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Abstract
Domain-Specific Languages are developed in order to facilitate software reuse and increase the ease of building domain-specific applications. There is no unified approach to the design and development of these languages and as a result many of them are difficult to use and extend. The goal of this project is to create such an approach and test its efficiency by using it to create a sample Domain-Specific Language.
Introduction

One of the biggest issues facing the software engineering industry is that of software reuse. The problem is that the development of new software for each new solution can lead to an excess in the expenditure of time, manpower, money and other important resources, even in cases where the newly developed software is similar in function and problem domain as previously developed software.  The idea of software reuse is to approach the design and development of new software in such a way that it takes advantage of existing libraries and applications and is itself designed for later reusability. The reuse approach to software development is especially applicable to the software developed for a particular problem domain. The idea is that the functionalities required by any software that is developed for that domain can be abstracted out to a higher level, making it possible to reduce the time and effort required to develop the software that uses that particular functionality. The method of such an abstraction can be the creation of a specific library or framework, or the development of a Domain-Specific Language, which is a high level language that focuses on a specific problem domain.


The idea of a Domain-Specific Language is to provide a resource for application engineers working on a solution in the domain for which the DSL was created, who can create domain-specific applications using the specific calls and expressions provided by such a DSL. The creation of a DSL requires a period of information gathering and decision-making. In order to create a useful DSL, the act of domain analysis needs to be successful. Domain analysis is the modeling of the problem domain in terms of the actions and expressions that can be abstracted out into the functionality of the DSL. Once a domain is analyzed the developers begin to design and implement the language, which is done in a variety of ways. 


It is this variety which is of most relevance to this project. DSL developers do not adhere to a specific set of guidelines during their development process because of a current drawback in the Domain-Specific Language field. There is no existing single standard approach to the creation of a Domain-Specific Language. The purpose of this project is to examine the current practices involved in analyzing domains and designing and implementing DSLs and provide a unified development process that can be used as the standard in DSL development. 

Literature Review
There are three areas of research that are of relevance to this project. The first section of this literature review deals with software reuse. The study of software reuse provides information on the aspects of creating and using software that can be extended and modified for a variety of applications. This is useful to the project because of the reuse aspects of Domain-Specific Language development. A Domain-Specific Language has to be able to provide features and functions that can be used in a variety of applications and not just one specific solution. 

The second section of this literature review is concerned with the Domain-Specific Language itself. This section explores the issues involved in defining DSLs, specifying the problem domains, the approaches to DSL development and the methods of implementation. The third section of this literature is an exploration of the currently existing processes for the development of languages or software. This is of relevance to this project because it is important to look at other development processes and learn from the positive and negative aspects of each in order to create a new and successful development process for Domain-Specific Languages.
Software Reuse

Software reuse is the process of using existing software in the creation of new software. The goal of software reuse is to reduce the necessity for creating new software from scratch where suitable resources already exist. This is, of course, not the standard approach to software development, and a lot of the study being done in the field today is in identifying the obstacles to software reuse and developing methods to overcome those obstacles.

Abstraction is an important part of the reuse process. It is difficult to reuse software artifacts if a certain level of abstraction is not present, since there is the risk that the artifacts would be too specific. Abstraction has two levels: abstraction specification and abstraction realization. When software is layered, with hardware being the lowest layer, each layer of software has a bottom layer, which is the realization, and a top layer, which is the specification. Thus, the realization layer of one layer of software is the specification layer of the next lowest layer. The specification describes what that layer does while the realization describes how it is to be done. 

A reusable artifact has to have concise abstractions, which means that the reusability of an artifact can be easily located and identified. The abstraction should also involve a variable, as it is this variable that is changed from use to use of the reusable artifact. The interface of an artifact is also abstracted, in such a way that the internal details of the artifact are not necessary to the process of integrating the reusable component in a new system.

The next important part of the reuse process is the selection. This is the part of the process in which the reusable artifacts are actually selected. The selection of an artifact as reusable depends on the level of abstraction involved. In a high-level language, the specificity of an artifact is likely to be high, meaning that there is a lower level of abstraction and thus fewer candidates for reuse. A low-level language is the opposite, with several artifacts that are suitable for reuse. The developer holds the primary responsibility in the selection process as it is up to him or her to decide whether a piece of code can be varied and reused. 

After selection comes specialization. This step involves the filling of specialized constructs into the generalized language constructs of a language in order to create a more specific application. The semantics of the language being used dictate the effects of the specialization step and since each language has its own semantics and scope rules, the specialization step involves differing activities for each language. The actions taken in the specialization step affect the type of actions that will be taken in the integration step.
In integration, the large-scale language constructs are composed to form the complete developed system. These constructs include procedures, packages and modules. Integrating a newly-built component and a reused component into a system involves the same amount of work. There exist several module interconnection languages that help with the management of the integration of components into a system. The UNIX pipe is an example of an integration framework for components, which in this case are complete programs (Kruger 144).

The basic requirements for software reuse to be effective are as follows (Kruger 177): 

1) It must reduce the cognitive distance between the conception of the system and its implementation.

2) It must be easier to reuse artifacts to build the system then it would be to build it from scratch.

3) To reuse an artifact, you must know what it does

4) There are several methods of reuse and the right method has to be picked based on the nature of the application and the level of its complexity.

Domain Specific Language
What is a Domain Specific Language?
A Domain Specific Language (DSL) is a language that is created to build applications for a specific problem domain. Very often, a DSL is implemented as a library for an existing language. The key characteristic of a Domain Specific Language is the focus of its expressive power (Deursen et al 26). Every DSL has a problem domain, which is the specific area of application in which the systems created with the DSL will be used. There are several interesting challenges involved with identifying and delineating the problem domain, which will be discussed in the “Domain Analysis” section.
Most of the existing DSL’s are declarative in nature, which means that the programmer has less control over the power of the statements in a program written in that language. A declarative language program is a set of assertions which follow a mathematical logic and as such it provides a design framework which is intuitive and capable of properties not possible in procedural languages.
A Domain-Specific Language is usually on a high level of abstraction, and applies the concepts found in the problem domain by using application generators and components. The features of using a DSL are: increased productivity, reduced cognitive distance, reduced development and training time and increased component reuse. 
Domain Analysis
In order to develop a Domain-Specific Language, the developers need to obtain information about the problem domain for which this language will be used. This process of identifying the domain and all the activities that in encompasses is still undergoing major changes and even though the software reuse community places great importance on identifying domains, the methods which are used to accomplish this are still widely divergent. 

One of the main problems in domain analysis is the gap that exists between the identification of the problem domain and the extraction of information about that domain which can be used in software development. The first part is called “conceptual analysis” and the second part is called “constructive analysis” (Arango 152). One of the products of domain analysis is a domain model, which is the informational artifact which allows the developers to achieve the required level of abstraction in the implementation of the Domain Specific Language. 


The analysis of a problem domain is a work of consensus, as the domain normally contains more than one authoritative individual or institution. It is better to treat those involved with the domain as a community and to extract information about the relationships and levels of power within the community. This is part of the extraction of “real-world” information, meaning that any and all information pertinent to the problem domain is obtained, regardless of its possible final relevance to the developed language. In domain analysis it is important to identify the objects, relationships and operations present in the domain.

One of the main problems with domain analysis, the one that makes this process volatile in many cases, is the fact that domains are almost always natural. This means that the relationships, operations and objects in the domain evolved as a result of the needs of the domain and there is no strong, overarching design principle in the creation of the domains. This presents a domain analyst with the problems faced by a natural scientist: identifying naturally occurring phenomena correctly and placing such phenomena into a formal information framework.
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