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Preface


The purpose of this report is to increase awareness and understanding of documentation technology.  Use of this report should be the first step in transferring effective documentation principles, methods, and products into practical use.  The target audience of this report consists of those managers and technical people responsible for the development and maintenance of software in their organizations.  This report defines the concepts of the Documentation Domain and identifies their value in improving software quality and productivity.  It explains how the capabilities of current documentation products can improve management of software development and maintenance projects.  It includes information about specific products in the marketplace.  Also included are case studies of organizations that are using Documentation Domain technology.  The information is aimed at those who must make decisions about acquiring advanced technology and who must prepare their organizations to use it effectively.  Finally, this report attempts to identify the future directions of the field to help in planning long-range strategies.


The Documentation Technology Report, March 1994 is updated from the Documentation Tools Report, March 1993.  The structure of the document has been changed and new information has been added.  The new information presents the complementary relationship of document publishing to document management and places increased emphasis on document management; this is especially true of the Tutorial section.  The product lists have been updated.  New product sheets, product critiques, and case studies are included.  The following table shows the changes to the structure of the report. 
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1.1
Purpose of this Report and of Software Documentation

1.1.1
Purpose of this Report


The purpose of the STSC Documentation Technology Report is to inform the reader about:

SYMBOL 183 \f "Symbol" \s 10 \h
the documentation domain terminology

SYMBOL 183 \f "Symbol" \s 10 \h
the types of documentation tools and technologies available

SYMBOL 183 \f "Symbol" \s 10 \h
lessons learned in applying documentation tools and technologies to real projects

SYMBOL 183 \f "Symbol" \s 10 \h    resources the reader may use to learn more about the documentation domain


This document does not specifically cover the software documentation management principles and methods that a Department of Defense (DoD) Program Manager should know and follow, since they are found in the STSC Software Management Guide Vol. I section 5.0.

1.1.2
Definition and Purpose of Software Documentation


For the purposes of the STSC Documentation Technology Report we use the FIPS PUB 105 definition of software documentation, which is:


All information that describes the development, operation, use, and maintenance of computer software.  
This information is in a form that can be reproduced, distributed, updated, and referred to when it is 
needed. [FIPS105]


The purpose or need for good software documentation is based on several assertions, the first being that software is the most appropriate way to implement many system functions.  Second, because of the complexity of the systems involved, software cannot be developed without communication between project members and with project management.


Software engineering is no longer a matter of a closed community of highly talented inventors of 
program code, it is much more a question of managing the processes of creating informational systems 
and carrying about the methods to do so. [Koch 92].


The third assertion is that documentation is an appropriate vehicle for much of the communication between project members.  Fourth, an individual cannot effectively maintain or use software without some understanding of that software [Basili 84] and that, again, documentation is an appropriate vehicle to communicate that understanding[Hager 89].  Fifth, a feature of documentation that makes it appropriate for assertions three and four is its longevity i.e. it is more permanent than word of mouth.  Lastly, an understanding of the software is needed as long as the software is being maintained and used. [Oman 92]
1.2
    Background: Document Components, and Publishing vs. Managing

            The components of traditional documents (listed hierarchically) are: characters, words, paragraphs, and pages.  In this tutorial, documentation tools will be considered in terms of their functionality with these document components.[Ressler 93].

1.2.1    Logical and Visual Aspects of Document Components

            It is also useful to our consideration of documentation tools to note that document components have various aspects including cosmetic, syntactic, and structural aspects.  For example, characters are symbols that may be concatenated according to the rules of a given language to form words.  But characters also have cosmetic aspects such as bolding and italics.  Documentation tool functionality is discussed in terms of these various aspects.

1.2.2    Characters

            Characters are encoded as a series of ones and zeros.  The most common encoding is ASCII.  This encoding is invisible unless you try to exchange documents with ASCII encoding with a tool that expects some other encoding such as EBCDIC.

             The process of converting the encoding to a display may be performed by hardware or software.  The hardware approach is referred to as a character-based display while the software approach is referred to as graphical.  The graphical approach requires more computing power but provides greater flexibility.  The graphical approach is seen in the fonts that allow many sizes and appearances of a given character. 

1.2.3    Words

             Characters have little meaning until they are concatenated to form words.  Editing tools (editors) such as Qedit, Vedit, KEDIT provide functionality focused mainly on the logical aspects of words.  Using a character-based display, they do little in regards to character appearance other than provide upper case, lower case and bolding.  They are very good at what they do; that is providing editing functionality without encumbering the user with a lot of unneeded features that use disk space, memory, require additional documentation and may never be used anyway.  

            Other documentation tool functionality related to the logical aspects of words are the  spell checkers, grammar checkers, and thesaurus features often found in word processors.

            The visual aspects of words are manipulated by word processors, desktop publishers, and page layout tools.  These use fonts to vary the appearance of the characters and to vary the spacing between the characters.  Typically, word processors or editors are used to generate text in a raw form, that is to create the logic or message of the document.  A page layout tool or desktop publisher is targeted on providing multiple columns of text with graphics and fine tweaking of white space, line spacing and kerning to produce the correct aesthetic look of the page.

1.2.4    Paragraphs and Pages

            Emphasis on the paragraph component of documents is provided by the tools based on SGML (Standard Generalized Markup Language defined in the glossary) and to a less formal extent by some desktop publishers.  Paragraphs can be given a name or tag that describes the content of the paragraph; a name such as "scope", "intro", or "body element for SRS (Software Requirements Specification)".

            Page focused functionality is provided by word processors, desktop publishers and page layout tools as just described in 1.2.3.  

            Electronic distribution products allow a page with the graphics and white space to be displayed that is visually faithful to the hardcopy; this on display devices that do not have the software application that generated that page.  This means your transmittal of a WordPerfect document to a recipient who lacks WordPerfect is viewed by both yourself and the receiver in the same New Roman font..

1.2.5    The Document

             Continuing our discussion of words, paragraphs, pages, and documents -- page numbering, table of contents, lists of figures, indexes, running headers, and footers exist at the document level but not before.  Document focused functionality is found in the previously and often mentioned word processors and desktop publishers.  It is the versatility of these two subdomains that contributes to their domination of the documentation domain.  They include functionality for all the document components: character, word, paragraph, page, and document.

1.2.6    Blocks

            A final note before leaving the concept of document components.  The traditional document is being complemented by alternate approaches to documentation that do not use the page metaphor.  Electronic displays of "blocks" of hypertext are seen in database publishing tools, forms, hypermedia, SGML-based documents, design records and on-line documentation.  Functionality related to blocks includes linking capability and navigational aids.  Beyond the comforting structure and confining format of the page, both the writer and reader face new flexibility and challenges.  

1.2.7
The Publishing Task


There are two major types of documentation tasks: publishing and managing.  Publishing deals with producing a document.  Publishing is characterized by the terms formatting, spelling, writing, generating text, document structuring, word processing, and desktop publishing. When a Software Requirements Specification is generated according to DoD-Std-2167A, publishing is being done.  Publishing focuses on individual documents, though the act of publishing may be repeated several times to generate several documents.

1.2.8   The Managing Task

In contrast to publishing, managing deals with groups of documents.  Managing deals with controlling many documents so that the production, distribution, transmission, review, archiving, reuse and maintenance of the documents is possible, orderly, and efficient.  The managing of documents is characterized by the terms configuration management, imaging, text retrieval, and workflow.  "Document management" is the term used in the Documentation Domain to encompass the above tasks. [Sorensen 94]

1.2.9
Tasks Covered by the Subdomains


The scope of the STSC Documentation Domain is broad enough to require the identification of the following subdomains: Color Publishing, Database Publishing, Desktop Publisher, Document Management, Editor, Electronic Distribution, Extract from Source Code, Filter/Translator, Flowcharting, Forms, Graphics/Presentation, Hypermedia, Integrated Office Automation, Miscellaneous, Page Layout, Scanning, SGML-Based/CALS, Technical Drawing, Text Processor/Batch Compiler, Word Processor, Word Processor Add-ons, Workflow, and Workgroup (Groupware). The tools that are used in these subdomains are defined in section 1.3.  Some of these tools cover document publishing tasks only, some cover document management only, and some cover both publishing and managing.  Table 1-1 is provided to show which subdomains' tools cover which tasks.

