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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 (or at least one that is mirrored in software or language development) 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.

The correct identification of the relevant domain actors, entities and processes is a cornerstone of sound DSL design. Due to the existing obstacles to domain analysis, the need presents itself for a domain modeling process structure that will facilitate the developers in the creation of a useful and robust domain model. There would be several benefits to developing a structured approach to domain modeling for DSL design, and some of the key ones are:
1) Time saving: Any developers that would be using an already-created process for domain modeling would not have to create their own plan for this phase of development and can use the process to increase the efficiency of their development schedule, thus saving time.
2) Better Communication: A process that incorporates domain modeling into the development of a DSL would allow for the assignment of roles and responsibilities among the development team members during modeling and would enforce the use of standardized documentation formats to capture analysis data and findings. 

3) Structured Analysis: With a process in place, the team would have a guideline of activities that have to be undertaken and information that has to be extracted. This is especially helpful for the team members with little or no domain modeling experience, since they will be able to follow established modeling procedures without going through a lengthy process of familiarization through trial and error.

Development Processes

The concept of using a development process for software development is currently widely accepted in the software engineering field. Due to the shifting of focus towards more component-based, reusable software that is developed by teams rather than individuals, a need has arisen for a structured, process-based approach to development. Since development timelines and team structures will vary, it is important that the processes that are used are scalable and adaptable.

One of the important reasons for using a process is inter-team communication. Since software development is a highly technical activity, with many of the artifacts containing technical specifications that cannot be correctly understood without the proper technical knowledge, the use of a software development process provides the methodology for communicating technical ideas in non-technical terms. This enables members of management or clients, who may not have technical knowledge, to communicate effectively with software developers to ensure the adherence to requirements during development.
Here are some examples of the development processes that are currently employed in software development:

Ad hoc
This is not an actual established development process. Ad hoc development refers to unstructured (or “process-free”) programming. This kind of development usually happens on very small projects with very small project teams (one or two individuals). This is, of course, not the most desirable approach, but sometimes the small size of the team and project, and limitations imposed by time and other resources (such as management), dictate that the development is best undertaken “ad hoc”. Often, the product of ad hoc development is poorly structured and document and ends up not being reusable. This kind of development is not usually carried out when an external customer is involved, because of the lack of enforcement of documentation and communication in the process.
Cleanroom 
The name of this process refers to the manufacturing process for creating components that must be impurity-free for proper functioning. In the cleanroom process, it is assumed that the parts created are impurity free because the manufacturing environment is controlled and impurity free.

The parallel in software engineering is that the focus in development is on creating “clean” functions, which are checked with validation testing, which correspond to strictly enforced contracts. Another feature of the cleanroom process is the mathematical approach to function design: the statement that a computer program is an expression of a mathematical function is central to the way in which functions are written. 


The way in which evaluation occurs in cleanroom development is as follows: written functions are reviewed by peers to make sure that they match the contracts and the functions are statistically tested. This means that a sample space is created for each piece of developed software, containing all the possible uses for the piece of developed software. The performance of the developed software on the sample of selected applications is used to statistically determine the performance of the developed software on the entire population of possible applications.

Cleanroom is used in creating defense applications and is considered as the process for creating reliable, understandable and mathematically correct software.

(http://www.sei.cmu.edu/str/descriptions/cleanroom_body.html)
Extreme Programming (XP)
This approach is part of the agile software development methodology and involves incremental, iterative development with frequent regression and unit testing and constant user interaction through an onsite customer approach. The development is done in pair programming, which comes from the idea of elevating peer review to the next level. Refactoring is used to “clean up” code and ensure that the current code reflects the requirements and the system model. 

Basically, the idea behind Extreme Programming is to take all the desirable ideas in software development and take them to an extreme level in an attempt to increase productivity and eliminate bugs through rigorous testing and rapid cycling through development iterations and component integration.

Extreme Programming is recommended for teams that are small in size and ones where shared code ownership and visibility and accountability are a priority. The ideas behind Extreme Programming can be applied to other types of projects by a discipline called “Extreme Project Management”.
(http://en.wikipedia.org/wiki/Extreme_Programming)

(http://www.c2.com/cgi/wiki?ExtremeProgramming)

Rational Unified Process (RUP)
The Rational Unified Process was created by the Rational Software Corporation, which is now a part of IBM. RUP covers every step of the development lifecycle of a product, from the first idea to the handing over of the product to clients and maintenance. RUP offers a meta-model for the development process, meaning that it is kind of a model of models for processes. Developers have to figure out for themselves the RUP configuration that is relevant to their development work. 

RUP is usually considered as being more suited for large development teams working on large products, but the ideas and methods used in RUP can be scaled to smaller projects and smaller teams as well.

The key features in RUP are:

1) Iterative development – Development occurs in a series of iterations, and each iteration produces a ‘release’ of the product, with priorities and the requirements changing from iteration to iteration, resulting in risk and requirements management This approach allows for a constant refinement of the product as it improves in correspondence to the requirements and becomes more stable and bug-free.

2) Managing requirements – RUP enables the development team to interact with the client and manage changing requirements through a framework of documentation which is captured in document standards provided by RUP. The various RUP artifacts that are part of requirements management provide an avenue for coherent conversation between client and developer, unhindered by the boundaries of technical language or knowledge.

3) Component-based architecture – The RUP approach to software development is tailor made for component-based architectures. This means that the type of project that RUP is best suited for is one where the solution is not being written as one big piece but rather as a system of components that are developed and tested separately from an agreed-upon design and then integrated into the solution system. The RUP methodology is particularly well-suited to the object-oriented approach to programming, since an object can be modeled as a component in RUP.
4) Visual modeling – A big part of RUP is the ability to diagrammatically represent the system being developed. This allows for design and development at a higher level of abstraction than code. This in turn means that it is easier to communicate ideas between teams working in different systems and languages and between engineers, managers and customers. The developed visual models can then be used as guidelines in the actual coding of the solution, since a properly modeled diagram will contain all the essential information about the component or subsystem to be developed. 
5) Quality Assessment – The testing and quality control aspects of developing a product are integrated into all RUP iterations instead of being externalized to another team. This ensures greater quality assessment at development time and is indicated as being a more QA method.

6) RUP Phases – Software changes at different rates and in different ways during the development lifecycle. RUP captures the dimension of time in software development by splitting the lifecycle into phases: Inception, Elaboration, Construction, and Transition. This is used as a guideline for project integrity, ensuring that different levels of protection are offered to different sections of the system during different phases, meaning that it is less possible for drastic changes to break the integrity of the developed components. 
The adaptable and detailed nature of RUP and its friendliness to changing requirements and component-based architecture make it an ideal candidate for serving as a blueprint for a new development process, such as a process for developing Domain Specific Languages. 
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