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Abstract 

This thesis employs the basic theory of patterns to systematize the largely unexplored 

domain of software component documentation; it presents an original pattern language 

to describe successful documentation systems, and creates a framework to guide the 

development of CASE tools, further research, and theorizing. As an analytical tool, 

patterns describe solutions to problems existing within a given context in a given domain, 

and by developing a set of inter-locking patterns, a pattern language is fanned, providing 

a synergistic solution to an entire class of problems. The pattern language presented in 

this thesis solves a class of problems arising from the needs of software engineers 

attempting to use or reuse an object-oriented software component. Each of the 39 

pattems in the pattern language is defined by 1) carefully describing the exact problem it 

solves and the contextual forces that might influence the solution, 2) providing a solution 

to the problem, 3) identifying where, in an in;:ustrial setting, the solution can be seen, 

and 4) identifying other closely-related patterns in the language. ln addition to the 

pattem language itself, a general classification system for component documentation 

patterns is presented. This multi-dimensional classification system serves not only as an 

aid in understanding the pattern language, but also as a framework for further research 

and identification of documentation patterns. In sum, this thesis describes a model of 

component documentation based in actual industrial practice, expressed abstractly as a 

pattern language. and organized through analysis and class(fication 
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1. Patterns of Software Component Documentation 

Abstract 

High-quality documentation for object-oriented software components is critical to their 

success as usable/reusable components. Documentation is the primary means of 

communication between the author of the component and its client, providing insight into 

design intent, use cases, potential problems, etc. To date, no theoretical framework exists 

that can be used to evaluate the effectiveness of the design of component documentation 

or to guide authors in its production. However, patterns can be used to describe the 

documentation techniques that are found in successfully deployed systems, offering a 

pragmatic definition for what is required of component documentation. 

Keywords: Patterns, documentation, reuse. 

1. 1 Introduction 

Software components are parts of a software system, each encapsulated by a 

formal interface [Buschmann+96). The interface can be specified in a variety of ways, but 

in the case of object-oriented components the implementation mechanism is the class or 

class library. A set of components, communicating through their interfaces, is used to 

build a complete working system. Thus, software components form the basic unit for 

software reuse. But it is important to add that, since reuse must be a planned engineering 

goal, software components must be intended to be reused from the very beginning 

[Faget+92); the component author must design and implement it with its future users in 

mind. 

This chapter explores some of the issues surrounding component documentation, 

a key aspect of the collaboration between component author and client. First, the critical 

role of documentation in the component use/reuse process is considered. Although 

developing an appreciation for the importance of documentation is vital. it is not 

enough-we must have some way of evaluating the effectiveness of documentation, and 
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of assisting component authors in producing it. To this end, patterns are proposed as a 

mechanism to capture effective documentation techniques. The final section contains a 

brief catalog of the 39 patterns in the documentation pattern language described in 

chapters 4 through 9. 

1.2 The Role of Component Documentation 

There are three attributes of software components that determine how successful 

clients are in reusing them: identifiability, understandability, and confidence [Faget+92]. 

The latter two attributes are achieved if not completely, at least primarily, through the 

component's documentation. Unfortunately, the attitude taken toward component 

documentation throughout the industry is generally lax, and often hostile or dismissive. A 

simple analogy will illustrate why we must work to elevate the role of documentation. 

Consider the dilemma experienced by most people upon purchasing a complex 

piece of equipment like a VCR. While conceptually simple, the use of the device is 

typically obtuse and difficult to understand. So each VCR is packaged with a user's 

manual detailing its operation, providing troubleshooting tips, etc. This manual is the 

owner's sole path to understanding the use of the VCR. 

Software components are certainly more complex, in general, than VCRs, 

although they may embody a simple concept. They are also considerably less standardized 

in their interface. Details of performance characteristics, sequences of function calls, 

pathological behaviors, etc. all must be understood to properly utilize the component in 

the ·way in which it was intended to be utilized. Anyone can try to use a VCR, but only 

those who understand it will be able to make it operate as they wish. Likewise with 

software components. 

The author has certain usage scenarios in mind when designing and implementing 

the component-she may even have specified a set of use cases. But it is not enough that 

the author alone have an awareness of this information. If clients of the component do not 

understand its intent and how the author expects it to be used, they will misuse it. In the 

best of circumstances the component will work well enough despite this 

misunderstanding. In the worst, the client wil1 grow dissatisfied with the component and 
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simply discard it, having no confidence in its ability to do what they need. In between 

these two extremes lie a wealth of daily irritations and confusions that face every software 

development project. Parnas suggests that this is one of the main reasons software reuse 

efforts fall short of expectations [Parnas+83]. 

Documentation, as a direct path for information from the author to the client, is an 

extremely efficient form of knowledge transfer. In fact, documentation is "one of the 

most important ways to improve program comprehension [and to reduce] software costs." 

[Sametinger+95] Despite the fact that one goal of component design is to reduce the 

information needed to use the component to a bare minimum, there will always be some 

details that must be understood by the client. Reading the actual source code-which may 

not even be accessible to the client-to acquire this knowledge is a very labor-intensive 

process. 

So from the client's perspective, "documentation is arguably more important than 

programming." [Covington85] A clever implementation of an unusar !e component is of 

no value. 

There are two contexts in which this component knowledge is required: during 

initial use/reuse of the component; and during maintenance, either perfective or adaptive. 

During initial use, it is likely that the client will need a top-down view of the component. 

proceeding from general to more specific information as they develop an understanding 

of it and are, ultimately, able to incorporate it into their system. In contrast. maintenance 

work may require quicker access to the details of what is happening at a point of failure 

or modification. While the information needed in both cases may be the same, the client 

will need to access it from different directions, placing even more of a burden on the 

author to provide adequate navigational paths through the documentation. 

1.3 Using Patterns to Capture Documentation Techniques 

A pattem is commonly defined as a proven solution to a problem within a given 

context. Exactly what comprises a solution, a problem and a context is still a somewhat 

contentious issue as the software engineering patterns community is still grappling with 

how to understand and apply patterns. However an intuitive understanding of this simple 
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definition should suffice. Complementing the notion of a pattern, a pattern language is 

generally considered to be a (possibly incomplete) set of inter-related patterns used in 

concert to solve a class of problems. 

Patterns were introduced by Christopher Alexander to characterize solutions to 

architectural problems [Alexander+ 77). The software industry "discovered" Alexander's 

work and began adapting it for its own purposes. In recent years there has been a flurry of 

activities, publications, conferences, etc. exploring the use of patterns in software. 

The main work has been devoted to two areas: software design patterns and 

organizational patterns. Software design patterns attempt to characterize software 

solutions to both general [Gamma+95] [Buschmann+96] and domain-specific problems. 

Organization patterns attempt to describe the processes and structures used by successful 

development organizations [Coplien+95). Both of these efforts have yielded new insights 

into the problems they address, and provided new tools for thinking about them. 

This paper proposes the use of patterns to capture the traits, behavior, and 

characteristics of successful component documentation. 

1.3.1 Proven solutions and successful documentation 

The above discussion defined a pattern as a proven solution to a problem. One 

difficulty with this definition is in determining what makes a solution proven. Clearly a 

pattern which embodies an inadequate solution to a problem is of no particular value. Yet 

what criteria can be used to determine the trustworthiness and merit of a particular 

solution? For industry to accept and use new tools such as patterns, they must provide 

"simple and effective techniques .. . [that] address real issues ... " [Onoma+95] 

The patterns community has agreed upon a workable, pragmatic criterion: if a 

particular pattern can be found in some number of commercially deployed systems, that 

pattern is considered to be proven. The number of deployed systems required is generally 

two or three. While this may not be a statistically significant number, it is enough to 

provide protection against the proliferation of aberrant or harmful panerns. 

Proposed patterns that are not justified through deployed systems are often called proto

patterns to indicate their tentative or experimental nature . 
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Note also that we usually only consider patterns from commerciaJly deployed 

systems; that is, systems whose overall value has been proven in the marketplace. This 

stipulation helps guard against patterns that are not feasible in commercial software. 

These conventions are certainly not foolproof, but they do provide a context for 

understanding what would be considered a successful documentation system and from 

this, we can discover patterns of component documentation. In accordance with this 

accepted criterion, the patterns in the catalog all are validated by at least three industrial 

uses. Note, however, that not all referent systems are commercial: some freeware systems 

are referred to, as well as the documentation portion of larger software systems. 

1.3.2 Describing Documentation Patterns 

Every pattern language uses a unifonn fonnat for describing the patterns it 

contains. The basic elements of the patterns that must be described are the problem to be 

solved, the context and forces at work in the environment of the problem, and the solution 

represented by the pattern. The following items will describe each software 

documentation pattern: 

Svnopsis 

A one line statement of the purpose of the pattern; the problem to be solved. 

Problem: Context and Forces 

A description, in reasonable detail, of (I) the situations where the need for the pattern 

arises, (2) the forces causing the dilemma, and/or (3) the forces influencing the 

choice of solution. 

Solution 

A description of the solution prescribed by the pattern. 

Known Uses 

A list of systems where this pattern can be seen. 
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1.4 The Complete Pattern Catalog 

The pattern language presented here consists of 39 inter-related patterns, broken 

into six categories. This section provides the synopsis for the patterns not described 

above. The names of proto-patterns are displayed in italics. 

1.4.1 Generative Patterns 

Environment Independence: 

The documentation system must be feasible and effective in any operating 

environment. 

Hypertext: 

Present the documentation as hypertext to enable effective navigation of 

the information. 

Embed Content in Source Code: 

Ensure that the component documentation is synchronized with the 

component source code. 

Automate Tedious Tasks: 

Automate as many documentation production and maintenance tasks as 

possible to relieve the workload of the author(s). 

LeYerage Programming Language Semantics: 

Take advantage of all the information about the component that is inherent 

in the source code. 

Centralize Document Design: 

Centralize the layout and design of the documentation to ensure its 

consistency. 

Directed and Exploratory Navigation: 

Provide a means for both directed and exploratory navigation to support 

reader education and research. 
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1.4.2 Content Patterns 

Tutorial Information with Examples: 

Provide the client with infonnation on how to use the component in 

specific, common use cases. 

Diagrams and Illustrations: 

Include diagrams and illustrations in documentation for clarification 

purposes. 

Overview Information: 

Provide high-level overview descriptions and summaries in the 

documentation for each component, library, and class. 

Generate Short Form: 

Automatically create a brief summary of the extensions that a derived class 

makes to its base class. 

Generate Flat Form: 

Automatically create a complete summary of all class members from all 

parent classes. 

Generate Inheritance Diagrams: 

Automatically generate diagrams depicting the inheritance structure of the 

classes. 

Generate Call Dependency Diagrams: 

Automatically generate diagrams depicting the inter-class dependencies in 

each library or component. 

Generate Evaluation Metrics: 

Automatically generate object-oriented code metrics to help clients 

evaluate the components. 

Derive Class Characteristics: 

Automatically list the descriptive attributes that characterize each class. 
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1.4.3 Structure Patterns 

Map Organization to Language Constructs: 

Structure the hypertext nodes and the links between them to parallel the 

programming language constructs used to implement the component. 

Hierarchical Libraries: 

In the documentation, provide a mechanism for grouping related classes 

together to form subsystem libraries. 

Link to External Documents: 

Join supplementary documents to the component documentation through 

hypertext links. 

Backtracking: 

Provide the user with links that backtrack to related, higher levels of 

documentation. 

Generate Hyperlinks: 

Automatically hyperlink each occurrence of a software artifact's name to 

its full documentation. 

Reveal Lexical Scope: 

Structure the documentation to reflect the lexical scope of the software 

artifacts within a component. 

Typed Links: 

Classify hyperlinks by type to enable more directed, selective navigation 

through the component documentation. 

1 .4.4 Search Patterns 

Keyword Cross-reference: 

Provide a mechanism to help clients find classes in a component within 

categories of interest. 

Inheritance Navigation: 

Provide an efficient, convenient means to quickly navigate through the 

inheritance structure for a given class. 
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Full-text Search: 

Provide utilities to search through the full text of the documentation. 

Generate Index: 

Automatically determine which words and phrases in the component 

documentation are most significant and generate an index from them. 

Generate Keyword Cross-reference: 

Automatically parse class names to create a minimal list of cross-reference 

keywords. 

1.4.5 Presentation Patterns 

Maintain Consistency: 

Maintain consistency in the visual appearance of the documentation. 

Distribution via the Web: 

Use Web pages on the Internet to provide access to the most current 

version of the documentation. 

Icons, Headings and Colors Mark Nodes: 

Use pictorial icons, standard headings, and/or colors to mark the context 

and purpose of hypertext nodes in the documentation. 

Readability through Typography: 

Graphically represent the textual information clearly and effectively. 

Typography-Encoded Details: 

Use typographic conventions to encode syntactic details where 

programming language syntax is directly included in the documentation. 

Structure for Physical Management: 

Design the physical repository of the documentation to enable its easy 

versioning and administration as a unit. 
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1.4.6 Embedding Patterns 

Syntactically Scoped Documentation: 

Use syntactic rules to associate embedded documentation with the 

programming language construct it documents. 

Document in Small Chunks: 

Structure the embedded comment text so that software artifacts are 

documented in small increments. 

Allow Typographic Control: 

Program the extraction tool to support typographic markup within the 

manually authored documentation text. 

Readable Embedded Documentation: 

Design a documentation-embedding syntax that enhances the readability of 

the source code. 

Embedded Images: 

Centralize file management by embedding ASCII-encoded images within 

the source code for later extraction, decoding and inclusion in the final 

documentation. 

1.5 Conclusion 

Without adequate documentation we become component archeologists, digging 

through the source code to uncover its secrets. The pattern language presented in chapters 

4 through 9 illustrate the way component documentation patterns can be used to capture 

and analyze individual strategies for creating effective documentation. The patterns work 

together. supporting a wide range of documentation design goals, and can be used to form 

a comprehensive pattern language. It is vital that we devote more effort to software 

component documentation if the industry is to increase the quality of multi-component 

systems and to develop them with reasonable efficiency and confiden_ce. 
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2. A Classification System for Documentation Patterns 

Abstract 

The pattem language for object-oriented component documentation consists of 39 

individual patterns. Their subject matter covers a wide range of contexts from generative 

pattems to pattems detailing the appearance and formatting of the documentation. The 

patterns are organized into small, manageable groups by using three classification 

criteria. The criteria consist of ( 1) the problem solved by the pattern, (2) the degree of the 

author's involvement, and (3) the validation provided for the pattem. 

Keywords: Patterns, documentation, classification. 

A pattern language is intended t 0 be a framework for solving an entire class of 

problems, but without some type of classification or organization, it is reduced to a 

collection of solutions to loosely related problems. In an unorganized collection of 

patterns, finding one that solves a particular problem requires the user to sift through all 

the patterns blindly. While this may be acceptable for small pattern languages (5 to 10 

patterns), for larger ones it is very inefficient. With a classification system, however. the 

pattern search can be directed. Additionally. in a language without organization it 

becomes difficult for the user to understand the relationships between the patterns, and to 

see how the language as a whole addresses the problem domain . 

This chapter defines the classification system developed for the documentation 

pattern language. The system consists of three criteria, derived through an analysis of the 

patterns after they had been identified: 

I . Classification by the type of problem being solved 

2. Classification by the degree of the author's involvement 

3. Classification by the level of validation 
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Each criteria is described in detail, along with a discussion of how it was derived, in 

sections 2.1, 2.2, and 2.3, respectively. The fo1Iowing table summarizes the classification 

system (patterns specified in italics are proto-patterns-see section 2.3): 

Classification of Documentation Patterns 
Level of Author Involvement 

Types of General Guidelines Total Partial None 

Problems for Documentation (Manually (Assisted by (Fully Automated) 

Solved System Authored} Automation) 
Environment 

Generative Independence 

Hypertext 

Embed Content in Source 
Code 

Automate Tedious Tasks 

Leverlge Programming 
Language Semantics 

Centralize Document 
Design 

Directed and Exploratory 
Navigatic:i 

Tutorial Information wi th Overview Information Gen-:ratc Short Forrn 

Content Examples 
Genera1e En1/u(llicm Generate Flat Form 

Diagrams and Illustrations Me1riCI 
Generate Inheritance 

Diagrams 

Generate Call 
Dependency 
Diagrams 

Deril'e Cla.u 
Characteri.Hic.< 

Map Organization 10 Hierarchical Libraries Typed Linh Generate Hyperlinks 

Structure Language 
Link to External Reveal Lexical Scope Constructs 

Documents 

Backtracking 

Keyword Cross-reference Generate Index Inheritance Navigation 

Search Genera1e Ke_nnird Full-text Search 
Cms.<-reference 

Maintain Consistency Distribution via the Web Readability through 

Presentation St m ew re for Ph.nical Icons. Headings and 
Typography 

Mwwgemem Colors Mark Typography-Encoded 
Nodes Details 

Syntactically Scoped 

Embedding Docum~mation 

Document in Small 
Chunk> 

Allow Tvpos:ranhic 
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Control 

Readable Embedded 
Documen1a1ion 

Embedded Images 

2. 1 Classification by the Type of Problem being Solved 

The following step-by-step analysis of the patterns in the pattern language led to 

the selection of the first classification criteria: using the types of problems solved by the 

patterns to determine categories. The first step of the analysis was to identify a small set 

of criteria that could reasonably be used for classification. The definition of a pattem-"A 

solution to a problem in a given context"-was found to contain three such criteria: the 

solution to the problem: the problem to be solved; and the context within which the 

problem arose. Once a set of candidates was identified, the patterns in the language were 

examined using each of the criteria in tum, searching for commonality between them. 

Any characteristics shared between patterns identified a potential category. Thus, a 

catt:gorization was developed for each candidate criteria. The final step of the analysis 

was to examine each categorization and determine which was best by asking the 

foll owing questions: 

I. Do all the patterns in the language belong to a category? 

2. Are all the categories rationally justifiable, or just coincidental? 

3. Are the categories reasonably exclusive of each other so that patterns can be 

assigned to categories unambiguously? 

Categorizing the patterns based on the type of problem being solved created the 

strongest, most coherent classification consisting of six distinct categories: generative, 

content. structure, search, presentation, and embedding patterns. The categorization is 

strong because it is balanced and well-defined-each category contains approximately the 

same number of patterns, and the definition of each category is clear and unambiguous. 

More importantly, however. the categories are logically tied to the problem domain of 

documentation. To illustrate this, consider the following questions one must ask in 

designing a documentation system: 

I. What information should be included in documentation? 
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2. How should the information be put together? 

3. How should the information be displayed visually? 

4 . How can the reader find the information they need? 

These questions- which are completely independent of patterns-correspond to the 

content, structure, search, and presentation categories, respectively, and provide assurance 

that the categorization is correct. 

The remainder of this section will provide detailed descriptions of each of the six 

categories. 

Generative patterns are the principles that form the basis of the documentation 

system. They are called "generative" because they are high-level patterns that can be used 

to derive other patterns in the language. (This standard terminology from the patterns 

community is somewhat backwards, as patterns are usually "discovered" rather than 

"derived.") Generative patterns prescribe the organization, attributes and characteristics 

of an effective documentation system. They are concerned with the overall usability of the> 

documentation from the perspective of the reader and the author. For the reader, the 

documentation must be usable and effective. For the author, it must be a system that can 

be created and maintained efficiently with a minimal amount of unnecessary overhead, 

duplication of effort, and loss of information over time. 

Content patterns describe the information needed in the documentation for its 

users to achieve their goals. Documentation for object-oriented software components 

requires very specific types of information, as well as the more general types needed in 

almost any domain. The content patterns specify both, and along with structure and 

search patterns they are broken into further sub-categories based on how the information 

is acquired. 

Structure patterns are concerned with the way the documentation is put together, 

and especially with how the reader navigates through it. These patterns presume the use 

of hypertext for the documentation system as prescribed by the Hypertext (4.2) pattern 

and therefore focus mainly on the topology of the hyperlinks in the document. Users can 
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only navigate the hypertext document through the hyperlinks, so the usability of the 

document is dependent on the hyperlink topology. 

Search patterns describe services in the documentation system which aid users in 

finding information of interest. Indices and tables of content are needed, of course, but 

since the documentation is in a hypertext format the search structures must go well 

beyond such simple lists. Also, when using documentation for a software component, the 

granularity of the needed information varies widely, from syntactic or programmatic 

details to high-level class library organization information. The search patterns prescribe 

successful methods for addressing these issues. 

Presentation patterns specify how the documentation should look. Problems 

concerning the graphic design, typography and layout of documentation are considered, as 

well as other ergonomic issues. 

Embedding patterns are concerned with how the documentation information can 

be embedded withir. the source code (see section 4.3). A wide variety of problems and 

opportunities arise when embedding documentation in source code. (In this context, the 

documentation text in the source code is concerned with a client's usage of the code, not 

with the component's internal implementation.) Most of the issues revolve around the 

needs of the documentation authors for structuring the content and avoiding duplication 

of information, while still allowing the efficient extraction of the content into final 

hypertext form. 

Chapters 4 through 9 present the patterns of each of these primary classifications. 

2.2 Classification by the Degree of Involvement Required by the Author 

Further analysis of the characteristics shared by the patterns within each of the 

primary categories revealed a second classification criterion based on the degree of effort 

required by the author. Throughout the pattern language, various levels of automation are 

used to reduce the workload of the author, leading to the four categories for this criterion: 

general guidelines, manually authored, assisted by automation, and fully automated. 

