitor is an abstract class 

and all the visitor classes (e.g., CrossoverVisitor, MutateVisitor) inherit this abstract 

class. The CrossOverVisitor, for example, is a class which has crossover operation of 

both CallES and CallGA statements. To use this visitor class the CallESStatement and 

CallGAStatement classes have to be added with an accept method which accepts a visitor 

and then the visitor calls back the appropriate method to be executed in the visitor class. 

The UML Diagram of CallESStatement and CallGAStatement in shown in Figure 6-2, 

both classes inherit abstract Statement class. And Figure 6-3 shows the implementation of 

accept method in CallGAStatement. 
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Figure 6-1 – UML Diagram of Visitor Pattern (i). 
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Figure 6-2 – UML Diagram of Visitor pattern (ii). 

CallGAStatement 

{ 

Individual [] accept (StatementVisitor V) 

{ 

V.visitCallGAStatement (this);/*callback the visitor*/ 

/* “this” is a keyword in Java which represents the current object.*/ 

} 

 } 

Figure 6-3 – accept method implementation. 
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As stated earlier the visitor classes implement operation of both CallES and 

CallGA. Figure 6-4 shows the implementation of CrossoverVisitor class, for example. 

CrossOverVisitor extends StatementVisitor { 

Individual [] visitCallESStatement (CallESStatement E) 

{ 

Crossover Implementation for CallES 

} 

Individual [] visitCallGAStatement (CallGAStatement G) 

{ 

Crossover Implementation for CallGA 

}                                                                    }                                                                   

Figure 6-4 Implementation of CrossOverVisitor class. 

To use CrossOvervisitor class, the client creates a visitor object and passes it as an 

argument to accept method. The visitor object calls back the appropriate method. For 

example, to execute the Crossover operation, the code in Figure 6-5 needs to be written. 

     StatementVisitor V = new CrossOverVisitor (arguments); 

      accept(V); 

Figure 6-5 – Executing crossover operation. 

The accept(V) method calls back the Crossover Operation based on the type of 

object in the CrossoverVisitor class. 
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PPCEA had all the unrelated operations in a single class. Now with the 

implementation of visitor pattern, all related operations are in different subclasses of 

visitor, which makes the PPCEA 1.0 more comprehensible and manageable. Addition of 

new operations is easy. A new operation can be added by simply adding a visitor class. 

As all the methods have their own visitor classes, they can be changed or developed 

individually without any changes to CallES and CallGA classes. 
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6.2 Decorator pattern 

Decorator Pattern is sometimes also known as the Wrapper. The Decorator pattern 

attaches additional responsibilities to an object dynamically. Decorators provide a 

flexible alternative to sub-classing [3]. 

The Decorator pattern provides a more flexible way to add responsibilities to 

objects than can be had with inheritance. Inheritance requires creating a new class for 

each additional responsibility, and this may result in class explosion and increases the 

complexity of the software.  

Different entropies are calculated in Getstat class, entropy is a concept in 

thermodynamics, information theory, statistical mechanics, and other fields to express 

disorder [18]. Entropy in information theory has to do with how much randomness there 

is in a signal or random event [18]. Getstat class calculates the following entropies: 

Linear [21], Clustering [21], Gaussian [21], Rosca [21], and Fitness Proportional [21]. 

Sometimes the calculation of all these entropies might not be necessary. The decorator 

pattern can be used here, as the intent of the Decorator pattern is to add responsibility to 

an object dynamically. With Decorator pattern various entropy calculations can be added 

and removed simply by attaching and detaching them. 