	PUBLISHING
	MANAGING

	Color Publishing
	

	Database Publishing

	Desktop Publisher
	

	
	Document Management

	Editor
	

	
	Electronic Distribution

	Extract from Source Code
	

	Filter/Translator

	Flowcharting
	

	Forms
	

	Graphics/Presentation
	

	Hypermedia

	Integrated Office Automation
	

	Miscellaneous

	Page Layout
	

	Scanning

	SGML-Based/CALS

	Technical Drawing
	

	Text Processor/Batch Compiler
	

	Word Processor
	

	Word Processor Add-ons
	

	Workflow

	Workgroup (Groupware)


Table 1-1. Subdomain Task Coverage

1.3
Software Documentation Subdomains


The subdomains are identified in the following sections alphabetically.

1.3.1    Color Publishing


Color publishing products provide color separations for high quality color hardcopy.

Examples: Alias, Full Color Publisher

Applications: Color publishing products may be useful in producing color       
portions of technical orders.

1.3.2    Database Publishing


Database publishing refers to the production of documentation using automated methods to extract information from a database for inclusion in that documentation.


Examples: BASISplus


Applications: Database Publishing products may be used in a software development 
process where 
text is retrieved from a database to produce portions of a DoD-STD-
2167A documents 

1.3.3    Desktop Publisher (DTP)

Desktop publishers provide full screen editing (often with a what-you-see-is-what-you-get interface), graphics manipulation and editing, graphics anchoring to text, multiple text columns, font variety, structuring of complex documents, hanging indents, and precise control over kerning, and may provide close coupling with one or more Computer Aided Software Engineering (CASE) products.


Examples: FrameMaker, Interleaf


Applications:  Use desktop publishers for software development projects with 
resources and a life cycle that justify a higher end desktop publishing product;  also for 
projects that use other CASE products and for production of structured technical 
documents that include graphics.

1.3.4
Document Management


Document Management products focus on the manipulation and organization of large collections of documents.  Document Management products may include indexing, version control, and search and retrieval capabilities.


Examples: Metamorph, RDM.


Applications: Used in the implementation of libraries or repositories where paper 
is being replaced by electronic media.  Document Management products may also 
be used in the configuration management and archiving of software documentation 
associated with software maintenance projects that have a long life cycle with 
frequent and/or significant updates.  Note that configuration management is 
addressed in the STSC Configuration Management Technology Report.  

1.3.5
Editor


Editors may be line oriented or may be full screen editors.  They tend to require less hard-disk space than word processors and may be faster than word processors for searching large files.  Some editors allow execution of compilers, linkers, and debuggers without exiting the editor.  Specialized language sensitive editors enforce the syntax of specific programming languages.


Examples: EDT, VI, Qedit, Microstar


Applications: Use editors for entering program code and for writing letters and short 
documents.

1.3.6
Electronic Distribution


Electronic distribution products allow documents to be transmitted electronically complete with graphics and formatting; the recipient's display is independent of application or platform.  This means that the receiver can view a WordPerfect document, for example, without having WordPerfect on his/her machine.


Examples: Acrobat, Replica


Applications: Use these to distribute information that does not need to be edited at the 
receiving end.  An electronic distribution process may be implemented using these 
products to distribute documents for review or printing where there is no need to edit the 
documents at the receiving end of the distribution.

1.3.7    Extract from Source Code


Extract from Source Code products provide textual or graphical documentation based on information in the programming language source code.  An example is a product that extracts comments from source code or captures design information (reverse engineering).


Example: DocGen


Application: These products may be useful if source code documentation is non-
existent or of poor quality.  The STSC's Reengineering Technology Report 
discusses efforts to provide documentation for existing systems that lack adequate 
documentation.

1.3.8    Filter/Translator


Filters/translators are products that modify the format of an input file (text or graphics) and produce an output file in another desired format, e.g. a document in WordPerfect format may be converted to a  FrameMaker format.  No attempt is made to differentiate between filter and translator in the Documentation Domain.  Many word processors and DTPs include filtering functions.


Examples: Filtrix, SGML Translation Products, Hijaak


Applications:  Filters are used when data from a product in format x is needed as 
input to another product in format y.  A filter may be used to convert a file to a 
Continuous Acquisition and Life-Cycle Support (CALS) compliant format.  Filters used 
specifically for software testing applications are discussed in the Test Preparation, 
Execution, and Evaluation Technologies Report.
1.3.9    Flowcharting


Flowcharting products are designed specifically for making flowcharts.  The Reengineering Technology Report and the Requirements Analysis and Design Technology Report may be consulted for more information on flowcharting.


Examples: EasyFlow, allClear, DiagramMaker


Applications: Use flowcharting products where flowcharts are currently being 
generated manually.

1.3.10  Graphics/Presentation


The Graphics/Presentation Subdomain includes paint, draw, and presentation packages.  Some word processors and DTPs include paint and draw functions.  Draw function allows a user to select an object from a menu (e.g., a circle or square)  and manipulate it to alter size shape or placement.  Paint functions work with images as bit-maps, allowing free-hand sketching and pixel-editing.  Presentation products represent numerical information as pie charts, bar charts, and histograms.


Examples: CorelDRAW, Harvard Graphics, Power Point

 
Applications:  Graphics/Presentation products may be useful for flowcharts, data 
flow diagrams, and images of the computer hardware.  Presentation products are used to 
communicate project status to decision makers.

1.3.11  Forms


Forms products provide framework forms with the facility to create, edit, modify the forms and the entry of data on the forms.


Examples: PerForm, WordPerfect InForms


Applications: To generate and track software problem reports and change requests.

1.3.12  Hypermedia


Hypermedia as a documentation subdomain refers to products that allow the integration of several forms of information including text, graphics, video, animation, music, voice and sound.  The information is linked non-sequentially to provide flexibility to the user receiving the information.  Hypertext is a related term applied to textual information that is linked, usually by pointers.


Examples: HyperCard, AnyImage 


Applications: Hypermedia products could be used in users manuals, requirements 
documents, design documents, test documents, and maintenance documents.

1.3.13  Integrated Office Automation


Integrated office automation products often provide an integrated product with two or more of the following applications: word processing, spreadsheet, database, draw, paint, and mail.  Because the applications are integrated, data may be linked between applications allowing updates in one application to be reflected in another application.  A spreadsheet may have data that needs to appear in various documents.  The spreadsheet updates will appear in all the documents that are linked to the spreadsheet.


Examples: Microsoft Works, PFS:Choice, Framework, Enable

            Applications: Use integrated office automation products for projects where the same                                                                                                                                                                            data may need to be used in spreadsheets, briefings and structured documents.  

1.3.14  Miscellaneous


This subdomain includes any product not found in the other subdomains that may be used to aid the software documentation process.  Examples of the types of products included are acquisition documentation products, on-line documentation generators, documentation generators, document comparers, and modules of CASE products whose functionality is specific to documentation.  

1.3.15  Page Layout


Page layout products emphasize features that allow flexibility in the placement of headers, footers, multiple columns, and graphics on a page.

Examples: Adobe Illustrator, Archetype Designer


Applications: Page layout products may provide the DTP functions that a 
specific word processor lacks without incurring the expense of a high-end DTP. 
They 
are also good for newsletters and short documents.
1.3.16  Scanning

Scanning products are software used to convert hardcopy images to an electronic form.  They require specialized scanning devices.  The images may be converted into text or graphics.  The result of the scanning process may be graphics stored in a raster or vector format, text treated as graphics (stored in a raster format), or text stored in an editable ASCII format.


Example: Omnipage



Applications:  Projects with hardcopy  that should be converted to electronic media 
for best usage.

1.3.17  SGML-Based/CALS


Includes products whose functionality hinges on SGML or other CALS standards.  Product functionality may include editing, viewing, conversion and validation of SGML/CALS compliant data.  Standard Generalized Markup Language (SGML) and Computer-aided Acquisition and Logistics Support (CALS) are defined in 2.7.


Examples: FastTag, Omnimark.


Applications: Projects that have a documentation requirement to be compatible with 
CALS standards; also projects that involve several organizations that need to exchange 
data and would benefit from having access to data in a common database.

1.3.18  Technical Drawing


The Technical Drawing subdomain includes computer-aided drawing products that are used for drawing straight lines and bezier curves and for dimensioning.  Some DTPs include these functions.  



Examples: Generic CADD, Illustrator, MapCon


Applications: Technical drawing products may be used to produce drawings of 
hardware associated with the software being developed.