General Guidelines, the least automated of the four categories, prescribe (I) 

approaches to documentation. and (2) principles of document design. that the author must 
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bear in mind at all times. They are not directly achievable tasks or discrete items of 

required information, but principles that require constant attentiveness on the part of the 

author. For example, the Maintain Consistency (8.1) pattern specifies that consistency

in many forms-must be maintained in the visual presentation of the documentation. 

Some forms of consistency, such as the style and tone of the wri_ting and the level of 

detail it provides, can only be achieved if author continually monitors their work to 

ensure it. So, the constant attention required by the patterns in this category leads to a 

high level of effort by the author. 

In contrast, Manually Authored patterns only require the author to provide specific 

pieces of information that cannot be derived from any other source. For instance, one of 

the patterns (see section 5.1) requires the component documentation to contain tutorial, or 

how-to descriptions, of common ways of using the classes it contains. Modern 

programming language semantics are not capable of expressing this information, and so 

the :mthor must provide it in natural language text. 

Patterns in the Assisted by Automation category also require the author to provide 

certain information, but it is automatically augmented by information extracted from the 

source code (see Leverage Programming Language Semantics (4.5)). Consider the 

Overview /nfonnarion (5.3) pattern, which requires the documentation to contain an 

overview description of each class in a component. Parts of the information needed for 

the overviews-lists of member functions, inheritance information, data type 

dependencies-can be determined automatically by examining the source code. However, 

this data is not enough to provide a client with a complete overview of the class. A human 

author must provide a natural-language description of it, describe its intent, where it 

should be used, and any other general infonnation that will be helpful. Creating the part 

of the overview that can be automatically generated, however, should not be a 

responsibility of the author, but of an automation tool. 

Some of the documentation patterns are Fully Automated, in that their use requires 

no additional effort on the part of the author. There are two ways in which a pattern can 

be fully automated. First, as for the Assisted by Automation patterns, information content 
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can be extracted from the source code and inserted into the documentation. Programming 

language syntax and semantics provide a rich source of information that can be leveraged. 

The second way to automate a documentation pattern is to modify the extraction tool (see 

Embed Content in Source Code (4.3)) to implement the solution described by the pattern. 

Since the problem solution is simply built into the extraction tool, the component author 

need not take any action. 

2.3 Classification by the Level of Validation for the Pattern 

The final criteria for classifying the patterns is borrowed from the patterns 

community, and is used as a gross indicator of the level of validation a pattern has had 

through actual use. One of the aspects of the patterns movement that has a strong appeal 

to engineers is that a pattern is, genera1ly, a proven solution (see section 1.3.1 ), meaning 

that it has been tested and found to be effective in a variety of real systems. But there is a 

dilemma encountered by pattern writers who discover only a single use of what appears to 

be a very effective pattern. Since the patt~rn has not been validated through appearing in 

several systems it cannot justly be considered a proven solution. On the other hand, it 

seems wasteful to discard a promising idea because of a rule that is, after all , just a 

convention. 

To preserve the value of these patterns as well as the integrity of the pattern 

language, the patterns are classified as proto-pattems to indicate that they are prototypes 

or experimental patterns and should not be given the full authority or consideration due 

more proven patterns. Of the 39 patterns in the documentation pattern language, about 18 

percent are proto-patterns. Their names are italicized in the table in section 2.0. 

Proto-patterns play an important role in a pattern language, broadening what 

might otherwise be a fairly conservative, and possibly stifling, tool. They allow for 

speculation and indicate areas of experimentation and exploration, setting the stage for 

the growth of the pattern language. At the same time, by segregating proto-pattems from 

other patterns, the user of the pattern language is made aware of their tentative nature and 

can deal with them accordingly. 
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2.4 Conclusion 

By providing a rich categorization system that organizes the patterns around a 

variety of independent concerns, the multi-faceted relationships between the patterns in a 

pattern language are made apparent. The categorization system provides a framework 

within which the pattern language can be learned, but also provides a focus for pattern 

discovery activities by identifying ways in which the patterns manifest themselves. 

The categorization system presented here is simple and elegant, but other 

categorizations may later be invented that add new insights into the pattern language. 

There is precedent for such an event from the field of software design patterns: the pattern 

language published in [Gamma+95] was integrated into a new classification scheme 

introduced by [Buschmann+96]. In addition, the [Gamma+95] patterns were re-classified 

by [Zimmer95]. Classification provides a valuable and flexible tool for understanding 

complexity. 
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3. Software Component Documentation in the Development 

Process 

Abstract 

Pattems in any given pattern language are dependent upon the context for which they are 

imended. In the case of the documentation pattern language, the overall context is the 

software development process, specifically that part of the process involving the 

production and use of component documentation. This chapter describes the role of 

component documentation within the development process, providing a model of the 

context shared by all the documentation patterns. 

Keywords: Software documentation, development process, software engineering, reuse. 

Patterns in any given pattern language share a common context because they all 

solve problems within a particular domain. In the case of the documentation pattern 

language, the overall context is the software development process, specifically that part of 

the process involving the production and use of component documentation. 

Understanding this common context is key to accurately interpreting the patterns because 

it provides an overview of how individual patterns fit into the pattern language by (I) 

giving insight into the reasons behind and consequences of the problem it solves, and (2) 

establishing a framework for developing solutions. 

Accordingly, this chapter describes the role of component documentation within 

the development process. providing a model of the context shared by all the 

documentation patterns. The first section provides a simplified, baseline model of the 

overall software development process. The next section discusses the way in which 

documentation is produced in conformance with the pattern language·. The final two 

sections outline the use of documentation within maintenance and reuse activities, 

respectively. Each section provides an incremental refinement of the process model, until 

Patterns of Objec1-0rie111ed Softll'are Compone/11 Documenuuion Page 19 



finally a complete model of the software development process (as it relates to 

documentation) is formed. 

3. 1 Baseline Development Process 

A basic model of the development process consists of three main steps: 

requirements gathering and analysis, design, and coding . 

.__R_e_q_ui_re_m_e_n_rs _ __,---~ptl .... ___ o_es_i_gn __ __.~ __ c_oo_e __ j 
Figure 1: The Basic Model 

During the Requirements step, the problem(s) to be solved by the component or 

application are defined in detail. The requirements, in tum, feed the Design step where a 

satisfactory solution is formulated. Finally, The Code step implements the solution. 

Granted, this simplified version of the process does not reflect the iterative nature 

of development nor contain all the steps usually given in traditional process models. It 

was not intended to-the purpose of the model is to reflect the development process as it 

pertains to component documentation. Eliminating the process steps that do not impact 

documentation makes the model easily understood while still maintaining compatibility, 

at a high level of abstraction, with many methodologies. 
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3.2 Documentation Productio·n 

The Embed Content in Source Code (4.3) pattern asserts that documentation text 

should be physically stored in the source code, and then extracted and formatted by a tool 

to produce its final form. The following diagram illustrates the point in the process where 

the extraction tool is used to generate the documentation: 
,,- --...._ --

Requirements Design Code 
....___ 

! 
I Generation / 

'-----' 

Documentation 

Figure 2: Documentation Production 

Extracting documentation from source code is a fundamental concept of the 

pattern language, and is crucial to understanding most of the patterns. This approach is 

distinguished from the traditional view that documentation should be maintained as a 

separate artifact. By embedding the documentation in source code and extracting it for 

final production, documentation becomes integral to the process, and the process itself 

helps ensure that the documentation and source code remain in agreement over time. 

The documentation embedded in the source code is the primary repository of the 

information required by the reader, but other sources may also provide important 

clarification or elaboration. For example, documents produced in the Design step may 

help the user to understand the rationale for the design of the component or to see why 

alternative designs did not succeed. Other external sources may provide descriptions of 

hardware, software, or algorithmic technologies that are used in the component. 

Any supplemental material required can be included in the final form of the 

component documentation in one of two ways: ( 1) a verbatim copy can be directly 

included in the component documentation; or (2) it can simply be referenced through a 
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hypertext link such as a Uniform Resource Locator (URL). The first approach is 

represented by the solid line connecting the Design and Generation steps in the following 

diagram, and the second by the dashed line connection Documentation to the Design step: 

Requirements Design Code 

Generation 

Figure 3: Including Supplemental Material 
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3.3 Using Documentation During Maintenance 

Code will always undergo maintenance work during its lifecycle, either to correct 

problems or to extend its functionality. For either purpose, the engineer performing the 

work needs two sources of information: 

1. Component documentation, which is used to understand the purpose and 

design of the component, as well as its behavior from the client's point of 

view. 

2. The source code itself, which is used to understand implementation details, 

and to design and implement component modifications. 

The following diagram illustrates how these maintenance activities fit into the 

development process: 

Requirements Design Code 

Generation Maintain 

Figure 4: Using Documentation During Maintenance 

Once the source code has been modified, the documentation must be re-generated 

by the extraction tool, ensuring that both remain synchronized with each other. 

3.4 Using Documentation During Component Reuse 

Software components. as defined in section 1. 1, are intended for reuse in the 

construction of new components. In order to reuse components, the engineer(s) must have 

adequate documentation to fully understand the component or set of components 

involved in the process. Unlike the maintenance engineer, the reusing engineer may not 

have access to the source code. and therefore must rely solely on the component 
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documentation. So component documentation, being the only resource available, must 

provide complete enough info11T1ation to enable the engineer to use the component 

correctly. This is illustrated in the final expansion of the software development process 

diagram: 

Component 1 

Requirements 

Doc 

Component 
Understanding 

Design 

Doc 

Component N 

Doc 

New Component 
or Application 

--------- ---------------' 

Figure 5: Using Documentation During Reuse 

Access to the source code may not be allowed if the component was purchased 

from an external supplier: the licensing agreement may not include full access to its 

implementation details. (It is in the supplier's business interest to protect their trade 
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secrets or competitive advantages through such licensing constraints.) Such restrictions 

are not uncommon, but are themselves limited by the capabilities of the programming 

language used for the component. Depending on the language, the supplier may not be 

able to completely restrict the client's access to the implementation. In such cases, some 

suppliers will encode, or obfuscate the source code so that it is not easily readable, thus 

providing a minimal level of protection for their property. Unfortunately, this will still 

deprive the reuse engineer of a valuable source of infonnation. 

As the industry moves more and more toward a component-based model of 

software architecture, access to component implementations will likely decrease. The 

only remaining source of information for the reuse engineer is the component 

documentation, which they will simply have to rely on being complete and accurate. 

3.5 Conclusion 

By understanding how documentation is produced and used within the 

development process, the problems and solutions presented by the pattern language take 

on a deeper meaning as pa11s of a larger, synergistic whole. The problems addressed by 

the patterns can be seen in light of a specific enterprise rather than as isolated, solitary 

occurrences. Their solutions can be tailored to support the process and to reinforce the 

solutions given by other patterns in the language. Through this type of tightly interwoven 

interaction, the pattern language emerges from the patterns, and ultimately, from the basic 

problem it addresses. 
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4. Generative Documentation Patterns 

Abstract 

Generative patterns of documentation establish an overall framework for how the 

documentation system operates. They can be considered general constraints or design 

goals for the system. Some of the patterns, such as Environment Independence ( 4.1) and 

Automate Tedious Tasks (4.4), are not related to documentation per se but are 

nonetheless important to creating a useful system. Others, such as Hypertext (4.2) are 

specific to the documentation product itself. All the generative patterns work in concert to 

create a consistent, effective approach to documentation that unifies the other five 

categories of patterns. 

4. 1 Environment Independence 

Svnopsis 

The documentation system must be feasible and effective in any operating 

environment. 

Problem: Context and Forces 

Environmental dependencies will create a barrier to the use and acceptance of 

both the component and its documentation ; the dependencies are essentially 

limitations that restrict the possible clients for the component. The delivery system

the physical data, and the viewing infrastructure-for the documentation is the 

principle source of environmental dependencies for a documentation system. The 

physical information itself, the actual disk files, must be in a portable digital form so 

they can easily be produced and transferred to the client system. The infrastructure 

programs needed for viewing and/or navigating the documentation, if there are any, 

must also be portable. Components will be more successful-that is, they will have 

the largest number of clients-the fewer constraints they place on their operating 

environment. 
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The operating environment may vary in a number of ways, each affecting the 

documentation system in different ways: 

• Operating system-This is the portability factor usually considered the most 

important since different operating systems generally require different formats 

for data and executable instructions. Whole market segments can be excluded 

as clients if the documentation system is not portable between operating 

systems. 

• System resource (CPU speed, RAM, hard drive, etc.) available

Documentation systems that are supported by viewing or navigating software 

must take into account the raw computing capacities of the computer system. 

Minimum system requirements must be determined that will support the 

needed functionality with reasonable performance. However, if the minimum 

requirements are too high, many potential clients may be excluded. 

• Netw0rked or stand-alone systems-Documentation syst1 :ns may be 

distributed across local-area networks or the Internet, or they may exist stand

aione on individual workstations. If networked, the documentation system 

must take into account the network speed, Internet response time, server 

loading factors, etc. 

• Programming language-Software components can come in many languages, 

including C++, C, Java, Lisp, or Ada. Some of these languages are similar in 

syntax in structure, but others are very different. The documentation system 

for the component must be flexible enough to be applied to any of the 

common programming languages. 

• Compiler used-Some compilers introduce modifications to the syntax of the 

programming language, generally through introducing special keywords into 

declarations. The documentation system must be able to handle this gracefully. 

To further complicate the situation, clients may be working with several 

components simultaneously. Understanding the combined system requirements of all 
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components and ensuring they are met can be time-consuming and even expensive, 

particularly if more advanced hardware is required. 

Solution 

The documentation system must be usable in as wide a variety of operating 

environments as possible. Ideally, the documentation system would remain 

completely independent of the operating environment. The delivery mechanism 

would impose no extra requirements on the client's environment beyond those 

already imposed by the component itself. However, the benefit of achieving this ideal 

must be weighed against the cost of restricting what perhaps could be done to make 

the documentation system more effective. For instance, suppose a given software 

component only requires a command line interface such as provided by DOS or 

Unix. This restriction may be reasonable for the component, but severely cripples the 

documentation system if it conforms. For such situations there are two less stringent, 

yet workable, types of environment independe'1ce that can be achieved. 

First, the documentation system could assunie and use technologies that are 

ubiquitous in the targeted client environment. The client environment can be profiled 

in order to identify the types of capabilities and equipment that can be expected. For 

example, it may be reasonable to assume that a client system will always have, 

among other things, a high-resolution monitor, a printer, a mouse. For the example 

above, making this assumption removes the conflict for the documentation system; 

although the component doesn't require it, the documentation system can safely 

assume that more capable technology is available. 

Even assuming such system capabilities however, some documentation problems 

may require the use of newer or more demanding technologies, leading to a second 

level of environment independence-the use of open standards. Open standards, 

whether for hardware or software technologies, should be preferred over proprietary 

standards. For instance, for representing hypertext documents an open standard such 

as HTML (Hypertext Markup Language) should be preferred over vendor-controlled 

standards such as the Microsoft Help format. Open standards are safe, being 
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controlled by industry consortiums or standards committees whose purpose is to 

promulgate them, as opposed to being controlled by a single vendor whose primary 

interest is in their individual corporate well-being. 

Known Uses 

One of the most common documentation delivery systems used is still the printed 

page. It has the advantage of being completely independent ·of the computing 

environment. Despite being seriously limited in other respects (see Hypertext (4.2)), 

this independence is often noted as a desirable property ([Shirk88] for example). 

Ubiquitous technologies are also relied upon for documentation delivery. For 

some applications, particularly low-cost programs, the documentation is simply 

delivered as a plain ASCII text file. It is assumed that the client can both read this on

line and print it out if a hardcopy is needed or desired. 

Still other applications deliver their documentation in a more complex, but 

standardized, digital format. P~stscript and Adobe PDF formats are used quite oft<"'1, 

since the software needed to read these formats is freely and easily available. 

Related Patterns 

See also the Distribution via the Web (8.2) pattern. Web-based Internet technology 

is a rapidly emerging open standard which can easily support all the delivery needs of 

documentation systems. 

As an alternative to literate programming documentation paradigms, which 

require clients to use special software and software build processes, refer to the 

Embed Contem in Source Code (4.3) pattern. 

4.2 Hypertext 

Svnopsis 

Present the documentation as hypertext to enable effective navigation of the 

inforr.;:ition. 

Problem: Context and Forces 

Readers need a system that wi II allow them to navigate quickly and easily through 

the software component documentation. Depending on the type of information 
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sought, users will need to navigate in either a directed or exploratory manner 

[Dusink93]. 

Directed navigation is used most often when the reader is trying to learn in a 

highly structured way by following navigation paths laid out by the author. For 

instance, the chapters in a book are deliberately ordered by the author to define a 

navigation path. In contrast, paths in a hypertext document can be more complex 

than a straight linear flow because of the flexibility of hyperlinks. The navigation 

paths are designed by the author to help the user learn specific information. For 

software component documentation, the following types of questions would be 

answered through directed navigation: 

• How is this component or class organized? 

• How is a certain affect achieved with this class? 

• What is the inheritance structure of the classes? 

• What other components or classes does this comp<·:1ent or class 

depend upon? 

While directed navigation is generally used to orient the reader within a 

component or class, exploratory navigation is used to search through a web of 

loosely or incidentally related information. It is best suited for learning about 

particular details of a component or when the question is not very specific, as in the 

following: 

• What is causing a particular behavior in the class or component? 

• Where are resources being locked or reclaimed? 

• Does the calling procedure or the called procedure maintain ownership 

of newly allocated memory? 

• What are the legal values for this argument? 

Both types of navigation must be supported by the documentation system since 

both types of questions will need to be answered by the user. Th~ questions requiring 

directed navigation are of particular importance during initial development, where 

the user has yet developed a clear understanding of the component they are using. 
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The questions answered through exploratory navigation are more important during 

maintenance activities when the component is generally understood, but the user still 

lacks some understanding of its details. 

Solution 

Hypertext should be used to support the navigation styles needed by the user. 

Directed navigation is handled quite simply in a hypertext document through the 

author's use of tables of contents, lists of related topics, links to next and previous 

topics, etc. Hypertext's biggest strength , however, is in supporting an associative, 

opportunistic, exploratory style of learning [Foehr+86], being based upon the idea 

that learning occurs through association [Carlson88] as well as through more directed 

styles of learning. Written documentation can support exploratory learning, but the 

media is much more difficult to work with than hypertext. 

Kno,m Uses 

Hypertext documentation is a very common :-,art of the help systems of modern 

software applications. As examples, refer to any of the Microsoft Office products. In 

the domain of software components, the Microsoft Foundation Classes, Rogue Wave 

C++ components, and lntersolv Views tools provide excellent examples. 

[Creech+91] and [Biggerstaff+87] provide summaries of many hypertext software 

documentation systems including SEER [Latour+88], Neptune [Delisle+86], 

NoteCards [Halasz+87], and Planetext [Gullichsen+88]. 

Related Patterns 

The impact of this generative pattern is seen throughout the pattern language, but 

especially in the Structure and Search patterns. 

4.3 Embed Content in Source Code 

Svnopsis 

Ensure that the component documentation is synchronized with the component 

source code. 
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Problem: Context and Forces 

Documentation is often stored in a physically separate location from the source 

code itself. This dual maintenance scenario is problematic in that the two become 

inconsistent over time [Sarnetinger+95]. Therefore, it is desirable to keep the source 

code and the documentation together in one physical location. 

One force that must be considered in this problem is that the source code is 

required for building the software and so must always be present, while 

documentation is, for software compilation purposes, optional. If source code is kept 

in some alternate form- say a database or as an extractable part of some other 

document (as in literate programming systems and some CASE tool environments)

engineering and software build processes must be altered to work with the alternate 

form. Establishing such process modifications may not feasible, depending on the 

character of the organization, the existence of legacy source code, and so on. 

Another force involved i~ the use of graphics in documentation. Figures and 

diagrams are key elements of good documentation, thus they must be supported by 

the format in which the documentation is stored. 

Solution 

Embed the documentation for the software component within its source code files 

and create a utility program to extract the documentation into a more easily readable 

form, such as Web pages. 

All programming languages have some type of free-form commenting syntax that 

can be used as a container for documentation text within the source code. Simple 

formatting conventions can be applied within such commented text for structure. A 

detailed demonstration of how commenting text is formatted for processing by the 

Cocoon documentation system follows: 

;~--------------------- ---------------------------------------------------
CLJI.SS 

Sandler 
Base c lass for al l f ile j a ndling , sent inei recognitio~, etc . 

KSY\'<OR;:)3 
Cocoon , Handler , Sectio'" 

DSSG.:?:'!ON 
Base c l ass defin~tions for section handling. The processing o f a 
sec::o~ :s broker. into 4 ma i r. s~eps. 

<Ul> 

<l: > Sea~ch for s ome senti~e: s:~ing that i~dicates 
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the beg:nning or end of the section. 
<li> Perform some processing upon entry ir.to the section . 

This is done in the constructor for the base class. 
<li> Process a line of text from the source code. During this 

processing, the section can also l ook :or some exit 
criteria. 

<li> Perform some processing when the section is exited. 
</ ul> 

Handler·s can be nested . The set of possible handlers at any given 
time is dependent on what handler is active. For instance, the 
handler for member func tion definitions can only be made active 
by the handler for processing a c lass declaration. 

------------------------------------------------------------------------ · / 
class Handler { 
public: 

/ //II/II//II I III /I I// // 
II The ctor should perform wha tever processing i s needed when 
/ / entering the section. This may include openi ng files , 
/ / setting up state information or whatever. 
II (in) xref Cross-reference file data. 
// (in ) custom Data for user customization of out~ut. 