The UML diagram of the implementation is shown in Figure 6-6. As shown in the 

UML Diagram the implementation involves encapsulating the original object 

(LinearEntropy object) inside an abstract wrapper interface (Entropy). Both the decorator 

classes (e.g., Cletropy and RoscaEntropy) and the core class (LinearEntropy) inherit from 

this abstract interface. The interface uses recursive composition to allow any number of 

decorators (entropies) to be added to core object.  
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Figure 6-6 UML Diagram of Decorator pattern implementation. 
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Classes which inherit Decorator class always delegate to the Decorator base class 

and that class always delegates to the contained “wrappee” object. The “decorator” class 

EntropyDecorator implements Entropy interface and the implementation of decorator 

(EntropyDecorator) class is shown in Figure 6-7. 

public abstract class EntropyDecorator implements Entropy 

{ 

    protected Entropy decoratedEntropy; // the Entropy object being decorated 

public EntropyDecorator (GetstatBehavior decoratedEntropy) 

{ 

this.decoratedEntropy = decoratedEntropy; 

} 

 } 

Figure 6-7 EntropyDecorator class implementation. 

 As shown in the above code snippet, the EntropyDecorator class has a reference 

to the Entropy object being decorated. The classes which define additional 

responsibilities (e.g., Clentorpy and Rosca) inherit from the EntropyDecorator class. And 

implementation of RoscaEntropy for example is shown in Figure 6-8. 

public class RoscaEntropy extends EntropyDecorator 

{ 

public void calculateGA(arguments) 

{ 
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decoratedEntropy.calculateGA (arguments);//delegation to base class 

AddedBehaviour;// add operation of RoscaEntropy calculation 

} 

} 

Figure 6-8 RoscaEntropy class implementation. 

 The LinearEntropy class implements the Entropy interface and defines the core 

operation which is always executed, which is to calculate linear entropy in our case. The 

other subclasses of the EntropyDecorator which implement operations of other entropy 

calculation can be added or removed.  For example, Figure 6-9 shows how only three 

entropies are calculated. 

EntropyDecorator decorator = 

                                                 new ProEntropy(new RoscaEntropy((new LinearEntropy()));                                                                      

decorator.calculateGA(arguments); 

Figure 6-9 example calculation of entropies. 

PPCEA calculated all the entropies every time. The Decorator pattern 

implementation in PPCEA 1.0 gives end users the ability to specify whatever 

combination of entropy calculation is desired and reduces the execution time of PPCEA 

1.0, compared to PPCEA. 
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6.3 Strategy Pattern 

The intent for this pattern is to define a family of algorithms, encapsulate each 

one, and make them interchangeable [3]. 

Different kinds of crossover/mutation/selection algorithms are implemented in 

PPCEA. Implementation of PPCEA used complex switch statement to select and execute 

those algorithms. A better approach is to use Strategy pattern which allows client to 

select algorithms dynamically. 

The Strategy Pattern has a context class, a strategy class and concrete strategy. 

The UML diagram of Strategy pattern implementation of different crossover algorithms 

is shown in Figure 6-10. As shown in the following figure, the Strategy is an interface, 

which defines the method execute(), but does not implement it. All different strategies or 

algorithms implement the Strategy interface.  
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Figure 6-10 UML Diagram of Strategy pattern implementation. 
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The client interacts with the ContextCrossOver class, the implementation of the 

ContextCrossOver class is shown in Figure 6-11. 

class ContextCrossOver { 

private CrossOverStrategy strategy; 

public ContextCrossOver (CrossOverStrategy strategy)  

{ 

this. strategy = strategy 

} 

 

public Individual[] executeStrategy()  

{ 

return strategy.execute();  

} 

                                        }  

Figure 6-11 ContextCrossover class implementation. 

Figure 6-12 shows the usage of ContextCrossOver class, for example, to execute 

DefaultCrossover algorithm for CallGA class. 

ContextCrossOver context; 

 context = new ContextCrossOver(new StrategyDefaultCrossOverGA(arguments)); 

 context.executeStrategy(); 

Figure 6-12 Executing default crossover strategy. 
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If end users need to change the strategy, then a new strategy needs to be assigned 

to the context as shown in Figure 6-13. 

 

Context = new ContextCrossOver(new StrategyOnePointCrossOverGA(arguments)); 

context.executeStrategy(); 

 

Figure 6-13 Changing a strategy. 

