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“Software reusability will go down in history as one of the major technical contributions to software productivity and quality in the 1990’s” 
-- Edward Yourdon, Decline and Fall of the American Programmer
“Nobody can force programmers to write good reusable code. [It is] in part a motivating and educational process.” -- Edward Berard, from a message on the Internet
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We software developers often proclaim: “Don’t reinvent the wheel!” But the inverse of reinvention is reuse. And, reuse is often easier to proclaim than it is to achieve.

The benefits we expect from reuse seem obvious: reduced development times, greater consistency of operation, easier maintenance, smaller resulting code size and lower training requirements. Until recently, however, practical techniques to achieve these goals have been hard to find.

What, exactly, is reuse? Without a clear understanding of what it is we are attempting to achieve, it is impossible to measure its value or define an approach to solve it. In Software Reuse, Guidelines and Methods, Hooper and Chester propose the following definition:

The extent to which you can use a software component, with or without adaptation, in:
1. multiple problem solutions, and,

2. problem solutions other than the ones you originally solved.

We can include many things in the term “software component” -- we are not limited to source code or binary code. Conceptually, we should think of reuse as concerning any part or parcel of the software development process that can be reapplied again and again.

Why Should You Care About Reusability?

Does reuse really matter all that much? It should. Reuse has a measurable and significant impact on improving quality and reducing cost. In Decline and Fall of the American Programmer, Edward Yourdon quotes a manager at the Jet Propulsion Laboratory on the importance of quality:

“Software represents 10-15% of the money we spend . . . . but it is in series with 90% of what we do. If the software fails, the mission fails.”

The potential cost savings of reuse are easy to articulate but hard to implement. For most businesses, software and related efforts represent anywhere from 50 to 80% of the overall data processing (DP) budget. But, the typical organization manages to achieve only a 20 to 30% level of reuse. The real pay-off of reuse comes in productivity -- according to Hooper and Chester, organizations that achieve an 80% level of reuse typically realize productivity increases as high as four times the industry average. But, only the best DP shops have managed to achieve this level of reuse. Because of these gains, they realize significant cost savings and marketability.

And cost savings are only a small part of the much larger puzzle. Reuse brings greater consistency, reduced design requirements and many other advantages. In a formal study conducted at the University of Maryland, concentrating only on code reuse using object-oriented techniques, the error density dropped an average of one error per thousand lines of code (KSLOC) for each 10% increase in overall code reuse. Total rework efforts dropped more significantly; each additional reuse gain of 10% resulted in a 7% drop in overall rework activity. Melo, Briand and Basili report these results in “Measuring the Impact of Reuse on Quality and Productivity in Object-Oriented Systems.”

So why has reuse proven so hard to implement? How do the successful organizations do it? This article presents the current results of my eight year search for answers to these questions.

Reusing Code

The most obvious potential area of reuse -- at least for most programmers -- is code. We can easily reuse code by encapsulating some often needed functionality into a subroutine and then calling that routine when needed. Most modern programming languages come with pre-packaged collections of procedures and many are available from third party vendors. Typically, we programmers extend such libraries by adding our own routines.

An even more common technique -- perhaps the most common of all -- is to find some code which does almost what we need, then copy and modify it. Those of you who have worked with me know I have a tongue-in-cheek name for this, “inheritance the old-fashioned way.”

Copy and modify has serious problems:

· You can spend a lot of time finding the piece of code to copy unless it is well cataloged, you wrote it yourself fairly recently, or someone else gives it to you.

· You will copy, along with the code, any existing defects. Fixing such copied bugs can prove both tedious and time consuming -- particularly after you modify the copied code enough to make it significantly different and harder to identify. Often you can never completely eliminate such bugs.

· Any enhancements made to copied code must reapplied to each copied piece, otherwise the software will develop inconsistencies. Again, finding every such code segment can be very difficult.

However, if the developer carefully cataloged, tested and applied the code, you can get significant benefits from copy-and-modify. Using “canned-code” is often faster then reworking a problem that you or another developer has already solved. However, subroutines usually work better.

When properly defined and maintained, subroutines reduce defect removal and enhancement times considerably by localizing a specific functionality in a single place. If a defect is found, you can isolate it and eliminate it with a single fix. As you accumulate libraries of reusable routines, you typically do less work developing new code, since you can call subroutines to perform already solved problems. Functional reuse should significantly reduce time to code, test and even maintain a product.

Why Johnny Can’t Reuse

But studies have shown that most attempts at reusing code seldom have a great impact on overall developer productivity. Sometimes these attempts even have a negative impact on quality. Here are a few reasons:

· As I already mentioned, copy-and-modify is difficult to maintain.

· Finding the right routine is time-consuming, unless the developer well documented it in an easy to search manner. Except for purchased libraries, documentation is typically insufficient or non-existent.

· Even when code libraries come well documented, often a more insidious threat prevails: NIH -- Not-invented-here syndrome. NIH occurs when programmers are reluctant, some times for good reasons, to trust code written by someone else. NIH can only be overcome by insuring that your reusable code meets the highest standards of quality possible.