Handler( Xref& xref, Customize& custom) 
_xref ( xref ), _custom( custom), _subhandler( NULL) 
{ } 

/ 1// / III II IIII I IIIIIIII 
// Perform whatever processing is needed when the s ection 
II is exited. Should close any files that were open, 
JI or write any bracketing information such as list terminati on 
// tags . 

virtual 
- Handler ( J ; 

voi C 

IIJlll// !/ //II / II/IIII / 
/ / This function is t he main control algorithn. for coordinating 
// the nest ing and creati on of har.dlers. This : unction should 
// be called for each line of source t ext that is read wh: 1& 
// the handler is active. 
// [ in] buff Buffer o: sour ce code. 
// [out] surrendercon:rol 
II Set to TRUE i f the controlling handler shoul d 
// immediately exi t this section . 

Co~:rol( String3uff& buff, int& surrendercontrol ); 

II//I//I///III//II///II 
// Perform whatever processing is needed for source code lines 
// within this sec:i on. 
/ / [ in] buff Bu!~er of source code. 
/I (out ) surrendercontrol 
II Set to TRUS i f the contro:ling hancl er s ~oulc 
/i iTl'.:nec:.ately exit this section. 

virtua l void 
P:·;;;cessLine ( StringBuf f& buf:, int& surrendercontrol , , 

Note that all documentation appears within the natural commenting syntax of 

C++, so no special compilation technology or development processes are needed. 

The content of the comment text does have a formatting syntax. most easily visible in 

the documentation for function arguments. Also, the use of HTML syntax with in the 
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comments allows the author more control over typography and presentation when the 

documentation is extracted into Web pages. 

Although Cocoon will extract the documentation and format it into HTML 

hypertext, the documentation as it appears in the source code is actually quite 

readable. This is important because it allows the engineer working on the code easy 

and convenient access to the documentation, while at the same time enabling its 

extraction and formatting for wider audiences. It also helps eliminate the dual 

maintenance problem by putting the documentation in proximity to the code, making 

it more likely to be modified when the code is modified. 

The example above shows only one possible set of commenting conventions that 

could be used. Once the documentation text is in place, it can be extracted and 

formatted in a variety of ways and for any number of purposes. For instance, one set 

of documentation could be generated for users internal to the authoring company, and 

another set for external users. 

Known Uses 

JavaDoc, c2man on UNIX systems, cxx2html, Cocoon and Doc++ all take the 

approach of embedding documentation with the source code commenting syntax. 

Related Patterns 

• Centralize Document Design (4.6) 

• Tutorial /nfonnation with Examples (5.1) 

• Map Organization to Language Constructs (6.1) 

• Maintain Consistency (8. I) 

• All patterns in the Embedding category (chapter 9) 

4.4 Automate Tedious Tasks 

Svnopsis 

Automate as many documentation production and maintenance tasks as possible 

to relieve the workload of the author(s). 
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Problem: Context and Forces 

Many of the tasks involved in creating and maintaining good documentation are 

time-consuming and tedious. Manually creating an index, for example, has been 

aptly described as an "exercise in drudge work." [Simpson+88) The same can be said 

of other tasks such as creating a table-of-contents, typographic formatting, and 

inserting hyperlinks. 

Solution 

Whenever possible, tedious tasks should be automated during both the production 

and long-term maintenance of the documentation by modifying the extraction tool 

(see section 4.3). The extraction tool already has the basic functionality needed for 

implementing automation tasks: it processes both the source code and documentation 

text; and it produces the final form of the documentation in the proper format. 

Further, since the extraction tool is already a part of the documentation production 

process, the automation tas}: requires no extra infrastructure. Were a separate 

automation tool to be introduced, additional modifications to the process would be 

required. 

Known Uses 

Word processing software such as Microsoft Word, Novell WordPerfect, or 

COMP ANY Framemaker automatically generates indexes and tables-of-content 

which would have been exceedingly difficult to create and maintain manually. They 

also provide other specialized automation functions such as global search and replace 

utilities, and automatic document formatting. 

Related Patterns 

• Centralize Document Design (4.6) 

• Leverage Programming Language Semantics (4.5) 

• All the Fully Automated and Assisted lw Automation patterns 

• Structure for Physical Management (o.6) 
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4.5 Leverage Programming Language Semantics 

Svnopsis 

Take advantage of all the information about the component that is inherent in the 

source code. 

Problem: Context and Forces 

Replicating information in both the source code and the documentation 

leads to extra effort for the author, and the dual maintenance problem. Unfortunately, 

completely avoiding this replication is not possible. Some types of information

such as data type dependencies, inheritance, call dependencies, argument passing 

semantics, exceptions, pre-conditions, and post-conditions-is legitimately needed in 

both source code and documentation. Within source code it is used for the 

implementation of the class or component, although exactly which pieces of 

information the source requires will vary depending on the programming language . 

In com, ,arison, the documentation uses the information to r:,sist the reader in 

understanding the correct use of the class or component. Both purposes are critical to 

the success of the component and neither can be omitted. 

The replication of information results in two problems. First, more effort than is 

strictly necessary is expended to create the information in both source and 

documentation. Since engineers are willing to invest only minimally in reuse efforts 

[Sembugamoorthy+92], this added work will doubtlessly be unwelcome. The dual 

maintenance problem is the second result of replication. The basic issue is that when 

identical information is stored in two separate places, it will tend to become 

inconsistent over time. See the Embed Content in Source Code (4.3) pattern for a full 

discussion. 

Solution 

Keep the effort required by the code/documentation author to a minimum by using 

the extraction tool (see section 4.3) to capture shared information from the source 

code and use it during the creation of the documentation. Since the documentation 

version of the information is generated from the source code version, it cannot 
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become inconsistent, thus solving the dual maintenance problem. Further, since the 

documentation version is automatically generated, the author can avoid the effort that 

would be required to manually duplicate it. 

Using the extraction tool for this purpose is reasonable since it must parse the 

source code in any event and will have access to any sharable information. Thus, no 

extra framework for the documentation process is required. 

Known Uses 

The code browsers commonly found with compiler IDE's give the user access to a 

great deal of information that is useful for component understanding such as call 

graphs, inheritance graphs, and metrics. All this information is derived from the 

source code. 

Documentation systems such as Cocoon, JavaDoc, and cxx2html also take this 

approach. By processing the source code and extracting documentation text, they can 

synthesize the user-created documentation with information that is directly available 

in the source. 

Related Patterns 

All of the patterns in the Fully or Partially Automated categories are based at least 

in part on this general principle. Additionally, the following patterns are closely 

related: 

• Embed Content in Source Code (4.3) 

• Automate Tedious Tasks (4.4) 

• Map Organi~ation to Language Constructs (6.1) 

4.6 Centralize Document Design 

Svnopsis 

Centralize the layout and design of the documentation to ensure its consistency. 

Problem: Context and Forces 

When multiple authors are each working simultaneously on different parts of a 

component. consistency in the design of the documentation is difficult to achieve and 

maintain. Each decision point in the document design and authoring process provides 
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a chance for inconsistency to be introduced because different authors will invariably 

make different choices. Some of the many design questions facing authors are: 

o What should the page/screen look like? 

• How should the page/screen be partitioned? 

• What fonts and text styles will be used? 

• Where should the headers be placed? 

• What role should color play in the presentation? 

o How should the information be ordered on the page/screen? 

• Should class summary Jistings precede the overview text? 

o What type of information should be included or excluded? 

• Should both short and flat summaries of classes be included? 

• Should sub-classing instructions have their own section, or simply 

documented through the virtual methods? 

Each time an autho1 lS) makes a decision that is inconsistent with a previ•.>us 

decision the effectiveness of the documentation system is reduced. Inconsistency 

causes unnecessary confusion for readers and interrupts their learning experience. As 

[Foehr+86] points out, "Consistency is crucial" to creating documentation with a 

harmonized appearance and an easily interpreted layout. 

Inconsistencies could be reduced to some degree by manual means such as 

establishing documentation design standards that all authors must follow. However, 

this is an ineffective approach, one that requires more effort and unduly complicates 

the process by requiring the organization to: 

1. Decide how to establish the standards. 

2. Arrive at a consensus on the standards. 

3. Initiate a review process for documentation to ensure that standards are 

indeed followed. 

4. Teach the standards to engineers new to the component. 

These tasks may be made even more difficult by an overall lack of enthusiasm on the 

part of the engineers. 
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Solution 

Use the extraction tool to centralize the design of the documentation. The 

extraction tool provides a convenient framework both for embedding documentation 

content in the source code and creating the final presentation form of the 

documentation. This framework helps enforce consistency in two corresponding 

ways. First, since the documentation is represented within the source code in a form 

that is neutral to the document design, many decision points are removed from the 

authoring process. The author can thus work at a high level of abstraction and be free 

of concerns over the final presentation details of the document. Secondly, since the 

extraction tool, rather than the author(s), is producing the final form of the 

documentation, the work of multiple authors will look identical. During final 

production, the extraction tool can process the documentation in a variety of ways

reordering, modifying typography, checking for completeness-thus ensuring that the 

conterit produced by different authors looks the same. 

De~pite this enforced consistency, the documentation system maintains a high 

degree of flexibility. Since decision points are isolated to one central location

within the extraction tool-the system can easily customize the final form of the 

documentation according to user specifications. In response to user-supplied 

parameters, the extraction tool can vary the final presentation form of the document, 

including elements such as the color used for background or text, the fonts used, the 

way hyperlinks are presented. The user can vary these parameters between 

components, but not within a component. 

This approach has an added advantage: mass modifications can be made to the 

document design without requiring effort on the part of the author. A simple two step 

process can be used to introduce a design change. First, the extraction tool is 

modified to output the documentation in accordance with the new design. Second, 

the extraction tool is re-executed, producing a new version of the documentation. 

Although this process will work for many design modifications, some changes will 

still require author intervention. For instance, changes that require new material to be 
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included will need the author(s) to first create the content before the documentation 

can be regenerated. 

Known Uses 

Cocoon, JavaDoc, cxx2html, Doc++, and c2man all use various extraction tools to 

produce consistent documentation. Most of them also allow at least rudimentary 

customization. 

Related Patterns 

• Maintain Consistency ( 8.1) 

• Readability through Typography (8.4) 

• Map Organization to Language Constructs (6.1) 

4. 7 Directed and Exploratory Navigation 

Synopsis 

Provide a means for both directed and exploratory navigation to support reader 

education and research. 

Problem: Context and Forces 

Without adequate navigational tools, readers will not be able to conveniently 

access the information and this makes the documentation system unusable. There are 

two broad categories of navigation tools: directed and exploratory [Dusink93, 

identified as "systematic" and "ad hoc"]. Directed navigation follows distinguished 

paths, or pre-planned routes through the documentation, leading from one topic to 

another. The topics follow a logical order that systematically develops a theme. 

Distinguished paths might encompass topics such as overviews, tutorials, or class 

inheritance trees. Exploratory navigation, on the other hand, is comparatively 

unstructured in that readers intuitively create their own paths. The links they follow 

are not dependent on the logical structure of the documentation, but rather on the 

structure of the readers' information needs at the time. Examples of exploratory 

navigation tools include hyperlinks, indices, keyword searches, and full-text 

searches. 
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Both categories of navigation tools must be provided to support the readers' 

needs. Directed navigation is relied upon heavily by novices while they learn the 

overall content and structure of a component, and exploratory navigation is used 

primarily by experts who are trying to locate specific pieces of information. A single 

reader may be a novice in some areas of the component, and an expert in others, so 

both types of navigation would be needed depending on his/her objective. The 

primary purpose of the navigation tools is to provide access to the information 

readers need when they need it, and depending on the circumstances, both types of 

tool will be required to successfully accomplish that purpose. 

Solution 

In the documentation, provide both directed and exploratory navigation tools that 

will aid reader education and research. Hyperlinks are the primary means of 

navigation in the documentation (refer to the Hypertext (4.2) pattern) and they easily 

support "the applicatirin of a variety of techniques for examining a [docu1:1ent) , 

including free navigation, [and] distinguished paths ... " [Creech+91]. Directed and 

exploratory hyperlinks can either be explicitly constructed by the author, or 

automatically created. The following table summarizes the types of links that are best 

suited to each method of creation: 

Directed Navigation Exploratory Navigation 

Manual Creation Tutorials 

Overviews 

Automatic Creation Inheritance trees 

Links to related topics 

Keyword cross-reference 

Indices 

Other search tools 

Links that are manually created must be directly inserted by the author during the 

writing of the documentation. Directed navigation links may not be needed for 

simple topics that can be adequately addressed in a single page, however, they will be 

required in order to adequately develop more complex topics. Exploratory navigation 

links pose a unique challenge to the author: s/he must anticipate readers' intuitive 
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paths to detennine the most appropriate placement of links. Fortunately, most of the 

cross-linking needed for exploratory navigation can be accomplished through 

automated methods. 

The extraction tool can be used to create both directed and exploratory navigation 

paths as long as the infonnation required to insert the links is available either in the 

source code or in the documentation text. For example, the extraction tool could 

access the class' full inheritance infonnation and create navigation paths (refer to the 

Inheritance Navigation (7.2) pattern). 

Known Uses 

Cocoon, JavaDoc, Microsoft on-line help, and other documentation systems 

provide examples of both categories of navigation tool in various fonns. For details. 

refer to the discussions provided on the Related Patterns below. 

Related Patterns 

• Hypertext (4.2) 

• Map Organization to Language Constructs (6./) 

• Backtracking (6.4) 

• Generate Hyper/inks (6.5) 

• Typed Links (6. 7) 

• Keyword Cross-reference (7.1) 

• Inheritance Navigation (7.2) 

• Full~text Search (7.3) 

• Generate Index (7.4) 
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5. Content Documentation Patterns 

Abstract 

Content pattems describe what infomiation the documentation must contain for the client 

to effectively use the component. There are two types of information that Content patterns 

provide: procedural and declarative [Simpson88]. Procedural information describes how 

10 do something, or how to achieve a certain aim. In contrast, declarative information 

describes an items properties or characteristics. Many of the Content patterns-such as 

Generate Short Form (5.4), and Generate Inheritance Diagrams (5.6}-can be fully 

automated by analysis of the source code. However, some of the most important patterns 

cannor be implemented through automation. Human authors must provide the content for 

such patterns as Overview /nfomiation (5.3), and Tutorial Information with Examples 

( 5. I ). or else sererely compromise the c-:>npleteness and effectiveness of the 

documentation. 

5. 1 Tutorial Information with Examples 

Svnopsis 

Provide the client with information on how to use the component in specific. 

common use cases. 

Problem: Context and Forces 

Component clients are typically task oriented. They expect components to be easy 

to use and are quickly frustrated when they are not, or when the intended usage is not 

clear. As a result they may either reject the component completely or use it 

incorrectly, creating errors in their system. 

Procedural and reference information complement each other. and both are 

necessary to facilitate true understanding of the component [Simpson+88]. Reference 

material consists of raw. unembel Ii shed fact. Invaluable for understanding details of 

class operation. reference information can be found in, for instance, an inheritance 

diagram. or a short class listing. In contrast, procedural material consists of cookbook 
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or how-to information concerning the ways in which a class is used in different 

situations. It is generally not found in source code commenting. 

Unlike reference information, procedural information is extremely difficult-if 

not impossible-to infer from source code and its authoring cannot be generally or 

reliably automated. Procedural information typically specifies a series of steps that 

must be performed to achieve some end goal. For instance, documentation for a class 

representing a text file should include a procedure for opening the file and reading it 

through until the end. 

[=~le Reading Procedure: 

1 . Open the file by passing the file na~e into the constructor . 
2 . Read a single 1 ine using t he readLine ( l function. 
3 . \•Jhile the value returned by readLine ( l i s not zero , read the next 1 ine. 

This description is verbose and requires a translation into source code by the 

reader. Most software procedures can be specified more completely and succinctly 

with code samples: 

My?ile 
char • l">uf fer; 

text (aNamel; 

v:hi le ( ::ex t. readLi n e (buffer l ! = 0 l 

! I perform processing on each line 

Although a simple example, clearly there is no way that this sequence of 

operations could be reliably inferred from the raw, undocumented source code. The 

only piece of information that could be inferred from the code is that the constructor 

must be called before the (non-static) readLine() function. 

Solution 

Augment each class, class library, and each member function, with tutorial 

examples describing how to use them to achieve typical goals. For instance, for a 

class representing a file on disk, tutorial examples should be provided showing the 

code needed to open, read, and close a file. Similarly, an example should show how 

to write to a file. Also, to assist software engineers in creating derived classes, base 

classes should document the set of member functions that must be overridden by 

derived classes as well as those that only might be overridden, and how the derived 

classes will be used within the framework established by the base class. 
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Careful selection of use-cases will also reduce the need for routing-that is, for 

forwarding the reader to another section of the documentation. As [Simpson88] 

points out, "If the sections of the document follow the natural sequence of user tasks, 

there will be less need to route the reader elsewhere." Further, tutorial examples must 

be geared toward the audience; trivial examples will not be of much value to an 

intended audience of highly experienced engineers. The author of the tutorial 

documentation must exercise care judgment in selecting their examples. 

Known Uses 

Tutorial examples have a huge number of known uses. Consider virtually any 

book describing how to use a complex component-UNIX [Stevens92], the 

Microsoft Foundation Classes or the X Window System, to name a few. These books 

are filled with code samples showing in detail how to accomplish certain tasks. 

Ironically, example code is often omitted in the original documentation for 

components and is too frequently only found in companion volumes written by third 

parties. 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Overview Information (5.3) 

• Document in Small Chunks (9.2) 

5.2 Diagrams and Illustrations 

Svnopsis 

Include diagrams and illustrations in documentation for clarification purposes. 

Problem: Context and Forces 

The information needed to understand a software component is often difficult to 

grasp through textual descriptions alone. The amount of information in text is 

proportional to its volume, so a great deal of text is required to communicate a great 

deal of information. There is a danger that important details might be obscured or 

altogether lost, especially considering the large volume of information needed to 

understand software components. For example. describing the complex relationships 
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between the parts of a component would require a great deal of text that would, in 

turn, be difficult to read and quickly grasp. Important details regarding inheritance 

and call dependencies, or run-time object interactions could easily be missed. As 

another example, the client depends on high-level overviews to build an accurate 

mental picture of how a component might fit into the system as a whole. Subsystem 

layering, data flow, and the conceptual architecture of the component's environment 

contain many subtle details that are important to forming that mental picture. 

Solution 

As a supplement to textual documentation, support the use of diagrams and 

illustrations within the component documentation. [Sirnpson+88] articulates the 

value of diagrams by stating that: 

" .. . graphics provide many types of information more effectively than 

text. .. Graphics . .. can reduce the information load in text, and . . . provide 

more information in less space... [They] can be structured to the 

immediate task of tl1e user, and they can also be designed to minimize 

information processing for certain cognitive tasks." 

Diagrams and illustrations can come from a wide range of sources, including CASE 

tools, requirement specifications, photographs, and drawings created either by hand 

or by using a software tool. 

Partem s of Object-Oriemed Sofl\l"are Componenr Doc.u111e11rario11 Page 46 



The mechanism used to insert graphic illustrations into documentation will 

depend on the presentation system. For instance, when using HTML, images would 

be directly embedded into the documentation text via an HTML tag: 

;•--------------------------------------------- ---------------------------
CLASS 

SomeClass 
OVERVIEW 

The author can include a diagram in the documenta►ion quite easily 
using the <i.mg>tag, as in the fo llowing: 

<img src=someclass_overview . jpg> 

I n the fina l docurnentai:ion, t:he tag above woul d be replaced by 
the i~age store in the specified file. 

-- ---------------------------------------------------------------------- · / 
class SomeClass{ 
public: 

By using diagrams and illustrations, the author can present concise, c lear 

representations of important information that can be more easily grasped and 

remembered than equivalent text. 

Known Uses 

Virtually all printed documentation contains diagrams or illustrations. The Web

based documentation extraction systems Cocoon and JavaDoc allow embedding of 

images through HTML <img> tags. 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Generate Inheritance Diagrams (5.6) 

• Generate Call Dependency Diagrams (5. 7) 

• Icons and Headings Mark Nodes (8.3) 

• Embedded Images (9.5) 

5.3 Overview Information 

Synopsis 

Provide high-level overview descriptions and summaries in the documentation for 

each component, library, and class. 
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Problem: Context and Forces 

Components, libraries, and classes can be very complex artifacts, and the user 

needs several types of summary and introductory documentation to successfully 

begin the learning process. To orient the reader to the purpose of the artifact and the 

documentation describing it, the following materials are required: 

1. An overview description providing a brief introduction to the artifact 

and outline the scope of its responsibilities within the software. The 

overview includes any general usage guidelines and underscores any 

aspects of the artifact that need special attention. 

2. A list of the elements comprising the artifact. For components, a list of 

the libraries and/or classes it contains. For libraries, a list of its classes. 

global functions, and global data. And for classes, a list of its 

members, in both short and flat forms. 

3. A table of content that lists all 0f the documentation topics available 

for the artifact, including the items required for 1 and 2 above. 

Without this contextual framework, the reader must first sort through the details 

of the component in order to understand its general purpose. As a result, the learning 

process will be slower and more difficult, as will searching for specific pieces of 

information that may needed. 

Solution 

Both manual and automated techniques are required to provide adequate overview 

documentation for the component. Since overview descriptions do not exist within 

·the source code, and cannot be automatically generated, the author must write them 

for each of the major software artifacts. 