1.3.19  Text Processor/Batch Compiler


Text processors and batch compilers accept text files containing embedded codes that are interpreted as formatting information; the text file which results after the formatting information has been interpreted is in a format that can be sent to a printer or display device.  A user may generate the input file using an editor, a word processor, or the editing function of the text processor or batch compiler.  Text processors and batch compilers are capable of producing high-quality, complex, structured documentation. They can be less expensive than high-end DTPs, but they are also more difficult to use since the user needs to understand the formatting codes to generate or modify a document.  In the past, the portability of documents produced by this subdomain was an advantage since it permitted a document to be produced compatibly on different machines,  but that advantage is now available via the Standard Generalized Markup Language (SGML).


Examples: Eroff, Documenter's Workbench


Applications: If a project lacks the funds for a high-end DTP but has a requirement 
for high quality complex documentation involving multiple authors, a  text processor or 
batch compiler may be useful.  The most likely project would already have personnel 
with expertise in this subdomain or would allow personnel plenty of time to climb the 
learning curve.  The trend is away from this subdomain and toward the DTPs.  

1.3.20  Word Processor



Word processors provide easy text editing and are typified by full screen editing, cut and paste, word wrap, justification, search/replace, and spell checking.


Examples: Microsoft Word, WordPerfect,  Ami Pro


Applications: Use word processors for creation of input files to DTP and text 
processors and for creation of structured documents of less than 100 pages.

1.3.21  Word Processor Add-ons 

            These products augment the functionality of a word processor or desktop publisher and may include grammar checking, spell checking, templates, fonts and clip art.

1.3.21.1
Grammar/Spelling Checker


Grammar and spelling checkers are typically used and often bundled with word processors or desktop publishers to evaluate the style of writing and to catch typos.  Spelling dictionaries may be modified to include user-specific vocabulary.  Larger products also carry thesaurus capabilities. 


Examples: Grammatik, RightWriter


Applications: Use grammar and spelling checkers with word processors or DTPs 
that lack grammar or spelling checking.

1.3.21.2
Template


Templates (sometimes called style sheets) contain formatting and structure characteristics that may be applied to a text file.  A template allows a user to define the look and structure of a document and to apply that same look and structure to other documents. Many word processors and DTPs include templates and template creation functions, but templates may also be purchased separately for use with a word processor or DTP.


Examples:  PFS: First Publisher Business Templates, DocTemplates


Applications: Use templates on projects that need to produce multiple documents 
with a uniform format and structure, e.g. projects that produce documents to comply 
with DoD-STD-2167A.

1.3.21.3
Fonts


Fonts are characters of a specific style; they are recognized by documentation products and printers to display or print characters in a variety of styles, faces, and sizes.  The different approaches to the use of fonts in documentation tools results in several font implementations, such as resident fonts that are a built-in printer feature or bit-mapped soft fonts and scalable soft fonts that are available on disks and cartridges  (these are defined in the glossary).


Examples: PostScript Cartridge for LaserJet III, Softype


Applications:  Bold and italic fonts can be used to emphasize the main points of a 
document.  Larger fonts are useful with presentation products.  Some fonts are more 
legible when faxed than are others.  Smaller fonts can be useful for including more 
information in table cells.  
1.3.21.4
Clip Art


Clip art is a collection of graphics stored electronically which may be cut and pasted electronically into a document.  Clip art is included in some word processors and DTPs.

      
Examples: Animator Clips, Wheeler Clip Art


Applications: Clip art may be used on document covers, briefing charts, and 
anywhere the graphics communicate the author's message.

1.3.22  Workflow


Products that provide means for electronically implementing project workflow but do not provide extensive text manipulation like the Workgroup products.  Such means include a user interface, access to the devices that process documents (fax, scanner, etc.), creation of folders, and routing of folders and documents that may have suspense times associated with them. 


Examples: Lotus Notes, Rapport

            Applications: May be used to implement software maintenance procedures                                                                                                                                                                                         including electronic distribution and review.  Such implementation may automate parts                                                                                                                                                                          of the procedures.


1.3.23  Workgroup (Groupware)


The Workgroup subdomain includes products with text manipulation features that run on a local area network and that emphasize the seamless sharing of text and graphics data among project members.  These products provide access to databases, spreadsheets, text files, graphics, forms, and provide e-mail capabilities.


Examples: Asterix


Applications: Use Workgroup products for document creation, electronically 
distributing and reviewing software documentation, and for conferencing.

1.4
The Documentation Development Process


As with the software itself, documentation has a development process.  The documentation process that produced a document is reflected in the quality of the document.  If the process is well defined and well understood, the documentation quality tends to be higher than if the process is nebulous.


Process implementation has many benefits, the greatest of which is that predictable high-quality output is 
consistently produced.  This consistency is made possible because cooperative relationships are 
established, proper feedback mechanisms are in place to monitor the process, unnecessary and time-
consuming rechecking is eliminated, and work activities are well defined. [Barker 91]


While each organization's documentation process will be different, there should be some common denominators to a successful process.  Those common denominators are described here as adapted from "Developing Effective User Documentation: a Human Factors Approach" [Simpson 85].

1.4.1
Define the Team

A team must be assembled that is capable of performing the documentation tasks.  The team may include a contractor and contracting agency, since they may select the documentation types.  Besides selecting documentation types, other tasks to be considered are managing, editing, writing, illustrating, page layout, and liaison between the technical expertise and the documentation team.  Note that depending on the size of the effort, one or two people may perform all these functions or several persons may share any one of the tasks.

1.4.2
Select the Documentation Types

Selecting the documentation types consists of tailoring DoD-STD-2167A or DoD-STD-7935A (see section 4.4 of this report and also STSC SMG section 5.0) or in some other way deciding what documents need to be produced .  A decision on which documents are needed is driven by the software's complexity, software users' requirements, the possible consequence of software errors, and project resources.  For example, the operational software for a major weapon system involving nuclear safety issues will require some document types that will not be required for the graphical user interface for supply depot applications software.

1.4.3
Prepare Documentation Plans


The scope and content of each software document must be determined.  The 2167A tailoring defines much of this including the content outline, depth and breadth.  The plan also addresses the source of data, the use of graphics, and audience guidelines.  The documentation plan is prepared by the managing and editing members of the documentation team with input from the writers who will be following the plan.  The writers prepare the software documentation based on the document plan. 

1.4.4
Develop Documentation Standards


 Documentation standards apply to the structure and content of the documentation.  DoD-STD-2167A provides such rules (though it is actually a software development standard and encompasses more than just documentation standards).  The software development organization also needs documentation standards that address document format, readability, typography, and punctuation.  Excellent style guides that cover these details are available commercially to complement standards such as DoD-STD-2167A and DoD-STD-7935A.


Documentation standards are a set of rules and examples that writers can following in creating new 
documentation.  [Simpson 85]
1.4.5
Develop Management Plan


This plan consists of the schedule (when) and the mechanics (how) of developing the documentation.  A PERT or Gantt chart or both is developed to show when the various drafts are created and how the documentation schedule relates to the software development schedule.  Some of the tasks that could appear on the schedule follow.

	TASK
	ASSIGNEE

	write first draft
	writer

	create rough graphics
	writer

	internal review
	writer and editor

	create working draft
	writer and editor

	create working graphics
	illustrator

	technical review
	technical liaison

	create formal review draft
	writer and editor

	formal customer/user review
	customer/user

	produce final baseline document
	writer and editor


Table 1-2. Develop Management Plan


The plan also outlines the facilities needed for document creation such as: documentation tools, technical support, working prototype of the software, access to classified information.  The dependencies of the documentation schedule on this support is identified in the PERT or Gantt charts.

1.4.6
Create the Documentation


The mechanics of creating software documentation may mean keyboarding on a word processor or desktop publisher to create text and using a draw or flowchart package to generate graphics.  More automated approaches involve the use of CASE tools that generate documentation based on user inputs.  The user inputs specify the software development methodology (e.g. Shlaer-Mellor, Booch),  software language (e.g. Ada, Cobol) and the desired format of the output file.  The CASE tools provide data from a requirements/design repository that can be imported to a publishing product for final formatting as a document.

1.4.7
Conduct Technical Review


The technical liaison function coordinates this review with the creators of the software.  The technical liaison is most effectively performed by a member of the group that creates the software since 1) they can answer some technical questions directly and 2) they have more influence with the analysts and programmers who create the software.  The reviewers are formally notified of the amount of their time required to support the review and of the deadline for comment submission.  Corrections based on the comments are made.  This process may be repeated if needed until the document is technically complete and correct.

