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Software Factories is a technique for developing software that is described in the book:  “Software Factories: Assembling Applications with Patterns, Models, Frameworks, and Tools” by Jack Greenfield and Keith Short.  The primary message of the Software Factories technique is to maximize code reuse by developing families of software and reusing as much of the code as possible between these families.  These families are referred to as product lines.  To create these product lines, the authors’ suggest identifying the common problems that apply to all of the software in the family, and developing solutions to these common problems.  When a new software product has to be developed in this family, the developer should be able to stitch the parts that represent the common solutions together and add some additional code that is applicable only to the specific product being produced.

At first, developing a product line whenever you want to develop a new piece of software might seem to be extra work.  To mitigate this, the authors suggest creating tools and configuration utilities that would connect these common pieces of software.  Additional tools should be created for adding product specific code.  They also recommend the use of code generation techniques to create as much of the custom code as possible.  
Even with these techniques, it seems that the costs of a company to develop a piece of software that they will use internally would be increased if they developed a product line for each piece of software they needed.  The real savings and code re-usability come from having other people create solutions to the common problems and provide the components representing these solutions to other companies.  If there is a supply chain for these solutions, in theory, the developer of a product would simply have to select the proper components and focus his energies on solving the problems specific to his particular implementation.  The author’s envision different supply chains being developed industries or “domains”.  They also envision some of these utilities and tools becoming parts of languages that are specific to the domains that the tools are designed to be used with.  In this way, product lines implementations can be referred to as Domain Specific Languages, to create the product that the product line was designed for.
I would like to consider the question of how these techniques can be applied to the COOL Framework, developed by Professor Lechner’s and his students.  The software factory technique could definitely be applied to the development of the applications that make of the COOL framework itself.  This would require the development of a software product line that was designed to make Object Oriented Design and analysis modeling software.  The COOL framework could then be developed as a product of this product line.  The early steps in this process would need to identify the common problems that are solved by these programs, and the common code that solves these problems, and abstract those out into utilities and tools.  Thought would also have to be given to how various products in this product line would vary and who the product line would be developed to allow a developer to change these systems by configuring the base tools and utilities.
However, the COOL framework is a very good example of the types of components that would be used inside a software factory.  Each of the three major pieces of the framework solves problems common to many application development projects.  

The COOL framework consists of three major pieces:
BDE is a block diagram editor that can be used to draw objects and the relationships between them.  These objects can be interpreted as classes or states in a state machine.  BDE can be used to draw practically any diagram.
GEN, for code Generator, takes a text representation of a data schema and generates a database code library to maintain and navigate the database.  It is possible to draw classes and their relationships to each other in BDE and use a conversion utility to take the metadata and convert it to a form that GEN can use to generate libraries. 

LCP or Life Cycle Prototype, models and simulates concurrent state behavior of a state model.  LCP, with some conversion programs, can be run off models created in BDE or GEN.
BDE, LCP and GEN provide the core materials to create a variety of programs based on Object Oriented Design and Analysis techniques.  The objects and their relationships can be created in BDE along with state diagrams to describe their functionality.  The COOL framework, as it is today, works as separate programs but each program could be modified to work together with the others.  
The Software Factory paradigm recommends the creation of an application be broken into two parts.  The first part focuses on is the Product Line Development and the second on the Product development.  The COOL framework would be used as part of the Product Line development process and used as a tool in the product development process to assist in the development of applications. Several different product lines could share tools that were common to them and the COOL framework would probably be such a tool.  A typical implementation of a product line using COOL might look something like the diagram below.
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The first part of the product line development process is to define the product line.  This would entail determining the types of products the line should produce (Product Line Definition), the amount that these different products will be allowed to vary (Product Domain Scoping), and the domain of the solutions that will be part of the product lines (Solution Domain Scoping).  It is necessary that the solution domain would be at least as wide as the problem domain.  However, in most cases the solution domain will exceed the requirements of the product domain.  

The product lines that the COOL framework is designed to support are C/C++ applications that lend themselves to definition by objects or entities, their relationships and the management of the states of these objects.  Though this includes most software development, this excludes OS development or development of embedded systems.  The COOL tools are basic to most programming of application.  This makes it possible for the COOL tools to provide a base for a variety of software product lines.

The authors of “Software Factories” suggest creating a problem domain feature model to help in identifying and selecting the problem that a particular product line will solve.  These problem domain features can be selected from a list of requirements.  A solution domain model is then used to indicate how these problems will be solved.   Mapping the solution domain model to the problem domain model is a key part of developing a software factory. The portion of the solution domain model diagram that the COOL Framework addresses would look something like the figure below.  This indicates that for any application object, modeling and generating the object is required but a developer of the end product may, optionally, choose to simulate the state as well.
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In addition to the functional requirements, the COOL framework may also be used to provide several non-functional requirements as well.  Various solution objects may be created to address various non-functional requirements.  For instance, to address security there may be security role and authentication credentials that need to be modeled.  The COOL framework could be used to create these objects in the same way that the domain objects.  The COOL framework also adds to the maintainability of and application.  As changes to the object model are made, their object classes can be re-created with GEN.  This greatly simplifies the change process.  Performance is also addressed by the fact the GEN will generate C/C++ code that uses pointers to access the objects.  This is substantially faster than using other technologies, such using delegation or reflection to allow generic library code to access classes whose structure will not be known until run time.

COOL will also play a part in the solution domain scoping.  The system has several limitations that must be considered when using it as a tool in a product line.  Currently the scope would be defined by the limitations of the program itself.  These include objects being represented with two letter monikers and object IDs constrained to 255.  Other limitations include that the development language of the end product would be constrained to the languages that the GEN application can generate. 
After the product line is analyzed it becomes necessary to design the product line itself.  Part of the design process includes determining the architecture of the product line.  This consideration usually goes hand in hand with the design of the product architecture itself.  COOL would be considered a development architecture pattern that would allow for varied Infrastructure Architecture, Design and Integration Architecture patterns in the end product.  COOL would be specifically applicable to business entities design and development but may also be used for other types of entities.  The diagram below represents an example of an architecture that the COOL framework might be part of.
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After the architecture is developed, the problem domain requirements need to be mapped to the solution domain.  This would take the form of determining which classes to represent with COOL in the common problem space and which ones would have to be created specifically for the product.  COOL could be used in both places.  Because of the user interface provided by BDE, it would be a good tool for programmers to use to build custom functionality into solutions.  
The next step in building the product line would be to define the process that the products would be developed with.  This would also require that the various tools in the product line be integrated to work with each other.  As mentioned earlier this would require improving the integration of components in the COOL framework.  Currently there are various tools to translate data from one part of the framework to the other.  The tools could be used as they are manually, but a well automated software factory would probably have interfaces defined to make their use more seamless.  For instance, a button may be added to BDE that would allow a user to convert a diagram to GEN format and run the GEN program to create the code libraries.
The final step in the process of creating the software product line would be to actually implement the product line.  This would consist of utilizing the COOL framework, and a C/C++ compiler to generate the code that would be common to all products in the product line.  After this is done, the COOL framework, a C/C++ complier, and any other tools that were required as part of the design of the product line, could be packaged and supplied to the developers of the end product.  Documentation indicating how to use this system would also have to be created.
In conclusion, I think I have shown how the COOL framework could be useful in the Software Factories method of developing applications.  The COOL framework provides core functionality that could be used over a variety of software product lines.  In addition it could be useful in developing some of the custom code necessary for developing an end software product as well.  With some extra development work the COOL framework could be automated to streamline the interactions of its components.  This would make it even more valuable to the end users.
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