Once the overview descriptions are written, the extraction tool is used to 

automatically generate summary listings of the elements of each artifact, and create a 

table of content for the full documentation. Refer to the Generate Short Fonn (5.4) 

and Generate Flat Form (5.5) patterns for examples of generating summary listings. 

Before the tool can be used to create a table of content some structure must be 
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imposed on the documentation text so that the tool can distinguish between topic 

headings and the main body of the text. Once topics can be identified with an 

algorithmic rule, the extraction tool can create the table of content. The format used 

by the Cocoon system to identify topic headings is illustrated in the following code 

example: 

;•------------------------------------------------------------------------
CLASS 

SomeClass 
OVERVI ='.W 

So::ie de scri ption t e x t bel ongs her e ... 
CO~l½ON USE CASES 

Sub-topics are a llowed .. . 
CO~.MON USE CASES : FIRST CASE 

The first use case i s described i n detail ... 
CO~ ON USE CASES: SECOND CASE 

Foliowed by the second . . . 
COMXON USE CASES : TAIRD CASE 

And the t hird . .. 
'-:0!•/ TO DER!VE FRO!". 

~ disc ussion a bou t c reati:1g sub-classes . . . 
S?ECihL CONCERNS 

~:ention o f a ny s pecial ;;iroblems or issues wich t his class . .. 
------ ------------------------- --------------- --------------------------· / 
c lass SomeClass ( 

The Cocoon extraction tool recognizes any string starting in the first column and 

consisting of all upper-case letters as a topic heading. Once the topic headings are 

identified, a table of content can be produced which includes both the topic headings 

and all of the automatically generated information. The format for the final 

documentation might look like the following: 

SomeClass 
An extraction tool could treat overview text specially and automatically place it here. at the top of the 

class documentation. Then the "OVERVIEW" topic could be elided from the table of contents below. 

Table of Contents 
Common Use Cases 

Case 1 
Case 2 
Case 3 

How to Derive From 
Special Concerns 

Short Summary 
Somec:ass ( 

So::ieclass () ; 
-SomeClass () ; 

i :1: aFu:1cr io:1( float x. floa c y ); 
i:1t le:1gc~ () CO~S t; 
vo:.d cio.'1o:-e ( l ; / / abstr a ct 
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Note that the entries in this table of content should be hyperlinked to the full topic 

text-refer to the Hypertext (4.2) pattern for more details. 

Known Uses 

It is a standard technical writing practice to precede detailed discussions with 

overviews or introductions. Listings and tables of content are automatically produced by 

Cocoon, JavaDoc, and literate programming systems. 

Related Patterns 

• Hypertext (4.2) 

• Leverage Programming Language Semantics (4.5) 

• Directed and Exploratory Navigation {4. 7) 

• Generate Short Fonn (5.4) 

• Generate Flat Fann (5.5) 

• Generate Inheritance Diagrams (5.6) 

• Gene·ate Call Dependency Diagrams (5. 7) 

• Document in Small Chunks (9.2) 

5.4 Generate Short Form 

Svnopsis 

Automatically create a brief summary of the extensions that a derived class makes 

to its base class. 

Problem: Context and Forces 

To fully understand an object-oriented class hierarchy, the base class must first be 

understood. The base class determines the overall purpose of the class hierarchy. its 

programming interfaces, and the ways in which it can be extended through 

inheritance. Once the base class is understood, understanding the semantics of 

derived classes only requires knowledge of how to modify or add to base class 

behaviors [Liskov94]. This is especially important when trying to assess or predict 

the behavior of a method that relies on polymorphism to operate correctly. 
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Consider one part of a software component for a GUI framework. Such 

frameworks usually have some base class representing all atomic interface widgets or 

controls. For instance: 

class Widget ! 
publi c : 

Widget (Widget • parent ) ; 
virtual -Widget(); 
const char • getName ( ) const; 
XYPosition getPosicion() const; 
virtual void draw() const; 
I I etc ... 

} ; / / ~lidget 

The Widget class declares a set of virtual and non-virtual functions that define the 

way in which all Widget sub-classes will be used and how they will interact with 

their environment. For example, all Widget sub-class constructors are required to 

accept a parameter indicating their parent Widget, and char* data is used to name 

widgets. Additionally, some portions of the interface are specified as virtual-such 

as the draw() function-to allow the sub-classes to modify the behavior, but 1101 the 

semantics, established by the Widget bas~ class. 

Since the semantics of the base class are (or should be) invariant across all sub

classes, understanding the semantics of the sub-class requires one to first understand 

the semantics of the base class. Then, understanding the sub-class is simply a matter 

of learning how the sub-class extends the base class. 

The information inherent in the source code of the base class and sub-class 

declarations-function signatures, data types used, functions that are virtual or 

overridden, const-ness, etc.-is crucial not only to understanding the classes. but 

also to correctly compiling them. Thus, the information must be syntactically 

embodied in the source code. Since much of the information needed to understand a 

sub-class is already present in the source code, it follows that the documentation 

system should take advantage of it rather than requiring manual duplication. 

Solution 

Create a tool to compare the declarations of the base class and the derived class. 

and create documentation describing the added and overridden methods. Present 

these methods to the reader as a s imple tabular list. 
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Consider a C++ sub-class that inherits several functions in toto from the base 

class, overrides several others, and introduces several new functions. To understand 

this sub-class, we need to know how its behavior varies from the behavior of the base 

class. Specifically, which functions were redefined and which were added .. 

This information is found in the syntax of a C++ class declaration and can be 

easily extracted. It can then be reformatted (omitting comment text, normalizing 

indenting and the use of whitespace, etc.) and presented to the user: 

Class MyClaas i nherits from SomeBaaeClass 
overri d i ng 

publ ic virtual void f unctionl( ) ; 
public virtual void f unction2( ) ; 

and adding 
pu blic SomeVal u e ge tValue () c onst ; 

The above information is inherent in the source code of a class declaration. All the 

documentation system needs is a tool to process the class declarations, extract it, and 

format it for easy consumption by a reader. 

Known Uses 

The Eiffel system (Meyer88] was the first to name this type of summary. Class 

browsers available in compiler IDEs from Microsoft, Borland, etc. also generate this 

information from source code. Web-based extraction systems such as JavaDoc from 

Sun Microsystems, cxx2html and Cocoon are also capable of producing this short 

form of class listing. 

Related Patterns 

• Automate Tedious Tasks (4.4) 

• Leverage Programming Language Semantics (4.5) 

• Directed and Explorato1)· Navigation (4. 7) 

• Generate Flat Form (5.5) 

• Inheritance Navigation (7.2) 

• Typography-Encoded Details (8.5) 
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5.5 Generate Flat Form 

Synopsis 

Automatically create a complete summary of all class members from all parent 

classes. 

Problem: Context and Forces 

A user must understand the complete behavior of an object-oriented class to use it 

correctly. An integral part of the behavior of a class is found in the combined effect 

of all of the class' parents. That is, the behavior of a class is the sum of the behaviors 

of its parents, in addition to any behavior the class itself adds. Each parent, beginning 

with the root of the inheritance tree, specializes the semantics and behavior of the 

class through adding or redefining member functions. So despite being a static 

structure of the software, the analysis of the behavior behind a particular function call 

can be complex, and the user requires a comprehensive summary of the totality of the 

<. :ass definition. 

Solution 

For each class, generate a summary that lists all members from all parent classes. 

The listing of members must be both complete and concise to enable the user to both 

rely upon it and easily scan it. An example of an effective style of presentation for 

the listing can be seen in the example given for Generate Short Fonn (5.5) . Ideally, 

the listing would indicate the class that introduced the member, as well as the most

derived class that redefined it. 

Known Uses 

The Eiffel programming system was the first to coin the term "flat form'· for 

describing such listings [Meyer88]. The Cocoon and Doc++ documentation systems 

also generates this style of listing. 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 

• Overview lnfomiation (5.3) 
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• Generate Short Form (5.4) 

• Generate Inheritance Diagrams (5.6) 

5.6 Generate Inheritance Diagrams 

Svnopsis 

Automatically generate diagrams depicting the inheritance structure of the classes. 

Problem: Context and Forces 

Information about the inheritance structure of an object-oriented component is 

generally spread out within the source code, making it difficult to browse or 

summarize. Understanding the overall inheritance structure of the component is a 

critical first step to correctly using it because inheritance is the nexus of an object

oriented design, embodying and constraining its most crucial elements. The 

architecture of the component, the solution it implements, its complexity, and its 

flexibility are all communicated through the inheritance hierarchy. 

Manually forming a complete understanding of the inheritance structure through 

browsing the source code is a difficult, tedious, and error prone task. Parent classes 

are identified as part of a class declaration, and this results in the inheritance 

information being distributed throughout the source code. Since each class 

declaration contains only a small piece of the entire inheritance tree, the information 

from the scattered declarations must be combined in order to form a comprehensive 

view. 

Solution 

Present, in a graphic diagram, the inheritance structure of the classes within the 

component by using the extraction tool to automatically compile the information 

from the source code. The inheritance hierarchy can then be displayed as a simple 

tree diagram, using any standard graph layout algorithm: 

Patrems of Object-Oriented So/Mare Component Docume/ltation Page 54 



Polygon 

OpenPolygon ClosedPolygon 

Square Triangle 

Figure 6: Sample Inheritance Diagram 

The information in such diagrams is comprehensive-every class is listed and its 

inheritance relation to all other classes is apparent. As an added benefit, the class 

depictions in the diagram could be hyperlinked to its full documentation. 

Known Uses 

Both Cocoon and JavaDoc provide textual representations of the inheritance 

structure for eaci1 individual class. Although they do not create grapi1ic 

representations, they do demonstrate the feasibility of extracting the information 

needed to create the diagrams, as well as attest to their usefulness. 

Inheritance diagrams are also used by CASE tools such as Rational Rose and 

Select OMT (from Select Software Tools Ltd.) as both a design and a documentation 

tool. In the strictest sense, these CASE tools cannot be considered as a "Known Use'' 

because they are not documentation systems. However, since design documentation 

is one their key uses, it does serve as a model of the usefulness of inheritance 

diagrams. 

Related Patterns 

• Hvpertext (4.2) 

• Le\'erage Programming Language Semantics (4.5) 

• Diagrams and Illustrations (5.2) 

• Generate Flat Fon11 (5.5) 
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5. 7 Generate Call Dependency Diagrams 

Svnopsis 

Automatically generate diagrams depicting the inter-class dependencies in each 

library or component. 

Problem: Context and Forces 

Call dependencies are scattered throughout the source code, making it difficult for 

the client to understand the complex interactions between the parts of a component. 

For the component to serve its intended function, the classes and objects must 

become interdependent, or couple, by collaborating through function calls and object 

references to each other. Typically, components have numerous classes and many 

run-time objects, so the internal coupling between them leads to a high degree of 

complexity. The user must trace through chains of dependencies to understand the 

ways in which the component parts are coupled, and this is a difficult process when 

done manually because dependencies are generally strewn throughout the code. 

Understanding call dependencies provides three types of vital information to the 

component client. First, it illustrates the s•equence of control of the component 

calculations. Second, it clarifies points at which side-effects that change the system's 

state can be introduced. And third, it describes compile and build dependencies for 

the component. All of this information is important during the development process, 

especially during debugging and unless it is readily accessible the development work 

will be impeded. 

Solution 

To help the user understand the interactions between classes and objects within a 

component, automatically create diagrams depicting call dependencies using the 

extraction tool. The Generate Inheritance Diagrams (5.6) pattern has an analogous 

solution that can be referred to for details. 

Known Uses 

CASE tools, and compilers such as Microsoft Visual C++, provide graphic call 

dependency information. Although they are not, strictly speaking, documentation 
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systems, they illustrate the value of the infonnation for documentation purposes. 

Similarly, call dependencies are an indispensable tool for reverse engineering analysis 

[Chen+94]. 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 

• Diagrams and Illustrations (5.2) 

• Generate Inheritance Diagrams (5.6) 

5.8 Generate Evaluation Metrics (Proto-pattern) 

Svnopsis 

Automatically generate object-oriented code metrics to help potential clients 

evaluate the components. 

Problem: Context and Forces 

Due to a lack of objective infonnation, it is difficult for potential clients to assess 

the quality. stabilit:;1. and reliability of software components. Currently, potential 

clients have only four seriously-flawed sources of evaluation information available to 

them. The first source is testimonials from existing clients of the software 

component. Unfortunately, the potential client may not know of or have access to any 

current clients of the component whose needs closely match their own. As a second 

source, the potential client can use the marketing materials prepared by the 

component supplier, however such materials are, understandably, heavily biased in 

favor of the component. Third, independent reviews of the component from trade 

magazines such as Software Development and Unix Review can be examined. 

However, depending on the application area, the component of interest may never be 

reviewed. and if it is the review is not likely to go into enough depth to make an 

adequate assessment. As a final source of evaluation information, the client may be 

able to obtain an evaluation copy of the component, allowing them to perfonn 

analyses. experiments. and tests to determine its suitability. Of the four sources, this 

is the most useful because it allows the clients to assess the component in their own 

environment for their specific needs. Unfortunately, not all vendors proYide 
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evaluation copies. Nor is it guaranteed that problems that might arise in a full-scale 

implementation will be apparent through small isolated tests. Further simply 

performing the analyses and tests on the evaluation copy is a very time-consuming, 

and thus expensive, process. 

Committing to a component is a long-term investment for a client. Without 

sufficient information, the client may not chose the right component and will later 

either have to replace it or adapt their design to an ill-suited component. 

Solution 

Use the extraction tool to calculate object-oriented metrics which potential clients 

can use to describe and assess the component. As measurements of quality and 

complexity, metrics provide an objective source of evaluation data. The appropriate 

set of metrics to use must be determined by the component vendor, who must then 

modify the extraction tool to calculate them. There are many possible metrics that 

can be readily calculated, including: 

• Number of classes in the component 

• Average number of members per class 

• Average number of dependencies between classes 

• Average cyclomatic complexity of member functions 

• Lines of code (LOC) 

Historically, there have been many heated debates over the most meaningful way 

to calculate certain metrics such as LOC. To avoid misunderstandings, the vendor 

must describe precisely how each metric is calculated. 

Known Uses 

This pattern is an experimental proto-pattem because it has no known industrial 

uses. Nonetheless, the problem as outlined is serious and may be addressed by the 

proposed solution. Therefore, since a feasible approach has been demonstrated, it 

should be attempted. 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 
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5.9 Derive Class Characteristics (Proto-pattern) 

Svnopsis 

Automatically list the descriptive attributes that characterize each class. 

Problem: Context and Forces 

Many attributes of object-oriented classes can provide a quick orientation to users 

but because they are buried in the source code, they are usually not easily accessible. 

These attributes describe both usage and performance characteristics of the class, 

indicating: 

• If the class is abstract (cannot be instantiated) or final (cannot be sub-

classed). 

• If the class is a singleton. 

• The size, in bytes, of individual objects in a class. 

• If all the member functions are implemented in-line. 

To illustrate how easily informative characteristics can be overlooked within the 

source code, consider the following simplistic example: 

Class SorneClass 
{ 
:;;,ublic: 

SomeClass ( ); 
- SomeClass(); 
int a:'unctio:1 ( float x . floa t yl; 
int l e ngth() const; 

virtual void doMore (l = O; 

private : 
float _x ; 
floa:. _y; 

} ; /; So:neClass 

The "= O" in line 9 declares that this is an abstract class. This is vital usage 

information and the client should be alerted to it, since it limits the use of the class 

and indicates its role as an abstract concept. The syntax used by C++ in this case is 

for the compiler's benefit, not the reader's, and an engineer is unlikely to spot it 

while perusing the source code. 

Solution 

Use the extraction tool to analyze each class and then label it with descriptive 

attributes. Any attributes the tool has identified must be listed near the summary 
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information to supplement the overview documentation. Following is an example of 

a class' introductory documentation: 

SomeClass 
.-\bm-:ict, 8 byte object~ 

Following the heade; would be a block of text providing an overview description of the class . .. 

Short Summary 
SomeCl ass { 

); 

SomeCl ass (); 
-SomeCl ass(); 

int a Funcr. i on I float. x, floa t. y); 

int length ( ) cons t; 
void doMor e (); I I abstract 

The prominence of the attributes in this example sharply contrasts the original source 

code as seem in the problem statement above, and makes the information much more 

accessible to the user. 

In the source code, the extraction tool will look for attributes in one of two basic 

forms. First, the attribute may be explicit, called out by a keyword or other special 

syntax. Examples of this would include declarations of abstract and final classes 

within Java. In its second form, the information may be implicit within the class 

declaration or implementation. For instance, the declaration of C++ classes lists the 

data members, which can be used to calculate the size of instantiated objects. 

Similarly, the class can be identified as abstract if it has only protected constructors. 

Known Uses 

Modem languages like Eiffel and Java make such class characteristics a 

prominent part of the class declaration syntax. For C++ source code, the Cocoon 

system indicates whether or not each class is abstract or in-line. 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 

• Generate Evaluation Metrics (5.8) 
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6. Structure Documentation Patterns 

Abstract 

Structure patterns describe how the software component documentation should be 

partitioned, and how its parts should be linked together to fonn the hypertext topology. 

These patterns complement the Content patterns: while the Content patterns describe 

what is available, the Structure patterns describe how the content is accessed and 

traversed by the reader. Patterns like Map Organization to La.nguage Constructs (6.1) 

dictate aspects of the component documentation design by demanding that the final 

documentation produced by the extraction tool be structured in particular ways. Other 

patterns in this category-such as Generate Hyperlinks (6.5)-utilize the extraction tool 

to autornaiically produce the hypertext topology. 

6. 1 Map Organization to Language Constructs 

Svnopsis 

Structure the hypertext nodes and the links between them to parallel the 

programming language constructs used to implement the component. 

Problem: Context and Forces 

When readers are confused by the organizational layout of the documentation, 

they will devote needless effort trying to understand the documentation, rather than 

focusing on the component. As [Friendly95) notes in discussing the Java 

documentation system, the system must "support users well enough that their focus 

never [has) to shift from understanding the API to navigating the documentation." To 

achieve this goal , the documentation must be modular, that is, it must be divided 

"into separate, stand-alone sections that allow the user to select and use those 

sections fitting his or her particular interests and needs." [Simpson+88] However. 

designing the modules of the documentation involves two primary difficulties: 

ensuring that the user is always aware of the purpose and significance of each 

Pat1erns <l Ol~jecr-Orie111ed Sofa1·are Componenr Docume11rario11 Page 61 



section: and ensuring that the relation between two hyperlinked sections is clear 

[Thuring+91]. A lack of clarity in the organization or linking of the documentation 

will cause readers confusion and frustration, making it difficult to understand and 

navigate through. 

Solution 

Since the reader is already familiar with the programming language constructs, 

structure the documentation to parallel them, thereby facilitating the reader's 

formation of a mental model of its organization. The modules of the documentation 

should be based upon the organizing constructs of the language, and the main 

navigation paths should reflect the semantic relationships between them. By 

leveraging the user's existing knowledge about the programming language in this 

way, their use of the documentation will be more intuitive and natural. 
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C++ is used to illustrate how the organization of the documentation can parallel 

programming language constructs. The basic modules of the documentation should 

be organized around the class, since that is the central abstraction used in C++. 

Documentation topics provided by the author should be broken out into sub-modules 

that are accessed from the main class module. Similarly, complete documentation for 

member functions and data members should be partitioned into individual sub

modules and accessed through a short fonn listing of the class given in the main class 

modules. Additional hyperlinks need to be provided to connect the class 

documentation to related classes, including links to the class' parent classes, and 

links from member functions to classes used as arguments. The following diagram 

depicts the hypertext structure as outlined: 

Topic 1 

Class 
Module 

Short Form 
Listing 

Parent 
Class 

Argument 
Class 1 

Argument 
Class N 

Figure 7: Example of a Hypertext Organization 

Other language constructs fi t neatly into this basic documentation organization. just 

as they fit neatly into the language. For instance, for documentation purposes. C++ 

structs can be treated as mini-classes, and global functions and data can be treated 

analogously to class members. 
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This partial example illustrates how the semantics of the programming language 

are an integral part of the overall hypertext design, guiding the fonnation of both 

nodes and links . The resulting hypertext document has an intuitive structure for any 

engineer who is well versed in the language. 

Known Uses 

Cocoon, JavaDoc, and cxx2html all implement this basic organizational concept 

to greater or lesser degrees. Cocoon and cxx2html both use a short fonn listing as a 

navigation tool to access the full member function declarations. JavaDoc uses the 

language-support package construct to organize classes into subsystems and 

structures the documentation accordingly. All three provide linking to parent and 

argument classes. 

Related Patterns 

• Centralize Document Design (4.6) 

• Generate Jn.heritance Diagrams (5.6) 

• Generate Call Dependency Diagrams (5. 7) 

• Generate Hyper/inks (6.5) 

• Reveal Lexical Scope (6.6) 

6.2 Hierarchical Libraries 

Svnopsis 

In the documentation, provide a mechanism for grouping related classes together 

to form subsystem libraries. 

Problem: Context and Forces 

Complex components contain numerous classes that are typically partitioned into 

libraries (i .e., modules, subsystems. packages) and the documentation should parallel 

this structure: unfortunately, not all programming languages directly support 

libraries, so the needed infonnation is not available in the source code. To manage 

their complexity, components are broken down into libraries, thereby allowing for a 

separation of concerns between its parts. If a component is complex enough to 

warrant its subdivision into libraries. it follows that its documentation will certainly 
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be equally complex and require a similar subdivision. Components written in 

languages such as Java or Ada are directly supported by such hierarchical 

composition, so the documentation can simply parallel the organization specified in 

the source code. However, for languages such as C++ that lack such a facility, the 

author needs to superimpose a library structure from outside the source code. 