· Few academic courses and text books promote or discuss the importance of and techniques for achieving reuse in an organization.

· Many practitioners and managers have dismissed reuse as impractical or too costly based on unsuccessful previous experiences.

· Few organizations provide motivational rewards for reuse activities -- indeed, in many organizations, activities which are necessary to achieve high-levels of reuse are often considered counter-productive and they are actively discouraged

Many organizations which claim reuse and quality as high-priority goals are severely hindered by these problems. Without practical working solutions to these problems, reuse for them will never be more than an elusive goal or empty slogan.

Creating a Culture of Reuse

To successfully achieve high levels of reuse, we must identify and neutralize the forces which hinder reuse. We can divide the kinds of forces working against reuse into four general areas:

1. Structure: management and organization misdirection

2. Technical: design and paradigm incompleteness

3. Short-term view: single project and job perception

4. Knowledge: documentation and training deficiencies

Resisting these negative forces is not enough; eventually, the persistent forces will overcome our resistance. If we are to be truly effective in mastering reuse, we must not only neutralize the four negative forces, we must reverse them and turn them into positive reinforcements.
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Source: Martin L Griss, Object Magazine, May 1995. Reprinted by permission.


  Figure 1: Successful organization for a reuse-driven process

The first force, management and organization, is both the most difficult to appreciate and the hardest to overcome. Yet it also the offers the greatest potential for productivity gains. Simply put, reuse cannot have a significant impact if an organization does not properly plan, schedule, organize, manage, measure and reward good reuse activities. Solutions require a high-level buy-in from management and a well-focused process. The best way for an organization to achieve success is to create a structure which fosters a culture of reuse.

Figure 1 presents a reuse-driven organizational structure. The figure divides development into four distinct areas. Each resolves one of the forces: structure, technical, short-term view and knowledge. Manage provides guidance and direction for the entire organization. Create develops and maintains technical reuse components. Support provides documentation and training to insure that all developers properly understand and apply those components. Utilize turns the short-term view into a high-productivity advantage by creating specialized products through combining the reusable components into specific applications and subsystems.

Management must always balance the following tradeoffs:

· Earlier reuse gives greater benefits but delays visible results.

· The greatest returns from reuse come from higher-level activities, but the pay off is difficult to measure.

· Motivating highly creative and skilled people requires a careful balance between passive and active control.

· Lowering costs versus improving quality; long-term commitment offers the greatest combination of cost savings and high quality.

· The specific technology the organization uses plays a significant part in determining what components a developer can and cannot reuse.

Objects of Reuse

Subroutines, as I discussed earlier, are effective for reusing functionality. However, historically structured techniques have not managed to achieve reuse well. The structured paradigm does not incorporate reuse as a fundamental goal, hence developers often treat reuse in an ad-hoc manner. Worse, however, is the division between data and process. Structured languages impose an artificial boundary between the data a system consumes and the code which processes that data. This separation generates a persistent negative force for reuse.
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Figure 2: Feature reuse in object-oriented design.

The object-oriented paradigm offers a better solution. Object-oriented programming languages (OOPLs) encourage a strict encapsulation of data and functions as objects. Many of the features of OOPLs are specifically designed to enhance reuse. Figure 2 shows two of the primary techniques employed during object-oriented design (OOD) to reuse system features: specialization by inheritance and delegation through association.

Delegation is a component-oriented approach. It allows us to build generalized subsystems which we can ‘plug’ into new designs with little effort. Specialization is an architectural approach. We can pre-define hierarchies of generalized object types and then later, develop specialized objects which automatically inherit a basic set of properties. These techniques not only make reuse easier, they also make it inevitable. It is impossible to create an object-oriented system that does not use these techniques.

Plug and Play Programming

A component is a subsystem which encapsulates some well defined feature and provides a simple, narrow interface through which it interacts with a larger system. The larger system delegates all responsibilities for that feature to the component. A good component provides a single commonly needed feature and is easy to use, robust and bug-free.

Consider, for example, the file open window common to many applications. This component is extremely useful. The application need only provide some simple information to the component -- a default file extension, the starting directory, etc. -- and the file open component will handle all interaction with the user. The user may browse drives and directories and select a file. When control returns to the application, all it needs to do is open the selected file.
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Figure 3 - The life cyle of a successful component

We must carefully plan and implement development and maintenance of components. Figure 3 shows the typical development life cycle of a successful component. We must also document components; developers will not use components unless they are understood and easily found. And components must be free of defects. Developers will quickly revert to reinventing the wheel if they do not trust the available components.

Reusable Architectures

Reusable architectures are the key to enabling large-scale reuse. However, we cannot encapsulate reuseable architectures in components. For this we must add inheritance.

A reusable architecture is typically called a “framework”. A framework is the design of a set of objects that collaborate to provide a generalized structure which we can extend through specialization. Specialization creates families of closely related systems which perform in a highly consistent manner.

Frameworks significantly reduce an organization’s effort to create new systems. The framework provides the base features of the system, reducing the amount of development work needed to implement those features. Developers use frameworks by inheriting from a collection of base objects and specializing them to solve a specific set of requirements.