With the implementation of Strategy pattern in PPCEA 1.0, end users can select 

and change algorithms dynamically. The semantics to select different strategies can be 

implemented at DSL level and users can write programs to select strategy on the fly. The 

use of complex if-then-else and switch statements is not required, because Strategy 

pattern eliminates conditional statements by encapsulating each algorithm in a strategy. 

Addition of new algorithms will be uncomplicated as new operation will be a subclass of 

Strategy class.  As different algorithms have their own classes, development and 

modifications to them will be easier. 
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6.4 Singleton Pattern 

The intent of Singleton pattern is to ensure a class has one or a countable number 

of instances and provide a global point of access to it. This pattern provides controlled 

access to instance and permits refinement of operations and representation [19].  

Singleton objects do not pollute the global namespace (or, in languages with namespaces, 

their containing namespace) with unnecessary variables [5]. 

 

 

Figure 6-14 Structure of Singleton Pattern [20]. 

  As mentioned earlier the Getstat class in PPCEA calculates different entropies. 

Getstat class needs to be instantiated only for the number of individuals. Singleton pattern 

can be used to restrict the number of instantiations. 

The constructor of the class for which singleton has to be implemented is made 

private. The only way to instantiate the class is to use the static Instance method provided 
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as shown in Figure 6-14. Once it is instantiated, the same unique instance is always 

returned. 

             

 public static GetEvaluateInstance(arguments)  

{ 

                                 if(Parameters.count<number of individuals)  

                                 { 

                                 uniqueInstance = new EvaluateVisitor(arguments); 

                                  Parameters.Count++ 

                                 } 

                                  return (uniqueInstance);  

} 

Figure 6-15 Implementation of GetEvaluateInstance method. 

Figure 6-15 shows the implementation of GetEvaluateInstance method of  

EvaluateVisitor class for example. This GetEvaluateinstance method instantiates 

and allows only a countable number of instances to be created.  As Getstat and Evaluate 

classes need to be instantiated only for the number of individuals present in the Evolution 

Algorithm process, PPCEA 1.0 implements Singleton pattern to restrict the number of 

instantiations. 
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6.5 Composite Pattern 

The intent of composite pattern is to compose objects into tree structures to 

represent whole-part hierarchies. Composite lets clients treat individual objects and 

compositions of objects uniformly. 

The PPCEA semantics consists of specialized statements such as CallES and 

CallGA and common linguistic statements such as if-then-else and while statements. The 

clients should be able to treat composite objects (e.g., while statement) which can have 

statements inside and individual objects (e.g., CallES) uniformly.  

The structure of Composite pattern is shown in Figure 6-16. Abstract Component 

class (Statement) that specifies the behavior that needs to be exercised uniformly across 

all leaf and composite objects. The leaf classes (e.g., CallES, CallGA) and Composite 

classes (e.g., WhileStatement) inherit from the component (Statement) class. Each 

Composite object “couples” itself only to the abstract type component (Statement) as it 

manages its “children”. 
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Figure 6-16 Structure of Composite pattern [20]. 
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With the implementation of Composite pattern in PPCEA 1.0, any new statements 

in future can be added without complications, as a new statement will be a subclass of 

abstract Statement class. This pattern follows open-closed principle, and in the future the 

development of statement class will be easier as the clients remain unchanged and do not 

have to know if they are dealing with composite or a leaf component. 
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6.6 Chain of Responsibility 

There could be a requirement to select algorithms based on some conditions in 

many cases. The intent of Chain of Responsibility pattern is to put algorithms in a chain 

and pass the request along the chain of handlers until an object handles it, as shown in 

Figure 6-17. The object that initiates the request does not know the object that will 

eventually provide the help. 

 

Figure 6-17 Chain of responsibility flow [20]. 