Solution 

Utilize the extraction tool to create a hierarchical library structure within the 

component documentation to help manage its complexity. Before the tool can be 

used, it must first be modified to read a specification of the library structure and to 

output the final documentation in accordance with it. The structuring information can 

be provided to the extraction tool through a number of different mechanisms. For 

example, the extraction tool can read a configuration file containing the structure 

data, or the data can simply be embedded in comment-directives within the source 

code. Once the extraction tool has the information, it can produce a hypertext page 

for each library, and within each page provide hyperlinks to each of the classes 

contained in the library. 

The structure data required by the extraction tool describes a core hierarchy of 

software artifacts, with the component itself at the top, the individual classes at the 

bottom, and libraries in between. However, important information about the libraries 

is still missing. Full documentation for each library would include an overview. a 

tutorial or use-case descriptions, and some description of how this library fits into the 

design of the component as a whole. The reader needs to know each library' s 

purpose. and how it is used within the component. And it is the author's 

responsibility to embed this documentation in the source code (see Embed Contenr in 

Source Code ( 4.3 )) so the extraction tool can insert it into the final form of the 

documentation. For consistency, it is suggested that the format of the embedded 

library documentation be the same as that used for the class docll:mentation. On the 

next page is an example of library documentation that matches the class 

documentation example in section 4.3. 
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f•--------------------------------------------------------------------------
LI5 ~>,RY 

MyLi br a ry 

This library is part of t he MyComponent s oftware package . 

OVERVI EW 
Thi s section descrioos the purpose a nd genera l cha r a c ter iscics 
of MyLibrary . 

HOW TO USE 
Th i s s ecti on provi des use-case e xampl es . 

-------------------------------------------------------------------------·! 
Known Uses 

The Cocoon documentation system supports the addition of a library structure to 

C++ documentation through the use of an external configuration file. The elaborate 

compilation systems needed to support C and C++--which lack inherent library 

constructs-also make use of external configuration files called "makefiles". 

Complementing these uses of the pattern, the value and need for hierarchical library 

structuring is recognized by the Booch analysis and design methodology, which 

includes the concept of a cla~.~ category for grouping related classes. 

Related Patterns 

• Embed Content in Source Code ( 4.3) 

• Leverage Programming Language Semantics (4.5) 

• Directed and Exploratory Navigation (4. 7) 

• Tutorial Information with Examples (5.1) 

• Overview Jnfonnation (5.3) 

• Map Organization to Language Constructs (6. I) 

6.3 Link to External Documents 

Synopsis 

Join supplementary documents to the component documentation through 

hypertext links. 

Problem: Context and Forces 

Providing the user with complete and easily accessible documentation is difficult 

with traditional documentation techniques (the printed page), particularly when 
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integrating external documentation sources. External sources of important 

infonnation include design or requirements documents (see section 3.2), ANSI or 

ISO standard specifications, documentation for the programming language, and 

documentation of any third-party software used within the component. In traditional 

documentation, referring to such sources requires the reader to first find the correct 

manual and then look up the needed information. This is time-consuming and 

interrupts the learning process. 

Solution 

Use hypertext links to merge external documentation with component 

documentation, creating a seamless information space for the reader. From the 

reader's point of view. the external documentation will be fully integrated with the 

component documentation, and accessing it will not require any interruption of their 

problem-solving activities. Using hypertext links in this way has two limitations, 

however. The primary limitation is that the external docum~ntation must be 

accessible and in an on-line format compatible with the component documentation. 

For example, if. as is suggested by the Distribution via the Web ( 8.2) pattern, the 

component documentation is presented as HTML Web pages, the external 

documentation must also be accessible from the Web, ideally in HTML format as 

well. The second limitation is that the external documentation must be topic

addressable: that is, the hypertext linking mechanism must be able to refer not only 

to an entire document, but also to individual topics within a document. Suppose the 

external documentation from the previous example is in PDF format; because of the 

way the HTML hyperlinking mechanism operates. the external documentation will 

only be able to be referenced in its entirety. Thus, the reader would have to sort 

through the contents of the whole document. rather than being conveniently directed 

to the precise topic of interest. These limitations are serious, but considered short

tern1 because of the growing popularity of the Web. 
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Known Uses 

Cocoon, JavaDoc, cxx2html all allow the author to insert HTML URLs directly 

into the documentation text, seamlessly integrating the component documentation 

with all the information available on the Web. 

Related Patterns 

• Hypertext (4.2) 

• Directed and Exploratory Navigation (4. 7) 

• Distribution via the Web (8.2) 

6.4 Backtracking 

Svnopsis 

Provide the user with links that backtrack to related, higher levels of 

documentation. 

Problem: Context and Forces 

In searching for particular pieces of information within a hypertext document, 

readers will sometimes pursue unproductive navigation paths, and it is difficult for 

them to retrace their steps when the documentation system lacks efficient 

backtracking mechanisms. The documentation system is composed of the hypertext 

browser and the hypertext document itself, and either of these elements may contain 

backtracking tools. Unfortunately, hypertext browsers typically provide inadequate 

tools, such as: history lists which generally require the reader to backtrack through 

each individual step; and bookmarks which are tedious for the reader to manually 

administer. And there is no guarantee that the backtracking hyperlinks within the 

document itself will be consistently available since they will only exist if the author 

manually creates them. Without adequate mechanisms, readers are forced to start 

their search over at the top of the documentation each time they wish to backtrack-a 

tedious and time-consuming method. 

Solution 

Use the extraction tool to insert, within each module, hyperlinks to higher levels 

of the documentation, thereby providing the reader with convenient reference points 
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for backtracking. The extraction tool must be modified to consistently add to each 

page some standard design element containing backtracking links. These links will 

connect to programming language constructs higher up in the software hierarchy of 

the component. As an example, for a member function page, the links should step up 

through the hierarchy tree as follows: to the class containing the function, the library 

containing the class, and the component containing the library. Links can be offered 

through a navigation menubar appearing at the same position on each page, but 

connecting to the class, library, and component that are appropriate for the function. 

Through the consistent use of such backtracking links, the documentation system 

supports the reader by making document exploration faster and more convenient. 

Known Uses 

Cocoon and JavaDoc both provide backtracking links on all class and function 

(logical) hypertext pages. These links connect to the class, and the library or package 

containing the class. Similarly, Microsoft 's standard on-line ht::lp browser provides 

the reader with constant access to a standard set of pages that are ideal for starting an 

information search, thus supporting easy backtracking. 

Related Patterns 

• Hypertext (4.2) 

• Centralize Document Design (4.6) 

• Directed and Exploratory Navigation ( 4. 7) 

• Map Organi:::,ation to Language Constructs (6. J) 

6.5 Generate Hyper/inks 

Synopsis 

Automatically hyperlink each occurrence of a software artifact's name to its full 

documentation. 

Problem: Context and Forces 

Creating the hypertext links for each of the numerous connections between the 

software artifacts in a component is extraordinarily tedious. Speaking generally about 

the process of hypertext authoring, [Jordan+89] states: 
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"One disadvantage of building ... structures in hypertext is 

the high cost, or 'cognitive overhead', the [author] pays in 

performing tasks such as creating . .. links ... " 

For software component documentation, the problem is exacerbated by the large 

number of interconnections between artifacts [Sametinger+95] leading to a 

correspondingly high number of hyperlinks. Additionally-and unfortunately

tedious tasks such as creating hyperlinks are often indefinitely postponed by the time

pressed engineer authoring the documentation. 

Solution 

Utilize the extraction tool to automatically insert hyperlinks connecting each 

appearance of an artifact's name to its full documentation. The extraction tool must 

be modified to output the links-a task it can easily achieve since it must already be 

aware of the name of each artifact as well as the location of its full documentation in 

order to create the final docur.entation. 

The automatic hyperlinking can be done for any of the named software artifacts in 

a component. including classes, functions, packages, libraries, data members, 

member functions, global variables, and arguments. For small artifacts like data 

members and member funct ions, the extraction tool should only insert hyperlinks 

within the scope of the documentation for their containing structure. For example, 

hyperlinks to member functions and data members should only be inserted within the 

context of the documentation for the class declaring them. It is unlikely that the 

members will be referenced outside of this scope, and by eliminating the external 

links the overall number of hyperlinks remains manageable. 

Fully automating the production of these links will relieve the author of menial 

work without sacrificing the navigation needs of the reader. 

Known Uses 

Cocoon, cxx2html, JavaDoc, and Doc++ all perform automati.c hyperlinking 

based on the names of artifacts. 

Pauem s tf Ohjecr-Oriemed· Software Compo11e111 Documemario11 Page 70 



Related Patterns 

• Hypertext (4.2) 

• Automate Tedious Tasks (4.4) 

• Directed and Exploratory Navigation ( 4. 7) 

• Map Organization to Language Constructs (6.1) 

6.6 Reveal Lexical Scope 

Svnopsis 

Structure the documentation to reflect the lexical scope of the software artifacts 

within a component. 

Problem: Context and Forces 

Programming languages define rules for lexical scoping which determine when 

artifacts are accessible, or visible, to other artifacts, and if the documentation does 

not accurately reflect this scoping, the reader will be unaware of important usage 

restrictions and will make design and coding decisions based upon incorrect 

assumptions. Usage restrictions result from many different lexical scoping rules, 

including: 

• Whether class members are public (available to all external clients of 

the class), protected (available only to functions of derived classes), or 

private (available only to the class implementation). 

• Whether a plain function is global (available to any other function) or 

static (available only to functions defined in the same source code file). 

• Whether one class is nested within another, and thus subject to the 

public/protected/private scoping rules. 

• Whether a Java class is private to a package or is available to any 

external client. 

Misunderstanding the scope of an artifact can lead to serious consequences, from 

design errors in the inheritance hierarchy. to syntax errors that can only be fixed by 

detailed analysis of the component source code. to class visibility problems in the 
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component distribution. It is vital that the documentation clearly indicate the scope of 

each artifact to avoid such errors and the time required to correct them. 

Solution 

Make the visibility of each artifact clear to the reader by grouping together items 

with the same scope, and/or by explicitly labeling artifacts to indicate their scope. 

The grouping technique presents the information in a concentrated, but easily 

understood format. The following example illustrates one way that lexical scoping 

can be clarified through grouping: 

class Stack 
{ 

public: 

Stackitern& 
void 
void 

protected: 
voic 

private: 
Stack Item• 
int 
int 

}; II Stack 

Stack (); 
-srnck(); 
pop ( I; 
push(Stackitern& newltem); 
clear() ; 

growStack (int newsize); 

_data; 
_currentSize; 
_cur~entAllocation; 

The labeling technique, in contrast, is more explicit and forceful, as illustrated by the 

following sample of the documentation for the pop() function: 

Stack Item& Stack::popQ Publicly available 

This function pops the most recently pushed item from the stack and returns it to the caller. If the stack is 
empty, calling this function causes an exception to be 
raised. The caller is responsible for deleting the returned object when they are 
finished with it 

Either of these techniques makes an artifact's scope clear, but, as has been shown, 

they are not mutually exclusive. The author of the documentation extraction tool 

must carefully decide on the strategy to be used for representing the lexical scope of 

each artifact as part of the overall documentation design: the presentation of scoping 

information must be consistent with the style and layout of the entire document. 

Known Uses 

Cocoon, cxx2html, and JavaDoc all clearly present lexical scoping information in 

the documentation. (Cocoon chooses to represent the scope of private class members 
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by omitting them altogether, since the external component clients will not have 

access to them.) 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 

• Generate Short Form (5.4) 

• Generate Flat Form (5.5) 

• Map Organization to Language Constructs (6.1) 

6. 7 Typed Links (Proto-pattern) 

Svnopsis 

Classify hyperlinks by type to enable more directed, selective navigation through 

the component documentation. 

Problem: Context and Forces 

When engaged in browsing a hypertext document. readers often know the specific 

type of information that they are searching for, but must manually sift through all of 

the hyperlinks available to them even though only a handful of the links are relevant 

to their specific search. Additionally, since hyperlinks are typically displayed on the 

screen with a typographic marker such as an underline or a different color, when 

many hyperlinks are visible the screen can become visual cluttered. When the reader 

is searching for a specific type of information- for example, links to documentation 

for any third-parry software used by the component-the visual clutter can easily 

occlude the links being searched for. Without some way to manage the complexity of 

the displayed hyperlinks. the reader may never recognize the hyperlinks they are 

seeking. 

Solution 

Tag each hyperlink with data indicating the type of information it connects to, so. 

based on the user's needs, the hypertext browser can filter out unnecessary links. The 

idea of classifying hypertext links was first raised in [Parunak.89]: 

"If links are classified by different types, the topology induced by 

links of any one type may be much simpler than the overall 
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topology of the entire system .. . The insight for hypermedia is that 

a hyperbase structured as a set of distinguishable hierarchies will 

offer navigational and other cognitive benefits that an equally 

complex system of undifferentiated links does not. .. " 

By locally simplifying its topology, the hypertext will better facilitate directed 

searches, and reduce screen clutter. 

Unfortunately, not all hypertext specification systems currently allow 

hyperlinks to be tagged with type information (HTML for instance), so the 

applicability of this pattern is limited. 

Known Uses 

Despite its currently limited applicability, this proto-pattern solves problems in a 

way that is similar to other, more established patterns. The idea of filtering 

infonnation is also found in the Generate Short Form (5.4) pattern; the data in the 

short fonn is filtered from the complete data available in the flat form to provide the 

reader with easy access to a specific, limited type of infonnation. This precedent 

illustrates the potential value of this pattern. 

Related Patterns 

• Hypertext (4.2) 

• Directed and Exploratory Navigation ( 4. 7) 

• Generate Short Fonn (5.4) 

• Generate Flat Fonn (5.5) 

• Generate Hyperlinks (6.3) 
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7. Search Documentation Patterns 

Abstract 

Search patterns describe services in the documentation system which aid users in finding 

information of interest. Most of the patterns in this category are meant to support 

navigation that is not clearly directed and more intuitive, where the user's knowledge of 

exactly what they are searching for may be not be clear. Examples of these pattems 

include Keyword Cross-reference (7.1), and Full-text Search (7.3). 

7. 1 Keyword Cross-Reference 

Svnopsis 

Provide a mechanism to help clients find classes in a component within categories 

of interest. 

Problem: Context and Forces 

Complex components may consist of many classes, each with a well-defined 

purpose and limited scope of responsibilities and interactions with other classes, and 

finding a particular class within such a large set can be difficult. For instance, GUI 

frameworks can easily have 50 to I 00 classes or more. While clients may not recall 

or know the exact name of the class, they usually know something of its purpose or 

how it fits into the component. What they require is a mechanism to help them use 

this general knowledge to identify the class of interest. 

Solution 

Categorize each component by using keywords that describe it. The keywords can 

be combined in boolean expressions by the client to identify a set of cl.asses of 

interest through the use of a dynamic search engine. Simpler, ye_t still effective. 

methods can also be used. A straightforward index, like those found in virtually all 

textbooks, can be a particularly effective approach for hardcopy documentation. In a 
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hypertext document, the index entries can be hyperlinked to the complete class 

documentation. 

In keeping with the "Embed Content in Source Code" pattern in section 4.2, the 

keywords describing a class should be specified as part of the in-line commenting 

text for the class and extracted by the cross-reference query mechanism. Following is 

an examples of how such keywords might be specified: 

/·----------------------------------- --------------------------------------
CLASS 

BezierSurface 

Objects o f this class r epresent a 3D Bezier surface . 

KEYWOR!)S 
Surface, free-form, geome try, face, Bezier 

DESCRIPTION 

Known Uses 

Cocoon produces a keyword cross-reference Web page for each library of classes 

it processes, and supports simple boolean queries. On-line help systems and most 

reference manuals typically contain index listings. 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Generate Keyword Cross-reference (7.5) 

7.2 Inheritance Navigation 

Synopsis 

Provide an efficient, convenient means to quickly navigate through the inheritance 

structure for a given class. 

Problem: Context and Forces 

Usage information for a class is often spread throughout the classes in its 

inheritance hierarchy, and unfortunately navigating up and down an inheritance tree 

one link at a time can be slow and cumbersome, especially for deep and/or wide 

trees. For deep inheritance trees, many parent classes must be visited. as illustrated 

by the following sample tree: 
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Class A 

Class B 

Class C 

Class D 

Figure 8 : A Deep Inheritance Hierarchy 

In this example, a reader beginning with class D must move three steps up the chain 

of inheritance before accessing the root parent, a common need especially when the 

root parent is an abstract class. In contrast, wide trees have a high fan-out rather than 

many-Je,:eled inheritance: 

Class D 

Figure 9: A Wide Inheritance Hierarchy 

Suppose that the reader is trying to contrast the behavior of class B against that of its 

sibling classes: for each switch between siblings two links must be followed, the first 

to the parent, and the second down to the new sibling. 

In both these scenarios, and also in more moderate cases, many links must be 

followed to move within the inherjtance tree. The total time readers spend 

navigating-an activity that does not directly increase their knowledge or 

understanding of the classes-is proponional to the number of links they must 
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follow. Navigation time can be minimized by reducing the number of individual 

links the user must follow. 

Solution 

Use the extraction tool to create inheritance diagrams whose nodes are 

hyperlinked to their corresponding documentation, thus providing the reader with 

one-step access to the classes related to any given class. Refer to the Generate 

Inheritance Diagrams (5.6) pattern for information on creating the inheritance 

diagrams. To determine the proper placement of the diagrams, the documentation 

designer must select an alternative consistent with the overall design. Viable 

placement alternatives include: 

• Place the relevant diagram within the class' main documentation page. 

• Provide a hyperlink on the main documentation page to access a different page 

containing the diagram. 

• Use a separate frame to continually display the ir,heritance diagram appropriate to the 

class being examined. 

With a conveniently placed, hyperlinked inheritance diagram, the reader has 

immediate, direct access to all ancestors and descendants. 

Kno,,rn Uses 

Cocoon hyperlinks each node of the textual inheritance tree it creates to the 

corresponding documentation. Although they are not meant explicitly for 

documentation, C++ compiler IDEs provide a similar class browsing capability. 

Likewise, object-oriented CASE tools such as Rational Rose provide graphical 

means of directly navigating through an inheritance hierarchy. 

Related Patterns 

• Directed and Exploratory Navigation ( 4. 7) 

• Generate Inheritance Diagrams (5.6) 

• Map Organization to Language Constructs (6.1) 

• Generate Hyper/inks (6.5) 
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7.3 Full-text Search 

Svnopsis 

Provide utilities to search through the full text of the documentation. 

Problem: Context and Forces 

The structured search tools typically provided with component documentation

such as keyword cross-references, indices, and tables of content-are of little use 

when the reader needs low-level details that are either in an unpredictable location or 

spread throughout the documentation. For instance, suppose the reader is trying to 

determine which classes throw a particular exception. Structured search tools cannot 

find this information: a cross-reference can only find a single class, and it is unlikely 

that the exception of interest is listed as a keyword; and indices do not necessarily list 

all occurrences of the item. Or suppose the reader needs to know where a particular 

file-name is used within the component, but has no clear notion of where to begin 

looking or what topic to search for. 

These examples show that not all reader search needs can be adequately addressed 

by directed, high-level search mechanism such as indices. So, lacking a general, 

flexible tool , the reader will be forced to resort to tools and techniques outside the 

scope of the documentation system. 

Solution 

In the documentation system, include a mechanism for performing an exhaustive 

search of both the documentation text and source code of the component. The 

mechanism used to perform the search can be selected from any number of existing 

technologies-for instance the Unix grep utility, or the WAIS tool. The 

documentation designer must choose a mechanism that is consistent with the overall 

design. A full-text search utility provides three important advantages to the reader: 

I. The ability to perform specific searches that are not otherwise directly 

supported by the documentation system. 

2. The ability to find candidate locations for beginning a more directed 

search. 
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3. And the ability to directly answer important questions. 

General tools such as the full-text search are important because they can 

accommodate user needs that are not foreseen by the designer of the documentation 

system. 

Known Uses 

Although they are not currently integrated with component documentation 

systems, the Unix grep utility and the WAIS tool are popular, general tools used for 

full-text searches. On-line help systems, such as that provided by Microsoft, typically 

provide the same basic capabilities but are tightly integrated with the documentation 

system. 

Related Patterns 

• Directed and Exploratory Navigation (7.x) 

• Keyword Cross-reference (7. I) 

• Inheritance Navigation (7.2) 

• Generate Index (7.4) 

7.4 Generate Index (Proto-pattern) 

Svnopsis 

Automatically determine which words and phrases in the component 

documentation are most significant and generate an index from them. 

Problem: Context and Forces 

A document index is a vital, heavily relied-upon tool, but unfortunately for the 

documentation authors creating it, it is as [Simpson+88] describes it, "an exercise in 

drudge work." The author must explicitly identify each individual word or phrase 

that is to be included in the index, and then manually mark each occurrence

throughout the entire text-of the word or phrase that should be referenced by the 

index entry. Finally, the author must compile all the occurrences into a completed 

index. Although word-processing systems (when available) typically can automate 

this last step. the preceding steps cannot be automated, so the preponderance of the 

effort must be carried out manually. While an index is an expectation of, and an 
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indispensable tool for the reader, the author may dramatically scale back its scope, 

due to the amount of eff on it requires. 