Frameworks reduce long-term system maintenance. Since many systems may reuse a single shared architecture, we can sometimes apply an enhancement to the framework as a single solution. Existing applications may then automatically receive this enhancement.

Frameworks reduce testing as well. We must robustly test components and frameworks prior to use in any production system; but once we have done the tests, we seldom need to perform them again. Consequently, we can focus testing of subsequent systems on the specific features developed for that system.

The Patterns of Design

Reusable architectures can be very hard to design. Expert designers have discovered ways of creating highly reusable and flexible object systems; but, historically such discovery has required years of experience. Because of the time and effort required to gain this knowledge, expert designers often achieve a guru status and organizations can develop an extreme dependence on those individuals. This dependence can be dangerous to the long-term success of the organization. We need good training techniques to distribute this knowledge more evenly.

Organizations have tried number of training techniques with varying success: courses, seminars and mentoring, for example. However, a new technique is proving far more effective than any tried before. This technique is called patterns.

Fundamentally, patterns are a documentation technique. But, they have become an industry-wide movement that incorporates a philosophy bordering on Zen Buddhism. Since the publication of the book Design Patterns: Elements of Reusable Object-Oriented Software by Erich Gamma, Richard Helm, Ralph Johnson and John Vlissides -- affectionately called the Gang-of-Four (GOF) -- the patterns movement has moved into the software development mainstream. (The side article “The Composite Design Pattern” provides an abbreviated GOF pattern example.)

If you need to solve this particular problem <cite the context>, such as <provide an example>, with these kinds of difficulties <state the basic obstacles that must be overcome>, then try doing this: <give the solution>. The consequences are <explain the forces at work>. Some related patterns are: <provide a list of similar or more basic patterns, possibly explaining how they relate>.
A design pattern documents a solution to a fairly generic problem -- one that the pattern author has seen in more than one design -- along with some comments and recommendations on applying it. The author writes the pattern following a loosely standardized format:

Each pattern has a name which is easy to remember and simplifies finding the right pattern to fit a particular problem. Pattern naming also simplifies discussion of design. For example, if I design a system which uses the composite pattern to implement a hierarchical object structure, all I need to say to the programmers is: “I used the composite pattern here” and then articulate the specifics of how I applied it.

Design patterns make it far easier to communicate issues of good design. They are effective training tools. Reports indicate that students who are exposed to design patterns tend to learn advanced design concepts far faster and better. The key reason is that the patterns published by the GOF not only provide good solutions to common problems, but also explain why they are good, how others have applied them in the past -- with examples and code -- and discuss the forces they do and do not resolve.

Speak the Language of Reuse 

We can resolve the forces which inhibit reuse. Through careful application of the concepts and techniques I have outlined, we can achieve massive productivity gains, reduced costs, greater consistency and higher quality in our development environments. Object-oriented techniques provide the best resolution for technical forces. The patterns movement is speeding understanding of good design and reducing training overhead. But we need proper organization and management to create a culture of reuse. All of these concepts work together in concert to create the language of reuse. Learn to speak this language well and the force will be with you. Only then will you truly stop reinventing the wheel.
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The Composite Design Pattern
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Composite creates flexible object trees

The following is a “Readers Digest Condensed” version of the Composite pattern. The complete pattern can be found in the book “Design Patterns: Elements of Reusable Object-Oriented Software” by Erich Gamma, Richard Helm, Ralph Johnson and John Vlissides. This is a particularly interesting and useful solution which is applicable to many software designs. I have left out most of the discussion and the sections on implementation, sample code and related patterns. However, I think you will still find it useful and informative.

Intent

Create object tree structures representing whole-part hierarchies, allowing uniform treatment of both individual objects and compositions.

Motivation

Tree structures are very common in software designs. Graphics programs often allow users to build complex diagrams by combining simpler elements. File systems use similar structures to allow arbitrary organization of files and directories.

A simple solution is to create separate classes for primitive objects and containers. However, this approach is limited in flexibility. Code that uses these classes must treat containers differently from primitive objects. The composite pattern employs a recursive structure to avoid this limitation.

Applicability
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The general structure of Composite

The Composite pattern should be considered whenever you need to represent a whole-part hierarchy and you want to be able to treat compositions and primary objects in the same manner.

Participants

· Abstract Component is a generalized class that defines the basic interface of all objects in the tree.

· Child Component is a specialized primitive used to form a leaf nodes of the tree.

· Composite is a tree node which may have children.

· Client is the object that delegates responsibilities to nodes of the tree.

Collaborations

The Client uses the Abstract Component interface to interact with the objects in the tree. Child components handle requests to DoOperation directly, while Composites usually forward these requests to each of its children, possibly performing some additional work as well.

Consequences

· Class hierarchies are defined consisting of primitive and composite objects which can be easily interchanged and extended.

· Clients are simplified since it communicates with each object in a tree a uniform manner.

· New kinds of components can easily be added to the tree without impacting the existing design.

· Composite may make a design overly general. It is hard to restrict the components in a composite. Run-time type checking may be needed if greater control is required.

Known Uses

Nearly all object-oriented systems contain the Composite pattern in one form or another.
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