 

In PPCEA, the CrossOverVisitor class implements a number of algorithms for 

different crossover operations (e.g., one point crossover, two point crossover, and 

uniform crossover etc). There should be an option to select an algorithm dynamically 

during execution based on some conditions. Chain of responsibility pattern can be used to 

decide the algorithm to be executed dynamically. UML Diagram for chain of 

responsibility is shown in Figure 6-18. 

All the algorithms inherit the abstract CORStrategy class and define the execute 

method (different algorithms). Whenever a request is received, it is handled if the 

condition satisfies. Otherwise, it must be forwarded to another object to handle the 

request. 
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Figure 6-18 UML Diagram of Chain of Responsibility pattern implementation. 

 

The request has to be passed along some chain of handlers, and the setSuccessor 

method is implemented to create the successor in the chain. Figure 6-19 shows the 

implementation of CORStrategy class. 
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public abstract class CORStrategy { 

protected CORStrategy successor; 

public void setSuccessor(CORStrategy successor) 

{ 

this.successor = successor;  

} 

abstract Individual[] execute(); 

                                                           } 

Figure 6-19 Implementation of CORStrategy class. 

The request is passed along the initialized chain, for example, for crossoverGA 

shown in Figure 6-20, and this chain of handlers can be modified dynamically. 

StrategyDefaultCrossOverGA defaultstrategy         = new StrategyDefaultCrossOverGA(); 

 StrategyUniformCrossOverGA uniformstrategy     =  new StrategyUniformCrossOverGA(); 

StrategyOnePointCrossOverGA onepointstrategy  = new StrategyOnePointCrossOverGA(); 

 StrategyTwoPointCrossOverGA twopointstrategy = new StrategyTwoPointCrossOverGA(); 

 StrategynPointCrossOverGA npointstrategy           =  new StrategynPointCrossOverGA(); 

 defaultstrategy.setSuccessor(uniformstrategy); 

 uniformstrategy.setSuccessor(onepointstrategy); 

 onepointstrategy.setSuccessor(twopointstrategy); 

 twopointstrategy.setSuccessor(npointstrategy); 

 defaultstrategy.execute();  

Figure 6-20 Initialized chain of crossover algorithms. 
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Every time the request passes along the chain, the condition is checked. If it 

satisfies then a specific strategy is executed, or it is passed to its successor, as shown in 

Figure 6-21. 

 

if( successor != null) 

return successor.execute(); 

Figure 6-21 Calling successor in the chain. 

 

PPCEA 1.0 implements this pattern so that algorithms can be selected 

dynamically based on some conditions. The semantics to select different chain of 

strategies can be implemented at DSL level and users can write programs to select any 

pre-defined chain on the fly. The old PPCEA used complex if-then-else and switch 

statements to execute the algorithms, and the implementation of all the algorithms was in 

a single class. This pattern reduces the complexity and allows a single class for each 

algorithm. As chain of responsibility pattern encapsulates algorithms and the logic of 

selection, usage of complex switch statement is no more required. As each algorithm will 

be a subclass of CORStrategy, development or changes to algorithms is also 

uncomplicated. 
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7. Software Metrics 

Software metrics [25] are used to provide programmers feedback about their 

program. Metrics can be used as guidelines to decide when to refactor. Software Metrics 

were used to analyze implementation of CallESStatement and CallGAStatement classes 

in PPCEA and PPCEA 1.0.   

Eclipse provides a Metrics plug-in which gives information on different metrics. 

The following information taken adapted from [25] is about various metrics that can be 

analyzed in Eclipse. 

1. Lines of Code (LOC): Total lines of code in the selected scope. Only counts non-

blank and non-comment lines inside method bodies. 

2. Number of Static Methods (NSM): Total number of static methods in the selected 

scope. 

3. Number of Classes (NOC): Total number of classes in the selected scope 

4. Number of Attributes (NOF): Total number of attributes in the selected scope. 

5. Number of Packages (NOP): Total number of packages in the selected scope. 

6. Method Lines of Code (MLOC): Total number of lines of code inside method bodies, 

excluding blank lines and comments.  