Solution 

Use the extraction tool to analyze the full text content of the documentation, 

determine which words and phrases are significant, and then automatically create an 

index. The extraction tool always has complete access to the full text of the 

documentation so it can easily be modified to perform an analysis of its contents. The 

difficulty is in identifying the words and phrases that are important enough to belong 

in an index. 

To overcome this difficulty, [Sembugarnoorthy+92] describes a statistical 

technique that automatically indexes a document called Latent Semantic Indexing 

(LSI). In the LSI analysis of the document text, every word in the document becomes 

a keyword and is weighted 

"by the amount of information it conveys. Thus, commo!lly occurring 

terms receive very low weights relative to infrequent, but more precise 

terms. [LSI] adds power to full-text retrieval by combining it with a 

statistical technique that automatically constructs a similarity space in 

which words with similar meanings are in close proximity. Thus, the end

user's query terms and the terms in the .. . document do not have to match 

for the artifact to be found .. . What is needed to use LSI for software reuse, 

is to build some relatively straightforward text preprocessors designed to 

handle ... source code, requirements, and design documents." 

Although the LSI technique has only been applied to documentation for reuse 

efforts, the principles can be applied to any documentation, including component 

documentation. The extraction tool must be modified to preprocess the 

documentation text as it is being compiled for its final output form, and to then 

perform the statistical analysis of the LSI method. These modific_ations will automate 

an important, yet onerous, task for the documentation author. 

Patterns of Objec1-0rien1ed·Scfni-arc Componem Dornme11rario11 Page 81 



Known Uses 

The LSI indexing technique is not used by any industrial component 

documentation system as yet, but it has been tested in code-reuse environments and 

found to be very useful [Sembugamoorthy+92]. Although this pattern is 

experimental, because of its potential for saving the author significant effort and 

because its implementation is relatively straightforward, it is valuable and worthy of 

implementation. 

Related Patterns 

• Automate Tedious Tasks (4.4) 

• Full-text Search (7.3) 

• Generate Keyword Cross-reference (7.5) 

7.5 Generate Keyword Cross-reference (Proto-pattern) 

Svnopsis 

Automatically parse class names to create a minimal list of cross-reference 

keywords. 

Problem: Context and Forces 

Keyword cross-references are very valuable tools (see Keyword Cross-reference 

(7.1 )), but when retro-fitting them to a large, existing code-base, specifying all the 

keywords for each individual class is tedious and time-consuming work. The need 

for retro-fitting is widespread, due to the general lack of emphasis placed on 

documentation. These poorly documented code-bases may contain hundreds of 

classes, each of which must be examined and described with keywords. 

Solution 

Use the extraction tool to automatically create cross-reference keywords by 

deconstructing class names. This is a limited solution in that it will certainly not yield 

all of the best keywords for the class. However, class names, if chosen carefully, do 

convey a great deal of important information. Consider the example used for the 

Keyword Cross-reference (7.1) pattern: 
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/·-------------------------------------------------------------------------
CLASS 

BezierSurface 

Objects of this c l ass represent a 3D Bezier surface. 

KEYWORDS 
Surface, free- form, geometry, face, Bez ier 

DESCRIPTION 

In this simple example, the class name contains the two most descriptive of the five 

keywords. 

The extraction tool can easily parse the class names, but the author of the tool 

must first decide on a reasonable set of parsing rules. The author should examine the 

code-base(s) being processed to see if the names of the classes follow any convention 

or scheme from which parsing rules could be devised. As an example, the following 

three parsing rules work reasonably well for one of the common class naming 

convention: 

I . Changes in case between consecutive letters mark word boundaries. 

This was the main rule used in the previous example to derive the 

keywords "Bezier" and "Surface" from the class name 

"BezierSurface." 

2. Words must contain more than three letters, at least one of which must 

be a vowel. This rule acts as a filter to reduce the number of keywords 

incorrectly identified, and is especially effective in screening out 

prefixes that are used to avoid namespace collisions ("rwStack", 

"mfcString", or "oglPolygon"). 

3. Words consisting only of upper-case letters are considered to be 

acronyms, not keywords. 

These simple rules are not foolproof, and are dependent on the consistent use of a 

naming convention throughout the code-base, as well as on the careful, thoughtful 

naming of the classes. However, with a small amount of effort invested to modify the 

extraction tool so it can perform the name parsing, a useful, though minimal, 

keyword cross-reference can be created. 
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Known Uses 

Cocoon implements the parsing rules presented above to produce keywords from 

class names. It has been successfully used to automatically create reasonably 

populated cross-references for legacy code-bases. 

Related Patterns 

• Automate Tedious Tasks (4.4) 

• Keyword Cross-reference (7.1) 
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8. Presentation Documentation Patterns 

Abstract 

Presentation patterns specify how the documentation should look with regard to its 

graphic design, typography, and layout. Patterns like Maintain Consistency (8. 1) are 

similar to the generative patterns in that it describes general principles, but dissimilar 

because it is restricted to issues of presentation. In contrast, most of the presentation 

patterns are very specific, and offer concrete guidance, such as the Distribution via the 

Web (8.2) and Readability through Typography (8.4) patterns. 

8. 1 Maintain Consistency 

Svnopsis 

Maintain consistency in the visual appearance of the documentatio:i. 

Problem: Context and Forces 

Documentation with an inconsistent appearance will disorient and confuse 

readers, diverting their attention from their learning and research tasks. Inconsistency 

results when two pages are documenting similar items but differ in appearance with 

respect to issues such as the layout and ordering of elements like headers within each 

page. or the way in which typography or color are used. As an example, suppose that 

the class short form summary is included as part of the main class page for all but a 

small set of classes. The documentation differences would erroneously imply a 

corresponding difference between the classes themselves which the reader would 

then pursue, possibly even hypothesizing incorrect distinctions between them. 

[Foehr+86] underscores the importance of visual consistency when he states that: 

··To augment the format":, analytical organizational structure, a visual 

framework is needed. Well-executed documentation has a 'consistent look· ... 

Online documentation ... requires that formats be designed in such a way that 

there is resemblance among all of them ... Consistency is crucial.·' 
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Inconsistency distracts readers from their primary task and may even mislead them, 

thereby reducing the effectiveness of the documentation. 

Solution 

Maintain consistency throughout the documentation, including that produced 

automatically by the extraction tool and that produced manually by the author. The 

documentation produced by the extraction tool sets the standard for the presentation 

since it must be deliberately designed to create consistent documentation (refer to the 

Centralize Document Design (4.x) pattern for more details). It is thus incumbent 

upon authors to be vigilant in ensuring that the documentation they produce is 

consistent with what is produced by the extraction tool. 

Authors can examine the output of the extraction tool or read its documentation to 

become familiar with its presentation conventions, and then follow those conventions 

while they write documentation. For example, if the extraction tool systematically 

,.epresents programming language keywords in bold typeface, the author must do 

likewise in the documentation they create, and further, must avoid the use of bold 

typeface for other, conflicting purposes. 

The effort devoted to consistency by the author(s) of the documentation and the 

extraction tool is required to ensure the effectiveness and clarity of the 

documentation. 

Known Uses 

Consistency is a cardinal rule of document design, and is apparent in every 

effective hardcopy manual and on-line help system available today. 

Related Patterns 

• Centralize Document Design (4.6) 

• Icons, Headings and Colors Mark Nodes (8.3) 

• Readability through Typography (8.4) 

• Tvpography-Encoded Details (8.5) 

• Allcm· Typographic Control (9.3) 
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8.2 Distribution via the Web 

Svnopsis 

Use Web pages on the Internet to provide access to the most current version of the 

documentation. 

Problem: Context and Forces 

Without an adequate presentation mechanism, the documentation system cannot 

provide convenient and prompt access to the current version of the documentation. 

An adequate presentation mechanism meets a set of four stringent requirements: 

1. Hypertext Support 

The documentation must be structured as a hypertext document to support 

reader navigation needs. Refer to the Hypertext (4.2) pattern for a full 

discussion of this requirement. 

2. Portable 

The presentation mechanism must be available on all major hardware and 

operating system combinations to accommodate clients' different 

environments. In particular, the hypertext browser must operate in all 

environments because it is the main tool used to read the documentation. 

Refer to the Environment Independence (4.1) pattern for more information. 

3. Accessible Source Material 

The text of the documentation (i.e. the actual physical representation of it) 

must be immediately available to the reader. Although an obvious 

requirement, accessibility can be hindered when not in the forefront of the 

author's mind. Hypertext files that are not available at a client's workstation 

have as little value as paper documentation that has been lost. 

4. Current Jnfonnation 

To make the maintenance of the documentation a manageable task for the 

component provider. and to ensure that it is kept current, the presentation 

mechanism should rely on a single, or very small number of locations for the 

documentation to reside. Refer to the discussion concerning the dual 
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maintenance problem in the Embed Content in Source Code ( 4.3) pattern for 

more details. 

These four non-functional requirements constrain the choice of presentation 

mechanism by defining its operational parameters. Thus, the mechanism will ensure 

users' accessibility to the documentation, which, to the documentation system as a 

whole, is as important as providing a graphic layout tool. 

Solution 

Distribute the documentation as HTML Web pages to ensure its universal 

availability. The HTML delivery format satisfies aJI four of the requirements 

identified above. First, HTML Web pages support hypertext linking. Second, HTML 

is a portable format that is neutral to the operating systems and machine 

architectures. Additionally, Web browsers are available on all major platforms. 

Third, with a reliable, high-speed Internet connection, the content is easily accessible 

to the Web browser. Fourth 2.11d finally, the Web pages can be stored at a single ~ite, 

or on a small set of mirror sites, ensuring that the material can be easily maintained. 

Known Uses 

Cocoon, cxx2html, and JavaDoc all use HTML Web pages to distribute the 

documentation they produce. The industry, overall, tends to be using the Web as the 

de facto repository for all documentation. 

Related Patterns 

• Environment Independence ( 4. 1) 

• Hypertext (4.2) 

• Structure.for Physical Management (8.6) 

8.3 Icons, Headings, and Colors Mark Nodes 

Svnopsis 

Use pictorial icons, standard headings, and/or colors to mark the context and 

purpose of hypertext nodes in the documentation. 
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Problem: Context and Forces 

Readers can easily become lost or confused in large hypertext documents unless 

the various organizational elements of the documentation are easily identifiable. 

Elements that are easily identifiable "can be identified through cues independent of 

their content (that is, without reading the words that make them up)." [Shirk88] 

While elements like inheritance diagrams have a unique appearance, many others do 

not. Without visual markers, distinguishing between elements such as short and flat 

form summaries, individual class topics, or main class and library pages, would 

require readers to closely examine the content of the pages in order to determine their 

exact purpose; their work would be interrupted and an unnecessary level of 

uncertainty would be introduced into the learning process. The reader may even be 

left with incomplete and faulty information if, for example, s/he misinterprets a class 

short form as a flat form. 

In order to assist the reader in quickly identifying the page they are viewing. it is 

imperative that the visual cues provided in the documentation be immediately and 

easily visible at a casual glance. However, it is equally important for the visual cues 

to be unobtrusive-something that the reader can easily ignore once they have been 

seen and noted. As an example of an obtrusive cue, suppose that all headings blinked 

rapidly in order to make them easily visible, yet the blinking was so distracting to the 

reader that s/he could not concentrate properly on the content of the page. 

Solution 

Use icons, headings, and/or colors as locality cues to differentiate between 

visually similar organizational elements in the documentation. The author can select 

any one of a number of cueing schemes that use highly visible and unobtrusive cues. 

The following two examples illustrate some ways in which icons. headings, and 

colors can he used as locational cues. 

One way to distinguish between short and flat form summaries is to clearly label 

each with prominent headings and present them using unique colors. Headings are 

one of the best overall tools for orienting the reader within a document and are 
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equally effective in differentiating between visua11y similar elements of 

documentation. Summarizing the purpose and use of headings, [Simpson+88] says: 

"A key contextual cue is the selection and placement of . .. headings. 

(Headings] should be explicit and used liberally. This helps the user stay 

oriented during reading and provides locational cues for browsers who 

are .. .in search of a specific subject." 

An additional tool for orienting the reader in this example is color-different colors 

can be used for either the summary text or the background color of the pages. Color 

should not be relied upon exclusively, but can be successfully used to augment other 

location-cueing mechanisms. 

Individual topics of documentation can be distinguished from each other through 

the use of icons. A particular iconic image can be used to label a topic throughout the 

documentation. The icon and the topic heading should always appear together in 

order :o I) create the association between the icon and the topic in the reader's mind, 

and 2) provide a redundant locational cue. Icons enhance text headings in that they 

"attract attention to specific areas of the page or screen and provide 'controlled 

emphasis' to the document." (Simpson+88] 

Since the extraction tool creates the final form of the documentation, most of 

these formatting conventions can be implemented with it, to ensure their consistent 

application throughout the documentation .. In fact, the extraction tool can allow the 

author to selectively customize some aspects of the locational cues, and guarantee 

that the customizations are applied consistently. Authors may want to control, for 

instance, which iconic images appear with which topics, or what colors are used. The 

author may specify the details of the locational cueing scheme as long as the design 

of the document makes the reader's location easily, constantly, and consistently 

known to them. 

Known Uses 

Both Cocoon and JavaDoc make extensive use of icons and headings as locational 

cues. In addition, Cocoon allows the author to customize page background colors on 
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a library per library basis. Most well-written hardcopy documentation uses icons to 

mark items such as examples and important sidebar comments, as well as headers 

which identify not just sections, but also each individual page. 

Related Patterns 

• Hypertext (4.2) 

• Centralize Document Design (4.6) 

• Tutorial !nfonnation with Examples (5.1) 

• Overview lnfonnation (5.3) 

• Generate Short Fonn (5.4) 

• Generate Flat Form (5.5) 

• Generate Inheritance Diagrams (5.6) 

• Maintain Consistency (8.1) 

8.4 Readability through Typography 

Svnopsis 

Graphically represent the textual information clearly and effectively. 

Problem: Context and Forces 

Some of the most important information found in component documentation is 

represented in the syntax of the programming language, including examples and 

short form listings. The special punctuation and syntax of programming language 

presents some special problems and concerns for the graphic design of the 

documentation. The visual presentation of documentation text must be amenable to 

quick understanding by the reader. "Visual form matters. Effective representation 

and presentation aids thought, the management of complexity, problem solving. and 

a11iculate expression." [Baecker+90] 

One problem with programming language syntaxes is that most are not sensitive 

to whitespace between lexical elements. but human readers most certainly are. 

Another concern is that while a computer can read the symbol Sou them California as 

easily as SOUTHERNCALIFORN/A or southem_califomia. human readers typically 
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find either the first or third easier to read than the second. These and other ergonomic 

considerations are all issues to be considered in the graphic layout of the 

documentation. Complicating matters further is the fact that source code is simple 

ASCil text and has no convenient provision for any kind of typographic 

specification. 

Solution 

As part of the "Embed Content in Source Code" pattern, the documentation text 

will be extracted or generated from information in the source code. Graphic design 

and typography can be used in two ways to clarify and strengthen the documentation. 

First, the documentation produced by the extraction tool should have an overall 

design that facilitates easy reading, including the liberal use of whitespace, a simple 

layout grid, and headers and separators where appropriate. 

Second, typography can be used to aid understanding, especially for information 

expressed in the syntax of the pr0~ramming language. Font type, size, special effects. 

color, and other design elements can all be used to advantage. For instance, 

typography can emphasize important or especially interesting features (such as 

whether or not a function is virtual or inline) and de-emphasize less important 

details. By using consistent typography, the documentation can be made easy to scan 

for information of a known type. Compare the readability of the following function 

signature 

vo id• '.,yCl ass :: someFu:iccion (const char• argl, doubl e .. a :::-ra y, int size) const: 

with a typographically enhanced version: 

void. 

MyClass:.someFunctiOn( 
const char· arg1. 
double.. array. 
int size) 

Both of these signatures contain the same text, they differ only in typography. 

However, in the enhanced version, the use of a more pleasing font, judicious use of 

point size, italics, bolding, as well as imposing a simple three column grid layout 

creates easier to read, more visually appealing documentation. A great deal of 
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empirical work has been done to examine which typographic conventions will yield 

the most readable source code [Baecker+90]. 

Yet some aspects of typography are beyond the control of the documentation 

system. For instance, the use of case in the syntax of the programming language (the 

SouthemCalifomia example above) will influence the readability of the 

documentation. Thus, it is wise for engineering organizations to understand the 

importance of typography and establish coding standards to help avoid problematic 

practices such as the use of all upper-case names. 

Known Uses 

Cocoon, JavaDoc, cxx2html, c2man, and most hardbound reference manuals all 

use typographic conventions to clarify the documentation. 

Related Patterns 

• Automate Tedious Tasks (4.4) 

• Leverage Progra:nming Language Semantics (4.5) 

• Typography-Encoded Details (8.5) 

• Allow Typographic Control (9.3) 

8.5 Typography-Encoded Details 

Svnopsis 

Use typographic conventions to encode syntactic details where programming 

language syntax is directly included in the documentation. 

Problem: Context and Forces 

Programming language syntax included within documentation can obfuscate 

important data because the notation does not differentiate between primary and 

secondary information. Most programming languages are designed to communicate 

with the compiler which reads all information as equally important. However, when 

the programming language syntax is used in documentation, its purpose becomes 

communicating with a human reader, who must distinguish between items of more or 

less importance. For instance, items of primary importance to the reader would be: 
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• The name of the function. 

• The function's return type. 

• The names and types of the function ' s arguments 

These items identify the basic information needed to use the function. Items of 

secondary importance augment or enhance the primary items. This type of 

information includes: 

• Whether or not each argument is const (const only refines the argument's 

basic type). 

• Whether or not the function is virtual (most functions in an object-oriented 

design will be virtual). 

• Whether or not the function is pure virtual (only relevant when 

subclassing). 

To illustrate the difficulty in distinguishing between primary and secondary 

informati:.-n in programming language syntax, consider the fo!iowing: 

virtual const SomeClass& myFunction(const int argc, 
char• argv {], const aModeEnwr. mode) = O; 

In this declaration, elements are only distinguished by their position and surrounding 

syntax, and therefore the reader must carefully inspect the code to locate the primary 

information. Once the primary information is found, the secondary information can 

be examined as well. In this simple example of a single function declaration, the 

visual clutter created by the secondary information is not overwhelming. However, 

when viewing a block of many function declarations, as in a short or flat class listing. 

the secondary information can easily obscure the most vital information. 

Solution 

Encode secondary information in programming language documentation text 

using typographic conventions. To encode information, simply establish a convention 

that equates a typographic feature-like italicizing, bolding, or point-size-with a 

specific word or piece of syntax, and then remove the syntax from the language text. 

A set of encoding conventions might include: 
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• Italicize the names of virtual functions 

• Bold argument types for const arguments 

• Omit "= O" syntax and tag the entire class as abstract 

Applying these conventions to the function declaration introduced in the previous 

section yields the following: 

SomeClass& myFunction (int argc, char• argv [J , 
aModeEnum mode ) ; 

Since some of the syntax has been replaced by simple typographic differentiation, the 

declaration is simpler and easier to visually scan. (Note that applying this solution 

should be done in concert with applying the Readability through Typography (8.4) 

pattern.) 

The use of such typographic conventions is most beneficial for class summaries 

generated by the extraction tool (refer to the Generate Shorr Forni (5.4) and Generate 

Flar Form (5.5) patterns for more information on these summaries). The extraction 

tool must be programmed to produce syntax in accordance with these conventions. 

Additionally, the documentation system must ensure that the reader understands 

the conventions used. This can be accomplished any number of ways, such as by 

including a legend with the class summaries, or by simply providing a description of 

the conventions in the introduction to the documentation system. 

Known Uses 

Cocoon and cxx2html both use italicized function names to indicate virtual 

functions in class summaries. JavaDoc uses bullet symbols of different colors to 

indicate whether a function is public , protected, or private. 

Related Patterns 

• Leverage Programming Language Semantics (4.5) 

• Cemrali-;,e Document Design (4.6) 

• Generate Short Fonn (5.4) 

• Generate Flar Forni (5.5) 
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• Readability through Typography (8.4) 

• Readable Embedded Documentation (9.4) 

8.6 Structure for Physical Management (Proto-pattern) 

Synopsis 

Design the physical repository of the documentation to enable its easy versioning 

and administration as a unit. 

Problem: Context and Forces 

When the documentation's physical repository is distributed throughout the file 

system, file management tasks are overly complicated and time-consuming because 

they must be replicated at each storage location. There are three primary management 

activities that are complicated by the presence of distributed documentation files: 

physical management, versioning, and updating. 

• Physical management involves the simple copying, deleting. moving, or 

archiving of files that is endemic to administering computer systems. With 

distributed files, however, the operations must be repeated at each location. 

• Yersioning is required in order to support different versions of the 

documentation for different released versions of the component-the 

documentation side of the well-known configuration management problem. 

To support versioning with distributed files, the component version must 

somehow be added to the names of the documentation files in order to avoid 

name collisions. 

• And updating of the documentation files is required when either the 

component is modified (within a given release) or the documentation text 

itself is amended. Prior to updating, the out-of-date material at each 

distributed location must first be found and removed. 