1.4.8
Conduct Customer/User Review


If the document is being developed to DoD-STD-2167A, the review of the document occurs in conjunction with the appropriate software review as outlined in MIL-STD-1521B.  These reviews include the Preliminary Design Review (PDR), Critical Design Review (CDR) etc.  The end user and independent validation and verification function, when appropriate, are able to make corrections through these reviews.  Again note that reviews may be an iterative process that continue until the document is correct.
1.4.9
 Create and Maintain Final Draft


The last step is the incorporation of comments and corrections.  The document is then submitted to configuration management personnel and baselined.  Any possible updates to the baselined document are submitted as change requests that must pass a formal change process.  Updates may take the form of change pages or may be a complete new version of the document depending on the scope of the changes.  The changes are provided to personnel appearing on a formally maintained distribution list.  If the document is being published on CD-ROM, changes may be distributed as a new CD.

1.5
Capabilities of the Documentation Domain to Improve Software Development/Maintenance


Eighty percent of software errors in large real-time systems are requirements and design errors due to ambiguity, incompleteness, or faulty assumptions [Ramam 88].  The idea that better documentation can solve a big percentage of maintenance problems seems to be suggested by most [Rombach 87] but not all [Sneed 89] of the data.  When process and modeling staffs do not document the reasons why they have reached certain conclusions this causes problems during the product life cycle. [Srivast 94]  


From the early days of computing it has been recognized that some information other than the code is 
needed to maintain a program.  [Arnold 93]

1.5.1
Capabilities of Software Documentation in General


A good documentation system has several important characteristics:

SYMBOL 183 \f "Symbol" \s 10 \h
It helps the developer uncover and understand the problem, and encourages the thinking process needed to solve the problem.

SYMBOL 183 \f "Symbol" \s 10 \h
It provides easy access to various levels of documentation, then quickly delivers proper information to the appropriate audience.

SYMBOL 183 \f "Symbol" \s 10 \h    It helps the maintainer by providing subject matter expert information and by demonstrating how the application satisfies requirements. [McCauley 92]

1.5.2
Capabilities of DoD-STD-2167A Documentation


The documentation as outlined by 2167A can provide visibility into the contractors' plans for developing software and performing configuration management (SDP) and for performing software formal qualification testing (STP).  It can also show the technical progress of the project/system (SSS, SSDD, SRS, IRS, SDD, IDD) and prove that the software conforms to its requirements (STD, STR).  It documents the software implementation (SPS) and the contents of the delivered software (VDD).  It defines the required software support resources, plans the transition from development to support (CRISD), and provides materials that describe how to use and support the delivered software (SUM, CSOM, SPM, FSM).  Finally, it supports evaluations of a software project's progress through the software development life cycle and helps demonstrate that the software will be maintainable after deployment. [CSDL 93]

1.5.3
Limitations of Documentation


Documentation has at least the following limitations:  documentation requires resources to be produced and maintained,  it may be inaccurate, it may not be read,  it may not be understandable, and it may not be maintained [Arnold 93].  DoD-STD-2167A is being replaced by a new software development standard often referred to as MIL-STD-SDD which promises to address some of these limitations.  


MIL-STD-SDD: 1) separates planning and engineering activities from preparation of deliverables to 
make it easier to call for one without the other, 2) permits the recording of project information in forms 
other than traditional documents, such as CASE tools, 3) permits the design of the as-built software to be 
described in code headers and comments, 4) provides guidance to prevent unnecessary deliverables. 
[Summary 92]


Because 2167A emphasizes documentation so heavily, the replacement of 2167A underscores the limitations of documentation.  But the general philosophy of having a standard for development of software with associated documentation is defended by Frank Sisti of the SEI.


There are several routes to quality software.  For example, DOD standards like the new military standard 
for software development and documentation are forcing people to turn out better software. [Sisti 
93]

1.5.4
Capabilities of Documentation Tools


Documentation tools that focus on the publishing task (producing a document), provide a better looking document than was produced years ago using paper and tape.  This is one reason that word processors and desktop publishers are so pervasive in the workplace.


Documentation tools that focus on the management of documents have the potential to further improve documents, and perhaps of more significance, have the potential to improve the process that produces documents.  But two areas where current document management tools fall short of providing all the needed functionality are in 1) change control and in 2) linking changes in software documentation to the software.  In a workgroup situation, a technical writer should receive an automatic electronic notification that changes have been made to critical files indicating a probable need for a documentation update.  The change control shortfalls are listed in a recent article [Sorensen 94].  As with other tools, document management tools can be useful only to the extent that the process being automated is understood.

1.5.5
Summary


Software documentation is not the software any more than the owner's manual for your VCR is the VCR.  It is easy to consider the documentation to be a "necessary evil".  And sometimes the appropriateness of the word "necessary" is called into question.  Is it really necessary or is it just "evil"?  To minimize the work involved with documentation, alternate approaches have been considered; one of these is the design record.  A design record is a collection of information proposed as an alternative to traditional documentation [Arnold 93].  The consideration of alternative approaches is commendable.  But until a more automated way to capture the rationale for project decisions, the customer's requirements, the analyst's design, the reason for stuffing register A with "X", the baseline test sequence and configuration, and what button you push to execute, documentation will be part of the software development process.

2
reserved

3
Products AND PRODUCT SELECTION


This section provides some general guidance for narrowing the search for specific documentation products.  In doing so it introduces the reader to the STSC Product Lists, Product Sheets, Product Critiques, and Quantitative Tool Evaluations.  We have narrowed the search as follows:

SYMBOL 183 \f "Symbol" \s 10 \h
Identify the documentation task.

SYMBOL 183 \f "Symbol" \s 10 \h
Decide if the task is "publishing" or "managing".

SYMBOL 183 \f "Symbol" \s 10 \h
Pick the appropriate subdomain(s).

SYMBOL 183 \f "Symbol" \s 10 \h    Use the subdomain long lists to generate a short list of  products that meet the "must 
have"                                                                                                                                                                   requirements (see Appendix B).
SYMBOL 183 \f "Symbol" \s 10 \h
Match the short list products' functionality to current and near future requirements (don't pay for functionality and complexity you don't need).

SYMBOL 183 \f "Symbol" \s 10 \h
Match each of the short list products with your organization's standards and architecture for information exchange.

SYMBOL 183 \f "Symbol" \s 10 \h
Stick with market leaders when possible; they are the most likely to be supported in the future and they are most likely to provide compatibility with other products.
SYMBOL 183 \f "Symbol" \s 10 \h
Know what you want, know your requirements, and know exactly what you want the tool to do.  Ask the vendor a lot of questions; this is the only way to minimize any miscommunication that occurs between a vendor's marketing and technical groups.

SYMBOL 183 \f "Symbol" \s 10 \h
Get an evaluation copy of the product prior to committing.  Reputable vendors are usually willing to work with potential customers in regards to evaluation of  their products.  The minimal costs involved in getting an evaluation copy far outweigh the costs of acquiring shelfware.

            Final product selection is aided by the use of "STSC Quantitative Evaluations" of the foremost products.  These evaluations are performed at the STSC for specific STSC customer's projects.  The evaluations are based on questions in section 4 of A Guide to the Classification and Assessment of Software Engineering Tools [TECH REPORT].  

3.1
Documentation Product Lists


Appendix B contains the lists of documentation products identified at the STSC at the time this report was published.  The information gathered for each product includes:

SYMBOL 183 \f "Symbol" \s 10 \h
The product's name.

SYMBOL 183 \f "Symbol" \s 10 \h
Platforms/operating systems supported.

SYMBOL 183 \f "Symbol" \s 10 \h
Vendor name and phone number.

SYMBOL 183 \f "Symbol" \s 10 \h
Comments/classification for each product.  


A list is provided for each subdomain.  The capabilities of some products bridge two subdomains and will appear on two lists.  Footnotes next to some product names point to additional information.

3.2
Product Sheets


Appendix C contains product sheets for the documentation products that the STSC has decided to include in this report.  The product information sheets provide more in-depth information than the Product Lists to help customers make preliminary assessments about products.  Various parameters are used to determine which products are included in the product information sheets in this report.  These parameters include market share, vendor stability/maturity, applicability of subdomain to the software development arena, and the willingness of the vendor to provide the data.  The Product Sheets are arranged alphabetically by tool name.  

3.3
Product Critiques


Appendix D contains Product Critiques of a few documentation products.  The Product Critiques highlight unique or noteworthy product capabilities and significant or annoying problems.  The STSC is soliciting and publishing product critiques from experienced practitioners.  Product customers can read opinions from experienced colleagues similar to the way friends ask each other for their opinions when buying a new car or some other expensive item or service.  


Contact the STSC for any unpublished product critiques or updated product critiques that may be available.
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State of the documentation Domain

4.1
Summary of the State-of-the-Practice


The case studies in section 6 provide examples of the state-of-the-practice.  The reader is invited to compare them to the hypothetical scenario in 4.2.  