7. Weighted Methods per Class (WMC): Sum of the McCabe Cyclomatic Complexity 

for all methods in a class. 

8. Number of Overridden Methods (NORM): Total number of methods in the selected 

scope that are overridden from an ancestor class.  

9. Nested Block Depth (NBD): The depth of nested blocks of code. 

10. Number of Methods (NOM): Total number of methods defined in the selected scope. 
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11. Lack of Cohesion of Methods (LCOM): A measure for the Cohesiveness of a class. 

Calculated with the Henderson-Sellers method: If m(A) is the number of methods 

accessing an attribute A, calculate the average of m(A) for all attributes, subtract the 

number of methods m and divide the result by (1-m). A low value indicates a 

cohesive class and a value close to 1 indicates a lack of cohesion and suggests the 

class might better be split into a number of (sub)classes. 

12. McCabe Cyclomatic Complexity (VG): Counts the number of flows through a piece 

of code. Each time a branch occurs (if, for, while, do, case, catch and ternary 

operator, as well as the && and || conditional logic operators in expressions) this 

metric is incremented by one. Calculated for methods only. 

13. Number of Parameters (PAR): Total number of parameters in the selected scope.  

14. Abstractness (RMA): The number of abstract classes (and interfaces) divided by the 

total number of types in a package. 

15. Number of Interfaces (NOI): Total number of interfaces in the selected scope. 

16. Efferent Coupling (CE): The number of classes inside a package that depend on 

classes outside the package. 

17. Number of Children (NSC): Total number of direct subclasses of a class. 

18. Depth of Inheritance Tree (DIT): Distance from class Object in inheritance hierarchy. 

 

The following information adapted from [25] shows safe ranges of some metrics. 

1. Lines of Code (Method Level): Max 50 - If a method is over 50 lines of code it is          

suggested that the method be broken up for readability and maintainability. 
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2. Nested Block Depth (Method Level): Max 5 - If a block of code has over 5 nested    

loops, break up the method. 

3. Lines of Code (Class Level): Max 750 - If classes have over 750 lines of code split up 

the class and delegate its responsibilities. 

4. McCabe Cyclomatic Complexity (Method Level): Max 10 - If a method has over 10 

different loops, break up the method. 

5. Number of Parameters (Method Level): Max 5 - A method should have no more than 5 

parameters. If it does, create an object and pass the object to the method. 

 

Figures 7-1 and 7-2 show the metrics obtained for implementation of 

CallGAStatement in PPCEA and PPCEA 1.0, respectively. 

 

 

 

Figure 7-1 Metrics of CallGAStatement in PPCEA. 
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Figure 7-2 Metrics of CallGAStatement in PPCEA 1.0. 

As obtained in the results the mean of cyclomatic complexity was higher (13.643) for 

CallGAStatement in PPCEA and significantly reduced in PPCEA 1.0 to 2.857. Similarly the 

mean of block depth in PPCEA 1.0 reduced to 2 from 2.857. Because of modularization on 

PPCEA 1.0 weighted methods per class decreased to 20 from 191, the total number of lines of 

code reduced significantly from 938 to 92 which makes the classes easily readable and 

maintainable. 

Figures 7-3 and 7-4 show the metrics obtained for implementation of CallESStatement in 

PPCEA and PPCEA 1.0, respectively. 
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Figure 7-3 Metrics of CallESStatement in PPCEA. 

 

Figure 7-4 Metrics of CallESStatement in PPCEA 1.0. 

 As obtained in the results the mean of cyclomatic complexity was higher (11.833) for 

CallESStatement in PPCEA and significantly reduced in PPCEA 1.0 to 2.4. Similarly the mean of 

block depth in PPCEA 1.0 reduced 2.4 from 2.75. Because of modularization on PPCEA 1.0 

weighted methods per class decreased to 12 from 142. 
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The results obtained prove that complexity due to conditional statements in CallES and 

CallGAStatements in PPCEA 1.0 was greatly reduced compared to PPCEA. And because of 

modularization of components in CallES and CallGA classes have fewer lines of code which 

make them more comprehensible. 
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8. Graphical User Interface for the PPCEA 

The GUI for the PPCEA was designed using the Java Foundation Classes (JFC) 

[4]. JFC, which encompasses a group of features for building graphical user interface 

(GUIs) and adding rich graphics functionality and interactivity to Java applications [4]. 