All this additional work increases the effort required for documentation as a whole, 

and yet does not benefit either the author or the reader. 
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Solution 

Centralize the documentation files produced by the extraction tool in a standalone. 

dedicated location (directory) to enable them to be versioned and administered as a 

unit. Making the documentation standalone simply means copying all auxiliary 

files-such as source code header files or diagrams-to the dedicated location, 

thereby isolating and encapsulating the full content of the documentation. A single 

directory can be used to encapsulate the entire set of files needed, and can be treated 

as a unit during physical management activities such as copying, deleting, or 

archiving. Other management tasks are also simplified; documentation for different 

component versions can be stored in different dedicated location, and updating can 

be accomplished by deleting the out-of-date directory and then re-creating the files by 

using the extraction tool. The simple expedient of storing all documentation in a 

single dedicated location greatly simplifies all the mundane file management tasks. 

Known Uses 

The Cocoon utility provides explicit support for managing the documentation files 

as outlined above. 

Related Patterns 

• Automate Tedious Tasks (4.4) 

• Centralize Document Design (4.6) 

• Distribution via the Web (8.2) 
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9. Embedding Documentation Patterns 

Abstract 

The pattems in this category are used to embed documentation text in source code for 

later extraction, an idea introduced in the Embed Content in Source Code (4.3) 

generative pattern. Most of the patterns, such as Syntactically Scoped Comments (9.1) 

and Document in Small Chunks (9.2), are concerned with how the author should 

structure the infonnation within the source code comments so it can later be extracted 

into the final form of the documentation. All the documentation discussed in these 

patterns describe the external view of the component or class rather than its internal 

implementation. 

9. 1 Syntactically Scoped Documentation 

Svnopsis 

Use syntactic rules to associate embedded documentation with the programming 

language construct it documents. 

Problem: Context and Forces 

If embedded documentation is not clear1y and unambiguously associated with a 

specific programming language construct, the extraction tool will not be able to 

determine its role within the final form of the documentation. During production of 

the final documentation, the extraction tool processes the classes, functions, and 

other language constructs (see Leverage Programming Language Semantics (4.5)) 

found in the source code, including the comment blocks that contain the 

documentation content. However, since comment blocks in most languages are not 

syntactically bound to any other language construct, the extraction tool cannot 

determine which software artifact the documentation describes. This is a serious 

problem that will make the task of producing the final documentation virtually 

impossible. 
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A related issue is raised by the need to keep the documentation for an artifact 

synchronized with its corresponding source code (see Embed Content in Source Code 

(4.3)). It is critical to the long-term effectiveness of the documentation that it be 

updated when the source code is modified. 

Solution 

Develop syntactic rules to associate comment blocks containing embedded 

documentation with the primary constructs of the programming language. Object

oriented documentation will concentrate on constructs such as classes, functions and 

variables, all of which have clear, explicit, and unambiguous syntax in most 

programming languages. Syntactic rules layered over the top of the programming 

language rules can be used to create associations between the syntax for these 

constructs and comment blocks adjacent to them. An example of such a rule would 

be stated informally as: 

► Unless there is an empty line betw,:-en them, a contiguous comment 

block refers to the class, function, or variable declaration that directly 

follows it in the source code. 

Following are examples illustrating how the rule would be applied to create 

associations between documentation and declarations. 

i!'l.l 
: oo(l ; 

11:,IIIIII/II IIII II / / // 
// 
/. This comment block would satisfy the example rule 
// and be associated with the function foo (). 

T~:s con-.ment block woulc not satisfy the example 
r~~e because of the blank l:ne between the end of 
t~e co:n.~ent block anc the declarati on o! ba=<> . . , 

This rule is not only easy to understand and implement in the extraction tool , but will 

correctly create associations with all of the software artifacts of interest in most 

popular programming languages. Other rules could be constructed, as long as they 

co-locate the documentation with its corresponding artifact to help em;ure that they 
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remain synchronized; when authors are making modifications to the source code for 

an artifact, they will see the related documentation and update it accordingly. 

The comment text may either precede or follow the declaration-if the rule can be 

programmed into the extraction tool it will suffice-although preceding declarations 

with documentation is a more widely accepted practice. Once the extraction tool can 

identify the construct associated with a block of documentation it can create the final 

documentation. 

Known Uses 

Cocoon, and cxx2html both use variations of the sample association rule given 

above to pair documentation with software artifacts. JavaDoc takes advantage of 

syntax that is bui lt into Java, called "doc tags," to create the associations 

[Friendly95]. ([Kaelbling88] posits that indeed every construct of a programming 

language should have a syntactic placeholder for its documentation, and the Java 

"doc tags" syntax seem to be a ir.ove in that direction.) 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Leverage Programming Language Semantics (4.5) 

• Map Organization to Language Constructs (6.1) 

• Document in Small Chunks (9.2) 

• Readable Embedded Documentation (9.4) 

9.2 Document in Small Chunks 

SYnopsis 

Structure the embedded comment text so that software artifacts are documented in 

small increments. 

Problem: Context and Forces 

When the documentation for one logical concept or idea does not fit on one 

screen, the reader will be forced to scroll through the infonnation-an inefficient and 

time-consuming operation. One screen of infonnation is not a universally defined 

quantity, because it is dependent on a number of factors including the size of the 
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display window, the font used, and the layout of the non-text portion of the page. As 

part of its design, however, a documentation system will establish a canonical size 

for a single page, and it is when this size is exceeded that scrolling is required. 

Scrolling has two disadvantages. First, it is time-consuming because readers must 

either reposition their hands on the keyboard, or use their mouse to scroll the 

window. Second, scrolling is not a desirable form of navigation in a hypertext 

document since it does not support the quick and intuitive access to information that 

hyperlinks do. Requiring readers to scroll reduces the efficiency of the 

documentation system, and distracts them from the task at hand. 

Solution 

Structure the embedded comment text to document software artifacts in small 

increments "which do not require scrolling for understanding of a single segment of 

information."[Shirk88] Both the manually and automatically generated 

documentation must ½e structured into small "chunks of information." [S~irk88] 

For manually created documentation, the Syntactically Scoped Comments (9. 1) 

pattern states that the documentation should be structured around the constructs in 

the programming language, and the size of documentation chunks must be controlled 

within this framework. Some of the constructs, such as individual member functions, 

are conceptually simple enough that they can usually be documented in a single 

screen. Constructs such as classes, on the other hand, may require many pages of 

information to adequately describe them, so the author must manually break the 

documentation down into logical topics and sub-topics that are not too large. One 

way to do this is to provide a separate topic for each use-case [Jacobson+92] to 

document each main function of the class (refer to the Tutorial lnformarion •..i·ith 

Examples ( 5.1) pattern for more information). This may create a great deal of 

documentation, but when creating hypertext, the author should not worry about 

including too much detail, since·· .. . each user will create an individualized path 

through the information." [Shirk88] 
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Automatically created documentation must likewise be structured to fit on a single 

screen, especially for items such as the class flat fonn summary (see Generate Flat 

Form (5.5)). To avoid screen overflow in this case, the extraction tool can be 

modified to place the private, protected, and public members of the class on 

individual hypertext pages. 

Not only does breaking the documentation into small, manageable chunks obviate 

the need for scrolling, it also encourages modularity in the documentation-that is, 

the logical partitioning of individual concepts or ideas [Simpson+88]. 

Known Uses 

Cocoon, JavaDoc, and cxx2html all allow the author to document in small 

increments, everything from individual member functions to classes. Cocoon 

provides explicit support for the nesting of topics and sub-topics in class 

documentation, while JavaDoc requires more manual effort to achieve the same 

effect. 

Related Patterns 

• Hypertext (4.2) 

• Map Organization to Language Constructs (6.1) 

• Syntactically Scoped Comments (9.1) 

• Readable Embedded Documentation (9.4) 

9.3 Allow Typographic Control 

Svnopsis 

Program the extraction tool to support typographic markup within the manually 

authored documentation text. 

Problem: Context and Forces 

Without control over the typography used to display documentation text, the 

author must resort to formatting conventions that convey less information with more 

visual disruption. The author is restricted to using the case of letters and special 

characters such as"*" to signify intensity, stress, or other connotative information. 

For example, italics are often used to emphasize certain words. However. when 
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limited to NORMAL typography, *other* conventions must be used. Unfortunately, 

these alternate techniques have several disadvantages: they are visually distracting 

and can disrupt the reader's attention; there are no standard meanings associated with 

non-alphabetic characters such as"*"; they will be inconsistent with the typography 

of the rest of the documentation; and the variety of meanings that can be embedded 

into such conventions is severely limited unless the author creates an elaborate 

syntax. In contrast, typographic effects like italics, bolding, underlining, point size, 

and color preserve the visual harmony of the text, and can be used to easily and 

unambiguously add meaning to it. Without access to typographic effects, the author's 

expressive power is limited. 

Having access to such effects, however, does not give the author license to use 

them without constraint. The document design embodied in the extraction tool (see 

Centralize Document Design (4.6)) establishes typographic conventions that must 

remain consistent throughout the documentatior. . including the text created manually 

by the author. It is incumbent on the author to use typographic effects in a manner 

consistent with the overall document design. 

Solution 

Program the extraction tool to support typographic markup within the manually 

authored documentation text. The programming required will vary depending on the 

presentation format selected for the final documentation. If the format is directly 

editable-that is, the author can simply insert typographic directives into the 

documentation text-as with HTML or nroff, the extraction tool must be 

programmed to copy the text verbatim to the final presentation form. So, using 

HTML as an example, the embedded documentation might contain text such as: 

So;neClass 

Th:s is a <e~>ve~y </em> :~por~ar.~ ciass ! 

c :'.ass SoroeClass 
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The author uses the appropriate HTML tags (such as the <em> tag for emphasis) to 

control typography. 

However, if the presentation format is not directly editable, the extraction tool 

must be modified to recognize and translate some special-purpose syntax into the 

correct final format. For instance, suppose the final documentation is output as a .pdf 

file, and the extraction tool recognized the keywords BOLD and ENDBOLD in the 

following embedded documentation: 

1· 
CL.21.SS 

someClass 

This is a BOLD very ENDBOLD important class! 
·1 
class SomeClass 
{ 

pu::>lic: 

While producing the final form of the output, the extraction tool would need to 

translate the text and special fom.:.1tting directives into the appropriate .pdf form so 

the text is displayed as intended. 

Either solution achieves the desired effect, but require different amounts of effort 

in modifying the extraction tool. 

Known Uses 

JavaDoc and cxx2html both allow the author to directly use HTML in the 

embedded documentation text. Cocoon supports a hybrid approach: the author may 

directly use HTML but Cocoon also supports a small set of conventions that modify 

the documentation text by inserting HTML tags and replacing keywords with tags. 

For example, Cocoon will insert a paragraph separator tag ( <p>) in place of an 

entirely blank line so the author need not clutter the embedded documentation with 

them. Also, Cocoon recognizes the keywords EXAMPLE and END as bracketing 

pre-formatted code examples, and replaces them with the appropriate HTML tags 

during output. Features such as this are supported so authors are .allowed some 

measure of formatting control, but are not required to learn HTML. However, if they 

do know it. they can take advantage of its full expressive power. 
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Related Patterns 

• Centralize Document Design (4.6) 

• Distribution via the Web (8.2) 

• Readability through Typography (8.4) 

• Typography-Encoded Details (8.5) 

• Readable Embedded Documentation (9.4) 

9.4 Readable Embedded Documentation 

Svnopsis 

Design a documentation-embedding syntax that enhances the readability of the 

source code. 

Problem: Context and Forces 

Documentation embedded in the source code which lacks visual organization, 

uniformity, clarity, and distinctiveness cannot effectively convey infoIT11ation until it 

has been extracted into its final form. The documentation embedded in the code will 

be needed by the maintenance engineers (see section 3.3), and its legibility is 

dependent on the coherence of its visual presentation as reflected in the four 

attributes identified. For the documentation to be visually organized, its physical 

structure should reflect the logical or topical structure of the documentation text. As 

an example, documentation that is indented to reflect the nesting level of the topics 

and sub-topics is easier to comprehend than documentation that is evenly left

justified. For the documentation to be visually uniform, it must follow the same 

syntactic conventions regardless of the language constructs being documented. As an 

example, using the same style of C++ comment for all embedded documentation will 

create a visually consistent presentation. For the documentation to have clarity, it 

must be as free of artificial syntactic constructs as possible. As an example, 

documentation text that indicates paragraph breaks through the 1:1se of a blank line is 

more natural to read than text tha t uses a special character or string to signal the end 

of a paragraph. And finally. for documentation to be visually distinctive, it must be 

distinguishable from source code text at a glance. As an example, documentation 
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using syntactic symbols that are also used in the programming language will be more 

difficult to notice in the overall flow of the source code text than if it used symbols 

that did not appear in the language. All of these attributes must be present to create 

easily comprehensible source code documentation text. 

A related and complementary constraint on the syntax of the embedded 

documentation is that it must be as simple and natural as possible. This constraint 

arises out of the needs of the author rather than the needs of the reader. Typically, 

software engineers are somewhat reticent to create documentation, but if the author's 

task is made as simple as possible, it is more likely to be done. In this case, that 

means the documentation system must use a syntax that is easy to understand and 

remember, one that can be followed once a few simple rules are known. 

Solution 

Design the documentation embedding syntax to maximize its readability by using 

forrn~tting conventions in place of specia] characters or k~ywords, and/or using 

keywords in place of special characters wherever possible. This hierarchy of 

techniques is presented in order of their effectiveness: 

1. Formatting Conventions-Formatting the text using whitespace and 

columns is the simplest, most unobtrusive, and therefore effective, syntactic 

tool. This same technique is commonly used by software engineers to organize 

the source code. As an example of how it can be used for documentation , topic 

headings can begin in column 1, and then the topic body itself can be indented 

from the left margin. Or blank lines can be used to signal paragraph breaks. 

While not an appropriate tool for programming language syntax, formatting 

conventions are ideally suited for documentation syntax since the use of 

whitespace and columns effectively creates a layout grid which enhances 

uniformity, clarity, and distinctiveness. 

2. Keywords-Reserved keywords that signal syntactic elements have the 

advantage of blending directly into a block of natural-language text. while still 

being easy to locate. For example, keywords such as "EXAMPLE" and 
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"END" can be used to enclose a source code example in the documentation 

text. Keyword syntax enhances the organization, uniformity, and 

distinctiveness of the embedded documentation. 

3. Special Characters and Symbols-If neither formatting conventions nor 

keywords are practical for a particular syntactic need, special character 

sequences can be used. For instance, suppose that syntactic markers were 

needed caution the reader regarding possible adverse effects of a function call, 

and that simple formatting or keyword techniques were determined to be too 

inconspicuous to function as a warning. In such a case, special character 

syntax such as"!!!" could be used to mark the warning text. The main 

advantages of special characters are that they can be used to create a very 

compact notation and they stand out in contrast to the rest of the 

documentation text. The main disadvantage of using special characters, 

however, is that when used too ofter. the syntax of the documentation will 

begin to look more and more like the syntax of the source code, diminishing 

its distinctiveness. Given a software engineer's expertise with programming 

languages, it might seem natural to use such terse syntactic conventions, but in 

the interests of the readability of the documentation they should generally be 

avoided in favor of formatting conventions and keywords. 

By designing the embedding syntax with these techniques the documentation will be 

both easy to read and easy to write within the source code. 

Known Uses 

Cocoon. cxx2html. and JavaDoc successfully use all three of these techniques in 

varying degrees. Cocoon and cxx2html primarily use formatting conventions to 

delineate syntactic units in the documentation. Keywords are used in Cocoon mainly 

as substitutes for HTML tag syntax. JavaDoc and Cocoon both make limited and 

effective use of special character syntax. JavaDoc mixes the use of special characters 

and keywords by using an"@" character to signify that the next word is a keyword 
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describing a class member, thereby making extensive use of a single special character 

but in a highly uniform manner. 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Document in Small Chunks (9.2) 

• Allow Typographic Control (9.3) 

9.5 Embedded Images (Proto-pattern) 

Synopsis 

Centralize file management by embedding ASCII-encoded images within the 

source code for later extraction, decoding, and inclusion in the final documentation. 

Problem: Context and Forces 

When diagrams and illustrations created by the author are stored in individual 

binary files, the author is forced to manage them, in addition to the source code. 

The documentation in the source ~ode and the auxiliary images used in the 

documentation form one logical, cohesive unit. However, the binary nature of most 

graphics formats require the images to be separated from the source code; unlike 

word processing files, source code is in plain ASCII format and cannot accommodate 

the embedded binary data. Thus, the author must physically manage not only the 

source code files , but also any files containing auxiliary diagrams and illustrations, 

doubling the effort required to move, copy, delete, or perform other configuration 

management tasks. 

Solution 

Using standard tools, encode images into ASCII fonn and embed them within 

special comment blocks that the extraction tool can use to create individual image 

files for the final documentation. The process is relatively straightforward. 

1. To create diagrams and illustrations, authors use some form of graphics 

editing tool and then store the images in its corresponding binary form (e.g. 

GIF or JPEG). 
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2. Using a tool such as uuencode, the binary files are encoded into ASCII 

format. 

3. The encoded image data is placed into the appropriate source code file and 

delimited by a specially formatted comment, as illustrated in the following 

example: 

/ ' IMAGE exampl e. gif 
WKDKKWKLWLEISKKALALKEKEKEKSSIEKWQLKQKEKRJG0SIIKAKA . E . E . KK3 IWK\11< 
SW;.WLI34 I302K\1KLWK. , SLSL0J,0A9E9E94 BKSKSLQLQL:;:3 3K2L2L3K3K2L2K3L3 
KDSKK\'IKLK4TNNRNMJFDJD?8DF88ERRJ°'J3J IRE8E83K4JTHDJ KSK\vI3U4U5JSJ3 

4. As a part of the source code files, the image data is now managed 

automatically along with the source. 

5. The extraction tool detects the special comment syntax, decodes the image 

data, and creates the standalone image files that can be referenced by (or 

directly included in) the final documentation. 

By embedding the images in the source code, the author is relieved of the hurdcn of 

managing extra files, and also of ensuring that the image files are available to both 

the extraction tool and the final documentation. 

Known Uses 

This pattern has not yet been implemented in any documentation system. 

However, because it automates a tedious task and is relatively straightforward to 

implement, the potential value of this pattern justifies its use. 

Related Patterns 

• Embed Content in Source Code (4.3) 

• Awomate Tedious Tasks (4.4) 

• Diagrams and Illustrations (5.2) 

• Structure for Physical Management (8.6) 
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Appendix A. Documentation Patterns in Cocoon 

Cocoon is a freely available documentation system referenced throughout the description 

of the documentation pattern language. This appendix includes a portion of the user 

documentation for Cocoon, annotating the portions that illustrate the use of the 

documentation patterns. It is included as an example of the practical way the patterns are 

manifest in a real documentation system. 

""- The Cocoon Utilities, Version 3.1 
Copyrtghr 1995-1997, lcffrty Kor...:fo andrhe UnivenityofMinnesota 

The Cocoon ut.il:tJe:s ;.: '.eess C++-include files .e.."1d produce a net of web pa.gu the.t document the libraries, 
classes. ~"l:d globU funcuons an.d types th1t u e found i.'l the-m. Cocoon rdiu on a small set of simple fonnatting 
c:onvl!:it.:ons m the hea~eI file~ Use of L"lest conventions does not interfr:t with most fonnatt.ing preferences, 
!U"\d doe s not obfuscate the code (Cocoon 1.s ffilfly flexible, and C4.n probably do someth1tlg u seful enn with 
code L~e~ doe:.n't comply w:th its usu.\l convent.ions . . ) 

He~e :s everytrung you need to !:."'\OW to use Cocoon: 

J 

a-
;:J 

. ., el., 0 l'" 
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,c.. Code Formatting Conventions 
Copyright 1995-1997, Jeffrey Kotula and the f/niver,fty of Minne,cta 

I •'1t:i:·i. ':i1~n I ~I (.-:-m•r-:i.rfon I Ou:m ui I C'w:mrr.4:arii,.n l l"rilir!t ,..J 

The fonnatt.:.."'.lg conventions imposed by Cocoon ere meant to be as unobtrusive as possible: codt conforming to 
these convent.tons should b e re&.dable in its own right. haVUlg anunirnum of artific,al syntax added for Cocoon's 
purposes Bee e.us e the-re Ille so me.ny different interprete.Uons of the word 1re adable' h owever, cl:~:-:::•~ 
_a·: ·.;,.:,~~ &.rt provided to help users teilor the formatting conven11ons as much as possible, For the loosest level of 
fo::m6tl.l.-"lg constre,int:;:, you ce.n use the --~·.:.0;.L~ option 

The convenuons typically revolve e..round the use of sentinels sn lhe code and comments. The code sentinels are 
1-""J all ceses elemen.ts of stand~d C++ syntax. Note that Cocoon does not parse the code to the same ex\.ent that a 
compile-: doe:; it will perfonn hmJ.ttd parsing where rt must in order to enract information. and will ignore the rest 

oftht code. 

Theie are th:et mll!.'1 units of organi:z:e.tion recogni?;ed by Cocoon: cluses, libraries, and members. Classes, of 
course, ut the usual C++ conswct. Libraries orgaru:ze sets of classes and/or global functions, data types. and 
v arie.bks Finally, both classes and librU?es a:e composed of'members' This is a blUlket tenn used to refer to 
funcl!ons, data items, type defirub.ons, er.ums:, and any other components. 

0 Conventions for •. · , ~ 

G Convention::: for :.......:..::.:·~ 

CIJl Convent.ion::: for ~~-_:,:_ 

!0 """""'11:0ono 

Links from Do cwnentation to Members 

. !:I 
=1l :.'}i :i,; '4::> ¼ I d. 