In general, software development organizations in the United States are at level 1 of the Software Engineering Institute's (SEI) Capability Maturity Model (CMM) [Koch 92].  The SEI CMM is a model that emphasizes the importance of understanding the software development process in an organization.  These processes are being (but are not yet) defined.  Documentation is generated/updated by analysts and technical writers keyboarding on word processors or desktop publishers.  Some use of CASE tools has automated portions of the document publishing process.  The structure of the software documentation generally follows an outline defined by a government standard.  Document management, however, is largely a manual process. Many documents originate in an electronic form and are converted to hardcopy for review and distribution via hand delivery, mail or fax.  Many documents are stored in desk or cabinet drawers as hardcopies.  

4.2
Summary of the State-of-the-Art (a hypothetical scenario)


A hypothetical scenario of a Department of Defense software development project that has implemented existing technology available in the documentation domain follows. 

4.2.1
Project Approach


Some of the delivered software was successfully reused from another program.  This simplified the documentation effort considerably.  A decision as to which types of documents (types as was discussed in section 1.4) were needed was made using a tailoring tool designed for projects following DoD-STD-2167A.  A project management tool was used to generate PERT and Gantt charts depicting critical paths and task dependencies.

4.2.2
Overview of the Documents


The following types of documents were produced in this imaginary project: system specification, software requirements specification, software design document, user guide, and test cases.  The detailed portions of the software design either referenced existing documentation heavily or entire sections were copied from existing documents corresponding to the reused code.  Unfortunately, much of this could only be imported to desktop publishing tools as straight ASCII text.  Filter products were used in some cases to provide imported text with structure, tables and some graphics.  Test documentation was minimal; a well documented and optimized software development process had detected most problems prior to coding.

4.2.3
Publication of the Software Requirements and Design


Most of the new content of the software requirements specification and software design document  (new referring to the documentation corresponding to the code that was not reused) resided in an upper CASE tool repository.  A robust desktop publishing product combined the repository data with document templates and methodology information to produce draft documents.  The documents' format and structure were all provided automatically in conformance to project documentation standards.  Paragraph numbering, references to tables and figures, table of contents, lists of figures and tables were generated automatically.  Final formatting and review of the document is done via keyboard and mouse inputs to the desktop publisher.

4.2.4
Publication of User Guide


The publication of the user guide was simplified by the fact that the user interface to the system consisted of standard objects used on previous systems.  Consequently, the characteristics of these objects were already documented.  Modifications to the object descriptions were made via keyboard and mouse inputs to the desktop publisher.  The actual procedures that involved user interaction with the objects as part of the system as a whole were developed under a separate effort and published as an interactive electronic technical manual (IETM - defined in the glossary) type of document.  This effort required personnel with information mapping skills, and a hypermedia authoring tool to provide link and navigation features in the IETM.

4.2.5
The Publishing Process


The document publishing process is understood, documented and implemented using a leading workflow product.  This product provides the project managers a real-time window on the status of each software document as it is created and reviewed as well as metrics to be used in improving the publishing process.  Analysts, programmers, and managers exchange the documents electronically, however, hardcopies are used by some project members who prefer them to a screen display.

4.2.6
Document Management

Management of the project was simplified by the use of established document management procedures that include the use of documentation standards and configuration management procedures.  Both contractor and government managers electronically accessed a common database that included schedule information as well as baselined software documents, meeting minutes and action items. Internal documents, which constitute corporate knowledge, have been electronically tagged, structured and stored.  Information on corporate issues is retrieved using a search and retrieval system that was integrated and installed by an experienced systems integration organization.

4.2.7
Lessons Learned


A number of lessons were learned in this hypothetical project.  Reuse was successful due to efforts on previous projects to provide standards, reuse training and a formalized reuse process.  The project's documentation standards covering data formats, tools, templates and tagging were critical to a simplification of the documentation effort and to the feasibility of a common database.  The database minimized duplication of effort by providing different views of data from a single instance of objects rather than requiring the manual generation of a document that provided that particular view.  The database also facilitated configuration management.  

4.3
Reserved

4.4
Standards

           Standards provide substantially uniform and established reference points for documents, software, data formats and processes.  They are basic to any of society's efforts that depend on interaction between numerous groups.  Here we cover two topics: 1) DoD-STD-2167A because it is the DoD standard for developing software and addresses the documentation associated with that development, and 2) the CALS initiative because it focuses on more efficient ways of doing business including the management of the documents that are the lifeblood of business.
4.4.1    DoD-STD-2167A


DoD-STD-2167A is the Department of Defense Standard for Defense System Software Development.  This standard establishes uniform requirements for software development that are applicable throughout the system life.  The requirements of this standard provide the basis for Government insight into a contractor's software development, testing, and evaluation.  An effort is underway to combine DoD-STD-7935A and DoD-STD-2167A [Guide 92].  Note that DoD-STD-7935A is similar to 2167A but that while 2167A applies to mission critical computer resources (MCCR), 7935A applies to automated information software development (AIS projects). Information regarding the use of these standards is found in the STSC Software Management Guide.  


MIL-STD-SDD is being developed to harmonize 2167A and 7935A through a paragraph-by-paragraph mapping of the two to identify common areas and differences and to resolve those differences in the context of MCCR and AIS projects.  A second goal of MIL-STD-SDD, which will be known as MIL-STD-498 when complete, is to resolve issues raised in the use of 2167A and 7935A.  The issues include those in Table 4-1.  MIL-SDD-STD may be released in late 1994.

	ISSUE
	MIL-STD-SDD change

	the implied waterfall model present in 2167A and 7935A
	MIL-STD-SDD: 1) eliminates time-oriented dependencies and implications, 2) provides alternatives to formal reviews, and 3) adds figures, notes, and an appendix that tell how to apply the standard across multiple builds or iterations. [Summary 92]

	the implied preference for functional decomposition
	MIL-STD-SDD: 1) removes the requirement to partition the software into computer software components (CSCs) made up of computer software units (CSUs), 2) rewording DIDs to accommodate the expression of requirements and design in object-oriented and other ways.  [Summary 92]

	the emphasis on documents and the incompatibility with CASE tools
	MIL-STD-SDD: 1) separates planning and engineering activities from preparation of deliverables to make it easier to call for one without the other, 2) permits the recording of project information in forms other than traditional documents, such as CASE tools, 3) permits the design of the as-built software to be described in code headers and comments, 4) provides guidance to prevent unnecessary deliverables. [Summary 92]


Table 4-1. DoD-STD-2167A Issues

4.4.1.1
Document Set Summary

               DoD-STD-2167A contains Data Item Descriptions (DIDs) which describe the documents that accompany software development.  The documents which the DoD-STD-2167A describes can be grouped into four categories:

	TECHNICAL CATEGORY
	SUPPORT CATEGORY

	System/Segment Specification (SSS)
	Computer System Operator's Manual (CSOM)

	System/Segment Design Document (SSDD)
	Software User's Manual (SUM)

	Software Requirements Specification (SRS)
	Firmware Support Manual (FSM)

	Interface Requirements Specification (IRS)
	Version Description Document (VDD)

	Software Design Document (SDD)
	Software Programmer's Manual (SPM)

	Interface Design Document (IDD)
	

	Software Product Specification (SPS)


	

	MANAGEMENT CATEGORY
	TEST CATEGORY

	Software Development Plan (SDP)
	Software Test Plan (STP)

	
 Software Quality Program Plan (SQPP)                   
	Software Test Report (STR)

	
	Software Test Description (STD)


Table 4-2. DoD-STD-2167A Documents by Category

4.4.1.2
Document Audience


The audience for each of the types of documents can be seen in Table 4-3:

	
	Technical
	Management
	Support
	Test

	Program Managers

	X
	X
	
	X

	Project Leaders
	
	X
	
	

	Acquisition Officers
	
	X
	
	X

	Contracts Personnel
	
	X
	
	X

	QA Personnel
	X
	X
	X
	X

	IV&V Personnel

	X
	X
	X
	X

	Sub/Associate Contractors
	
	X
	
	

	Support Personnel
	X
	X
	X
	X

	Software Test Personnel
	X
	
	
	X

	System/Software Analysts and Designers
	X
	
	
	

	Maintenance Programmers
	X
	
	X
	

	Computer Operators
	
	
	X
	

	CM Personnel/Librarian/ Archivist
	
	
	X
	

	Users
	X
	
	X
	


Table 4-3. DoD-STD-2167A Documents' Audience

4.4.1.3
Evaluating DoD-STD-2167A  Documents


Guidelines for evaluating 2167A documents have been developed in conjunction with the F-22 aircraft.  The evaluation approach includes a specific guideline for each of the 17 DIDs associated with 2167A, with each guideline asking specific questions regarding each paragraph of the document under evaluation.  Scores are determined based on the substantive content, understandability, consistency, traceability and correctness of the documents.  The guidelines are available by contacting Capt. Joe Stanko(SM-ALC/LATE) at 916-643-0376.