The swing GUI components include all basic components while designing buttons, panes, 

and tables, among others. 

Figure 8-1 shows the GUI that was designed for PPCEA 1.0, the users can input 

or run the program, view the result file, and export result files to Excel with a single 

click. 

 

Figure 8-1 GUI for PPCEA 1.0. 
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The GUI for PPCEA 1.0 also lets end users to select different 

entropy/crossover/select parents/mutate algorithms easily as can be seen in Figure 8-2. 

 

Figure 8-2 GUI for PPCEA 1.0. 

With such GUI features users will be able to effectively use PPCEA 1.0. 
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9. Related Work 

A large number of software tools have been developed in the last few years in the 

field of EAs (e.g., [26], [27] and [28]). GAFrame is a flexible and extensible framework 

for constructing GAs [26]. Evolutionary computing software (Paladin-DEC) enhances the 

concurrent processing and performance of evolutionary algorithms by allowing inter-

communications of subpopulations [27]. Lil-gp is a C language system for developing 

genetic programming applications [28]. Previously mentioned systems do not deal with 

experimental studies in evolutionary algorithms. PPCEA is a powerful DSL which deals 

with experimental studies and also solves the problem of parameter control settings in 

EAs. 

 A number of researchers used design patterns for designing high quality software 

in diverse fields (e.g., control system [11], state search research application [12], CORBA 

systems [13]). One similar approach of using design patterns in Evolutionary Algorithms 

domain is JCLEC [14], a Java software system for the development of evolutionary 

computation applications.  The design of Evolutionary Computation (EC) framework was 

greatly improved using design patterns [14]. Singleton, Abstract factory, Factory method, 

Builder, Prototype, Flyweight, Strategy, Visitor and Template method patterns have been 

used in the framework [14]. 

PPCEA applies the advantages of domain-specific languages to solve parameter 

setting problems. PPCEA not only outperforms the trial-and-error approach, but also 

performs the adaptable, reusable and controllable solutions of control parameter settings 

for EAs [1]. This aspect of PPCEA differentiates itself from any other software in EA 
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domain. By using design patterns in PPCEA 1.0, the semantics implementation of ES and 

GA is more enhanced and offers more advantages compared to PPCEA. 
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10. Conclusion 

The main objective of this project was to make the design of EA in PPCEA much 

better (i.e., more modularized) so that any modification and development in the future is 

uncomplicated. By using Software Engineering principles and object oriented techniques 

those tasks are accomplished in the new design PPCEA 1.0. The results obtained from 

Eclipse software metrics tool have shown that complexity is greatly reduced in PPCEA 

1.0. 

The PPCEA 1.0 implemented various design patterns and has a number of 

advantages over PPCEA. The implementation of Visitor pattern makes PPCEA 1.0 easier 

to add or modify operations. With Strategy and Chain of Responsibility patterns, end 

users can now dynamically select different operations in EAs. Decorator pattern 

implementation resulted in reducing the execution time of PPCEA 1.0 programs, in 

scenarios where all entropy calculations are not required. Also, most of the EA 

components in PPCEA 1.0 are loosely coupled and independent development of those 

components is easier, also they are reusable.  

The design of the GUI has made the PPCEA 1.0 easier to use. End users are 

provided an easy to use interface, and an important aspect of GUI is to allow them to 

select various algorithms easily. 

Use of design patterns and software engineering principles made the structure of 

Evolutionary Algorithms in PPCEA 1.0 much comprehensible than PPCEA. Now the 

programmers can easily understand the structure, and development of evolutionary 

algorithms will be faster and uncomplicated. 
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