Cocoon will automauce.JJ:1 hyper-b.nk the occwnnces of data type namu that at encounten; in e,.."')y 

documentauon te~~ It can also h.nk to member function::: if a sunple conventJ.on 1s observed i."l the documentation 
t ext· ,t searches for the member name, immediately followed by e.n opening paren (. \.Vhen It f.nds one 1t inserts e 
hyper•IJ.nk to the m.embet's documentation. (Here is 11n .:~:.....:: ., from lhe Cocoon pages .. .) 

For example, suppose the following docwnente.tion appeared ma class wilh e member funcu on n~ed Foo· 

In order ~o perform this fabulou~ tunc~1on1 
the client ~u~t c a ll the roo(l ll'e:mber tunct1on. 
r oo() is 6 reslly clever function t hat ~ill 
d o ~het you need . 

Here. both occurrences oftht stnng f oo ( would be hyper.Jinked to Foo's document.ation. This linhng will be 
apphec.! n ot only \1.-":t.lu."') the- me.i.ri documentation heodmgs, but e.1$0 wi.thtn member documentation However, it 
will only work for membti funcuctiS that ate defined or re•define:d 1,.-,, the class: it won't wod: for functions that e::e 
1."'"Ulerited verbatun from parent cltsses 

Note that Cocoon does not perform full C++ signatu:t matching when inserting these: links it $i.-n.ply loo>:s fo: 

the base-n~--ne of the member .~.:- e result, overlos.ded fu.."\CUons are not h~dled as mtelbgenUy es the"j p e:heps 
could be But even m thls case .. af i t is usurned that b.ll members Wlth the se.rn.e be.se-narn.e v e grouped together 
U"\ the class body••the hyper.hn,l:s will at least give acceH to the nght. e.rt4 of the docurnen10:uon page 

The h:'"ir..ng d~scribed here,~ eutoni.aucally done only Wllh..."l the dot:1,1;"':'lentat.1.on page for a d ass. 

, Doc,,roer-c Done 
'""-'=""'-----------------■ ,£1 

§1 ... ·~~ ·: - ~ , ;;.. 1 •• £. 

Pa rte ms of Ob jeer-Oriented Sofnrnre Component Documenrarion 

~ Centralize Document Design 
(4.6) 

+-Leverage Programming 
Language Semantics (4.5) 

~ Hierarchical Libraries (6, 2 ) 
~ Docume,11 i11 Small Chunks 

(9.2) 

~ Generate Hvper/inks (6.5) 
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Class Pages 

AU the documentatJ.on for a smg1e dus is put into a single HTI.fi.. page. Thue p ages can get pretty big. but 
ntivigation hnks withl:\ the pe.ge make moving arou:'ld reasonably e:esy . T he rel!l.son e.11 the documenta.tion is kept 
or,just one page--somewhat in violation of the spirit ofhype-rtext,.-u that it rnal<es it easy LO get. a hardcopy 
printout of at the documente.1.1.on. 

At the top of the page;, the logo fo, the libra,y end the name of the c1 .. s. lmmedi&1ely following this;, the short 
descnpuve tut thet was found in the CLA.SS documentation heading. After this mey appur comments 
ge:1.e:a.ted by Cocoon e.1:-aout the class, such a.s noting that i.t is en abstract class orthel 4ll membet functions Me 
def.:ned inh.'"'le. This secuon of the page is useful for orienting the 1se.der to the context of the class, (Refer to:!·..!::: 
;,·t . .'..'.:-.. : '..- to se, how~ typic~ class page loo.ks .. .) 

~ 
Next comes the rnenu.-bar for the ch1.ss. nus offers quick hyper-links to get lo some of the U'lfomation of pn."Tia."Y J., 
inte:est m the cless ui,d in the documenu,uon set in general. 

1 a bbrary_nam.e 
This"• link lo the peg• documenting the libr<,y which th• cl•ss is part of. 

~ Soun:• 
Tl-us is e. l!."U: ~o tht tncluclt file contrmiing the source code for !he class. Note, howevt~, t..~a1 since the 
sowtt file 1S::'1;

1
! t..'"I HTML document,. we c"-n'tlinY. d.i:tct.ly to the be~g of the class def..r.u.tion,. just to 

the file m genen.l 
QI Keywords 

T~:; ~ e. bnk t o the l:eywo:d cross~refetence page for the documentation sel 

fiS1IJllfflUJ' 
Ttus 1s a li.nl: to tht ch1ss member summary, which 1s a psuedo-code, ln.."tUT!.ed badi; view of the class . 
Funcuon default values, documentation. end cert.wi keywords are L"l.-n.-ned out to provide a concise view 
of the class The ne..-nes ofvutufil functions e.re i1-e.hcized, and the virtu.al keyword dropped.1:.. ·:~L,:_,; 
member corn..-nents are listed here. Each membe: 1.s hnked to its full docwnenta.tJon 

0 Ancestors 
Tl-us sectJ.on prov,.des a hst of~ tht ancestor classes for the class. Note that Cocoon only knows about 
the classes th:1t were defined m lhe source code files, so i.t e dus inhents from enothet clas:. the.t 15 not 
processed by Cocco~ tht 1."'lh!nt.ance da.ta. will stop there All the class names are hyper•W'Lked lo the 
HTMT, n ,119~ fnr t.h,: d~:i;t. Htu .. ,:.::, . ' nf II r.1A.<t:o;: lh.11,Lh,11!'; m111mr r:1~:i;::o::.~:o::. inh~nt.in~ fr_nm 1l . 1,. 

I Ooc:t.lMnt Done ~ :4s,. --:1_, (t"',~ 

The KEYWORDS Heading 

The K.EY\VO?.DS he6ding :s optional The- bywords given on subs:equent !i..~es .Ut used t o fonn a 
cro;;:;;:,rtftrt-nt-.. "'l.g :.ndtx pegl!: ('Here u ~ .:;/ -.: .. ,~~ --)Each keywo:d specified b:,· 6,..."'1.Y class will b" lis-ted on the.t 
pei~.t. ~ong UI?"-~ ~ hst of till th~ classes which specified 1t . Ttus can 'be e:.peci~y u seful when gene:e.ung 
don.:.mtnt.:i.u-0:-1 :·or n1ulup!e- l:br.:.nes 1,1,i.th poten!J.ally hundreds of dissse:. Codt reuse isn't pO$$lblt unless the 
netdt-d codt ca...-1 bt found. =--~d tht keyword cro ss.reference pe.gt is ei. useful t ool for finchng whet you need 

It :s u:;:umed U-ie.t uch tndlvldual hywordis a si:ngte wor~ but underscores e~ be used to JOIZ"l mu!i..ple words 
mto ont hy,.i,·ou.l t: tyw0rd::: should be separated by corNM.S, spec es. t~bs, or any other punctuation mt&:J'., Any i 
nurnbe: ofl:e:~vior.Js ta."l. b~ ~ven · 

1:EY\IC•RDS 
1r1de>:!a.b l e_cont.e.1ne-r , dy•namic., 
n•ap 

1D"""""'1!: Done 
.:::.I 

=1 · 'ls, .. :.., .J';) 'k l M 

Pauem.1 o( Ol~iecr-Orie111ed Sofnvare Component Doc11me111ario11 

+.- Icons. Headi11gs a11d Colors 
Mark Nodes (8.3 ) 

+.- Backtracking (6.4) 

+-Key,w,rd Cross-refere11ce (7.1 ! 
f--Generate Short Form /5.4) 

+- Typography-E11coded Details 
(8.51 

f-.. Generate /11heri1a11ce 
Diagrams (5.6) 

+- Genemte Key11·ord Cross
reference (7.5! 
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Examples in the Documentation 

One of Cocoon's primary objectives is to t.ake advantage of the rich sel of capabilities of HTML, and y et to hide 
the use of HTML from tls users The documenter is free to use any HTML directives they want inside 
documentei.on ten_ but should not be reqwrcd to use Lhem. 

One di.-Scult e.rea. m ell this is the inclusion of code fragments inside documentation. Ideally, the document 
should use the &hpre> and <!pre> ta.gs. To allow the documenter to avoid tlus, it supports a specie.1 syntu 
wiU-,.~" docu.."t\enttiuon headmgs. He-re is e.n exe.rnple: 

1 • · ··· · ····· · ·················· ··············· ····· ·············· ······· 
CLJ.33 

XOtJ T O DO SO!l!TlflJIG COOL 

P1: e:1u,o,.~ly, "'"u doc~cn«: .al:: 1•n h e ading i , -.#\~ ,;:,;, !Jive 4et .aU, 
on how ,::o pc;foi:,., ,001M, co-n, intc1:csti1\'1 .act ion "With obJ<i:ct., 

of thu ,c:; Lu s , Th-e: b.-n: -.ay t o do t:hu i 11 to Jl-i-ovid.11 •~I• 
c o de, •:, u \ · 

rX>JD'l.:C 
H:,,ObJ<C't 
HyObJt ct 

•llJec,:;l; 

ClbJ-ectZ; 

If ( obj,ec,;:l < ob::JH:it Z ) 

o.b]• <,;:l . Du'P.a,;:chl o:bju:t2 ) , 

...................... -. --. ---.. ---·-.. -..... ··•··· · ... ...... • · · ...... • / 

__ Jo- Done 
.:l 

¥1 _.,, ~• rµos, ,,i:, I .a 

Parrems of Objecr.Oriemed Sofrware Compo11e111 Doc11me11tatio11 

~ Tutorial lnfonnarion wirh 
Examples (5. J) 

~Allm,· 1)pographic Control 
(9.3) 

~Auwma1e Tedious Tasks (4.4) 

~ Readilhle Embedded 
Docume11rario11 (9.4 ) 
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Appendix B. The Scientific Method of Investigation 

This section begins by describing the common, general methods of scientific investigation. 

These methods are then related to the usual, accepted research methodologies employed in 

the field of computer science, followed by discussions of the method used in this research, 

its limitations, and an explanation of why the method was chosen. 

There are five common, primary methods of scientific investigation: experimentation, 

quasi-experimentation, logical reasoning, case studies, and surveys. 

Classical experimentation is the best known and most time-honored method of scientific 

investigation. Experiments are conducted to prove or disprove a hypothesis. A researcher 

first forms a hypothesis, extrapolating, or deducing it from existing data or theories. The 

logical consequences of the hypothesis are examined and some observable experimental 

data are identified. An experiment is then designed to generate and gather data. The 

experiment is designed to isolate the effect under investigation into a dependent variable in 

the experimental program. If the gathered data is in agreement with the consequences 

predicted by the hypothesis, the hypothesis is considered verified by the experiment. 

Statistical methods can be employed in both experiment design and analysis of the 

resulting data, particularly to assess experimental error or confidence, and establish the 

correlation between variables. [Babbie89, Box+87] 

Quasi-experimentation differs from classical experimentation with respect to the way in 

which the populations (test subjects) are selected. In a classical experiment, test subjects _ 

are assigned randomJy to the test and control groups. (Control groups are used to 

establish that the observed effects of the experiment cannot be due to random chance.) 

Quasi-experimentation is often used for evaluation research, or program evaluation, which 

evaluates the effects of particular programs or practices. Such evaluations typically involve 
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working in the field, observing real-world situations rather than scenarios manufactured 

and controlled in laboratories. [Babbie89] 

Logical reasoning is the process of building arguments to reach a conclusion. The 

researcher can start from existing conclusions created in other research, or establish a set 

oflemmas, or assumptions, that their reasoning is based upon. Deductive reasoning is used 

to proceed step by step from one conclusion to another that is logically dependent on it. 

Inductive reasoning is used to establish general truths from specific cases that can be 

proven. Logical reasoning is, historically, most applicable in such fields as mathematics 

where a rigorously defined notation, along with the rules oflogic, are the primary method 

for extending theory. However, logical reasoning is also heavily relied upon to evaluate 

and interpret research results. 

Case studies are one of the oldest methods of field research. Unlike experimental 

techniques that yield quantitative data, case studies usually provide qualitative 

observations, and often are used in the creation of theories. By direct observation of 

phenomena as it occurs naturally, a broad perspective is afforded the researcher. Case 

studies can be organized to study one individual situation, or a group of related or similar 

situations. [Babbie89, Yin94] 

Survey research polls the sample population to discover prevailing opinions, beliefs, or 

attitudes held by people about the subject of investigation. Sample populations, consisting 

of a representative cross-section of the entire population in statistically significant 

numbers, are identified to receive the survey. A carefully designed, objective questionnaire 

is administered to the sample population and the results collected and examined. Common 

answers to related questions, or restatements of the same question, usually indicate a 

fundamental assessment or strong belief held by the respondent.[Babbie89] 
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These four basic methods-as well as their many variations-are used and combined 

throughout all the scientific disciplines. The next section will discuss the common ways 

these methods are applied in the computing sciences. 

Commonly Accepted Methods of Scientific Research in Computer Science 

The method of inquiry commonly used in the computing sciences varies according to the 

topic of study: basic computational theory and numerical analysis, artificial intelligence, 

and systems and software. 

In the formation and study of basic computational theory, as well as for numerical analysis 

problems, logical or mathematical reasoning is the primary method of inquiry. Proofs are 

constructed through deductive as well as inductive methods to create a body of theory. 

Theories are often supplemented by the simulation, or actual execution, of programs 

which illustrate or model them. 

In artificial intelligence, the most common research method is to build working prototypes 

of systems to demonstrate the feasibility of an approach to a problem. The problems range 

from expert systems for decision making, to game-playing, to artificial vision. 

In the study of computer systems and software, a larger variety of scientific methods are 

employed. Software psychology is used to develop surveys, experiments, or quasi

experiments. Systems are prototyped to demonstrate their feasibility, sometimes 

supplemented by experimentation or quasi-experimentation. In some forms of system 

research, especially in evaluating algorithmic or system performance, researchers use 

mathematical techniques such as queuing theory, program traces, and simulation to 

analyze systems. Hybrid combinations of these methods are also common; for instance, 

using tracing data within a queuing model. 
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In the software engineering sub-field, methods of experimentation and experimental design 

are often hotly disputed. For example, in a recent issue of IEEE Software Beizer debated 

the long-established experimental validation used to support the cleanroom method, 

arguing against the validity of the experimentation done by other researchers [Beizer97]. 

The difficulties of experiment design, of conducting field experiments, and the high cost of 

experiments dealing with the development of large software systems may explain the 

prevalence of the use of surveys or logical reasoning in software engineering research. 

The Method Used in This Research 

The research for this thesis was carried out in five steps: 

I . Current component documentation practices in the field were investigated. A wide 

variety of documentation systems were examined including printed manuals and 

books, online help systems, code browsers, the documentation facilities built into the 

Eiffel and Java languages, documentation utilities such as cxx2html, Doc++, and 

c2man, and literate programming systems. 

2. Individual documentation patterns, and their contexts, were identified. Since patterns 

differ somewhat in their embodiment in different reference systems, this step was more 

qualitative than quantitative (see the discussion oflirnitations below). 

3. The usefulness of the individual patterns was demonstrated. Two methods were used 

for this. The first method was to construct a logical argument describing why the 

pattern was effective in solving the problem it seemed to be addressing. A second 

method was applicable for many of the patterns: citing existing, relevant research 

results. For example, for the Readability through Typography (8.5) pattern, research 

by [Baecker+90] was cited to both justify the pattern and as a reference to more 

detailed explanations and empirical data. Many of the other patterns (Full-Text Search 

(7.3), Hypertext (4.2), Directed and Exploratory Navigation (4. 7), etc.) also 

referenced existing research. 

4. Each pattern was validated by identifying at least three instances of its use within the 

reference systems. Each pattern must meet some definition to be considered a valid 
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part of a pattern language. In computer science pattern languages, this definition is 

rooted in the rationale that broad-based usage of a solution indicates its value and 

effectiveness; it is presumed that ineffective solutions would not be found multiple 

times in widely-used systems. While this assumption may be incorrect, it is certainly 

reasonable. The patterns community within computer science has agreed to a nominal 

definition of "broad-based usage": the use of a solution within three or more industrial 

systems. So to be considered valid, a pattern must be found in at least three industrial 

systems. 

5. Finally, the patterns were combined into a full pattern language. This step involved 

developing a classification system for the patterns, and identifying the inter

connections between individual patterns. Through this step, the pattern language 

formed a framework describing not just individual solutions to individual problems, 

but an entire operational documentation system. 

The research process employed for this thesis is analogous to that used to construct other 

computer science pattern languages, such as [Gamma+95]. 

Limitations of the Research Method Used 

Pattern languages have two serious limitations: the subjectivity of pattern identification, 

and the variability of solution implementation. 

Subjectivity is inherent in identifying patterns because researchers will inevitably work 

from different sets of observations about the reference systems, and therefore might easily 

identify different sets of commonalities between the systems. However, due to the 

nomothetic (non-exhaustive) nature of pattern languages, the differing results of multiple 

researchers do not negate their individual or collective value-they can legitimately stand 

alone and could also be combined to form a more complete pattern language. 
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The effects of this subjectivity can also be seen in the degree of acceptance of particular 

patterns from an established pattern language such as [Gamma+95]. For instance, while 

some of the patterns, such as Strategy, Factory Methods, and Proxy, are widely used and 

often cited, others such as Decorator are rarely used or discussed. There are two possible 

reasons for this discrepancy. First, the rarely-used pattern, while meeting the established 

criteria for broad-based use, may not have a broad enough context to allow its use in many 

systems. Second, other, more widely-used solutions may be better but not yet identified as 

patterns. Despite this phenomenon, the Gamma pattern language has, in general, met with 

success and acceptance within the software engineering community. 

The second limitation of pattern languages is caused by the tension between the need for 

solution descriptions that are both generic and specific. Generic solution descriptions are 

more widely applicable, but more open to interpretation. Specific solution descriptions are 

easier to apply uniformly, but the contexts in which they apply are more limited. Either 

extreme will limit the effectiveness of the pattern, so the pattern author must choose a 

reasonable middle ground between genericity and specificity. In describing a particular 

solution, pattern authors tend to err on the side of genericity, placing a higher value on the 

breadth of applicability rather than the ease of application. This preference was adopted in 

the development of the documentation pattern language. 

The variability in pattern implementations is seen in many pattern languages, for instance 

the software design patterns of [Gamma+95]. The Gamma patterns are specified very 

concretely through the use of source code examples, but nonetheless, each pattern has a 

set of suggested design modifications that can be used in certain contexts, leading to many 

legitimate variations in implementation. Such variations do not invalidate the pattern. The 

details that are varied do not substantively change the solution used. 

Variations that do not substantially alter the pattern solution are also seen in the 

documentation pattern language. Consider, for example, the Readability 
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through Typography (8.5) pattern. The example used to illustrate the solution technique 

used the following C++ function prototype: 

void• MyClass::somefunct i on(const char• argl , double•• array, int size ) const; 

in contrast to a typographically enhanced version of the same text: 

void* 

MyClass::SOmeFunctiOn( 

const; 

cons! char" arg1, 
double.. array, 
int size) 

The particular font and typographic effects used in the second version, or its grid layout 

could be modified substantially and still yield text that is much more readable than the 

original. For instance: 

void• MyClass:: someFunction< 
cons! char' arg1, 
double"' """Y, 
int size) 

const; 

The implementation details are less important than the general solution. The patterns 

provide guidelines, rather than requiring particular implementations. 

It should be noted however, that the solutions to individual patterns are. amenable to 

refinement through both experimentation (or quasi-experimentation) and surveys. 

[Babbie89] asserts that experimentation is best suited to areas where the problem being 

studied is relatively limited and well-defined. The pattern context establishes a relatively 

limited area of study, and the specified solution is usually defined enough to be testable, so 

experiments could be conducted to test the efficacy of variations of the solution. Thus, 

over time and through empirical methods, the pattern solutions can be made more specific 

and the implementation variability reduced. Surveys are best suited to inquiry when the 

unit of study is an individual person [Babbie89], such as in evaluating a software 

engineer's preference of one solution over another. So surveys can be used in conjunction 

with experimentation to evaluate pattern solutions. 
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Rationale for the Research Method 

There are several reasons why the method of research used to create the documentation 

pattern language is justified: 

I. First, this area of research (both pattern languages and component documentation) is 

very young, and is still in a broad exploratory stage. At this time, effort is probably 

best spent in discovering patterns and developing a broad framework for further 

research, as opposed to rigorous, traditional experimentation with individual patterns. 

2. Given the difficulties faced by industry in creating high-quality, reliable software, 

focusing on discovering effective patterns and creating implementation tools to 

facilitate pattern usage is important. 

3. While the actual implementation of individual patterns may differ, violations of the 

patterns often produce obvious and visible deficiencies in documentation. For instance, 

imagine an online documentation system that was not hypertext based as required by 

the Hypertext (4.2) pattern. Such a system would be immediately recognized as less 

effective than a corresponding system with hypertext. 

4. The logical arguments that establish a pattern's usefulness are often powerful and 

convincing, primarily through their appeal to common sense. For example, consider 

the Embed Content in Source Code (4.3) or Environment Independence (4. 1) patterns. 

The rationale used to support each of these patterns is relatively straightforward and 

unarguable. Disagreements with the rationale are most likely to arise from 

contradictions with other documentation methods, such as literate programming, that 

are established, but no more scientifically proven. 

5. Experimentation, quasi-experimentation, case studies, and surveys can be conducted 

as the field matures. Further research into individual patterns should refine the solution 

descriptions and provide stronger validation. This thesis presents a first step to enable 

such research. 
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