4.4.2    CALS Standards Affecting the Domain


"Continuous Acquisition and Life-Cycle Support (CALS), established  by  DoD in 1985, is a DoD/Industry strategy for the transition to automated interchange of technical data and to the process improvements enabled by automation and integration," [Proceedings 91].


The CALS Software Product Committee (SPC) has developed a plan to "Apply the CALS strategy to the development, delivery, and maintenance of software products developed under DoD-STDs 2167A and 7935A," [Report 91].  The plan is a two phase approach.  In the first phase, 2167A and 7935A are analyzed and Data Item Description/Document Type Definition (DID/DTD) packages are prepared.  DTDs will permit a product to "Extract requirements, discern [the requirements] fit into the requirements hierarchy and understand [the requirements] relationships to design and test elements" [Report].  The second phase calls for a full database environment for software products consisting of the current software standards, their associated DIDs, and other related standards and specifications. 


The preparation of DTDs that correspond to the 2167A DIDs is progressing under a government contract.  The impact of MIL-SDD-STD on these DTDs is expected to be minimal.  The determination regarding how these DTDs will be made available to government projects will probably have been reached by March 1994.  Contact the STSC for this information.  


For software developers and maintainers not familiar with CALS, getting an understanding of SGML and DTDs is a good place to start.  This background will be useful as SGML continues to become more prevalent in the DoD and in the industry as a standard for encoding document text files and text databases. 


The CALS standards that are related to the Documentation Technology Domain are described below.  They include standards for the items in the Table 4-4.

	delivery media
	MIL-STD-1840A 


	delivery media
	MIL-STD-1840B

	3D vector 
	MIL-D-28000

	ASCII text  
	MIL-M-28001A

	raster  

	MIL-R-28002A

	2D vector 
	MIL-D-28003

	implementation
	MIL-HDBK-59A

	hypermedia

	ISO 10744





        Table 4-4. CALS Standards

4.4.2.1
Descriptions of CALS Standards


The following standards are available from the CALS/CE Information Center listed in Appendix F.

4.4.2.1.1
MIL-STD-1840A: Delivery Media/Format/ Organization


Sometimes referred to as the "parent" CALS standard, 1840A covers:

a.
magnetic tape - 1840A references Federal Information Processing 



Standard (FIPS) Pubs 1, 2, 25, 50, 79.


b.
telecommunications - Government Open Systems Interconnection Profile 


(GOSIP), FIPS Pub 146.
Header file requirements and data file types are covered here.  Media other than magnetic tape (e.g. CD-ROM and ANSI X.12 ) are included in MIL-STD-1840B.

4.4.2.1.2
MIL-D-28000: Initial Graphics Exchange Specification (IGES)


This standard includes three dimensional technical illustrations and engineering drawings.

4.4.2.1.3
MIL-M-28001A: Standard Generalized Markup Language (SGML)


This standard is for the identification of textual (unfielded) data and defines the following:


a.
tags - embedded information specifying processing details of "sections" 


including  references to raster and vector illustrations.


b.
Document Type Definition (DTD) - specifies the organization, structure 


and content of the document and the meaning of the tags.


c.
Formatting Output Specification Instance (FOSI) - specifies document 


format
and style.


d.
Page Description Language (PDL) - specifies how the page is produced 


(e.g. PostScript).

4.4.2.1.4
MIL-D-28002: Requirements for Raster Graphics Representation in Binary 
Format


This standard includes Type I (untiled) and Type II (tiled).  In plain English, this is just the format for a fax.  "Tiled" refers to the logical cutting of a raster image into rectangular sections, an approach used for more efficient handling of images larger than 8.5 x 11" such as for facsimile transmission.

4.4.2.1.5
MIL-D-28003: Computer Graphics Metafile (CGM)


This standard includes two-dimensional technical illustrations and graphic art.

4.4.2.1.6
MIL-HDBK-59A: DoD CALS Program Implementation Guide 

This guide assists weapon system acquisition managers to understand when, where, and how to apply CALS capabilities efficiently.  The guide is to support weapon system acquisition managers' information interchange and access requirements for integration of the contractor process.

4.4.2.1.7
Hypermedia/Time-Based Structuring Language (Hytime) 
             This standard describes a language and syntax for representing objects, including hypermedia, in documents.  Standardized linking, alignment, and addressing methods allows objects to be made available in a standardized way.

4.4.2.2
Benefits


The benefits of CALS to the software development process have been summed up by the Software Product Committee.


"To reduce the total cost and time attributed to documentation, and more importantly, to improve access to the information contained in the documents, it is essential that the CALS strategy be appropriately applied to software and its associated documentation products, i.e. to software products  . . .


The successful completion of the guidelines for the Near Term solution contained in [the CALS ISG SPC Near Term Project] report will enable the development, delivery, and maintenance of software products on electronic media.  This will enhance requirements traceability, facilitate data integrity throughout the life cycle of the system, and ensure that information contained in software products is readily accessible to support all processes in the life cycle.  The quality of the products will be improved and the data cycle reduced.  Implementation will facilitate the reuse of data within a system procurement and subsequent procurements  . . .  It will also facilitate a smooth transition to the Long Term vision of CALS -- a fully integrated database environment" [Report 91].

5
    THE SEI CMM AND DOCUMENT MANAGEMENT


Software development organizations are among those that can benefit from document management.  As an organization moves through the Software Engineering Institute's (SEI) Capability Maturity Model (CMM), documents will need to be managed.  Note that several types of documents are identified for the Key Process Areas in Level 2 organizations.  

	Key Process Area (KPA)
	Types of documents identified

	Requirements Management
	2

	Software Project Planning
	7

	Software Project Tracking and Oversight
	5

	Software Subcontract Management
	9

	Software Quality Assurance
	6

	Software Configuration Management
	7

	Total
	36


Table 5-1. Types of CMM Level 2 Documents by KPA


These documents include plans for: 
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quality assurance, 
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configuration management, 
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development and revision of software, 



as well as procedures for: 
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change requests, 
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project tracking, 
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subcontractor selection, 
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reviews and 
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audits. 


Twenty-three additional document types are identified for Level 3, seven additional for Level 4 and fourteen additional for Level 5 (reference Appendix J).  It is unlikely, however, that a single project would require all of these types of documents.


Level 5 organizations are characterized by feedback mechanisms to monitor and improve the system.  The organizational history is the yardstick for determining improvement.  That history must be captured in documents or some other form.  These records, documents or whatever will contain the lessons learned, the errors made, the things that worked.  An organization that can quickly recall these lessons may be able to avoid the mistakes of the past and similarly duplicate the successes.
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6

Case Studies


Case studies provide the reader an opportunity to learn from the success and failures of others in their various approaches to the documentation problem.  Four such case studies follow.  The first case study describes documentation on a project after the tools have been selected.  The second and third case studies describe the tool selection process, though the third also covers some project issues related to using object-oriented analysis and DoD-STD-2167A.  The last case study describes an integration approach that closely couples documentation tools with other CASE tools in a test environment.

6.1
Documenting Thiokol Resource Planning Software

6.1.1
Project Overview

Thiokol Space Operations in Utah has been using an IBM MRP II (Manufacturing Resource Planning) software product called COPICS/E to manage resources at a rocket booster manufacturing facility since late 1992.  Using a commercial-off-the-shelf (COTS) product was attractive from a cost standpoint when compared with the cost of developing the software from scratch because of the lower acquisition and maintenance costs.  But some software development was still necessary to modify and expand COPICS/E functionality and to integrate it with existing software.  The additional software was implemented in Cobol; the COPICS/E source code (Cobol) was also modified.  This additional software was documented as follows.

6.1.2
Overview of Documentation

The software documents were small (from 5 to 120 pages) though the total combined page count was thousands of pages.  Documentation generated consists of requirements documents,  design documents, database design specifications, training materials, and users manuals.  While not DoD-STD-2167A documents, these were done to Thiokol internal standards to produce structured documents. 

6.1.3
Document Publishing

Systems analysts generated draft requirements documents using a word processor  (WordPerfect 5.1 running on MS-DOS).  The drafts were reviewed first by other project team members (systems analysts and users), second by the programmers who will use the document, and last by the program office.  The originating systems analyst incorporated the reviewers' comments on WordPerfect as needed.  Final documents were then assigned a control number for future reference and placed in the control library.


Design documents were handled differently in that they were generated using the Bachman CASE tool (Information Builders/Massachusetts).  Inputs to the tool included dataflow, process flow and database design information.  The Bachman tool generated a design document composed of data in tabular and flowchart formats.  A couple of additional pages were sometimes generated manually on WordPerfect to augment the Bachman output.  The possibility of generating code automatically from the Bachman output is being considered. 


User Manuals were drafted in WordPerfect and were then imported into a page layout tool (PageMaker).  Bitmap screen captures were also imported into PageMaker.  The manuals augmented the existing COTS documentation and were written to communicate specific Thiokol procedures for using the tool to do a specific job.  Superfluous COTS functionality that was not needed to do the job was not addressed in the manual.  A subject matter expert provided the manual's basic content and then a technical writer addressed grammar, language, format and some limited content.

6.1.4
Document Management 

The control library maintained hard and soft copies of all baselined documents.  Control numbers and revision numbers were assigned.  The library was maintained in a secure location with the librarian having sole access to the documents.  A spreadsheet was used to track documents.  While some consideration was given to getting a document management system for the project, those considerations fell prey to time and money considerations.  

6.1.5
Lessons Learned


The experience gained during this project yielded several discoveries:
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A spreadsheet was not capable of effectively showing the relationships between the documents in the control library. A document management system was needed to do this.  When software updates were needed, the relationships were identified manually.  A document management system would simplify the documentation update process.
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Producing documents to a style guide and using a formal review process took more time than less formal internal approaches used previously. But the documents were of higher quality and programmers could actually code directly from the design documents with little or no additional contact with the originating analyst.
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WordPerfect and PageMaker were appropriate tools for producing the documentation.  These tools were inexpensive and provided functionality compatible with the length and complexity of the documents produced.  However, due to WordPerfect's wider use in the Thiokol facility consideration is being given to dropping PageMaker.

6.2
Case Study - Selecting a Documentation Tool


In early 1991, a classified software development project needed tools that provided word processing, presentation graphics, spreadsheet, and database management functions with data interchange between these functions.  The tools needed to support floppy disks and existing printers and be compatible with SparcStation/Sun OS, UNIX, MIT X, and OSF/Motif.  The tools also needed to operate with the existing software infrastructure.

6.2.1
Candidate Tools


The following candidate tools were identified as having the potential to meet some portion of the requirements:


Integrated

Uniplex II+

Quintet


Office 


Asterix


Rapport


Automation

Slate


Convenience





SAS System

Office Power





Island Series

SmartWareII





Q-Office+

Enable


Desktop

FrameMaker


Publisher

Interleaf


Word


Crystal Writer


Processor

WordPerfect


Spreadsheet

eXclaim





Wingz





Lotus1-2-3


Presentation

Autograph


Graphics

Grafsman


Database

Informix

Unify


Sybase


Management

Ingres


dBaseIV





Oracle


Foxbase+

6.2.2
Tool Characteristics


The following tool characteristics were important to the project.  The italics indicate higher priority characteristics.

	Word Processor
	Presentation Graphics
	Spreadsheet
	Database Management

	Center
	Generate Graphs
	3D
	Relational Database

	Underline
	Generate Charts
	Linked 2D
	SQL Query

	Bold
	Text
	Macros
	Report Generation

	Italicize
	Drawing
	Presentation Quality Reports
	Screen Generation

	Block and Move
	Bar, Pie, & X-Y
	Presentation Quality Graphic
	Local Store and Analyze Data

	Page Layout
	Save to Floppy
	Flexible Cell/Block Format
	Record Locking (during update)

	Spell Check
	Print
	Alphabetic Sort
	Record Update

	Search
	Interchange Data
	Numeric Sort
	Record Insert

	Global Change
	Symbol Libraries
	Insert/Delete Rows/Columns
	Record index Multi-field

	Print
	Organizational Aids
	Save to Floppy
	Save to Floppy

	Save to Floppy
	
	Print
	Print

	Interchange Data
	
	Import/Export Data
	Import/Export Data

	Block Copy/Delete
	
	Lock Rows/Columns
	

	Hyphenation
	
	Formulas/Functions
	

	Sorting
	
	
	

	Auto-Footnote
	
	
	

	Header/Trailer
	
	
	

	Table of Contents
	
	
	


Table 6-1. Criteria for Tool Selection at Classified Project


It was determined that an integrated product that provided word processing, graphics, a spreadsheet and a database was advantageous over a multi-product approach.  An integrated product includes built-in data sharing formats, a common user interface, a single source of maintenance and training and sharing of administration overhead across the integrated functions.  These advantages were weighed heavily in selecting three products for detailed evaluation.

6.2.3
Evaluation and Conclusion


Evaluation copies of Uniplex II+, Asterix, and Slate were installed and tested.  


Although Uniplex provided all four functional applications it was more difficult to learn and use.  Asterix was selected based on the strength of its GUI, fully integrated functions, import/export capabilities, on-line tutorials and help, documentation and print capabilities.  Asterix has no database management system so integration with the database was done using the cut and paste, import/export and the Extended Language Facility (ELF).


After eighteen months of use on the project, Asterix has proved to be a good choice though some improvements could be made (see Product Critique).

6.3
Case Study - USSTRATCOM Intelligence Software Development


In early 1993, the STSC and a software development organization at USSTRATCOM began a technology insertion project to pilot the use of object-oriented analysis and design in the development of intelligence software.  The analysis and design tool selected was CADRE's Teamwork.  A documentation tool was selected to simplify the generation of documentation based on data in the Teamwork repository.

6.3.1
Background


The pilot project used DoD-STD-2167A as the standard for developing the software, since 2167A is the Air Force and Department of Defense standard.  The software was to be implemented in Ada, the standard language for defense software.  An object-oriented analysis and design approach was desired; specifically the Shlaer-Mellor method was selected. To demonstrate success in the form of working code earlier in the project, the effort used incremental development.  "Incremental" means that a portion of the requirements was identified to be designed and implemented, followed by subsequent design and implementation of other portions of the requirements until all requirements were implemented.  


DoD-STD-2167A was not intended to be specific to a single methodology.  It was tailorable to fit different projects.  Nevertheless, an implied waterfall model was present in the standard.  The waterfall model treated the system requirements as a whole, with formal reviews and documents occurring between phases of development.  Baselines were to be established at the end of each phase to strictly control the documentation and software.  The incremental approach of the pilot did not fit the waterfall model because it treated portions of the requirements rather than the whole. 

6.3.2
Documentation Tool Selection

The major considerations for selecting a documentation tool included:
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compatibility with Teamwork
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compatibility with the existing documentation tool used throughout the organization 



( Asterix)
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compliance with the DODIIS (Department of Defense Intelligence Information System) 


standards
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training availability
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vendor stability
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ease of use


Compatibility with Teamwork referred to the ability of the documentation tool to incorporate the Teamwork analysis and design information into DoD-STD-2167A documents with minimum manual effort.  A third party product (DocExpress) was available for mapping and placing Teamwork objects into deliverable documents.  DocExpress performed this mapping for two desktop publishing products: Interleaf Inc's Interleaf 5 and Frame Technology Inc's FrameMaker 4.0.  No commercial-off-the-shelf (COTS) product to map analysis and design information into Asterix was available.


Asterix included filters to import both FrameMaker and Interleaf 5 documents.  Evaluation copies of DocExpress, Interleaf 5 and FrameMaker were installed with Teamwork and were used to generate test documents.  While the Asterix filters imported text successfully, graphics were another story.  Processing crashed when an Interleaf graphic or table was encountered.  FrameMaker tables and graphics were skipped, subsequent text was imported but the 2167A formatting provided by DocExpress was lost.   


Eventually, Interleaf 5 was selected because of its greater functionality.  Part of the greater functionality included the SGML authoring and DTD generation options.  The DODIIS specified SGML as one of the standards to be used by the intelligence community.  

6.3.3
Object-Oriented Analysis and 2167A


DoD-STD-2167A was developed before the concept of reusing major portions of software was known.  The Shlaer-Mellor approach is an object-oriented approach based on such reuse.  Shlaer-Mellor includes the use of domain analysis, but 2167A makes no specific provision for documenting the domain analysis portion of the Shlaer-Mellor analysis.  Notably, neither DISA nor STARs who advocate large scale reuse have a clean solution for documenting software architectures using 2167A.


For the insertion project, the decision was made to document the object-oriented analysis in the Software Requirements Specification (SRS).  This required that the SRS be tailored to cover a software system and to specify that the following would be included in the SRS: Shlaer-Mellor domain chart, bridge descriptions, requirements traceability, information model, state model and process model.


Another problem encountered was that the Software Requirements Specification (SRS), Interface Requirements Specification (IRS), Software Design Document (SDD), and Interface Design Document (IDD), which are DoD-STD-2167A documents, did not map cleanly to the Shlaer-Mellor approach.  These 2167A documents were not useful to a reader without an understanding of the Shlaer-Mellor methodology and were of questionable value even if the reader did have the SM background.  This was mitigated by combining the SRS and IRS into a single document and by similarly combining the SDD and IDD.

6.4
F-16 Avionics Software Support

6.4.1
Project Overview


The F-16 C/D COmmon Modular EnvironmenT, or COMET, is an avionics software support architecture.  COMET was created to provide a software development and maintenance environment for the operational flight programs of the C and D models of the F-16 fighter aircraft.  This environment supports the following phases of the operational flight program engineering process: 
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software development
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computer program test and evaluation
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engineering readiness testing
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integration testing


The system allows the user to integrate and test changes in five major subsystems prior to flight test.  Maintenance is simplified because of the commonality of components across the COMET architecture.  The general purpose modules are also reusable and transportable so that new test facilities can be built easily and inexpensively.  They can also be easily replaced as new technology becomes available.


Integrating documentation tools with other tools provided the test stand developer with a system that handled documentation in addition to the editing, debugging, compilation, and configuration management functions.
6.4.2
Overview of Documentation


The documentation was not strictly compliant with, but borrowed heavily from DoD-STD-2167A.  The main documents were called Software Documents (SWD) and included elements of the analysis, design and user documents in 2167A.  The SWD were living documents and were updated as code was developed and modified.  Eventually links in the documentation will allow the reader to jump to the source code corresponding to the document section being displayed.  


The thirty or so anticipated SWD's will generally correspond to the different Computer Software Configuration Item (CSCI) sections of the system specification.  The documents are ten to fifteen pages in length and will be linked together so that the developer can easily reference the different files.  

6.4.3
The Documentation Process

            The developers of the environment used two commercially available modeling products, Software through Pictures (STP) and OMTool, to help in their analysis and design of the environment tools.  The drawings from STP and OMTool were integrated into the SWDs for each of the CSCIs.  The Software Documents were developed using the FrameMaker desktop publishing system.  The SWD for each of the environment tools and processes were tailored to three different specifications: 1) an object-oriented specification developed by the project members, 2) DoD-STD-2167A CSCI and 3) DoD-STD-2167A CSC.  The environment developers used the specification that fit each environment tool best. 

6.4.4     Configuration Management

             Configuration management of the COMET source code was accomplished with the Source Code Control System (SCCS).  However the SCCS did not provide control over all the COMET components including documentation, hardware source and mechanical drawings.  So in the second quarter of 1994, SCCS will be replaced by Atria's ClearCase.  ClearCase will allow the COMET developers to provide a completely configured baseline with software source, documentation, hardware source and mechanical drawings.
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7
DOMAIN TRENDS 


Documentation Domain trends are driven by the need to share and manage text and graphic data.   Manifestations of the need to share data include: 1) the existence of the Filter/Translator subdomain, 2) the electronic mail and networking features of the Workgroup subdomain, and 3) the Electronic Distribution subdomain.  Manifestations of the need to manage the data include: 1) increased press coverage of document management issues and 2) appearance of more products for managing documents. 

7.1 
Electronic Display and Distribution


Part of document management includes being able to accurately display documents' format.  This means that the displayed fonts, margins, graphics, tables and so forth look the same as when printed.  The accurate display of documents content and format across multiple platforms makes electronic distribution practical.  Products that attempt to meet this need are Acrobat, Common Ground, WorldView and SGML-based products which all provide platform independent display of documents.  The SGML approach is highly structured and requires expertise with DTDs while Acrobat, Common Ground, and WorldView do not.

7.2 
SGML


ASCII provides a platform independent character representation; in a similar sense, SGML (as stated in 4.4.2 and the glossary) provides a markup language that is platform-independent.  While SGML is hardly a household acronym, it continues to move away from obscurity into the mainstream.  As SGML's popularity grows, we see more SGML tools and capabilities being offered.  As SGML comes of age it may provide a standard for object tagging that will facilitate the documenting of software by retrieving objects such as paragraphs and graphics from a database.  

7.3
Openness and Ease of Use 


Vendor alliances are common;  few vendors produce a documentation product that runs on their proprietary hardware alone.  Increasingly, vendors appeal to customers by giving them as many options for compatibility and uniformity as possible.  Some vendors of  desktop publishers and word processors publish catalogs of third-party products that provide more capability to the user.  The results of such cooperation can be add-on products such as grammar and spelling checkers, filters, and document managers.


Managers of software development projects that anticipate using CASE products need to be aware of the trend by the vendors of CASE products to couple closely with the more robust members of the DTP domain.  This close coupling means greater compatibility of the documentation product with other products used on the project.  While a project may not need all the functionality of these higher end documentation products, the advantages of a more fully integrated solution often justify the high end product.  "High-end product" in this context refers to the desktop publishers that include the functionality to produce highly structured and lengthy documents via a graphical user interface and that also provide displays to faithfully represent the printed document.


While the trend is away from the proprietary to the open, too often the only standard for transfer of text between documentation products is ASCII.  ASCII allows the transfer of the document content captured in the character strings.  If the Documentation Domain were completely open, documents, as a rule, could be transferred complete with fonts, headers, footers, paragraph structure, and tagging information.


The proliferation of Microsoft Windows products and the development of the Motif graphical user interface (GUI) are manifestations of the demand for openness, compatibility and ease of use.  While these trends may eventually bring us back full circle to a dependence on one or two vendors (with Microsoft becoming the IBM of the future), for now these trends encourage more effective use of documentation products. 


In many subdomains, ease of use is receiving increasing emphasis as the leading documentation products in these subdomains reach functional parity.  This is not an unexpected observation in a mature technology domain.  Ease of use as an issue extends beyond just the functionality of the product; it includes the quality of the user documentation and the technical support.  These are becoming more important in differentiating between products that may be functionally very similar.  Some vendors offer multiple products with varying degrees of complexity and functionality, recognizing that users want ease of use consistent with the functionality they require.  Less functional products tend to require less money to purchase and less time to learn.

7.4
Vendor/Product Stability


The market in the document management area of the Documentation Domain is volatile.  Although more stability might be expected in the more mature publishing area of the Documentation Domain, the market for documentation products focused on publishing is also volatile.    It is a challenging task for vendors to field, market and support profitable software.  The competition is fierce;  market niches change and new technologies challenge older technologies.  In such an environment, the inevitable toll is taken.  We have seen Wang and Mentor Graphics make readjustments that have included the demise of some documentation products [Sorensen 92].  In this market, users may find themselves with a documentation product that is no longer supported.  


Managers who select leading documentation products for their projects help minimize the impact of the marketplace dynamics on those projects in two ways.  First, selecting documentation products with a large market share helps decrease (but not eliminate) the possibility of  being in the unenviable position of  having no vendor support.  Second, when vendor support for a leading product is dropped, the options for migration to an alternate product should be greater than would be the options for an obscure product.  

7.5
Hypermedia and Hypertext


Hypermedia is an extension of the idea of hypertext that incorporates other components such as video, illustrations, diagrams, voice and animation, and computer graphics.  Information mapping is a way to analyze, organize, write, sequence, and format information [Horn 89] for use in hypermedia and hypertext.


Information mapping is evolving into a new technical job description.  The design of documents for 
online use includes specifying the font, framing and size for the data.  The goal is to make the 
information more readable and presentable on screen.  [Meyer 92]

Hypermedia is being used in the Department of Defense for technical manuals.  Because a variety of media such as sound and video can be used in a single workstation or laptop computer, hypermedia is being used for instructional documents like user manuals.  Hypertext on the other hand is useful in a maintenance setting for helping someone navigate through a lot of text to focus on the specific information to fix a problem in a complex system.
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�Although not a 2167A document, this DOD-STD-2168 document fits well with the documents in this category.


� Program managers can be from both government and industry.


� This also includes Independent IV&V (IIV&V) personnel.
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